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Changes with respect to the DoA

The deliverable follows the Description of Work. The reflexive workshop was delayed to April 2026 to allow
the meeting to be held back-to-back with the broader stakeholder workshop, but this delay did not affect any
other deliverables or milestones, or the completion of D1.5.

1. Dissemination and uptake

This deliverable reports on the activities undertaken in the reflexive co-creation activities across the ACCREU
project, and the formulation of a research agenda for the economics of transformation.

2. Short Summary of results (<250 words)

The ACCREU project is centred on a co-creation approach that goes beyond stakeholder consultation and
seeks to actively engage stakeholders in the design and delivery of research activities of the project. This
includes work on reflexive co-design, focusing on the economics of transformational adaptation.

This reflexive approach was advanced through a multi-disciplinary, reflexive workshop that encouraged
discussion and debate on the subject of the economics of transformational adaptation. The aim was to open up
dialogue around existing economic orthodoxies, and to critically engage with the ways these may be hindering
adaptation , identifying research priorities to expand knowledge in this field.

This deliverable sets out the key insights from the workshop and sets out a research agenda on the economics

of transformational adaptation. This includes the following priority research areas:

e Defining the role of economics in transformational adaptation / framing the economics of climate-resilient
societal change;

o Improving the evidence on the economics of transformational adaptation and what works, with learning
from the past, as well as evidence gathering priorities for the future;

o Understanding how different preferences affect the framing and attractiveness of transformational

adaptation, including time-preference, justice, distributional and equity, and societal willingness to

pay/accept and cost sharing mechanisms;

Improving microeconomic tools and methods for the appraisal of transformational adaptation;

Developing macroeconomic tools and methods for the assessment of transformational adaptation;

Enhancing political economy analysis, including institutional and behavioural economics;

Considering the financing of transformational adaptation and the role of the private sector;

Opening up a discussion on the economics of catastrophic global climate change and the implications for

society.

3. Evidence of accomplishment

The evidence of accomplishment is shown from the successful reflexive workshop that was held and the
associated research agenda produced.
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1. Research framework and objectives

This deliverable reports on the reflexive co-creation activities in the ACCREU project. This is the main
summary of Task 1.5 of Work Package 1, see task description below.

Task 1.5, Reflexive co-creation of new adaptation research [M26-37] (Lead: PWA, ECOLOGIC,
Participants: Fondazione CMCC, IIASA, GRAZ, Stichting VU, Deltares, PIK, PBL, GCF see D1.5 and
Milestone 1.4) will organise a forum-based co-design meeting to discuss the economics of transformational
adaptation. The focus is to hold a critical/ reflexive debate with experts and policy makers to jointly challenge
existing norms and develop new paradigms. A reflexive forum (Month 30) will be held to bring together
academics and policy makers to debate the topic of the economics of transformational adaptation.
Transformational adaptation, which is a focus of the Adaptation Mission, involves system level change, and
therefore is different to the incremental adaptation which is the focus of T1.4. The forum will create an open
intellectual and social space, to invite conscious reflection while exploring transformative ways to challenge
existing narratives. The forum will produce a research agenda for the economics of transformation, and also
produce a review paper and a policy briefing note.

The objectives of the co-creation protocol are related to a number of key ACCREU objectives, notably:

O1: Co-deliver a comprehensive, integrated, updated and co-designed assessment of climate risks across
sectors, countries, sub-national regions under different climate and socio-economic scenarios while
considering distributional consequences across households and business types, fiscal and financial
implications.

03: Co-create ready-to-implement Adaptation Decision procedures and strategies together with public
and private actors to address decision makers at multiple level of governance.



2. ACCREU Reflexive co-creation approach

Co-creation is a structured science-practice interaction, focused on joint working and knowledge
production that informs policy and decision-making processes. It involves a number of steps (McGlade et al.,
2021).

Co-design is the first phase of the co-creation process, in which researchers and non-academic partners jointly
develop a research project and define research questions that meet their common interests and needs. This is
followed by co-production, in which the research programme is advanced together with stakeholders, for
example working together on chosen case studies or policy decisions. Finally, co-dissemination develops
strategies to communicate the project results in discussion with stakeholders and involves them in this
dissemination process. This process is undertaken with iterative monitoring, evaluations and reflections, so
that lessons can constantly emerge and be incorporated at each research stage.

Co-design

Co-production

Co-delivery

Evaluation

Figure I The overall co-creation process and steps.

There is a well-advanced literature on the process of co-creation (Dilling and Lemos, 2010; Beier et al, 2016;
Moser, 2016), and its application in climate adaptation (Hegger et al. 2012; Hegger et al., 2014). These process
centre on co-design (cooperative design), which is the participatory design of a research project with
stakeholders to jointly develop and define research questions that meet collective interests and needs. This can
also extend to co-production, which is the participatory implementation of a research project including case
studies with stakeholders, and the joint production delivery of research outputs (knowledge production) and
exploitation of results.

However, as identified by Harvey et al., (2017) there are different types of co-creation activities:

Co-creation approaches can have different objectives with:

e Instrumental co-design - sometimes termed utilitarian or prescriptive co-design. This is focused on
creating useable knowledge (to inform decision making); and

o Reflexive (emergent/critical or descriptive) co-design which challenges existing norms and proposes new
narratives and ways of thinking.

The use of different approaches for the process of co-creation:

e A brokered process, with use of intermediaries or knowledge brokers to mediate the process;

e An assembly, which brings together academic and non-academic actors to debate worldviews in an open
intellectual and social space, to invite conscious reflection.



These can be mapped on a matrix, as in Figure 2.
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Figure 2. ACCREU codesign on the Co-Creation Matrix (Adapted from Harvey et al. 2017).

Previous work has taken forward the use of instrumental, brokered co-design for the economics of climate
change and adaptation (see McGlade et al., 2021). This is also a theme of the ACCREU project (see bottom
left of Figure 2) which is providing information on the costs of inaction and adaptation costs and benefits in
Europe. This is considered in ACCREU WP1.3 on bounded co-design and associated deliverables.

However, ACCREU is also undertaking reflexive / emergent co-creation (critical or descriptive) (see top
right of Figure 2). This has been applied to a specific topic, the economics of transformational adaptation.

A review of the literature related to reflexive co-creation (e.g., Moser, 2016; Page et al., 2016; Lotz-Sisitka et
al., 2016; Byskov et al., 2021; Chambers et al., 2022; Ziervogel et al., 2022; Jarzabkowski et al., 2024) was
used to develop a set of co-design principles and a protocol for a reflexive workshop on the economics of
transformational adaptation. These were included in Deliverable 1.2. In summary:

1) Participatory framing of the problem and objectives is needed.

2) There is a need to bring diverse stakeholders with different views.

3) A transparent and inclusive forum for debate is needed, that challenges existing norms.

4) It is important to consider governance, power dynamics and agency, not just technical options.
5) Researchers are co-creators not knowledge or solutions providers.

6) Case studies and tools can help make it real.

7) An innovative and open workshop environment is needed.

8) Distributional issues, rights and justice are important.

9) There should be an iterative process with continuous monitoring, evaluation and learning.

The principles were operationalized into a research protocol, again set out in D1.2. In summary, this included
four phases:

Phase 1: Establish a framework for the emergent co-creation discussion and identify relevant stakeholders.
Participants in the process will be selected to represent a wide range of perspectives with the potential to
design and contribute to transformational adaptation in practice. These activities are set out in Deliverable 1.2,
with the stakeholders reported in Milestone 4.



Phase 2: Produce a ‘think piece’ on the economics of transformational adaptation. This was produced and
distrbuted to stakeholders in advance of the reflexive workhop. This is reported in section 4 of this deliverable.

Phase 3: Hold a reflexive co-creation workshop on the economics of transformational adaptation. This was
held in April 2026 and is written up in the meeting notes as Milestone 4.

Phase 4: Use the workshop findings to develop a research commentary for publication, alongside a policy
brief with a series of insights for policy makers. This deliverable summarises the research agenda. A separate
policy brief 4 is produced and the analysis has fed into an article, in preparation.



3. Framing the research agenda on the economics of transformational adaptation

There is an increasing recognition of the need for transformational adaptation in Europe, as set out in the
Adaptation Mission (EC, 2021), with a similar call for action at the global level (IPCC, 2021a). There are also
an increasing number of academic and grey literature publications on this topic (for example, Kates et al. 2012;
Mustelin and Handmer, 2013; Lonsdale et al., 2015; Termeer et al., 2017; Fedele et al., 2019; Biesbroek et al.,
2025; UNFCCC, 2025; Biesbroek et al., 2026).

However, almost none of this literature captures the economics of transformational adaptation. This has
been identified as key gap (Van Hinkel et al. 2025), but at the same time, recent papers identify that
conventional economic appraisal and standard cost-benefit analysis can act as a barrier to anticipatory
adaptation (e.g., Bonjean Stanton and Roelich, 2021) and are inadequate for transformational change (Mercure
et al., 2021).

This economic framing is critical because in Europe, welfare economics is the defining paradigm for
government policy. It forms the foundation of public policy intervention and public investment management
in the European Commission and national government. Therefore, unless a strong economic case for
transformational adaptation can be made, it is unlikely to deliver at scale. Related to this, this economic
information also informs financial appraisal and is the basis for private financial decisions and investment.

Against this background, ACCREU undertook a framing exercise to understand the economic dimensions of
transformational adaptation, to help understand how to develop a future research agenda. To do this it used the
co-creation process and protocol set out in the previous section. The aim was to open up dialogue around
existing economic orthodoxies, and challenge these where they may be acting as a unnecessary barrier to
transformational adaptation, then identify associated research priorities.

To help frame the reflexive debate at the workshop, we identified three key research questions relevant for
a discussion of the economics of transformational adaptation. These were written up in a “think piece” that
was distributed to stakeholder participants before the meeting.

1. What is transformational adaptation and can its characteristics be captured in economic analysis?
The first question is what is transformational adaptation and how can it be defined? This takes the perspective
of the adaptation community and the existing adaptation literature. In practice, the notion of transformation
has not been well defined, but some recent publications (e.g. Biesbroek et al. 2026) have identified and
synthesised some key characteristics of transformational adaptation. This research question aims to understand
whether these characteristics align to, and can be assessed with, conventional economic thinking and methods,
or if more innovative approaches are needed.

2. What is the economic case for - and the economic challenges - associated with transformational
adaptation?

The nature of transformational adaptation means that it is unlikely to happen autonomously: it is likely to
require some form of public intervention and even public investment. Justification of such investments
routinely takes place through economic analysis (e.g. analysis of market failures) and then to compare options,
through economic appraisal. The second question thus looks at the issue from the perspective of the economic
community. The key question was what the economic case for transformational adaptation, and whether
transformational adaptation would pass conventional economic appraisal. If not, this leads to a question on
whether there is convincing evidence that conventional analysis is missing some critical aspects of
transformational adaptation, and thus whether a rethink on approaches might be needed.

3. Re-thinking adaptation economics for transformational change — how and when will we know?

Conventional economic appraisal is focused on marginal changes, however, there have been historic shocks
that are so big that normal economic approaches are set to one side. There are potential future climate change
risks that could involve similar sized shocks, which would require much greater and earlier implementation
of transformational adaptation. These include rising impacts associated with 1.5°C and 2°C overshoots, which
could be exacerbated by: accelerated warming; a new normal of (unprecedented) extreme events or persistence



of anomalies; and climate tipping points. This research question asks how big a climate stress or a shock might
need to be to justify a step change towards transformational adaptation, including potential threshold levels.
It also considers if these shifts can happen in advance of climate impacts (anticipatory), noting that to date
these major changes have occurred reactively within the crisis itself.

To support the discussion of these research questions, the project team developed a set of case studies
exemplifying different types of transformational adaptation, highlighting challenges and potential solutions
and applicability.



4. Workshop discussion and reflections

This section presents the background material from the think piece and draws on the key insights from the
discussion at the workshop. The full workshop minutes are included in Milestone 4. The material was
structured according to the developed research questions in the previous chapter.

4.1. What is transformational adaptation and can its characteristics be captured in economic
analysis?

While there is a growing literature on transformation adaptation, and some general definitions (see Box
below), the exact definitions vary significantly and the concept is not well defined in practice. Similarly, while
there are case studies of transformational adaptation cited in the literature (see Chu et al. 2019; Ziervogel,
2019; Zografos et al, 2020: IPCC, 2022; Engbersen et al., 2024) these vary widely in terms of their scale and
nature.

Box 1. IPCC WG 11 Glossary definitions (IPCC, 2022).

¢ Incremental adaptation. Adaptation that maintains the essence and integrity of a system or process at a
given scale.

o Transformational adaptation. Adaptation that changes the fundamental attributes of a social-ecological
system in anticipation of climate change and its impacts.

e Transformative change. A system-wide change that requires more than technological change through
consideration of social and economic factors that, with technology, can bring about rapid change at scale.

e Transformation. A change in the fundamental attributes of natural and human systems’, which can be
deliberate or societal (social).

To organise these disparate ideas, several studies in the literature have sought to define the potential
characteristics, elements, dimensions or attributes of transformational adaptation (examples include Kates
et al., 2012; Mustelin and Handmer, 2013; Pelling et al., 2015; Fazey et al., 2017; David-Tabara et al., 2018;
Fedele et al., 2019; Zografos et al. 2020). In turn, reviews of this literature have tried to synthesis common
characteristics (e.g., Lonsdale et al., 2015; Watkiss and Cimato, 2021; Engbersen et al., 2024).

The most recent example of this literature, Biesbroek et al. (2026), used a Delphi study with experts to identify
the key elements (characteristics) of transformational adaptation. They found broad agreement on 13 elements
that are important in a definition of transformational adaptation. These are shown in Table 1 below. These
include both process- and outcome-related elements. The paper also developed two definitions!, which capture
these elements.

As highlighted in the Biesbroek et al. paper, clarifying what transformational adaptation entails is crucial for
developing effective policies and strategies, ensuring meaningful progress in addressing climate change. This
also applies to the economics of transformational adaptation, and in turn its financing.

This list therefore was used as the basis for the first session of the workshop, which was centred on taking
these 13 elements, and examining them from an economic perspective. Note that a 14" element has been
added, relating to governance (power). This was included as an element in the Biesbroek et al. paper, but was
omitted as it was not selected by all experts.> Despite this, governance and power are potentially highly

! Definition 1 (D1): TA to climate risks fundamentally restructures socioecological systems by addressing root causes of vulnerability, ensuring
climate resilience across several scales and considering the long-term future. It is context-specific, prioritizes distributive justice and is informed by
diverse knowledge systems. TA entails profound change in societal norms and values and recognizes the systemic nature of climate risks and
responses. It secures persistent commitments and avoids maladaptation and lock-ins. Definition 2 (D2): TA fundamentally reshapes socioecological
systems (1) in an inclusive way (2) to address underlying drivers of climate risk (3), enhance the capacity to cope with and recover from future
impacts (4) and prevent unintended consequences now and in the future (5).

2 The Biesbroek et al. paper highlights that for shifting power, experts from normative positions emphasized that TA at its core should involve shifting
decision-making power to marginalized actors to ensure they have larger roles in transformation. However, others with a more empiricist view remarked
that although shifting power is important, it is not always a necessary attribute of TA.




relevant to some forms of transformational adaptation in Europe, and indeed are seen to be critical in some
frameworks (e.g. see Watkiss and Cimato, 2021: MACC, 2026).

Table 1. Elements that meet the minimum criteria for being included in the definition of transformational
adaptation to climate risks (Biesbroek et al. 2026)

Label IDescription

Root causes  [Identifies and tackles the underlying environmental, societal, economic, political and/or legal
conditions that create or sustain vulnerability and risk within a certain system

Climate ILeads systems and communities to withstand and recover from future climate impacts
resilience
Time-horizon |Includes long-term (intergenerational) needs and future climate scenarios and socioeconomic pathways
Diversity of  |Considers a diverse set of knowledges in the process, including scientific knowledge, local knowledge
knowledge and Indigenous Knowledge

Depth of Leads to profound change in the societal norms, values and worldviews

change

Distributive  |[Ensures fair and equitable allocation of resources and opportunities, ensuring that those most affected

justice by climate change, particularly vulnerable and marginalized communities, receive sufficient support
and compensation

Context Tailors adaptation to the unique conditions and needs of specific contexts

specificity

Multiscale Impacts of change occur across different types of scale (for example, trophic, spatial, jurisdictional or

sectoral scales)

Restructuring [Alters the core properties, functions or interactions within the existing social, ecological or
socioecological systems

Persistence Secures long-term commitments and impacts, recognizing that these may not always be irreversible
Maladaptation |Avoids actions that inadvertently increase vulnerability to climate impacts

IAvoid lock-ins |Prevents long-term commitments that limit future adaptability and flexibility

Systemic Takes into account the interconnected nature of the system as a whole, acknowledging that root causes
of vulnerability are embedded within broader systemic structures and dynamics

Governance# |The institutional structures and arrangements and governance processes affecting decisions. This can
include formal mandates, policy, laws and regulations but also the wider political economy, and actors
and power dynamics.

# not included in Biesbroek et al. (2026), but identified in some other mappings, and important for some forms
of transformational adaptation.

A few specific examples were highlighted for potential discussion at the workshop in the think piece, and were
elaborated on through expert presentations at the workshop (see milestone 4). These focused on systemic
change and climate justice.

Systemic Change. The scale of the change is a consistent theme across the literature on transformational
adaptation, with an emphasis on system wide or systemic change. Systems thinking is a long-established
concept, that has been applied to support decision-making in complex and multi-objective policy issues
(Stewart and Ayres 2001). It can provide a better representation of a complex system, and allow decision
makers to see the bigger picture and to identify underlying drivers of vulnerability or key leverage points. In
turn, this can lead to more innovative or integrated (cross-cutting or cross-sectoral) solutions. In simple terms,
systems thinking often involves: 1) bounding the system of interest; ii) exploring and understanding its
components and connections; iii) eliciting different stakeholder and problem owner perspectives, then iv)
exploring possible intervention points. This often uses some form of system map to start, e.g., network
diagrams, systems mapping or system of systems approaches. These can extend to include feedback loops,
actor or stakeholder maps (including social network analysis) and issue maps.

Economic analysis can use these mapping processes of a system, but the more challenging aspect is the

quantification and economic analysis of system-level adaptation. It is possible to use more formal modelling
methods, including network analysis, to describe complex systems and show interactions and well as the
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effects of interventions. Examples exist for road networks (Oh et al., 2020) which use economic analysis to
identify the priorities for adaptation at the network level, based on key pinch points and hotspots for greatest
and earlier action. A case study example from ACCREU (see D3.2) looks at adaptation costs and benefits at
the road and rail network level in Austria. Integrated modelling tools, which connect multiple models and
integrate or feed these into economic models, for example, partial equilibrium and computable general
equilibrium models, are also a form of systems-based approach. A further ACCREU case study taking a
systems-based approach is the examination the food-water-environment nexus in Spain and the Czech republic
by combining GLOBIOM suite of models with an economic land use model (D3.2). There is also the potential
for agent-based models to capture some of the network elements and interactions between actors.

Climate justice including distributive justice. A common attribute in the literature is that transformations
should be equitable and just. While definitions vary, the term climate justice was defined by the AR6 (2021)
with respect to a set of different principles: distributive justice which refers to the allocation of burdens and
benefits among individuals, nations and generations; procedural justice which refers to who decides and
participates in decision-making; and recognition which entails basic respect and robust engagement with, and
fair consideration of, diverse cultures and perspectives. The ACCREU case studies on heat and health in the
Bremen region (see D3.2) explicitly included a climate justice framework, assessing policies in terms of
recognition, distribution, participation and restorative justice. Interestingly, the Biesbroek et al. paper only
includes distributive justice.

Economic analysis routinely assesses distributional issues (including in cost-benefit analysis) with an analysis
of distributional effects, and how costs and benefits accrue to different people (i.e. winners and losers, patterns
across income levels, etc). As examples, EU Impact Assessment requires an analysis of who will be affected
by the initiative and how. Similarly, national equivalent (e.g., HMT, 2022) require an analysis of distributional
effects (whether these are a direct objective of a policy, or merely a collateral consequence). This often
involves a quantitative or descriptive assessment of distributional impacts. It can, however, extend to in-depth
appraisal and detailed calculation of distributional effects, and even to the use of distributional weights. These
are based on the principle that the value of an additional (Euro) of income will be higher for a low-income
than a high-income recipient. These weighting factors can be used to increase the monetary value of benefits
or costs that accrue to lower income individuals or households (HMT, 2022) and can be included in cost-
benefit analysis, altering the BCR or NPV. For example, values can be adjusted by weighting factors reflecting
incomes (with lower-income individuals tending to get larger weights), or other welfare-relevant attributes
such as health, life expectancy, or environmental quality. There are numerous examples of the use of
distributional analysis. The ACCREU case study in Austria includes a way of capturing distributional
objectives depending on the framing (efficiency versus egalitarian) and found this had a large impact on policy.
However, in practice, the challenging nature of applying distributional weights, means that this is not a
common practice. This is due to the difficulty in assigning weights, as well as the assumptions needed in
relation to the groups these are applied to. A further issue is that the use of distributional weights could be
considered too narrowly focused on income, and may exclude other elements of equality and social inclusion.

4.2. What is the economic case for - and the economic challenges - associated with
transformational adaptation?

Adaptation is generally considered to be inhibited by market failures. These include information failures,
positive externalities, and imperfect financial markets (Pauw et al., 2021) as well as policy failures and
coordination failures (Frontier Economics and Paul Watkiss Associates 2022). As a consequence, public
policy decisions about adaptation are usually normatively driven(Fankhauser, 2017). This is likely to
especially be the case for transformational adaptation, which is unlikely to happen autonomously and will
require some form of public intervention and most likely public investment (public spending).

There are a standard set of public policy frameworks in use in Europe, which provide guidance on policy
development in such cases, and these (currently) form the setting in which transformational adaptation will be
assessed and prioritised. These are centred on welfare economics. This is concerned with social or public value
and not simply market efficiency: it includes all relevant costs and benefits that affect wellbeing, not just
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market costs and benefits, and thus includes environmental, cultural, health, social, and justice effects. These
economic approaches are different to financial analysis, see Box 2 below.

A good example at the national level is the UK Green Book: Central Government Guidance on Appraisal and
Evaluation (HMT, 2022), which sets out guidance on appraisal and the delivery of public value, and which is
based on the principles of welfare economics. The first step in this appraisal guidance is to provide the
economic rationale for intervention. This includes the consideration of market failures, and thus why it is
appropriate for government to intervene, as well as how it might best intervene, i.e. to address these failures.
It then progresses to the economic appraisal (impact assessment) of policies.

A similar process is in place at the EU level, where new policies are subject to an EC Impact Assessment (EC,
2025). Impact assessments examine whether there is a need for EU action and analyse the possible societal
(welfare) impacts of available solutions. These are carried out during the preparation phase, before the
Commission finalises a proposal for a new law.

Similarly, when it comes to project appraisal, public investment management and project investments typically
use social cost-benefit analysis to justify investment and help in the selection of options. This approach is
used by the European Investment bank, where projects must pass a certain economic return threshold to
proceed towards financing (EIB, 2023), though they will also need to undergo a financial analysis to check on
financial viability (see Box 2).

Understanding this economic context is critical because if transformational adaptation is going to be advanced
by governments, and especially if this requires public policy or public finance, then it will be subject to these
approaches. There will be a need to 1) justify the broad economic case for transformational adaptation, 2)
transformational adaptation policies will need to be pass impact assessments, and 3) transformational
adaptation project investments will need to pass a social cost-benefit analysis (and pass the relevant economic
internal rate of return or economic benefit to cost ratio thresholds).

These concepts also are relevant for the financial analysis and appraisal of adaptation, to ensure that
transformational adaptation is financially viable; to ensure the public finances can afford it and/or the private
sector can be encouraged to invest in it.

Box 2 Economic and Financial Returns
Although closely related, economic and financial appraisal are different:

® FEconomic appraisal, as used by governments and development banks, is based on the principles of welfare
economics, and aims to assess the ability of a policy, program, investment or project to improve social welfare or
wellbeing. It is therefore conducted from the perspective of society and includes the economic valuation of
nonmarket effects, such as environmental benefits and costs. This enables assessment of the socioeconomic costs,
benefits, and other dimensions of alternative choices.

e  Financial appraisal is different and considers the incremental revenues and costs generated by an investment, and
the ability to generate cash flows that might be used to repay any financing. It is therefore conducted from the
perspective of an investor (not society, as above). A financial analysis excludes environmental or social benefits
except where these are reflected in financial cash flows. It will also consider the cost—recovery objectives and
mechanisms, and it will often also undertake a financial and fiduciary analysis of the implementing and executing
entity.

Economic and financial analysis both involve the identification of benefits and costs and convert these cost and benefit
streams/cash flows to present values using discount schemes. Both generate net present value (NPV) and can be used to
estimate the internal rate of return (IRR) indicators.

Many of the 13 elements of transformation adaptation (see Table 1) are challenging in relation to conventional
economic appraisal (see UNEP, 2024), not least because benefits often arise in the future (time preference),
and involve high uncertainty. These issues are exacerbated when considering transformational adaptation from
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a financial perspective, because adaptation benefits often do not generate obvious benefit streams, and action
involves complex decision making and multiple actors.

Further, there is increasing evidence that transformational adaptation may not pass conventional thresholds of
welfare-based economic appraisals, i.e. they may not lead to net social benefits. The ACCREU project has
developed a set of case studies that undertook economic analysis of adaptation (D3.2, summarised in Figure
3 below).

Adaptation measure Economic Appraisal
n
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Figure 3. ACCREU adaptation case studies, showing adaptation measures and economic appraisal elements.

The ACCREU case studies found that adaptation often involves co-benefits, in addition to reduced climate
change damages. When comprehensive economic appraisal was undertaken, including these co-benefits, the
economic case for adaptation was generally positive. Many of these were environmental or social benefits
(non-market). Further, when these non-market benefits were included, the relative attractiveness of various
options shifted, leading to different priorities. This highlights that capturing these benefits is critical for the
economic appraisal of adaptation. This is important to ensure the total economic benefits of adaptation are
captured (and reported in benefit to cost ratios), but also that options are compared fairly. The methods used
in economic appraisal, and the level of comprehensiveness, influence appraisal results. The inclusion of
environmental benefits is routinely in European and national impact assessment and project cost-benefit
appraisal guidance, though it can often still be difficult to capture all benefits.

A key conclusion of the ACCREU analysis from these case studies was that the economic appraisal of
adaptation requires a more diverse and comprehensive approach, and conventional CBA can act as a barrier:
conversely, transformational adaptation requires comprehensive and even extended CBA frameworks.

Some particularly important issues are discussed below.

Time preference and discounting. In public economic appraisal, the timing of costs and benefits matters
(time preferences). This is routinely captured through the use of social discount rates®. These assign lower

3 While social discount rates can be derived using different approaches, a common approach in Europe is the use of the Social Discount
rates. These normally are based on some variation of the Ramsey formula. As an example (HMT, 2022) this is based on the formula r =
p + ug where: “ris the STPR, p is time preference comprising pure time preference (3) and catastrophic risk (L), ug is the wealth effect,
derived from the marginal utility of consumption (u), multiplied by expected growth rate of future real per capita consumption g. The Green
book cites evidence for a value for p of around 1.5 per cent a year for the near future, an expected annual (growth) rate of g at 2 per cent
per year, an elasticity of the marginal utility of consumption (u) of around 1, leading to a STRP of 3.5 per cent.
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weight to benefits that accrue in the future (in present value terms), reflecting the principle that people (and
societies) generally prefer to receive goods and services now rather than later. This makes it harder to justify
proactive transformational adaptation in net present value terms, as upfront costs are high when compared to
benefits that are realised in the future. For example, with the typical Social Time Preference Rate (STPR) used
in Europe (4%), future benefits beyond 30 years are very low in present value terms. There are, however,
alternative discount schemes that can help to address this, if such schemes can be justified. This includes the
use of declining discount schemes, which reduce the STPR in future periods (though these normally only kick
in after 25 years or so, and thus do not help significantly unless there is very high future value). These declining
discount rates are already included in some national government economic guidance (e.g., HMT, 2022). There
is also the potential use of inter-generational discount schemes, which involve much lower rates reflecting a
consideration of future generations. These were originally recommended by the Stern review for mitigation,
though these were the subject of considerable controversy*. There are examples of such schemes published by
government for sensitivity analysis (e.g., HMT, 2008). In most cases, inter-generational discounting schemes
would not be appropriate for incremental adaptation, as this is generally short-term and local. As an example,
when climate proofing a road, it would not make sense to use a different discount rate (DR) for the adaptation
components of the project as compared to the main road project appraisal®. However, a different DR might be
justified for transformational adaptation, for example, major coastal realignment, that would affect the young
and future generations very significantly. Indeed, declining or even intergenerational discount schemes might
be needed to actually allow transformational adaptation to pass an economic appraisal. The ACCREU case
study on superdikes (See D3.2) provides an example of different discount schemes and how these can affect
the attractiveness of more transformational adaptation.

Equity and distributional analysis. The issue of distributional and equity weights strongly influences who
benefits from adaptation (see ACCREU case studies on heat and health and also on road transport, above).
This is also reflected in the literature, for example, Kind et al. (2017) highlight that the diminishing marginal
utility of money implies that income differences should be taken into account while calculating the social
welfare benefits of flood risk management. This is especially important when social vulnerability is high,
damage compensation is incomplete and the distribution of income is regarded as unfair and income is not
redistributed in other ways. Further, Kind et al. identify three alternative frameworks to the conventional use
of expected values in flood risk management: certainty equivalents, equity weighted expected values and
social welfare, all of which use risk premiums or equity weights. When these are applied, they change the
results of a flood cost-benefits analysis, regarding not only which groups to target, but also affecting the
options put forward.

With respect to both time preference and equity, the discussion at the reflexive workshop highlighted that all
economic appraisals involve making choices, such as the discount rate used, or not to apply distributional
weights, even if these choices are not transparently decided upon and communicated. Further, these choices
have a large impact, but are generally accepted without question. This raised the question of who should have
the role of making these choices. Without further discussion, these value judgements will automatically fall
to economists, who may make different judgements to non-economists. This therefore led to discussion around
a research agenda to better understand preferences, and to be more explicit and transparent about the basis of
these when applying to more transformational adaptation. A particular issue was raised around climate justice
and equity. If this is over-instrumentalised, or if it is just limited to a check box within a CBA, this can be
problematic. One interesting idea that was raised was the trade-off between efficiency and resilience. If value
was given to resilience, this would be likely to alter the ranking of adaptation measures, and might also support
more transformative action.

There was also a discussion that it might be useful to use narratives or storylines to help discuss what choices
mean in practice, i.e. the development of decision support tools to guide economic analysis. Finally, there was
an interesting discussion around the links between the political economy and political agendas and
transformation including equity, i.e., political mandates can lead to shifts towards equity-oriented approaches,

4 Note that while the PRTP value used by Stern was close to zero, the overall social discount rate was not, as future impacts were still
discounted for growth (g) to account for the extra wealth of future generations.

5 Some discount rates use the opportunity cost of capital, rather than the STRP and viewed from this perspective, marginal adaptation
investments should be appraised using the same rate used as for other infrastructure projects.
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but noting that these are subject to political cycles and priorities. There was also a discussion on the right tools,
e.g., many decision makers ask for analyses of the costs and benefits of adaptation, while it may actually be
more pertinent to ask for tools to support decision making under uncertainty e.g. robust decision making.

Decision making under uncertainty (with economics). Future climate change involves deep uncertainty,
from the combination of different emission and socio-economic scenarios, variations in climate model
projections, differences between impact models, and adaptation effectiveness (Wilby and Desai, 2010).
Existing economic decision support tools such as cost-benefit analysis do not work well for a lot of adaptation
decisions because of this uncertainty. As a result, the literature is moving from a classic application of cost-
benefit analysis and identification of the best or optimal adaptations towards extended cost-benefit frameworks
(see Chambwera et al., 2014). This has produced a strong body of literature on decision making under
uncertainty (DMUU) for adaptation, which extends to economic analysis (Watkiss et al., 2014; Dittrich et al.,
2016: Kwakkel and Haasnoot, 2019; Bonjean Stanton and Roelich, 2021; Watkiss, 2025). This includes
techniques such as robust decision making, decision scaling, real options analysis, portfolio analysis, dynamic
adaptation pathways, any of which can be used in an extended cost-benefit analysis framework. Some of these
techniques are explicitly focused on economic analysis, notably real options analysis and portfolio analysis.
Others can extend to include economics, for example, the integration of economic analysis within dynamic
adaptation pathways, as for coastal adaptation (e.g., Haasnoot et al., 2020), or the inclusion of relevant
economic metrics in robust decision making or decision scaling in the water sector (e.g., Molina-Perez et al.,
2019). While these approaches have been advanced in the literature, they are now also appearing in
government economic appraisal, for example, see ADB, 2015; UK Defra, 2025. The ACCREU case studies
include several examples of DMUU and there is a much wider literature. While this evidence base and the
number of applications is growing, however, these techniques are more applicable are the project level, and
they do involve considerable data, expertise, time and resources (Bonjean Stanton and Roelich, 2021). This
might mean the methodological approaches are already available but there are issues concerning the
application of these techniques — noting they are likely to be a minimum requirement for many
transformational adaptation projects. Further, there are research issues around which of the DMUU approaches
to apply, and which work best for specific types of transformational adaptation.

The discussion at the reflexive workshop recognised that DMUU has progressed from the academic literature
towards practical application in recent years. However, this has focused more on the application to individual
projects. This led to discussion on how to address time horizons beyond normal policy making cycles, as well
as to assessment of large scale, which are of greater relevance for transformational adaptation.

There was also a discussion about some of the economic impacts excluded in analysis, which are important
signals for more transformational change, such as compound and cascading effects, and climate tipping points
including the slowing or collapse of the Atlantic Meridional Overturning Circulation (AMOC). The research
priorities suggested included stress-testing in adaptation pathways, as well as including co-benefits to make a
stronger case for adaptation. There was also a broader set of research and action priorities, such as increasing
awareness and communicating climate change and risk to society, developing participatory scenarios and
building the capacity of stakeholders.

Political economy, governance and institutional and behavioural economics. A further common
characteristic in the transformational literature is around social transformation and governance change, i.e.,
changes in the political economy of how decisions are made. The literature highlights that delivering
transformational change is likely to involve challenging existing power dynamics and may require the
formation of new structures or systems of governance (Field et al., 2014). This includes the identification of
entry or intervention points that can lead to systemic change, in this context for transformational adaptation.
The analysis of governance perspectives requires an understanding of different actors in the system and the
governance arrangements around decisions. This can be taken forward with social network analysis. Once this
has been identified, then potential options to change governance arrangements and could help deliver
transformational adaptation can be considered. The adaptation literature also extends to behavioural change
and the social learning, which sees transformation as requiring much deeper understanding and engagement
with the complex social processes. This includes deeper understanding and engagement with the complex
social processes, including culture, religion, ethics, values, governance, and ontologies of the future and
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human consciousness (Fazey et al. 2017). These factors can contribute to changing individuals’ own
perception from being objects to subjects or agents of change who are capable of contributing to systemic
transformations (O’Brien 2018). This implies less attention to altering or manipulating people's behaviour,
and more on creating the conditions that promote transformational change. Finally, these issues can be
assessed with social learning approaches or concepts, such as second order learning (David-Tabara et al.
(2018) or even triple loop learning, quantum social theory (O’Brien, 2016), or social justice (Fazey et al.,
2017). These social concepts have been translated into economics through political economy studies, which
look at the interaction between politics and economics,. institutional economics, which focuses on the role of
institutions in decisions, and behavioural economics, which looks at how individuals and institutions make
decisions in real-world contexts.

The reflexive workshop included discussion on the transaction costs associated with more transformational
projects, as well as the enabling conditions and pressure points for transformational adaptation. There was also
a discussion about the power dynamics and the political economy, including in which parts of government are
responsible for making decisions on adaptation. The conversation covered the sequencing of actions, and for
example how policies move from idea through to action, and in turn through to budgets and financing. It was
noted that there are often many layers of institutions within the EU that may make this sequence more time-
consuming or difficult. Further, transformational adaptation is likely to require multiple government
departments working together, which is likely to be harder in governance terms than if it were to be pushed
by a single department (i.e., due to coordination failures). The discussion led to the identification of interesting
research priorities around the process of developing and assessing transformational adaptation. There was
some discussion around multi sectoral / cross government taskforces to address these issues, and on which
overall institution that should lead. Workshop participants stressed that it will be important to think about how
organisations work in practice. This should include learning from previous examples of radical change, how
these were implemented and who led, etc. A recurring research priority emerged around understanding “what
works (has worked)?”. This research should gather positive examples, but also cases where anticipated larger
changes (e.g., post-financial crisis) have not materialised. Participants noted that shocks can be a catalyst for
change, such as with the 1953 North Sea flood event, but of the importance of being ready with the solutions
in the drawer to respond to such events. A central research question was whether economics can help to make
the case for planned, proactive transformational adaptation in a way that does not alarm policymakers, and to
understand what is politically feasible. It was discussed that institutions change slowly and incrementally and
that radical quick deep changes in values are hardly ever found in public policy, noting however that there is
an emerging debate about radical incrementalism: transformative change that proceeds through small steps.
Given the strong focus in transformational adaptation on governance, politics and society, this area of policy,
institutions and behaviours was considered a research priority.

Macroeconomics. The final theme was on the macroeconomics of transformation adaptation. Macroeconomic
analysis is by nature much more aligned with systems and large-scale change, and the macroeconomic analysis
of climate change impacts has progressed in recent years. This has extended from the use of integrated
assessment models (IAMs) to include structural models (such as computable general equilibrium modelling)
and econometric (statistical) studies (O’Neill et al. 2022). However, adaptation is poorly represented in these
macroeconomic modelling frameworks (van Maanen et al., 2023). At the same time, there are established
economic disciplines looking at macroeconomic policy that would be highly relevant for transformational
adaptation. This includes the analysis of root causes through empirical studies and particular econometric
studies. Macroeconomics also includes the analysis of structural change, as well as shocks, both of which are
highly relevant.

A key and recurring theme at the workshop day was that economics is more than cost-benefit analysis, and
that project appraisal is probably the wrong arena for transformational adaptation. The discussion highlighted
that economic subdisciplines (macroeconomics, finance, environmental economics) typically work in silos,
and that some of the tools needed for transformational adaptation may already exist within the discipline of
economics but are not being mobilised across these boundaries. While not all aspects of transformational
adaptation can be tackled through conventional economic approaches, there is a lot to be learned through
engaging with different economic subdisciplines. There was also some discussion around the broader issue of
the current economic system and its focus on economic growth and whether such a system can really be
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capable of leading transformational adaptation (i.e., if economic paradigms are themselves a root cause of the
problem and a barrier to transformational adaptation). There were divergent views on whether or not current
economic thinking could deliver transformational adaptation at all, but this highlighted the need for a broad
research agenda, including for more radical economics and accounting for catastrophic futures (see next
section). The research priorities identified the need for models and paradigms that are really capable of dealing
with the emergence of new sectors, reconfigurations of regions etc. that clearly go beyond marginal changes.
Such models would need to account for aspects such as: structural change but also disequilibrium scenarios
(i.e. where this goes beyond small changes in the equilibrium); transition dynamics; historic analogues on how
structural change can play out and how this can be assessed (and modelled). Further, there was a call for a
greater empirical knowledge base to support transformational adaptation. This could support understanding of
catalysts for transformational adaptation and might be able to draw on econometric and other empirical
economics approaches.

4.3. Re-thinking adaptation economics for transformative change — how and when will we
know?

The discussion of the third research question considered the issues and research needs that might arise if
greater levels of transformational adaptation be needed. These might arise from:

Overshoots. Given current policy commitments (UNEP, 2025) and likely progress, a confirmation is expected
in the near future that keeping global temperatures to 1.5°C is not possible without overshoots, and this may
be extended to 2°C unless there is a significant shift in mitigation delivery. This will mean a certain level of
transformational adaptation / rising loss and damage is unavoidable, with rising (soft) limits to incremental
adaptation and thus more transformational adaptation will be needed in key areas, where these limits are
exceeded.

Accelerated warming. A recent series of papers (Hansen et al., 2023; Foster and Rahmstorf, 2026) have
identified a statistically significant inflection in the rate of warming post 2015. These potentially indicate a
much faster pace of temperature change, which would mean that, from this point in time, temperatures that
might have been expected at mid-century could arrive as early as 2035. Clearly the world may not continue
warming at this pace, but if these warming trends continue, it would imply a much more ambitious, faster and
more expensive (as impacts occur within current asset lifetimes) transition, which will clearly involve much
more transformational change, much earlier.

A new normal of unprecedented extremes and the persistence of anomalies. There have been a number of
large-scale unprecedented extreme events in Europe. In Germany, the flood event of 2021 led to €40bn worth
of damage, a large proportion of which was uninsured (Prognos, 2023) and there were similarly large effects
in Valencia (Garriga et al., 2024). This might indicate a potential shift to a “new normal” of patterns of
unprecedented extremes, and these could be exacerbated by more persistent anomalies, e.g. multi-year
droughts, or from compounding effects. These have major implications for the functioning of European
insurance, in terms of affordability and coverage, and raise additional questions on whether transformational
adaptation to larger extremes will be needed.

Climate Tipping Points. This is an established literature on responses of the climate system outside of the
ranges considered “likely”, such as high values of equilibrium climate sensitivity or carbon cycle feedbacks
strength, as well as potential abrupt climate changes and the passing of “tipping points” (or tipping elements)
in the Earth System (Lenton et al., 2008; Lenton et al., 2019: GTP, 2023). These are increasingly recognised
as an important component of climate change risk assessment, and some economic modelling work has been
performed to explore them outside of the mainstream climate projections. These changes have traditionally
been seen as beyond the limits of (incremental) adaptation: while the best approach to avoiding these risks is
mitigation, there is a rising chance that some of these tipping points may be crossed and would necessitate
some form of transformational adaptation.

Socio-economic Tipping Points. While much of the focus has been on climate tipping points, there is a new
emerging literature on socio-economic tipping points (van Ginkel et al., 2020), i.e. where the tipping point
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arises in the socio-economic system. The evidence on these extremes is more limited, but there are risk
assessments which include economic and macroeconomic assessment (e.g., Ranger et al., 2025). Again, these
are likely to require more transformational adaptation, and potentially much earlier.

While these larger scale shifts have not yet happened for climate change, there are numerous examples where
large shocks have occurred and either conventional economic and fiscal rules were suspended, or else radical
new initiatives were introduced. These provide useful analogues for future climate. There is good information
on past economic performance in Europe for more than the last 100 years, and this shows that major shocks
have led to large scale responses and occasionally policy shifts (albeit sometimes temporary). An example of
the influence of shocks on the UK economy is included in Box 3. There was a very large set of shocks
associated with the First World War and then the Depression of 1920-21/the Great Depression (see Box 3,
left). Since the 1950s, a succession of geopolitical and financial extremes have happened, though the largest
of these by some way was COVID-19 (see Box 3, right). Interestingly the range of values from the latest
macroeconomic assessments of climate change are similar in nature to these larger events (e.g. see Rising et
al., 2026).

Box 3: Example of the major economic shocks to the UK over the last one hundred years
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Left. UK GDP per capita from 1900 to 1940 (Wardley-Kershaw and Schenk-Hoppé, 2023).
Right. GDP and events in history for the UK economic, 1955 to current, ONS, 2025.

Based on this literature, the think piece raised a number of related questions for discussion:

How big does a climate stress or a shock need to be to justify a step change towards transformational
adaptation, and what might the potential threshold levels be? Most conventional economic appraisal
adopts a marginal approach. It does not look at larger shifts, indeed, for such cases, a marginal approach will
not be appropriate because there are non-marginal changes (e.g., where there are large impacts on economy,
prices, labour markets). A first point for discussion was how big does a shock have to be to justify a change
in approach, or even for economic and fiscal rules to be suspended? For example, while it may seem obvious
that having to abandon large parts of the Netherlands would be a sufficiently large shock to justify major
shifts, this would not be the case for a coastal retreat of a small village of 200 people, but there must be
thresholds between these two scenarios that justify increasing levels of change. There is some information
based on the non-climate shocks above, which are significant in terms of short-term GDP effects, and these
could be matched to the scale of climate change impacts. It might also be possible to relate to economic studies
that look at larger structural change, i.e., systematic changes in the sectoral composition of aggregate economic
outputs. There are also questions about whether it is only the size of the risk that matters, or other aspects such
as the irreversibility.

Can the shift towards transformational adaptation at scale happen in advance of climate impacts
(anticipatory), noting to date major changes have occurred reactively? Given what we know already,
but also future uncertainty, do we need to act now? The examples above involve reactive responses to
major crisis. This leads to the question of whether transformational adaptation — at least to a major climate
crisis — can only be scaled-up reactively, or whether it might be possible to do this proactively and
anticipatorily. This also leads to potential discussion on evidence of events, e.g., when there is confirmation a
tipping point has been reached, would this be sufficient to stimulate more major change? A follow-on
discussion from the point above is that if uncertainty cannot be resolved, might it be better to wait? As
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highlighted earlier, there are a set of decision making under uncertainty approaches that can help with this,
although ultimately anticipatory transformational adaptation will be needed.

What are the changes that might be needed, and are these minor shifts or more radical post economics
thinking? What would be needed to encourage more transformational action? While these more major
shifts might be a trigger for change, the next issue is how large should this change be. Is this just a move from
neo-classical and laissez-faire approaches (for a recent critique see Diesendorf et al., 2024) to a stronger
implementation of welfare economics and extended CBA ensuring equity, etc. Or is it a more radical move to
ecological economics or post-growth economics®. Is this about the art of the possible, or do the shocks involved
provide the impetus for more major shifts, and more change is needed, what approaches would be needed to
encourage such thinking among policy makers and the public?

Who should pay for transformational adaptation and what should be the cost sharing mechanisms,
within and across countries, including considerations of solidarity? There is an emerging issue of who
should pay for transformational adaptation, especially as this may involve significantly higher costs, and
whether those who benefit should pay or whether cost sharing mechanisms are more equitable. A good
example of a government that has explicitly investigated this is New Zealand (NSG, 2025), which in its
National Adaptation Framework, sets out that the expected costs from natural hazards like floods and storms,
and the costs of adapting to them, are shared across society and over time, though it is not yet clear how this
will be implemented in practice. These issues will arise for Europe, and are particularly important with regards
to solidarity across the European Union, as well as within Member States. Given that climate risks will be
unequally distributed across Europe, and transformational adaptation needs will differ, is cross-national cost
sharing feasible? This might also extend to alternative approaches for paying for such costs within countries,
e.g., wealth taxes (see Advani et al, 2020)

The participants at the workshop also considered why transformational adaptation might not happen to the
scale and pace needed. The discussion overwhelmingly attributed the potential failure for transformational
adaptation to political and structural barriers rather than technical or knowledge-based limitations. Competing
crises (war, geopolitics, inflation), short-term political horizons, vested interests, and the rise of climate-
denying right-wing politics (i.e. politicisation of climate research) were identified far more often than scientific
or methodological failures. The speed of change was identified as a potential exacerbating factor in failure,
i.e. accelerated warming just reduced the time needed for more systemic change. In the European context, this
was also associated with a lack of solidarity (across Europe, and within countries). There was also the issue
of available finances, including public finances and fiscal pressures, being a limiting factor. A striking feature
across all the workshop discussions was that other crises may overtake the focus on longer-term climate
impacts and thus the need for transformational adaptation. This included the prominence of potential future
events (World War III, war with China/US, Al crashing growth). This identified research that looked at how
transformational adaptation might be aligned with or synergistic with other factors, e.g., security.

As well as the macro-economic discussion, the workshop identified the need for complementary research into
fiscal (public finances) and financing analysis. The scale of transformational adaptation will have important
implications for finance ministries and the public finances, but also among the financial investors that are
needed for transformational adaptation, including involve sovereign finance to governments, but also the
wider financing of the real economy and the role of the private sector in transformational adaptation. A key
enabler —and area where further research is required— was on the finance and funding which was able to deliver
transformational adaptation, including from the private sector.

The discussions at the workshop also considered what factors could support the delivery of transformational
adaptation. Transformational adaptation was considered to be more likely through a proactive, planned,
deliberative approach with strong EU mandates, citizen pressure, de-politicisation, inclusive processes,
alignment of financial and economic systems (the mirror image of the barriers to transformational adaptation
above). This could be facilitated through a shift in values (beyond GDP) or through better representation of
the next generation (who will experience major change) being brought into the decision-making process. There
was also discussion that transformational adaptation could be reframed defensively around national

8 For example, Jackson prosperity without growth, Raworth doughnut economics.
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security/military benefit, or in terms of competitiveness or strategic autonomy, rather than purely in the pursuit
of adaptation, i.e. looking to see where it could have benefits against other threat multipliers and issues as part
of an integrated solution. An interesting element was also whether the measure of success would be
constrained to Europe or whether it would also need to factor in action in the Global South. This involves
issues of the cascading effects from outside Europe to the EU, but also equity and solidarity issues at the global
level and in the Global South.

4.4 A framework to support research mapping

To help to guide the reflexive discussions, a conceptual framework (depicted in Figure 4 below) was developed
that aligned to the three themes above. The top half takes the perspective of the transformational adaptation
literature (question 1) and asks where economics can help, while the bottom leads with an economic
perspective (question 2. The figure also considers the move from incremental adaptation and conventional
economic methods on the left, to transformational adaptation and extended and potentially more radical
economic methods on the right (and thus the bigger questions in session 3), noting different actors will have
very different views on these issues.
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Figure 4. Provisional framework for mapping the issues of the economics of transformational adaptation.
Source authors.
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5 A research agenda for the economics of transformational adaptation

Based on the literature review, development of inputs for the reflexive workshop and participant feedback, we
have produced a research agenda for the economics of transformational adaptation. This is broken down into
a set of key research topics:

1. Defining the role of economics in transformational adaptation / framing the economics of climate-resilient
societal change;

2. Improving the evidence on the economics of transformational adaptation and what works, with learning
from the past, as well as setting out evidence-gathering priorities for the future;

3. Understanding how different preferences affect the framing and attractiveness of transformational

adaptation, including time-preference, justice, distribution and equity, and societal willingness to

pay/accept and cost-sharing mechanisms;

Improving microeconomic tools and methods for the appraisal of transformational adaptation.

Developing macroeconomic tools and methods for the assessment of transformational adaptation.

Enhancing political economy analysis, including institutional and behavioural economics.

Considering the financing of transformational adaptation and the role of the private sector.

Opening up a discussion on the economics of catastrophic global climate change and the implications for

society.

NNk

5.1.Defining the role of economics in transformational adaptation / defining the economics of
societal change and transformational adaptation

The most obvious priority to start with is research to define the role of economics in transformational
adaptation. As highlighted above, definitions of what transformational adaptation looks like differ, and as a
result, there has been more focus on identifying its salient characteristics, as in Table 1. Based on the literature
review conducted for the think piece, and the discussion at the workshop, it is possible to map the potential
role of economics to these individual characteristics as in Table 2 below.

This mapping identifies that there are multiple areas where economic approaches could support important
issues associated with transformational adaptation, which form individual research topics, but also highlights
the need to bring these different economic disciplines together in a more structured and comprehensive
analysis.

Table 2. Elements that meet the minimum criteria for being included in the definition of transformational
adaptation to climate risks according to Biesbroek et al. (2026) linked to potential role of economics (source
authors).

Label Description (Biesbroek et al. 2026) Current and potential role of economics

Root causes  [[dentifies and tackles the underlying environmental, |[Welfare economics can capture societal
societal, economic, political and/or legal conditions  |conditions including environmental economics
that create or sustain vulnerability and risk withina  [Econometric analysis can assess root causes but

certain system may be limited by data
Climate Leads systems and communities to withstand and 'Valuation of adaptation benefits already
resilience recover from future climate impacts undertaken, but issue of extending to resilience

(and trade-off with efficiency)

Time-horizon |Includes long-term (intergenerational) needs and future/Captured in economics through time preference
climate scenarios and socioeconomic pathways and discounting, which reduces future benefits,
but potential for declining or intergenerational
discount schemes

Diversity of  |[Considers a diverse set of knowledges in the process, [Reliance on quantification in economics likely

knowledge including scientific knowledge, local knowledge and [to prejudice local and indigenous knowledge
Indigenous Knowledge
Depth of Leads to profound change in the societal norms, values[Values and norms currently considered through
change and worldviews risk preferences and assessed with behavioural
economics
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Distributive

Ensures fair and equitable allocation of resources and

Can be assessed in economic analysis through

to climate impacts

justice opportunities, ensuring that those most affected by distributional analysis and equity weights
climate change, particularly vulnerable and
marginalized communities, receive sufficient support
and compensation

Context Tailors adaptation to the unique conditions and needs |[Framing issue on boundary and context -

specificity of specific contexts requiring sufficient site and context specificity

for economic analysis

Multiscale Impacts of change occur across different types of scale [Partly captured through different analysis from
(for example, trophic, spatial, jurisdictional or sectoral micro -to macro-economic scale
scales)

Restructuring  |Alters the core properties, functions or interactions [Economic analysis can look at structural
within the existing social, ecological or change, but element extends to ecological and
socioecological systems social elements which are challenging

Persistence Secures long-term commitments and impacts, Sustainability of intervention typical part of
recognizing that these may not always be irreversible [broader economic assessment, issue of (quasi)

irreversibility and can be addressed in some
extended DMUU approaches

Maladaptation |Avoids actions that inadvertently increase vulnerability[Economic analysis conventionally assesses risk

of perverse outcomes, but issue if too narrow as
economic maladaptation only

IAvoid lock-ins

Prevents long-term commitments that limit future
adaptability and flexibility

Can be included through extended CBA and
decision making under uncertainty

governance processes affecting decisions, both formal

and informal.

Systemic Takes into account the interconnected nature of the Set of more systemic economic approaches,
system as a whole, acknowledging that root causes of |[including input-output analysis, macro-
vulnerability are embedded within broader systemic  [economic modelling
structures and dynamics IAgent based modelling

Governance# |The institutional structures and arrangements and Political economy analysis

[nstitutional economics
IBehavioural economics

# not included in Biesbroek et al. (2026), but identified in some other mappings, and important for some forms of
transformational adaptation.

At the same time, the workshop highlighted that economics should be integrated much earlier into the process
of developing policies or interventions that support transformational adaptation, rather than only being used
at the level of individual project appraisal later in the process. This builds on the agreement at the workshop
that transformational adaptation has strong public good characteristics as it is too systemic and complex to
leave to the market, i.e., governments must lead. A research priority is to frame the upstream economic need
for transformational adaptation, e.g., traditional policy analysis would ask what is the justification for
intervention (including the market failures involved), as well as the nature of the intervention required,
including analysis of alternative approach and choices. It would therefore be useful to undertake a more
systemic economic policy analysis of the need and justification for transformational adaptation, in line with
current economic impact assessment guidance (see earlier discussion). In turn, the analysis of policy
intervention should extend to the economics of objective setting for transformational adaptation and the
potential trade-offs involved (see also preferences). Such an analysis could include development of a broader
economic narrative for transformational adaptation, including its resilience but also the other benefits (see
later discussion), as well as comparing alternative approaches, e.g., comparing large-scale transformation with
smaller radical incrementalism.

Research Priorities:

e Mapping and analysis of the role of the economic methods to assess transformational adaptation, and
consideration of how these could be combined..

Develop the upstream economic justification for transformational adaptation interventions, including
analysis of market failures, and alternative framing (and thinking about how to adapt entire economies).
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5.2. Improving the evidence on the economics of transformational adaptation and what works:
learning from the past and setting out evidence-gathering priorities for the future;

A common theme across the workshop was that there was insufficient evidence of transformational adaptation
in practice. This reflects the low number of transformational adaptation case studies in the literature (see earlier
discussion). The analysis of what works (and what does not) could involve a number of research strands.

Participants identified the need for ex-post, evidence-based work to ground transformational adaptation in
observed reality rather than normative theory. This included historical case analysis (within the climate
context, but also beyond to non-climate examples, with good and bad examples), studies of why progress is
slow or fast, and identification of the enablers, archetypes and institutional readiness conditions that have
shaped past adaptation. This would provide a counterweight to the more abstract conceptual debates currently
around transformational adaptation. The empirical analysis would include the identification of case studies,
best practice examples, and early priorities; including public and private sector examples, including in
particular an analysis of these through an economic lens.

This evidence could then be used to analysis the potential scaling of transformational adaptation across levels,
sectors, different governance levels (project, regional, national, EU) and to synthesis how the case-study
findings could inform EU-level decisions.

There will also be a need to establish research methods and protocols for future evaluation (ex-post) of
transformational adaptation, as more applications appear, which could be incorporated ex ante during appraisal
and project preparation. It would be useful to identify what types of evaluation approaches could be used (e.g.,
difference in difference, randomised control, econometric analysis) noting the future oriented nature of
transformational adaptation may require different approaches to conventional analysis.

Related to this, there will be a need for metrics and indicators to measure transformational adaptation. There
is an existing set of adaptation indicators that have been developed as part of Global Goal on Adaptation
Indicators, but these would need to be extended to capture more transformational aspects. These
transformational adaptation indicators would likely need to include both process-based indicators as well
outcome-based indicators, as many of the outcome based indicators would not arise for many years. On the
economic side, this would require consideration of effectiveness, benefits and costs, indicators, including
relevant issues such as transaction costs.

Research Priorities:

e Conduct review work to identify and assess ex-post, evidence-based analysis of transformational
adaptation. This should include historical case analysis (within and beyond the climate context), studies
of why progress is slow or fast, and identification of the enablers, success factors, archetypes and
institutional readiness conditions that have shaped past transformational adaptation. This should in turn
be used to assess how to scale-up and replicate transformational adaptation from individual case studies.
This also includes social science analysis of what drives transformational change (see also policy and
institutional factors below).

e Development of evaluation methods for transformational adaptation, and potential applicability of
different evaluation methods.

e Consideration of transformational adaptation metrics and indicators, for measuring progress, including
economically relevant aspects such as effectiveness, costs (including transaction costs) and economic
benefits.

5.3. Understanding how different preferences affect the framing and attractiveness of
transformational adaptation, including time-preference, justice and distributional preferences,
and societal willingness to pay/accept and cost-sharing

Transformational adaptation — where this requires systemic-level change — requires preference elicitation to
be extended to contexts that are beyond those usually considered in familiar forms of incremental adaptation.
This includes reconsidering time preferences around long-term system change and (intergenerational) discount
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schemes, as well as climate justice and distributional preferences (intra-generational equity). It also includes
more general issues around societal preferences.

In simple terms, the economics of adaptation can be summarised by the schematic in Figure 5. This starts with
growing economic costs of climate change over time, shown left in red. Incremental adaptation reduces these
economic costs, producing an economic benefit, working within the existing system. This can be compared to
the costs of delivering these adaptation benefits. However, adaptation has low effectiveness, and there is nearly
always residual economic loss and damage after adaptation (see D3.4, as well as Rexer and Sharma, 2024),
shown in the green line on the right hand side. This leads to a trade-off, between costs, benefits and residual
damage, with rising marginal costs (and declining marginal benefits) for progressively greater levels of risk
reduction. This means there are choices on the societal objectives for adaptation. A more economically
efficient objective might allow for higher levels of residual damage, at least in some areas, while an alternative
objective based on notions of acceptable risks would reduce residual levels to similar levels across society.
The preferred objectives and level of adaptation/residual damage, will therefore vary with different actors and
cultures of acceptance of societal risk — affecting willingness to pay for costs and / or to accept residual
impacts.

Climate
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Figure 5. Economics of Incremental Adaptation.

In the case of transformational adaptation, these choices will be more stark. Transformational adaptation may
be needed because there is a step change in the impacts of climate change (i.e. a steeper gradient or non-
linearity on the left-hand cost side). It may also be needed if there are limits to adaptation that lead to
unacceptably high residual risks (on the right-hand side). This will make these choices about societal
preferences much more important, because they will be likely to involve higher residual damages or higher
adaptation costs. It is also important because transformational adaptation (or lack of it) may lead to stronger
differences between winners and losers.

Related to this, there is a question not just about how objectives should be set (and who should benefit) but
also cost-sharing mechanisms. The costs of transformational adaptation need to be allocated. It could be that
those who benefit should pay, but it is also possible to share costs more equally across society (and in theory,
across different generations). This involves important issues of climate justice, especially distributional
justice. Governments should be thinking about the costs and benefits of different objectives, and cost allocation
methods, as they develop transformational adaptation priorities and financing strategies. In the European
context, this includes solidarity principles (and willingness to share costs across Europe).

These trade-offs can be extended to the consideration of efficiency versus resilience in objectives, i.e., the
economic trade-offs introduced when resilience is adopted as a criterion that values flexibility, robustness,
redundancy and recovery capacity across economic and social systems. This discussion could extend to the
trade-offs and synergies with mitigation and transformational adaptation, as well as economic development
and transformational adaptation (especially in the Global South).

There are also other elements of transformational adaptation, including biodiversity, cultural heritage,
indigenous knowledge, mental wellbeing, landscape and ecosystem services, where preferences will be
important. Current revealed preference methods used to value non-market goods and services such as hedonic
pricing and travel-cost methods are likely to be of limited use for these, given that they rely on observed
behaviour. New methods and applications are therefore required.
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As highlighted in the workshop discussion, the choices on objectives, as well as discounting and equity, have
a large impact, but are generally accepted without question. A research priority is therefore to identify these
preferences. There have been some early willingness to pay studies on adaptation (preference-based evaluation
of trade-offs between different forms of adaptation, S¢asny et al., 2016) and current surveys by EUTransform
AR project (EU Transform AR, 2025 and OECD have been undertaken or are underway, but these need to be
extended to transformational adaptation, as well as wider societal preferences on equity and time preference.
For the latter, a key issue will be to consider perspectives across different generations.

Research Priorities

e Analysis of differing objectives and trade-offs for transformational adaptation and surveys to understand
societal preferences (risk preferences and willingness to pay/accept), including efficiency versus
resilience, as well as cost sharing mechanisms.

e Review of discounting including intergenerational schemes, analysis of what types of transformational
adaptation might justify such rates, and surveys to understanding time preferences for transformational
adaptation.

e Review of distributional/equity weights (and other approaches) and surveys to understand intra-
generational preferences.

o Review of other preferences that are important in transformational adaptation and analysis of whether
current methods can assess or if new methods are needed.

e (ase studies and guidance on these issues for adaptation economic appraisal.

5.4. Improving microeconomic tools and methods for the appraisal of transformational
adaptation.

As highlighted by the ACCREU case studies, and the discussion at the reflexive workshop, transformational
adaptation is likely to require extended cost-benefit analysis as a minimum for economic appraisal, such as in
project investments (microeconomic analysis). There are some extensions to microeconomic tools and
approaches that are therefore identified as research priorities (note macroeconomic priorities are in the next
section) as well as strengthening of policy and institutional analysis (also in a later section).

These include a number of different aspects. Expanding from the ACCREU analysis and the discussion at the
workshop and above, this includes the inclusion of all societal costs and benefits (including non-market, noting
this is standard practice, but these non-market benefits are still often excluded in many economic appraisals,
because valuation is more difficult), distributional analysis (and potentially distributional weights) and
alternative discount schemes including intergenerational (even if only possible through sensitivity testing). It
also includes the integration of decision making under uncertainty. The workshop agreed , however, that these
microeconomic practices needed extending rather than discarding, thus moving from CBA to a "CBA++"
framework.

Workshop participants also expressed interest in testing alternative frameworks/criteria to those of economic
efficiency including to explicitly value resilience or justice.

Participants made many suggestions for complementing extended CBA with other techniques or tools, such
as storylines, visioning or narratives. There is increasing use of storylines approaches already in the literature,
though these can take many different forms, from extreme outputs from climate models through to qualitative
scenarios to help stakeholders imagine different climate futures or undertake stress-testing. These
complementary tools to accompany economic analysis include visioning and participatory scenario planning
and adaptation pathways that can reduce psychological distance, encouraging long-term thinking and helping
to identify robust decisions. These tools can also include narratives that can communicate impacts, personal
experience, and adaptation success stories. This can take lessons from other non-climate shocks. Workshop
participants also highlighted the need for economic results to be translated into language that is "digestible"
for policymakers and that can help transformational adaptation compete with other agendas.

Research Priorities
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e Develop an extended cost-benefit analysis framework for transformational adaptation, extending current
approaches to ensure consideration of all relevant benefit streams, and inclusion of inter- and intra-
generational issues, as well as decision making under uncertainty. This could also extend to new criteria
(in addition to economic efficiency) such as around resilience.

e Develop complementary techniques (storylines, visioning, narratives) that can be used in economic
analysis, as well as allowing qualitative information to be included.

e Develop narratives and approaches to better communicate with decision makers,

5.5. Developing macroeconomic tool and methods for the assessment of transformational
adaptation.

Transformational adaptation goes beyond reducing climate damages and is likely to involve structural changes
to the economy that alter patterns of production, labour, trade, finance, and investment. Whereas incremental
adaptation aims to preserve existing economic systems, transformational adaptation recognises that climate
change may require fundamental economic (as well as societal) restructuring.

There is a general priority to better include adaptation in the suite of existing climate models (IAMs and CGEs)
and this extends to transformational adaptation. Transformational adaptation may involve institutional reform,
migration, technological change, behavioural responses, and political constraints, which are nonlinear,
uncertain, and path dependent. Of course, the inclusion of these issues will be determined by more micro and
sector transformational studies, and thus these also need to advance, but there are also questions on how to
consider this type of change in macroeconomic model structures.

There is a broader set of macroeconomic assessment methods that could assess what happens to growth,
employment and the public finances if some regions become increasingly difficult to inhabit or to insure, and
if key sectors experience persistent productivity declines or rising volatility. More traditional macroeconomic
analysis could be used, and would then form the basis for assessing the macroeconomic benefits of
transformational adaptation.

Existing macroeconomic approaches could be used to look at alternative structural change associated with
transformational adaptation, including in long-term development pathways. Dynamic macro models (that look
at investment, capital turnover, adjustment costs) could consider short-run vs long-run responses. Investigating
the risks of lock-in and stranded assets could help to understand timing and sequencing of policy interventions.

Additional macroeconomic research topic areas include the analysis of patterns of adjustment in labour
markets. For example, whilst the economic determinants of migration patterns are now better understood,
subsequent effects on sender and receiver regions — and the subsequent role of government — is a research
priority. Other macroeconomic topics for further investigation include patterns of adjustment in international
trade. For example, climate change may alter agricultural productivity, water availability, shipping routes, and
tourism. Subsequent changes in comparative advantage — and their consequences for trade and welfare need
to be better understood.

Research Priorities

o Extend the analysis of adaptation in macroeconomic climate modelling (CGE and IAMs) to start
considering transformational adaptation.

o Test existing macroeconomic analysis methods and tools (e.g., structural analysis, dynamic models) to the
subject of transformational adaptation.

5.6. Enhancing political economy analysis, including institutional and behavioural economics
A consistent theme in the transformation adaptation literature, and in the workshop, was around policy and
governance. Current economic models tend to have less focus on the institutional and political conditions that

actually determine whether adaptation happens; these will be critical for transformational adaptation given the
scale of change.
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The analysis of policy and governance can involve a range of approaches, which include political economy
analysis and network mapping, through to institutional and behavioural economics. It also includes continued
use of co-design and the need to include the values and perspectives of multiple stakeholders. This empirical
social science analysis can help to understand what drives transformational change.

Institutional economics research also identifies path dependence as an important factor, where past decisions
constrain future options, e.g. in the adaptation context, cities and associated transport infrastructure have been
built in coastal areas now at risk from climate hazards such as sea-level rise, erosion and increasing storminess.
Despite awareness of risks to these systems and societies, undertaking change is expensive, and so societies
become "locked in” as a result of sunk costs, regional industrial specialisms, etc. At the same time, institutional
inertia generates new and additional costs through increasing exposure, maladaptation and reduced
infrastructure flexibility. Understanding the full range of these costs and benefits — and who bears and gains
from them in alternative transformational adaptation contexts - is therefore a research priority.

Workshop participants identified the priority of mainstreaming transformational adaptation (into economic
policy and planning), though this involves some potential risks that this might lead to pragmatic incremental
progress that dilutes genuine transformational ambition. Relatedly, the use of research and its translation into
communication, awareness raising and influencing (even lobbying) emerged as a priority (see earlier research
recommendation). This includes identifying effective mechanisms for communication of research results to
policy-making structures (noting communicators may not be researchers themselves).

One concern raised a the workshop was that climate-economic models are not absorbing enough of what other
disciplines already know. This includes information from non-economic social sciences and humanities, and
thus closer science-economics dialogue and genuinely transdisciplinary work with practitioners are important
areas of work going forward. Similarly, workshop participants noted that current funding architectures are
often too siloed, including by sector, by country, and by mandate. There might be alternative research and
cooperation frameworks that cross these boundaries, including between Europe and more vulnerable regions.

Research Priorities

e Application of political economy approaches to transformational adaptation, including network mapping
and institutional and behavioural economics.

e Mainstreaming of transformational adaptaiton into longer-term economic development planning and
policy.

e A greater focus on interdisciplinary research to avoid siloed approaches and encourage systemic and
integrated analysis (economics and other).

e Analysis of how to maximise research impact, including communication, awareness raising and
influencing.

5.7. Considering the financing of transformational adaptation and the role of the private sector

At the workshop the issue of financing transformational adaptation emerged as a new point of discussion.
There is a growing literature on adaptation finance (Gautam et al., 2024, Ranger et al., 2024; World Bank,
2025), which includes the use of both domestic public and private sector finance. There is also a recognition
that in general, the economic (societal) returns are higher than the financial returns for adaptation (Frontier
economics, 2022). This is because many adaptation investments are often in public goods, involve non-market
sectors or have non-market benefits, as well as it being difficult to realise commercial returns from the benefits.
This means that while adaptation makes sense from a societal perspective, it will still be challenging to attract
investment. These issues are amplified for transformational adaptation (UNEP, 2024) because of its typically
longer lifetimes and greater complexity.

At the same time, the large-scale impacts that require transformational adaptation, and the costs of this
adaptation, will have major fiscal implications and will be important for the public finances. The scale of
finance required, and the potential effects on spending and borrowing, may thus require transformational
financing, i.e., going beyond conventional approaches (Khosla and Watkiss, 2020). This approach involves a
range of financing sources and instruments as well as complementary risk layering approaches, including
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financial markets as well as the private sector. This includes the need to look at policy instruments and
incentives, and mobilise private capital, as well as changing investment decisions in the real economy. The
underlying premise is that the real economy will pay one way or another, so it is better to design that
contribution proactively. This will require a consideration of what the business case is for transformational
adaptation.

Research Priorities

e Analysis of the potential impacts of climate change on the public finances, and the fiscal benefits of
transformational adaptation.

e Analysis of potential financing sources, instrument and models for transformational adaptation, including
more transformative finance (including private sector), and including the business case for action.

5.8. Opening up a discussion on the economics of catastrophic global climate change and the
implications for society

Transformational adaptation may be needed at great scale, or needed earlier, due to fundamental societal
changes induced by the catastrophic consequences of climate change, caused by effects of accelerated
warming to irreversible climate tipping points. This leads in turn to a set of further research topics, which
range from improved analysis through to potential seismic shifts in current approaches and thinking.

First, it was recognised at the workshop that further work is needed to assess cascading and compounding
risks, as well as interconnected, cross-sectoral and cross-crisis risks. This includes cascading impacts (climate
and socio-economic), systemic shocks, and the links between climate adaptation and other crises (planetary
boundaries, housing, safety, Al, geopolitics). By identifying this research gap, workshop participants
implicitly critiqued the limitations of current sectoral and marginal-impact framings.

Complementing this insight, was a discussion on the need to account for the wider benefits of transformational
adaptation, beyond risk reduction, to include benefits of competitiveness, strategic autonomy, defence, etc.
Demonstrating these links was identified as a key research priority.

Third, it would also be useful to advance some economic analysis of the potential effects of accelerated
warming, and the implications for adaptation costs (noting the rate of climate change strongly influences
adaptation costs, because more rapid rates of warming involve potentially more stranded assets). This
advancement of economic analysis extends to climate and socio-economic tipping points. This could include
analysis of the implications of reaching these tipping points, but also analysis of benefits (the value of
information) from scaling up analysis and monitoring into these to help inform future decisions. This could
also include analysis of positive tipping points that could trigger systemic change toward resilience.

Finally, while views differed, several participants raised the issue of current economic approaches and thinking
acting as a barrier to transformational change. This included the consideration of whether transformational
adaptation can be achieved within the existing capitalist model of continuous economic growth, or whether
climate change requires a more fundamental transformation of economic systems. Whilst it is recognised that
capitalism offers important strengths for adaptation—innovation, investment, and resource allocation— it also
exhibits market failures, short-term incentives, and unequal outcomes that can undermine resilience.
Transformational adaptation -even more so than incremental adaptation- has the characteristics of a public
good. This means that many of these market-based strengths may not be realised and market failures may play
an even more prominent role. Resilience economics shifts the focus from maximising short-term efficiency to
maintaining the long-term capacity of social, economic, and ecological systems to absorb and recover from
shocks, though the trade-offs for technological development and growth need to be better understood. This
could include the concept of radical solutions that are implemented incrementally. These alternative economic
approaches, while controversial, may prove important especially under catastrophic shift, and could (overall
or in part) help to support the operationalisation of transformational adaptation.

Research Priorities
e Improved analysis of cascading and interconnected risks and adaptation actions to address these .
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Analysis of the linkages between adaptation and other crisis, and development of the wider resilience and
security benefits of transformational adaptation.

Analysis of the implications for transformational adaptation from accelerated warming and tipping points
(climate and socio-economic).

Exploration of post-growth, post-capitalist or ecological economics for their ability to support
transformational adaptation under catastrophic scenarios.
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6 Summary and conclusions

Following the workshop, the research framing (see Figure 4) was used to map the findings and insights. This
is shown in Figure 6 below. This includes the adaptation perspectives (top) and the economic perspectives
(bottom) and looks at the spectrum from incremental adaptation on the left to transformational adaptation on
the right. The research priorities were mapped against this framework.

The analysis found that some of the research priorities listed above are already included within existing
economic appraisal guidance, such as environmental economics methods for non-market valuation: these
therefore only require improved application, rather than new research. This may involve stronger guidance
and enforcement of good practice. Others research areas have strong theoretical underpinning, but require
more consideration of application, e.g., the use of distributional analysis or weights in project appraisal. This
requires more case studies and good practice examples, and practical support and guidance.

A further set offer promise, but are still theoretical and require further development. This includes the
institutional and behavioural economics as well as macroeconomics. This requires improved academic
(primary) research as well as the early testing for application. Finally, a set of further more radical actions
could be interesting, such as resilience economics, but primarily warrant more theoretical analysis and
academic debate.

It is stressed that the workshop discussion revealed that various participants placed different research priorities

in different places, and had different views on how far from left to right of the figure it would be necessary to
move for transformational adaptation.
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Figure 6. Mapping of transformational adaptation characteristics, economics and research priorities. Source
authors.

This research agenda is moving towards an academic publication, and will be shared with relevant research
commissioning organisations.

30



31



References
ADB (2015). Economic analysis of climate proofing investment projects. Published by the Asian
Development Bank, Manila, Philippines.

Advani A Chamberlain E Summers A (2020). A wealth tax for the UK. Published on the Wealth Tax
Commission website: www.wealthtaxcommission.uk

AFTERG, GEF IEO, CIF, GCF IEU 2025. The approach of Transformational Change in Multilateral
Climate Funds: AF, CIF, GEF, and GCF, Washington, D.C. and Songdo, South Korea.
https://www.adaptation-fund.org/wp-content/uploads/2025/06/MCFs-Transformational-

Change 220525 3.pdf

Beier, P., Hansen, L. J., Helbrecht, L., & Behar, D. (2016). A How-to Guide for Coproduction of Actionable
Science. Conservation Letters. http://doi.org/10.1111/conl. 12300

Bharwani, S., Downing, T.E., Varela-Ortega, C., Blanco, 1., Esteve, P., Carmona, G., Taylor R., Devisscher,
T., Coll Besa, M. Tainio, A., Ballard, D. and Watkiss, P. (2013). Social Network Analysis: Decision
Support Methods for Adaptation, MEDIATION Project, Briefing Note 8.

Biesbroek, R., Broek, E., Engbersen, D. et al. Navigating the politics of transformational adaptation in
international climate negotiations. npj Clim. Action 4, 71 (2025). https://doi.org/10.1038/s44168-025-00279-
6

Biesbroek, R., Engbersen, D., Bonenkamp, J. et al. Expert agreement on key elements of transformational
adaptation to climate risks. Nat. Clim. Chang. 16, 273-280 (2026). https://doi.org/10.1038/s41558-025-
02548-y

Bojovic, D et al. (2021). Engagement, involvement and empowerment: Three realms of a coproduction
framework for climate services, Global Environmental Change, Volume 68,
https://doi.org/10.1016/j.gloenvcha.2021.102271.

Bonjean Stanton, M. C., Roelich, K. (2021). Decision making under deep uncertainties: A review of the
applicability of methods in practice, Technological Forecasting and Social Change, Volume 171,
https://doi.org/10.1016/j.techfore.2021.120939.

Boyd, R and Hunt, A (2004). Costing the impacts of climate change in the UK: overview of guidelines,
UKCIP Technical Report. UKCIP, Oxford, July 2004.

Catrien J.A.M. Termeer, Art Dewulf & G. Robbert Biesbroek (2017) Transformational change: governance
interventions for climate change adaptation from a continuous change perspective, Journal of Environmental
Planning and Management, 60:4, 558-576, DOI: 10.1080/09640568.2016.1168288

Chambers, J.M. et al (2022). Co-productive agility and four collaborative pathways to sustainability
transformations, Global Environmental Change, Volume 72, 2022,
https://doi.org/10.1016/j.gloenvcha.2021.102422

Chu E., A. Brown, K. Michael, J. Du, S. Lwasa, A. Mahendra (2019). Unlocking the Potential for
Transformative Climate Adaptation in Cities. Background Paper prepared for the Global Commission on
Adaptation, Washington, DC and Rotterdam. Available online at ww.gca.org.

Chambwera, M., G. Heal, C. Dubeux, S. Hallegatte, L. Leclerc, A. Markandya, B.A. McCarl, R. Mechler,
and J.E. Neumann, 2014: Economics of adaptation. In: Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J.
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B.
Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 945-977.

David Tabara J, Jager J, Mangalagiu, D., and Grasso, M (2018). Defining transformative climate science to
address high-end climate change Reg. Environ. Change 19 1-12.

32



DEFRA (2025). Accounting for the effects of climate change guidance. Updated 8 April 2025. Available at
https://assets.publishing.service.gov.uk/media/6830434ce9440506ee953a33/Accounting_for the effects of
_climate_change Green Book supplementary guidance.pdf

Dilling, L. and Lemos, M. C. (2010). Creating usable science: Opportunities and constraints for climate
knowledge use and their implications for science policy. Global Environmental Change. Volume 21, Issue 2,
May 2011, Pages 680-689. https://doi.org/10.1016/j.gloenvcha.2010.11.006

Dittrich, R Wreford, A., and Moran, D (2016). A survey of decision-making approaches for climate change
adaptation: Are robust methods the way forward?, Ecological Economics, Volume 122,
https://doi.org/10.1016/j.ecolecon.2015.12.006

Dragos Aligicia, P. (2006). Institutional and Stakeholder Mapping: Frameworks for Policy Analysis and
Institutional Change. Public Organiz Rev (2006) 6: 79-90 DOI 10.1007/s11115-006-6833-0

Eker S & Ilmola-Sheppard L (2020). Systems Thinking to Understand National Well-Being from a Human
Capital Perspective. Sustainability 12 (5): e1931. DOI:10.3390/su12051931

EIB (2023). The Economic Appraisal of Investment Projects at the EIB.
https://www.eib.org/attachments/lucalli/20220169 economic_appraisal of investment projects_en.pdf

Engbersen, D., Biesbroek, RTermeer, C.J.A.M. (2024). Between theory and action: Assessing the
transformative character of climate change adaptation in 51 cases in the Netherlands, Global Environmental
Change, Volume 89, 2024, https://doi.org/10.1016/j.gloenvcha.2024.102948.

EU Transform AR (2025). Public acceptance of climate adaptation solutions.
https://transformar.eu/storage/2025/06/D6.1-Summary-sheet final-1.pdf

Fazey, 1., Moug, P., Allen, S., Beckmann, K., Blackwood, D., Bonaventura, M., ... Wolstenholme, R. (2017).
Transformation in a changing climate: a research agenda. Climate and Development, pp. 191-217.
10.1080/17565529.2017.1301864

Fedele, G.,Donatti, C. L., Harvey, C.A. Hannah, L. and G. Hole, D. G. (2019). Transformative adaptation to
climate change for sustainable social-ecological systems. Environmental Science & Policy. Volume 101,
2019, Pages 116-125, https://doi.org/10.1016/j.envsci.2019.07.001.

Field, C.B., et al., 2014 Technical summary. In: Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J.
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B.
Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 35-94.

Foster, G., & Rahmstorf, S. (2026). Global warming has accelerated significantly. Geophysical Research
Letters, 53, €2025GL118804. https://doi.org/10.1029/2025GL 118804

Frontier Economics and Paul Watkiss Associates (2022). Barriers to Financing Climate Actions in the UK.
https://www.theccc.org.uk/wp-content/uploads/2023/01/Barriers-to-financing-adaptation-actions-in-the-UK-
Frontier-Economics-Paul-Watkiss-Associates.pdf

Garriga JM et al (2024). Economic impact of the floods in the Valencia province.
https://www.caixabankresearch.com/en/economics-markets/activity-growth/economic-impact-floods-
valencia-province

Global Tipping Points (2023). https://report-2023.global-tipping-points.org/

Gautam, D., Gratcheva, E., Natalucci, F.M., and Prasad, A. (2024) ‘Unlocking Adaptation Finance in
Emerging Market and Developing Economies’, IMF Staff Climate Note 2024/007, IMF, Washington, DC.
https://www.imf.org/en/Publications/staff-climate-notes/Issues/2024/11/19/Unlocking-Adaptation-Finance-
in-Emerging-Market-and-Developing-Economies-556136

Harvey, B., Cochrane, L., Van Epp, M., Cranston, P., Pirani, P.A. (2017) Designing Knowledge Co-
production for Climate and Development. CARIAA Working Paper no. 21. International Development

33



Research Centre, Ottawa, Canada and UK Aid, London, United Kingdom. Available online at:
www.idrc.ca/cariaa

Haasnoot, M., Kwakkel, J.H., Walker, W.E., ter Maat, J. (2013). Dynamic adaptive policy pathways: A
method for crafting robust decisions for a deeply uncertain world. Global Environmental Change. Volume
23, Issue 2, April 2013, Pages 485-498. DOI: 10.1016/j.gloenvcha.2012.12.006

Haasnoot, M., van Aalst, M., Rozenberg, J. et al. Investments under non-stationarity: economic evaluation of
adaptation pathways. Climatic Change 161, 451-463 (2020). https://doi.org/10.1007/s10584-019-02409-6

Hansen, JE et al (2023) Junji Cao, Jing Li, Global warming in the pipeline, Oxford Open Climate Change,
Volume 3, Issue 1, 2023, kgad008, https://doi.org/10.1093/oxfclm/kgad008

Hegger, D., & Dieperink, C. (2014). Toward successful joint knowledge production for climate change
adaptation: lessons from six regional projects in the Netherlands. Ecology and Society, 19(2).
http://doi.org/10.5751/ES-06453-190234

Hegger, D., Lamers, M., Van Zeijl-Rozema, A., & Dieperink, C. (2012). Conceptualising joint knowledge
production in regional climate change adaptation projects: success conditions and levers for action.
Environmental Science and Policy, 18, 52—65. http://doi.org/10.1016/j.envsci.2012.01.002

HMT (2008). Intergenerational wealth transfers and social discounting: Supplementary Green Book
guidance. Available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/193938/Gr
een_Book supplementary guidance intergenerational wealth transfers and social discounting.pdf.
Accessed April 2021.

HMT (2022). The Green Book: Central Government Guidance on Appraisal and Evaluation. Published by
HM Treasury, London. Available
https://assets.publishing.service.gov.uk/media/6645¢709bd01{5ed32793cbc/Green Book 2022  updated li
nks_.pdf

IPCC, 2022a. Summary for Policymakers [H.-O. Portner, D.C. Roberts, E.S. Poloczanska, K. Mintenbeck,
M. Tignor, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Moller, A. Okem (eds.)]. In: Climate Change
2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change [H.-O. Portner, D.C. Roberts, M. Tignor, E.S.
Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Méller, A. Okem, B. Rama
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 3-33,
doi:10.1017/9781009325844.001.

IPCC, 2022b: Annex II: Glossary [Méller, V., R. van Diemen, J.B.R. Matthews, C. Méndez, S. Semenov,
J.S. Fuglestvedt, A. Reisinger (eds.)]. In: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [H.-O. Portner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M.
Craig, S. Langsdorf, S. Loschke, V. Moller, A. Okem, B. Rama (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 2897-2930, doi:10.1017/9781009325844.029. 289.
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6 WGII Annex-I1.pdf

Jarzabkowski, P., Bednarek, R., Chalkias, K., Cacciatori, E., Kavas, M., Krull, E., & Gallagher Rodgers, R.
(2024). Translating, co-creating, and performing: Reflections on a 15-year journey for impact into the grand
challenge of disaster insurance. Strategic Organization, 0(0). https://doi.org/10.1177/14761270231218094

Jones, P. & Bowes, J. (2017). Rendering Systems Visible for Design: Synthesis Maps as Constructivist
Design Narratives. She Ji: The Journal of Design, Economics, and Innovation Volume 3, Issue 3, Autumn
2017, https://doi.org/10.1016/j.sheji.2017.12.001

Kates R.W., W. R. Travis, T. J. Wilbanks (2012). Transformational adaptation when incremental adaptations
to climate change are insufficient. PNAS, 109(19), 7156-7161.

Kind, J., Wouter Botzen, W.J. and Aerts, J.C.J.H. (2017), Accounting for risk aversion, income distribution
and social welfare in cost-benefit analysis for flood risk management. WIREs Clim Change, 8: e446.
https://doi.org/10.1002/wcc.446

34


http://doi.org/10.1016/j.envsci.2012.01.002

Khosla, S. and Watkiss, P. (2020). Financing Clyde Rebuilt: Resource Mobilization for the Glasgow City
Region Climate. Adaptation Strategy and Innovation Portfolio. Deliverable 06 of the Resilient Regions:
Clyde Rebuilt project. Published by Clyde Rebuilt, Glasgow, Scotland. Copyright: Resilient Regions: Clyde
Rebuilt, 2020

Kwakkel, J.H., Haasnoot, M. (2019). Supporting DMDU: A Taxonomy of Approaches and Tools. In:
Marchau, V., Walker, W., Bloemen, P., Popper, S. (eds) Decision Making under Deep Uncertainty.
Springer, Cham. https://doi.org/10.1007/978-3-030-05252-2 15

Lenton, T.M., Held, H. Kriegler, E., Hall, J.W., Lucht, W., Rahmstorf S. and Schellnhuber H.J. Tipping
elements in the Earth’s climate system, Proceedings of the National Academy of Sciences USA, 2008,
105(6):1786—1793. https://doi.org/10.1073/pnas.0705414105.

Lenton, T.M., Rockstrom, J., Gaffney, O., Rahmstorf, S., Richardson, K., Schellnhuber, H. J., (2019). .
Climate tipping points—too risky to bet against. Nature, 575, 592-595. https://doi.org/10.1038/d41586-019-
03595-0.

Lonsdale, K., Pringle, P. and Turner, B. (2015). Transformative adaptation: what it is, why it matters & what
is needed. UK Climate Impacts Programme, University of Oxford, Oxford, UK. ISBN: 978-1-906360-11-5.
© UKCIP 2015

Lotz-Sisitka, H et al (2016) Co-designing research on transgressive learning in times of climate change,
Current Opinion in Environmental Sustainability, Volume 20, https://doi.org/10.1016/j.cosust.2016.04.004

McGlade, K., Troltzsch, J., Tarpey, J. and Watkiss, P. (2022). Co-creating Research: Best- Practice
Guidelines. Insights from the Horizon 2020 EU project COACCH. Available at https://www.coacch.eu/wp-
content/uploads/2018/03/2811-COACCH-Co-creation- guideline-web.pdf

Mercure, J. F., Sharpe, S., Vinuales, J. E., Ives, M., Grubb, M., et al., (2021). Standard cost-benefit analysis
is inadequate for assessing transformational change. Risk-opportunity analysis for transformative policy
design and appraisal, Global Environmental Change, Volume 70, 2021, 102359,
https://doi.org/10.1016/j.gloenvcha.2021.102359.

Molina-Perez, E., Groves, D. G., Popper, S. W., et al (2019). Developing a Robust Water Strategy for
Monterrey, Mexico. Diversification and Adaptation for Coping with Climate, Economic, and Technological
Uncertainties. Published by Rand. ISBN: 978-1-9774-0274-5. Available at
https://www.rand.org/pubs/research_reports/RR3017.html

Moser , S.C. (2016). Can science on transformation transform science? Lessons from co-design. Current
Opinion in Environmental Sustainability. Volume 20, June 2016, Pages 106-115.
http://dx.doi.org/10.1016/j.cosust.2016.10.007

Mustelin J. and Handmer, J. (2013). Triggering transformation: managing resilience or invoking real
change? In: Proceedings of transformation in a changing climate conference, 19-21 June 2013, University of
Oslo, Norway. ISBN: 978-8-2570-2001-9

NZG (2025). The National Adaptation Framework. https://environment.govt.nz/assets/publications/climate-
change/national-adaptation-framework-final-web.pdf

O’Brien, K., L. (2016). Climate change and social transformations: is it time for a quantum leap? WIREs
Clim Change 2016. doi: 10.1002/wcc.413.

O’Brien K. (2018). Is the 1.5°C target possible? Exploring the three spheres of transformation. Current
Opinion in Environmental Sustainability, Volume 31, 153-160.

Page, G.C et al (2016) Co-designing transformation research: lessons learned from research on deliberate
practices for transformation, Current Opinion in Environmental Sustainability, Volume 20, 2016, Pages 86-
92, https://doi.org/10.1016/j.cosust.2016.09.001.

Pauw, W. P., Kempa, L., Moslener, U., Griining, C., & Cevik, C. (2021). A focus on market imperfections
can help governments to mobilize private investments in adaptation. Climate and Development, 14(1), 91—
97. https://doi.org/10.1080/17565529.2021.1885337

35



Pelling, M., O’Brien, K. & Matyas, D. Adaptation and transformation. Climatic Change 133, 113-127
(2015). https://doi.org/10.1007/s10584-014-1303-0

O’Brien, K. (2012). Global environmental change II: from adaptation to deliberate transformation. Progress
in Human Geography, 36(5): 667-676. DOI: 10.1177/0309132511425767

O’Brien, K., L. (2016). Climate change and social transformations: is it time for a quantum leap? WIREs
Clim Change 2016. doi: 10.1002/wcc.413.

O’Brien K. (2018). Is the 1.5°C target possible? Exploring the three spheres of transformation. Current
Opinion in Environmental Sustainability, Volume 31, 153-160.

O'Neill, B., et al, 2022: Key Risks Across Sectors and Regions. In: Climate Change 2022: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK and New York,
NY, USA, pp. 24112538, doi:10.1017/9781009325844.025.

Oh, J.E., Espinet Alegre, X., Pant, R., Koks, E.E., Russell, T., Schoenmakers, R. and Hall, J.W. (2020)
Addressing Climate Change in Transport: Volume 2: Pathway to Resilient Transport. World Bank,
Washington DC.

ONS (2025). GDP and events in history: how the COVID-19 pandemic shocked the UK economy.

https://www.ons.gov.uk/economy/grossdomesticproductgdp/articles/gdpandeventsinhistoryhowthecovid19p
andemicshockedtheukeconomy/2022-05-24

Prognos (2023). Estimation of costs resulting from climate change in Germany.
https://www.prognos.com/en/project/estimation-costs-climate-change-germany

Ranger N., Weidinger, M., Bernhofen, M., Burke, M., Lambin, R., Puranasamriddhi, A., Sabuco J., Spacey
Martin, R. (2025) ‘Enabling Adaptation: Sustainable Fiscal Policies for Climate Resilient Development and
Infrastructure’. Environmental Change Institute, University of Oxford and Green Fiscal Policy Network.
https://www.eci.ox.ac.uk/sites/default/files/2025-
01/UNEP%20Enabling%20Adaptation%20Report%20%282025%29.pdf

Ranger, Nicola, Jasper Verschuur, Roosa Lambin, Mathias Weidinger, Gregory Briffa, and Juan Sabuco.
2025. Towards UK Systemic Resilience to International Cascading Climate Risks: The Role of
Infrastructure and Supply Chains. Environmental Change Institute, University of Oxford.
https://www.eci.ox.ac.uk/sites/default/files/2025-
05/UK_Systemic_Resilience Report 2025%5BWeb%5D.pdf

Stewart J and Ayres R (2001) Systems theory and policy practice: An exploration, Policy Sciences 34: 79-
94. https://doi.org/10.1023/A:1010334804878

United Nations Environment Programme (2023). Adaptation Gap Report 2023: Underfinanced.
Underprepared. Nairobi: UNEP. https://doi.org/10.59117/20.500.11822/43796.

UNEP (2024) Chapter 4: Adaptation Finance’. In: ‘Adaptation Gap Report 2024: Come hell and high water
— As fires and floods hit the poor hardest, it is time for the world to step up adaptation actions’. Nairobi.
https://doi.org/10.59117 /20.500.11822/46497

UNFCCC (2025). Defining and understanding transformational adaptation at different spatial scales and
sectors, and assessing progress in planning and implementing transformational adaptation approaches at the
global level. United Nations Framework Convention on Climate Change, Bonn. Available at
https://unfccc.int/sites/default/files/resource/TA%20Summary%20Final.pdf

van Ginkel, K., W. Botzen, M. Haasnoot, G. Bachner, K. Steininger, J. Hinkel, P. Watkiss, E. Boere, A.
Jeuken, Elisa Sainz de Murieta and F. Bosello. (2020). Climate change induced socio-economic tipping

points: review and stakeholder consultation for policy relevant research" Environ. Res.Lett.15(2020)023001.
https://doi.org/10.1088/1748-9326/ab6395.

van Ginkel, K.C.H., Rijken, B., Hoogvliet, M. et al. How an economic and financial perspective could guide
transformational adaptation to sea level rise. npj Clim. Action 4, 89 (2025). https://doi.org/10.1038/s44168-
025-00297-4

36



van Maanen, N., Lissner, T., Harmsen, M. et al. (2023). Representation of adaptation in quantitative climate
assessments. Nat. Clim. Chang. 13, 309-311 (2023). https://doi.org/10.1038/s41558-023-01644-1

Wardley-Kershaw, J., & Schenk-Hoppé, K. R. (2022). Economic Growth in the UK: Growth’s Battle with
Crisis. Histories, 2(4), 374-404. https://doi.org/10.3390/histories2040028

Watkiss, P., Hunt, A., Blyth, W. and Dyszynski, J (2014). The use of new economic decision support tools
for adaptation assessment: A review of methods and applications, towards guidance on applicability.
Climatic Change. DOI: 10.1007/s10584-014-1250-9.

Watkiss, P (2025). Uncertainty in the Economic Appraisal of Adaptation in 'Uncertainty in Climate Change
Research. Editors Linda O. Mearns, Chris E. Forest, Hayley J. Fowler, Robert Lempert, Robert L. Wilby.
https://doi.org/10.1007/978-3-031-85542-9

Watkiss, P. and Cimato, F. (eds) (2020). What Does Transformational Adaptation Look Like? Literature
review synthesis paper. Deliverable 10 of the Resilient Regions: Clyde Rebuilt project. Published by Clyde
Rebuilt, Glasgow, Scotland Copyright: Resilient Regions: Clyde Rebuilt, 2020.
https://climatereadyclyde.org.uk/wp-content/uploads/2020/12/What-does-transformational-adaptations-look-
like-FINAL2.pdf

Wilby, R. L. and Dessai, S. (2010). Robust adaptation to climate change. Weather — July 2010, Vol. 65, No.
7. https://doi.org/10.1002/wea.543.

Wise, R.M., Fazey, 1., Stafford Smith, M., Park, S.E., Eakin, H.C., Archer Van Garderen, E.R.M., Campbell,
B. (2014). Reconceptualising adaptation to climate change as part of pathways of change and response.
Global Environmental Change. Volume 28, September 2014, Pages 325-
336https://doi.org/10.1016/j.gloenvcha.2013.12.002

World Bank (2025). Financing Climate Adaptation and Nature-Based Infrastructure (English). Washington,
D.C. : World Bank Group. http://documents.worldbank.org/curated/en/099050725135521570

Ziervogel G. (2019). Building transformative capacity for adaptation planning and implementation that
works for the urban poor: Insights from South Africa. Ambio 2019, 48:494-506.
https://doi.org/10.1007/s13280-018-1141-9

Ziervogel, G; Enqvist, J; Metelerkamp, L & John van Breda (2022). Supporting transformative climate
adaptation: community-level capacity building and knowledge co-creation in South Africa, Climate Policy,
22:5,607-622, DOI: 10.1080/14693062.2020.1863180

Zografos C., K.A. Klause, J.J.T Connolyy, I. Anguelovski (2020). The everyday politics of urban
transformational adaptation: Struggles for authority and the Barcelona superblock project. Cities 99 (2020).

37



