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Opportunity windows accelerate action
and expand options for climate adaptation
in Europe
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Climate adaptationmust be intensified globally to keep upwith increasing climate change impacts. To
date, adaptation is mostly driven by climate risks that need to be reduced and little by opportunities.
We identify opportunity windows -i.e. favourable conditions for new or upgraded measures- by
constructing an evidence-based dataset from qualitative and quantitative sources, and discuss how
they can help to progress adaptation. Here we find evidence of past, present and future adaptation
opportunity windows throughout Europe. Present and past triggers for opportunity windows include
the implementation of European Union Directives and post-disaster recovery funds, and societal
support after floods, droughts andwildfires. Future opportunities relate to agingdamsandstormsurge
barriers. Opportunities also emerge from innovations (e.g. through pilots) which could inform new
forms of adaptation. Decision-makers can operationalise and seize adaptation opportunities through
adaptive pathways planning, but would need to anticipate opening and closing windows.

Climate adaptation efforts worldwidemust increase to keep upwith climate
change and resulting impacts1. Although evidence of successful adaptation
exists2 its uptake remains too slow to reduce risks for adverse climate
impacts3, partly due to barriers like conflicting policy priorities, political
unwillingness, or lack of resources4,5.

Climate adaptation is not a one-time effort but a process over time.
Decision-makers learn from events and anticipate (future) risks. As climate
change impacts intensify, the effectiveness of adaptation strategies may fall
below acceptable performance thresholds6 (also referred to as adaptation
tipping points), requiring additional action. However, these additional
actions may have ‘soft limits’ and ultimately, under extreme climate con-
ditions, so-called ‘hard limits’ may be reached, with no measures left to
reduce intolerable risks7,8. Adaptive pathways planning acknowledges
adaptation thresholds and limits and explores alternative sequences of
measures under different futures9. In doing so the approachhelps to identify
low-regret actions, generating agency and accelerating adaptation, while
also allowing for further adaptation as the future unfolds10.

Although adaptation has so-far mostly been motivated by risks and
limits, the notion of adaptation opportunities has emerged as an incentive to
adapt11–14. The ‘windows of opportunity’ concept, defined as ‘decisions that
can limit or enhance the ability to create (…) space for proactive
adaptation’12 (pp. 4–5), helps to diagnose the conditions under which

opportunities materialise, as for example analysed for retreat in Sweden15.
Drivers of climate adaptation include (financial) resources, knowledge of
climate risks and responses, leadership, social capital and institutional
support13. The IPCC’s 5th assessment report14 identified six types of
opportunities: awareness raising, capacity building, tools, policy, learning
and innovation. While opportunities have been described conceptually, to
our knowledge no studies have assessed experiences of opportunity win-
dows that have opened and closed in the past, or may open in the future.
Moreover, no approach has been proposed to operationalise adaptation
opportunity windows within long-term adaptation planning.

Here we present a collection of past, present and future adaptation
opportunity windows and discuss how to operationalise opportunities
through adaptive pathways planning. An evidence-based dataset was con-
structed to document and stratify characteristics of real-life opportunity
windows and their timing from both qualitative and quantitative sources,
including the GRanD dams database16 and desk study of academic and grey
literature. We focus on Europe as a pilot area to elaborate and demonstrate
what opportunity windows look like in a well-studied, adaptation-rich
environment, where policies are diverse but relatively well-aligned through
adaptation planning2,17–19. We first define adaptation opportunity windows
and present one typology with five classes. Next we present 34 identified
adaptation opportunities in Europe, including their classes and timelines.
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We conclude with recommendations for operationalising adaptation
opportunity windows through adaptive pathways planning and key
insights.

Results
Typology of adaptation opportunity windows
Based on a literature review, we define an adaptation opportunity window as
a period of time during which a (portfolio of) adaptation measure(s)
becomes (more) feasible, affordable and/or desirable, thus raising the
potential for implementation. An adaptation opportunity window is time-
bound and will ultimately close. If the measure is not implemented within
thiswindow, theopportunity is lost at that point in time;however,missingan
opportunity does not necessarily imply a permanent failure to implement.
Based on existing climate adaptation literature we identify different drivers
which lead to opening of an opportunity window. We then categorise the
identified drivers into one opportunity window typology with five classes:
• Maintenance-driven: open owing to plannedmaintenance, end-of-life,

or repair of existing risk-reduction measures;
• Resource-driven: open when the benefits of an adaptation measure

outweigh its costs (expressed in a positive net-present value), or after
increased availability of financial (e.g. unlocking of funds) or natural
(e.g. sand) resources;

• Policy-driven: open after policy—and/or institutional arrangements
e.g. existing (inter)national and/or local policies (also outside the
domain of climate adaptation), or the adoption of climate legislation;

• Value-driven: open after changes in societal values and/or political
context (e.g. change in government) and associated adaptation pre-
ferences and support.May include changes in beliefs about nature and/
or the severity of climate change or in risk perception and tolerance;

• Innovation-driven: open owing to innovations in adaptation-related
technologies and their mainstreaming and upscaling, following
successful (local) piloting and/or decrease in costs. Innovative
decision-making approaches may also fall under this typology.

Opportunity windows can trigger and reinforce each other (Fig. 1). For
example the election of a new government, reflecting new societal values
(value-driven opportunity), may result in new policies and give leaders a
stronger mandate to implement measures13,20–23 (policy-driven). New poli-
cies (e.g. tax relief schemes) in turn can unlock funding for specific adap-
tation measures, stimulating implementation (resource-driven). When
policies involve changes in safety and/or protection levels, this may require
an upgrade of existing risk reduction infrastructure24 (maintenance-driven).
An extreme weather event and consequent (near) disaster can change
society’s perception of risk, decrease its tolerance and/or result in the risk

being perceived as excessive13,25,26. The public sector can catalyse private
investment in climate adaptation through the provision of a stable and
attractive regulatory framework27whichmay then result in rapid innovation
and cheaper technologies, thus speeding up mainstreaming and upscaling,
like in the case of photovoltaic technologies28 (innovation-driven). Societal
attitudes towards risk innovation and adaptation may also influence the
appraisal of emerging technologies and the speed of their mainstreaming29

(innovation-driven). Approaching the end-of-life of existing risk-reduction
infrastructure may provide an opportunity for implementing new pro-
mising technologies (innovation-driven). For example, Tokyo’s Arakawa
River Improvement Scheme, dating back to 1910-1930, was substituted
starting from1987with the innovative ‘super-levees’, leveeswhich are gently
sloped, but so wide as to avoid breakages and allow (urban) development to
be planned on top of them30–32.

Adaptation opportunity windows in Europe
We identified 34 opportunity windows in Europe for climate adaptation
measures which either opened and closed in the recent past (2000–2010; 4),
remain open today (25) or can be expected to open by 2100 (5). The
opportunities were identified through a combination of estimating the end-
of-life and/or thresholds of functional lifetime of existing infrastructural
measures and qualitative literature analysis including both academic and
grey literature (see 'Methods' section). Each adaptation opportunitywindow
is also characterised based on their timing as either past (opened and closed
in the past), present (opened in the past and remains open today) and future
(expected to open in the future). Figure 2 shows these opportunities geo-
graphically, Fig. 3 specifies the classes they belong to and Fig. 4 their time-
lines. Timelines of adaptation opportunity windows are described through
(rangeof) yearswhenanopportunitywindowopenedandclosed again (past
opportunities); when it opened and, when this could be anticipated, when it
can be expected to close (present opportunities); or when it is expected to
open in the future (future opportunities). Where relevant, dates are also
included of key events which took place within the opportunity window.

Maintenance-driven opportunity windows are estimated for dams and
storm surge barriers based on their operational and functional lifetime,
indicating when maintenance or adjustment is needed to contain risk33,34

(see 'Methods'). These infrastructural measures will (soon) require (major)
maintenance or reconstruction, providing an opportunity for adaptation,
for example through an upgrade or replacement with new structures with
increased climate resilience. Fifty-nine dams across Europe are currently
past their end-of-life, the majority of which is located in the UK (15), Spain
(15) and Germany (7). 23 additional dams are expected to cross their end-
of-life by 2030, 69 by 2040, 52 by 2050 and 922 by 2100. The end-of-life of
major storm surge barriers in Europe such as the Thames Barrier (UK), the

Fig. 1 | Mutual interactions between adaptation
opportunity classes. Mutual interactions between
adaptation opportunity classes (in green) and effects
of external drivers (in this case a (near) disaster; in
light-blue) on the evolution of opportunities.
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MOSE (Italy) and the Maeslant Barrier (NL), will also open new opportu-
nitywindows towards the end of the century, or earlier, depending on future
climate conditions6,35–38. The end-of-life of storm surge barriers is an
opportunity to upgrade them to larger and more resilient sea-walls (rather
than movable barriers) or event substitute them with other adaptation
strategies which go beyond traditional protect-strategies, as for example
recently explored for Venice39.

Multiple present resource-driven opportunity windows exist. In low-
altitude alpine regionsopportunitywindows exist fordiversifying tourism in
anticipation of the winter-sport tourism business threshold due to snow
disappearance40. Opportunities for adaptation financing opened in the
aftermathof the2021WesternEuropeanfloods, the2023Sloveniafloodand
multiple recent wildfires in Greece. The German national government
issued a 30 billion euros reconstruction fund after the disastrous flood in

Fig. 2 | Identified adaptation opportunity windows across Europe.Distribution of
adaptation opportunities across Europe. The colour of the countries indicates the
number of identified opportunity windows there, as indicated by the legend in the
top-right corner. Each circle represents one opportunity identified and the colour of
the circle the class of each opportunity: grey = maintenance-driven, light-green =

resource-driven, light-blue = value-driven, dark-blue = policy-driven, brown =
innovation-driven, dark green = multi-class. The numbers within the circles refer to
the opportunity number as listed in Online dataset 1 and consistent with the
numbers in Figs. 3 and 4.
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Rhineland-Palatinate and North Rhine-Westphalia41; the Slovenian gov-
ernment reacted to the floods by drafting a Reconstruction Development
and FinancingAct and a joint task forcewith the EUCommission42; and the
Greek government released compensation and relief allowances for recov-
ery and reconstruction after the Mati and Evia Islands wildfires and issued
green bonds for recovery from the Evia event43.

Future resource-driven opportunity windows assessed through opti-
mal benefit-cost ratios occur in flood risk management. Such beneficial
benefit-cost ratios can open resource-driven opportunity windows andmay
change preferences for measures. Assuming a 3 °C warming scenario by

2100, a resource-driven opportunity window is now open in Europe for
implementing hybrid flood risk management combining different mea-
sures, rather than relying on individual measures44. The opening of an
opportunity window for particular measures can be predicted by con-
sidering the dynamics of benefit-cost ratios over time. In Bergen (Norway) a
window of opportunity will remain open for building inner barriers for
protection against sea level rise until 2059 under RCP8.545. This timing
maximises the cost-effectiveness of the barriers providing the greatest
reduction in projected flood damage costs over the 2016–2100 period45.
Promising innovative methodologies on how to predict the opening of

Fig. 3 | Adaptation opportunities per class. Distribution of identified adaptation
opportunities per class. The numbers within the circles refer to the opportunity
number as listed inOnline dataset 1 and consistentwith the numbers in Figs. 2 and 4.

Symbols next to the numbers indicate timing of opportunities and whether they
relate to a specific location, an area or a whole country, as specified in the legend in
the bottom-left corner.
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future resource-driven adaptationopportunitywindowshavebeenexplored
by assessing the cost-effectiveness of coastal protectionmeasures and retreat
in response to sea level rise in the period 2014–2100, thus indicating the
optimal local protection and retreat decision based on a CBA46,47; and by
identifying economically-optimal adaptation pathways in coastal Europe in
the 2020–2150 timescale under three alternative emission scenarios48.

Policy-driven opportunity windows in Europe relate to EUDirectives,
climate councils, court cases and disasters. Adaptation measures can con-
tribute to the achievement of the policy goals outlined in the EU Water
Framework Directive (WFD) and similar directives for floods, birds and
habitats. Timely implementation of measures may avoid penalties included
in these directives, which thus determine the opportunity window. For
example more than 90% of surface waters in Belgium (Flanders), northern
Germany and the Netherlands do not meet the WFD requirements, which

should be achieved by December 2027 (good status) and 2028 (phase out
priority hazardous substances)49–51. Three (now closed) opportunity win-
dows were also identified in relation to extreme floods, droughts and/or
storms in Sweden, the UK and Italy in the early 2000s, whose impacts
resulted in the opening of a policy window for climate adaptation52. This
opportunity was leveraged in Sweden and the UK leading to policy and
institutional changes, but missed in Italy, where attempts to develop a
national adaptation strategy failed (only realised in 2015) and follow-up
actions failed to account for future climate impacts, thus indicating the
closing of the window52.

Value-driven opportunity windows opened after disasters like recent
drought periods throughout Europe and the 2021Western Europeanfloods
because risk perception and tolerance were affected, increasing demand for
and acceptability of climate adaptation measures53,54. Environmental

Fig. 4 | Timeline of identified adaptation opportunity windows. List of identified
opportunity windows and associated timelines including when the window opened/
will open, key events within the window and/or when the window has closed or is

expected to close. Colours and numbers represent specific identified opportunities.
Their classes are showcased in the legend and text below the graph and are consistent
with Figs. 2 and 3.
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activism can also open an opportunity window by influencing society’s
perception of what is important. FridaysForFuture’s activism has been
associated with bottom-up support for more proactive climate policies22.
This was reflected in historical wins for Green Parties in the 2019 EU
Parliamentary Elections and national elections in Austria, Belgium and
Switzerland22. Conversely, the declining number of votes for Green Parties
in the 2024 EU Parliamentary elections55 may suggest that the associated
value-driven opportunity window is closing.

Innovation-driven opportunity windows can open given emerging
adaptation technologies. We refer to evidence of successful adaptation
documented in IPCC reports as examples of innovation-driven opportu-
nities, as these build arguments for replicating successful approaches else-
where.One example is the sand engine, a sand-engineeringmeasuremaking
effective use of natural forces to distribute sand over time and space, thereby
saving the cost of comparable human activities56,57. The measure was first
tested on the Dutch coast (NL) and has recently been replicated in Bacton,
Norfolk (UK)58,59. The success of themeasure in theNetherlands has opened
theopportunity for replication in similar shallowwater environmentswhere
suppletion of sand is needed. Similarly, floating and amphibious housing is
an emerging technology which allows building in flood-prone areas and
within calm waters in cities60. Successful pilots have been documented in
multiple locations in the Netherlands, Copenhagen and London and the
opportunity window remains open while further pilots and designs are
tested. Additional innovative adaptationmeasures and technologies related
to emerging opportunities include room for the rivermeasures—creation of
retention areas that can be flooded to temporarily store excess water during
storm events61-, water desalination62,63, transitional polders—a flood risk
management strategy between double dikes64 and biogenic-reefs of mussels
or oysters for coastal protection from erosion65.

New innovation-driven opportunity windows may open in the
Netherlands around 2033 at completion of the National Growth Fund
(‘Groeifonds’) projects. The Growth Fund is a governmental initiative for
projects with potential to leverage sustainable and structural national eco-
nomic growth,whichprovides funding for 10 years66. A fewof these projects
inform climate adaptation such as NL2120 on the financial potential of
Nature-based Solutions (NbS) 67 and Re-Ge-NL on regenerative agriculture
combining food production and climate restoration68. Depending on the
final results these may open opportunity windows for prototyping and
upscaling different NbS, landmanagement systems and pricing the value of
nature to be mainstreamed in the Netherlands and elsewhere.

Open opportunitywindows are often a legacy of drivers over past years
(Fig. 4), as demonstrated by at least five of the identified opportunities. For
instance, multiple droughts since the early 2000s have built enhanced risk
awareness and resulted in calls for establishing an EUDroughts Directive, a
value-driven opportunity window yet to be leveraged54. Similarly, small-
scale testing of innovative measures (e.g. floating houses) has raised con-
fidence in their effectiveness, opening innovation-driven opportunity win-
dows. Overall, we identify multiple (near) disasters in a relatively short time
(see droughts in Europe, wildfires in Greece and floods and storms in
Sweden examples) and multiple small-scale successful pilots as key legacy
drivers which can result in opening of opportunity windows. Additionally,
one individual driver can result in opening up multiple opportunity win-
dows, sometimes even at different timescales. This was for example the
case after the 2021 floods in Germany, which triggered resource-, main-
tenance-, policy- and value-driven opportunities, some in the immediate
aftermath, others during the reconstruction phase and others in the longer
term41,53.

Opportunities have a finite window and the possibility that these may
(soon) close and the conditions under which that might happen, should be
accounted for in adaptation planning. Maintenance-driven opportunities
close when the aging infrastructure is damaged to such an extent that it does
not meet the safety standards anymore and maintenance is triggered by a
risk threshold rather than an opportunity. Innovation-driven opportunity
windows may close when local pilots are unsuccessful, when successful
measures are met with lack of acceptance, or when newer and better

technologies emerge. Resource-driven opportunities can instead be expec-
ted to close when the costs exceed the benefits, or when finances are scarce.
The closingofpolicy-drivenwindowsmay followclosingof implementation
windows, finite mandate of governments and change in policy priorities
(due to external shocks, like for example the COVID-19 crisis22). Oppor-
tunity windows associated with the implementation of the WFD will close
by 2027–2028, when non-complying member states will receive fines.
Finally, opportunity windows that rely on public perceptions (value-driven)
are governed by time-varying changes in these perceptions, such as may be
experienced in the aftermath of a disaster. Individualswhohave experienced
flooding and/or evacuation in the past have a higher perceived flood
probability andproperties infloodplains decline in price immediately after a
flood69–71. Nevertheless, in absence of subsequent flooding events, the
associated window of opportunity only remains open for a period of 4–10
years, when the effect on house pricing disappears70,72–74.

Some opportunity classes are easier to predict than others.
Maintenance-driven opportunities can easily be anticipated as the end-of-
life of infrastructure measures is well constrained and insensitive to chan-
ging climate or societal conditions. Opening of other classes of opportunity
windows will generally be affected by the unfolding future and not
straightforward to position in time. Approaches developed for dealing with
(deep) uncertainties like adaptive pathways planning may be useful to
account for future opportunity windows. In the next section we propose
how adaptation opportunitiesmay be leveraged through adaptive pathways
planning.

Leveraging opportunities within their window with adaptive
pathways planning
The opening of a window does not automatically lead to leveraging of the
opportunity13,52,75. Actors responsible for climate adaptation can better
exploit opportunitieswhen they have prepared for their opening in advance.
Incorporating opportunity windows within adaptive pathways planning
can further facilitate their exploitation. In adaptive pathways planning,
short-term actions and long-term adaptation options are identified to
develop an adaptive plan that can be implemented depending on how the
future unfolds9,76,77. The aim is to support decision making under uncer-
tainty and make decisions that do not lock-in investments, but allow for
flexibility to change path and avoid maladaptation. A key step in the
approach is the identificationofmultiple alternative sequencesof adaptation
measures (adaptation pathways), where new measures in a pathway are
implemented once the limits of previous measures have been reached. The
resulting pathways are visualised through a so-called pathways map which
can take different forms, like metro-maps, decision trees or bar plots10. The
plan is complemented with monitoring to derive signals of changing con-
ditions—such as climate change and opportunities—to determine when
implementation of follow-up actions or adjustment of the plan is needed.
Incorporating opportunity windows strengthens the approach to seize
opportunities.

We illustrate how the opening of any of the opportunities may impact
an adaptive plan based on the identified opportunity windows and com-
paring them to a stylised pathways map. We identified four ways in which
this may happen. Figure 5 showcases how three of the four impacts can be
visualised within an adaptation pathways metro-map, showing alternative
sequences of adaptation options over time. The fourth and last impact does
not impact the pathways map but rather influences the evaluation of
pathways alternatives and thereby influences the adaptive plan. An opening
opportunity window can result in:
1. Advancing the implementation of a measure so that it is implemented

before the limit of existing measures is reached (anticipation of action
A in Fig. 5);

2. Postponement of the previously identified limit of a measure through
improving its effectiveness despite increasing climate impacts (post-
ponement of action C in Fig. 5);

3. Wideningof the solution spacebyopening it up to alternativemeasures
or strategies (shift from action A to action E in Fig. 5);
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4. Changes in priority ranking of different pathway alternatives as a result
of changes in pathway evaluation.

Adaptation opportunity windows can be used for the design of the
adaptive pathways plan and for the implementation of the adaptive plan.
During the design stage opportunitywindows—especially those that tend to
arise unexpectedly, such as post-disaster or value-driven opportunities- can
be integrated through what-if scenarios to assess their potential impact on
the adaptive plan. Another contribution can be to help identify whether
(and when) any opportunities need to be created to ensure that adaptation
objectives remain achievable in the long term, through for example
the creation of policy-directives, policies and councils (policy-driven
opportunities), recovery funds (resource-driven) and innovations (inno-
vation-driven). During the design and implementation stage of the adaptive
plan pre-identified opportunities guide what to monitor so that
emerging opportunity windows can be detected and trigger the execution of
prepared action plans. Incorporating opportunity scanning into the mon-
itoring process also reduces the need to predict when opportunities will
arise, a task that is complex for all opportunity classes, exceptmaintenance-
driven ones.

Conclusions
This paper provides an inventory and typology of adaptation opportunity
windows both existing today and arising in the future in Europe. In doing so
we complement existing literature which described possible opportunities
for climate adaptation11–15. In addition we present how adaptation oppor-
tunities can become part of an adaptive planning cycle to facilitate the
leveraging within the opportunity window. We found five classes of
opportunity windows. Of the 34 opportunity windows found 25 could help
to accelerate adaptation now, four existed in the past but are now closed and
five can be leveraged in the future if anticipated.

Although some opportunities emerge like those driven by external
shocks like (near) disasters, others can be created. Governmental actors
across scales are key driving forces for this especially through the imple-
mentation of EuropeanDirectives, establishment of green growth funds and
creation of reconstruction/emergency funds in the aftermath of extreme
events. When successful, pilots may open innovation-driven opportunities
for upscaling, replicating and mainstreaming. Moreover the private sector
-alone or through public-private collaborations—can create opportunities
for new measures or provide the finance needed for leveraging of oppor-
tunities (innovation-driven opportunities).

Seizing adaptation opportunities is thus not only a reactive exercise but
also one of proactive action as part of adaptive pathways planning, which
may takedifferent formsdependingon theopportunitywindowclass.Aging
infrastructure for example, associated with both present and future
maintenance-driven opportunity windows, lends itself well to being
anticipated in adaptation planning, while the opening of other classes of
opportunity windows can be hard to foresee, which can be overcome by
continuous monitoring. Extreme events may open opportunities especially
if anticipated with plans for when they emerge. At the same time, windows
opening in the follow-up of unexpected events can also be leveraged, par-
ticularly when what-if scenarios have been planned for in advance by
accounting for plausible opportunities in the adaptive plan.

The 34 opportunities identified in this research are not exhaustive and
more may exist today or open in the future. The exercise presented here
showcases that evidence of adaptation opportunity windows can be found
with an elementary research method, particularly when using the oppor-
tunity window classes. Future research may complement this first-order
assessment with more quantitative and systematic assessments of oppor-
tunities of a specific class, or within specific spatial scales. For resource-
driven opportunities and particularly future ones, further methodological
developments along the lines of 46–48 may be of use. This research only
focuses on opportunities across Europe but the concept can be applied to
different regions, inspired by the examples in this paper. Someopportunities
can be expected to only be relevant to a specific context while othersmay be
replicated across countries and scales. Disasters in one country have for
example been found to open opportunity windows elsewhere78. Whether
extreme events will also open policy- and particularly resource-driven
opportunitywindowsmaydependon the governance andfinancial capacity
of the affected community. In general, when assessing present opportunity
windows we recommend first looking at aging infrastructure, existing
policies and associated implementation deadlines with synergies with
adaptation goals.

We argue that considering adaptation opportunity windows in adap-
tive pathways planning can support actors in leveraging these opportunities
before their windows close and further strengthen adaptive plans though
creating and monitoring opportunities. Adaptation opportunities provide
agency to policy prioritisation of measures for implementation (when the
window is still open) and those which can be postponed until (foreseeable)
future opportunity windows may open. Hereby adaptation opportunities
complement existing approaches and provide a somewhat more positive
outlook to the reality of climate adaptation, whichmay particularly resonate

Fig. 5 | Impacts of adaptation opportunity win-
dows on a stylised pathways map. Visualisation of
an adaptation pathways metro-map for a stylised
case and potential impacts of an opening adaptation
opportunity window. The pathways map should be
read from left to right. Actions (or adaptation
measures) are listed on the left and the coloured lines
indicate when a measure may be implemented and
for how long (length of the line). Transfer points
indicate moments when or situations under which
one action in a pathway is followed by the next one.
The brackets indicate the opening and closing of an
adaptation opportunity window and the arrows
indicate what happens to the adaptive plan when a
certain window is open. Impact type 4 (changes in
priority ranking) is not included in the figure, as this
only changes the evaluation of the pathway and the
adaptive plan.
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under current societal discourse, advancing adaptation and widening the
existing solution space for adaptation.

Methods
This section is intended to be complementedwith the information provided
in Supplementary Information and in Online datasets79, which includes the
following:

-Online dataset 1: full list of the identified adaptation opportunity
windows, their description and analysis; list of countries in the area of study;
distribution of the identified opportunities across countries; and timeline of
each adaptation opportunity including (projected) year of opening of
opportunity window, any events within the window and year of window
closing (for past opportunity windows).

-Online dataset 2: full list of dams from the GranD dataset16 and cal-
culation of time passed since their construction date, including analysis of
number and percentage of dams per opportunity type and their distribution
across the area of study.

-One Supplementary Information file, divided into two sections:
Supplementary Notes 1: definition of adaptation opportunity win-

dows, list of opportunity window classes and associated literature.
Supplementary Notes 2: plausible impact of opportunity window

typologies on a pathways map.

Definition and conceptualisation of adaptation opportunities
To define and conceptualise adaptation opportunity windows we started by
carrying out a literature review on the use of the term ‘opportunity’ in
climate adaptationplanning literature.We thencomplementedourfindings
with the existing definition of adaptation opportunity tipping points11, so as
to come up with an updated definition. Finally, we further explored the
literature to identify main adaptation opportunity classes. Table 1 sum-
marises the identified typologies and associated literature, additional detail
on which aspects of the literature informed the classes is presented in
Supplementary Information (Supplementary Notes 1 and Supplementary
Table 1).

Mapping adaptation opportunity windows in Europe
As a next step, evidence was collected on opportunity windows in Europe.
This resulted in the identification of a total of 34 opportunity windows. The
study area referred in the main text generally as Europe, includes all Eur-
opeanUnionmember countries, European Free Trade Association (EFTA)
countries and theUnitedKingdom, for a total of 32 countries. The full list of
considered countries is presented in Online Dataset 179.

Past, present and future opportunity windows were looked for. Past
adaptation opportunity windows are those opportunities which opened up
in the recent past and can be considered as closed today. Past opportunities
may have been taken or missed. Present adaptation opportunity windows
have opened up in the (recent) past and remain open today. Future adap-
tation opportunity windows can be expected to open in the near- or long-
term future based on the information available today.

Opportunity windows were assessed through a combination of
methods also depending on the opportunity type. The full list of adaptation
opportunities, their analysis and associated references is presented inOnline
dataset 179.

Maintenance-driven opportunities were quantitatively assessed for
dams in the case study area by relating them to their (upcoming) end-of-life.
A list of existing dams, their coordinates and year of construction were
obtained from the GRanD database16 (v.1.3). The database includes for the
most part dams associated with reservoirs with more than 0.1 km3 storage
capacity, but includes a few dams for smaller reservoirs when data for them
was available16. Damswithout an indicated construction datewere excluded
from the list. When two construction dates were indicated for a single dam
(under the column date and alt_date), the latest of the two was taken. This
resulted in the identification of 1145 dams across 28 countries.
Maintenance-driven opportunity windows associated with existing dams
were identified by calculating the number of years since their construction
(reference year 2025), assuming an end-of-life of 100 years, which is com-
monly identified as the lifetime of a well-designed, well-constructed and
well-maintained and monitored dam33,34. Dams already past their end-of-
life were considered as open maintenance-driven opportunity windows as
these can soon be expected to require maintenance or (major) updates. For
estimating the opening of futuremaintenance-driven opportunity windows
we calculated the number of dams which would pass their end-of-life by
2030, 2040, 2050 and 2100. The full list of dams taken from the GranD
dataset16 and identified opportunities within them are listed in Online
Dataset 279.

To broaden the scope of our assessment we also manually added
information from (grey) literature on three major storm surge barriers in
Europe, namely the Thames Barrier in London (UK), MOSE barrier in
Venice (Italy) and theMaeslant barrier inRotterdam (theNetherlands). For
the storm surge barriers the opening of the associated maintenance-driven
opportunity windows was determined based on approaching thresholds of
functional lifetime as identified in academic literature and policy docu-
ments. The Thames barrier is currently projected to remain in use until
207037,38. TheMOSEwas originally constructed with an intended design life
of a 100 years which would ensure its operability until around 2120.
Nevertheless, climate change and associated SLR was not accounted for in
the initial design and the threshold of the barrier could thus be reached
earlier due to increase of number and length of closures35,39. Assuming no
changes in the current closure threshold (110 cm) the number of closures
would increase to an unsustainable amount by 2050–2060. When instead
assuming an increase in the closure threshold to 130 cmmore time could be
gained, with more than 20 closures per year only expected in the 2080s-
2090s underRCP2.6 and or 2070s–2080s under RCP 8.535. It is not expected
that the threshold of the Maeslant barrier will be reached in the foreseeable
future but continuous increase in thenumber of neededclosuresmay lead to
a threshold related to limited access to the Rotterdam harbour or to a
reduction of the barrier’s operational life-time. Assuming a limit of one
opening per year the threshold may be reached by 2100 under the Dutch
Delta Scenarios, or even around 2075 under IPCC projections with accel-
erated SLR6,36.

Policy-, value-, resource- and innovation-driven opportunities were all
assessed qualitatively, by collecting evidence of each typology through both
academic and grey literature. Evidencewas initially looked forwith prompts
related to the definitions of each opportunity typology followed by snow-
balling methods. Academic literature and policy documents were also
analysed which related to the follow-up of recent extreme climate events
throughout Europe, namely the 2021 Western European Floods, 2023
Slovenia floods, multiple recent wildfires inGreece (2007, 2018, 2021, 2023)
and drought events throughout Europe in the 2018-2022 period. For
innovation-driven opportunities evidence of successful examples of adap-
tation which could be replicated elsewhere were collected from the IPCC
WaterChapter80, in the sectiononbenefits and effectiveness ofwater-related
adaptations, their limits and trade-offs.

Analysis of adaptation opportunity windows
For each identified adaptation opportunity comparable information was
collected to facilitate analysis and comparisons. In addition to a short
description, each opportunity was analysed based on: opportunity class,

Table 1 | List of adaptation opportunity window classes and
associated literature

Opportunity window class References

Maintenance-driven 11,41,82–84

Resource-driven 13,14

Value-driven 13,14,85–89

Policy-driven 13,14,23,26,52,90,91

Innovation-driven 11,13,14
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timing, yearwhenwindowopenedandclosed (when relevant), impact of the
opportunity window on a pathway, spatial scale, and location.

In terms of opportunity class each identified opportunity was classified
as either maintenance-, value-, policy-, resource-and/or innovation driven,
with multiple selections possible. The timing of each opportunity window
was classified as either past, present or future. Additionally past (closed)
opportunity windows were also differentiated based on whether these have
been taken or missed. The timing was further specified by indicating rele-
vant year(s) when a window opened and closed. These refer to either the
(range of) years when an opportunity window opened and closed again (in
case of past opportunities); when it opened (present opportunities) and, if
this can be anticipated, when this can be expected to close; or when it is
expected to open in the future (future opportunity windows). When rele-
vant, information (and date) was also added of key events which took place
(and often reinforced, or where further evidence of) within the opportunity
window. The impact that each opportunity windows would have on an
existing pathway is expressed for each opportunity window as either
anticipating implementation, postponing of adaptation tipping point,
broadening of the solution space and/or changing pathways ranking, with
multiple selections possible (see results section of the main text for further
explanation). This information was filled in based on expert judgement
from the authors team and associated experiencewith adaptation pathways.
Additional explanation on the reasoning behind the answers and identified
patterns across opportunity window typologies are provided in Supple-
mentary Notes 2. Spatial scale was characterised as either local, regional,
national (one or multiple countries), Europe and/or global, and it refers to
the geographical area from which the opportunity windows originate.

Limitations and future research
This research identifies opportunity windows in the past, present and future
of different typologies across Europe. We also indicate how identifying
opportunities in the adaptive pathways planning cycle can help leverage
these and advance climate adaptation. Still, two main limitations should be
discussed, particularly about the exhaustiveness of the opportunity list and
their leveragability.

In this researchwe identify a total of 34 adaptationopportunities across
Europe. This number should not be understood as exhaustive and many
more adaptation opportunity windows may have existed and closed in the
past,may be open today andmay be anticipated and open in the future.Our
research is instead intended as a first-order assessment of adaptation
opportunities across five classes, as to showcase the broad range of oppor-
tunity examples which can be pointed at and leveraged in Europe. Future
research may then complement our work by more extensively and sys-
tematicallymapping adaptationopportunities fromspecific classes andor in
individual (sub-)national scales. The quantitative assessment of adaptation
opportunities in particular could be further expanded on in future research.
For example, similar assessment could be carried out as the one presented
here for aging dams to other structural measures, as long as data on con-
struction dates is available. For quantitative assessment (and anticipation of
timing of) future opportunities quantitative methodologies such as46–48

could be further explored, so to more systematically assess resource-driven
opportunities. Finally although this research focused on Europe, the
adaptation opportunities concept can easily be applied elsewhere and we
welcome future assessments outside of the European context. Future
research may then explore which adaptation opportunity classes are con-
sistent across contexts and which are instead particularly context-bound.

The leveragability of identified adaptation opportunities should also be
further explored. In this research we propose to embed the adaptation
opportunitywindowswithin adaptive pathways planning, so to facilitate the
exploitation of open opportunity widows by including these in long-term
planning and by continuously scanning for new opening windows through
monitoring. By definition, the existence of an open adaptation opportunity
implies that a (portfolio) of measure(s) has become (more) feasible,
affordable and/or desirable. Although this raises the potential for imple-
mentation, particularly when the potential opening of the windowhad been

anticipated, this may not always be enough, as multiple things need to be in
place for measures to be implemented81. In some cases ‘just’ the opening of
an innovation-driven opportunity window may then not be sufficient to
trigger implementation, for example due to shortcomings in terms of
acceptability of new measures (no value-driven opportunity) or political
stagnation (no policy-driven opportunity). Those opportunities belonging
tomultiple classes suchaspost-disaster recovery fromthe2021floods, or the
replication of room for the river projects (Fig. 3, bottom-rightmap), may be
more easily leveraged than others, as they reflect an overall-suitable envir-
onment for adaptation implementation. Future research may further
explorewhich combinationsof adaptionopportunitiesmaybemost suitable
for implementation and how decision-makers may deal with shortcomings
when the context may not be optimal, but action is nonetheless required.

Data availability
All data and calculations are presented either in Supplementary Material 1,
or the two Online datasets. The two online datasets are publicly available in
Figshare and can be accessed through the following link: https://doi.org/10.
6084/m9.figshare.31249858 Part of this research incorporates data from the
GRanD database (http://globaldamwatch.org/) which is © Global Water
System Project (2011).
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