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Abstract
Decision makers need better insights about solutions to accelerate adaptation efforts. Defining the concept of solution space and
revealing the forces and strategies that influence this space will enable decision makers to define pathways for adaptation action.
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Introduction

The 2010s will be remembered as the decade during which the
impacts of climate change were increasingly manifest. It was
also the decade when the importance of adaptation to reduce
the impacts of climate changewas recognized and grew.Many
examples illustrate action being taken already, but despite
these efforts, a pervasive adaptation gap continues to persist
(UNEP 2018). Reasons for its persistence include the lack of a
sense of urgency, low political willingness to act, prevalence
of short-termism, and uncertainty about the future, which can
all paralyse progress on adaptation (de Coninck et al. 2018).
At the same time, the past decade demonstrated many exam-
ples of adaptation being enabled and implemented, for exam-
ple through technological advancements, starting collabora-
tive, and bottom-up adaptation initiatives, by mobilizing
knowledge and private finance, and by implementing low-
regret measures. The solution space has therefore become

increasingly important to understand if, when, what, and
how much adaptation is taking place now and in the future.

We argue here that better understanding of the solution
space for climate change adaptation, and identifying ways to
influence this space, is critical for informing policy making
globally to accelerate adaptation action. For example, failure
to reach an agreement during COP25 in December 2019 on
climate finance for developing countries is severely limiting
these countries’ solution space to adapt to observed and
projected impacts, even though from a biophysical or
political-institutional perspective many adaptation options
are available. It shows that, for adaptation to take place, all
pieces of the puzzle need to come together at the same time. In
many cases, this requires reshaping the available solution
space. Here we define, assess, and identify ways to map and
influence the solution space by building upon studies on ad-
aptation policy and decision-making (Keskitalo and Preston
2019), thresholds, limits, and barriers to adaptation (Dow et al.
2013), policy pathways (Haasnoot et al. 2013), (mal)adaptive
space (Wise et al. 2014), and Shared Socio-Economic
Pathways (O’Neill et al. 2017).

What is the solution space?

We define the solution space as the space within which oppor-
tunities and constraints determine why, how, when, and who
adapts to climate risks (Fig. 1). The solution space is shaped
by biophysical, cultural, socio-economic, and political-
institutional dimensions at a given moment in time. Within
these dimensions, there are ‘hard’ (unsurpassable) limits and
‘soft’ (surpassable) limits (Dow et al. 2013). We argue that
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there are four key characteristics of the solution space that
need to be considered to accelerate climate change adaptation.

First, the boundaries of the solution space are flexible and
will change in form (e.g. how to adapt) and size (e.g. access to
the number and type of solutions) over time and across con-
texts. The solution space can be shaped (un)intentionally by
actors but is also influenced by systemic processes and forces
beyond control. The solution space represents the boundaries
of what adaptation is socially accepted, economically afford-
able, politically feasible, and technically possible and is there-
fore the ‘room to manoeuvre’. Understanding the scope for
crafting solutions is critical in the context of long-term adap-
tation planning and implementation (see Howlett 2019).

Second, the solution space is path dependent, in that it opens
up some options and forecloses others. There is decision path-
dependency arising from decisions taken now which influence
future solution space, and scenario path-dependency which
stems from biophysical or socio-economic changes determin-
ing the range of future available options (Haasnoot et al. 2019).
The level of greenhouse gas mitigation is thus a crucial deter-
minant of the solution space, because the rate and severity of
climate change influences the need for and size of the solution
space.Whereas much of the discussion on barriers and limits to
adaptation assumes some level of stationarity, the notion of
solution space acknowledges that time and changing condi-
tions will play a critical role in the adaptation options available
and opportunities for action. The area outside the solution
space determines the residual risk, the risk that is left after
adaptation (Mechler and Schinko 2016).

Third, the solution space is contested, can be applied to any
administrative scale (e.g. global-local), climate impact (e.g. flood
risks), actor groups (public or private), or system of concern (e.g.
supply or value chains), and evolves over time. The solution
space differs amongst actors, such as individual households, gov-
ernments, community groups, and private organizations. In prac-
tice, the solution space is socially constructed and is contested by
actors with different norms, values, and interests. A solution for

one actor may construct or compound problems for another. The
solution space thus is where divergent perspectives and interests
can be reconciled and socially just pathways developed (Nursey-
Bray 2017). The solution space also differs for different climate
change impacts and will look different for cascading or systemic
risks. For example, it is smaller when considering multiple
compounding hazards and risks, and for cascading risks which
have the potential to shrink the solutions space even further
(Lawrence et al. 2018).

Fourth, as the shape of the solution space is in constant
flux, there are opportunities for actors to influence the solution
space, opening it up or closing it down. Increasing the solution
space is not necessarily required for successful adaptation; the
area outside the solution space is also not necessarily maladap-
tive, but it is simply not (yet) available.

What is shaping the solution space over time?

Changes in the solution space can take place in two ways: First,
exogenous changes beyond the direct influence of the actors can
expand or shrink the solution space. Second, planned actions can
intentionally change the solution space for adaptation, unless
hard limits occur. These changes and actions can target both
the biophysical and societal dimensions, including cultural,
socio-economic, and political dimensions (Table 1). In both
cases, they offer a new range (i.e. larger or smaller range) of
possible incremental or transformational adaptation options that
become available for implementation.

Exogenous changes in the biophysical system include for
example an increase in the rate of climate change impacts (top-
left). These include slow onset or unexpected impacts such as
accelerated sea-level rise, intensification of large-scale wild fires,
or biodiversity losses, as well as the consequences of these im-
pacts for humans such as casualties and damages. Such changes
in turn can influence society’s perspective of climate change and
thus the socio-economic and political system (top-right).

Fig. 1 Conceptualisation of the
solution space (grey area),
possible shaping actions, changes
and shocks (arrows), and
alternative adaptation pathways in
the solution space (coloured
lines). A changing solution space
can indicate that adaptation
options and pathways become
available, thus opening up the
solution space (full colour), or
becoming unavailable/not possi-
ble to implement and thus closing
down the solution space
(transparent)
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Exogenous changes in the societal system can include
changes in political orientation toward climate change. For
instance, in New Zealand, after decades of policy shifts, in-
creasing emissions and little adaptation, cross-party agree-
ment delivered a Climate Change Response (Zero Carbon)
Act in 2019 that provides for emission reduction targets,
budgeting and planning, a national risk assessment, a national
adaptation plan, and independent monitoring of emissions re-
duction and adaptation action, thus making strong institutional
links between mitigation and adaptation, a key enabler for
opening up the solutions space.

Planned actions in biophysical systems can include
targeted technological innovations such as genetic modifica-
tion of seeds to create salt tolerant crops and experiments that
test the effectiveness of adaptation options for upscaling.

Planned actions in the socio-economic system may include
innovative legislation, land use changes, and funding schemes to
compensate for adaptation decisions. Other examples include
awareness raising of societal actors of the need for more stringent
climate actions and involving the private sector in tackling cli-
mate change impacts. Climate mitigation policies have the po-
tential to slow down the rate of climate change if the political
economy allows, which can open up the solution space, creating
more time to implement adaptation actions and for ecosystems to
adjust to the climate changes. However, there will be irreversible
and existential impacts that do not fall into the solution space as
we know it now, thus necessitating transformational adaptation,
and in some cases accepting residual risk.

The boundary between exogenous and planned changes is
contextual and often uncertain. For instance, local planners
may succeed in influencing their nation’s political orientation
toward climate change or, conversely, find themselves unable
to influence necessary legislative change.

The four quadrants of Table 1 shed light on key dimensions
of the solution space. For example, if sea-level rise accelerates,

some adaptation options are ruled out because of the required
lead time for planning and implementation, or options may not
be preferred due to their limited lifespan (top-left). Given large
uncertainties, flexibility is required to avoid under- or over-in-
vestment, but this is difficult for decisions about rigid infrastruc-
ture, requiring technological innovations and pilots for flexible
design and implementation (bottom-left) (Oppenheimer et al.
2019).

Monitoring of CO2 emissions, e.g. global warming and relat-
ed sea-level rise, can help to detect early warning signals to open
up the solution space in a timely manner (e.g. starting experi-
ments to allow for nature-based solutions on a large scale) and to
accelerate adaptation (bottom-left). In low-lying coastal zones,
defences may need to be reinforced or people relocated, which
requires space that may be (un)available or may become
(un)available due to population changes (top-right).
Anticipatory spatial planning combined with early warning sig-
nals could enable future dike raising or planned retreat (bottom-
right). Planned actions to define and translate potential solution
space into lived reality, in the face of exogenous change, enables
engagement with the complexity, path-dependency, uncertainty,
dynamism, and contestation characterizing adaptation.

How to map and mobilize the solution space?

Understanding the solution space requires assessment of the pos-
sible evolution of boundaries, the range of adaptation options
within this space, and the many governance actors and their
interactions over time. Various methods exist to assess these
boundaries, including models to assess the resilience of systems
and performance of adaptation options, observations of biophys-
ical or socio-economic system changes and thresholds, or lab-
experiments (e.g. Hinkel et al. 2018), and decision analysis ap-
proaches, to evaluate solutions in terms of effectiveness, costs,

Table 1 Examples of exogenous changes and planned actions shaping
the solution space. Exogenous changes in biophysical and societal
systems influence the adaptation options that are effective and available

to implement. Planned actions can intentionally shape the solution space
and can thus be part of an adaptation plan

Biophysical Societal

Exogenous changes that
influence the solutions space

• Magnitude or rate of climate change
• Accelerated sea-level rise
• Extreme events and shocks
• More frequent smaller events

• Changes in national mood or political orientation
• Population growth/shrink
• Economic growth/shrink
• International policies and agreement
• Information availability
• Societal up-rise and social movements

Planned actions to influence
solution space

• Monitoring and detection of biophysical signals
• Technological innovations
• Experiments and pilots

• Laws and regulations
• Awareness raising
• Coalitions of interests
• Knowledge production and fast and regular diffusion
• Tracking, learning, and evaluation
• Climate mitigation
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and co-benefits (Oppenheimer et al. 2019). Serious games can be
used as tools to identify possible conflicting interests and points
of agreement between different actors (Rumore et al. 2016).
Exploring costs and benefits over multiple future scenarios can
help to identify under which conditions the benefit of taking
action outweighs socio-economic costs, thereby highlighting
new opportunities for solutions. Moreover, tools can be used to
integrate biophysical and socio-economic dimensions of the so-
lution space, defining its context and local boundaries (top-row
Table 1), including shared socio-economic pathways (O’Neill
et al. 2017).

Adaptation pathways offer ways to map adaptation options
and their path-dependency within and outside the solution space,
as well as the conditions under which the options have efficacy
(Haasnoot et al. 2013). This enables policy makers to identify
which planned actions can be taken and in what sequence to
shape the solution pace (bottom-row, Table 1). Mobilizing the
concept of solution space into practice is dependent on institu-
tional innovations to overcome the adaptation impasse that stems
from climate change complexity, uncertainty, dynamism, and
contestation, compounded by the path dependencies constructed
by the prevailing political economy.

Ways forward

Opening up the solution space creates new possibilities to
accelerate adaptation practice. First, the solution space pro-
vides a perspective to act; it provides a framing device to
understand what adaptation can be done now, and in the fu-
ture, and can provide insights on the available options in the
short-term and those that can become available in the
medium- to long-term. Second, the concept of solution space
can help efforts to craft solutions over time and find levers for
action to intentionally modify this space. Third, understanding
the solution space is critical to assess the feasibility and effec-
tiveness of adaptation options (de Coninck et al. 2018).
Finally, better understanding the solution space could support
accountability of adaptation practices worldwide.

In doing so, the solution space can help to put pieces of the
adaptation puzzle together and further integrate different
strands of natural and social science literature; work on
projected climate change impacts and adaptation options and
projections of changes in social-political-institutional systems
have remained fragmented too long. Bringing these strands
together is critical to better understand the room for policy

and practice actions that can accelerate climate change adap-
tation and reduce the adaptation gap.
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