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Abstract

To adapt to a changing climate, decision-makers design, evaluate, and implement measures that have an implication of justice on
citizens in the present and well into the future. Decision-makers are often required to make decisions without certainty of the conse-
quences and understanding their effects on intergenerational justice. Thus, managing the impacts of climate change requires novel
decision-aiding approaches that consider climate impacts’ temporal and spatial heterogeneity and the uncertainty in climate predic-
tions, preferences, and values. We reviewed the literature on the extent to which principles of intergenerational justice—conservation
of options and resources for future generations—have been integrated to traditional approaches in climate resilience decision-making.
We explore the extent to which flexibility, i.e., the conservation and expansion of options in subsequent decision periods, can con-
tribute to upholding the principles of intergenerational justice under uncertainty. We illustrate the approach in the case of the Delta
Programme in the Netherlands, a complex system designed to protect against sea-level rise (SLR). Designing adaptation strategies
to SLR with flexibility as a core concept brings significant advantages in circumstances of uncertainty. The conservation of options
in flexible pathways, in this case, contributes to the principles of intergenerational justice. Our civilization’s long-term sustainability
and survival may depend on the extent to which individuals can see beyond their gains and toward the gains of the collective society

at an intergenerational scale.

Keywords Decision-aiding approaches - Adaptive pathways - Climate change - Sea-level rise

Introduction

Justice scholars have raised relevant questions about the moral
obligations of current generations to future generations; this
is referred to as intergenerational justice (Gardiner 2006a;
Tremmel 2006). These normative considerations include the
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preservation of options, resources, and opportunities for future
generations so they may realize their aspirations (Gosseries
2008; Schuppert 201 1; Sanklecha 2017). The definition, expla-
nation, and advancement of the rights and opportunities of future
generations are at the core of intergenerational justice. Although
much of the focus of intergenerational justice has been on cli-
mate change mitigation (Caney 2009; Schuppert 2011; Mclner-
ney et al. 2012), decision-aiding approaches (DA As) in climate
adaptation and resilience have been increasingly focused on
intergenerational justice. Specifically, there is a growing interest
in developing more concrete approaches to evaluate the effects
of adaptation actions on intergenerational justice.

The effect of climate change on the social and natural systems
in the biosphere is increasingly influencing the way decision-
makers design, assess, and implement measures to reduce risks
for present and future generations (Bierbaum et al. 2013; Baird
et al. 2014). Inaction or short-sighted actions designed to adapt
to current and expected changes may result in consequences
that jeopardize the security and livelihood of future generations
(Roemer 2011; MclInerney et al. 2012). The DA As available to
decision-makers are unable to accurately predict the long-term
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consequences of adaptation options (Merkhofer 2012). The
long-term values and preferences of members of society can-
not be easily defined, given that it is impossible to reliably esti-
mate what future unborn generations will value. Moreover, the
consequences of adaptation options play out in highly complex
systems that are not fully understood and thus ignore possible
cascading effects (Underdal 2010). As such, ideal DAAs must
also account for the possible changes in social values and the
unanticipated effects of adaptation actions on intergenerational
justice (Newell et al. 2020).

There is a wealth of decision theory to draw from concerning
uncertainty (Benjaafar et al. 1995; Comes et al. 2011; Walker
et al. 2013; Malekpour et al. 2020). In decision-making under
Knightian uncertainty (Knight 1921), unlike under probabilistic
uncertainty (i.e., Knightian risk), the probabilities of the conse-
quences of actions are unknown. Thus, estimating the expected
value of specific adaptation actions is practically impossible.
In such circumstances, it is challenging to assess the effect of
decisions on future generations (Thiery et al. 2021). Flexibility
has been proposed as a principle able to address uncertainty
in decision-making. We draw from this flexibility literature to
elaborate an approach for addressing the uncertainty inherent
in the climate problem by keeping multiple options open for
future generations in anticipation of unexpected changes and the
emergence of new information (Benjaafar et al. 1995; de Haan
etal. 2011; Walker et al. 2013; Kwakkel et al. 2015). Decision-
making that employs the flexibility principle will likely reduce
irreversible loss and preserve the present and future people's
fundamental rights and freedoms. Thus, there is a substantive
theoretical link between flexibility and climate change decision-
making. However, it is as yet unknown whether the concept of
flexibility can meet the requirements of intergenerational justice.
We expand on the contribution of flexibility in decision-making
under uncertainty to analyze its use in the context of intergenera-
tional justice. We illustrate the approach in the case of the Delta
Programme in the Netherlands, a complex system designed to
protect against sea-level rise (SLR). Designing adaptation strate-
gies to SLR with flexibility as a core concept brings significant
advantages in circumstances of uncertainty. The conservation
of options in flexible pathways, in this case, contributes to the
principles of intergenerational justice.

This article is structured in the following way. First, we dis-
cuss background literature on intergenerational justice. Second,
we discuss the limitations of cost—benefit analysis for climate
resilience decision-making. Third, we explore the role of flexibil-
ity in supporting intergenerational justice principles in climate
adaptation. Fourth, we discuss an illustrative case study of flex-
ible climate adaptation pathways of the Dutch Delta Programme,
analyzed through the lens of intergenerational justice. Next, we
follow with a discussion of how flexibility can be helpful in jus-
tice-based decision-making. Lastly, we provide closing remarks
and directions for future research.

@ Springer

Intergenerational justice and climate change

To speak of the application of justice between generations is to
speak of intergenerational justice. Justice is a broad concept with
a long history in moral philosophy literature (for an in-depth
review, see Miller 2021). Here, we draw from a well-established
conception of justice as fairness (Rawls 1958; Bell 2004; Caney
2005), which considers a fair distribution of benefits based on
the notion of the ‘original position.” In this view, all individu-
als are considered relevantly similar and therefore have equal
claims to all benefits. Therefore, in situations of observed ine-
qualities, a just distribution of benefits prioritizes improvements
in the conditions of the worst-off individuals (Rawls 1958; Sen
2017, p 192). The ‘worst-off” are disadvantaged because they
do not have the same position or opportunities. Adler’s (2012)
prioritarian approach builds on this notion of justice and argues
that a marginal improvement of well-being for a poor person is
preferred over the same marginal improvement for a wealthy
person, as it makes a more significant difference to the poor
person's life.

In this light, intergenerational justice encompasses the dis-
tribution of benefits among individuals that exist across time
(i.e., in different generations). In contrast to infragenerational
justice, which addresses spatially dispersed individuals in the
present, intergenerational justice addresses the just distribu-
tion of benefits among individuals irrespective of their time of
existence (Van der Hijden et al. 2014), including the continuous
and overlapping generations of the present and the future. Inter-
generational justice is a temporal form of distributive justice. It
cannot deal with procedural justice—fairness in and legitimacy
of decision-making processes (Gardiner 2010)—as future gen-
erations do not have a voice or representation in the decision-
making process in the present, which may affect their livelihoods
(cf. Kamijo et al. 2017). To determine which generation is the
“worst-off”’ requires making a moral judgment on which genera-
tion is at a disadvantage compared to others.

Today’s generations already experience the intergenerational
effects of climate change. People born in 2020 are highly likely
to experience climate change more severely in their lifetime
compared to those born in 1960 (Thiery et al. 2021). Thus, when
we use the term ‘future generations,” we refer to the overlap-
ping generations alive today and yet to be born. Climate change
is accelerating, and as time passes, climate-driven hazards will
likely compound, thus making future generations incur higher
impacts and losses. As such, intergenerational justice refers to
the moral obligations of one generation to reduce the potential
harm to the next generations. We draw on various definitions
of intergenerational justice (Table 1 in Appendix) to argue that
at least two types of goods can be preserved and transferred
to future generations to satisfy the minimum requirements of
intergenerational justice. The sustainable development litera-
ture has articulated the necessity for intergenerational justice
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for the sustainable management of natural resources to safeguard
common resources for future generations (Holden et al. 2014).
Intergenerational justice seeks to expand the options available
in the future through

e Conserving options, enabling future generations to make
decisions based on their values, emerging information, and
aspirations (Weiss 1992).

e The conservation of options comes hand in hand with the
necessary resources to realize those options and protect the
fundamental rights of future generations (e.g., life, food,
safety, health) (Barry 1997; Karlsson 2016; Almassi 2017;
Newell et al. 2020).

Climate change brings additional challenges to the concep-
tualization and realization of intergenerational justice, espe-
cially related to the uncertainty of climate change's magnitude,
frequency, and impacts. Anticipating long-term future conse-
quences is particularly challenging under conditions of uncer-
tainty. As a result, when decision-makers want to prioritize
principles of intergenerational justice in climate adaptation or
resilience policy, they are confronted by the uncertainty of the
climate problem.

Climate change exacerbates existing inequalities as poorer
people are often the most vulnerable to climate change (Halle-
gatte et al. 2015). This intragenerational aspect exists at different
spatial scales, affecting how individuals realize justice across
space and time (Jafino et al. 2021). As such, future generations
born in poorer parts of the world will likely be in a worse posi-
tion to respond and adapt to climate-related hazards (Thiery
et al. 2021). The disproportionate distribution of cost and dam-
ages in the future will likely follow a non-linear acceleration due
to the reinforcing feedback loops in the natural and socioeco-
nomic systems (Cannone et al. 2008; Urban 2015).

Justice-based demands can be addressed through alloca-
tion schemes that consider current inequalities and prioritize
improving the conditions of the worse-off (Adler 2012; Hall
and Lamont 2013; Adler and Treich 2015; Ciullo et al. 2020) or
through other distributive objectives (e.g., egalitarian).

In this study, we look at the extent to which decisions about
investments and planning choices in resilience to climate change
either advance or hinder intergenerational justice. Here, climate
resilience is defined as “the capacity of social, economic and
environmental systems to cope with a hazardous event or trend
or disturbance, responding or reorganizing in ways that maintain
their essential function, identity and structure while also main-
taining the capacity for adaptation, learning, and transforma-
tion” (IPCC 2021). Resilience actions and policies are aimed at
reducing vulnerabilities to unexpected future events. However,
they can have long-term negative implications, whether they are
related to financial investments (e.g., public debt), social-cultural
(e.g., change in social norms), or technological lock-ins (e.g.,
hard flooding infrastructure) (Greener 2002). The uncertainty

of these implications becomes an obstacle to understanding
how intergenerational justice can be realized. Principles of
intergenerational justice can extend decision-aiding approaches
to enable decision-makers to preserve options and resources for
future generations while adopting options under uncertainty.
This perspective of climate resilience focuses on determining
what actions are more likely to result in a fair intergenerational
allocation scheme while considering uncertain future scenarios.

This section described our understanding of intergenerational
justice and its core requirements for conserving options and
resources for future generations. We frame this definition within
the context of climate resilience, where the focus is on prepar-
ing for an uncertain future, where the magnitude, frequency,
and impacts of climate events are difficult to anticipate. There-
fore, we argue that intergenerational justice requirements must
be considered in the decisions about climate change resilience.

Moving beyond cost-benefit analysis
in climate resilience

Traditional decision-aiding approaches, like cost—benefit analy-
sis (CBA), are incapable of accounting for the various factors
involved in the climate change problem (Kind et al. 2017; Den-
nig 2018); namely, disaggregation of preferences, heterogene-
ous risk exposure, monetization of incommensurable goods,
and principles of justice. In this section, we first discuss the
limitations of CBA before offering a possible improvement for
alleviating these limitations.

The best-known approach to assessing alternatives in deci-
sion-making is cost-benefit analysis (CBA), which has many
well-documented limitations when applied in the context of
climate change. Standard economic models adopt assumptions,
such as ceteris paribus (i.e., all other things remaining constant)
about non-existent or controlled changes of exogenous condi-
tions, which often lack substantive scientific support. These
approaches are based on ranking options by their net-present
value using a static discount rate (Adler 2012; Dennig 2018).
There are theoretical problems with the use of net-present val-
ues (Peters and Gell-Mann 2016; Peters 2019; Kwakkel 2020).
Employing a static discount rate, reflecting a fixed time prefer-
ence, effectively discounts the value of future benefits or costs
compared to the value of present benefits. This is non-trivial
when we are looking at the well-being of people affected by cli-
mate change; where the harmful effects of current emissions are
likely to fall disproportionately on future generations, whereas
the benefits accrue mainly in the present (Gardiner 2006b).
There is the argument that future generations will be wealthier
and better equipped at carrying the cost of climate adaptation.
This argument implies assuming continuous economic and
technological growth (Arrow et al. 1995). There are many cri-
tiques of this continuous growth assumption (Lorek and Fuchs
2013), not least when considering the projected socioeconomic
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losses due to climate change (Hallegatte 2014; Moss et al. 2014).
Therefore, it is difficult to defend the assumption of a static dis-
count rate in situations where the future is unpredictable. Moreo-
ver, assumptions about the preferences of individuals are often
static and ignore the evolution of preferences and values in a
society, which may contribute to an additional source of uncer-
tainty (Taebi et al. 2020).

Further critiques of CBA point to its inability to account for
incommensurable goods and losses as it assumes everything can
be expressed in terms of monetary value (Doorn 2018). This
critique is also related to CBA's disregard for irreversible losses,
for example, the permanent loss of an ecosystem that is irre-
placeable in a lifetime. Criticism of CBA also comes from the
environmentalist community, arguing that CBA is unequipped
to evaluate climate mitigation/adaptation policies (Sunstein
2010). Some scholars have sought to address some of these
concerns and developed more nuanced approaches to CBA,
including a zero-discount rate (Dennig 2018) and a prioritar-
ian social welfare function (Adler and Treich 2015). Howeyver,
these approaches have limitations themselves, e.g., they operate
in risk, but not in uncertainty and are not widely used in practice.

Resilience DAAs aim to increase resilience to climate change
shocks or stresses in ways that account for the path dependen-
cies of climate change (Engle et al. 2014). This requires going
beyond the conventional approaches like CBA and accounting
for uncertainty. We argue that DA As in climate resilience must
seek to enhance and not hinder the principles of intergenera-
tional justice. The characteristics of the climate problem, such
as the disaggregation of preferences and the changes in what
society values, are assumed to be impossible to be predicted. In
such circumstances of uncertainty, a better approach would be
one focused on supporting the principles of intergenerational
justice: the conservation of options to respond based on emerg-
ing information and the resources to realize their aspirations.
The following section explores how the principle of flexibility
addresses the limitations of climate resilience decision-making
while contributing to intergenerational justice.

Flexibility and intergenerational justice

Intergenerational justice consists of conserving options and
opportunities for future generations. Here, we discuss how the
principle of flexibility contributes to intergenerational justice.
Flexibility is defined here as the ability to keep options open
during uncertain circumstances and use new information as it
becomes available (Rosenhead 1980; Benjaafar et al. 1995).
There is a range of applications of flexibility, although most
prominent used in real options, it is applied in management,
supply chains, product portfolios, natural resource manage-
ment (Folke et al. 2005; Luthe et al. 2012; Cinner and Barnes
2019), and disaster/emergency response (Pauwels et al. 2000;
De Lotto 2016). Flexibility is introduced in decision-making

@ Springer

as a response to uncertainty (Rosenhead 1980; Pauwels et al.
2000; Walker et al. 2013; Haasnoot et al. 2013); assuming the
future is unpredictable. For example, for an alternative (a;) and
a scenario (S)), flexibility is the number of feasible and accept-
able decision paths (dp;;). The purpose of flexibility is to enable
decision-makers to have a wide range of options to choose from
in response to new emerging information related to changing
conditions, social values, and other unobserved things.

When studied within the context of climate uncertainty, flex-
ibility may be seen to have a higher benefit than the estimated
benefits from any given option. This is because estimated ben-
efits are not reliable under conditions of uncertainty. In such
cases, flexibility can serve the principles of intergenerational
justice in climate change in the following ways. First, flexibil-
ity contributes to the conservation or expansion of options for
future generations, enabling the ability of future generations to
choose for themselves based on future information. Their ability
to choose can be measured as the number of available options
that result from chosen options in the present (Benjaafar et al.
1995) (Fig. 1). Second, maintaining flexibility is the opposite of
committing to a long-term fixed strategy that may prove ineffec-
tive to unexpected scenarios and lead to irreversible outcomes
(Rosenhead 1980). As such, planning with flexibility promotes
smaller, incremental, and reversible decisions as opposed to
committing to a pathway that may result in negative irreversible
outcomes for future generations (Doorn 2018). Third, flexibility
is considered a financially sensible approach in decision-making
under uncertainty, as it may result in a low-cost approach in the
long term (Yzer et al. 2014).

Even though maintaining flexibility is a desirable quality of
resilience decision-making under uncertainty and contributes to
intergenerational justice, it does not directly address all aspects
of intergenerational justice. Specifically, flexibility does not
directly address the conservation of resources and opportuni-
ties required by future generations to pursue their aspirations
and have a good life (Schuppert 2011; Matin et al. 2018). Thus,
flexibility does not address the need for financial, political, or
social resources to realize different adaptation options. How-
ever, this apparent limitation can be satisfied by the assumption

@ )

Fig. 1 Illustration of intergenerational flexibility, where generation A
a maintains or b increases the number of options for generation B
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that the options granted through flexible planning are feasible
options if the resources necessary for its realization are available.
Thus, we argue that available resources enable the options to
exist. It is worth noting that even when physical resources exist,
social preferences and political will do not automatically follow
(Colombo and Steenbergen 2020).

Some hypothetical options may exist hidden from the per-
spective of decision-makers if the resources are not available
to realize them. At every decision point, maintaining flexibil-
ity refers to adopting options that continue to provide a flexible
choice set in the succeeding decision point. At the same time,
a decision is made, i.e., an option is adopted, and resources are
spent to realize that option. Thus, every decision affects the
stock of resources, either limited or replenished. Overall, it can
be argued that flexibility goes hand in hand with maintaining
resources and that the existing resources enable the sequential
nature of decision-making.

The accumulative effect of flexibility in decision-making may
have lasting effects on the future. At any given decision point,
the choice set and their succeeding options may enable different
pathways. Some pathways may broaden the overall number of
options to choose from in the future, while others may lead to
fewer. In this view, even when the future is considered uncer-
tain, flexibility itself can be considered a resource that may be
conserved and passed down to future generations. Therefore, it
is possible to define a-priori the possible adaptation pathways
of a study area and make informed decisions that seek to con-
serve accumulated flexibility in the long term and not only in
the immediate decision point.

Flexibility is a widely studied and applied concept, which
refers to the ability to keep options open during uncertain situ-
ations and use new information as it becomes available. There-
fore, flexibility is applicable in the decision context of climate
change, where the spatial, temporal, and social conditions are
expected to change over time and are considered uncertain.
Moreover, flexibility contributes to intergenerational justice
principles in the way that maintaining a wide range of choices
for future decision-makers is analogous to conserving options
for future generations. We argue that the conservation of options
also implies the conservation of resources. A possible blind spot
is that some option may exist in a hypothetical realm that may
be unfeasible due to a lack of resources, which would mean
flexibility is limited by resources. Therefore, the management
of resources is directly related to the extent to which flexibility
is possible.

lllustrative case study: Dutch Delta
Programme

We draw from a real-world example to illustrate the concepts
of intergenerational justice and flexibility in climate resilience
decision-making. Due to the low elevation, the Netherlands is a

prime example of a coastal country under stress from sea-level
rise (SLR). Located in the Delta of the Rhine and the Maas riv-
ers, around 60% of the Netherlands is vulnerable to flooding, and
around one-third of its territory is under sea level (KNMI 2021).
For centuries, the Dutch have reclaimed land from the sea and
have built infrastructure to manage waterways and protect them-
selves from coastal and riverine flooding. After the disastrous
floods of 1953, the first Delta Programme was implemented
to protect the Dutch against flooding and reduce risk through
a system of dikes, dunes, and barriers shortening the coastline
(Delta Programme 2021). Although the Delta Programme has
provided increased protection for the Dutch against flooding,
sea level has continued to rise, and new measures are needed to
safeguard the livelihood of inhabitants in the future.

This case study aims to display how the principles of inter-
generational justice may be operationalized using flexibility in
several decision pathways to adapt to SLR in the Dutch delta. By
using methods such as the Dynamic Adaptive Policy Pathway
(Haasnoot et al. 2013), decision-makers can develop pathways
to chart the different policy options available to them under dif-
ferent scenarios. The flexibility embedded in these pathways
constitutes key turning points at which adaptation strategies may
be changed (Haasnoot et al. 2013, 2019; Kwakkel et al. 2015;
Abel et al. 2016). For the Netherlands, a series of studies have
identified four dynamic adaptive policy pathways, which may
be executed in different SLR scenarios (Haasnoot et al. 2019).
The adaptation strategies are summarized as follows:

e Protection-closed: protect the coast against flooding and ero-
sion through hard or soft measures, such as flood defenses,
sand nourishment, or wetlands. River arms are closed (with
dams or storm surge barriers).

¢ Protection-open: same as protection-closed, but the rivers
remain in open communication with the sea.

e Seaward: create new, higher, and seaward land located
around the delta to protect against the effects of flooding.

e Moving along (or retreat): reducing the vulnerability to the
consequences of a higher SLR through water or salt-tolerant
land use (e.g., buildings on piles), raising of land, spatial
planning, and migration.

Adaptation pathways can be represented as a decision tree to
isolate the decision points along a pathway. We adapted Haas-
noot’s et al. (2019) pathways to a representation resembling
decision trees (Fig. 2). The x-axis represents sea level, starting
from the current sea level in 2022 to the projected increases in
sea level (meters) toward the right side of the figure. As sea level
increases, specific options become available, and others become
unavailable or unfeasible. At any given sea level (meters), each
available option is linked to a set of succeeding options. Differ-
ent sea-level stages offer different adaptation options based on
their preceding options. Therefore, the accumulation of costs
and effort available and spent depends on the pathways taken
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before arriving at a decision point. For example, at a medium
to high SLR (on the right side of Fig. 2), the adaptation option
of ‘seaward’ is available for different pathways. The difference
is between a pathway that had previously chosen ‘seaward’ at a
lower SLR and a pathway that had already implemented a ‘pro-
tection-open’ and ‘protection-closed’ strategy. Both pathways
can build ‘seaward,” but the process and accumulated flexibility
differ depending on the pathway. As the sea level rises further,
some options may become unavailable or unsuitable for imple-
mentation. Specific options may be lost if previous pathways
exhausted available resources and effort.

The rate of SLR is likely to increase exponentially due to the
feedback loops in the earth’s natural system (e.g., melting of
polar ice) (Boesch et al. 2018). In turn, decision points to main-
tain or change the adaptation strategy are likely to take place in
increasingly shorter time windows, given that one meter of SLR
in the future will happen faster than one meter of SLR now. This
reduction of time intervals adds to the challenge of decision-
making. The interventions required to address such hazards may
become more challenging to plan and implement and possibly
make some options extremely costly. This also has implications
for intergenerational justice. As time passes, coming generations
will experience compounding effects of accelerating SLR and
thus ought to be beneficiaries of equally significant benefits of
adaptation actions.

We analyzed the adaptation pathways of the Dutch Delta
Programme in light of the principles of intergenerational jus-
tice. We focus on conserving options passed down to future

generations facing sea-level rise (i.e., flexibility). As we
have established earlier, conserving flexibility is essential to
intergenerational justice. Thus, we discuss the implications
of evaluating pathways based on their flexibility below. We
conclude this section by reflecting on the benefits and costs
of different pathways at different points throughout the path-
ways. Moreover, we elaborate on how flexibility responds to
the principles of intergenerational justice.

Adaptation pathways are the accumulation of adaptation
options adopted along the way. We looked at the selected SLR
adaptation pathways from a bird’s-eye view. The protection-
open strategy is the pathway with the highest cumulative flexi-
bility in the initial stages of sea-level rise. In this strategy, several
options are maintained in subsequent decision points because
the sea level is currently at a manageable level. Adopting a pro-
tection-open strategy means reinforcing existing protective infra-
structure and not changing adaptation strategy. By investing in
enhancing current protective structures, the land and real estate
that is being protected will likely increase in value; an effect that
may feed into a cycle of continuously increasing valuation that
could increase the incentives to continuously reinforce protec-
tive structures (i.e., contributing to getting locked into this strat-
egy). When sea-level significantly increases, maintaining the
protection-open strategy becomes unfeasible, and the option to
shift to a protection-closed strategy is available. At this stage of
SLR, and on this pathway, the option to pursue a seaward strat-
egy may be lost, and the cycle of enhancing costly protection

Solution directions and possible adaptation paths for
the Dutch delta in the event of a high sea level rise.

Adaptation solutions

-
Seawards

Seaward option too expensive for all of NL. [ |
(Ground) flooding not to be found | ‘
everywhere. Move along locally 2

F<j

Spatial developments coastal zone can
be Initiate seaward option.

Increase closing
level. Increase
underlying
barriers. To adjust
freshwater supply
or land use.

Raising dikes and
closing off waterways
or switching to
Seaward or Retreat.

[ @
J

—4

New seals needed.
Increase in salt intrusion
via seepage and sluices.

L
| E
\ . Protection - closed

Protection - Open

T M| Retreat

Increase in sand nourishment. Protecting everything is
becoming more and more costly.

(Ground) flooding cannot be prevented. Move locally. @

Initiation of a transition a
retreat by adapting land use.

Barriers remain open. Moving along via, for
example, overtopping-resistant dykes and houses
on piles for areas where water occasionally comes.

Sea level rise

Fig.2 Decision tree adapted from Haasnoot et al. (2019) adaptation pathways of the Dutch Delta in the event of high sea-level rise
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to valuable real estate will likely continue as long as possible or
until SLR is too high and ultimately reduces the available option
to a moving-along (retreat) strategy.

Other adaptation pathways that begin with seaward strategy
or move-along strategy at lower levels of SLR are less flexible
because if adopted when sea level is low, they may result in a
loss of other options; e.g., protection-open, protection-closed.
These pathways are also likely to lead to lock-in. Ultimately, the
policy goal is to provide protection to SLR and, in our case, to
uphold the principles of intergenerational justice (i.e., through
flexibility). These goals can certainly be achieved by adopt-
ing more than one pathway. As we have seen in the adaptation
pathways to SLR, flexibility can vary at different stages of SLR
(i.e., low, mid, high SLR), also depending on which options had
been adopted in preceding decision points. As such, the decision
strategy which maintains the highest number of options from the
beginning is preferred as the one meeting the requirements of
intergenerational justice. Moving along with water is arguably
always an alternative, which is why all pathways end with the
moving-along strategy. However, this alternative can have dif-
ferent costs at different stages of sea-level rise (i.e., midpoints),
and its adoption may largely depend on the alternatives adopted
at earlier stages. This can be interpreted as the possibility that
maintaining or increasing flexibility can be very costly, and that
following the most flexible path may result in accumulated costs
that will likely be burdens on future generations. Nonetheless,
the investments in flexibility can reap great future rewards if
undesired scenarios materialize. Thus, flexibility is necessary
but not sufficient to deliver justice to future generations.

The flexibility of adaptation pathways

The conservation of options for future generations (i.e., flex-
ibility) is a fundamental requirement of the principles of
intergenerational justice. The interpretation of flexibility may
depend on its framing. We define flexibility as the expansion or
restriction of options available at different stages of SLR (i.e.,
different scenarios). Depending on the external conditions of
SLR, decision-makers have choices that are also dependent on
the decisions made (options adopted) at earlier stages of SLR.
The accumulative effect of decision pathways may have lasting
effects on future generations. Therefore, flexibility is a resource
that may be conserved and passed down to future generations.
These adaptation pathways of the Dutch Delta Programme allow
decision-makers to adopt options that seek to conserve accumu-
lated flexibility in the long term and not only in the immediate
decision point.

It is essential to mention that in the Dutch Delta Programme
example, we consider only one dimension of scenario change: an
increase in sea level. We make assumptions about the available
options and pathways based on that single gauge. Considering
multi-dimensional scenarios (i.e., scenarios based on more than

one metric) is likely to influence the available options and path-
ways. However, for illustration purposes, we believe the study
of flexibility can benefit from this example of the Dutch Delta
Programme.

Flexibility is measured as the number of feasible options
available to decision-makers when the SLR scenario changes.
As current coastal and riverine flooding protections are built
to withstand a specific rise in sea level, an adaptation response
is needed when SLR surpasses those maximum thresholds. In
the context of intergenerational justice, decision-makers ought
to prefer to maintain flexibility along with rising sea levels.
Even though there is a good understanding of how sea levels
will increase throughout the twenty-first century, there is yet
uncertainty about the exact timing and form (as well as with
the potentially unobserved factors that may accelerate or decel-
erate SLR). Given such uncertainty, it is difficult to estimate
the aggregated flexibility ahead of time. Instead, flexibility is
evaluated at every decision point, where an option is adopted
to consider its expected benefits and expected flexibility in the
succeeding decision point. However, it is important to consider
the long-term conservation of flexibility. It is also important to
point out that, following this logic, maintaining flexibility may
not always be the best approach in certain SLR scenarios.

Designing adaptation strategies to SLR with flexibility as a
core concept brings significant advantages in circumstances of
uncertainty. Keeping options open and avoiding lock-ins can be
reasonable when long-term scenarios may vary. As such, flex-
ibility responds well to the requirements of intergenerational jus-
tice, namely regarding the conservation of options and enabling
future generations to make decisions based on new information
and updated values. In the Dutch Delta example, new informa-
tion may relate to more accurate predictions of SLR as well as a
broader understanding of the feedback loops influencing SLR.
An example of changing social values may be related to the
degree to which society wants to alter its environment or adapt
to new environmental conditions.

Discussion

Here, we have discussed the challenges for decision-making in
the context of climate change with conditions of uncertainty.
Intergenerational justice has become a focal point of this discus-
sion, as climate adaptation and resilience options adopted today
may have far-reaching consequences for future generations.
We explored the role of flexibility in decision-making under
uncertainty and elaborated on its contributions and limitations
to meet the requirements of intergenerational justice. Certain
decision-aiding approaches incorporate flexibility in decision
domains where uncertainty is present. Using a case study, we
have highlighted the relevance and consequences of flexibility in
intergenerational justice. However, more can be done to develop

@ Springer



Sustainability Science

an operational approach to evaluate adaptation options based on
their contributions to intergenerational justice.

In the Dutch Delta case, all strategies have an impact on
future generations. If seen from a flexibility point of view, a high
flexibility pathway would conserve a more significant number
of options for future generations. The conservation of options,
in this case, contributes to the principles of intergenerational
justice. Committing from an early stage to some adaptation
strategies, like seaward or moving-along (retreat), could lock
future generations into those pathways and thus reduce flexibil-
ity and consequently limit intergenerational justice. It should be
evident that flexibility is necessary, but not sufficient, to uphold
our definition of intergenerational justice. The preservation of
intergenerational justice goes beyond the conservation of options
and must also consider the trade-offs that enable certain adapta-
tion options. Specific adaptation actions might have a short-term
positive impact, while resulting in negative outcomes in the long
term, or vice versa (Juhola et al. 2016). Maladaptation can there-
fore manifest itself as undermining capacities or opportunities
for present as well as for future adaptation (Hallegatte 2009). In
this illustrative case study, we consider all available options fea-
sible at the SLR stage in which they appear. However, it should
be evident that it carries different present and future burdens and
benefits even when an option is considered feasible. Moreover,
as discussed above, the temporal changes of flexibility depend
on both the SLR scenario and the adaptation options adopted at
preceding decision points.

Without uncertainty, it can be argued that the same justice
principles apply no matter whether we speak of intragen-
erational or intergenerational justice. However, uncertainty is
prevalent in the climate problem, including in designing adapta-
tion strategies to SLR. As such, DAAs that employ flexibility
in circumstances of uncertainty can favor options that increase
the range of options in preparation for multiple possibilities and
unknown futures. In such situations, like in the case of the Dutch
Delta, decision-making may be focused on upholding princi-
ples of intergenerational justice by assessing pathways based
on their flexibility. The conservation of options alone does not
guarantee intergenerational justice. The flexibility in options
may be evaluated together with contextual factors, including
cumulative resources accumulation and spending, and changes
in social values.

Our findings have meaningful implications for various audi-
ences including academic and policy-makers. The field of cli-
mate ethics has significantly increased in the last decades (Gar-
diner 2010; Roemer 2011; Almassi 2017), but so far, the focus
has been on climate mitigation and global burden sharing for
climate adaptation. This study adds to the climate justice body of
literature by providing a theoretical linkage between flexibility,
intergenerational justice, and climate resilience. The complexity
of the climate problem means that there are conceptual chal-
lenges to the operationalization and measurement of intergen-
erational justice. We have provided one way to address some
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of the outstanding questions in the field. To policy-makers, our
study provides the conceptual foundations for integrating aspects
of justice in their considerations of adaptation actions. We have
shown that maintaining options available can provide great ben-
efits in the future if an undesirable scenario would materialize.
However, we have stated that flexibility alone is not a sufficient
criterion for achieving a fair distribution of intergenerational
benefits.

At the individual level, there is a psychological tension
between caring for the well-being of future generations and
one’s well-being (Markowitz and Shariff 2012). Today, an indi-
vidual gives a higher value to benefits in the present, or even in
her lifetime, compared to benefits 100 years from now. Uncer-
tainty of the future also contributes to this time preference, as
individuals reasonably prefer the known in the present to the
unknown of the future. As such, employing the principles of
intergenerational justice goes against some significant forces
in the socioeconomic and political environment. For example,
profit-seeking investments, unsustainable consumerist trends,
and short-term political cycles are ingrained in daily life. Not-
withstanding, long-term sustainability and the survival of our
civilization may depend on the extent to which individuals can
see beyond their gains and toward the gains of the collective
society at the intragenerational and intergenerational scales.

Conclusion

Maintaining flexibility in adaptation options into the future
responds to the fundamental requirement of intergenerational
Jjustice of conserving options for future generations. However,
intergenerational justice cannot be reduced to a set of options.
It must also consider complex interdependencies between the
environmental and sociotechnical systems that promote or
hinder the implementation and interpretation of justice by
multiple generations. Moreover, society’s values are likely to
change and evolve into more nuanced versions of them or
complete opposites. Finally, the quality of life passed down
to future generations can be linked directly to the resources
spent and accumulated throughout an adaptation pathway.
Even though some options may be feasible, they may exist at
different stages with different burdens and benefits. Notwith-
standing, we conclude that flexibility may still contribute to
an improved approach to climate resilience decision-making
overall.

Appendix

See Table 1.
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Table 1 Selected definitions of intergenerational justice

Rawls (1999)

“persons in different generations have duties and obligations to one another just as contemporaries do. The present
generation cannot do as it pleases but is bound by the principles that would be chosen in the original position to
define justice between persons at different moments of time.”

Gardiner (2006a, 2006b) In line with the definition of sustainability, Gardiner (2006a, b) notes that each generation tends to adopt a buck-

Weiss (1992)

Caney (2009)

passing behavior toward the next generations. As such, intergenerational justice can be upheld by applying the core
precautionary principle

Conservation of options—each generation is required to conserve the diversity of the natural and cultural resource
base

Conservation of quality—each generation is required to maintain the planet's quality of life so that it is passed on in
no worse condition than the present generation received it and should be entitled to a quality of the planet compara-
ble to the one enjoyed by the previous generation

Conservation of access—each generation should provide its members with equitable access rights to the legacy from
past generations and should conserve this access for future generations

The Scope Restricted View for time preference and discounting has three features: (1) it posits that there is a plurality

of different values, (2) it affirms what I shall term the Rights Principle, and (3) that a zero pure time discount rate
should be applied to the Rights Principle, but it need not be applied to other political principles or values

This holds that persons have the right to protect fundamental human interests from the threats posed by dangerous
climate change. Climate change jeopardizes various human rights, including, for example, (i) the right to life (since
storm surges, flooding and freak weather events, and heat stress will all lead to human deaths); (ii) the right to
subsistence (since the increase in temperatures, increased flooding, and rising sea levels will lead to crop failure and
therefore malnutrition); (iii) the right to health (since climate change will lead to increased exposure to vector-borne
diseases (like malaria) and water-borne diseases (like dengue and diarrhea); (iv) the right to property (since flood-
ing, sea-level rise, and freak weather events may destroy people’s privately and collectively owned property); and
(v) the right not to be subject to enforced relocation (since sea-level rises will force inhabitants of coastal settle-

ments or small island states to move)
Schuppert (2011)

Three conditions that meet intergenerational justice in climate change are: (i) every person’s basic needs must be met

(essential like water, food, health), (ii) every human has the right to a functioning environment because life depends
on nature. Thus, the ability to realize their fundamental interests also depends on nature, and (3) every person has a
set of fundamental economic, social and political liberties and rights that cannot be restricted for the sake of second-

ary concerns of intergenerational justice
Tremmel (2006, p. 189)

“The fundamental dilemma in a democratic society leads to a preference for the present and oblivion concerning the

future. Hence, succeeding generations are confronted with a structural disadvantage if democracy is not improved.
Generational justice affects the distribution of resources and life opportunities between generations.”

Newell et al. (2020)

Future generations have the same range of options available to them as the current generation. Future generations are

entitled to inherit a planet of equal quality as the current generation enjoys. Current generations must conserve the
legacy or inheritance from past generations and ensure access to future generations

Almassi (2017)

Intergenerational justice can go further than compensatory and corrective forms of justice, which mainly concern

righting wrongdoing, and argues for restorative justice, which in addition to acknowledging wrongdoing, is also
forgiveness seeking, a behavior measured against the victim’s subjectivity
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