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Adaptation pathway approaches (APAs) have become an increasingly popular means of facilitating local and
regional anticipatory planning under the influence of climate change. Many studies in this field of research
identify path dependencies as a key barrier to adaptation efforts. However, their respective definitions of path
dependency are often vague and impede a comprehensive integration of this concept into APAs. We fill this gap
by systematically exploring the constituent characteristics and conditions of path dependency based on the
original theoretical literature that emerged in the 1980s and early 2000s. We then propose an operationalization
based on examples of flood risk management practice, and highlight ways in which APAs may contribute to

revealing and anticipating technological and institutional path dependencies. This conceptual work serves as a
comprehensive and systematic baseline for analyzing path dependency in empirical studies using APAs within
and beyond the flood risk context.

1. Introduction and problem framing

Adaptation pathway approaches (APAs) have become increasingly
popular not only for sequenced adaptation planning under deep uncer-
tainty (Haasnoot et al., 2013; Haasnoot et al., 2012; Ranger et al., 2013),
but also for fundamentally reconceptualizing adaptation itself as part of
pathways of global and societal change (Wise et al., 2014). Werners et al.
(2021) outline how the definition of adaptation pathways and respective
analytical approaches have evolved since they first emerged around
2010, which was when threshold-oriented APAs were developed
(Haasnoot et al., 2012; Haasnoot et al., 2013; Ranger et al., 2013):
These first approaches are firmly built into existing institutional
settings and address clearly defined goals and thus options for
change. However, they were found wanting in two different dim

ensions: i) its embeddedness in other societal pathways of change
and the potential need for action that goes beyond existing insti
tutional confines (Wise et al., 2014); and ii) the need to take into
account multiple stakeholder perspectives and preferences
(Bosomworth and Gaillard, 2019). Considering these different elements
to different extents has led to a broad variety of applications of APAs that
vary in terms of focus and methods (Werners et al., 2021). Threshold-
oriented approaches aim to meet short- and long-term needs using
quantitatively measurable thresholds to determine the sell-by-date of
adaptation measures. Multi-actor approaches focus on the process (i.e.
collaborative learning and adaptive capacity building), where the
pathways correspond to the plans or visions of different stakeholder
groups. Transformation-oriented approaches aim to account for com-
plexities and the potential need for transformative change in the long
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run. Threshold-oriented and multi-actor APAs have in common that
they operate within the existing institutional framework and in accor-
dance with their corresponding sets of values, and also in that they are
fairly concrete (step-wise approaches). Multi-actor and transformation-
oriented APAs have in common that they focus on multiple stakeholders,
transformation-oriented APAs, however, actually work from the premise
that transformational change is needed. Many of these approaches
visualize pathways as a set of management options with decision/
tipping points or sell-by dates, indicating that at certain times options
need to be reconsidered (Haasnoot et al., 2012, Wise et al., 2014), thus
creating possible alternative trajectories. Actual applications of APAs,
however, do not necessarily show this level of detail (Barnett et al.,
2015; Barnett et al., 2014; Bhave et al., 2018; Butler et al., 2016;
Werners et al., 2021).

Despite the fact that many APAs explicitly aim to address path de-
pendency, the concept often remains hard to grasp, as in the broad
majority of publications “there is limited explanation of what the
concept actually means in the context of environmental policy and
climate change adaptation” (Parsons et al., 2019, p. 95). In many cases,
path dependency typically includes references to past decisions or
“history matters” (Colloff et al., 2017; Sadoff et al., 2015; Sorensen,
2015; Wise et al., 2014). However, historians and social scientists
acknowledge that the statement “history matters” is an unhelpful and
uncritical truism with no explanatory power (van Buuren et al., 2016).
In many other instances, authors describe path dependencies as barriers
to adaptation (Barnett et al., 2015; Burnham et al., 2016; Matthews
etal., 2015; Smith and Brown, 2014), because they create lock-in effects
that heavily restrict subsequent decisions, developments, and capabil-
ities (Pauw and Pegels, 2013; Sheller and Leon, 2016) and also lead to
“policy traps” (Nair and Howlett, 2016). Moreover, these studies do not
include any greater detail on the concept and how it could be made
operational.

There is literature on flood risk management (FRM), albeit not
explicitly making use of APAs, in a way that highlights the usefulness of
path dependency. Parsons et al. (2019), for example, analyze what they
call development or decision-making paths of river management.
Wiering et al. (2017) highlight the usefulness of path dependency in
terms of understanding the drivers (or forces) of stability and change in
FRM over time. They define path dependency in line with Pierson
(2000a, b) as “the tendency of persistence and self-reinforcement of
paths and, by implication, the difficulty of changing a path once cho-
sen.” They interpret path dependency mainly as a set of self-reinforcing
mechanisms that they include and combine with concepts of change in
their analysis.

Studies understanding adaptation pathways as dynamic adaptive
cycles highlight the idea of self-reinforcing mechanisms and also
mention path dependency in this context, however they neither provide
explicit definitions of path dependency nor do they link back to the path
dependency literature (e.g. Bloemen et al., 2018; Tellman et al., 2018).
Thus, while the concept of dynamic adaptive cycles may be useful for
exploring path dependency, any clear proposition as to the how is
missing and we still lack a formal link between APAs and the conceptual
work on path dependency.

In this paper we provide a comprehensive argument for why an
extended understanding of adaptation pathways is indeed a means of
anticipating path dependencies, while at the same time improving our
understanding of the limitations of the approach. We thereby link a
theoretical concept and an applied decision-making support approach to
their mutual benefit. We first discuss how the constituent characteristics
and conditions of path dependency can be identified in backward-
looking historical research (Section 2), and illustrate how these char-
acteristics and conditions can be operationalized, with examples from
FRM in various European countries (Section 3). We then turn to a
forward-looking perspective and propose entry points regarding how
path dependencies may be anticipated, overcome, or enabled using
APAs (Section 4).
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2. Defining path dependency

The original literature on path dependency takes a backward-looking
perspective (David, 1985; Arthur, 1989; North, 1990; Thelen, 1999;
Pierson, 2000a). In other words, path dependency is seen as a process
that has the property of staying on a particular path, so that past de-
cisions and contingent events pre-determine what further steps may be
taken. Technologies, policies, or governance modes are locked-in. Self-
reinforcing mechanisms contribute to their reproduction and diminish
the range of likely alternatives. Initially a concept emerging from
evolutionary economics and technological innovations, path de-
pendency was also adopted by other social sciences and as such, has
been subject to interpretation, expansion, and thus disagreement over its
meaning and applicability (Beyer, 2009; Vergne and Durand, 2010).
Few of its characteristics and conditions are undisputed. In fact, the
concept has been subject to frequent critique for being inconsistently
developed and vaguely applied (Vergne and Durand, 2010). Above all,
criticism addresses questions like whether initial situations are relevant
or not, whether contingency and self-reinforcement are necessary con-
ditions of path dependency, whether lock-in is permanent, whether
change is possible, and, if so, whether/how involved actors can (delib-
erately) affect change (Beyer, 2009).

Despite being variously interpreted, a set of key characteristics and
conditions of path dependency stand out from the multi-disciplinary
literature. Based on these we argue that, first, lock-in and sub-
optimality help to identify processes as being subject to path de-
pendency (see Section 2.1). If a process did not feature these charac-
teristics, we would not assume that path dependency is at play and, thus,
would not choose this process as an object of path dependency research.
Second, self-reinforcement, contingency and initial situation are factors
that, at a particular moment in time, interact in a way that creates path
dependencies and makes one pathway prevail over other alternatives
(see Section 2.2). An analysis of these conditions helps us to understand
why and how path dependencies have occurred and how they affect the
process in question.

2.1. Lock-in and sub-optimality

Lock-in occurs if a process enters a state of unchanging, persistent
outcomes (Arthur, 1989). In economics and technology-focused defini-
tion, lock-in means that there is no or little chance of endogenous change
(Vergne and Durand, 2010). From an institutional point of view, lock-in
is a phase of stability characterized by, at most, minor and incremental
change. However, in practice absolute lock-in is rare (North, 1990).

How path dependency can be overcome, (i.e. how paths can be
changed) has received increasing attention among sociological and po-
litical science scholars adopting the path dependency concept. Arthur
(1996) indicates that any technology has a natural end, as technologies
come in waves. Similarly, Pierson (2000a) points out that change is
“bounded” until new conditions erode or swamp the mechanisms of
reproduction that, until then, have generated continuity. According to
literature on policy processes and institutional change, drivers of change
could be institutional entrepreneurship, institutional work, or everyday
agency (Abdelnour et al., 2017; Battilana et al., 2009; Dimaggio, 1988;
Lawrence et al., 2011; McMichael et al., 2019).

In more recent literature, path dependency is often described ac-
cording to the absence of exogenous shocks (Vergne and Durand, 2010),
which suggests that in a path-dependent state, a change of trajectory
cannot be achieved from within. However, if a shock is understood as
something that breaks path dependency, we should, in turn, ask if there
are ineffective shocks that do neither result in change nor even cement
lock-in. If ineffective shocks exist, lock-in cannot be defined solely
through the absence of any exogenous shock. Otherwise, we have to
distinguish shocks from contingent events (see below).

Lock-in appears to inhibit change if the trajectories created fall short
of achieving stated targets, in other words, if they lead to sub-optimal
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outcomes. Early literature on path dependency considers sub-optimality
with respect to the effectiveness of a technology, namely, does tech-
nology cause disproportionate costs and efforts in relation to the desired
level of benefits? For example, the Microsoft Disk Operating System
(MS-DOS) was not the optimal system in the 1980s, but became locked
in due to the available complementary soft- and hardware and IBM’s
established relationships with business communities (Gandal et al.,
1999). The question of (sub-)optimality is more difficult to answer with
respect to public policy, and it is only marginally - if at all — addressed in
discussions regarding the path dependency of institutions. Judging a
trajectory as sub-optimal or inefficient requires there to be a counter-
factual reference as to what is considered optimal (e.g. a policy target to
be reached) or efficient (e.g. a given ratio between costs and benefits).
This is difficult in case where policies are frequently not attached to an
evaluation logic that links measures with specific goals. Moreover, it
implies that path dependency may also apply to processes that are
considered positive by some, and where lock-in is welcomed.

2.2. Self-reinforcement, contingent events, and initial situation

Self-reinforcing mechanisms lie at the heart of most theorizing on
path dependency. Self-reinforcement, which is labeled in the literature
as increasing returns (Arthur, 1990) or positive feedback, ensures the
continuity of chosen paths. In the path dependency literature, self-
reinforcing mechanisms are usually explained in the context of tech-
nological innovation. Scientists have proposed a variety of frequently
overlapping and intersecting mechanisms leading to self-reinforcement.
Among these are high up-front costs combined with economies of scale
(Arthur, 1996; Arthur et al., 1986; David, 1985), or learning effects on
both the demand and supply side (Arthur, 1989, p. 19). Other system
scale economies also create self-reinforcing dynamics, such as econo-
mies of agglomeration, which describe the effect of a successful business
attracting more businesses to a location (Arthur et al., 1986), and de-
mand side economies of scale or network externalities (Arthur, 1996;
David, 1985; North, 1990), which imply that additional users increase
the worth of a product or technology. Adaptive expectations describe
past successes of a technology or product that lead consumers to stick
with it and believe in its future success (Arthur et al., 1986). Finally,
coordination effects come into play when the widespread use of a
product or technology increases the attractiveness and probability of
creating related products and technologies (Arthur, 1990). Similarly,
interdependencies/technical interrelatedness (David, 1985), describe
the phenomenon whereby a product is better established if there are
more linkages between associated product components and also be-
tween competencies of product users.

Although these examples usually refer to technological changes,
North (1990) highlights that they also apply to institutions or systems of
institutions that reinforce or complement each other. According to
Pierson (2000a, p. 257), mechanisms of self-reinforcement are also
relevant in politics because of “(1) the central role of collective action;
(2) the high density of institutions; (3) the possibilities for using political
authority to enhance asymmetries of power; and (4) its intrinsic
complexity and capacity.” Nevertheless, self-reinforcement plays out
differently in the political context than in the economic context because
politics lack efficiency-enhancing mechanisms of competition and
learning, political actors have a much shorter time horizon, and political
institutions have a strong status quo bias in general (Pierson, 2000a). All
these factors increase the difficulty of reversing a chosen path.

Self-reinforcing mechanisms may bridge path dependency theory
with the debate on institutional barriers to adaptation. Barriers typically
arise from complex actor constellations within rigid governance ar-
rangements such as ingrained rules and norms, incorrect or incomplete
knowledge, vested interests and competing agendas, unclear institu-
tional roles, or lack of policy guidance to manage restricted resources
(Wise et al., 2014; Werners et al., 2021). Due to institutional barriers,
adaptation measures miss opportunities, are postponed, downgraded, or
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not implemented at all — in other words, they lead to sub-optimal out-
comes (Moser and Ekstrom, 2010). The barriers literature has compiled
extensive shopping lists of barriers (Adamson et al., 2018; Wise et al.,
2014); self-reinforcing mechanisms detail the processes whereby market
participants or institutions interact and may therefore may help in
structuring and explaining why specific institutional barriers are present
in specific contexts.

For many scholars, contingency is a crucial condition of path de-
pendency because it distinguishes path dependency from the generic
“history matters” argument (Vergne and Durand, 2010). A contingent
event is the point of origin of path dependency, i.e. a specific situation at
a specific moment in time that kicks off a narrow set of problem-solving
strategies which are maintained, refined but not relinquished over the
coming years. The usual line of argumentation is that contingent events,
or rather a series of contingent (or chance) events, have more effect on
the path taken than the initial situation (Vergne and Durand, 2010).
Accordingly, the aftermath of contingent events is more important
for understanding the future trajectory of an ongoing path than the
initial situation and the identification of path dependency involves
“showing how these events are themselves contingent occurrences
that cannot be explained on the basis of prior historical conditions”
(Mahoney 2000, p. 507f).

However, scholars are still struggling to explain when an event is
contingent. Mahoney (2000, p. 514) explains: “In the actual practice of
research, social analysts will consider an event to be contingent when its
explanation appears to fall outside of existing scientific theory. For
example [...] too specific to be accommodated by prevailing social
theories [...] and large, seemingly random processes such as natural
disasters or sudden market fluctuations.” The author points out that
according to some studies an event being contingent is not necessarily
the same as an event being truly random and without antecedent causes.
Accordingly, Vergne and Durand (2010, p. 755) summarize it as “un-
predictable, non-purposive, and seemingly random.” This creates diffi-
culties for its verification and falsification, simply because contingency
cannot be proven independently of preceding theoretical assumptions
(Mahoney, 2000).

In practice, it is plausible to operationalize contingent events as
decisions made as a consequence of circumstances that are unusual,
surprising for the planning process and often not anticipated in that
particular organizational, governance, and institutional setting—as
compared to the explanatory capacity of a theory or discipline. For
instance, FRM often builds on the information of the status quo risk
assessment and underrates the strategic perspectives of uncertain future
developments and rare extreme events (Clar et al., 2021; Hutter, 2016;
Nordbeck et al., 2019). However, for the purposes of outlining the
conditions of path dependency, the reactions to a contingent event seem
more relevant than the reasons why this event occurs because these
reactions set the boundaries for the ensuing path development and
trigger path dependency.

Nonetheless, although contingent events are said to overrule initial
situations, we have to acknowledge that some authors also place major
emphasis on the role of the latter (Baum and Silverman, 2013; Liebowitz
and Margolis, 1995). Thelen (1999, p. 385), for example, criticizes
David’s (1985) approach to path dependency as too contingent —
because institutions will never emerge on a clean slate. At the same time,
she considers it too deterministic — because the initial situation unreal-
istically constrains further developments. Accordingly, for now there is
no solution how particular conditions are related to contingent events,
and how they are related to the subsequent reproduction and feedback
mechanisms on which institutions rest and are sustained (Thelen, 1999).
At least, scholars agree that further knowledge about how institutions
were constructed would “provide insights into how they might come
apart” (Thelen, 1999, p. 400; see also: Pierson, 2000b, p. 263).
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3. Path dependency in the context of FRM

To gain a better grasp of the path dependency concept, we specify
and illustrate the characteristics and conditions of path dependency for
the FRM context. In FRM, path dependency may exist for institutions
and policies, as well as for the measures used (van Buuren et al., 2016);
we thus consider both technological and institutional perspectives.

3.1. Lock-in

In FRM, lock-in has been most frequently described in the context of
hard management measures (i.e. grey infrastructure) such as dams and
dykes (Wesselink, 2016). In this case, the length of the lock-in can be
determined by the lifetime of infrastructure, which can be 40-80 years
depending on the materials used (Hiibl and Kraus, 2004), and it can also
potentially be extended by refurbishments and reinvestments. Research
has shown that lock-in does not have to be limited to technological as-
pects and can span many more decades if self-reinforcing mechanisms
and incumbent-actor coalitions are at work (e.g. Parsons et al., 2019;
Tellman et al., 2018). Lock-in in this context could be tied to deprecia-
tion processes, for example to the turnover of mindsets and ideas by
employee fluctuation in incumbent institutions, to infrastructure life-
time, or to (re-)occurrence intervals of contingent events such as reor-
ientation of political agendas by legislative periods, or to return periods
of severe flood disasters.

Extreme flood events typically appear as exogenous shocks that may
break or at least weaken path dependency at the regional or national
level. Flood events might open up a policy window to change the
currently prevailing management path (Birkmann et al., 2010; Friedman
etal., 2019). Such a policy window might be open for a short time period
(Sword-Daniels et al., 2015) or over several years, such as in the case of
planned relocation from flood-risk zones in Austria (Thaler et al., 2020).
To take this opportunity, however, policy makers and stakeholders need
to be able to recognize and understand corresponding signals based on
experiences of previous debates (Penning-Rowsell et al., 2006; Thaler
et al., 2020).

Bloemen et al. (2018) suggest that change needs to be transformative
to break path dependencies, and that incremental change is indeed
conducive to lock-in. Thus, as a negative proof of path dependency, lock-
in may be falsified by identifying a non-random, deliberate, trans-
formative decision that deviates from previous patterns but successfully
contributes to the overall policy goal. For instance, if a large community
in a region that has pervasively relied on building levees, is relocated
from a flood risk area instead of yet another levee being built, the
assumption of lock-in cannot be sustained. There may be instances when
incremental change does not always lead to lock-in, but that continuous
transformation is possible (Termeer et al., 2017).

3.2. Sub-optimality

In FRM, what is considered as sub-optimal needs to be assessed as the
deficiency in a protection target or in the tolerable level of residual risk
(Rauter et al., 2020). If decision-makers do not commit to an explicit
target or level, we cannot ascertain whether the sub-optimality criterion
of path dependency applies. Cost-efficiency and cost-effectiveness may
still be key criteria on which to judge the optimality of a path; calls to use
cost-benefit-analysis in APA support this assumption (e.g. Bloemen
et al., 2018; Haasnoot et al., 2019). As with sub-optimality, using in-
efficiency as a criterion for path dependency requires a predefined ratio
of costs to benefits to be achieved — at the very least, benefits should
balance costs. However, a comprehensive perspective on efficiency
should not just include monetary aspects such as the value of exposed
assets or construction costs, but account, too, for intangible aspects such
as disruption of livelihoods or social support (Rufat et al., 2015).
Questions of optimality could be extended to how issues of distributional
and procedural justice are considered. Multiple criteria might include
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economic effectiveness, legitimacy, accountability, social justice, social
capacity, physical and social vulnerability, technical feasibility, or
ability to implement (Alexander et al., 2016; Kuhlicke et al., 2011;
Thaler and Hartmann, 2016).

Absence of clearly defined targets for FRM measures is not uncom-
mon. For example, during the post-disaster period, actors might not
agree if the goal should be to return to the pre-disaster state as fast as
possible or whether a “slow” and transformative recovery process should
be initiated (Mika and Kelman, 2020). Especially in cases of conflicting
interests and an unclear distribution of responsibilities among different
actors, stakeholders, and citizens, this might easily result in sub-optimal
outcomes (Rauter et al., 2020).

3.3. Contingent events and initial situation

In the FRM context, contingent events and initial situations have not
been addressed as path dependency research, but can be revealed
through historical shifts in FRM paradigms. Until the 1970s the focus of
FRM was very much on land drainage, before it shifted to the protection
of urban areas, and then to integrated, strategic flood defense systems,
including a stronger focus on living with floods (Johnson and Priest,
2008; Penning-Rowsell and Johnson, 2015). Since 2007, we have been
observing the last shift towards flood risk governance or flood risk
resilience (Albright, 2011; Klijn et al., 2013; Nye et al., 2011; Parsons
et al., 2019; Penning-Rowsell and Johnson, 2015; Thaler and Priest,
2014). These policy changes were triggered by very different but
nonetheless interacting factors, not necessarily flood events but also
evolving discourses and political debates, as well as broader socioeco-
nomic developments. For instance, land drainage in the United Kingdom
became a key priority in response to the food shortage during World War
One (Brown and Damery, 2002; Scrase and Sheate, 2005). The shift
towards urban areas and the use of new risk management strategies,
such as land use planning, was mainly related to structural changes in
agricultural food production (Escobar and Demeritt, 2014; Fuchs et al.,
2020). The transition towards a more integrated FRM at the beginning of
the 1990s across Europe was driven largely by a series of extreme flood
events, such as the 1993/1994 and 1995 floods in the Netherlands and
the 2002 floods in Germany and Austria (Hartmann, 2011; Kaufmann,
2018; Klijn et al., 2013; Klijn et al., 2008; Nye et al., 2011). Apart from
these obvious hazard events, the underlying drivers contributing to the
extent of disasters like these were socioeconomic trends such as changes
in socio-demographics, individual consumption, and increasing wealth
and assets (Sadoff et al., 2015; Winkler et al., 2021).

Thus, a contingent event in the FRM context could be defined as a
flood event that overstretches current risk management capabilities and
therefore brings about a shift in institutional paradigms and re-
sponsibilities (Kuhlicke et al., 2020). Institutional paradigms and re-
sponsibilities thus change over time and enforce new arrangements and
new power relationship settings, such as FRM being organized quite
specifically within a river basin at a catchment level instead of a “local”
perspective of settlements being relocated (Penning-Rowsell and John-
son, 2015; Thaler et al., 2017). This would mean that in any given de-
cision context, contingent events could be identified through
reconstruction of past events based on available documentation, and/or
through key informant interviews. Multiple stream theory (Kingdon,
2010; Kingdon, 1984) might provide a useful categorization of contin-
gent events into: (1) a rare flood event as part of the problem stream, (2)
new risk reduction measures being conceived as part of the policy
stream, or (3) political changes caused, for example, by elections as part
of the political stream.

The main challenge for the operationalization of contingency and
initial situation is to identify what variables are relevant, such as past
flood events, new legal enforcement, innovations, or socio-political
change, for example, the shift from being a welfare state towards
neoliberal government. This requires scholars to look backwards and
identify causal relationships that help us to understand why contingent



S. Hanger-Kopp et al.

events stand out from a simple continuation of the initial situation and
pave the way for self-reinforcing mechanisms and lock-ins (Wise et al.,
2014). For example, authors such as Fazey et al. (2016) and (Fischer
(2018), explored how ‘mapping’ historical pathways can help partici-
pants to appreciate the implications of their decisions for others and for
future possibilities (Bosomworth and Gaillard, 2019). Moreover, it is
important not to construe or over-interpret a particular moment or
constellation as the decisive point only to narrow down the analysis
period and, consequently, disregard everything that caused the situation
in question to develop. The identification and analysis of relevant de-
velopments within their specific social, economic, and political context
allow us to understand various forms of social or institutional in-
novations in terms of societal transformation across the globe (Nyseth
and Hamdouch, 2019; Scott-Cato and Hillier, 2010). In this context
reference frameworks to transparently cover framework conditions are
required, such as that provided by the five capitals approach (Thaler and
Seebauer, 2019), Ostrom’s socio-ecological-systems (Ostrom, 2007), or
technological innovation systems (Bergek et al., 2008). Ultimately, this
shows how important it is to understand what conditions lead to path
dependency. whereas, whether an event is contingent remains
secondary.

3.4. Self-reinforcing mechanisms

In the FRM context, self-reinforcing mechanisms have been at the
heart of more detailed inquiries into path dependency. Wiering et al.
(2017) and Parsons et al. (2019) stated that the initial situation and
contingent events need to be considered in order to understand how
path dependency originates. However, neither concept can explain why
this path is sustained. In Table 1 we provide an overview of self-
reinforcing mechanisms with the intention of mapping the scope of
mechanisms that are potentially relevant for FRM. In the FRM realm,
self-reinforcing mechanisms are characteristic of the “classical” decision
to implement structural measures (such as dams) instead of other
innovative solutions, like nature-based solutions. The levee effect, too,
where the construction of protection infrastructure such as dams en-
courages an accumulation of assets in the new protected area is a typical
example of a self-reinforcing mechanism (Baldassarre et al., 2015; Col-
lenteur et al., 2015; White, 1945).

To some extent, mechanisms developed for technological innovation
can be translated into institutional contexts of path dependency. How-
ever, many institutional factors influencing path dependency are diffi-
cult to establish as clear mechanisms. So as not to neglect those
components that potentially enhance path dependency — most impor-
tantly political authority/power asymmetries, (exceptionally) dense
institutions, collective goods/action, (exceptional) complexity — we
consider these as distinct conditions to be explored, where mechanisms
might be deduced from empirical studies and serve to build theories in
the future.

Self-reinforcing mechanisms induce positive feedback and therefore
may apply to both negative or positive paths with less or more optimal
and efficient outcomes. In column three of Table 1, we provide examples
of both. We recognize that such a distinction is inevitably arbitrary,
comparable to the characteristic of sub-optimality, and that any such
distinction is context-specific and depends on the problem framing in
any specific case. However, a classification of negative and positive
paths can stimulate discussion about whether or not path dependency
can also be beneficial, for instance, if it aligns with desirable goals and
outcomes.

4. Integrating path dependency in an adaptation pathways
approach

Traditionally, the path dependency concept has been applied to
analyze past developments. APAs however, are most often forward-
looking. The effort itself (i.e. adopting an APA to consider alternative

Table 1
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Self-reinforcing mechanisms. Generic and FRM specific descriptions.

Self-reinforcing
mechanism

Generic specification
in the context of
technology and/or
policy

Operationalization for
flood risk management

Technology-based mechanisms

High up-front or fixed
costs and supply side
economies of scale (
Arthur, 1996)

Learning effects (quasi-
irreversibility of
investment as seen in
David 1985)

Adaptive expectations
(social expectation) (
Arthur, 1989)

Development/
installation of a
technology requires
high initial investments
(high sunk cost
investment risk), that
with increased
production pays off
with decreasing per
unit costs.

Learning effects may
occur both on the
supply and the demand
side, respectively. Here
learning effects refer to
learning by doing or by
using, which gradually
improves the quality of
a product (thus making
it more attractive to its
users). At the same
time users gain
experience in using a
certain technology,
which makes it
attractive to keep using
rather than switching
to an alternative. These
effects are also referred
to as single-loop
learning, which is
primarily focused on
improving the
efficiency of action
(Pahl-Wostl, 2009;
Pelling et al., 2008).

Adaptive expectations
refer to the assumption
that actors base future
decisions on recently
gained information or
recent past events. This

+ The longer structural
measures are in
operation the more
efficient they become
from a cost-benefit
perspective. As soon as
construction costs are
amortized, they provide
a net benefit until the
end of their lifetime.
Designing structural
measures for longevity
and easy maintenance/
upgrading yields more
benefits in the long run.
Many water authorities
maintain a standing
stock of construction
machinery and
workforce of qualified
craftspeople. Machinery
and workforce are
tailored to standard
structures, which makes
them cheaper than
innovative projects.

+ Governments have

acquired knowledge on

infrastructure projects

(i.e. engineering

solutions) and stick to

that knowledge.

Expertise, routine,

qualified craftspeople,

and established
construction designs
encourage the
replication of standard
structures. Hydrological
models or ecological
impact assessments have
been calibrated to
standard structures and
provide reliable
estimates.

Innovative strategies are

easily rejected, because

they cannot compete
with the level of
sophistication and
reliability featured by
standard structures.

Governments avoid

innovative strategies

because of the additional
learning effort attached
to resolving legal
restrictions,
administrative
responsibilities or public
acceptance. Instead,
they rely on readily
available, well-tested
options.

+ Standard structural
measures did succeed in
decreasing flood damage
over the past decades.

- Risk assessment is
extrapolating the status

(continued on next page)
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Table 1 (continued)

Table 1 (continued)
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Self-reinforcing Generic specification Operationalization for Self-reinforcing Generic specification Operationalization for
mechanism in the context of flood risk management mechanism in the context of flood risk management
technology and/or technology and/or
policy policy
means that if a quo: assuming that Interdependencies/ The more technologies + Standard technical

Network externalities/
effects (demand side
economies of scale) (
Arthur, 1990, 1989;
North, 1990)

Coordination effects (
Arthur, 1990, 1989;
North, 1990)

technology has
experienced recent
successes, actors tend
to believe that it will
continue to be
successful and stick
with it.

The more a technology
is used by others, the
more attractive it
becomes (e.g.
communication
technology, like the
telephone and social
media platforms)

The more widespread a
technology is, the more
attractive it is to
produce related
services and products,
infrastructure, and
even policies and
institutions.

hazard and exposure
will remain as they are;
making oversimplified
assumptions on climate
impacts or socio-
economic developments;
making insufficient
acknowledgment of un-
certainties in future risk
projections; preventing
the last flood event
(similar to “fighting the
last war™).

Experiences with
standard structures can
be transferred to other
locations, resulting in
these measures showing
less uncertainty about
the level of risk
reduction, maintenance
costs, etc.

Transfer by mirror
replication overlooks the
value of local context.
The levee effect
increases potential
damage; structural
measures already in
existence need to be
extended (marginal
costs).

Vulnerability of
waterfront residents is
increasing because
increased prosperity
leads to the upgrading of
protection measures.
Small municipal budgets
are overburdened by
maintenance costs (e.g.
dredging retention
basins) which leaves
little disposable budget
for alternative measures.
Role models: specific
types of action are
perpetuated as
neighboring
municipalities borrow
expertise, as well as
learn from and mimic
each other’s actions,
such as multi-functional
protection measures.
Emergence of
engineering
consultancies
specializing in technical
solutions, in response to
increasing demand.

A widespread regime of
standard structural
measures makes it hard
for innovative measures
to go beyond sporadic
pilot implementations as
technical planners,
construction companies
or regulatory bodies
have to adapt
established procedures.

complementarity (
David, 1985; North,
2018)

and their components
depend on each other,
the more embedded
they become and the
harder to change.

mitigation measures are
well-tested and well-
known in terms of effi-
ciency in risk reduction,
thus, their reciprocal
and complementary ef-
fects can be leveraged in
supra-regional, catch-
ment-wide planning.
Structural measures
often increase the
damage potential,
because of the
construction of new
buildings behind, for
example, a dam, which
leads to more structural
measures in the regions.
In upstream/
downstream
cooperation, the
measures that already
exist or are constructed
first, pre-determine
which other measures
are possible.

Institution-based mechanisms (Vahoney, 2000; Pierson, 2000a)

Political authority (actor
coalitions)

Institutional density

Groups of actors with
similar interests, who
are in possession of
power and resources,
enabling them to
maintain a path
suitable to their
interest.

Once a path is deeply
institutionally
embedded, it is difficult
to disentangle and
change that path.

+

Actor coalitions show a
high degree of
accordance and
agreement about FRM
strategy, which
facilitates and
streamlines the planning
and implementation
process.

Institutional capture:
grown relationships and
“revolving doors” job
changes between
administrative offices
aligns the views of
different actors and
encourages Narrow-
mindedness.
Institutional assignment
of functions, duties, and
budgets leads to
reproduction of the same
old problem solving
strategies, in particular,
if higher governance
levels provide budgets
and therefore set the
rules (e.g., which return
period serve as design
reference).

High stability in
planning and
management processes
increases the pace from
conception to
implementation.

A wide range of different
organizations involved
in the FRM hinders
radical change, as each
organization tends to
defend its duties, power
and standing.

(continued on next page)
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Table 1 (continued)

Self-reinforcing
mechanism

Generic specification
in the context of
technology and/or
policy

Operationalization for
flood risk management

Collective goods/action

If a path is related to a
collective good or
collective action,
processes are more
prone to path
dependency because it
requires detailed rules
on multi-actor
collaboration, which
take a long time to
negotiate and establish,
and are thus hard to
change.

+ Involvement of multiple

actors increases
democratic legitimacy
and representation of

social justice and leads

to enduring public
support.

- Umbrella organizations
(e.g., an inter-municipal

flood council) function

as token activities, de-

cisions are postponed in

task force roundtables.

- Diffusion of
responsibility between
multiple actors: single
actors are encouraged to
stay in the background
instead of stepping
forward as first movers.

+ Reinforcing more optimal and more efficient outcomes; — reinforcing less
optimal and less efficient outcomes.

pathways) implies prevention of potential path dependencies. However,
to date it has remained unclear as to what “path dependency” is and how
exactly it could be anticipated, established or overcome. Wise et al.
(2014) proposed looking at historic developments to avoid path de-
pendencies. Haasnoot et al. (2019) suggest factoring in the costs and
benefits when transferring to another path, thereby enabling endoge-
nous change by making the pros and cons of all alternatives at each
process stage transparent. According to our assessment, however, this
fails to realize the full potential of considering path dependency in an
APA. Having outlined and operationalized path dependency in the
previous sections, we now show step-by-step how different elements of
path dependency can be addressed throughout an APA.

We have adapted and expanded the process of developing and

Entry point I:
Define sub-optimality

/

10 Monitor
Entry point VII: &
Overcome lock-in, enabling s

change

9 Implement the plan

—

8 Specify a dynamic
adaptive plan

N

7 Determine contingecy
actions and triggers

Entry point VI:
Anticipate path dependency

1 Frame the problem
and objectives.

Multi-stakeholder process(es)

6 Select preferred
pathway(s)
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monitoring adaptation pathways from Haasnoot et al. (2013) to incor-
porate the multiple stakeholder dimension as well as the potential for
transformation, as shown in Fig. 1. We rearranged the steps in an APA to
also fit stakeholder-oriented and transformation-oriented approaches.
This means that step 1 of such a process would consist of framing
problems and objectives. Step 2 would then be a description and analysis
of the current situation with particular focus on the institutional context.
In contrast to the original figure by Haasnoot et al. (2013), we do not
emphasize the specific method of transient scenarios to explicitly open
up space for a wide variety of qualitative and quantitative methods as
suggested in different APAs that can be used at steps 2-5 to develop
actions and pathways. Fig. 1 also highlights the importance of a
backward-looking perspective spanning steps 1 and 2 (e.g. Wise et al.,
2014; Parsons et al., 2019). In particular, account needs to be taken of
historic development in order to understand how the current problem
evolved from the root causes of vulnerabilities and socio-economic and
demographic developments in the region. These pieces of information
provide the starting point for re-orienting to a more optimal and more
efficient adaptation pathway trajectory. Transformational change to
overcome lock-in may be achieved at two different phases of the APA
cycle: In steps 3-5, by introducing new and innovative actions as
constitutive elements of pathways; or in steps 9 and 10, by monitoring,
evaluating and if necessary revising pathways after strategic plans meet
the real world.

Fig. 1 shows this ten-step design process for adaptation pathways,
and seven distinct entry points for path dependency considerations at
different steps, which we defined based on the operationalization in
Section 3. We describe each entry point in the following. Table 2 pre-
sents examples of how to operationalize these entry points and hence of
the concept of path dependency for APA in the context of FRM. Entry
points II-IV refer to self-reinforcement, contingent events and initial
situation as the conditions of path dependency (see Section 2.2) and
therefore indicate starting points for understanding and, by means of
dedicated measures, unlocking path dependency. Refinement, specifi-
cation, and testing however remains subject to further empirical studies.

Entry point I “define sub-optimality”: step 1 in an APA, as defined
here, refers to problem framing, and should entail reaching a definition
of what optimal or sub-optimal means in a respective case. As noted

C
0,
7.
‘7@,,;7@»
2
%

Entry point II:

sty Analyze initial situation

-\ S

2 Describe and
analyze current
situation and

institutional context.

Entry point Illa:
Consider institutional self-
reinforcing mechanisms at

play

\ Entry point IVa:
3 Identify actions Anticipate contingent events

Entry point Va:
Consider spectrum of

4a Assess efficacy, alternatives |
sell-by date of
actions

4b Reassess
vulnerabilities
& opportunities

\ 1
5 Develop adaptation
pathways and map

~

Fig. 1. Seven entry points for explicitly considering path dependency when designing adaptation pathways. The design process is adapted from Haasnoot et al. (2013)
and complemented to consider that adaptation pathways ideally include a historical or backward looking perspective (grey arc), are often designed in multi-
stakeholder processes (center circle), and that they might aim to achieve transformational change (grey bubbles). In practice, an APA process might emphasize

different steps and might also not encompass all steps shown in this figure.
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Table 2

Entry points. Examples for operationalization for FRM.

Entry points

Operationalization for
flood risk management

Examples for
implementation

1. Define sub-
optimality

2. Analyze initial
situation

3. Consider self-
reinforcing
mechanisms at
play

4. Anticipate
contingent
events

Assess the “optimal” risk
reduction target based on the
as low as reasonably
practicable principle. The
definition of the optimal
level should be based on cost-
benefit assessment as well as
stakeholder interests and
needs. With the increasing
systemic complexity of
decision and planning
situations, optimality may
have to be reconsidered in
favor of necessary
redundancies, low-regret
options, and sufficiency (
UNDRR 2019)

Define and describe the
initial situation for a path
dependent development in
terms of the baseline
assessment for developing
adaptation pathways, taking
the already existing FRM
strategy in the selected area
as starting point.

(a) Institution-based
mechanisms:

Assess the current
institutional framework
and modes of
governance in FRM.
Policy entrepreneurs
play an important role in
recognizing leverage
points and loopholes in
current funding and
legislation.

(b) Technology-based
mechanisms:

Assess the
implementation of
various risk reduction
strategies; including the
assessment of residual
risk for the selected area.
Take into account
structural and, possibly
less apparent, non-
structural measures.

Define the contingent events
that might kick-off a path
dependent development;

(a) Consider historical
socioeconomic and land
use development with
the aim of assessing the
risk level for the selected
area (including
assessment of process
magnitude and
frequency, social and
physical vulnerability as
well as exposure).

(b) Consider adaptation
tipping points when a
chosen path fails to meet
its objective. The

Infer (implicit) protection
goals from strategies and
planning documents (e.
g., residual risk tolerated
in previous decisions,
return periods stated in
risk maps)

Identify input/output
variables in cost-benefit
assessment or other
decision-support tools
Specify policy targets in
visioning workshops

Compile a historical
timeline of flood events
and measures from policy
documents, newspapers
and event databases
Map institutions and
stakeholders and their
respective interrelations
Identify hard caps of the
decision space (e.g.
available land and
budget, prior customary
rights)

Conduct semi-structured
expert interviews with
political and administra-
tive representatives at the
regional and local level
Validate interviewee
responses from multiple
stakeholder perspectives,
interview active as well
as retired officials

Map administrative
procedures in planning,
financing and approval of
measures

Map the formal and
informal distribution of
responsibility between
institutions

Check the reference
measures to which
hydrological models are
calibrated

Check registries of
existing measures and
maintenance activities
Reconstruct historical
socio-economic and land
use development and
project these de-
velopments to regional
scenarios

Assess exposure and
physical/social
vulnerability of non-/
residential properties and
people

Determine sell-by-dates
of existing measures
Define an additional layer
of decision points which
cater to possible
contingent events

Table 2 (continued)
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Entry points

Operationalization for
flood risk management

Examples for
implementation

5. Consider
spectrum of
alternatives

6. Anticipate path
dependency

7. Overcome lock-
in, enable
change

assessment foresees the
assessment of the usual
actions in FRM.

(c) Define the
contingency planning
after identifying options
and preferred pathways.
The assessment includes
possible changes in the
regions, including
possible impacts of a
warmer climate,
demographic and land
use changes.

Assess alternative pathways
for risk reduction measures
and their possible effects,
including future
developments, such as
climate change, land use
change, or demographic
change.

(c

-

Develop and jointly
implement strategic and
innovative bottom-up risk
reduction concepts, such as
natural flood management
on privately owned-land,
multi-functional risk
reduction measures etc. to
improve the capacity to
anticipate and overcome
path dependencies.
Monitor effort and the
potential need for
implementing contingency
actions. This step actively
creates opportunities for
internal change, which is
important for overcoming
lock-in situations and thus a
key element in terms of
avoiding path dependencies.

Compare non-/structural
measures by efficacy,
costs, sell-by date and
flexibility to be adapted
to changing conditions
Conduct qualitative or
quantitative expert
elicitation to assess side-
effects, informal aspects
and barriers to imple-
mentation of specific
measures

Analyse reciprocal or
complementary effects of
combinations or
sequences of measures
Conduct a
transdisciplinary and
multi-stakeholder co-pro-
duction process using
participatory modeling
and scenario exercises
Develop actor coalitions
and promote new policy
entrepreneurs

Conduct semi-structured
expert interviews to track
internal change

Establish discussion
formats and workspaces
which transcend origin
institutions and
hierarchies

above, sub-optimality does not necessarily equal non-efficiency, but it
needs to be defined for each individual planning problem. Here it is also
important to explore the actual decision to apply an APA and the im-
plications of that decision for the design of the remainder of the process
(see also Werners et al., 2021).

Entry point II “analyzing initial situation” coincides with the analysis
of the current situation and institutional context (Step 2), and is crucial
for the identification of looming path dependencies such as in Adamson
et al. (2018) and Parsons et al. (2019). Neither APA nor the path de-
pendency concept provide guidance on which dimensions of the current
or initial situation should be analyzed specifically, for example, with
respect to institutional frameworks, existing FRM strategy or legal re-
strictions which set the boundaries for previous and future pathways.
Using existing frameworks such as Ostrom’s social-ecological-systems,
the five capitals approach, or technological innovation systems can be
useful for a structured analysis.

Entry point III “consider self-reinforcing mechanisms™: step 2 in the
APA allows the self-reinforcing institutional mechanisms at play to be
understood, as they may need to be addressed (entry point IIla). This
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will be particularly successful if these mechanisms are traced in histor-
ical decisions. In step 4 of the APA, technology-related self-reinforcing
mechanisms can be considered (entry point IIIb). Analyzing self-
reinforcing mechanisms in an APA probably requires the most addi-
tional effort. It is not, however, less relevant, as unidentified self-
reinforcing mechanisms operating in the background may undermine
or even derail alternative pathways and may incur additional transfer
costs when it becomes necessary to switch to an alternative pathway.
The descriptions in Table 1 offer several aspects to look for when
considering which mechanisms might be at play. Overall, search for
institution-based mechanisms should look for the density of institutions
necessary for effectively implementing a path, coalitions which sustain a
certain path, and whether collective action is required to implement and
maintain a certain path. Search for technology-based mechanisms
should elicit how the upfront, maintenance and decommissioning costs
of single measures result from cross-measure effects such as learning,
coordination or interdependency/complementarity.

Entry point IV “anticipate contingent events” can be carried out as
early as in step 2 of an APA (entry point IVa in Fig. 1), at steps 4a/b
(entry point IVb), and again during step 7 (entry point IVc). Looking at
the historical development in e.g. social stratification or land use reveals
previous contingent events. At steps 4a/b the analysis of adaptation
tipping points indicates under which conditions a chosen path fails to
meet its objective (Haasnoot et al., 2012). A contingent event such as the
end of the projected lifetime of a measure is easy to anticipate. However,
other contingent events may be not as easy to anticipate and thus much
more difficult to visualize in an adaptation pathway map. Multi-
stakeholder scenario exercises may sensitize decision makers and
compile a more comprehensive set of contingencies early on (Haasnoot
et al., 2012). Ultimately, by definition, it is not possible to exhaustively
anticipate contingent events. However, during step 7 contingency
planning can be revisited after having identified options and preferred
pathways. At this step, foresight should focus on contingent events that
lie outside of the existing institutional design and policy frameworks.

Entry point V “consider the spectrum of alternatives™: in step 3 of an
APA adaptation actions are identified; in step 6 preferred pathways as
combinations of actions are selected. Both steps should connect to the
framing of problem and objectives undertaken in step 1. Taking into
account a broader set of alternatives, which even transcend current
institutional boundaries, avoids falling back to well-known quick fixes.
Actively considering and visualizing the full spectrum of alternatives is
in itself an activity that potentially avoids path dependencies.

Entry point VI “anticipate path dependency” taps into multi-
stakeholder involvement, co-production and transdisciplinary
research; this process has been completely absent from early work on
path dependency. As indicated in Fig. 1, stakeholder involvement can
happen throughout the entire process, or more focused at individual
steps. There is no clear prescription for APA on how to involve stake-
holders, but involving a diverse scope of key actors may facilitate
identifying and addressing institution-based self-reinforcing
mechanisms.

The final entry point VII “overcome lock-in/enable change” directs
attention to the implementation stage. Ultimately, this is where the
overcoming of lock-in and the enabling of change manifests within the
current FRM strategy in a specific geographical context. This crucial
entry point builds on and integrates the decisions taken at earlier steps in
the APA. Leveraging this entry point would require overcoming incre-
mental single-loop learning, which is often prevalent in national FRM
strategies, by fostering social and societal learning that leads to double-
and triple-loop learning that challenge underlying mental models and
question deeply held underlying principles, respectively (Pahl-Wostl,
2009; Pelling et al., 2008) Again, this transformation would ideally
happen through a multi-stakeholder co-creation approach. The current
state of research and practice hardly documents monitoring and evalu-
ation of accomplished and implemented APAs (Werners et al., 2021).
However, collating experiences to revise objectives, thereby returning to
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the APA step 1, seems critical for achieving transformational, enduring
change.

5. Discussion and conclusions

How future flood risk will develop is highly uncertain due to the
complex interaction of climatic drivers — both natural variability and
anthropogenic climate change - and the socioeconomic processes
related to the exposure and vulnerability of populations. Any current
decisions with respect to future flooding have to account for this un-
certainty, and thereby enable future decision-making that is flexible
enough to accommodate changing circumstances. However, past de-
cisions may also limit or enable FRM decisions. We argue that, to
improve the basis of information for future FRM decision-making, it is
important to evaluate contingent events in the past and the subsequent
self-reinforcing mechanisms leading to sub-optimal or inefficient out-
comes. In this paper, we provide a baseline for assessing whether or not
path dependency is at work in specific FRM contexts through the anal-
ysis of characteristics and conditions of path dependency. More specif-
ically, we link two strands of literature, APAs and the path dependency
concept. Until now, these have been linked superficially at best, leaving
a great deal of untapped potential for comprehensively assessing path
dependencies for FRM and other planning practices.

We find that APAs serve well to operationalize and encourage the
understanding of path dependency in the context of FRM. In turn, the
linking exercise presented here helps to improve the analytical value of
APAs with respect to the anticipation of path dependencies. Our analysis
suggests that the design and analytical process of APAs is well suited for
easily incorporating all the characteristics and conditions of path de-
pendency. This means that, with a minor additional effort, a compre-
hensive analysis of path dependencies can be achieved to enrich and
improve the process of developing adaptation pathways. The oper-
ationalization of self-reinforcing mechanisms is particularly useful, as
these may perpetuate potentially sub-optimal paths or maintain pro-
ductive ones.

Path dependency is only one concept that contributes to giving APAs
a better grounding in interdisciplinary theory. While it provides a useful
entry point for critically discussing and expanding such approaches,
complementary theoretical concepts would help unravel further com-
plexities faced when analysing adaptation pathways. The backward-
looking analysis of adaptation pathways allows us to understand why
lock-in situations occured in the past. Understanding these long-term
developments of decision-making arenas, where local adaptation pol-
icy evolves, expands our knowledge of decision-making processes in
FRM, but likely also in other planning domains. Additional historical
methods could be useful for expanding existing approaches (e.g.
Adamson et al., 2018). The combination of past and future perspectives
allows us to grasp how earlier decisions enabled or constrained later
decisions and how they promote innovations in FRM. Moreover, adap-
tation pathways do not usually operate as independent trajectories but
are linked to other policy trajectories, which might create parallel and
interacting pathways. Path dependency as part of a dynamic systems
approach provides interesting opportunities to improve, expand, and
better operationalize the path dependency concept, particularly in the
context of increasingly systemic and complex planning issues (e.g.
Tellmann et al. (2018)). It is in these situations that aspects of path
dependency need to be reconsidered. For example, optimality might
have to be given up in favor of ideas of redundancy, low regrets, and
sufficiency when planning for resilient adaptation pathways (UNDRR,
2019).

Building on the insights gained from exploring path dependencies in
the FRM context, we suggest to apply this path dependency lens also in
other research and practice applications of adaptation pathways, such as
water scarcity/drought risk management, forest disturbance or land-
slides management. We expect that also within these fields the assess-
ment of path dependencies and adaptation pathways are crucial to find
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adequate responses to future global environmental changes.
CRediT authorship contribution statement

Susanne Hanger-Kopp: Conceptualization, Investigation, Writing —
original draft, Writing - review & editing. Thomas Thaler: Writing -
review & editing. Sebastian Seebauer: Writing - review & editing.
Thomas Schinko: Writing - review & editing. Christoph Clar:
Conceptualization, Investigation, Writing — original draft, Writing - re-
view & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This paper was realized within the project pathways - Strategic
decision-making in climate risk management: designing local adaptation
pathways, funded by the Austrian Climate and Energy Fund and was
carried out within the Austrian Climate Research Program, grant num-
ber B960201.

References

Abdelnour, S., Hasselbladh, H., Kallinikos, J., 2017. Agency and institutions in
organization studie. Organ. Stud. 38 (12), 1775-1792. https://doi.org/10.1177/
0170840617708007.

Adamson, G.C.D., Hannaford, M.J., Rohland, E.J., 2018. Re-thinking the present: The
role of a historical focus in climate change adaptation research. Glob. Environ.
Change 48, 195-205. https://doi.org/10.1016/j.gloenvcha.2017.12.003.

Albright, E.A., 2011. Policy change and learning in response to extreme flood events in
Hungary: an advocacy coalition approach. Policy Stud. J. 39, 485-511. https://doi.
org/10.1111/j.1541-0072.2011.00418.x.

Alexander, M., Priest, S., Mees, H., 2016. A framework for evaluating flood risk
governance. Environ. Sci. Policy 64, 38-47. https://doi.org/10.1016/j.
envsci.2016.06.004.

Arthur, W.B., 1996. Increasing returns and the two worlds of business. Harv. Bus Rev.

Arthur, W.B., 1990. Positive feedbacks in the economy. Sci. Am. 262 (2), 92-99. https://
doi.org/10.1038/scientificamerican0290-92.

Arthur, W.B., 1989. Competing technologies, increasing returns, and lock-In by historical
events. Econ. J. 99 (394), 116. https://doi.org/10.2307/2234208.

Arthur, W.B., Ermoliev, YuM., Kaniovski, YuM., 1986. Strong laws for a class of path-
dependent stochastic processes with applications. In: Arkin, V.L., Shiraev, A.,

Wets, R. (Eds.), Stochastic Optimization, Lecture Notes in Control and Information
Sciences. Springer-Verlag, Berlin/Heidelberg, pp. 287-300. https://doi.org/
10.1007/BFb0007105.

Baldassarre, G.D., Viglione, A., Carr, G., Kuil, L., Yan, K., Brandimarte, L., Bloschl, G.,
2015. Debates—perspectives on socio-hydrology: Capturing feedbacks between
physical and social processes. Water Resour. Res. 51 (6), 4770-4781. https://doi.
org/10.1002/2014WR016416.

Barnett, J., Evans, L.S., Gross, C., Kiem, A.S., Kingsford, R.T., Palutikof, J.P., Pickering, C.
M., Smithers, S.G., 2015. From barriers to limits to climate change adaptation: path
dependency and the speed of change. Ecol. Soc. 20, art5. https://doi.org/10.5751/
ES-07698-200305.

Barnett, J., Graham, S., Mortreux, C., Fincher, R., Waters, E., Hurlimann, A., 2014.

A local coastal adaptation pathway. Nat. Clim. Change 4 (12), 1103-1108. https://
doi.org/10.1038/nclimate2383.

Battilana, J., Leca, B., Boxenbaum, E., 2009. How actors change institutions: Towards a
theory of institutional entrepreneurship. Acad. Manag. Ann. 3, 65-107. https://doi.
org/10.5465/19416520903053598.

Baum, J.A.C., Silverman, B.S., 2013. Path dependence and creation. Psychology Press,
New York.

Bergek, A., Jacobsson, S., Carlsson, B.o., Lindmark, S., Rickne, A., 2008. Analyzing the
functional dynamics of technological innovation systems: a scheme of analysis. Res.
Policy 37 (3), 407-429. https://doi.org/10.1016/j.respol.2007.12.003.

Beyer, J., 2009. The same or not the same — on the variety of mechanisms of path
dependence. World Acad. Sci. Eng. Technol. 39, 971-981.

Bhave, A.G., Conway, D., Dessai, S., Stainforth, D.A., 2018. Water resource planning
under future climate and socioeconomic uncertainty in the Cauvery river basin in
Karnataka, India. Water Resour. Res. 54 (2), 708-728. https://doi.org/10.1002/
2017WR020970.

Birkmann, J., Garschagen, M., Kraas, F., Quang, N., 2010. Adaptive urban governance:
new challenges for the second generation of urban adaptation strategies to climate
change. Sustainability Sci. 5 (2), 185-206. https://doi.org/10.1007/s11625-010-
0111-3.

10

Global Environmental Change 72 (2022) 102425

Bloemen, P., Reeder, T., Zevenbergen, C., Rijke, J., Kingsborough, A., 2018. Lessons
learned from applying adaptation pathways in flood risk management and
challenges for the further development of this approach. Mitig. Adapt. Strateg. Glob.
Change 23 (7), 1083-1108. https://doi.org/10.1007/s11027-017-9773-9.

Bosomworth, K., Gaillard, E., 2019. Engaging with uncertainty and ambiguity through
participatory ‘Adaptive Pathways’ approaches: scoping the literature, 093007
Environ. Res. Lett. 14 (9). https://doi.org/10.1088/1748-9326/ab3095.

Brown, J.D., Damery, S.L., 2002. Managing flood risk in the UK: towards an integration
of social and technical perspectives. Trans. Inst. Br. Geogr. 27 (4), 412-426. https://
doi.org/10.1111/1475-5661.00063.

Burnham, M., Ma, Z., Endter-Wada, J., Bardsley, T., 2016. Water management decision
making in the face of multiple forms of uncertainty and risk. J. Am. Water Resour.
Assoc. 52 (6), 1366-1384. https://doi.org/10.1111/1752-1688.12459.

Butler, J.R.A., Bohensky, E.L., Darbas, T., Kirono, D.G.C., Wise, R.M., Sutaryono, Y.,
2016. Building capacity for adaptation pathways in eastern Indonesian islands:
synthesis and lessons learned. Clim. Risk Manag. 12, A1-A10. https://doi.org/
10.1016/j.crm.2016.05.002.

Clar, C., Loschner, L., Nordbeck, R., Fischer, T., Thaler, T., 2021. Population dynamics
and natural hazard risk management: conceptual and practical linkages for the case
of Austrian policy making. Nat. Hazards 105 (2), 1765-1796. https://doi.org/
10.1007/511069-020-04376-z.

Collenteur, R.A., de Moel, H., Jongman, B., Di Baldassarre, G., 2015. The failed-levee
effect: do societies learn from flood disasters? Nat Hazards 76 (1), 373-388. https://
doi.org/10.1007/s11069-014-1496-6.

Colloff, M.J., Martin-Lépez, B., Lavorel, S., Locatelli, B., Gorddard, R., Longaretti, P.-Y.,
Walters, G., van Kerkhoff, L., Wyborn, C., Coreau, A., Wise, R.M., Dunlop, M.,
Degeorges, P., Grantham, H., Overton, I.C., Williams, R.D., Doherty, M.D., Capon, T.,
Sanderson, T., Murphy, H.T., 2017. An integrative research framework for enabling
transformative adaptation. Environ. Sci. Policy 68, 87-96. https://doi.org/10.1016/
j.envsci.2016.11.007.

David, P.A., 1985. Clio and the economics of QWERTY. Am. Econ. Rev. 75, 332-337.

Dimaggio, P., 1988. Interest and agency in institutional theory. Res. Inst. Patterns
Environ. Cult.

Escobar, M.P., Demeritt, D., 2014. Flooding and the framing of risk in British
broadsheets, 1985-2010. Public Underst. Sci. Bristol Engl. 23 (4), 454-471. https://
doi.org/10.1177/0963662512457613.

Fazey, L., Wise, R.M., Lyon, C., Campeanu, C., Moug, P., Davies, T.E., 2016. Past and
future adaptation pathways. Clim. Dev. 8 (1), 26-44. https://doi.org/10.1080/
17565529.2014.989192.

Fischer P., A., 2018. Pathways of adaptation to external stressors in coastal natural-
resource-dependent communities: Implications for climate change. World
Development 108, 235-248.

Friedman, E., Breitzer, R., Solecki, W., 2019. Communicating extreme event policy
windows: Discourses on Hurricane Sandy and policy change in Boston and New York
City. Environ. Sci. Policy 100, 55-65. https://doi.org/10.1016/j.
envsci.2019.06.006.

Fuchs, R., Brown, C., Rounsevell, M., 2020. Europe’s Green Deal offshores environmental
damage to other nations. Nature 586 (7831), 671-673. https://doi.org/10.1038/
d41586-020-02991-1.

Gandal, N., Greenstein, S., Salant, D., 1999. Adoptions and orphans in the early
microcomputer market. J. Ind. Econ. 47, 87-105.

Haasnoot, M., Kwakkel, J.H., Walker, W.E., ter Maat, J., 2013. Dynamic adaptive policy
pathways: a method for crafting robust decisions for a deeply uncertain world. Glob.
Environ. Change 23 (2), 485-498. https://doi.org/10.1016/j.
gloenvcha.2012.12.006.

Haasnoot, M., van Aalst, M., Rozenberg, J., Dominique, K., Matthews, J., Bouwer, L.M.,
Kind, J., Poff, N.L., 2019. Investments under non-stationarity: economic evaluation
of adaptation pathways. Clim. Change 161 (3), 451-463. https://doi.org/10.1007/
510584-019-02409-6.

Haasnoot, M., Van Deursen, W.P.A., Middelkoop, H., Van Beek, E., Wijermans, N., 2012.
An Integrated Assessment MetaModel for developing adaptation pathways for
sustainable water management in the lower Rhine Delta. In: Presented at the iEMSs
2012 - Managing Resources of a Limited Planet: Proceedings of the 6th Biennial
Meeting of the International Environmental Modelling and Software Society,
pp. 1743-1751.

Hartmann, T., 2011. Contesting land policies for space for rivers — rational, viable, and
clumsy floodplain management. J. Flood Risk Manag. 4, 165-175. https://doi.org/
10.1111/j.1753-318X.2011.01101.x.

Hiibl, J., Kraus, D., 2004. Wirtschaftlichkeit und Priorisierung von Schutzmafnahmen
vor Wildbachen, Lawinen und Erosion (IAN Report No. 94). University of National
Resources and Life Science, Vienna.

Hutter, G., 2016. Collaborative governance and rare floods in urban regions — Dealing
with uncertainty and surprise. Environ Sci. Policy, Participatory and Collaborative
Governance for Sustainable Flood Risk Management: An emerging research agenda
55, 302-308. https://doi.org/10.1016/j.envsci.2015.07.028.

Johnson, C.L., Priest, S.J., 2008. Flood risk management in England: a changing
landscape of risk responsibility? Int. J. Water Resour. Dev. 24 (4), 513-525. https://
doi.org/10.1080/07900620801923146.

Kaufmann, M., 2018. Limits to change - institutional dynamics of Dutch flood risk
governance: dynamics in Dutch flood risk governance. J. Flood Risk Manag. 11 (3),
250-260. https://doi.org/10.1111/jfr3.12307.

Kingdon, J.W., 2010. Agendas, Alternatives, and Public Policies. Update edition, with an
Epilogue on Health Care, second ed. Longman.

Kingdon, J.W., 1984. Agendas, Alternatives and Public Policies. Little Brown and
Company, Boston.


https://doi.org/10.1177/0170840617708007
https://doi.org/10.1177/0170840617708007
https://doi.org/10.1016/j.gloenvcha.2017.12.003
https://doi.org/10.1111/j.1541-0072.2011.00418.x
https://doi.org/10.1111/j.1541-0072.2011.00418.x
https://doi.org/10.1016/j.envsci.2016.06.004
https://doi.org/10.1016/j.envsci.2016.06.004
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0025
https://doi.org/10.1038/scientificamerican0290-92
https://doi.org/10.1038/scientificamerican0290-92
https://doi.org/10.2307/2234208
https://doi.org/10.1007/BFb0007105
https://doi.org/10.1007/BFb0007105
https://doi.org/10.1002/2014WR016416
https://doi.org/10.1002/2014WR016416
https://doi.org/10.5751/ES-07698-200305
https://doi.org/10.5751/ES-07698-200305
https://doi.org/10.1038/nclimate2383
https://doi.org/10.1038/nclimate2383
https://doi.org/10.5465/19416520903053598
https://doi.org/10.5465/19416520903053598
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0065
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0065
https://doi.org/10.1016/j.respol.2007.12.003
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0075
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0075
https://doi.org/10.1002/2017WR020970
https://doi.org/10.1002/2017WR020970
https://doi.org/10.1007/s11625-010-0111-3
https://doi.org/10.1007/s11625-010-0111-3
https://doi.org/10.1007/s11027-017-9773-9
https://doi.org/10.1088/1748-9326/ab3095
https://doi.org/10.1111/1475-5661.00063
https://doi.org/10.1111/1475-5661.00063
https://doi.org/10.1111/1752-1688.12459
https://doi.org/10.1016/j.crm.2016.05.002
https://doi.org/10.1016/j.crm.2016.05.002
https://doi.org/10.1007/s11069-020-04376-z
https://doi.org/10.1007/s11069-020-04376-z
https://doi.org/10.1007/s11069-014-1496-6
https://doi.org/10.1007/s11069-014-1496-6
https://doi.org/10.1016/j.envsci.2016.11.007
https://doi.org/10.1016/j.envsci.2016.11.007
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0130
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0135
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0135
https://doi.org/10.1177/0963662512457613
https://doi.org/10.1177/0963662512457613
https://doi.org/10.1080/17565529.2014.989192
https://doi.org/10.1080/17565529.2014.989192
http://refhub.elsevier.com/S0959-3780(21)00204-1/optZ1BTKjaPah
http://refhub.elsevier.com/S0959-3780(21)00204-1/optZ1BTKjaPah
http://refhub.elsevier.com/S0959-3780(21)00204-1/optZ1BTKjaPah
https://doi.org/10.1016/j.envsci.2019.06.006
https://doi.org/10.1016/j.envsci.2019.06.006
https://doi.org/10.1038/d41586-020-02991-1
https://doi.org/10.1038/d41586-020-02991-1
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0160
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0160
https://doi.org/10.1016/j.gloenvcha.2012.12.006
https://doi.org/10.1016/j.gloenvcha.2012.12.006
https://doi.org/10.1007/s10584-019-02409-6
https://doi.org/10.1007/s10584-019-02409-6
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0175
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0175
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0175
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0175
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0175
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0175
https://doi.org/10.1111/j.1753-318X.2011.01101.x
https://doi.org/10.1111/j.1753-318X.2011.01101.x
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0185
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0185
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0185
https://doi.org/10.1016/j.envsci.2015.07.028
https://doi.org/10.1080/07900620801923146
https://doi.org/10.1080/07900620801923146
https://doi.org/10.1111/jfr3.12307
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0205
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0205
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0210
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0210

S. Hanger-Kopp et al.

Klijn, F., de Bruin, D., de Hoog, M.C., Jansen, S., Sijmons, D.F., 2013. Design quality of
room-for-the-river measures in the Netherlands: role and assessment of the quality
team (Q-team). Int. J. River Basin Manag. 11 (3), 287-299. https://doi.org/
10.1080/15715124.2013.811418.

Klijn, F., Samuels, P., Van Os, A.d., 2008. Towards flood risk management in the EU:
state of affairs with examples from various European countries. Int. J. River Basin
Manag. 6 (4), 307-321. https://doi.org/10.1080/15715124.2008.9635358.

Kuhlicke, C., Seebauer, S., Hudson, P., Begg, C., Bubeck, P., Dittmer, C., Grothmann, T.,
Heidenreich, A., Kreibich, H., Lorenz, D.F., Masson, T., Reiter, J., Thaler, T.,
Thieken, A.H., Bamberg, S., 2020. The behavioral turn in flood risk management, its
assumptions and potential implications. WIREs Water 7 (3). https://doi.org/
10.1002/wat2.v7.310.1002/wat2.1418.

Kuhlicke, C., Steinfiihrer, A., Begg, C., Bianchizza, C., Briindl, M., Buchecker, M., De
Marchi, B., Di Masso Tarditti, M., Hoppner, C., Komac, B., Lemkow, L., Luther, J.,
McCarthy, S., Pellizzoni, L., Renn, O., Scolobig, A., Supramaniam, M., Tapsell, S.,
Wachinger, G., Walker, G., Whittle, R., Zorn, M., Faulkner, H., 2011. Perspectives on
social capacity building for natural hazards: outlining an emerging field of research
and practice in Europe. Environ. Sci. Policy 14 (7), 804-814. https://doi.org/
10.1016/j.envsci.2011.05.001.

Lawrence, T., Suddaby, R., Leca, B., 2011. Institutional work: refocusing institutional
studies of organization. J. Manag. Inq. 20 (1), 52-58. https://doi.org/10.1177/
1056492610387222.

Liebowitz, S.J., Margolis, S.E., 1995. Path dependence, lock-in, and history. J Law Econ
Organ 11, 205-226.

Mahoney, J., 2000. Path dependence in historical sociology. Theory Soc. 29, 507-548.

Matthews, T., Lo, A.Y., Byrne, J.A., 2015. Reconceptualizing green infrastructure for
climate change adaptation: Barriers to adoption and drivers for uptake by spatial
planners. Landsc. Urban Plan. 138, 155-163. https://doi.org/10.1016/j.
landurbplan.2015.02.010.

McMichael, C., Katonivualiku, M., Powell, T., 2019. Planned relocation and everyday
agency in low-lying coastal villages in Fiji. Geogr. J. 185 (3), 325-337. https://doi.
org/10.1111/ge0j.12312.

Mika, K., Kelman, I., 2020. Shealing: post-disaster slow healing and later recovery. Area
52 (3), 646-653. https://doi.org/10.1111/area.12605.

Moser, S.C., Ekstrom, J.A., 2010. A framework to diagnose barriers to climate change
adaptation. Proc. Natl. Acad. Sci. U. S. A. 107 (51), 22026-22031. https://doi.org/
10.1073/pnas.1007887107.

Nair, S., Howlett, M., 2016. From robustness to resilience: avoiding policy traps in the
long term. Sustainability Sci. 11 (6), 909-917. https://doi.org/10.1007/511625-
016-0387-z.

Nordbeck, R., Steurer, R., Loschner, L., 2019. The future orientation of Austria’s flood
policies: from flood control to anticipatory flood risk management. J. Environ. Plan.
Manag. 62 (11), 1864-1885. https://doi.org/10.1080/09640568.2018.1515731.

North, D.C., 1990. In: Institutions, Institutional Change and Economic Performance,
Political Economy of Institutions and Decisions. Cambridge University Press,
Cambridge. https://doi.org/10.1017/CB0O9780511808678.

North C., Douglass, 2018. Institutional Change: A Framework of Analysis. In:
Braybrooke, David (Ed.), Social Rules. Routledge.

Nye, M., Tapsell, S., Twigger-Ross, C., 2011. New social directions in UK flood risk
management: moving towards flood risk citizenship? J. Flood Risk Manag. 4 (4),
288-297. https://doi.org/10.1111/§.1753-318X.2011.01114.x.

Nyseth, T., Hamdouch, A., 2019. The transformative power of social innovation in urban
planning and local development. Urban Plan. 4 (1), 1-6.

Ostrom, E., 2007. A diagnostic approach for going beyond panaceas. Proc. Natl. Acad.
Sci. 104 (39), 15181-15187. https://doi.org/10.1073/pnas.0702288104.

Pahl-Wostl, Claudia, 2009. A conceptual framework for analysing adaptive capacity and
multi-level learning processes in resource governance regimes. Global
Environmental Change 19 (3), 354-365.

Parsons, M., Nalau, J., Fisher, K., Brown, C., 2019. Disrupting path dependency: Making
room for Indigenous knowledge in river management. Glob. Environ. Change 56,
95-113. https://doi.org/10.1016/j.gloenvcha.2019.03.008.

Pauw, P., Pegels, A., 2013. Private sector engagement in climate change adaptation in
least developed countries: an exploration. Clim. Dev. 5 (4), 257-267. https://doi.
org/10.1080/17565529.2013.826130.

Penning-Rowsell, E., Johnson, C., Tunstall, S., 2006. ‘Signals’ from pre-crisis discourse:
Lessons from UK flooding for global environmental policy change? Glob. Environ.
Change 16 (4), 323-339. https://doi.org/10.1016/j.gloenvcha.2006.01.006.

Pelling, Mark, High, Chris, Dearing, John, Smith, Denis, et al., 2008. Shadow Spaces for
Social Learning: A Relational Understanding of Adaptive Capacity to Climate Change
within Organisations. Environment and Planning A: Economy and Space.

Penning-Rowsell, E.C., Johnson, C., 2015. The ebb and flow of power: British flood risk
management and the politics of scale. Geoforum 62, 131-142. https://doi.org/
10.1016/j.geoforum.2015.03.019.

Pierson, P., 2000a. Increasing returns, path dependence, and the study of politics. Am.
Polit. Sci. Rev. 94 (2), 251-267. https://doi.org/10.2307/2586011.

Pierson, P., 2000b. Not just what, but when: timing and sequence in political processes.
Stud. Am. Polit. Dev. 14, 72-92. https://doi.org/10.1017/50898588X00003011.

Ranger, N., Reeder, T., Lowe, J., 2013. Addressing ‘deep’ uncertainty over long-term
climate in major infrastructure projects: four innovations of the Thames Estuary
2100 Project. EURO J. Decis. Process. 1 (3-4), 233-262. https://doi.org/10.1007/
s40070-013-0014-5.

Rauter, M., Kaufmann, M., Thaler, T., Fuchs, S., 2020. Flood risk management in Austria:
Analysing the shift in responsibility-sharing between public and private actors from

Global Environmental Change 72 (2022) 102425

a public stakeholder’s perspective. Land Use Policy 99, 105017. https://doi.org/
10.1016/j.landusepol.2020.105017.

Rufat, S., Tate, E., Burton, C.G., Maroof, A.S., 2015. Social vulnerability to floods: Review
of case studies and implications for measurement. Int. J. Disaster Risk Reduct. 14,
470-486. https://doi.org/10.1016/j.ijdrr.2015.09.013.

Sadoff, C.W., Hall, J.W., Grey, D., Aerts, J.C.J.H., Ait-Kadi, M., Brown, C., Cox, A.,
Dadson, S., Garrick, D., Kelman, J., McCronick, P., Ringler, C., Rosegrant, M.,
Whittington, D., Wiberg, D., 2015. Securing Water Sustaining Growth: Report of the
GWP/OECD Task Force on Water Security and Sustainable Growth. University of
Oxford.

Scott-Cato, M., Hillier, J., 2010. How could we study climate-related social innovation?
Applying Deleuzean philosophy to Transition Towns. Environ. Polit. 19 (6),
869-887. https://doi.org/10.1080,/09644016.2010.518677.

Scrase, J.I., Sheate, W.R., 2005. Re-framing flood control in England and Wales. Environ.
Values 14 (1), 113-137.

Sheller, M., Le6n, Y.M., 2016. Uneven socio-ecologies of Hispaniola: asymmetric
capabilities for climate adaptation in Haiti and the Dominican Republic. Geoforum
73, 32-46. https://doi.org/10.1016/j.geoforum.2015.07.026.

Smith, A.M., Brown, M.A., 2014. Policy considerations for adapting power systems to
climate change. Electr. J. 27 (9), 112-125. https://doi.org/10.1016/j.
t€j.2014.10.001.

Sorensen, A., 2015. Taking path dependence seriously: an historical institutionalist
research agenda in planning history. Plan. Perspect. 30 (1), 17-38. https://doi.org/
10.1080/02665433.2013.874299.

Sword-Daniels, V.L., Twigg, J., Loughlin, S.C., 2015. Time for change? Applying an
inductive timeline tool for a retrospective study of disaster recovery in Montserrat,
West Indies. Int. J. Disaster Risk Reduct. 12, 125-133. https://doi.org/10.1016/j.
ijdrr.2014.12.006.

Tellman, B., Bausch, J., Eakin, H., Anderies, J., Mazari-Hiriart, M., Manuel-Navarrete, D.,
Redman, C., 2018. Adaptive pathways and coupled infrastructure: seven centuries of
adaptation to water risk and the production of vulnerability in Mexico City. Ecol.
Soc. 23 https://doi.org/10.5751/ES-09712-230101.

Termeer, C.J.A.M., Dewulf, A., Biesbroek, G.R., 2017. Transformational change:
governance interventions for climate change adaptation from a continuous change
perspective. J. Environ. Plan. Manag. 60, 558-576. https://doi.org/10.1080/
09640568.2016.1168288.

Thaler, T., Hartmann, T., 2016. Justice and flood risk management: reflecting on
different approaches to distribute and allocate flood risk management in Europe.
Nat. Hazards 83, 129-147. https://doi.org/10.1007/s11069-016-2305-1.

Thaler, T., Loschner, L., Hartmann, T., 2017. The introduction of catchment-wide co-
operations: Scalar reconstructions and transformation in Austria in flood risk
management. Land Use Policy 68, 563-573. https://doi.org/10.1016/j.
landusepol.2017.08.023.

Thaler, T., Priest, S., 2014. Partnership funding in flood risk management: new localism
debate and policy in England. Area 46, 418-425. https://doi.org/10.1111/
area.12135.

Thaler, T., Seebauer, S., 2019. Bottom-up citizen initiatives in natural hazard
management: why they appear and what they can do? Environ. Sci. Policy 94,
101-111. https://doi.org/10.1016/j.envsci.2018.12.012.

Thaler, T., Seebauer, S., Schindelegger, A., 2020. Patience, persistence and pre-signals:
Policy dynamics of planned relocation in Austria. Glob. Environ. Change 63, 102122.
https://doi.org/10.1016/j.gloenvcha.2020.102122.

Thelen, K., 1999. Historical institutionalism in comparative politics. Annu. Rev. Polit.
Sci. 2, 369-404. https://doi.org/10.1146/annurev.polisci.2.1.369.

Undrr, 2019. Global Assessment Report on Disaster Risk Reduction. United Nations
Office for Disaster Risk Reduction (UNDRR), Geneva.

van Buuren, A., Ellen, G.J., Warner, J., 2016. Path-dependency and policy learning in the
Dutch delta: toward more resilient flood risk management in the Netherlands? Ecol.
Soc. 21 https://doi.org/10.5751/ES-08765-210443.

Vergne, J.-P., Durand, R., 2010. The missing link between the theory and empirics of
path dependence: Conceptual clarification, testability issue, and methodological
implications. J. Manag. Stud. 47, 736-759. https://doi.org/10.1111/j.1467-
6486.2009.00913.x.

Werners, S.E., Wise, R.M., Butler, J.R.A,, Totin, E., Vincent, K., 2021. Adaptation
pathways: a review of approaches and a learning framework. Environ. Sci. Policy
116, 266-275. https://doi.org/10.1016/j.envsci.2020.11.003.

Wesselink, A., 2016. Trends in flood risk management in deltas around the world: are we
going ‘soft’? Int. J. Water Gov. 25-46 https://doi.org/10.7564/15-1JWG90.

White, G.F., 1945. Human Adjustment to Floods: A Geographical Approach to the Flood
Problem in the United States. University of Chicago.

Wiering, M., Kaufmann, M., Mees, H., Schellenberger, T., Ganzevoort, W., Hegger, D.L.
T., Larrue, C., Matczak, P., 2017. Varieties of flood risk governance in Europe: how
do countries respond to driving forces and what explains institutional change? Glob.
Environ. Change 44, 15-26. https://doi.org/10.1016/j.gloenvcha.2017.02.006.

Winkler, K., Fuchs, R., Rounsevell, M., Herold, M., 2021. Global land use changes are
four times greater than previously estimated. Nat. Commun. 12, 2501. https://doi.
org/10.1038/541467-021-22702-2.

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

11


https://doi.org/10.1080/15715124.2013.811418
https://doi.org/10.1080/15715124.2013.811418
https://doi.org/10.1080/15715124.2008.9635358
https://doi.org/10.1002/wat2.v7.310.1002/wat2.1418
https://doi.org/10.1002/wat2.v7.310.1002/wat2.1418
https://doi.org/10.1016/j.envsci.2011.05.001
https://doi.org/10.1016/j.envsci.2011.05.001
https://doi.org/10.1177/1056492610387222
https://doi.org/10.1177/1056492610387222
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0240
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0240
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0245
https://doi.org/10.1016/j.landurbplan.2015.02.010
https://doi.org/10.1016/j.landurbplan.2015.02.010
https://doi.org/10.1111/geoj.12312
https://doi.org/10.1111/geoj.12312
https://doi.org/10.1111/area.12605
https://doi.org/10.1073/pnas.1007887107
https://doi.org/10.1073/pnas.1007887107
https://doi.org/10.1007/s11625-016-0387-z
https://doi.org/10.1007/s11625-016-0387-z
https://doi.org/10.1080/09640568.2018.1515731
https://doi.org/10.1017/CBO9780511808678
http://refhub.elsevier.com/S0959-3780(21)00204-1/optdEy7HWiQiz
http://refhub.elsevier.com/S0959-3780(21)00204-1/optdEy7HWiQiz
https://doi.org/10.1111/j.1753-318X.2011.01114.x
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0290
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0290
https://doi.org/10.1073/pnas.0702288104
http://refhub.elsevier.com/S0959-3780(21)00204-1/opth9X1klrgdI
http://refhub.elsevier.com/S0959-3780(21)00204-1/opth9X1klrgdI
http://refhub.elsevier.com/S0959-3780(21)00204-1/opth9X1klrgdI
https://doi.org/10.1016/j.gloenvcha.2019.03.008
https://doi.org/10.1080/17565529.2013.826130
https://doi.org/10.1080/17565529.2013.826130
https://doi.org/10.1016/j.gloenvcha.2006.01.006
http://refhub.elsevier.com/S0959-3780(21)00204-1/optRoeTC6iEwv
http://refhub.elsevier.com/S0959-3780(21)00204-1/optRoeTC6iEwv
http://refhub.elsevier.com/S0959-3780(21)00204-1/optRoeTC6iEwv
https://doi.org/10.1016/j.geoforum.2015.03.019
https://doi.org/10.1016/j.geoforum.2015.03.019
https://doi.org/10.2307/2586011
https://doi.org/10.1017/S0898588X00003011
https://doi.org/10.1007/s40070-013-0014-5
https://doi.org/10.1007/s40070-013-0014-5
https://doi.org/10.1016/j.landusepol.2020.105017
https://doi.org/10.1016/j.landusepol.2020.105017
https://doi.org/10.1016/j.ijdrr.2015.09.013
https://doi.org/10.1080/09644016.2010.518677
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0355
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0355
https://doi.org/10.1016/j.geoforum.2015.07.026
https://doi.org/10.1016/j.tej.2014.10.001
https://doi.org/10.1016/j.tej.2014.10.001
https://doi.org/10.1080/02665433.2013.874299
https://doi.org/10.1080/02665433.2013.874299
https://doi.org/10.1016/j.ijdrr.2014.12.006
https://doi.org/10.1016/j.ijdrr.2014.12.006
https://doi.org/10.5751/ES-09712-230101
https://doi.org/10.1080/09640568.2016.1168288
https://doi.org/10.1080/09640568.2016.1168288
https://doi.org/10.1007/s11069-016-2305-1
https://doi.org/10.1016/j.landusepol.2017.08.023
https://doi.org/10.1016/j.landusepol.2017.08.023
https://doi.org/10.1111/area.12135
https://doi.org/10.1111/area.12135
https://doi.org/10.1016/j.envsci.2018.12.012
https://doi.org/10.1016/j.gloenvcha.2020.102122
https://doi.org/10.1146/annurev.polisci.2.1.369
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0420
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0420
https://doi.org/10.5751/ES-08765-210443
https://doi.org/10.1111/j.1467-6486.2009.00913.x
https://doi.org/10.1111/j.1467-6486.2009.00913.x
https://doi.org/10.1016/j.envsci.2020.11.003
https://doi.org/10.7564/15-IJWG90
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0445
http://refhub.elsevier.com/S0959-3780(21)00204-1/h0445
https://doi.org/10.1016/j.gloenvcha.2017.02.006
https://doi.org/10.1038/s41467-021-22702-2
https://doi.org/10.1038/s41467-021-22702-2
https://doi.org/10.1016/j.gloenvcha.2013.12.002
https://doi.org/10.1016/j.gloenvcha.2013.12.002

	Defining and operationalizing path dependency for the development and monitoring of adaptation pathways
	1 Introduction and problem framing
	2 Defining path dependency
	2.1 Lock-in and sub-optimality
	2.2 Self-reinforcement, contingent events, and initial situation

	3 Path dependency in the context of FRM
	3.1 Lock-in
	3.2 Sub-optimality
	3.3 Contingent events and initial situation
	3.4 Self-reinforcing mechanisms

	4 Integrating path dependency in an adaptation pathways approach
	5 Discussion and conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


