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Abstract: Managed retreat presents a dilemma for at-risk communities, and the planning practitioners
and decisionmakers working to address natural hazard and climate change risks. The dilemma
boils down to the countervailing imperatives of moving out of harm’s way versus retaining ties to
community and place. While there are growing calls for its use, managed retreat remains challenging
in practice—across diverse settings. The approach has been tested with varied success in a number
of countries, but significant uncertainties remain, such as regarding who ‘manages’ it, when and
how it should occur, at whose cost, and to where? Drawing upon a case study of managed retreat in
New Zealand, this research uncovers intersecting and compounding arenas of uncertainty regarding
the approach, responsibilities, legality, funding, politics and logistics of managed retreat. Where
uncertainty is present in one domain, it spreads into others creating a cascading series of political,
personal and professional risks that impact trust in science and authority and affect people’s lives and
risk exposure. In revealing these mutually dependent dimensions of uncertainty, we argue there is
merit in refocusing attention away from policy deficits, barrier approaches or technical assessments
as a means to provide ‘certainty’, to instead focus on the relations between forms of knowledge and
coordinating interactions between the diverse arenas: scientific, governance, financial, political and
socio-cultural; otherwise uncertainty can spread like a contagion, making inaction more likely.

Keywords: managed retreat; uncertainty; managed realignment; community relocation; climate
change adaptation; disaster risk reduction; planning; governance

1. Introduction

The projected impacts of climate change combined with legacy development and urbanization
means that more people and assets will be exposed to natural hazard risks over the coming decades.
Some of these risks can be calculated and managed effectively, particularly in the short and medium
term, by technical approaches designed to protect people and assets. This strategy typically seeks to
scientifically characterize and quantify risks, and translate this data into language that is useful for
policy and practice, such as probability assessments, cost–benefit analyses, or confidence/likelihood
thresholds. However, as the projected costs of protection or damage rise, and the difficulties in
predicting long-term futures become more evident, governments and communities around the world
are beginning to recognize managed retreat is an important approach to reduce risk and build resilience
over the long-term [1–7].

Managed retreat can be defined as a deliberate strategy to remedy unsustainable land use patterns
that expose people, ecosystems, and assets to significant natural (and socio-natural) hazard and
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climate change induced risks [8]. The benefits of this strategy stretch beyond risk management to
also include the restoration of land and ecosystem functions, and the removal of long-term risk
management liabilities and emergency management costs. The strategy can be applied to a range of
risks across varying spatio-temporal scales, and encompasses planned relocation of entire communities,
strategic realignment of critical infrastructure, and more site-and asset-based, responses [1,3,8–10].
It holds potential to create more equitable and sustainable outcomes compared to ad-hoc, reactive or
unmanaged relocations, such as those associated with migration and displacement, or in comparison
to at-risk communities remaining in situ but subjected to an uncertain future with the prospect of
escalating risk and declining investment.

While managed retreat has a compelling scientific logic, in practice it has many social, cultural,
political, institutional, and economic challenges. For example, controversy often surrounds the
approach due to the impacts of detachment from place, the strong desire to protect property rights and
maintain the status quo, large up-front costs, logistical intricacy, and the political propensity to favor
easier short-term fixes over more difficult longer-term resilience options [1,4,5,8,11–19]. Managed
retreat can also be socially and culturally disruptive, and may actually increase, rather than reduce,
vulnerability. Further, the complex power and social relations between land, people and risk means
the governance of managed retreat is highly complex, involving multiple stakeholders with manifold
interests. In short, at risk communities and their governing authorities face a dilemma. On the one
hand, remaining in situ enables people to pursue their livelihoods and retain cultural, social and
place-based community ties. However, then they may be predisposed to severe harm and even disaster.
On the other, managed retreat can eliminate place-based exposure to harm. However, livelihoods
may be disrupted, and community ties broken. To compound matters, the prospect of future harm is
invariably shrouded in layers of uncertainty. While we can be certain risks will increase, it is hard
to predict when, where and how fast this may be manifest. It is no surprise that in this ambiguous
socio-political environment, despite significant investment in scientific data to increase confidence,
attempts to implement managed retreat invoke public dispute and litigation [1,14,18,20–22].

While the managed retreat dilemma is typically positioned between the compelling scientific risk
reduction imperative and substantial political unpalatability, in this paper, we seek to reframe this
dilemma as involving more complex relations between multiple intersecting uncertainties, which we
argue provides deeper explanatory power and new insights about its potential resolution. Although
there is considerable attention within disaster and climate research on ways to address the scientific
uncertainty associated with responses to extreme events and climate change, such as confidence levels
on probabilities of hazards or climate futures, this technical uncertainty is intertwined with equally
complex social, cultural, political, institutional, and funding uncertainties. In practice, managed retreat
provokes vexing questions, such as the ‘right’ timing for retreat to occur; the most suitable place to
relocate to; or who should pay and how much. These are not simple questions that can be solved by
more knowledge concerning future climatic behaviour; they are complex questions rooted in divergent
values, needs, and interests that differ spatially within and between countries and communities.
Put differently, these questions go well beyond scientific risk and uncertainty. There is significant
“governance uncertainty as to how communities and governments will implement adaptation” [18]
(p. 205). As such, realizing the potential contribution of managed retreat as a resilience strategy
necessitates better understanding about the intertwined uncertainties and wider political risks that
become visible as managed retreat experiments unfold in diverse local settings from Alaska to Australia
and New Zealand [5,16,17,21,23].

This article repositions the managed retreat dilemma and consequent inaction from being less
a scientific or managerial problem—about a lack of data or policy—to be a relational challenge. This
reframing highlights the uneven ways that diverse ‘uncertainties’ become known or can be known,
their varied power, and the ways they are responded to, whether in formal institutional arrangements
or through lived experiences. It also brings to the fore their compounding interplay, which indicates
the need for deeper understanding about the relational nature of the governance challenge. We identify
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and analyze the intersecting uncertainties surrounding the governance of managed retreat using a
real-world case study, yielding insights for both practice and theory. For practice, we identify the
selective ways by which diverse uncertainties become visible within both the scientific and governance
arenas, and the ways these exhibit compounding and cascading effects that inhibit action—or if action
ensues, explains why action is met with resistance. Significantly, these arenas are trans-disciplinary
in nature, with each requiring diverse knowledge and ‘joined up’ praxis to reveal and address
their interconnected uncertainties. For theory, in situations showing significant ‘wickedness’ like
managed retreat, we recommend a shift away from the traditional focus on uncertainty as a subject of
knowledge—a means by which a phenomena is quantified or reduced—towards uncertainty as an object
of knowledge—how it becomes known and by whom—which we argue is critical to understanding
the difficulties in translating and integrating multiple knowledges, including the underlying science,
local and traditional knowledges, into action. Together this perspective foregrounds a relational
understanding of managed retreat that reflects the interacting and compounding nature of manifold
uncertainties associated with it—the uncertainty contagion—and the ways that inaction in one arena
may not be resolved by action in another.

2. Materials and Methods

The methodology involved a case study of Matatā, a small rural coastal community in the Bay of
Plenty (BOP) region on the North Island of New Zealand. This site was chosen as it is the location
of one of the few attempts to implement a managed retreat strategy in the country and, as such,
reveals the dilemma-laden nature of this strategy, and the associated uncertainties and implementation
challenges. In May 2005, a torrential downpour triggered landslips, flooded the nearby Awatarariki
stream and catalyzed debris flows that destroyed 27 homes and damaged a further 87 properties in the
township [24]. Since that time there have been ongoing discussions, investigations and negotiations
between the authorities, experts and the community concerning the preferred risk management
approach. This process eventuated in a local government decision to activate managed retreat from the
Awatarariki debris flow fanhead some 14 years after the initial disaster. As there was no suitable New
Zealand precedent to draw upon, the town became a site at which the many dilemmas, uncertainties,
and perspectives on managed retreat were brought into sharp focus.

The research initially involved a desktop analysis of the key planning provisions that established
the framework for decision-making, the supplementary technical risk reports that provided much
of the evidence base for action, and the media coverage related to the situation. This regulatory,
institutional and media focus was complemented by 17 semi-structured interviews involving members
of the community living within the high-risk zone, as well as technical experts, politicians, and council
staff charged with the responsibility to reduce the risk. The interviewees were selected via a purposive
sampling approach and snowball strategy [25] designed to capture the diverse perspectives from
the differing key actors and agencies directly associated with the case. Three broad groups were
identified: involvement in governance, policy or project roles, for example, consensus development
groups, regional and district council staff and politicians; technical and scientific experts related to the
calculation of risk and uncertainty; and members of the community who are property owners within
the high-risk zone or mentioned in media releases from 2005 to 2017. Selected participants remain
anonymous, but include environmental planners, technical experts and project managers, politicians,
affected community members and an iwi (Māori tribe) representative.

The interviews afforded rich interpretive data to provide insights about decision-making processes,
the political issues at play, and the human costs that accumulated as uncertainties were compounded
and prolonged. While the interviews were semi-structured, given the lived experiences and feelings
associated with this high-profile case there were also open-ended questions to allow for flexibility
and expression of thought [26]. The structure and content of the interview questions focused on
understanding the roles and experiences of participants, revealing their decision-making logics and
rationales at each step of the process, how they responded to uncertainty, and the key barriers, enablers
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and lessons learned. Where consent was given, interviews were digitally recorded, and notes taken.
Prior to conducting the interviews, the aims of the research, its scope, and ethical considerations were
discussed with participants, who all gave their informed consent. The data was inductively coded,
with each document and interview transcript organized thematically according to key words, phrases
and topics.

Together this research design enabled insights into the suitability of prevailing decision-making
frameworks, the ways that these were interpreted and implemented, and the economic, political,
cultural, and social issues at play. More explicitly with regard to this article, it also shed light on the
multiple, intersecting dimensions of uncertainty; and how an uncertain governance framework created
cascading social, political, institutional, and funding uncertainties. The nature of these uncertainties
contributed to protracted post-disaster trauma for the communities who remained in limbo, and at
risk, 14 years later.

3. The Certainty of Managed Retreat in an Uncertain World

We now draw upon uncertainty literature to reveal the difficulties decisionmakers face in enabling
managed retreat. This is delineated into two specific areas: first, how uncertainty becomes known,
by whom, and how; and second, how this knowledge subsequently elicits a response, e.g., within a
policy setting, or prompts more scientific investigation or innovation in praxis. These considerations
are important because they can advance understanding about the relationship between the production
of science and its impact upon practice, which is at the very heart of the managed retreat dilemma.

The increasing involvement of social scientists in research on climate change and natural hazard
risk over the last few decades has driven new understandings regarding uncertainty as a concept and
as a governance challenge. The IPCC provides a valuable foundation for unpacking how scientific
uncertainty has been framed, by whom, and how this is communicated within and between scientific
and policy realms. In the assessment reports we see the gradual emergence of the main concerns and
the preferred response strategies, for example, the growing use of multiple models, or multiple strands
of evidence beyond models, the linking of observations and models, the rise of expert judgement to
help narrow uncertainty ranges, the construction of future scenarios, and the use of precisely defined
language to convey the assessed likelihood of an outcome. These issues similarly underpin managed
retreat deliberations in the face of climate change which, as a starting point, invariably involves a
scientific calculation of the level of risk that prevails in a locality, and is typically ascertained by
modelling inputs and technical risk assessments [27,28]. These reports also help to highlight different
dimensions of scientific uncertainty, such as technical, methodological, epistemic and aleatory sources
of uncertainty. For instance, epistemic uncertainty is the imperfection of knowledge (also termed
completeness, subjective, or systematic uncertainty), and aleatory uncertainty represents the inherent
randomness of human and natural systems that cannot be reduced (also referred to as variability,
stochastic, random or ontic uncertainty) [27,29–31]. Unlike aleatory uncertainty, epistemic uncertainty
can be quantified and mitigated, but even then new information can reveal new uncertainties [27].

This discussion of knowledge and uncertainties about what is and can be known is useful because
it brings into focus the influences of the professions and disciplines that have traditionally been
involved in the risk and uncertainty fields, where modelling and engineering have played a strong
role, and which are gradually becoming more influenced by the social sciences. It also highlights the
long-standing science-policy logic that seeks to increase confidence concerning future risks so that
decision-makers can be more confident in responding in the present [32].

Knowledge is not, however, simply a process of gradually accumulating evidence and confidence,
or understanding variability. New science can uncover fresh issues and insights, while uncertainty
ranges may even widen as a result of new data. For example, within the natural hazard and climate
fields, science is uncovering new dynamic system feedbacks, a deeper understanding of compounding
and cascading risks, and the complex interactions between and within natural and social worlds [33–36]
Meanwhile, within the social sciences, increasing attention is being focused on the political nature of
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science, its selective construction and representation, and the problematic ways careful caveats can
be eroded in the transition from science to policy [37–40]. Moreover, there are active lobby groups
producing competing knowledge claims, the rise of post-truth politics, more awareness about the
role of ideology and values, and even the emergence of new theoretical concepts, like agnotology,
which seek to better understand the deliberate production of uncertainty to inhibit confidence in public
policy [41]. While there will always be a role for scientific knowledge as an authoritative way to
calculate risk and assess uncertainty, the increasing technical complexity also means that scientific
assessments of uncertainty can be subject to ‘black-boxing’, a process whereby the inner workings
are difficult to understand, even by other experts, which has wider implications for social justice, and
public understanding and scrutiny [37,42].

Given the inherent difficulties in revealing and managing uncertainties, increasing attention has
been focused on how it is conceptualized. Rather incongruously, uncertainty is both fundamental to
any scientific endeavor and is an amorphous and ambiguous term in its own right, due to its diverse
applications in theory and practice. Academic scholarship aiming to reveal different typologies of
uncertainty helps reveal new dimensions and arenas beyond a simple deficit of data or confidence. These
nuanced perspectives blur the delineation between environmental and process uncertainty [43] for
decision-making, or may also question the simplistic ‘tame-wicked’ binary [44] associated with difficult
decisions. For instance, in a review of environmental risk assessments, Skinner and colleagues [27]
(p. 213–214) identify a concern regarding how uncertainty becomes known and understood by revealing
inconsistencies and contradictions in the use of terminology and dimensions of interest between
similar technical assessments. They develop a taxonomy that categorizes uncertainty into two main
types (epistemic and aleatory), seven location-based types (system processes, data, model, human,
language, variability and decision) and a further five levels of uncertainty (determinacy, statistical,
scenario, ignorance and indeterminacy). Other typologies highlight the difference between fields of
uncertainty. These include, for instance, geopolitical, financial, institutional, spatial, strategic, and
climate change uncertainty [27,45–50]. With particular relevance for managed retreat, Walker, et al. [51]
point out that decision-making associated with the distant future is beset by uncertainties that cannot
be reduced by information gathering and statistical analysis. Such situations have been characterized
as having ‘deep’ uncertainty where agreement is difficult on which model to use, how uncertainty
should be represented, or the desirability of alternative outcomes [52]. This perspective seeks to
address uncertainty by linking the inevitably partial evidence base with strategies to build adaptive
capacity of socio-ecological systems, enhancing flexibility to adjust to dynamic conditions [53–55].

Revealing the complexity of uncertainty underscores its many dimensions, from a basic lack
of information to what can even be knowable, the variety of means by which these could or
should be mitigated, and deepening understanding about the intricate interrelationships between
academic disciplines and their suitability towards revealing and understanding different dimensions
of uncertainty. These insights also underscore how different approaches to conceptualizing uncertainty
can lead to very contrasting methods, tools, and demands for practice [31].

This theoretical reflection begins to deepen the understanding of real-world managed retreat
decisions, and the vexing political and institutional questions that inhibit action, such as how managed
retreat will be implemented, by whom, when, and at whose cost? To extend the uncertainty discussion,
issues in this arena can result from ambiguity surrounding responsibility, laws, direction, coordination
and capacity to act. Therefore, in addition to scientific uncertainty, composite problems such as
managed retreat, which cross multiple disciplines and face many implementation challenges [8] are
constrained by institutional uncertainty [1,5,17,23,56]. As recognized by Koppenjan and Klijn [50], this
can result in a high degree of doubt about how the process could or should unfold, the interactions
between actors, and who is responsible for action. Institutional uncertainty can be difficult to overcome
due to how existing frameworks are “anchored in formal legal frames, deeply-rooted informal
institutions or long-term societal transition processes” [50] (p. 7). A further dimension of concern is
the question of ‘managed retreat to where?’, which challenges implementation prospects, effectiveness
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and sustainability, causing extended ‘waiting’ and temporal uncertainty about the future for affected
people and communities.

This section is designed to emphasize that while there has been a tendency to consider uncertainty
in the context of specific issues, or thematically as a scientific problem to be mitigated, uncertainties
are complex, multifaceted and interdependent. This is, in part, due to the nature of decision-making
where, for example, scientific and economic uncertainty can lead to or compound political uncertainty
and inaction. This repositioning of uncertainty as comprising mutually dependent scientific and social
dimensions suggests there is merit in refocusing attention towards the relations between different
forms of knowledge and their application in practice. Put differently, research has tended to consider
uncertainty as a research subject, a means to quantify and increase scientific confidence within discrete
arenas; however, the implementation difficulties of managed retreat suggest that uncertainty could also
be recast as a research object, worthy of focus in itself, to better capture its multi-faceted, compounding,
and interrelated nature of risk and response. The following sections are designed to advance this
reframing and deepen understanding about both the interplay of uncertainties between science and
society, and within the various arenas of managed retreat decision-making and praxis. Insights gained
by interrogating the Matatā experience may inform managed retreat efforts in other localities in New
Zealand and elsewhere.

4. The New Zealand Governance Setting for Managed Retreat: A Gradual Revealing of
Multiple Uncertainties

We start our analysis by revealing the various governance uncertainties that were in evidence
as the Matatā situation unfolded. In New Zealand, the responsibility for managing the effects of
natural hazards and adapting to climate change is devolved to local government. In practice, however,
the task is inherently political involving local authorities, elected officials, affected people, sectors,
and communities, iwi, banks and lending institutions, utilities, infrastructure and insurance sectors.
Primary mechanisms for retreat interventions include provision of information, regulation, incentives
and disincentives, and risk transfer, with regulation and incentives being key to deliver action [8].
Managed retreat provisions are present in the New Zealand Coastal Policy Statement 2010, and it is
considered, promoted, facilitated, and required in various ways in both regulatory and non-regulatory
stipulations [56]. However, in reality, the regulatory framework is not designed to deliver managed
retreat, and has no funding to support it [57]. The conceptualization and impact is evolving in response
to influences of escalating risk, the consequences of extreme events, information provision, insurance
retreat, evolving local policy and regulation, limited use of compulsory or negotiated land acquisition
under the Public Works Act 1981 (delivering managed realignment), pilot strategies, and ad hoc
government interventions and community actions.

The various retreat options can be conceptualized as situated on a spectrum between strong
government intervention on one end and anarchy on the other, where people are left to respond to
risk themselves; or in simple terms, from managed to unmanaged retreat [56]. In New Zealand, the
decision-making framework for managed retreat rests predominantly with environmental planning
and the mandated promotion of sustainable management of natural and physical resources under the
Resource Management Act 1991 (RMA). However, as there is no single pathway to or any preferred
version of retreat, the scope of possible actions effectively fosters an environment of uncertainty, as
who is responsible and how managed retreat should occur varies significantly according to context
and circumstance.

Under s 62(1)(i)(i) RMA, regional councils delegate the responsibility of land use control for
natural hazard management to territorial authorities (i.e., district and city councils) in their respective
regional policy statement (RPS) (with general exclusions for the coastal marine area, the beds of rivers
and lakes, and some joint responsibilities). Territorial authorities, using district plan controls over land
use activities can limit new and re-development (intensification, extensions, additions, and activity
status change) in areas subject to natural hazards and the influences of climate change. In addition,
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this includes providing for future managed retreat (where appropriate) using relocatable building
design with monitoring and review of consent conditions to safeguard and facilitate future relocation.
In contrast, while there are opportunities to regulate new land uses and encourage managed retreat
over time, where development already exists, territorial authorities have very limited agency as many
activities have existing use rights. However, under s 20A of the RMA, if it is within the scope of a
regional council’s functions, it may be possible to apply regional rules to regulate managed retreat by
extinguishing existing land-use rights.

Therefore, whilst managed retreat (as a form of land use control) aligns with delegated territorial
authority functions, only regional councils hold powers to enforce it for existing development, creating
a jurisdictional problem that generates confusion and uncertainty for practitioners. In an attempt
to address this conundrum, three regional councils explicitly recognize the jurisdictional overlap
and relevant functions in their RPSs. While these councils have attempted to reduce institutional
uncertainty regarding roles and responsibilities, there are still political challenges in practice, as will be
discussed in Section 5. In addition, there is a degree of legal uncertainty regarding compensation for
regulatory takings (extinguishment of existing use rights) due to a lack of precedent and case law.

Although there are difficulties in achieving managed retreat of existing development using
planning regulation, some councils have been able to achieve it using negotiation or compulsory
property acquisition under the Public Works Act. However, this approach requires some form of public
work, such as a stop bank or sea wall, and is, therefore, more correctly termed ‘managed realignment’,
being a deliberate alteration to, or creation of, defenses, ideally in a way that restores natural space and
enhances the capacity to cope with environmental fluctuations [9]. Such property purchases have been
occurring to manage inland flooding across New Zealand, for example, in Edgecumbe, Hutt City, and
Waitakere, where willing buyer-willing seller negotiations were first attempted with property owners.
The powers of the PWA were available to authorities (and declared to property owners) if owners
refused to sell [58–60]. However, property acquisition is difficult to achieve without a mechanism
(or budget) to acquire land, unless public works are involved and the PWA is invoked. Nonetheless,
there is legal uncertainty regarding whether land can be compulsorily acquired under the PWA for the
creation of reserves, or whether land is only able to be purchased by agreement [20,61]. In the case
study of Matatā, Whakatāne District Council received legal advice that the PWA could not be used
for managed retreat and subsequent reserve conversion, but, to confuse things further, the Resource
Legislation Amendment Act 2017 (s 85(3A)(a)(ii)) suggests otherwise.

In short, despite managed retreat being possible under prevailing legislative provisions, there is
limited national guidance on how to frame and implement it, when, or at whose cost. This is exacerbated
by the scope of possible actions, whether site-based and incremental, or those requiring major strategic
changes to land use. Such fundamental questions present multiple sources of uncertainty for both
policymakers and affected parties. The implications of this uncertain governance framework were
gradually revealed in Matatā as managed retreat became a political imperative, that then became
subject to compounding uncertainties that essentially demanded a process of policy exploration and
learning. This had consequences for both the planning regime and the people living in Matatā, who
became the proverbial ‘guinea pigs’ and bore much of the costs of efforts to resolve the underlying
uncertainties. The following analysis highlights the cascade of uncertainties that built up over time
within the governance arena and provides insights about the real-world consequences.

5. A Case Study of Matatā: Revealing the Interrelated Arenas of Governance Uncertainty

5.1. Strategic and Institutional Uncertainty

In the wake of the 2005 event, the Whakatāne District Council (WDC) and community embarked
on recovery, deciding that for properties on the Awatarariki fanhead, a debris dam was an appropriate
risk management response. Fast forward seven years, following much assessment, consultation, expert
advice, and peer review, it was determined by WDC that the envisaged engineering structure was not
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viable, and would require significant maintenance and consenting programs in perpetuity. Ten years
on from the event, and after further technical assessment of alternative risk management measures, it
became apparent to WDC that managed retreat was the only remaining option to reduce the risk to
human life. Following workshops with a ‘consensus development group’ and further consultation
with the community, cost-benefit and multi-criteria analysis, a ‘voluntary retreat package’ and property
regulation strategy was developed [62].

Due to a technical assessment of ‘intolerable’ risk to human life from the debris flow hazard, WDC
had a responsibility to act and managed retreat became necessary as other options were ruled out. This
meant that the various institutional, funding, and practical uncertainties had to be faced ‘head on’.
WDC had to be creative in its approach. It deemed that a financial incentive was necessary to secure
public acceptability, so WDC developed a strategy outside of the statutory regime to offer a property
buyout, using general competency powers under the Local Government Act 2002 s 12(2)(a). However,
as this incentivized approach was non-statutory, WDC could not enforce it, nor did it have any capacity
under the RMA to reduce residual risk and give effect to the RPS if uptake was fragmented. Doing so
would have required the WDC to have powers to extinguish existing use rights; powers that are only
available at the regional tier of government.

This interplay between state responsibility and powers contributes to a situation of ‘strategic
uncertainty’ [50] whereby governance actors must respond to and anticipate each other’s strategic
moves. As these authorities have discretion to make their own choices, strategic moves are an intrinsic
characteristic of interactions to address composite problems [50]. In Matatā, political acceptance of
managed retreat at the district level was gained via early alignment and inclusion in policy development,
but there was political resistance from the Regional Council whose powers were being sought to
regulate managed retreat (Participant 4). Although the BOP RPS clearly denotes regional powers for
extinguishing existing use rights, when initially consulted on the need for a regional plan change,
the BOP Regional Council (BOPRC) labelled the proposed managed retreat strategy by WDC as
‘draconian’. In the absence of clear national government direction, the BOPRC instead resolved that
WDC must prepare a private plan change, which essentially served to transfer their own responsibility
to act and reduce their own potential political risk. In this uncertain governance environment,
characterized by institutional uncertainties and poor integration, operationalizing managed retreat
became a vexing challenge. It is well established that managed retreat, even via less forceful intervention
than extinguishment of existing use rights, is socially contentious [2,18,63,64]. The consequent step to
extinguish existing use rights in the manner envisaged by WDC was unprecedented in New Zealand
which, particularly when devoid of directive national policy, created significant political risks for the
responsible local authority actors.

Compounding these risks is the fact that extinguishment of existing use rights produces a
new swathe of legal and procedural uncertainties in terms of timing and enforcement for the
regulatory authorities, especially in the prevailing circumstances where residents were threatening
civil disobedience, including chaining themselves to their homes:

. . . nobody’s got any appetite to be sending in bulldozers with protesters lying on the road . . .

When I was talking to one of our regulatory compliance team leaders he asked me the same

questions—‘How do you expect me to get these people out?’. (Participant 5)

Local authorities may have overlapping responsibilities in dealing with natural hazard risk, but
they have different tools, capabilities, and regulatory capacities, which require integrated management
approaches. However, it is clear that the uncertainty in governance combined with the institutional
risks of action and inaction meant that managed retreat would likely become a political ‘hot potato’
where authorities engaged strategically and in a siloed manner to avoid getting ‘burnt’. Attempting
managed retreat of existing land uses in Matatā further highlights how “successive governments
and the RMA have provided a high-level policy direction around natural hazard risk reduction
without providing any appropriate tools in the toolbox” (Participant 4)—or the capacity to deliver
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implementable actions. As such, it is apparent that insufficient attention has been given to designing
clear and agreed institutional processes to facilitate managed retreat. Instead, they have evolved in
an ad hoc manner, and managed retreat policy development and learning occurs in an uncertain
governance environment, devoid of guidance or regulatory mechanisms. One can understand why
governance actors were risk averse when the statutory framework does not provide clear direction, nor
the necessary tools to enable effective, equitable and sustainable decisions. This situation contributes to
‘decision uncertainty’ for managed retreat, creating doubt about the appropriate course of action [27],
underpinned by a variety of institutional uncertainties that emerge as the realities unfold. Meanwhile,
the risks continue to be experienced and even escalate while the dilemma prevails.

5.2. Financial Uncertainty

The discussion so far about managed retreat at the strategic level has set the scene for understanding
the contagion of uncertainty, which spreads from arena to arena and back again. Without directive
national policy guidance, and regulatory tools for planning and implementing managed retreat, local
authorities across New Zealand are “wondering how the hell we do it” [65]. As a consequence
of the institutional uncertainties, difficult financial questions are raised regarding whether or not
incentivisation and/or compensation is required, to what extent, and who carries the cost? Uncertainty
about how to finance managed retreat remains a significant issue for local government [66] (p. 23),
resulting in what amounts to hopeful reliance upon potential regional and national funding sources [65].
In Matatā, this too was the case, with the preferred managed retreat strategy dependent on the
availability of external funding [62]. The WDC determined that it had a moral obligation to financially
support property owners due to their loss of property under voluntary retreat, and recognized that
successful retreat invariably depends on the availability of a financial incentive to compensate or
provide security to those affected. In the context of governance and funding uncertainty, WDC began
having conversations with government ministers and departments to try to pave a way forward.
A business case was developed with a proposed tripartite funding model to facilitate property purchase,
with central government, the regional, and district council each sharing a third of the costs. As part
of its case to regional and central government, WDC highlighted the unique features of the project,
stating that it only sets a precedent of an obligation to incentivize retreat where a risk-based approach
has been applied with community engagement to manage a situation that has no other viable risk
reduction solutions. Moreover, this applies where the assessed risk to human life is intolerable, and
the costs to manage the risk are beyond the fiscal capability of the local authority to manage [62].

While WDC had no confirmation that funding would be provided by the Government or regional
council, they proceeded with delivering an indicative buyout to property owners on the basis that
funding agencies require certainty around the financial exposure, and are “unlikely to provide funding
support if there is a risk of becoming embroiled in an on-going dispute” [67] (p. 5). In December 2016,
preliminary offers were given to property owners at individual meetings including a non-binding
registration of interest to indicate whether or not parties wished to participate further. The proposal
reflected an indicative offer based on the current market value of properties without accounting for the
hazard, conditional upon funding support from Government and BOPRC. The purpose of undertaking
the valuations at this time was to define the potential financial envelope to enable meaningful dialogue
between the proposed funding agencies. This option was deemed as being voluntary, outside of the
regulatory regime. However, residents were made aware that the proposal was on a one-time offer
basis and that the BOPRC had statutory authority to extinguish existing use rights if the buyout was
not successful.

WDC was intending to deliver the property buyout before regulatory measures came into effect,
but advice from the local Member of Parliament (MP) at the time was that the government wanted
to “see some attempt from the district council around the plan changes” so WDC proceeded with
preparing these provisions (Participant 4). However, initiating regulatory processes at the same time
as the ‘voluntary’ buyout did not engender trust, particularly as the extinguishment of existing use
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rights would remove property owners’ choices (notwithstanding Environment Court appeal or civil
disobedience) should they wish to stay. Myatt, Scrimshaw, and Lester [68] argue that where there is
trust in governance actors, a more positive attitude towards policies such as managed retreat can be
expected. For such provisions to be perceived as legitimate, institutional trust is required, which takes
time to develop and can easily be lost. Residents who did not support managed retreat in Matatā
apparently did not trust local government, in part due to the previous changes associated with policy
experimentation and the parallel discussions. They expressed very strong opinions: “no, not at all . . .
They give us the right to live here and then they take it away. This is why there is no confidence in
the Council” (Participant 8). Participant 10 recognized that this trust was “gradually eroded” stating,
“there’s just so many lies. The trouble is people have changed . . . the ones that are in there now have
no idea of what they had done prior.” Long-term uncertainty, staff turnover, and policy inconsistencies
(especially the change from hazard mitigation to managed retreat) stem from an uncertain institutional
and financial environment, and contributed to mistrust in the Council by some affected residents.

The situation WDC faced, attempting to progress managed retreat under conditions of strategic,
institutional, and financial uncertainty, cascaded into the social sphere, particularly residents’ lack of
faith in the Council and their intentions:

Participant 10: It’s bogus! Because there’s no money to back it up!!

Participant 9: There’s no trust there at all . . . I mean they made us all these offers for the houses, but
they’ve got no money. So, they’re not really offers at all.

Further loss of trust occurred when WDC changed their policy regarding the thresholds for
uptake of voluntary retreat. In 2015, they determined a 90% acceptance threshold would be required to
approach external funding agencies, but in 2017 it was decided that “a threshold should not apply as it
could potentially disadvantage property owners who wanted to relocate” [69] (p. 13). Many residents
considered this a deliberate manipulation of the process as WDC had initially placed high significance
on the threshold.

Residents who were more accepting of managed retreat trusted WDC staff and considered that the
key staff and experts had “acted in good faith”. However, they were not so trusting of Councilors at
both WDC and BOPRC, feeling disappointed that some had not shown stronger leadership to resolve
matters in preceding years of uncertainty and limbo. Regardless of the trust that some residents had
in council staff, they too were beginning to have doubts, stating that they thought the process had
been mostly fair and transparent, but that the timing of the regional plan regulation made it difficult:
“are we being naïve, are we trusting them too much?” (Participant 16). Even those who maintained a
trusting relationship with the authorities were feeling nervous about potential extinguishment of their
rights without ‘fair’ compensation—or any compensation at all.

5.3. Cascading Spatio-Temporal Uncertainty

Since 2005, a governance regime riddled with compounding uncertainties has generated a
cascading effect on people’s ‘ontological security’ [70] (p. 92), with normally settled issues of property,
place, and livelihood disrupted. The debris flow was like nothing the residents had ever experienced.
A house was lifted off its piles and one family sailed on a treacherous slurry of silt, mud, boulders,
and logs. They climbed up into their roof as their house plunged back and forwards, holding on
for dear life. Others escaped their homes just in time, and a few watched in fear as the currents of
debris swept through. Some residents were displaced for periods of nine to 18 months, living out of
suitcases, in a state of limbo [71]. Two years after the disaster, many had no certainty regarding their
living situations, and felt more stressed, frustrated and upset than in the first few weeks following the
event [71]. Psychological impacts recorded included sleeplessness, stress, anger, anxiety, vulnerability,
sadness, isolation, and depression [71]. Spee described the impacts as being reflective of a community
that felt overwhelmingly powerless, stuck in a cycle of agitation, tension and sadness, a festering
wound of anger and hurt [71].
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Many residents who experienced the event still experience these health impacts 13–14 years
on. Participant 11 said she has post-traumatic stress disorder and feels extreme anger towards the
authorities: “What I feel, is they have minimized what happened to us all along, it’s been minimized
and swept under the carpet—‘oh you fullas are all right now, get over it, move on.’” Participant 10 says
“it’s been stressful the whole time” holding a deep-seated sense of anger and disappointment at the way
they have been treated. Others recognize the ongoing stress that has been inescapable for everyone:

You’re under stress . . . You can’t sort of get away from it. (Participant 9)

Look I’ve watched people have heart attacks . . . [people] taken, put into rest homes that they didn’t
want, marriages split up, because it’s constantly there, it’s always there. (Participant 10)

Many property owners living on the fanhead have felt trapped in houses that hold their life
savings, unable to move on, or unwilling to do so. Others took action. Between 2006 and 2012, six
houses were rebuilt on the basis of a proposed mitigation solution that did not ensue, with others
improving their properties during this time. Extended uncertainty contributed to a continued state of
stress and trauma for many, and for those who rebuilt and re-invested, an even greater intensification
of economic stress. Some feel that they have not been able to recover from the event, finding the added
burden of the planning process and impending loss of property rights extremely stressful:

Participant 8: The thing is, it’s on your mind all the time. Because it takes your time, because you’re
constantly fighting them, constantly looking up things to find out about it, it’s your family home, it’s
everything you’ve got, invested in it.

Participant 9: I’m on the pension, I haven’t got any other money, it’s all here. If I get kicked out with
nothing, where am I going to go, what am I going to do? I don’t get enough money to rent a place and
survive, I can’t get a mortgage . . .

Participant 13: I’m stressed . . . I drink like a fish, I’ve put on that much weight you know . . . I
don’t sleep.

The impact of extended stress is not only health and resilience related. It breeds anger at the
situation people have been left in and their lack of agency:

Participant 14: We’re being dictated to . . . I won’t move because this is where I chose to live out
my life. We’re all happy . . . nobody wants to leave . . . If offers had of come out in 2005 and were
reasonable, people would’ve taken it. But it’s 13 years down the track.

After being in this situation for many years, resistance to council efforts built up, a ‘digging in
of the toes’, triggered by erosion of trust and feelings of disempowerment. The affected residents
of Matatā have been experiencing spatio-temporal disruption, where their futures remain “stalled
and fixed in uncertainty, ultimately influencing notions of belonging and urban governance” [72]
(p. 755). Without enabling mechanisms, policy direction or confirmed funds to deliver an effective,
legitimate strategy, managed retreat is considered to be a precarious ’solution’, made worse in this case
by delicate trust issues, stirred by a drawn-out recovery and changes in approach—a compounding
and cascading plague of uncertainties that has spread between policy arenas. While funding was
confirmed in 2019, the extended period of limbo, perpetuated by governance uncertainties has cascaded
into years of “permanent temporariness” [73] (p. 90) significantly damaging trust, legitimacy, and
faith in authorities, in technical risk assessments, and in managed retreat. Resistant residents have
resorted to doing anything they can to avoid placelessness, from collaborative research, submissions,
outreach and legal defense, to media releases, petitions, signage, and even threats of civil disobedience,
highlighting the extent of their determination to remain in situ after all they have been through, and
despite persistent risk.

For others who are more trusting of the process, or less able or less motivated to resist managed
retreat, their spatio-temporal disruption is no less, because while they have begun to loosen their
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current ties, they are struggling to form new ones and embrace an uncertain future. Participant
16 recognizes that while the offer is better than nothing, residents have limited capacity to re-settle:

“The indicative price they offered us might’ve seemed like a good price, but it would be about
$80,000-$90,000 to shift our house . . . first you’ve got to find a piece of land to put the house on . . . it
would probably gobble up absolutely everything . . . we are very worried . . . it’s a major headache.”

Furthermore, uncertain land availability for relocation raises new unresolved governance questions,
potentially limiting the affected communities’ ability to maintain community, psychological, and
livelihood networks. Participant 16 stated they would have been keen on a land swap “because land is
the hardest thing to access” for physical, planning, and economic reasons. But the question of ‘managed
retreat to where?’ has been left for individuals to manage, and there are concerns regarding the impacts
on social, cultural, and economic vulnerability, where capacity is already limited. This highlights
the importance of strategic clarity to establish a range of relocation opportunities when delivering
managed retreat. WDC had undertaken some research to determine the potential for future growth to
the east of Matatā, and the impacts of intensification upon the town sewerage system [62]. However,
residents, especially those intended to accept the buyout, want to be able to ascertain property options
and have certainty about their prospects in the near future.

Even at its most effective, managed retreat is still a disruptive social process. However, when
governance uncertainties compound and cascade upon affected people, they experience mounting
stress, ‘routine waiting’ [72], and fear the future. There are also multiple layers and sources of
place attachment, which may be affected by uncertainties for any given relocation. In Matatā, this is
particularly relevant, as there has been long-term occupation by Māori, and the Awatarariki catchment
and fanhead is of considerable cultural importance. In the 1980s, initial development of the fanhead
was strongly opposed by local Māori due to the presence of an historic burial ground (urupā); however,
their appeals were disregarded due to inconclusive evidence [74]. When the earthworks began, many
bones were unearthed:

. . . they just came up everywhere. Every week, the kaumātua (elders) of the time were taking them up
to the urupā and [re-]burying them . . . It was a big mess, but then it just carried on . . . . (Participant 7)

Disregard of indigenous knowledge, due to the focus on scientific rationality resulted in the
destruction of tapu (sacred) sites and a sense of long-term local iwi concern and uncertainty about the
protection of cultural sites. Following the 2005 event, Tūwharetoa kaumatua (Māori elder) believed
that their ancestors were angry at the disturbance, with much of the debris flow damage being in areas
where ancestors were killed and buried [75].

A lot of us said, ‘that’s the ancestors, even the ones up in the valley, covering over’ . . . the whole
place is super tapu . . . because that’s an old urupā . . . So on my Māori side I’d like to see them move
out because it needs to be left alone. We weren’t even in favor of them building there, of course we
wondered why they went back [re-building post 2005]. This debris has come down to bury the urupā
once and for all. (Participant 7)

Although current residents face spatio-temporal disruption, managed retreat could eventually
enable local iwi to regain certainty of their guardianship over sites of significance, provided the
appropriate planning controls are in place. With such experience of cultural dislocation and insecurity
over time, Participant 7 considered that the regulatory approach to managed retreat is “heavy handed”,
believing that the residents should be given a generous offer to support their detachment, to ease
the stress by providing financial certainty. Whilst, in this case, managed retreat has the potential to
deliver some cultural security with regard to guardianship of the urupā, in other locations across New
Zealand, climate change is exacerbating erosion and flooding of urupā and marae (Māori meeting
house) [76] with the same uncertainties regarding “where, when and how it [managed retreat] would
be funded” [77] (p. 1). Again, this governance ambiguity is compounded by distinctive cultural
concerns in Aotearoa New Zealand:
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Exhuming the bodies is a last resort. That discussion is quite hard. It is such a tapu process, and
trying to source land and resources makes it even more difficult. Olo-Whaanga, S in [77]

. . . We need a new protocol for how we are going to deal with the urupā that need to be shifted, because

Māoridom is not going to be able to cover the extraordinary costs . . . Awatere-Huata, D in [77].

6. Discussion

In the case of Matatā, compounding and cascading uncertainties spread like a contagion and
exacerbated the managed retreat dilemma. In the first instance, without a clear risk reduction and
strategic recovery response framework to direct decision-making following the 2005 debris flow, WDC
and the community became focused on absorptive resilience, seeking to bounce back from the extreme
event, settling on a risk mitigation rationale when, in hindsight, managed retreat was the only viable
option to deal with the ongoing risk to life. While the hazard mitigation method initially proposed
provided fleeting assurance, this short-term certainty was traded for longer-term uncertainties and
stress as the managed retreat imperative came to the fore, and implementation became fraught.

Developing and implementing a managed retreat strategy without adequate policy guidance,
regulatory tools and funding provisions is nigh impossible. To enable managed retreat within the
prevailing planning system, fit-for-purpose mechanisms and national support and policy provisions
are necessary to provide direction, enabling institutional capability, and surety to affected parties,
and the decisionmakers and practitioners responsible for managing retreat, and to reduce cascading
political, financial, institutional, cultural and social risks. Managed retreat is not a cheap undertaking,
requiring funds for risk assessment, community support and engagement, strategic planning, policy
development, disestablishment of development and restoration of land, not to mention potential
financial incentives and associated property valuation and negotiation processes. Limited local
government capacity to attain funds to reduce technical uncertainty [4], let alone undertake strategic,
anticipatory adaptation and risk reduction planning, means that managed retreat is laden with risks
for councils. Funding clarification is necessary to ensure legitimate, incentivized managed retreat, and
to balance the social costs of relocation. Jones and Clark [78] confirm that perceived social costs and
benefits of policies influence levels of public acceptability, and that social capital parameters, including
institutional trust, also have an impact.

Trust is important to achieve successful cooperation within and between spheres of government
and communities at risk under conditions of uncertainty [50]. It is an important feature of social
capital, developing from relationships based on belief in the care, honesty, and good faith efforts of
others, which can mitigate risk, and help address vulnerability based upon positive expectations
of the intentions or behaviors of others [79,80]. In attempting managed retreat, trust is essential,
and is particularly delicate when actors are highly vulnerable to harm from intervening authorities.
Koppenjan and Klijn [50] recognize that inconsistent actor strategies and changing circumstances
may negatively affect trust, as was also revealed in this case study as residents’ trust in authorities
was diminished as a result of compounding and cascading governance, funding and socio-cultural
uncertainties. While trust can help to overcome uncertainty [81], when uncertainties are compounding
and pervasive, trust between communities and their governing authorities may be undermined,
reconsidered or dwindle altogether [50].

In Matatā, the local council had to overcome many challenges to arrive at and deliver managed
retreat in the absence of a guiding governance framework, regulatory tools and funds. The process
of policy experimentation and learning resulted in contention between some of the residents and
local government, enduring trauma, and stress for the community and staff involved 14 years on
from the debris flow. While regional and central government agreed finally, in 2019, to co-fund the
buyout, the ad hoc approach to managed retreat policy and funding are disruptive and inequitable, and
create reactive strategies that are consistent with a fragmented risk management. These compounding
uncertainties challenge the realization of managed retreat and increase the potential for cascading social
costs and accumulating mistrust, aspects that may not be resolved by measures designed to increase
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scientific certainty. The prospect of uncertainty contagion is not limited to Matatā. Many other New
Zealand communities, such as Mōkau, Marokopa, Kaiaua, Franz Josef, South Dunedin, Port Waikato,
Hector, Ngakawau, and Granity, face similar challenges. Internationally, these multiple uncertainties
associated with managed retreat also compound and cascade and hamper effective action [1,17,82].

This paper has revealed multiple arenas in which uncertainty about managed retreat becomes
manifest, and outlines how it spreads between what are very different albeit interconnected domains,
from technical risk, to the governance arena with its funding and legal ramifications, to public
acceptability, and the socio-cultural and political arenas. Significantly, we argue that to address the
uncertainty contagion, the different arenas of uncertainty need to be revealed, and ‘joined up’ responses
are required by different actors within different networks. The potential for multiple, cascading
and compounding uncertainties underscores the inherent difficulty of enacting managed retreat in
a coordinated fashion. There is an arena of scientific or technical uncertainty, where quantification
is often invoked in efforts to clarify and contain the scope of uncertainty, or which receives new
demands for authority in response to political or social uncertainty. There is an arena of governance
uncertainty, where politicians, policymakers and practitioners, and governance actors more generally,
clamor for clarity on direction, process and responsibilities. There is an arena of political and economic
uncertainty where decisionmakers and communities strive with each other to secure agreement
regarding compensation or incentives (not to mention potential damage claims and reparation [83]).
Finally, there are arenas of social and cultural uncertainty, where communities and individuals reflect
upon and interact with others about their values, needs, and ethics associated with their connection
to place and each other, their trust in authorities, and their willingness to accept or resist managed
retreat. While a discussion of taxonomy is useful in demonstrating the scope of the challenge, we
argue that the way that uncertainty spreads between domains means that a relational understanding
of uncertainty needs to be developed to better comprehend and address the managed retreat dilemma.
For example, in Matatā, governance uncertainty compounded political uncertainty, which was further
compounded by financial uncertainty, which eroded public trust in both authorities, the underlying
science and local government strategy. While, in situations like these, there may typically be a call for
more technical data to increase scientific certainty and reduce political risk, it is clear that, on its own,
this response would not reduce the considerable uncertainty manifest in other domains. Further, new
dimensions of uncertainty may yet be discovered. For example, in New Zealand, attachment to place
differs within and between Māori and other cultural groups, and much remains to be done to build
shared understanding and enable tikanga Māori (customs) for retreat from Māori land.

7. Conclusions

The potential of managed retreat is hampered by concatenated uncertainties that can only be
addressed if they are identified [27], but they also need to be considered in relation to each other and
addressed across different arenas—from the techno-scientific to governance, financial, spatio-temporal
and socio-cultural—in a coordinated manner. The Matatā experience demonstrates that, in the absence
of strong policy direction and ‘joined up’ praxis, uncertainty can spread like a contagion. Our perspective
offers a new frame to understand the considerable difficulties experienced in implementing managed
retreat in New Zealand and potentially elsewhere. While governance frameworks, and economic and
socio-cultural settings inevitably differ, there is noteworthy commonality in the intersecting layers of
scientific, institutional, financial and social uncertainty that bedevil managed retreat efforts in divergent
settings from Alaska [5] to Australia [16,18,21,23] and New Zealand.

More broadly, our perspective highlights the value of conceiving uncertainty as a distinct research
object in itself. Regardless of the context within which managed retreat is applied, there will inevitably
be both scientific and governance uncertainties in evidence, such as the level of natural hazard risk
and the level of political risk associated with questions such as how managed retreat is to be applied,
by whom, at whose cost, when, and to where? Policy learning is occurring to progress managed
retreat, but its socially disruptive nature means that every trial counts. At present, managed retreat
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interventions are professionally, politically, financially, culturally and socially risky, as the necessary
frameworks and resources are seldom in place to support effective, equitable, responsive, and robust
decision-making. Uncertainty over governance essentially means that these risks persist and, as such,
may compound future risks, whether due to maladaptation or inability to adapt due to limited capacity
to enable managed retreat. While managed retreat holds potential as a risk reduction approach, without
acknowledging how scientific, governance, financial, political, spatial and socio-cultural uncertainties
are entwined, and require distinctive but coherent strategies, the managed retreat dilemma will prevail.

Author Contributions: All authors contributed to conceptualization, writing—review and editing. C.H. undertook
the writing—original draft preparation; project administration; methodology, formal analysis, investigation, and
data curation. I.W. and B.G. also undertook project supervision and funding acquisition. All authors have read
and agreed to the published version of the manuscript.

Funding: This project was funded by the New Zealand Ministry of Business, Innovation & Employment through
the Resilience to Nature’s Challenges, National Science Challenge.

Acknowledgments: We thank the interviewees for their valuable time, effort, and interest in sharing their
experiences and knowledge.

Conflicts of Interest: The authors declare no conflict of interest.

References and Notes

1. Hino, M.; Field, C.B.; Mach, K.J. Managed retreat as a response to natural hazard risk. Nat. Clim. Chang.
2017, 7, 364–370. [CrossRef]

2. Mach, K.; Kraan, C.; Hino, M.; Siders, A.; Johnston, E.; Field, C. Managed retreat through voluntary buyouts
of flood-prone properties. Sci. Adv. 2019, 5. [CrossRef]

3. Neal, W.; Bush, D.; Pilkey, O. Managed Retreat. In Encyclopedia of Coastal Science; Schwartz, M.L., Ed.;
Springer Netherlands: Dordrecht, The Netherlands, 2005; pp. 602–606.

4. Reisinger, A.; Lawrence, J.; Hart, G.; Chapman, R. From coping to resilience: The role of managed retreat
in highly developed coastal regions of New Zealand. In Climate Change and the Coast: Building Resilient
Communities; Glavovic, B., Kelly, M., Kay, R., Travers, A., Eds.; CRC Press: Boca Raton, FL, USA, 2015;
pp. 285–310.

5. Bronen, R. Climate-induced community relocations: Using integrated social-ecological assessments to foster
adaptation and resilience. Ecol. Soc. 2015, 20. [CrossRef]

6. Sipe, N.; Vella, K. Relocating a flood-affected community: Good planning or good politics? J. Am. Plan. Assoc.
2014, 80, 400–412. [CrossRef]

7. Oppenheimer, M.; Glavovic, B.; Hinkel, J.; van de Wal, R.; Magnan, A.K.; Abd-Elgawad, A.; Cai, R.;
Cifuentes-Jara, M.; DeConto, R.M.; Ghosh, T.; et al. Sea level rise and implications for low-lying islands,
coasts and communities. In IPCC Special Report on the Ocean and Cryosphere in a Changing Climate; Pörtner, H.O.,
Masson-Delmotte, V., Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegría, A., Nicolai, M., Okem, A.,
Petzold, J., et al., Eds.; IPCC: Geneva, Switzerland, 2019; in press.

8. Hanna, C.; White, I.; Glavovic, B. Managed retreat in practice: Mechanisms and challenges for implementation.
In Oxford Research Encyclopedia of Natural Hazard Science; Oxford University Press: New York, NY, USA, 2019.

9. Esteves, L. What is managed realignment? In Managed Realignment: A Viable Long-Term Coastal Management
Strategy; Esteves, L., Ed.; Springer: New York, NY, USA, 2014; pp. 19–31.

10. Tadgell, A.; Doberstein, B.; Mortsch, L. Principles for climate-related resettlement of informal settlements in
less developed nations: A review of resettlement literature and institutional guidelines. Clim. Dev. 2018, 10,
102–115. [CrossRef]

11. Dyckman, C.S.; St. John, C.; London, J.B. Realizing managed retreat and innovation in state-level coastal
management planning. Ocean Coast. Manag. 2014, 102, 212–223. [CrossRef]

12. Alexander, K.; Ryan, A.; Measham, T. Managed retreat of coastal communities: Understanding responses to
projected sea level rise. J. Environ. Plan. Manag. 2012, 55, 409–433. [CrossRef]

13. Agyeman, J.; Devine-Wright, P.; Prange, J. Close to the edge, down by the river? Joining up managed retreat
and place attachment in a climate changed world. Environ. Plan. A 2009, 41, 509–513. [CrossRef]

http://dx.doi.org/10.1038/nclimate3252
http://dx.doi.org/10.1126/sciadv.aax8995
http://dx.doi.org/10.5751/ES-07801-200336
http://dx.doi.org/10.1080/01944363.2014.976586
http://dx.doi.org/10.1080/17565529.2017.1291401
http://dx.doi.org/10.1016/j.ocecoaman.2014.09.010
http://dx.doi.org/10.1080/09640568.2011.604193
http://dx.doi.org/10.1068/a41301


Sustainability 2020, 12, 736 16 of 18

14. Abel, N.; Gorddard, R.; Harman, B.; Leitch, A.; Langridge, J.; Ryan, A.; Heyenga, S. Sea level rise, coastal
development and planned retreat: Analytical framework, governance principles and an Australian case
study. Environ. Sci. Policy 2011, 14, 279–288. [CrossRef]

15. Hayward, B. ‘Nowhere far from the sea’: Political challenges of coastal adaptation to climate change in New
Zealand. Political Sci. 2008, 60, 47–59. [CrossRef]

16. Gibbs, M. Why is coastal retreat so hard to implement? Understanding the political risk of coastal adaptation
pathways. Ocean Coast. Manag. 2016, 130, 107–114. [CrossRef]

17. Bronen, R.; Chapin, F.S. Adaptive governance and institutional strategies for climate-induced community
relocations in Alaska. Proc. Natl. Acad. Sci. USA 2013, 110, 9320–9325. [CrossRef] [PubMed]

18. Bardsley, D.; Niven, R. Planned retreat as a management response to coastal risk: A case study from the
Fleurieu Peninsula, South Australia. Reg. Environ. Chang. 2013, 13, 193–209. [CrossRef]

19. Cooper, J.; McKenna, J. Social justice in coastal erosion management: The temporal and spatial dimensions.
Geoforum 2007, 39, 294–306. [CrossRef]

20. Harker, J. Housing built upon sand: Advancing managed retreat in New Zealand. Aust. J. Environ. Law 2016,
3, 66–85.

21. Frohlich, M.F.; Smith, T.F.; Jacobson, C.; Fidelman, P.; Carter, R.W.; Baldwin, C. Towards adaptive coastal
management: Lessons from a “legal storm” in Byron Shire, Australia. Ocean Coast. Manag. 2019, 179, 104909.
[CrossRef]

22. O’Donnell, T.; Smith, T.F.; Connor, S. Property rights and land use planning on the Australian coast.
In Research Handbook on Climate Change Adaptation Policy; Keskitalo, E.C.H., Preston, B.L., Eds.; Edward Elgar:
Cheltenham, UK, 2019.

23. Robb, A.; Payne, M.; Stocker, L.; Middle, G. Our home is girt by seawalls? Preserving the public interest in
an era of sea level rise. Environ. Plan. Law J. 2019, 36, 395–421.

24. McSaveney, M.J.; Beetham, R.D.; Leonard, G.S. The 18 May 2005 Debris Flow Disaster at Matata: Causes and
Mitigation Suggestions; Institute of Geological & Nuclear Sciences: Lower Hutt, New Zealand, 2005.

25. Creswell, J.W. Research Design: Qualitative, Quantitative and Mixed Methods Approaches; SAGE Publications:
Los Angeles, CA, USA, 2009.

26. Yin, R. Case Study Research Design and Methods; Sage Publications: London, UK, 2003.
27. Skinner, D.; Rocks, S.; Pollard, S. A review of uncertainty in environmental risk: Characterising potential

natures, locations and levels. J. Risk Res. 2014, 17, 195–219. [CrossRef]
28. O’ Riordan, T.; Rayner, S. Risk management for global environmental change. Glob. Environ. Chang. 1991, 1,

91–108. [CrossRef]
29. Kwakkel, J.; Walker, W.; Marchau, V.A.W.J. Classifying and communicating uncertainties in model-based

policy analysis. Int. J. Technol. Policy Manag. 2010, 10, 299–316. [CrossRef]
30. Walker, W.; Harremoës, P.; Rotmans, J.; van der Sluijs, J.P.; van Asselt, M.B.A.; Janssen, P.;

Krayer von Krauss, M.P. Defining uncertainty: A conceptual basis for uncertainty management in
model-based decision support. Integr. Assess. 2003, 4, 5–17. [CrossRef]

31. Zandvoort, M.; van der Vlist, M.J.; van den Brink, A. Handling uncertainty through adaptiveness in planning
approaches: Comparing adaptive delta management and the water diplomacy framework. J. Environ.
Policy Plan. 2018, 20, 183–197. [CrossRef]

32. IPCC. Climate Change 2014: Synthesis Report. In Contribution of Working Groups I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change; Pachauri, R.K., Meyer, L.A., Eds.; IPCC:
Geneva, Switzerland, 2014; p. 151.

33. Adger, W.; Eakin, H.; Winkels, A. Nested and teleconnected vulnerabilities to environmental change.
Front. Ecol. Environ. 2009, 7, 150–157. [CrossRef]

34. Räsänen, A.; Juhola, S.; Nygren, A.; Käkönen, M.; Kallio, M.; Monge, A.M.; Kanninen, M. Climate change,
multiple stressors and human vulnerability: A systematic review. Reg. Environ. Chang. 2016, 16, 2291–2302.
[CrossRef]

35. Cutter, S. Compound, cascading, or complex disasters: What’s in a name? Environ. Sci. Policy Sustain. Dev.
2018, 60, 16–25. [CrossRef]

36. Lawrence, J.; Blackett, P.; Cradock-Henry, N.; Nistor, B.J. Climate Change: The Cascade Effect. Cascading
Impacts and Implications for Aotearoa New Zealand; Deep South National Science Challenge: Wellington,
New Zealand, 2018.

http://dx.doi.org/10.1016/j.envsci.2010.12.002
http://dx.doi.org/10.1177/003231870806000105
http://dx.doi.org/10.1016/j.ocecoaman.2016.06.002
http://dx.doi.org/10.1073/pnas.1210508110
http://www.ncbi.nlm.nih.gov/pubmed/23690592
http://dx.doi.org/10.1007/s10113-012-0315-4
http://dx.doi.org/10.1016/j.geoforum.2007.06.007
http://dx.doi.org/10.1016/j.ocecoaman.2019.104909
http://dx.doi.org/10.1080/13669877.2013.794150
http://dx.doi.org/10.1016/0959-3780(91)90017-N
http://dx.doi.org/10.1504/IJTPM.2010.036918
http://dx.doi.org/10.1076/iaij.4.1.5.16466
http://dx.doi.org/10.1080/1523908X.2017.1347035
http://dx.doi.org/10.1890/070148
http://dx.doi.org/10.1007/s10113-016-0974-7
http://dx.doi.org/10.1080/00139157.2018.1517518


Sustainability 2020, 12, 736 17 of 18

37. Jasanoff, S. Virtual, visible, and actionable: Data assemblages and the sightlines of justice. Big Data Soc.
2017, 4. [CrossRef]

38. Jasanoff, S. States of Knowledge: The Co-Production of Science and Social Order; Routledge: London, UK, 2004.
39. Latour, B. Pandora’s Hope: Essays on the Reality of Science Studies; Harvard University Press: Cambridge, MA,

USA, 1999.
40. White, I. Rigour and rigour mortis? Planning, calculative rationality, and forces of stability and change.

Urban Stud. 2019. [CrossRef]
41. Proctor, R.N.; Schiebinger, L. Agnotology: The Making and Unmaking of Ignorance; Standford University Press:

Standford, CA, USA, 2010.
42. Jacobs, J.M.; Cairns, S.; Strebel, I. ‘A tall storey . . . but, a fact just the same’: The red road high-rise as a black

box. Urban Stud. 2007, 44, 609–629. [CrossRef]
43. Abbott, J. Understanding and managing the unknown: The nature of uncertainty in planning. J. Plan.

Educ. Res. 2005, 24, 237–251. [CrossRef]
44. Rittel, H.; Webber, W. Dilemmas in a general theory of planning. Policy Sci. 1973, 4, 155–169. [CrossRef]
45. Fearnley, C.J. Assigning a volcano alert level: Negotiating uncertainty, risk, and complexity in decision-making

processes. Environ. Plan. A 2013, 45, 1891–1911. [CrossRef]
46. Kuklicke, C.; Demeritt, D. Adaptive and risk-based approaches to climate change and the management of

uncertainty and institutional risk: The case of future flooding in England. Glob. Environ. Chang. 2016, 37,
56–68. [CrossRef]

47. Orderud, G.I.; Naustdalslid, J. The understanding and role of uncertainty and risk in climate change
adaptation: Local and central authorities in Norway. Int. J. Sustain. Dev. World Ecol. 2018, 25, 579–591.
[CrossRef]

48. Geenen, S. Underground dreams. Uncertainty, risk and anticipation in the gold production network.
Geoforum 2018, 91, 30–38. [CrossRef]

49. Padawangi, R. Forced evictions, spatial (un)certainties and the making of exemplary centres in Indonesia.
Asia Pac. Viewp. 2019, 60, 65–79. [CrossRef]

50. Koppenjan, J.; Klijn, E. Managing Uncertainties in Networks: Public Private Controversies; Routledge: New York,
NY, USA, 2004.

51. Walker, W.; Haasnoot, M.; Kwakkel, J. Adapt or perish: A review of planning approaches for adaptation
under deep uncertainty. Sustainability 2013, 5, 955–979. [CrossRef]

52. Lempert, R.; Popper, S.; Bankes, S. Shaping the Next One Hundred Years: New Methods for Quantitative, Long
Term Policy Analysis; RAND: Santa Monica, CA, USA, 2003.

53. Davoudi, S.; Brooks, E.; Mehmood, A. Evolutionary resilience and strategies for climate adaptation.
Plan. Pract. Res. 2013, 28, 307–322. [CrossRef]

54. Folke, C.; Carpenter, S.; Walker, B.; Scheffer, M.; Chapin, T.; Rockström, J. Resilience thinking: Integrating
resilience, adaptability and transformability. Ecol. Soc. 2010, 15, 20. [CrossRef]

55. Savini, F. Planning, uncertainty and risk: The neoliberal logics of Amsterdam urbanism. Environ. Plan. A
Econ. Space 2016, 49, 857–875. [CrossRef]

56. Hanna, C. Restraints of Change: Limits to ‘Managed Retreats’ in Aotearoa New Zealand; The University of Waikato:
Hamilton, New Zealand, 2019.

57. Boston, J.; Lawrence, J. Funding climate change adaptation. Policy Q. 2018, 14, 40–49. [CrossRef]
58. Atlas Communications & Media Ltd. Project Twin Streams case study: Largescale property purchase without

recourse to compulsory purchase. In Prepared for the Ministry for the Environment on Behalf of Waitakere City
Council; Ministry for the Environment: Wellington, New Zealand, 2011.

59. Hutt City Council. The Riverside Promenade—Building the Future: The Business Case; Hutt City Council: Lower
Hutt, New Zealand, 2016.

60. Bay of Plenty Regional Council. Demolition Works Underway on College Road. Available
online: https://www.boprc.govt.nz/your-council/news/news-and-media-releases/media-releases-2018/

january-2018/demolition-works-underway-on-college-road-edgecumbe/ (accessed on 10 September 2019).
61. Dudley Tombs, B.; France-Hudson, B. Climate change compensation—An unavoidable discussion. Policy Q.

2018, 14. [CrossRef]
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