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Synonyms

Adjusting; Building resilience and preparedness
for climate impacts; Coping; Managing; Regulat-
ing; Responding to

Definitions

Climate Change

The agreed upon definition of climate change, as
established in the Intergovernmental Panel on Cli-
mate Change (IPCC) fifth synthesis report, “refers
to a change in the state of the climate that can be
identified (e.g., by using statistical tests) by
changes in the mean and/or the variability of its
properties and that persists for an extended period,
typically decades or longer” (IPCC 2014, p.120).
Climate change, then, does not account for short-
term variability and changes in weather but rather
refers to long-term shifts in the observed average
weather.
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The term “climate change” is frequently
expanded to ‘“anthropogenic climate change”
which accounts for the significant influence of
humans on climate through persistent changes in
the composition of the atmosphere (IPCC 2014).
Natural processes, such as solar cycles and volca-
nic eruptions, also play a role in climate change
(IPCC 2014).

Observed changes in the climate system
broadly involve ocean and atmospheric warming,
reduced snow and ice cover, and rising sea levels
(IPCC 2014). From 1880 to 2012, the globally
averaged land and ocean temperature has warmed
by 0.85 degrees Celsius, the global mean sea level
has rose by 0.19 meters over the period
1901-2010, and ice sheets, glaciers, and snow
cover have been significantly reduced (IPCC
2014).

Adaptation

In the context of climate change, broadly defined
adaptation refers to “the process of adjustment to
actual or expected climate and its effects” (IPCC
2014, p.118). In human systems, the process of
adaptation is employed to moderate or avoid harm
associated with climate impacts and threats (IPCC
2014). In analyzing the costs and benefits of adap-
tation, Agrawala et al. (2011) describe adaptation
as a complementary strategy used in combination
with mitigation, to reduce the negative impacts of
climate change. Climate change adaptation can
then be viewed as a damage-reducing strategy.
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Adaptation is often described alongside the
concept of proactivity, which speaks to the antic-
ipatory nature of climate change adaptation.
While moderating harm arising in association
with current climate impacts, adaptation can also
be employed to prepare for future climate change.

Adaptation in human systems is highly vari-
able and context specific. Adaptation efforts differ
across the globe and between communities, in
response to variable climate impacts and differing
economic and social factors. Moreover, adapta-
tion types are diverse and constantly evolving as
new, innovative methods are developed and con-
temporary adaptations are examined.

Vulnerable Community

In its fifth assessment report, the [IPCC differenti-
ates exposure and vulnerability by highlighting
that exposure refers to humans and assets that
are at risk, while vulnerability speaks to the sus-
ceptibility of human and natural systems to harm
(IPCC 2014). Vulnerability can then be character-
ized as the tendency or likelihood of human and
natural systems to be adversely affected by cli-
mate impacts and threats. Building off this defini-
tion, Adger et al. (2003) identify factors that
contribute to the vulnerability of a system to cli-
mate change. These factors include the exposure,
physical setting and sensitivity, and capacity of a
system to adapt. In addition to these influencing
variables, the vulnerability of a community may
also depend on the impact of climate change on
key resources, social and economic aspects, and
the geographical location of communities (Adger
et al. 2003; IPCC 2014).

According to this understanding of vulnerabil-
ity and exposure, a community that is situated in a
low-lying coastal area displays a high sensitivity
to climate threats. This sensitivity stems from the
proximity to the coast and subsequent susceptibil-
ity to flooding and extreme weather, reliance on
marine resources that are inherently impacted by
climate change, and exposure of assets and infra-
structure to climate variability.

Vulnerability is not spatially consistent given
that climate impacts are not evenly distributed and
the elements that make up a vulnerable commu-
nity are variable. The distribution of wealth,

demographics, adaptive capacity, and governance
structures influences a society’s susceptibility to
climate impacts (IPCC 2014). For example, poor
societies in developing nations are highly vulner-
able to a changing climate.

Examples
Examples of climate change adaptation can be
observed in cases around the world:

» The construction of seawalls in regions which
are highly vulnerable to storm surge and
flooding, such as the Gilbert Islands (Duvat
2013)

* The managed relocation of residents and assets
in response to threats associated with sea-level
rise and increasing storm activity, as seen in the
case of Grantham, Australia (Sipe and Vella
2014)

+ The establishment of setbacks across commu-
nities in North America to provide a buffer
between hazardous coastal areas and develop-
ment (Harman et al. 2015.

* The undertaking of ecosystem-based efforts,
such as mangrove planting and restoration, to
respond to sea-level rise and storm surges
(Cheong et al. 2013.

Introduction

Global Climate Change

Global climate change is broadly recognized as
one of the most significant challenges facing soci-
ety today (Birchall and Bonnett 2018). In its most
recent assessment report, the IPCC highlighted
the influence of anthropogenic activities and
declared that many of the observed climate
impacts are unprecedented over decades to
millennia (IPCC 2014).

Increasing concentrations of atmospheric
greenhouse gas emission, largely associated with
activities such as fossil fuel combustion, defores-
tation, and agriculture, are leading to higher
global temperatures. The rise in global tempera-
ture has spurred multiple climate impacts around
the world, posing direct challenges for both
coastal and inland communities.
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Warming of the climate system is unequivocal,
sea levels are rising at an increasingly rapid rate,
glaciers and ice sheets have diminished drastically,
and precipitation and weather events have become
highly variable (IPCC 2014). Many coastal com-
munities have been confounded by sea-level rise
(SLR) and intense storm surges, wildfires have
ravaged vast areas of human settlement, and
extreme weather events frequently overwhelm
cities across the globe. Human systems are at the
forefront of climate risks (e.g., Birchall et al. 2017)
and highly vulnerable to contemporary climate
variability, as evidenced by the devastating effect
of heat waves, droughts, floods, hurricanes, and
wildfires (IPCC 2014).

Vulnerability of Coastal Communities

Given their geographic location, population den-
sity, dependence on marine resources, and expo-
sure to various climate threats, coastal
communities exhibit a markedly high vulnerabil-
ity to climate change. Moreover, many coastal
locations are challenged by the need to respond
to immediate threats which consume resources
needed to prepare for future climate impacts,
thus hindering anticipatory action. From a geo-
graphic perspective, the proximity of coastal com-
munities to the sea translates into greater climate
risks associated with rising sea levels and sea
surface temperatures, ocean acidification, storm
surges, and extreme weather. SLR is one of the
most visible impacts of climate change and is
characterized as a slow-onset challenge given its
delayed rate of impact. While SLR will translate
into a persistent problem in the future, preparing
for its effect must not be overlooked. Without
anticipatory action, coastal locations will face
mass SLR-induced displacement. Estimates of
human displacement as a result of SLR vary sub-
stantially, with predictions ranging from 67 mil-
lion to 187 million people at risk with a one-meter
rise in sea level (Geisler and Currens 2017). In
addition to rising sea levels, ocean warming con-
tributes to coastal vulnerability. Rising sea surface
temperatures create a dangerous scenario that
increases the formation and duration of extreme
weather events such as hurricanes. Because these
weather systems originate over the sea, they

disproportionately threaten coastal areas. Along-
side their exposure to rising sea levels and intense
weather events, coastal areas are densely popu-
lated, thus representing a concentration of infra-
structure and population inherently vulnerable to
climate threats (Nicholls et al. 2008). Further pop-
ulation growth, urbanization, and economic
development will accentuate coastal vulnerability
and exposure (IPCC 2014). This raises concerns
associated with the susceptibility of human and
natural systems to harm and highlights the need
for intervention.

Global Policy Approach

Action on climate change can occur through a
number of efforts and strategies. Scholars have
identified two major components necessary for a
robust response: mitigation and adaptation. Miti-
gation is a “human intervention to reduce the
sources or enhance the sinks of greenhouse
gases” (IPCC 2014, p.125). Adaptation, on the
other hand, seeks to minimize or avoid harm by
adjusting human and natural systems to cope with
climate impacts (IPCC 2014).

The current global policy approach to
addressing climate change is dominated by a
focus on mitigation (e.g., Birchall 2014; Birchall
et al. 2015, 2017), while adaptation receives sig-
nificantly less attention. Adaptation has only
recently emerged in policy discourse as a critical
component required to address global climate
impacts. This is because some degree of climate
change is inevitable even with aggressive mitiga-
tion. Adapting to climate change is thus impera-
tive if human systems are to reduce costs, remain
resilient, and protect residents and assets (Noble
et al. 2014). Because of their legal authority, tech-
nical capacity, and resources to mandate adapta-
tion across sectors, governments play a key role in
developing and implementing adaptation policy
(Henstra 2016). However, adaptation alone does
not constitute the best response to climate vari-
ability. Indeed, adaptation and mitigation are com-
plementary strategies and must be employed
together if climate policy is to be effective
(Bosello et al. 2010). While understanding of the
need to adapt is gaining global interest, implemen-
tation of adaptive strategies remains limited and
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largely incremental (Wise et al. 2014). With that
said, the 2015 Paris Agreement calls for efforts to
adapt to the effects of climate change (UNFCC
2015). This transition toward a greater inclusion
of adaptation efforts within global climate change
policy exemplifies the evolving realization of the
need to adapt.

Urgency of Adaptation

A reliance on mitigative strategies to reduce GHG
emissions alone is not sufficient knowing that
even with ambitious emissions reduction efforts,
continued climate change is unavoidable (Klein
et al. 2005; IPCC 2014). Adaptation is thus a
necessity. This is evident in Kiribati, for example,
where its 32 low-lying atolls are experiencing
extensive inundation, forcing hundreds of resi-
dents from their homes (Donner and Webber
2014). Lacking sufficient adaptive capacity, resi-
dents of vulnerable Kiribati islands are facing
relocation to other countries as the sea level con-
tinues to rise (Donner and Webber 2014). Without
anticipatory adaptation, the threat of climate
change becomes immense.

Several climate change experts have projected
the extent of human displacement and land inun-
dation under future SLR. In the United States
alone, Hauer et al. (2016) have projected that if
the sea level were to rise 0.9 meters by the year
2100, it would cause massive coastal flooding,
putting 4.2 million individuals at risk. Thus, for
coastal regions threatened by SLR, anticipatory
adaptation has been encouraged as a cost-effective
and damage-reducing strategy. However, as a
result of the influence of policy measures, the
implementation of adaptive efforts has been
sparse (Diaz 2016). Even though the full effects
of climate change are not currently evident, action
must be taken now to prevent a crisis.

Adaptation Types

A number of adaptation initiatives have been pur-
sued to improve the well-being of populations, the
security of assets, and the health of natural eco-
systems now and in the future (Marolla and
Sommer 2016). Adaptation actions are commonly
divided into structural-, nonstructural-, and
ecosystem-based approaches (Wenger 2015).

Structural adaptations tend to be preferred in
coastal regions and, as a result, represent a heavily
relied upon traditional pathway. Nonstructural
adaptation types, on the other hand, tend to be
less common; however, there is a growing reali-
zation of their potential. As an innovative option,
ecosystem-based approaches are rarely utilized in
coastal adaptation planning, but present numerous
opportunities for contributing to resilience. The
following sections focus on the adaptation types
most relevant in vulnerable coastal communities,
in the context of SLR, coastal erosion, and violent
weather.

Structural Approaches

Structural adaptations, or hard adaptations, are
described as an infrastructural change or improve-
ment, aimed at increasing a community’s resil-
ience to climate impacts. Structural approaches
vary drastically according to the specific climate
impact in question. For example, hard adaptations
engineered to protect against flooding and to
divert water flows include levees, seawalls, drain-
age channels, and dams (Wenger 2015). In vul-
nerable coastal communities, adaptation strategies
tend to focus on shoreline armoring or hardening,
including breakwaters, ripraps, and seawalls
(Goff 2010). Shoreline armoring is intended to
reduce coastal damage by absorbing the force of
wave action and storm surges. Such adaptation
efforts aim to utilize engineering and technologi-
cal responses that physically protect residents and
assets from climate threats.

Globally, structural responses tend to be
favored because of the perceived security that
comes with hard infrastructure and the extensive
history of their use (Betzold and Mohamed 2016).
One of the oldest dike systems, erected in Ger-
many 1000 years ago to protect farmland from
flooding, exemplifies the deep-rooted nature of
these responses (Harman et al. 2015). Because
structural responses have long served as a protec-
tive measure in vulnerable coastal regions, many
countries are currently faced with maintaining and
upgrading their hard adaptations in response to
SLR-induced flooding (Harman et al. 2015).
Moreover, global analysis of the effectiveness
and efficiency of structural adaptations reveals
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associated challenges and indirect effects that are
frequently overlooked. To address these chal-
lenges and build resilience, communities must
sever their reliance on physical structures and
incorporate nonstructural- and ecosystem-based
approaches into their adaptation planning.

Nonstructural Approaches

By contrast, nonstructural approaches, a type of
soft adaptation, reflect the concept of accommo-
dation, focus on human behavior, and attempt to
manage risks primarily by regulating land use and
development. Harman et al. (2015) describe non-
structural adaptations as measures that aim to
permit the continued use of vulnerable areas by
reducing the sensitivity, exposure, or both to cli-
mate impacts. Such measures include planned
relocation or retreat, altered land use and building
controls, elevated floor and increased setback
requirements, and enhanced awareness, emer-
gency management, and insurance (Harman
et al. 2015; Wenger 2015). These efforts aim to
make development more resilient to climate
impacts and manage risk through public education
and awareness. Nonstructural adaptations are less
common in adaptation planning; however, they
represent a valid response to climate change.
These approaches are relatively flexible and can
be tailored to specific climate impacts. For exam-
ple, to mitigate flood risks and threats associated
with storm surges and violent weather, communi-
ties can alter their development regulations and
building codes to protect residents and assets.
This protection occurs by ensuring that develop-
ment is located and designed in a resilient manner.
For example, exaggerated setbacks, if
implemented appropriately, can provide a buffer
between hazardous areas and coastal development
(Harman et al. 2015).

Planned retreat or relocation, on the other
hand, is viewed to be a more extreme approach.
Alexander et al. (2012) describe managed retreat
as a process involving the relocation of homes and
infrastructure under threat from climate impacts.
The intent of relocation is to migrate residents and
assets out of hazard-prone areas, which presents
significant opportunities for risk reduction and
climate change adaptation. While structural

adaptations aimed at protecting residents and
built assets can be expensive, relocation may pro-
vide a range of benefits now and in the future
(IPCC 2014). Relocation is increasingly consid-
ered a valid coastal adaptation measure, as
evidenced by the establishment of buy-out pro-
grams post Hurricane Sandy and relocation
attempts in Alaska (Bukvic et al. 2015; Bronen
and Chapin 2013). The legitimacy of relocation as
an adaptation option, however, is frequently
examined in the literature, which tends to focus
on the array of challenges derived from this strat-
egy (e.g., Binder et al. 2015).

In general, recent research on nonstructural
adaptations find that this approach is inherently
challenged by financial, social, and political con-
straints. In an attempt to overcome the many
drawbacks of hard infrastructure and non-
structural adaptations, ecosystem-based
approaches have been cited as flexible, cost-
effective, and applicable alternatives for
addressing the impacts of climate change (Jones
etal. 2012).

Ecosystem-Based Approaches

Also referred to as soft defenses, ecosystem-based
approaches are categorized as protective strate-
gies that adapt to and supplement natural pro-
cesses by leveraging the adaptive opportunities
associated with ecosystem services (Harman
et al. 2015). Jones et al. (2012) highlight that
ecosystem-based approaches to adaptation act to
buffer human systems against the impacts of cli-
mate change by capturing a range of ecosystem
services provided. Climate and policy researchers
are attracted to these strategies as they are flexible,
low-regret, and low-cost and offer aesthetic and
recreational opportunities (Harman et al. 2015;
Jones et al. 2012).

Ecosystem-based approaches may involve
large-scale projects such as beach nourishment
and sand dune restoration (Harman et al. 2015).
On a narrower scale, these approaches may also
focus on specific species by capturing the adaptive
opportunities offered by ecosystem engineering
species such as mussel and oyster beds and vege-
tation (Borsje et al. 2011). Some researchers sug-
gest that these species possess the ability to
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naturally moderate climate threats through a range
of ecosystem services provided (Jones
et al. 2012).

With extreme weather events increasing in
severity and frequency, ecological systems
become critical for increasing resilience and adap-
tive capacity in coastal areas. This concept is a
form of insurance value where wetlands, natural-
ized shores, and marshes can reduce damage
caused by flooding. This protection stems from
the ability of these various species to trap and
stabilize sediment, thus raising the soil elevation,
which attenuates waves and shows potential to
keep pace with SLR (Borsje et al. 2011).
Ecosystem-based approaches may then be used
in combination with structural approaches, as in
the case of foreland vegetation restoration, to
minimize the forces placed on seawalls and
dams (Borsje et al. 2011). The contribution of
ecosystem services to resilience is gaining global
attention as a critical response to a changing cli-
mate; however, less is known about the ability of
natural systems to contribute to resilience in mon-
etary metrics (Gomez-Baggethun and Barton
2013). This limitation highlights a key challenge
with ecosystem-based approaches as the process
of ecosystem preservation and restoration lacks a
valid economic justification. Thus, it is critical
that decision-makers and policy creators realize
the value of ecosystem-based options as an
approach to enhance resilience and quality of life
in coastal cities (Gomez-Baggethun and Barton
2013). Despite this limitation, the challenges
associated with hard adaptation types and soft,
nonstructural adaptations far outweigh the chal-
lenges with ecosystem-based approaches.

Key Issues

Global climate change is a wicked problem posing
distinct and long-term challenges. Climate change
scholars and policy makers have highlighted that a
robust response to a changing climate should
involve components of both mitigation and adap-
tation. Although mitigation dominates climate
interventions (Broto and Bulkeley 2013), the stip-
ulation for adaptation is rapidly growing. The

urgency of adaptation emanates from the fact
that some degree of continued climate change is
inevitable, even with the most aggressive emis-
sions reduction strategies. Moreover, climate
impacts have already had a widespread and
marked effect on human and natural systems,
warranting the need to adapt (IPCC 2014). These
systems are inherently vulnerable to climate
threats with vulnerabilities predicted to increase
with further climate warming (IPCC 2014).

Coastal communities, in particular, show an
enhanced vulnerability to climate change impacts
as a result of their geographic location, population
density, dependence on marine resources, and
exposure to various climate threats. As a result
of sea-level rise, coastal systems will be increas-
ingly subject to submergence, flooding, and ero-
sion throughout the twenty-first century (IPCC
2014). Additionally, this vulnerability will be
accentuated due to population growth, urbaniza-
tion, and economic development which contribute
to an increased exposure of human populations
and assets (IPCC 2014). To moderate or avoid
harm and increase their resilience and reduce vul-
nerabilities, coastal communities can undertake
several adaptation efforts which may fall into the
categories of structural-, nonstructural-, and/or
ecosystem-based approaches (Wenger 2015).

Current adaptation planning in coastal regions
tends to rely on the use of hard adaptations as a
result of its long-standing use over time, perceived
security, and ease of implementation. For exam-
ple, several small island developing states, the
United States, and Australia exhibit a significant
reliance on seawalls, which cover great expanses
of the shoreline (Goff 2010; Duvat 2013). How-
ever, hard adaptations are rigid, capital intensive,
and frequently trigger some extent of ecosystem
degradation. In response, soft adaptations can be
pursued in lieu of, or in combination with, hard
approaches. Nonstructural adaptations and
ecosystem-based approaches are associated with
greater flexibility, are less capital intensive, and
incorporate long-term outlooks which promote
climate change preparedness. The following sec-
tion will contrast, in more detail, the various adap-
tation types.
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Hard Versus Soft Adaptations

Hard adaptation pathways include structural,
physical, or technological efforts while soft adap-
tations involve the use of nonstructural- and
ecosystem-based approaches. With climate
change threats continuing to unfold in coastal
areas across the globe, new pathways are needed
to address the complex challenges which arise.
Contemporary adaptation planning tends toward
a reliance on hard structures to protect residents
and assets from climate threats and to reduce
community vulnerability. However, hard adapta-
tions are accompanied by a number of unforeseen
and well-studied negative impacts. For example,
while seawalls offer protective measures in the
short term, they impact coastal processes in such
a way that vulnerability may be accentuated in the
long term (Duvat 2013; Kittinger and Ayers
2010). This is a result of their contribution to
coastal erosion and destabilization, which are pro-
cesses often left out of adaptation decision-
making. Moreover, hardening of the coastline
through the construction of seawalls has been
proven to reduce the ability of natural systems to
withstand disturbances, thus resulting in shoreline
loss through erosion (Kittinger and Ayers 2010).
Similarly, the construction of dams and levees has
the consequence of degrading riparian ecosystems
by interfering with natural flow regimes and pre-
venting the interaction of rivers with their flood-
plains (Wenger 2015).

While hard adaptations are a familiar response
to climate variability, offer a sense of security, and
are temporally efficient strategies, they are often
criticized within the literature. Adaptation path-
ways dominated by hard adaptations frequently
involve large-scale disturbances to natural ecosys-
tems and to the communities who pursue such a
pathway (Sovacool 2011). Ecosystem degrada-
tion has long been a side effect of human popula-
tion growth and development; however, the
healthy functioning of natural ecosystems is now
gaining recognition as a critical contributor to a
communities’ ability to adapt.

Hard adaptations encompass a rigidity that
may not comprise a suitable response to climate
impacts given the uncertainty and complexity
associated with climate change (Sovacool 2011).

This rigidity works to challenge a community’s
ability to respond to immediate climate threats and
sudden changes in climate projections and thus
has the potential to increase, rather than decrease,
its vulnerability (Sovacool 2011). Lastly, hard
adaptations are criticized for their complexity
and capital-intensive nature (Sovacool 2011).
Highly vulnerable coastal communities are often-
times located in developing nations lacking the
capacity to undertake and implement effective
structural adaptations. In contrast, soft adaptation
pathways are cited to be a less capital-intensive
option (Sovacool 2011) and, however, present a
suite of distinct challenges as well.

Nonstructural adaptation types such as devel-
opment regulations and risk awareness are char-
acterized as being more flexible and cost-effective
strategies that supersede short-term structural
responses to climate change (Sovacool 2011).
For example, the designation of flood-prone
zones and subsequent prevention of development
in vulnerable areas physically remove residents
and assets from areas of potential threats. Thus,
long-term impacts are accounted for rather than
relying on protection from threats as they arise. As
noted earlier, nonstructural adaptations are not
without their challenges. For example, when
examining the challenges associated with the use
of setbacks and other development and building
controls, it was revealed that over time, this strat-
egy may be compromised resulting in a height-
ened vulnerability as SLR reduces the protective
buffer (Harman et al. 2015). In response, local
governments must frequently review and update
the setback restrictions. Planned retreat and relo-
cation efforts are also frequently reviewed in cli-
mate change literature with several experts noting
the barriers and potential negative effects associ-
ated with this pathway.

Managed retreat strategies may increase mar-
ket uncertainty, reduce land values, spur social
inequity and compensation claims, and negatively
affect the collective sense of place of residents of
coastal communities (Alexander et al. 2012;
Adams 2016). The process of relocation itself is
also vulnerable to several constraints including
issues with choosing a suitable resettlement site,
financial challenges, the timing and length of time
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involved in the relocation, and the broad willing-
ness of a community to relocate (Sipe and Vella
2014; Binder et al. 2015). Moreover, governance
and institutional barriers exist and consist of a lack
of authority to relocate community infrastructure,
a deficiency of specific funding and guidelines,
and development regulations that hinder quick
relocation. Viewed as a last resort, relocation
remains a possible response for vulnerable coastal
communities with very few instances of its imple-
mentation. Similarly, ecosystem-based
approaches are rare in practice and, however,
offer several adaptation opportunities for coastal
regions impacts by climate change threats.

Ecosystem engineering is gaining vigor among
climate scientists and policy makers, as a strategy
that promotes sustainability, is highly flexible and
self-preserving, and generates synergistic effects
(Cheong et al. 2013). Ecosystem-based adapta-
tions such as the preservation and growth of oyster
reefs, mangroves, and wetlands promote a greater
level of preparedness for climate threats in a
highly complex and dynamic coastal environment
(Cheong et al. 2013). Integrating ecosystem engi-
neering into contemporary coastal management
projects can increase a communities’ resilience
by harnessing the stabilizing effect of natural eco-
systems. Cheong et al. (2013) highlights that cli-
mate impacts are more easily absorbed and
recovered  from  when  ecosystem-based
approaches are used in tandem with other adapta-
tion efforts. Moreover, pursuing ecosystem-based
strategies presents benefits that extend beyond
coastal resilience to provide social opportunities
as well. For example, the preservation of natural
systems in proximity to structural adaptations can
increase the cumulative protection of assets and
residents while presenting recreational opportuni-
ties. Challenges with leveraging ecosystem-based
approaches largely stem from the lack of methods
available to evaluate and quantify these efforts
(Cheong et al. 2013; Goémez-Baggethun and
Barton 2013).

Given the range of climate change threats pre-
sented and differing economic and social factors
contributing to a communities’ vulnerability,
there exists no single adaptation solution. While
hard adaptations represent a familiar and

historically utilized strategy that quickly responds
to immediate climate threats, challenges related to
rigidity, cost, and ecosystem degradation effects
are frequently encountered. In contrast, soft adap-
tations are associated with greater flexibility, are
less capital intensive, and incorporate long-term
outlooks which promote climate change prepared-
ness. For efficient adaptation planning to occur,
decision-makers must be aware of the various
adaptation pathways to pursue, including the
opportunities and constraints associated with dif-
fering adaptation types. In general, to generate
synergistic effects and to develop a robust
response to climate impacts, a combination of
adaptation efforts is frequently recommended.

Future Directions

Further research is needed to understand climate
change and its effects. Prior to identifying options
to advance the adaptation planning process at the
local governmental level, it is important to note
the needed changes at senior levels of govern-
ment. Ultimately, a transition in the global climate
change policy approach is required from a mitiga-
tion focus to one that integrates critical compo-
nents of adaptation. Such a transition which
emphasizes the urgency of adaptation at senior
levels of government will provide a robust frame-
work to guide and influence the actions of
impacted communities. Without such guidance,
local efforts to ensure that climate change adapta-
tion is a priority and to push adaptation through to
implementation may not be realized, resulting in a
fragmented approach that receives little attention
in contrast to other local priorities (Krellenberg
and Katrin 2014).

At the decision-making level, scholars have
devised a number of recommendations to improve
contemporary adaptation planning. In response to
the host of criticisms associated with hard adapta-
tions, updated adaptation pathways must be
explored which may promote a combination of
adaptation types, the replacement of hard adapta-
tions with soft or a re-envisioning of hard adapta-
tions. Combining adaptation types is gaining
traction among climate scientists as a more robust
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adaptation pathway. Combining hard and soft
adaptation efforts offers a greater flexibility and
generates synergies and, simultaneously, acts to
reduce the political, financial, and infrastructural
constraints associated with planning and decision-
making (Cheong et al. 2013).

A complete replacement of structural strategies
with soft adaptations is less frequently encour-
aged among climate scholars and however
responds to the ineffectiveness of hard strategies.
A more suitable direction to pursue is the
repurposing and envisioning of hard adaptation
structures. This may involve the use of different
materials to construct seawalls and dams which
allow for the preservation and growth of biologi-
cal species that assist in the reduction of coastal
erosion (Goff 2010). Ultimately, vulnerable
coastal communities must expand their knowl-
edge on adaptation strategies through education
and awareness programs, prioritize adaptation as a
critical response to climate change, and make
adjustments in their adaptation planning process
to reduce vulnerabilities and increase their overall
resilience.
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