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Building adaptive capacity in a coastal region experiencing global change
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ABSTRACT. Coastal ecosystems in the eastern U.S. have been severely altered by human development, and climate change and other
stressors are now further degrading the capacity of those ecological and social systems to remain resilient in the face of such disturbances.
We sought to identify potential ways in which local conservation interests in the Lowcountry of South Carolina (USA) could participate
in a social process of adaptation planning, and how that process might ultimately be broadened to engage a more diverse set of partners.
We engaged participants through a combination of informal meetings, workshops, and other collaborative interactions to explore how
the conservation community perceives and pursues its various missions, and how that community might confront the threats and
opportunities in its future. Coproduction of knowledge and meaning were facilitated by collaborative scenario planning and strategic
planning evaluation, which illuminated how the conservation community is integral to the broader governance of the region and
highlighted how responses to forces of change are mediated through local culture, economics, and politics. We suggest an interpretation
of conservation in which the fundamental objectives of both social and ecological systems might be prioritized in tandem, rather than
narrowly focusing on environmental protection without consideration of the social landscape. Ultimately, adaptive capacity depends
on the ability to act collectively, and social capital, trust, and organization greatly influence the capacity to act. Thus, we conclude that
the presence of strongsocial networks, coordination and deliberation among diverse stakeholders, mechanisms for experiential feedback,
and emphasis on social learning are key elements needed to build adaptive capacity. Central to the evolving perspective of governance
of the commons is recognition that social and ecological systems are coupled; the issues and problems of one cannot be addressed
without considering the consequences for the other. Moreover, a dominant theme emerging from our research and that of other scholars
is the importance of culture and place attachment, which generates social cohesion and facilitates problem solving. These ideas have
important implications for when, where, and how stakeholders are engaged to address the rapid changes being experienced by social-
ecological systems.
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INTRODUCTION

Mitigating and adapting to the impacts of climate change and
other drivers of global change present unprecedented challenges
for environmental resource managers. Planning processes for
what have been termed “wicked problems” can quickly be
overwhelmed by the difficulty of accounting for multiple decision
makers, competing values, complex interactions of social and
ecological systems, and profound uncertainties regarding the
future and society’s ability to influence it. Rittel and Webber
(1973) introduced the notion of “wicked” planning problems,
which in addition to the features above, are characterized by: (1)
the lack of a definitive problem formulation; (2) no finite set of
decision alternatives; (3) a never-ending search for solutions; and
(4) interdependencies with other wicked problems. Solutions to
wicked problems do not usually arise from a systematic, linear
process of planning, but from a social planning process involving
multiple stakeholders, effective communication, visioning of
alternative futures, and acceptance of diverse opinions (Camillus
2008, Johnson et al. 2016). Here and elsewhere, our reference to
solutions should not be construed as optimal in any formal or
informal sense because it is unlikely that consensus on societal
objectives is achievable. Rather, solutions are plausible paths
forward that could possibly represent incremental improvements
over the status quo.

The goal of our research was to identify potential ways in which
local conservation interests could participate in a process of
adaptation planning and, ultimately, we sought to understand
how that process might be broadened and enhanced to include a

more diverse set of stakeholders (i.e., those other than
conservation interests). We used a collaborative, coproductive
approach to guide and inform our engagement. Under this
framework, science and governance are understood to interact,
whereby scientific information must be placed in contexts that
produce distinctive cultural responses (Jasanoff 2004), and the
diversity, richness, and challenges of local contexts are paramount
in understanding how scientificinformation is acted upon (Hulme
2010). Our focus was on the early phase of social engagement, by
bringing together various conservation interests and using a
variety of tools for coproduction of knowledge and meaning, and
by considering how the lessons learned could be helpful for
engaging more diverse social interests.

Our hope is that these experiences will be helpful to those
contemplating more systematic approaches to adaptation in
social-ecological systems. We focused on coastal ecosystems in
the eastern U.S., which have been severely altered by processes
associated with human development, including drainage of
coastal wetlands, land clearing, and the construction of seawalls
and other structures that harden the coast (Stedman and Dahl
2008). Sea-level rise and the changing frequency of extreme events
associated with climate change are now further degrading the
capacity of those ecological and social systems to remain resilient
in the face of disturbance (Arkema et al. 2013, USGRCP 2018).

Study context and problem statement
At the behest of several coastal National Wildlife Refuges
(administered by the U.S. Fish and Wildlife Service), we chose as
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a case study a region known as the Lowcountry, an area
encompassing the coastal plain of South Carolina (Fig. 1). It is
a region facing rapid environmental and societal change, with a
rich historical and cultural heritage, and an active and diverse
group of conservation interests (Halfacre 2013). Change has been
an enduring feature of the Lowcountry. Correspondingly,
community resilience and adaptability are striking characteristics
of this region. Priorities of historical, cultural, and natural
preservation are seen in response to chronic and catastrophic
events, dating back as far as the Civil War to more recent events
such as Hurricane Hugo in 1989. What has emerged is an active
and vibrant conservation community that focuses as much on
culture and quality of life as on ecological concerns (Halfacre
2013). The rich cultural heritage of the Lowcountry, fostered by
astrong bond to theland and sea, has helped shape a conservation
movement that is remarkably successful, especially in light of
entrenched social and political conservatism and the primacy of
private-property rights (Johnson et al. 2009, Halfacre 2013). For
example, in the 1990s, the conservation community was at the
forefront of a high-profile debate over economic development
that would provide greater protection for open spaces and rural
landscapes, which ultimately led to significant local and state
environmental legislation (Halfacre 2013). The Lowcountry
conservation community has become extremely diverse, with
many sophisticated nongovernmental organizations (NGOs)
providing strong leadership and promoting land-based
livelihoods that help sustain the area’s cultural heritage (Halfacre
2013). The conservation community in the Lowcountry embraces
social learning (Clark et al. 2001), uses a diversity of approaches
for achieving its conservation objectives, and takes advantage of
strong social cohesion and mechanisms for collective action, all
essential features of resilient and adaptive social-ecological
systems (Adger et al. 20054).

Fig. 1. South Carolina Lowcountry, Cape Romain National
Wildlife Refuge (NWR), and Francis Marion National Forest
(NF).
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The Lowcountry’s environmental wealth, rich cultural heritage,
and quality of life have been a double-edged sword, however.
Expanding tourism and population growth have placed strains
on infrastructure, fueled urban sprawl, increased social
vulnerability, amplified economic inequalities, and fanned racial
tensions (Faulkenberry et al. 2000, Johnson and Floyd 2006,
Johnson et al. 2009, Halfacre, 2013). Climate change is
exacerbating these and other problems. Coastal ecosystems are
naturally dynamic, but the confluence of rapid changes and
increased exposure that comes with more people and expanding
infrastructure produces greater risk of adverse consequences for
Lowcountry social-ecological systems. Rapid sea-level rise is
driving regular tidal flooding in the Charleston, South Carolina,
metropolitan area and is contributing to the loss of coastal
environments that provide multiple ecological goods and services,
including critical habitat for fish and wildlife (Gardner et al. 1992,
Daniels et al. 1993, Morris et al. 2002). Although the effect of
climate change on the frequency of coastal storms is uncertain,
sea-level rise amplifies the impact of recurrent hurricanes and
nor’easters, which are rapidly altering the sediment-starved
barrier islands that provide protection for the landscape,
infrastructure, and people from the force of the open ocean (Stutz
and Pilkey 2011). The large-scale nature of climate change
presents the Lowcountry conservation community with a so-
called “problem of fit,” in which the scale of the problem is not
matched by the scale at which local institutions can easily mitigate
or adapt to impacts (Cumming et al. 2006, 2013). Therefore, we
selected the broader Lowcountry region and its conservation
community as a more appropriate match to the scale of these
social-ecological challenges rather than focusing on the wildlife
refuge as a single decision maker (Keeney 1992, Johnson et al.
2015).

Along with developing model-based tools to support coastal
habitat management (e.g., Eaton et al. 2019), we used informal
meetings, workshops, scenario planning (Peterson et al. 2003),
and other collaborative tools to explore how the conservation
community in the Lowcountry perceives and pursues its various
missions, and how that community might confront the threats
and opportunities in its future (Fig. 2). Our goal was to test a
series of engagement activities and tools that were informed by
several theoretical frameworks rather than the evaluation of a
given social theory or analytical framework. Ultimately, we were
interested in understanding how tenets of social-ecological theory
might influence planning processes for adaptation to global
change.

Theoretical foundations used to inform engagement

The search for solutions to wicked environmental problems has
challenged the traditional view of humans as being apart from,
but managers of, nature (Berkes 2010). That view has been
replaced by the recognition that humans and the environment
interact in complex ways over many levels of organization and
scales of space and time (Gunderson et al. 1995, Holling 2001,
Ludwig 2001, Walker and Salt 2006). This human and nature
perspective (Mace 2014) means that the social-ecological system
is the fundamental unit of analysis (Berkes 2010), with all the
complexity that it entails. Accompanying this shift in perspective
has been the emergence of the concept of resilience, which posits
that all complex systems go through repeating, adaptive cycles of
exponential change, stasis, collapse, and renewal; a process that
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ultimately sustains the system and its functions over time (Holling
2001, Gunderson and Holling 2002, Folke 2006). A panarchy is
defined as a nested set of these adaptive cycles across space and
time, such that phases of a cycle at one scale exert influence on
the progression of phases at another (Holling 2001; see Fig. 7
therein).

Fig. 2. Possible stages of engagement for building adaptive
capacity in social-ecological systems. Initial engagement with
potential stakeholders involves listening sessions to identify
additional stakeholders, uncover stakeholders knowledge and
attitudes, and consideration of human behavior models to help
design messages and activities appropriate for specific areas,
issues, and audiences. Coproduction of alternative future
scenarios, using the intuitive-logics process, can help promote
social learning by generating shared perspectives of plausible
futures, as well as providing a vehicle for problem solving and
consensus building. A focus on ecological goods and services,
using social, technological, environmental, economic, and
political (STEEP) indicators to identify important drivers, can
provide a common set of values shared by divergent
stakeholders. A strategic planning tool (e.g., SWOT analysis) is
employed for understanding the strengths and weaknesses of
different stakeholder groups, and how that diversity can be
exploited to formulate actions to confront threats and take
advantage of opportunities. This is possibly followed by
iterated engagement with stakeholders who have even more
diverse interests in an ongoing process of social learning and
adaptation. More detailed explanation of these components is
found in text.
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Panarchy theory has profound implications for governance of
social-ecological systems (Gunderson and Holling 2002). First,
it suggests there is no unique or manifest scale at which
environmental problems can be analyzed and addressed.
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Although the focus of an environmental problem may be local,
sustaining the flow of ecological goods and services depends on
events and drivers happening at other scales, whether in a local
community or in global systems, which shape and constrain what
is possible. Second, timing is everything. Episodic disturbances,
such as the collapse of the U.S. housing market in 2008, produce
both chaos and opportunity. The lesson from panarchy theory is
to recognize when the social-ecological system is positioned for
change, and then to stand ready as a catalyst by having a strong
network of ideas, actors, and institutions (Olsson et al. 2006).
Third, old notions of systems in equilibrium, with fixed forms of
governance, are not congruent with the dynamic and
unpredictable nature of social-ecological systems. The flow of
ecological goods and services is constantly in flux and subject to
occasional, often unpredictable, shocks. Adapting to this
uncertainty requires more explicit assessments of risk, and
adoption of robust policies and actions that are more likely to
produce an acceptable flow of goods and services regardless of
how the future unfolds (Lempert and Schlesinger 2000, Hall et
al. 2012).

Finally, we note that notions of place attachment, sense of place,
the role of culture, and sense-making in social discourse are
increasingly being used to understand the complex interactions
between society and the environment (Demeritt 2002, Cheng et
al. 2003, Crane 2010), and how societies respond and adapt to
change (Ney and Thompson 2000, Adger et al. 2009, 2013).
Indeed, Cheng et al. (2003:87) argued that “natural resource
politics is as much a contest over place meanings as it is a
competition among interest groups over scarce resources.” A
sense of place is culturally constructed, and continuously
reconstructed, through the interaction among biophysical
attributes and processes, social and cultural meanings, and social
and political processes (Burnett 1976, Canter 1977, Cheng et al.
2003). Because an individual’s response is the basic unit of societal
adaptation, engaging with diverse stakeholders in the face of such
complexity requires recognition of a plurality of perspectives and
views of the issues through differing values and social-ecological
priorities (Cheng et al. 2003). Although many individuals and
other entities have a stake in the issues of climate change, sea-level
rise, and land-use change, they may also maintain different levels
of actual and perceived agency to act on issues of concern (Ajzen
2002). By integrating social science practices (e.g., behavioral
change theory such as described by the transtheoretical model
[TTM]; Prochaska and Velicer 1997) with a coproductionist
approach to problem definition and searching for solutions,
planners may find that different perspectives among stakeholder
are not insurmountable obstacles but may identify opportunities
in which emergent solutions can arise.

METHODS

Stakeholder participation and engagement

We worked with the staff of Cape Romain National Wildlife
Refuge to identify management agencies, conservation
organizations, and other groups in the Lowcountry region
concerned with social, natural resource, and global change issues
that might have an interest in partnering with us. For our purposes
here, we first engaged with those organizations that were likely to
support similar social-ecological priorities. We entered into this
engagement with the recognition that among a broad array of
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stakeholders, there would likely be divergent priorities, levels of
interest, and capacity to act, and with perspectives ranging from
local to national scales. We first wanted to understand the
perspectives, priorities, and ongoing activities of these
organizations and whether engaging with this proposed project
would be beneficial to their conservation efforts. With this in
mind, we invited groups to participate in the exploratory research
activities based on their understanding of our goals and the fit
with their mission objectives. Several groups expressed interest
and enthusiasm to participate, leading to the formation of the
Cape Romain Partnership for Coastal Protection (Partnership,
hereafter) which included representation from Cape Romain
National Wildlife Refuge, Francis Marion National Forest, South
Carolina Department of Natural Resources, South Carolina
Aquarium, The Nature Conservancy, National Oceanic and
Atmospheric Administration Office for Coastal Management,
Center for Heirs Property, Lowcountry Land Trust, and South
Carolina Sea Grant Consortium.

Asone of our first activities, participants engaged in a stakeholder
analysis for the wider region. Participants identified as many
socioeconomic interest groups and individuals as they could
within the Lowcountry community; these were grouped into a
smaller number of general sectors, which were then categorized
by their relative interest in changes affecting the Lowcountry and
their power to influence adaptation responses and the trajectory
of their community, as perceived by Partnership members. The
analysis provided a sense of the range of stakeholders that might
be considered for future engagement, as well as the most effective
forms of messaging and engagements to maximize interest.

Scenario planning

Scenario planning was developed in the 1960s as a way for
organizations to cope with an uncertain future (Millett 1988).
Scenarios are plausible descriptions of possible future states of
the world, but they are not predictions or forecasts (Berkhout et
al. 2002, Peterson et al. 2003, Rounsevell and Metzger 2010).
Rather, they are intended to offer insights into what the future
might hold in terms of the threats and opportunities facing an
organization. Scenarios are typically formulated as narrative
storylines, although they often are based on quantitative
information. Organizations use alternative scenarios to foster a
shared perspective of possible futures, from which robust
solutions to complex problems can arise.

Scenario planningis increasingly being used to explore adaptation
strategies to climate and other global change (Peterson et al. 2003,
Duinker and Greig 2007, Tompkins et al. 2008, Rosentrater 2010,
Sheppard et al. 2011, Cobb and Thompson 2012, Carlsen et al.
2013, National Park Service 2013). In this context, scenario
planning can be a useful method to explore highly uncertain
events; to incorporate diverse knowledge, interests, and opinions;
as a method of collective learning; and as a communication tool
for working with a diversity of stakeholders who may have widely
varying interests (Berkhout et al. 2002, Peterson et al. 2003,
Wiseman et al. 2011).

We conducted a 2-day scenario-planning workshop in January
2017 with 21 participants from the Partnership. Prior to the
workshop, participants were provided with a variety of publicly
available, internet-based resources describing climate change
effects, population growth, and social vulnerability (Appendix 1).
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Participants individually identified ecological goods and services
of value to help focus the development of alternative scenarios
(Keeney 1992). A shorter list of values was subsequently
constructed based on the frequency with which various goods and
services were mentioned. The idea was to aid scenario planning
by underscoring what values were at risk in a set of plausible
futures. Scenarios were developed for so-called “tailored
exploration,” in which a participatory process is used to identify
key drivers and trends that will shape the future of ecological
goods and services in the Lowcountry through the year 2050
(Wiseman et al. 2011). We used the “intuitive logics scenario
process” or “driving forces method,” which addresses an external
environment largely beyond the control of the decision maker
(Wright et al. 2013). Strategic actions are evaluated against the
resulting scenarios and, as such, actions are not considered part
of the scenarios themselves.

Workshop participants relied on social, technological,
environmental, economic, and political (STEEP) indicators to
help identify important drivers of ecological goods and services
(Rounsevell and Metzger 2010, Wiseman et al. 2011, National
Park Service 2013). Drivers were considered in terms of degree
of impact and degree of uncertainty (Wiseman et al. 2011, Wright
etal. 2013, Goodwin and Wright 2014). Participants assessed and
prioritized drivers, recognizing the importance of governance
(Berkhout et al. 2002, Tompkins et al. 2008) at multiple scales
(Rounsevell and Metzger 2010, Sheppard et al. 2011), as well as
how perceptions are mediated by culture (Ney and Thompson
2000, Crane 2010, Cobb and Thompson 2012, Adger et al. 2013).
We identified three principal drivers and created four alternative
scenarios. Scenarios were used in a follow-up workshop to help
develop strategic actions to help mitigate the effects of global
change.

Strengths, weaknesses, opportunities, and threats (SWOT)
analysis

Strengths, weaknesses, opportunities, and threats (SWOT) is a
tool developed for situational awareness and strategic planning
(Weihrich 1982). It is used to examine an organization’s internal
strengths and weaknesses, and to evaluate external threats and
opportunities, to help formulate effective business strategies. It is
a simple and practical tool for rapid assessment that can provide
insights into the complex interplay of factors affecting an
organization’s success (Pickton and Wright 1998, Helms and
Nixon 2010, Nyarku and Agyapong 2011). The SWOT tool has
been used extensively in the business world (Helms and Nixon
2010) and has seen growing use in natural resource management
(Hong and Chan 2010, Kajanus et al. 2012, Siaosi et al. 2012,
Marino et al. 2014, Haryono and Ambariyanto 2017), although
its use in the context of climate-change adaptation appears more
limited (Krysanova et al. 2010, Fertel et al. 2013).

We held a second workshop to conduct a SWOT analysis in
November 2018 with many of the same participants from the
scenario-planning workshop. We generally followed the process
described by Weihrich (1982), which is regarded as the most
important methodological reference (Ghazinoory et al. 2011) in
that it seeks to make SWOT analyses more applicable for
generating effective strategies (Helms and Nixon 2010). Prior to
the workshop, participants were provided background material
about SWOT analyses and requested to think about specific
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strengths and weaknesses of their respective organizations, with
a focus on addressing the current and future conditions,
opportunities, needs, and threats facing the Lowcountry as
described by the previously created scenarios. At the workshop,
individuals listed their organization’s strengths and weaknesses
on notes, which were color-coded to distinguish among federal,
state, and NGO partners. These factors were placed on flip charts,
grouped thematically, and similar items were combined. Color-
coding allowed us to understand how capabilities and perspectives
might differ among organizations. In a plenary meeting, the
articulated strengths and weaknesses were discussed and the top
four to six were identified by consensus for consideration by the
conservation Partnership as a whole. For example, an
organization’s weakness may have been dropped from the list if
it was negated by another organization’s strength. The idea is
analogous to that in ecological systems, in which functional
redundancy and diversity can promote resilience (Norberg et al.
2008). The goal was to emphasize the importance of collaboration
and the collective capabilities of the Partnership.

Because of time constraints, participants focused largely on one
of the four scenarios considered most plausible and discussed and
developed a list of the most important threats and opportunities.
Participants then individually ranked and scored (0 to 100, with
100 being the most important) the strengths, weaknesses, threats,
and opportunities on a handout provided.

Each pairwise combination of internal and external SWOT
factors was then examined, and one or more Partnership strategies
developed using a so-called TOWS matrix (simply a reverse
ordering of SWOT intended to emphasize the importance of
external threats and opportunities of the scenarios; Weihrich
1982). For each strategy, participants recorded which pairs of
SWOT factors the strategy was intended to address. After the
workshop, we used the mean of the participants’ scores for the
individual SWOT factors and summed those scores for the specific
pairs of SWOT factors associated with each strategy. This
provided a crude measure of the relative importance of each
strategy. This enumeration was done to help address a common
criticism of SWOT that it does not assist decision makers with
prioritization (Helms and Nixon 2010, Nyarku and Agyapong
2011).

RESULTS

Stakeholder identification

Workshop participants identified a large and diverse group of
Lowcountry stakeholders that could be engaged more proactively
to help the region adapt to the forces of change. Recognizing the
potential for a diversity of agency helped illuminate the extent of
stakeholders’ interest in, and knowledge of, the changes in the
region, as well as their capacity to influence the nature of
adaptation. Although dozens of stakeholder groups were
identified, we broadly categorized them as falling within nine
general groups (Fig. 3). Many were perceived as having a high
interest in the changes being experienced by the region, but their
perceived power to affect the course of adaptation varied widely.
For example, the region relies heavily on ecotourism, yet
ecotourists as a group were understood to wield little power in
the governance of the region. Agricultural interests, on the other
hand, were perceived as both extremely interested and empowered
to influence the future of the Lowcountry. Given the extent to
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which the interests of agriculture and conservation overlap
(Scherr and McNeely 2008), more proactive engagement of the
farming and timber industries may provide a straightforward and
effective way to broaden the Partnership’s message and influence.

Fig. 3. Major stakeholder groups and their perceived level of
interest and power as identified by the Cape Romain
Partnership for Coastal Protection.
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Scenario planning

A large array of ecological goods and services of value were
identified by workshop participants (Table 1). Based on the
frequency with which they were mentioned, cultural values and
provisioning services seem to be of greatest concern. Even among
conservation interests, cultural values and provisioning services
tended to be mentioned more than traditional conservation values
such as biodiversity.

Several potential drivers of change in the Lowcountry were
identified by workshop participants. All were considered of high
impact. Sea-level rise and population growth were considered the
most certain, whereas economic opportunity, climate variability,
and politics were considered the least certain. We identified three
principal drivers that encapsulated the most relevant and diverse
drivers identified at the workshop:

(1) Climate change: The severity of climate change was considered
a major driver and was the easiest driver to define. It included all
specifics of climate change (e.g., sea-level rise, frequency of
extreme weather events, etc.).

(2) Changing world order: Much of the workshop discussion was
underscored by a theme of national and global social-political
shifts and upheaval. Recognizing that such global-scale changes
can have important implications at the local level, we struggled
with how to capture this complexity. How the U.S. responds to
ongoing trends in globalization will influence the state and
direction of the national economy, immigration patterns, political
polarization, and cultural identity. The feeling that these features
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are changing in (unpredictable) ways that exclude certain
segments of the population, empower others, and exacerbate
environmental degradation was discussed at length during the
workshop. Because such social-political shifts were described as
major drivers of change at a local level, we tried to capture their
root cause as an uncertain but primary driver.

(3) Local values and power structures: The local/regional cultural
milieu and social systems were perceived as key areas in which
major drivers could be mitigated or exacerbated. This driver tries
to capture the idea of social resilience, how forces such as identity
unite or divide individuals and communities, how individuals and
communities mobilize resources, and how they are organized by
some form of institutionalized hierarchy (power structures).

Table 1. Summary of ecological goods and services of value
identified by participants of the Cape Romain Partnership for
Coastal Protection.

Type of ecological good or Specific good or service
service

Cultural values Quality of life: psychological well-being,
aesthetics, place attachment and identity,
religious/spiritual value

Cultural heritage: Gullah culture, sweetgrass,
archeological sites

Outdoor recreation: fishing, hunting,
ecotourism

Marine: fish, shrimp, oysters, blue crabs,
horseshoe crabs

Timber

Game animals

Threatened and endangered species: sea
turtles, red-cockaded woodpecker

Migratory birds, especially shorebirds
Wildlife habitat quality/quantity/connectivity
Disturbance abatement: due to storm surge,
flooding, erosion

Water quality and quantity: as affected by
runoff/pollution, salinity, aquifer recharge
Air quality: carbon sequestration

Provisioning services

Biodiversity

Regulating services

All scenarios assumed population growth will continue at pace
through 2050. Participants agreed that there was little uncertainty
about future population growth trends (http://www.sccommunityprofiles.
org/census/proj_c2010.html). How this influx of people affects
the area, both in terms of infrastructure and societal reaction,
will depend on other drivers at the local and regional scale.

Prior to articulating scenarios, we characterized the nature of
moderate and severe changes that might be expected for the three
principal drivers of change (Tables 2, 3, 4). For climate change,
characterizations were based largely on observed trends and
forecasts for the Lowcountry (Appendix 1). Characterizations of
a changing world order and local values and power structures
were modeled on literature-based, theoretical arguments
(Harrison and Burgess 1994, Ney and Thompson 2000, Lambin
et al. 2001, Demeritt 2002, Frank 2016, Gardels and Berggruen
2017). Using combinations of moderate and severe changes for
the three principal drivers, four scenarios were created depicting
two extreme and two intermediate futures. The scenarios are
somewhat lengthy narratives and thus have not been reproduced
here, but are available in Appendix 2.
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Table 2. Characterizations of moderate and severe climate change
used to develop alternative future scenarios for the Lowcountry
of South Carolina. Note: SLR = sea-level rise.

Severe

* SLR of ~2 feet by midcentury;

* > 270 tidal floods per year in
Charleston;

» Slight increase in average
precipitation, but greatly increased
frequency of extreme events
(drought, rain bombs, tornadoes);
* Average annual temperature will
increase 3-4 °F, increasing the
frequency and severity of heat
waves and competition for
freshwater;

« Significant increase in seawater
pollution, temperature, acidity, and
salinity;

Moderate

* SLR of <1 foot by midcentury;
* > 180 tidal floods per year in
Charleston;

* No change in average
precipitation, but moderately
increased frequency of extreme
events (drought, rain bombs,
tornadoes);

 Average annual temperature
increase will be moderate, slightly
increasing competition for
freshwater;

* Only minimal changes in
seawater pollution, temperature,
acidity, and salinity;

* Frequency of tropical storms * Frequency of tropical storms
continues at historic rate of about continues at historic rate of about
one landfall every three years, with one landfall every three years, but
most storms being category 1 or more storms will be category 2 and
less; even with more moderate higher; with high SLR, this

SLR, this increases the potential  increases the potential for

for widespread damage from catastrophic storm surge.

storm surge.

Strengths, weaknesses, opportunities, and threats (SWOT)
analysis

Organizational strengths of the Partnership included the capacity
to build productive networks and collaborations, legal authorities,
public support, natural resource expertise, resources (especially
the conservation land base), and outreach capacity. Weaknesses
included communication and marketing, internal alignment (i.e.,
consistent goals and priorities within an organization),
institutional inertia, limited funding and staff, and shifting
political priorities. Generally, federal partners indicated they have
legal authorities for conservation and the capacity to develop
strong conservation partnerships, but they struggle with limited
funding and institutional inertia. State agencies were not well-
represented at the second workshop, but based on their input
during other activities, we interpreted their strengths and
weaknesses to be similar to those of the federal partners. The
NGOs indicated they have strong outreach capacity and natural
resource expertise, but they have limited staff and lack expertise
in marketing.

The primary external threats were: unchecked population growth
and associated development, impacts to human health and well-
being, and extreme weather impacts to ecological goods and
services (EGS) of value. The most important opportunities were
an attractive culture and lifestyle in the Lowcountry (social
cohesion), a high demand for EGS, and opportunities for
partnerships.

Potential strategies were developed for each pairwise combination
of strengths/weaknesses and threats/opportunities (Fig. 4).
Virtually all strategies involved stakeholder engagement,
outreach, and development of partnerships. Strategies with the
highest scores were: (1) communicate benefits of existing
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protected areas in providing ecological goods and services; (2)
increase conservation community self-awareness (expand
partnerships and connect expertise with when, where, how it is
needed); and (3) conduct outreach in a way that connects quality
of life, culture, and demand for EGS with conservation.

Table 3. Characterizations of moderate and severe changing
world order used to develop alternative future scenarios for the
Lowcountry of South Carolina.

Moderate Severe

* A responsible nationalism
emerges (i.e., the U.S. desires to
maximize the welfare of its
citizens, but within a global
community of interests); America
takes strong leadership role in
global response and directions,
including economic, social
equality, and environment;

* Nations increase societal safety

« Global backlash to globalization
deepens and spreads, accompanied
by rise of nationalism,
authoritarianism, and government
corruption;

« Shifting power relationships fosters
continued breakup of traditional
alliances, leading to new geopolitical
spheres of influence, which in turn
fosters higher potential for regional

Ecology and Society 25(3): 9
https://www.ecologyandsociety.org/vol25/iss3/art9/

and ecosystem management, which tend to be positivistic,
strategic, and hierarchical (Berkes 2010).

Table 4. Characterizations of moderate and severe local values
and power structures used to develop alternative future scenarios
for the Lowcountry of South Carolina.

Moderate Severe

« Focus is on individual-based
values, with limited regulations on

« Focus is more on community-
based values, with more emphasis
on maintaining social and social and economic policies;
economic regulations and safety * Historic tradition of paternalistic
nets; politics in the Lowcountry endures,
* Place-based values and identity in which those who hold power are
enhance social cohesion even with  rarely challenged; this leads to a
continued immigration, resulting in high potential for political

more power sharing, participatory corruption;

forms of local governance, and « Large-scale forces and private
government accountability; industry exert a strong influence on
« Social and environmental values  local social, economic, and

are of high priority, with emphasis
on egalitarianism, and community

environmental policy; private
interests are pursued at the expense

nets and access to lifelong learning

wars, refugee crises, and nuclear

to combat the downsides of
globalization, fostering rapid « Distrust of governments,

growth of entrepreneurship in institutions, and the media deepens;
information/internet technology in * Xenophobia, intolerance, and
which more can participate in an religious fundamentalism deepen
expanding economy; and spread as cultures struggle to

* Effective institutions of global cope with social, economic, and
governance emerge, as the world’s  political upheaval;

largest economies (particularly « Possibility of trade wars among
China, India, and America) find economic powers increases;

ways to work together; « Global corporations exert growing
* Equitable trade policies are power because of the vacuum in
negotiated, increasing economic global governance; this fosters rapid
stability and sustaining growth; growth in mostly carbon heavy

* People feel more empowered as sectors and the military-industrial
democracy and other participatory complex;

forms of governance expand; « Global cooperation on combating
* A greater sense of empowerment climate change languishes as more
leads to more trust in institutions  authoritarian-style leadership

and the media, and this helps focuses on quick solutions to local
moderate the social, economic, and problems; environmental regulations
political upheaval associated with  are weakened.

unchecked globalization ;

* An effective global governance

promotes sustainability, moderates

the severity of climate change,

keeps national and corporate

power in check, and reduces the

chance of regional conflict.

proliferation;

DISCUSSION

Based on our experiences, we present several considerations for
engaging individuals and organizations interested in adapting to
the uncertain future of the Lowcountry (Fig. 2). We believe these
findings and ideas will also have applications to other places
confronting complex environmental problems and uncertain
futures. Our thoughts comport with the emerging view that
practical solutions to wicked problems will ultimately be
generated by local actors behaving in accordance with their own
particular perception of the social-ecological landscape (Rayner
and Malone 1997, Verweij et al. 2006, Crane 2010). This is a
fundamentally different perspective from that in much of resource

and incentive-based solutions;

« Society is buffered against the
worst impacts of global change
because of strong emphasis on
education and community-based,
proactive planning (e.g., smart
growth).

of cultural heritage and social
cohesion; focus is on economic
growth;

* Public services and income equality
decline, and immigration and
unchecked development make some
population segments even more
vulnerable to global change;

* Resiliency to even moderate
climate change declines because
largely regulation-based corrective
measures are slow to be
implemented.

We suggest that place-based experiences and power differentials
can help shape stakeholder engagement strategies, because groups
that operate at levels that are further removed from the immediate
landscape of the Lowcountry (e.g., national-level organizations
such aslarge conservation groups or governmental organizations)
are engaged in ways that are different from those groups that
operate primarily within the confines of the local landscape (e.g.,
local municipalities, churches, small businesses, and homeowners).
Although phone calls with individuals that represent national or
state level government organizations would be appropriate,
conversations with locally focused organizations perhaps should
be conducted in face-to-face settings. These differences in
operational level also often relate to power differentials, i.e.,
groups that have funding and support of the federal government
likely have greater power than hyper-local organizations. We
recommend adopting a stages of change approach from behavior
theory to understand such differentials among divergent
stakeholder groups and to address root factors that may influence
motivations and actions at different stages of engagement and
adaptation processes. Such change theory models have been used
for a variety of applications including addressing behavioral
health and problems associated with climate and environmental
change (e.g., Nisbet and Gick 2008, Semenza et al. 2008, Armitage
2009).

Welcoming a divergence of stakeholder perspectives (be they
knowledge, attitudinal, cultural, or otherwise) enhances the
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Fig. 4. Example of SWOT analysis, representing primary strengths, weaknesses, opportunities, and threats, and identifying potential

strategies for the Cape Romain Partnership for Coastal Protection. Note: EGS refers to ecological goods and services.

External Opportunities

External Threats

Partnership Strengths

1. Culture/lifestyle 1s attractive (social
cohesion)

2. High demand for EGS

3. Opportunities for partnerships

1. Unchecked growth and development
2. Impacts to human health and well-
being

3. Extreme weather impacts to EGS

1. Outreach capacity

2. Expertise in natural resource
management

3. Partnership experience & competence
4. Existing land base

Partnership Weaknesses

1. Expertise in messaging/marketing
2. Funding & capacity limitations

3. Institutional inertia

4. Internal alignment

e OQutreach in a way that connects quality of
life, culture, and demand for EGS with
conservation

® Increase conservation community self-
awareness (expand partnerships and
connect expertise when, where, how it's
needed)

e Protect and expand conservation lands
through partnerships

e Capitalize on EGS demand and outreach
and partnership expertise to increase
internal alignment and support

e Expand and diversify partnerships to
address funding limitations

e Target partnership development to
improve marketing and fund-raising

o Communicate benefits of existing
protected areas in providing EGS

® Guide growth and land protection based
on existing land base using partnerships
& diverse funding

e Explore and develop mitigation funding
mechanisms

e Develop and communicate the benefits of
zoning regulations and smart-growth
planning

e Partner with health organizations to
connect conservation with human health
benefits

® Market health and weather impacts to

help address internal alignment, inertia,
and funding

ability to coproduce shared understanding and actionable
solutions to problems in conservation and resource management.
Our current perception of coproduction is that of a normative
approach, in which experts and users collaborate to develop a
shared body of knowledge (Mitchell et al. 2004). In this view,
scientists work with stakeholders to help frame questions, script
research, and collect and analyze data (Klenk et al. 2015). Such
sustained collaborations are increasingly believed to be an
effective way to produce useable (or actionable) science (Meadow
et al. 2015). When these collaborations are combined with a
community-of-inquiry approach to learning (Ison 2010, Haynes
2018), knowledge and sense-making unfold through complex
interactions of social, cognitive, and teaching elements (Swan and
Ice 2010). This approach differs dramatically from engagement
activities that envision learning as a unidirectional, teacher-to-
student process. Irrespective of any specific view of coproduction
is the belief that allowing participants to interpret information in
a way that resonates more clearly with their lived experiences,
while enabling them to empathize with competing perspectives,
can help overcome the science-policy gap in climate-change
adaptation (Schuttenberg and Guth 2015). Key to any
coproduction approach is the involvement of social scientists,
who can analyze social interactions in a given decision context,
and inform the development of participatory scientific inquiry
and collective decision making (Weaver et al. 2014).

Successful coproduction can be quite difficult, however, because
of differences between experts and stakeholders in their
perception of timeframes, reward structures, goals, process cycles,
and epistemologies (Hegger and Dieperink 2014). The challenge
is to facilitate a shift from disparate, self-focused perspectives of
a problem to a holistic, collective framework for knowledge
production, in which stakeholders are given an equal voice so that
trust, creativity, and a shared perspective can develop
(Schuttenberg and Guth 2015). Boundary organizations (or
individuals) are seen as an effective way to enable this social
learning, in which science is viewed within the context of values
and political processes (Bidwell et al. 2013, Hegger and Dieperink
2014). Socially focused conservation organizations can serve both
asabridging organization and a facilitator of boundary networks,
in which dynamic problems can be addressed through changing
communities of decision makers and scientists (Bidwell et al.
2013). Employing a stages-of-behavior-change model to evaluate
interest levels, preparedness for action, and other phases of
behavior modification, is likely to be a worthwhile consideration
for any coproduction process.

Scenario planning can be a useful tool for coproduction and an
effective tactic for coping with wicked problems (Peterson et al.
2003, Camillus 2008). A participatory approach to scenario
planning can provide saliency, credibility, and legitimacy to future
storylines, as well as a vehicle for consensus building and problem
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solving (Rounsevell and Metzger 2010). Scenario planning acts
to promote social learning by fostering greater awareness of
social-ecological change and its impacts, by exploring and
integrating many different issues and forms of knowledge, by
exposing and exploring different worldviews, and by encouraging
greater awareness of the role of human choices and actions in
shaping the future (Wiseman et al. 2011). Our scenario-planning
exercise helped highlight the importance of scale in adaptation
to social-ecological change, whereby planners must attempt to
understand the spatial and temporal scales of ecological goods
and services, the ecological scales involved in their production,
and the institutional scales at which they are managed (Adger et
al. 2005b, Hein et al. 2006, Paloniemi et al. 2012). The scenarios
also emphasized how political and economic trends in far reaches
of the globe can have an impact on local adaptation planning
(Lambin et al. 2001, Lambin and Meyfroidt 2011, Meyfroidt et
al. 2013).

Scenario planning does have its limitations, however. As in other
cases, our workshop lacked diversity in participants (most were
part of the conservation community), and the limited perspectives
could weaken scenario credibility when communicating storylines
and strategy outcomes to more diverse groups (Rounsevell and
Metzger 2010). We were subject to other common pitfalls as well,
including insufficient time for scenario development, unrealistic
goals and expectations of the process and products, and a lack of
a clear link between scenarios and the planning processes
(Duinker and Greig 2007). Indeed, how scenarios may be better
used to catalyze institutional and behavioral change remains
somewhat of an open question (Rosentrater 2010). For this
reason, there has been increasing interest in combining scenario
planning with other tools of multicriteria decision analysis
(Montibeller et al. 2006, Karvetski et al. 2011). We attempted to
address this limitation by incorporating scenario planning with a
semiquantitative ranking of adaptation strategies using the
SWOT and TOWS frameworks.

Implications of panarchy theory were also apparent in our
engagement with the Partnership. Recognition of multiple scales
of influence was a dominant motif in our scenario-planning
exercises, in which local cultural differences, national politics, and
globalization shaped discussions about the region’s future. The
conservation community in the Lowcountry also has shown a
long-term pattern of punctuated equilibrium, in which relatively
long periods of stability were interrupted by periods of innovation
and change (Halfacre 2013). For example, Hurricane Hugo, a
category 4 storm making landfall at Cape Romain National
Wildlife Refuge in 1989 caused billions of dollars in damage and
35 fatalities. However, this catastrophic event provided an
opportunity for local leaders to reflect and act upon the effect of
rampant growth and development on the region’s quality of life
(Halfacre 2013).

Through our interactions with the Partnership, it became
apparent that the conservation community is integral to the
broader governance of the Lowcountry’s social-ecological
system, in which responses to the forces of global change are
mediated through local culture, economics, and politics. For
example, there is a growing interest in environmental justice in
the conservation movement, in which the focus turns to how
wealth, opportunities, and privileges are distributed within
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society (Brechin et al. 2002, Martin et al. 2013, Shoreman-Ouimet
and Kopnina 2015). This implies an interpretation of
conservation in which the fundamental objectives of both social
and ecological systems are prioritized in tandem, rather than
narrowly focusing on environmental protection without
consideration of the social landscape (Biedenweg and Gross-
Camp 2018). The Partnership supported this approach by
identifying the rich cultural heritage, attractive Lowcountry
lifestyle, and high demand for EGS as important opportunities
for conservation. This perspective places a high value on social
cohesion (Stanley 2003) as integral to the future of the landscape.

Adaptive capacity is defined as the ability to prepare for
environmental stressors in advance, or to adjust and respond to
stressor effects (Engle 2011). The greater the adaptive capacity,
the greater the resilience to disturbances like sea-level rise, tropical
storms, economic downturns, and other sources of social
disruption. We believe one key to the process of building adaptive
capacity is to consider lessons from human behavior theory and
models to better understand stakeholder agency, perceptions, and
preparedness for engagement and taking action. People live their
daily lives in a sea of meaning, in which there are power relations
and individual and group identities not necessarily evident to
those seeking engagement. Application of such theory encourages
an appreciation of the diverse ways in which people and
organizations perceive the social-ecological systems in which they
are embedded, and in so doing can facilitate more effective
engagement and communication strategies (Armitage 2009). By
recognizing these distinctions, conservation practitioners can
design effective messages and activities that better align with what
is most appropriate for a specific area, issue, and audience.
Traditional engagement and communication often start with the
notion that stakeholders simply need more information to make
appropriate decisions, sometimes resulting in a surplus of
information and a dearth of action (Kollmuss and Agyeman 2002,
Cox 2012).

Our stakeholder engagement in this project, however, was limited
to a relatively small representation of the broader conservation
community, and many participants were most interested in
identifying concrete actions to address changes being experienced
in the Lowcountry. When such actors have well-developed
concerns for impending threats and are already prepared to act,
scenario-planning exercises may not resonate strongly, because
these individuals are likely to feel that a focused discussion on
specific actions is more relevant. Our experience demonstrated,
however, that scenario-planning exercises can reveal unexpected
avenues through which the conservation community could pursue
its goals. Moreover, envisioning alternative futures can be useful
to help broader, more diverse stakeholders develop a shared
perspective of the changes and associated challenges confronting
the Lowcountry. As engagement expands to include a greater
diversity of perspectives, planners and researchers should be
prepared to understand and address how differing priorities and
values may influence engagement efforts.

Adaptive capacity ultimately depends on the ability to act
collectively, and social capital, trust, and organization greatly
influence the capacity to act (Adger 2003). The presence of strong
social networks, coordination and deliberation among diverse
stakeholders, mechanisms for experiential feedback (e.g.,
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adaptive management), and emphasis on social learning are key
elements contributing to adaptive capacity (Dietz et al. 2003,
Olsson 2004, Pahl-Wostl 2009). In a sense, the Lowcountry, as a
place, functions as one of many actors which, operating within a
network of relationships, prompt, enable, or constrain action,
thereby influencing conservation outcomes (Jepson et al. 2011).
Simon Levin (1999:38) observed: “as systems develop, networks
of interactions develop for a variety of reasons, some simply have
to do with chance and geography, others having to do with choice
and calculation.”

Our goal was to assist the conservation and other Lowcountry
communities make informed and calculated choices in guiding
the formation of capable, resilient networks rather than leaving
this development to chance. The Partnership has taken important
steps toward building adaptive capacity by networking with
various conservation interests and by exploring the coproduction
of knowledge and meaning. By assessing strengths and
weaknesses of its constituent members, the Partnership has begun
to understand the extent of diversity and redundancy, essential
features of adaptive capacity, within the conservation community
(Gunderson and Holling 2002). For example, government
partnersindicated they have legal authorities for conservation and
suitable capacity to develop conservation partnerships, but they
struggle with limited funding and institutional inertia. Private
organizations indicated they have strong outreach capacity and
natural resource expertise, but they have limited staff and lack
expertise in marketing. Thus, the Partnership is seeking to expand
and diversify its membership to help address funding limitations
and to better provide decision support when and where it is
needed. Finally, we recognize our efforts represent only an early
phase of efforts to build greater adaptive capacity in the
Lowcountry. But by coproducing plausible future scenarios,
understanding the weaknesses and strengths of individual
conservation groups, and by identifying a wide range of
stakeholder perspectives, levels of interest, and influence, the
Partnership is now better prepared to engage a broader, more
diverse social landscape.

CONCLUSIONS

Our involvement in this project was at the behest of coastal
National Wildlife Refuges, which have a keen interest in the
protection and management of fish and wildlife habitats to offset
those lost to sea-level rise. We sought to develop prioritization
tools to support this goal (e.g., Eaton et al. 2019), but our efforts
ultimately focused more on engagement of other conservation
interests and collective decision making within the larger social-
ecological system that is the Lowcountry. This focus on process
over product differs from the strategic guidance provided by the
refuge system, which emphasizes training employees in climate-
change adaptation, providing technical assistance (U.S. Fish and
Wildlife Service 2010), educating the public about climate change,
protecting infrastructure, and using energy wisely (Czech et al.
2014). Strategic guidance from scholars is likewise very much
refuge centric (Griffith et al. 2009, Iguchi 2011, Magness et al.
2012). However, even when refuge decision makers are clear about
the systemic and individual refuge objectives they wish to pursue
(Iguchi 2011), they must consider tradeoffs and actions required,
involving multiple levels of governance, from local stakeholders
to regional institutions and national politics. The view of this
governance landscape will vary widely among refuges
(Gunderson and Holling 2002), sometimes engendering feelings
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of isolation, hopelessness, and despair in facing the local impacts
of large-scale climate change and other stressors (Bryant et al.
2012; Fig. 5).

Fig. 5. A refuge biologist surveys the effect of sea-level rise at
the “boneyard” on Cape Romain National Wildlife Refuge in
South Carolina (photo credit: F. A. Johnson).

We believe this sense of isolation can be overcome in part by
engaging local conservation interests and, perhaps more
importantly, those who depend on the ecological goods and
services that support quality of life. This is likely to be unfamiliar
territory for refuge staff, whose principal focus is on maintaining
routine refuge operations and trying to mitigate or adapt to
impacts of climate change on the refuge itself (Johnson et al.
2015). Fortunately for Cape Romain National Wildlife Refuge,
there is a diverse, active, and vibrant conservation community in
the Lowcountry (Halfacre 2013). Opportunities for engagement
abound and, if seized upon, can minimize the problem of fit and
enhance the capacity for collective action.

Central to an evolving perspective of governance of the commons
(Dietz et al. 2003) is the recognition that social and ecological
systems are coupled; the issues and problems of one cannot be
addressed without considering the consequences for the other.
Moreover, a dominant theme emerging from our research and
that of other scholars is the importance of place attachment,
which generates social cohesion and facilitates problem solving.
These ideas have important implications for when, where, and
how stakeholders are engaged to address changes being
experienced by social-ecological systems.

Cultural construction, a central tenet of anthropology, sociology,
and cultural geography, suggests that how we view, understand,
and experience the world can vary greatly among individuals
(Demeritt 2002, Crane 2010). These are not trivial differences a
linear process of decision making can overcome. In the end,
complex environmental problems can only be solved by society
at large; therefore, acceptable solutions will only arise when there
is a respect for the pluralities of experience and meaning that
stakeholders bring with them to the decision-making process.
Plurality then is not merely a nuisance to be abstracted away, but
something that must be embraced in any attempt to solve a wicked
problem.
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Appendix 1. Internet resources provided to participants prior to the scenario planning workshop.

Revenue and
Fiscal Affairs
Office

Resource URL
NOAA Flood exposure | https://coast.noaa.gov/snapshots/#/process?action=flood&state=45&county=019&bounds=null
Coastal
County Wetlands https://coast.noaa.gov/snapshots/#/process?action=wetlands&state=45&county=019&bounds=null
Snapshots — benefits
Charleston Ocean jobs https://coast.noaa.gov/snapshots/#/process?action=ocean&state=45&county=019&bounds=null
County
Charleston Population http://web.charlestonchamber.net/external/wcpages/wcwebcontent/webcontentpage.aspx?contentid=25377
Metro growth trends
Chamber of
Commerce
University of | Population http://demography.cpc.unc.edu/2015/12/08/population-growth-in-the-carolinas-projected-vs-observed-trends/
North growth
Carolina:
Carolina
demography
South Net migration http://www.sccommunityprofiles.org/census/netmigration_c2010.html
Carolina

Control

Charleston Comprehensive | https://www.charlestoncounty.org/departments/zoning-planning/files/histcompplan/May-8-2017 Materials.pdf
County Plan

Center for Social https://svi.cdc.gov/Documents/CountyMaps/2014/South%20Carolina/SouthCarolina2014_Charleston.pdf
Disease vulnerability




Appendix 1. Continued.

Resource

URL

South Carolina

Climate

http://www.scseagrant.org/pdf files/Climate-Fact-Sheet-8-13-2014.pdf

Coastal Areas

Sea Grant change effects
City of Sea Level Rise | http://www.charleston-sc.gov/DocumentCenter/View/10089
Charleston Strategy
NOAA Tides | Sea level trend | https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?stnid=8665530
& Currents
Hurricane https://tidesandcurrents.noaa.gov/images/quicklook_high_wl/Hurricane Matthew 2016.jpg
Matthew water
levels
South Carolina | Climate http://www.dnr.sc.gov/ccworkshops/pdf/\WorkshopReportFINAL.pdf
State Variability and
Climatology Impacts to
Office South
Carolina’s
Natural
Resources:
Final
Workshop
Report
Geographic Headwater http://onlinelibrary.wiley.com/doi/10.1029/2008GL036000/epdf
Research erosion
Letters
Environmental | Synthesis of https://www.epa.gov/sites/production/files/2014-04/documents/cre _synthesis 1-09.pdf
Protection Adaptation
Agency Options for




Appendix 2. Future scenarios as developed by the Cape Romain Partnership for Coastal
Protection in the Lowcountry of South Carolina.

The four scenarios depict two extreme and two intermediate futures. The figures associated with
the following scenarios describe the characterization of the three principal driving forces. The
colloquial names of the scenarios are intended as memes, which the Partnership may or may not
find useful.

Scenario 1: The Three Horsemen

There is little or no effective global response to climate Climate Change
change, and the backlash to globalization deepens and
spreads over the coming decades. The U.S. greatly
increases military spending and therefore can afford less
social services. Isolationist policies embroil the USA in
trade wars (leading to increased tariffs and trade barriers)
and other protectionist policies. Global order is chaotic.
The Lowcountry in turn is plagued by social, economic,
and political upheaval and increased polarization.
Population growth continues, but fewer people are
moving to the area by mid-century in response to declining environmental values and increasing
coastal vulnerability. Society turns more inward looking, with politics becoming increasingly
polarized, as people feel less in control of their lives. Local politics become less inclusive, less
accountable, and more corrupt. People become more xenophobic; race relations become
increasingly problematic. The gap between rich and poor continues to grow, adding to the
breakdown of social cohesion. Tidal flooding and storm surge are a constant threat, impacting
infrastructure and slowing economic growth. Local regulatory measures to combat local effects
of climate change and urban sprawl are largely too little, too late. A sense of place and
appreciation of cultural heritage declines, making community-based solutions increasingly
difficult to attain. Unincorporated areas of Charleston County are particularly hard-hit;
McClellanville is largely abandoned to the sea. Response to sea level rise comes largely in the
form of coastal hardening to protect development and infrastructure. Ecotourism declines, and
marine transportation jobs are hard-hit by increased tariffs and trade barriers. Economic growth
is driven mainly by the health sector and increased military spending. Large segments of the
population are increasingly vulnerable due to ageing of immigrant retirees, rural gentrification
and lack of affordable housing, exposure to the impacts of climate change, and the inability of
public services to keep pace with the rapid changes affecting the area.

severe

moderate

severe

Changing
World Order

There is extensive environmental degradation by mid-century from a combination of unregulated
growth, climate change, and the power wielded by commercial interests. Impacts include the
rapid loss of barrier islands, accompanied by rapid conversion of marshlands to open water, in



turn diminishing the value of commercial and recreational fisheries. The loss of barrier islands
also reduces habitat available to migratory birds and sea turtles. Water quality degradation
(especially increases in coliform bacteria and salinity) leads to the commercial collapse of oyster
and blue crab fisheries. Competition for clean, freshwater intensifies due to more frequent
droughts and population growth throughout the state. Changes in precipitation patterns and
increased flooding result in increased mosquito populations in low-lying areas, leading to higher
risk of insect borne disease outbreaks. Rapid urbanization diminishes the aesthetic quality of the
rural landscape and contributes to a decline in forestry.

Scenario 2: United Front

As in scenario 1, there is little or no effective global Climate Change
response to catastrophic climate change, and the backlash severe
to globalization deepens and spreads over the coming

decades; the U.S. greatly increases military spending and

therefore can afford less social services; isolationist ate
policies embroil the USA in trade wars (leading to
increased tariffs and trade barriers) and other protectionist
policies. Global order is chaotic, with shifting alliances
and regional powers. Population continues to grow in the W%*;T*C!‘g;‘jm_

Lowcountry, at least through mid-century, attracting '

immigrants due to the desirability of the environment, culture, and lifestyle. Immigrants are
anxious to maintain this lifestyle and so assimilate rapidly. This prevents a breakdown in social
cohesion. Much of this social cohesion centers on appreciation for natural resources.
Government focus is on local economic development. Due to isolationist policies, economic
drivers are heavy-industry based (i.e. Volvo, Boeing, etc.). This is bringing in more workers
(educated, skilled) and employs locals as well. However, this also leads to some displacement of
locals. For example, many of the infrastructure/road building contractors are bringing in their
own people (not hiring locals). On the other hand, supporting industries are stimulated by the
large economic drivers, such as the timber industry, which largely employs local labor. This also
results in more blue-collar jobs as other associated business opportunities arise (supporting
industries: welding, construction, other types of entrepreneurship, etc.). This does not solve
income inequality or the urban vs. rural divide hence there is a “mixed bag” of economic
opportunity. Heavy industry increases demand for energy and ecosystem services. This increases
the marginal value of ecosystem services, increases development, and increases property values,
which can affect access to coastal resources and lead to loss of property for those who cannot
afford to live in this area in the “new” economic climate. Local governments act as necessary to
protect the social-ecological system. City planners/administrators improve water treatment
facilities and limit coastal development through zoning policies. Mayors, city council make
educated zoning decisions based on projected sea level rise, flood zones, elevation, etc., along

severe severe



with key community stakeholders; community-based planning is emphasized. Conservation
organizations (all levels) form partnerships to expand the promotion and implementation of
environmental education and environmental engagement. Lowcountry “Local First” does
outreach to promote positive impacts of local economic stimulus. Other local organizations
promote the positive human health and well-being impacts of consuming local, for example
Charleston Good. NGOs and University cultural/historic departments organize training to
encourage entrepreneurship to meet increased demand for local culture/heritage. The
effectiveness of these activities is enhanced by a strong place identity and social cohesion.

The local effects of climate change on ecosystem goods and services are rather severe,

however. An increased frequency of extreme events (rain bombs, drought, tropical storms) is
placing severe strains on public safety, human infrastructure, agriculture, and natural resources.
Due to the increased frequency/severity of storms (i.e. rain bombs), more impervious cover
affects storm water runoff as natural drainage systems are disrupted, providing less opportunity
for carbon sequestration. More runoff and less drainage have an impact on access to clean water
and affect coastal habitats through erosion and upsetting normal sediment transport systems. A
lack of drainage (standing water) has human health implications, resulting in an increased risk of
outbreaks of insect borne diseases, and increased storm severity affects access to social services
(hospitals, etc.). Bird and turtle nesting failures increase due to more intense storm events,
which impact the ecosystem services that these species provide (bird watching, aesthetic value,
tourism, “being immersed in wilderness” value). Changes in precipitation patterns lead to more
severe periods of drought and infrequent but severe rain storms result in extreme pollutant
loading. Saltwater intrusion impacts freshwater aquifers as well as shellfish habitat (oysters, blue
crabs). Intrusion also changes marsh composition, which upsets the needs of habitat-dependent
organisms.

Scenario 3: Real Life

Global action and national policies to reduce emissions are Climate Change
helping moderate the worst impacts of climate change t
globally. Although local impacts by mid-century are less
than some had feared, they are still placing strains on the
resilience of the Lowcountry social-ecological system.
Population continues to grow over the next few decades,
principally through movement of people from other areas, /
but then begins to moderate by mid-century due to the v
cumulative effects of global change and their impact on V\ngggrﬂj@r
local ecosystem goods and services; this contributes to a

decline in a sense of place. Although the worst of global climate-change impacts have been

severe

moderate

severe



avoided, local effects are still moderately high. Sea level continues to rise and tidal flooding is
approaching 180 times per year in Charleston. Local governments assume a strong role in
adaptation to global change, supporting education, providing incentives to landowners, and
implementing policies to control growth and protect the population from disasters. Charleston is
successful at implementing its “Sea Level Rise Strategy” of reinvestment, response, and
readiness. Local services are also robust to help mitigate the health and infrastructure risks
associated with such extremes in climate change. Efforts to stem the decline of social cohesion
are being effective. Strong community-based action is led by conservation NGOs and local
governments, with the support of federal partners including Francis Marion National Forest and
Cape Romain National Wildlife Refuge. These groups and institutions provide and support
education, communication, and awareness that are helping to bring people together to confront
global change.

As seas continue to rise and water quality continues to decline, however, impacts are taking their
toll on ecosystem goods and services, affecting freshwater supply and quality, fisheries,
recreation, tourism, and biodiversity. Nonetheless, with federal, state, and local support, Francis
Marion National Forest and Cape Romain National Wildlife Refuge secure additional properties
through fee-title and easement to provide for marsh migration and to enhance habitat area and
connectivity. Effective ways are found to use spoil for replenishing beaches and building nesting
islands for migratory birds.

Scenario 4: Manna

. . . . i Climate Change
Global action on climate change is strong and effective, in ‘ severe

part driven by rapid advances in technology. Developed and
developing nations come to agreements about how to share

(and enforce) the costs of mitigation and mddbiate

adaptation. Democracy and participatory governance spread

in a more stable world order, leading to a greater sense of /

individual empowerment. Nation states preserve their severe severe
identities, but there is a greater awareness of our global Changing

. . T “ /
interconnections and our responsibility to future generations, /o' ©rder

Local political power becomes more distributed, with NGOs, churches and other organizations
playing a large role in generating community-based solutions. With support from the federal
government (including Francis Marion National Forest, Cape Romain National Wildlife Refuge,
and others), communities rely more on incentive-based adaptation measures and less on
regulatory ones. Ecotourism continues to flourish, and marine transportation sees strong growth
due to modern, fair-trade policies. Economic development is more egalitarian, with smart
growth designed to protect a diversity of local values, especially abatement of flooding and



storm surge. Federal funding is available to protect or retrofit infrastructure at risk due to global
change, especially in Charleston to help prevent tidal flooding. Local communities support
programs of adult education and training, and the area becomes more attractive to hi-tech
industry. Social services are sufficient to support at-risk populations. Community cohesion is
high due to desire to maintain Lowcountry local identities; this fosters support for local and
sustainable products.

Less climate change and more geopolitical stability helps Lowcountry communities do better at
protecting and preserving cultural values and local ecosystem goods and services. Less extreme
changes in precipitation patterns leads to fewer threats to human health, and those threats that do
emerge are more easily addressed through robust social services. Sea level rise continues and
approaches 1 foot by midcentury and is the principal effect of climate change. Ecosystem goods
and services are impacted by sea level rise and population growth, but society is spared the worst
effects. Fisheries are negatively affected due to loss and degradation of habitat, especially
commercial fisheries for oysters and blue crab. Recreational fishing continues to be a strong
draw to the area. The timber industry remains viable, with longleaf restoration providing more
resilient forests. Some threatened and endangered species do better (red-cockaded woodpecker)
while others (sea turtles) continue to decline. Coastal populations of seabirds continue to decline
due to widespread habitat loss on the Atlantic Coast.
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