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Executive Summary

The National Park Service has an agency-wide responsibility
to address climate change impacts on vulnerable park
resources. This handbook provides guidance for National
Park Service (NPS) managers, partners, and other
practitioners in exploring and implementing climate change
adaptation strategies in estuarine and coastal areas, including
the Great Lakes. This handbook captures the National Park
Service’s current understanding of a rapidly developing field
as it relates to coastal parks; identifies tools and strategies;
provides examples of approaches that the National Park
Service as an agency and individual parks are using to
address coastal vulnerabilities and climate change impacts;
and provides policy and decision-making guidelines. Online
resources will be updated to supplement this document and
can be found at https://www.nps.gov/subjects/climatechange/
coastalhandbook.htm.

The National Park Service protects natural resources, cultural
resources, and facilities in over 120 parks that are vulnerable
to changes in sea and lake levels, saltwater intrusion, ocean
acidification, inundation during coastal storms, and the
impacts of changing temperature and precipitation regimes.
These parks compose a network of protected areas that are
critical to maintaining threatened coastal resources and
values and preserving coastal heritage. The National Park
Service must prepare for and adapt to coastal climate change
impacts in order to protect irreplaceable resources where
possible, and to connect visitors to the resources and the
potential impacts of climate change.

The nine chapters in the handbook expand upon the
following take-home messages.

Introduction

e (Climate change will continue to impact coastal resources
and assets in the national parks at various rates. To
address the current and anticipated impacts, parks
can work proactively and cooperatively with others to
implement adaptation strategies for resources at various
levels of exposure and vulnerability. Adaptation is a
process, not a single action.

e Adaptation includes a range of potential responses,
including resisting change, accommodating change, and
directing change towards a specific desired new future.

e Adaptation decisions should be made using the best
available science; however, uncertainty should not
prohibit adaptation action. There are numerous
information systems and tools available to support
climate change adaptation planning.

e Responding to climate change impacts on coastal parks
is most effective when diverse adaptation strategies on a
variety of temporal and spatial scales are considered.

o Vulnerability assessments can help prioritize among
resources or better target an adaptation strategy.

Policy

e  Park managers have substantial flexibility and discretion
when selecting coastal adaptation strategies. Yet this
flexibility and discretion are not unconstrained; various
policy and guidance documents contain additional
considerations that should be incorporated into park
managers’ decisions about adaptation alternatives.

e Park adaptation decisions must be well documented.

Planning

e Adaptation is most effective when it is intentionally and
deliberately designed as a response to anticipated effects
associated with climate change.

e (limate change adaptation is not a stand-alone plan,
but should be addressed in ongoing, routine planning
processes such as foundation documents, general
management plans, resource stewardship strategies, and
preparedness planning.

e  Adaptation strategies may require a series of decisions
and actions that will change over time.

e  Preparing for natural disasters includes planning
for uncertainty and allows for adaptation
opportunities post-incident.

Natural Resources

e  Parks can choose from a range of potential adaptation
strategies developed for climate-sensitive ecosystems.
Applying strategies to coastal systems is park- and
resource-specific. There is not yet a clear way forward
to know which adaptation options will be most
effective, and implementation is an active research
field. The scientific resources to support adaptation are
varied and growing.

e  Uncertainty or the lack of locally specific information
should not stop adaptation action. Strategies that are
able to incorporate additional information at later steps,
such as adaptive management, are well suited to coastal
climate adaptation challenges.

e Managing for change may require working at a
larger landscape scale than a single park and, thus,
working with partners.

National Park Service iX
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e  NPS policies to maintain natural processes are consistent
with consideration of natural resource adaptation
strategies because change is part of natural processes,
and natural processes can be highly resilient. Yet climate
change functions outside bounds of natural variability
and thresholds will be exceeded. Strategies to manage
for change, especially where natural systems are more
vulnerable, or where thresholds can be anticipated, are a
growing challenge.

Cultural Resources
e  Cultural resources are unique and nonrenewable
resources.

o  The capacity of cultural resources to move or change
is limited because they are in large part non-living and
have strong ties to place, part of which can be ties to a
dynamic coastal landscape.

o  (Cultural resource adaptation strategies can be applied to
coastal systems.

e  Managers need NPS-level guidance for adaptation of
archeological and ethnographic resources to climate
change. Upcoming reports and guidance for museum
collections, cultural landscapes, and built environments
will include coastal-relevant adaptation strategies.

Facility Management

e The National Park Service has the responsibility to invest
wisely in facilities for the long term. Unquestionably,
climate change and natural hazards pose a significant
threat to our investment in current and future facilities.

e  Vulnerability to climate change impacts needs to be
understood at the asset level for parks to plan for these
impacts. This includes an understanding of the risk of
exposure and sensitivity of the asset to these impacts.

o  Park asset management plans and five-year project plans
should be evaluated to include elements of climate
change vulnerability and coastal adaptation strategies.

e (Climate Friendly Park workshops are opportunities
to integrate climate change mitigation planning with
coastal adaptation.

Communication and Education

o At the heart of the variety of products covered in this
section lies communication itself. These products
merely serve as the vehicle to provide audiences with
effective communication of the efforts made in coastal
adaptation. The communication of success stories,
both with other parks and with partners, will help build
support for the implementation of adaptation strategies.

Support of local communities, parks, partners,
stakeholders, and the general public is necessary for
the effective implementation of any adaptation strategy.
Many times the efficacy of adaptation programs relies
on the cooperation of a variety of interested parties.
Communication is necessary to include stakeholder
involvement, which is crucial for planning and
managing for change.

Protecting Infrastructure: Costs
and Impacts

Shoreline stabilization mechanisms can protect resources
in place but are not long-term solutions and have trade-
offs, including disruption of natural processes.

Beach nourishment can be a costly short-term effort.
There are ecological and physical consequences of
dredging sand from other locations and placement of
sediment on intertidal and nearshore habitats.

The effectiveness of natural and nature-based features
for shoreline protection is site-specific. Their suitability
as a long-term alternative depends on ability to adapt
to climate change, design, and compatibility with

local conditions.

Consider opportunities to redesign and relocate
facilities, and to replace facilities with portable
structures. Evaluate the maintenance costs and non-
standard costs associated with these alternatives.

Lessons Learned from Hurricane Sandy

Hurricane Sandy presented opportunities for adaptation
and for testing adaptation elements in existing plans.

Natural resources were found to be more resilient than
many cultural resources and facilities.

Historic structures have resilient design features. If
buildings are well maintained, they may have a better
chance of surviving a major storm.

National seashores can provide other parks with
good examples of preparation for and learning from
experience about storm impacts on dynamic landscapes.

After an event, there is an immediate and strong
push to return park assets to pre-storm conditions,
which can leave resources vulnerable to similar
impacts in the future.

Baseline monitoring and resource assessments are
essential data to evaluate impacts and plan for recovery.

Post-storm recovery is a critical opportunity to adapt to
climate change.
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Chapter 1 Introduction

Contributing Authors: Rebecca Beavers, Courtney Schupp,
and Cat Hawkins Hoffman

The National Park Service manages 88 ocean, coastal, and
Great Lakes parks with more than 11,200 mi (18,000 km)
of shoreline (Curdts 2011).! An additional 35 parks are
subject to coastal influence from sea level change, though
some do not manage a shoreline (Caffrey and Beavers 2013).
As a network of protected areas important to maintaining
threatened coastal resources and values, these parks serve
as sentinels of coastal change and examples to the world of
stewardship for irreplaceable natural and cultural resources
and visitor experiences. They are also vulnerable to threats
from climate change effects such as sea level rise, lower lake
levels, salt water intrusion, and inundation during coastal
storms. Thus, more than one-third of the 413 National Park
Service (NPS) park units must prepare to adapt to coastal
climate change impacts.

Purpose

This handbook provides guidance for NPS managers,
partners, and other practitioners in exploring and
implementing climate change adaptation in coastal settings,
including Great Lakes areas but excluding nearshore and
open-ocean issues such as oceanographic changes to marine
ecosystems, and impacts to threatened and endangered
species habitats such as offshore shoals, and fisheries.
Climate change adaptation is a broad, interdisciplinary,

and rapidly developing field. This handbook is not a
comprehensive manual with a single decision framework or
a complete listing of the best tools for a particular resource
or asset. Instead, it summarizes key approaches currently

in practice or considered for climate change adaptation in
coastal areas to guide adaptation planning in coastal parks.
The level of detail varies by topic depending on the state

of research and practice in that field. Some topics are well
researched in coastal areas, while others are emerging issues
for which there may be no specific adaptation strategies

to recommend or results available. Numerous information
systems and tools support climate change adaptation
planning (Stein et al. 2014), and the field of climate change
adaptation is rapidly developing. Thus, the handbook also
directs readers to other excellent sources on adaptation.
Online resources supplement this document and are
available at https://www.nps.gov/subjects/climatechange/
coastalhandbook.htm.

'park-specific statistics are available at https://www.nps.gov/orgs/1439/
upload/NPS_OceanCoastal_Stats.pdf

Provision of this guidance is a further step in implementing
the NPS Climate Change Response Strategy (NPS

2010), which includes four major components: science,
communication, adaptation, and mitigation. While this
handbook primarily focuses on adaptation, it also addresses
science, communication, and mitigation where these
intersect with adaptation.

Terminology

Many coastal parks have dynamic features such as barrier
islands, marshes, estuaries, bluffs, glaciers, or volcanic
features; others have fixed coastline types (e.g., rocky, coral
reef, built, armored) that may respond differently to climate
change. The vulnerability of each of these features varies;
climate change will affect them in distinct ways. Vulnerability
is the extent to which a target (resource, asset, or process) is
susceptible to harm from climate change and other stressors.

A vulnerability assessment (Glick, Stein, and Edelson 2011)
can help to understand relative impacts from climate change,
thus informing priorities for response. The National Park
Service provides guidance on what to include in a robust
vulnerability assessment analysis (NPS 2014a). While initially
developed to assess the potential impact of climate change
on natural resources, vulnerability assessments are being
applied in other interdisciplinary contexts. For example, the
National Park Service is developing methods to conduct
vulnerability assessments for cultural resources and facilities.

Vulnerability: The degree to which a resource,
asset or process is susceptible to adverse
effects of climate change, including climate
variability and extremes. Vulnerability is a
function of the character, magnitude, and
rate of climate variation to which a system

is exposed; its sensitivity; and its adaptive
capacity (IPCC 2014).

Given the variety of coastal types and the diversity of
resources and assets managed by the National Park Service,
multiple climate change adaptation strategies may apply to
a given situation (Beavers et al. 2014; Schupp, Beavers, and
Caffrey 2015). This handbook uses the term “adaptation”
as defined in Executive Order 13653, “Preparing the United
States for the Impacts of Climate Change” (78 FR 66819,

6 November 2013).
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Adaptation: An adjustment in natural or
human systems in anticipation of or in
response to a changing environment in a way
that effectively uses beneficial opportunities
or reduces negative effects.

Within the adaptation field and this handbook, “resilience”
is a common term used differently between disciplines. This
handbook uses two definitions, one more broadly applied in
a community context and another in an ecological context,
as defined in the Glossary (see also Fisichelli, Schuurman,
and Hawkins Hoffman 2016).

Resilience (community context): The capability
to anticipate, prepare for, respond to, and
recover from significant multi-hazard threats
with minimum damage to social well-being,
the economy, and the environment. It is not a
synonym for adaptation.

Resilience (ecological context): The ability to
return to a previous state after disturbance.

Fundamental Concepts

Adaptation is an ongoing process, not a single action
completed “once and forever.” Planning for adaptation does
not require a stand-alone effort but is best incorporated into
ongoing planning processes such as general management
plans, resource stewardship strategies, and storm response
and recovery plans. Strategic, advanced planning for
adaptation prepares parks for action when opportunities

to adapt arise through response to storm events and other
rapid changes in the coastal zone. Rapid changes in the
coastal zone will mean that managers may have limited time
and opportunities to make decisions. A hurricane, budget
realities, or abrupt changes in the physical landscape will
define the timeline for some decisions. However, even these
limited windows of time offer opportunities in which to

act, especially when the park has determined appropriate
responses through advanced planning.

Adaptation can occur as a series of actions that have
different foci. For example, stewardship of a historic
structure (Caffrey and Beavers 2008) may involve multiple
adaptation actions:

e cultural: document the structure (Historic American
Buildings Survey [HABS] standards)

e interpretation: interpret the change to create
opportunities for visitors to connect with the
significance of the structure (see “Chapter 5
Cultural Resources”)

o facility management: elevate the structure above flood
hazards, following best practices that are outlined in The
Secretary of the Interior’s Standards for the Treatment of
Historic Properties (36 CFR 68) and Federal Flood Risk
Management Standard (E.O. 13690) (see “Chapter 6
Facility Management”)

There may be inherent trade-offs in effective adaptation; for
example, protecting cultural resources or facilities through
shoreline stabilization mechanisms may protect resources
in place but disrupt natural processes. On the other hand,
adaptation approaches used for infrastructure may be
consistent with cultural resource goals (e.g., for a cultural
landscape) while also helping to protect opportunities for
habitat and species migration.

Adaptation Continuum: Resist,
Accommodate, and Direct Change

Observed and anticipated ecological responses suggest

that many current management goals and strategies may
become ineffective under accelerated rates of climate
change, sea level rise, and associated impacts (NPSABSC
2012). Adaptation includes a range of potential management
responses, including resisting change, accommodating
change, and directing change towards a specific desired

new future (figure 1.1; Fisichelli, Schuurman, and Hawkins
Hoffman 2016): resist change to maintain current or past
conditions, direct change towards specific desired new
conditions, and accommodate change by supporting a
resource’s capacity to respond to changes without steering it
towards past conditions or a strictly-defined desired future
state. The intensity of management intervention required

to achieve a particular adaptation goal depends on many
variables, such as the focal resource’s vulnerability to climate
change, and may vary with management time horizons and
rates of climate change. These concepts are described further
in “Chapter 4 Natural Resources.” Many of the case studies
in Schupp, Beavers, and Caffrey (2015) focus on resisting and
accommodating change.

Resist Accommodate Direct

4 4

Climate Change Adaptation Strategies

Figure 1.1. Climate Change Adaptation Continuum
(adapted from Fisichelli, Schuurman, and Hawkins
Hoffman 2016).
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Decision Tools

Parks should use the best available science to inform
management decisions, but high uncertainty or lack of local
science should not preclude adaptation action (NPS 2016).
Hoffman et al. (2014) describes five strategies for exploring
uncertainty and making decisions. Scenario-based planning
is a structured, “what if” exercise that uses qualitative and
quantitative information to envision multiple possible
futures. Robust decision-making identifies decisions that
maximize the likelihood of some acceptable outcome across
a range of scenarios rather than seeking the best possible
outcome for one scenario. Expert elicitation helps to identify
and characterize uncertainty and fill data gaps with local
expertise and contextual knowledge. Structured decision-
making begins with a solid understanding and framing of
the problem to be solved, and evaluation and prioritization
are formal and quantitative. In adaptive management,
decisions are made while simultaneously pursuing additional
knowledge, which is incorporated into subsequent re-
evaluation of management decisions. NPS climate change
scenario planning, which is described in “Chapter 3
Planning,” incorporates at least four of these strategies:
scenario-based planning, robust decision-making, expert
elicitation, and adaptive management; structured decision-
making may also be used within the scenario planning
framework. An example of value-based decision-making
from Liberty and Ellis Islands is provided in “Chapter 9
Lessons Learned from Hurricane Sandy.” NPS examples of
adaptive management are provided in “Chapter 3 Planning’
and “Chapter 5 Cultural Resources.”

i

Impacts of Climate Change on Coastal
Resources and Assets

The coastal zone is a dynamic environment subject to

the effects of wind, waves, tidal processes, freshwater

and sediment inputs, and other processes with rates and
magnitudes affected by climate change. Coastal resources
and assets are affected by changes in sea level, temperature
of both air and water resources (i.e., lakes and oceans),
precipitation, storminess, and ocean acidification. Changes
to the physical environment may be gradual and subtle or
rapid and easily noticeable.

Changes in Sea Level and Lake Level

Global sea level is increasing and expected to continue to
increase into the future (Tebaldi, Strauss, and Zervas 2012).
However, location and magnitude of sea level change will
vary along United States (US) coasts (figure 1.2); causes
include changes in North Atlantic circulation that will

affect the mid-Atlantic coast (Sallenger, Doran, and Howd
2012), land subsidence along the Gulf Coast (Parris et al.
2012), and isostatic rebound causing relative sea level to

fall along the southeast coast of Alaska, including Glacier
Bay National Park and Preserve (Motyka et al. 2007).
Higher relative sea level causes accelerated coastal erosion,
landward migration of shorelines, and saltwater intrusion
into aquifers and estuaries, and amplifies the more frequent
flooding caused by higher storm surges (Field et al. 2007).
Impacts of sea level rise on coastal ecosystems are amplified
by submergence and where landward migration is impeded
by built structures or steep topography and where vertical
growth is slower than sea level rise (Field et al. 2007). Along
Alaska’s northwestern coast, sea level rise combines with
other forces, including thawing permafrost, loss of coastal
sea ice, and more intense extreme weather events to increase
erosion and flooding (Maldonado et al. 2013).

Along the Great Lakes, shoreline water levels will decrease

as a result of climate change (Schramm and Loehman 2010).
Many parks have already experienced changes in lake level
due to recent changes in climate coupled with ongoing
tectonic conditions (Hartmann 1990; Lofgren, Hunter,

and Wilbarger 2011). Lake level fluctuations in the Great
Lakes prior to 1980 were predominantly driven by changes
in precipitation, but evaporation has begun to significantly
contribute to lake level decreases for the first time on record,
including on Lake Superior in Apostle Islands National
Lakeshore (Hanrahan, Kravtsov, and Roebber 2010). There
are significant data gaps in the geographic extent of lake
level data. The lake level as recorded by tide gauges is further
complicated by local tectonics that have caused decreasing
relative l