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Executive Summary

Changing climatic conditions canadversely affect the construction and usefulness of the built
environment. Foresight into potential, even likely, future conditions over the anticipated lifetime of an
investment can enable an asset to maintainits maximum usefulness over time.

Future conditions in Big Cypress National Preserve will be warmer. These higher temperatures will be
warmer overall, and the hottest days will be hotter. The increased heat will be accompanied by stronger
storms and higher winds but mayalso be accompanied by either more precipitation overall, or a
decrease in overall precipitation throughout the year.

Higher temperatures may make the park inhospitable to individuals seeking outdoor experiences,
change drought conditions (frequency, severity, duration) that will affect infrastructure and operations
inthe NPS (e.g., water supply and wastewater systems), impair water quality (Mosley 2015), affect soil
heaves and shrinkages (Fernandes et al. 2015), and enhance other relatedrisks such as wildfire
(Halofsky et al. 2020).

Flooding threatens infrastructure and operations through a variety of mechanisms, including inundation
of structures, enhanced erosional forces, road wash out, structural collapse from force of floodwaters,
sewage backup, and damage to utilities, generators, and electrical systems. Post-flooding effects include
increasedrot; fungal and insect attack; mold and mildew; and physical deterioration of wood, brick,
tabby and coquina (sedimentary rocks formed from shell deposits), and stone building materials.
Climate change can alsofavor pests like termites, ants, mosquitoes, ticks, forest pests, andinvasive
species.

Sea level rise and storm surge threaten the stability of the land on which BICY infrastructure is based
and will flood many of those structures during intense storm events. Hurricanes threaten structures via
damage from wind, wind-blown rain, and debris. Their large temperature swings stress buildings
through sudden thermal expansion and cancrack pipes; they also can cause flooding and wash out
sections of roads.

As projects are developed and BICY staff move forward with investments in the built environment, there
is a desire to anticipate future risk. This report details the best available science about future climate
change and illustrates some of the ways this change could pose a hazardto projects. Itis intended to
serve as the beginning of a dialogue surrounding these hazards and provides information about how to
get additional assistance
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Introduction

Parks are required to complete a PARK Project Narrative Template for each proposed Great American
Outdoors Act Facility Investment Plan (GFIP) project for Legacy Restoration Funding in fiscal years 2023-
2025. Information provided in this report is intended to help parks consider climate change related
hazards when addressing Question 16 of the narrative template.

Specifically: What risks or hazards (current and projected, e.g. effects of climate change) are likely to
affect this project? If applicable, what adaptation strategies and/or resiliency measures have been
identified for scenarios that pose high risks to project assets?

Step 1: Review summary information for known or potential hazards
identified for Big Cypress National Preserve

e Reviewthe list of potential hazards below and decide whether or not they apply to your specific
GFIP project. NPS Climate Change Response Program (CCRP) staff attempted toidentify
potential hazards for the park; however, park staffand project planners have more information
about hazards that are likely to be applicable to a specific project.

e The hazards below were selected from a longer list included in Appendix 1, which also indicates
CCRP’s ‘best professional judgement’ about the relevance of the hazardfor this park. Note both
lists serve as a “coarsefilter” screening tool to help identify potential climate-related hazards for

facility and asset planning.

Hotter average days and more very hot days

Extreme temperatures canincrease weathering of structures, threaten park staffand visitor safety, and
increase stressesfor HVAC systems. If not addressed through building design or more efficient
temperature control systems, the increased demand for complex air conditioning systems canadd stress
to building envelopes and can require significant alterations toa structure.

By the end of the century, low greenhouse gas scenarios (RCP 2.6) lead to projections of annual mean
temperatureincrease of 1.1° C, higher concentrations of greenhouse gas (RCP 8.5) in the atmosphere
projects an increase of annual meantemperature of 3.3° C (Gonzalez et al. 2018). During the three most
recent decades, the hottest part of the year is getting hotter (Monahan and Fisichelli 2014). Hotter
temperatures may affect seasonal use patterns at the park and access for dispersed recreation. Across
the national park system, parks varied widely in the historical relationship betweenlong-term average
monthly visitation and temperature, however the visitation-temperature relationshipat BICY was strong
when statistically modeled and explained 89% of the variation (Fisichelli et al. 2015).

Park staff assessment — relevant to GFIP Project:

O Yes
O No
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Altered precipitation patterns, increased extreme precipitation, and changing humidity
Changing precipitation and humidity conditions can result in local flooding, encourage mold growth,
wood decay, increase fire risk, and intensify drought conditions, depending on the pattern of change.
Extreme precipitation events present a variety of threats toinfrastructure and operations including
flooding of sites, sewage backup, accelerated decay of masonry, overcoming drainage systems, road
washout, cracks in building infrastructure, destabilization of buildings and pipes, erosion of supporting
ground around structures, among many other effects.

Models of future climate indicate that precipitation could either decrease by 2% (RCP 8.5), or, if
greenhouse gas emissions stay low (RCP 2.6), precipitation could increase by 4% (Gonzalez et al. 2018).
In recent decades, precipitationis significantly increased, especially during the the wettest and hottest
parts of the year (Monahan and Fisichelli 2014).

Park staff assessment — relevant to GFIP Project:

ClYes
CINo

Increased drought frequency, intensity, magnitude, and duration

Rising air temperatures and changing precipitation patterns are exacerbating drought riskin many parts
of the United States (Wehner et al. 2017). Changing drought conditions (frequency, severity, duration)
can challenge a variety of infrastructure and operations (Department of Homeland Security 2015) in the
NPS (e.g., water supply and wastewater systems), impair water quality (Mosley 2015), affect soil heaves
and shrinkages (Fernandes et al. 2015), and enhance other relatedrisks such as wildfire.

Historically, water flowed very slowly through the park’s ecosystem, buffering it from drought. Some of
the natural system has been restored, and further restoration will further reduce the parks vulnerability
to drought.

Park staff assessment — relevant to GFIP Project:
Ul Yes
Ul No

Increased wildfire frequency, intensity, magnitude, and duration

Wildfire is a natural part of many forest, woodland, and grassland ecosystems. Excessive fire, however,
can damage ecosystems, kill people, and damage infrastructure. Climate change is intensifying the heat
that drives wildfire (Jolly et al. 2015) and altering the distribution and density of vegetation that
comprises the fuel for wildfires (Gonzalez et al. 2010). These effects combine with the unnatural buildup
of coarse woody debris and understory trees from decades of suppression of all fires, even natural ones
(Agee and Skinner 2005). The effects of climate change on wildfire vary across landscapes. For areas
where projected climate change increases fire risk, buildings, cultural landscapes, or other infrastructure
located under or near tree canopies or dense grasslands are vulnerable to burning and destruction.
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Big Cypress National Preserve has one of the most active fire management programs inthe NPS and
typically conducts prescribed burns during January — March. Changes in precipitation could affect the
timing and extent of the burn season.

Park staff assessment — relevant to GFIP Project:
Ul Yes
Ul No

Sea levelrise and coastal storm surge

Cumulative impacts of sea level rise and storm surge on BICY ecosystems threaten the stability of the
land on which infrastructure is based and will flood many of those structures during intense storm
events. Specific actions to address these hazards are included in the following report section on
addressing hazards. Additionaltools for these topics include the NPS Sea Level Rise Viewer, and for

parks with and exposure or vulnerability assessment by asset, see the NPS Coastal Vulnerability Data
Viewer (arcgis.com).

With an estimated 2.26’ of sea level rise predicted by 2100 under the high emission scenario
(RCP8.5)(Caffreyand Beavers 2016), many low-lying areas will be permanently inundated. Because of
the low elevation and small topographic relief, a small change in sea level can affect vast swaths of land
in BICY. Already, saline water is inundating lowlying areas, especially during storm events. The
freshwater marshes and brackish estuaries are under constant threat of permanent inundation by the
sea. Given the low topographic relief of the park, continued sea level rise will destroy mangrove zones,
mud ridges, and other coastal features which normally buffer the freshwater wetlands from marine
inundation (Thornberry-Ehrlich 2008).

Since coastalterrestrialand freshwater ecosystems are highly sensitive to increases ininundation and
salinity, sea level rise will result in the rapid conversion of these systems totidal saline habitats.
Historically, coastal ecosystems inthe region have adjusted to sealevel rise by vertical and horizontal
movement across the landscape (Doyle et al. 2015). As sea levels rise in the future, some coastal
ecosystems will be submerged and converted toopen water, and saltwater intrusion will allow salt
tolerant coastal ecosystems to move inland at the expense of upslope and upriver ecosystems(Howard
et al. 2017).

Where barriers are present (for example, levees and other coastalinfrastructure), the potential for
landward migration of natural systems will be reduced and certain coastal habitats will be lost.
Mangroves — which stabilize sediments—might be able to keep pace with slowly rising sea levels by
accumulating soil and effectively raising ground elevation. These habitats are also natural buffers for
park infrastructure and help stabilize soils; restoring degraded areas and mitigating additional impacts to
these “natural defenses” for park infrastructure must be a component of any park asset management
plan.
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Park staff assessment — relevant to GFIP Project:
Ul Yes
] No

Hurricanes and tornadoes

Hurricanes threatenstructures via damage from wind, wind-blown rain, and debris. Their large
temperature swings stress buildings through sudden thermal expansion and can crack pipes; they also
can cause flooding and road wash outs. With higher sea levels and increasing saltwater intrusion, the
high winds, high precipitationrates, stormsurges, andsalts that accompany hurricanes will have large
ecological impacts toterrestrial and freshwater ecosystems.

North Atlantic hurricane intensity and rainfall rates are projected to increase under continued climate
change, although projections of the total number of North Atlantic hurricanes under climate change
vary (Intergovernmental Panel on Climate Change et al. 2013, U.S. Global Change Research Program et
al. 2017). Under a medium greenhouse gas emissions scenario, the maximum intensity during the course
of individual North Atlantic hurricanes could increase 4%, and rainfall rates could increase 15% to 20%
by 2100 (Knutson et al. 2015).

With continued climate change, the potential for severe thunderstorms that provide conditions for
tornadoes may increase substantially (Abell et al. 2007, Diffenbaugh et al. 2013, Gensiniand Mote
2015). Tornadoes can result in catastrophic damage toinfrastructure from high winds, and associated
debris, hail, and flash flooding. The number of days in springin the easternU.S. withsevere
thunderstorms that could produce tornadoes could increase 40% from 2000 to 2100 under the highest
greenhouse gas emissions scenario (Diffenbaugh et al. 2013).

Park staff assessment — relevant to GFIP Project:

O Yes
O No

Pest infestation

Pests like termites and ants can damage structures. Moths and beetles can damage museum specimens
and archival materials. Mosquitoes and ticks can transmit disease. Forest pests cankill trees causing
treefall hazards to structures. It’s possible that higher temperatures and humidity can make the
environment more favorable to pests, however, the use of pesticides tocombat expanding invasive
species may alsothreatenthe ability to use an affected structure.

Climatic conditions are currently suitable for adult mosquitoes of the species Aedes aegypti, which can
spread dengue, chikungunya, and Zika viruses, across most of the Southeast from July through
September, and cities in South Florida already have suitable conditions for year-round mosquito activity.
The Southeast is the region of the country with the most favorable conditions for this mosquito and thus
faces the greatest threat from diseases the mosquito carries (Monaghan et al. 2016). Climate change is
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expected to make conditions more suitable for transmission of certain vector-borne diseases, including
year-round transmissionin southern Florida. Summer increases in dengue cases are expected across
every state in the Southeast (U.S. Global Change Research Program et al. 2018).

Increased temperatures will result in redistribution of pests and intensification of pest outbreaks (Logan
et al. 2003). Because temperature and other environmental conditions influence forestinsect
populations and outbreaks, climate change has and will continue to impact pest infestations
(Pureswaranetal. 2018).

Park staff assessment — relevant to GFIP Project:

O Yes
O No

Invasive species

Invasive species can have direct and indirect effects on infrastructure and may require parks to develop
updated integrated pest management plans to account for newly arriving species. The persistence of
nonnative species can impact the ability to reuse fill materialand introduce safety concerns for
construction (e.g., pythons). Further, shifts in invasive species can affect recreational uses of the park
(fishing, snorkeling, diving, etc.), park operations, and the need for facilities to access these recreation
sites.

Many invasive species spreadinto new areas or become more abundant where they are currently
established as a result of changing climate conditions (Esslet al. 2019). Damage from extreme weather
events has been implicated in the introduction of numerous invasive species, thus additional
introductions are possible given projections for increasing stormintensity. Warming ocean
temperatures due to climate change are expectedto have a large effect on marine and coastal
ecosystems (Doney et al. 2012). Many species are sensitive to small changes in ocean temperature;
hence, the distribution and abundance of marine organisms are expectedto be greatlyaltered by
increasing ocean temperatures. For example, the distribution of tropical herbivorous fish has been
expanding in response to warmer waters, which has resulted in the tropicalization of some temperate
marine ecosystems and decreases inthe cover of valuable macroalgal plant communities.

Park staff assessment — relevant to GFIP Project:
] Yes
Ul No
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Step 2: Consider adaptation and resiliency strategies

e Review definitions of resiliency and adaptation strategies.

o Identify adaptationstrategies that will help park resources respondto the hazards identified in
Step 1.

Question 16 requires a screening for climate hazards followed by a review of adaptationand resiliency
strategies that would be put in place to respond to these hazards. For the purposes of this report and
investment planning, resilienceis a property of a system or asset and generally refers to the ability of
the system or asset to maintain its intended purpose following a temporary disturbance.

Adaptation strategies, in the context of built infrastructure, refers tothe intentional management
decision to identify, prepare for, and respond to observed or expected sustained changes in hazards,
including climate change, to adjust to a sustained change in conditions.

Itis important to note that resilient park operations can be supported through the use of green
infrastructure such as sustainable landscaping, as well as sustainable energy, water, and building
envelope solutions. The figure below illustrates this relationship.

.
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Lists of adaptationstrategies for different types of infrastructure projects in response to different
hazards can be found here: Incorporating Climate Change Adaptationin Infrastructure Planning and
Design (see Chapter 4, Tables 25-34). If used, these adaptation strategies will need to be modified for

proposed park projects.

Buildings and assets within national parks mayinclude cultural resources (e.g., historic and pre-historic
buildings and structures). The adaptation and resiliency options for cultural resources often overlap with
those defined for facilities; however, NPS has detailed specific strategies when dealing with cultural
resources and climate changein national parks (Cultural Resources Climate Change Strategy). “Climate
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change poses an especially acute problem for managing cultural resources because they are unique and
irreplaceable — once lost, they are lost forever” (NPS Policy Memorandum 14-02).

Step 3: Develop an answer to Question 16 for your specific project and

location, as well as strategies to address each hazard

Example responses toQuestion 16 are provided below. THESE ARE GENERIC EXAMPLES FROM
OTHER PARKS. You canview other examples here: Example responses to Q16 on

hazards Organized by Park.

You will need to develop park specificanswers based on the hazards identified in Step 1 and the
adaptationstrategies identified in Step 2 for your park and project. The park response should be
as project-specific as possible.

The NPS Climate Change Response Program (CCRP) and Sustainable Operations and
Maintenance Branch (SOMB) are available to help evaluate climate change hazards and
resiliency strategies for your specific projects. Requests should be sent to the NPS GFIP Hazards
and Risk Assistance email account; a member of the team will reply with support.

Question 16: What risks or hazards (current and projected, e.g. effects of climate change) are likely to
affect this project? If applicable, what adaptation strategies and/or resiliency measures have been
identified for scenarios that pose high risks to project assets?

Example from Minute Man National Historic Park: Restoring historic structures
Several climate change hazards may affect building-related projects at MIMA, including hotter average

days, more extreme heat days, increased hurricane impacts from wind and flooding, altered
precipitation patterns, andincreased extreme precipitation. Adaptationand resiliency strategies for the

expected hazards are described below:

Hotter average days and more extreme heat days will increase demand and requirements for
higher capacity air conditioning systems unless accommodated through modified building
designs or other systems.

Extreme heat and humidity can stress the building envelope and will require significant humidity
control alterations for structures.

Changes in building design or post-flooding dehumidification systems, in coordination with the
NPS Historic Architecture, Conservationand Engineering Center or Historic Preservation Training
Center, toavoid any increase in energy use.

Hurricane force wind and wind-blown rain as well as damage from wind-blown debris or treefall
will require wind resistant fortification of the structure. Addressing hazardous trees and
retrofitting roof structures to be more wind resistant mayalso be required.

Flooding from increased hurricane events, increased extreme precipitation, or in conjunction
with altered precipitation patterns mayrequire modifications to building infrastructure location
and landscape drainage systems.
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Post-flooding effects mayinclude increased rot, mold and mildew, and physical deterioration of
wood, brick and stone building materials. Adaptation actions will include identifying appropriate
dehumidification and air handling systems and coordinating with the NPS Historic Architecture,
Conservation and Engineering Center or Historic Preservation Training Center regarding
alternatives and maintenance for historic structures.

Example from Everglades National Park

Replace Water Distribution and Wastewater Collection Systems Parkwide.

These systems have significant deficiencies that exposes them to routine ground water
infiltration because of the heavy rainfall that the Parkreceives. This infiltration results in the
treatment plants treating ground water infiltration as raw sewage thusly overtaxing the
wastewater treatment plants and lagoons. Additionally, the routine tropical storms and
occasional hurricane that hit the Park bring with them significant storm surge that renders the
treatment plants and lift stations inoperable until the water levels have subsided. This project
will address both the infiltration and storm surge by replacing the deteriorated wastewater
collection lines with new HDPE pipe as well as by building more storm resilient treatment plants
in a hurricane hardened facility that is elevated above the average stormsurge levels of 15 feet.

Repave Roads and Parking Areas Parkwide.

Roads and Parking areas in EVER were constructed lacking storm water management. This
project will address storm water management in designand construction with proper storm
water collection and containment in the form of containment ponds and swales to divert the
stormwater drainage where needed. Additionally, road culverts will be replaced or installed
where needed. We are not initially planning on raising any road elevations; we will address this
need or concern as we work throughthe design phase of this project.

Address Deferred Maintenance and Historic Preservation on Critical Buildings and Visitor Centers
Parkwide.

All buildings in EVER are subject to exposure to severe storms and hurricanes annually. This
project will address building resiliency by incorporating Florida Building Code Standards for
building constructionin a high velocity hurricane zone. These standards are designed for wind
gusts up to 170-190mph and may include standing seam metal roofs, tie downs on existing
structures, impact resistant windows, etc. Inincorporating the Florida Building Code Standards
into this project, we will work to assure that historic buildings are more resilient to hurricanes in
a manner that will preserve their historic character and that will meet the Secretary of the
Interiors Standards for Treatment of Historic Structures.

With sea level rise, it is expected that some structures will flood more often. Where structures
are not elevated above the flood zone, building materials will be selected that resist mold and
mildew (e.g., tile), and electrical panels will be elevated. HVAC systems will be designed to meet
the temperatures and humidity level of south Florida; condensing units will be elevatedand
placed in more secure locations above ground level.

Example from San Francisco Maritime National Historic Park: pier repair, historic building restoration,
road repair, or water system project
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Several climate change hazards may affect a (pier repair, historic building restoration, road repair, or
water system) project at San Francisco Maritime National Historical Park, including sea level rise, storm
surge, more frequent storms, San Francisco Bay flooding, increased street stormwater runoff, hotter
temperatures, andincreasedinsect pests. Possible adaptationand resiliency strategies include:

e Adoption of sea-level rise adaptation measures developed by Golden Gate National Recreation
Areain aplan for Crissy Field (CMG Landscape Architecture 2016) that covers an area up to the
western boundary of San Francisco Maritime National Historical Park.

e Naturalshoreline features along Aquatic Park Beach to handle some inundation from sea level
rise.

e Vegetatedcatchbasins for urban street stormwater runoff.

e Drainage systems and culverts that could handle greater water flows.

e Relocationof any infrastructure from an area where a hazard cannot be avoided.

e Water conservation measures toreduce water use during droughts.

e Strengthening structures to prevent damage from extreme storms or treefall.

e Changes in building design or post-flooding dehumidification systems, coordinating withthe
NPS Historic Architecture, Conservationand Engineering Center or Historic Preservation Training
Center and avoiding any increase in energy use, which would increase greenhouse gas emissions
and exacerbate climate change.

e Changes in building design or building systems to maintain appropriate temperatures and
humidity without increasing energy use, which would increase greenhouse gas emissions and
exacerbate climate change. Energy conservation and renewable energy systems to prevent any
increase in fossil fuel energy use.

e Early detectionand removal of termites or other pests or hazards.

Step 4: Seek additional assistance if desired

Additional resources for answering question 16 and related questions can be found in:

e The GFIP Guidance and Logistics folder under the Resources to Assess Risks and Hazards tab

includes:
o An Excel workbook labeled T75 Parks GFIP NRSS Supporting Materials that provides links
to information for natural resources to be considered during project designand

construction.
o AFAQs — Assessing Risks and Hazards document that provides detailed guidance for

answering Question 16.
o A NaturalHazard Assessment Webinar recording that provides key information,

definitions, and guidance for understanding natural hazards and related resources.

The NPS Climate Change Response Program (CCRP) and Sustainable Operations and Maintenance
Branch (SOMB) are alsoavailable for assistance in evaluation of climate change hazards andresiliency
strategies as they relate to specific projects. Questions can be sent to the NPS GFIP Hazards and Risk
Assistance emailaccount and a member of that team will reply with support.
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Disclaimer

Report Purpose and Scope:

Parks identified for Legacy Restoration Funding in fiscal years 2023-2025 are required to develop a Great
American Outdoors Act Facility Investment Plan (GFIP). The intended use of this series of park-specific
reports is to help parks address Question 16 of the narrative template: What risks or hazards (current
and projected, e.g. effects of climate change) are likely to affect this project? If applicable, what
adaptation strategies and/or resiliency measures have been identified for scenarios that pose high risks
to project assets?

Each report compiled and summarized published information on a suite of climate change hazards. Each
report included an analysis of each hazard, for which the report author assigned a 'hazard rating' as
follows:

Known hazard: Conditions that cause the hazard are well documented in the area where the
park occurs. If applicable to the project site, these hazards should always be addressed in the
project plan.

Potential hazard: Conditions that cause or underlie the hazard are known to occur nearby or are
likely to occur based on studies with conditions similar to the park. If applicable to the project
site, these hazards should be considered for inclusion in the project plan.

Not applicable: No evidence was identified showing this hazard is relevant to the park. Note this
is a coarse filter evaluation; local knowledge of a hazard(s) should be used, when available.

As articulated within the report (in an appendix of the hazard ratings) those ratings constitute the
author's ‘best professional judgement’ about the relevance of the hazard for that park based on
the reviewed literature (cited in the narrative text for the hazard & provided in the report
bibliography).

The intended use of each report is to inform decisions for facility investment planning related to
(i) potential hazards that a suggested facility investment concept would need to appropriately
consider and avoid or mitigate and (ii) identifying facilities possibly at greater relative
vulnerability due to the identified hazards. The level of information quality in the report was
calibrated to those purposes, i.e. to inform development of questions for a facility investment
scoping process to further explore.

Peer Review Process:

Each report was based on a template, which heavily relied on boilerplate text for the non-park
specific elements. The boilerplate text underwent multiple rounds of informal peer review by
assorted CCRP staff, including members of the Climate Science and Adaptation Team, the
Communications Team, the Regional Climate Change Liaisons, and the Climate Change Liaison to
Facilities and Planning. Each report was peer-reviewed by a member of CCRP to check
interpretation, consistency in hazard ratings, improve narrative coherence, and flag priority
additions/modifications. In situations where revisions were required, the peer reviewer then re-
reviewed the final revised report to assure adequate resolution of the identified issues.
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