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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 Fredericksburg and Spotsylvania National Military Park

e Review the 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 to identify
potential hazards for the park; however, park staff and project planners have more information
about hazards that are likely to be applicable to a specific project.

o 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 hazard for this park. Note both
lists serve as a “coarse filter” screening tool to help identify potential climate-related hazards for
facility and asset planning.

Hotter average days and more very hot days

From 1895-2010 there were no significant changes in average annual temperatures at FRSP at the park
scale (Gonzalez et al. 2018). More recently, the Northern Climate Division of Virginia (where FRSP is
located), has exhibited a rapidly increasing trend in average annual temperature from 1980-2020 (6.4°F
per century) with an even more rapid increase in average daily minimum (night-time) temperature of
7.5°F per century; NOAA NCEI). Since 1950, the number of very warm nights (greater than 75°F) has
increased more than 50%, with the most notable increase since 2010 (Carter et al. 2018). Under the
highest greenhouse gas emissions scenario, climate models project additional heating of FRSP of 4.9 (+
0.9°F) by 2100. The temperature increase could be kept to 1.6 (+ 0.7°F) under a scenario of reduced
emissions (Gonzalez et al. 2018). By mid-century, the number of very warm nights could increase by an
additional 50% (Carter et al. 2018).

Higher temperatures can increase weathering of structures, threaten park staff and visitor safety, and
increase stress on HVAC systems. If not addressed through building design or more efficient
temperature control systems, the increased demand for complex air conditioning systems can add stress
to building envelopes and can require significant alterations to a structure. Higher temperatures and
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increased precipitation can interact to both increase humidity-related threats (mold, fungi, weathering
of paint) and increase evapotranspiration associated with ‘flash drought’ (see below).

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

Altered precipitation patterns, increased extreme precipitation, and changing humidity
There has been no significant change in annual precipitation at FRSP, but in the past 40 years there has
been a shift to increasing precipitation in fall (especially) and spring, with less summer rain (Easterling et
al. 2017). The overall Increase in fall precipitation has coincided with an increase of 0.41” in the amount
of rainfall in one-in-20 year 1-day rainfall events (i.e., the amount of rain that occurs during 1 day, once
in 20 years (5% probability); Easterling et al. 2017). FRSP has experienced a significant increase in heavy
precipitation by all normal measures (see Fig. 7.4, Easterling et al. 2017). FRSP is within the region where
the majority of climate models are projecting increases in annual precipitation of 5-15%, primarily in the
winter and fall (Easterling et al. 2017; Runkle et al. 2018). Virginia has experienced an above-average
frequency of extreme rainfall events since about 1990, and climate models are projecting about a 10%
increase in extreme rainfall events by mid-century, and up to a 20% increase by 2100 (Easterling et al.
2017).

Extreme precipitation can result in local flooding such as that experienced in the 2018 flooding of the
Rappahannock River, which was caused primarily by rainfall to the west of the park. Altered rainfall
patterns can 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 to
infrastructure and operations including flooding of sites, sewage backup, accelerated decay of masonry,
overwhelmed drainage systems, road wash out, cracks in building infrastructure, destabilization of
buildings and pipes, erosion of supporting ground around structures, among many other effects.

Park staff assessment — relevant to GFIP Project:
(lYes
[INo

Increased drought frequency, intensity, magnitude, and duration

Climate model forecasts included increasing temperatures and increasing variability in precipitation. This
combination, particularly with forecasts of declining summer precipitation, could lead to the occurrence
of short but intense drought conditions (Pendergrass et al. 2020). These "flash droughts" are
characterized by very rapid, intense, and sudden onset droughts and rapid intensification of conditions
with severe impacts (Pendergrass et al. 2020).

Rising air temperatures and changing precipitation patterns are exacerbating drought risk in 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
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NPS (e.g., water supply and wastewater systems), impair water quality (Mosley 2015), and affect soil
heaves and shrinkages than can destabilize buildings and other structures (Fernandes et al. 2015).

Park staff assessment — relevant to GFIP Project:

] Yes
O No
Wildfire

In the southeastern U.S., analyses have not detected a historical change in the area burned by wildfire
attributable to human-caused climate change. Projections are varied, but overall it appears that the
potential for fire will likely increase, primarily because summer conditions will be hotter and, at times,
drier (Prestemon et al. 2016; Barbero et al. 2015).

Park staff assessment — relevant to GFIP Project:
U Yes
O No

Stream and River flood

Flooding has occurred with regularity in the FRSP region, but the frequency of high-flow events has
increased markedly in all seasons in the past two decades compared to 1950-1969 (Deither et al. 2020).
Projections are for an increased frequency of flood events through at least 2060 (US ACE 2016).
Projections for increased total precipitation, but much increased variation and more frequent extreme
precipitation (e.g. Easterly et al. 2017) portend a future with more frequently saturated soils,
overflowing creeks and rivers, and potential outages of power, water, and limited park access.

Extreme precipitation events and the risk of flooding are expected to regionally intensify with a changing
climate (Easterly et al. 2017; US ACE 2016; Dethier et al. 2020, Tabari 2020). By the end of the 21*
century high greenhouse gas emission projections indicate a doubling of the number of heavy rainfall
events (2-day precipitation events with a 5-year return period) and a 21% increase in rain falling on the
heaviest precipitation days (days with a 20-year return period; Allan and Soden 2008, Easterling et al.
2017). These changes combined with a shift toward greater intensity tropical storms over the period
1979-2017 (Kossin et al. 2020) contribute to increased flood risk. Other factors that interact with
climate to lead to flooding include urbanization, reductions in vegetation cover, and other land cover
changes that influence runoff (Yang et al. 2015; Peterson et al. 2013). It is important to understand the
local patterns and drivers of flooding when planning infrastructure. Floods threaten 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 increased rot, fungal/insect
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attack, mold and mildew, and physical deterioration of wood, brick and stone building materials.
Damage is often due to indirect effects such as loss of power, potable water, or access.

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

Hurricanes and tornadoes

Hurricanes are projected to increase in intensity and precipitation in a warmer world (USGCRP 2017).
Building standard guidance is based on base flood elevations of 2-3 ft above FEMA flood zones of 100-
year (1%-annual chance) storms, depending on the building criticality. For existing buildings that are not
above base flood elevation, adaptation measures to reduce flood impacts should be considered.
Hurricanes also threaten structures via damage from wind, wind-blown rain and debris; their large
temperature swings stress buildings through sudden thermal expansion and can crack pipes.

Climate change can increase the frequency of severe thunderstorms, which generate tornadoes,
although analyses of historical records from 1954 to 2017 show mixed trends in the total number of
tornadoes, with increases in the southeastern U.S. (Agee et al. 2016, Brooks et al. 2014, Joll and Brooks
2018). Moreover, tornado power, a function of wind speed, tornado path area, and air density, has
increased 5% * 1% per year from 1994 to 2016 (Elsner et al. 2019).

Under continued climate change, the potential for severe thunderstorms that provide conditions for
tornadoes may increase substantially across the central and eastern U.S. (Diffenbaugh et al. 2013,
Gensini and Mote 2015). Increasing urban and suburban development in tornado-prone areas increases
the exposure to damage for the U.S. as a whole (Strader et al. 2017). Although tornadoes have been
infrequent in the region of FRSP, tornadoes can result in catastrophic damage to infrastructure from
high winds, and associated debris, hail, and flash flooding. Tornadoes are explicitly considered as a risk
in the Northern Virginia and Commonwealth of Virginia Hazard Mitigation plans (Virginia Department of
Emergency Management 2018).

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

Pest infestation

Increased temperatures and CO,, changes in precipitation, and disturbance due to extreme climate
events can increase the survival, spread, growth, and establishment of pests (IPCC 2014). Rooting and
burrowing mammals and termites have the potential to cause direct damage to power, water,
transportation, and building facilities (Vissichelli 2018). Facilities may be impacted indirectly through
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other mechanisms exacerbated by climate change such as forest insect pest invasions or fluctuating
ground water levels leading to increased tree mortality, hazard trees, and treefall.

Increased temperatures will result in redistribution of pests and intensification of pest outbreaks (Logan
et al. 2003). Because temperature and other environmental conditions influence forest insect
populations and outbreaks, climate change has and will continue to impact pest infestations
(Pureswaran et al. 2018). In an extensive review of US forest pests, Pureswaran and others (2018) noted
that expansions and/or the area of outbreak of defoliators and wood boring insects is associated with
warmer winter temperatures.

Where pests and invasive species may be anticipated due to climate change (or other factors), building
and landscaping projects can be designed to prevent pest invasions (Geiger and Cox 2012; and Geiger
and Baefsky 2020, respectively). FRSP is in a region that will likely be subject to colonization by
additional species of termites, which may require enhanced protection of buildings and other wooden
structures (Buczkowski and Bertelsmeier 2017). When facilities are not designed to deter pests and
impacts due to invasions, facilities managers may increase their reliance of pesticides, which will result
in increased potential of exposure of people to pesticides, in both indoor and outdoor environments
(IOM 2011).

When and where invasions and infestations may occur is difficult to predict because multiple factors
such as landscape change, habitat disturbance, and human-facilitated vectors interact with climate
change to limit or accelerate the range-expansion of invasive species and pests. Consult with your
regional NPS pest and invasive species management coordinators to identify current and potential

invasive and pest infestation threats, as well as management strategies, including contracting BMPs to
prevent invasions and spread of invasive/pest species, early detection/rapid response, mitigation, and
eradication tactics to help design, construct, and manage your facilities and managed landscapes to
minimize the impacts of invasive species and pests.

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

Invasive species

Increased temperatures and CO,, changes in precipitation, and disturbance due to extreme climate
events can increase the survival, spread, growth, and establishment of invasive species (IPCC 2014).
Weeds and aquatic mussels have the potential to cause direct damage to power, water, transportation,
and building facilities (Vissichelli 2018). Non-native species that may not currently impact facilities may
become harmful due to changes in local climates (NRC 2002, IPCC 2014).

Climate changes will alter relationships between species through changes in water stress, regulating
temperatures of e.g. insect pests, and redistribution of species. In concert with other stressors such as
globalization, land use, atmospheric nutrient deposition and disturbance patterns, FRSP can expect to
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experience a broader range and increased rate of colonization and infestation by species new to the
park (Essl et al. 2019).

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

Step 2: Consider adaptation and resiliency strategies

e Review definitions of resiliency and adaptation strategies.
o Identify adaptation strategies that will help park resources respond to the hazards identified in
Step 1.

Question 16 requires a screening for climate hazards followed by a review of adaptation and resiliency
strategies that would be put in place to respond to these hazards. For the purposes of this report and
investment planning, resilience is 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 to the 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.

It is 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 adaptation strategies for different types of infrastructure projects in response to different
hazards can be found here: Incorporating Climate Change Adaptation in 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 may include 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 change in national parks (Cultural Resources Climate Change Strategy). “Climate

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

e Example responses to Question 16 are provided below. THESE ARE GENERIC EXAMPLES FROM
OTHER PARKS. You can view other examples here: Example responses to Q16 on

hazards Organized by Park.

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

e 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, and increased extreme precipitation. Adaptation and resiliency strategies for the
expected hazards are described below:

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

e Changes in building design or post-flooding dehumidification systems, in coordination with the
NPS Historic Architecture, Conservation and Engineering Center or Historic Preservation Training
Center, to avoid any increase in energy use.

e 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 may also be required.

e Flooding from increased hurricane events, increased extreme precipitation, or in conjunction
with altered precipitation patterns may require modifications to building infrastructure location
and landscape drainage systems.

e Post-flooding effects may include 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 San Francisco Maritime National Historic Park: pier repair, historic building restoration,
road repair, or water system project

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, and increased insect pests. Possible adaptation and resiliency strategies include:

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

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

e Vegetated catch basins for urban street stormwater runoff.

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

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

e Water conservation measures to reduce 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 with the
NPS 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 detection and removal of termites or other pests or hazards.
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Step 4: Seek additional assistance if desired

e Additional resources for answering question 16 and related questions can be found in:
o Appendix 1 below, which includes a full hazards checklist, providing additional links for
supporting information related to each hazard.
o Appendix 2 below, which provides a map to visualize how climate is changing for the
park.
o The GFIP Guidance and Logistics folder under the Resources to Assess Risks and Hazards
tab includes:
=  An Excel workbook labeled T75 Parks GFIP NRSS Supporting Materials that
provides links to information for natural resources to be considered during
project design and construction.

= A FAQs — Assessing Risks and Hazards document that provides detailed guidance
for answering Question 16.

= A Natural Hazard Assessment Webinar recording that provides key information,

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

e The NPS Climate Change Response Program (CCRP) and Sustainable Operations and
Maintenance Branch (SOMB) are also available for assistance in evaluation of climate change
hazards and resiliency strategies as they relate to specific projects. Questions can be sent to the
NPS GFIP Hazards and Risk Assistance email account and a member of that team will reply with
support.
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Appendix 1: The Climate-Related Hazard Checklist

This appendix provides an initial evaluation of climate hazards for Fredericksburg and Spotsylvania
National Military Park according to the hazard ratings identified below. The information used to identify
hazards in the checklist is mostly from regional assessments. Park and project specific information was
generally not available when assessing these hazards. NPS Climate Change Response Program (CCRP)
staff made an initial attempt to identify potential hazards for the park broadly (see ‘Best Professional
Judgement’ column); however, park staff and project planners have more information about hazards
that are likely to be applicable to a specific project.

Explanation of Hazard Ratings
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.

Table 1. Climate-related Hazards Checklist

Potential Best Sources of General
Climate Professional | Examples of risk or Non-site specific Sources for Site
Hazard Judgment secondary hazard Data Specific Data
Known e Inadequate HVAC | e National Climate o National Climatic
Hazard e Road surface Assessment Data Center
degradation
e Lack of water due | e State climate e DAYMet gridded
Hotter Potential to increased water summary climate data
average days Hazard for irrigation
and more very ] e Increased o National park
hot days humidity historical and
Not e Danger to staff projected climate
Applicable change
Ul
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https://nca2018.globalchange.gov/
https://nca2018.globalchange.gov/
https://statesummaries.ncics.org/
https://statesummaries.ncics.org/
https://www.ncdc.noaa.gov/
https://www.ncdc.noaa.gov/
https://daymet.ornl.gov/
https://daymet.ornl.gov/
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://irma.nps.gov/DataStore/Reference/Profile/2266988

Potential Best Sources of General
Climate Professional | Examples of risk or Non-site specific Sources for Site
Hazard Judgment secondary hazard Data Specific Data
e Limited water e Drought Monitor e Drought Monitor
supply for
cooling, e National e National Integrated
Known landscaping, Integrated Drought
Hazard structural fire Drought Information Center
O suppression, Information
Increased other equipment Center
drought Potential e Increased
frequency, Hazard competition for e National Climate
intensity, available water Assessment
magnitude, and water rights
and duration Not conflicts e State climate
Applicable e Crack/heave summary
] damage in drier
soils
e Increased
vulnerability to
wildfire (below)
Known e Damage to e Barbero et al. o NIFC
Hazard facilities and 2015 International
L] contents Journal of e International
Increased e Smoke damage Wildland Fire Wildland-Urban
wildfire Potential e Air quality Interface Code
frequency, Hazard dangerous to staff
intensity, and visitors
magnitude, e Increased runoff
and duration Not e Increased erosion
Applicable | e Damage to water
L] treatment plants
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https://droughtmonitor.unl.edu/
https://www.drought.gov/drought/
https://www.drought.gov/drought/
https://www.drought.gov/drought/
https://www.drought.gov/drought/
https://www.drought.gov/drought/
https://science2017.globalchange.gov/chapter/8/
https://science2017.globalchange.gov/chapter/8/
https://statesummaries.ncics.org/
https://statesummaries.ncics.org/
https://droughtmonitor.unl.edu/
https://www.drought.gov/drought/
https://www.drought.gov/drought/
https://www.drought.gov/drought/
https://www.fs.fed.us/pnw/pubs/journals/pnw_2015_barbero002.pdf
https://www.fs.fed.us/pnw/pubs/journals/pnw_2015_barbero002.pdf
https://www.fs.fed.us/pnw/pubs/journals/pnw_2015_barbero002.pdf
https://www.fs.fed.us/pnw/pubs/journals/pnw_2015_barbero002.pdf
https://www.nifc.gov/index.html
https://www.usfa.fema.gov/wui_toolkit/wui_codes.html
https://www.usfa.fema.gov/wui_toolkit/wui_codes.html
https://www.usfa.fema.gov/wui_toolkit/wui_codes.html

Potential Best Sources of General
Climate Professional | Examples of risk or Non-site specific Sources for Site
Hazard Judgment secondary hazard Data Specific Data
e Local flooding e National Climate e National Climatic
e Mold growth Assessment Data Center
Iljr;g;/':l e Wood decay . .
e Drought e State climate e DAYMet gridded
pr(eAclfF:;z’(jion o Fire summary climate data
patterns, Potential * Groundwater .
increased Hazard change * w
extreme 0 e Surface erosion M
orecipitation, e Floods (see projected climate
and changing Not below) S
humidity Applicable * Water damage to i
structures from e Evaluations are
= driven rain mostly at regional
e Unstable scales
saturated soils
e Damage or e FEMA Map Service
destruction of e FEMA Flood map Center
infrastructure service
Known e Stream channel e Floodplain maps
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https://nca2018.globalchange.gov/
https://nca2018.globalchange.gov/
https://statesummaries.ncics.org/
https://statesummaries.ncics.org/
https://www.ncdc.noaa.gov/
https://www.ncdc.noaa.gov/
https://daymet.ornl.gov/
https://daymet.ornl.gov/
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://irma.nps.gov/DataStore/Reference/Profile/2266988
https://msc.fema.gov/portal/home
https://msc.fema.gov/portal/home
https://msc.fema.gov/portal
https://msc.fema.gov/portal
https://files.hudexchange.info/resources/documents/Floodplain-Maps-for-HUD-Projects.pdf
https://files.hudexchange.info/resources/documents/Floodplain-Maps-for-HUD-Projects.pdf
https://doi.org/10.1016/j.crm.2020.100211
https://doi.org/10.1016/j.crm.2020.100211
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https://coast.noaa.gov/slr/
https://www.glerl.noaa.gov/
https://www.glerl.noaa.gov/
https://www.glerl.noaa.gov/
https://www.glerl.noaa.gov/
https://www.glerl.noaa.gov/
https://irma.nps.gov/DataStore/Reference/Profile/2279034
https://irma.nps.gov/DataStore/Reference/Profile/2279034
https://maps.nps.gov/slr/
http://share.inside.nps.gov/sites/WASO/PPFL/CPM/CPMD-CC/Shared%20Documents/Stop%203%20Coastal%20Storm%20Surge%20and%20Sea%20Level%20Change.pdf
http://share.inside.nps.gov/sites/WASO/PPFL/CPM/CPMD-CC/Shared%20Documents/Stop%203%20Coastal%20Storm%20Surge%20and%20Sea%20Level%20Change.pdf
http://share.inside.nps.gov/sites/WASO/PPFL/CPM/CPMD-CC/Shared%20Documents/Stop%203%20Coastal%20Storm%20Surge%20and%20Sea%20Level%20Change.pdf
http://share.inside.nps.gov/sites/WASO/PPFL/CPM/CPMD-CC/Shared%20Documents/Stop%203%20Coastal%20Storm%20Surge%20and%20Sea%20Level%20Change.pdf
http://share.inside.nps.gov/sites/WASO/PPFL/CPM/CPMD-CC/Shared%20Documents/Stop%203%20Coastal%20Storm%20Surge%20and%20Sea%20Level%20Change.pdf
http://share.inside.nps.gov/sites/WASO/PPFL/CPM/CPMD-CC/Shared%20Documents/Stop%203%20Coastal%20Storm%20Surge%20and%20Sea%20Level%20Change.pdf
https://www.nps.gov/subjects/climatechange/upload/2018-NPS-Sea-Level-Change-Storm-Surge-Report-508Compliant.pdf
https://www.glerl.noaa.gov/data/dashboard/portal.html
https://www.glerl.noaa.gov/data/dashboard/portal.html
https://msc.fema.gov/portal
https://msc.fema.gov/portal
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https://apps.fs.usda.gov/fhas
https://apps.fs.usda.gov/fhas
https://apps.fs.usda.gov/fhas
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://www.nps.gov/subjects/climatechange/forestvulnerability.htm
https://www.nps.gov/subjects/climatechange/forestvulnerability.htm
https://www.fs.fed.us/foresthealth/applied-sciences/mapping-reporting/national-risk-maps.shtml
https://www.doi.gov/invasivespecies
https://www.doi.gov/invasivespecies
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://doimspp.sharepoint.com/sites/nps-nrss-invasivespecies-ipm/Lists/Invasive%20Species%20%20IPM%20Contacts/AllItems.aspx
https://www.eddmaps.org/distribution/
https://www.eddmaps.org/distribution/
https://www.eddmaps.org/distribution/
https://maps.eddmaps.org/countymaps/range-shift/
https://maps.eddmaps.org/countymaps/range-shift/
https://maps.eddmaps.org/countymaps/range-shift/

Appendix 2. What Will the Park Climate Feel Like in 60 Years?

The map below is intended to help visualize how the present-day climate in the region of Fredericksburg
and Spotsylvania National Military Park is projected to change as a result of climate change (Fitzpatrick
and Dunn 2019). Under a high greenhouse gas emission scenario, Fredericksburg, Virginia’s climate in
2080 may feel like today's climate near Mount Pleasant, Texas. The typical summer in Mount Pleasant,
Texas is 7.1°F (4°C) warmer and 19.3% drier than summer in Fredericksburg, Virginia. The red line shows
the average of the 27 climate models; the black lines show the 27 individual projections assuming
continued high emissions, providing a sense of the plausible range of future climates. The size of a red
circle gives a sense of how good of a match that location is, with smaller circles indicating better
matches; all circles (red or purple) denote cities used in the analysis. The analysis is based on twelve
climate metrics, including minimum and maximum temperature and precipitation by season (spring,
summer, fall, winter). More details are available in the reference cited above and the website
https://fitzlab.shinyapps.io/cityapp/ .

3/18/21 Page 16 of 19


https://fitzlab.shinyapps.io/cityapp/

References

Agee, E., J. Larson, S. Childs, and A. Marmo. 2016. Spatial redistribution of U.S. tornado activity between 1954 and
2013. Journal of Applied Meteorology and Climatology 55: 1681-1697.

Allan, R. P., and B. J. Soden. 2008. Atmospheric Warming and the Amplification of Precipitation Extremes. Science
321:1481-1484.

Barbero, R., J. T. Abatzoglou, N. K. Larkin, C. A. Kolden, and B. Stocks. 2015. Climate change presents increased
potential for very large fires in the contiguous United States. International Journal of Wildland Fire 24:892.

Brooks, H.E., G.W. Carbin, and P.T. Marsh. 2014. Increased variability of tornado occurrence in the United States.

Science 346: 349-352.

Buczkowski G, and C. Bertelsmeier. 2017. Invasive termites in a changing climate: A global perspective. Ecol Evol.
2017;7(3):974-985.

Carter, L., A. Terando, K. Dow, K. Hiers, K.E. Kunkel, A. Lascurain, D. Marcy, M. Osland, and P. Schramm, 2018:
Southeast. In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment,
Volume Il [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C.
Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 743—-808. doi:
10.7930/NCA4.2018.CH19

Dethier, E. N., S. L. Sartain, C. E. Renshaw, and F. J. Magilligan. 2020. Spatially coherent regional changes in
seasonal extreme streamflow events in the United States and Canada since 1950. Science Advances
6:eaba5939.

Department of Homeland Security. 2015. Drought Impacts to Critical Infrastructure. Office of Cyber and
Infrastructure Analysis. April 23, 2015.

Dethier, E. N., S. L. Sartain, C. E. Renshaw, and F. J. Magilligan. 2020. Spatially coherent regional changes in
seasonal extreme streamflow events in the United States and Canada since 1950. Science Advances
6:eaba5939.

Diffenbaugh, N. S., M. Scherer, and R. J. Trapp. 2013. Robust increases in severe thunderstorm environments in
response to greenhouse forcing. Proceedings of the National Academy of Sciences 110:16361-16366.

Easterling, D. R., K. E. Kunkel, J. R. Arnold, T. Knutson, A. N. LeGrande, L. R. Leung, R. S. Vose, D. E. Waliser, and M.
F. Wehner. 2017. Precipitation change in the United States. Pages 207-230 in D. J. Wuebbles, D. W. Fahey,
K. A. Hibbard, D. J. Dokken, B. C. Stewart, and T. K. Maycock, editors. Climate Science Special Report:
Fourth National Climate Assessment, Volume I. U.S. Global Change Research Program, Washington, D.C.

Elsner, J.B., T. Fricker, and Z. Schroder. 2019. Increasingly powerful tornadoes in the United States. Geophysical
Research Letters 46: 392-398.

Fernandes, M., A. Denis, R. Fabre, J.-F. Lataste, and M. Chrétien. 2015. In situ study of the shrinkage-swelling of a
clay soil over several cycles of drought-rewetting. Engineering Geology 192:63-75.

Fitzpatrick, M. C., and R. R. Dunn. 2019. Contemporary climatic analogs for 540 North American urban areas in the
late 21st century. Nature Communications 10:614. https://fitzlab.shinyapps.io/cityapp/.

Geiger, C.A. and M. Baefsky. 2020. Pest prevention design for landscapes. San Fransiscso Department of the
Environment. sfe_th ppbd-landscapes 030320.pdf (sfenvironment.org)

Geiger, C.A. and C. Cox. 2012. Pest prevention by design: authoritative guidelines for designing pests out of
structures. San Fransicso Department of the Environment. final ppbd guidelines 12-5-12.pdf

(sfenvironment.org)

Gensini, V.A. and H.E. Brooks. 2018. Spatial trends in United States tornado frequency. npj Climate and
Atmospheric Science 1: 38. doi:10.1038/s41612-018-0048-2.

Gensini, V. A., and T. L. Mote. 2015. Downscaled estimates of late 21st century severe weather from CCSM3.
Climatic Change 129:307-321.

3/18/21 Page 17 of 19


https://fitzlab.shinyapps.io/cityapp/
https://sfenvironment.org/sites/default/files/fliers/files/sfe_th_ppbd-landscapes_030320.pdf
https://sfenvironment.org/sites/default/files/fliers/files/final_ppbd_guidelines_12-5-12.pdf
https://sfenvironment.org/sites/default/files/fliers/files/final_ppbd_guidelines_12-5-12.pdf

Gonzalez, P., R. P. Neilson, J. M. Lenihan, and R. J. Drapek. 2010. Global patterns in the vulnerability of ecosystems
to vegetation shifts due to climate change. Global Ecology and Biogeography 19:755-768.

Halofsky, J. E., D. L. Peterson, and B. J. Harvey. 2020. Changing wildfire, changing forests: the effects of climate
change on fire regimes and vegetation in the Pacific Northwest, USA. Fire Ecology 16:4.

I0OM (Institute of Medicine). 2011. Climate Change, the Indoor Environment, and Health. Washington, DC: The
National Academies Press.

IPCC. 2014. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M.
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, 1132 pp. https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-PartA_FINAL.pdf.

Kossin, J. P., K. R. Knapp, T. L. Olander, and C. S. Velden. 2020. Global increase in major tropical cyclone
exceedance probability over the past four decades. Proceedings of the National Academy of Sciences
117:11975-11980.

Logan, J.A., Régniére, J. and Powell, J.A., 2003. Assessing the impacts of global warming on forest pest
dynamics. Frontiers in Ecology and the Environment, 1:130-137.

Mosley, L. M. 2015. Drought impacts on the water quality of freshwater systems; review and integration. Earth-
Science Reviews 140:203-214.

NOAA NCEl  https://www.ncdc.noaa.gov/cag/divisional/time-series/4404/tavg/12/1/1895-
20217?base prd=true&begbaseyear=1901&endbaseyear=2000&trend=true&trend base=100&begtrendye
ar=1980&endtrendyear=2020 Accessed 7 March 2021.

NRC. 2002. Predicting Invasions of Nonindigenous Plants and Plant Pests; National Academies Press: Washington,
DC, USA. ISBN 978-0-309-08264-8.

Peterson, T. C., R. R. Heim, R. Hirsch, D. P. Kaiser, H. Brooks, N. S. Diffenbaugh, R. M. Dole, J. P. Giovannettone, K.
Guirguis, T. R. Karl, R. W. Katz, K. Kunkel, D. Lettenmaier, G. J. McCabe, C. J. Paciorek, K. R. Ryberg, S.
Schubert, V. B. S. Silva, B. C. Stewart, A. V. Vecchia, G. Villarini, R. S. Vose, J. Walsh, M. Wehner, D. Wolock,
K. Wolter, C. A. Woodhouse, and D. Wuebbles. 2013. Monitoring and understanding changes in heat
waves, cold waves, floods, and droughts in the United States: State of knowledge. Bulletin of the
American Meteorological Society 94:821-834.

Prestemon, J. P., U. Shankar, A. Xiu, K. Talgo, D. Yang, E. Dixon, D. McKenzie, and K. L. Abt. 2016. Projecting wildfire
area burned in the south-eastern United States, 2011—-60. International Journal of Wildland Fire 25:715-
729.

Pureswaran, D.S., Roques, A. and Battisti, A., 2018. Forest insects and climate change. Current Forestry Reports, 4,
pp.35-50.

Runkle, J., K. Kunkel, L. Stevens, S. Champion, B. Stewart, R. Frankson, and W. Sweet, 2017: Virginia State Climate
Summary. NOAA Technical Report NESDIS 149-VA, 4 pp.

Strader, S.M., W.S. Ashley, T.J. Pingel, and A.J. Krmenec. 2017. Projected 21st century changes in tornado

exposure, risk, and disaster potential. Climatic Change 141: 301-313.

Tabari, H. 2020. Climate change impact on flood and extreme precipitation increases with water availability.
Scientific Reports 10:13768.

Tippett, M.K. and J.E. Cohen. 2016. Tornado outbreak variability follows Taylor’s power law of fluctuation scaling
and increases dramatically with severity. Nature Communications 7: 10668. doi:10.1038/ncomms10668.

US ACE (US Army Corps of Engineers). 2015. Recent US Climate Change and Hydrology Literature Applicable to US
Army Corps of Engineers Missions — Water Resources Region 02, Mid-Atlantic. Civil Works Technical
Report, CWTS-2015-09, USACE, Washington, DC

USGCRP (U.S. Global Change Research Program). 2017. Climate Science Special Report: Fourth National Climate
Assessment, Volume | [Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and T.K.

3/18/21 Page 18 of 19


https://www.ncdc.noaa.gov/cag/divisional/time-series/4404/tavg/12/1/1895-2021?base_prd=true&begbaseyear=1901&endbaseyear=2000&trend=true&trend_base=100&begtrendyear=1980&endtrendyear=2020
https://www.ncdc.noaa.gov/cag/divisional/time-series/4404/tavg/12/1/1895-2021?base_prd=true&begbaseyear=1901&endbaseyear=2000&trend=true&trend_base=100&begtrendyear=1980&endtrendyear=2020
https://www.ncdc.noaa.gov/cag/divisional/time-series/4404/tavg/12/1/1895-2021?base_prd=true&begbaseyear=1901&endbaseyear=2000&trend=true&trend_base=100&begtrendyear=1980&endtrendyear=2020

Maycock (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, 470 pp., doi:
10.7930/J0J964J6.

Virginia Department of Emergency Management. 2018. Commonwealth of Virginia Hazard Mitigation Plan.
https://www.vaemergency.gov/agency/planning/

Vissichelli, M. 2018. Invasive species impacts on federal infrastructure. National Invasive Species Council
Secretariat, Washington, DC.

https://www.doi.gov/sites/doi.gov/files/uploads/invasive species impacts on federal infrastructure.pdf
Wehner, M. F., J. R. Arnold, T. Knutson, K. E. Kunkel, and A. N. LeGrande. 2017. Droughts, floods, and wildfires. In:

Climate Science Special Report: Fourth National Climate Assessment, Volume | [Wuebbles, D.J., D.W.
Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and T.K. Maycock (eds.)]. U.S. Global Change Research
Program, Washington, DC, USA, pp. 231-256

Yang, Q., H. Tian, M. A. M. Friedrichs, M. Liu, X. Li, and J. Yang. 2015. Hydrological Responses to Climate and Land-
Use Changes along the North American East Coast: A 110-Year Historical Reconstruction. JAWRA Journal

of the American Water Resources Association 51:47-67.

3/18/21 Page 19 of 19


https://www.doi.gov/sites/doi.gov/files/uploads/invasive_species_impacts_on_federal_infrastructure.pdf

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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