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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 Death Valley National Park

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

Greenhouse gas emissions from human activities have increased temperatures globally
(Intergovernmental Panel on Climate Change et al. 2013), across the U.S. (U.S. Global Change Research
Programet al. 2017), and in U.S. national parks (Gonzalez et al. 2018). The annual average temperature
in the United States is expected to increase by 2.3 to 11°F by the end of the century depending on
greenhouse gas emissions, relative to 1986-2015 (USGCRP 2018). The highest emissions projections
indicate that most areas of contiguous United States will experience about 20-30 more days per year
with a maximum temperature over 902F (322C) (Vose et al. 2017). Widespread warming is also projected
to result 40-50 fewer days below freezing in much of the West (Vose et al. 2017).

For Death Valley National Park, annual average temperature increased at the statistically significant rate
of 0.9+ 0.29C (1.6 + 0.49F) per century from 1895 to 2010; the magnitude of this trend increased
between 1950 and 2010 at the statistically significant rate of 1.3+ 0.52C (2.3 + 0.99F) per century
(Gonzalez et al. 2018). Under the highest greenhouse gas emissions scenario, climate models project
additional heating of the area within park boundaries of 4.9+ 12C (8.8 + 1.82F) by 2100. The
temperatureincrease could be kept to 1.7 £ 0.72C (3.1 1.32F) under a scenario of reduced emissions
(Gonzalez et al. 2018). Projections under the highest emissions scenario anticipate an increase of 5 to 25
more days per year with a maximum temperature >352C (952F) in the Southwest region (Kunkel et al.
2013). Extreme temperatures canincrease weathering of infrastructure, threaten parkstaffand visitor
safety, and increase stresses for HVAC systems. If not addressed through building design or more
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efficient temperature control systems, the increased demand for complex air conditioning systems can
add stress to building envelopes and canrequire significant alterations toa structure.

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

Altered precipitation patterns, increased extreme precipitation, and changing humidity
Climate change has contributed to a 10% increase in 100-year storms (a day with more precipitation
than any other day, on average, in 100 years) for the southwestern U.S. from 1958 to 2016 (Easterling et
al. 2017). Under the highest emissions scenario, continued climate change could, in southern

California by 2100, double the frequency of extreme storms comparable to the storms that generated
the 2016-2017 floods (Swain et al. 2018). Under the highest emissions scenario, climate change could
increase the frequency and intensity of atmospheric rivers, narrow bands of highly concentrated storms
in that move from the Pacific Ocean into California, increasing rainfall in severe storms in southern
California up to 28% by 2100 (Hagos et al. 2016, Huang et al. 2020).

For Death Valley National Park, total annual precipitation changed at the non-statistically significant rate
of 3 £ 10% per century from 1895 to 2010 (Gonzalez et al. 2018). Under the highest emissions scenario,
the average of climate model projections is a total annual precipitation increase of 8 + 19% by 2100 for
Death Valley National Park (Gonzalez et al. 2018). Projections under the highest emissions scenario
predict an increasein 20-year storms (a storm with more precipitation thanany other storm in 20 years)
to once every 5-10 years (Walsh et al. 2014).

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.

Park staff assessment — relevant to GFIP Project:
LlYes
[INo

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). Droughts are common in the Southwest region but are
becoming more frequent and severe. Periods of low precipitation from naturalvariability are the
primary cause of drought, but increasing temperatures due to climate change have amplified recent
droughts in the region (Gonzalez et al. 2018, Diffenbaugh et al. 2015), severely stressing water resources
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(Williams et al. 2015, Udall and Overpeck 2017). The 2000-2019 SW drought was second driest 19-yr
period since 800 CE (Williams et al. 2020). Hotter temperatures projected by climate change models
show increasing probability of decadalto multi-decadal megadroughts (persistent droughts lasting
longer than a decade) even when precipitationincreases (Cook et al. 2016, Gonzalez et al. 2018,
Williams et al., 2020). Warming winters amply droughts by causing "snow droughts" which occur from
lack of precipitation, temperatures that are too warm for snow, or a combination of the two (Harpold el
al. 2017, Moteet al. 2018, Gonzalez et al. 2018).

Under the highest emissions scenario, climate change could increase the number of dry days in southern
California by five to tendays per year (Polade et al. 2014). Under the highest emissions scenario, climate
changeincreases drought risk in southern California by 2100 to the 1% driest drought severity
experienced currently (Cook et al. 2015), increasing the probability of a drought as severe as the 2012-
2016 California drought to once a year by mid-century (Diffenbaugh et al. 2015). This could cause more
frequent water shortages insouthern California (Paganet al. 2016). Drought can also affect waterand
wastewater system operations, water quality (Mosley 2015), and soil stability (Fernandes et al. 2015).
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 may enhance other relatedrisks such as wildfire (Abatzoglou and Williams 2016).

Park staff assessment — relevant to GFIP Project:
Ol Yes
Ol 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 vegetationthat
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.

In the western U.S., analyses of causal factors have found that human-caused climate change has
doubled the area burned by wildfire since 1984 above natural levels, mainly through drying of
vegetation (Abatzoglou and Williams 2016). Under the highest greenhouse gas emissions scenario,
projected climate change could increase the frequency of large fires (>50 km2, 20 sq. mi.) up to three
times across the forests of the western U.S. by 2050 (Barbero et al. 2015). For areas where projected
climate change increases fire risk, buildings, culturallandscapes, or other infrastructure located under or
near tree canopies or dense grasslands are vulnerable to burning and destruction.
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Park staff assessment — relevant to GFIP Project:
Ul Yes
] No

Riverine flood/Flash flood/Lake water level change

Extreme precipitation events and the risk of flooding are expected to regionally intensify with a changing
climate (Dethier et al. 2020, Tabari 2020). Flood trends within a given region show high spatial variability
depending on catchment conditions and the flood generating mechanism. Inmany cases climateis just
one factor leading to flooding, with urbanizationand otherland cover changes within and upstream of
parks exerting a strong influence (Petersonet al. 2013). In some cases, it is inadequate to assume that
designflood values will remain stationaryin the future as climate changes (Van Dusenet al.

2020). While surface water flow in Death Valley National Park is limited to a few streamreaches
originating from spring discharge (Bedinger and Harrill 2012), storms can cause flash floods in normally
dry stream channels and ephemeral lakes to form in playas (e.g., flooding along the Amargosa River and
tributaries formed ephemeral lakes in the Death Valley Playa in 1969, 1993, and 2005; Bedinger and
Harrill2012). Local studies to characterize changes in extreme flows (Van Dusen et al. 2020) or increases
in current safetyfactors maybe necessarytoaccount for climate changein infrastructure design.

Floods threateninfrastructure 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/insect attack, mold and mildew, and physical deterioration of wood, brick and
stone building materials.

Park staff assessment — relevant to GFIP Project:

] Yes
] No
Tornadoes

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 decreases inthe southern Great Plains, increases in the southeastern U.S., and shown
no statistically significant trend for the U.S. as a whole (Agee et al. 2016, Brooks et al. 2014, Gensini and
Brooks 2018). For the U.S. as a whole, the number of days with over 30 tornadoes (Brooks et al. 2014,
Elsner et al. 2015) and the number of tornadoes per tornado outbreak have increased (Moore 2017,
Tippett and Cohen 2016). Moreover, tornado power, a function of wind speed, tornado patharea, and
air density, has increased 5% + 1% per year from 1994 to 2016 (Elsner et al. 2019).

In the western U.S., under the highest emissions scenario, models do not project a significant increase
from 2000 to 2100 of the number of days in spring with severe thunderstorms that could produce
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tornadoes (Diffenbaugh et al. 2013). Tornados can threaten structures and potentially cause
catastrophicdamage due to wind, wind-blown rain, and debris.

Park staff assessment — relevant to GFIP Project:

Ul Yes

Ol No

Pest infestation

Increased temperatures and CO2, 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
other mechanisms exacerbated by climate change such as forest insect pest invasions or fluctuating
ground water levels leading toincreased tree mortality, hazardtrees, and treefall.

Warmer and moister conditions, which may increase under climate change, tend to favor numerous
insect pests, including termites, ants, and hornets (Sims and Appel 2017). Continued climate change
under low to high emissions could increase the number of invasive termite species in southern
California (Buczkowskiand Bertelsmeier 2017). Pests candirectly infest buildings and other
infrastructure andindirectly affect infrastructure by increasing risks of tree death and falling branches or
trees.

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

Invasive species

Increased temperatures and CO2, changes in precipitation, and disturbance due to extreme climate
events can increase the survival, spread, growth, and establishment of invasive species (IPCC 2014).
Climate change may contribute to range expansion or contraction of invasive species. For

example, Bradley (2009) and Bradley et al. (2009) have looked at invasive plants in the Western U.S.
likely to expand their ranges, including yellow starthistle (Centaurea solstitialis) and tamarisk
(Tamarix spp.); species likely to experience range expansion and contraction depending on local climatic
variables, such as cheatgrass (Bromus tectorum) and spotted knapweed (Centaurea biebersteinii); and
species predicted to contractin range, like leafy spurge (Euphorbia esula). Weeds and aquatic mussels
have the potential tocause direct damage to power, water, transportation, and building facilities
(Vissichelli2018). Non-native species that may not currently impact facilities may become harmful due
to changes in local climates (NRC 2002, IPCC 2014).

Park staff assessment — relevant to GFIP Project:

O Yes
O 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

e Three example responses to Question 16 are provided below. THESE ARE GENERIC EXAMPLES
FROM OTHER PARKS.

e 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.

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 Lake Meredith NRA: generic (not customized Several climate change hazards have
been identified that may affect this project, including hotter average days, more extreme heat days,
increasedtornado impacts, altered precipitation patterns, andincreased extreme precipitation.
Adaptation and resiliency strategies for the expected hazards are described below:
e Hotteraverage days and more extreme heat days will increase demand and requirements for
appropriately sized air conditioning systems.
e Extreme heat and humidity can stress the building envelope and will require significant humidity
control alterations for structures.
e With continued climate change, the potential for severe thunderstorms that provide conditions
for tornadoes may increase substantially. Consider wind resistant fortification of the structures.
Addressing hazardous trees and retrofitting roof structures tobe more wind resistant mayalso be
required.
e Hotterand drier conditions will worsendeclines in the water level within the High Plains
Aquifer. New water sources might need to be identified and water conservation measures will need
to be put in place.
e Hotterand drier conditions will lead to anincrease in wildfires. It will be important to maintain
or increase the park’s prescribedfire program and design any structures susceptible to wildfire
damage with fire-resistant materials.
e Winter and spring precipitation is projected to increasinglyfall in the form of very heavy
precipitation events, which canincrease flooding and runoff. Road construction may require larger
culverts to accommodate heavy runoff. Buildings, infrastructure, and roads in existing flood zones
may need additional mitigation.
e The potential for increasedinvasive species should be mitigated. Measures include mitigation
during construction (e.g., using weed-free gravel and cleaning construction equipment) and
increased weed treatment post construction.
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Example from Grand Teton National Park: Road improvement project

Several climate change related hazards have been identified that may affect projects in GRTE,

including hotter average days, more extreme heat days, increased drought frequency and intensity,
altered precipitation and flooding patterns, increased wildfire, and increasedinvasive species
abundance or distribution. The primary hazard affecting this project is spring runoff and flooding.
Projected warmer and wetter spring seasons are likely to result in increased rain on snow events, which
lead to higher peak spring runoff volume, flooding, and streambankscour/erosion. Increased flooding
along with potentialimpacts from increased wildfire (erosion and reduced infiltration) will cause the
river channel to become even more dynamic and increase the likelihood of road bank failure.

Past weather-relatedimpacts at Gros Ventre Roadinclude:
e The Gros Ventre River is a braided river that is roughly 1,500 feet wide and the active flow
channels frequently migrate and avulse across the braided channel. In recent years, unprecedented
spring high water flows have caused the main channels of the river to erode the bank adjacent to
and undercutting the Gros Ventre Road. In 2017, the road washed out and required $6M in repairs.

Future climate changes that may impact this project could include:
Precipitation changes

e Expectedwarmer and wetter spring seasons are likely to result in rain over snow events,
which lead to higher peak spring runoff volume and water velocity. Itis predicted that the
temporaryfixes have a limited lifespan if runoff and higher than average spring flows
continue to increase, and the river does not change course._
e If precipitation increases or changes, this too may cause increased soil moisture which
may affect the structuralintegrity of the roads and slopes._

Increased temperatures may contribute to pavement degradation. Crack/heave damage occurs
in drier soils.

The park will consider the following measures toimprove resilience to these hazards:

o Designand Engineering Enhancements:
o This project will either armor the bank or relocate the roadway away from the river
(onto a nearby bench awayfrom the highly eroded riverbank allowing the river to maintain
a more natural course), depending on future studies (archeological, hydrologic, engineering,
etc.), environmental analysis, and potential lifecycle costs of both options taking into
account the future potential hazard of increased flows and the river changing course.
o Slopes may need to be adjustedand properly placed culverts installed.

e Planning
o Revegetationwill be avital component to increase resilience to precipitation changes
and increased temperatures. Design and maintenance are vital.

This project will advance sustainability through the following strategies:
e The 2006 Transportation Plan which analyzed 22.5 miles of multiuse pathways and 18.8 miles
widened shoulders to be used as a bike lane, including this segment of the Gros Ventre Road. These
pathways and widened shoulders are not only used by park visitors recreationally, but also for local
residents commuting to and from work in the park and the town of Jackson, providing enhanced
recreational and transportation opportunities that are low carbon output.
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Step 4: Seek additional assistance if desired

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

e Appendix 1 below, which includes a full hazards checklist, providing additional links for
supporting information related to each hazard.

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 naturalresources 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 theyrelate to specific projects. Questions can be sentto 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 Death Valley National Park according
to the hazardratings identified below. The information used to identify hazards inthe checklistis 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 aninitial attempt to
identify potential hazards for the park broadly (see ‘Best ProfessionalJudgement’ 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 addressedin 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. Ifapplicable to the project site, these
hazards should be considered for inclusion in the project plan.

Not applicable: No evidence was identified showing this hazardis 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 |[nadequate HVAC | e National Climate e National Climatic
Hazard e Road surface Assessment Data Center
degradation
o Lack of waterdue | e Stateclimate e DAYMet gridded
Hotter Potential toincreased water summary climate data
average days Hazard for irrigation
and more very ] e Increased e National park
hot days humidity historicaland
Not e Dangertostaff projected climate
Applicable change
]
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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 structuralfire Drought Information Center
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 Stateclimate
Applicable e Crack/heave summary
O damagein drier
soils
e Increased
vulnerability to
wildfire (below)
Known e Damageto e Barberoet al. e NIFC
Hazard facilities and 2015 International
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, o Increased runoff
and duration Not e Increased erosion
Applicable e Damagetowater
] 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
Egcz)\alvrr; e Wood decay ' .
e Drought e Stateclimate e DAYMet gridded
rg:‘ei;:'(cjion o Fire summary climate data
P pat'r()erns, Potential * Groundwater .
increased Hazard change * w
extreme 3 e Surface erosion w
orecipitation, e Floods (see projected climate
and changing Not below) change
humidity Applicable e Waterdamageto _
structures from e Evaluations are
U driven rain mostly at regional
e Unstable scales
saturatedsoils
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
https://www.fs.fed.us/foresthealth/index.shtml
https://www.fs.fed.us/foresthealth/index.shtml
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

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 Aquatic mussels— | @ National Invasive | e NPS Pestand
waterintakes Species Council Invasive Species
Known clogged Management
Hazard e Vegetation Contacts
(kudzu, vines) —
damage buildings, e Early Detection
Potential kill trees, obstruct and Distribution
Invasive Hazard waterways Mapping System
species 0 (current
distribution)
Appl}lig;clble e Early Detection
] and Distribution
Mapping System
(projected
distribution)
References

Abatzoglou, J. T., and A. P. Williams. 2016. Impact of anthropogenic climate change on wildfire across western US
forests. Proceedings of the National Academy of Sciences 113:11770-11775. 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.

Agee,J.K.,and C. N. Skinner. 2005. Basic principles of forest fuel reductiontreatments. Forest Ecology and
Management211:83-96.

Barbero, R.,J. T. Abatzoglou, N. K. Larkin, C. A. Kolden, and B. Stocks. 2015. Climate change presents increased
potential for verylargefiresin the contiguous United States. International Journal of Wildland
Fire 24:892-899.

Bedinger, M.S., and J.R. Harril. 2012. Groundwater geologyand hydrology of Death Valley National Park, California
and Nevada. Natural Resource Technical Report NPS/NRSS/WRD/NRTR — 2012/652. National Park Service,
Fort Collins, Colorado.

Bradley, B. A.2009. Regionalanalysis of the impacts of climate change on cheatgrass invasion shows potential risk
and opportunity. GlobalChange Biology 15:196-208.

Bradley, B.A., M. Oppenheimer,and D.S. Wilcove. 2009. Climate change and plantinvasions:
restoration opportunities ahead? Global Change Biology 15:1511-1521.

Brooks, H.E., G.W. Carbin, and P.T. Marsh. 2014. Increased variability of tornadooccurrence in the United States.
Science 346:349-352.

Buczkowski, G., and C. Bertelsmeier. 2017. Invasive termites in a changingclimate: A global
perspective. Ecol Evol 7:974-985.

2/8/21 Page 15 of 18


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/

Cook, B. 1., E. R.Cook, J. E. Smerdon, R.Seager, A. P. Williams, S. Coats, D. W. Stahle, and J. V. Diaz, 2016: North
American megadroughts in the Common Era: Reconstructions and simulations. Wiley Interdisciplinary
Reviews: Climate Change, 7 (3),411-432.d0i:10.1002/wcc.394.

Department of Homeland Security. 2015. Drought Impacts to Critical Infrastructure. Office of Cyberand
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., D. L. Swain, and D. Touma, 2015: Anthropogenic warming has increased droughtriskin
California. Proceedingsof the National Academy of Sciences of the United States of America, 112 (13),
3931-3936.d0i:10.1073/pnas.1422385112.

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

Easterling, D.R.,J. R. Arnold, T.Knutson, K. E. Kunkel, A. N. LeGrande, L.R. Leung, R.S. Vose, D. E. Waliser, and M.
F. Wehner.2017.Ch. 7: Precipitation Change in the United States. Climate Science Special Report: Fourth
National Climate Assessment, Volume I. U.S. Global Change ResearchProgram.

Elsner, J.B.,S.C. Elsner,and T.H. Jagger. 2015. The increasing efficiency of tornado days in the United States.
Climate Dynamics 45:651-659.

Elsner, J.B., T. Fricker,and Z. Schroder. 2019. Increasingly powerful tornadoes in the United States. Geophysical
Researchletters46:392-398.

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 severalcycles of drought-rewetting. Engineering Geology 192:63-75.

Field, C.B., L.D. Mortsch,, M. Brklacich, D. L. Forbes, P. Kovacs, J. A. Patz, S. W.Running, and M. J. Scott. 2007.
North America. Climate Change 2007: Impacts, Adaptationand Vulnerability. Pages 617-652 in M.L. Parry,
O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson [eds.]. Contribution of Working Group Il
to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, UK.

Fitzpatrick, M. C.,and R. R. Dunn. 2019. Contemporary climaticanalogs for 540 North Americanurban areasin the
late 21st century. Nature Communications 10:614. https://fitzlab.shinyapps.io/cityapp/.

Gensini, V.A.and H.E. Brooks. 2018. Spatial trends in United States tornado frequency. npj Climate and
Atmospheric Science 1:38.d0i: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.

Gonzalez, P., F.Wang, M. Notaro, D. J. Vimont, and J. W. Williams. 2018. Disproportionate magnitude of climate
change in United States national parks. Environmental Research Letters 13:104001.

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

Hagos, S. M., L.R. Leung, J. Yoon, J. Lu,and Y. Gao. 2016. A projection of changes in landfalling atmosphericriver
frequencyand extreme precipitation over western North America from the Large Ensemble CESM
simulations. Geophysical Research Letters 43:1357-1363.

Harpold, A.A., M. Dettinger, and S. Rajagopal. 2017. Defining snow drought and why it matters. Eos 98
do0i:10.1029/2017E0068775.

Huang, X., D. L. Swain, and A. D. Hall. 2020. Future precipitation increase from very high resolutionensemble
downscaling of extreme atmosphericriver storms in California. Science Advances 6:eabal323.

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

2/8/21 Page 16 of 18



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.

Intergovernmental Panelon Climate Change, D. Qin, G. Plattner, M. Tignor, S. Allen, J. Boschung, A. Nauels, Y. Xia,
V. Bex, and P. Midgley. 2013. Climate change 2013: The physical science basis. Contribution of Working
Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (eds TF Stocker
etal.):5-14.Jolly, W.M., M. A.Cochrane, P.H. Freeborn,Z. A.Holden, T.J. Brown, G.J. Williamson, and D.
M. Bowman. 2015. Climate-inducedvariations in global wildfire danger from 1979 to 2013. Nature
Communications 6:7537.

Jolly, W.M., M.A. Cochrane, P.H. Freeborn, Z.A. Holden, T.J. Brown, G.J. Williamson, and D.M.J.S. Bowman. 2015.
Climate-inducedvariations in global wildfire danger from 1979to 2013. Nature Communications 6: 7537.
doi:10.1038/ncomms8537.

Kunkel, K.E, L.E. Stevens, S.E. Stevens, L. Sun, E. Janssen, D. Wuebbles, K.T. Redmond, and J.G. Dobson. 2013.
Regional Climate Trends and Scenarios for the U.S. National Climate Assessment. Part 5. Climate of the
Southwest. U.S. National Oceanicand Atmospheric Administration, Technical Report NESDIS 142-5,
Washington, DC.

Moore, T.W.2017.On the temporal and spatial characteristicsof tornado days in the United States. Atmospheric
Research184:56-65.

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

Mote, P.W.,,S. Li, D. P. Lettenmaier, M. Xiao, and R. Engel, 2018: Dramatic declines in snowpack in the western US.
npj Climate and AtmosphericScience, 1 (1), 2.d0i:10.1038/s41612-018-0012-1.

NRC. 2002. Predicting Invasions of Nonindigenous Plants and Plant Pests; National AcademiesPress: 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. Monitoringand understanding changes in
heatwaves, cold waves, floods, and droughts in the United States: State of knowledge. Bulletin of the
American Meteorological Society 94:821-834.

Pagan, B. R., M. Ashfaq, D. Rastogi, D. R.Kendall,S.-C.Kao, B.S. Naz, R. Mei,andJ.S. Pal.2016. Extreme
hydrological changes in the southwestern US drive reductionsin water supply to Southern California by
mid century. Environmental Research Letters 11:094026.

Polade,S.D.,D. W. Pierce, D.R. Cayan, A. Gershunov, and M. D. Dettinger. 2014. The key role of dry daysin
changing regional climate and precipitation regimes. Scientific Reports 4:4364.

Sims, S. R., and A. G. Appel.2017. Climate change and the new dynamics of urban pest managementin North
America. Pages 31-49 in P. Dhang, editor. Climate change impacts on urban pests. CABI, Wallingford.

Strader,S.M., W.S. Ashley, T.J. Pingel, and A.J. Krmenec. 2017. Projected 21st centurychanges in tornado
exposure, risk, and disaster potential. Climatic Change 141:301-313.

Swain, D. L., B. Langenbrunner, J. D. Neelin,and A. Hall. 2018. Increasing precipitation volatility in twenty-first-
century California. Nature Climate Change 8:427-433.

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

Tebaldi, C., B. H. Strauss, and C. E. Zervas. 2012. Modelling sea level riseimpacts on storm surges along US coasts.
Environmental Research Letters 7.

2/8/21 Page 17 of 18



Tippett, M.K.and J.E. Cohen.2016. Tornado outbreak variabilityfollows Taylor's power law of fluctuation scaling
and increases dramatically with severity. Nature Communications 7: 10668. d0i:10.1038/ncomms10668.

Udall, B., and J. Overpeck, 2017: The twenty-first century Colorado River hot drought and implications for the
future. Water Resources Research, 53 (3), 2404-2418. doi:10.1002/2016WR019638.

U.S. Global Change Research Program. 2017. Climate Science SpecialReport: 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, 470 pp., doi: 10.7930/J0J964J6.

Van Dusen, P., B. Rajagopalan, D.J. Lawrence, L. E. Condon, G. Smillie, S. Gangopadhyay, and T. Pruitt. 2020. 2 1st
Century floodrisk projections at select sites for the U.S. National Park Service. Climate Risk Management
28:100211.

Vissichelli, M. 2018. Invasive species impacts on federalinfrastructure. National Invasive Species Council
Secretariat, Washington, DC.
https://www.doi.gov/sites/doi.gov/files/uploads/invasive_species_impacts_on_federal_infrastructure.pdf

Vose, R., D.R. Easterling, K. Kunkel,and M. Wehner. 2017. Temperature changes in the United States. 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. 185-206, doi: 10.7930/J0N29V45.

Walsh, J., D. Wuebbles, K. Hayhoe, J. Kossin, K. Kunkel, G. Stephens, P. Thorne, R. Vose, M. Wehner, and J. Willis.
2014. Our changing climate. In Melillo, J.M., T.C. Richmond, and G. W. Yohe (Eds.) Climate Change Impacts
inthe United States: The Third National Climate Assessment. U.S. Global Change Research Program,
Washington, DC.

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

Williams, A.P.,R. Seager, J. T. Abatzoglou, B.l. Cook, J. E. Smerdon, and E. R. Cook, 2015: Contribution of
anthropogenicwarming to California drought during 2012-2014. Geophysical Research Letters, 42 (16),
6819-6828.d0i:10.1002/2015GL064924.

2/8/21 Page 18 of 18


https://www.doi.gov/sites/doi.gov/files/uploads/invasive_species_impacts_on_federal_infrastructure.pd
http://doi.org/10.7930/J0N29V45

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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