Climate Change Refugia

Sierra Nevada: Challenges and Opportunities

Yearly snoﬁpack comparison in
the southern Sierra Nevada
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Presenters and Conversations

Facilitator: Where are We?
Deanna Dulen, Superintendent, Devils Postpile National Monument

Cold-air Pooling in the Mountains—What do we need to know?
Dr. Michael Dettinger, Research Hydrologist, USGS,

Refugia for Climate Adaptation: Examples from Sierra Nevada Bighorn Sheep and
American Pika

Dr. Connie Millar, , Senior Scientist, Forest Service, Pacific Southwest Research Station

Cold Air Drainages as Climate Refugia for plants (and other less motile organisms :
Dr. Alison Colwell, PhD, Botanist, Yosemite National Park

Soda Springs Meadow as a climate change refugium: management implications for
visitor use and biological communities.

Monica Buhler, Natural Resource Program Manager, Devils Postpile National Monument

Compass Conversation: Where are we headed from here?



Climate Change is Happening Now!!!
Rapidly driving the world to
uncertain scenarios.

Warm winter forces Iditarod dog sled _
race to move north Extreme drought in

L g Q00 . .
o California

Cyclone Pam: 24 Cyclone Pam: Vanuatu
confirmed dead as president says climate
Vanuatu president change contributed to
blames climate change death and destruction
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Yearly snowpack comparison in
the southern Sierra Nevada
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Protected Areas Provide
Natural Solutions to Climate Change.

CC Driver of Extinctions:

« The current rate of global species
extinction is approximately 1,000 times
higher than before the worldwide
spread of humanity. Conservation
efforts have lowered the rate by about a
fifth, at least in vertebrates—the
animals for which data are available.
But the hemorrhaging continues and
will almost certainly accelerate under
existing conditions, and could become
catastrophic within this century. Parks
and other protected reserves are , the
best way to protect biodiversity, but
they remain far too small, covering a
little over 10 percent of the land and 2
percent of the sea. E.O. Wilson.

Protected Areas Provide
Natural Solutions to
Climate Change

« What we can do in our
sphere of influence:

ldentify Manage
Refugia



Science

Science: Goal 3.1

The U.S. Climate Change Science
Program Synthesis and
Assessment Product 4.4:
recommends specific approaches
for adaptation, such as resilience,

redundancy, connectivity ,dln d
protecting refugia
(places that are rela-
tively unaffected by

climate change). The
NPS needs to verify the
scientific foundation of these
concepts and identify criteria to
evaluate their performance so
that they may be applied
appropriately in restoration and
protection of park resources.

National Park Service
U.S. Department of the Interior

Climate Change Response Program

National Park Service

Climate Change Response Strategy
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Climate Change Refugia Workshop

UC Berkeley Team lead by Dr. Toni Lyn Morelli:
May 28-30, 2014 UC Berkeley
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<+ Interface between natural resource
managers and university and federal
scientists to clarify whether and how
refugia can be used as a tool for
management and conservation

% Refugia are areas buffered from contemporary
climate change so as to increase persistence of

valued physical, ecological, and cultural resources




Geographic locations likely
to experience reduced warming

Characteristics of
Physical Locations

Physical Explanation and examples

Caveats resulting from

(with potential caveats)

unidirectional global warming

Near/in a large body of
water

Coastal areas will warm at a slower
rate than inland areas due to the
high heat capacity of water; Deep
lakes will warm at a slower rate
than shallower lakes.

Sea level rise may inundate some
habitat.

Near a water source
(riparian areas, wetlands,
where groundwater rises
near the surface)

Evaporation results in cooler temps.

Many organisms can cool themselves
(or survive warmer temperatures with
access to water).

Some water sources, such as
glaciers, may suddenly run out;

Overall water availability in the
future may change

Shaded (by overlying or
equator-ward vegetation
or surrounding

topography)

As temperatures warm, both snowmelt
and phenology are expected to shift
earlier in the season,

a time when the sun is lower in the sky,
and the difference between shaded and
sunny sides is greater (Lundquist and
Flint 2006).

Warming forest cover emits more longwave
radiation, and so some forested areas may actually
experience greater rates of winter warming,
accelerating snowmelt rates (Cristea et al.

2013). Areas in the shade without forest cover
overhead will not experience this effect (Lawler
and Link 2011), suggesting forest strips or gaps
provide better refugia than uniform cover.




Local areas within
topographically complex
terrain where changes in
atmospheric circulation result
in local changes that offset
climate change.

Cold air pools exposed to increased
frequency of high pressure systems
(Pepin et al. 2011); Downwind slopes
exposed to decreasing frequency
and/or speeds of downslope winds
(Lundquist and Cayan 2007)

Global climate
models do not
currently
demonstrate high
certainty in how such
circulation patterns
will change, making
predictions difficult

Areas where snow tends to
pile up (either locally or
within the upslope water-
contributing area)

Deep snow drifts provide insulation
to the snow below and provide water
later in the season. (So heterogenous
snowcover is preferable to uniform
snowcover). These drifts can occur in
downwind topographic depressions, in
granite fissures, or at the base on an
avalanche shoot or a topographic slope
too steep to accumulate snow

If all snow changes
to rain, this won’t
help anymore.




Ecological factors:

Connectivity across
landscapes, bioregions,
and elevations.

~High biodiversity .

a8 Multiple water sources
where some organisms
can cool themselves.

Social ecology: Public
lands/protected areas
across the landscape.




Directed

Transformation
< >
Climate Change Adaptation Strategies

Persistence Non-intervention

Study of baselines

Resistance Realignment
and Lack of capacity with habitat
- o enhancement,
Resilience Political sensitivity. seedlings,watering
Strategies and /or assisted
migration.
Management strategies may integrate/fluctuate between strategies based on feedback

loops

Recognize as
dynamic
waystations.



Strategy and Goals

Identify and Manage Refugia to conserve species, populations,
genetic diversity, and evolutionary potential.

Specifics: Species can retreat when
needed, and dodge extinction.

In the future, where refugia can also also
serve as waystations for migrating
species, and/or sources for future
regeneration.

In these presentations, we will explore
how Scientists and Managers working
together are developing the foundation
of finding refugia and developing
adaptation strategie. s




old Air Pools

Sierra Nevada CAPs with
iImplications for other

OPEN G ACCESS Freely available online 'v'@'-PLOS [one

Incorporating Cold-Air Pooling into Downscaled Climate

Models Increases Potential Refugia for Snow-Dependent I I
Species within the Sierra Nevada Ecoregion, CA M 0 u n tal n O u S Ter ral n S
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