Adapting to Climate
and Climate Impacts

A Conceptual Framework for
Western Public Lands

Connie Millar

Senior Research Scientist
USDA Forest Service
Pacific Southwest Research Station
Albany, California USA




Confronting Climate Change

Adaptation Strategies

Assist resources & ecosystems to
accommodate changes caused by
climate

Mitigation Strategies

Reduce human effects on climate by
sequestering CO, & decreasing

greenhouse gases

Complementary
< Conflicting




USDA Forest Service
Strategic Framework
for Climate Change, 2008

GOALS

 Sustain ecosystems services
* Assist forests, grasslands, & communities to adapt

e Mitigate climate change 2 B
through forestry actions tals

» Develop new scientific tools { /5 @ . f 5
 Create new collaborations

e Educate American citizens




USDA Forest Service, Research & Development

Global Change Research Strategy, 2009

GOALS
Conduct research to enhance:;

* Ecosystem sustainability (adaptation)
e Carbon sequestration (mitigation)
* Decision support

e Collaboration, communication, &
and education




WestWide Climate Initiative

A Partnership among the
Western US Forest Service Research Stations

Climate Toolkit Project
What Can Resource Managers Do in the Face of Climate Change?

Toolkit Goals
1. Develop Climate- and Climate-Impact
Models
2. Conduct Case Studies on National Forests
& National Parks
3. Develop Strategic, Tactical, & Reference
Tools for Resource Managers

Principal Investigators:
Linda Joyce (RM), Connie Millar (PSW)
Ron Neilson (PNW), Dave Peterson (PNW)




Case Studies on National Forests and Parks

e Olympic NF and NP Olympic NF & NP
— Dave Peterson 5

« Tahoe NF

— Connie Millar

Inyo NF/Devils Postpile NM
— Connie Millar

Shoshone NF

— Linda Joyce

P;l:ific Slc‘nétlh;\{est — Inyo NF & ‘1
6 Devils Postpile NM



Lessons Learned

« Basic principles of ecosystem management
remain valid

« Modify current practices using new information
« Some practices may be inappropriate

- Manage for desired processes & ecosystem services £

. Foster saence—management partner ShlpS

Desplte uncertalnty defens:ble actlons |
‘can be taken & effectlve decnsnons made
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TOOLBOX APPROACH |
' 4

0O No single solution fits all situations

O Options differ for short versus long term “

OMix & match tools

OBe flexible, experimental, innovative;
take small risks, and be willing to learn
& change approaches




Climate Adaptation Tools

“Resource-management practices, educational and reference modules,
decision-support aids, and qualitative or quantitative models that address
the adaptation of natural and cultural resources to climate change”




Incorporating Climate into
Management Three Strategic Steps

1. Review
Literature, Models, Vulnerabilities

2. Rank

Priorities, Capacities

3. Resolve

Decisions, Treatments,
Monitoring




l. REVIEW

Earth’s Natural Climate
System

* Continuously Changing; Cyclic

* Nested Cycles: Annual, Decadal,

Century & Millennial Scales
* Different Physical Causes

* Changes: Gradual & Directional
to Abrupt & Chaotic

Millenium Scale l’

1]



CLIMATE: The Current Picture

(a) Global average temperature

1900

Temperature anomalies in °C

1.0
1 (a) Natural forcing only

Model results
— (Ohservations

(9,) eanjesedwsa |

Intergovernmental Panel
on Climate Change 2007

Mean global temperature increase
of 0.76 Csince 1850

Atmospheric [CO,] exceeds natural
over last 650,000 yrs

Anthropogenic signal significant
after ~1955
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Trends in Western North America

Rate of Long-Term Trend Temperature Change (top; °F per decade)
Precipitation Change (bottom; inches per decade)} -- FMA
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Trends in Western North America

Short-Term Droughts

Jan1895 Sep2005

Palmer-Drought-Severity Index
(soil-plant)




Trends in Western North America
Snowpack and Streamflow

Timing of Peak Snowpack Changes in Streamflow
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Trends in Western North America

Glaciers

1913 USGS Decreases In Area

Decreases in Mass

Cascade Glacier, Washington




Trends in Western North America

Wildfire & Climate Connection

Annual Western U.S. Area Burned Correlation large fires (>400ha)
1,800,000 Westerling 2004 and timing of spring snowmelt
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CALIFORNIA PROJECTIONS

Mean Temperature & Precipitation 2100

WARMER

PCM-A1fi HadCM3-B1 HadCM3-Affi




Regional Downscaled Models

HADLEY CM3
N

MIROC3.2 CSIRO-
medres Mk3.0

Change in Maximum
Monthly Temperature
Comparison of two 30-yr
averages:
1971-2000 versus 2071-2100

Change in degrees Celsius

e.g., Eastern Sierra, CA

MC1 Vegetation Type
(30-year mode)

Simulated Historical MIROC A2 CSIRO A2
1971-2000 2071-2100 _ 2071-2100

e &
. I subalpine Forest 1

N PR Jé | Models give a

Conifer Forest

[l % U M coarse idea of

a4 &% 4 trends at land-

Grassland

- <L L85 | scape scale...

McGlinchy & Nielson 2009




But at local scale, climatology is much more complex.
Trends often differ from  [prm

(deg C)

global or down-scaled o

35-4
results -4
5-55
65-86
6-65
6.5-7
7-715

/2 CshMET
* PRIMET

005 iV, 2. L3¢ | Lookout Cr, OR
s Kilometers : Daly 2008

Vulnerabilities are best assessed
by using all info available -- models
and on-the-ground experience







Setting Priorities

1.Short Term (<10 yrs) g
Project Scale:
Do No Harm
Reconsider Goals

Planning Scale:
Anticipate Surprises
Ease Transitions
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diversity; reduced water storage
in soils; changed fire regimes
with more severe effects

events?

o Are there better opportunities for
sustaining aspens in other locations
that would provide for sustained
migration?

o Will the proposed project help offset
the projected impacts due to climate
change?




Tiered Approaches to Priority Settlng

“Wln -Win”’ - Actions that reduce the impacts of climate change :
while providing other benefits :

: “No Regrets’ - Actions that provide important benefits at
relatively little additional cost or risk

“P|ggyback” Priorities determined by other projects




Triage Approach to Priority-Setting

triare (Fr): to sort

TRIAGE Categories:

Red Urgent, treatable:
immediate priority

Mid urgency; soon
to become red

Green Stable, low priority

Black Urgent,untreatable
with available resources:

— no action
sekskskeiokeioksoksoksokseksekskekskekskeksk

Re-assess & re-sort



B {aXYe)\V/a] Develop Treatments

Tactical Approaches (Tools)

-- Develop Resistance

-- Promote Resilience

-- Assist Response

-- Realign Highly Altered Ecosystems
-- Establish Refugia



1. Increase Resistance to Change

* Defend highest-value resources against change

Climate change induced-range expansion: invasion of the boreal forest?

Lodgepole pine
o SyEp Ponderosa pine

S
%

Mountain pine beetle
Jack pine

Lodgepole/jack hybrids
g=p!

] 2 b a4t bda

ole/jack pine
/== r”“

nybrid zone

X Immediately adjacent

| = r
r:uuj,f esiablishied popn
asfon corrider? :

British Columbia: lodgepole pine & mountain pine beetle
Carroll et al. 2003



Heroic fuel breaks...

and watershed-protection efforts



Resisting the effects of climate change
might be possible only in the short term




2. Promote Resilienceto Change

Improve the capacity of ecosystems to return
to prior conditions after disturbance

Examples

- Thin Forest Stands

- Prescribe Fires
- Stock Seed Banks
- Make Snow at Ski Areas

- Increase Rare Species

Population Numbers




Resilience is also the capacity of a system or species to
absorb external challenges without change In state

Forest not Shrubland




Promoting Resilience
* Work with disturbance processes to...

...Increase structural
diversity

..encourage genetic

adaptation



3. Enable Ecosystems to
Change Adaptively

Assist transition to new environmental states

Ecological conversions are occurring already

N ¥ 4
.-I "f-")\;, , ¢:| '-; v i '4 g}‘ ” P‘q'f _., *_ 1 vl 3 ki o
ral LG &, A AR R RN | - 3 ;

Forest to Grassland Grassland to Forest

Colorado plateau, Pinus edulis  Great Basin, Pinus monophylla
34 | Drought & bark beetles Warming & fire suppression




* Use Regional Climate & Biotic Effects Projections
Case Study Domains — MC1 modeling efforts

Pacific
Northwest

Pacific
Southwest

Additional
Test
Area

N

)

Rocky Mtns

b = = L

o
4"

Ron Neilson, USFS, PNW




* Anticipate and Plan for Associated Risks

Forest Dieback; Fires in Subalpine Forests; Off-Season &
Year-Round Fires; Extreme Wind and Flood Events..

Sudden Aspen Decline

L‘E 1 % "I}-'sl;eri()us
condition
1its aspens

in West




* Consider Alternative Germplasm Options
1. New Species Mixes
| s — Choose practices that
My g spread risks

2. Different Genetic-Management
Options




* Assist Migration

Move species to favorable
future locations...

Picea breweriana

“The climate models indeed show
little chance that the climate anywhere
In the western US will be suitable for
Brewer spruce by 2060. However, all
GCMs show suitable climatic niche in
south-eastern Alaska and coastal
British Columbia. My Canadian
colleagues are planning for genetic
resource planting sites near Prince
Rupert, British Columbia.”

--Tom Ledig, USFS Research
Geneticist, Nov 2008

But, Do We Know
Enough?




* Promote Connected Landscapes

- Larger management unit size
- Lower fragmentation

- Continuous riparian zones

- Greater decision flexibility




4. Realign Systems to

Current & Future Dynamics

An option when resources are beyond the
range of natural variability

“Historic range of variability”
(pre-settlement conditions)

as a management target will
often be inappropriate
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5. Establish Climate Refugia

Locations where species persist during
periods of changing regional climates

M Persistent conditions (RIF wetlands)

-l ....-.x;.;m\‘lﬁ lﬁ

«a'@




Refugia — Quaternary Science

[solated areas of favorable climate where populations of

species survived during Pleistocene glacial periods before
migrating outward once again, Huntley & Webb 1988

lce-Free LGM

Percent Alnus/Duschekia
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Range Contraction

IN|situ — Rem@

_ Displaced -
‘/Range shift

Araujo 2009 “The advantage of
long holidays”
Characteristics
— Source for dispersal
& rapid recolonization
— Centers of evolutionary
divergence 25

— Range contraction

— Favorable, stable climate
— High species diversity

— High genetic diversity

LGM Oak Refum & Dlsersal Corrldors

anary refugium

(polien evidence)

O Primary refuglum
(no pollen evidence)

O Secondary refugium

Petit et al. 20

Glacial
maximum




Refugia For Climate Adaptation

Design & Management Considerations
-Single vs multiple species
- Single vs many refugia
- Combined refugia types
- Dispersal considerations
Passive or active management

Types of Refugia




= Manag“}ng for Climate Change

REVIEW - Literature, Models, Vulnerabillities
RANK - Priorities, Capacities
RESOLVE - Decisions, Treatments

A Toolbox of Planning Options:

-- Develop Resistance

-- Promote Resilience
-- Assist Response

-- Realign Highly Altered Ecosystems
-- Establish Climate Refugia




46

Web Tools for Forest Managers:

The USFS “Climate Ch

CLIMATE
H.

ange Resource Center

Back to Forest Service >>> Home About HNews Jobs Maps

@) Climate Change Primer

@) Management Opti

Climate Change and...

Air Pollution
Amphibians and
Reptiles
Assessments

Bark Beetles
Biodiversity
Cumulative Effects
Forests and Carbon
Storage

Genetic Resources
Invasive Plants
Landscape Analysis

Natural Resource
Strategies

Plant Diseases
Policy Analyses
Salmon and Trout
Silviculture

Water

Wilderness
Wildland Fire
wildlife

About these pages

Yegetation Distribution

h o
Station (PNW’) Pacific Southwest Research Station (PSW) Rocky Mountain Research Station {RMRS), and H'n- Western

Wildland Environmental Threat Assessment Center.
What's new?

tate of Wyon
togethe

and Assessment Product 4.

Climate Change and Water: In B

Woody Biomass Utilization. N

Pacific Southwest Region {(R-5)

Climate Change, Water, and Kids.

mate Research Strategy

able Forest Resource Management
Sustainable Dperations

Carbon Sequestration, Na

* F % ¥ F ¥ F ¥

US Forest Service - Climate Change Resource Center
Lazst Modified: Aug 28, 2008 04:32:32 PM

nd mem

The Climate Change Resource Center welcomes your comments and suggestions, ccrc@fs.fed.us

http://www.fs.fed.us/ccrc/

Toolbox and library

Yideo lectures

Annotated bibliography

FAQs about climate
NASA animations

Resources and
documents

Current projects

Research roundup
Case studies

# Olympic National
Forest

+ Mendocino National

Forest

+ Tahoe National
Forest

¥egetation maps,
current and future
scenarios

Other Forest Service
Web sites

WO Climate

National R & D Climate
PNW Climate

PSW Climate

n



Climate Change Online Short Course
Produced by the WestWide Climate Initiative

Fie View Cortrol Help

CLIMATE \

CHANGE THEMES |

RESOUR CENTER -t
1 PRESENTATIONS

SPEAKERS

Themes

AL

; \k 5&” \ %

Climate Variability Ecological Responses to Management Responses to
and Projections Climate Wariability Climate Variability




\ 'l. L o

publications, & presentatiol

.. www.fs.fed.us/psw/programs/snrc/staff/millar/

Pacific Southwest
Research Station
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