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Pinyon mortality at Bandelier National Monument. Photo: Craig Allen
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Mitigation: Addresses causes of CC. Focus on
reducing GHGs.

Adaptation: Adjusting to and coping with actual or
expected climate changes. Focus on
preparing for and managing CC.




Protected Areas Climate Adaptation

Challenges

« Time horizon longer than planning
and management horizons

Global mean sea level rise

Mean over

 Relevant areas larger than
management units

e Uncertainty in science (climate
change, ecological response) and
management effectiveness

« Coordination among management
e units, jurisdictions, stakeholders

(IPCC 2013)
 Approaches and methods are rapidly

evolving

Planning for CC adaptation is different



What constitutes an effective adaptation framework?

« Sufficiently comprehensive & simple
* Right-scaled and scalable

 Logical and intuitive

e "Connect the dots"

 Easily incorporates existing capital**

** processes, knowledge, expertise



1. Identify
Conservation
Targets

4. Implement
Management
Options

(Stein & Glick 2011 Chpt 1 /n Scanning the Conservation Horizon)

Monitor, Review, Revise

«J

2. Assess
Vulnerability
To Climate
Change

3. Identify
Management
Options



- Species - Exposure
- Ef:osystem 1. Identify 2. I Asses.si. - Sensif.ivify |
- Biomes Conservation] VU n?irabl JpA - Adaptive Capacity
Targets To Climate
Change

Monitor, Review, Revise

«J

- Policy 4. Implement| 3. Identify - Reduce Exposure
- Practice Management | Management AR IT) N

Options - Increase Adaptive

Options
Capacity

- Institutional Changes

(Stein & Glick 2011 Chpt 1 /n Scanning the Conservation Horizon)



Generalized Adaptation Framework

N _ 1. ldentify
Reuvisit planning conservation

goals and
objectives

as needed

7. Track action
effectiveness and

2. Assess climate
impacts and

ecological vulnerabilities
responses
Adjust Re-assess
actions as vulnerability
needed as needed

6. Implement 3. Review/revise

priority adaptation conservation

actions goals and
objectives

5. Evaluate and 4. ldentify
prioritize adaptation
adaptation actions options

Stein et al. 2014. Climate-Smart Conservation: Putting Adaptation Principles into Practice



Revisit
planning

7. Track
action
effectiveness

and
ecological
responses

Adjust
actions

adaptation
actions

5. Evaluate
and
prioritize
adaptation
actions

Enviranment,
ate Change
T

1. Identify
conservation
goals and
objectives

Adaptation Approaches

1. Conceptualize

2. Assess
climate
impacts &
vulnerability
2. Plan Actions and

5. Capture and Share t
Monitoring

Learning Conservation

Measures
Partnership
Open Standards

Re-
assess
vuln.

3s
Review/revis
€
conservation
goals and
objectives 3. Implement Actions and
Monitoring

4. Identify
adaptation

options
and

revising

Action Plan/
Implemant

Scenario Development/
Risk Assessment

Science/Knowledge

In Collabaration
i Assessment

Frame the lssue

g

Summary of

* Influence diagrams

Cutputs

adaptation acti

Priorities for Blodiversity Adaptation
to Climate Change

5 information

interdisciplinary with stakeholders

team

1. Identify
Conservation
Targets

Monitor, Review, Revise

4. Implement
Management
Options

STEP 1. Select conservation feature

Define management goal

STEP 4. Prioritize action

2. Assess
Vulnerability
To Climate
Change

3. Identify
Management
Options

Reuvisit planning
as needed

STEP 6. Monitor and
evaluate action



Table 5.1 from Glick & Cross (2014; Climate Smart chpt 5.)

Approach Purpose and key features Spatial scalea  Starting point | Effort/Cost® Institutional References
dffiliation
Adaptation for | Stepwise process for developing | Site, Landscape | Management Time: low/moderate | NCEAS Climate | Cross et
Conservation | actions to achieve climate- targets, goals, | Expertise: moderate | Change al. 2012b,
Targets [ACT) | informed conservation goals or activities Cost: low/moderate | & Wildlife 2013
Framework for specific species, ecological Conservation
processes, or ecosystems working
group; Wildlife
Conservation
Society;
Approach Purpose and key features Spatial scalea | Starting point Effort/Cost® L:iiiﬂuhoml References
iation
4 —— = Sito. lond Decision Decision tree that identifies and | Site, Landscape | Particular Time: low/moderate | NERC Centre Oliver et al.
AwgreneAs;Aro ! jlpmron Fl;_anmnghservlces ife, landscape | § Framework priorilizes actions to increase the species and Expertise: moderate | for Ecology 2012
Action (A2A) |°d e"r';?P & i"“afe&; ':'“ge for Climate adaptive capacity of species z’)ecies Cost: low/moderate | & Hydrology;
:‘ aFi}Fic |ror1 i%g:ss e;:: ;ﬂ Change istribution/ UK Population
egi sien‘:? v Adaptation bioclimatic Biology Network
4 envelope model
National ) Scenario plarming process Site, Landscape Pc_nlenﬁcll Time: moderate Ncﬂignal Park Weeks et al.
Climate Stepwise process for infegrafing | Landscape Park Service | fo addrfessf c||_rnate—re|al_ed climaterelated | Expertise: moderate | Service 2011, Rose
Change climate into natural resource il Scenario uncertainties in managing changes Cost: moderate and Star
Adaptation management for many species Planning species, ecosystems, cultural and 2013
Framework for | and ecosystems recreational resources
Ecosystems North Science-management Landscape Potential Time: moderate/high | U.S. Forest Raymond et
Climate Stepwise process for integrating | Site, Landscape | { Cascadia partership for assessing climaterelated | Expertise: moderate | Service and al. 2013,
Change climate into forest planning and ff and Olympic | vulnerability and developing changes Cost: moderate Mational Park Littell et
Response management for forest species Peninsula adaptation opfions for species Service al. 2012,
Framework and ecosystems Adaptation and ecosystems across federal Halofsky et
Climate Project | Questionnaire-based tool to Site Parinership land management units al. 2011
Screening Tool | explore options for ameliorating if Open Incorporation of climate infoa | Site, Landscape | Management Time: moderate Conservation CMP 2013
climate effects on forest resource Standards for | structured conservation planning targets, goals or | Expertise: moderate | Measures
management projects the Practice of | process for specific species or aclivities Cost: moderate Partnership
ClimateReady | Expert elicitation approach for | Site, landscape | | Conservation | ecosystems
Estuaries assessing vulnerobl_hnes or_1d I Refuge Stepwise process for spatially Site, Landscape | Either Time: moderate/high | NatureServe Crist et al.
ETfp_e”_ identifying adaptation options Vulnerability | explicit assessment of a refuge’s management Expertise: high 2012aq,
A;I)C;;Tr?)t:;;m Assessment vulnerability to climate change concerns Cost: moderate/high 2012b
and and other siressors, and or pofential
Climate-Smart | Stepwise framework for the Site Alternatives identification of adaptation climate-related
Coastal design and implementation of 1 options changes
Restorati limate-smart coastal restorati
I T e el Template for | Web-based tool that synthesizes | Site, State, Potential Time: low U.S. Forest Treasure et
Planning projects in the Great Lakes . ’ . X ‘ .
Assessing published research on climate | Landscape climaterelated | Expertise: low Service al. 2014
ClimateWise | Stepwise process for developing | Site, Landscape | § Climate impacts and adaptation options changes Cost: low
adapfation 3;’_*“9855 and Change relevant to forest planning and
i:lcnolns Coon |nc’redc}:1cross Impacts and management
ocal ecosystem and human Management
community concerns i
Conservation | Stepwise process for Site (TACCIMO)
Action infegrating climate info existing i . . . . S .
Planning plans developed seing the IT{:le ) Guidance for zelezﬂdn% Site; Landscape n-‘\élomx of ﬁg;;. Iowf/’h_ : I‘:fole School of ISchmnz et al.
for Climate Conservation Action Planning ramewor assessr_nenlan maodeling a cllplcmon m ergte ig orestry n press
Change (CAP) process for specific strategies relevant to specific options at Expertise: moderate/
species or ecosystems conservation and resource differen high
T T I P | ™~ s 1 &« L= L




1.Planning

Management conditions and
capabilities to address climate

2. Science
Physical and biological impacts of

climate change and potential
management options

3.TACCIMO Report

Customized and synthesized
account of science and related
planning

ANered processes nnn:-m;s-:-r resistance
System State and resllience

Individuals
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Change-resilience framework s "

5 ain tronds)
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"Adaptation Lite"

TACCIMO - Template for Assessing Climate Change Impacts and
Management Options (USFS - http://www.taccimo.sgcp.ncsu.edu/)

mpacts and M.anagement Optmns

About TACCIMO

evelopers to add new literature more quic

new verion offers improved functionality for E
g, but only f.he new beta version will reflect literature updates effective June 1, 2014.

current version of TACCIMO will remain av.

The Template for Assessing Climate Change I nd Management ons (TACCIMO) is :
change science. The formation of TACCIMO was rooted in the need for ndardized, credible,
management.

ience, including the i 1. Planning
mically lir " Management conditions and
Fore ' capabilities to address climate

2. Science

lesical and biological impacts of
hange and p tial
management optons

s from the Southemn and Pacific Southw

Who Is Developing TACCIMO - USDA Forest Service scientists from both the Eastern and Westem Fore:
_ s - . 3. TACCIMO Report

Environmental T
of the National Forest Syst, Customized and synthesized
account of science and related

planning




About TACCIMO

New and | xcited to announce the ava
verion offers ent management system th
current vers 3, but only the new beta v«

http://www.taccimo.sgcp.ncsu.edu



bout TACCIMO

New and Improved Literat to announce the availabil
new verion offers improved f nt management system t

Y

http://www.taccimo.sgcp.ncsu.edu



Table 3.
National average precipitation by GCM and SRES (mm,
monthly average spanning 2009-2099, multiply by 12 to get

annual total)

SRES/GCM

CGCM3.1 CM2.0 HadCM3.1

A2
A1B

B1
Average

Precipitation

69.3
69.1

0-50

50 - 100

100 - 150

150 - 200
B 200 - 250
B 250 - 300
B 300 - 400
Il 400 - 500
Il 500 - 610

(mm/mo)

62.1
62.9

63.9
66.4

| PRISM Historic
1970-2000 =858
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|
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Fire-induced tree mortality is recognized as an important ecosystem
process that varies among tree species (Ryan and Reinhardt 1988) and
is influenced by patterns of fire severity (Glitzenstein et al. 1995,
Kobziar et al. 2006) and fuel consumption (Stephens and Finney 2002)
as well as postfire bark beetle dynamics (McHugh and Kolb 2003,
Parker et al. 20086, Fettig et al. 2007). Fire-killed trees are important
habitat for wildlife (Farris and Zack 2005) and the resulting gaps in the
canopy result in accelerated growth of remaining trees and provide

sites for tree regeneration and the establishment of a diverse

understory of grasses, forbs, and shrubs (Cooper 1960, Brockway and
Lewis 1997, Keeley and Stephenson 2000, Agee and Lolley 2006,

Moghaddas et al. 2008).

In a climate change scenario of warmer and dryer future climates, one
could expect slower rates of decomposition, more frequent drought
conditions, and consequently, more fires in post-outbreak stands.

Management Options

When a species has already changed one or more characteristics of the

Source

291

fire regime, the altered regime needs to be evaluated for its potential to




Getting Started in TACCIMO:
TACCIMO Overview Video Provides general overview of the TACCIMO application.
TACCIMO Factsheet Provides a downloadable factsheet covering key aspects of TACCIMO.

How to Use TACCIMO Comprehensive User Guide, Quick Start Guides, and set of short introductory videos.
Content Sources Current list of peer-reviewed Content Sources included in TACCIMO.

e Free
e Fast
e Focused on USA forests

Directed to USFS needs but very useful to others

http://www.taccimo.sgcp.ncsu.edu/

UKCIP Wizard: http://www.ukcip.org.uk/wizard/



Prober et al. 2012 - Change-resilience framework

Mediterranean-climate woodland
Great Western Woodlands
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Focus on:

* Achieving defined, climate-informed goals
* Biome to regional scale

« Resistance and resilience to CC

* Multi-level, hierarchical interactions

« Expertise of stakeholders -> 3-day workshop with + follow-up

.GERALDTGN

A
LA\ESI’ERMUCE

es and major towns
Isohyat 200mm

—— Primary Roads crossing GWW
I Great Western Woodlands
leste ustralia




Mitigate
altered
processes

System
processes that
may be altered

by CC

Climate
Change

(Simplified from
Prober et al 2012)

Management interventions to
facilitate climate adaptation

System State

Anthropogenic degradation

Enhance/ma
intain
resilience/r
esistance

Attributes of resistance &
resilience that affect
response to change




Features of the change-resilience framework:

» Clear link o CC impacts

« Emphasis on interactions (~ indirect effects)

* Focus on "adaptive capacity”

e Straight-forward process

« Excellent use of right-scaled science

« ID & evaluation of practical management options

Prober, S. M., K. R. Thiele, P. W. Rundel, (15 co-authors), and A. Watson. 2012.
Facilitating adaptation of biodiversity to climate change: a conceptual framework
applied to the world's largest Mediterranean-climate woodland.

Climatic Change 110:227-248. DOT 10.1007/510584-011-0092-y



Framework principles that enhance climate adaptation:

e Support Climate Smart principles

* Leverage knowledge and expertise
 Build on existing tools & processes

« Enhance capacity at every opportunity
« View adaptation as a path, not an end

e Get started now! |

Forthcoming: IUCN Be .. s

Questions?



A few good resources

Forthcoming: IUCN Best Practice Guide for PA Climate Adaptation.
Sat 5-7 pm, Tues 7-9 pm

Publications:

Moser & Boykoff. 2013. Climate change and successful adaptation: The scope of the challenge. Pages
1-33 in Moser & Boykoff, editors. Successful Adaptation to Climate Change: Linking Science and
Practice in a Rapidly Changing World. Routledge, London.

Preston et al. 2011. Climate adaptation planning in practice: an evaluation of adaptation plans from
three developed nations. Mitigation and Adaptation Strategies for Global Change 16:407-438.

Prober, S. M., et al. 2012. Facilitating adaptation of biodiversity to climate change: a conceptual
framework applied to the world's largest Mediterranean-climate woodland. Climatic Change
110:227-248.

Stein et al. (eds.). 2014. Climate-smart conservation: Putting adaptation principles into practice.
National Wildlife Federation, Wash., D.C.

Web Sites:

UKCIP -- http://www.ukcip.org.uk/

TACCIMO - http://www.taccimo.sgcp.ncsu.edu/



http://www.ukcip.org.uk/
http://www.taccimo.sgcp.ncsu.edu/
http://www.taccimo.sgcp.ncsu.edu/

Multi-scale assessment of vulnerability

Exposure

Sensitivity

Adaptive
Capacity

Species

CC Projections;
TOPS variables

SDMs;
Life history traits

Species & habitat
traits;
Life history traits

Ecological System

CC Projections;
TOPS variables

Climate variation;
LPJ modeling

Connectivity;
Refugia;
Topography

LCC-Scale

CC Projections;
TOPS variables

Biome BGC
responses; NPP
controls

ES diversity;
Connectivity;
Land forms




Match adaptation approach to situation & resources:

 Time

* Money

 Existing knowledge
« Expertise

* Management capacity

Many activities are opportunistic
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