HOW to do proactive conservation planning
at the LCC scale in light of landscape
changes?

Welcome
to Day 2!



HOW to:

e Assess Vulnerability and Identify Trajectories
of Change (2 hours)

* Explore Proactive Strategies to Address
Directional Change (3 hours)

 Embrace and Reduce Uncertainty (2 hours)

* Plan for Resilience and Adaptation (45
minutes)



Climate Change
Vulnerabilities and Impacts

* Vulnerability Assessments
— What Vulnerability Is
— Types of Assessments
— How It Informs Action

Dawn Magness.




Vulnerability

Exposure: character (e.g. variability, extremes), magnitude,
and rate of climate change likely to be experienced

Sensitivity: degree to which system or species is dependent
on the prevailing climate.

Adaptive Capacity: the ability to adjust to climate change;
to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.



Examples of Vulnerability

O S ST Adaptive Capacty

Species Life history * Dispersal Ability
dependent on
climate
Generalized . * Biome edge * Topographic
Landscape * Sealevelrise * \egetation diversity
* Hazards (e.g. uniqgueness * Connectivity
Floods)
Ecological System « Temp change e Spatial Extent * Biological
« Temp extremes Diversity
* Precip. Change
Social System e Dependenceon * Economic
single or few Diversity
species e (Capital

e Social Learning



Assessment Approaches

e Geographic Shifts
— Paleo/Current empirical evidence
— Species Distribution Models

e Relative Indices of Vulnerability

* Conceptual Models of Social-ecological
Systems



Spatial Scale Domain

Species distribution modeling Vulnerability indices
e
Global Continental Regional Landscape Local Site
=>10,000 km 2000-10,000 km 200-2000 km 10-200 km 1-10 km 10-1000 m

Macroclimate

Topography/
Mesoclimate

Land cover/

Soil types

sa|qeLie/ [0RU0Y JUBUIWO(Q

Biotic

Land use .
interaction -1

20-50+years 5-10 years Immediate

Temporal Scale: Management Decision/Planning Horizon

Rowland, E.L, J.E. Davison and L.J. Graumlich. 2011. Approaches to evaluating climate change

impacts on species: a guide to initiating the adaptation planning process. Environmental
Management 47: 322- 337



Analysis Dependent on Needs

Spatial Scale
Temporal Scale
Target (Species, Ecosystem, Region)

Aspatial (Ranking, Identifying Drivers) / Spatial
(Leveraging geography: Bet-hedging,
experimentation across range)



Vulnerability Assessments Can:

 Change Expectations
— |dentify What May be Resilient
— |dentify Possible Trajectories of Change
* Problem Identification
— New or Emerging Problems
— Help Prioritize
* |dentify Where, When and How to Act



Linking Vulnerability to Actions

Prospective — Future Oriented

QA

High
Low Management Approach » Intervention;
Intervention; High Risk
Low Risk

Temporal Baseline

Retrospective — Historic Baseline



Linking Vulnerability to Actions

Prospective — Future Oriented

t

High
Low Management Approach » Intervention;
Intervention; £ High Risk
Low Risk 5
Protecting Current §
Habitat §

Retrospective — Historic Baseline



Linking Vulnerability to Actions

Prospective — Future Oriented

Protecting Climatic ‘

Refugia
High
Low Management Approach » Intervention;
Intervention; £ High Risk
Low Risk 8
Protecting Current §
Habitat 5

Retrospective — Historic Baseline



Linking Vulnerability to Actions
Prospective — Future Oriented

Protecting Climatic t Translocation
Refugia

High
Low Management Approach . Intervention;
Intervention; £ High Risk
Low Risk 5
Protecting Current §
Habitat 5

Retrospective — Historic Baseline



Linking Vulnerability to Actions
Prospective — Future Oriented

Protecting Climatic f Translocation
Refugia

High
Low Management Approach # Intervention;
Intervention; £ High Risk
Low Risk 8
Protecting Current 5
_ S GMOs
Habitat o

Retrospective — Historic Baseline



Linking Vulnerability to Actions

Prospective — Future Oriented

Exposure:
High
Low ManagementA+roaCh ‘ » Intervention;
Intervention; £ High Risk
Low Risk 8
3
l—

Retrospective — Historic Baseline



Linking Vulnerability to Actions

Prospective — Future Oriented

Exposure

High

Low Management Agproach Interve ntion;
Interventiohy £ High Risk
Low Risk

Sensitivity & §

Adaptive Capacity a

Retrospective — Historic Baseline



ow can we add a climate change lens
to current parcel prioritization?




Geography of Vulnerability

Low Adaptive
Capacity + High
Sensitivity =
Low Landscape
Resilience

Exposure High

*Buy in one quadrant?
*Have different land buying
strategies in different
quadrants

Exposure Low

High Adaptive
Capacity + Low
Sensitivity =
High Landscape
Resilience



Metrics

* Landscape Resilience = Anthropogenic Footprint
— Road Density / Highway Present
— Proportion Protected Land

* Climate Change Exposure

— Forecast 2060 July Temperature in Non-glacial sub-
basins (Proxy for Salmon Stream Temperature)

— Forecast 2060 Cliome Change



Low Adaptive
Capacity + High
Sensitivity =
Low Landscape
Resilience

Metrics

Exposure High

eRoad Density >
12m/h or Highway
Present or Proportion
Protected Land < 25%

eProportion Biome
Shift > 50% or non-
glacial July T >15°C

eRoad Density <12

m/ha and No Highway
Present and Proportion
Protected Land > 25%

eProportion Biome Shift
> 50% or non-glacial
July T >15°C

eRoad Density > 12m/h
or Highway Present or
Proportion Protected
Land < 25%

eProportion Biome Shift

< 50% and non-glacial
July T <15°C

eRoad Density <12

m/ha and No Highway
Present and Proportion
Protected Land > 25%

eProportion Biome
Shift < 50% and non-
glacial July T < 15°C

Exposure Low

High Adaptive
Capacity + Low
Sensitivity =
High Landscape
Resilience
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Exposure & ReS|I|ence

/ﬂ Hléh Exposure ngh Resmence 4

I g
J High Exposure, Low Resilience / }}4 .
¥l )J.
- Low Exposure, High Resilience /j/ :

- Low Exposure, Low Resmence
)l




Exposure High

Land Landscape
an. .scape Resilience

Resilience High

Low

Exposure Low



Exposure High

eProtect lands with non-glacial anadromous streams — provide shading
eDe-emphasize buying lands based on current habitat conditions

efocus on locally important green
areas based on land-use and
community needs (parks, trail
linkages, riparian)

efocus on maintaining regional
landscape networks based on
topography and other non changing
factors (easements, subdivision
planning,

eConsider buying lands in road-less
areas before development raises cost

Landscape Landscape
Resilience Resilience
Low eFocus on protecting current habitats that are important High

efocus on locally important green
areas based on current habitat,
linking current habitat, land-use,
trail linkages, and riparian
corridors

eLink the conservation estate at
the regional scale

eBuffer conservation estate
eConsider buying lands in road-
less areas before development
raises cost

Exposure Low



Geographic Shifts - Vegetation
Vulnerability

Biome

SNAP’s Cliome Models

Land cover Climate Envelope
Tree Species



Global

500-km limit

(a), (b) novel globally
(c), (d) novel regaionally (500km2)

Williams, J. W., Jackson, S., and Kutzbach, J. (2007). Projected distributions of novel and disappearing
climates by 2100 AD. Proceedings of the National Academy of Science 104: 5738-5742.



Precipitation (cm yr')

1

I

o

o
|

1

Tropical
wet
forest

Temperate
wet forest

Tropical

-10 0 10 20 30
Air temperature (°C)

Staudinger, M.D., N. B.
Grimm, A. Staudt, S. L.
Carter, F. S. Chapin lll, P.
Kareiva, M. Ruckelshaus,
B. A. Stein. 2012.
Impacts of Climate
Change on Biodiversity,
Ecosystems, and
Ecosystem Services:
Technical Input to the
2013 National Climate
Assessment.
Cooperative Report to
the 2013 National
Climate Assessment.



(a)

Biomes 1 961-1 990

Temperature change 1901 -2002

Mountains

Nevada

welicl v T8 TC BE [T

Tundra and Alpine (UA)
Boreal Conifer Forest (BC)

Temperate Grassland (TG)

Geographic Shift

Low Confidence
for Our Area

Gonzalez P, Neilson RP, Lenihan J
M,and Drapek RJ. 2010. Global
patterns in the vulnerability of
ecosystems to vegetation shifts
due to climate change. Global
Ecol Biogeogr 19: 755-68.
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FiG. 1. Predicted contemporary distribution of 46 North American biomes. Biome code numbers are keyed to Table 1.

Gerald E. Rehfeldt, Nicholas L.
Crookston, Cuauhtémoc Saenz-
Romero, and Elizabeth M.
Campbell 2012. North American
vegetation model for land-use
planning in a changing climate: a
solution to large classification
problems. Ecological Applications
22:119-

141. http://dx.doi.org/10.1890/11-
0495.1
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Alaska Subarctic Conifer
Canadian Taiga

Coastal Hemlock Forest
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SNAP's Biomes - 2099 (a1b, 5-model average)

- Boreal

- Coastal Forest
|:| Grassland
Tundra

" Tungsten




SNAP's Biomes - 1961-1990
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l:l Arctic tundra with denser vegetation and more shrub cover including some small trees |:] More densely forested closed-canopy 'borye'lalk

- Boreal forest with coastal influence and intermixed grass and tundra D More densely vegetated arctic tundra with up to 40% shrubs but no tree cover
- Coastal rainforest, wet, more temperate |:] Northern Arctic sparsely vegetated tundra with up to 25% bare ground and ice
:l Cold northern arctic tundra, but primarily vegetated ! Northern boreal / southern arctic shrubland, with an open tundra
|:| Cold northern boreal forest |:] Northern boreal coniferous woodland, open canopy

Densely forested southern boreal :] Prairie and grasslands
E Dry boreal wooded grasslands - mixed coniferous forests and grasses |:] Southern boreal / aspen parkland
[:J Dry sparsely vegetated southern arctic tundra :] Southern boreal, mixed forest (E

I | Mixed boreal forest : Sparsely vegetated boreal with elevation influences
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i
- Boreal forest with coastal influence and intermixed grass and tundra

- Coastal rainforest, wet, more temperate
- Densely forested southern boreal

Dry boreal wooded grasslands - mixed coniferous forests and grasses
E Mixed boreal forest

I:I More densely forested closed-canopy boreal

| | Northern Arctic sparsely vegetated tundra with up to 25% bare ground and ice

& ¢

Northern boreal / southern arctic shrubland, with an open tuhdra‘

|:| Northern boreal coniferous woodland, open canopy
|:] Prairie and grasslands

|:| Southern boreal / aspen parkland

|:] Southern boreal, mixed forest

Sparsely vegetated boreal with elevation influences
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- Barren Land (Rock / Clay / Sand)

- Developed
l:l Deciduous Forest

¢ Dwarf Shrub
I:I Emergent Herbacous Wetlands
- Emergent Herbacous Wetlands
- Evergreen Forest
|:| Grassland / Herbaceous
|:| Mixed Forest
- Open Water

[:l Perennial Ice / Snow
2 ade | Sedge / Herbaceous

I shrub/ scrub
en- Woody Wetland
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- Developed
l:l Deciduous Forest

Old Cy
L Dwarf Shrub

- Evergreen Forest
|:| Grassland / Herbaceous
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Worrall, J.J., Rehfeldt, G.E., Hamann, A., Hogg, E.H., Marchettia, S.B., Michaelian, M., Gray,
L.K. 2013. Recent declines of Populus tremuloides in North America linked to climate. Forest
Ecology and Management 299: 35-51.
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Spruce growth and gross productivity (Prs) 1982-2008

- Decreasing
_ - Burned
- Increasing

Beck, P. S. A., Juday, G. P, Alix, C., Barber, V. A., Winslow, S. E., Sousa, E. E., Heiser, P,
Herriges, J. D. and Goetz, S. J. (2011), Changes in forest productivity across Alaska consistent
with biome shift. Ecology Letters, 14: 373—-379. doi: 10.1111/j.1461-0248.2011.01598.x



Relative Index

Assessing Climate Change Vulnerability
of Breeding Birds in Arctic Alaska

A report prepared for the Arctic Landscape Conservation
Cooperative
Joe Liebezeit, Erika Rowland, Molly Cross, Steve Zack
WILDLIFE *~

CONSERVATION
SOCIETY %

54 Species
Regional
Aspatial

Goal- Rank
Species; Identify
Sources of
Vulnerability



Direct Climate Exposure

Indirect Climate Exposure




Greater White-fronted Goose

Savannah Sparrow
Lepland Longspur
vWhite-crowned Sparrow
American Tree Sparrow
Common Kedpol
Northern Bintail

Rock Ptarmigan
Glaucous Cull

Hoary Redpoll

Common Raven
Greater scaup

sSnow Bunting
Bar-tailed Godwit

Arctic Tern

Baird's Sandpiper
Smith'sLongspur
Pacific Loon

American Galden-plover
Semipalmated Sandpiper
Whimbrel
ParasiticJasger
Waestern Sandgipar

Cackling/Canada Goose
willow Ptarmigan
Black-bellied Plover
Read-throzted Loon
Pectoral Sandpiper
King Eider
Dunlin
Sabine's Gull
Short-eared Owl
Feregrine Falcon
Red Knat
Rough-legged Hawk
Tundra Swan
Leng tailedJacger
Long-billed Dowitcher
Snowy Owl
white-rumped sandpiper
Snow Goose
Red-nacked Fhalarope
Long-tailed Duck
StiltSandgiper

Spectached Eider

Red Phelarope
Burli-breasted Sandpiper
Pomarine jaegar

Ruddy Turnstone
Yellow-billed Loon
Steller's Eider

Brant

Common Eider

Gyrfalcon

-10

@

‘ ‘ l ‘ I I I I I" "'I"‘|'|'"‘""'" N NN N nilld I I I

Q

5
W Index Score

[
Q

Index Score
>10.0
7.0-9.9
4.0-6.9
-2.0-3.99
<-2.0

Vulnerability Category
Extremely vulnerable (red)
Highly vulnerable (orange)
Moderately vulnerable (yellow)
Presumed stable (blue)
Increase likely (green)

Liebezeit, J., E.L. Rowland, M. Cross and S. Zack.
2012. Assessing climate change vulnerability of
breeding birds in Arctic Alaska. A report prepared
for the Arctic Landscape Conservation Cooperative.
Wildlife Conservation Society, North America
Program, Bozeman, MT. 167pp
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B1, Sea level rise

BZa Natural barners

B2b. Anthropogenic barmers

| B3 Human response to CC

C1._Dispersal/Movement

CZ2ai. Historical thermal niche (GIS)

C2aii._Physiclogical thermal niche

C2bi. Historical hydro niche (GIS)

w] oe| w| w| #| #| »]| =|2Z

C2bii_Physiological hydro niche

CZ2c_Disturbance regime

C2d lce & Snow habitats

-

C3. Physical habitat restrictions

*'*

Cda Biotic habilal dependence

C4b. Dietary versatilily

Cdd Biotic dispersal dependence

Cde. Interactions with other species

C5a. Genstic variation

C5b. Ganelic bottienacks

Cé._Phenological response

D1. CC-reiated distribution response

| w| | »]| = = # »

D=Decrease vulnerability, SD=Somewhat decrease vulnerability, N=Neutral effect, SI=Slightly increase vulnerability,
I=Increase vulnerability, GI=Greatly increase vulnerability.




Vulnerability Factors o [so | N [ s T =l
B1_Sea level rise 2%
B2a. Natural barners h
B2b_Anthropogenic barmiers |

B3 Human response to CC

C1. Dispersai/Movement

CZ2ai. Historical thermal niche (GIS)
C2aii. Physiclogical thermal niche
C2bi. Historical hydro niche (GIS)
C2bn_Physiological hydro niche
C2c. Disturbance regime

C2d Ilce & Snow habilals

C3. Physical habitat restrictions
C4a Biotic habitat dependence
C4db. Dietary versatiiity

C4d Biotic dispersal dependence
C4e. Interactions with other species
CBa_Genetic variation ‘
C5b. Genetic bottlenecks ‘
C6. Phenological response

D1. CC-refated distribution response '
D=Decrease vulnerability, SD=Somewhat decrease vulnerability, N Neutral effect, SI=Slightly increase vulnerability,

[=Increase vulnerability, GI=Greatly increase vulnerability.
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Relative Index
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Identifying the World's Most Climate Change Vulnerable
Species: A Systematic Trait-Based Assessment of all Birds,
Amphibians and Corals

Wendy B. Foden?*, Stuart H. M. Butchart®, Simon N. Stuart™®®’, Jean-Christophe Vié®, H.
Resit Akgakaya®, Ariadne Angulo®, Lyndon M. DeVantier'®, Alexander Gutsche'', Emre Tura
Long Cao'”, Simon D. Donner™, Vineet Katariya', Rodolphe Bernard'®, Robert A. Holland'?,
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Abstract

Climate change will have far-reaching impacts on biodiversity, including increasing extinction rates. Curent approaches to
quantifying such impacts focus on measuring exposure to climatic change and largely ignore the biological differences
between species that may significantly increase or reduce their vulnermbility. To address this, we present a framework for
assessing three dimensions of climate change vulnerability, namely sensitivity, exposure and adaptive capacity: this draws
on species’ biclegical traits and their modeled exposure to projected climatic changes. In the largest such assessment to
date, we applied this approach to each of the world’s birds, amphibians and corals (16857 species). The resulting
assessments identify the species with greatest relative vulnerability to climate change and the geographic areas in which
they are concentrated, including the Amazon basin for amphibians and birds, and the central Indo-west Pacific (Coral
Triangle) for corals. We found that high concentration areas for species with traits conferring highest sensitivity and lowest
adaptive capacity differ from those of highly expesed species, and we identify areas where exposure-based assessments
alone may over or under-estimate climate change impacts. We found that 608-851 bird (6-9%), 670-933 amphibian (11
15%), and 47-73 coral species (6-9%) are both highly climate change vulnerable and already threatened with extinction on
the IUCN Red List. The remaining highly climate change vulnerable species represent new priorities for conservation. Fewer
species are highly climate change vulnerable under lower IPCC SRES emissions scenarios, indicating that reducing
greenhouse emissions will reduce climate change diiven extinctions. Our study answers the growing call for a more
biologically and ecologically inclusive approach to assessing climate change vulnerability. By fadlitating independent
assessment of the three dimensions of climate change vulnerability, our approach can be used to devise species and area-
specific conservation interventions and indices. The priorties we identify will strengthen global strategies to mitigate
climate change impacts.
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Figure 2. Concentrations of climate change vulnerable species.

Foden WB, Butchart SHM, Stuart SN, Vié J-C, et al. (2013) Identifying the World's Most Climate Change Vulnerable Species: A
Systematic Trait-Based Assessment of all Birds, Amphibians and Corals. PLoS ONE 8(6): €65427.
doi:10.1371/journal.pone.0065427

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0065427 .
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3. Potential Persisters
May not be at risk

1. Highly Vulnerable
At greatest risk

¢ Specific research Exposed e Monitor population
needed lrends
o Inlerventions generally
neaded
_ Low
2. Potential Adapters Adaptive 4. High Latent Risk

May be at risk Capacity

Not currently at risk

¢ Monitor and support
adaptve responses

 Monitor environment

Foden, W. B., S. H. M. Butchart, S. N. Stuart, J. C. Vie, H. R. Akcakaya,
A. Angulo, L. M. DeVantier, A. Gutsche, E. Turak, L. Cao, S. D. Donner,
V. Katariya, R. Bernard, R. A. Holland, A. F. Hughes, S. E. O'Hanlon, S.
T. Garnett, C. H. Sekercioglu, and G. M. Mace. 2013. Identifying the
world's most climate change vulnerable species: a systematic trait-
based assessment of all birds, amphibians and corals. PLoS ONE 8.



Conceptual Model of Social Ecological
System

Regional drivers

External drivers
Global population and - Regional climate and economy; human migration; technalogy

MesOUrce use

i
¥ L | ¥
Social system Disturbance regime Ecosystem
Human behavior Ecosystem functioning
Press: warming; drying; ics:
Harvest of wild foods; human iver di }'-] !rl g Pcrm‘.armsl d_;-.-namu::s fire e.nl‘n:l
ignition and suppression; land v T flooding regimes; population
? cover change: sedimentation; sandbar dynamics; budgets of carbon,
g% formation and erosion . nitragen, and water;
wildlife management -
o successional dynamics
! ! =
il Pulse: wildfire; floods; - 4
thermaokarst; forest harvest; ¥
Human outcomes predator removal Biotic structure
Cultural Integrity; permanent Permafrost distribution; plant,
villages; state/federal animal and microblal community
regulations; land ethic composition; landscape mosaic

Eco system services
Subsistence resources; forest products;
water guantity and quality; air quality; control of disturbance spread;
dimate regulation; cultural ties to the land; recreation; aesthetics




