
Welcome  

to Day 2! 

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



HOW to: 

• 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 

 • Dawn Magness    • 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 

Exposure Sensitivity Adaptive Capacity 

Species 

• Sea level rise 
• Hazards (e.g. 

Floods) 
• Temp change 
• Temp extremes 
• Precip. Change 

• Life history 
dependent on 
climate 

• Dispersal Ability 

Generalized 
Landscape 

• Biome edge 
• Vegetation 

uniqueness 

• Topographic 
diversity 

• Connectivity 

Ecological System • Spatial Extent • Biological 
Diversity 
 

Social System • Dependence on 
single or few 
species 

• Economic 
Diversity 

• Capital 
• Social Learning 



Assessment Approaches 

• Geographic Shifts 

– Paleo/Current empirical evidence 

– Species Distribution Models 

• Relative Indices of Vulnerability 

• Conceptual Models of Social-ecological 
Systems 



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 

– Identify What May be Resilient 

– Identify Possible Trajectories of Change 

• Problem Identification 

– New or Emerging Problems 

– Help Prioritize 

• Identify Where, When and How to Act 
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How can we add a climate change lens 
to current parcel prioritization? 



Geography of Vulnerability 
Exposure High 

Exposure Low 

Low Adaptive 
Capacity + High 
Sensitivity =  
Low Landscape 
Resilience 

High Adaptive 
Capacity + Low 
Sensitivity = 
High Landscape 
Resilience  

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



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  



Metrics 
Exposure High 

Exposure Low 

Low Adaptive 
Capacity + High 
Sensitivity =  
Low Landscape 
Resilience 

High Adaptive 
Capacity + Low 
Sensitivity = 
High Landscape 
Resilience  

Road Density > 

12m/h or Highway 

Present or Proportion 

Protected Land < 25% 

Proportion Biome 

Shift > 50% or non-

glacial  July T >15°C 

Road  Density  < 12 

m/ha and No Highway 

Present and Proportion 

Protected Land > 25% 

Proportion Biome Shift 

> 50% or non-glacial 

July T >15°C 

Road  Density  < 12 

m/ha and No Highway 

Present and Proportion 

Protected Land > 25% 

Proportion Biome 

Shift < 50% and non-

glacial July T < 15°C 

 

Road Density > 12m/h 

or Highway Present or 

Proportion Protected 

Land < 25% 

Proportion Biome Shift 

< 50% and non-glacial 

July T < 15°C 



Exposure 



Resilience 



Exposure & Resilience 



Landscape 
Resilience 

High 

Exposure High 

Exposure Low 

Landscape 
Resilience 
Low 



Landscape 
Resilience 

High 

Landscape 
Resilience 
Low 

Exposure High 

Exposure Low 

•Protect lands with non-glacial anadromous streams – provide shading 

•De-emphasize buying lands based on current habitat conditions  

•Focus on protecting current habitats that are important 

•focus on maintaining regional 
landscape networks based on 
topography and other non changing 
factors (easements,  subdivision 
planning,  
•Consider buying lands in road-less 
areas before development raises cost 

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

•Link the conservation estate at 
the regional scale 

•Buffer conservation estate 

•Consider buying lands in road-
less areas before development 
raises cost 
 

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



Geographic Shifts - Vegetation 
Vulnerability 

• Biome 

• SNAP’s Cliome Models 

• Land cover Climate Envelope 

• Tree Species  



(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.  



Staudinger, M.D., N. B. 
Grimm, A. Staudt, S. L. 
Carter, F. S. Chapin III, 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.  



Tundra and Alpine (UA) 
 
Boreal Conifer Forest (BC) 
 
Temperate Grassland (TG) 
 
 

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.  

 

Geographic Shift 

 

Low Confidence 
for Our Area 



Gerald E. Rehfeldt, Nicholas L. 
Crookston, Cuauhtémoc Sáenz-
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 

http://dx.doi.org/10.1890/11-0495.1
http://dx.doi.org/10.1890/11-0495.1
http://dx.doi.org/10.1890/11-0495.1


 
Alaskan Alpine Tundra 
 
Alaska Subarctic Conifer 
 
Canadian Taiga 
 
Coastal Hemlock Forest 
 
 
 



















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. 



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  

 

• 54 Species 

• Regional 

• Aspatial 

• Goal- Rank 
Species; Identify 
Sources of 
Vulnerability 



 



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 



 



 



Relative Index  

 

• 16,857 Species 

• Global 

• Spatial 

• Goal- Rank Species; 
Identify Sources of 
Vulnerability, 
Geography of 
Vulnerability 



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): e65427. 

doi:10.1371/journal.pone.0065427 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0065427 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0065427


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 


