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Rapid projected climate and land use change lead the  

US Department of Interior to create in 2009 

Landscape Conservation Cooperatives (LCCs). 

 

The LCCs aim to craft practical, landscape-level 

strategies for managing climate-change impacts. 

 

Context 



Goals and Objectives 

Goal 

Demonstrate the four steps of a 

climate adaptation planning strategy 

in two LCCs using NASA and other 

data and models. 

Objectives 
1. Hindcast and forecast future climate 

and land use scenarios. 

 

2. Assess the vulnerability of ecological 

processes and key habitat types.  

 

3. Evaluate management options. 

 

4. Design and deliver management 

adaptation strategies. 

 

5. Inform decision support. 



Collaborators 

LCCs 

Tom Olliff, GNLCC 

Jean Brennon, APLCC 



Collaborators 

National Park Service:   

Climate Adaptation Strategy 

Yellowstone and Grand Teton NPs 

 

Glacier NP 

 

Great Smokey Mountain NP 

 

Delaware Watergap NRA 

 

Tom Olliff, GNLCC 

Park managers 



Approach 

Glick et al. 2011. Scanning the Conservation Horizon: A guide to climate change vulnerability 

assessment. National Wildlife Federation, Washington, D.C.  



Approach 



Step 1.  Identify Management Targets 

STEPS  Purpose Outputs Tools 

1. Select 

Specific 

Conservation 

Targets  

Conservation Targets are 

species, ecosystems, 

ecological processes, and 

cultural resources that are 

climate sensitive, iconic, 

keystone, or umbrella 

This again reduces 

complexity by focusing on 

the priority resources that 

need to be analyzed as 

Conservation Targets for 

this exercise 

Define 5-10 

Conservation 

Targets 

Enabling Legislation;  

Existing Priorities from Mgt 

Documents I&M Networks;  

Exiting research on Climate 

Sensitive Resources or workshops 

to define Science needs 

Scenario Planning Workshops  

Natural Resource Condition 

Assessments 



Step 2.  Assess vulnerability 

Exposure 

Vulnerability 

Sensitivity 

Potential  
Impact 

Adaptive  
Capacity 

Exposure = magnitude & extent of change experienced 

 

Sensitivity = degree to which fitness/process is affected 

 

Adaptive capacity = coping responses of species/process 

 



Step 2.  Assess Vulnerability 

(CMIP5 / AR5) 



Step 2.  Assess Vulnerability 

Downscaled Climate Scenarios 

Max temp, 

PRISM, 

July, 1950 

Max temp, 

Downscaled 

800m CMIP5 

GFDL-CM3, 

RCP 8.5, 

July, 2099 

(Bridget 

Thrasher) 



SERGoM Land Use Change Model 

Step 2.  Assess Vulnerability 

Classes have been expanded to better represent land use 



Input 

Parameter 

United States (1km) 

Impervious 

surface area 

SERGoM (Theobald et al., 2009) 

Climate 

(baseline run) 

TopoMet Meteorological 

Surfaces (NTSG) 

Climate 

(forecast) 

Downscaled AR5 Scenarios, 1km 

resolution ensemble averages 

(Maurer et al., 2007) 

RCPs 4.5, 6.0, 8.5 

Elevation National Elevation Dataset 

(resampled) 

Leaf Area 

Index (baseline 

run) 

MODIS MOD15A2 LAI (Myneni et 

al., 2000) 

Leaf Area 

Index 

(forecast) 

Simulated by BIOME-BGC 

Soils U.S. STATSGO2 database 

Land Cover MODIS MOD12Q1 Land cover 

(Friedl et al., 2002) 

Step 2.  Assess Vulnerability 

TOPS Ecosystem Process Model  

Vegetation Outputs 

Water stress factor 

Gross primary productivity 

Net primary productivity 

 

Hydrology Outputs 

Outflow 

Evapotranspiration 

Soil water potential  

Snow water equivalent  

Soil moisture (VWC) 



2100 Runoff 

2100 GPP 

SRES A1 vs A2 over US urban areas 

TOPS Results 

+54% 

+110% 

+60% 

+90% 

-40% 

-25% 

Step 2.  Assess Vulnerability 

Coupled climate and land use change impacts over 

urban areas 



Step 2.  Assess vulnerability 

Linking Vegetation and Process Models 

Climate Envelope 

Habitat Suitability 
• land facet 

• elevation 

• soil 

Disturbance 

Dispersal/ 

Connectivity 

TOPS Models 

Biome-BGC 

LPJ  

Aggregate ES Types 

to BGC classes 

Lifeform 

change 

Ecological System / 

Key Species Models 



Step 2.  Assess vulnerability 

Linking Vegetation and Process Models 

Climate Envelope 

Habitat Suitability 
• land facet 

• elevation 

• soil 

Disturbance 

Dispersal/ 

Connectivity 

Ecological System / 

Key Species Models 
TOPS Models 

Biome-BGC 

LPJ  

Aggregate ES Types 

to BGC classes 

Lifeform 

change 

Niche-based 

Approach 



Step 2.  Assess Vulnerability 

Crosswalk Forecasting Results in 

Vulnerability Assessment 



Step 2.  Assess vulnerability 

Adaptive Capacity 



Step 2.  Assess vulnerability 

Adaptive Capacity 



Step 3. Management Options 

www.databasin.org/yale 

Identify Management Options 

Evaluate Management Options 



Crosswalk: Yale Framework, GNLCC Strategic Framework 

www.databasin.org/yale 

Develop Management Options 

Yale Framework 

Adaptation Objectives 

GNLCC Strategic Framework Goals GNLCC Species 

(e.g., grizzly bear, 

whitebark pine, 

elk) 

GNLCC 

Ecosystems, 

Habitats, and 

Ecological 

Processes 

Landscape 

Scale 

Initiatives, 

Actions, 

Analysis 

Protect current 

patterns of 

biodiversity 

Maintain large intact, resilient 

landscapes of naturally functioning 

terrestrial and aquatic community 

assemblages 

EAGLE (Crabtree)   

Project future patterns 

of biodiversity 

Maintain landscape-scale 

disturbance regimes operate within 

a future range of variability that 

sustains ecological integrity  

Elk (Hubblewhite) 

 

NASA LCC-VP 

 

 NASA LCC-VP 

  

Maintain ecological 

processes 

Protect and restore hydrologic 

regimes support aquatic plant and 

animal communities. 

      

Maintain and restore 

ecological 

connectivity) 

Protect a permeable landscape with 

connectivity across aquatic and 

terrestrial ecosystems. 

   

Protect climate refugia         

Protect the ecological 

stage 

       

Olliff, in prep 



Step 3. Management Options 

www.databasin.org/yale 

Identify Management Options 

Evaluate Management Options 



Step 4.  Deliver Management Strategies 



Example: Whitebark Pine in GYE 

Overview 

• Keystone species 

• Declining dramatically 

• Listed as Candidate 

species 

• Grizzly bear relisted 

Collaborators 

Greater Yellowstone Coord. Comm. 

Management Questions 

• Range change under future climate? 

• Settings allowing reproduction? 

• Where to focus treatment of 

competitors, translocation? 



Decision Support 

Decision Support Product 

Spatial Scale 

LCC Greater 

Ecosystem 

Mgt. Unit 

Data layers (e.g.): 

• downscaled climate SERGoM 

projections, 

• TOPS and biodiversity outputs 

X X X 

Development of metrics for 

conservation targets (e.g.): 

•  permeability 

• biodiversity index 

X     

Syntheses reports (e.g.):  

• downscaled climate  

• land use change 

• Vegetation response 
 

X X    

Test theory of V.A. at scales relevant to 

management 
  X X 

Development of climate adaptation 

options 
  X X 

Implementation of  strategies 
    X 

Demonstration of full four-step 

vulnerability assessment. X     

Training on overall approach 
X X X 



Current Status 

http://www.montana.edu/lccvp/index.html 



Collaborators 

LCCs 

Virginia Kelly, Greater Yellowstone 

Coordinating Committee 

 

Crown Management Partnership 



Step 2.  Assess vulnerability 

Vegetation Modeling  (e.g., ALCC) 

 

Coarse filter 

Climate envelope modeling of major ecological system types in the ALCC (e.g. South-Central 

Interior Mesophytic Forest, Appalachian (Hemlock-) Northern Hardwood Forest) 

  

 Serves two purposes 

 1) Generate scenarios of broad scale ecological reorganization in response to 

 climate and land use change 

  

 2) Inform ecological process modeling (Biome-BGC) so that process model o

 utputs (e.g. GPP, plant water stress) reflect changes in vegetation type 

 predicted by climate envelope models 

 

Fine filter 

Detailed modeling of high priority species or ecological system types within management 

units. Candidate species include Fraser Fir (Abies fraseri), Red Spruce (Picea rubens), and 

Eastern Hemlock (Tsuga canadensis). 

  

Both levels will include an assessment of uncertainty from multiple sources including climate 

envelope modeling algorithm, general circulation models, species traits, and sampling. 


