


Climate change is here and is certain to 

increase in magnitude. Observed spatial, 

temporal and ecological responses in species 

and ecosystems are also certain to increase

At the spatial scales of resource management, 

the rate, magnitude and distribution of climate 

change impacts are highly uncertain

Ecological forecasting is a relatively young 

science which must quickly mature to meet the 

challenges of rapid global change



“To improve landscape connectivity, so 
that species can move, is the most 

frequent recommendation for climate 
change adaptation.”



Static boundaries 
of protected areas 
will no longer hold 
the species they 
were designed to 
conserve

The new 
geography of 
conservation is 
dynamic
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permission
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Data and Tools for Predicting Ecological Impacts 
of Climate Change

1) Biogeographic data sampling species distributions

2) Distribution (Niche) modeling algorithms
3) Current ‘climate surfaces’ characterizing 

environmental space

4) Many climate model outputs

5) Climate model outputs under alternative emissions 
scenarios

6) Methods to downscale coarse resolution global 
output to produce higher resolution future 
climate surfaces



Sources of uncertainty in predicting 

ecological impacts of climate change

1) Biogeographic data sampling species distributions

2) Distribution modeling algorithms 

3) Current ‘climate surfaces’ characterizing 
environmental space

4) Intermodel and intramodel variation in climate 
model output

5) Downscaling coarse resolution global output to 
generate higher resolution future climate surfaces

6) Uncertainty in extent of future greenhouse gas 
emissions



Coast redwood  (Sequoia sempervirens)
known occurences

Tools for investigating relationships of species and 
climate: Ecological niche modeling algorithms



Biotic interactions
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World Climate Research Programme (WCRP)



17 GCMs for two emissions scenarios (A2 & B1) 



CCSM3 Tave July 2037 B1 20th century re-analysis, Tave July observed

“Deltas”            

Change factors

1.2    1.3   0.8

1.5    1.5    1.2

Interpolate deltas to 10km2 spatial resolution for 
terrestrial Earth surface using Worldclim (Hijmans
et al 2005) as a baseline climatology
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Four env. Variables Two env. Variables

2010-2019

2020-2029

2030-2039

2040-2049

2050-2059

2060-2069

12 13 14 15 16 176 7 8 9 10 111 2 3 4 5

* 2 
Scenarios, 
A2 & B1
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9936 future climate surfaces



Cal Academy Ecological 
Forecasting group
Miguel Fernandez, Guillermo 
Duran: GIS, species distribution 
modeling, programming
Lindsay Irving: Visualization and 
outreach
Stephanie Auer: Data coordination 
and data cartography

Past and Present Collaborators:
Phil Duffy:  Lawrence Livermore 
Natl Lab and Climate Central
Qinghua Guo: UC Merced Dept of 
Engineering
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Decadal variation
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GCM variation



Monthly variation









Canada Lynx Future Modeled Distributions
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Canada Lynx Future Modeled Distributions





Modeled Winter Ranges:                                               
Bighorn Sheep, Mule Deer, Elk, and Moose
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Bighorn Sheep, Mule Deer, Elk, and Moose











Blue Oak Modeled Future Distributions
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Blue Oak Modeled Future Distributions



Modeled Ranges for California Flora



Modeled Ranges for California Flora



Modeled Ranges for California Flora







Carbon mitigation and biodiversity conservation 
= opportunity for win-win-win management

Reducing emissions by conserving intact systems 
Managing for an increase in carbon sequestration 
capacity on degraded lands
Conserving habitat for plant and animal species and 
ecosystem services



Forested watersheds will 
absorb the impacts of 
extreme precipitation 
events, preventing 
downstream flooding

Healthy wetlands act as a 
sponge to counter the 
effects of sea level rise








