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Why Adaptation Planning?



Why Adaptation Planning?

Most regions will depart from historical 
climate space by year 2050-2070.

Mora et al. 2013



Planning for an uncertain future:
Climate model projections

vary between models 
and emissions scenarios

www.climate-lab-book.ac.uk



Land managers need information to
help strengthen climate resilience
and enhance adaptive capacity



Prioritization

Vulnerability assessment
(sites or species)

Management
strategies

Watson & Venter 2017 Nature



 Datasets.
 Publications.
 Applications.

AdaptWest
Conservation planning for 

climate adaptation 

http://adaptwest.databasin.org



AdaptWest
Interactively make and view 
maps and summaries of data
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AdaptWest leverages global change 
products for use in regional analyses

NASA

USGS Geo 
Data Portal

ADAPTWEST



Downscaled projections of future climate
via ClimateNA software

IPCC 5th Assessment:
Projections at 1km from 
ensemble of 15 GCMs 
and 8 individual GCMs 
for RCP4.5 and RCP8.5 
scenarios

Time periods: 2020s, 
2050s, 2080s
T. Wang, A. Hamann 
and D. Spittlehouse
UBC & Univ. of Alberta



Future projections include 
2 RCPs x 8 GCMs + Ensemble

Fuss et al. 2014, Nature



Strengths and
limitations of 
ClimateNA’s
approach
Dynamic local 
downscaling using:
• Local regression of 

elevation on PRISM 
current climate base 
layer;

• Addition of 
downscaled GCM 
projections to base 
layer as anomalies 
(delta method).

Also calculates
bioclimatic variables.

Wang et al. 2016, PLOS ONE



AdaptWest data:
Applications by US 

and Canadian agencies



What can AdaptWest data inform, 
given its continental extent and 1km resolution?

National and state/provincial-level prioritization;

Regional-level planning and vulnerability assessment;

Climate adaptation metrics for broad management regions.

For planning at smaller extents (e.g., over a single protected area) 
AdaptWest can be used to provide broader context



How do we make sense of the variety of data 
and link it to ecological processes?

Bellard et al. 2012 Ecology Letters 
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CLIMATE 
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AdaptWest provides access to
diverse types of data

But also helps place the data in context

COMPARISON

SYNTHESIS



Five categories of metrics

• Environmental diversity;

• Climate dissimilarity;

• Climate-based refugia and velocity;

• Species-based refugia and velocity;

• Climate connectivity areas.



Refugia are key to 
promoting climate 
change resilience

Internal refugia

External refugia/ 
climate corridors

Reside et al. 2014 Austral Ecology



Refugia may be created by many 
processes

Morelli et al. 2017 PLOS ONE



Refugia are areas of low climate change exposure,
which can be measured in different ways

Climate dissimilarity – Magnitude of change at 
a site over time;

Climate velocity –
Magnitude of change over 
time in relation to 
magnitude of change 
over space.

Mahony et al. 2017



Climatic velocity
Influenced by processes at 
several scales

• Local topography 
• Regional topographic 

position 
• Location on continent
• Location in relationship to 

global climate circulation 
patterns



How should conservation planners 
respond to the uncertainty 

in projecting future climate?

Fuss et al. 2014, Nature



Environmental diversity (ED) is often proposed 
as a measure of 

an area’s adaptation potential.

Input data typically includes soils, geology, & topography, 
and sometimes includes current climate & ecotype. 



Land facets

Terrain-
based 
facets of
Alberta

Nielsen (unpublished)



Alternative climate adaptation metrics prioritize 
different areas of the landscape

Areas of high 
topographic diversity

Areas of low forward 
climate velocity

Priorities based on 
forward climate 
velocity highlight mid-
montane areas. 
Those based on 
topographic diversity 
focus more on high-
elevation areas. 
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Different types of diversity data 
prioritize different parts of the landscape



Planners need to identify 
the scale of processes 

affecting conservation targets



The question of scale: 
Micro- and macro-refugia



Multi-scale network of 
conservation prority areas 



Complexity &
Uncertainty

Breadth vs.
Detail

Coarse vs. 
fine-filter

Placing the data in context



Coarse-filter (non-species-specific):

Climate-data-based refugia

Physical-habitat-based refugia (topodiversity, 
land facets)

Fine-filter (species-specific):

Species-niche-model-based refugia

Focal-species-habitat-based refugia

Refugia may differ between 
coarse-filter and fine-filter targets



Why use coarse-filter targets?
Lack of information 
about most species

Why use fine-filter targets?
Coarse-filter surrogate 
imperfectly protects 
individual species

Multi-track coarse/fine-filter approach:



© M. Rapinski

Coming Soon:
Data on Tree and Songbird Macrorefugia

Stralberg et al. in review



Finding a balance:
Conserving the actors 

and the stage 



Refugia are key to 
promoting climate 
change resilience

Internal refugia

External refugia,
climate corridors

Conserving connectivity under climate change

Reside et al. 2014 Austral ecology



Climate corridors identified from least-cost paths

Data for North America available at adaptwest.databasin.org



LinkageCurrent 
range

Future 
range

Climate connectivity software for mapping 
areas needed for species to track shifting climates



Littlefield et al. 2017

Considering climate change
alters priorities for connectivity conservation 



Littlefield et al. 2017 Conservation Biology

Evaluating sensitivity of priorities to 
dispersal ability, timeframe, 

emissions scenario, and climate model 

Data for western North America available at adaptwest.databasin.org



Coming Soon:
Data on Climate Connectivity Areas 

throughout North America

Locations of climate 
connectivity pinchpoints

influenced by broad-scale 
topographic factors



Applying 
information in the 
planning process

Watson & Venter 2017 Nature



Systematic conservation planning

https://www.helsinki.fi/en/researchgroups/meta
population-research-centre/software#section-
14300

Complementarity - A measure of the extent to which an area 
contributes unrepresented features to an existing area or set of 
areas. 



Network of potential refugia identified 
from diversity and velocity data



Irreplaceability - Indication for each of the areas in a region the 
options for replacing it while still achieving conservation 
targets. Some areas have no replacements, whereas others 
have many. 

Vulnerability - The risk of the area’s conservation value being 
lost over time. 

Systematic conservation planning



A common quadrant approach prioritizes 
areas for conservation action based on their 

conservation value and vulnerability

Planning horizon and level of risk tolerance effects priorities.



Traditional conservation planning prioritizes high 
threat/high value areas for conservation action



A shift to more risk-averse priorities may be 
appropriate due to the nature of 

climate change as a threat



Considering conservation value and 
vulnerability in planning

Belote et al. 2017 Bioscience



Future emissions scenarios
Fuss et al. 2014, Nature

Fuss et al. 2014, Nature



Uncertainty due to variation 
between GCM projections

Belote et al. in review



IInfo-gap discounting approach

Belote et al. in review



Low value High value
Low uncertainty High uncertainty Low uncertainty High uncertainty

High vulnerability Emphasize innovation
Emphasize innovation 
and prepare for 
surprises 

Emphasize reserves and 
provide for management 
flexibility

Emphasize reserves and 
plan for experimental 
approach

Low vulnerability Emphasize 
restoration

Emphasize 
restoration and 
prepare for surprises 

Emphasize traditional 
reserves

Emphasize reserves and 
provide for management 
flexibility

Using different management 
strategies under uncertainty

Belote et al. in review



A similar system categorizes management approaches 
based on an area’s conservation value and vulnerability

Gillson et al. 2013 
TREE



The time horizon for planning:
Long-term refugia vs stepping-stone habitat

Hannah et al. 2014 TREE



The time horizon for planning:
Long-term refugia vs stepping-stone habitat

Morelli et al. 2017 PLOS ONE



Incorporating information on refugia 
value into the planning process

Morelli et al. 2017 PLOS ONE



Placing the data in context

• What does each type of data tell us?

• Do different datasets suggest similar or 
contrasting priorities?

• Qualitative insights on processes are as 
important as what specific places are 
identified.



For more information
and to get involved:

• Visit http://adaptwest.databasin.org

• Follow @adaptwest on Twitter for 
updates on newly available data and 
webinars

• Contact via email:
carlos (at) klamathconservation.org
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