Conserving Biodiversity: Practical Guidance about Climate Change Adaptation
Approachesin Support of Land-use Planning

Author(s): Oswald J. Schmitz, Joshua J. Lawler, Paul Beier, Craig Groves, Gary Knight, Douglas A.
Boyce Jr., Jason Bulluck, Kevin M. Johnston, Mary L. Klein, Kit Muller, D. John Pierce, William R.
Singleton, James R. Strittholt, David M. Theobald, Stephen C. Trombulak and Anne Trainor

Source: Natural Areas Journal, 35(1):190-203.

Published By: Natural Areas Association

DOI: http://dx.doi.org/10.3375/043.035.0120

URL: http://www.bioone.org/doi/full/10.3375/043.035.0120

BioOne (www.bioone.org) is a honprofit, online aggregation of core research in the biological, ecological, and
environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books published
by nonprofit societies, associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne's Terms of Use, available at www.bioone.org/page/terms_of use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial use. Commercia inquiries
or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions, research
libraries, and research funders in the common goal of maximizing accessto critical research.


http://dx.doi.org/10.3375/043.035.0120
http://www.bioone.org/doi/full/10.3375/043.035.0120
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

RESEARCH ARTICLE

Conserving
Biodiversity:
Practical
Guidance about
Climate Change
Adaptation
Approaches in
Support of Land-
use Planning

Oswald ). Schmitz!-16

1School of Forestry and

EnvironmentalStudies
Yale University

New Haven, CT 06511

Joshua J. Lawler?
Paul Beier3
Craig Groves*
Gary Knight®
Douglas A. Boyce Jr.6
Jason Bulluck”
Kevin M. Johnston®
Mary L. Klein®
Kit Muller?

D. John Pierce’
William R. Singleton'?
James R. Strittholt'3
David M. Theobald'*
Stephen C. Trombulak'>
Anne Trainor!

2School of Environmental and
Forest Sciences
University of Washington
Seattle, WA 98195

3School of Forestry
Northern Arizona University
Flagstaff, AZ 86011

4The Nature Conservancy
Conservation Science Group
Bozeman, MT 59715

SFlorida Natural Areas Inventory
Tallahassee, FL 32303

6US Department of Agriculture
Forest Service
Washington, DC 20024

"Natural Heritage Program
Virginia Department of Conservation
and Recreation
Richmond, VA 23219

8Environmental Systems
Research Institute
Redlands, CA 92373

9NatureServe
Arlington, VA 22203

10Bureau of Land Management,
US Department of the Interior
Washington, DC

"Washington Department of Fish
and Wildlife,
Olympia, WA 98501

12Singleton Strategies LLC
Denver, CO 80204

3Conservation Biology Institute
Corvallis, OR 97333

14US National Park Service
Inventory & Monitoring Division
Fort Collins, CO 80523

I5Program in Environmental Studies
and Department of Biology
Middlebury College

Middlebury, VT 05753

16 Corresponding author:
oswald.schmitz@yale.edu

Natural Areas Journal 35:190-203

190 Natural Areas Journal

Volume 35 (1), 2015




ABSTRACT: As species’ geographic ranges and ecosystem functions are altered in response to climate
change, there is a need to integrate biodiversity conservation approaches that promote natural adapta-
tion into land use planning. Successful conservation will need to embrace multiple climate adaptation
approaches, but to date they have not been conveyed in an integrated way to help support immediate
conservation planning and action in the face of inherent spatial uncertainty about future conditions.
Instead, these multiple approaches are often conveyed as competing or contradictory alternatives, when
in fact, they are complementary. We present a framework that synthesizes six promising spatially explicit
adaptation approaches for conserving biodiversity. We provide guidance on implementing these adapta-
tion approaches and include case studies that highlight how biodiversity conservation can be used in
planning. We conclude with general guidance on choosing appropriate climate adaptation approaches

to amend for conservation planning.

Index terms: biodiversity, climate adaptation, conservation planning, land use planning

INTRODUCTION

As the impacts of climate change on
biodiversity are becoming more evident,
federal, state, local government agencies,
conservation groups, and land trusts are
increasingly faced with anticipating and
integrating adaptation approaches and
natural resilience into resource and land
use plans. Such change is requiring a shift
from using classic, place-based strategies
that maintain the integrity of local protected
areas and reserves within fixed boundaries
to more dynamic strategies that develop
and implement approaches that foster the
ability of species to move across landscapes
in order that they, and the ecosystems they
comprise, may persist (Hannah et al. 2002;
Brooke 2008; Heller and Zavaleta 2009;
Mawdsley et al. 2009; Game et al. 2011;
Poiani et al. 2011).

Conservation science has offered at least
42 approaches to climate adaptation (Vos
etal. 2008; Galatowitsch et al. 2009; Heller
and Zavaleta 2009; Mawdsley et al. 2009;
Game et al. 2011; Poianni et al. 2011).
But, with such a cornucopia of approaches,
managers may have difficulty determining
if they are complementary, competing, or
even contradictory options. This tends to
cause confusion, leading to debate about
appropriate choices, thereby creating a
proverbial “tower of babel” rather than
a coherent context for making decisions.
As a result, important conservation deci-
sions and actions are delayed or avoided
altogether because of a perceived risk that
any particular action may be misguided
(Spittlehouse and Stewart 2003; Brooke
2008; Poianni et al. 2011). But, in a multi-
objective land use planning setting, critical

decisions for alternative land uses will
go forward without a solid biodiversity
conservation approach included in the
planning process. Thus, land use options
that may be critical for future species or
ecosystem persistence are not included
and subsequently precluded as possibilities
once land is allocated for alternative uses.
This leads to a failure to achieve agreement
on the kinds of compatible future land uses
that are appropriate across a broad spec-
trum of geographic scales and stakeholder
interests at the very time when action is
critically needed.

To overcome inaction, we offer here guid-
ance, in the form of a Climate Adaptation
Framework (hereafter, simply Framework),
that presents a flexible portfolio of six
adaptation options that support thought-
ful trade-off decisions about species and
ecosystem protection with alternative hu-
man land uses such as energy development
and siting, and infrastructure development.
These adaptation approaches range from
leveraging areas already dedicated to con-
serving species and ecosystems, to creating
a broader network of conservation areas
and strategies that protect biodiversity, to
anticipating and connecting locations of
future species assemblages across the land-
scape. We illustrate how the Framework can
be used to determine how the approaches
complement one another across different
scales of organization, thereby providing
coherence for conservation planning and
action that will be robust to uncertainties
about a climate future. Using the Frame-
work to determine a complementary set of
approaches can also help to foster a new and
critically needed spirit of regional partner-
ship and collaboration among conservation

agencies that have traditionally operated on
their own within their local jurisdictions.
Thus, the portfolio of options represented
by the Framework provides flexibility to
support thoughtful and context-dependent
trade-off decisions about species and eco-
system protection with alternative human
land uses across those regions.

The Framework is the result of delib-
erations of a consensus-based scientific
working group charged with developing
practical guidance for integrating climate
adaptation approaches into conservation
planning and policymaking (see http://yale.
databasin.org). The working group (authors
of this paper) is comprised of individuals
from federal land management agencies,
state fish and wildlife agencies, the private
sector, and academia. The Framework
guidance has been tested through six pilot
projects, two of which are highlighted in
this paper.

THE FRAMEWORK

We distilled the six approaches from 42
proposed by the conservation science
community broadly. Most of these support
conservation action across three levels of
ecological organization (i.e., species, eco-
systems, and landscapes). Although each
approach can be considered individually,
we present them as a matrix to reveal their
complementarity among the levels of eco-
logical organizations (Table 1).

Emphasizing complementarity has two
advantages. First, the Framework spurs
simultaneous consideration of different
adaptation approaches and organizational
scales to encourage integrating multiple
approaches and to identify gaps in data
and/or strategies. We believe climate-adap-
tive conservation plans should conserve not
only species and their habitats, but also
the biophysical features and processes of
ecosystems and landscapes because they
provide unique opportunities for species
persistence and resilience. By contrast,
most conservation planning focuses nar-
rowly on the upper-left section of this
matrix (i.e., they map current and/or future
species geographic ranges). Considering
the full matrix strengthens conservation
plans and actions and stimulates new
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Table 1. Six key climate change adaptation approaches for conservation planning at three levels of ecological analysis. The cells within the table list the
kinds of scientific assessments needed to support adaptation planning and action.

Strengthen
current
conservation
efforts

Anticipate and
respond to
future
conditions

Ecological Level

Adaptation
Approach

Species and
Population

Ecosystem

Landscape

1) Protect current
patterns of
biodiversity

® Assess population
sizes, viability,
conservation status,
and phenological
trends-

e Map species
occurrences

® Map terrestrial and
aquatic ecosystems and
their associated
services

® Map genetic pattern
across the landscape

® Map beta and gamma
diversity

e Map biodiversity
hotspots

2) Protect large,
intact, natural
landscapes

e Forecast climate
change effect on
species viability

e Forecast climate
change effect on pests,
diseases, or invasive
species

® Map potential future
patterns of fire,
hydrology, carbon
sequestrationm and
ecological integrity

® Map locations where
ecosystem services
operate and provide
human value

¢ Analyze projected
trends in climatic
variables (precipitation,
temperature, etc.)

e Map factors related to
ecological integrity
(e.g., fragmentation,
distance from
disturbance)

3) Protect the
geophysical setting

° N/A

e Map areas of high ecological integrity
® Map land facets in relation to current climate

patterns

® Map areas of high topographic complexity

4) Maintain and
restore ecological

e [dentify areas critical
to species movements

e Map connections
between current and

e Map connections
between land facets,

connectivity in current conditions  |projected future ecological land units,
and in a changing locations refugia or areas of high
climate e Anticipate species ecological integrity
® Map movement invasions along
corridors for species  |planned corridors
life-history and
migration
5) Identify and ® Forecast species and |® Forecast ecosystem [® Forecast land use
appropriately rare community vulnerability to climate |change

manage areas that
will provide future
climate space for
species expected to be

vulnerability to climate
change based on their
capacity to adapt
biologically

change

® Map locations that
would support shifts in
vegetation types and

¢ Project sea level rise

e Project climate change
e Map future
biodiversity hotspots

displaced by climate |e Map future range biomes

change distributions of species

6) Identify and e [dentify areas that ® Map habitats with ® Map drought refugia
protect climate would harbor current  [high natural resilience |® Map areas projected to
refugia species into the future |to climate change (e.g. |maintain stable climate

e [dentify where
species populations
remain stable or
increase with climate
change

spring-fed streams)

e Map areas projected
to experience little
change in vegetation
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ways of thinking about adapting to future
changes. This helps reduce inefficient
or ineffective decisions about actions to
promote adaptation. Second, the Frame-
work creates a common language and
overarching vision to foster collaboration
and policy coordination among government
agencies and nongovernment organizations
with different political jurisdictions and
purviews. Different conservation organiza-
tions and agencies often operate at varying
spatial scales with goals that pertain to
different levels of ecological organization
(i.e., species, ecosystem, and landscape).
The Framework matrix can help envision
how an entity’s efforts can be aligned to
encourage inter-agency complementarity
and synergism when developing regional
adaptation policy and action. The Frame-
work facilitates working at varying scales,
landscape or continental scales, and also
facilitates cooperation among multiple lev-
els of government and ownership, as each
entity can recognize its own expertise and
prerogatives in the Framework.

The approaches (descending down the left
column of the Framework matrix) fall along
a continuum between strengthening current
conservation actions and anticipating and
responding to future conditions (Table 1).
The first three approaches build on clas-
sic conservation actions that already take
place. As such, they readily help to amend
and strengthen ongoing conservation ef-
forts. Once implemented, these approaches
may also buy valuable time to formulate
plans addressing adaptation that anticipates
long-term, broader geographic changes as
we obtain a better understanding of future
conditions. The remaining three approaches
address climate futures and require sce-
nario analyses (Galatowitsch et al. 2009)
to explore what influence climate change
might have on species distributions and
ecosystem functions and services. Generat-
ing future scenarios typically involves the
sequential use of several or all of five kinds
of models that project: (1) future emissions
of greenhouse gases; (2) how the global
atmosphere and oceans respond to these
emissions; (3) how atmospheric processes
affect habitats and biomes at smaller spatial
extents; (4) species’ responses to climate
change (e.g., climate envelope models,
physiological models); and (5) species

movement and colonization (Pearson
and Dawson 2003; Phillips et al. 2008).
Each carries uncertainties because they
employ uncertain data and assumptions
to drive model projections. The sequen-
tial application of models can compound
uncertainties because the output of each
model is a crucial input into the next one.
Nevertheless, one may still use scenario
generation as a heuristic tool that, when
combined with expert opinion, provides
the means to envision and appropriately act
in response to plausible future outcomes
(Galatowitsch et al. 2009; Lawler et al.
2009; see also Coping with Uncertainty,
subheading below, for more detail).

The information needed to support ef-
fective decisions about which adaptation
approach(es) to implement is most effec-
tively gathered by conducting scientific
assessments and displaying the information
using maps (Figure 1). Modern geographic
information systems (GIS) technology is
capable of providing the integrative en-
vironment needed for storing, accessing,
and processing spatial data in support of
conducting assessments. GIS tools can rep-
resent data from a broad range of sources
in layers of single images.

Maps are ideal for representing large
volumes of disparate information in vi-
sual form where they would otherwise
be buried in vast unconnected data sets.
Maps allow easier analyses of association
among numerous variables and features
to produce a composite picture of the
landscape (Figure 1). For example, by
combining data on species point locations,
vegetation, precipitation, and temperature,
one can estimate spatially explicit statisti-
cal relationships among variables (a.k.a.
bioclimatic niche modeling) to produce a
composite map depicting concentrations
or hotspots of species diversity across
a landscape (Figure 1). Combining data
layers for soils, topography, and parent
geological material produces a composite
map identifying the diversity of geophysi-
cal attributes or land facets comprising the
geophysical settings of landscapes. Mod-
eled future environmental conditions can
be used to help project where species and
ecosystems may end up (Figure 1). For
example, bioclimatic models are useful

in projecting biodiversity hotspots on a
landscape (Figure 1, 1% column) because
they combine information from climate
modeling on how vegetation, temperature,
and precipitation might change in a climate
future to produce a composite map depict-
ing landscape-scale changes to biodiversity
concentrations (Figure 1, 4 column).
Other biophysical data can be added
to produce composite maps to identify
climate refugia or important topographic
and habitat conditions that best connect
landscape locations to support species
movements (Figure 1). We next introduce
the six adaptation approaches and discuss
the kinds of scientific assessments needed
to support their consideration in land use
planning.

1. Protect current patterns of biodiversity.
Even as climate change redistributes spe-
cies, conservation still needs to protect
species where they are today. Without
protection, species, especially those that
are rare and threatened, will have little
chance of persisting until other adapta-
tion approaches are possible or effective.
Furthermore, this can help to ensure that
critical “stepping stones” exist across land-
scapes as species adjust their geographic
ranges in response to climate change
(Thomas et al. 2012). Conservation can
further enhance the effectiveness of such
protection by connecting currently occu-
pied areas with corridors, stepping stones,
or working lands permeable to plant and
animal movement.

Assessments in support of this approach
characterize and inventory the state of cur-
rent conservation efforts. They range from
mapping the occurrence of single species
of conservation concern to mapping intact
ecosystem types within a region (e.g., fir-
hemlock forests, alpine, tallgrass prairie,
riparian and associated riverine systems) or
identifying geographic patterns and gradi-
ents in biodiversity concentrations across a
landscape (e.g., biodiversity hotspots, beta
and gamma diversity).

2. Protect large, intact, natural landscapes
and ecological processes. Protecting large
areas reduces the potential for community
disassembly because it helps to ensure that
trophic interactions, disturbance regimes,
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intra-specific and inter-specific compe-
tition, and other large-scale processes
continue to generate and maintain high
levels of biodiversity and endemism. As
species move, it will be increasingly hard
to manage for species composition directly.
A more successful approach may be to
preserve large spaces that can support
the kinds of ecological and evolutionary
processes that generate and maintain biodi-
versity. Even if these areas lack exceptional
endemism (Kareiva and Marvier 2003),
they likely contain a large complement of
native species, including densities of top
carnivores large enough to affect commu-
nity structure. Such intact systems exhibit
redundancy and are resilient to large-scale
disturbance regimes (e.g., flood, fire, and
windthrow). They have spatially complex
settings needed to support speciation and
will likely provide these functions regard-
less of future climate. The human-built
environment reduces resiliency of large
areas. A strategy of assembling a connected
portfolio of smaller, undeveloped spaces
may also protect many of the remaining
natural landscapes. In practical terms, this
calls for expanding areas that are under
active management for conservation (Sin-
clair et al. 1995) combined with targeted
restoration activities (e.g., reintroducing
apex predators).

Delineating the size and location of large
spaces involves different assessments for
the different ecological levels (Table 1). At
the species and population level, assess-
ments identify and map species occurrences
in relation to their needs (also called species
distribution or niche modeling), such as
their thermal tolerances, habitat require-
ments, and prey species distributions. At
the ecosystem level, assessments include
mapping the spatial extents of disturbance
regimes and ecological functions such as
the spatial pattern in levels of production
or carbon sequestration, watershed and
hydrological regimes, and location and
extent of wildfires. At the landscape level,
assessments would include identifying
and mapping landscape features such as
the locations and extent of the human
built environment or degree of habitat
fragmentation (e.g., Sanderson et al. 2002;
Theobald 2010).

3. Protect geophysical settings. Species
presence depends on a suite of factors
including soil chemistry, upslope drain-
age area, topographic positions, slope,
elevation, aspect, and solar insolation
(Hunter et al. 1988). Such geophysical
attributes—called land facets, ecological
land units, or geophysical settings—can
sometimes account for spatial variation
in biodiversity better than spatial variation
in habitat attributes (Anderson and Ferree
2010). The basic premise of this approach
is that even while climate changes, these
locations are enduring features because
soils and geology will not change (Cur-
rie and Paquin 1987; Davies et al. 2007;
Anderson and Ferree 2010). Thus, priori-
tizing and protecting areas that contain a
diversity of geophysical settings should
help to maintain a diverse complement of
species associated with these features under
current and future climate regimes (Beier
and Brost 2010; Schloss et al. 2011).

Assessments delineate those geophysical
landscape attributes into units called land
facets or ecological land units such as high-
elevation, low insolation slopes on calcare-
ous soils, for example, that can be strong
surrogates for species diversity (Anderson
and Ferree 2010). Alternatively, one could
assess geophysical diversity by considering
it as a continuum, rather than in discrete
bins (Faith and Walker 1996).

4. Maintain and establish ecological
connectivity. Even if we succeed in con-
serving today’s portfolio of large natural
and semi-natural landscapes (Adaptation
Approaches 1-3) and habitat connecting
corridors, species will shift their range
within those landscapes as climates change.
Connecting areas with corridors, stepping
stones, or working lands creates landscape
permeability for plant and animal move-
ment. The connected areas sustain gene
flow among species populations that can
prevent local extinction (demographic
rescue), and facilitate recolonization after
local extinction. Most existing connectiv-
ity plans were based on maps of current
vegetation community locations, which
may not reflect their distributions in the
future climate. Phillips et al. (2008), Beier
(2012), and Nufiez et al. (2013) suggest
how corridor plans should be reevaluated

and might support range shifts for species
whose climate space will shift.

Assessments model shifts in species cli-
mate space by overlaying the projected
movements of species to landscape loca-
tions supporting range shifts (Phillips et al.
2008). Because this involves the five kinds
of scenario-generating models discussed
above, it carries uncertainties. Recently
described coarse-filter approaches help
reduce uncertainty by identifying potential
corridors between landscape locations
where human land use is less constraining
(e.g., Spencer et al. 2010; WHCWG 2010;
Theobald et al. 2012), where there may be
acceptable geophysical settings (Brost and
Beier 2012), or that encompass present-day
climate gradients (Nufiez et al. 2013).

These approaches have their own uncer-
tainties and assumptions (e.g., that areas
of low human modification provide for
movement of species and processes, or
that future climate gradients will occur in
the same locations as present day climate
gradients — Nuiez et al. 2013). Although
these uncertainties are undoubtedly smaller
than those involved in emission scenarios
and general circulation models, the impact
of such uncertainty needs to be quantified
(Beier 2012).

5. Identify and protect areas providing
future climate space for species expected
to be displaced by climate change. Ample
evidence shows that species are undergoing
shifts in their geographic ranges (Parmesan
2006; Barnosky 2009). While many shifts
are comparatively short (<240 km range
extensions) arising from small (0.5 °C)
mean temperature increases over the last
50-100 years, larger range extensions can
be expected if mean temperature projec-
tions of even a 1-3 °C rise (IPCC 2007) oc-
cur over the next century. The fundamental
questions become (1) where will species
likely end up, and (2) are those locations
managed to ensure species persistence
upon their arrival? Questions about the
future can be addressed using information
on species’ current biophysical conditions
(e.g., temperature, precipitation) or habi-
tats (included in Adaptation Approach 1)
coupled with downscaled projections of
how regional climate change will geo-
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graphically shift biophysical conditions
and habitats. Modeling helps anticipate
the future locations of suitable areas on
the landscape for species (Lawler et al.
2009). It also facilitates an assessment of
existing management policies to determine
if they are adequate to protect species range
shifts between current and future locations
(Lawler et al. 2009).

Assessments use statistical modeling
to project future locations with suitable
biophysical conditions (niche modeling,
climate envelope modeling), or enlist pro-
cessed-based models (physiological mod-
els) to identify locations that have thermally
tolerable future environmental conditions
(a.k.a future niche space (Johnston and
Schmitz 1997)). This approach is perhaps
the most sensitive to model uncertainty.
When such models are used for single
species, their effectiveness for conservation
planning increases if multiple scenarios
are generated that encompass the range
of model uncertainty and include mea-
sures of model agreement. This approach
can also be used to make predictions for
multiple species. Outputs for each species
generate a spatially coherent depiction of
areas that will support future biodiversity
concentrations. Because of the potential to
compound uncertainties, a more practical
approach may be to consider ecological or-
ganization broader than individual species
(e.g., biomes shifting across the landscape
(Rehfeldt et al. 2012)).

Assessments supporting ecosystem-level
planning involve mapping future geograph-
ic locations of the dominant vegetation
types or biomes (building on assessments
for the first adaptation approach “Protect
current patterns of biodiversity”) that com-
prise different ecosystems (e.g., Neilson
1995; Iverson and Prasad 2001). This
assumes that vegetation provides critical
habitat for animal diversity. One confound-
ing factor inhibiting planning for future
ecosystem locations is that biophysical
conditions across broader landscapes may
preclude geographic range shifts of species
and ecosystems or impair them owing to
constraining biophysical factors such as sea
level rise and inundation, changes in land
use regimes, and changes in the intensity

and frequency of disturbances like fires
and hurricanes. Contextualizing species
and ecosystem assessments within antici-
pated biophysical landscape change will
strengthen conservation assessments. This
requires using assessments that draw on
models of future emissions of greenhouse
gases, models of how global atmosphere
and oceans respond to these emissions,
models to downscale global climate projec-
tions to smaller spatial extents, and models
of land use change.

6. Identify and protect climate refugia.
Climate refugia can be defined in at least
two ways. First, they can be specific places
where climate and associated biophysical
conditions are likely to remain stable,
having little impact on biodiversity, while
other locations experience regional climate
change. Second, they can be areas in which
the climate will change, but nonetheless
they will host climates that are suitable
to species in the surrounding region.
Examples of these latter types of refugia
include mountain ranges, high plateaus,
and cold-air drainages.

Assessments can enlist niche modeling
to identify macrorefugia where species
habitat may persist (Ashcroft 2010). Some
cold-adapted species (e.g., red fir (Abies
magnifica Murray), marten (Martes Ameri-
cana Linnaeus), wolverine (Gulo gulo
Linnaeus), and pika (Ochotona princeps
Richardson)) are already restricted to their
interglacial macrorefugia. Macrorefugia for
these species will be compromised under
climate warming more so than in previ-
ous interglacials in the last 600,000 years.
Therefore, small, local microrefugia (e.g.,
cold valleys, areas with springs, or other
small areas) will be increasingly important,
especially if their climate is more stable than
the regional climate (Dobrowski 2010). At
the ecosystem level, dynamic global veg-
etation models (DGVM) can help locate
climatically stable regional macrorefugia,
(areas of hundreds of square kilometers)
where biomes (broad plant physiognomic
classes such as tundra, forest, shrubland, or
grassland) are expected to be stable during
the coming century. The potential exists
also to locate refugia by identifying areas
where primary productivity (inferred from

satellite imagery) remained stable through
several recent cycles of extreme climate
shifts (Klein et al. 2009). At the landscape
level, assessments identify future regional
patterns of temperature and precipitation
(i.e., drought) to partition landscapes into
areas likely to undergo change from those
that should remain more stable.

Coping with Uncertainty

All approaches carry levels of uncertainty
stemming from quantifiable errors in the
measured or modeled data, assumptions
of models used to project future climate
change, and effects of climate change on
species and ecosystems. It is easy to be
paralyzed by, or invoke uncertainty, to
avoid making difficult decisions. There is
no option but to move forward. We believe
by utilizing the Framework to combine ap-
proaches, the negative effects of uncertainty
can be reduced. The first four conservation
approaches (Table 1) are likely to be good
actions to take whether or not changes in
climate play out as projected (Groves et al.
2012). For assessments requiring greater
use of modeling (those projecting climate
futures), several techniques can help reduce
uncertainties, including: simulation analy-
ses that account for variability in the data,
sensitivity analyses that explore robustness
of models or adaptation approaches to
various assumptions, and scenario analyses
that examine a range of possible outcomes
(Galatowitsch et al. 2009; Glick et al.
2011). Insights from modeling are ex-
tremely useful, especially when tempered
by good expert judgment and opinion.
Indeed, those kinds of insights form the
basis of many vulnerability assessments.
Moreover, by providing vivid examples of
climate change impacts, such assessments
(e.g., Lawleretal. 2009; Beeveretal. 2011)
have motivated many managers and deci-
sion makers to treat climate adaptation as
an urgent priority. Nevertheless, even with
the best available data and models, uncer-
tainties remain. Therefore, we recommend
monitoring and evaluating the performance
of adaptation approaches once they have
been implemented (Lawler et al. 2010;
Cross et al. 2012). This critical feedback is
needed to make continual amendments as
new information and uncertainty arise.
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Evaluating the Guidance: Case
Examples

Case example 1: an assessment in
support of climate adaptation in
Florida

Anticipating effects of climate change is
important to ensure the efficacy of well
established, existing conservation efforts.
In Florida, sea-level rise is projected to be
0.75-1.9 meters by the end of this century
(Vermeer and Rahmstorf 2009), submerg-
ing 15% of the state within 90 years and
jeopardizing considerable conservation
actions that have already occurred. But
predicting the individual response of
hundreds of species and communities to
sea-level rise involves impractical degrees
of complexity and uncertainty. Thus, scal-
ing up to consider a landscape perspective
provides a practical alternative.

The Florida Natural Areas Inventory
(FNAI) (www.fnai.org) has conducted
extensive landscape-level conservation
planning but used the Framework and the
approaches outlined in this paper to assess
how well climate adaptation is integrated
into Florida’s current conservation plan-
ning efforts. Current planning adequately
implements approaches 1, 2, and 4 (Table 1)
across all three levels of ecological analysis
(see Figure 2). However, adaptation ap-
proaches that focus on using geophysical
settings as a surrogate of biodiversity (3,
Table 1), or those focused directly on as-
sessing climate change effects (5 and 6,
Table 1), had not been considered. FNAI
thus gathered further data to assess and
prioritize areas of land cover heterogene-
ity in relation to projected sea-level rise.
Areas of high land cover heterogeneity
were considered better adapted for sea-
level rise, as these locations should support
a greater diversity of species than more
homogenous locations. By identifying
habitat heterogeneity hotspots (defined as
25 hectare units with 6 or more habitat
types) in relation to connectivity, habitat
fragmentation, and ecological integrity,
FNAI was able to develop a dataset that
prioritizes coastal landscapes and habitats
in terms of sea-level rise adaptation poten-
tial (Figure 3).

Their analysis addressed the three climate
adaptation approaches identified in Table
1 previously missing in Florida conserva-
tion planning: (1) protect the geophysical
setting, (Adaptation Approach 3); (2)
identify and appropriately manage areas
that will provide future climate space for
species expected to be displaced by climate
change, (Adaptation Approach 5); and (3)
protect climate refugia (Adaptation Ap-
proach 6). Habitat heterogeneity was used
as a surrogate for geophysical setting in
this analysis because the low topographic
relief and limited resolution of soils data
within the planning area were insufficient
to differentiate geophysical setting at a
meaningful scale.

Although the results of the habitat het-
erogeneity analysis have not been fully
integrated into FNAI’s overarching evalu-
ation of environmental land acquisition
projects, it is apparent even from casual
observation that areas identified as having
high value for protecting current patterns
of biodiversity, or as having high value for
providing ecological connectivity, are not
necessarily co-located with areas having
high value for habitat heterogeneity. Thus,
while there often appears to be relative
agreement in conservation priorities for
current conservation efforts, this may not
hold true for efforts focused on future con-
ditions resulting from climate change.

The integration of the habitat heterogene-
ity analysis, an approach that anticipates
future conditions and is distinguished by an
inherently greater level of uncertainty, with
existing conservation analyses focused on
current conservation values is challenging,
especially when applied to the practical
problem of ranking environmental land ac-
quisition projects. FNATI anticipates that for
areas where the conservation value of the
habitat heterogeneity analysis corresponds
with values from existing analyses, whether
high or low, the conservation value of these
areas will be reinforced. The results are a
first step at a statewide account for sea-
level rise associated with climate change
and its effects on biodiversity.

Case example 2: cross-walking the
Framework matrix to develop coherent
adaptation plans

In general, a conservation planning process

can be partitioned into three stages: (1)
selecting a suite of important resources in
aregion; (2) assessing the vulnerability of
those resources to climate change (which
includes a priori specification of data
requirements for the assessment); and (3)
conducting spatial analysis and mapping
to inform and guide the implementation
of adaptation approaches. The Framework
is designed to offer guidance on all three
stages to help ensure buy-in by managers
throughout the design and implementation
stages. This value can be realized by engag-
ing managers and planners in workshop
exercises that involve cross-walking the
matrix. Cross-walking is the process of
using composite maps produced for one
matrix cell in synergy with composite
maps from other cells in the matrix (e.g.,
see stylized composite maps in Figure 1)
when creating management plans. Cross-
walking between multiple adaptation ap-
proaches and ecological levels provides
complementary insight to help practitioners
cope with uncertainty. For example, the
California Landscape Conservation Coop-
erative (CA LCC) recently identified criti-
cal resources in the Sierra Nevada region.
The Framework matrix was presented to
members of the Sierra Nevada LCC to
assess the vulnerability of those resources
to climate change and then examine appro-
priate actions to reduce current and future
stressors. Members identified which cells
in the matrix are already being addressed
in ongoing projects, identified cells for
which data were available but not yet used
in assessments in support of the adaptation
approach, and cells for which data were
unavailable. While this group was familiar
with most of the adaptation approaches
independently, the Framework provided
a structure to foster dialogue about key
adaptation approaches and ecological levels
that could be implemented, and identified
gaps in spatial analysis and mapping needs
and opportunities for future projects and
collaboration.

A second workshop convened a group of
regional and local US Bureau of Land
Management staff that undertook a cross-
walk exercise to illustrate the value of
considering multiple adaptation approaches
in order to provide complementarity
among the different ecological levels and
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Figure 2. Examples of conservation planning maps generated by considering three different adaptation approaches within the state of Florida.
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local and regional spatial scales at which
the different staff operated. This exercise
began by presenting maps derived from
assessments for the different adaptation
approaches to demonstrate how they can
be integrated with one another to address
both climate and non-climate stressors in
management plans. Workshop participants
felt that the Framework offered a strategic
way to organize data at multiple ecological
levels. The Framework could also guide
the drafting of a revised conservation plan
by using the matrix as a cross-check to
ensure all relevant adaptation approaches
and ecological levels were included in
the plan.

In both workshops, participants were
able to use the Framework to enhance
the organizational capacity and identify
resources needed to achieve a coherent
adaptation plan. The matrix also encour-
aged participants to be more specific
about what they wanted to achieve and to
assess alternative approaches in order to
stay on task and budget. The structure of
the matrix also provided a succinct way to
assemble and evaluate all of the mapping
products from different assessments before
prioritizing conservation opportunities for
adaptation. Overall, cross-walking through
the Framework matrix helped practitio-
ners emphasize conservation planning at
multiple scales, address uncertainty, and
integrate core elements of conservation
science into adaptation planning.

DISCUSSION: THE FRAMEWORK'S
STRATEGIC AND TACTICAL VALUE

Tactically, the Framework is designed to
spur deliberate consideration of the differ-
ent approaches and scales of analyses prior
to conducting an assessment. Many assess-
ments focus on a subset of the adaptation
approaches. For example, one may choose
to conduct assessments that support the
maintenance or restoration of ecological
connectivity when dealing with species
that are expected to undergo major shifts
in geographic range in response to climate
change (Adaptation Approach 4). One may
choose to conduct assessments that identify
parcels of land within a watershed or along
a seacoast that will support biodiversity in
the future as sea level rises (Adaptation Ap-
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proach 5). Fundamentally, any assessment
should be motivated by a clear articulation
of the conservation problem and goal before
choosing the adaptation strategy, analysis
approaches, tools, and data. Oftentimes,
data and tools that are already in hand
drive assessments. This can then lead to
assessment outcomes that will fail to meet
the needs of planners, and hence risks
inappropriate adaptation action.

Most importantly, the Framework can help
reason through the mechanics of align-
ing results of conservation assessments
with the landscape-scale planning. This
is predicated on the assumption that any
assessment for biodiversity and climate
adaptation has undertaken the normal
preliminary steps to ensure that the as-
sessment output will be aligned with the
needs of planners. These steps include: (1)
understanding the goals and the informa-
tion needs of the planning process; (2)
understanding how different stakeholder
values are incorporated into the project
plan; (3) understanding the methodology
and approaches used by planners to reach
decisions about land allocation for com-
patible uses; and (4) understanding how
stakeholder values are weighted to reach
final decisions about actions and how the
final decision is reached. Developing maps
as a product of assessments is a very useful
way to foster scenario-building exercises,
through iterated processing of maps and
information, thus enabling policy-makers
and managers to visualize not only current,
but also potential future consequences of
particular decisions that may be conflated
or confounded by climate change.

As an example, consider a hypothetical
trade-off decision about two laudable ac-
tions to protect the environment: conserv-
ing endangered species now and into the
future on the one hand, and siting power
lines that potentially transmit energy from
renewable generation sources like wind
or solar to urban centers (Figure 4). We
recognize that such trade-off decisions can
be complex, requiring the optimization of
multiple objectives. The highly oversimpli-
fied example we presented here is merely
to illustrate how assessments in support of
trade-off decisions could work.

According to the Framework guidance, one
would need to assess the current and future
spatial locations of the species’ populations
across a landscape, based on the species’
habitat needs and biophysical conditions
that it can tolerate. This information is
used to identify crucial landscape loca-
tions that need to be conserved to support
the species’ persistence. This information
can complement maps depicting proposed
transmission corridors to generate a com-
bined map that helps identify potential
conflicts between the two proposed land
uses (Figure 4). But, the decisions about
what land to conserve and what to dedicate
for energy transmission can differ, depend-
ing on the time horizon of the conservation
assessment. Under current conditions, the
optimal transmission route would be the
middle corridor, as the other two would
impact critical habitat locations of two of
the three species’ populations (Figure 4).
But choosing the middle corridor could
jeopardize the species if future climate
caused the species’ populations to shift
their geographic range. In the hypotheti-
cal example, climate change is expected
to cause one population to move out of
the focal landscape region, making it no
longer of conservation concern for the
specific case of planning transmission
routes. But the other two populations are
expected to shift northeastward and con-
verge into the middle of the landscape,
squarely into the optimal transmission
corridor identified for current conditions.
The better corridor, considering current
and future climate together, would be the
upper route. Even though that route might
impact a small part of one population’s
habitat in the near-term, it is least likely
to impact the viability of all of the popu-
lations over the longer-term. The lesson
here is that failing to consider a climate
future—i.e., a dynamic landscape—could
result in misguided outcomes if the siting
decision impeded movement of the species’
populations or destroyed habitat locations
that would otherwise have become future
climate spaces for the species.

Strategically, the Framework creates a
common language and overarching vision
to foster collaboration and policy coordi-
nation among government and nongov-
ernment organizations and agencies that

routinely have different political jurisdic-
tions and purviews. Indeed, this is a key
socio-political adaptation strategy (Heller
and Zavaletta 2009). For example, many
national governments are committing to
develop coherent climate adaptation policy
(Game et al. 2011), yet they are often com-
prised of multiple agencies whose efforts
may be overlapping or conflicting.

Agencies and organizations often operate
at different spatial scales and have goals
that pertain to different levels of ecologi-
cal organization (i.e., species, ecosystem,
landscape), and conservation/adaptation
strategy can help to envision how each
entity’s efforts can be realigned to en-
courage inter-agency complementarity
and synergism when developing national
adaptation policy. The Framework can
encourage consideration of the implica-
tions of specific adaptation actions within
abroader geographic context. For instance,
many local municipalities, land trusts, and
NGOs (nongovernmental organizations)
undertake their planning within geographic
scales defined by their political jurisdic-
tions. But these are often embedded within
larger landscapes. So, while a decision
to reallocate a small parcel of habitat or
enduring feature within a local planning
jurisdiction might seem appropriate given
local stakeholder values, that habitat or
feature may be a critical part of an ecologi-
cal process taking place across the broader
landscape. Failure to consider the broader
context could jeopardize species viability
if the habitat belonged to a larger constel-
lation spread across a landscape and that is
occupied only during part of a species’ life
cycle. Moreover, given that climate change
is likely to cause long-range movements
by species, it will become increasingly
important to consider the strategic value of
individual habitat units or enduring features
as part of a larger network within entire
ecological regions (e.g., forest ecoregion
when considering a forested tract of land;
a watershed when considering a series
of freshwater streams or lakes; a state’s
coastal zone when considering a salt-
marsh estuary). Finally, the Framework
can identify deficiencies or even key gaps
in our scientific knowledge. At the species
level, we know a lot about current and
future patterns of biodiversity and how to
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carry out appropriate assessments, pos-
sibly a holdover of a very species-centric
tradition in conservation. By contrast,
we know much less about assessing and
implementing adaptation approaches at
the more critical ecosystem and landscape
levels, especially as regards to climate
refugia and enduring features, approaches
that are increasingly touted as being key
to maintaining resistance and resilience
under climate warming (Game et al. 2011;
Groves et al. 2012).

CONCLUSIONS

The Framework provides a vision on how
to enlist and align institutional capacity,
and analytical tools to protect biodiversity
in an era of climate change. Operationally,
it provides guidance on whether and how
to systematically consider which combina-
tion of six adaptation approaches at three
distinct levels of ecological organization
should be used in conservation assess-
ments. The Framework offers insights
on how to establish a baseline of current
environmental conditions, identify which
ecological features will likely be most
vulnerable to climate change, and visual-
ize the future needs of the most vulnerable
species, ecosystems, and landscapes.
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