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Introduction

Washington State is expected to see profound impacts fliorate change over the coming
century, from decreasing snowpack and reduced summer dioeesnto increasingly frequent
and severe wildfires. Climate change is also expeitathpact Washington’s wildlife, as the
climatic conditions to which species have adapted move sappear entirely. Historically,
species have responded to such changes by adjusting their gleogemnges to track shifting
areas of climatic suitability. Today, however, suclposses are challenged by the rapid rate of
warming and widespread human-made barriers to movement,asutiiose posed by roads,
urban areas, and agriculture.

In few areas of Washington is this threat more of a @nthan within the Columbia Plateau
Ecoregion. The Columbia Plateau is expected to seeveflaSevere climate impacts, yet its
wildlife already face numerous stressors, includingmsive habitat loss and fragmentation from
agriculture and exotic species invasions. For this reasamtaining ecological connectivity
within the Columbia Plateau and to neighboring areas ladll critical to promoting the
ecoregion’s resilience to climate change.

In 2011, the Washington Wildlife Habitat Connectivity WorkiGroup (WHCWG) released a
report identifying linkages specifically intended to enhameeability of wildlife to respond to
future changes in climate. The WHCWGtatewide Climate-Gradient Corridors Analysis
(WHCWG 2011) identified corridors that fell along the cltnagradients (specifically
temperature) that species ranges are likely to follotih@g move to track shifting climates. This
approach is based on the assumption that if climatidigms are conserved (e.g., as
temperatures increase, higher elevations will stiliddatively cooler than lower elevations even
if both are eventually warmer), then species can gdgdre expected to move from currently
warmer areas to currently cooler areas (Fig. 1). Wéiggandard corridor might minimize the
geographic distance and barriers to movement between two areas, a climate-gradient
corridor seeks to minimize changes in climate encoutitbetween core areas of differing
temperature. The corridors thus allow for movement frelatively warmer to cooler core areas,
while following relatively gentle climatic gradients de. avoiding crossing over cold peaks or
dipping into hot valleys).

The Statewide Climate-Gradient Corridor Analys/HCWG 2011) offered a broad overview
of climate-connectivity patterns across Washington, aad not intended to inform on-the-
ground implementation. ThisColumbia Plateau Climate-Gradient Corridors Analysis
incorporates finer-scale land use and climate spatial dg¢as| taking us one step closer to the
information needed to guide local and regional climatesectivity conservation action. This
report: (1) provides a brief review of the methods used totifglethese corridors (for more
detailed methodology please refer to WHCWG 2011 and Nuied. €013), highlighting
differences between the Columbia Plateau and stateamdlysis approaches; (2) describes key
emerging patterns and insights revealed by the anal@isu@gests how these map products
might be appropriately interpreted and applied; and (4) iitesitemaining information needs
and opportunities for future analyses.

Washington Connected Landscapes Project: Columbia Plateau Climatee@r&brridors Analysis



)
3
T

Warmer —) Cooler

Figure 1. Pathways through a Changing Climatés the climate warms, corridors (arrows) between
relatively warmer and cooler core areas offer wildbifgortunities to track their suitable climates across
the landscape. Essentially, they promote a species’ aloilityin to stand still,” that is, to move to new
areas on the landscape in order to experience little thange in climate.

Methods

We identified climate-gradient corridors by using costatise modeling to map corridors with
the most unidirectional changes in temperature, andhidieest landscape integrity (lowest
human impact) between core areas of differing temperatMhile in most instances the methods
used to identify Columbia Plateau climate-gradient dors are identical to those presented in
WHCWG (2011) and Nuiez et al. (2013), there are several ifyemces. The most basic
difference is the reduced analysis extent, which includesColumbia Plateau Ecoregion and
those lands within a 25 km buffer around the ecoregiomndary. Additional differences
between the two analyses are highlighted below. Th& lbaodeling steps were (1) selection of
core areas, (2) definition of linkage rules, and (3) lygkenodeling.

Core Area Selection

We used core areas identified by the landscape integmitgectivity analysis for the Columbia
Plateau Ecoregion (WHCWG 2012). These core areas ar (Atgto 1112 kR), contiguous
areas of land with a high degree of naturalness (reasawith low levels of human impact)
relative to the rest of the study area. Differencdw/éen the spatial data layers used to identify
core areas in the Columbia Plateau analysis and ébewstle analysis include the addition of
new human modification data associated with transomsknes, wind turbines, and railroads,
and changes in how low-use roads were used in determiniagueas and resistance (WHCWG
2012). These changes resulted in subdividing high landscaggritptlands into more (and
smaller) core areas in the Columbia Plateau analysmpared to the statewide analysis;
landscape integrity core areas within the ColumbiaeBlataveraged 224 Knin the statewide
analysis, vs. 140 kimin the ecoregional analysis. This should improve tlmate-gradient
corridor model by (1) reducing the climatic heterogeneitghwicore areas, so that the mean
annual temperature of the core areas (which is used toriletewhich core areas are linked to
which) better reflects the range of temperatures withén core areas; and (2) increasing the
number of linkages among core areas, resulting in a mogasave climate corridor network.
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Linkage Rules
As in the statewide analysis, we connected core arsas loa:

Temperature—¥We connected core areas if they differed in their coldesan annual
temperatures by at least 1 °C.

Distance—We connected core areas if they wes® km apart, to avoid unrealistically long
linkages.

Linkage Modeling

We usedClimate Linkage Mappe(Kavanagh et al. 2012), an ArcGIS tool developed to
automate climate-gradient corridor mapping, to model deast corridors between core areas.
As in the statewide analysis, we mapped two types ofdmornetworks:

Temperature-Only Corridors—Fhese corridors find the routes of most unidirectiarenge
in temperature between core areas, regardless of integviand cover.

Temperature-Plus-Landscape-Integrity CorridersThese corridors find the routes of most
constant change in temperature between core areabdas)abut also avoid areas of low
landscape integrity (e.g., roads, agricultural areabudpan areas).

The resistance layers used for the Columbia Platekagermodeling differed in two key ways
from those used in the statewide analysis:

1) Use of a 90-meter resolution temperature layer, rather thanthe 1000-meter
resolution layer used in the statewide analysisThis is expected to improve the
climate-gradient corridor model for two reasons. Fitise, downscaling method used to
produce the 90 m layer (Climate WNA; see Wang et al. 20K2b&an shown to increase
the accuracy of temperature layers in areas of contpfgography, as topography is the
primary driver of climate gradients in such areas. S&cosing a finer-scale temperature
layer removes artificially large (and costly) diffaces in temperature that occur between
coarser-scaleells, improving the ability of climate-gradient corridais track local
temperature gradients.

2) Use of the landscape integrity layer from the WHCWG Analysif the Columbia
Plateau Ecoregion (WHCWG 2012), rather than the landscape integyi layer used
in the statewide analysis (WHCWG 2010)The Columbia Plateau landscape integrity
layer differed from its statewide counterpart due touisicin of transmission lines, wind
turbines, and railroads, and changes in how low-use roadswged in determining core
areas and resistance. These changes to the landsaapéyimesistance surface may be
expected to influence the linkages identified by the tempergiius-landscape-integrity
corridor model.
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Figure 2. Temperature-Only Climate-Gradient Corridor Network for theofmbia Plateau Ecoregion.
Corridors connect core areas of high landscape intebatydiffer in temperature by >1 °C, minimizing
changes in temperature along the way. Corridors aresepiesl as glowing white areas, with resistance
to movement increasing as white fades to black. Polygonssmprthe core areas, shaded to reflect their
mean annual temperatures.
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Figure 3. Temperature-Plus-Landscape-Integrity Corridor Networlk addition to minimizing changes

in temperature along routes between warmer and cooletaceas, this corridor network also avoids areas
of low landscape integrity (e.g., roads, agriculturabar and urban areas). Corridors are represented as
glowing white areas, with resistance to movement inangass white fades to black. Polygons represent

the core areas, shaded to reflect their mean annupktatures.
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Key Emerging Patterns and Insights

The climate-gradient corridor analysis resulted in twvaeks of landscape integrity core areas
connected by corridors falling along the Columbia Plateawégor temperature gradients: a
temperature-only corridor network (Fig. 2), and a temperailuglandscape-integrity corridor
network (Fig. 3).

Comparisons between Two Scales of Analysis

Differences between the Columbia Plateau and the steteskmate-gradient corridor analyses
(clipped to the Columbia Plateau) were driven by the timmeén changes to model inputs
described above: (1) use of a finer-scale temperature, I®)euse of the landscape integrity
layer produced in th@nalysis of the Columbia Plateau EcoregiMiHCWG 2012), and (3) a
smaller analysis extent. Specifically:

1) The use of a finer-scale temperature layer significantlyfeadted corridor routesThe 90 m
temperature layer better reflected the fine-scale t@pdge relief driving regional
temperature gradients, resulting in sometimes majosuenAgs of climate-gradient corridors
between core areas (Fig. 4). Though using the finer-sagée required substantially more
processing time, the magnitude of the resulting difiezesuggests that use of the finer scale
layer is a worthwhile investment.

Figure 4. Climate-Gradient Corridors Produced Using 900 m (Left Panel) aridrd (Right Panel)
Resolution Temperature Layerfed lines represent the least cost path (i.e., the impewpide optimal
route) between cores, while corridors are represegegowing white areas, with resistance to
movement increasing as white fades to black. Insets simagaification of the boxed areas to their left.
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2) The use of the Columbia Plateau landscape integrity layer fesiiin several significant
changes.Specifically:

The greater number of landscape integrity core areas ledtan increased number of
climate-gradient corridors. A total of 415 climate-gradient corridors was identified by
the Columbia Plateau analysis vs. 223 for the statewidlysis (clipped to the Columbia
Plateau). This is explained by the splitting of statevadee areas by newly identified
secondary roads and other barriers, which resulted inlinkages among what were
previously single, large core areas; and the presencewotare areas in areas with no
core areas in the statewide analysis (e.g., due towWering of the resistance of those
agricultural lands under permanent herbaceous vegetati@an, aghich are expected to
be more wildlife-friendly than other agricultural &s), leading to new corridors linking
these to other core areas (e.g., Fig. 5, Panels “amhdircles labeled “1”).

The smaller size of landscape integrity core areas led teduced climatic heterogeneity
within core areas This difference was minimal—the average standard deviafiomean
annual temperature within a core area was 0.67 for thantih Plateau analysis,
compared to 0.69 for core areas within the Columbia Platethe statewide analysis—
but is expected to improve the accuracy of the modelnbynlj core areas whose mean
annual temperatures (which determine which core areamkee ko which) better reflect
the range of temperatures found within the core areas.

Use of the improved landscape integrity resistance surfagesulted in both the gain
and loss of key linkage areas relative to the statewide clate-gradient corridor
analysis These gains and losses are distinct from those stggnfram changes to the
landscape integrity core areas. For example, somegiskavere lost where statewide
corridors traversed newly identified barriers suchrassmission lines and secondary
roads, resulting in new linkages through areas of relatiogher resistance (e.g., Fig. 5,
Panels “a” and “b,” circles labeled “2” and “3").

The clipping of the statewide analysis extent to the Coluni Plateau bisected many
large core areas in the Columbia Plateau buffer, leadingot changes in relative
temperatures among core areas, and subsequent changesitikdges. As described
above, the breaking up of large, climatically heterogesemre areas changed the mean
temperatures of these core areas, and subsequently wdrehareas were linked to
which. Because many of the core areas in the ColuRiaizau buffer region were, in the
statewide analysis, part of much larger core areashwihduded cold, high-elevation
areas beyond the buffer, clipping generally increasethtdan temperatures of these core
areas (e.g., see the change from deeper to paler blueskowls for core areas in the
buffer area of Panel “a” vs. Panel “b” in Fig. 5). Thliskages to and among these
smaller core areas are likely to better reflect ttwege of temperatures immediately
available to wildlife moving out of the Columbia Plateawsrm interior to cooler
peripheral core areas.
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Figure 5. Statewide (Panel a) and Columbia Plateau (Panel b) TemperaRites-Landscape-Integrity Climate-Gradient Corridor Networks
for the Columbia Plateau EcoregiorSee text above for further information.
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Comparisons among Temperature-Only, Temperature-Plu  s-Landscape-Integrity,
and Landscape-Integrity-Only Analyses

In the statewide climate-gradient corridor analyselatively gentle climate gradients and
relatively intense land use within the Columbia Plateaoaré&ggon led to distinct differences
between the temperature-only and temperature-plus-landstagety models. The Columbia
Plateau climate-gradient corridor analysis refines these models by including finer-scale
temperature and land-use input layers, and allows for a matepth comparison of the models’
differences and what they might suggest for model apgmitaln addition, including the

landscape-integrity-only model (referred to as simplgritiscape Integrity” in WHCWG 2012)
in our comparisons is critical to understanding the redamfluence of climate and land use in
determining climate-gradient corridor networks, and thusr tla@ipropriate interpretation.

Specifically:

Temperature-only corridors in the Columbia Plateau are reatively wide in flat, lower
elevation areas in the interior and relatively narrow in the steeper, higher elevation
areas at the periphery.As noted in the statewide analysis, because climatdegiadare
shallow in the relatively flat interior of the ColumabPlateau, temperature-only corridors
here are relatively wide (Fig. 2), as most routes betmeore areas are of equally low cost.
But, because climate-gradient corridors in high-elevatimas are more likely to encounter
large, costly changes in temperature, temperature-onligloms at the ecoregion’s periphery
are relatively narrow (Fig. 2).

The temperature-plus-landscape-integrity corridor network is virtually identical to the
landscape-integrity-only corridor network in the relatively flat, lower elevation areas
toward the interior of the Columbia Plateau. High intensity land-use in the Columbia
Plateau leads to steep cost differences between ldtévesy few areas of high landscape
integrity and those with low landscape integrity. Oa tther hand, cost differences due to
temperature changes are relatively small because tdwhaimatic gradients in this area.
Thus, the temperature-plus-landscape-integrity corridoxorétis virtually identical to the
landscape-integrity-only corridor network (Fig. 6).

Differences between the temperature-plus-landscape-egrity and landscape-integrity-
only corridor networks are primarily caused by climate-gradient corridor linkage rules.
Since climate-gradient corridors connect only core ardwd differ in temperature,
differences between the two models result primantymf the loss of landscape integrity
corridors that link core areas of similar temperat(Fg. 6, pale pink areas where the
landscape-integrity-only network does not overlap thepeature-plus-landscape-integrity
network).

In5|ghts from Model Comparisons
The temperature-plus-landscape-integrity model allows fo the identification (and
prioritization) of landscape integrity linkages that connectwarm core areas to cool
ones. Temperature-plus-landscape-integrity linkages in the ColuRlaéeau are, for the
most part, landscape integrity linkages that connectareas of differing temperature.

Washington Connected Landscapes Project: Columbia Plateau Climatee@r&brridors Analysis



Figure 6. Overlay of Landscape Integrity-Only and Temperature-plus-Larejse-Integrity Climate-
Gradient Corridor Networks.

Since the temperature-only model links the same cowes &® the temperature-plus-landscape-
integrity model, but does not consider intervening land ise#fers a complementary view of
climate-connectivity needs within the Columbia Plat&necifically:

The temperature-only model allows for the identification of climate-connectivity
restoration opportunities within the Columbia Plateau. Temperature-only corridors
follow least-cost climate paths between core areagiftdring temperature, but intensive
land use in the Columbia Plateau removes them from thmpemture-plus-landscape-
integrity network. Consequently, these corridors idgrdgportunities for restoring the most
climatically direct routes between warmer areas audec ones.
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Suggested Interpretation and Application of the Ana lysis

Ultimately, the relatively small differences in teenpture among core areas within the Columbia
Plateau, and the relatively shallow climatic gradieatasong them suggest the following
overarching take-home messages from the analysis:

Toward the interior of the Columbia Plateau, climate-gradent corridors provide only
limited added value to landscape integrity and focal speciesorridors in identifying
connectivity priorities for promoting biological resilience to climate change.The
relatively homogenous climate in the interior of th@utnbia Plateau suggests that climate-
gradient corridors are of limited utility in this aredfdets to build biological resilience to
climate change via connectivity conservation should insteads on maintaining and
enhancing connectivity priorities identified using modelscofrent condition (e.g., focal
species and landscape integrity).

Toward the periphery of the Columbia Plateau, climate-gradgent corridors provide
significant added value to landscape integrity and focal speaanodels in identifying
connectivity priorities for promoting biological resilience to climate change.The
presence of strong climatic gradients and core areasrm@fasingly cool temperatures toward
the Columbia Plateau’s periphery leads to climatealigra corridors that identify critical
climate-connectivity conservation opportunities that woettderwise go unrecognized by
analyses focused on current conditions. Given limitedatve refugia from warming within
the flat, warm interior of the plateau, climate-gratlieorridors may offer valuable access to
higher elevation areas toward the periphery of theée®la and beyond, increasing the
resilience of wildlife within the plateau.

Areas of overlap between temperature-only and temperaturplus-landscape-integrity
linkages identify potentially low-cost opportunities for maintaining climate-
connectivity. Since the only difference between the two modelsasnblusion of land-use,
temperature-plus-landscape-integrity corridors that apewith temperature-only corridors
identify areas that provide the most direct climaticesibetween warm and cool core areas
while also avoiding areas of low landscape integrity, thog may suggest priority areas for
climate-connectivity conservation (Fig. 7, magentasacganetwork overlap).

Areas where temperature-only corridors do not agree with @émperature-plus-
landscape-integrity corridors highlight climate-connectivity restoration opportunities.
These areas represent the most direct climate-gtadendors between warm areas and
cool, yet have low landscape integrity, as indicated leyahsence of temperature-plus-
landscape-integrity corridors. This suggests that thes@aos present good starting points
for evaluating climate-connectivity restoration actestiFig. 7, pale pink areas).

Areas where climate-gradient and focal species connectiyinetworks overlap highlight
potential priority areas for climate-connectivity conservationefforts (Fig. 8). Overlaying
climate-gradient corridor networks with focal speciesrectivity networks offers additional
opportunities for guiding climate-connectivity conservataetisions. As areas of overlap
are valuable for both current and future connectivity, tlseiggest priority areas for
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connectivity maintenance and restoration. Howevergabgse climate-gradient corridor
networks include landscape integrity core areas asasedllimate-gradient corridors, such
overlays may be most powerfully interpreted and apgiednalyzing them together with
other climate-gradient corridor map products (e.g., Figg, and 9), to better understand the
underlying reasons for network overlap and implicationsnigdementation. Future analyses
(see Conclusions and Future Warlbelow) may offer additional guidance and products
regarding this approach.

Figure 7. Overlay of Temperature-only and Temperature-plus-Landscapedritg Climate-Gradient
Corridor Networks.
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Figure 8. Overlay of the Temperature-only Climate-Gradient CorridortWerk and Focal Species
Networks from the Analysis of the Columbia Plateau Ecoregion (GWG 2012).

A Vision for a Climatically-Connected Columbia Plat  eau Ecoregion

The WHCWGANnalysis of the Columbia Plateau Ecoregi®HCWG 2012) suggested a vision
for a connected Columbia Plateau, which identified séJerg connectivity zones for focal
species and landscape integrity within the Plateau andoosurrounding areas. Incorporating
climate-gradient corridors into this vision draws attentio additional linkage zones whose
primary added value is in facilitating the movement ofdiffé out of the warm heart of the
Columbia Plateau and up into the cooler, higher elevati@as at its periphery (Fig. 9). As
discussed above, because core areas toward the itettier ecoregion feature relatively similar
temperatures, with intervening climate gradients that mlatively shallow, some key
connectivity areas identified by focal species and lamsdategrity networks—most notably
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the southern half of the Braided Scablands Swath—are ngidsom the climate-gradient
corridor network. For such areas, maintaining conwmgtistill offers a critical tool for
promoting biological resilience to climate change, but linkagased on current conditions
represent the best available indicator of connectivgds in those areas.

Figure 9. A Vision for a Climatically-Connected Columbia Plateau Ecoregiddlack lines correspond

to linkage zones identified for focal species and landsicapgrity (WHCWG 2012), blue lines
correspond to climate-gradient corridors that overlgh \@ndscape integrity corridor networks, and
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magenta lines correspond to climate gradient corridatsdkin not overlap with landscape integrity
corridor networks

Appropriate Use of Climate-Gradient Corridor Map Pr  oducts

As with the statewide analysis, users should be awérthe following caveats regarding
appropriate use of the climate-gradient corridor analysis

Corridors identified by this analysis are most useful fo guiding relatively large-
scale conservation decisionsThe assumption that current climate gradients will be
maintained into the future is most robust at scalesealseveral kilometers and below
several hundred kilometers. Thus, climate-gradientidans identified by this analysis
are most appropriate for guiding connectivity conservati@msams over relatively large
areas. Zooming in on individual corridors to guide locales¢g5 km), specific land-use
decisions (e.g., individual parcel acquisition) would uielthe underlying assumptions
of the model. Instead, the climate-gradient corridownoét is best used for identifying
relatively large-scale climate-connectivity priorityreas, within which local-scale
connectivity conservation actions can be made usingn@gtound information.

Climate-gradient corridors should not be overlaid with spetes habitat layers to
identify species-specific climate-gradient corridors. As habitat distributions are
expected to shift in the future, it would be inappropriateuse individual species
distribution maps as sources or destinations for spspmsfic climate-gradient
corridors. Species distribution maps may, howeveuydsel to prioritize climate-gradient
corridors, such as by identifying and prioritizing climatadient corridors that overlap
multiple focal species connectivity networks (discussenabsee Fig. 9).

Opportunities for Future Analysis

Climate-Connectivity Needs of Wildlife Moving into the Columbia Plateau

This analysis only addresses climate-related movemewlsrier wildlife currently living within
the Columbia Plateau, which are likely to require actes®oler areas as the climate warms. It
is less likely to facilitate the movement of wild@iinto the Columbia Plateau Ecoregion from
other ecoregions, simply because topography is the primar arf climate-gradient corridors
in our region, and the Columbia Plateau is at a loweragibn than immediately-surrounding
areas. Climate-connectivity models aimed at facifigatthe movement of wildlife moving
northward into the Columbia Plateau may require additi@malyses explicitly incorporating
latitudinal gradients, for example, to complement tb&tively local climate gradients we
examined.

Prioritizing Corridors and Conservation Actions

Currently, this analysis provides minimal guidance regardiegrelative importance of any
particular corridor in the network. Possible approactoesprioritization include conducting
analyses to identify areas where loss of landscafggrity would most compromise climate-
induced movement across the landscape. This could be eghising tools such as Circuitscape
(McRae & Shah 2009) to detect “pinch-points” in corridorshyconducting centrality analyses
to identify core areas and corridors whose loss wowd t® a dramatic reduction in overall
network connectivity (e.g., Carroll et al. 2012). Additidpathe use of new tools to identify
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pinch-points and restoration opportunities within corridassi{as been done for focal species in
the Columbia Plateau; see WHCWG 2013) could help to deterappeopriate actions for
conserving the corridors we have mapped.

Conclusions and Future Work

This report complements the earlier statewide clingaaelient corridor analysis (WHCWG
2011) by using finer-scale data at the ecoregional extahedColumbia Plateau. In the coming
year, the WHCWG will release additional products thdt further support prioritization of
climate-gradient corridors identified in this report andvie additional guidance for on-the-
ground implementation. Together, these maps and intelpretaiols aim to inform regional
wildlife management and land-use planning decisions targdtengibvement needs of wildlife
and the habitats they rely on, now and into the future.
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