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Scope and Objectives of this Report

This report has been prepared for the Bureau of Landddg@ment (BLM) to lay the groundwdide a
planned growthandyield madeling study evaluating the potential impacts and associated uncertainty
of projected climate changes on a variety of forest management outcomes on BLM lands in western
Oregon. Thispcomingstudy will be conducted using the Climate extension of the Edfegetation
Simulator(ClimateFVS)model developed and maintained by the US Forest Ser@timateFVS
incorporates bioclimate envelop projections as inputs to drive-te®l standlevel growth and

mortality. The process by which Climdt¥S incorpates these factors is described briefly at the end of
this report. This report focuses on the input data for Clim&éS rather than the growthnd-yield
modeling outcomes that ClimateVS generate3.heresults ofClimateFVSimulations are to be
preserted in a separate report

This report is intended to offer a comparative assessment of bioclimate envpiojections that feed

into the FVS modeling environment with other independent research studies. The goal of this
comparison is to identify areas wte independent research studies have come to similar conclusions or
where disagreementemains regarding the expesd changes in climatic suitability for tree species and
forest types that will be simulated using Clim#®S. The underlying assumptiothist areas that show
strong agreement across modeling studies indicate higher confidence in the climatic effects on trees and
forests within the study area.

In general, lhis report provides a synthesis and analysis of climate and forestry researdrathbeen
previously peeireviewed and published in scientific journaddthough some datasets that have not yet
been per reviewed have also been includdtis report utilizes datasets and proces$&sn other

research teamshat were generated at a brahregional scale, and presents and analyses these data
within a subset of their original geographic range (i.e., western Oregbhg primary focus in our

review is to identify areas of agreement and disagreement regarding bioclimate envelope projeittions;
is not intended to more thoroughly evaluate the underlying causes of projected bioclimate envelope
shifts due to specific environmental factors such as amounts of timing of precipitation, changes in
temperature, etc.

This report is structured to offex brief overview of climate trends and projections in the Pacific
Northwest, the relevance of these changes to forest ecosystems in the region, and then a more detailed
discussion and evaluation of the methodologies and tradeoffs involved in developingtarmteting
bioclimate envelope projections/Ve close with a brief description of how Clim&t¥S incorporates

these bioclimate envelopes into its simulations that will be presented in a separate report.

The bulk of the analysis in this report consist detailed comparison and discussadtrseveral

bioclimate envelope studies that are already publicly availablécover the Western Oregon BLM
lands. This report considers prexistinggeospatiadatasets covering this area that have either been
peer-reviewed i scientific publicationée.g., Coops, Waring & Sokder 2009; Crookstoet al.2010;
Coops & Waring 201Dy have been published with sufficient documentation of methods to enable
meaningful comparison and discussi@ng., Bachelet 2014)As a review of existing datasets, we do not



conduct new modeling projections in this reviefwurther, additional modéhg approaches including
processmodels, gap models, and othapproaches to bioclimate envelope modeling are underway in
severalresearchprojects, and we encourage the BLM to consider these and other lines of research to
further evaluate the potential ipacts of climate change on forest ecosystems as they become available.
We do not thoroughly address all thedifferent modeling approaches in this report.

Introduction

dimate trends and projections for the Pacific Northwest

By the end of the twentiethentury, the climate across the Pacific Northwest (PNW) is on course to be
substantially shifted from the conditions under whizhdzNJ NJbistseagt@ther ecosystesmave
developed. Dalton and Motg2013 chap. 2)eport the latest round of climate modeigas projectingan
increase in annual average temperatures of2.8°F by mietentury. This warming is consistently
projected to be more intense in summers, which are also more comnexplgctedio become drieias
precipitation is commonly modeled to shift earlier in the seasdrhe climate models are unanimous in
projection of increases in heat and precipitation extremes and decreases in cold extremes.

Relevance of climate change to PNW forest ecosystems

Climate exerts a sting influence over forest ecosystem processes. Climate change may directly affect
physiological processes such as individual tree growth, forest productivity, and mortality; climate may
also indirectly affect forests by altering disturbance regimes intufire, pests, and disease. These
effects have been summarized in reviews covering Washington state by Littel{2@20)and Oregon

by Shafer et al(2010)

Although gradual changes in temperature and precipitation will alter growing environments for many
tree specieandcorrespond to changes in growth and mortality, the effects of a changing climate on
disturbances are anticipated to be much stroegdrivers offorest ecosystem change:

The most rapidly visible and shdéerm effects on forest ecosystems will be caused by
altered disturbance regimes, often occurring with increased frequency and severity.
Interacting disturbances will have the biggest effects cmsgstem responses,
simultaneously altering species composition, structure, and function.

Vose et al(2012)

There are indications that ongoing changes in climate have already produced increased occurrence of
drought and heat stress concurrewith a rise in reportsn scientific journal®f tree mortality in forests
around the world(Allenet al.2010) This global trend has been more strongly documentétt w
observations in the western US, and diredithked to an observed increase in annual tree mortality
(nearly doubled) across the regi¢gvan Mantgenet al. 2009).

The increasetfee mortality ratesdocumented by van Mantgem et §2009)were observedicross the
western USn every geographic region, elevation zone, genus, diameter classrenetdirn interval
consideredand supported withanalysis indicatingistoricalfire exclusion, structural changes and



within-stand competition were not causing these changes; instead, increased temperature and water

deficits were strongly correlated witf 2 NI F f AG@X f SIFRAy3 GKS | dziK2NB G2
YR O2yaSldsSyi RNRddAKG aitNBaa wlNBe GKS vyz2ad tA1S
These early indicators of increased stress and mortality for trees and forests in the West are reinforced

by remotely sensed diurbance detectiorwhich shavs increased occurrence of disturbance within

areasthat have been identified through bioclimate envelope modeling as vulnerable to climate change
(Waring, Coops & Running 2011)

The following analysis and review of projected climate change effectie suitability of western

Oregon lands is primarily focused on the potential climatic niches for individual tree species over the
coming century. This review does not address the likely impacts of altered fire, pest, or disease
dynamics, which are gerally expected to exert an even stronger influence on PNW forests.

Climate Models and Emissions Scenarios

The recent surge in modeling studies of species responses to climate change have drawn from
projections of climate variables produced in two waeésesearchthat feed intothe work of the
Intergovernmental Panel on Climate Change (IPCC). In general, projections of future climate
fundamentally involve two major components: General Circulation Models (GCMs) which simulate
future climate based on asof pre-defined drivers and climatic relationships and processes; and
emissions scenarios describing the timing and amount of greenhouse gas emissions over the next
century.

The principal data sources consideiadhis review were peereviewed based on their application of

GCMs and emissions scenarios utilized in the Fourth Assessment Report of the IPCC. This collection of
models and outputs is known as the third phase of the Coupled Model Intercomparison Project (CMIP3).

Of the two availale speciedevelbioclimate envelope data sources for western Oregon (described in

greater detail below), the only GCM applied in both cases was the Canadian Centre for Climate Modeling
YR !ylfeaAraQ / D/ ao Y2RSt o { A YAT IseMdodaiasiuices S YA &aA
werelimited to the A2 and B1 scenarios. More detailed descriptions of the A2, B1, and other emissions
a0SYIFINxA2a OFly o06S F2dzyR Ay Lt /(20Dp { LISOALFE wSLRNI 2

Leading up to the Fifth Assessment Report of the IPCC, updated versions of GCMs have been developed,
and emissions scenarios have been redefined primarily on the basis of the radiative foremgeff

GHG concentrations in the atmosphere (earlier emissions scenarios were defined based on socio
economic development trajectories). This new combination of models and emissions scenarios

referred to as the fifth phase of the Coupled Model Intergrarison Project (CMIP5). The new

emissions scenarios applied by CMIP5 are referred to as Representative Concentration Pathways (RCPs),
and identified by the radiative forcing value associated with a particular emissions schedule in terms of
watts per sqare meter by 210QVuurenet al.2011) In this review, we will present data for future

bioclimate envelopes based on fotirculation models and two RC@s5 and 8.5) These latesSEMIP5

climate projections will also serve as the basis for the forthcoming grawthyield modeling study.



To make informed projections of species or ecosystem responses to climate chevjgejons by

GCMs needb be scaled down to provide climate variables at a scale reldeadistinguisting species
distributions or physiological processes. The d@ampling approaches used by the two groups of
studies reviewed here are referenceddach of the respective bioclimate envelope publications (cited
below).

Approaches to assess vulnerability of trees and forests to future climate change
In a review oBpproaches to estimate climate vulnerabiliBowland et al(2011)offer two main types:

1 Spatiallyexplicit modelsusing correlative associations or environmental variables; and
1 Bvaluative frameworks that generate relative indices of climate change vulnerability.

This report focuses primarily on comparing two studies usifigrdnt approaches to the application of
spatiallyexplicit models. Both correlative statistical models and mechanistic prodessed models rely
upon several assumptions and have shortcomings. These are discussed in more detail further below.
Evaluaive frameworks can provide greater coverage of topics and factors not addressed through these
spatiallyexplicit modeling approaches, and are a valuable and important resource for more
comprehensive climate change vulnerability assessments and adaptaioning.

Evaluative frameworks relevant to the western Oregon study regimsidered in this reporre

availablefor comparison with projections of species distribution modef®r example, Devine et al.
(2012)provide an assessment of 57 tree species covering severakgidns across Oregon and
Washington usingcores foffive risk factors: distribution; reproductive capacity; habitat affinity;

adaptive genetic varian; and major insect and disease threats similar spreadsheet tool designed

for scientists in natural resource agencielsichprovides a Climate Change Vulnerability Index
considering a speci€sxposure to climate changes (using desgakd climate projections) anits

sensitivity to those changes based ondiflerent factorsis also availabléyounget al.2011) It is worth
noting that these evaluative frameworks can involve several subjective scoring and weighting systems
but we neverheless encourage their consideration as one of many lines of evidence to support climate
adaptation planning efforts.

In the eastern US, a hybrid pq@achcombiningboth statistical modeland modifying factors drawn
from anevaluativeframework approacthas been developefMatthewset al.2011) The resulting
projections for 134 different treepecies, as well as several bird speciesghaeen published online
(USFS NRS Landscape Change Research GrouprzDhdye been incorporatedtim several climate
change adaptation and vulnerability assessments foregjional projects imidwesternand
northeasternstates(Northern Institute of Applied Climate Science 2015)

Spatially -explicit model ing applications

Although evaluative frameworks described aboway offer a more comprehensive consideration of

faODi 2 NBE NBlF d2yl ofé SELSOGSR (G2 ¥FFSOG I aLlsorsSaqQ R
are not inherently spatial in application, and do not directly address locations within a study area that

are most vulnerable to climate change, an importaahsideration for prioritizing climate adaptation

and mitigation effortRowlandet al.2011)



There are two maimodelingapproaches used tmform our understanding ofurrent and future
species distributions a patially-explicit manner

9 Statistical models, also known as correlatmeempiricalmodels
1 Mechanistic models, also known as proebased models

Both of these approachesgvolve applying historicallgbserved relationships between species
presence, abudance, or performance to identify the geographic aréasecological nicheshat
provide suitable conditions for a species to sunawel grow

A review of species distribution models by Guisan and Th(@0#€5)provides a helpful distinction
between these two modeling approaches using the concept of the ecological niche:

1 Processased models apply physiologiprocesses to simulate the ability ofpeciedo survive

given a set of abiotic/environmental variables. These models enable prediction of all the areas

GKAOK LINPOPARS O2yRAGAZ2Yya adzidl of findangemMal hicheda LISOA S a
1 Empirical models use statistical approaches to identify predictive relationships based on the

O2NNBft A2y 2F I aLISOASAaQ LINBaSyOSkloaSyOoS 2NJ I«

environmental variables. As these models are based on therefd@ccurrence of a species, which

is known to be constrained by a variety of factors such as competition, dispetisathese models

represent a subset of thiindamental nicheeferred to as thaealized niche

Generalized statistical and process-based models

Bothof thesetypes of models caalsobe applied at the species level or at the level of plant
assemblages or biomedhere are severab@mplesfor the application of statistical nichbased models
for predicting the suitable areas for biomer plant assemblagés.g., Hamann & Wang 2006; Rehfeldt
et al.2012; Wanget al.2012) Similarly, ppcessbased modés applied to predict vegetation types or
clasgs known as dynamic global vegetation modais also availableThe MC1 modeis one such
example for whictluture vegetation type projections under climate charge/e been publishednd

are presenteddrther below in this repor{Bacheletkt al.2001)

Bioclimate envelope modeling applie d to tree species in the Pacific Northwest

Several examples of species distribution armatlimate envelope modeling have been published

covering the Pacific Northwest. Hamann and Wg@96)and Wang et af2012)utilize statistical

models to predict future occurrence of vegetation types in British Columbia which are then used to infer
the realized nichehat would be available to individual tree species under future climalé® statistical
approach of the Crookston et §2010)dataset, as well as the method used in this report for visualizing
agreement or consensus in future climatic suitability projections are very similar to tfid¥arm et al.
(2012)

The future climatiuitability projections of Crookston et #2010) and additional data published by the
Moscow Forest Science Laboratomyt|y:/forest. moscowfsl.wsu.edu/climatéy have been used for
climate change adaptation planning including in northeasteregon(Blue Mountains Adagation
Partnership 2014)Another application of bioclimate envelope modeling using statistical mddels



http://forest.moscowfsl.wsu.edu/climate/

management planning purposean be found in several studies developing seed zones for Eastern white
pine and Western larch in the YBehfeldt & Jaquish 2010; Joyce & Rehfetdt3)and for several
species in British Columbj#ing & Yanchuk 2006; Hama@ylander & Chen 2011)

McKenney et al2007, 2011)leveloped projections of future climatic suitability for 130 tree species
under three circulation models and two emissions scenarios from CMIR&se outputs from were

prepared with a 10km x 10km grid cell resolution, and have been published online alongside numerous
other species aittp://planthardiness.gc.ca Unfortunately, these data are not availalin a

downloadable format for analysis within a Geographic Information System (GIS). In addition, the
10x10km grid cell resolution significantly constrains the ability for interpreting climatic suitability for

tree species at finer scales than midtéte or regional extents. Similarly, the statistics reported in these
publications (as well as all the others reviewed) are generally reported as changes in the complete area
ofald- NI A Odzft F NJ ALISOASEAQ 0A20fAYIl (S néy &8 thu bifsrveryh 1 S
limited inference at scales equivalent to BLM Districts or Resource Areas that occupyortlgraof

the modeled range.

Twoother recent modeling approachdse., Coop®t al. 2009, 2011; Crookstoet al. 2010)have

emerged with finer spatial resolution covering the PNW with substantial overlap in terindiaiual

tree species, circulation models, ardhissions scenarios, enabling comparisons among these models.
These approacheare investigated and presented in this report with a focus on the western Oregon
BLM District exters, and described in greater detail in the description of methods used beRmaeenty
publisheddatasetswith future projections ofpotential vegetation types for the western US using

version 2 of the MCilynamic global vegetatiomodel and CMIP5 climate projections are also discussed
(Bachelet 2014)

A similar approach to statistically project climatic suitability for several tree species in the Pacific
Northwed using CMIP3 climate projections and the MAXENT statistical program that were prepared by
the GEOS Institute are availabletbie Databasirwebsite(GEOS Institute 201L.3However, these
projections do not yet appear to have been subject to peer review, and several importanbdssfibr
generating them (e.g., baseline climate period, training data, etc.) are not described at this website.
These maps may offer an additional source to compare to future climate projections discussed in more
detail in this report, but we have not ingporated these datasets formally into the statistical and
graphical comparative analysis of bioclimate envelopes conduwesl

Assumptions, uncertainty, and tradeoffs in approaches to assess climate change impacts

The application oftatisticd and procesdasedmodels to project potential responses of species to
climate change isontinually evolvingvithin the scientific community, largely owing to a variety of
assumptions embedded withisach of the distinctnodeling approachesand the impaotance of the

variety assumptions and variables found to drive species performance under a changing climate
(Franklin & Miller 2009; Wieret al.2009) As highlighted in a review by Pearson and Daw20603)
despite the limitations imposed by the assumptions and uncertainty in species distribution models for

FdzidzZNBE Of AYFOGAO &dzA Gl oAf AlGe LidNBRE&EOEtanAytatie § KSaS Y2
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discussed with considerations of the uncertainty and geographic scale at which they may be applied.

Both statistical and procedsased models rely upon a variety of assumptions, ardacasionally
presented withoutindications of the uncertainty in the predictive abilities, and often without clear
discussion of the appropriate scale fatdrpretation andapplication. Given thiack of data from the
future which could serve to validate these modelse certainty of future bioclimate envelope
projections using statistical moddlas well as climate models themselvdaagluding the appropriate
geographic scale for interpretatiae unquantifiablgBeale & Lennon 2012)

Satisticalmodelsrely upon assumptioathat species distribtions are primarily determined based on
climatic variables (in contrast factorssuch as competition with other species), that current species
distributions used as training data are at equilibrium with climatic variables, and that species migration
over time is not constrained by travel distano@gaudjo & Peterson 2012}t is important to consider

that these models generally rely upon an assumption that the relationship and interaction between
biotic and abiotic varidies are conserved into the future, but also that disturbances by humans and
natural processes are also a common driver of current species distributions that may not be factored
into the training data of speciggesence/absence used to build statisticdbat®nships between

climatic drivers and species habitat suitability.

The relative importance of climatic variables as primary drivers of species distribbti®hsen

challenged by Clark et #2011)based on research on 40 tree species in the southeastern United States.
Clark et al(2011)assert that competition and differential respongesclimateover time byspeciesn
different life historystagesappear to bestronger predictorof species distributions than the spatial
correlation ofspeciegpresenceor abundanceandclimate variables These findings highlight the
importance of considerintife historyattributes when interpreting the outputsfaspecies distribution
models that do not account for these species qualit&smemechanistic modelsncluding gap models,

are capable oincorporaing the life history factors identified by Clark et(@011) butthesehaverarely

been applied to projections &pecies suitability undeslimate changdo date (Morin & Thuiller 2009)

One aspet of a speciedife history that is often omitted in bioclimate envelope studies regards the
consideration of & LJ&@ehesadiaR nichewhich describes the conditions under which a species will
naturally regenerate. An innovative study by Bellle{2014)used FIA plot data to evaluate climatic

envelopes separately for seedlings and mature trees, and found significant divergence between the two.

These authors further went on to conclude that climatic contractions can already leevelosin the

areas supporting theegeneration niche for six species considered. The contraofitime regeneration

niche indicates that iffwhen mature trees die or are removed, these ecosystems are likely to see limited
natural regeneration by those spres. Although the regeneration niche is likely to play an important

role in succession and natural regeneration of tree species in the future, it is worth noting that the
datasets for bioclimate envelope projections reviewed in this report do not talefdlator into account.

A separate important factor controlling the ability for trees and forests to adapt to changing climatic
conditions lies in the genetics and phenotypic plasticity of localized variants of individual species. Most

2y



approaches to biothate envelope modeling, including those datasets reviewed in more detail in this

report, tend to treat a species as genetically and phenotypically homogenous across its range. In reality,
localized populations of trees are likely to exhibit varying degiaf adaptability that may or may not
O2NNBalLRyR (G2 GKS FdzZf Nry3aS 2F OftAYFGAO O2yRAGAZ
general, the limitation of bioclimate envelope projections to consider regions where a species variant is
believed to occur constrains the range of climatic conditions for which that species will be predicted to
suitablein the future For example Wang et §012)demonstrate a much stronger projection of

climatic unsuitability fotrees in British Columbia whendividual seed zones, ecological provinces, or
ecoregimsare usedas the extent of training data to buildkdoclimate envelope projection as opposed

to using climatic conditions across the entire species ramgeaining data

Bioclimate envelopeBom statistical modelselate the current or historical psence and/or absence of
species or biomes to climatic variableRheforward-projection ofthese envelopeselies upon the
assumption that current relationships derived by these models between climatic variables and species
presence/absence are preserveder time often ignoring changes in biotic interactions with abiotic
factors such as G@ertilization, altered pathogen or parasite conditions, and genetic evolutinrcases
where novel combinations of climatic conditions occur in the future, staistnodelsare unable to

offer an informed prediction of suitability, as they have only been trained on correlations of historical
climate conditions with current species occurrendéechanistionodels offer an important advantage

to statistical models$n this regardoy being able to predict species responses to novel climatic conditions
(Beale & Lennon 2).

Although procesdased models offer great promise for evaluating future climatic suitability, they
require a detailed mechanistic knowledge of the physiological responses of individual species to a
complex variety of abiotic drivers, as well as timelerlying data for each of those relevant drivers across
the study area (e.g., soil water holding capadite presence or scale of gfertilization by species,

etc.), which are often unknown This tradeoff in procedsased models is believed to be themary

factor limiting their broader application to challenges like predicting species distributions under climate
change(Jeltschet al.2008)

A major challenge in evaluating the performance of these models is that they are generally only
available to be validated against observationsafrent species presence/absenoe abundancewhich
represent therealized nichef a specie¢Beale & Lennon 2012Processbased models, which predict
the fundamentalnicheof a speciesare thusgenerallyexpectedto predict a greatesuitable aredor a
species Thisalsocorrespondto an increasedkelihoodthat theseprocessbasedmodels would hag
greater error rategi.e., errors of commissiofin predicting current species preseniceareas where a
species could physiologically survive, but where other constraints such as competition with other
species intervenéCheaitet al.2012) According to Beale and Lenn@®12y ¢ YS(i K2 Ra G KI & AR
the fundamental niche in preference tbe realized niche are preferable, despite the greater
uncertainty associated with their predictiorisecausehe narrower precision of the realized niche
Y2RSt LINPoOolFofé& dzyRSNBaUGAYI GS& dzy OSNIF Ay (e oé
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There are also a wide variety of sources of uncertainty that affect the confidence of bioclimate envelope
models, and species distribution models more getigradBeaumont et al(2008)provide a helpful visual
overviewcovering theprimary sources of uncertainty that feed into modeling future bioclimate
envelopesreproducedn Figurel.

Figure 1.  Major sources of uncertainty in bioclimate envelope modeling

as described by Beaumontetal. (2008)
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In general, there are three major groupswf sources of uncertainty identified by Beaumont et al.
(2008) of future climate of biological responses to climate and other environmental fes;tand model
parameterization and statistical uncertainty within the species distribution projections themselves.
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Wiens et al(2009)further describe the sources of model uncertainty including structural model
uncertainty, the translation of niche association®idistributional probabilities by model algorithms,
and the quantity and quality of training data including spatial and temporal extents, scales, and
mismatches between datasets. Although model uncertainty within species distribution models is
commonly eported, the uncertainty related to future climate projections and biological responses to
climatic variables are rarely reported alongside them.

Reported divergence between process -based and stati stical modeling outcomes

Severatecent studiesffer side-by-side comparisons of procebssed and statistical modefisr future
tree species projectiongnder climate changeThese studies consistently report that statistical models
(and particularly tke Random Forestsiodel) are strongr than mechanistic modelat predicting current
speciedistributions based on correlated environmental variablest that these statistical models also
produce significantly larger predictions of shifts (and loss)imfatically-suitable ranges for most tree
species thamechanistic model@Morin & Thuiller 2009; Keenaet al.2011; Cheailet al.2012)

These results are intuitive based on the consideration of the types of ecological niches predicted by
these models. Statisticalodels are unable to capture the phenotypic plasticity or local adaptation of
tree species thamay becaptured in somenechanistic modeléVorin & Thuiller 2009) Sensitivity

analyss performed by Cheaib et #2012)and Keenan et a(2011)both identified rising CQ

concentrations (captured isomemechanistic modelsith physiological respaesof increased

nutrient and water use efficiencies) as a major factor affecting the greater predictions of productivity
and survival imechanistic modelsompared tostatistical modelsthis effect was not shared across all
species, particularly where species distributions are more strongly limited by hard climatic factors (such
as freezing tolerance).

As mechanistic and correlative models are becomitoge commonly applied and evaluated,
recommendations for improving their as@cy and reliability are emerging, including the utilization of
consensushased or ensemble methods for correlative mod@sasad, Iverson & Liaw 2006; Marmitn

al. 2009; Wanget al.2012)along with emerging approaches to integrate mechanistic models or
mechanistic features into correlative models or apply them both in an ensemble or consensus approach
(Kearney & Porter 2009; Iversehal.2011) Both of these approaches have been repeatedly
demonstrated to offer greater confidence in predicting current species distributions, and the strength of
YSOKI yAadAO Y2RSta G2 VY 2iddamergaynicheiRdenfulure&limigNe 2 S O
conditionsis broadly recognized

Bioclimate envelope projections used in this report

Before describing the specific methods applied by the datasets used in this study, it is important to
clarify what these models are and are not projectifgjoclimde envelopes are projections into the

future of climaticallysuitable habitat for a species. They are not direct projections of species
distributions. The climatic suitability of a particular locatinay be expected to significantly affect the
long-term productivity or survival of a species, bthiese factors interact with several other important
drivers that are not captured in these models to determine whether or not a particular species actually
occupies that niche in the future.
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Satistical approachs like that ofCrookston et al(2010)are trained to recognize the combination of

climatic variables that currently correlate strongly with species presence and absence, representing a

& LIS Odalfzed Qicher habitat. In contrast, mechanistic models, including the 3PG model which is

applied in ombination with a simplelecision tree approachy Coops et a{2009, 2011xand Coops and
Waring(2011)dzi A £ AT S + KIFyR¥dzA 2F SyBANRYYSyYyidlf RNRARISNEH
performance and identify the full geographic space capable of supporting the species, representing a
speciesiundamentalnicheor potential habitat. Neither of these approaches take into account the
physiological response of trees to elevated,C@hcentrations, competition between tree species,

differential responses of a tree species based on its life histotimis on theability for a species to

physically migratéo newly suitable niche space

The Random Forests regression approach of Crookston et al. (2010)

Beginning witlthe development of new spline model to den-scale climate projections using local
weather stationgRehfeldt 2006)a multiple regression approach called Random Forests has been
applied to generate bioclimatenvelope maps with 1km x 1km scale for bior{lRehfeldtet al. 2006)
and later for75 tree species covering North Amer{€rookstoret al. 2010)

Both thedown-scaledclimate projectionsas well as the speciespecific bioclimate envelope data
supporting these publicatisare publicly accessible and downloadable in GIS format from the Moscow
Foresty Sciences Laboratowebsite fttp://forest.moscowfsl.wsu.edu/climate

In brief, the Random Forests regression approach utilized by Rehfeld{20@f)and Crookston et al.
(2010)generates thousands of regression models utilizing different subsets of training data (Forest

Inventory & AnalysiéFIA)plots with species presence/absence) dmstorical climatic variable$1961-

1990 baselingp 91N OK 2F G(GKSasS NBINBaaiazy Y2RSfta FNB GNBI
LINBRAOGAY 3 | LW OSRBINSIBRASHEOS & &BISOASE OALFOoOAfAGR
species observations thin FIA plots for the species considered in this review occur in areas receiving a
viability score above 0.5. Scores below 0.5 are interpreted within these publications (as well as within

the ClimateFVS growtkandyield model) as aombination ofclimatc variableghat are not suitable for

a particular species.

All maps of future projections of climitsuitability in this reviewi.e., Map Sets-B) reflecta subset of
the latest climate models and emissions scenarios from CMIP5. In contrast, the graphs and tables
comparng speciedevelbioclimate envelopeare limited to the overlapping GCMs and emissions
scenariodetween Coops et a(2009, 2011)Coops and Warin@011) and Crookston et &2010)
which arefrom CMIP3 (the CGCM3 growth model and emissions sca&2iand B1).

The future projections of bioclimate envelopes by Crookston €P8l0)include three individual GCMs
(CCSM4: The @omunity Earth System ModegbFDLCMS3: Geophysical Fluid Dynamics Laboratody
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HadGEMZ2ES: Met Office (YK} well as an Ensemble climate projection based on the combination of 17
different GCM&

The hybrid process-model and decision-tree approach of Coops et al. (2011)

Statistical approaches such as the Random Forests regression modeling used in Crooks{pdl€t)al.
lack the ability to incorporate direct physiological responses to environmental variablescarmoraonly
implemented in procesbased models. The appealayrocessmodeling approacls attractive in light
of expectations tat higher ambient concentrations of g@itrogen deposition, and altered soil water
availability may strongly influence phgkigical responses of plants to climate change. In addition,
processbased models offer the potential to illuminate how novel combinations of environmental and
climatic variables could affect productivity. This aspeehethanistic models a meaningfucontrast
to statistical models which build bioclimate envelopes based on the correlation of histenbakyved
climatic variables with species presence or absence.réltability ofapplying statistical models to
novel environmental and climatic cditions isunknown.

In an effort toincorporate the strengths gfrocessbased models, which apply detailed physiological
NBf I A 2yaKA LA prodictivityluddgamy envirénié®t@ Eofditions, Coops et(@009)
present a hybrid approach combining a generic pregaesdel parameterized for Doughis with a
simple decisioftree statistical model. In brief, Coops et@009)utilize the 3PG procesnodel and
simulate the productivity of Douglds under historical climate condition49501976). The effects of
several climate vartdes on Dougla¥ A N & 3 NP g int&factond Bith Rawta-irall dpdti& R
coverage corresponding to what proportion of the maximum observed growth response for Dfiuglas
occurs in any single grid cgliven local environmental conditionsThesdactors incorporate the
differential effects of fouenvironmentalvariables (soil wateavailability deviations from an optimum
temperature, vapor pressure deficit, and frost frequensgaled between 0 and 1 based iwir impact
on Dougladir productivity. These Dougld#-referenced factors are then used to build decistoses
for several other tree species using training data efsgnce/absencef these speciefom FIA plots.

This method has since been applied by Coops and Wgtrid )and Coops et a{2011)to predict
bioclimate envelopes fot5 coniferous treespecies It is important to note that at the time these
research projects were ongoing, monthly climate projectiaese not incorporated talrive a process
modeling for future climate projectionsThat is, hese studies do not appprocessmodeling to future
climate data; instead a single decision tree for each species derived from praoess$ing of historical
climateconditions is applied to future climate variable§heserojectionsuse CMIP3 data andclude
the A2 and B1 emissions scenariogwiite CGCM3 circulation model, downaled to 1km x 1km
resolution.

Although current climate suitability is presented in Coops g28l11)in terms of resilience or
vulnerability to climate change using a threshold defined by the probability of occurrencepharass

! The 17 GCMs included in the Ensemble are:88K111; CCSM4; CESNIAMS; CSIRMK3-6-0; FIGESM;
GFDECM3; GFDESM2GGFDIEESM2M; GISB2R; HadGEM20; HadGEMES; IPSCM5ALR; MIROCS5; MIROC
ESMCHEM; MIRGESM; MRCGCM3; NorESMM. More information about the modeling approach of Crookston
et al. (2010)is available online dittp://forest.moscowfsl.wsu.edu/climate/future/details.php
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modeling with climatic data frorht976-2006, future projections of suitabilityn this datasetlo not rely

on a threshold process for declaring suitabitityunsuitability. Instead, thannualaverageclimatic
valuesfor 2020, 2050, and 2080ere plugged into a single decision tree for each species and given a
binary suitable/unsuitable rating for each piX€loops and Waring, personal communicatioMuch o
the data from these publications is publicly available for download in proprietary ArcGIS famats
http://databasin.org

The MC2 dynamic global vegetation model approach of Bachelet (2014)

Data from the Dynamic Global Vegetation Model MC1, version 2 (also referred to as MC2) is also
available with projections of potential vegetation types (as opposed to individual species) using a
processmodel approach.As described in Bachel@001) the MC1 model contains a biogeography
module that predicts the composition of deciduous and evergreen trees, as well as C3 and C4 grasses
andclassiiesthese combinations intone of 21different vegetation classes based on monthly
temperature and precipitation variables. Although MC2 also costabdules to simulate

biogeochemical cycling as well as wildfire, these modules are not described in detail in this report.

To generate future projections of potential vegetation types under climate change, Ba(2@1<)

utilize climate datdrom 10 CMIP5 GCMsnd emissions scenarios RCP 4.5 and RCP 8.5 that were down
scaledusing gprocess known alultivariate Adaptive Constructed Analo@gsbatzoglou & Brown 2012)

The MC2 model was run to generate projeciaf potential vegetation types with a resolution of 4km
pixels.

Methods for comparing bioclimate envelopes and mapping consensus

To evaluate the level of agreement between these two data sources, maps and graphics were generated
for at least six major e species identified by BLM staff: DougfiaswWestern hemlock, Western

redcedar Ponderosa pine, Grand fir, and Engelmann spruce. Where space allows, additional species
have been added to tables and graphs for additional cont&ékie maps presented iMap Set 1 show

the predictions of suitability/vulnerability by Coops et@011)based orbaselineclimate data from the
1976-2006 timeframe, while those from Crookston et@010)are based on climate data from the
1961-1990 timeframe.

Geospatial and statistical analysis comparing thesedatasetsin tables and graphs was constrained to
the geographic extent afrestern Oregon BLM Distribbundaries. Graphs and tables are utilized to
describe the level of agreemebetween these data sets under the CGCM3 model and A2 and B1
emissions scenarios.

In this review, maps of future bioclimatic niches are limited to the latest CMIP5 climate projections
derived using the same process described in Crookston g0)and downloaded from the Moscow
Forestry Sciencdsab website.

>The 10 GCMs considered in this modeling study include:E8MCCSM, BNUESM, MIROESM, CSIRO, GFDL
ESM2M, GFRESM2G, MIRGESMCHEM, CanESM2, a6 RMCM5
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Statistical, graphical , and spatial assessmentsof model accuracy and agreement

Metrics useful folmassessingf the accuracy athese two models in terms of predicting current species
presence and absen@epresented in Table 1 and displayedrFigure Se2. In particular, measures of
prediction errors compared to actual presence absence for FIA plots withingkiern Oregon BLM
District extent are shown along with the True Skill Stat{gtiouche, Tsoar & Kadmon 2006hich
combinesratings of model performance on both errors of omission and commission.

To quantify the level of agreement between the Coops et28l11)current habitat suitability ratings

and the Crookston et af2010)current species viability scores, the Concordance Correlation Coefficient
developed by Li(1989, 2000)s employed. Irief, this metric wagriginallydeveloped to compare
distinct scoring or rating systems for irieompatibility and reproducibility, and describes the

correlation of two variables to a 1:1 relationship.

To graphically display the agreement/disagreemesitdeen current and future ratings of bioclimate

envelopes between Coops et &011)and Crookston et a{2010) Figure Set8 and4 utilize abubble

graphlayoutd A YA £ I NJ (2 | W02y T dza Algyyhe atleagdlin Ehaudands of Kcted)S I NJ L
as classified bgach rating system shown along the@xis and yaxis. Thegrayshaded cells in these

tables represent agreemefiietween the two rating systems.

A preponderance of acreagethe lower ”ght' Example of confusion matrix used in Figure Sets 3 and 4

hand @ll indicatesthe rating system on the-x

FEA& A& Y2NB W2LIAYAA PN PN . Sa
suitability than the rating systemn the yaxs. % Tsies Agree

Conversely, a preponderance of acreagthe 3 Y = Optimistic Suitable

upper lefthand cell indicatethe rating system N 4 N 4
onthext EA & JpessimsBNSBG KMy
system along thg-axis. Graphs that show a

preponderance of acreage within the lower left o AT PN
hand and/or uppeiright hand cells indicate g Agree Disagree
strong agreement between the two modelin % Not Suitable X = Optimistic
Figure Sed, the rating systenfor Crookstoret ~ W W

al. (2010)is converted to a binary ratingvith

gl £t dzSa | 020SkoSt2¢ | 'INKB ¢ 27T
. . Not Suitable Suitable

0.5 rated as suitable/unsuitable.

Maps covering the state of Oregon in Map Set 1 provide the location of FIA plots where each species
was observed to be present or absent, overlaid with current habititability as defined by each data
source. It is worth notingthe geographidocations of FIA plotare Wizzed1o protect the identity of
landowners and the integrity of these plot$hesedizzedlocationsare used for calculating model
predictionaccuracyfor current presence/absencghown in Table and displayed in Map Sét
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Mapping consensusamong future bioclimate envelope projection s of Crookston(2010) and

Bachelet (2014)

To map future bioclimate envelopes projected by Crookston €2810) we show the level of

agreement or consensus among several different GEIM#8arto the approach of Wang et g012)

although we do not combine multiple RCPs/emissions scenarithés study Areas are mapped

according to whether the results are shared across all GCMs (unanimous agreement), or whether one or
more GCMs produce conflicting projections of climatic suitabilifyese are displayed in Map Set 2.

Map Set 3 displays the projected expansion of several species that are predicted to see the largest
growth in newly climaticalkguitable habitat in western Oregon due to future climate change with a
visualization oflte level of agreement among GCMs.

Projections of specific potential vegetation types by the MC2 model under high and low emissions
scenarios are provided in Map Set 4, where the most commonly chosen potential vegetation type
predicted among 10 separate GEN$ displayed. In Map Set 5, the level of agreement/disagreement in
these projections among 10 GCMs is visualized to identify areas where potential vegetation type
changes (or retention) are commonly predicted across these GCMs.

Results

Comparing Coops and Crookston

Current habitat suitability, Coops v. Crookston

The level of agreement between Coops and Crooksdsrindicated by the Concordance Correlation
Coefficient based oratingsof current climatic suitabilityshowed relatively poor agreement fatl
species (see Table IJhe strongest concordance was observed for Dodijlallowed by Western
hemlock and Westerredcedar and Ponderosa piné/alidation statisticsve calculatedusing FIA
presence/absence for each species within the exterthefwestern Oregon BLM Distribbundaries
suggest that the Random Forests approach applied by Crookston20&0)is generally more accurate
both in terms of predicting presence as well as absenceasfttree species. Specific exceptions include
better performanceby Coops et al(2011)at predictingspeciegresence for Douglafir and Western
redcedar(particularly when based on 1974006 climate data), and predicting species absence for
Engelmann spruce.

Crodston et al(2010)showed better prediction erformance for all species as measured by the True
Skill Statistic (see Table 1 and Figure Set 2). For the most widespread species (e.g-fibMigkiern
hemlock, Westermedcedar and Ponderosa pine), Coops et(a011)showedlower specificity (less
adept at predicting species absence) than Crookston €2@1.0) depending on whether the 1978006
or 19501976 climate data are used, Coops ef{2011)showed comparable sensiify (ability to predict
species presence) to Crookston et(2D10)

In general, the Random Forests approach applied by Crookston(20&0)appearsto spatiallyover-fit
climatic suitability toFIA plotlocatiors used as training data. This is apparent in maps of current
suitable ranges fobouglasfir and Westermredcedarthat tightly fit observations in FIA plots, but which
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suggest that the climate within the Willamette Valley would be unsuitable for Dodiglasd that many
locations along the Coast Range in western Oregon would betabkufor Westerrredcedar In

contrast, the procesmodeling approach of Coops et 011)commonly predicts suitability in many
locations where that species is not @rgedin AA plots(see Map Set 1). The overlaid species
distribution ranges of Littl¢1971)help provide a reference for more broadly defined zones believed to
historically support these species.

The current bioclimate envelope maps by Crookston gR8al10)tightly fit the FIA plot data. The

projections by Coops et d2011)F NB Y2 NB LINRWI (R SAEl (6 KSNBE G(KS LINBa
predicted by the model, but not observed in any nearby FIA plots. This is indicated stbtistiche

consistently largerammissionerror rates in Table 1 for most species under the model of Coops et al.

(2011) This aspect can also be observed in Map Set lexBople, Coops et gR011)bioclimate

envelopes predict suitability for Dougkisin southern Oregon east of the Cascade Range, and for

Western hemlock and Westenedcedaralong the SW Oregon coast, despite the general absence of

these species from FIA plots in these areas
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Table 1.  Current habitat suitability error rates and agreement within BLM District Extent:
Comparing Coops et al. 2011 and Crookston et al. 2010predictions of presence/absence at FIA plot
locations.
Commission Error Omission Error True Skill Statistic A
(predict presence when absent) | (predict absence when present) c q
Coops Crookston Coops Crookston Coops Crookston ggﬁg{aﬁgﬁe
etal. 2011 et al. 2010 etal. 2011 etal. 2010 etal. 2011  etal 2010 Coefficient*
1976 = 1950- 1961 1976 1950- 1961 1976 1950 1961
Species 2006 1976 1990 2006 1976 1990 2006 1976 1990
Douglas-fir 77.1% 91.9% 44.1% 0.7% = 0.7% 2.4% 0.53 0.44 0.65 0.88
Western hemlock 39.9% = 66.5% 30.7% 31.1% 3.8% 12.8% 0.29 0.49 0.58 0.81
Western redcedar 93.7% 46.8% 31.7% 0.7% = 17.0% 19.7% 0.42 0.40 0.49 0.81
Ponderosa pine 32.5% -- 16.2% 14.6% -- 7.5% 0.55 -- 0.77 0.76
Grand fir 15.0% | 20.8% 14.1% 84.7% 82.5% 51.3% 0.01  -0.05 0.40 0.13
Engelmann spruce 09% 1.7% 3.5% 88.9% @ 94.4% 50.0% 0.45 0.27 0.59 0.46
Noble fir 19.6% = 29.4% 8.9% 225%  7.5% 26.3% 0.58 0.66 0.67 0.67
Pacific silver fir 22.0% | 22.0% 9.5% 25.2% 21.1% 6.5% 0.53 0.57 0.84 0.53
Sitka spruce 10.6% | 18.6% 5.0% 12.6% @ 38.7% 3.9% 0.77 0.45 0.91 0.75

Notes: AThe True Skill Statistic combines the proportion of commission and omission errors to give a rating of model prediction accuracy

that

ranges between -1 and +1, with +1 corresponding to perfect prediction, 0 to r andom prediction, and -1 to completely inaccurate prediction ; it is
recommended by Allouche et al. (2006) for accuracy assessment in species distribution models.
*The Concordance Correlation Coefficient, developed by Lin (1989, 2000) describes the level of agreement between two variables. The
coefficient presented here compares the 19762006 timeline from Coops et al. (2011) with Crook ston et al. (2010). McBride (2005) has

recommended the following interpretation of the Conc ordance Correlation Coefficient in terms of the strength of agreement :

>0.99 = almost perfect | 0.95-0.99 = substantial | 0.90-0.95 = moderate | <0.90 = poor
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Figure Set 2: Prediction accuracy of species presence/absence:
comparing Coops et al. 2011 and Crookston et al. 2010

True Skill

Douglas-fir
1.0.
Sitka spruce . Western hemlock

—— Coops et al. 2011, 1976-2006

Coops et al. 2011, 1950-1976
Pacific silver fir z_

5 Western red cedar Crookston et al. 2010, 1960-1990

¢ Random Prediction

Perfect Prediction
Mountain hemlock NN =~ Ponderosa pine
Noble fir* Grand fir
Lodgepole piné. ""Engslmmm spruce
- . - - -
Specificity Sensitivity
Douglas-fir Douglas-fir
1.0 1.0,
Sitka spruce Western hemlock Sitka spruce, Western hemlock
Pacific silver fir ¢ Western red cedar Pacific silver fir Western red cedar
Mountain hemlock /1 Ponderosa pine Mountain hemlock N 2~/ Ponderosa pine
Noble fir' Grand fir Noble fir Grand fir
Lodgepole pine “Engelmann spruce Lodgepole pins. :'Erzgelr71a7171 spruce

Note: The True Skill Statistic combines ratings of model Specificity and Sensitivity. As described by Allouche et al. (2006) : fiSensitivity is the
proportion of observed presenc es that are predicted as such, and therefore quantifies omission errors. Specificity is the proportion of observed
absences that are predicted as such, and therefore quantifies commission errors. 6



Map Set 1: Fit of current bioclimate envelope models with inventory data

: Modeled climatic
Douglas-fir " FLAplot, species present ([ GRLf

FIA plot, species absent

Current Climatic Suitability Species distribution
according to Little (1971

As modeled by Crookston et al. 2010

Note: These maps compare estimates of current climatic suitability based on statistical modeling using
FIA plots as training d ata. Climatic suitability is not synonymous with species distributions. These maps
offer a sense of how well the suitability rating of each study fits actual field observations of species
presence and absence. For context, the species range distributionof Little (1971) is also overlaid.

D BLM study region
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Map Set 1 (continued)

Modeled climatic

Western hemlock  °© Fiaplot speciespresent [ F0cEKC ¢

FIA plot, species absent |:| S _
Current Climatic Suitability () Species distribution BRI
according to Little (1971)

As modeled by Crookston et al. 2010

Note: These maps compare estimates of current climatic suitability based on statistical modeling using

FIA plots as training d ata. Climatic suitability is not synonymous with species distributions. These maps

offer a sense of how well the suitability rating of each study fits actual field observations of species

presence and absence. For context, the species range distributionof Little (1971) is also overlaid. 22



Map Set 1 (continued)
° g Modeled climati
Western red cedar FIA plot, species present () Heceled climatic

FIA plot, species absent :I . )
Current Climatic Suitability () species distribution SRGERERE
according to Little (1971)

As modeled by Crookston et al. 2010

As modeled by Coops et al. 2011

Note: These maps compare estimates of current climatic suitability based on statistical modeling using

FIA plots as training d ata. Climatic suitability is not synonymous with species distributions. These maps

offer a sense of how well the suitability rating of each study fits actual field observations of species

presence and absence. For context, the species range distributionof Little (1971) is also overlaid. 23



Map Set 1 (continued)

4 . : Modeled climatic
Ponderosa Pine FIA plot, species present (il J6cc € <

FIA plot, species absent :’ e )
Current Climatic Suitability Species distribution SRR
D according to Little (1971)

As modeled by Crookston et al. 2010

Note: These maps compare estimates of current climatic suitability based on statistical modeling using

FIA plots as training d ata. Climatic suitability is not synonymous with species distributions. These maps

offer a sense of how well the suitability rating of each study fits actual field observations of species

presence and absence. For context, the species range distributionof Little (1971) is also overlaid. 24



Map Set 1 (continued)
Grand fir *  FIA plot, species present gj%‘;%ﬁg;ﬂimaﬁc
FIA plot, species absent

Current Climatic Suitability Species distrbution.
according to Little (1971

As modeled by Crookston et al. 2010

Note: These maps compare estimates of current climatic suitability based on statistical modeling using
FIA plots as training d ata. Climatic suitability is not synonymous with species distributions. These maps
offer a sense of how well the suitability rating of each study fits actual field observations of species
presence and absence. For context, the species range distributionof Little (1971) is also overlaid.

D BLM study region
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Map Set 1 (continued)

Modeled climatic

Engelmann spruce 4 piot species present {5 Seeties

FIA plot, species absent

Current Climatic Suitability Species disribution
according to Little (1971

As modeled by Crookston et al. 2010

As modeled by Coops et al. 2011

Note: These maps compare estimates of current climatic suitability based on statistical modeling using
FIA plots as training d ata. Climatic suitability is not synonymous with species distributions. These maps
offer a sense of how well the suitability rating of each study fits actual field observations of species
presence and absence. For context, the species range distributionof Little (1971) is also overlaid.

I:] BLM study region
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Vulnerability and resilience in the Coops dataset

In Coops et al2011)and Coops and Warir{@011) the authors provide a rating system to indicate the
locations that as of 2006are vulnerable or resilient to climathange for each spexs. Theaatings

used in this review are from Coops et(@011) whichwere derived based on thgrocessmodeling for
Douglasfir and the application of Dougl&s referenced decisions trees to predict presence/absence for
other speciefrom 19762006 those grid cells where the climate did not support the growth of the
species in 50% of the years modeled were declared vulnerable to climate change

Although the distintion betweenthis thresholdbased rating for historical and current suitability with
future projections was not apparent from the journal article itself, personal communication with both
Nicholas Coops and Dick Waring helped elaborate the process deseatlietfor predicting habitat
suitability under future climate scenariogs described above, although current climate suitability is
presented in Coops et gR011)in terms of resilience or vulnerability to climate change using a
threshold defined by the probability of occurrence from proeassdeling with climatic data from 1976
2006, future projections of suitability in this dataset do not rely on a threshold prdoesieclaring
suitabilityor unsuitability. Instead, the annual average climatic values for 2020, 2050, and 2080 were
plugged into a single decision tree for each species and given a binary suitable/unsuitable rating for each
pixel (Coops and Waring, persdrcommunication)This difference in approach between current rating
systems and future rating systems within this study suggest that the validation statistics presented in
the original publication, as well as in this review, offer no meaningful inferefitbewhich to gauge the
reliability of the future projections of bioclimate envelopes.

A particularlyconfounding aspect of these current vulnerability/resilience ratings is the apparent conflict

with both nearterm and longterm future climate projectionf Coops et al(2011) For exampleas

shown in Figure S& more thansixY¥ At f A2y | ONBa Of I aaAFTASR | a WwW@dzZ yS
werereOf  aaATHE B QF & W& dek teeedar @ d\thahn95050008che} classified as

W@dztE YySNF 6t SQ Ay Hnanc in2@BFEher abfplibistedl @xpladationlfoathisl a dzA G | o
apparently inconsistent model behavior in the Coops etZil11)future projections that predict

suitability under climate change at the same time these same areas have already been rated as

vulnerable in 2006.

Through furthempersonalcorrespordence with the authors, we learned that these authors suggest the
use of annual averages for future climate suitability ratings are likely driving a morepeorae rating

of future climaticsuitability due to the absence of monthly climate data. Théarg report being

G LI NI AOdzE F NI & SEOAGSR | ootwtiierabilkyBesil@nasadBargpublistédNs & &  LIN.
additional research indicating that the current vulnerable ranges identified in thedlimate envelope
research are already shamg increased disturbance detected satellite imageryfWaringet al.2011)
Based on these communications, we believe the future climate envelope projecti@wmops et al.
(2011)suffer fram insufficient statistical rigor aniil to provide statisticavalidationof this same
approach used for future suitability projections on current species presence/absence. Together, we
believe these significantly question tieenfiderce intheir previously publishegrojectionsof future
climate suitability, and that theratings ofcurrentvulnerability/resilience are likely to be more reliable
indicators of shifting habitat swbility due to climate change.
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Figure Set 3.
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Coopsetal. 2011, year 2050
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Note: Values inside or below each bubble indicate thousands of acres as classified by the rating systems
indicated on the x- and y-axes of each graph.
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Future habitat suitability, Coops v. Crookston

The Coops et af2011)F dzii dzZNB 0 A 20f AYIF S Sy @St 21LJS LINB2SOlA2ya |
comparisa to Crookston et al2010)in terms of broadscale suitability for several species across the
SEGSYyG 2F .[aQa 2S&a0SNYy hNBI2y RAAGNAOG o62dzyREF NAS
in future projections for Douglaér, Western hemlock, and Westeradcedar For example, across the

22.25 million acres of land within the BLM Western Oregon district boundaries, Crooksto(2etLal).

project just under 12 million acres as suitable for Doufjtasnder the B1 scenario by 2060 while Coops

et al.(2011) project over 21 million suitable acres in 2050.

Maps of future habitat suitability to be used in Climate -FVS modeling

Map Set 2 presents the level of agreement in habitat suitability for each sgsc@@0 basedon

climate projections ofour different GCMs for each emissions scendR&P 4.5 and 8.50l1 of thedata
displayed in these mapgere produced by Nicholas Crookston using the process described in Crookston
et al.(2010) albeit using updated GCMs and emissions scenados CMIP5

There is generally unanimous agreement across & emissions scenarios that the climate will
remain suitable for Dougld#& along the Cascade Range, but become unsuitable in the Elkhorn
Mountains along the southern and western range of the Blue Mountains in northeastern Qiiagon
many locations neathe Pacific Coast, and scattered along tiecbrridor between Roseburg and
Medford in southern OreganUnder the low emissions scenarios,falir GCM2 climate projections
suggest climatic suitability for Douglisalong the Coast Range and intagitern Oregon. Under the
high emissions scenario, there is disagreement among the models regarding the suitability of the
southern extent of the Coast Range and the Klamath Mountains, but unanimous agreement among the
models that the coast becomes unslita, as well as increased areas of unsuitability along the route
from Roseburg to Medford in southern Oregofhe unanimous projection of an expanded range for
Douglasfir along the eastern face of the Cascade Range from central to southern Oregoreist fimes
both low and high emissions scenarios, although the high emission scenario shows a pronounced
expansion of Dougldf#r climatic suitability into the BLM Lakeview District.

Western hemlocland Westerrredcedarshowdramaticprojected declines in futie climatic suitability

in both low and high emissions scenarios. These projected declines in suitable climate spread broadly

across the Coast Range and the southern extéit K S& S & LIS OA S &dbongdtie Laseateh O £ NI
Range. These projections indiea northward shift in the climatic conditions suitable for these species

along the Cascades.

For Ponderosa pine, there is unanimous agreement across climate models that currently suitable areas
will remain suitable along the eastern edge of the Cascahgy@nd the eastern range of the Klamath
Mountains in southern Oregoat least through 2060These models generally agree that future climate

will become increasingly unsuitable for Ponderosa pine along the southern extent of the Elkhorn
Mountains withinthe Blue Mountains Rangé&.here is disagreement among the models regarding the
suitability for Ponderosa pine in central Oregon south of La Pihe.future climate conditions

simulated by all four GCMsanimously projectinsuitable climate for Grandrfand Engelmann spruce
OKNRdZAK2dzi GKS&AS aLISOASEAQ OdzZNNByd NIry3aSa Ay 6Saids
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Map Set 2: Future bioclimate envelopes for several tree species

Douglas-fir
Predicted Climatic Suitability

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
- Unanimous agreement: unsuitable climate
Disagreement among models

I Unanimous agreement: suitable climate

I Unanimous agreement: expansion of suitable climatic range

2060, Low Emissions (RCP 4.5)

-

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answertheques i on: fiHow si mil ar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 31

over time by interacting with many other important environmental and physiological factors not represented here.



Map Set 2 (continued)

Western hemlock .
Predicted Climatic Suitability ; Crrent fuitbleRae ‘

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
- Unanimous agreement: unsuitable climate

Disagreement among models

P Unanimous agreement: suitable climate

I Unanimous agreement: expansion of suitable climatic range

2060, Low Emissions (RCP 4.5)
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Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answer the quest i o n : AHow similar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 32

over time by interacting with many other important environmental and physiological factors not represented here.



Map Set 2 (continued)

Western red cedar
Predicted Climatic Suitability

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Current Suitable Range

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
Il Unanimous agreement: unsuitable climate
Disagreement among models

I Unanimous agreement: suitable climate

Il Unanimous agreement: expansion of suitable climatic range

2060, Low Emissions (RCP 4.5)

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answer the quest i o n : AHow similar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 33

over time by interacting with many other important environmental and physiological factors not represented here.



Map Set 2 (continued)

Ponderosa Pine
Predicted Climatic Suitability

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Current Suitable Range
= ﬁ':’ p” RN

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
Il Unanimous agreement: unsuitable climate
Disagreement among models

I Unanimous agreement: suitable climate

- Unanimous agreement: expansion of suitable climatic range

2060, Low Emissions (RCP 4.5)

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answertheques i on: fiHow si mil ar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 34

over time by interacting with many other important environmental and physiological factors not represented here.



Map Set 2 (con tinued)

Grand fir
Predicted Climatic Suitability

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Current Suitable Range

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
Il Unanimous agreement: unsuitable climate
Disagreement among models

I Unanimous agreement: suitable climate

- Unanimous agreement: expansion of suitable climatic range

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answertheques i on: fiHow si mil ar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 35

over time by interacting with many other important environmental and physiological factors not represented here.



Map Set 2 (continued)

Engelmann Spruce
Predicted Climatic Suitability

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Current Suitable Range

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
I Unanimous agreement: unsuitable climate
Disagreement among models

I Unanimous agreement: suitable climate

I Unanimous agreement: expansion of suitable climatic range

2060, Low Emissions (RCP 4.5)

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answer the quest i o n : AHow similar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 36

over time by interacting with many other important environmental and physiological factors not represented here.



Map Set 2 (continued)

White fir
Predicted Climatic Suitability

Suitability ratings derived by RandomForest regression approach
trained with current FIA plots (Crookston et al., 2010)

Current Suitable Range

Future projections incorporate climate data from
four General Circulation Models:
- Canadian Center for Climate Modeling and Analysis
- Geophysical Fluid Dynamics Laboratory
- Hadley Center/Met Office
- Ensemble

Agreement among models
I Unanimous agreement: unsuitable climate
Disagreement among models

I Unanimous agreement: suitable climate

I Unanimous agreement: expansion of suitable climatic range

2060, Low Emissions (RCP 4.5)

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, which is one of
several factors that affect species distributions. These maps help answertheques i on: fiHow si mil ar are future
to the places where a species currently grows?o Ch a n g e or montalitycof speuiast i 37

over time by interacting with many other important environmental and physiological factors not represented here.



Projected shifts in acreage suitable for many species across western Oregon

Figure Seb provides a broad overview of the projected changeadreage ohabitat suitability in
westernOregon for multiple species. Consistent with results reported earlier by McKenney20@i)
hardwood species appear to gain millions of acres of climatisalt@ble habitat. Several commercially
important conifer species are projected to lose the majority of their climaticalifable ranges within
western Oregon, includg Western hemlock, Westeredcedar Pacific yew, Incense cedar, and Sugar
pine in both low and high emissions scenarios.

Eighthardwood species along with Knobcone pine were projected to experience broad gains in
climatically suitable habitat across wem Oregon (see Figure Set 5 and Map Sei\Bjite alder and
Oregon white oak both showed substantial areas along the east side of the Coast Range that were
unanimously projected to become suitable by 206@lifornia laurel, Knobcone pine, and Canyaa liv
oak showed disagreement among models, but had one or more projecting newfound suitability along
the Willamette Valley and Coast Range.

Some of these species show nlimear responses to climatic suitability based on emissions scenarios.
For example, nder the low emissions scenario, there was virtually no unanimous projection of
expanded suitability for Knobcone pine, but in the high emissions scenario, Knobcone pine was
unanimously projected to have newly suitable range on the western Klamath Mosntainontrast,
California laurel was projected unanimously to have new suitable range in the western Klamath
Mountains under the low emissions scenario, but not in the high emissions scenario.

38



O Retained

tree species
O Lost

boundaries

(RCP 4.5)

1SS101S

district

Change in Suitable Acreage by 2060
Low Em

Change in bioclimate envelopes for several
within  western Oregon BLM
Wﬁﬁmmmﬁﬁﬁﬁ%%mmﬁﬁ S
i

-10 —

5

o]
-5

Figure Set 5:

15
10 —

Fyeo anjg

afaonq eIwIofie)
ABO AN JOLIIU]
yeo Lafep

aomuds utetrpaduy
aurd auoogotry
aBpay) PIOLIO) Lo
0 PRI BILIOJI[ER)
aonuds vmg

14 2[qoN

yeouy,

qeO0 A1) uofue)
[2Ine] BIWIOJITE)
d1j dA[IS DY

A1} puBIS

auid .ie8ng

JEpad astaou]

mad oyed

Jap[e AIUAA

aund esarapuog

] AT

Jeo ayym uoai)
auarpew oIye]
JEpad pal WA Sap
AOOIBY WINSAPNY
Japie pay

aij-se[3nog

Gained

OLost
ORetained

(RCP 8.5)

1SS10NnS

Change in Suitable Acreage by 2060
High Em

il

Note: Bars represent the average across four general circulation models (GCMs), in millions of acres. Error bars

indciate the minimum and maximum change estimated among these GCMs.

15

o]

-5 —_—
-10 —

yeo anjg
afayfong erwiojie)
B0 BA1] doLIBU]
yeo Lapep

aonuds uteuraduy
aurd auoogqotry
aepay) pIoLIo) 104
RO YPR[q BTWIOJIE)
aonuds wg

14 9[qON

yeour],

B0 al] UOLUE)
[2ane] BIwIojE)
1] JAATIS DYIE]

1] pURID

aund .te8ng

JePan asuadl]

mak oo

Jape AIUA

aurd esaepuog
RITETTYY

yeo arygm uoSaln
auQIpewW IR
JRPaD pal WIa)Sapy
NOOAY WINSAPY
Japie pay
Jij-se[3nog

39



Map Set 3: Projected expansion of climatic suitability beyond historical range for several species

Note: These maps do not represent predicted future species distributions. These maps show future climatic suitability, specifically for
areas that are currently modeled as climatically unsuitable for the species. Climatic suitability is one of several factors that affect species

distributions. These maps help answerthequest i on: fAHow similar are future climatic condi't
currently grows?0o Changes in climatic suitability shoulnmekbylneragingp ect 40

with many other important environmental and phvsioloaical factors not represented here.










































