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Abstract: Land managers) the western US are beginning to understdrad early 2€h
centuryforess displayedcomplex patterns of composition and struetair several different
spatial scales, that there was interplay between patterns and processes within and across
scales andthat these conditionsave beemadically altered by managemeriurther, they
know that restoringntegrity (see Definition of Terms) of these conditions has broad
implications for the futuresustainability (see Definition of Terms) of native species,
ecosystem services, and ecological processes. Many are looking for methrediote
(seeDefinition of Terms)more natural landscape patterns of habitats and more naturally
functioning disturbance regimes; all in the context of a warming climate. Attention is
turning to evaluating whole landscapes at local and regional scales, decipieeeng
changes in trajeoties, and formulating landscape prescriptions that can restore ecological
functionality and improve landscapesilience(seeDefinition of Terms) The business of
landscape evaluation and developing landscape prescriptions is inherentlgxgdmpl

with the advent of decision support systems, software applications are now available
conduct and document these evaluatididsere, wereview severapublished landscape
evaluation and planning applications desigmeith the Ecosystem Management Decision
Support (EMDS software, andpresent a evaluation we developed in support of a
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landscape restoration project. We discuss the goals and design of the project, its methods
and utilities, what worked well, what could be improved and related research oppestuniti

For readability and compactness, fine and brezale landscape evaluations tbatild be

a part of multiscale restoration planning, are not further developed here.

Keywords: wildland fire; insect outbreaksustainability landscape restoratiptandscape
planning; EMDS systentlimate change; ecological patteresological processes

List of Acronyms

AHP Analytic Hierarchy Process

CDP Criterium DecisiorPlus

CTxSC Combined cover type and structural class feature
DEM Digital ElevationModel

DSS DecisionSupportSystem

EMDS Ecosystem Management Decision Support (system)
ESR EcologicalSubregion

FRV FutureRange ofVariation

LSOF Late-SuccessionaDld Forest

NRV Naturalrange ofVariation

PLTA PotentialLandscapd&reatmentArea

PVG x CT x SC CombinedPotentialVegetationType, Cover Type, andStructuralClassFeature
RCF Risk of Crown Fire

ROS Rate ofSpread

RV Referencé/ariation

SMART Simple MulttAttribute Rating Technique
SPOW Spotted owl

WSBW WesternSpruceBudworm

Definition of Terms

Integrity A landscape has integrity when its ecosystems are fully functional, with
their biotic and abiotic processes intact.
Sustainability Conditions that support native species, ecosystem services, and ecolog

processes are sustainable when influences on them have not resulted i
significant depletion or permanent damage.

Restoration The applied practice of renewing degraded and damagddcapes, habitat
and ecosystems with active human intervention.
Resilience The inherent capacity of a landscape or ecosystem to maintain its basic

structure and organization in the face of disturbances, both common
and rare.
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Summary

Over the last several centuries, human settlement, development and management have altered tt
ecological patterns and processes of forested landscapes across the US sgehlyiaditecosystem
havebeen touched by at least one of these influerkemsexample, widfire suppressiomandexclusion
via road and rail construction and domestic livestock grazing leaee altered the structure and
processes oivilderness and roadless areasthaU.S. Inland Northwest these influences occurred in
the latel9th and 2@h centuries. Today, few forests tdrese vaspublic lands fully support their native
flora and fauna, anthrge and severwildfires and insect outbreaks ardatively common occurrences
In response, there is public mistrust of forestesland managers and a succession of environmental
laws constraiimg forest management.

A fair litmus test for the level of mistrust can be seen in the hundreds of legal appeals ofdhorest
projectlevel management plans on public lands, and in the isggmendless supply of lawsuits
brought to bear otimber salesdlso known asegetation management projeds) conservation and
forest product®rganizationsembattled by decades of struggik®nservation organizations desire less
management overadnd more environmentally friendly managememtiere occurringwhile forest
products organizations call for larger timber harvests more predictable and ndeclining timber
supplies to sawmills and local economiBsth sides represent valualgakehol@r perspectives, but
blending them has proven difficulh short, here is little shared insight as to methods or philosophies
that could guide landscape restoration and maintenance in a mannastthatoperates with native
ecosystem structure and ftion and maintains local economies

Toward a shared vision and goatdakeholderan eastern Washington Statge beginning to
developa commonlanguage,understandingand appreciatiorof the consequences of pdstest
managementand future trajectorie®f forestswith climatic warming A shared view of ecologically
and socially desirablforest restoratiomgoals andnethodsmay beslowly emergingHere, we discuss
recentprogress tq1) develop adecision supportool, that (2) evaludes key landscape pattern and
process departures from historical and climate change reference conditid(3) enables managers
and others to evaluatandscaperestoration prescriptionsas alternative scenarios, before they
are implementedThe tool gves managersand their collaboratorshe ability tojointly and graphically
consider keychanges inandscape patterns, processes, and interacaoaguts these changes in the
context of current and future climatic conditionis also enables formulatiorand comparisorof a
variety of landscape prescriptiorteat can restore to varying degreesecological patterns and
functionality, in the context of human social values and preferences

1. Introduction
1.1. Background

Subsistence agmnilture, hunting, andintentional burning activities dominated earliNative
American management of the Holocene North American landscape. These activities enabled
colonization of the continent and cultural development over thousands of years, but naoit witho
attendant landscape impadts 5]. Native Americanburning created new and expanded existing
herblands, meadows, and open wooded expanses, enhancing harvest of edible plants, nuts, and berrie
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It also increased sighting distances in the event of sagag&ks by marauding tribes, and improved
forage for wild ungulates, which enhanced hunting both near and away from encampments.
Burning along major travel routes impralv®od supplesand increasttease and safetyf travel but

it lacked direct spatiatontrols on burned area or fire effects, and burns often travelled further and
killed more forest than intended. Nonethel@$ative Americans were the first fire managers, and their
use of intentionally lighted fires greatly aided thaittureand lifegyle.

In the mid1%h century, settlement and management of the Great Plains, and the Pacific, Rocky
Mountain, and Intermountain West by Etkmerican settlergreatlyaccelerated with the discovery of
lush and productive prairies on the plains and in the intermountain valleys, rich gold and silver ore
deposits, and abundant acres for homesteddi)3pi 10]. With settlement, came land cleariagd
expansion of agriculte, timber harvesting, and early attempts at wildfire suppression, waod
highly effective after the 1@&.m. rule was enacted as federal policy between 1934 and[1,93%

This policy of suppression, by 10 a.m. of the next burn period after detectiener changed the role
of wildfire, especially as it applied to primeval western landscapes. The rul®mvedly removed in
the early 1970s, but aggressive wildfire suppression is still practiced.

Natural variability in wildfire frequency, durationseverity, seasonality, and extent were
unavoidably transformed by decades of fire exclusion and wildfire suppression, and broadly
popularized fire prevention campaigns. Wildfire exclusion by cattle grazing, road and rail construction,
wildfire preventionand suppression policies, and industsiength selective logging, beginning in the
1930s and continuing for more than 50 years, contributed not only to extensive alteration of natural
wildfire regimes, but also to forest insect and pathogen disturb@gomes, causing them to shift
significantly from historical analogues. For example, the duration, severity, and extent of conifer
defoliator and bark beetle outbreaks increased substanfiey becoming more chronic and
devastating to timber and hahitasource$l13].

Selective logging accelerated steadily during and after the Second World War. Fire exclusion and
selective logging advanced the seral status and reduced fire tolerance of affected forests with the
removal oflarge, thickbarked,old trees of the mosfire tolerant specief9]. It increased the density
and layering of the foresthat remainedbecause selection cutting favored regeneration and release of
shadetolerant and firéntolerant tree species such as Dougdigsgrand fir, and wilte fir [14].

Recent warming and drying of the western$.¢limate hagyreatlyexacerbated these chan@i&si 17].

Changes from prsettlement era variability of structural and compositional conditions affected
regional landscapes as well. Prior to @ma of management, regional landscape resilience to wildfires
naturally derived from mosaics of previously burned and recovering vegetation patches from prior
wildfire events and a predictable distribution of prior fire event sige. This resilience iglded a
finite and sempredictable array of pattern conditiof$9i 22] that supported other ecological
processesat several scales of observation.

As a result of these many changes, US land managers face substantial societal and scientific
pressure toimprove habitat conditions and viability of native species, and the food webs that
support them. Because alternatives to managing for historical analogue or related condiasnsetre
untested[23,24, public land managers have been required to mestosemblance of the natural
abundance and spatial variability of habitats. This has been reinforced by endangered species an
environmental lawsbut such an approach isompletein a rapidly warming climate
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Public mistrust over decades of commoedityven management on public lands paralyzes most
attempts at largecale landscape restoration, and with good reason. Restoration prescriptions for
thinning, underburning, and slash dispobalve sometimesbeen appliedand are often seen as
blanket remedis, and another form of landscape oversimplification by management, which is the
current problem. The time is ripe for more transpal@miiscapeevaluationandrestoration planning,
and for management to be conducted experimentally, with scientific nsethmmhitoring, and
adaptive learningNative Americans burned the primeval landscape, learning while daipéanning
and implementationghdscape restoration could be riciijormedusinga similar approach.

1.2 Overview of the Ecosystem Management Decision Support (ES\B&m

EMDS is a spatially enabledecisionsupportapplication developmerftameworkfor integrated
landscape evaluation and planning [2B]e describe EMDS as a framework, because it is not a
decisionsupport system (DSS) in the conventional senegi t i s not ready .to r
Instead it is a set of tools thatan beused to buildcustomizd DSS applications At version 4.2, the
system provides decision support for landsdapel analyses through logic and decision engines
integrated with the ArcGI% 10.0 geographic information system (GIS, Environmental Systems
Research Institute, Redlands, CA)he use of trade or firm names is for reader information and does
not imply endrsement by the U.S. Department of Agriculture of any product or sérvice.

The NetWeaver logic engine (Rules of Thumb, Inc., North East, PA) evaluates landscasindata
formally specifiedlogic supplied by the usde.g., a knowledge base in the strict sense) designed in
NetWeaver Develop&r[26]. A knowledge base developed in NetWeawan be customized by the
userto deriveany number of simultaneoustegratedinterpretations of ecosystem conditiotney
desire,regardless of the layering or complexity. the currenstudy, we use NetWeaver tevaluate
departureof a variety of landscape patterns of a current landsttapetwo sets ofclimatereference
condition® one representing variability of the pm@gnagemet era (theNRV, oaturalfiange of
var i a pp and ont regresenting the variability associated with future climatic warming (theoFRV
ffuturerangeofvar i abhi | i t y o

The decision engine of EMD$ designed tcevaluate NetWeaver outcomealpong wih data
pertinent toland management actior{s.g., feasibility, efficacy, cost, social acceptabililg$ide a
decision model for prioritizing landscape features built with its development system, Criterium
DecisionPIu§ (CDP, InfoHarvest, Seattle, WA).dgision models developed in CDP implement the
analytical hierarchy process (AHP7,28. The AHP is one method used in mdtiteria decision
analysisto derive ratio scales frorma matrix of all possiblgpaired comparisons d finite set of
decision criteria. The input for these comparisons can be obtainedobjatiive measurements or
from subjective opinions and preferences. The AHP allows for a measure of inconsistency in judgment
or imprecision in data. The ratio scales altainedfrom principal eigervectorsderived from matrices
of pairwise comparisons dfecision criteria.

A NetWeaver logic modajraphically represents a problem to be evaluated as networks of topics,
each of which evaluates a propositioThe formal specification of each topic is graphically
constructed, and composed of other topics (e.g., premises) related by logic operatorsusugh as
and or, and not NetWeaver topicsand operators return a continuexsdued it r ut h thatal u e
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expresses the strength of evidence that the operator and its arguments provide to a topic or to anothe
logic operatof[26]. The specification of an individual NetWeaver topic supports potentially complex
reasoning because both topics and logic operators may be specified as arguments to an operato
Considered in its entirety, the complete logic specification for a problerhectrought ofisa mental

map of the logical dependencies among propositibhe.resultingnodel amounts to a formal logical
argument in the classical sej2&].

A primary motivation behind incorporating the NetWeaver engine into the EMDS framewbslk is
it enables reasamg about large, complex, and abstract problems, wisiem underlying feature of the
logic models described subsequently, and wigeh be extremely difficult to model otherwise.
Equally important, however, the NetWeaver environngovides an intuitive graphical interface so
that the deried solutionsare transparent to usetssers can explore what drives evaluation results

Environmental assessmentaplemented in logianodelsas described aboveyrovide essential
background imdrmation about ecosystem states and processes, and are thus a useful starting point fol
applying adaptive ecosystem management to management areas or regions. As a logieap falow
ecological assessment, managers may wish to identify and set prifmitiesosystem maintenance
and restoration activities. Decision models suclhase derived while usinthe Analytic Hierarchy
Procesg28,29 and the Simple MultAttribute Rating Technique (SMART30,31] provide a bridge
from assessment to planning b§iping managers to ratiohabrioritize management activities.

Thedesign features of EMDS facilitate an explicit tglase, integrated approach to evaluation and
strategic planningData are first evaluated with a logic engine to assess system state; strategic planning
is subsequently performed with a decision engine. This approach teases apart two fundamenta
pl anning questions, AWhat i s t hbleoptiomsstorain@ihort h e
restoret he system?0 The | atter di stinction is i m
condition are not necessarily the best candidates for restoration activities when practical logistical
considerations of managerealso taken into account.

Logic models have been described as goal oriented [26], and the model design process generall
proceeds from the topmost logic topic, which may be relatively abstract (e.g., tests a proposition about
ecosystem resiliencehrouch successive levels of supporting topials¢ known apremises) that test
propositions about progressively more concrete subjects. The design process is often iterative, with
successively deeper levels of model logic revealing topic dependencies thatpnoampt
reconfiguration of higher level logic structure. Lowest level logic topics have been described as
elementary topics in the sense that they terminate a line of reasoning by direct evaluation of data [25].

Elementary topics can be evaluated in vasigvays in NetWeaver. However, in the present study,
all data in elementary topics are evaluated by fuzzy membership functions [26] that map observed date
values into a measure of strength of evidence for the particular proposition. Each fuzzy membership
functionin our application is defined by a data rasgétended byn observed value indicative of no
evidence, and an observed value indicative of full (or complete) evidence for the propAditidimer
values fall in betweenSubsequently, we refer the latter data values as reference conditions. In
effect, each fuzzy membership function in our application defines a simple ramp fuAdtimugh
NetWeaver can represent more complex types of membership functions, the simple ramp (or
sometimes trapemtal) functions ar@ftenconsistent with the precision of ecological knowledge about
phenomeabeing modeled.
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Whereas model design proceeds from the top down, as described above, logic processing proceec
from the bottom up. Processing is initiated bierpretation at the level of elementary topics. Evidence
values generated at the level of elementapycsare then synthesized into a measure of evidence for
the next higher level of logicby use of fuzzy operataras described above. Topic evaluations
propagate upward through the logic structure until the highest level logic topics are evaluated.
Thus, the overall execution of a NetWeaver logic model invate¢ginterpretation and synthesis.

Decision models in CDPwhich implement the AHP [28,29]are similarly goabriented
For example, intte current study, thegre used tselect landscape elements that are a high priority for
restoration using subordinate criteria, and sometimes successive levels of subcriteria.
With implementation of CDP nudels in EMDS, lowest level criterialéo known asttributes) are
evaluated by utility functions that map observed data values into a measure of utility with respect to
satisfying the goal [30,31JAs with evidence values in NetWeaver, utilities in an AriBdel are
propagated upward through the decision hierarchy to the goal level as a weighted average of the
attributes. Weights on decision model criteria may be assigned directly by marthgetsc(sion
makersn this context, orby usingS a a t y 6 s comparisommethods [28,29].

Given the apparent similarity in the functionality of logic and decision models, some readers may
wonder about the rationale ftre use of both these tools in the EMDS framework. Earlier, we alluded
to part of the answerhé two types of models can be used in complementary fashion to tease apart
issues of system statersuspriorities for management actiolm the process of doing so, this makes it
possible to develop two smaller and simpler models. In effect, we caheukmgic models to distill a
lot of detailed ecological information, and avoid designing very large decision models, which in our
experience can become cumbersand inpractical. Perhaps more importantly though, logic models
can easily model large, comglproblems in which at least some of the dependencies modeled may be
nonlinear and thus difficult to handle in a decision mqaéiich is intrinsically linear

In the next section, we highlight several examples in which the EMDS system [25] was used to
conduct landscape evaluations for decigimaking, in a variety of planning contexts. In these
examples, tools within the EMDS modeling framework were used to develop evaluations that
considered the effects of various management strategies or tactice amattiral or developed
environment, or to select specific lands or rmaade features for management, management
avoidance, or modification. These examples are included to illustrate how EMDS may be used at a
variety of scales, with varied goals in mind. idover, these examples show that where management
goals and contexts are clearly articulated, a logical application can be developed to represent it.

1.3. Examples of.andscapdvaluationsUsing EMDS

Stolleet al.[32] developed an EMDS application to evaluate natural resource impacts that might be
caused by conventional management practices (site preparation, planting, and harvesting) in a
forest plantation. Using logical dependency networks designed with the NetWeaveloper
tool [2€], they evaluated the effects of management activities on ambient soil and site conditions as a
means of presenting the inherent risks associated with standard management practices of commerci
plantation forestry. They mappéitagility area® on a forest propertthat were sensitive to standard
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forestry practices (according to an established set of criteria), which enabled them to implement low
impact management of the natural resources, while producing an economic return.

Givertz and Schilling33] used EMDS to build a knowledge base that evaluated the environmental
impact of an extensive road network on the Tahoe National Forest, CA, USA. Using spatial data for
natural and human processes, the authors evaluatdypbéhesis that any road has a high potential
for impacting the environment. They used modeled potential environmental impact to negatively
weight roads for a leasbst path network analysis to more than 1500 points of interest Fothst.

They were able to ake solid recommendations for providing access to key points of interest, while
streamlining and reducing the road network and its environmental impacts.

Janssemrt al.[34] developed an EMDS model to provide decision support for wetland management
in a hghly managed area of the northern Netherlands. Because legislation in the European Union (EU)
has mandated the importance of preserving wetland ecosystems, they funded development ant
implementation of an operational wetland evaluation decisigaport syem to support European
policy objectives of providing ongoing agriculture, expagdecreatioal opportunities, maintaing
residential opportunities, and conseg/wetland habitats. They compared three possible management
alternatives: (1) modern pepasture (current), (2) historical peat pasture and (3) dynamic mire, for
their influence on water quality and quantity, the local climate and biodiversity, and social and
economic values. The model adequately framed management options and provided or&edetbc
decisions about future land allocations.

Wang et al. [35] developed an integrated assessment framework and a spatial deajgpant
system in EMDS to support langse planning and local forestry decisions concerning carbon
sequestration. Thepplication integrated two procebssed carbon models, a spatial decision module,

a spatial cosbenefit analysis module, and amalytic hierarchy procesAKIP) module [28,29.

The integrated model provided spatially explicit information on carbon Segti@s opportunities and
sequestratioimnduced economic benefits under various scenarios of the carbdit market.

The modeling system is demonstrated for a case study area in Liping County, Guizhou
Province, China. The study demonstrated that the tool can be successfully applied to deteemane
andhowforest land uses may be manipulated in favor of carbon sequestration.

Stauset al. [36] developed an EMDS application to evaluate terrestrial gondte habitats across
western Oregon, USA, for their suitability of meeting the ecological objectives spelled out in the
Northwest Forest Plafi37i 39]. These objectivesncluded maintenance of laseiccessional and
old-growth forest, recovery and maingerce of Pacific salmonOncorhynchus spp.and restored
viability of northern spotted owlsS{rix caurina occidentaljs Areas of the landscape that contained
habitat characteristics that supported these objectives were modeled as having high congaitation
The authors used their model to evaluate ecological condition of 36g@@ns U.S. government
land survey compartments260 hain areg across thie study domain. They identifiethat aboutl8%
of the study areaSections provied habitats of f[gh conservation value. The model provided
information that could be considered in future land management decisions to spatially allocate owl
habitats in the western Oregon portion of the Northwest Forest Plan area. Furthermorestifisir r
illustrated low decisionsupport applications can help land managers develop strategic plans for
managing large areas across multiple ownerships.
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Finally, White et al. [40] developed an EMDS knowledge base for evaluating the conservation
potential of forestedsections in the checkerboard ownership area of the central Sierra Nevada in
California, USA. Four primary topics were evaluated including egehc t i1 (&@)negiding and
potential terrestrial and aquatic biodiversity valu@) existing and potential maturéorest
connectivity, (3) recreation access and passive use resource opportunitie@l) arsks of exurban
development, unnatural fire, and management incompatible with mature forest management. Results o
evaluations of each primary topic were networked summary knowledge base. The knowledge base
allowedateamof scientistdo recommendpatialarrangements ddections within the ownershigrea
that showedhe highest promise of conserving important habitats in the-teng.

Hopefully these examptehave illustrated the broad utility of using EMDS to logically frame and
map both simple and complex decision analyses. In the next section, we begin presentation of the
current study, an exploration of important changathin a watershedattendant comgjuences to
processes, and what might be done about it.

1.4. StudyObjectives

In the present work, we present an EMDS application that provides decision support forgestor
mixed coniferousforest landscape on the Naches Ranger District of QkanogarWenatchee
National Forest in eastern Washington, USA. The projeete@fter,fiNile Creeld) was the first
landscape restoration project developed under a newly mintedigve®red, forestide restoration
strategy (hereaftefthe strategy) [41]. Under thestrategy, the objectives of landscape evaluataas
to: (1) transparently display how projects move landscapes towards drought, wildfire, and climate
resilient conditions(2) describe and spatially allocate desired ecological outcomesafeguatdabitat
networlks for focal wildlife speciesdisturbance regimes consistent with major vegetation types
(3) logically identify project areas, treatment areas, and the associated rational@t) asptially
allocate desiredcologicaloutcomes and estimate outputs from implemented projects.

Landscape evaluations under thieategy assemble and examine information in five topic areas:
(i) patterns of vegetation structure and composit{ohpotential forspread of largevildfires, insect
outbreaksand disease pandemiasross stands and landscapes given local weather, existing fuel and
host conditionsyiii) damaginginteractions betweenoad, trail,and stream networkgjv) wildlife
habitat networking andsustainability; andv) minimum roads analysigj.e., which of the existing
roads areessentiabnd affordable foadministrativeand recreation accgs©vertime and as needed,
additional topics will be added to this working prototype.

2. Materials and Methods
2.1. Overview othe Srategy

For simplicity, he strategy for landscape evaluation was implementaggroximatelyeightsteps:

Step B determinehe landscape evaluation area,

Step & evaluate ladscape patterns and departures,

Step 3 determine landsgee and patch scafge danger,

Step 4 identify key wildlife habitat trends and restoration opportunities,
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Step ® idertify aquatic/road interactions,

Step @ evaluate the existingpad network,

Step B identify proposed landscape treatment areas (PL Tohs)

Step & refine PLTAs andntegrateindings from stepsid intolandscape
restoration prescriptions

District specialistdrom multiple disciplinary field{see Acknowledgmentsyorked in partnership
to complete each of the steps. Step6 @&ccured concurrently angvere completed prior to Steyp/
and 8 These steps were applied in tHige Creekanalysis area; we present the landseagduation
model for that area.

2.2. Foundations of th€urrent Sudy

The present study builds onbady of work by the three senior authors and numerous colleagues
over the pask0years.To avoid burdeninghis sectiorwith greatdetail on methodolags, descriptions
of foundational work on evaluating landscape vegetation patterns and depadnrég foud in
Supplementary InformatioMopics covered in thiatterinclude:

(). A theoretical basis for hierarchical patch dynamics in lands¢&eesion 1)

(2). Tool development workor evaluating departures in landscdpeel spatial patterns of
vegetation with rgsect to reference variatiolNRV, also known akV), based on
hierarchical patch dynamitlseory(Section 2) and

(3). An approach to analyzing potential vegetation impacts associated with climate change,
based on the concept okference conditions for analoguclimate conditions
(Section 3)

In the remainder othis section we referthe readerto Supplementary Informatiofor detailed
accounts of the concepts and methods.

2.3. Determining thd.andscapédevaluationArea

Determining the size of the evaluated area had implications for ecological and planning efficiency.
Evaluating one or more subwatersheds (12 digitthield hydrologic unit code, @0 to
12,000 ha each) was recommended by Reynolds and HessifllygHpsdurg et al. [14], and
Lehmkuhl and Raphae#§], who showed that songpatial pattermttributes are influenced by the size
of the analysisarea especiallywhen areas are too small. We used subwatersheds larger than 4000 ha
to avoid this bias. Watershedze also providd a representative rangef ecological gradients,
elevationsandforest types, and was usefolevaluatingtheinfluence of anticipated forest restoration
treatment®n aquatic habitats and species

Watershed size was large enoughet@luate many cumulative effects, but wideging wildife,
and mostsalmonids speciesequired much larger analysis areas than subwatersh¢ddi 46].
Numeroudfuture project areas could be planned viawti-subwatershednalysis, therebincreasing
efficiency, decreasing costs, and increasiigpr of environmental analysis leading moore effective
project implementation. Thactual project area included three subwatersheds covering an area of



Sustainability2013 5 815

~29,000 ha(Figure 1) For brevity, his paperdiscussedandscape analysis ijust one of these
subwatersheds, Niléreek which encompasses an are8295ha

Figure 1. Ecological subregions in eastern Washington, USA, as delineated by
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2.4. Project Area

The Nile Creek project area Iscated in ecological subregion (ESR) 5 (Figure 1) of Hessburg
et al. [47]. ESR 5 is a relatively warm ecoregion (average annual temperatures rangé @, 5
with a moderate solar regime (annual average daylight incident shortwave solar radiatremdlkes
from 250 300 WA 1), a moist but not wet precipitation regime (#0000 mm/year total annual
precipitation), and is predominantly occupied by moist and cold forest types, with dry forests,
woodlands, and shrublands in the lowest elevations [44.Nile Creek subwatershed lies in the rain
shadow east of the crest of the Cascade Mountain Range, where the mean elevation is 1247 m, an
elevation ranges from 611 to 1957 m above meateseh Most of the precipitation in Nile Creek is
derived from snw falling during winter months.

From Figure2A, it is apparent that the dominant physiognomic condition in the Gilek
subwatershed is forest, with grass and shrubland patches primarily residing in the lowest el@vations
occasional subalpine meadowsd in subalpine shrub fields remaining after severe historical wildfires
not yet recolonized by foresshrublancgatche are dominated by big sagebrusint¢misia tridentata
and antelope bitterbrusiPrshiatridentatg. Lowland and ridge topdry foreds and woodlands are
comprised of ponderosa pinBilus ponderosaand Dougladir (Pseudotsuga menziésin pure or
mixed standgFigure2B).
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Mixed conifer fores reside in the middle elevationand include ponderosa pine, Dougkdis,
western larchl(arix occidentaliy, and western white pin€inhus monticolaas early seral dominants,
and grand fir Abies grandiy subalpine fir Abies lasiocarpg Pacific silver fir Abiesamabilig, and
Engelmann spruceP{cea engelmanrjiias late successionabecies(Figure 2B). The uppermost
elevations in the watershed support lodgepole pRi@ué contorty mountain hemlock Tisuga
mertensiang subalpine larchl@arix lyalli), and whitebark pineRinus albicauli$ forest however,
most ofthe whitebark pindas been killed by the white pine blister rust fungtiartium ribicolg,
and only a skeletal remnant remaihgidentalinclusions of western hemlocK guga heterophylla
and western redcedafml{uja plicatg are found at middleand upperelevations inthe watershed,
especially in moist to wetoncave landform settingsn small benchesnd in valley bottoms

Figure 2. The Nile Creek Project subwatershed area with maps of existing vegetation
conditions by A) physiognomic type,R) cover type, C) structural class,¥) canopy
cover (decile) classE| latesuccessional and old forest class (there was no remaining old
forest in the subwatershed)f)(western spruce budworm (WSB) vulnerability class,
(G) surface fuel loading class, andl)( expected lame length class (90th percentile
wildfire burn conditions). Cover types classes are: PIPO = ponderosa pine, LAOC =
western larch, PICO = lodgepole pine, PSME = Doufita®\BGR = grand fir, ABAM =
Pacific silver fir, ALBA2/PIEN = subalpine fir/fEngelmarspruce, TSME = mountain
hemlock, PIAL/LALY = whitebark pine/subalpine larch, HDWD = hardwood species,
Herbland = grassland species, Shrubland = shrub species, NF/NR = nonforest/non
rangeland cover conditions (rock, water, ice, bare ground). Structussleslare those
described and defined in referen¢&4,19,2022]. Western spruce budworm vulnerability
classes were consistent with those definefR@®). Surface fuel loading classes are: Low
(0.0/44.9 Mg/ha), Moderate (45.67.3 Mg/ha), High (>67.3 Mg#). Flame length
clases: Low (0.01.2 m), Moderate (1i2.4 m), and High (>2.4 m).
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B Forest [ Shrubland [l Non-forest/Non-range (NF/INR) [] 0% [] 30% [ 50% [l 70%
] Woodland [ ] Herbland [] 20% [[] 40% M 60% M 80%
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Figure 2. Cont.

The Nile Creeksubwatershed was selectively loggeyeral timesluring the 20th century because
historically frequent, low severity fires in the low and middle elevati@iarallyfavored recruitment
of abundantlarge (>63.5 cm dbh) western larch, ponderosa pine, and Deuglds a resultof
harvesting old forestpatchehave beerwompletelyeliminated(Figure2E), andpatcheghatstill retain
remnant large trees in the overstayll remain as latesuccessional structurés can be seen in
Figure2C, much of the forest structure of the Ndeeeksubwatersheds dominated by intermediate
aged(~70i 150 yr old) forest conditionglisplayingopen or closed canogtem exclusiorstructure or
young multistory, and understory 4iaitiation structural conditionsMost stand initiation structures
were derived from regeneration harvesti@@nopy cover conditions vary widely as a result of soil
moistureand harvest historgFigure 2D), but most of the forest is densely stocked and Aayered



