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Executive Summary

Oregon State University, with support from the Washington Department of Fish and Wildlife and in support of
the Puget Sound Nearshore Ecosysteestoration Project, completed an analysis of alternative futaggonal
trajectories of landscape change for the Puget Sound region. This effort developed three scenarios of change:
1) Status Quo, reflecting a contiation of current trends in the region, 2) Managed Growth, reflecting the
adoption of an aggressive set of land use management policies focusing on protecting and restoring ecosystem
function and concentrating growth with Urban Growth Areas (UGA) and neggional growth centers, and 3)
Unmanaged Growth, reflecting a relaxation of land use restrictions with limited protection of ecosystem
functions. Analyses assumed a fixed population growth rate across all three scenarios, defined by the
Washington Offie of Financial Management county level growth estimates. Scenarios were generated using a
spatially and temporallyexplicit alternativefutures analysis model, Envision, previously developed by Oregon
State University researchers. The model accepis@ag a vectorbased representation of the landscape and
associated datasets describing relevant landscape characteristics, descriptors of various processes influencing
landscape change, and a setpalicies or decisioralternatives, whichieflect scenaio-specific land

management alternatives. The model generates 1) a set of spatial coverages (maps) reflecting scenario
outcomes of a variety of landscape variables, most notably land use/land cover, shoreline modifications, and
population projections, ath 2) a set of summary statistics describing landscape change variables summarized
across spatial reporting units. Analyses were run on each of sudbesits in the Puget Sound, and aggregated
to providing Soundvide results. This information is beingsed by PSNERP to project future impairment of
ecosystem functions, goods, and servicEeePuget SoundNearshoreEcosystem project data also provide

inputs tocalculateaspects ofuture nearshore process degradation. Impairment and degradation areapyim
factors being used to define future conditions for the PSNERP General Investigation Study.
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Introduction

Like many areas, the Puget Sound is experiencing a number of drivers of change that are creating stressors on
various ecosystem processes and fimts. Key to successful management of growth and development in the
area is a capability to explore alternative future scenarios capturing trajectories of change resulting from a range
of possible management policies, strategies and plans. We havarbasved in a number of the alternative

futures analyses over the last fifteen years, and have developed a set of approaches and tools that has been
effective in capturing policy and management alternatives reflecting different strategies for managivtf,gro
playing those alternatives out in spatially and temporally explicit ways, assessing resulting impacts on a variety
of ecological, social and economic processes using models defensibly capturing current available scientific
knowledge, and presentindnose results in forms that are easily understood by stakeholders and managers.

This is not a trivial task, and to generate credible alternative landscape scenarios requires : 1) robust geospatial
datasets which reflect important landscape attributes velet to representing landscape change, 2) a rich
capability for representing management policies explicitly in a dectbieoretic framework and capturing

these as alternative scenarios, 3) understanding of and incorporation of both anthropogenic taral na

processes affecting landscape change, and 4) a clear understanding of community goals and benchmarks by
which to measure and compare sets of scenarios and the capability to assess these benchmarks in scientifically
defensible ways.

In this report,we document the application of aadternative futures analysis framework that incorporates these
capabilitiesto the analysis of alternative future trajectories in the Puget Sound regidns frameworkinvision
(Bolte et al, 20@; Hulse et al. 2008isa spatially and temporally explicit, standardased, open source toolset
specifically designed to facilitate alternative futures analyses. It employs a multibgseed modeling approach
that contains a robust capability for defining alternative managanstrategies and scenarios, incorporating a
variety of landscape change processes, and creating maps of alternative landscape trajectories, expressed
though a variety of metrics defined in an applicatEpecific way.

Scenariebased alternative futurestudies are ways to explore plausible options for the future of a place, an
organization, or a community, and to assessultingimpactson relevant outcome metricsThese types of

studies are being used in a widening array of situations in which pseplechoice in their future and evidence
that the future they are achieving is one they will want when it arrives (Carpenter 2002; Meadows 2003;
Robinson 2003; Van Dijk 2003; Hulse et al. 2004; Busch 2006; Liotta and SheareA2@B&Y.are more widely
used, scenaridased studies are increasingly scrutinized for their adequacy within a growing range of modeling
and decisiormaking constructs.

Envisiorcreates probabilistic representations of hypothetical future land use trajectories based on a defined

of plausible future scenarios am@n be used to track botconomic and ecological consequences of those
trajectories. Envision incorporates several ecosystem and economic models to create metrics of landscape
services. It provides a policgntric,spatiallyexplicit alternative futures scenario capability that is well suited

to modeling key biophysical and sodoltural processes at the temporal and spatial grains of human deeision
makingthat drive landscape change. It also has the importantrelsteristic of allowing users to model, for any
single future scenario, a large number (100s to 1000s) of landscape change trajectories that are consistent with
the values and policy choices of any given scenario. This allows a Esengibrio exploremore fully the range
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of possible land use and land cover outcomes through stochastic sampling of parameter value probability
distributions in multiple runs for each scenario, enabling not only the exploration of-soes&rio variability,
but within-scenaio variability and uncertainty associated with landscaged sitelevel change, an important
but generally overlooked aspect of scenario analysis.

The fundamental organizational structure used in Envision is shown ih Figy elements in this orgaational
scheme are a landscape representation, agents, policies, landscape evaluators and autonomous landscape
processes. Taken together, these elements provide a basic platform for assemblindpagedtmodels of

landscape change. Fundamental to Enwvissothe concept that agents make decisions in response to various
sociallyvalued landscape products as well as their internal value systems, societal pressures resulting from the
emergence of scarcity (as used in economics to indicatasufficient suply of desired goods or serviceand
perceptions of the utility of adopting various policies in response to their goals. Envision models the feedbacks
0SG6SSYy (GKS NBflIUGA2YyaKALA 2F |3SydQa oI f dz%alighl yR 06 SK
metricsof valued landscape productionsaken together, Envision provides a framework for examining and
simulating the coupled interactions and cyclical feedbacks among human actions, policy effects and landscape
productions.

Multiagent Landscape Production Models
Decision-making Landscape . . .
Select policies and generate Feedbacks Generating Landscape Metrics Reflecting

o Ecosystem Service Productions
land management decision =

affecting landscape pattern

Actors
Decision-makers managing the
landscape by selecting policies

responsive to their objectives Landscape

Spatial Container in
which landscape
changes, ES
Metrics are
depicted

Policies

Fundamental Descriptors of constraints and Autonomous Change Processes
actions defining land use management
decisionmaking Models of Non-anthropogenic Landscape Change

Figurel. Envision Conceptual Structure

Policies in Envisiorr@adefined here as a decision or plan of action for accomplishing a desired outcome (Bolte

et. al., 2007). Policies may be formal rules promulgated by government agencies or plans by individuals or
private sector groups to accomplish a desired goal. Rsligperationalize values and preferences within the
constraints of means at hand to accomplish desired ends. A logically coherent group of policies assumed to be in
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force comprise &cenario Within a scenario, agents adopt policies consistent with thainas to bring about
change. In our approach to landscape change modeling, this can be seen by changes in the trajectory of agent
choices regarding policy options within and across multiple scenarios

Oy @AaA2yYy dzaSa | &L dz3 3 InformhadtEmodels & Kidsc&pOpratidonsiaddl & | £ £ 2 &
autonomous landscape change processes to be included in its simulations and provide information that can be

fed back into agent policy selection and decisiaking. These models can span ecological, econonsicaie

cultural dimensions. Autonomous landscape change models are used to model landscape change processes that
are not a result of human decisianaking, but occur independent of that decisioraking. Characterizing

emergent scarcity of valued lands@aproductions is an important aspect of Envision that is one factor that may
influence agent decisiemaking. Envision allows user definition of which productions are considered valuable

in a given study area. These productions are expressed in ternsaraity, allowing a consistent framework to

be used across ecological, economic and soaltural dimensions

Multiagent models such as Envision have emerged recently as a useful paradigm for representing human
behaviors and decisiemaking(Brown et al2005, Parker et al. 2003, Janssen and Jager 2000, Ostrom 1998)
within the context of analyzing biocomplex interactions (Beisner et al. 2003, Holling 2001, Jager et al. 2000,

[ SOAY mMbpdyZ hQbSAtt SiG It d mdpyc O dttamanifialds And distiplied RSt A
with interest in modeling the behavior of autonomous, adaptive agents (actors). We choose Envision for this
study because it provides a unique capability to expfioitpresent policy alternatives, is spatially explicilpwas
integration of multiple submodels, allows rich representation of both individual actor and institutional

interaction and behaviors, and can model uncertainty in scenario outcomes via roaritesupport.

Furthermore, we have already used this modeteessively and are actively expanding its capabilities. Envision
allows a rich description of human behaviors related to land management deaskimg through the three

way interactions ofgents who have decision making authority over parcels of Jdhdlandscapewhich is

changed as these decisions are made, andpthlciesthat guide and constrain decisions. In Envision, agents are
entities that make decisions about the management of particular portions of the landscape for which they have
managenent authority, based on balancing a set of objectives reflecting their particular values, mandates, and
the policy sets in force on the parcels they manage. These values are correlated with demographic
characteristics and, in part, guide the process agasesto select policies to implement. Policies consistent with
3ASydaQ @FfdzSa FNBE Y2NBE tA(1Steée (G2 0SS aSt SOGSRe t2fA
other strategies promulgated by public agencies in response to demands fogaad and social goods, as well

as considerations used by private landowners/land managers to make land use decisions. They contain
information about site attributes defining the spatial domain of application of the policy, whether the policy is
mandatory or voluntary, goals the policy is intended to accomplish, and the duration for which the policy, once
applied, will be active at a particular site. Envision represents a landscape as a set of-palygdgeographic
information system (GIS) maps and@sated information containing spatially explicit depictions of landscape
attributes and patterns. As agents assess alternative land management options, they weigh the relative utility of
potentially relevant policies to determine what policies they wlest to apply at any point in time/space, if

any. Once applied, a policy outcome is triggered, modifying site attributes, resulting in landscape change.
Policies may also be constrained to operating only with selected agent classes (e.g., homeowneassneamne
federal lands, owners with scenic views etc.).
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Assumptions, Limitations and Constraints of this Analysis
A number of limitations and constraints were imposed during the data development and modeling phases of
this project. These are summarized dei

1) Only datasets that were available for the entire Puget Sound study area were employed in the.aitigsis
affected a number of data attributes, most notably zoning and land use/land ¢buiC) A consistent
zoning coverage for Puget Soutalesnot currently exist. Zoning coverages were collected for each county
and a consolidated zoning designation was developed aindlisgded in the IDU coverageowever, county
datasets generally did not include zoning withirban Growth Areas (UGAJForLULC, only a limited
attribute coverage (NOAECAP, based dwational Landcover Dat&dlCDpclasses) is available Souwille:
this lack of detailed LULC classes significantly limits the expression of detail of land use/land over in the
representation of arrent (ca. 2002) and projected future conditions.

2) No satisfactory methods for extending road networks in the future scenarios currently exists. Therefore, road
networks are considered fixed in this analysis.

30 ' D! Qa $6SNB | &44&dzyHeRnalisBpeddd FTAESR GKNRJIAK
4) The same policy sets were applied in eachlsaging no subregional differences in policies were considered.

5) Climate change impacts, including deweel rise or increased migration due to severe climate impaets (
climate refugees), vere not considered in this analysis.

6) Population growth was assumed to be the same in all scenarios, and was based on the medium estimates of
population growth for each county provided by the Washington State Office of Financial Management,
distributed across each sdimsin using areaveighted countylevel estimates.

7) No demographic shifts or corresponding shifts in choice behavior were considered throughout the analysis
period.

8) For certain processes (armoring, dock/marina counts/areasy] faxos by development classwe assumed
based on existing Sourwide relationships.

Approach

In this section, we describe the approach used to develop three alternative futures scenarios. This approach
involves three primary aspects: 1) dataset depetent, 2) policy development, and 3) modeling efforts using
the Envision alternative futures toolkit.

Dataset development

Envision employs a spatiakyplicit representation of the landscape, consisting of a set of polygons, termed
Integrated Decision Uts (IDU3 that contain multiple attributes describing polygon characteristics. These IDUs
form the fundamental spatial unit for actor decisiamaking in Envision. The IDU coverage for this analysis was
create by intersecting several primary data sosrcENLCD Landcover data, as summarized by the PSNERP
Change Analysis proje2} watershed boundaries defined by the PSNERP Change Analysis datasets, and 3) UGA
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These were divided into stiasins (Figurg) for this analysis to simplify data handling tasks. These polygons

were further attributed with a variety of relevant datasetsmmarizedn the Table 1

Dataset

Source

Use

Geographic Suey
Units

PSNERP Change Analgdesrived from many
additional sources

Used in part to delineate IDUs;
primary source of attribute data

Ownership

PSNERP Change Analgdesrived from many
additional sources

Primary source of attribute data,
used in polies

Protected lands

PSNERP Change Analgdesrived from many
additional sources

Primary source of attribute data,
used in policies

NLCD landcover

PSNERP Change Analgdesrived from many
additional sources

Used in part to delineate IDUs;
primary soure of attribute data

Census200block
groups

Geolytics, Inc.
http://www.censuscd.com/USCensus,Census-
2000-Long-Form,Products.asp

Used in part to delineate IDUs;
primary souce of attribute data

Urban growth areas

County GIS datasets

Used in part to delineate IDUs;
primary source of attribute data

Incorporated areas

Washington State Office of Financial
Management

Used in part to delineate IDUs;
primary source of attribute da

County zoning data

Washington State Office of Financial
Management

Used in part to delineate IDUs;
primary source of attribute data

FEMA 100 yr floodplair

Washington State Department of Ecology

Used in part to delineate IDUs;
primary source of attribte data

Puget Sound viewshed

Developed as part of FRAP. Based on
elevation data from USGS NHD+ data

Used in part to delineate IDUs;
primary source of attribute data

Coastal landslide
hazards

Washington State Department of Ecology

Used in part to delinate IDUSs;
primary source of attribute data

NHD+ stream network

USGS

Attribute data

Road network

PSNERP Change Analgdesrived from many
additional sources

Attribute data

Coast line geometry

PSNERP Change Analgdesrived from many
additional sources

Attribute data

Inactive railroads

PSNERP Change Analgdesrived from many
additional sources

Attribute data

Active railroads

PSNERP Change Analgdesrived from many
additional sources

Attribute data

Over water structures

PSNERP Change Analgderived from many
additional sources

Attribute data

Impervious area

PSNERP Change Analgdesrived from many
additional sources

Attribute data

Historical nearshore
wetlands

PSNERP Change Analgdesrived from many
additional sources

Attribute data

Nearshoe wetlands

PSNERP Change Analgdesrived from many
additional sources

Attribute data
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Armor length PSNERP Change Analgdirived from many| Attribute data
additional sources
Tidal barriers PSNERP Change Analgdirived from many| Attribute data

additional sources

Herring spawning areaj] PSNERP Change Analgdisrived from many| Attribute data
additional sources

Regional growth Developed as part of FRAP. Attribute data
centers

Table 1. A listing of datasets from which IDU attributes were developed.

Complete metadata imcludedin Appendix 1 Descriptions of each field used in the analysis are available at
http://e nvision.bioe.orst.edu/StudyAreA3ugetSoundFiedInfo/PS _Fieldinfditml

San Juan J

North Central_]

Whidbey

Juan de Fuca

Hood Canal

South Puget ‘

South Central

Figure2. Subbasinsusedin this analysis


http://envision.bioe.orst.edu/StudyAreas/PugetSound/Data/IDU_metadata.html
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Population Growth Estimates

County level medium growth population estimates from Washington State Office of Financial Management
(OFM)were used to dvelop subbasin level population growth increments representing the yearly population
growth needed to achieve the OFM 2060 population totals for each couktinear relationship was assumed,
and developed for 2007 estimates downloaded frbttp://www.ofm.wa.gov/pop/gma/projections07.aspThe
area of each county within each sblasin was used as the weight to produce the-balsin level growth
parameter, pictured below, from the county levgglowth estimates.

Area Weighted Subbasin Growth Rates

12000

10000

L EDOD
=
3

= 6000
=
2

® apoo

2000

o

HC IF NC 5C 5 sp WH

Subbasin

Figure 3. Area weighted sulbasin growth rdes derived from the OFM countytevel growth projections.
(HC=Hood Canal, JF=Juan de Fuca, NC=North Central, SC=South Central, SJ=San Juan, SP=South Puget,

WH=Whidbey)

Mean linear growth rees estimatedrom this procedure were input into Envision and processed using Envisions
Population®&rget process and applied to each sbhsin as described below.

IDU level Population Density Estimates

Population @nsity was available from the ye2000Census at the bloegroup level. The population within

each block group is targetetith an optimal value of 150ihdividualsand a min/max of 600/3000 individuals.
Because the target is a number of individuals, $lee of each block group varies comsably. The mean area

of yr2000 bloclgroups across the counties that make up the Puget Sound watershed is 167.5 ha (995.1 ha s.d.).
On the other hand, the mean area of the IDUs in the South Central (SC) watershed of Puget Sound is, for
example 0.62 hab(1 ha s.d.), a fact that indicates the need for a downscaling procedure to estimate IDU level
population density from the coarser blogkoup data. We used a double weighting procedure to account for
the area of each IDU and théJLC within each IDUhe first was simply an area weight, calculated as
arealDU/areaBlockGrouypnd the second was a subjectively defined LULC weight. The LULCWiaditgi)

was designed to recognize general differences in population density between different NLCD lantsses,
providing the deallocation strategy a capacitybigiter reflect the variation in population density at the IDU


http://www.ofm.wa.gov/pop/gma/projections07.asp
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level. These LULC population weights are subjective; however, their development was primarily based upon the
NLCD LULC class desarimgiavailable alttp://www.mrlc.gov/nicd _definitions.php While measured values of
IDUlevel population would be preferable, these data are unavailable. We view this simple procedure of
estimation as an effective strategy to develop a plausible alternative.

This estimating procedure is designed to provide a reasonable estimate -¢é¥Blubopulation that is entirely
consistent with the year 2000 census at the blgckup level.

LandCover LCWaejht

Developed, Open Space 0.1

Developed, Low Intensity 0.6

Developed, Medium Intensity 1.0

Developed, High Intensity | 0.5 Table2. Landcover weights used to disaggrate bockgroup

Hay/Pasture 01 census data to the IDU level.
Cultivated Crops 0.1

Open Water 1E8

All other LC classes 0.01

Policy Development

Policy sets were developed based on discussion with the PSNERP Nearshore Science Team and review of a
variety of planning documents available for Puget Sound. General descriptions ofithiespased in each

scenario are given below. A complete summary of the specific policy descriptors used in this analysis is available
at http://envision.bioe.orstedu/StudyAreas/PugetSound/Policies/PS_Policies.html

Envision Puget Sound - Scenario Descriptions

Three scenarios were developed for this studyStBtus QuqSQ), 2ManagedGrowth (SG), and 3)

Unconstrained Growth(UG). Primary characteristics of eadenario are defineth Table 3 These scenarso

were developed in constdtion with the PSNERP science team and additional stakeholders. The scenarios were
AYGSYRSR (2 LINPOARS NBLINBaSyidaldAazy 27F ¥FSSQskeddrid 2 dzi C
and two additional sets of assumptions bracketing policies that 1) aggressively manage growth and provide
environmental protections (MG scenario) and 2) significantly relax growth management rules and
environmental protections (UG scenaridh all cases, scenarios are representeBmvisioras a set of policies,
describedn Table 3 belowand a set of model parameterizations reflecting population densities capacities as a
function of zoning class. The specific policy representations and model par@matbns used are available at
http://envision.bioe.orst.edu/StudyAreas/PugetSound
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Scenario Quality]

Status Quo (SQ)

Managed Growth (MG)

Unconstrained GrowthUG)

Population
Allocation

Maintain existing
allocation
distributions

DNBIFGSNJ I t¢f2
greater emphasis on
concentrating growth
around Regional Growth
Centers

Greater allocation to areas
2 dzii a A R $hroligh ! Q¢
explicit preferences and
relaxed development
standardsjessemphasis on
concentrating growth
around Regional Growth
Centers

Urban Growth
Pattern

Maintain existing
development pattern,
mix of densities, uses

Emphasize higher densities
mix of
residential/commercial/
industrial; primarily urban
form in residential
development; floodplain
avoidance

Emphasize commercial/
industrial; lower residential
densities, primarily
suburban form in residentia
development

Rural Growth

Maintain existing

Resource lands protected

Distribute growth relatively

Pattern development pattern, | Where conversion occurs, | uniformly, without
mix of densities, uses| growth concentrated near | consideration of resource
existing density, away from| uses, sensitive habitats
resource uses, sensitive
habitats, viewsheds
Nearshore Maintain existing Restrict development in Unrestricted development i
/Coastline development pattern, | nearshore areas, particularl nearshore areas
Developnent mix of uses in areas near sensitive land
certain shoreform types,
away from wetlands,
sensitive lands, unstable
areas, viewsheds
Shoreline Maintain existing Reduce amounts/densities | Increase amounts/densities

Modifications

relationship between
modification
amounts/densities,
population densities

of nearshore modifications
relative to existing
conditions

of nearshoe modifications
relative to existing
conditions

Sensitive
Areas/Open
Space

Maintain moderate
level of protection of
wetlands, some
restoration of historic
wetlands; Moderate
level of new
park/open spaces

High level of protection of
existing, undeveloped
historic wetlands; aggressiv
restoration of historic
wetlands, protections of
sites with high
conservation/ restoration
potential; Aggressive levels
of park/open space
acquisition, both within and

2dzi aARS ! D! Q

Low level of wetlands
protection; no restoraibn of
historic wetlands; no new
parks/open space

Table 3. Scenario Descriptions
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Model and Process Descriptions

Population Growth and Allocation

Population growth and development is modeled as a two step process involving interplay between policies

setting up development opportunities and an autonomous procg&ssget that allocates new population.

Targetworks by creating and examining two surfaces: 1) a current population density surface, and 2) a

population capacity surface. $h LJ2 LJdzf G A2y OF LI OAG& ada2NFIF OS NBLINBaASY
population density. It is defined in spatiatlependent and scenarispecific termsn the input file to the

target.dll process. Total population targets were computed fartesubbasin based on medium growth

projection provided by the Washington State Office of Financial Management Allocation through 2030. Annual
growth estimateaused in the scenariogere extrapolatedrom these estimate. Subbasin estimates were

developed by areaveighting the county level estimates within each sudsin.

Population capacity estimates were computed dynamically during scenario runs using these@IBE and sub
basinspecific capacity estimates and scenasecific scalars based on proximity to regional growth centers.
These ppulationcapacity sufaceswere derived from estimatesf maximum population density achieved
within a development clasat build out. Current population capacity surfacesre generated by relating
existing population density surfaces to a set of a relevant underlying landscape attributes, expressed as a spatial
guery. An availablepopulation @pacity(APC)s generatedas thedifference, at any given time, between the
total populationcapacity and thecurrent populationcapacity To allocateew population as a scenario unfolds
temporally, an allocation of growth is determined based on @ lilmates for the sultbasin,which is then
disaggregated down to the IDU level based on the @Rke IDU relative to thé&\PCexpressed across the entire
analysis area. Thus, locations wilhger APCreceived a proportionally larger share of the total allocation
compared to locatins with asmallerAPC. Note that as underlying land use/development class changes in
response to policies choices, th&tal populationcapacity andAPCchange dynamically.

Representations of population input files for each sasin are available at
http://envision/bioe.orst.edu/StudyAreas/PugetSound/PS_Population.html

Shoreline Modifications

Three shoreline modifications were considered in the project: 1) armorirdp) count and area, and 3)
marina count and area. Shoreline nifichtions were modeled using a custom Envision pilugShoreMods.d|l
developed for this project. During a scenario run in Envision, thisiplegamined the shoreline region for new
dewelopment in the shoreline resulting from actor policy selection. If new development is detected, the
ShoreMods process examines the type of development and determines if a sufficient level of development has
accumulated to necessitate the placement of amnng, docks or marina to accommodate the development.
Specifidevels of accommodationeve determined by examining current relationships between shoreline
modification and existing development classes. These were modified by scenario using sym#ioscalars
and applied uniformly in each stiasin. Summaries of the input files capturing these relationshipprargéded
at http://envision.bioe.orst.edu/studyareas/PugetSound

It is important to recognize that this model assumes that the density of shoreline modifications is related to the
development density, and that this relationship is used to project new shoreline modificatiortss represents


http://envision/bioe.orst.edu/StudyAreas/PugetSound/PS_Population.html
http://envision.bioe.orst.edu/studyareas/PugetSound
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asimple approach to the projéion of future shoreline modifications that explicitly assuntleat the
development ofmodificationsfollows frompopulationgrowth and the development of landscape®f course,
that is not always the casir example armoringnay be created in an effoto protect perceived future vak
of developmentg well before that development may occur.

Despite these potential deficiencigbe modelused in thigproject wadimited to the use of explanatory

variables that were projected by Envision. Developtpaitern was selected as the explanatory variaile if

future work looks at a more sophisticated suite of adbaised outcomes, the shoreline modifications model

could potentially be improved by including other explanatory variables. Additionallyysate to FRAP could

be developed to provide actors the capacity to implement nearshore modifications in response to policy choices,
but this too was outside the scope of this project.

Additional Models
In addition to the models described above, a gskévaluative metrics providing landscape feedbacks were
employed in this analysis. These are summarizéichble delow.

Evaluative Model Description

Impervious Surfaces (%) Impervioussurfaces, expressess a percent of the subasin area

Growth Capaity within UGAs (%) Available capacity to accommodate new growth within Urban
Growth Areas across the siiasin

Growth Capacity outside UGAs (%) | Available capacity to accommodate new growth outside Urbar,
Growth Areas across the siiasin

Nearshore Growt Capacity within Available capacity to accommodate new growth within Urban

UGASs (%) Growth Areas within 1 km of the shoreline

Nearshore Growth Capacity outside| Available capacity to accommodate new growth outside Urbar
UGAs (%) Growth Areas within 1 kmfdhe shoreline

Resource Land$b) Amount of private lands in agricultural or forest use, expresse(

a percentage of the subasin area

New Development within UG@&6) Percentage oéll new development occurring within existing

UGAs
New Development oide UGA Percentage oéll new development occurring outside existing
UGAs
New LowDensity Development Percentage of newow-densitydevelopment occurring within
within UGA existing UGAs
New LowDensity Development Percentage of new lowensity development occurring within
outside UGA existing UGAs
New MediumDensity Development | Percentage of new mediwgtensity development occurring
within UGA within existing UGAs
New MediumDensity Development | Percentage of new mediwgtensity developmenoccurring
outside UGA outsideexisting UGAs
New HighDensity Development Percentage of new higliensity development occurring within
within UGA existing UGAs
New HighDensity Development Percentage of new higliensity development occurringutside
outside UGA existing UGAs

Table 4. BEvaluative metrics used in this analysis.
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These metrics were chose because the captured current understanding of relevant outcomes metrics, could be
supported by the available datasets, and were capable of being projected undeofthehscenarios. For the
LJdzZN1J32 4Sa 2F GKSaS YSOUNROasz ay S| NAK2 NS éthisavhsiuseRiSrT A y SR
summary purposes only and does not reflect a prodessed perspective oshoreline influences.

Policies

In Envisionpoliciesare the basic decision rules that guide and constrain actor behaviory cbingain a number
of attributes, most importantly a set Giite attributes,expressedis a spatial query on the underlying IDU
coverage, that determine where on the landpeathe policy is potentially applicable, and zero or more
outcomesgexpressed ifEnvision®utcome specification language, that determines what happens, in terms of
changes to the underlying IDU coverage, if an actor chooses to adopt a specific policy.

Poicieswere developed based on discussions with PSNERP and reflect several broad categories of policies,
including 1) urbanization, 2) shoreline modifications, 3) preservation/conservation/restoration of sensitive lands,
and 4) miscellaneous additional pméis. In most cases, general policies were developed with variations specific
to each scenario. These are described below.

Many policies and scenarios are responsive to landscape feedbacks of various types. Examples include scarcity
ofresource landsd | @ At 0Af AGe 2F NBAARSYyUOGAlLft OFLIOAGED ¢ F
t NPOSaa 5SaONRLIIAZ2Yaéd | 020So

Urban/Rural Growth and Resource Lands Conversion

Conversion of resource land3olicies reflecting conversion of private agricultamd forested lands to

developed uses werereated The varied based on scenario, spatial location, and additional spatial attributes
including location in floodplain, proximity to sensitive lands (defined as wetlands, eelgrass beds, herring
spawning aras, and areas with good/very good conservation potential), proximigtresams andnajor roads,

and location of UGAs. Only lands outside of the nearshore zone were considered; nearshore conversions are
addressedseparatelybelow. In all cases, policiase applicable only to those IDUs outside the 1 kmrsleare

area. IDUs in a protected status (those set aside for conservation purposes) are excluded from development in
all scenarios.Only private lands were considered for development; no public larete converted in any

scenario.

SQ ScenarioWithin the SQ scenariopnversionsvere appliedat ratesconsistent with current ratios within and
outside of UGAs. Thesates of conversiomere moderately responsive to proximity to Regional Growth
Ceners(RGC, as defined by the Puget Sound Regional Council); the rate of conversion decreased as distance to
anexisting RG@creased within &5km radius of the center of the RGC. Moderate levels of conversion of
agricultural and forest land to residentiases occurs, with roughly 60 to 80 percent of new growth

accommodated with UGAs (this varies by-asin).

MG Scenario The MG scenarimore aggressively limited conversion of resource lands to residential uses;
conversion is limited to areas near fegal growth centers, and away from areas with good conservation
potential, floodplains, viewshedsy near streams. Resulting residential uses tends to be higher density
development compared to SQ.
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UG ScenarioThe UG scenario significantly reducesedlopment constraints on resources lands. UGAs become
less importantasdeterminers of development patternResource lands, including those zoned for agriculture a
forestry, are generally developable at low densities. Proximity to sensitive land<zeid R not a factor in
determining development potential. Viewsheds are more likely to be developed for residential uses.
Floodplains are available for development, although development is restricted in floodways.

Redevelopment anthfill. Redevelopmenand nfill involves the conversion of underdeveloped, private
NEAARSYGALI t fthayaRet highkrilléaditigs. Uridérdieloped lands are defined as those areas
where available population density capacity exceeds 50 percent of total cap¥ditiyin the scenarios,
redevelopment was represented akangingzoning to allow higher densitiess those areas currently zoned at
low to moderate densitiesinfill wasrepresented as preferential development in undeveloped areas zoned for
development. Details varied by scenario, with the SQ scenario having moderate conversiorM@tes,
emphasizing conversion to highdensity uses as well as parks, and UG emphasizing conversion to
commercial/industrial uses.

SQ ScenarioModerate emphasis is placed mdevelopment and infill Preference is given to those areas
within a 25 km radius of a RGC, although redevelopment and infill also occurs outside this radius.

MG Scenario Infill and redevelopment is emphasized to accommodate growth within UGAs ubatiianear
RGCs. Where infill and redevelopment occurs, higher densities are allowed. Reservations are made for parks
and urban open spaces.

UG Scenariolnfill and redevelopment is not emphasized. Where infill and redevelopment occurs, densities are
only moderately increased.

Conversion of Barren LanBarren Lands are defined as undeveloped, unvegetated lands that have typically

been cleared of vegetation via human modification, for example brownfield arelaistorical industrial uses

where redevédopment is complicated by the presence of pollutanGonversion of barren land occurs both

within and outside UGAs. Development to both Commercial, Urban and Park uses occurs within UGAS; outside
UGAs conversion to Residential and Park uses ocscagario differences mirror those for Redevelopment and

Infill described above.

Nearshore/Shoreline Development

Nearshore development is treated separately from other development. Nearshore development is defined as
development occurring in one of two regis: 1) within 206 of a shoreline (shoreline delopment), and 2)
beyond 200mrbut within 1 km of a coastline (nearshore development). Nearshore development processes are
impacted by proximity to existing road network, location in a viewshed, and developopportunity

expressed via IDU proximity to sensitive lands, shoreforms, and similar attributes. Because scenarios differ
widely in their treatment of nearshore/coastline development, we provide policy descriptors for each scenario
below. In all casegolicies are constrained to those parcels within 1 km of the coastline.

D Scenario Allows moderate levels of developmenn private landsn most areas. No development is
allowed on deltas, within floodplains, or in areas with unstable slopes; dernt on existing wetlands is
limited. Development pattern emphasizes moderate density uSeme conversion of undeveloped lands to
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both commercial, residential and park uses is allowed. AreasnathlGA, near roads or withwater view are
more likely to be developedAreas containing significant wetlands are less likely to be developed.

MG Scenario No new development is allowed within 20®f the shoreline. Outside the 2@0zone
development is severely restricted in areas near sensitive lanclsding current and historic wetlands, lands
with significant conservation opportunities, or lands adjacent to streams. Water views are profemted
development Development is focused on areas within UGAs, near RiBsar roads.In existing devieped
areas, focus is on increasing densiGreate of parks in developed areas is included.

UG Scenarid'he Unconstrained Growth scenario allows significant new development in the nearshore. No
development is allowed on deltas or on unstable slgfes other shoreforms are developable. Development
pattern emphasizes lowensity uses. Those areas with water views are more likely to be developed for
residential uses, as are thosgthin existingUGAs or near roads. Areas with significant wetldralse a reduced
probability of development.

Sensitive Areas/Conservation Lands/Open Space

Paolicies for protection of sensitive areas and open spaces are included in the scenarios. Sensitive areas are
defined as wetlands, eelgrass beds, herring spawaiags, and areas with good/very good conservation
potential. Generally scenarios vary in terms of their overall level of protection of sensitive areas.

S Scenario The SQ scenarioaintains moderate level of protection of wetlands, some restoratiorhidtoric
wetlands;moderate level of protection of existing open space areasl noderate level of protection of IDUs
adjacent to eelgrass beds, herring spawning areas.

MG ScenariosThis scenario reflecgshigh level of protection of existing and unééyped historic wetlands;
aggressiveastoration of historic wetlands angrotection of sites with high conservation/ restoration potential.
No development is allowed next to Eelgrass/Herring Spawning areas. Existing open space is precluded from
developnent.

UG ScenarioUnder the unmanaged growth scenario, no additional protection of conservation areas/sensitive
areas/open space is providedbove and beyond those protections described above

Development rules and scenasspecific modifications are sunarized in Appendix 4, TablBs 9.
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Results and Discussion

A brief summary of run results is presented below for a subset of modeled output variables. Complete results,
included dynamics maps and a complete set opotivariables, is available dhe web at
http://envision.bioe.orst.edu/studyareas/pugetsound

We first examine land use/land covgrULClesults. These are presented in map fornfrigure 4 for base year
condition andeach of the three scenarios projected to 2060. The scenario results show significant differences
between scenarios. The MG scenario tends to concemttatelopment in existing UGAs, while the UG scenario
creates a much mordispersed development patternSQ is somewhere in between. This difference is most
noticeable in the area south of Seattle on the northwestern edge of Mt. Rainier, where a large expanse of low
density residential zoning is utilized within the SQ and in particular the UG scenasiosotomodate new

growth. Most development occurs as a result of conversion of forest lands, but this impact is significantly higher
in the UG scenario.

Subbasin level summaries atJLQor the nearshore area only (defined here as within 200m of the dimake

are provided in Figurésc¢ 12. Significant variation in both base year LULC distributions and scenario outcomes
exists, reflecting the wide variation in LULC pattern throughout the Puget Sound. There are also significant
differences in percentagef shoreline developed throughout scenario in each-bakin, reflecting both

availability of convertible lands and shoreline length/sdsin area ratios (Figure 13). In all 4asins except

San Juan, the SQ scenario resulted in less conversion of neatahds for development as compared to the UG
scenario. Because the MG scenario essential precluded new nearshore development, it was excluded from this
analysis.

One of the more notable features of the sbhsin results in the consistency of changevimstn the scenarios,
across all of the projected metrics. The number of docks and marinas as well as the impervious area and
amount of armoring are projected to have the largest increases in the unconstrained growth scenario, and the
smallest increases the constrained growth scenario. The status quo is intermediate. Fig4f28 outline
these results as time series for each of the-balsins, whildHgure 21 providesa summary of all subasins
across Puget Sound. Docks, marinas and armoring weneadstobe strongly discouraged under the
constrained growth scenario, and for this reason remain essentially unchanged throughout the 60 year
projectionfor that scenario Across Puget Sound@ihe number of docks and marinas well as the percentage
of armored shorelingis projected to increase by approximately twice as much in the unconstrained growth
scenario as in the status quo scenario (Fiddire There is a much larger range in variation between the sub
basins, due primarily to differences inetimearshore landcover on which the projection depends.

The percent of impervious area displays a cistEnario pattern that is very similar to that for the nesdwore
modifications, with unconstrained growth showing the largest increases at the Pogetl &vel and also across
each of the sulbasins. Figur22 is a set of maps outlining the degree of impervious area across Puget Sound
for each of the different scenarios, which can be used to explain these-stegsrio differences. The footprint

of new impervious areéFigure2?2)is the largest under the unconstrained growth scenario because more of the
landscape transitions teesidential developmenthich has a larger degree of imp@usness than


http://envision.bioe.orst.edu/studyareas/pugetsound
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Figure 4. Land Use/Land Cover for Year 2000 and 2060 under Each Scenario
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Figure 5. Marshore Land Use/Land Cover for Year 2000 and 2060 under Each Scerbria Canal
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Figure 6. Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Sgdnariale Fuca
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Figure 8. Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each S¢c&uautio Central
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Figure 9. Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each S¢&aariduan
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Figure 11. Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scafmdioey
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Figure 12. Nearshore Land Use/Land Cover for Year 200060 under Each Scenardentire Puget Sound
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Figurel3. New Development 2002060 for SQ and UG Scenarios by Bakin

other land cover classem particular agriculture and forestryThe status quo scenario shows a degree of
change, measureddth in terms of landcover and impervious area change that is intermediate between
unconstrained and managed growth.

The portion of new developmernttccurring within established UG Asummed across all three development
classes) is outlined for each sbhsn in the lower left plot in Figure®4-20 and for Puget Souras a wholen
Figure2l. Again, the crosscenario pattern is consistent across the summary areas, with unconstrained growth
having the smallest portion of growth in UGAs and the managed rbaxing the largest amount of growth in

the UGAs. The difference between status quo and constrained growth is, however, very small for most
summary areas. This resultsm the fact thatthese scenarios both were designed to respect established UGAs,
while the unconstrained growth scenario essentially ignored thémeerestingly, his pattern diverges in the

North Central sutbasin, where the status quo scenario shows a greater amount of growth in the UGAs than the
managed growth scenari@and where theamount of growth in the UGAs is smaller (approximately 20% of

growth in 2060 inside UGAs for the managed growth scenario) than in othdramilhs Thisobservation is

explained by the recognition that theie onlyone UGA in the Jefferson County ared the subbasin, and this

UGA does not include most of the developed area, including Port Townsend. Was the North Central basin large
enough to include additional UGASs, this pattern would lilegdpearmore similar to other suibasins. This result
highights one of the simplifying assumptions guiding the anatyist the UGAs do not expand over the

coming 5060 years. In future analyses, it may be worth giving more consideration to how UGAs may need to
develop to accommodate growth in different regmof Puget Sound.



Envision Puget SourgdFinal Repor| Page26

Docks- Cross Scenario Compariso Marinas- Cross Scenario Comparisc
670 12
665 10
660 8
I= Status Quo I= Status Quo
3 655 3 6
) @)
Y Managed Managed
650 4
’_I' Growth Growth
645 Fe Unconstrained 2 Unconstrained
640 Growth 0 Growth
0 20 40 60 0 20 40 60
Year Year
% Armoring- Cross Scenario Impervious SurfacesCross Scenario
Comparison Comparison
22.2 0.1
22 |5
§ 0.08
g 218 Status Quo g 0.06 Status Quo
% 21.6 = 0.04
o 214 Managed % ' o Managed
21.2 ,,_.-r"__'- Growth g 0.02 Growth
21 Unconstrained 0 Unconstrained
Growth Growth
0 20 40 60 0 20 40 60
Year Year
Portion of New Development inside Percent of Capacity Available for
UGAs Cross Scenario Comparison New Growth- Cross Scenario
Comparison
_ 08
o) 100
S 06 I 50
e Status Quo = B S
= 04 | g 60 tatus Quo
e 2
S Managed > 40
o 02 Growth Managed
o row 20 - Growth
0 Unconstrained 0 .
Growth Unconstrained
0 20 40 60 0 20 40 60 Growth
Year Year

Figure 14. Time Series Resultdood Canal











































































