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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 Ecosystem Restoration Project, completed an analysis of alternative future regional  

trajectories of landscape change for the Puget Sound region.  This effort developed three scenarios of change:  

1) Status Quo, reflecting a continuation 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 within Urban Growth Areas (UGA) and near regional 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 Office of Financial Management county level growth estimates.  Scenarios were generated using a 

spatially- and temporally-explicit alternative futures analysis model, Envision, previously developed by Oregon 

State University researchers.  The model accepts as input a vector-based representation of the landscape and 

associated datasets describing relevant landscape characteristics, descriptors of various processes influencing 

landscape change, and a set of policies, or decision alternatives, which reflect scenario-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, and 2) a set of summary statistics describing landscape change variables summarized 

across spatial reporting units.  Analyses were run on each of such sub-basins in the Puget Sound, and aggregated 

to providing Sound-wide results.  This information is being used by PSNERP to project future impairment of 

ecosystem functions, goods, and services.  The Puget Sound Nearshore Ecosystem project data also provide 

inputs to calculate aspects of future nearshore process degradation.  Impairment and degradation are primary 

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 functions.  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 have been involved 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 managing growth, 

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 presenting those 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 relevant to representing landscape change, 2) a rich 

capability for representing management policies explicitly in a  decision-theoretic framework and capturing 

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

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 an alternative futures analysis framework that incorporates these 

capabilities to the analysis of alternative future trajectories in the Puget Sound region.  This framework, Envision 

(Bolte et al, 2007; Hulse et al. 2008) is a spatially and temporally explicit, standards-based, open source toolset 

specifically designed to facilitate alternative futures analyses.  It employs a multiagent-based modeling approach 

that contains a robust capability for defining alternative management strategies 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 application-specific way.   

Scenario-based alternative futures studies are ways to explore plausible options for the future of a place, an 

organization, or a community, and to assess resulting impacts on relevant outcome metrics. These types of 

studies are being used in a widening array of situations in which people seek choice 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 Shearer 2007).  As they are more widely 

used, scenario-based studies are increasingly scrutinized for their adequacy within a growing range of modeling 

and decision-making constructs. 

Envision creates probabilistic representations of hypothetical future land use trajectories based on a defined set 

of plausible future scenarios and can be used to track both economic and ecological consequences of those 

trajectories. Envision incorporates several ecosystem and economic models to create metrics of landscape 

services.   It provides a policy-centric, spatially-explicit alternative futures scenario capability that is well suited 

to modeling key biophysical and socio-cultural processes at the temporal and spatial grains of human decision- 

making that drive landscape change. It also has the important characteristic 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 user of Envision to explore more fully the range 



Envision Puget Sound ς Final Report P a g e 6 
 
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 cross-scenario variability, 

but within-scenario variability and uncertainty associated with landscape- and site-level change, an important 

but generally overlooked aspect of scenario analysis. 

The fundamental organizational structure used in Envision is shown in Fig. 1.  Key elements in this organizational 

scheme are a landscape representation, agents, policies, landscape evaluators and autonomous landscape 

processes. Taken together, these elements provide a basic platform for assembling agent-based models of 

landscape change.  Fundamental to Envision is the concept that agents make decisions in response to various 

socially-valued landscape products as well as their internal value systems, societal pressures resulting from the 

emergence of scarcity (as used in economics to indicate an insufficient supply of desired goods or services), and 

perceptions of the utility of adopting various policies in response to their goals.  Envision models the feedbacks 

ōŜǘǿŜŜƴ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƻŦ ŀƎŜƴǘΩǎ ǾŀƭǳŜǎ ŀƴŘ ōŜƘŀǾƛƻǊǎΣ ǇƻƭƛŎȅ ƛƴǘŜƴǘƛƻƴǎ ŀƴŘ ǎŎŀǊŎƛǘȅ ŜȄǇǊŜǎǎŜŘ ǘƘrough 

metrics of valued landscape productions. Taken together, Envision provides a framework for examining and 

simulating the coupled interactions and cyclical feedbacks among human actions, policy effects and landscape 

productions. 

Policies in Envision are defined 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. Policies operationalize values and preferences within the 

constraints of means at hand to accomplish desired ends. A logically coherent group of policies assumed to be in 

Figure 1. Envision Conceptual Structure 
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force comprise a scenario. Within a scenario, agents adopt policies consistent with their values 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. 

9ƴǾƛǎƛƻƴ ǳǎŜǎ ŀ άǇƭǳƎƎŀōƭŜέ ŀǊŎƘƛǘŜŎǘǳǊŜ ǘƘŀǘ ŀƭƭƻǿǎ Ŏƻnformant models of landscape productions and 

autonomous landscape change processes to be included in its simulations and provide information that can be 

fed back into agent policy selection and decision-making. These models can span ecological, economic or socio-

cultural dimensions.  Autonomous landscape change models are used to model landscape change processes that 

are not a result of human decision-making, but occur independent of that decision-making.  Characterizing 

emergent scarcity of valued landscape productions is an important aspect of Envision that is one factor that may 

influence agent decision-making.  Envision allows user definition of which productions are considered valuable 

in a given study area. These productions are expressed in terms of scarcity, allowing a consistent framework to 

be used across ecological, economic and socio-cultural dimensions. 

Multiagent models such as Envision have emerged recently as a useful paradigm for representing human 

behaviors and decision-making (Brown et al. 2005, 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, 

[ŜǾƛƴ мффуΣ hΩbŜƛƭƭ Ŝǘ ŀƭΦ мфусύΦ aǳƭǘƛŀƎŜƴǘ ƳƻŘŜƭƛƴƎ ƛǎ ŀ ōǊƻŀŘ ŜƴŘŜŀǾƻǊΣ ǊŜƭŜǾŀƴt to many fields and disciplines 

with interest in modeling the behavior of autonomous, adaptive agents (actors). We choose Envision for this 

study because it provides a unique capability to explicitly represent policy alternatives, is spatially explicit, allows 

integration of multiple submodels, allows rich representation of both individual actor and institutional 

interaction and behaviors, and can model uncertainty in scenario outcomes via monte-carlo support. 

Furthermore, we have already used this model successively and are actively expanding its capabilities.  Envision 

allows a rich description of human behaviors related to land management decision-making through the three-

way interactions of agents, who have decision making authority over parcels of land, the landscape which is 

changed as these decisions are made, and the policies that 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 

management 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 agents use to select policies to implement. Policies consistent with 

ŀƎŜƴǘǎΩ ǾŀƭǳŜǎ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ǎŜƭŜŎǘŜŘΦ tƻƭƛŎƛŜǎ ƛƴ 9ƴǾƛǎƛƻƴ ŎŀǇǘǳǊŜ ǊǳƭŜǎΣ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ŀƴŘ 

other strategies promulgated by public agencies in response to demands for ecological 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 polygon-based geographic 

information system (GIS) maps and associated 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 will select 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., homeowners, owners near 

federal lands, owners with scenic views etc.). 
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Assumptions, L imitations 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 below: 

1) Only datasets that were available for the entire Puget Sound study area were employed in the analysis.  This 

affected a number of data attributes, most notably zoning and land use/land cover (LULC).  A consistent 

zoning coverage for Puget Sound does not currently exist.  Zoning coverages were collected for each county 

and a consolidated zoning designation was developed and is included in the IDU coverage; however, county 

datasets generally did not include zoning within Urban Growth Areas (UGA).  For LULC, only a limited-

attribute coverage (NOAA-CCAP, based on National Landcover Data (NLCD) classes) is available Sound-wide:  

this lack of detailed LULC classes significantly limits the expression of detail of land use/land over in the 

representation of current (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. 

3ύ ¦D!Ωǎ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ ōŜ ŦƛȄŜŘ ǘƘǊƻǳƎƘ ǘhe analysis period 

4) The same policy sets were applied in each sub-basin ς no sub-regional differences in policies were considered. 

5) Climate change impacts, including sea-level rise or increased migration due to severe climate impacts (i.e. 

climate refugees), were 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 sub-basin using area-weighted county-level 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/areas), fixed ratios by development class were assumed 

based on existing Sound-wide relationships. 

Approach  
In this section, we describe the approach used to develop three alternative futures scenarios.  This approach 

involves three primary aspects: 1) dataset development, 2) policy development, and 3) modeling efforts using 

the Envision alternative futures toolkit.  

Dataset development  

Envision employs a spatially-explicit representation of the landscape, consisting of a set of polygons, termed 

Integrated Decision Units (IDUs) that contain multiple attributes describing polygon characteristics.  These IDUs 

form the fundamental spatial unit for actor decision-making in Envision.  The IDU coverage for this analysis was 

create by intersecting several primary data sources: 1) NLCD Landcover data, as summarized by the PSNERP 

Change Analysis project 2) watershed boundaries defined by the PSNERP Change Analysis datasets, and 3) UGA 
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ōƻǳƴŘŀǊƛŜǎΦ  ¢Ƙƛǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ŎƻǾŜǊŀƎŜ ǿƛǘƘ ǊƻǳƎƘƭȅ прлΣллл ǇƻƭȅƎƻƴǎ όL5¦Ωǎύ ŦƻǊ ǘƘŜ tǳƎŜǘ {ound region.  

These were divided into sub-basins (Figure 2) for this analysis to simplify data handling tasks.  These polygons 

were further attributed with a variety of relevant datasets summarized in the Table 1: 

Dataset Source Use 

Geographic Survey 
Units 

PSNERP Change Analysis ςderived from many 
additional sources 

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

Ownership 
 

PSNERP Change Analysis ςderived from many 
additional sources 

Primary source of attribute data, 
used in policies 

Protected lands 
 

PSNERP Change Analysis ςderived from many 
additional sources 

Primary source of attribute data, 
used in policies 

NLCD landcover PSNERP Change Analysis ςderived from many 
additional sources 

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

Census2000 block-
groups 

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

 

Used in part to delineate IDUs; 
primary source 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 data 

County zoning data Washington State Office of Financial 
Management 

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

FEMA 100 yr floodplain Washington State Department of Ecology Used in part to delineate IDUs; 
primary source of attribute data 

Puget Sound viewsheds 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 delineate IDUs; 
primary source of attribute data 

NHD+ stream network USGS Attribute data 

Road network PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Coast line geometry PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Inactive railroads PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Active railroads PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Over water structures PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Impervious area PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Historical nearshore 
wetlands 

PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Nearshore wetlands PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

http://www.censuscd.com/USCensus,Census-2000-Long-Form,Products.asp
http://www.censuscd.com/USCensus,Census-2000-Long-Form,Products.asp
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Armor length PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Tidal barriers PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Herring spawning areas PSNERP Change Analysis ςderived from many 
additional sources 

Attribute data 

Regional growth 
centers 

Developed as part of FRAP.  Attribute data 

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

Complete metadata is included in Appendix 1.  Descriptions of each field used in the analysis are available at 

http://e nvision.bioe.orst.edu/StudyAreas/PugetSound/FieldInfo/PS_Fieldinfo.html 

 

 

 

Figure 2.  Sub-basins used in this analysis 

San Juan 

Whidbey 

Juan de Fuca 

North Central 

Hood Canal 

South Puget 

South Central 

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 develop sub-basin level population growth increments representing the yearly population 

growth needed to achieve the OFM 2060 population totals for each county.  A linear relationship was assumed, 

and developed for 2007 estimates downloaded from http://www.ofm.wa.gov/pop/gma/projections07.asp.  The 

area of each county within each sub-basin was used as the weight to produce the sub-basin level growth 

parameter, pictured below, from the county level growth estimates.  

 

Figure 3.  Area weighted sub-basin growth rates derived from the OFM countyςlevel 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 rates estimated from this procedure were input into Envision and processed using Envisions 

PopulationTarget process and applied to each sub-basin, as described below. 

IDU level Population Density Estimates  

Population density was available from the year 2000 Census at the block-group level.  The population within 

each block group is targeted with an optimal value of 1500 individuals and a min/max of 600/3000 individuals.  

Because the target is a number of individuals, the size of each block group varies considerably.  The mean area 

of yr2000 block-groups 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 ha (6.1 ha s.d.), a fact that indicates the need for a downscaling procedure to estimate IDU level 

population density from the coarser block-group data.  We used a double weighting procedure to account for 

the area of each IDU and the LULC within each IDU.  The first was simply an area weight, calculated as 

areaIDU/areaBlockGroup, and the second was a subjectively defined LULC weight.  The LULC weight (Table 2) 

was designed to recognize general differences in population density between different NLCD landcover classes, 

providing the deallocation strategy a capacity to better 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 descriptions available at http://www.mrlc.gov/nlcd_definitions.php . While measured values of 

IDU-level 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 of IDU-level population that is entirely 

consistent with the year 2000 census at the block-group level.    

 

 

Table 2.  Landcover weights used to disaggregate bock-group 

census data to the IDU level. 

 

 

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 of the policies used in each 

scenario are given below.  A complete summary of the specific policy descriptors used in this analysis is available 

at http://envision.bioe.orst.edu/StudyAreas/PugetSound/Policies/PS_Policies.html 

Envision Puget Sound - Scenario Descriptions  
Three scenarios were developed for this study:  1) Status Quo (SQ), 2) Managed Growth (SG), and 3) 

Unconstrained Growth (UG).  Primary characteristics of each scenario are defined in Table 3.  These scenarios 

were developed in consultation with the PSNERP science team and additional stakeholders.  The scenarios were 

ƛƴǘŜƴŘŜŘ ǘƻ ǇǊƻǾƛŘŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŦŜŀǎƛōƭŜ ƻǳǘŎƻƳŜǎ ǳƴŘŜǊ ŀ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ŀǎǎǳƳǇǘƛƻƴ όSQ scenario) 

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 scenario).  In all cases, scenarios are represented in Envision as a set of policies, 

described in Table 3 below, and a set of model parameterizations reflecting population densities capacities as a 

function of zoning class.  The specific policy representations and model parameterizations used are available at 

http://envision.bioe.orst.edu/StudyAreas/PugetSound 

 

 

 

 

LandCover LCWeight 

Developed, Open Space 0.1 

Developed, Low Intensity 0.6 

Developed, Medium Intensity 1.0 

Developed, High Intensity 0.5 

Hay/Pasture 0.1 

Cultivated Crops 0.1 

Open Water 1E-8 

All other LC classes 0.01 

http://www.mrlc.gov/nlcd_definitions.php
http://envision.bioe.orst.edu/StudyAreas/PugetSound/Policies/PS_Policies.html
http://envision.bioe.orst.edu/StudyAreas/PugetSound
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Scenario Quality Status Quo (SQ) Managed Growth (MG) Unconstrained Growth (UG) 

Population 
Allocation 

Maintain existing 
allocation 
distributions 

DǊŜŀǘŜǊ ŀƭƭƻŎŀǘƛƻƴ ǘƻ  ¦D!ΩǎΤ  
greater emphasis on 
concentrating growth 
around Regional Growth 
Centers 

Greater allocation to areas 
ƻǳǘǎƛŘŜ ¦D!Ωǎ  through 
explicit preferences and 
relaxed development 
standards; less emphasis 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 residential 
development 

Rural Growth 
Pattern  

Maintain existing 
development pattern, 
mix of densities, uses 

Resource lands protected:  
Where conversion occurs,  
growth concentrated near 
existing density, away from 
resource uses, sensitive 
habitats, viewsheds 

Distribute growth relatively 
uniformly, without 
consideration of resource 
uses, sensitive habitats 

Nearshore 
/Coastline 
Development  

Maintain existing 
development pattern, 
mix of uses 

Restrict development in 
nearshore areas, particularly 
in areas near sensitive lands, 
certain shoreform types, 
away from wetlands, 
sensitive lands, unstable 
areas, viewsheds 

Unrestricted development in 
nearshore areas 

Shoreline 
Modifications 

Maintain existing 
relationship between 
modification 
amounts/densities, 
population densities 

Reduce amounts/densities 
of nearshore modifications 
relative to existing 
conditions 

Increase amounts/densities 
of nearshore 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; aggressive 
restoration of historic 
wetlands, protections of 
sites with high 
conservation/ restoration 
potential; Aggressive levels 
of park/open space 
acquisition, both within and 
ƻǳǘǎƛŘŜ ¦D!Ωǎ 

Low level of wetlands 
protection; no restoration 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 process, Target, that allocates new population.  

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

population capacity surface.  ThŜ ǇƻǇǳƭŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ǎǳǊŦŀŎŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ǘƘŜ L5¦Ωǎ ǘƻ Ŏƻƴǘŀƛƴ 

population density.  It is defined in spatially-dependent and scenario-specific terms in the input file to the 

target.dll process.  Total population targets were computed for each sub-basin based on medium growth 

projection provided by the Washington State Office of Financial Management Allocation through 2030.  Annual 

growth estimates used in the scenarios were extrapolated from these estimates.  Sub-basin estimates were 

developed by area-weighting the county level estimates within each sub-basin.  

Population capacity estimates were computed dynamically during scenario runs using these DEV_CODE and sub-

basin-specific capacity estimates and scenario-specific scalars based on proximity to regional growth centers.   

These population capacity surfaces were derived from estimates of maximum population density achieved 

within a development class at build out.  Current population capacity surfaces were generated by relating 

existing population density surfaces to a set of a relevant underlying landscape attributes, expressed as a spatial 

query.   An available population capacity (APC) is generated as the difference, at any given time, between the 

total population capacity and the current population capacity.  To allocate new population as a scenario unfolds 

temporally, an allocation of growth is determined based on OFM-estimates for the sub-basin, which is then 

disaggregated down to the IDU level based on the APC at the IDU relative to the APC expressed across the entire 

analysis area.  Thus, locations with larger APC received a proportionally larger share of the total allocation 

compared to locations with a smaller APC.  Note that as underlying land use/development class changes in 

response to policies choices, the total population capacity and APC change dynamically.   

Representations of population input files for each sub-basin are available at 

http://envision/bioe.orst.edu/StudyAreas/PugetSound/PS_Population.html 

Shoreline Modifications  

Three shoreline modifications were considered in the project:  1) armoring, 2) dock count and area, and 3) 

marina count and area.  Shoreline modifications were modeled using a custom Envision plug-in, ShoreMods.dll, 

developed for this project.  During a scenario run in Envision, this plug-in examined the shoreline region for new 

development 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 armoring, docks or marina to accommodate the development.  

Specific levels of accommodation were determined by examining current relationships between shoreline 

modification and existing development classes.   These were modified by scenario using scenario-specific scalars 

and applied uniformly in each sub-basin.  Summaries of the input files capturing these relationships are provided 

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 modifications.  This represents 

http://envision/bioe.orst.edu/StudyAreas/PugetSound/PS_Population.html
http://envision.bioe.orst.edu/studyareas/PugetSound
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a simple approach to the projection of future shoreline modifications that explicitly assumes that the 

development of modifications follows from population growth and the development of landscapes.   Of course, 

that is not always the case, for example armoring may be created in an effort to protect perceived future value 

of development ς well before that development may occur.   

Despite these potential deficiencies, the model used in this project was limited to the use of explanatory 

variables that were projected by Envision.  Development pattern was selected as the explanatory variable but if 

future work looks at a more sophisticated suite of actor-based outcomes, the shoreline modifications model 

could potentially be improved by including other explanatory variables.  Additionally, extensions 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 set of evaluative metrics providing landscape feedbacks were 

employed in this analysis.  These are summarized in Table 4 below. 

Evaluative Model Description 

Impervious Surfaces (%) Impervious surfaces, expressed as a percent of the sub-basin area 

Growth Capacity within UGAs (%) Available capacity to accommodate new growth within Urban 
Growth Areas across the sub-basin 

Growth Capacity outside UGAs (%) Available capacity to accommodate new growth outside Urban 
Growth Areas across the sub-basin 

Nearshore Growth Capacity within 
UGAs (%) 

Available capacity to accommodate new growth within Urban 
Growth Areas within 1 km of the shoreline 

Nearshore Growth Capacity outside 
UGAs (%) 

Available capacity to accommodate new growth outside Urban 
Growth Areas within 1 km of the shoreline 

Resource Lands (%) Amount of private lands in agricultural or forest use, expressed as 
a percentage of the sub-basin area 

New Development within UGA (%) Percentage of all new development occurring within existing 
UGAs 

New Development outside UGA Percentage of all new development occurring outside existing 
UGAs 

New Low-Density Development 
within UGA 

Percentage of new  low-density development occurring within 
existing UGAs 

New Low-Density Development 
outside UGA 

Percentage of new  low-density development occurring within 
existing UGAs 

New Medium-Density Development 
within UGA 

Percentage of new  medium-density development occurring 
within existing UGAs 

New Medium-Density Development 
outside UGA 

Percentage of new  medium-density development occurring 
outside existing UGAs 

New High-Density Development 
within UGA 

Percentage of new  high-density development occurring within 
existing UGAs 

New High-Density Development 
outside UGA 

Percentage of new  high-density development occurring outside 
existing UGAs 

Table 4.  Evaluative 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 under each of the scenarios.  For the 

ǇǳǊǇƻǎŜǎ ƻŦ ǘƘŜǎŜ ƳŜǘǊƛŎǎΣ άƴŜŀǊǎƘƻǊŜέ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ ƻŎŎǳǊǊƛƴƎ ǿƛǘƘƛƴ м ƪƳ ƻŦ ŀ ǎƘƻǊŜƭƛƴŜΤ this was used for 

summary purposes only and does not reflect a process-based perspective on shoreline influences. 

Policies  
In Envision, policies are the basic decision rules that guide and constrain actor behavior.  They contain a number 

of attributes, most importantly a set of site attributes, expressed as a spatial query on the underlying IDU 

coverage, that determine where on the landscape the policy is potentially applicable, and zero or more 

outcomes, expressed in Envisions outcome specification language, that determines what happens, in terms of 

changes to the underlying IDU coverage, if an actor chooses to adopt a specific policy. 

Policies were 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 policies.  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 

of resource lands anŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǊŜǎƛŘŜƴǘƛŀƭ ŎŀǇŀŎƛǘȅΦ  ¢ƘŜǎŜ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ ǘƘŜ άaƻŘŜƭ ŀƴŘ 

tǊƻŎŜǎǎ 5ŜǎŎǊƛǇǘƛƻƴǎέ ŀōƻǾŜΦ 

Urban/Rural Growth and Resource Lands Conversion 

Conversion of resource lands. Policies reflecting conversion of private agricultural and forested lands to 

developed uses were created.  They 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 areas, and areas with good/very good conservation potential), proximity to streams and major roads, 

and location of UGAs.   Only lands outside of the nearshore zone were considered; nearshore conversions are 

addressed separately below.  In all cases, policies are applicable only to those IDUs outside the 1 km nearshore 

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 lands were converted in any 

scenario.   

SQ Scenario.  Within the SQ scenario, conversions were applied at rates consistent with current ratios within and 

outside of UGAs.  These rates of conversion were moderately responsive to proximity to Regional Growth 

Centers (RGC, as defined by the Puget Sound Regional Council); the rate of conversion decreased as distance to 

an existing RGC increased within a 25km radius of the center of the RGC.  Moderate levels of conversion of 

agricultural and forest land to residential uses occurs, with roughly 60 to 80 percent of new growth 

accommodated with UGAs (this varies by sub-basin). 

MG Scenario.   The MG scenario more aggressively limited conversion of resource lands to residential uses; 

conversion is limited to areas near regional growth centers, and away from areas with good conservation 

potential, floodplains, viewsheds, or near streams.  Resulting residential  uses tends to be higher density 

development compared to SQ.   
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UG Scenario.  The UG scenario significantly reduces development constraints on resources lands.  UGAs become 

less important as determiners of development pattern.  Resource lands, including those zoned for agriculture a 

forestry, are generally developable at low densities.  Proximity to sensitive lands and RGC's is 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 and Infill.  Redevelopment and infill involves the conversion of underdeveloped, private 

ǊŜǎƛŘŜƴǘƛŀƭ ƭŀƴŘǎ ǿƛǘƘƛƴ ¦D!Ωǎ  that are to higher densities.  Underdeveloped lands are defined as those areas 

where available population density capacity exceeds 50 percent of total capacity.  Within the scenarios, 

redevelopment was represented as changing zoning to allow higher densities in those areas currently zoned at 

low to moderate densities;  infill was represented as preferential development in undeveloped areas zoned for 

development.  Details varied by scenario, with the SQ scenario having moderate conversion rates, MG 

emphasizing conversion to higher-density uses as well as parks, and UG emphasizing conversion to 

commercial/industrial uses. 

SQ Scenario.  Moderate emphasis is placed on redevelopment 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, particularly near 

RGCs.  Where infill and redevelopment occurs, higher densities are allowed.   Reservations are made for parks 

and urban open spaces. 

UG Scenario.  Infill and redevelopment is not emphasized.  Where infill and redevelopment occurs, densities are 

only moderately increased. 

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

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

where redevelopment is complicated by the presence of pollutants.  Conversion 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 occurs. Scenario 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 regions:  1) within 200m of a shoreline (shoreline development), and 2) 

beyond 200m but within 1 km of a coastline (nearshore development).  Nearshore development processes are 

impacted by proximity to existing road network, location in a viewshed, and development opportunity 

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 cases, policies are constrained to those parcels within 1 km of the coastline. 

SQ Scenario.  Allows moderate levels of development  on private lands in most areas.  No development is 

allowed on deltas, within floodplains, or in areas with unstable slopes; development on existing wetlands is 

limited.  Development pattern emphasizes moderate density uses. Some conversion of undeveloped lands  to 
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both commercial, residential and park uses is allowed.  Areas within a UGA, near roads or with a water view are 

more likely to be developed.  Areas containing significant wetlands are less likely to be developed.   

MG Scenario.  No new development is allowed within 200m of the shoreline. Outside the 200m zone 

development is severely restricted in areas near sensitive lands, including current and historic wetlands, lands 

with significant conservation opportunities, or lands adjacent to streams. Water views are protected from 

development.  Development is focused on areas within UGAs, near RGCs, or near roads.  In existing developed 

areas, focus is on increasing density.  Create of parks in developed areas is included.     

UG Scenario. The Unconstrained Growth scenario allows significant new development in the nearshore.  No 

development is allowed on deltas or on unstable slopes, but other shoreforms are developable.  Development 

pattern emphasizes low-density uses.   Those areas with water views are more likely to be developed for 

residential uses, as are those within existing UGAs or near roads.  Areas with significant wetlands have a reduced 

probability of development.   

Sensitive Areas/Conservation Lands/Open Space 

Policies for protection of sensitive areas and open spaces are included in the scenarios.  Sensitive areas are 

defined as wetlands, eelgrass beds, herring spawning areas, and areas with good/very good conservation 

potential. Generally scenarios vary in terms of their overall level of protection of sensitive areas.   

SQ Scenario.  The SQ scenario maintains moderate level of protection of wetlands, some restoration of historic 

wetlands; moderate level of protection of existing open space areas, and moderate level of protection of IDUs 

adjacent to eelgrass beds, herring spawning areas.  

MG Scenarios. This scenario reflects a high level of protection of existing and undeveloped historic wetlands; 

aggressive restoration of historic wetlands and protection of sites with high conservation/ restoration potential.  

No development is allowed next to Eelgrass/Herring Spawning areas.  Existing open space is precluded from 

development. 

UG Scenario.  Under the unmanaged growth scenario, no additional protection of conservation areas/sensitive 

areas/open space is provided above and beyond those protections described above. 

Development rules and scenario-specific modifications are summarized in Appendix 4, Tables 5 - 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 of output variables, is available on the web at 

http://envision.bioe.orst.edu/studyareas/pugetsound. 

We first examine land use/land cover (LULC) results.  These are presented in map form in Figure 4 for base year 

condition and each of the three scenarios projected to 2060. The scenario results show significant differences 

between scenarios.  The MG scenario tends to concentrate development in existing UGAs, while the UG scenario 

creates a much more dispersed development pattern.  SQ 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 scenarios to accommodate new 

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

in the UG scenario. 

Sub-basin level summaries of LULC for the nearshore area only (defined here as within 200m of the shoreline) 

are provided in Figures 5 ς 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 percentage of shoreline developed throughout scenario in each sub-basin, reflecting both 

availability of convertible lands and shoreline length/sub-basin area ratios (Figure 13).  In all sub-basins except 

San Juan, the SQ scenario resulted in less conversion of nearshore lands 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 sub-basin results in the consistency of change between 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 in the constrained growth scenario.  The status quo is intermediate.  Figures 14-20 outline 

these results as time series for each of the sub-basins, while Figure 21 provides a summary of all sub-basins 

across Puget Sound.  Docks, marinas and armoring were assumed to be strongly discouraged under the 

constrained growth scenario, and for this reason remain essentially unchanged throughout the 60 year 

projection for that scenario.  Across Puget Sound, The number of docks and marinas, as well as the percentage 

of armored shoreline, is projected to increase by approximately twice as much in the unconstrained growth 

scenario as in the status quo scenario (Figure 21).  There is a much larger range in variation between the sub-

basins, due primarily to differences in the near shore land cover on which the projection depends.  

The percent of impervious area displays a cross-scenario pattern that is very similar to that for the near shore 

modifications, with unconstrained growth showing the largest increases at the Puget Sound level and also across 

each of the sub-basins.  Figure 22 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 cross-scenario differences.  The footprint 

of new impervious area (Figure 22) is the largest under the unconstrained growth scenario because more of the 

landscape transitions to residential development, which has a larger degree of imperviousness 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.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς Hood Canal 
 

 

Figure 6.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς Juan de Fuca 
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Figure 7.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς North Central 
 

 

Figure 8.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς South Central 
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Figure 9.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς San Juan 
 

 

Figure 10.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς South Puget 
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Figure 11.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario - Whidbey 
 

 

Figure 12.  Nearshore Land Use/Land Cover for Year 2000 and 2060 under Each Scenario ς Entire Puget Sound 
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Figure 13.  New Development 2000-2060 for SQ and UG Scenarios by Sub-basin 
 

other land cover classes, in particular agriculture and forestry.   The status quo scenario shows a degree of 

change, measured both in terms of land cover and impervious area change that is intermediate between 

unconstrained and managed growth. 

The portion of new development occurring within established UGAs (summed across all three development 

classes) is outlined for each sub-basin in the lower left plot in Figures 14-20 and for Puget Sound as a whole in 

Figure 21.  Again, the cross-scenario pattern is consistent across the summary areas, with unconstrained growth 

having the smallest portion of growth in UGAs and the managed growth having 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 results from the fact that these scenarios both were designed to respect established UGAs, 

while the unconstrained growth scenario essentially ignored them.  Interestingly, this pattern diverges in the 

North Central sub-basin, where the status quo scenario shows a greater amount of growth in the UGAs than the 

managed growth scenario, and where the amount of growth in the UGAs is smaller (approximately 20% of 

growth in 2060 inside UGAs for the managed growth scenario) than in other sub-basins.  This observation is 

explained by the recognition that there is only one UGA, in the Jefferson County area of the sub-basin, and this 

UGA does not include most of the developed area, including Port Townsend.  Was the North Central basin large 

enough to include additional UGAs, this pattern would likely appear more similar to other sub-basins.  This result 

highlights one of the simplifying assumptions guiding the analysis ς that the UGAs do not expand over the 

coming 50-60 years.  In future analyses, it may be worth giving more consideration to how UGAs may need to 

develop to accommodate growth in different regions of Puget Sound. 
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Figure 14.  Time Series Results - Hood Canal 
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