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1. Introduction

This report describes six alternative plausible futures for the Puget Sound 
region in 2050. The project, conducted as part of the Puget Sound nearshore 
Partnership (PSnP)1, aimed to develop future reference conditions for evaluat-
ing large-scale restoration2  efforts by the Army Corps of Engineers. The scenar-
ios explore trajectories of key drivers and regional conditions that will affect the 
nearshore ecosystem function. in future steps, these scenarios will be utilized 
as inputs into an integrated suite of models in order to assess the implications 
of the alternative future conditions on the nearshore ecosystem functions. This 
report reflects on the methods used to develop the scenarios and outcomes, and 
discusses the effectiveness of this approach for integrating uncertainty into a 
future ecological assessment.

Project scope and objectives
investing Federal funding for restoring ecological conditions in our coastal ar-
eas is subject to a systematic assessment of the costs and benefits of alternative 
strategies, including taking “no action.” Public agencies developing regional 
and local restoration plans are expected to provide an accurate account of such 
assessments in proposing any restoration project and recovery plan. However, 
assessing the cost and benefits of alternative restoration strategies including “no 
action” is challenging due to the uncertainty of key driving forces that can influ-
ence future conditions and their unpredictable interactions.  What will be the 
future conditions of the Puget Sound nearshore ecosystem in fifty years without 
restoration? The Future Without Project defines the baseline future of the Puget 
Sound nearshore ecosystem assuming that a comprehensive, large scale eco-
system restoration strategy will not take place. led by the uW urban ecology 
Research laboratory, PSnP has developed multiple plausible futures for the 
Puget Sound’s nearshore ecosystem. 

1 in 2002, The army Corps of engineers and the Washington Department of Fish and Wildlife 
initiated the Puget Sound nearshore Partnership to recommend a recovery plan for the Puget 
Sound nearshore (Puget Sound nearshore Partnership [PSnP], 2004).
2 Restoration is the active alteration of disturbed land to a previous level of structure or function.

The project aimed at:

defining relevant, plausible, divergent and internally consistent scenarios • 
for the Puget Sound region in 2050
exploring potential risks and opportunities to inform the development of • 
restoration strategies
providing insight towards assessing the cost and benefits of alternative • 
restoration strategies under plausible future conditions3

  
Scenario planning is a systematic method for exploring plausible alternative 
futures emerging from key uncertain factors affecting the relevant issues. In-
stead of focusing on a single prediction extrapolated from past trends, scenarios 
focus on uncertain drivers and expand the assumptions of predictive models to 
illuminate otherwise unforeseen interactions. Scenarios further highlight future 
risks and opportunities providing managers with the information needed to 
assess the effectiveness of alternative strategies.

Over the last two years the Puget Sound nearshore Partnership’s Future 
Without Workgroup and the urban ecology Research laboratory have engaged 
more than 100 experts through a series of panel discussions and a workshop in 
order to develop the final scenarios. The scenarios in this report describe six al-
ternative futures for this region, ranging from economic growth and social and 
ecological prosperity to economic downturn and ecological collapse when criti-
cal thresholds are surpassed and regional resources become heavily strained. 
The scenarios focus on alternative trajectories for climate change and human 
perceptions and behavior, and their consequent implications for this region’s 
economy, demography, public health, infrastructure, knowledge base, natural 
hazards, governance and development patterns. Integrating scientific expertise 
and creative imagination, the scenarios describe plausible divergent future 
conditions (Figure 1.1). in a next phase of this project scenarios will be used to 
establish links between expected future conditions and nearshore ecosystem 
function. 

3 While the goal of the PSnP is to assess alternative strategies on nearshore ecosystem functions, 
the goal of this project is focused on the development of successful regional scenarios, which will 
ultimately lead to a strategic assessment. 
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Problem definition
The Puget Sound nearshore, like other coastal areas around the world, is being 
degraded at an alarming rate. One of the main causes of coastal degradation is 
the concentration of people along the coast. Human activity has caused signifi-
cant damage to the nearshore ecosystems, both through the direct destruction of 
nearshore habitat, and by transforming ecosystem functions such as sediment 
movement (armoring), infiltration (impervious surfaces) and nutrient regula-
tion (sewer discharges). The implications of nearshore ecosystem degradation 
are great, not only to those aquatic species that reside in those waters, but for 
the overall ecosystem and human well-being. Salmon, a Pacific Northwest icon, 
is only one of nine regionally endangered or threatened species that inhabit the 
Puget Sound nearshore (Fresh, 2006). E. coli from human sewage and animal 
waste concentrates in shellfish and ends up in our food (Weiskel, 1996). The 
structures built along the shore to protect land properties and homes, over time, 
result in decreased drift sediment, reduced beach width (Griggs, 2005) and loss 
of habitat area (Johannessen, 2007). it is estimated that 73 percent of the original 
salt marshes of the Sound have been destroyed and 33 percent of its shoreline 
has been modified by development (Gelfenbaum, 2006).

in spite of the growing concerns for the state of nearshore ecosystems and the 
need for a science-based ecosystem management, there is a of lack agreement 
within the scientific and policy communities about which strategies to imple-

ment in order to restore nearshore ecosystem function (linkov et al, 2006). Five 
elements of developing alternative restoration strategies for the Puget Sound 
nearshore estuaries and beaches help illustrate the applicable usage of scenario 
planning.  First, the complexity of coupled human-natural systems (heterogene-
ity, non-linearity and emergent properties) make them highly unpredictable. 
Second, many of the processes underlying nearshore ecosystems are still poorly 
understood, further limiting the predictability of system response (lynn, 1998). 
Third, restoration requires the integration of both social and natural sciences 
to address the interdependence between human and ecological systems across 
space and time (Rapport 1998). Fourth, restoration must incorporate an under-
standing of reflexive human decision-making and behavior into the evalua-
tion of the strategies. and lastly, uncertainty increases the further out we look 
(Heijden, 1997). Scenario planning is a future assessment strategy specifically 
developed to integrate complexity and uncertainty into the decision making 
process.  in this project we propose that scenario planning provides scientists 
with plausible future baseline conditions to adequately assess the implications 
of alternative restoration strategies.

Scenarios and their utility in future assessments
Scenario planning is an approach to future decision making that extends tradi-
tional strategic planning by developing multiple plausible futures. each sce-
nario represents an account of a plausible future (Peterson et al. 2003). Together, 
scenarios help direct our attention towards a “handful of plausible alternative 
directions that contain the most relevant uncertainty dimensions” (lindgren et 
al, 2003, p.24). Perhaps what scenarios do best is help expand an organization’s 
understanding of future risk by systematically exploring plausible futures 
whose risks the organization has not yet considered, let alone thought about 
strategically (Randall and ertel, 2005). in many traditional strategic plans, a 
strategy is conceived before an assessment is conducted and the assessment is 
utilized to test that strategy. Scenarios assume the future is unknown, and there-
fore there are no predetermined answers (Hodgson, 2003). Further, scenarios 
presume that in highly uncertain and dynamic situations there is no singular 
‘best strategy’ but rather a series of strategies which allow an organization to 
be prepared for different situations (Heijden, 1997). Just like a financial advisor 
may recommend building a portfolio of investments that is resilient under a 
changing economy, scenarios help decision makers create a robust portfolio of 
strategies that can be adapted to changing conditions.

Figure 1.1 The six scenarios
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The final scenarios describe region-wide, long term, baseline conditions, and 
can be utilized to evaluate alternative implementation strategies. While primar-
ily used by the PSnP to evaluate restoration portfolios, the scenarios will allow 
a broad spectrum of public agencies to test their long range plans against the in-
herent uncertainty of the future. While the future is unlikely to turn out exactly 
like any single scenario, the suite of scenarios allows decision makers to explore 
a wider range of plausible circumstances than are traditionally integrated into 
long range planning.

For example, consider the following three long term decisions:

Puget Sound Nearshore Partnership:•  Which bulkhead should be removed 
to reconnect nutrient, sediment and water flow without major damage to 
nearby residences or sensitive nearshore aquatic communities?
Trust for Public Lands: • Where should land be purchased to have the great-
est benefit on ecological function? 
WA Department of Ecology:•  Where should we concentrate our cleanup 
efforts, to improve water quality without risk of recontamination?

Each decision benefits from exploring the range of plausible trajectories of key 
driving forces:

How will the hydrological regime be influenced by climate change? • 
Which areas are at greatest threat from flooding and shoreline movement? • 
Where will the greatest development pressures be? • 
How will public infrastructure for wastewater and runoff be transformed • 
by innovative technology and a doubling population? 
Which forested patches will be critical to maintain for biodiversity? • 
What value will society place on ecosystem functions such as clean water, • 
shellfish health and shared public land?

The utility of scenarios comes both from how they address uncertainty of 
future trajectories and how they handle the interaction among key drivers. For 
example, the uncertainty of climatic implications on the hydrological regime 
by 2050 lies not only in the magnitude of change in precipitation, but on the 
direction of change (i.e.whether this region will experience more or less annual 
precipitation). Further, we cannot predict the impact of climate change on this 
region independently from human behavior. The interaction between the two 
drivers (climate change and human behavior) will create a significantly differ-
ent outcome for this region than looking at each trajectory in isolation. 

Project collaborators
The Puget Sound Future Scenarios is a collaborative project between the Future 
Without Team, a working group of the Puget Sound nearshore Partnership 
(PSnP), and the urban ecology Research laboratory (ueRl) of the univer-
sity of Washington. The Puget Sound nearshore Partnership is a cooperative 
effort among U.S. Corps of Engineers and the Washington Department of Fish 
and Wildlife, working in conjunction with the u.S. environmental Protec-
tion agency, national Oceanic atmospheric administration, People for Puget 
Sound, u.S. geological Survey, Washington Department of ecology, the Salmon 
Recovery Fund, King County, Washington Department of natural Resources, 
northwest Straits Commission, u.S. Department of energy, northwest indian 
Fisheries Commission, National Wildlife Federation, Pacific Northwest National 
laboratories, Pierce County, navy Region northwest, the nature Conservancy, 
Taylor Shellfish Company, the University of Washington, and the Puget Sound 
action Team (PSnP, 2006a). The development of the Puget Sound Future Sce-
narios project has involved planners, scientists, and professionals from across 
the Puget Sound basin. 

2. Nearshore Ecosystem Function in Puget Sound 
 
The Puget Sound nearshore ecosystem 
in 1988 The u.S. environmental Protection agency designated the Puget Sound 
as an ‘Estuary of National Significance’ (Goetz et al, 2004). The Puget Sound 
nearshore ecosystem supports the largest area of remaining estuaries on the 
West Coast, providing habitats for fish and invertebrates and representing one 
of the highest areas of primary productivity (goetz et al, 2004; gelfenbaum et 
al, 2006). in addition to its intrinsic values, the Puget Sound nearshore ecosys-
tem provides important cultural, ecological and economic functions. ecosystem 
functions supported by the Puget Sound include gas and climate regulation, 
nutrient cycling and biological regulation, sediment exchange and retention, 
seed dispersal and pollination, and disease and flood regulation (Leschine, 
2007). Cultural values include aesthetics of the views, recreational interest, 
spiritual connection, and a source of scientific inquiry and knowledge. The 
Puget Sound nearshore Partnership has selected valued ecosystem Compo-
nents such as eelgrass, Olympia Oyster and Bluff back beaches to communicate 
the Puget Sound nearshore’s ecosystem functions (PSnP, 2007). These values 
intentionally overlap human and ecosystem functions not intended to comprise 
the entire ecosystem network -rather, they are intended to provide examples of 
links between the focus of PSnP (ecosystem process, structure, function) and 
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human values (i.e. salmon, orcas, shorebirds, etc.)  lastly and perhaps most 
easily measured, are the economic resources obtained from the Sound. These 
include direct consumptive goods such as oysters sold and salmon caught, as 
well as indirect economic gains such as tourism and international trade. While 
the valuation methods of the Puget Sound nearshore ecosystem are complex the 
overarching message is clear:  not only is the Puget Sound nearshore a great 
source of value to humans and nature alike, but behind each singular value 
stand dozens of critically interdependent values.

The nearshore ecosystem is the shallow water environment of estuaries and 
marine shorelines, and represents the 
aquatic interface between air, land 
and water (Fresh et al 2004) (Figure 
2.1). The nearshore zone lies from 
the top of shoreline bluffs, across the 
beach, and into the water as deep as 
light penetrates to the bottom, ex-
tending upstream into estuaries en-
compassing the upper extent of tidal 
influence (PSNP, 2006). The Puget 
Sound nearshore ecosystem stretches 
across 2,500 miles of shoreline, from 
the Canadian border throughout the 
Puget Sound and Strait of Juan de 
Fuca to neah (PSnP, 2006) (Figure 
2.2). The Puget Sound basin is a 
glacial fjord carved out during the 
last glacial period about 10,000 
to 14,000 years ago (gelfenbaum, 
mumford, Brennan et al, 2006).  The 
basin covers 7,000 km2, fed by eleven 
major river systems and over 10,000 
streams (goetz, Tanner, Simenstad et 
al, 2004). The shoreline boasts 4,000 
km of beaches making it one of the 
world’s largest inland seas (goetz et 
al, 2004).  

Restoring the Puget Sound nearshore ecosystem
in 1992, the environmental Cooperation Council (eCC) created the marine Sci-
ence Panel to study the trans-boundary environmental problems of the coastal 
waters of the Puget Sound and georgia Basin (lynn, 1998). in the Panel’s initial 
report the Panel identified the loss of nearshore habitat as the most impor-
tant threat to the health of our marine waters (lynn, 1998). Further, the Panel 
concluded that “surprisingly little is known about the quantity and quality of 
all major habitat types in the nearshore” (lynn, 1998, p1). multiple strategies 
are already in place to help protect the Puget Sound. in Washington State, the 
Shoreline management act regulates development along the shore, the Clean 
Water Act regulates effluent discharge into public water bodies, and land 
conservancies like the Trust for Public lands are buying up land to preserve the 
current land cover. a more recent phenomenon is converting previously altered 
shorelines back into functioning habitat. in the united States current Federal 
initiatives are calling for the restoration of tens of thousands of kilometers of 
streams and wetlands (Simenstad, 2006). The Puget Sound nearshore Partner-
ship (PSnP), including more than a dozen state, regional and local agencies, 
was initiated in 2002 to recommend a restoration plan for the Puget Sound 
nearshore (PSnP, 2006). in addition, the restoration of Puget Sound nearshore 
ecosystem function is among the top priorities of a new government agency, 
the Puget Sound Partnership created in 2008 (PSP, 2007).  The Partnership 
recognizes that such a plan will need to be based on sound science and strategic 
assessments.

Future assessments and nearshore ecosystem restoration
Developing the recovery plan for the Puget Sound nearshore ecosystem has 
revealed the complexity associated with restoration initiatives. early restoration 
efforts frequently occurred on a very limited scale, altering and repairing spe-
cific sites. These efforts focused on recreating structures that were historically 
found within those sites. ecological studies have since shown that approaches 
grounded on objectives of ‘static’ endpoints for ecosystem structures are ineffec-
tive in the long term, and restoration ecologists should instead focus on sustain-
ing the functions of ecosystems (which are largely controlled by the interaction 
of both structures and processes) (Fresh, 2004). Recent restoration approaches 
incorporate dynamic goals through adaptive management and multiple tra-
jectories (Simenstad et al, 2006). Further, these approaches focus on the entire 
landscape or basin, rather than isolated sites. For example, while the nearshore 
zone is defined by upland bluffs and low water lines, the study of the nearshore 
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ecosystem encompasses the entire network of connections that influence the 
nearshore zone; an area much broader than the nearshore zone alone. 

ecological managers acknowledge that strategies based on repairing ecosystem 
functions require a new level of scientific understanding due to the complexity 
and uncertainty embedded in large scale and long term  problems (Simenstad 
et al, 2006). While scientists have long studied both water and land, the interac-
tions between these two systems are still relatively unknown (graube, 2006). 
For one, long term and large area marine processes are poorly understood 
(uneP, 2006). Scientists have limited knowledge of nutrient cycling, past and 
current coastal habitats, the biodiversity of marine life and major climatic pat-
terns like the El Nino and Pacific Oscillation (UNEP, 2006; Snover et al, 2005; 
gelfenbaum et al, 2006). While geographic information Systems (giS) and 
remote sensing have facilitated extensive inventories, process based knowledge 
about how systems function and the extent of modifications remains lacking 
(Finlayson, 2006). Further, peer reviewed research on the Puget Sound near-
shore ecosystem processes is limited (gelfenbaum et al, 2006; Finalayson, 2006). 
At present, our scientific understanding of the processes and their interactions 
in nearshore ecosystems is insufficient to assess the potential success of ecosys-
tem restoration (gelfenbaum et al, 2006).

in addition to the complexity brought on by the dynamic interactions among 
structures, processes and functions, and the increased uncertainty due to a lack 
of information on nearshore ecosystems and the incorporation of large-scale 
landscapes and long term management horizons, the effectiveness of restora-
tion is made more complex by the increasing interference of human activities. 
most visibly, humans disturb natural systems, and therefore their interactions 
with ecosystem processes cannot be ignored. Over the next fifty years people 
will likely continue to build homes along the shore, 
build roads and infrastructure, and at the same time 
consume food from the nearshore zone and recreate 
in its waters. Restoration initiatives must integrate 
not only how human stressors influence nearshore 
processes, but how changes in ecosystem functions 
might conversely alter human activities. Currently, 
few peer-reviewed studies exist to document the 
relationship among social, cultural and economic 
values and their influence on nearshore ecosystems. 
While little data exists to describe these relation-

ships, long term restoration projects cannot succeed without incorporating the 
human dimension in ecosystem health (goetz, 2004).

3. Scenario Planning 
  
Why scenarios?  
Our ability to predict future conditions is critical to inform management and 
planning decisions. However, long–range futures are difficult to predict due 
to the complex interactions and uncertainty of important driving forces. Thus 
our assumptions about predictability and uncertainty ultimately influence our 
ability to conduct effective future assessments. While past observations are 
important to inform our expectations of the future, the interactions among un-
certain driving forces may create novel conditions that fall outside the expected 
uncertainty range. Scenarios provide an effective approach for planning and 
decision making by addressing the expanded range of uncertainty. Scenarios 
illuminate opportunities and risks by exploring the most divergent and relevant 
plausible future conditions that can emerge due to the interactions of multiple 
uncertain driving forces.

visioning and forecasts are traditionally used in strategic planning as tools for 
envisioning desirable futures and projecting current trajectories. Scenarios go 
beyond visions and predictions by looking at a complete suite of plausible, di-
vergent and compelling futures. Table 3.1 describes the main differences among 
forecasts, visions and scenarios in terms of their future views, assumptions and 
approaches. Scenarios are appropriate to tackle long time frames and complex 
environments. When the future is dominated by uncertainty, scenario planning 
allows decision makers to consider multiple plausible futures generated by the 
interactions of uncertain driving forces.

Future View Their beliefs Their Approach Tool
Extrapolators Believe that the future will represent a logical 

extension of the past.
Identify past trends and extrapolate 
them in a reasoned and logical manner.

Forecasts

Goal Analysts 'The future will be determined by the beliefs and 
actions of various individuals, organizations and 
institutions, and therefore the future is modifiable 
by these entities.

Project the future by examining the 
stated and implied goals of various 
decisions makers and trendsetters.

Visions

Scenario Planners The uncertainty and complexity of future conditions 
is largely controlled by the interaction of the most 
important and uncertain key driving forces affecting 
a focal issue.

Develop multiple divergent, relevant 
and plausible scenarios to illustrate risk 
and opportunities of strategies

Scenarios

Table 3.1 Forecasts, visions, and scenarios
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What is scenario planning?
Scenario Planning is a strategic plan-
ning approach for making long-term 
decisions. Rather than focusing on 
the predictions of a single outcome, 
scenarios examine the interactions 
of various key uncertain factors that 
may create alternative plausible 
futures (Figure 3.1). Scenarios are 
hypotheses of alternative plausible 
futures designed to highlight the 
risks and opportunities and assess 
the effectiveness of alternative strate-
gies. The suite of scenarios incor-
porates the most divergent future 
conditions in order to rigorously and 
systematically test the efficacy of alternative strategies. Simply put, scenarios 
help us ask: If the future turns out differently than originally anticipated, will 
our strategy still work?

Scenarios are useful when the uncertainty is high and the risk associated with 
forecasting the wrong trajectory is great. Scenarios start by identifying the 
drivers of change influencing the issue of interest (focal issue), and provid-
ing insight about the direction for the assessment process, i.e. what questions 
should managers be asking. Then, by considering the uncertainty of key driving 
forces, scenarios reveal the implications of potential future trajectories. Sce-
narios challenge managers’ assumptions about the future in a way that a single 
forecast cannot. Scenario planning is based on the premise that by exploring the 
most divergent plausible future conditions, managers can illuminate options 
and risks that would otherwise be hidden or dismissed. While the scenario 
development process is significantly more complex and resource intensive than 
a singular forecast, the benefit gained is the ability to assess the robustness of 
alternative strategies under plausible future conditions. 

Scenario planning emerged in WWii when the uS air Force needed to antici-
pate what its opponents would do (Lindgren et al, 2003). A decade after the 
war, Herman Kahn brought scenario planning into the business world through 
the Hudson institute (Schwartz, 1991). Perhaps the most well known use of 

scenarios comes from Pierre Wack’s work with Royal Dutch Shell. Wack helped 
his managers believe and prepare for a world where oil prices would increase 
dramatically (Schwartz, 1991). Soon after Shell’s success scenarios became a 
common strategic tool. However, while the free form process of  early scenario 
planning led to original thinking, it kept the connections to decision making 
loose (Ringland, 1998).  Only during the last two decades has a more structured 
approach emerged. The Puget Sound Future Scenarios are based on the intui-
tive logics School (ilS) method and practiced by the Stanford Research insti-
tute, reflecting a structured approach to scenario writing true to the original 
intent (Ringland, 1998).

While scenarios have been most heavily used within the business environment, 
recent ecosystem management projects have been utilizing scenario planning’s 
ability to portray complex information and an uncertain future. Some of the 
most impressive projects include the millennium ecosystem assessment 
(mea), the intergovernmental Panel on Climate Change (iPCC), California’s 
Water Plan 2005, and the northern Highland lakes District research (mea 
2003; iPCC 2000; Department of Water Resources 2005; Peterson et al 2003). 
Published reports point towards an intensive and demanding process, a col-
laboration with a diverse set of experts, and an ability to creatively see risks 
and opportunities that were not obvious at the onset of the study (mea, 2003; 
Peterson et al, 2003). 
 
How to develop scenarios
At first, scenarios may seem like stories that are creatively written, much like 
novels. But while there are several variations on how to conduct scenario plan-
ning, scenarios differ from fictional stories by being structurally and explicitly 
grounded in scientific knowledge. Scenarios focus on key drivers, complex 
interactions and irreducible uncertainties in order to generate the futures within 
which we can assess alternative strategies. according to the ilS method, sce-
nario planning generally involves eight key steps (Schwartz 1991; Peterson et al 
2003; lindgren et al, 2003) (appendix a: 8 Steps of Scenario Building):

identify focal issue or decision1. 
identify driving forces 2. 
Rank importance & uncertainty3. 
Select the scenario logics 4. 
Develop the scenarios 5. 
Select metrics  for monitoring 6. 
Assess impacts for different scenarios 7. 
evaluat alternative strategies 8. 
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Dealing with uncertainty  
Scenarios allow planners and managers to fully consider the uncertainty associ-
ated with key drivers of change into the assessment process. The methodology 
for integrating uncertainty distinguishes scenarios from other future assessment 
approaches. The two main differences include the interactions among multiple 
uncertainties and the selection of drivers beyond the manager’s control. 

Predictive models are developed based on previous observations. uncertainty 
is estimated based on known probability distributions of key drivers. models 
work very well when the future’s uncertainty can be described by past trajecto-
ries and associated fluctuations. Model predictions are limited when the future 
is highly uncertain and when driving forces exhibit non-linearities, disconti-
nuities, thresholds and emergent properties. Forecasting future trajectories is 
further complicated when multiple driving forces simultaneously change in 
unpredictable ways. While we can estimate the uncertainty associated with one 
driver when we know its probability distribution, the way uncertain factors 
interact may generate unpredictable outcomes and surprises. Coupled human-
natural systems are highly uncertain. Furthermore ecosystem functions are 
highly context driven, and the uncertainty associated with future trajectories 
can create future conditions that do not resemble past occurrences. 

Scenarios expand the assumptions of forecasting by considering hypothetical 
boundary conditions generated by interactions of driving forces and their range 
of uncertainties, and testing these hypotheses with expert knowledge. For ex-
ample, we can consider the full spectrum of future conditions under alternative 
climate change scenarios and their interactions with alternative technological 
futures. We may not be able to accurately predict what will happen when we 
simultaneously consider the full spectrum of alternative rates of technological 
change and magnitude of climate impact, but we can isolate alternative tra-
jectories and ask experts to hypothesize about the potential outcomes of those 
interactions. Scenarios function by combining scientific knowledge with expert 
judgment to help decision makers look at novel interactions of uncertain driv-
ers. The key benefit of the alternative scenarios comes from anticipating impacts 
that lie beyond the probable estimates based on past observations alone (Figure 
3.2). 

Scenarios look at a different type of uncertainty than looked at in traditional 
future assessments because they focus on drivers that lie outside the immediate 

control of decision makers.  Several ‘alternative futures’ studies explore differ-
ent projections by focusing on drivers that reflect the strategic decision being 
made. For example, many planning studies ask how the region may sprawl un-
der alternative growth regulations (uSgS, 2004; naSa, 2004). Scenarios instead 
focus on drivers that would alter the efficacy of the strategy. For example, global 
climate impacts, a collapsing economy or natural hazards could directly and 
indirectly affect the nearshore ecosystem condition, but cannot be controlled 
by the Puget Sound nearshore Partnership. While other future assessments 
simplify uncertain outcomes of drivers outside their realm of influence, scenario 
planners specifically integrate this type of uncertainty in order to robustly test 
the efficacy of their decisions. The problem with simplifying these uncertainties 
is that it prevents decision makers from being able to test their strategies against 
factors that may be most influential in affecting the outcome of their plan. The 
trick is identifying the most relevant uncertainties to focus on. 

The benefits and limitations of scenarios  
Scenario planning is not an alternative to other planning approaches such as 
visioning and extrapolation. They each have different objectives. For example, 
when the future is relatively certain extrapolation can be a much more efficient 
method. Scenarios work best when the future is highly uncertain and are help-
ful when there are multiple key uncertain drivers simultaneously impacting the 
future. Scenarios can also be a useful communication tool, especially in bridging 
the gap between scientists, policy makers and the general public. 

While the benefits of scenarios are great, so are the investments. In addition 
to a considerable investment of time and energy, scenarios pose challenges to 
managers who are more comfortable with traditional strategic planning. The 
amount of time required to conduct the various steps can be frustrating to 
experts who believe forecasting can provide a sufficient range of conditions in 

Probability distribution 
as predicted by past 
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tions of alternative 
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Figure 3.2 Probability distributions and scenario building
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a more efficient manner. Further, scenarios combine facts with expert values 
(Schwartz, 1991). The incorporation of values can be uncomfortable to scientists 
who generally rely on verifiable facts. Finally, scenarios depend on knowledge 
that currently lies at the fringe, as their purpose is to transform our knowledge 
into new perspectives. This transformation requires planners to suspend their 
judgment long enough to appreciate new insights. When this transformation 
occurs it “often generates a heartfelt ‘Aha’”, but more often than not, scenarios 
fail at achieving this goal (Schwartz, 1991, p100). 

Successful scenarios are easy to communicate, interpret and learn from: they’re 
provocative, pushing the reader to think about the ‘unthinkable’; they’re 
plausible, making use of real world facts and models to construct futures that 
could actually happen; they’re internally consistent, looking at the context and 
examining changes across a wide spectrum of concerns; they’re divergent, ac-
knowledging different possibilities; and they’re open, allowing readers who are 
not widely involved with the issue to think about their own choices and plans 
within each future (Cascio, 2004).

Scenarios are particularly effective when they surprise and challenge par-
ticipants in the scenario process, enabling them to ‘think the unthinkable’ 
(Schwartz, 1991, p100 quoting Herman Kahn, 1965). Scenarios have been devel-
oped for over fifty years, and numerous organizations and publications have 
attempted to define and refine the structure and process of scenario planning. 
many have produced insightful alternatives that allowed practitioners to antici-
pate future uncertainties and plan accordingly. However, there have also been 
many scenarios that merely reconfirmed preconceptions and prejudices (Rat-
cliffe, 2000). Despite the structured methodology, the development of scenarios 
remains more an art than a science. in the end, the success of scenarios lies in 
the hands of its participants.

4. Scenario Methodology    
Process4

Scenario development for the Puget Sound Future Scenarios has been an on-go-
ing process for the last two years. The steps identified in this process generally 
follow a classic 8-step scenario development technique developed by Stanford 
Research institute and more recently applied by the millennium ecosystem 
Assessment. In the first year the UERL and PSNP teams focused on laying out 
the scenario parameters including the focal issue, time scale, driving forces and 
scenario logics. The second year has involved developing the final scenario nar-
ratives. The methodology presented below describes an integrative, iterative, 
and systematic process for ensuring the final scenarios are relevant, plausible, 
divergent and internally consistent. 

Participating Experts
The development of scenarios requires the input and collaboration of a diverse 
set of expertise. it is our assumption that no one person or panel of scientists 
can effectively create scenarios on its own. The most fundamental emphasis of 
scenarios is to challenge initial assumptions formulated by past observation. 
Therefore the integration of different experts, representing a multitude of disci-
plines and backgrounds, and having the opportunity to both inform and reflect 
on the process is critical to the success of the final scenarios. Further, scenario 
development requires the active involvement of a specific type of expert--ex-
perts who have knowledge of key driving forces that are powerfully influencing 
this region’s future; who are simultaneously comfortable with accurate scientific 
data and a high level of uncertainty associated with a long term outlook; and 
who are able to communicate across disciplinary boundaries in order to capture 
the interactions among key driving forces over a dynamic array of spatial and 
temporal scales. 

To develop the Puget Sound Scenarios, the ueRl has involved 152 experts 
(appendix B: expertise involved), representing more than 88 agencies and 
bringing together disciplines ranging from atmospheric science to economics 
and filmmaking.  The final scenarios reflect three iterations of input, synthesis 
and feedback from this group of experts. each expert has contributed hours 
of input, from preparing for and attending meetings to providing follow-up 
feedback on materials. 

4 Developing the scenarios is one part of a larger nearshore assessment process. The final scenarios 
will work in concert with modeling and assessment to translate among qualitative narratives, 
integrated models, and metrics of nearshore ecosystem health. This report focuses only on the 
development of the scenarios and not the modeling and assessment.
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Interviews
The most intensive aspect of scenario development is conducting interviews, 
providing the chance to incorporate diverse scientific and policy backgrounds, 
and to test assumptions about the relationships among key drivers. Overall the 
scenario development process has involved 30 interviews, including phone in-
terviews, individual meetings and panel discussions. Two phases of interviews 
with the experts allowed the ueRl to formulate initial hypotheses about the 
trajectories of multiple drivers and their interactions, develop the scenarios and 
refine the hypotheses. The first phase of interviews identified the key drivers of 
change influencing this region’s future with a focus on the nearshore ecosystem. 
The second phase of interviews, organized in panels of experts representing 
the final set of selected drivers, constituted the basis for developing the final 
scenarios by identifying key dimensions and trajectories for each driver and 
interactions between the drivers. The full details of the interviews are included 
in appendix C: Handouts for participating experts. 

The objective of the first phase of interviews was to capture the breadth of 
issues influencing the nearshore ecosystem. The final selection of experts was 
organized around their disciplinary background to ensure effective exchange of 
ideas and a focused discussion. groups included physical scientists, biological 
scientists, social and behavioral scientists, planners, the private sector, non-
profit organizations, public agencies and advocacy groups for minority popula-
tions.  Interview questions primarily focused on drivers and changes affecting 
the state of the Puget Sound region in 50 years, and laying out the assumptions 
behind those relationships. interview notes were coded to cluster keywords 
of changes and drivers into a manageable set of key driving forces, while still 
maintaining the multiple dimensions of each cluster.

The second phase of interviews was comprised of panel discussions intended 
to refine the scenario logics and finalize the scenario narratives. Overall the 
UERL identified over 200 experts, contacted over 100 different agencies, and 
personally interviewed 53 regional experts representing 12 expert panel teams. 
Expert teams represented the key driving forces identified by the first phase 
of interviews. Within this set, a ‘core team’ joined the two panels of the ‘key 
driving forces’ directing the scenario logics5. The core team met both at the 
beginning and end of the second phase. Their initial responsibilities included 
refining the scenario logics in order to depict the most relevant and divergent 
5 Scenario logics consist of the two most uncertain and important driving forces identified within 
the workshop.  

alternative futures and formulating 
the scenario hypotheses for each 
scenario. at the end of phase 2 the 
core team provided a final check to 
ensure the internal consistency of 
the scenarios narratives. Supporting 
panel discussions representing the 
remaining driving forces identi-
fied by the initial interviews met to 
define each driving force, identify 
critical dimensions of the driving 
force, and compare future trajecto-
ries of each dimension under the 
scenario hypotheses developed by 
the core team. in addition two panel 
discussion involved agency and 
communication experts whose objec-
tive was to ensure the final scenario’s 
usability (Figure 4.1). 

Workshop 
in the fall of 2006 the urban ecology 
Research lab led a one-day work-
shop to develop the initial scenario 
logics. Thirty-eight people attended the workshop, including representatives 
from academia, public agencies, the private sector and non-governmental 
organizations. Several academic disciplines were represented including geo-
morphology, geography, climatology, oceanography, ecology, biology, urban 
planning, business and economic development. The primary objective of the 
workshop was to select the most important and uncertain driving forces that 
would define the scenario logics. This step of the scenario process represents 
not only the most critical decision influencing the relevance and divergence of 
the final scenarios, but is also a decision that cannot be made independently by 
the diverse groups. The workshop provided a forum for participants to ex-
change knowledge about identified driving forces, to discuss potential merits of 
how the driving forces are ranked, to develop a shared agreement of which two 
drivers are the most important and uncertain, and to begin to develop hypoth-
eses about the implications of alternative future trajectories. 
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Synthesis
Between each step in the scenario development process, input from the experts 
was synthesized into communicable products leading to feedback from experts 
and a movement to the next step.  The synthesis was largely conducted by the 
urban ecology Research Team including Dr. marina alberti and michal Russo. 
The major synthesis tasks included coding and interpreting interview data. The 
first phase interviews were synthesized to identify the driving forces, clustering 
over 300 keywords into 10 aggregated drivers and developing a fact sheet to 
communicate the essential importance of each one. The second phase of inter-
views, or panel discussions, were synthesized to develop internally consistent 
scenario narratives integrating feedback from various teams. Based on expert 
input, a relational database was developed to summarize the relationships 
among selected dimensions of the key drivers, such that trajectories of indica-
tors of each dimension could be developed under each scenario. 

Scenario development
The ilS process generally includes eight steps. This report focuses on steps 1-5, 
which aim at the development of the scenarios6. 

Focal issue 
The focal issue represents the question about the future that an organization is 
confronting. An effective focal issue must be collectively agreed upon by the 
leading organization and participating experts (Peterson et al 2003) and must 
include the articulation of both the temporal and spatial extent of the project 
(Schwartz, 1991). a common problem with large-scale assessments comes from 
losing sight of the objective of the project as the development of the analysis 
proceeds (lingren et al 2003). articulating the focal issue at the onset brings 
clarity to project goals and helps the process stays on track. The Future Without 
Workgroup (FWW) provided the initial focal issue for the project: The ‘Future 
Without’ focal issue is to assess the future of the Puget Sound nearshore ecosys-
tem assuming a large scale restoration project does not occur. a series of round-
table discussion between the FWW and the UERL helped refine the focus of the 
project. The first phase of interviews with regional experts provided feedback 
on the focal issue, and helped refine the selection of relevant questions.

6 Future phases of this project will address steps 6 and 7, selecting metrics for assessment and 
assessing the impact of different scenarios respectively. The ‘Future Without’ focal issue is to assess 
the future of the Puget Sound nearshore ecosystem assuming a large scale restoration project does 
not occur. The presupposition of ‘no action’ renders the last step of scenario planning, evaluating 
alternative strategies, irrelevant and was therefore removed from our process.

Driving forces
Driving forces represent key variables that influence a phenomenon or issue 
that constitutes the focus of a decision, the focal issue. Some common driv-
ing forces include demographics, economics, and science and technology. The 
final selection of driving forces ultimately defines the relevant parameters with 
which to describe the scenarios. identifying the driving forces represents the 
most research-intensive aspect of scenario planning, requiring both a thorough 
investigation of the literature and dialogue with various experts. For the Puget 
Sound Scenarios, interviews with regional experts identified a wide spectrum 
of changes and drivers influencing this region’s future. Interview notes were 
coded to cluster keywords into a final set of driving forces. For each driving 
force a definitional fact sheet was developed by the UERL team. At the work-
shop, participants received the factsheets and provided feedback on the selec-
tion and definition of the final set. 

Uncertainty and importance
The final selection of driving forces is ranked in terms of each driver’s level 
of uncertainty and importance in relation to the focal issue. This step formu-
lates the direction of the final scenarios by identifying the most divergent and 
relevant conditions influencing alternative futures. Importance can be defined 
as the magnitude and extent of impact a driver has on the focal issue, or the 
cascading effect of the driving force on other drivers. The uncertainty of a 
driving force can be defined as having low predictability and a wide range of 
possible outcomes. Further, within the scenario-planning framework, uncertain 
driving forces generally represent drivers that are not readily controlled by the 
leading organization. The ultimate selection of 2 key driving forces in the Puget 
Sound scenarios relied on the ranking and agreement of workshop participants. 
initially, interview experts discussed the importance and uncertainty of driv-
ing forces and their input was shared with workshop attendants. The final 
agreement over the selection of the two drivers came from individual, team 
and, lastly, a whole room ranking of each driving force. The driving forces with 
lower importance and uncertainty rankings continued to support the develop-
ment of the final scenarios7. 

7 For consistency, the term ‘key driving forces’ represents the two most important and uncertain 
driving forces and the term ‘supporting driving forces’ represents the remaining driving forces with 
lower importance and uncertainty rankings. 
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Scenario logics
The interaction among the key driving forces creates the frame for the scenario 
logics. For each driving force scenario planners select one or more relevant 
dimension and identify the key uncertainties that characterize its trajectories. 
For example, assuming demography is one of the two most uncertain and 
important driving forces, a key dimension could be population growth, and 
two alternative trajectories could be fast or slow growth. The logics are initially 
defined by crossing the axes representing the selected dimensions such that 
four frames are created, each representing a divergent yet plausible scenario for 
which defining parameters are controlled by the interaction of the two drivers’ 
future trajectories. However, if more than two key driving forces or more than 
one dimension of each driving force are identified as having a critical influence 
on isolating alternative future conditions, than the process ends up having more 
than four scenarios. in theory the scenario development process can produce a 
large number of scenarios. A key to a successful process is to iteratively refine 
the scenario logics in order to ensure that the final set of scenarios represents 
the most divergent and relevant alternative future conditions.

The final scenario logics for the Puget Sound scenarios underwent a series 
of iterations incorporating critical expert feedback. The initial logics were 
developed during the workshop. nine teams developed nine sets of logics by 
crossing the same key driving forces. After the workshop the UERL looked for 
redundancy and inconsistencies within the logics and synthesized the 9 sets 
of into one set, incorporating two dimensions for each driver. lastly, the core 
team, representing experts from the disciplinary fields of the key driving forces 
refined the synthesized set. This team of 14 regional experts re-defined each 
driver’s dimensions, selected the most plausible interactions among the driv-
ers, and identified divergent future trajectories of each dimension in order to 
develop the final scenario logics. 

Scenario Narratives
The scenario narratives represent the final plot of the scenarios, containing 
detailed information on the future condition. each scenario is developed by 
exploring the implications created by the interaction of the two key driving 
forces. Further, once the initial defining conditions are described, scenario plan-
ners can begin to articulate the trajectories of the other driving forces character-
izing each scenario. The major goal of developing the scenario narratives is 
writing internally consistent and compelling stories that inform manager’s view 
of future opportunities and challenges in relation to the focal issue. The Puget 

Sound scenarios relied on four main elements to develop the final narratives: 
key drivers, trajectories of the supporting drivers, storylines and alternative 
system states. The next section describes the objective and approach underlying 
each element. 

The four elements used to synthesize the final scenarios
Key drivers
The key drivers represent the most important and uncertain driving forces 
influencing the focal issue. Scenario planners develop hypotheses about how 
each key driver (or more accurately a specific dimension of that driver) affects 
the future trajectory of each supporting key driving forces, either directly or 
indirectly. Key drivers were originally selected during the workshop and then 
refined by a core team of experts representing the two key driving forces. 

Supporting Trajectories
additional driving forces were used to describe the scenarios.  Participating ex-
perts within panel discussions identified critical dimensions of their respective 
driving force, and a set of potential indicators to describe the trajectories of each 
diver under each scenario. Specifically, experts were asked to identify dimen-
sions that have been previously analyzed (such that information is available to 
assess current status and future trends); that are relevant (to the scenarios and 
the nearshore ecosystem); that are uncertain (at least two alternative trajectories 
exist for this dimension for this region over the next fifty years); and that are 
not-highly correlated (such that the three dimensions measure very different 
attributes of the driving force). 

The final future trajectory for each indicator under each alternative scenario was 
extrapolated from current trends. Overarching principles guiding the relation-
ship among multiple future trajectories emerged from the panel discussion. 
These overarching trajectories formed a strong feedback loop to the original hy-
potheses, and helped shape the narratives of each scenario. Future trajectories 
are hypothesized based primarily on the influence of the key drivers, secondly 
by the trajectories of the other supporting indicators, and thirdly by the other 
dimensions of that driving force. These trajectories provide essential details fill-
ing the plot of each scenario, and ultimately leading to internally consistent and 
compelling scenarios. 
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Storylines 
a third element of the scenario development came from the storylines. Scenario 
development is rooted in a common set of archetypal future worlds: worlds 
that evolve gradually, worlds influenced by a strong push for sustainability 
goals, worlds that exploit nature, and worlds where new human values and 
forms emerge (mea, 2003). These archetypes represent the storylines for each 
scenario, i.e., the underlying theme or plot that synthesizes our assumptions 
about the future and reflects the basic premise behind each narrative. The Puget 
Sound Future Scenarios’ storylines draw heavily from the past scenario prece-
dence, including the millennium ecosystem assessment, Peter Schwartz’ The 
art of the long view (1993), Robert Costanza’s visions of alternative Futures 
and their use in Policy analysis (2000) and the northern Highland lake District 
Scenarios (Peterson, 2003). The storylines are created by combining two essen-
tial pieces of the plot, our assumption about the worldview of society within 
the scenario and whether we are optimistic or skeptical about the validity of the 
particular worldview. Together, these pieces of the storyline help strengthen the 
linkages between the initial hypotheses of the key drivers and the assumptions 
of the supporting driver’s future trajectories. 

The storylines are described using four key elements: worldviews, societal 
emphasis, human-nature relationships, and future outlooks. Worldviews reflect 
the general beliefs of society about how the world works. Worldviews are 
dynamic, changing from one culture to another and from one time period to an-
other. Some well known past and current worldviews are that the world is flat, 
that god will punish us if we sin, that humans evolved from apes, and that mass 
can neither be created nor destroyed. For these scenarios we combined global 
worldviews about the main emphasis in society (MEA, 2003) with specific 
human to nature relationships (Holling et al, 2002). The main societal emphasis 
reflects the approach society relies on more heavily in order to solve problems, 
including technological innovation, free market enterprise, collaborations, 
policy and regulations or new knowledge. The human-nature relationship 
can be described as how society (in aggregate) views humans’ relationship to 
nature, whether functions are interdependent or independent, whether humans 
can (re)produce nature, whether nature is there for humans to consume, or 
humans are intended to steward nature. Future outlook on the other hand is 
the implicit decision in scenario building about whether or not that worldview 
is actually ‘true’. if the optimists are right, and the worldview is correct, the 
scenario will reflect a future where society will prevail and positive changes 
are on the horizon. if the skeptics are right, and the worldview is incorrect, the 
scenario will likely reach a crisis. 

System State
The last element, the system state, communicates the level of resilience and 
types of pressure within each scenario. This element helps assess the extent 
to which the final scenarios are divergent in terms of the opportunities and 
challenges they pose for nearshore ecosystem restoration. Resilience8 is defined 
as the capacity of an ecosystem to withstand disturbances without shifting to 
a qualitatively different state (Carpenter, 2001). The more resilient a system, 
the easier it can bounce back and rebuild itself after a perturbation. Sources 
of pressures refer to the magnitude and type of pressures that the region may 
experience under the conditions of each scenario. a pressure is generally a form 
of distress that focuses the attention and consequent financial investment and 
regulatory emphasis within a society. Some examples of pressure can include 
natural or man-made hazards, economic decline and wealth distribution, health 
and resource availability, corrupt governance, inadequate reform and infra-
structure failure. Each type of pressure will inevitably have a different influence 
on the regulatory emphasis and financial investments, and thereby each may 
have significantly different implications for restoration management in this 
region. For example, an economic recession may distract political attention from 
ecological issues, and may actually lead to loosened regulations attempting to 
draw in economic growth. On the other hand a public health epidemic may 
heighten societal awareness of ecological implications on human welfare and 
lead to larger investments in ecological restoration efforts. System state vari-
ables were gathered from interviews with participating experts (in both phases 
of the project) and from relevant research publications.

5. Driving Forces   

Overview
Driving forces are the main ingredients for scenario planning, describing factors 
or phenomena which alter the future trajectory in significant ways. Assump-
tions we make about the future often reflect changes we see within our envi-
ronment, though these changes represent only the tip of an iceberg. a driving 
force represents the whole iceberg. By identifying and discussing the driving 
forces significantly influencing future conditions, scenario planners can make 
explicit the assumptions behind the scenario narratives. This section describes 
ten driving forces identified by participating experts, including two key driv-

8 In this report resilience is specifically referring to ecosystem as opposed to engineering resilience 
as described by Carpenter, 2001)
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ers: climate change and human perceptions and behavior, and eight support-
ing driving forces: demography, development patterns, economy, governance, 
public health, natural hazards, knowledge and information, and infrastructure 
and technology.

Each of the ten driving forces combines the input from the first phase of in-
terviews into a multi-faceted compendium, containing a clustering of similar 
drivers and the changes associated with them. in the second phase of panel 
discussion each driving force was further refined by selecting three to four 
critical dimensions and consequent indicators of that driver (Table 5.1). The fol-
lowing section includes the definition of each driving force and its relevancy to 
the focal issue as well as descriptions for each of its dimensions in terms of the 
selected indicator (in parenthesis), its current status and projected future trend.
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Driving Force Dimension Indicator
Temperature Temperature
Precipitation Precipitation
Fluctuation Fluctuation

Group scale of sharing
Level of congruence
Discount rate
Long-term public investments

Population growth Rate of growth
Age Structure Age distribution at 5-year intervals
Migration In-migration as % of pop
Intensity of Development Number of people per impervious area
Configuration Forest Aggregation Index
Diversity and Fit Walkability
New Development Growth Rate Number of housing permits added each year
Economic Growth GDP growth rate
Economic Inequality Gini index and Lorenz curve
Stability of Economy Percentage of industry sector contribution
Trade Dependence Import / Export Dollars
Leadership (Strength & Effectiveness) Number of bills introduced and passed into law
Locus of Power Number of decision makers; type of interactions
Types of Partnerships Influence of public, private, non-profit, academia partnerships
Educational Attainment % of population 25+ with a high school (HS) degree; a Bachelors or higher (BA+)
Investment in Education Spending per capita for K-12 and higher
Accessibility Access to knowledge and information
Vulnerability Spatial distribution of natural hazards
Magnitude of Events Cost of Natural Hazards
Frequency # of hydrologic disasters per year
Health Status %self assessed poor or fair health
Resource Distribution % without health insurance
Resource Abundance Acres of shellfish growing area and farmland
Connectivity Connectivity of transportation, energy, waste (water and solid), and water (drinking 

and storm) infrastructure
Investments Expenditure on highways, transit, electric, gas, waste, sewer, and water
Type of Infrastructure Dominance of rigid vs. adaptive technology
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Economy

Governance

Knowledge and Information
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Technology and 
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Climate change

Human Perceptions and 
Behavior

Individualism / Collectivism

Future Valuation

Table 5.1 Driving forces dimensions and indicators
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climate change9  
Climate variability in the Puget Sound basin is regulated by interactions 
between seasonally varying atmospheric circulation and the region’s mountain 
ranges (Cig, 2007). For example, two thirds of the region’s precipitation is 
captured during six months of the year and falls west of the Cascades (Cig, 
2006). Over the last century scientists have observed increasing changes in this 
region’s (and global) climate. Some climate variability can be attributed to natu-
ral fluctuations including both El Niño/Southern Oscillation (ENSO) and Pacific 
Decadal Oscillation (PDO) phenomena. in addition to, but not independent of 
this natural climate variability, is human influenced climate change. During 
the 20th century the average annual temperature of the Puget Sound region 
warmed by 2.3degF (a rate substantially greater than the global warming trend, 
1.1degF)(Ibid). One third of the observed Pacific Northwest warming trend in 
winter (1900-2000) seems to be a result of natural climate variability; the rest is 
attributed to human influenced climate change. 

Even if we stop emitting CO2 today, 
greenhouse gases currently in the 
atmosphere have locked in future 
warming into the global system far 
into the future. The Climate impacts 
group has downscaled global climate 
models to help predict temperature 
and precipitation trajectories for 
the Pacific Northwest until 2100. In 
general, models project an increase in 
average annual temperature on the 
order of 0.2-1.0degF per decade with 
increases across all seasons (Figure 
5.1). While there is less certainty 
around precipitation changes, most models project decreases in summer pre-
cipitation and increases in winter precipitation. in addition, much of the winter 
precipitation will occur as rain as opposed to snow. 

Changes in temperature and precipitation have cascading impacts on numerous 
Puget Sound resources including sea level rise, snowpack, streamflow, water 
quality, forests, agriculture and fisheries, hydropower production, water sup-
ply systems and flood and storm management. There is still great uncertainty 
9 This section has been written based on information provided on the Climate Impact Groups’ 
website (Cig, 2007). 

around these impacts especially in regards to their magnitude, their interac-
tions, and their temporal and spatial distribution. The following are general 
hypotheses developed by the Climate impact group about potential impacts:

Sea level rise
Sea level rise will cause perma-• 
nent inundation in low-lying 
areas of the northwest coast, 
accelerated erosion at base of 
bluffs and shrinking wetlands. 
Freshwater ecosystems will • 
be increasingly vulnerable to 
saltwater intrusion and even-
tual conversion to saltwater 
ecosystems. Saltmarsh habitats 
are predicted to increase under 
all Cig scenarios. 
Sea level rise impacts different regions differently due to vertical land • 
movements (subsidence, uplift, sedimentation, and marsh accretion). 
Within the Puget Sound, the southern areas are subsiding more than 
northern areas. In Seattle, for example, the land is subsiding at 1.4mm per 
year, roughly doubling global sea level rise projections10 (Figure 5.2).
Increased landslides are associated with wetter winters• 
Wind patterns may accelerate impacts of sea level rise by as much as 8”.• 

Snowpack
Rising temperature will reduce • 
mountain snowpack (Figure 
5.3)
Snowpack functions as a • 
wintertime freshwater stor-
age, increasing snowmelt will 
decrease summertime water 
availability.

Streamflow
Rivers that derive flow from • 
snowmelt will see reduced 
summer flows, increased winter 
flows and earlier peak flows.
Rain-fed stream may see in-• 
creased wintertime flow due to 
increases in winter precipitation

10 There are currently questions about whether subsidence and uplift rates are linear in time and 
space (Canning, 2007).

Figure 5.3 Snowpack change 
(Snover et al, 2005)

Figure 5.1 Warming trends
 (Snover et al, 2005)

Figure 5.2 Sea level scenarios
 (Snover et al, 2005)
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Transient (snow/rain) watershed zones are most vulnerable to tempera-• 
ture influenced flow changes.

 
Water quality

Warmer summer water temperatures may exceed critical thresholds• 
Lower summer streamflows may increase juvenile salmon mortality rates• 
Salinity regimes and stratification will be effected by saltwater intrusion • 
from seal  level rise
Nutrient levels will be affected by changing temperature regimes, in-• 
creased peak flows, and changes in dissolved oxygen. 
Dissolved oxygen levels at depth could decrease, increasing hypoxic con-• 
ditions in bottom water.

Forests
High altitude forests will expand upward into meadows while low alti-• 
tude forests may come under increased drought stress. 
Tree growth and regeneration will likely improve at high (currently • 
snowy) elevations and diminish at low elevations.
The risk of forest fires may increase due to effects on vegetation structure • 
and soil moisture. 

Hydropower
Hydropower production capacity will increase in the winter and decrease • 
in the summer.

Agriculture and Fisheries
Management of fisheries and agriculture are predicated on observed his-• 
torical patterns of temperature and precipitation. Each sector has adapted 
to the timing, length, range, amount and frequency of these regimes as ex-
perienced in the past. Changes in both the temperature and precipitation 
regime may alter the optimal management strategies for these resources.
Many crops will grow better with higher CO2 and longer growing seasons • 
provided there is sufficient water.
Pest and invasive species will be similarly advantaged. Higher crop vul-• 
nerability due to water stress coupled with increasing pests may lead to a 
decline in yields.

Water Supply Systems
increased competition over summertime water resources, making it • 
harder to reliably fulfill present commitments to both in-stream and out-
of-stream uses. 
During the summer increasing demands and decreasing supply may force • 
a reliance on storage in the form of reservoirs, snowpack and groundwa-
ter.

Flood and storm management 
Combinations of higher winter temperatures and increased precipitation • 
will increase frequency and magnitude of flooding in the Puget Sound.
While many areas are protected by dykes and reservoirs, increase in flows • 
could overwhelm these managed systems. 

 
Human Perceptions and Behavior
The key driving force of ‘human perceptions and behavior’ is a clustering of 
social drivers that influence the actions and beliefs of the population at large. 
These drivers are intricately linked to both economic drivers that control the 
exchange of goods and the political institutions, which govern human behavior. 
The social norms and values that motivate a population have implications on 
resource consumption, obligations and aspirations. experts interviewed for the 
Puget Sound scenario development have identified the social constructs of in-
dividualism and collectivism and societal perspective towards future valuation 
as the critically uncertain dimensions of human behavior affecting this region’s 
future. The trajectories of these dimensions are dependent on a diverse set of 
interacting variables making them difficult to predict with any accuracy.

Individualism and Collectivism 
The terms individualism and collectivism have been given various meanings 
and  are difficult to measure (Table 5.2). Social psychologists have discovered 
considerable complexity when assessing these constructs, theorizing about 
their causes and consequences. They have found that people are typically both 
individualist and collectivist and that a balance of both tendencies generally 
achieves the optimal state for societal health. Further, in every community there 
are individuals who act very differently from one another, and any generaliza-
tion is simply a statistical tendency.

Four arguments help define the attributes of the constructs:
Among individualists, the self is defined independently of the specific 1. 

collective. among collectivists the self includes the associations the indi-
vidual belongs to (i.e. mother, Seattleite) This flows into various aspects 
of life, including the extent to which individualists share resources with 
group members and conform to the norms of the group.

Collectivist cultures share a promotive interdependence (i.e. the goals 2. 
of the self and group are compatible). individualists, on the other hand, 
may have personal goals that are inconsistent with the goals of the larger 
collective.

Collectivists carry out their obligations despite personal sacrifice. Indi-3. 
vidualists focus on attitudes, personal needs, rights and contracts.
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individualists place emphasis on rational analysis of advantages and 4. 
disadvantages. Collectivists emphasize relationships and value based 
decision-making.

While american individualism has been widely discussed (Tocqueville, 1835; 
Bellah et al, 1985; Inkeles 1983) levels of individualism have been different at 
various historical periods (Triandis, 1995). The great Depression and the viet-
nam protests are considered periods of shift towards collectivist behavior. The 
Puget Sound region can be considered individualistic in respects to a competi-
tive economic market, great mobility, affluence of choices, and relatively minor 
investments in public goods in comparison to income levels. On the other hand 
many sub-areas take pride in civic engagement and high levels of volunteering. 
Though it is difficult place the Puget Sound society along a continuum from col-
lectivist to individualistic, our assumption within this document is that we are 
somewhat off-balance, leaning more towards individualistic behavior.

Measures of Individualism and Collectivism
unlike climate change, measures of changes in human perception and behavior 
are harder to pin down. The following four measures represent qualitative 
means to assess changes along the individualistic / collectivist continuum. 
There is vast debate and disagreement among social scientists on quantitative 
indicators associated with these measures.

Share of household income devoted to expenditure on public goods 1. 
and services as well as charitable contributions. 

voting record on bills supporting private provision of services (i.e. user 2. 
fees, levees and turnpikes) compared to bills passed that support public 
provision of services (progressive taxation and redistribution). For exam-
ple, voting for or against universal health care or school levee measures.

number of hours spent volunteering for regional or sub-regional ben-3. 
efits.

Social cohesion, a measure of an individual’s relationship to the region’s 4. 
people and places can be indicated by trust, reciprocity and the concern 
for the well being of other members in one’s community. Social cohesion 
can be measured by mobility, or the length of time an individual or house-
hold has staying in the same region.

The following ten external drivers have been identified as influencing social 
behavior towards either collectivist or individualistic ends (Triandis, 1995). 

Affluence, exposure to mass media, increased mobility, globalization, 1. 
urbanization, and modernization -> individualism.

Increasing societal complexity and differentiation -> individualism. 2. 
great heterogeneity in culture generally -> individualism.3. 
Stability in culture -> collectivism.4. 
increased density -> collectivism (although urbanized region with great 5. 

affluence of choices -> individualism).
external threats, vulnerability and resource scarcity -> collectivism6. 
a time pressure required for quick action -> collectivism.7. 
When resources are obtained via individual action -> individualism. 8. 
Strong leadership -> collectivism9. 

When goals are better achieved through cooperation -> collec-10. 
tivism; when goals are better achieved towards competition -> individual-
ism.

Future Valuation
Future valuation refers to the value society places on the quality of the future 
condition. A society with a high future valuation is willing to sacrifice more 
now to have more resources in the future. a basic tenement of this dimension is 
the discount rate11, or the interest rate at which an agent discounts future cash 
flows. The discount rate can be quantitatively defined as (Heylighen, 2008):

present value = future value / (1+discount rate * time)

as the discount rate increases, the present value of the long term investment 
decreases. For example, if asked the question, would you rather have $20 today 
or $100 at the end of the year, an individual personal discount rate would deter-
mine which option an individual chooses. it would depend on current resource 
scarcity (i.e. how much he/she needs $20 today) and risk perception (i.e. how 
certain he/she is of the future resource scarcity). A high discount rate or short 
term future valuation would push the individual towards taking the $20 today, 
and vice a versa. The assumption made within this document is that a high 
future valuation will increase emphasis on long-term regional investments 
such as improved infrastructure, education spending and health care provision. 
On the other hand, a low future valuation may increase current demand and 
exploitation of current resources.  

11In this document discount rate is defined as the overall concept in general and not specifically to 
the national discount rate used by banks when burrowing money directly from the Federal Reserve 
Bank.
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as with the social constructs of individualism and collectivism there is no 
predefined measure of future valuation (Table 5.2). In practice discount rates 
from 2% to 10% are used widely in economics. Roughly speaking, a discount 
rate of 10% means if an investment doesn’t show a return in 10 years, it is not 
profitable. A 2% discount rate is predicated on a longer future valuation (50 
years) while a 20% discount rate predicated on a shorter-term future valuation 
(5 years). It is difficult to define one discount rate for all values because valua-
tion is heavily context driven. 

Measures of Future Valuation
investment towards resource conservation (i.e. money spend on land 1. 

conservancies, nature preserves)
voting record for long term investments (i.e. mass-transit infrastructure 2. 

or new wastewater facilities).
actively reduced current resource distribution (i.e. shortened harvest-3. 

ing seasons and increased regulations on new developments).
Higher taxation on consumption (i.e. increased water and energy costs) 4. 

and income (i.e. school and park levees).

Future valuation is affected by multiple variables and can be highly dependent 
on the resource in question and risk propensity. in general society is risk averse 
and tries to eliminate uncertainty. This tendency pushes us towards conserving 
some resources for the future, whether in the form of bank savings or sending 
our children to college. On the other hand, rapid growth and competition has 
generally pushed society towards increased consumption and short-term deci-
sion making. instability in the form of economic recessions or natural disasters 
may increase discount rates (shorter future valuation) as resources are more 
heavily relied upon in the current contexts. However, great affluence is not nec-
essarily associated with a longer term perspective in decision making, and may 
conversely increase risk propensity as the future seems more ‘certain’. High 
educational attainment within a population has been previously correlated to 
longer-term future valuation (Wolff, 2004). Knowledge of future hardships may 
increase our future valuation. For example, the more we lean about declining 
fish stocks and the potential for over harvesting the higher the value we place 
on consuming current yields through more restrictive permits.

Demographics 
Demography is the study of the primal forces that leads to change in a popu-
lation including fertility, mortality and migrations. The size of a population 
has direct implications for resource and service consumption: the amount of 
housing, water demand, traffic, employment, waste disposal, etc. In addition, 
the way a population is distributed across age groups, geographic regions, 
living arrangements and ethnicity affects consumption patterns and impacts on 
ecosystems.

Population Growth (Rate of population increase): The rate at which the num-
ber of residents within the Puget Sound Basin increase per year. While the total 
size of a population can provide us with information about the magnitude of 
resource and service consumption, the rate of growth determines the potential 
pressure associated with the growth. a fast rate may signal a growing economy, 
increasing housing demand, and pressure on local resources, a declining rate 
can conversely reflect an economic downturn or a natural disaster and a cor-
responding decrease in housing value. 
 
The uS Census Bureau conducts a census count every decade, with the last one 
occurring in 2000. The Office of Financial Management (OFM, 2005) re-assesses 
the population every year and develops long-term projections for 25 years out 
on a county-wide level every five years. Since the Puget Sound Basin does not 

Table 5.2 Human perceptions and behavior definitions
Individualism and Collectivism: (Triandis, 1995, p 2)
Collectivism may be defined as a social pattern consisting of closely linked individuals 
who see themselves as part of one or more collectives; are primarily motivated by the 
norms of, and duties imposed by, those collectives; are willing to give priority to the 
goals of these collectives over their own personal goals; and emphasize their connect-
edness to members of these collectives. 

Individualism is a social pattern that consists of loosely linked individuals who view 
themselves as independent of collectives; are primarily motivated by their own 
preferences, needs, rights, and the contracts they have established with others; give 
priority to their personal goals over the goals of others; and emphasize rational 
analyses of the advantages and disadvantages of associating with others. 

Short and Long Term Future Valuation
Short term future valuation is associated with high future discount rates due to the 
perception that resources should be applied towards present events. Decisions that 
require high inputs of capitol but do not emerge as a benefit for a long are seen less 
favorably than short-term investments. 

Long term future valuation is associated with a preference to conserve resources for 
future use. A low discount rate allows individuals to maintain a high valuation for 
investments that don’t emerge for very long time periods. 
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Figure 5.4 Puget Sound countiesfollow county borders there is no 
accurate account of the basin’s popu-
lation, instead we rely on a twelve 
county synthesis (Figure 5.4). in 
2000, the basin’s population was 3.98 
million; by 2007 it was estimated at 
4.37 million residents. Wthin this time 
period the rate of growth fluctuated 
from 0.76% to 1.91% with an average 
annual growth rate of 1.28%. 

OFm forecasts population growth in 
the State of Washington by looking 
at economic trends, migrations, and 
natural growth (fertility and mortality). long-term projections maintain current 
trends while short-term (annual) forecasts look at economic and migration fluc-
tuations. at an annual growth rate of 1.28% the Puget Sound Basin is forecasted 
to exceed 5.3 million residents by 2025. OFm provides each county with a high 
and low projection for allocating growth within their urban growth Bound-
ary. an annual low growth rate for the 
Puget Sound is forecasted at 0.41% and 
a high rate is 2.24% (Figure 5.5). 

Age Structure (Age distribution at 
5-year intervals): Changes in the age 
structure can be attributed to three 
factors: natural changes in fertility and 
mortality, in/out migrations and social 
norms. We are currently seeing the 
impacts of the “baby boom” popula-
tion aging. as this large segment of 
the population retires this region is 
forecasted to experience a significant 
change in service demands, housing 
patterns and traffic problems. Migra-
tion patterns will influence which age groups are attracted to this region; skilled 
young adults, elderly in their retirement years, or parents of small children. 
Lastly, changes in social norms and socio-economic conditions will influence the 

average childbearing age, number of 
unwanted pregnancies, desirable fam-
ily size and life expectancy.

as with the population growth rate, 
data is provided at the u.S. Census 
Bureau with finer time intervals 
synthesized by the OFm. in 2000, the 
largest segment of the Puget Sound 
population was in their late twenties to 
mid-forties. in 2007 the largest segment 
is in their mid-forties to late fifties. 
Between 1990 and 2007, the percent-
age of the population under the age of 
20 dropped by 2% (from 28% to 26%) 
while the percentage over the age of 50 rose by 7% (from 23% to 30%). add-
ing to the aging of the population, between 1960 and 2000 the fertility rate in 
Washington dropped from 3.67 to 1.95 while the life expectancy rose from 77 to 
80, further affecting the age pyramid (Figure 5.6).

Forecasts of the region’s population are available at the state level. according to 
OFm forecasts, by 2030 the largest segment of the population will be over the 
age of 50 (accounting for 36% of the population) while the number of residents 
under the age of 20 will remain at 26%. This will generally signify a decrease in 
the percentage of the state that partakes in the workforce. 

Migration (In-migration as percentage of total population): Short-term social, 
economic and political trends determine changes in migration rates. While 
these trends are hard to predict, their influence on this region’s population 
growth is significant. Generally, the relative attractiveness of the area depicted 
by an increase in jobs, median-income, quality of life and political stability pulls 
people into a region. migration trends are also controlled by migration policy 
and global turmoil. The characteristic of incoming migrants is dependent on 
targeted jobs; whether unskilled manual labor of agriculture, manufacturing or 
construction, or high income skilled high tech jobs primarily in urban areas. The 
Puget Sound area is also an attractive draw for retired people, especially San 
Juan and Jefferson Counties. 
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Migration rates fluctuate widely 
from year to year. The OFm provides 
migration estimates by county from 
1961 to the present. While natural 
increase from births and deaths was 
maintained at 37% (St Dev 2.4) Puget 
Sound migration rates fluctuated with 
an average of 58% (St dev 17.7%12) 
(Figure 5.7). in the last decade, in-
migration accounted for over 2/3 of 
the state’s population. according to 
the Puget Sound Region Council in 
the Central Puget Sound (including 
the counties of King, Snohomish, Pierce and Kitsap) between 1995 and 2000 
in-migrants tended to be younger, better educated, and with a higher income 
compared to out-migrations (PSRC, 2006). in fact, over half of Washington’s 
population aged 25-34 holding advanced degrees were in-migratory.

OFm provides annual migration assessments that look at past trends and eco-
nomic projections. Over the long term forecast OFm assumes a steady migra-
tion rate of 50,000 in-coming residents per year into Washington State.  This 
projection assumes a continuance of the current economic growth rates, which 
are outperforming the nation as a whole.

Development Patterns
Development patterns comprise any human modification to the landscape. 
Modifications generally consist of structures and land alterations created for 
economic, cultural or ecological use. Depending on the spatial extent and reso-
lution patterns of development can appear strikingly different on the landscape. 
From different perspectives, alterations to the landscape can be viewed as either 
valued improvements to the land through provision of human shelter and 
amenities or negative disturbances to ecological systems, or both.  

Intensity of Development (Number of people per impervious area (PIA)): 
The number of people per impervious area (Pia) can serve as a good proxy to 
measure the impact of each additional individual to the overall development 
pattern through alteration to natural land cover. Further, the total amount of 
impervious surface within a watershed has been shown to affect water quality 

12 Excluding extreme fluctuations from the 1970-73 economic recession. 

(Boothe, 1991). The more roads, more driveways, and greater housing footprint 
that are added per person, the smaller the value becomes. in general, the higher 
the intensity of development the higher the value while the lower the intensity 
(often characterized as ‘sprawl’) the 
lower the number.

The urban ecology Research labora-
tory has utilized satellite imagery for 
1991 and 2001 for the entire Puget 
Sound basin (ueRl, 2006). The 
percentage of impervious surface is 
assessed for each 30m-grid. used in 
conjunction with the 1990 and 2000 
census ueRl has assessed the num-
ber of people per impervious square 
km. Over the last decade, while King 
County has increased the number of 
Pia, Pierce County has decreased its 
Pia. Since the inception of the gma, 
the Pia value within the ugB has 
increased (alberti, 2005); however the Pia outside of the uBg has decreased 
(liu et al, 2007) (Figure 5.8). 

The net change in people per impervious area for the entire Puget Sound Basin 
will likely increase as development increases and greenfield development con-
tinues to be more economically feasible. But the relationship may vary across 
a gradient of urbanization and inside and outside the ugB. if growth trends 
continue, we are likely to see a simultaneous increase in people per impervious 
area within the ugB and a decrease outside of the ugB. 

Configuration: (Forest Aggregation Index): as residential development en-
croaches on forestlands we see increasing fragmentation. This has implications 
not only for biotic integrity (through decreasing interior habitat and habitat 
connectivity) and increased disturbance, but also for lowered water quality, 
reduced carbon sequestration, and a reduction in the long-term viability of the 
timber industry (Turner et al, 2001). Configuration refers to the arrangement 
and extent of a land cover and can be measured through the aggregation index. 
The aggregation index (ai) measures the level of fragmentation within the 
same land cover (Figure 5.9). The lower the aggregation index, the higher the 

 

1990 2000
Inside the UGA 2783 2810
Outside the UGA 1542 1379

Central Puget Sound

Figure 5.8 Percent impervious area
(alberti, 2005)

Figure 5.7 Migration into the Puget Sound 
(OFm, 2005)
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Figure 5.9 Aggregation Index metric

2001 Forest land cover
Decrease in Aggregation Index
Increase in Aggregation Index

1991-2001 Forest land cover lost

Figure 5.10 Forest aggregation
(landsat, 1999)

fragmentation of that particular land 
cover class. in this region, forestland 
connectivity is largely determined by 
the relationship among development 
pressure, timberland industry, and 
regulatory forces.

according to the Regional geographic 
initiative (Rgi) study, conducted by 
the ueRl, between 1991 and 2001 the 
majority of HuC sub-watersheds of 
the Puget Sound saw a significant de-
cline in their forest aggregation index 
(Figure 5.10). 

according to the Cascade land 
Conservancy the business as usual 
trends for this region will result in 
increased forest fragmentation (lower 
ai). according the Rural Forest initia-
tive western Washington has been 
losing forestland at increasing rates of 
the last two decades (erickson, 2007)
(Figure 5.11).

Diversity and Fit (Walkability): This 
indicator calculates what percent-
age of the residents of the Puget Sound basin live within a neighborhood that 
is walkable. Walkability can be related to multiple factors including sidewalk 
width and presence of shade trees (Frank, 2007), however, within this report 
walkability refers to a much broader description including proximity to nearby 
services, parks and open space, to the diversity of residents in age, income and 
race, high density, public transit and a pedestrian centric design (Sightline, 
2007). This indicator is therefore used as a proxy for both diversity of land use 
and fit, evaluating how well developments fit the needs of their residents and 
workers. 

Walk Score.com has developed an on the fly mapping system for assessing 
neighborhood walkabiltiy based on a distances to nearby services, density and 

street network (Walkscore, 2007) (Figure 5.12). We are currently awaiting a 
zonal analysis for the Puget Sound Region. Since the current status is largely 
unknown it is difficult to predict future trends. However, a successful imple-
mentation of the gma should result in increased walkability, however current 
trends in low-density development are not necessarily congruent with this 
objective.

Puget Sound timberlands, development patterns and regulations
The Puget Sound’s timberlands represent our history, our economic resources and our 
way of life. As development encroaches on these resource lands we increase the risk of 
permanently eliminating the economic viability of logging in this region and further 
reducing ecosystem functions such as upland water retention and habitat provision. 

Timberlands represent forestlands actively harvested for yields. Historically, Washing-
ton timberlands were owned by a few very large industries including Weyerhauser, 
Simpson and Plum Creek. While planning regulations control the conversion of 
farmland and timberlands, a stronger driving force influencing land cover change is the 
Highest & Best Use, or real estate value of these lands. When the value of real estate 
increases such that it is greater than the value of the timber yields, we generally see a 
conversion into residential development. Confounding these pressures are social 
changes such as an increasing rate of retirement, generational disinterest, increasing 
state taxes, and an overall exhaustion of the land owners. 

Timberlands generally don’t transition into development in one step, several indicators 
foreshadow their conversion. Changes in timber industry structure serve as a strong 
indicator. Many lands are sold into Real Estate Investment Trusts, criticized as holding 
lands for future develop-
ments. Many land holders 
are selling their mills, with 
Weyerhauser representing 
the last Washington timber-
land industry that remains 
vertically integrated. One 
growing trend is the 
conversion of large parcels 
into smaller parcels (20-80 
acres) sold to individual 
land owners. These plots are 
generally considered to be 
less economically stable and 
face larger development 
pressures.

Figure 5.11 Timberlands (erickson, 2007)
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New Development Growth Rate (number of housing permits added per year): 
The change in urbanization of the Puget Sound has come largely from new 
housing development. Building permits provide a useful measure of housing 
construction activity (Housing Partnership, 1998). The rate of growth, repre-
sented by the number of new housing permits divided by the existing hous-
ing stock can reflect population growth (OFM, 2006). This indicator further 
combines social norms such as household size and frequency of second home 
construction. 

Housing unit estimates for counties are developed by the Office of Financial 
management, Forecasting Division. Their estimates are based on the most 
recent decennial census count 
and moved forward in time using 
building permits, demolitions, and 
other administrative records obtained 
directly from local governments. Since 
the 1990 Census housing estimates 
have remained relatively stable with 
a mean of 1.82% growth (max 3.21% 
min 1.21%, St Dev 0.4%). at this rate 
an additional ~28,000 houses are 
added into the Basin each year (Figure 
5.13).

While we have outpaced the national growth rate over the last 5 years, most 
projections presume a slowing down, if not decline, in the annual housing 
growth rate in the next decade. The economic and Revenue Forecast for Wash-
ington State predicts that while higher interest rates will have adverse impacts 
on the Washington housing market, this will be offset by strong population 
growth. The strength in housing has been mostly in the single-family market, 
which continues to benefit from low mortgage rates. 

Economy
The economy influences human activities in pursuit of systems for the pro-
duction, consumption and distribution of goods and services. although the 
relationship between the economy and other socio-political drivers is well 
documented, the impact of economic growth on the environment is still highly 
debated (grossman 1995). Capitalism, as an institutional structure, has been 
theorized to inflate the levels of demand of the population (Sack, 1990) On the 
other hand, there is also empirical evidence to suggest that higher per capita 
income levels increases policies and regulations that help protect the environ-
ment (arrow et al, 1996).

Economic Growth (Gross Domestic Product (GDP) Growth Rate): gDP is the 
Bureau of economic analysis’ (Bea) featured and most comprehensive mea-
sure of u.S. economic activity (Bea, 2007). gDP is calculated as the sum of what 
consumers, businesses, and government spend on final goods and services, plus 
investment and net foreign trade. economic growth has impacts on lifestyles, 
housing development, technological innovation, and even knowledge transfer 
(OFm, 2005). There is generally a positive feedback loop between gDP and 
population growth: a strong economy attracts more people into this region, and 
consequently population growth can boost the economy (OFm, 2005). many 
ecologists argue that gDP has been used inappropriately to measure prosperity. 
in the past, positive gDP growth has been correlated with ecological decline 
as populations increase their use of resources and energy, which consequently 
produce pollution and waste (meadows 1972; Daly, 1991). 

Between 1977 and 2006 Washington’s gDP has steadily risen, with our current 
state product valued at more than eight times its value three decades ago. in 
2005, the Bureau of economic analysis (Bea) began to assess gDP by metro-
politan Statistical Area as well. BEA has hind cast the GDP for the Seattle-Taco-
ma-Bellevue metropolitan area to 2001. in 2005, Washington’s gDP equaled $ 
271,381 million, with the Seattle-Tacoma-Bellevue -MSA producing 67% of that 

60

50

40

30

20

0

10

Pe
rm

it
s 

Is
su

ed
 (i

n
 t

h
o

u
sa

n
d

s)

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

Figure 5.13 Building permits
(OFm, 2006)
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Figure 5.12 Walkability (Walkscore, 2007)
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amount. The average rate of growth for the State gDP over the last decade is 
6.25% (with a high of 10.23% and a low of 1.71%). The STB-mSa gDP growth 
rate has increased significantly over the last 5 years, with the most recent expan-
sion coming in at 7.3%.

according to the Bea, Washington is among the four fastest growing states (in 
terms of gDP) both in 2005 and 2006. it is projected that the gDP will continue 
to rise, but the rate is uncertain. ac-
cording to international Financial Sta-
tistics the national gDP is projected to 
increase at a 3% rate out to 2012. 

Economic Inequality (Gini Index 
and Lorenz Curve): The gini index 
measures how the total income of 
a geographical area is distributed 
among its citizens (Cowell, 2000). The 
gini index is a measure of statistical 
dispersion most prominently used as a 
measure of inequality of income distri-
bution or inequality of wealth distri-
bution (Figure 5.14). It is defined as a 
ratio of income to with values between 
0 and 1: with the numerator depicted 
as the area between the lorenz curve 
of the distribution and the uniform 
distribution line; the denominator is 
the area under the uniform distribution 
line (Figure 5.15). The lower the gini 
index, the more equally distributed the 
income, the closer the curve becomes to 
the even distribution line.

While the gini index for the Puget 
Sound is currently unavailable, Census 
county statistics on household income 
is available for 1990 and 2000. in 2000 the median household income within 
the Puget Sound (12 county area) was $49,583. in 2000  more than 6.6% of the 
households were making under $10,000 a year, while over %14.6 households 

were making more than 10 times that amount (>$100,000 annual income). Past 
trends have shown that a fast paced economy and tight labor markets lead to 
increasing economic disparity (Ryscavage, 1999). A shift towards higher equal-
ity would require a fundamental change in the way society deals with income 
distribution and current economic condition. 

Stability of the Economy (Percentage of Industry Sector Contribution): The 
strength of the economy in this region has been largely attributed to its diversi-
ty. among the Region’s largest companies (in terms of market value) are micro-
soft, Washington Mutual, Starbucks, Weyerhaeuser, Amazon, Costco, Paccar, 
Nordstrom, Safeco, Expedia, and Getty Images. Supporting these larger firms 
are hundreds of smaller industries. The economic crash of the early 1980’s was 
blamed largely on the heavy reliance on one industry, namely Boeing (OFm, 
2005). An economy made of a diverse constituency of firms in varying indus-
tries is considered more resilient to market perturbations. Different employers 
allow us to keep growing in time of crises. 

The Puget Sound economy has diversified significantly since the 1970’s. Over 
the last 3 years the stability of the Puget Sound’s economy has been applauded 
as national economic status declines while local industry remains unencum-
bered. One mechanism to account for the sector contribution is capital produc-
tion; another is number of employees employed. according to Washington’s 
State Employment Security Department in the first quarter of 2007 the retail 
trade industry represented the largest of 16 sectors, employing 15.7% of the 
region’s employees. manufacturing (particularly aerospace manufacturing for 
Boeing was a close second at 14.8% 
(Figure 5.16).

The Puget Sound economy is pro-
jected to remain highly diverse at least 
until 2030 (OFm). However, if major 
industries like Boeing, Microsoft and 
amazon leave it will still devastate this 
region economically. 

Trade Dependence (Export / Import 
Dollars): in the last few decades the 
trends towards globalization have been 
accelerating which has intensified the 0
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(OFm, 2005)
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trade of goods and services among countries (OFm). Politically, exports are 
generally seen as a positive ‘good’ creating an inflow of capital from abroad, 
while imports are often seen as requiring an outflow of capital to foreigners. 
economically, a global balance between exports and imports has been shown to 
be advantageous to currency and wage stabilization (Chase, 1999) environmen-
tally, international trade has been shown to degrade local environmental quality 
through unsustainable resource extraction. Critiques of increasing globalization 
have made arguments for the benefit of ‘buying local’ (Danson, 1998).

The Puget Sound region’s geographic location gives it the advantage of serv-
ing as the major North American gateway for trade with Pacific Rim countries. 
“The ports of Seattle and Tacoma are the second largest container cargo load 
center in the Western Hemisphere” (Chase, 1997, p5). Washington leads the na-
tion in exports per capita making international trade a major economic engine 
for Washington State. in fact it has been shown that one in four jobs in the State 
are directly or indirectly tied to export trade (ibid). The ports in Puget Sound 
handle exports originating both from Washington and from other states, but a 
significant contribution comes form international imports destined for purchase 
within Washington State.

Over the last decade we have shifted from a trade focused on agricultural prod-
ucts and lumber to high tech industrial machinery and computer equipment. 
Despite this major shift, aircraft parts still dominate more than 63% of the State’s 
total exports (OFm Trends, 2006). Washington is a trade dependent state, and 
the falling dollar has been a great asset to increasing exports. as our goods be-
come cheaper relative to the global marker, we can increase our exports. On the 
other hand this leads to an increase 
in the price of imports. While a wide 
variation exists in the ratio of dol-
lars spent on imports versus exports 
(from 20% return with China, who 
we import good from, to 259% with 
netherlands, who we export goods 
to). The overall ratio in the Washing-
ton is 71% return on exports per dollar 
of imports (CTeD, 2004)(Figure 5.17). 

Trade is controlled at the national 
and state level. nationally, political 

relationships, trade agreement and exports bans largely control the amount 
and type of trade coming through Washington’s borders. Further, changes in 
accessibility due to technological innovation, whether through cost of transpor-
tation or advancements in communication can affect the relative importance 
of the trade industry. Locally, the Ports of Seattle, Tacoma and Bellingham can 
directly influence trade by investing in ‘human capital, transportation and 
communication infrastructure’ (OFm). indirectly, changes in industry concen-
tration towards high-tech exports as opposed to natural resources (timber and 
agriculture) will not only significantly impact our trading partners, but also the 
trajectory of economic growth in this region. 

Governance
governance refers to the process and institutions that guide and constrain hu-
man activity (Thomas, 2007). governmental interference with human activity is 
generally constrained to improving the health, safety and welfare of its citizens. 
Different views of the effectiveness of the current approach and outcome as well 
as potential future utility of governance in this region are largely value laden. 
The three dimensions indicated below may appear biased towards certain ap-
proaches and outcomes; however, there is still a large divergence in published 
literature about the real implications of these trajectories.

Strength and Effectiveness of Leadership (Number of bills introduced and 
passed into law): Political leadership can be conceptualized as the leadership 
through elected representatives (and their appointees) and the political will of 
citizens and residents. The outcomes of elections at all levels of government 
affect who is in charge of policy and budget decisions, which can impact regula-
tory and socio-economic conditions. The strength and effectiveness of regional 
leadership is a politically debatable issue and ultimately no one measure ac-
curately defines it. Legislation, referring to a single statute or a collective body 
of laws, is an action taken on behalf of the governing body to guide or constrain 
human activity. This indicator focuses on the number of pieces of legislation 
introduced and passed into law as a measure of the strength of leadership. The 
highly debatable assumption made is that the strength of leadership is posi-
tively correlated with the number of passed and effective pieces of legislation. 

in 2007 the house and senate introduced 2,591 bills, of which 20% (522) were 
passed (Washington State legislature, 2008). at this time no information on 
future trends has been collected for this report. in order to generalize trends 
we have isolated three potential trajectories; a strong and effective government, 
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a weak and ineffective government, and a strong and ineffective government. 
Strength is correlated to how much power they are administered by their con-
stituency. Effectiveness corresponds to their ability to create change.

Locus of Power (Number of decision makers; type of interactions): The Puget 
Sound region is governed by numerous overlapping jurisdictions: federal gov-
ernment (i.e. the Clean Water act), state government (i.e. growth management 
act) city and county municipalities (i.e. zoning), as well as local groups (i.e. 
neighborhood associations). Over the last few decades the number of decision 
makers influencing the future of this region has grown significantly, effectively 
fragmenting our regional government. in response many regulations and in-
formal relationships have been forged to handle cross-jurisdictional issues. For 
example, the growth management act’s cooperation requirement is intended 
to ensure that municipalities take into account the implications of new devel-
opment and infrastructure on adjacent municipalities. This indicator focuses 
on both the number of decision makers and their form of relationships. Two 
interdependent continuums are discussed, the number of units of government 
from a single unit of governance (unified) to many units (fragmented) and from 
high levels of cooperation among those units (networked) to very low levels of 
cooperation (autocratic).

Currently there are 700 electives and 30 jurisdictions within King County 
alone. The Puget Sound currently includes 12 counties and over 100 cities and 
23 tribes (Figure 5.18). as new areas 
become developed and incorporated 
into new municipalities the numbers 
of decision makers continues to 
grow. One source of fragmentation 
is the relationship between rural and 
urban municipalities. Most often 
both the goals and resources of these 
regions are inconsistent. Both re-
gions generally want local resources 
to be spent on local investments. 
However, while the majority of the 
population, and thereby funds, are 
located within the urban area much 
of environmental implications (from 
sprawling developments, increase 

in impervious surfaces and infrastructure extensions) come form rural counties. 
Thereby urban municipalities are often found trying to control change in rural 
municipalities without the willingness to pay for those rights (i.e. purchasing 
the development rights). 

nationally we have seen increasing fragmentation due to an increase in the 
number of units of government. in the last decade we have seen an increase 
in specialized and narrow interests associated with local municipalities (i.e. 
each county has its own plan and works in isolation from one another). Some 
critiques say that only in response to a major crisis will we see a reverse trend 
towards unification. On the other hand, we have seen increasing attempts at 
networking among local units as municipalities try to share resources and 
coordinate plans.

Types of Partnerships (Influence of public, private, non-profit and academia 
partnerships on regional governance): in addition to partnerships among 
municipalities governmental units also forge partnerships with local businesses, 
non-profits and academia. Business partnerships are generally intended to 
support economic growth within a municipality. For example, a local unit may 
allow for specific permits or provide for new infrastructure if a business agrees 
to locate within the municipality, and thereby boost the local economy. These 
types of partnerships are generally common and are considered important in 
ensuring the economic vitality of the region. However, in excess residents often 
argue that private firms are controlling politicians and creating unfair treatment 
policies. Other forms of partnerships including those with academia and non-
profit firms are generally less controversial. Public agencies often partner with 
academia to link research with new policies. many agencies partner with local 
non-profits to improve conditions for minority populations and ecosystems. 

The number of partnerships as a whole have been increasing over the past few 
decades. Specific information on the number and type of partnerships has not 
been identified for this report. Since the number of current partnerships has not 
been identified, no future trends have been developed. 
 
Knowledge and Information
Knowledge refers to the awareness or cognition of science, art or technique. 
Knowledge generally applies to facts or ideas acquired by study, investigation, 
observation or experience (merriam-Webster, 2007). information is the commu-
nication or reception of knowledge. Knowledge and information play critical 

Figure 5.18 Units of government
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roles in shaping human behavior and perception and thereby indirectly influ-
ence the direction and capability of new innovations and policies. Our strength 
as a region is derived from the coupling of gaining new knowledge and our 
ability to transfer this information within and beyond this region. While knowl-
edge can be, and often is, gained outside of the classroom, our educational 
institutions are a good indicator of how equipped the next generation will be to 
handle this region’s challenges and opportunities.

Educational Attainment (% of population over the age of 25 with a high school 
degree or higher; with a bachelors degree or higher): Education attainment 
refers to the highest level of schooling achieved by an individual. This indicator 
reflects both the value society places on education and the freedom provided 
to citizens to attend academic institutions. Educational attainment levels have 
been correlated with numerous socio-political factors including (but not limited 
to) voting trends, income levels, crime rates, health and future valuation.

in 2000 27.7% of Washington residents over the age of 25 carried a bachelors 
degree or higher. This percentage is more than double the percentage in 1970, 
where only 12.7% received this level of educational attainment. The Puget 
Sound region has higher levels of educational attainment than the state as a 
whole, with 31% holding a Ba or higher in 2000 (up from 25% in 1990). Within 
the Puget Sound there is still significant variation in educational attainment 
among counties. King and San Juan counties have the highest educational 
attainment levels at 33%. Mason and Snohomish have the lowest attainment 
levels in the Puget Sound at 13% and 19% 
respectively. The large majority of 25 year 
old or older Puget Sound residents hold 
a high school degree or higher, 89% in 
2000 (up from 86% in 1990)(Figre 5.19). in 
2000, Washington ranked 9th nationally 
for the percentage of persons holding a 
bachelors degree or higher. in addition to 
the percentage of 25+ residents, a measure 
of 18-24 can be a better indicator of the 
current performance of higher education 
system. Measures for 25+ attainments are 
influenced by migration, past performance 
and age structure of population (Kirschner, 

2004). in 2000 only 77% of the Puget Sound population of 18-24 year olds held a 
high school degree or higher. 

if past trends continue the percentage of the population with higher educational 
levels will continue to rise. However, an economic downturn can lead persons 
with higher education degrees to migrate out (or not migrate in) in search of 
higher incomes, thereby affectively lowering the region’s educational attain-
ment levels.

Investment in Education ($ spent per capita on K-12 and Higher Education in 
the State): Higher investment in education is correlated with higher achieve-
ment levels (Washington education association, 2006). Higher spending in K-12 
may lead to higher test scores of students and potentially greater contribution 
to future knowledge in this region. investment in higher education may be cor-
related with greater levels of innovation and new knowledge creation. Higher 
investments in education may also lead to economic growth (Fisher, 1997). 

in 2006 Washington was ranked 42nd in the nation for average funding per 
student (Bhatt, 2005). This information has alarmed politicians and residents 
alike. Further exacerbating this situation are very large class sizes, in fact 
Washington has the 4th largest average classroom size in the nation. Over the 
last 25 years Washington has slipped from having higher than the national 
average K-12 education expenditure per capita to falling far below the national 
average. in 2005 Washington spent $1,467 per student (OFm, Wa trends)(Figure 
5.20); the top four states spent more than $2,000 per student, that’s over 36% 
more (uS Census). On the other hand Washington’s higher education spending 
has consistently remained above the 
national average. in 2005 Wa ranked 
16th among the 15 states with over $719 
per capita (up form $482 in 1990). 

Following past trends Washington will 
continue to fall in terms of K-12 educa-
tion spending. A significant impact of 
this trend may be that students educa-
tion under the Washington system will 
need to migrate out of the state to find 
low-skilled jobs while highly edu-
cated migrants fulfill the skilled labor 
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currently provided within the Puget Sound region. extrapolating this trend 
further, employment sectors for highly skilled jobs might out-migrate seeking 
high quality life for their employees.

Accessibility to Knowledge and Information (indicator not yet defined): at 
the time of this writing a suitable indicator to assess how accessible knowledge 
and information are to the general populace has not been identified. In general, 
accessibility leads to a more informed public who may be able to make better 
informed decisions about behavior and new policies. no information on the 
current status or future trends of accessibility to knowledge and information 
has been collected at the time of this writing. 

Natural Hazards
Natural hazards refer to a natural agent altering the landscape in a significant 
manner. There are still arguments among experts on how to perceive this 
change agent. mainly, does the change necessarily constitute negative implica-
tions in terms of a disaster or can it be re-assessed as a surmountable challenge 
and even an opportunity for a change in human behavior? The means, by which 
society perceives a hazard, whether reactively or proactively, may be critical 
in identifying the form of future development, infrastructure investments and 
governance. However, for the purpose of identifying specific change causing 
events this driving force focuses on hazards which have in the past caused a 
negative affect on humans and their environment.  

Spatial Vulnerability (Distribution of Natural Hazards): Hazards are generally 
correlated to specific locations: flooding is associated with lower elevations and 
stream corridors; volcanic eruptions are tied to specific mountains; earthquakes 
lie within subduction zones; etc (WA EMD, 2007). The map below identifies the 
spatial vulnerability of the Puget Sound’s major hazards. 

Within the Puget Sound the coastal area and high elevations are generally more 
vulnerable to natural hazards than areas within the middle belt (Wa emD, 
2007)(Figure 5.21). Higher elevations are vulnerable to avalanches, landslides 
and in some cases volcanic eruptions. The coastal area is generally vulnerable to 
windstorms, flooding, erosion, and seismic activity including both earthquakes 
and tsunamis (ibid). 

Climate impacts may increase the vulnerability of both the coastal areas and 
higher elevations. Coastal elevations will be influenced by sea level rise and 

potentially stronger windstorms. Higher elevations may experience increased 
avalanches and landslides due to increasing temperatures and increasing 
precipitation coming down as rain as opposed to snow. in addition to climate 
impacts, development patterns can influence the pattern of hazards. For ex-
ample, hillside developments can increase the vulnerability to landslides while 
lowland development can increase the vulnerability to flooding.

Magnitude of Events (Cost of Natural Hazards): The magnitude of an event 
describes the relative size, significance or influence. The magnitude of an earth-
quake is measured on the Richter scale, drought by the number of days where 
the water supply is 75% below normal, windstorms by their speed. in general, 
the more severe the event is, the more costly the response, in terms of both 
casualties and economic impacts.  This indicator specifically looks at the annual 
cost of emergency preparedness and response within Washington State. The 

Earthquakes

Volcanos

Flooding

Avalanches

Landslides

Vulnerability
HighLow

Figure 5.21 Spatial vulnerability (Wa emD, 2007)
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relationship between the magnitude of a natural disaster and the cost of repair 
is influenced by new technological innovation, the level of preparedness, and 
the type of damages incurred. 

at the time of this writing we do not have estimated costs of hazards for the 
Puget Sound or Washington States and have relied on national estimates. The 
international Disaster Database (em-DaT) has synthesized information on 
disasters of the last century, by nation, disaster type of impacts incurred. Over 
the last century the united States have spent over $ 449 billion on disasters. 
Over $280 billion was spent over the last decade (Figure 5.22). While the cost of 
hazards has increased exponentially the cost in human lives has fluctuated with 

no upward trend (this trend is not true for other countries). 

There is still little evidence that the magnitude of natural events will increase in 
the future. There are strong correlations between the magnitude of hydrological 
events and climate change and human development. an increase in the magni-
tude of climate impacts including both temperature and precipitation changes 
are anticipated to increase the magnitude of flooding, droughts and landslides. 
Further changes in human development, in terms of density of urban develop-
ment, impervious land cover and aging infrastructure is anticipated to increase 
vulnerability levels. There is emerging research leading to the hypothesis that 
changes in the hydrological regime may also influence seismic activity (Hur-
witz et al. 2003). 

Frequency of Hydrologic Disasters (Number of hydrologic disasters per year 
within the Puget Sound basin): Hydrological disasters include floods, land-
slides, major storms and droughts. The frequency of events are correlated to 
changes in the hydrological cycle, development patterns (especially impervious 
surfaces), and infrastructure (including stormwater management and armor-
ing).  according to the Center for Research on the epidemiology of Disasters 
an event is considered a disaster if more than 10 people are killed, more than 
100 are affected, a call is made for international assistance and/or a state of 
emergency is declared (2007). implications of the disasters include increased 
risk to the health and safety of the Puget Sound’s residents, increased costs of 
infrastructure improvements and repairs, and increased risk of damage to the 
current state of sensitive natural areas. 

Damage from floods currently exceeds damage by all other natural hazards in 
Washington State (Wa emD 2005). Counties within the Puget Sound Basin are 
the most vulnerable to floods, with Presidential Disaster Declarations occurring 
about every 3-5 years (per county) (ibid). Since 1956 there have been 28 presi-
dential Major Disasters for floods in this State. Landslides are most frequent 
along the I-5 corridor, along the Pacific coast and bluffs, and the Cascade and 
Olympic mountain ranges (ibid). major storms, including extreme precipita-
tion events, having been occurring with greater frequency in Pacific Northwest 
Region over the last 50 years (Cig 2007). in the past century this State has 
experienced several severe droughts, many lasting more than a single season. 
eastern Washington is more vulnerable to droughts than the Puget Sound basin 
(Figure 5.23). 
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Figure 5.24 Global hazards 
(guha-Sapir, 2007)Current trends show that hydrological changes in-

cluding those impacts of El Nino, the Pacific Oscilla-
tion and climate impacts can influence the frequency 
of major disasters. These changes can be exacerbated 
by changes in land cover including loss of vegetative 
cover and soil stability. globally the number of hy-
drological disasters have tripled in the last 25 years 
(guha-Sapir et al. 2004)(Figure 5.24). 

Public Health
The science and practice of protecting and improv-
ing the health of a community, as by preventive 
medicine, health education, control of communicable 
diseases, application of sanitary measures, and moni-
toring of environmental hazards (american Heritage Dictionary, 2007).

Health Status (%Self assessed with fair or poor health (CDC – BRFS)): The 
health status of Puget Sound residents is influenced by many factors includ-
ing healthy behavior, the environment, genes and medical care (Jackson and 
Kochititzky 2005). This indicator focuses on how residents perceive their own 
health status as indicated by the CDC’s Behavioral Risk Factor Surveillance sys-
tem. Data is collected for 1995-2006 for Washington State. Specifically, respon-
dents were asked to evaluate their own health status, on a ranking of excellent, 
good, fair or poor. 

in 2006, 13.5% of respondents in 
Washington State said their health 
status was ‘fair to poor’. For compari-
son, across the nation 14.7% responded 
with a ‘fair or poor health’, Kentucky 
had the worst health status with 23% 
and minnesota the best with 10.8% 
(CDC, 2007) (Figure 5.25). 

according to panel interviews the 
future health of Puget Sound residents 
will be compounded by increasing 
populations which will generally 

increase environmental contaminants such as emissions, water-borne pollution, 
congestion, time in traffic, less open space per capita, and increase resource 
pressures. On the other hand, there will likely be advances in medicine includ-
ing early screening for diseases and more effective treatments. Technological 
advancements may also allow us to reduce negative impacts to the environment 
for example reduced emission vehicles and reduced affluent from wastewater 
treatment plants. 

Resource Distribution (% without health insurance): How resources are 
distributed across the region has significant implications on the region’s quality 
of life, equity and resiliency towards health epidemics. as economic inequality 
grows a smaller percentage of the population consumes greater percentages 
of the region’s goods and services. as resources become scarcer and services 
strained due to growing population numbers and exploitation of current stocks, 
the concern over resource distribution will rise. maintaining an unhealthy 
segment of the population not only creates social equity issues, it is also not 
cost-effective. More and more the public health profession is returning to the 
belief of treating the community and not individuals. especially during times of 
crises, whether from an infectious disease or a natural hazard a disproportion-
ate distribution of resources can lead to great economic strain. Hurricane Ka-
trina may be a prime example of the implications. Resource distribution can be 
measured through various indicators. For this report the number of individuals 
without insurance is utilized due to its high attainability and widespread usage.

According to findings from the Wash-
ington State Population Survey (SPS), 
the percent of Washington residents 
without health insurance increased 
from 8.4 percent in 2002 to 9.8 percent 
in 2004 (ammons 2007)(Figure 5.26). 
This increase in the percent uninsured 
is statistically significant at the 20 per-
cent level. The change in the percent 
uninsured represents an additional 
100,000 uninsured people in the state 
for a total uninsured population of 
approximately 606,000, or almost 1 in 
10, Washingtonians. The increase in 0
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uninsured numbers is also being seen nationally and has been reported by the 
Census Bureau (2007).

Washington’s health care system will experience growing demands due to a 
rapidly aging population and a growing poor ethnic population; these two 
groups have different health care needs. Further we do not have a good higher 
education system to prepare a new workforce. (Kirshner and Thadden, 2004). 
On the other hand there is a strong push towards public health care for all at 
both the State and national level. governor gregoire is currently working on the 
‘Healthy Washington initiative’ to ensure adequate health care for all Washing-
ton residents by 2012 (gregoire 2007). 

Resource Abundance (Acres of shellfish growing areas / Acres of farmland): 
aquaculture and agriculture are the main food producing practices in the Puget 
Sound (PSaT, 2007). The health of Puget Sound residents is intricately tied not 
only to the availability of these resources, but also their condition. as resources 
diminish costs rise and nutritional food becomes less available especially to 
minority populations. Further, contamination of the food sources due to envi-
ronmental pollutants can severely impact public health forcing residents to rely 
on more distant food resources.

The Puget Sound is one of the largest shellfish producing regions in the United 
States. Furthermore, shellfish are a staple dietary component for tribes and 
immigrant populations. Shellfish, including clams, oysters and other bivalves 
filter marine waters accumulating bacteria, viruses and other harmful pathogen. 
While the shellfish are not impacted by these pathogens, humans consuming 
contaminated shellfish can suffer from severe illnesses. Shellfish growing areas 
are thereby monitored on an ongoing basis to ensure public safety (State of the 
Sound).

West of the Cascades our agricultural industry tends to be represented by small 
farms focusing on dairy products, poultry and berries (mSRC, 2003). as land 
values for new development rise, agricultural fields begin to disappear. Once 
productive soil is covered by development it is difficult to recover this pro-
ductivity. industrial agriculture has also been associated with an increase risk 
of contaminated products including e coli and pesticides (Wa Department of 
Health, 2005). 

Concentrations of toxins in Puget 
Sound shellfish and the geographi-
cal scope of shellfish closures have 
increased over the past four-to five 
decades. Since the 1980s, the fre-
quency of detection of PSP toxins 
has increased in the southern basins 
of Puget Sound, an area containing 
the region’s most productive shell-
fish beaches (Snover et al, 2005). In 
2005, nearly one-third of the Sound’s 
shellfish growing areas had high 
enough levels of fecal coliform bacte-
rial pollution to restrict harvest (PSaT, 
2007) (Figure 5.27). according to the 
agriculture census, between 1987 and 
1997 Washington lost nearly 1 million 
acres of farmland and more than 4,500 
farms. Washington is currently losing 
23,720 acres of farmland each year 
(Figure 5.28).

growing human development in the 
Puget Sound region is likely a major 
contributor of the recent increases in 
PSP toxins. increased nutrients (via 
activities such as aerial forest fertil-
izing, sewage outfalls and agricultural 
runoff) can provide more favorable 
growth conditions for the algae 
producing PSP toxins. The dominance of aquaculture will likely increase in the 
next 50 years, as we try to feed a larger population. The impact of aquaculture 
on natural areas will depend largely on regulation enforcements. Threats to 
our agricultural productions come from loss of soil productivity, rising water 
and energy costs, consolidation of agricultural production into larger farms 
and competition from asian producers (mSRC, 2003). The cost of transporting 
global agricultural product may increase with increasing fuel costs influencing 
a growth in the local market. The role of China’s agricultural production in the 
future is uncertain and will depend on cost of transportation and political shifts. 
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The cost and health of regional fish and produce will likely affect regional 
consumption patterns.
 
Technology and Infrastructure
Technology can be considered the means by which humans use nature for their 
own benefit (Headrick, 1990). Infrastructure can be thought of as those services 
and facilities that support day-to-day economic activity. infrastructure includes 
roads, energy and water provision, waste disposal, and transportation. For this 
project, infrastructure and technology are clustered together as a single driving 
force. While these are really quite different forces, their interdependencies are 
so high it is hard to talk about one without the other. The implication of major 
technological change in the Puget Sound region is dependent on a restructuring 
of the region’s infrastructure. 

Technological change can be seen as both society’s salvation and demise. The 
motivations behind technological innovation are considered to be “power over 
nature (to go faster, to light the darkness, to do more work with less effort, to 
extract wealth form the earth) and power over people (to defeat enemies, to 
outwit competitors and to control others)” (Headrick, 1990, p. 55). in the past 
200 years, technology has changed in kind, complexity and rate leading to the 
attainment of major societal achievements. However, as shown through history, 
the impact of technological change rarely stops at the original and intended 
goal. in fact the unintended consequences of past technological change can be 
linked to most of our current environmental problems. nevertheless, it is still a 
commonly shared hope that new innovative technology will bail society out of 
their environmental problems (meadows, 1972). 

Within this report we focus on four major forms of technology and infrastruc-
ture; transportation, energy, waste (solid and water) and water management 
(drinking and storm water): 

Transportation: • generally transportation can be divided by public and 
private transportation means; primarily cars and mass transportation 
(light rail and buses). 
Energy: • Energy provision reflects the form and amount of energy sup-
plied to Puget Sound residents and industries, to heat their homes, power 
appliances and operate machinery focusing on both electrical and gas 
energy provision. 
Wastewater + Solid Waste: • Sewer and septic systems control the waste-
water coming from residential, industrial and commercial lands. The 

growth management act (gma) distinguishes among rural and urban 
service areas (Wa DOH, 2007). Within urban areas sewer service must be 
provided for households, while septic tanks (with few exceptions) are not 
permitted. Solid waste refers to trash, recyclables and compost.
Drinking Water + Stormwater: • Drinking water refers to the collection, 
treatment and distribution of freshwater to regional residents. Stormwater 
refers to the collection and removal of excess runoff that does not infiltrate 
into the ground. generally, in urbanized residential, industrial and com-
mercial lands runoff is collected via drains and gutters, conveyed through 
underground pipes and released into nearby waterbodies (or combined 
with waste-water, see above).  

While each form has its different relationships to other driving forces and 
divergent implications for regional change the three dimensions selected are 
relevant for all four forms. Connectivity focuses on the regional connections 
of the overall system; specifically whether infrastructure stops at municipality 
or household boundaries or if it is seamless throughout the region. investment 
looks at the amount of funds allocated towards the particular form of infra-
structure, reflecting both the pressure to redevelop or extend a specific form 
of infrastructure and society’s valuation of the service gained. lastly, the type 
of technology or infrastructure looks broadly at how adaptive versus rigid a 
given technology is. Adaptive infrastructure is generally proactive, flexible and 
context sensitive; mirroring natural cycles and using resources efficiently. On 
the other hand reactive infrastructure is reactive, rigid and de-contextualized; 
aiming to control and minimize natural variations and is resource intensive. 

Connectivity
Transportation: The automobile has generally benefited from high connectiv-
ity at the local, regional and even national level. Creating efficient road and 
highway systems has seen concerted efforts of every municipality. One major 
criticism of increased road connectivity is the high correlation to negative envi-
ronmental impacts, primarily forest fragmentation. Planners generally acknowl-
edge that road expansions, while a necessary service provision, have served as 
a catalyst for development intrusion into natural lands. in terms of mass transit, 
this region is currently vested in increasing light-rail connectivity. Current plans 
project service extension to Tacoma and Redmond. By 2050, we can likely see 
extension out to Everett and Issaquah. 

Energy: Currently energy provision is highly connected, with Puget Sound en-
ergy providing the majority of the Puget Sound basin. In the next fifty years we 
may see a decrease in connectivity as renewable energy sources are utilized on 
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site level basis. For example we may see buildings or neighborhoods powered 
by on-site power generators (whether solar, wind, fuel cells or hydropower). 

Wastewater + Solid Waste: Currently the major distinction in wastewater treat-
ment is between septic tanks and sewer plants. Septic tanks generally function 
on a per-household level and are not connected to a central facility. There are 
5 sewer treatment plants in the region, with King County’s Brightwater facility 
expected to be the largest. The region currently holds 1.2 million septic tanks 
and is expected to double in the next fifty years. There is currently a big effort to 
connect single family drain fields into larger systems. Advancements in mem-
brane technology might make it more feasible to treat wastewater on smaller 
scales and release highly treated graywater back into neighboring waterways. 
in terms of solid waste currently each municipality maintains its own waste 
collection and recycling facility. This report has not collected any information 
pertaining to future connectivity of solid waste.

Drinking Water + Stormwater:  Stormwater can be connected by underground 
pipes and large treatment facilities or natural water ways (creeks and streams). 
Natural land cover reduces reliance on artificial stormwater management as 
precipitation gets infiltrated into the ground. By definition, the entire Puget 
Sound basin is hydrologically connected. However, within this report, natu-
ral systems are generally considered less connected, as precipitation mostly 
remains close to where it falls (or moves slowly), whereas artificial stormwater 
drainage systems are considered more connected. Recent trends are pushing 
towards the application of ‘natural drainage systems’ to reduce the reliance on 
underground pumps to convey stormwater. in terms of drinking water, urban 
municipalities provide drinking water from large reservoirs and supply water 
to individual homes; rural municipalities often rely on private well systems. As 
this region urbanizes the reliance on wells will likely decrease.  

as the regional population grows and developments spread total demand for 
drinking water and stormwater management services will increase. increasing 
temperatures and decreased summer flows could make it more difficult for 
water suppliers to meet the needs of consumers and in-stream flow require-
ments, especially in snowmelt-fed watersheds (Figure 5.29). increase in imper-
vious surface due to new developments and natural land cover alterations will 
increase the volume of runoff requiring collection, conveyance and release.

Investment
Transportation: Over the last 30 years 
we have doubled the amount of roads 
putting significant strain on our trans-
portation infrastructure. major public 
investments will be required over the 
next 50 years to upgrade and extend 
upon current transportation services. 
a critical uncertainty lies with the 
level of present financial sacrifices the 
public is willing to make for future 
services. adding further complexity 
to the magnitude of investments are 
questions of spatial distribution (i.e. 
will we invest in rural or urban infra-
structure) and upgrade versus extension of services.  in the future, congestion 
pricing will likely be utilized to produce revenue for transportation projects. a 
much more significant uncertainty may lie in the form of new transportation 
options in 50 years. This region may find itself investing in technology that is 
not currently available. 

Energy:  Currently the Puget Sound enjoys lower monthly energy bills than the 
national average, $66.19 and $81.42 respectively (energy information adminis-
tration (eia), 2006). if the cost of gas rises as expected, coupled within greater 
stream flow fluctuations affecting hydropower, and population growth the 
cost of energy will rise. Depending 
on the level of energy scarcity this 
region might find itself needing to 
significantly reinvest in new renewable 
energy technology. a redevelopment 
of our current energy infrastructure 
will require significant investments 
and public buy-in. 

Wastewater + Solid Waste Definition:  
Currently 60% of infrastructure spend-
ing goes towards sewer and 5% goes 
towards solid waste (OFm, 2007)(Fig-
ure 5.30). While Seattle has an aggres-
sive recycling program, future invest-

1

2

3

4

5

h
ig

h
w

ay
s

tr
an

si
t

el
ec

tr
ic

g
as

so
lid

 w
as

te

se
w

ar
ag

e

w
at

er
 s

u
p

p
ly

St
at

e 
&

 L
o

ca
l E

xp
en

d
it

u
re

 (i
n

 $
 m

ill
io

n
s)

Figure 5.30 State expenditudes
(OFm, 2005)

A
ve

ra
g

e 
D

ai
ly

 W
at

er
 U

se

M
o

n
th

ly
 P

re
ci

p
it

at
io

n

250

200

150

100

50

0

14

12

10

8

4

2

6

0
Jan Feb Mar Apr May Jun Aug Sep Oct Nov DecJul

Average Water Use

Precipitation Statistics

Figure 5.29 Water demand and supply
(Snover et al, 2005)



35

Pu
ge

t 
So

un
d 

Fu
tu

re
 S

ce
na

ri
os

ments of small and rural municipalities in recycling facilities may decrease the 
region’s solid waste volume. in terms of wastewater, the region maintains miles 
of wastewater infrastructure that has been built based on past hydrologic events 
and their fluctuations. Much of this infrastructure combines both stormwater 
and wastewater in the same pipes. in major storms the volume of water may ex-
ceed the wastewater treatment plant’s capacity and untreated sewage is allowed 
to flow into the Sound (called a combined sewer overflow (CSO) event). Climate 
impacts may significantly influence our ability to control and reduce CSO by 
adding in larger peaks and less land storage. If this region attempts to unlink 
waste and storm water it will require a significant investment.

Drinking Water + Stormwater Definition:  Depending on the magnitude 
and fluctuations of climate impacts the cost of providing drinking water and 
managing stormwater might escalate significantly. As noted in the wastewater 
section above, an increase in impervious surfaces coupled with higher winter 
precipitation may exhaust current infrastructure capacity. in terms of drinking 
water, increase demand due to a growing population coupled with decrease 
summertime supply due to early snowmelt and lower summertime precipita-
tion volumes will likely increase the cost of water. Depending on our level of ur-
banization and impacts of climate change it is likely that over the next 50 years 
this region will need to restructure its water infrastructure requiring significant 
investments

Type
Transportation: One solution is to build more highways, another is to in-
crease the proportion of commuters using mass-transit systems. in the next 
fifty years cars will likely benefit from either increased fuel economy (50-95%) 
and reduced emissions, or a new propulsion system (i.e. fuel cells) which will 
eliminate reliance on fossil fuels and any emissions. While fuel cell cars might 
considerably reduce environmental impact they might increase congestion. 

Energy: The future of our energy supply will certainly demand a decrease in 
the use of non-renewable resources such as crude oil and natural gas and an 
increase in renewable resources such as solar and nuclear power. What is rather 
uncertain is what technology will be used, and how quickly we will transition. 
The amount of water available for power generation in the northwest varies 
substantially from wet to dry years. Because Puget Sound energy depends 
heavily on hydroelectric generation this variability creates considerable uncer-
tainty for power supply planners.  By 2025 demand will significantly surpass 

supplies in the region (PSRC, 2005). While renewable energy is established 
in the region, Washington exceeds the national average for electricity usage 
(Sightline, 2006. Puget Sound energy’s projections show that by 2040, we will 
likely see additional advancements in energy conservation and the further de-
velopment of alternative energy sources - particularly in the areas of solar, wind 
power, tidal and perhaps even geothermal energy-all of which are currently 
being implemented on some scale. 

Wastewater + Solid Waste:  In recent years Seattle has significantly increased 
the proportion of waste that is recycled or composted as opposed to discarded. 
Future treatment plants may rely more heavily on natural biofilters to treat 
wastewater. Further, some european countries are investing in water-free 
plumbing (i.e. composting toilets) to reduce wastewater volumes. 

Drinking Water + Stormwater:  The most significant transition for stormwater 
delivery may come from shifting from a system of pipes and pumps to a natural 
drainage strategy (including bioswales, greenroofs, cisterns, raingardens). 
These systems generally detain stormwater on the site for to prevent the surge 
of the first flush and resultant CSO events. Further, some systems utilize the 
stormwater onsite or allow the water to infiltrate, recharging underground 
aquifers. Over the next fifty years, depending on the level of urbanization and 
changes to the hydrological regime this region may invest in larger pipes or 
more natural drainage. 

6. Sound Scenarios

Overview  
The Puget Sound Future Scenarios depict 6 alternative futures for the Puget 
Sound region by the year 2050. They are intended to be highly divergent, 
plausible stories, both compelling and informative. The scenarios focus on 
uncertain future trajectories for two driving forces: climate change and human 
perceptions and behavior and explore their implications on future conditions in 
this region (Figure 6.1). The scenario narratives combine the most divergent and 
relevant future trajectories of each of the key drivers with supporting drivers, 
storylines and system states. Together they represent significant implications 
for the opportunities and challenges of nearshore ecosystem restoration in this 
region. Table 6.1 provides a brief synopsis of each of the 6 scenarios. 
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Forward: Low climate change coupled with a greater social ethic of cooperation provided the Puget 
Sound the opportunity and resources to proactively address environmental problems and improve 
the quality of life for all of its residents. While the region’s economy continued to grow and 
immigration doubled the Sound’s population, the region managed to maintain and restore 
ecological function. Residents, governments and industry shared a new understanding of the Puget 
Sound ecosystem as an integrated human-ecological system creating a renewed relationship with 
their environment.

Order: While climate change was a best-case scenario, population growth coupled with increasing 
consumption placed pressure on the Puget Sound’s resources. An increasingly fragmented 
governmental structure spurred conflict between municipalities and interest groups. In spite of 
existing environmental regulations, a lack of coordination among governmental agencies was a 
major obstacle in improving ecosystem function. Sprawling developments coupled with a low 
investment in the region’s infrastructure, education and health significantly reduced the quality of 
life in the region.

Innovation: More and greater climate fluctuations increased the Puget Sound’s vulnerability to 
floods, windstorms and fires. Technological innovation mitigated negative impacts on residents and 
infrastructure. The high tech industry led the regional economy,  drawing in skilled labor and high 
wages and largely controlling the political arena. Growth rates of new ideas, production, immigra-
tion and housing development all increased, generating wealth and jobs. Innovation allowed per 
capita consumption levels to remain high through increased efficiency and closed-loop industrial 
processes.

Barriers: Society in the Puget Sound region divided as the disparity between the rich and poor was 
magnified. Escalating climate impacts posed significant threats to private property, regional 
infrastructure and natural resources. Residents responded by building stronger walls, moving 
uphill and securing their investments. As cost of fuel and mitigation rose, the rich buffered their 
families from impeding harm, while the poor were left behind with a continuously degrading 
economy. Government regulations were relaxed in an effort to overcome financial hardships, but 
instead facilitated a growing economic divide and poor management decisions.

Collapse: Decreased precipitation rates, warmer temperatures and a self-interested short term 
society spelled disaster for the Puget Sound region. Resource extraction and pollution load 
exceeded critical thresholds causing harm to ecosystem functions. Increased fragmentation and 
decreased precipitation led to droughts, forest fires and massive pest outbreaks. Increasing 
government costs and dwindling resources led to poor investments in infrastructure improvements 
and public services. As the beauty and health of the Puget Sound landscape slipped so did major 
industries, causing a severe economic depression followed by out-migration. 

Adaptation: Despite major challenges caused by climate change, adaptive management and a 
positive consciousness regarding environmental change allowed the region to cope with the 
emerging problems and maintain high standards of life. Cooperation among residents, businesses 
and governmental units allowed this region to prosper despite increased vulnerability brought on 
by climatic impacts. Production rates decrease, but collective wealth rose due to investment is 
education, health and shared community resources such as public transit and renewable resource 
infrastructure. A growing awareness of future uncertainty embedded the precautionary principle 
into resource management and environmental policies, erring on the side of caution and increasing 
the region’s resiliency.

Table 6.1 Short summaries of the six scenarios
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Climate Change
While there is vast scientific agreement regarding the 
evidence of climate change, there is high uncertainty 
about potential trajectories and their regional impacts. 
The scenarios focus on two key dimensions of climate 
change in the Puget Sound Basin by the year 2050 the: 1) 
magnitude of change in annual temperature and 
precipitation, and 2) fluctuations described by the 
change in variance from historical trends of both 
temperature and precipitation patterns (Table 6.2). 

The scenarios focus on the most divergent trajectories 
for 2050 for both temperature and precipitation change. 
The graph on the left isolates the three model simula-
tions selected from the complete set. The table below 
defines the specific temperature, precipitation and 
variance attributed to each of the three directions 
explored by the Puget Sound Future Scenarios. 

While the key drivers focus on only these two dimen-
sions the final scenarios respond to interdependent 
implications of climate change including sea level rise, 
snow pack reductions, streamflow volumes, water 
quality, forest area, hydropower cost, agricultural and 
fishery yields, water supply competition, and pressure 
on flood and storm management. In general, greater 
changes in magnitude are correlated to changes in 
levels such as seal level rise and streamflow volumes 
and changes in the frequency are correlated with severe 
events, i.e. windstorms and flooding (see Appendix D1). 
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Human Perceptions and Behavior
How society behaves has cascading effects on many drivers 
influencing the region’s future. For example the regulations 
people are willing to endorse, the way they develop land, the 
businesses people invest in, the products they purchase, the 
waste they generate are all influenced by human perceptions. 

The scenarios focuses  on two key dimensions of human 
perceptions and behavior: 1) people’s values concerning the 
distribution and allocation of regional services and goods 
and 2) how much value people place on having resources 
now as opposed to in the future. Social values concerning 
distribution and allocation portray two polar societies: 
individualistic refers to a society which maximizes 
individual or household utility; collectivistic refers to a 
society that reduces household utility in order to maximize 
regional utility. Future valuation describes a preference for 
short-term decisions that maximize utilizing resources now, 
versus long-term decisions which invest current resources in 
order to have more opportunities in the future (Table 6.3).

me
later

me
now

we
later

Social Values

Individualistic

Individualistic

Collectivistic

Short-term

Long-term

Long-term

Future Valuation

HUMAN PERCEPTIONS
AND BEHAVIOR

Future valuation is not necessarily correlated with the social constructs of 
individualism and collectivism. Here, investments are utilized to describe the 
relationship between the social construct of individualism and collectivism and 
future valuation. Collectivism occurs 
when societal goals are compatible 
with individual goals, and obligation 
push people towards achieving those 
shared goals. In general these shared 
societal goals strive for long term or 
generational change. This society 
would favor a long term public 
investment (i.e. transit lines, public 
schools and universal health care). In 
times of a crisis a short-term collectiv-
ist society may arise, but this societal 
urgency is generally highly ephem-
eral. This society can be characterized 
by short-term public expenditure (i.e. disaster relief). An individualistic short-
term society is composed of individuals whose personal goals are developed 
independently of societal goals and who value immediate returns. This society 
invests in immediate personal (or household) consumption of goods and services. 
Lastly, an individualistic society with a high future valuation can be characterized 
by individuals have long term goals that may not be consistent with the goals of 
the society as a while. These individuals (or households) may invest in long term 
savings and or private education. 

Social Construct

Goals

Level of Sharing

Future Valuation

Discount Rate

Public Investments
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*the ‘we now’ society is inherintly unstable and only 
thrives for short time periods therefore we felt it 
was inappropriate for developing 50 year scenarios.

Refinement of Key Drivng Force Trajecories

Table 6.3 Human perceptiosn and behavior scenarios 
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Supporting trajectories
Panel discussion identified 32 indicators to help describe major differences 
between the final scenarios. The Driving Forces section of this report describes 
each indicator in terms of its relevancy, current status and expected future 
trend. The full set of assumptions about each indicator under each scenario is 
included in  appendix D: Scenario assumptions. a limited selection of the most 
relevant trajectories helps narrate each scenario. indicator trajectories are not 
based on model runs and cannot be validated as typical model simulations but 
instead are based on assumptions and expert knowledge about the relation-
ship between the drivers, and consequent implications on the future conditions 
within that scenario.

General trends exhibit strong correlations among specific dimensions of the 
supporting driving forces. For example, economic growth is often coupled with 
population growth. These four sets of relationships are divided into: growth 
rate, socio-economic characteristics, governance and regional investments. 
Growth rate reflect the change in the rate of growth as compared to the recent 
past, focusing on overall economic, demographic, and development growth 
trends. Socio-economic characteristics supplement the growth rate, character-
izing the type of growth associated with specific trajectories. For example, 
are development patterns sprawling or high density, are populations aging or 
young, is the economy depended on imports, exports or a balance of both. gov-
ernance describes the strength of governance dominating regional changes and 
the types of partnerships that are formed. For example, a strong government ex-
hibiting leadership and collaborations among many local units of governments, 
as opposed to a weak and ineffective government that supports a fragmentation 
among multiple constituencies. Regional investments is an overarching descrip-
tion of the amount invested in the region including education, public health, 
ecosystem health, public infrastructure and social equity. The magnitude of 
investment is supplemented by a general characteristic of what is invested in.

Storylines
The storylines of each scenario are unique, trying to clearly capture the essential 
elements of each plot. They reflect many of the ideas we heard from participat-
ing experts, about the overarching changes society is experiencing and potential 
viewpoints about how the future may turn out. In general, we heard that a shift 
in societal behavior towards collectivist goals and long term investments is 
essential for positive change. Therefore only one ‘optimistic’ future outlook is 
paired with an individualistic human value (innovation), and none are paired 

with a short-term future valuation. Table 6.4 briefly describes the six world-
views and future outlooks associated with each scenario. 

System state
The final piece of each narrative focuses on the system state within each scenar-
io, mainly the level and types of pressures, and the resulting ecosystem resil-
ience. This part of the narrative explicitly looks at the Puget Sound ecosystem 
and synthesizes the potential relationship between the future conditions of the 
region as a whole, and implications for restoration strategies. The relationship 
between external pressure and ecosystem resilience is characterized by a two-
part hypothesis: the importance of the level of pressure in catalyzing change, 
and the success of change in enhancing or protecting ecosystem resilience. For 
example, a high external pressure can force change reducing ecosystem resil-
ience further (i.e. Barriers) or function as a catalyst for sustainable approaches 
(i.e. adaptation). On the other hand, low pressure can provide stability needed 
to test appropriate strategies for achieved resilience (i.e. Forward) or cause inac-
tion, as society delays responsibilities (i.e. Order). Figure 6.2 defines the three 
sources of pressure and four levels of resilience described utilized within the six 
scenarios. 

The Forward scenario portrays a paradigm shift in human-ecological interactions, where 
human and ecological systems are seen as interdependent and coevolving. Management 
policies are based on adaptive strategies that simultaneously expand the Region’s economic, 
social and natural capitol.

Order exposes a society that relies on regulation to govern human behavior. Heavy top-down 
restrictions on consumption are presumed to be most effective in maintaining a stable-state 
ecosystem.  

Innovation reflects a technological optimist society, one based on the premise that technologi-
cal innovation will be able to solve all current and future ecological problems. It reflects a 
perspective of human domination over nature. 

Barriers portrays a society who perceives protective government as interfering with a free 
market and should be relegated to dealing only extreme requirements such as law enforce-
ment and international security. 

Collapse exhibits a society that assumes further exploration and exploitation will allow us to 
overcome declining yields and increasing costs.

Adaptation signifies a dramatic societal shift, where new challenges are met with an adaptive 
response. Society abides by the precautionary principle and believes that increasing 
uncertainty can be best handled creating buffers for error.

Table 6.4 Worldviews 
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Scenario narratives

 Forward 

Society surprised by delayed climate impacts Regional 
impacts of climate change remained relatively minimal 
as climate change showed a delayed response to carbon 
emissions, and regional variations of climate change 
started to emerge. Annual precipitation patterns reflected 
no significant change, while the temperature increased 
modestly by less than 2degF (Figure 6.3a,b).  But regional 
and federal political leadership succeeded in capturing 
public attention towards the time pressure required for 
action and the significant potential for future hardship. 
Puget Sound residents became knowledgeable about the 
regional interdependence of their actions, and believed 
the long-term goals of society were compatible and better 
achieved through cooperation. Society has the chance 
to proactively prepare and respond to delayed climate 
impacts through investments and a more equitable 
distribution of resources. Households served regional 
obligations despite some personal sacrifice, investing 
a larger share of the household income towards public 
long term investments and voluntaringly reducing 
resource consumption. 

Fast growth strengthens local investments
While climate impacts were lower than anticipated, 
economic growth proved surprisingly higher than 
anticipated. The gross Domestic Product of the Puget 
Sound region continued to increase at a fast rate, almost 
doubling its value in 2000 (Figure 6.3c). The diversity of 
industry types in the region increased, further support-
ing economic growth and providing a stable business 
environment (Figure 6.3d). greater opportunities for 
high wage jobs in the region created a continuous inflow 
of skilled migrants (Figure 6.3e). The greater propor-
tion of young adults moving into the region effectively 

Figure 6.2 Sources of pressure and levels of resileince

FORWARD

Figure 6.3 Forward 
indicators

a) slight increase 
(1.7degF) in temperature

b) variance consistent
w/historical pattern

c) gDP increasing at 
current rate

d) industry is highly 
diverse

High Medium Low Alternative

Economic Economic pressure can stem from different levels of economic growth, 
stability, rising costs of living and escalating infrastructure costs.

Social Social pressures can stem from income inequity, poor health status, low 
educational attainment levels and crime.

Ecological Ecological pressures generally affect humans through resource scarcity, 
pollution and changes in magnitude and frequency of natural hazards. 
Ecological pressures arise when ecosystem functions are impaired.

Pr
es
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Ecological resilience is a measure of the amount of perturbation a system can withstand before 
transforming into an alternative stable state. The foreground curves represent the stability 
landscape of the system state. The deeper the stability pit, the more stable a system is while the 
wider the pit, the more resilient the system is to perturbations. The four diagrams below represent 
the four system states represented within the 6 scenarios.
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nected open space networks were shared among communities and did not lie 
behind fences and signs. access to nutritious and local foods was mediated by 
subsidized local agriculture and heightened awareness of personal benefits. A 
healthier population was less expensive to protect, allowing universal health 

care to become a reality as early as 2020. access to 
greater resources and better services supported a higher 
equity among the Sound’s residents, further fueling 
cooperation and commitments to long-term investments. 
By 2050, the Puget Sound was nationally top ranked for 
educational attainment levels, universal health care, and 
energy efficient transit system.

Art connects policy to science
environmental education was infused at an early age, 
hoping to reach changes in adult behavior through 
younger generations. Classrooms were often found 
out in nature, allowing students to be actively engaged 
in restoring natural areas. ecological principles were 
focused around the interdependence between human 
and nature, with a functional partnership towards 
a hybrid framework. understanding the connection 
between the Sound’s human and natural functions led 
to a support of higher ecosystem standards and sustain-
able practices. For example, residents understood the 
relationship between runoff and poor water quality, and 
supported measures to reduce impervious areas and 
restore natural waterways. Human preferences changed 
as well, towards voluntarily reducing consumption of 
non-renewable resources and supporting research into 
lower impact technologies. 

meanwhile, decision makers partnered with regional 
scientists and academics to develop more informed poli-
cies (Figure 6.3l). monitoring stations spread throughout 
the Sound to collect critical information about the health 
status of the Puget Sound. active participation from the 
public further supported active monitoring as ordinary 
citizens learned to read changes in their landscape. The 
increasing knowledge base and lower than expected 

shifted the age distribution, making the Sound more attractive to new busi-
nesses (Figure 6.3f). 

economic growth in the region increased the available resources for regional 
investments. economic opportunities were coupled with 
a support for long-term investments due to a highly 
educated population who places a greater value on 
the future (Figure 6.3g). new investments supported 
efficient, sustainable and flexible designs that accommo-
dated the changing needs of the region, reducing reli-
ance on dwindling oil supplies and providing benefits 
for generations to come. Further, a time of affluence 
strengthened opportunities for cooperation, leading to 
cross-jurisdictional investments and more efficient use of 
government resources (Figure 6.3h).

Thriving healthy communities provide a high quality of 
life for all
a young and mobile population dominated the Sound, 
reflecting preferences for dense, mixed use and vibrant 
communities (Figure 6.3i). While the construction of new 
houses continued, the rate of building permits slowed 
as multi-unit buildings dominated the urban land-
scape (Figure 6.3j). market preference for urban living 
decreased development pressures into natural lands 
along the fringe, and thereby protected the ecosystem 
function of forests (Figure 6.3k). Dense neighborhoods 
were interconnected by rapid transit lines significantly 
reducing reliance on costly transportation alternatives 
such as single occupancy vehicles. economic growth ex-
panded immigration of a diverse population and Puget 
Sound neighborhoods are enriched by ethnically diverse 
communities, supporting a movement towards higher 
tolerance and awareness.

Thriving communities boasted equitable access to 
resources from open space to public health. Substantial 
regional investments in academic institutions were 
to provide free access to classes for all citizens. Con-

k) slightly higher forest 
aggregation index

j) slow growth in # of 
building permits

i) greater educational 
attainment

l) many partnerships 
with academia

e) increasing population 
of in-migration

f) population mostly 
young and middle-aged 

g) increasing spending 
on education

h) higher investments in 
shared resources

Figure 6.3 Forward indicators (cont.)
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climate impacts gave the region a chance to take an experimental approach, test 
policies and adapt management strategies to gain a new understanding of the 
Puget Sound ecosystem. as the Sound’s population gained interest in ecosystem 
affairs biological indicators reported on the Sound’s status on the front page of 
regional newspapers.

Strong leadership and access to nformation 
stimulates an impressive array of innovations
governmental leadership in the Sound developed an 
adaptive roadmap with attainable goals for enhancing 
ecosystem resilience. economic incentives and height-
ened community involvement pushed industries to help 
attain goals through developing and utilizing more ef-
ficient technology. The Puget Sound’s tradition of innova-
tion was further catalyzed by flexible adaptive manage-
ment regulations and an ever increasing knowledge base 
(Figure 6.3m). new technological innovations reduced 
the regional waste stream, from effluents flowing into the 
Sound to filters enhancing air quality. Meanwhile, while 
renewed interest in politics and activism increased the 
number of decision makers, there was a serious commit-
ment to working across political boundaries and leverag-
ing the power of collaboration (Figure 6.3p). an involved 
and active community supported by strong leadership 
fought to maintain high standards of ecosystem func-
tions for future generations.

Hybrid, equity and flexibility
The Puget Sound in 2050 could be described by an 
overarching ecological paradigm that integrated humans 
and nature as partners in a hybrid framework and influ-
enced regional resource management, from investments 
in renewable energy to awareness of the relationship 
between public health and ecosystem health. There was 
an increased emphasis on sharing resources and services 
among the Sound’s residents, from affordable hous-
ing and universal public health care to open space and 
educational attainment (Figure 6.3o,p). A stable economic 
and climatic environment provided political leaders, 

scientists and households the opportunity to learn through experimentation 
how to adapt to environmental change. Society’s dominant worldview was that 
the region could simultaneously expand its economic, social, and natural capital 
through collaboration and knowledge. This strategy served the Puget Sound 
well, leading to very few external pressures and a higher resilience, reducing 
the basin’s vulnerability to future pressures. 

Nearshore ecosystem restoration is facilitated by low pressure and high 
resilience
a positive feedback loop strengthened investments into restoration and en-
hanced ecosystem resilience. an increased social awareness of both human 
health connections to the nearshore ecosystem function and future vulnerabil-
ity fueled public investments to purchase thousands of acres of shoreline for 
protection. monitoring and active public involvement in nearshore ecosystem 
restoration and protection rapidly disseminated the success of these projects 
through social networks. Consequently, private industry, catalyzed by public 
interest and immediate benefits, contributed to furthering ecosystem restoration 
by purchasing upland forestland, volunteering to reduce waste streams and 
investing in new efficient technologies. 

This positive feedback was facilitated by low levels of environmental and 
economic pressure due to the  stable economy, minor climatic impacts, and 
growing government revenues. greater ecological resilience lowered regional 
pressures; rising resource abundance enhanced the economic feasibility of 
sustainable harvests; healthy and abundant local resources enhanced public 
health; and natural waterways dampened the impacts of floods and droughts. 
Strengthening this positive loop was a high quality of life for Puget Sound, due 
to great and equitable public resources and services, including an aesthetic 
and functional shoreline that brought in more people and further supported 
economic growth and investments in the region. in fact the only pressure this 
region faced was growth management, which, thankfully, was mediated by 
congruent social goals and an active public involvement in local politics. 

n) many decision makers, 
networked governance

m) renewable resources, 
adaptive and shared

p) all insured by 2020’s

o) more shellfish 
beaches, same farmland

Figure 6.3 Forward 
indicators (cont.)
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Order 

Resource consumption threatens ecological resilience in 
spite of a modest climate change
While climate change impacted this region 
less than originally anticipated (Figure 
6.4a,b), a high consumption of resources 
led to escalating environmental degradation. When the 
significant implications of climate change were delayed, 
political leadership failed to motivate substantial and 
cooperative action from its citizens. Regional attitudes 
focused more on property rights and displayed a high di-
vergence of goals and approaches. in general, while most 
households valued long-term investments, from buying 
houses and investing in education to staying healthy, 
they viewed these as a personal matters, best kept to 
household decisions (Figure 6.4c). By 2050 the tempera-
ture had increased slightly, and the number of extreme 
weather events had risen steadily in accordance with 
a historical pattern. Government regulation attempted 
to govern the distribution and protection of resources, 
encroaching on individual behavior while still unable to 
enhance the region’s ecological resilience. 

A fragmented population leads to a fragmented 
landscape
The region’s population was aging, with the highest 
percentage over 50 and the smallest under the age of 
20 (Figure 6.4d). While the regional diversity increased, 
ethnic, income and age distinctions were sharpened by 
exclusive neighborhoods. By mid-century the Puget 
Sound was characterized by divergent enclaves of 
diverse demographic groups, each represented by a 
different political unit. Regulations focused on protecting 
the environment but couldn’t bridge the gap between 
myriad constituencies and local jurisdictions. Failed 
attempts at reaching consensus on approaches to govern 

common pool resources13 further divided the population, and left governments 
with a piecemeal regulatory framework (Figure 6.4e). 

new housing developments targeted beautiful scenery, along the shore and up-
land in forested areas (Figure 6.4f).  new small town communities sprang up, 

equipped with mixed use centers that included grocery 
stores, trails and satellite medical centers. new develop-
ments fragmented habitat, increased impervious surface 
and vehicle trip length. most of the Sound‘s farms were 
eliminated due to development pressures and low global 
food costs, leaving a limited number small specialty 
farms behind. Regional government became more 
fragmented, with more than a doubling of local units of 
government by 2050. each unit fought for local dollars, 
and refused to invest in regional projects (Figure 6.4g). 
instead, public investment dollars unintentionally sub-
sidized sprawl, extending government services into new 
communities rather than improving on existing failing 
infrastructure.

Regulations wrestle with economic growth 
The economy continued to grow as projected around the 
turn of the century; however a few sectors dominated the 
industry threatening the stability of local jobs and high 
wages (Figure 6.4h). new workers came into the region 
in cycles, including both unskilled labor to support new 
construction activity and a skilled young workforce for 
the technology and information industry (Figure 6.4i). 
meanwhile, aiming to control the distribution of natu-
ral resources among the Sound’s growing population, 
regulations sprouted from multiple overlapping jurisdic-
tional boundaries. Policy makers reverted to a command 
and control (CaC) regulatory system that placed limits 
on private industry, land developers and household 
activities. Increasing costs filtered down to consumers 
and regional products. large segments of the population 

   13 Common Pool Resources (CPR) are goods shared by a collection of
   people where excluding actors from using them is difficult and the
    use by one individual or group means that less is available for use 
   by others.

ORDER

h) industry is domimated 
by few sectors

g) governance is 
fragmented & autocratic

f) increase within uga,
decrease outside uga

e) few partnerships 
formed at a regional level

d) aging population

c) sharing occurs at a 
local level

b) no significnat change 
in precipitation

a) slight increase in annual 
temperature (1.7degF)

Figure 6.4 Order indicators
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including seniors with inelastic incomes, and new low-income migrants were 
forced to purchase lower value commodities, most heavily reflected by low-
quality, high energy foods ((Figure 6.4i). 

as public hardships grew, people looked to the regional government to pull the 
Puget Sound out of difficult times. A zero-sum approach 
prevented regional leadership from pursuing strategies 
that benefit both the environment and the economy.  
Strengthening regulations were intended to halt addi-
tional impacts on natural systems; to limit the extent of 
development and protect natural land cover, to reduce 
industrial emissions, to protect air and water quality, and 
to require higher standards for wastewater and drinking 
water. These regulations were severely opposed for stag-
nating economic development. On the other hand, many 
leaders argued for loosening regulations in order to 
make it more attractive for businesses to operate in and 
relocate to this regional to provide incentives for new 
development, to decrease the timeline of the permitting 
process, and to reduce and subsidize costs of operations. 
Strategies reflected an opposition between ecological and 
economic goals. Lacking a coordinated regional effort, 
no single municipality was willing to sacrifice economic 
growth opportunities and regional policy remained inef-
fective (Figure 6.4j). 

Uncoordinated investments yield fewer returns
Due to the number and fragmentation of governmental 
units, policies were confusing, redundant and inefficient. 
Too often regulations governing effluents failed to con-
trol hidden and emerging pollutants; industries found 
loopholes; developers were discouraged from seeking 
creative and cost-effective solutions; households were 
frustrated and misguided about their impacts and the 
connections to the regional system. increasing taxes were 
being absorbed into increasing personnel costs, addi-
tional regulatory forces and the extension of new infra-
structure. each municipality spent more money on new 
roads, power generation, sewer and water services. as 

municipalities failed to cooperate for shared utility and resources, high levels of 
redundancy increased regional service costs per capita (Figure 6.4k). 

as investments continually funded failing policies and new infrastructure, deci-
sion makers overlooked investments in existing failing infrastructure and public 

institutions. The overall regional level of services for 
schools, health care, water infrastructure and transit lines 
slowly declined. Senior and minority populations sup-
ported reforms to invest in local K-12 education, but did 
not back regional attempts to invest in higher education 
((Figure 6.4l). Disinvestment led to declines in public re-
sources including contaminated beaches, over-harvesting 
of lower quality catch and a loss of open space ((Figure 
6.4m). as the region’s funds were spent locally, political 
hopes to provide universal health care provision repeat-
edly failed. meanwhile, the cost of providing health care 
escalated due to a poor quality and reduced abundance 
of local resources,  rising obesity, and an aging popula-
tion (Figure 6.4n).

A rigid infrastructure fails to adapt to increasing 
vulnerabilities
a growing population’s need for resources and services 
put increasing demands on regional infrastructure; 
however, due to a lack of investment in new concepts 
and technologies, the aging and rigid existing infrastruc-
ture proved ineffective and resource intensive (Figure 
6.4o). While climate impacts remain minimal, the hy-
drological regime was significantly altered by human 
activities, mainly through a combination of land cover 
change and effluent discharges. Reduced forestland 
and an increase in acres of impervious surfaces reduced 
the infiltration capacity of the basin and doubled peak 
wintertime stream flows (Figure 6.4p). New pipes and 
drains in upland municipalities failed to handle increas-
ing frequencies of major floods, and resulted in numer-
ous sewer overflows into adjacent water bodies. Water 
quality in the region was severely degraded, leading to 
health advisory limiting consumption of local fish to one 

n) percent uninsured 
same as today

l) investments increase 
for new schools

i) migration fluctuates in 
cycles

k) fragmented connectivity 
of infrastrucure

p) reduced forest 
aggregation index

o) increased $s for 
service extensions

m) slow decline in 
shellfish and agriculture

Figure 6.4 Order indicators (cont.)

j) reduced increase in 
gDP over time
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per week and permanently closing the majority of shellfish harvesting beaches. 
energy costs soared as the cost of oil rose. while demand continued to increase. 
The region, still relying heavily on power plants and hydropower, was unable 
to rapidly switch to alternative energy sources. Finally new roads supporting 
new sprawling developments were rarely occupied as fuel costs prohibit long 
commutes.

Consumption, control and conflict
The Puget Sound stagnates under command and control policies implemented 
to support the worldview that there was an implicit trade-off between common 
pool resources and economic growth.  as the region began to experience dwin-
dling resources due to population growth, increasing per capita consumption 
and lower resource yields, individual households gained more from increasing 
their own consumption in relation to other households. The view that indi-
vidual goals were better met through competition than cooperation naturally 
led to a suboptimal protection of shared resources. a reactive regulatory ap-
proach reemerged to respond  to increasing environmental problems, leading 
to increasing environmental disputes and non-compliance with set standards 
and limits. nature was perceived as malleable (i.e., controllable) as rivers were 
pushed into channels, fish were raised in pool, and forests grew in even age 
stands. When returned yields declined, nature was pushed further with more 
fertilizers, more fish per pool and faster logging cycles. Economic functions 
were pitted against ecological functions, leading to reduced overall benefits. 
as each municipality failed to see the connections between regional issues and 
their own, they continued to support baseless governmental conflict, wasting 
limited regional resources.  

Restoration suffers from conflicting upland goals 
By 2050 the Puget Sound region was faced with a growing portfolio of eco-
nomic, social and natural pressures. economically, a reduced diversity of 
industry sectors had threatened the Sound’s economic stability, leading to cycles 
of economic inactivity, affecting fluxes of migrant works and surges of layoffs. 
Further, as government interference in industry activity grew, the region lost 
its national draw. Socially, the Sound was characterized by divergent enclaves 
of demographic groups, increasing in-group cohesion but decreasing overall 
regional congruency. This pressure directly influenced governmental action, 
fragmenting regional regulations by municipalities and interest groups, reduc-
ing the efficacy of government spending and averting attention from real issue. 
While costs increased, the overall quality of life declined, creating growing 

social hardship and strife. ecologically, pressures stemmed from increased frag-
mentation of natural land cover, a growing waste stream and increased resource 
extraction, all increasing the vulnerability of the Sound’s ecosystems. as ecosys-
tem pressure increased in frequency and magnitude, ecosystem resilience was 
reduced, and the consequent impact of additional pressure grew. Restoration 
actions suffered as lowland actions were overshadowed by upland changes. 
upland municipalities were unwilling to use local economic resources to sup-
port lowland efforts, especially as the number of local issues grew. Meanwhile 
fragmented sites of restoration were repeatedly damaged by increasing inflow 
of polluted runoff, leading to frustration and disinvestment by local municipali-
ties. 

Innovation 

A hot and rainy climate is controlled through long term investments in new 
technologies
The Puget Sound region was the target for higher than global average climate 
impacts. Over the last fifty years the temperature had risen by 4.4degF while the 
annual precipitation had increased by 8% (Figure 6.5a,b). Significant increases 

in the variance of extreme events exacerbated the situ-
ation, as the region experienced more 100-year storms, 
more multi-year droughts, more record breaking heat 
waves and stronger windstorms (Figure 6.5c).  These 
changes dramatically altered the hydrological regime 
and significantly affected its ecosystem functions. Puget 
Sound winters were wetter, with precipitation falling 
more as rain and less as snow. Summers were drier, char-
acterized by limited streamflow volumes and exacerbat-
ed by reduced snowpack and earlier spring runoffs. The 
combination of higher summer temperatures and lower 
stream volumes significantly exceeded stream water tem-
peratures causing major fish-kills and blankets of plank-
ton blooms. Fearful of future implications for this region 
and frustrated with its bureaucracy, powerful interest 
groups sought private measures to invest in this region, 
which then became enraptured with the potential for 
new technological innovations to buffer human lifestyle 
from ecological vulnerabilities (Figure 6.5d). instead of 

INNOVATION

b) major increase in 
precipitation (8%)

Figure 6.5 Innovation 
indicators

a) major increase in 
temperature (4.4degF)
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investing in public services, households funneled their money into high-tech 
corporations, who in turn promised to create positive change in the region. 

Public-private partnerships bring skilled labor to the Sound
as the power of private industry in the region grew, the power of government 
shrank. nervous about losing their power and eager to 
maintain the region’s economic stronghold, politicians 
pushed partnerships with private firms (Figure 6.5d). 
These partnerships provided incentives for local firms to 
stay in the region and for innovative high-tech firms to 
move in. Decision makers eased downtown development 
regulations and opened trading opportunities, inviting 
economic growth. The Puget Sound attracted global 
innovators who brought in investment dollars and the 
continuous inflow of a skilled young workforce (Figure 
6.5e). The Sound became a sandbox for technological 
innovation. 

Over the last 50 years economic growth in the region 
had skyrocketed. The Sound’s gDP, heavily dominated 
by high tech industry, had increased at unprecedented 
rates (Figure 6.5f). Feeding off this economic growth was 
a rapidly growing population, more than doubling 2000 
numbers (Figure 6.5g). While fertility rates decreased, 
population growth relied heavily on in-migration, fur-
ther increasing each decade (Figure 6.5h). By 2050 more 
than 80% of annual population growth stemmed from 
in-migration of young and skilled workers. The regional 
pulse created by the inflow of young adults altered the 
age-distribution, with the greatest percentage of the 
population between the ages of 25 and 45 (Figure 6.5i). 
The fast and significant population growth fueled a wave 
of building construction, especially within urban areas 
(Figure 6.5j). Downtown developments became taller 
and more energy efficient, while new satellite towns 
sprang up around the urban fringe. new towns appear 
over night, boasting beautiful and protected natural 
surrounding with rapid rail commutes into downtown 
cores. 

Increased efficiency leads to increasing consumption
an increasingly young and globally mobile population continuously exceeded 
past consumption rates. global imports dominated online markets with every-
thing from food to information gadgets (Figure 6.5k). goods were generally 

smaller, faster and more ubiquitous, seamlessly serving 
both leisure and business needs. as population numbers 
doubled, affluence grew and the cost of goods declined, 
consumption rates grew exponentially. However, while 
scientists warned of surpassing the region’s carrying 
capacity, innovators focused on reducing the impacts 
of products in an effort to keep the population’s high 
demand. Private industry went so far as matching gov-
ernment dollars towards restructuring the entire basin 
with adaptive and efficient cutting edge technology. By 
2050 the Puget Sound region not only enjoyed these new 
benefits, but also becomes a global leader in innovation 
and production of new technology.

Efficient technology emerged from three elements: 
reduced energy dependence, shortened life cycles of 
products and higher yields per acre (Figure 6.5l). energy 
providers allowed customers to choose from a variety of 
renewable energy resources that were adaptive to chang-
ing environmental conditions. Transportation systems 
relied on more efficient fuel consumption, from light 
rail systems connecting disparate towns in the Basin to 
hybrid single occupancy vehicles. in terms of shortening 
life cycles, the key had been developing a closed loop 
system to reuse materials before they become waste 
by creating used material banks and recycling wastes 
closer to the original source. Regional treatment plants 
rapidly filtered wastewater to very high levels, allowing 
direct discharge into local water bodies. Recycling plants 
accepted and sorted household wastes and were able to 
utilize more than 90% of the waste stream. lastly, the 
agriculture and aquaculture sectors, initially hard hit by 
frequent floods developed new mechanisms to substan-

c) significnat increase in 
variance

i) increasing proportion 
of in-migration

h) population doubles 
current numbers

j) population mostly 
young and middle-aged

Figure 6.5 Innovation indicators (cont.)

g) faster rate of gDP rise

e) many partnerships 
with private firms

f) high education with
 in-migration

d) increased $s in new 
technologies
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tially increase harvesting yields through crop modifications and new farming 
techniques. 

Private investors support charitable organizations 
Private industry, eager to develop a positive global image, was the leading 
supporter of regional charitable contributions. investments included both social 
and ecological programs, and functioned to meet externalities not readily ad-
dressed by market forces. While the early part of the century exhibited rapid 
forest fragmentation as new housing developments placed pressure along the 
urban fringe, the remaining forestland was permanently protected by dona-
tions to regional land trusts (Figure 6.5m). As a young and affluent class moved 
in, a growing economic inequity threatened the quality of life in the region 
(Figure 6.5n). Substantial investments by the private sector in the region’s 
public academic institutions provided small classes and 
world-class instructors to all residents. Further, large 
firms collaborated to sponsor affordable health care for 
lower income groups (Figure 6.5o). Contributions even 
supported new mixed-income neighborhoods, trying to 
meet the needs of all of their employees. By 2050, income 
taxes had been eliminated, the role of government had 
shrunk, and large corporations had become the most 
significant contributors to maintaining a high quality of 
life for the residents of the Puget Sound. 

Technology buffers residents from natural fluctuations 
innovative technology served multiple roles within 
society, from maintaining a high consumption rate to 
catalyzing growth in the region. However the most 
significant role technology played was in buffering 
residents from the storm brewing outside their windows. 
Four main approaches successfully buffered residents 
from climatic impacts: water storage, alternative energy, 
flexible erosion control and pest management. Each 
approach relied on adaptive and efficient technology to 
reduce the impacts of fluctuations on raising the cost of 
living in the region and threatening household security. 
However, while new technology affectively protected a 
high quality lifestyle for Puget Sound residents, unex-

pected technical errors and natural fluctuations caused numerous disasters 
along the way. 

The greatest issue concerning the Puget Sound was containing high volumes 
of water during winter months. High precipitation levels flooded homes and 
scoured waterways rapidly carrying toxins into lowland water bodies. The 
Sound developed a network of reservoirs from green roofs to underground 
storage tanks able to substantially increase the retention capacity of the Basin. 
Second, rising fuel costs and tight emissions regulations eliminated the utility 
of fossil fuels, especially in a region that produced no fossil fuels of its own. a 
portfolio of strategies from fuel cells to wind farms powered up the Region with 
renewable energy sources. The region became a test bed for in-coming renew-
able energy technology as industries were subsidized to experiment within the 

Sound. Thirdly, strong winds, large runoff volumes and 
fluctuating sea levels were eroding steep slopes through-
out the Basin. Innovations focused on flexible armaments 
that supported upland developments while allowing 
some nutrients and sediment through-flow. By 2050 
over 60% of the Puget Sound shoreline was covered by a 
plant based fabric that buffered hillside homes from an 
escalating magnitude of coastline disasters. lastly, pest 
management was the leading problem for agricultural 
fields and the aquaculture industry. Engineers developed 
new pest-resistant crop communities that, when grown 
together, out-competed both native and invasive plants 
by utilizing longer growing seasons and high volumes of 
water. 

Inspiration, freedom and progress
as many optimists in the 19th century had hoped, 
innovative strategies were presented to save humanity 
from the implications of global ecological degradation. 
Technology was utilized to create more efficient solu-
tions, reproducing nature in order to effectively increase 
the earth’s carrying capacity. The Puget Sound became a 
model and think tank for these ideas and inspired other 
regions of the world. The Puget Sound achieved a higher 
quality of life for its citizens by partnering public firms 
with political leadership to solve regional problems. p) all insured by 2030’sm) new technology is 

efficient

l) region is highly 
dependent on trade

o) less economic equity 
than today

n) slightly lower forest 
aggregation index

Figure 6.5 Innovation indicators (cont.)

k) fast growth of new 
building permits
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Deregulation and market incentives provided the economic freedom businesses 
needed, and spurred creative solutions. While technological mistakes were fre-
quent and significant, solutions were always on the horizon and lifestyles never 
suffered for long. Technological progress was touted as the greatest tool against 
climate change and ecological degradation, pushing new ideas to take center 
stage, and dismissing old methods as ineffective. Globalization led to progress 
in human relationships, with a greater openness to a diversity of cultures, and 
emphasis on higher education attainment and universal health care as means of 
reducing social differences. 

Technological disasters test the Sound’s resiliency 
Despite major investments in new infrastructure, as regulations loosened, eco-
systems often suffered the consequences of short-sighted engineering solutions. 
For example, early wastewater treatment did not treat many chemicals con-
taminating waterways; early wind farms harmed migrating birds; tidal energy 
infrastructure disturbed orca pods; increasing trade led to oil spills and more 
water borne effluents. Higher temperatures coupled with global imports led 
to major pest outbreaks and plummeting public health levels. new treatments 
rapidly stopped the spread of epidemics, but not before creating widespread 
panic.  The magnitude of impacts increased significantly with major events as 
novel technology and unanticipated changes caused major catastrophes. These 
disasters were always met with a strong public outcry and immediate cleanup, 
but left the ecosystem resilience lower. By 2050, due to increasing vulnerability 
of the Sound’s ecosystem the relationship between humans and nature was one 
of dominance and manipulation. Restoration strategies were simultaneously 
improved by innovative solutions, and spoiled by unprecedented levels of 
disturbance to the system. as pressures from increasing consumption, escalat-
ing climatic impacts and unintended technological mishaps grew, the Sound’s 
ecosystem resilience became more vulnerable to collapse.

Barriers

Reactive and uncoordinated action leaves millions behind when hydrological 
disasters plague the Sound
Escalating climate change provided little warning before 
impacts were experienced by many of the Sound’s 
residents and businesses. Within decades Puget Sound 
winters were characterized by floods and windstorms 
and summers by pest outbreaks and heat waves.  annual 
temperature rose by 4.4degF while annual precipitation 
levels rose by 8% (Figure 6.6a). extreme temperature 
and precipitation ranges magnified as the Sound expe-
rienced more record breaking summer highs, winter 
lows (Figure 6.6b). The impact on private property 
and public infrastructure was immediate and costly. 
Agricultural valleys flooded, landslides pulled coastal 
developments into the sea, whole neighborhoods lost 
power for months, highways were torn off the road, 
bridges lay underwater, and fishing grounds collapsed 
overnight as salt-water intrusion filled coastal inlets. 
While activists and politicians complained against the 
region’s lack of foresight, households reacted by building 
stronger armaments (Figure 6.6c,d). as each household 
focused on immediate and self-gratifying solutions to 
protect their family and income investments, the poor 
were left behind with a continuously degrading environ-
ment. By 2050, the Puget Sound had become a divided 
region, with extreme gaps between the rich and poor and 
between humans and nature.

Strong walls keep out change
As the first series of hydrological disasters hit lowland 
areas, households reacted by building stronger and more 
rigid infrastructure to protect their homes and safety. 
This consisted primarily of higher walls to keep out 
rising sea levels, floods, and erosion. Those who could 
afford it moved further upland into bigger homes within 
gated communities. These sheltered neighborhoods 

BARRIERS

d) new infrastrucure is 
reactive and rigid

c) high discount rante

a) increase in annual 
precipitation (8%)

b) significant increase in 
variance

Figure 6.6 Barruers 
indicators
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generally provided residents with a full spectrum of essential services, from 
open space, supermarkets, day care and neighborhood maintenance. neighbor-
hoods were secluded from the immediate environment but highly depend on 
external resource input. in wealthy lowland communities each home became 
an independent emergency center, equipped with backup generators, surplus 
dry goods and emergency utilities. many residents 
purchased utility vehicles to ensure their safe passage 
through surprise hail and wind storms, floods and dam-
aged transportation infrastructure, all of which were 
becoming more common occurrences in the Basin. 

as new homes and infrastructure converted and frag-
mented natural land cover in the Basin into impervious 
surfaces, the magnitude and frequency of hydrologi-
cal disasters grew (Figure 6.6e,f). The rate and volume 
of runoff increased, destroying aging and inadequate 
infrastructure and escalating the levels of pollutants in 
waterways. large volumes of water were funneled into 
underwater tanks to protect houses from erosion and 
flooding. As windstorms grew in intensity the majority 
of mature trees within lowland neighborhoods were 
removed to protect houses. Waterways had high nutrient 
levels due to increasingly rapid runoff. When coupled 
with rising temperatures and moisture levels, pest out-
breaks plagued lowland neighborhoods. Within decades 
lowland vegetation, especially along stream corridors, 
was destroyed to eliminate potential breeding grounds. 
The highly reactive strategies rapidly fueled an ecologi-
cal response of higher magnitude and greater frequency 
of disasters. 

Economic inequity grows as the cost of living increases
as the number of disasters grew, costs rose exponen-
tially. Costly damages to houses devastated families, 
and left thousands homeless. The rising cost of energy 
coupled with greater variation in temperature created 
hardship for many households. The cost of food rose as 
well, as local food abundance dwindled. agricultural 
yields plummeted as lowland farms endured entire sea-

sons of underwater and massive pest outbreaks. More than 50% of the shellfish 
harvesting beaches closed due to high bacteria levels (Figure 6.6g). meanwhile 
tax burdens grew as government aid was funneled into rebuilding essential in-
frastructure such as utility lines and broken water mains. an unstable economy 
exacerbated an already difficult economic situation as many firms were forced 

to leave, reducing the overall diversity of the region 
(Figure 6.6h). Rising unemployment was most heavily 
concentrated among traditional jobs reliant on natural 
resources (i.e. logging, fishing, agriculture). Higher costs 
of living coupled with lower available public funds made 
for a difficult regional situation.

While the rich leveraged savings, the poor were left in 
devastating conditions (Figure 6.6i). many lower income 
families lived in dangerous conditions, often in flood 
damaged homes and without electricity. While the rich 
lived in bigger homes buffered from environmental 
pressure, the poor remained in hazard prone lowland 
areas, bearing the brunt of failing infrastructure and a 
contaminated environment. This division not only split 
demographic groups geographically, but in time height-
ened the difference in economic, social and ecological 
conditions between the two groups. lower income fami-
lies often subsided on contaminated food and water, or 
low quality heavily processed foods. meanwhile higher 
income households relied on global imports, from medi-
cine and food to building materials (Figure 6.6j). Further, 
lower income families came into closer contact with 
pest outbreaks and epidemics, but had limited access to 
health care (Figure 6.6k). The higher the cost of living, 
the greater the division grew between higher and lower 
income residents. Unable to buffer their families from 
their immediate environment, poor families struggled 
through continuously degrading conditions. 

Public investments are divided and reactive
as regional resources declined, and municipalities 
competed over funds, no long term public investments 
were pursued. The projects that took place relied on local 

j) highly dependent on 
imports

k) increasing levels of 
ailments

i) high economic inequity

h) unstable economy and 
gDP

g) declining, reliance on 
global goods

f) hazards increasing at 
double current rate

e) forest aggregatin 
index is lower

Figure 6.6 Barruers indicators (cont.)

l) decrease spending on 
education over time
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funds; therefore rich neighborhoods who could invest in local services were 
able to enhance their immediate environments, while the poor could not afford 
to elicit change. money poured into private schools while public K-12 education 
suffered from highly reduced per capita spending (Figure 6.6l). Health care sup-
ported by private industry left millions of lower income 
residents without access to medical services. new roads, 
sewers and alternative energy sources were brought in to 
repair wealthy neighborhoods, while the poor struggled 
with inefficient, aging and failing infrastructure (Figure 
6.6m). 

most investments were highly reactive, utilizing short-
term strategies to fix current problems. Pest management 
generally consisted of vegetation removal or stronger 
concentrations of pesticides. Flood management oc-
curred through more and stronger bulkheads and levees. 
Sewer plants increased their capacity for water intake 
and reduced treatment time. Stronger electrical poles 
were built to withstand stronger storms. erosion protec-
tion relied on thick retaining walls and slope modifica-
tions. Transportation networks supported higher capaci-
ties and faster travel. The limited restoration actions that 
took place focused on site level re-vegetation and clean-
up efforts within urban waterways. While the strategies 
were initially heralded as producing desirable results, 
within decades unintended consequences created even 
bigger problems; shoreline armoring became obsolete as 
a confluence of increasing tidal fluctuations and upland 
erosions diminished the coastline (Figure 6.6n); new 
roads lay vacant as rising fuel prices forced residents out 
of their cars; re-vegetated streambanks were scoured by 
accelerating runoff peak flows; cleanup efforts were ex-
hausted by a quadrupling of combined sewer overflows. 

Puppet government panders to the rich
as society divided, so did governmental entities. instead 
of a much needed collaborative government, fragmenta-
tion worsened the situation (Figure 6.6o). new neighbor-
hood groups fought to keep funds locally. Politicians 

relied on short-term solutions to get elected and serve their constituency. Rich 
neighborhoods maintained high levels of services while the poor relied on 
federal assistance, non-profits and charities. Governance in the 2050’s was 
represented by a weak consortium of local units, pandering to private firms 
and unable to think beyond their constituencies’ immediate boundaries. While 
many bills were passed, their effectiveness was minimal. Upheaval grew as low-
er income groups saw they were not represented by the region’s government. 
many groups protested and revolted, leading to the rich retracting further into 
walled communities.  more government spending was devoted to security and 
regulations and less on long-term investments in the region. While non-profits 
agencies tried to represent the environmental injustice and undue burden of the 
poor, they could not leverage the political attention or enough funds to affect 
change.

Division, safety and reaction 
When disasters hit the Sound residents relied on free market enterprise to 
regulate consumer behavior and produce optimal conditions. For the Sound’s 
wealthy population this strategy produced relatively positive results, and a 
high quality of life was artificially preserved as ecological devastation fell on the 
other side. The reliance on economic goods to alleviate environmental problems 
led to a widening divide between the Sound’s population, both physically and 
socially. For the Sound’s lower income residents and minority populations, 
escalating disasters led to hardships. By 2050 while one segment of the Sound’s 
population experienced a high quality of life, with higher educational attain-
ment, better health care, open space and access to high quality resources and 
good jobs, another segment  was living in devastating conditions, with high un-
employment and low-paying jobs, low educational attainment levels, reliance 
on contaminated local resources and poor health without insurance (Figure 
6.6p). The gap between the rich and the poor fueled contempt and distrust, 
higher crime rates and a competition over already limited regional resources.

as nature was perceived as a barrier, needing to be controlled and manipulated 
in order to serve human functions (food, shelter, water), few linkages were 
made between the degradation of the natural system and the human condition. 
As natural functions declined fluctuations grew, and society found itself need-
ing to erect stronger controls over nature to protect its safety. Reactive and short 
termed policies dealt with immediate problems and ignored long term conse-
quences. Short term policies eventually become ineffective, leading ecosystem 
services and human functions into far worse conditions. 

Figure 6.6 Barruers 
indicators (cont.)

o) few partnerships 
formed

p) increased division, 
more Bas, less HS

m) increased investment 
in energy and protection

n) highly vulnerable at 
the coast
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The nearshore gets buried in the wake of pressing social issues
Rising fluctuations of climatic conditions caused a series of disasters, especially 
along the Sound’s coastline. Short term solutions attempted to cover up mas-
sive problems, but actually exacerbated vulnerabilities and led to increasingly 
costly clean up efforts. Most at risk were lower income populations that were 
not protected by robust physical and economic buffers and safety nets. As the 
inequity grew, ecosystem problems were masked by social and economic issues, 
mostly heavily due to crime and poverty. Political attention was heavily focused 
on economic and social issues, and could not afford (both politically and finan-
cially) to handle underlying ecological issues. as external pressure continued to 
rise, ecosystem resilience plummeted to exceedingly low levels. 

Collapse

Ecosystem failure catalyzed by a hot and dry climate and a short-termed 
individualistic society
Warning signals of environmental collapse were largely ignored, thresholds 
miscalculated, and fluctuations misinterpreted as natural variability. By the 
time leaders and citizens decided to act it was too late and the Sound ecosystem 
collapsed. After the collapse, the new system exhibited 
heavily reduced ecosystem functions and services. While 
a myriad list of stakeholders and their actions were 
responsible, the initial catalyst could be traced back to a 
hot and dry climate and an individualistic, short termed 
society. 

While most climatic models predicted an increase in 
precipitation in this region, the opposite became reality. 
By 2050 the annual precipitation fell by 1% and annual 
temperatures rose by 4 degF (Figure 6.7a,b). The overall 
annual change in precipitation was minimal, but the 
hydrological regime was pushed to extremes as the 
Sound experienced wetter winters and far drier summers 
(Figure 6.7c). Responding to growing economic concerns 
society exhibited increasingly selfish and short-term 
behavior. natural resource reserves were exploited at un-
precedented rates and the willingness to share resources 
within the region fell to low levels. as ecosystems 

were pushed beyond critical levels, the warning signals of collapse came with 
increasing urgency: first a series of fish kills, a long list of beach closures, failing 
septic systems, energy shortages, and ultimately the death of the last salmon. 

Summertime water competition leaves ecosystems thirsty
a combination of factors increased summertime water consumption while wa-
ter quantity drastically fell. Firsthand, the region’s consumption rates grew due 
to increasing population numbers. By 2020 an additional one million residents 
put increasing pressure on the Sound’s water resources. Further, per capita 
water consumption rose as a greater percentage of the population lived in 
homes surrounded by large carpets of lawns and higher temperatures required 
more frequent irrigation. However, it was the agricultural industry that placed 
the greatest strain on water resources by exceeding past consumption rates. 
meanwhile the available water within aquifers and streams fell to near drought 
conditions. Springtime precipitation volumes were reduced, while the timing 
of the last rainfall occurred earlier in the season. Further, snow pack, generally 
providing the majority of spring time stream flows, was considerably reduced 
to higher elevations and melted at increasingly earlier dates. By the heat of 
summer, no snowpack was left to feed the region’s waterways. The combination 
of higher water usage with lower levels of water quantity left the Sound drier 
than ever before. 

increasing summertime competition over water created 
higher costs for people, but left ecosystems at dangerous-
ly low levels. as water demand increased, the amount of 
out-of-stream usage increased, leaving streams essen-
tially dry for entire seasons. Further, as the amount of 
impervious area within the basin rose, wintertime floods 
did not replenish soil water levels and left surrounding 
land cover in kindle dry conditions when temperatures 
were at their highest (Figure 6.6d). Drought, especially 
east of the mountains, became a frequent occurrence as 
Palmer Index values rose. The frequency of forest fires 
rose accordingly, destroying homes along the foothills 
(Figure 6.6e). exacerbating the situation, as water vol-
umes in water bodies fell to low levels, the pollutant 
levels concentrated, producing high nutrient and toxic 
conditions within the Sound’s riparian habitats. Water 

COLLAPSE

Figure 6.7 Collapse indicators 

a) slight decrease in 
annual precipiation (1%)

d) decrease Pia inside 
and outside the uga

b) major increase in 
temperature (4degF)

c) increasing magnitude 
of hazards over time
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quality levels were abated by faster runoff rates picking up greater volumes of 
pollutants along the way. 

Businesses leave as the Sound loses its niche
increasing variation in summertime and wintertime precipitation levels led to a 
high magnitude and frequency of natural hazards rapidly escalating at unprec-
edented levels. The entire region becomes prone to disasters, from flooding to 
landslides, fires and droughts. Even volcanic activity had increased. Each new 
disaster wreaked havoc on the Sound’s aging and insufficient infrastructure, 
pushing past engineered capacity levels. Treatment plants spilled untreated 
sewage during wintertime floods. Roads were ripped away as landslides lique-
fied structural soils. Frequent fires tested the limits of the region’s firefighting 
capacity. Wells drew deeper, contaminating rural drinking water with arsenic. 
as the frequency of disasters rose and the quality of life 
in the region declined, the Puget Sound unique niche as 
a scenic healthy region was lost. 

many industries that had made the Sound their home 
left after a decade of escalating disasters. With only a few 
industries remaining in the region, the economy destabi-
lized and became vulnerable to market swings. By 2030 
the region was hit with a devastating depression, rising 
unemployment levels and rising costs (Figure 6.7f). 
Thousands left the region to look for jobs and for the first 
time in decades the percentage of people migrating out 
exceeded those moving in (Figure 6.7g,h). The Sound’s 
population began to drop. as the region’s government 
was left to repair a growing numbers of physical and 
social problems, available funds for capital investments 
fell alongside declining gDP rates.

Deregulation exacerbates environmental degradation
In an effort to catalyze economic activity, politicians 
pushed for regulatory reform, deregulating industry and 
providing subsidies to build in the region. economic 
activity was temporarily restored in the shape of sprawl-
ing development and increasing environmental pollut-
ants. At first the region experienced a general trend of 
people moving into natural areas to enjoy more privacy, 

more land, convenient services, and the natural beauty. as regulation relaxed, 
new development pushed further into natural lands outside of urban growth 
areas. By the 2050s, the areas surrounding the urban core had higher percent-
ages of the regional population than the urban core, and the ratio of people 
per impervious area in the basin fell. logging exceeded past limits in order to 
make it economically feasible and to create fire breaks (Figure 6.7i). Agricultural 
fields were sprayed with newer more toxic pesticides to try to combat stronger 
pest outbreaks (Figure 6.7j). Fisherman harvested further offshore as shoreline 
stocks were depleted. industry resorted to short-term less costly methods in 
order to stay in the red. Unfortunately increased effort was echoed by declining 
yields. While deregulation created a short-termed spurt of economic activity the 
implications on the Basin far outweighed the benefits.

Deregulation exacerbated environmental degradation as 
land cover change and pollutants increased the level of 
perturbations on an already stretched ecosystem. new 
homes fragmented forestland, and the greater amount 
of impervious surfaces led to both increased urban 
runoff and decreased infiltration rates within the Basin. 
intensive logging made remaining forestlands more 
vulnerable to pest outbreaks and fires, further reducing 
the region’s forest cover and magnifying hydrological 
disasters. Higher toxicity levels in waterways, coupled 
with offshore fishing, low water levels and higher tem-
peratures pushed dozens of aquatic species to extinction. 
as the frequency of catastrophe continued to decrease 
the region’s quality of life, more and more industry left 
the region.

Scarcity in the Sound
By 2050 the Sound experienced a complete collapse of 
both shellfish harvesting beaches and agricultural lands 
in the Basin. While many shellfish beaches were de-
stroyed from fluctuating sea levels, those that remained 
were often contaminated by toxic pollutants. Agriculture 
lost its economic feasibility as costs rose due to drought 
and pest outbreaks. When housing developers offered 
to purchase farmlands, farmers reticently conceded. The 
Pacific Northwest forest also collapsed as increasing j) collapse of shellfish 

and agriculture

i) much lower forest 
aggregation index

Figure 6.7 Collapse indicators (Cont.)

g) declining population 
numbers

h) out migration

f) economic depression

e) frequency of hazards 
doubling current rate
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development pressures and unsustainable logging practices left forests vulner-
able to fires and pest outbreaks. As the region’s food and open space resources 
dwindled, the overall health status of Puget Sound residents fell. increasing 
rates of epidemics, pest outbreaks and poor nutrition flooded medical services, 
while high unemployment levels left the majority of 
residents without health insurance (Figure 6.7k.l). 

The economic depression left little to no investments 
focused within the region. While the region’s skilled 
workers sought jobs outside the region, the percent-
age of adults without an advanced degree fell (Figure 
6.7m). meanwhile, as long-term investments declined, 
per capita funds for educational institutions dropped 
(Figure 6.7n). The majority of the available money was 
put into sewer and water provision. Further, the new 
infrastructure was generally reactive in trying to control 
hydrological change, and over time was found ineffective 
at providing reliable water and waste removal to citizens. 
After decades of disinvestments and hazards, the Re-
gion’s transportation and energy infrastructure became 
ineffective in providing any benefits and was abandoned.

Scarcity, depression and vulnerability
Politicians and citizens relied on the premise that the 
continuously smaller yields per effort, and greater vari-
ability in natural conditions were simply fluctuations 
of the natural cycle, and that if people merely explored 
further, new resources would prove abundant. After all, 
natural ecosystems still dominated the earth’s land mass 
and have been around for centuries, while human impact 
was still minimal. This perception masked the numerous 
indicators pointing to imminent system collapse. When 
multiple critical thresholds were surpassed, the Sound’s 
ecosystem as characterized in 2000 collapsed. The ecosys-
tem left behind was dominated by significantly different 
characteristics. 

Scarcity of resources started with declining summertime 
water quantities, but by 2050 could be characterized by 

scarcity of all resources, including fish, energy, forests, jobs, health care, educa-
tion and safety. The Region’s resource scarcity led to economic depression as 
businesses searched for a high quality of life for their employees. Further, the 
economic depression distracted the attention of citizens and governments from 
ecological issues. Disinvestment and further extraction led to increasing levels 
of ecological degradation. as the tipping point was surpassed, the system lost 
its ability to absorb perturbations, leaving the remaining residents of the Sound 
vulnerable to new catastrophes. 

An alternative Sound is not longer vulnerable to increasing pressure
By 2050, the Sound maintained an alternative equilibrium state characterized 
by heavily reduced ecosystem functions and services. The amount of restruc-
turing required to restore ecological function in the system was tremendous. 
Salmon no longer lived within the Sound’s stream, orcas no longer migrated 
through the San Jaun De Fuca Straight, forests no longer covered the foothills 
of the Cascades and the Region’s surplus of high quality drinking water was 
diminished. By the time managers in the Puget Sound decided to act it was too 
late, and the Puget Sound system had collapsed. Characteristics of the result-
ing ecosystem were quite different from the ones seen in 2000.  The functions 
supported were minimal in comparison. The sound no longer provides habitat 
for over 200 species of fish and marine mammals. It was no longer an economic 
engine for fishing and shellfish harvesting. It no longer functioned to regulate 
gas exchange, nutrient cycles, diseases, floods, climate and waste. It no longer 
reflected cultural symbols such as the bald eagles to the migrating salmon. 
The restoration strategies described around the turn of the century could not 
work with this ecosystem. The amount of effort required to return to system to 
its pre-collapse state was now much greater. The new Puget Sound, while not 
producing the essential functions previously valued by citizens, had reached an 
alternative equilibrium that was relatively stable.

Figure 6.7 Collapse 
indicators (Cont.)

n) education spending falls 
with decreasing funds

m) out migration of 
higher education

l) less insured than today 
by 2040’s

k) an unhealthy 
population
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Adaptation

Challenges of a dry Sound are met with a collective response
Despite expert knowledge of potential climate change early in the century, 
government initially failed to acknowledge the full implications of lower annual 
precipitation. The Puget Sound, a region historically characterized by water, 
was drying up. The region experienced less rainfall, less snowpack and warmer 
temperatures (Figure 6.8a,b). exacerbating the situation, the region had more 
people, more demand on water resources and a degrading ecological system. 
as the signs of ecosystem instability and potential crises instilled fear, a strong 
government leadership catalyzed the regional interest and engagement towards 
change. The Puget Sound developed a deeper apprecia-
tion of the interdependence of individual actions within 
the Basin. People understood that ‘what drains from 
my sink flows into my river, the health of my neighbor 
interests my family’s well-being, where I shop affects my 
local economy, the health of my region influences my 
lifestyle’. as societal goals become more closely aligned, 
people learned they could affect change more positively 
by acting collectively instead of independently.
 
Shared responsibility leads to cooperation
in the early part of the century the region experienced 
rapid change; resources became scarce, fluctuations 
of energy, water, flora and fauna increased, and the 
uncertainty of a perilous future loomed in the minds of 
residents. These events helped the residents of the Sound 
build a shared understanding of individual obligations 
and collective action towards protecting the future of this 
region (Figure 6.8d). increasing adversity was met with 
great leadership, cooperation and insight. The Puget 
Sound’s residents were able to meet the challenges cre-
ated by previous generations and became more adaptive 
to changing environmental conditions. 

governance was heralded as a key actor of change in 
the Region. The new emerging governance system was a 
national model reflecting collaboration between regional 

partnerships and local grassroots activism. like Roosevelt’s legendary ‘First 
100 Days’ the Sound’s government provided relief by redistributing resources 
and encouraging active involvement. Strong partnerships emerged between 
the public and private sectors, combining efforts and encouraging cooperative 
thinking. Meanwhile a surge of local grassroots movements initiated efforts 
to improve ecosystem stability and enhance social equity. even individual 
households decreased their own consumption just as they would in a drought 
or recession. Social networks were leveraged to share resources and knowledge. 
Responsible ecological behavior was kept in check through a strong environ-
mental accountability and a strong display of social policing. 

Infill, diversity and equity
While the Puget Sound region continued to grow, pulling skilled workers from 

across the globe, new growth was coordinated through 
foresight and local investments (Figure 6.8e). To accom-
modate incoming families existing houses were retrofit-
ted to be more energy efficient and accommodate chang-
ing household structure. Denser developments provided 
more efficient infrastructure for water, transportation, 
energy and communication. Urban infill also led to lower 
forest fragmentation and higher people per impervious 
area ratios (Figure 6.8f). Further, areas outside the urban 
core were retrofitted, restoring natural land cover in or-
der to regain the infiltration capacity of underlying soils. 

most neighborhoods were also characterized by a high 
diversity of culture and age groups. The residents of the 
Puget Sound invested in neighborhood scale improve-
ments such as access to natural resources, sites of civic 
engagement and assistance, and infrastructure for pro-
cessing and recovering neighborhood waste and energy. 

in the 50 years since the turn of the century, the region 
had grown to rely more heavily on natural and social 
capital than production. The gross Domestic Product 
was no longer believed to portray economic prosperity. 
While production rates declined, community wealth 
increased (Figure 6.8g). a larger emphasis was placed on 
shared community resources instead of private prop-

ADAPTATION

c) many partnerships 
with all groups

d) very low dicount rate
a) slight decrease in 

annual precipiation (1%)

b) major increase in annual 
temperature (4degF)

f) high increase of Pia 
inside and outside uga

e) migration rates similar 
to today

Figure 6.8 Adaptation  indicators
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erty, on cooperation instead of competition, on volunteering and participation 
instead of long work weeks. While the Sound was home to a highly diverse 
population, there was a high level of equity among its residents (Figure 6.8h).

Investments secure a safe future for future generations
government leadership and citizen engagement sup-
ported region-wide investments that promoted the 
sustainability of the Puget Sound basin. Residents and 
businesses invested in local resources, including the 
Sound’s people and landscapes (Figure 6.8i). educational 
attainment was valued as essential to increasing aware-
ness and supporting change in the region. By 2050 all 
adults had a high school diploma and more than 50% of 
residents twenty-five and over had received advanced 
degrees (Figure 6.8j). The per capita spending for both 
K-12 and higher education continued to rise every 
decade (Figure 6.8k). Public health was another shared 
value. By 2020 all residents could subscribe to free uni-
versal health care (Figure 6.8l). Further, foods with high 
nutritional values became accessible to all, and a reduced 
consumption of high energy foods led to reduced obesity 
levels and higher health status among the population. 

In an effort to live locally and sustainably, healthy resi-
dents supported healthy ecosystems and understood the 
connections between their bodies and their landscapes. 
Major clean up efforts reopened the entire Puget Sound 
coastline to shellfish harvesting. Vast agricultural areas 
were preserved, while urban agriculture had taken root 
as well (Figure 6.8m). Residents reduced their reliance 
on imports, in an effort to support local industry and 
to ensure that sustainable approaches were utilized. 
The region invested regional dollars towards extensive 
ecological buffers and uninterrupted wildlife corridors. 
Bike paths and hiking corridors connected different areas 
in the Sound region and provided convenient access to 
recreation opportunities and alternatives to motorized 
transportation.

The Sound adapts to dynamic conditions
While proactive and long-term solutions provided equitable access to resources 
and services, lower annual precipitation rates left the Sound facing new and 
numerous challenges. most investments went into water provision, especially 
re-allocating wintertime flows during periods of summertime droughts (Fig-

ure 6.8n). Water consumption rates were also reduced 
through more efficient technology and voluntary re-
ductions. a second major investment came in the form 
of renewable energy provision. as the cost of hydro-
power grew alongside increasing fuel prices, the region 
plugged its 6 million residents into sun and solar pow-
ered energy sources. 

vulnerabilities to natural disasters were greatest along 
the coast and at higher elevations including fires, land-
slides, flooding and erosion. Residents were provided 
incentives to relocate into lower vulnerability areas. 
Coastline and foothills were restored through re-vege-
tation, removal of impervious surfaces and breakdown 
of armaments (Figure 6.8o). Over time the coastline and 
foothills became more resilient, able to absorb higher lev-
els of perturbations. as vulnerable human developments 
and supporting infrastructure were minimized within 
these areas, when large natural fluctuations occurred, the 
cost of remediation was reduced (Figure 6.8p).

Challenge, interdependence, precaution
The first half of the 21st century brought many ecologi-
cal, social and economic challenges to the Puget Sound. 
However, instead of retreating to reactive and individual 
solutions, a strong leadership and collectivist attitude 
brought the residents of the Sound together to coop-
eratively invest in the region’s future. a large element 
supporting their decisions came from understanding 
the interdependence of actions, both among the various 
stakeholders within the Sound, and between people and 
the natural environment. Human behavior was altered 
to support an equitable sharing of the region’s resources, 
both across the region, and into the future. Further, 

l) all insured by 2020’s

k) increased spending 
per capita on education

j) increased educational 
attainment

i) sharing high at local 
level

h) high equity among the 
population

g) reduced growth of 
gDP over time

Figure 6.8 Adaptation  indicators (Cont.)

n) increased $s on sewer 
and water

m) more shellfish 
beaches open, more ag.
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investments in conserving and restoring contiguous and 
extensive natural areas was considered an essential ele-
ment to ensuring sustainable ecosystem functions. The 
‘precautionary principle’ played a critical role in resource 
management. When scientific uncertainty was unable to 
dictate how much of an area should be conserved or how 
many fish could be harvested per season, policy makers 
chose to err on the side of caution. Reflecting on the chal-
lenges brought on by climate change and the uncertainty 
associated with precipitation levels, residents of the 
Sound saw nature as unpredictable. as climate impacts 
vividly pointed to anthropogenic origins, residents of 
the Sound sought to minimize human alterations of the 
system whenever possible. Judging by their high quality 
of life,  minimizing human impact on natural resources 
proved a successful strategy.

Wider buffers provides room for adaptation
By 2050 the resilience of the Puget Sound ecosystem 
was high despite frequent and significant perturbations. 
as natural areas were protected and expanded, their ability to absorb larger 
pressure sources grew. Further, as the human behavior and regional infrastruc-
ture adapted to changing conditions, ecosystems were provided the freedom 
to fluctuate without constrain. The greatest sources of pressures in the region 
were summertime water competition, high cost of energy, isolationism and 
reliance on consensus. While the first two were largely minimized by reducing 
consumption rates and relying on adaptive, efficient infrastructure based on 
sustainable resources, the latter two reflected social issues that threatened the 
Sound’s collectivist ideology. As social cohesion in the region grew, it effec-
tively raised barriers to entry for new in-migrations. like the critique of many 
European cities, increasing collectivism stifled divergence and independence. 
The longer the region localized and strengthened existing institutions, the less 
resilient society became to outside change. Further, as citizen activism grew, 
consensus became a touted decision-making tool. However, as the number of 
decision makers grew alongside a divergence of knowledge, achieving consen-
sus became exceedingly difficult, stalling policy reform.

Cross-comparison
The suite of scenarios aims to create divergent and internally consistent sto-
ries based on the identified uncertain key drivers: climate change and human 
perceptions and behavior. Table 6.3 compares the future trajectories of the key 
drivers, the supporting driving forces, the storylines and the system state of 
the six scenarios. The comparison highlights both the divergence and internal 
consistency among the scenarios’ key elements. 

The plausible interactions of the two key drivers produced six highly differenti-
ated stories, from a ‘Forward’ future of minimal climate impacts and collectivist 
behavior to a ‘Collapse’ of the Puget Sound ecosystem resulting from water 
scarcity and individualistic short term behavior. The other four scenarios don’t 
merely reflect intermediate points along the spectrum of best to worst case fu-
tures, but rather explore significantly different conditions. While Order and In-
novation both result in a ‘medium’ resilience ecosystem, the conditions leading 
to that system are divergent, from highly escalated and fluctuating precipitation 
patterns to almost no change from the status quo, or from a modest growth 
in population to a more than doubling of the current population in the Basin, 
and from a complete restructuring of the region’s infrastructure to a disinvest-
ment in public resources. ‘Barriers’ and ‘adaptation’ both experience similar 
conditions: a limited increase in population and economic growth as well as 
significant climatic impacts, but their futures diverge through different reac-
tions to change: ‘Barriers confronts change with a reactive and rigid approach 
that results in high pressures and a low resilience; ‘Adaptation’ reflects medium 
pressures and high resilience in a story of a society that meets new challenges 
with a cooperative and flexible response. 

Figure 6.8 Adaptation  
indicators (Cont.)

p) decreased magnitude 
of events

o) less vulnerable at 
coast and mountains
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FORWARD ORDER INNOVATION BARRIERS COLLAPSE ADAPTATION

Hybrid, Equity, 
Flexibility

knowledge and 
collaboration

optimist

minor changes, little 
impact

collectivist and long

faster, increase

educated, skilled, 
compact

strong; science-policy 
partnerships

high; proactive and 
adaptive

low; growth 
management

high

Consumption, Control, 
Conflict

policy

skeptic skeptic skeptic

minor changes, little 
impact

individualistic and 
long

same, increase

aging, enclaves, 
satellite

strong; command and 
control

high; service and 
extensions

medium; taxes, 
bureaucracy, 
fragmentation

medium

Inspiration, Freedom, 
Progress

technology

wet and hot, major 
fluctuations

individualistic and 
long

faster, increase

young, skilled, urban

weak; private public 
partnerships

high; experimental 

medium; hydrological 
changes, unintended 
consequences, 
resource distribution

medium

Division, Safety
Reaction

free market economy

wet and hot, major 
fluctuations

individualistic and 
short

slower, increase

divided

weak; autocratic

low; rigid and 
fragmented

high; hydrological 
disasters, crime and 
poverty, rising costs

low

Scarcity, Depression
Vulnerability

perseverence and 
exploration

dry and hot, historical 
variance

individualistic and 
short

decline

out-migration, 
recession, sprawl

weak; inneffective

low; reactive and 
short-sighted

high; resource 
scarcity, economic 
decline, public health 
crises

alternative

Challenge, Precaution
Interdependence

networks and 
feedback

optimistoptimist

dry and hot, historical 
variance

collectivist and long

same, increase

community, balanced, 
infill

strong; emergent

high; retrofits and 
redesign

medium isolationism, 
free-riders, exclusivity, 
consensus

high

In Three Words

World View

Main Emphasis

Future Outlook

Climate Impacts

Human Percep.
and Behavior

Growth Rate

Socio-economic 
Characteristic

Governance

Regional 
Investments

Sources of 
Pressure

Ecosystem 
Resilience

K
EY

 
D

R
IV

ER
S

TR
A
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Adaptive management 
can simultaneously 
bring economical, 
social & ecological 
resilience.

A tragedy of the 
commons approach 
emerging from a 
zero-sum perspective 
and lack of leadership

Technological innova-
tion will create more 
efficient solution to 
attain a greater 
carrying capacity.

Free market enterprise 
can most effectively 
regulate consumption 
behavior, producing 
optimal conditions.

Current fluctuations 
merely reflect natural 
variation and further 
exploration will 
produce new resources.

Maintaining buffers for 
error will increase the 
resilience despite high 
uncertainty

Human-Nature
Relationship

Human and nature are 
interdependent

Nature is malleable 
given the right values 
and timing.

Humans can produce 
nature 

Nature is there for 
humans to consume

Nature is infinitely 
forgiving 

Nature is unpredict-
able, humans should 
minimize their impact

Table 6.1 Comparison of the six  scenarios
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7. Implications and Next Steps

Linking the six scenarios to the nearshore ecosystem
This report describes six scenarios for this region by exploring plausible future 
conditions. While these futures are developed at the Puget Sound scale they are 
developed by focusing on major drivers influencing the nearshore ecosystem 
function. They are conceptualized to characterize divergent trajectories within 
which an assessment of the nearshore ecosystem function under alternative 
restoration strategies can be conducted.  They constitute the assumptions for a 
set of predictive models that can be used to assess the impacts. Building explicit 
connections between the future scenarios and nearshore ecosystem conditions 
will require selecting a suite of models and identifying specific metrics to be 
used to compare the restoration strategies  The scenarios provide key elements 
to develop conceptual models and articulate key hypotheses of the relationships 
among the 32 indicators identified by the participating experts (i.e. economic 
equity, investment in education, governance structure, and temperature change) 
and specific nearshore ecosystem functions. 

For each scenario, we describe the ‘system state’, including both the pressure 
and ecosystem resilience that characterizes that future. Here we highlight, 
based on the input provided by the experts hypothesized relationships between 
the future conditions and overall ecosystem functions. Further by describing the 
pressures and resilience, each scenario begins to connect he trajectories of future 
conditions and the opportunities and challenges for nearshore ecosystem resto-
ration. These initial connections are largely based on the relationships identified 
through panel interviews. These are not meant to systematically generate a 
formal integrated modeling framework for testing hypotheses of changes in the 
nearshore ecosystem. This modeling framework will require a substantial col-
laborative research informed by these scenarios. In this final section we provide 
an initial basis to develop such steps by developing conceptual models linking 
the 32 indicators to nearshore ecosystem functions the hypothesized system 
state of each scenarios can be tested and evaluated.

The relationship between the indicators and the nearshore ecosystem can be 
direct or indirect, can be reinforced through positive feedback loops, or damp-
ened by natural controls, they can be well established or highly uncertain. 
Some relationships are clear and direct, for example, based on past observa-
tions we understand that the amount of upland connected forest in a drainage 

basin  influences water quality (Turner et al, 2001). Other relationships are 
indirect and uncertain, for example higher educational attainment levels have 
been previously linked to longer future valuation, affecting the conservation 
of natural lands, which can enhance migration corridors for birds who feed 
along shorelines and ultimately the food-web of nearshore habitats. Positive 
feedbacks are critically important to document in order to determine future 
nearshore ecosystem conditions. For example, higher nutrient levels may lead 
to algal blooms which reduce light penetration to the sea floor, which harm 
eelgrass beds and reduce consumption of algae, which further increases extent 
of algal blooms. many of these conceptual models linking regional indicators 
with nearshore ecosystem conditions have not been documented; many others 
are still not well developed due to knowledge fragmentation among different 
disciplines. The key to understanding the implications of each scenarios on the 
nearshore must start by identifying what scientists know about these relation-
ships, and connecting them through an integrated suite of models linking   the 
scenario indicators and selected nearshore ecosystem function metrics. While 
mapping these relationships may show several missing links and gaps in 
scientific knowledge, this process will enable restoration managers to explicitly 
describe their assumptions and their impact on altering the accuracy of assess-
ing the future condition under each scenario.

Next steps: integrated models, assessing nearshore ecosystem functions, and 
evaluating alternative restoration strategies
Once such conceptual models are created the PSnP can begin to identify and 
integrate spatially-explicit models to link indicators to nearshore ecosystem 
function and assess impacts by changing the initial assumptions laid out within 
alternative scenarios. These models are intended to quantify specific conditions, 
as opposed to qualitative describe relationships. Only available and relevant 
models will be integrated, as many spatially-explicit and quantitative nearshore 
ecosystem models do not currently exist, and attempting to integrate too many 
models will likely prove time consuming and inappropriate. Based on prelimi-
nary evaluations of the scenarios the ueRl has recommended the integration 
of a climate change, hydrology and land cover-land use model. additional 
complementary models may include marine circulation models, habitat succes-
sion models and populations. 

Once the models are integrated, the scenarios will serve to alter boundary 
conditions and specific parameters in model equations, expanding assumptions 
based on past-observations. For example, while land-cover change models typi-
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cally assume agriculture can shift to urban land, the reverse relationship has 
not being typically observed in the past and may not be one of the transitions 
modeled, ‘adaptation’ may alter this assumption to enable urban agriculture to 
develop. The 32 indicators (and highly correlated assumptions) will function 
to effectively alter model input changing the implications for future nearshore 
ecosystem conditions. The output of the model will be spatially explicit maps 
that can be utilized to assess nearshore ecosystem functions.

Before assessing the implication of each scenario on nearshore ecosystem 
function, scientists must make the relationship between model outputs, namely 
metrics, and the nearshore ecosystem functions explicit. For example, model 
outputs may include miles of armored shoreline, acres of upland forests, or 
extent of salt-water intrusion into estuaries. On the other hand, nearshore eco-
system functions (or values) can include the population size of juvenile salmon, 
acres of eelgrass beds, or miles of fine-grained beaches. To facilitate this process 
the ueRl has designed relational database which systematically identify the 
most relevant nearshore ecosystem metrics for assessing future conditions. 
The relational database operates under the assumption that the alterations of 
natural hydrologic, geomorphologic, and ecological processes impair important 
nearshore ecosystem structures, which are in turn responsible for ecosystem 
goods, services and functions that have a societal value (Simenstad, 2006a, p v.) 
Therefore, the database explicitly links nearshore ecosystem metrics to near-
shore ecosystem functions (or values) through nearshore ecological structures 
and processes. For example, meters of armored shoreline can be connected to 
sediment delivery (process) and extent of shoreline vegetated buffer (structure) 
that results in altered forage fish spawning occurrence and success (function). 
each database component is further connected to multiple additional ecologi-
cal structures, processes and functions. For example, marsh vegetation is also 
related to salinity regimes, temperature ranges, nutrient concentrations, and 
forage fish, tidal fluctuations, nutrient exchange, and upland stream inflow. 
Since the interaction between structures, processes and functions is spatially 
driven, a future version of this database will be spatially explicit. Further, the 
sensitivity and thresholds of ecosystem functions to specific metrics will be ad-
dressed in future versions. Currently, the database is intended to highlight gaps 
in research knowledge about the relationships among nearshore ecosystem 
metrics, structures, processes and functions. in addition, database will allows 
the FWO team to select the metrics which are the most appropriate for captur-
ing a wide range of nearshore ecosystem functions, which in turn will influence 
the final selection of the quantitative models. After the models are integrated 

and run, the output metrics can be transformed into spatially explicit nearshore 
ecosystem assessments, clearly laying out the underlying assumptions. 

The efficacy of alternative strategies in improving nearshore ecosystem func-
tions can be evaluated by re-running the models under the set of new condi-
tions described in the scenarios. metric outputs for each strategy under each 
alterative scenario can be compared to baseline conditions (the value of each 
metric within each scenario when no restoration strategies are employed). 
Strategies can be compared in terms of their ability to positively affect change 
in nearshore ecosystem metrics, and thereby nearshore ecosystem functions. 
Assuming the scenarios significantly alter the opportunities and challenges 
associated with improving nearshore ecosystem conditions under alternative 
restoration strategies, their evaluation will be different. In short, some strategies 
will be better equipped to improve some metrics under specific scenarios more 
aptly than others. The major benefit of the scenarios is helping decision makers 
evaluate which strategies are the most robust under all plausible future condi-
tions, and which strategies should be utilized as a component of an adaptive 
management portfolio if future conditions begin to resemble the trajectories of 
one of the six scenarios. The final cost-benefit analysis comparing multiple strat-
egies will be validated by knowing the risk associated with each strategy under 
a full spectrum of plausible future uncertainties. The final selected strategy or 
portfolio of strategies will be defended by the understanding that it is flexible 
and effective enough to benefit the focal issue, despite a great uncertainty as-
sociated with future conditions (Figure 7.1). 

Scenarios Modeling Assessment

ADAPTATION

FO
R
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INNOVATION
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CO
LLA

PSE

me
later

me
now

we
later

minor

wet
hot

dry
hot

URBANSIM
Future household

Business
Land use characteristics

SHIRAZ
Salmon population

MM5
Weather 

predictions

POM
Princeton

Ocean Model

CRYSTAL
Predicted water 

availability and use

DHSVM
Landscape water fluxes

Sedimentation
Soil loss

LCCM
Predicted land cover

Figure 7.1 Scenarios to models to assessment
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Three scenarios, three strategies, three metrics
While specific conceptual models connecting the scenarios to nearshore eco-
system functions will require a new step and further research , the potential 
implications of developing multiple scenarios to describe alternative nearshore 
ecosystem conditions is essential to communicating the benefits of scenario 
development. This section highlights how alternative future conditions can 
provide variable opportunities and challenges for nearshore ecosystem function 
and affect the benefits and costs of alternative restoration strategies through ex-
amples. A systematic assessment of how future conditions may affect nearshore 
ecosystem functions, nor fully developed strategies. 

in this example, the scenarios, strategies, and metrics were each selected based 
on their divergence, towards an effort to explore a wide variability of implica-
tions. The three scenarios include Order, Barriers and adaptation. The three 
scenarios capture the most divergent climatic changes and human perceptions 
and behavior approaches. They further look at three different challenges in 
response to change, command and control coupled with fragmentation (Order) 
reactive and short-term solutions (Barriers) and flexible and sustainable coop-
eration (adaptation). Of course the other three scenarios (Forward, innovation 
and Collapse) could have been selected instead, representing significantly 
different challenges and opportunities including a fast vs. declining growth 
rate, and the utility of increased efficiency. The three strategies include the 
removal of shoreline armoring, coastline vegetative buffers and increasing the 
detention capacity of the Basin. The three strategies focus on three different 
processes, namely geomorphology, hydrology and biology. However, due to the 
interconnected nature of nearshore ecosystem processes, there is still consider-
able overlap in their benefits. Lastly using the three metrics juvenile salmon 
population numbers, acres of eelgrass beds, and miles of fine gravel beaches we 
assess changes in nearshore ecosystem values, through divergent constituencies 
(animal, plant and substrate). Table 7.1 describes a conceptual model connect-
ing the three scenarios, strategies and metrics in terms of changes in drivers, 
relevant processes and structures, and associated relationships. 

For the purpose of this example, future changes in each of the three metrics can 
be assessed under each scenario. in general, ‘Barriers’ reduces metric values, 
while ‘adaptation’ maintains or even enhances metrics values. ‘Order’ stands 
somewhere in the middle, with some degradation of metric values, but not as 
severe as ‘Barriers’. While all three metrics are somewhat interrelated, there 
are some hypothesized distinctions among their impacts within each scenario. Table 7.1 Conceptual model linking strategies to metrics

Restoration 
Strategies

What does it entail? Potential benefits Potential limitations

Removal of 
Shoreline 
Armoring 

replace hardened 
shoreline structures with 
natural slopes or soft 
walls

Restore sediment and 
nutrient exchange between 
bluffs and beaches

Shoreline homes and 
structures may lose 
erosion protection

Two-hundred 
foot coastline 
buffer

Ensure that all coastlines 
within the Basin are 
protected by a 200' native 
vegetation buffers 

Enrich the water with 
nutrients and energy, from 
large woody debris to 
micro-organisms

increased tidal 
fluctuations may scour 
new vegetation, private 
property along shoreline

Increased 
detention 
capacity of 
Basin

Increase the ability of the 
Basin to detain water 
using various approaches 
from green roofs and to 
detention ponds. 

Slow runoff during large 
precipitation events in 
order to prevent surface 
contaminants from being 
picked up during first flush 
and reduce CSO events

Keeps water out of 
natural waterways; water 
can cause damage to 
property and 
infrastructure

marsh vegetationMetrics adequate habitat acreage gravel, sediment supply
detritus food-web water quality (light, salinity, 

temperature)
tides and water flow

suspended sediments nutrient input levels vegetation for anchoring
water quality (temp, 
salinity, dissolved oxygen, 
no toxins)

suspended material levels

Structural 
needs

Related processes salmon eelgrass beaches
tidal fluctuations (inundation, dessication, salt-water intrusion, 
velocity)
nutrient exchange and availability
sediment exchange, delivery and erosion
upland inflow (water quality and rate)
predators and competitors
marine water light and temperature regulation

Driving Forces
Climate Change
Human Behavior
Demographics

Development 
Patterns
Economy
Governance
Natural Hazards
Technology & 
Infrastructure

Potential influences on nearshore ecosystems

International trade, marine transport, contamination, shading, disruption
land development and permitting, shoreline armoring and vegetation removal.
sediment exchange, water quality, and bythemetry
contamination rates, extraction efficiency

tidal fluctuations, temperature, light, salinity, upland precipitation, suitability for 
predators and competitors.disposal of contaminants and wastes, land alterations, and resource extraction.
increased magnitude of impacts, more houses, more activity, higher 
consumption rates, more fishing.

land coverage, impervious surfaces, sediment exchange, overland flow rates

(rate)
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For example, despite potential increases in infiltration and natural land cover, 
salmon numbers may be significantly reduced in ‘Adaptation’ due to near-
drought summer streamflows. 

Each scenario poses specific opportunities and challenges for different restora-
tion strategies (Table 7.2). In ‘Barriers’, high tidal fluctuations and major winter 
floods severely impact shoreline property making the removal of shoreline 
armoring for the purposes of protecting ‘fine gravel beaches’ not politically pal-
atable. On the other hand, due to large wintertime precipitation and consequent 
floods increasing the detention capacity of the Basin would not only protect 
public health and property, but would also reduce the number of sewer over-
flows and the transport of contaminants carried through high velocity urban 
runoff. Under the ‘Order’ scenario the removal of shoreline armoring could be 
most palatable, as climate impacts are minimal (reducing vulnerability) and 
new planned developments can keep structures further from the shore, improv-
ing marketability as scenic and protective. increasing the detention capacity 
of the Basin would be less effective as it generally relies on creating costly 
region-wide solutions benefiting specific sites. Lastly, in terms of ‘Adaptation’, 
removing shoreline armaments may be the most productive strategy as houses 
move away from the coastline and major tidal fluctuations make beach forma-
tion require the flexibility of upland migrations. On the other hand a vegetative 
buffer may actually introduce pest-outbreaks and greater competition for native 
species as increased temperatures and tidal fluctuations alter shoreline condi-
tions. 

The three strategies highlighted above are necessarily simplified and stylized 
mechanisms for improving nearshore ecosystem functions. The assessments 
presented above don’t take into account the complex interactions and uncertain 
relationships among future conditions. For example, scientists are still unsure 

if rising marine temperatures will increase or decrease the overall amount of 
eelgrass habitats, or if removing shoreline armoring without alleviating upland 
fragmentation and pollution may improve or harm nearshore beaches. Only 
through modeling the complex interactions with spatially integrated models 
can assessments incorporate uncertainty and truly reflect the implications of 
each scenario on nearshore ecosystem functions, and the opportunities and 
challenges affecting restoration strategies. 

Initial set of challenges and opportunities affecting nearshore ecosystem 
restoration strategies.
While a systematic assessment of nearshore ecosystem functions under each 
scenario would require further research, some initial statements about the 
implications of each scenario on restoration strategies have already began to 
emerge. The following ten questions reflect the UERL’s initial messages about 
the scenarios’ influence on nearshore ecosystem restoration. This message must 
be understood in terms of their current bias, having not yet been afforded the 
verification by participating experts. 

1. if upland areas become developed increasing the percentage of impervious 
area in the region, what are the implications on nearshore ecosystem restora-
tion priorities?

2. If flooding and erosion make armoring and dyke removal not politically 
feasible, what other options are available for reconnecting waterways?

3. What challenges and opportunities does new innovation bring to the horizon 
over the next 50 years that can help  ‘re-design’ the type of shoreline restora-
tion we conduct?

4. What are the unintended consequences of restoration strategies under alter-
native scenarios?

5. How do shoreline restoration strategies align with hazard or crisis manage-
ment?

6. How can restoration strategies adapt to changing ecosystem conditions such 
as increased salinity, decreased summer flows and higher nutrient levels? 
What does a resilient Puget Sound look like under alternative baseline condi-
tions? 

7. if restoration strategies could incorporate adaptive management such that we 
had the capacity to test out hypotheses, what should we test?

8. How do we manage shoreline ecosystems under dynamic conditions? 
9. Are restoration goals better met though consistent region-wide enforcements 

or flexible community-level cooperative agreements?
10. How can restoration strategies incorporate the benefits and limitations of an 

active public participation?

Table 7.2 Strategy evaluation

Worse Better

Removal of shoreline armoring 

Baseline conditon

Restoration Strategy Order Barriers Adaptation

Coastline buffer

Increased detention capacity 

S = salmon FG = fine gravel EG = eelgrass

S FG EG S FG EG S FG EG

S FG EG S FG EG S FG EG

S FG EG S FG EG S FG EG

S FG EG S FG EG S FG EG
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Implications of developing scenarios
Challenging underlying assumptions
One of the most difficult tasks within the scenario development process is 
persuading participants (managers, scientists, and other stakeholders) to chal-
lenge their underlying assumptions about how systems function and how they 
will evolve in the future. Most often these assumptions have become buried 
under the guise of ‘truth’ or ‘precedence’ and have formed the basis for agency 
models, assessments and solutions. The scenario process helps to make assump-
tions explicit. Five assumptions stand out as being significant in creating false 
predictions for this region’s future:

The first is that human behavior will not change. Some form of this comment 
was heard from the majority of participants at some point during their in-
terviews. a slight variation of this comment was, ‘human behavior will only 
change if a major disaster occurs’. However, evidence of change in human 
behavior is not only historically accurate, but also spatially accurate. Human be-
havior changes as new information is available, as educational attainment rises, 
as income levels change, as a population ages, as the cultural diversity within 
a population changes. The Puget Sound of the gold Rush years is not the same 
place it is today, largely due to changes in human behavior and perceptions. 

a second assumption is that climate impacts will increase annual precipitation 
within the region. This brings up the issue of probability versus plausibility. 
While the majority of climate models downscaled for this region reflect in-
creasing annual precipitation, two models predict less rainfall. The difference 
between an 8% increase and a 1% decrease is like comparing rainfall west of 
the Cascades to the rainfall east of the Cascades. Attempting to develop strate-
gies reliant on the hydrological cycle without addressing this incongruency is 
extremely limited. 

a third assumption, generally found among  natural scientists, but challenged 
by spatial  planners, is that a greater concentration of people leads to greater 
impact. The assumption here is that the more people that move into the Basin, 
the greater the negative implications for the nearshore ecosystem. This as-
sumption is also related to the general dichotomy that we found in the natural 
science between humans and nature. While humans have historically caused 
harm to  ecological processes, there are examples of coupled human natural 
systems on limited scales where humans have also benefited ecological systems. 
The ueRl studies coupled human-natural systems with the hypothesis that a 

hybrid human-nature relationship could simultaneously benefit humans and 
ecosystems. 

a fourth assumption is that the economy is stable and therefore will continue 
to grow.  The assumption creates the basis for the Office of Financial Manage-
ment’s models, for urbanSim’s models of the Puget Sound, for the Cascade 
agenda and many other organizations’ models and goals. The Boeing crash and 
Dot com crash are generally regarded as periods of instability, when the region 
was dominated by a few very large firms. However, as some economists are 
pointing out, the potential for some of the Region’s largest industries to leave 
within the next 20 years is certainly plausible, if not probable. Boeing has no 
plans past the Dreamliner, and Microsoft and Amazon are being pursued by 
cities around the globe as clean high wage industries. The potential pressure 
created by an economic recession may rapidly overshadow ecological decisions. 

Lastly, the fifth assumption is that regulations affect development patterns. 
While the discipline of planning greatly rests on this assumption, it has gener-
ally been disproved. Development patterns generally represent emerging phe-
nomena controlled by individual actors who alter the landscaping according 
to a complex set of decisions, only a few of which represent regulations. These 
decisions include both rational and emotional elements, from market prices 
to living close to a family or hving a scenic view. ironically, many regulations 
ultimately reinforce behaviors they sought to deter, whether increasing the 
value of living close to critical areas, or developing low density houses outside 
of growth boundaries. 

Defining a complete set of driving forces
Driving forces represent the major elements influencing future conditions. 
ecological assessments generally rely on a predetermined set of driving forces 
including development patterns, demographics and governance and, more re-
cently, climate impacts. Other driving forces, such as technology and infrastruc-
ture, public health and hazards are incorporated within a specific assessment: 
for example, Shellfish harvesting beaches often involve impacts on human 
health. One of the greatest utility of applying the scenario planning approach 
has been the ability to start the assessment by relying on a diverse set of region-
al experts to identify and define a complete set of driving forces to direct this 
project. Despite the dominance of the ten key drivers, all ten driving forces were 
instrumental in creating compelling and internally consistent stories. Reflecting 
on the final scenario narratives, it is difficult to imagine developing the plots 
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without any of them. How would ‘Barriers’ be developed without exploring the 
role of economic inequity, or ‘innovation’ without the investment in regional 
infrastructure? 

Placing the role of ecosystem managers in perspective
Ecological assessments often start from the perspective of a strategy, as opposed 
to a problem. managers develop an approach to solve a pre-existing or emerg-
ing condition with a set of assumptions about the nature of the problems and 
the best solutions. The assessment process is often developed as a basis for gain-
ing acceptance for this strategy; as a tool to prove that the strategies will work 
instead of testing the validity of its assumption. The assessment therefore func-
tions to reaffirm preconceived notions about how the future would turn out. 
The problem with this perspective is that it does not provide room for managers 
to creatively explore their options. Further, by revolving the future around the 
strategy, it erroneously places the managers in the center of influencing change. 
However, the efficacy of strategies most often depends on factors beyond the 
immediate control of the manager and multiple key elements must fall in place 
in order for a strategy to function as planned. Rather than dismissing these 
elements as uncontrollable, it is exactly these types of uncertainties that must in 
integrated in order to conduct a fully accountable assessment.  

Integrating uncertainty into the decision making process
a general assumption is that managers need an accurate prediction of the 
future condition in order to make a decision. an accurate prediction allows the 
manager to select the most effective strategy without any risk. However, most 
decisions involve irreducible uncertainties such that an accurate prediction is 
merely a fallacy predicated on probability distributions based on past observa-
tions. The most probable futures do not provide sufficient information for mak-
ing effective decisions. Strategic decisions benefit from looking at the bounds of 
plausible futures, or the most divergent paths the future can move into. in other 
words, when the future is uncertain, decision makers are better off integrating 
uncertainty into their risk assessment than relying on a single wrong prediction. 
The question that managers should ask themselves is: Which strategy is most 
effective under alternative futures?

The Puget Sound Scenarios focus on climate change and human perceptions 
and behavior as the most important and uncertain driving forces used to 
represent the scenario logics. Ranking these two drivers represents the most 
challenging and likely most relevant step of the scenario planning process. 

If the two drivers were different, the scenarios would have inevitably turned 
out much differently. Reflecting back on the scenarios, these two drivers were 
appropriate for isolating the most divergent future for this region. Their success 
emerges largely from their hierarchically significant role, cascading their influ-
ence on other driving forces. Climate impacts, for example, are controlled by 
global changes that cannot be reduced to any of the other nine driving forces. 
On the other hand, climate impacts in this region are predicted to significantly 
alter development patterns, the economy, public health, natural hazards and in-
frastructure. Human perceptions and behavior may not necessarily be the next 
most uncertain driver. However, human behavior ultimately affects almost all 
other drivers, including knowledge and information, technology, demograph-
ics, public health, the economy, and development patterns. Secondly, the two 
drivers form a divergent coupling, as one generally represents natural based 
changes, while the other represents human based changes. lastly, in terms 
of long-term regional influences on the nearshore ecosystem, no two drivers 
accurately represent the divergent trajectories plausible for this region. The 
uncertainty integrated by the crossing of these two drivers was successfully able 
to incorporate divergent trajectories of the economy, development patterns and 
natural hazards. 
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