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INTRODUCTION
The Authors: This report was jointly written by members of the WRIA 9 Implementation Technical
Committee; J. Latterell, K. Higgins, K. Lynch, K. Bergeron, T. Patterson, Elissa Ostergaard, and Matt Knox.
The Audience: This report is intended to serve the needs of WRIA 9 staff, the Implementation Technical
Committee, and the Watershed Ecosystem Forum (WEF). With this audience in mind, we wrote it in the
style of General English (after Porter Perrin; see Trimble 2011); a compromise between formal and
informal styles that is concise, precise, easy to read, and fresh. Our reasoning was that clarity is
indispensable; this report will only be useful if it is understandable, and it will only be used if it is read.
The Purpose: The purpose of this report is to document the progress made during the first five years
(2005-2010) of the Salmon Habitat Plan (hereafter referred to as “the plan”), with respect to (1) the
decisions that were made, (2) the projects that were built, and (3) the corresponding changes in the
Green River fall Chinook population and its habitat. At its core, this is a monitoring report. However, it
is intended to be the foundation of adaptive management in WRIA 9. As stated in the Monitoring and
Adaptive Management Plan for the Puget Sound Chinook Salmon Recovery Plan, “Adaptive
management is the process of making decisions, implementing them, learning from the results of
implementation and new science, and applying what is learned to adjust decisions in ways that improve
the certainty of achieving goals (p. 6).” Besides tracking implementation progress, we try to address
four basic questions: (1) What’s happening with the population and its habitat? (2) What’s working?
(3) What’s not? and (4) What should we be doing differently, who should do it, and when? The ITC, in
cooperation with WRIA staff and the WEF, will need to write and execute the Adaptive Management
Plan (see Next Steps).
The Document: This document is organized into nine interrelated chapters:
Chapter 1. Projects and Funding
Chapter 2. Population Status
Chapter 3. Watershed Level Indicators
Chapter 4. Factors of Decline: Armor, Flow, Riparian Condition
Chapter 5. Refugia and Freshwater Habitat Complexity
Chapter 6. Newaukum and Soos Creeks: Major Tributaries
Chapter 7. Duwamish Transition Zone
Chapter 8. Nearshore Sediment Processes
Chapter 9. Summary
The first chapter explains what projects have been done as part of implementing the plan and provides
an analysis of funding by watershed. The second chapter describes the status of the Chinook
population. The third describes indicators of general watershed health. The fourth tracks changes in
the three main causes of habitat degradation in WRIA 9. The last four chapters present the latest data
on changes in key environmental indicators that directly relate to other Tier 1 Conservation Hypotheses;
the strategic basis of the Habitat Plan (Table 1).
Why did we organize the document in this way? We believed that it is important for future decisionmakers to have a record what, when, and why previous decisions were made. We also know that the
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Watershed Ecosystem Forum (WEF) is very interested to know how many projects have been
completed, and how much money has been spent on implementation. We have to track the status of
the population because it is, in the long-term, one of the most direct measures of the cumulative effect
of our actions. This document focuses on tracking the Tier 1 Conservation Hypotheses (Table 1) which
were a key component of the technical basis for the plan. The rest of the chapters help to evaluate
critical indicators linked to the Tier 1 Conservation Hypotheses (Table 1).
It is important to keep in mind that we still lack clarity about which of these habitats is most important.
The authors of the Plan recognized this, and cautioned that “…the evidence supporting the other three
potential limiting habitats1 indicated that a compelling case could not be made that any one limiting
habitat is more important than the others, or should be singled out as the most important factor
(p. 4-12).” Their hope was that adaptive management would be used to alter the relative weights and
geographic specificity of the plan in accordance with changing conditions and scientific discoveries.

The Conservation Hypotheses state that refuge habitat in the Upper, Middle, Lower (and Nearshore)
subwatersheds must be protected, restored or enhanced. Further, habitat complexity is needed in the
Middle, Lower, and Duwamish Subwatersheds. Newaukum and Soos Creeks must be restored and
preserved. Habitats in the Duwamish and Transition Zone must be enhanced and expanded. The core
assumption is that if these actions are taken, the Chinook population will rebound. These actions will
improve limiting habitats, which will, in turn, cause the population to be more abundant, productive,
diverse, and resilient. In keeping with this line of reasoning, the final four chapters of the report are
devoted to tracking changes in these critical habitats and subwatersheds.
Recall that the viability of Green River fall Chinook population – as with all salmonid populations – is
related to its abundance, productivity, diversity, and spatial structure (McElhany 2000). According to
the Plan, population viability can be increased by addressing three factors of decline: bank or shoreline
armor, instream flow modification, and degraded riparian conditions along rivers, streams and the
marine nearshore. Accordingly, we devote an entire chapter to these three topics.
Note that not all Tier 1 hypotheses were evaluated in this report and several Tier 2 hypotheses were
evaluated. The Tier 1 hypotheses that are not evaluated in this report are Near-2, Duw-5, MG-3, Up-1,
Up-2, NH-1, and NH-2. Near-2, Duw-5, and MG-3 were not evaluated at this time because no obvious
and easily collectable metric was identified that would allow for an evaluation at this time. The ITC
should work on finding ways to address these gaps over the course of the next few years. The Upper
Green hypotheses were not covered at this time because the primary action of allowing for fish passage
has not yet occurred. Construction of the upstream trap and haul facility was completed by Tacoma
Public Utilities in 2007. It is unclear when the downstream fish passage facility will be constructed by
the United States Army Corps of Engineers (ACOE). Until fish have access to the upper watershed it is

1

Duwamish Estuary transition zone habitat; Middle Green and upper Lower Green River spawning habitat; Middle
Green River, Lower Green River, Duwamish Estuary, and marine nearshore rearing habitat
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not recommended to spend the time evaluating the associated conservation hypotheses. NH-1 and NH2 were not evaluated at this time.
Table 1.

Select Conservation Hypotheses in WRIA 9 Salmon Habitat Plan.

Subwatershed
Watershed wide
Watershed wide
Watershed wide

Id #
All-2
All-4
All-6

Tier
1
1
1

Nearshore

Near 2

1

Nearshore

Near-3

1

Duwamish

Duw-1

1

Duwamish

Duw-3

1

Duwamish

1
1

Middle Green

Duw-5
Low-1
& Mid1
MG-3

Middle Green

MG-4

1

Upper Green

Up-1

1

Upper Green

Up-4

Non-habitat

NH-1

1

Non-habitat

NH-2

1

Watershed wide

All-1

2

Watershed wide

All-5

2

Middle Green

Mid-5

2

Lower and Middle
Green

1

Conservation Hypothesis (condensed)
Protect and improve Riparian vegetation
Allow natural flows
Prevent new bank armoring and remove existing armoring
Protect and increase the availability of vegetated shallow
nearshore and marsh habitats
Protect and restore nearshore sediment transport
processes
Expand and enhance the Duwamish estuary, particularly
vegetated shallow subtidal and intertidal habitats and
brackish marshes
Enlarge the Duwamish River estuarine transition zone
habitat
Protect and restore natural sediment processes
Protect and restore refuge habitat

Evaluated?
yes
yes
yes
no
yes
yes
yes
no
yes

Protect and restore natural sediment recruitment
Preserve and restore spawning and rearing habitat in
lower Newaukum and Soos Creeks
Establish/restore Chinook salmon access above Howard
Hanson dam by providing passage upstream (trap and
haul) beyond the dam and reservoir
Protect and restore natural sediment recruitment
processes
Employ live capture techniques to harvest hatchery
salmon
Modify hatchery practices to enhance production of
naturally spawned Chinook
Protect and improve water quality
Preserve and protect forest cover and minimize
impervious surfaces
Maintain regional groundwater recharge and base flows
through forest retention

no
yes
no
no
no
no
yes
yes
yes

The Inputs: We mostly use existing published and unpublished data in this report. WRIA staff provided
information on decisions, projects, and expenditures. Co-managers and NOAA staff provided Chinook
population data. Habitat data was collected from a wide variety of sources including King County DNRP,
Tacoma Public Utilities, People for Puget Sound, Army Corp of Engineers, and reports from consultants.
In some cases, the authors generated data that was deemed important but did not exist.
The Outputs: We report on the decisions made, projects completed, population changes, and habitat
gains and losses between 2005 and 2009 (or 2010, where possible). Making accurate interpretations of
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change in many of these topics will require a longer evaluation period. This is especially true for topics
that require an historical context. We decided to focus on this period of time because it captures the
time during which the Plan was in effect.
The Outcomes: The intended outcome of this report is that the target audience will be able to answer
the four main questions: (1) What’s happening with the population and its habitat? (2) What’s working?
(3) What’s not? (4) What should we be doing differently, who should do it, and when?
The Next Steps: Monitoring is only the first step in adaptive management; in fact, adaptive management
can’t occur without it. The Implementation Technical Committee (ITC) will need to periodically compile
and analyze key indicators from existing monitoring efforts. The long-term goal must be to test and
validate core assumptions – the Tier 1 Conservation Hypotheses – and evaluate cumulative
effectiveness. This requires the ITC to determine whether key indicators confirm or refute the
conservation hypotheses (Table 1) and to interpret the trajectory of the population.
Besides that, adaptive management requires an understanding of why some restoration actions have
succeeded while others have failed. The ITC will need to judge whether the evidence confirms or
refutes the conservation hypotheses. If so, they must try to explain successes and failures, and
recommend a different course of action. For example, they might recommend that the WRIA staff and
WEF re-allocate funding among projects, subwatersheds, and programs, or revise Plan strategies.
The recommendations that come from the monitoring and interpretation steps are at the heart of the
adaptive management cycle. However, it is not enough to measure, interpret, and recommend.
Instead, the ITC, WRIA staff, and WEF must learn from and act on the recommendations. The ITC will,
where possible, provide actionable information to WRIA staff and Forum. What we mean by actionable
information is: improved certainty and information that can be used to adapt and change funding
decisions, project design, and programs. For this to work, the WRIA staff, and WEF must consider the
recommendations of the ITC and be willing and able to adjust their actions and decisions on the basis of
what was learned.
The Reality Check: As many can attest, adaptive management is difficult. The odds are not in our favor;
many have tried but few have made it a reality. One common reason is the failure to establish a ‘hardwired’ connection between monitoring and decision-making. This is not simply the fault of decisionmakers; monitoring is sometimes done with sound methods but poor aim – from the outset – rendering
the findings off-target and unhelpful. On the other hand, some decision-makers steadfastly stay the
course; they will not (or, sometimes, cannot) change directions. As evidence, consider how many times
we hear railroad metaphors used in conversations about adaptive management: “Are we ‘on-track’ to
reach our benchmarks?” We may indeed be on track, but what if we should be heading to Kalamazoo
instead of Kalispell? There may be good reasons to change directions. We will only know if we pay
attention to the right things, stay open to better ideas, and capitalize on new opportunities.
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The WRIA 9 ITC should periodically do a reality-check to see if adaptive management is actually
happening. This can be done with simple diagnostics. If any of the following conditions apply, the
inescapable conclusion is that a ‘wait-and-see’ approach has replaced an ‘adaptive’ approach:
•
•
•
•
•

Monitoring is not conducted
Monitoring results are not analyzed.
Monitoring results are unreliable, owing to poor design, or insufficient analysis and
interpretation.
Monitoring results are not communicated in an understandable way to decision makers.
Decision makers do not use (or understand) the monitoring results and their implications.

Whether or not to stay the course is up to the ITC, WRIA staff, and the WEF. Until then, a logical starting
point for this report is to identify and explain the critical decisions that have been made since the Plan
was adopted.
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1

Projects and Funding

Project Funding Allocation
Policy MS-1 of the WRIA 9 Salmon Habitat Plan provides guidance on where to focus initial efforts to
recover Chinook in WRIA 9. The policy supports the Tier 1 priority conservation hypotheses by allocating
funding to the following habitat areas:
•
•
•

Transition Zone Habitat in the Duwamish River Estuary;
Rearing Habitat in the Middle Green River, Lower Green River, Duwamish River, and Marine
Nearshore; and
Spawning Habitat in the Middle Green River and upper Lower Green River.

Under this policy, 40% of funding for management action recovery efforts should be directed to the
transition zone, 30% to rearing habitats and 30% to spawning habitats as described above.
Data Sources and Funding Analysis
Information about project funding since 2005, when the Habitat Plan was adopted, was gathered from
grant records, such as contracts and final reports, and project sponsor financial records provided upon
request. Data were collected on the total amount expended for each restoration and protection project
in the WRIA 9 Habitat Plan that has been completed or is currently in progress. This information was
then summarized and sent back to the project sponsors for review and confirmation.
Data not included in this report include projects completed prior to Plan adoption in 2005 and projects
in the Upper Green River Subwatershed. Policy MS-1 does not address the Upper Green River
Subwatershed; the Plan deferred requiring actions that could be taken by Tacoma Public Utilities (TPU)
and the U.S. Army Corps of Engineers to remove upstream and downstream fish barriers at the dams
during the first ten years of the Plan. It should be noted that TPU has already completed construction of
the upstream fish collection facility.
The Watershed Ecosystem Forum (WEF) has the ability to recommend funding projects through the
Salmon Recovery Funding Board (SRFB), Puget Sound Acquisition and Restoration (PSAR), and King
Conservation District (KCD). Since 2005, SRFB and PSAR have awarded approximately $ 8.5 million and
KCD nearly$3.8 million to high priority projects identified in the Habitat Plan. It should be noted that
much of the KCD allocation goes to other projects and programmatic actions that are not large priority
construction or preservation projects. The other actions funded through KCD are not included in the
following analyses.
Other sources of leveraged funding included the King County Conservation Futures Tax (CFT), Aquatic
Lands Enhancement Account (ALEA), Washington Wildlife and Recreation Program (WWRP), U.S. Army
Corps of Engineers Ecosystem Restoration Project (ERP), Estuary and Salmon Restoration Program
(ESRP), and other regional grants and local funding sources. These additional sources of funding were
included in a secondary analysis of funding distribution not directly under WEF’s direction and have
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amounted to approximately $89.4 million. There was an effort to divide funding among subwatersheds. For example, rearing habitat (other than the transition zone) is found within four subwatersheds: the Middle Green River, Lower Green River, Duwamish River, and Marine Nearshore.
For projects that fell within both the spawning and rearing areas, the funding was equally divided
between the two categories for this analysis. For example, projects within the Middle Green River
primarily consist of acquisition and levee setback projects that are assumed to have resulted in
improvement of both spawning and rearing habitat within this subwatershed.
Results
WRIA 9 Directed Funding
Projects in which the WEF directed funding (SRFB, PSAR, KCD), combined with leveraged funding directly
associated with those projects, amounted to nearly $36.5 million spent on salmon recovery in the
Green/Duwamish and Central Puget Sound Watershed since Plan adoption. Just over $12.3 million of
that total is WRIA 9 directed funding, while over $24 million was allocated in leveraged funds. For this
funding, we examined the distribution of funds between the transition, rearing and spawning habitat
areas per Policy MS-1 (Figure 1). Since 2005, 23.2% ($8.5 million) of the total funding was spent on
projects in the transition zone compared to a target of 40% outlined in Policy MS-1. The majority of this
funding went towards construction of the North Wind’s Weir restoration project and acquisition of the
Duwamish Gardens project site. In addition, 10.7% ($3.9 million) of the total funding was directed
towards projects within the spawning area, which is primarily located within the Middle Green River
subwatershed. This is approximately one-third of the amount of funding allocation which is
recommended under Policy MS-1.
The majority of the WRIA 9 directed funding, and associated leveraged funds, 66.1% ($24.1 million), has
been invested in rearing habitat in the Middle Green River, Lower Green River, Duwamish River and
Marine Nearshore subwatersheds. The rearing habitat covers a large expanse of area, and much of this
funding has gone towards acquisition of high priority habitats for preservation. The amount spent
exceeds the recommended 30% allocation within the rearing habitat area. However it should be noted
that many of these projects were begun before the Plan was adopted and the decision was made to
complete them.
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WRIA 9 Directed Funding* Per Policy MS-1: 2005-2011

$3,918,371
(10.7%)

$8,484,837
(23.2%)

Duwamish Estuary Transition
Zone (40% Goal)
Rearing Habitat (30% Goal)
Spawning Habitat (30% Goal)

$24,139,648
(66.1%)

*WRIA 9 Directed Funding (includes Leveraged funds)

Figure 1.

WRIA 9 directed funding per Policy MS-1 by habitat type since plan adoption

All Funding Sources
The total funding for restoration and protection projects between 2005 and 2011 from all funding
sources in WRIA 9 is over $101 million. This figure includes funding that is directed by the WEF as well
as funds expended on projects included in the Plan but from sources outside of the WEF influence.
Of this total funding, 81.8% ($83.1 million) was directed to rearing habitat, which includes the Marine
Nearshore, Duwamish River, Lower Green, and Middle Green Subwatersheds (Figure 2). The most spent
on any one project was $36 million, which funded the acquisition of the Glacier gravel mine on Maury
Island. Funding allocated to projects within the spawning habitat area amounted to $9.5 million. This
equates to 9.3% of the funding, which is less than the recommended 30% allocation in the Plan. Within
the Duwamish Transition Zone, 8.9% ($9 million) of all funding was directed towards acquisition and
restoration projects, which is less than half of the recommended allocation of 40% in the Plan.
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All Funding Sources Per Policy MS1 : 2005-2011
9,454,495 9,084,003
(9.3%)
(8.9%)

Transition Zone (40%
goal)
Rearing (30% goal)
Spawning (30% goal)

83,173,251
(81.8%)

Figure 2.

Transition Zone: Duwamish Estuary
transition Zone
Rearing Habitat: Marine Nearshore,
Duwamish Estuary, Lower Green, Middle
Green Subwatersheds.
Spawning Habitat: Upper Lower Green,
Middle Green

All funding sources in WRIA 9 allocated per Policy MS1 by habitat type, 2005-2011

Implications
This is the first opportunity since the Plan was adopted to determine how well Policy MS-1 has been
implemented. The analysis becomes difficult when projects overlap more than one funding priority like
projects that provide both spawning and rearing habitat benefits, or for phased projects that began
prior to 2005.
The results of this analysis show that we are on course towards following the guidance of the plan
policy, but efforts need to be made to direct more funding towards the Duwamish Transition Zone and
distribute funding equally between rearing and spawning. The majority of the funding expended has
been from sources outside of the WEF’s control; however, we can continue to work with partners to
focus efforts on the highest priority projects within the Habitat Plan and to provide balance between the
three priority habitat areas.

Recommendations
•

•

In 2012 as part of Adaptive Management the ITC should compare project measures (e.g., miles
of shoreline armor removal, acres of shallow water habitat created) with the funding allocation
and biological indicators, including productivity, abundance, spatial structure and diversity.
Future funding allocations should take into account implementation benchmark data measured
in this comparative analysis to the extent possible.
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2.

Population Status: What’s happening with the Chinook?

The population status is not a conservation hypothesis; it is the integrator across all the conservation
hypotheses. If we are making headway on implementing the various conservation hypotheses, we
should see a positive change in the status of the population in the long-term.
How do we know if the population is viable?
The viability of the Green River fall Chinook population is related to four measurable indicators;
productivity, abundance, diversity, and spatial structure (Table 2). These indicators help to determine
whether the population has a “negligible risk of extinction due to threats from demographic variation,
local environmental variation, and genetic diversity changes over a 100-year time frame” (McElhany
et al. 2000). The following sections will explain each one of the four indicators in more detail.
Table 2.

Viable salmonid population parameters (McElhany et al. 2000).

Parameter
Productivity

What is it?
The performance of fish
during each life stage

Abundance

The number of fish in a
population

Spatial
Structure

The configuration,
quality, and dynamics of
salmon habitats and
their dispersal between
habitats.

Diversity

Genetic, physical, and
behavioral differences
among and within
populations

What does it mean?
The natural-origin spawners will produce sufficient juveniles
to: grow the population over the long-term, withstand
unproductive ocean cycles, and provide an abundance of
returning adults without subsidies from the hatchery.
Sufficient numbers of Chinook exist to: be resilient to
disturbances and variation in the environment, allow for
negative feedbacks to stabilize the population size, maintain
genetic diversity, and provide ecosystem benefits such as
marine-derived nutrients. When the population is too small,
the population is vulnerable to crashes from positive
feedbacks that reduce survival as abundance declines, and
may suffer from inbreeding or random fluctuations in birth
and death rates.
The spatial structure is maintained by a net balance of
habitat creation and destruction, natural rates of genetic
exchange between populations, the presence of some room
to explore (unused but suitable habitat), and by some highly
productive subpopulations that can prop up less productive
ones.
Natural patterns of run timing, age, size, egg production,
body shape, behavior and genetic diversity still dominate the
population. Fish may disperse unimpeded and gene flow
continues with little alteration.

Productivity
We chose three indicators of productivity: (1) Egg-to-migrant survival, (2) median short-term population
growth rate of natural-origin spawners (λ), and (3) recruits per natural origin spawner.
Egg-to-migrant survival is defined here as the proportion of fertilized eggs that survive to become
juvenile migrants (fry or parr). This refers to eggs deposited in the streambed by spawning Chinook
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salmon, whether they originate from river-spawning parents or from the Soos Creek hatchery. Egg-tomigrant survival has been measured annually since 1999 with a screw trap just upstream from Soos
Creek (Topping and Zimmerman 2011). This is an important indicator of the river’s potential to produce
young Chinook salmon and integrates many important factors (Figure 3).
Median short-term population growth rate of natural-origin spawners (λ): This statistic is for
comparative risk analysis, and is preferred because it is biologically realistic (p. 21, Good et al. 2005). In
other words, it spans overlapping generations of fish and calculates running sums of consecutive
generations of Chinook. When the value is less than one, it suggests that the population is steadily
declining. Lambda accurately reflects the biology of salmon and steelhead because it incorporates
overlapping generations.
Recruits per natural origin spawner: This indicator is the number of adults that return to the river from
each brood year of spawning adults.

survival
habitat quality
growth

movement
density

metabolism

emergence date
Figure 3.

dominance

fry size

egg size

Factors that strongly influence the survival of juvenile salmonids. Adapted from
Quinn 2005.

Abundance
We are tracking the abundance of natural origin spawners as the indicator of abundance. The target set
in the Plan is 1000-4200 individuals. Note that this is not the same number as total escapement; it only
refers to the number of adults spawned from the river that return to the river to spawn.

Diversity
We are tracking four indicators of population diversity. The first is the percentage of the total number
river-spawning adults that originated from the hatchery; this number should be less than 30%. Next is
the percentage of the juvenile Chinook that outmigrate as parr (>45 mm fork length; parr are thought to
rear in the Green River for three to four months). No target has been set, but generally speaking, they
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are thought to increase as the river’s habitat capacity is enhanced. The timing of outmigration for fry
and parr is another indicator. No target has been set, but we would like to see outmigration occur over
a longer period of time, indicating a greater diversity in that life history trait. Finally, the proportion of
old spawners (5- and 6-year-old adults) should compose an increasing percentage of the natural-origin
returns. No target has been set.
Spatial Structure
We are not currently tracking spatial structure. The metric we propose to use is the number of occupied
spawning patches as a percentage of the total. Some guidance on this is presented in King County’s
Core Areas report. This is a conceptually important parameter, but we do not currently have precise
methods for measuring.
Data Sources
Chinook population data was obtained from Mara Zimmerman and Darcy Wildermuth, Washington
Department of Fish and Wildlife, from annual juvenile production reports, and from NOAA’s salmon
population summary database. It is important to note that each data source reports spawner
abundance in slightly different ways and therefore the numbers rarely agree with one another. For the
purposes of this report, spawner abundance and percent (%) hatchery Chinook from NOAA’s Salmon
Population Summary Database is used.
Data was extracted from relevant reports and re-produced in this report without further analysis or
summary. Users should consult original documents for a full explanation of the strengths and
limitations of the data.
Results
Egg-to-migrant survival varied from 0.89 to 5.66 over the evaluation period (Table 3). For context, the
average egg-to-smolt survival rate for wild or naturally-rearing Chinook populations is 10.4% (Quinn
2005, p. 254). This means that survival of Green River juveniles is relatively low, even at its highest
levels.
The short-term median population growth rate is higher than it was in 2005 (Table 3), but the best
estimate is still negative, which means the population is steadily declining (See implications for details).
If we assume that the difference in lambda is real, and is rising by a constant increment each year, the
target value (1.05) may be reached by 2020. However, this assumption is probably not correct.
Recruits-per-spawner is not yet a useful indicator for gauging changes in the productivity of the
population; the value can only be estimated for one return year (2005). The indicator will become more
informative as we get data on additional return years.
The abundance of natural origin spawners was within the target range in each year, except in return
year 2009 (Table 3). In this year, roughly 200 females spawned upstream of the Soos Creek trap,
resulting in the lowest juvenile production of any observations made in the last 10 years. The most
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recent production report (Topping and Zimmerman 2011) concludes that low spawner abundance was
to blame for very low juvenile production in 2009, and again in 2010.
The percent of hatchery-origin recruits spawning in the river remained above targets in each year since
2005 (Table 3). In 2009, three in four river-spawning fish originated from the hatchery. The target is to
limit the percentage to less than 30%. The only year in which the target was almost met was 2008, in
which 35% of the river-spawning fish were from the hatchery. Exceedingly high numbers of hatcheryorigin spawners in the river continues to be a major problem. For context, in a segregated population,
the target would be much more strict (<5%).
The relative abundance of parr (>45mm fork length) ranged from 31 to 90% of the total number of
juveniles between 2005 and 2009 (Table 3). The Washington Department of Fish and Wildlife (WDFW)
compared the relative abundance of fry and parr over the past 10 years. This is a useful analysis
because, if more fish leave the river as fry when the river is crowded with a large number of juveniles,
you would expect to see a positive relationship between the ratio of fry to parr and the total number of
juveniles in the river. However, the WDFW concluded that the available data did not support the notion
that freshwater habitat is being used to capacity by juvenile Chinook. In other words, the Green River
may be able to support more parr than are currently being produced by natural spawners.
The timing of peak outmigration in fry and parr has not really changed over the period of observation.
Fry outmigration peaks in the last two weeks of March or the first week of April (Table 3). Parr
outmigration peaks in the first or second week of June. This indicator, while important, may not be
sensitive to changes on an annual or decadal basis.
It is too early to measure changes in the proportion of five and six-year old spawners; additional brood
years must be observed over time. So far, no spawners from the 2005 return year returned as five or six
year-old spawners (Table 3).
Spatial structure is a difficult thing to measure in a repeatable, practical way. This is currently a data
gap; we have no information on the number of occupied spawning patches in the watershed. A first
step would be to delineate spawning patches in a repeatable manner.
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Table 3.
Population
attribute
Productivity

Abundance
Diversity

Status of the Green River fall Chinook population (return years 2005-2009).
Indicators of change

Units

Target

2005

2006

2007

2008

2009

Egg-to-Migrant
Survival (RM34-60)
Short term median
pop growth rate of
NORs

% of eggs
deposited
λ (assuming
equivalence
between HOR and
NORs)
Ratio

~ 8%

1.47

0.89

3.66

2.07

5.66

Direction
of change
-+-+

> 1.05 by 2020

0.67

-

-

-

0.835

+

>2.3

2.91

na

na

na

na

Na

#

1000-4200

1,046

2,535

2,022

4,227

207

+-+-

% of total

<30%

60

60

53

35

74

0--+

% parr

TBD

70

31

37

39

90

-+++

-

-

3/113/16
6/26/8
na

3/304/5
6/156/21
na

3/294/4
6/76/13
na

+0

Recruits per
spawner
Natural origin
spawners
Hatchery-origin
recruits spawning in
river
Relative abundance
of parr
Timing of peak
outmigration

fry
parr

Spatial
Structure

Proportion 5 and 6
year old spawners
Number of occupied
spawning patches

% of NOR returns

Increase

0

% of total present
in entire
watershed

50% increase
over 2005

na

na

+na

Implications
There is good reason to be concerned about the Green River fall Chinook population based on long-term
trends in abundance and the short-term median population growth rate (λ or ‘lambda’).
In 2005, the NOAA status review indicated that the Green River population – lumping together hatcheryorigin and natural-origin spawners – was barely replacing itself; the estimated long-term trend (19682002) in abundance was 1.02. Anything less than 1.0 means the population is declining. There was a
95% chance the actual value was between 1.01 and 1.04. The short term trend, from 1990-2002 was
estimated to be 1.05, with a 95% chance the actual value fell between 0.98 and 1.13.
The most recent NOAA status review reports that the 15-year trend (1995-2009) in natural-origin
spawner abundance was 0.95; 0.07 lower than the previously estimated. There is a 95% chance the
actual value is between 0.85 and 1.06, so it’s possible but unlikely that the population abundance could
actually be increasing.
Another measure – the short-term median growth rate of the natural population – is considered by
many to be a better indicator of the population’s true status. Here, as before, anything less than 1.0
means the population is steadily declining. In the 2005 review, the Green River Chinook population
growth rate was estimated to be only 0.67 (assuming hatchery-origin and natural-origin fish are equally
successful at producing offspring from the streambed). This indicated the Green River population was in
trouble; it was declining at a steeper rate than any other stock in the Puget Sound Evolutionarily
Significant Unit (ESU).
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However, the most current status review suggests the population growth rate (λ) is in better shape than
before (0.835 now vs. 0.67 then). The actual value for λ is likely greater than 0.835 and lower than
1.003. Why is it reported as a range? The first value is based on a calculation that assumes hatcheryorigin and natural-origin fish are equally successful at producing offspring when spawning in the river.
The second value is based on a calculation that assumes that hatchery-origin fish spawning in the
streambed produce no offspring. Both of these assumptions are probably wrong, but the true value is
somewhere in between. Either way, it is very unlikely that the population is actually growing. Even
under the most optimistic scenario, the population growth rate is lower than the target, which is cause
for continued concern.
Recommendations
•

•

We are not currently tracking spatial structure, thus it is a data gap. The metric we have
proposed using is the number of occupied spawning patches as a percentage of the total. This is
a conceptually important parameter, but we do not currently have precise methods for
measuring. The recommended first step is for the ITC to work with WDFW spawner surveyors to
create a method to delineate spawning patches so it can be done in a repeatable manner. The
second step would be to begin collecting this information, or supplement WDFW spawner
surveys in order to get this information. This metric will become far more important to
understand once the Army Corps of Engineers creates a fish passage facility at the Howard
Hanson Dam.
In 2003 the Hatchery Scientific Review Group recommended changing management of the Soos
Creek Hatchery so that a higher percentage of natural origin Chinook are used in the
broodstock. Around 2008, WDFW began collecting some of the natural origin Chinook that
returned to the Tacoma Public Utilities Fish collection facility to supplement the number of
natural origin adults volitionally returning to the hatchery in order to increase the percentage of
NORs to HORs in the hatchery. The ITC should evaluate how this practice is affecting the Plan’s
targets for abundance, percent hatchery fish on the spawning grounds and juvenile productivity.
The ITC should then evaluate if the Plan’s targets should be adjusted to incorporate the fish
being brought into the hatchery which are currently being excluded from the evaluation of
abundance because the fish are not actually reaching the spawning grounds.
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3

Watershed Level Indicators

The bulk of this report focuses on the mainstem of the Green River, because that is where most of the
Chinook habitat is located. Also, the Tier 1 hypotheses are generally tied closely to the mainstem and its
conditions. However, the condition of the mainstem is also affected by changes in major tributary
streams and their subbasins. This section of the report is the only section that describes information
about non Tier 1 hypotheses. The watershed wide hypothesis 1 focuses on generically protecting and
improving water quality. Water quality is composed of many different parameters and requires many
different actions be taken to address such a large potential suite of parameters. While a large report
could be written on just water quality conditions within the Green River system, we focused on using
the benthic index of biotic integrity as the indicator of water quality. The other two Tier 2 conservation
hypotheses are both focused on reducing the impacts of upland development through limiting
impervious surfaces, improving low impact development (LID) techniques and protecting existing forest
cover. This report focuses on changes in land cover as the indicator for changes in forest cover and
impervious surfaces. There is currently not a convenient way to track LID implementation and
effectiveness.

Benthic Index of Biotic Integrity
The benthic index of biotic integrity, or B-IBI, is a commonly used indicator of the biological condition in
running waters (Karr 1998). The index is used for detecting stream degradation, diagnosing the source
of the problem, and monitoring the success of efforts to address the problem (Karr 1998). High scores
are indicative of a low level of human disturbance to the stream; low scores indicate a high level of
human disturbance. B-IBI was recently adopted by the Puget Sound Partnership (PSP) as one of its
Ecosystem Recovery Targets. Specifically, the PSP states the target is, “By 2020, 100 percent of Puget
Sound lowland stream drainage areas monitored with baseline B-IBI scores of 42-46 or better retain
these “excellent” scores and mean B-IBI scores of 30 Puget Sound lowland drainage areas improved
from “fair” to “good.””

The overall score is based on individual scores from ten different metrics, each designed to measure a
characteristic biological response to human disturbance (Table 4). The responses are measured in study
watersheds across a range of human disturbance levels to derive an ecological ‘dose-response’ curve;
these curves describe how each metric will respond (i.e., increase or decrease) in response to a change
in human disturbances to the stream. Metrics are measured in different units, so each is ultimately
converted to a common scale – 1, 3, or 5 – which represents conditions that are severely degraded,
moderately degraded, and minimally altered by humans, respectively. These conditions are all relative
to values typical of a near-pristine stream.
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Table 4.

The ten metrics used in the B-IBI for Puget Sound lowland streams, their responses to
increasing human stress or disturbance, and the factors that trigger responses.

Metric
Total Taxa Richness

Response
-

Sensitive to changes in:
Altered flow, habitat loss, chemical pollution, invasions

Mayfly (Ephemeroptera)
taxa richness

-

Most types of human influence, particularly chemical
pollution, increases with nutrient enrichment

Stonefly (Plecoptera) taxa
richness

-

Most sensitive to human influence, particularly warm
water and low oxygen

Caddisfly )Trichoptera taxa
richness

-

Loss of habitat complexity

Intolerant taxa richness

-

Most sensitive taxa, first to disappear

Clinger taxa richness

-

Increases in fine sediments, loss of habitat complexity

Long-lived (semi-voltine)
taxa richness

-

On-going problems, repeated drought or flooding

Percent tolerant

+

Percent predator

-

Loss of diversity in prey taxa and habitats

Percent dominance

+

Loss of specialized foods and habitats

Scores for the BIBI vary naturally by 8-10% over time, in the absence of changes in human influence
(Fore et al. 1994). This makes it difficult to detect small changes in B-IBI scores in response to increasing
human disturbances, or to attribute small changes to increasing disturbance. Regardless, the BIBI is a
valuable indicator because it reliably measures biological stream conditions along gradients of human
influence (Karr 1998).

Are B-IBI scores getting better?
When viewed at the scale of the entire Green-Duwamish watershed, B-IBI scores from 2002-2010
suggest the overall condition of living systems in small streams are not getting better or worse
(Figure 4). The average condition of streams in the basin has remained near the low end of ‘fair’ for
nearly a decade (Figure 4). The most recent samples, taken in 2010, averaged 25.7 out of 50. Regression
analysis confirms that there is no significant trend across years (at a significance level of p = 0.05); in
other words, the slope of the line is no different than zero (Figure 4).
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Figure 4.

Trend in average B-IBI scores over time in the Green-Duwamish watershed.

As is often the case, scores vary widely between sites in different parts of the watershed. In most years,
fewer than 25% of the sampling locations are in good or excellent condition (Figure 5). More than half of
the sample sites were rated ‘fair’ or better in all but two years; 2001 and 2010. These were the two
worst years, overall. However, another way of looking at this is nearly half of the streams in the GreenDuwamish watershed are in poor or very poor condition.
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Green-Duwamish Basin (Ambient Monitoring)

50

Overall BIBI

Excellent

40
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Figure 5.

Boxplots of B-IBI scores for all sites combined within the Green-Duwamish Basin,
based on King County Ambient Monitoring program samples.
(Boxplots illustrate the distribution of site scores by year. The gray box indicates the interquartile range (middle 50% of the
data), black lines indicate the median value, red lines indicate the mean or average. Whiskers indicate the distribution of the
middle 90% of the data and outliers are shown as dots).

Data Sources
We summarized the data from the King County Ambient Monitoring Program. All data was downloaded
from pugetsoundbenthos.org. King County Ambient Monitoring Program has been sampling up to 64
sites selected at random throughout the Green-Duwamish watershed since 2002 (Figure 6). See
appendix 1 for a complete list of sample sites. Samples from 2002 – 2010 are included in this analysis
(2004 was not sampled). Starting in 2002, the sampling was organized by major subbasins. Within each
subbasin, sample sites were selected using a probabilistic, spatially randomized (grid-based), and
balanced design. Logistical constraints led to an unbalanced design (unequal sample sizes), so that
sample sizes range from 5 to 10 sites across subbasins. This design permits inferences about the status
of individual sites, individual subbasins, and the population of subbasins that compose the entire
watershed. Vashon Island sites have also been sampled by the program but are not included in this
analysis; they should be added when this report is updated in the future.
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2002

Figure 6.

2010

Map of locations where benthic samples are collected and scored by King County’s
Ambient Monitoring Program. (See www.pugetsoundstreambenthos.org for more details. Colors indicate
2010 B-IBI scores at each site).

Results by Subwatershed
Conditions range widely throughout the watershed (Table 5 and Figure 7); long term averages for entire
subbasins range from 14 (poor/very poor to very poor) to 39 (excellent/good to good). The best average
biotic integrity scores have been observed in Coal Creek and Deep Creek subbasins, where conditions
are in the ‘excellent/good to good’ range. Each of these areas occurs in the upper portion of the Middle
Green River in unincorporated King County. Their watersheds have a long history of logging but sparse
development. Newaukum Creek and Middle Green River tributaries rank second and third best,
respectively, but followed closely by Covington Creek.
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Figure 7.
Table 5.

Subbains where BIBI data as analyzed.
Average BIBI scores by subbasins across sites and years (2002-2010).

Subbasin
Coal Creek (Green) Subbasin
Deep Creek Subbasin
Newaukum Creek Subbasin
Middle Green River Subbasin
Covington Creek Subbasin
Soos Creek Subbasin
Jenkins Creek Subbasin
Lower Green River - E Subbasin
Mill Creek Subbasin
Black River Subbasin
Duwamish River Subbasin
Lower Green River - W Subbasin

Average Overall B-IBI score
39
39
34
31
30
28
25
24
23
19
17
14

Rank
1
1
2
3
4
5
6
7
8
9
10
11

No clear trends were evident from 2002-2010 when viewed at the subwatershed scale, with the
exception of the Black River subbasin (Figure 8). Boxplots that illustrate the variability of the scores
among sites, within a single year, demonstrate that many of the subbasins exhibit wide ranges of
conditions, but the ranges are narrower than at the watershed scale (this is, at least in part, due to much
smaller sample sizes). In the Black River subbasin, scores were very low when the study began, but
appear to be steadily increasing over time – at least more so than in any other subbasins. No steep longterm declines were observed at the subbasin scale. Instead, most subbasins appeared to be holding
steady over time, despite high levels of variability between years.
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Results for individual sites within a subbasin
A detailed examination of patterns in BIBI scores at individual sites across time indicates that some
changes are happening at the site scale (Figure 9A-I), but these changes are relatively few and small, so
they are masked in larger scale analyses.
•

•
•

•
•
•
•

•

Sites in the Middle Green (Figure 9B) are in relatively good condition, but two sites are
anomalously low; Crisp Creek (09MID1537) and Middle Green Tributary 09MID1704. Scores at
these sites are far lower than other locations in the Middle Green, warranting further
investigation to identify possible problems.
Sites in Covington Creek (Figure 9C), Deep Creek/Coal Creek (Figure 9A) and Newaukum Creek
(Figure 9E) all show an across-the-board decline after the winter of 2009.
Conditions in Newaukum Creek vary. One site (09NEW1875) appears to be showing a
continuing decline since 2005; this site is just outside the City of Enumclaw (Figure 9E). Site
09NEW2151 is the best condition in the basin; it is located in the headwaters of the creek and
has no development. Site 09NEW1911 is often the worst; it is located in the heart of the
Enumclaw Plateau.
Meridian Valley Creek in the Soos Creek Subbasin (Figure 9D) is consistently and anomalously
low; far lower than other sites in the area. This site warrants investigation.
Mullen Slough (Figure 9G) appears to be in worse condition than any other site in the study –
though scores marginally increased in 2010.
Conditions in Olson Creek (09LOW0751) appear to be declining over time; it drains a heavily
developed area (Figure 9G).
Conditions in the Panther Creek are the best among sites in the Black River subbasin (Figure 9H),
and Mill Creek in Kent appears to be steadily increasing – after bottoming out in 2003
(09BLA0756).
In the Duwamish subbasin, the best conditions have been observed in Riverton Creek, and
Hamm Creek appears to be getting slightly better over time – but remains in poor or very poor
condition (Figure 9I).
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9A. Deep Creek/Coal Creek Subbasin Ambient Monitoring
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9C. Covington Creek Subbasin Ambient Monitoring
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9G. Lower Green River E&W Subbasins Ambient Monitoring
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9H. Black River Subbasin Ambient Monitoring
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50

9I. Duwamish River Subbasin Ambient Monitoring
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A-I. Scatter plots showing overall B-IBI scores at individual sampling locations over
time, grouped by subbasin (connecting lines are shown as splines (curves) to make the
graphs easier to read, but straight lines would be more accurate).

Implications
We conclude that, on average, the living systems in the Green-Duwamish watershed are holding steady
at a fair condition. While this is unacceptable for attaining the long term goals of the habitat plan, we
don’t appear to be losing ground in the short term. A comparison of overall and average scores in the
subwatersheds demonstrates that, not surprisingly, the lowest scores tend to occur in the more
developed catchments near the Seattle metropolitan area (Figure 9).
The data cannot point to a specific problem or solution that will improve all places with lower scores.
However, in a general sense, revegetating buffers or expanding existing buffers will improve scores.
Note the extent and quality of vegetated aquatic buffers is discussed in Chapter 4. While the WRIA has
helped implement revegetation in strategically important Chinook habitat areas, it is likely that this
effort needs to be expanded to all streams throughout the WRIA in order to see improvements in water
quality and BIBI scores. Also, improving stormwater controls in the urbanized areas would likely lead to
improved scores. There is a current King County project which will evaluate what level of stormwater
retrofits are needed within WRIA 9 that will help prioritize where retrofits should be done. Once
retrofits start to occur in larger numbers there should improvements in BIBI scores, especially in the
urban areas. Attempting to increase either the number of streams being planted or increasing
stormwater retrofits to see improvements in BIBI scores will require significant increases in spending
beyond current levels.
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Recommendations
•

•

•
•
•

Closely track the progress of the stormwater retrofits prioritization project and encourage a
strong monitoring component, including collection of B-IBI data, during the implementation
phase of the project.
Sites, noted above, with perpetually low scores (i.e., Crisp Creek [09MID1537] and Middle Green
Tributary 09MID1704) or sites that have had a declining trend (i.e. Newaukum Creek
[09NEW1875]) should be investigated with much more scrutiny in order to create a tailored set
of solutions.
Include existing samples from Central Puget Sound stream basins draining directly into Puget
Sound in future analyses.
Begin to collect B-IBI data in the Upper Green River Subwatershed.
Encourage stream riparian plantings wherever there are willing landowners.

Land Cover Forest Retention and Impervious Surfaces
As noted above, Tier 2 conservation hypotheses focus on protecting existing forest cover and reducing
development impacts of impervious surfaces. Retaining forest cover is important for maintaining large
scale hydrological processes, and overall water quality. A loss of forest cover does not automatically
equate to an increase in impervious surfaces, though it is more likely within the urban growth area
(UGA) than outside it. The level of impervious surfaces was also evaluated separately to evaluate if
changes in forest cover equated to similar changes in impervious surfaces. Impervious surfaces are
generally considered a negative impact due to creating changes in when and how rain water runs off
into creeks, along with the associated reduction of groundwater recharge as well as creating various
water quality problems through nonpoint source pollution.
Due to all of these reasons, addressing these issues was included in the Plan as part of two conservation
hypotheses. Specifically the plan states,
“All–5 (Tier 2): Preserving and protecting against watershed upland impacts by implementing Low Impact
Development techniques, including minimizing impervious surfaces, will maintain habitat quality by
helping maintain flow and reduce sedimentation, thereby leading to greater salmon survival, ”
and
“Mid-5 (Tier 2): Protecting against watershed and upland impacts by implementing Low Impact
Development techniques (see All-5) will be particularly beneficial in the subwatersheds of tributaries that
provide spawning (e.g., Newaukum and Soos Creeks) and/or rearing habitat (e.g., Jenkins and Covington
Creeks) will increase habitat quantity and promote utilization of non-mainstem habitat and prevent
additional stressors that limit survival.”
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Metric
The indicator chosen was percent of forest cover binned into four categories: less than 20%, 20 to 40%,
40% to 65%, and greater than 65%. These categories were chosen due to the prevalence in the
literature of needing 65% forest retention for functioning stream processes at a watershed scale (Booth
et al. 2002). These categories were also recently used in a similar change analysis done in WRIA 8
(Vanderhoof et al. 2011). Thus, we wanted to keep uniformity between adjacent WRIAs. The forest
cover data was evaluated by the larger subwatersheds defined in the Plan, subbasin, jurisdiction, and
area within the UGA versus rural areas. Impervious surface percentages were broken into three
categories, less than 10%, between 10% and 30% and greater than 30% and evaluated by subwatershed,
subbasin, jurisdiction, and by area within and outside of the UGA. Both data sets were also evaluated to
see how much change was occurring between the different years of data. Percent change in forest
cover or imperviousness between years was calculated by using the following formula
Percent change = ((y2 - y1) / y1)*100
A positive or negative number represents the direction of change: percent change where forest cover or
impervious surface has decreased will be indicated by a negative number, and for those areas where
forest cover or imperviousness is increasing, the percent change will be positive.

Data Sources
The data used for these analyses came from the National Oceanic and Atmospheric Administration
(NOAA) Coastal Change Analysis Program (C-CAP). Land cover classifications covering 1992, 1996, 2001,
and 2006 were downloaded from NOAA’s website in February of 2010
(http://www.csc.noaa.gov/crs/lca/pacificcoast.html). See appendix 2 for a complete list of the land
cover classes. The Land cover data was classified at a 30 m2 resolution. This data was chosen over other
land cover data sets because it is the only known data source that covers multiple time periods prior to
plan adoption and is expected to be collected into the future using the same methodology. The most
recent year of data that can be compared is 2006. Thus, this analysis will primarily describe conditions
that occurred prior to Plan adoption. New C-CAP data will be collected in 2011, but it will likely only be
available in 2012 to 2013. Once the 2011 data is available, the time period from 2006 to 2011 can be
added to the evaluation and the results for the first major time period after plan adoption can be
compared to the time periods prior to plan adoption. For the forest cover analysis, classifications of
evergreen forest, deciduous forest and mixed forest were combined into a single forested category.
Impervious surface data was obtained from Washington Department of Ecology (WDOE) in February of
2010. WDOE used C-CAP data to create estimates of impervious surface for 1992, 1996, 2001, and
2006. As with forest cover, the analysis of impervious surface will be mostly limited to prior to adoption
of the Plan.
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Results
Forest Cover (1992 to 2006)
Forest cover throughout the basin has been lost from 1992 through 2006. When breaking out the larger
basin by what is within and outside of the UGA, there was a slight decrease in the amount of forest
cover, but the overall categories of the amount of forest cover did not change from 1992 to 2006. The
rural area decreased slightly staying around 66% forest cover while the urban area decreased from just
under 20% forest cover to just slightly more than 17% (Table 6 and Figure 10). When comparing the
forest cover at the subwatershed scale, similar results were seen. There was a slight decrease in the
amount of forest cover in each subwatershed, but the overall categories stayed the same. The Vashon
subwatershed and the Lower Green River subwatershed experienced the greatest change with each
decreasing in forest cover by 2.4% from 1992 to 2006 (Figure 11 and Table 6). At the subbasin scale,
only the Deep Creek (7.3%) and the Newaukum Creek (0.5%) subbasins saw an increase in forest cover.
The large increase in the Deep Creek subbasin is likely the result of regrowth from previously logged
areas. All of the other subbasins experienced losses of forest cover (Figure 12 and Table 6). The Soos
Creek system’s subbasins experienced relatively higher losses than most other areas, with the Covington
Creek subbasin losing 3.3%, Jenkins Creek subbasin losing 6.3% and Soos Creek subbasin losing 4.8%.
The Shinglemill Creek, Dumas Bay and Lower Green East (Lea Hill area) subbasins also experienced
relatively high losses, with 5.1%, 3.0%, and 3.9%, respectively. When comparing forest cover by
jurisdiction, the majority of the cities have less than 20% forest cover (see Figure 13 and Table 6). The
cities of Normandy Park, Federal Way and Des Moines, have higher amounts of forest cover than the
average. This is likely due to the relatively steep slopes adjacent to Puget Sound. Of the cities, the City
of Black Diamond is the outlier with 53% forest cover, which is at least 15% higher forest cover than the
next highest city (see Table 6). There has mostly been a slow steady loss of forest cover. Most either
highly developed areas or mostly rural jurisdictions did not see much change, generally less than 0.5%.
Jurisdictions that experienced greater change than 0.5%, averaged around a 3% change. However, the
cities of Maple Valley and Covington experienced a much greater change than most other jurisdictions,
with a change of 19% and 6.6%, respectively.
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Table 6.

Percent forest cover and % change in forest cover by UGA, Subwatershed, Subbasin and
Jurisdiction (Color coding matches Figures 10-13).
% Forest
Cover
1992

% Forest % Forest % Forest
Cover
Cover
Cover
1996
2001
2006

Change in % Change in % Change in % Change in %
forest cover forest cover forest cover forest cover
1992-1996 1996-2001 2001-2006 1992-2006

BY UGA
Urban
Rural
BY SUBWATERSHED
DUWAMISH
LOWER GREEN
MIDDLE GREEN
NEARSHORE
UPPER GREEN
VASHON
BY SUBBASIN
Black River
Browns Dash Point
Coal Creek (Green)
Covington Creek
Deep Creek
Des Moines Creek
Dumas Bay
Duwamish River
East Vashon
Elliott Bay
Jenkins Creek
Judd Creek
Longfellow Creek
Lower Green River - East
Lower Green River - West
Lower Puget Sound - Burien North
Lower Puget Sound - Burien South
Lower Puget Sound - DM/Fed Way
Lower Puget Sound - Normandy Park
Lower Puget Sound - Seattle
Maury Island
Middle Green River
Mill Creek
Miller Creek
Newaukum Creek
Salmon Creek
Seola Creek
Shingle Mill Creek
Soos Creek
Upper Green River
West Vashon
BY JURISDICTION
Algona
Auburn
Black Diamond
Burien
Covington
Des Moines
Enumclaw
Federal Way
KC-Mill Creek
KC-Upper Green
KC-White Center
KC-West Hill
Kent
Maple Valley
Normandy Park
Renton
Seattle
SeaTac
Tukwila
KC-Vashon
KC-Lake Youngs

19.92
66.58

18.62
66.10

17.92
64.79

17.20
66.00

-1.30
-0.48

-1.99
-1.79

-0.72
1.21

-2.72
-0.58

10.75
17.37
49.23
18.21
73.02
72.46

10.48
16.22
48.83
17.59
72.28
70.44

10.39
15.60
48.04
17.28
70.33
70.18

10.27
15.02
47.26
16.90
72.76
70.09

-0.26
-1.15
-0.40
-0.62
-0.74
-2.01

-0.35
-1.77
-1.19
-0.93
-2.70
-2.28

-0.12
-0.58
-0.78
-0.39
2.43
-0.09

-0.47
-2.36
-1.97
-1.32
-0.27
-2.37

13.26
69.12
66.11
51.62
66.14
14.48
27.05
10.75
66.57
4.35
42.19
70.52
13.76
31.14
19.71
11.18
51.57
23.52
29.58
14.67
66.67
62.03
16.79
14.47
29.09
14.80
12.12
71.91
32.76
73.02
79.59

11.87
69.12
67.75
51.61
75.60
14.21
25.48
10.48
64.44
4.14
38.67
68.10
13.26
28.75
19.40
11.18
51.57
22.17
28.72
14.67
65.36
62.11
15.70
14.07
29.19
14.80
12.12
67.01
29.85
72.28
78.07

11.44
69.12
66.01
50.20
73.35
13.72
25.23
10.39
64.45
4.06
37.24
68.40
13.26
28.09
18.07
11.18
51.57
21.97
28.21
14.67
64.43
61.63
15.46
12.98
29.71
14.80
12.12
66.97
28.70
70.33
77.76

10.91
69.12
66.11
48.36
73.41
13.57
24.00
10.27
64.28
4.06
35.85
68.40
13.22
27.26
17.74
11.18
51.57
21.48
28.21
14.67
64.28
60.84
14.63
12.16
29.56
14.67
12.12
66.86
27.98
72.76
77.68

-1.38
0.00
1.64
-0.01
9.46
-0.27
-1.57
-0.26
-2.14
-0.22
-3.52
-2.42
-0.51
-2.39
-0.30
0.00
0.00
-1.34
-0.85
0.00
-1.31
0.08
-1.09
-0.40
0.11
0.00
0.00
-4.90
-2.91
-0.74
-1.52

-1.82
0.00
-0.10
-1.42
7.21
-0.76
-1.83
-0.35
-2.13
-0.30
-4.95
-2.12
-0.51
-3.05
-1.64
0.00
0.00
-1.55
-1.37
0.00
-2.24
-0.40
-1.33
-1.48
0.62
0.00
0.00
-4.94
-4.06
-2.70
-1.83

-0.53
0.00
0.10
-1.84
0.06
-0.15
-1.22
-0.12
-0.16
0.00
-1.38
0.00
-0.04
-0.83
-0.32
0.00
0.00
-0.49
0.00
0.00
-0.15
-0.80
-0.84
-0.83
-0.14
-0.13
0.00
-0.11
-0.72
2.43
-0.08

-2.35
0.00
0.00
-3.26
7.27
-0.91
-3.05
-0.47
-2.29
-0.30
-6.34
-2.12
-0.55
-3.88
-1.97
0.00
0.00
-2.04
-1.37
0.00
-2.39
-1.19
-2.17
-2.31
0.48
-0.13
0.00
-5.05
-4.78
-0.27
-1.91

3.17
21.30
56.16
18.43
27.86
23.69
8.45
26.85
27.82
66.66
7.52
21.35
15.62
38.15
37.89
20.34
10.49
13.38
10.52
72.63
48.07

2.80
19.76
55.73
18.17
24.38
22.81
5.87
25.22
26.58
66.36
7.52
21.07
13.80
30.11
37.53
19.09
10.28
13.08
10.20
70.61
46.82

2.80
19.17
55.06
18.16
23.13
22.35
5.46
25.06
25.27
64.91
7.52
20.91
13.02
24.11
37.53
18.49
10.20
11.79
10.14
70.34
45.90

2.80
18.25
53.40
18.13
21.26
21.66
5.46
23.85
24.86
66.29
7.44
17.90
12.75
18.96
37.54
17.41
10.19
10.77
10.05
70.25
45.72

-0.37
-1.54
-0.43
-0.26
-3.48
-0.88
-2.58
-1.63
-1.24
-0.30
0.00
-0.28
-1.82
-8.04
-0.36
-1.25
-0.21
-0.30
-0.32
-2.02
-1.25

-0.37
-2.13
-1.11
-0.28
-4.73
-1.34
-2.99
-1.79
-2.55
-1.75
0.00
-0.44
-2.60
-14.04
-0.36
-1.85
-0.28
-1.60
-0.38
-2.29
-2.17

0.00
-0.92
-1.65
-0.03
-1.87
-0.69
0.00
-1.21
-0.42
1.38
-0.08
-3.01
-0.27
-5.14
0.01
-1.08
-0.02
-1.02
-0.08
-0.09
-0.18

-0.37
-3.05
-2.76
-0.31
-6.60
-2.03
-2.99
-3.00
-2.96
-0.37
-0.08
-3.45
-2.87
-19.19
-0.35
-2.93
-0.30
-2.61
-0.47
-2.38
-2.35
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Figure 10.

Changes in percent forest cover within and outside of the UGA between 1992 and
2006 (there was no change between categories so only one picture is shown).

Figure 11.

Changes in percent forest cover within WRIA 9 subwatersheds between 1992 and
2006. (there was no change between categories so only one picture is shown).
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Figure 12.

Changes in percent forest cover within WRIA 9 subbasins between 1992 and 2006.
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Figure 13.

Changes in percent forest cover within WRIA 9 jurisdictions between 1992 and 2006.
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Impervious Surface (1992 to 2006)
When breaking out the larger basin by what is within and outside of the UGA, the overall category of
imperviousness did not change between 1992 through 2006. In 2006, only 0.4% of the area outside of
the UGA was impervious compared to almost 17% of the area within the UGA (see Table 7 and Figure
14). The number within the UGA may appear low when compared to imperviousness by jurisdiction, but
the number is lower because there are still many areas along the fringes of the UGA that are not densely
built out. When comparing imperviousness at the subwatershed scale (see Table 7 and Figure 15), the
Duwamish, Lower Green and mainland nearshore subwatersheds all have more than 30%
imperviousness, while the other subwatersheds have less than 10%. At the subbasin scale, the greatest
increases in the percentage of land covered by impervious areas between 1992 and 2006 occurred in
the Black River (5.7%), Mill Creek (5.4%), Lower Green East (4.6%) and Soos Creek (3.1%) subbasins (see
Table 7 and Figure 16). Several other subbasins had moderate increases in impervious surfaces over the
same time period, including Covington Creek (1.8%), Des Moines Creek (3.0%), Dumas Bay (2.3%), Lower
Green River West (2.1%), Lower Puget Sound Des Moines-Federal Way (1.1%), and Miller Creek (1.9%).
When looking at imperviousness by jurisdiction, most jurisdiction’s categories stayed consistent from
1992 through 2006 (See Table 7 and Figure 17). By 2006, only 4 areas contained less than 10%
imperviousness, with Black Diamond (6.4%) being the only city jurisdiction with less than 10%. The
other three areas were different parts of unincorporated King County (the Upper Green River area
(1.2%), Vashon and Maury Islands (2.3%), and the Lake Youngs area (7.8%)). While the general
categories stayed relatively consistent, several jurisdictions’ amount of imperviousness increased greatly
between 1992 and 2006, including Maple Valley (11.2%), Renton (6.4%), Auburn (5.7%), Covington
(5.1%), and Kent (4.7%).
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Table 7.

Percent imperviousness and % change in imperviousness by UGA, Subwatershed, Subbasin
and Jurisdiction (color coding matches Figures 14-17).
%
%
%
%
IMPERVIOUS IMPERVIOUS IMPERVIOUS IMPERVIOUS
1992
1996
2001
2006

Change in %
IMPERVIOUS
1992-1996

Change in %
IMPERVIOUS
1996-2001

Change in %
IMPERVIOUS
2001-2006

Change in %
IMPERVIOUS
1992-2006

BY UGA
URBAN
RURAL
BY SUBWATERSHED
DUWAMISH
LOWER GREEN
MIDDLE GREEN
NEARSHORE
UPPER GREEN
VASHON
BY SUBBASIN
Black River
Browns Dash Point
Coal Creek (Green)
Covington Creek
Deep Creek
Des Moines Creek
Dumas Bay
Duwamish River
East Vashon
Elliott Bay
Jenkins Creek
Judd Creek
Longfellow Creek
Lower Green River - East
Lower Green River - West
Lower Puget Sound - Burien North
Lower Puget Sound - Burien South
Lower Puget Sound - DM/Fed Way
Lower Puget Sound - Normandy Park
Lower Puget Sound - Seattle
Maury Island
Middle Green River
Mill Creek
Miller Creek
Newaukum Creek
Salmon Creek
Seola Creek
Shingle Mill Creek
Soos Creek
Upper Green River
West Vashon
BY JURISDICTION
Algona
Auburn
Black Diamond
Burien
Covington
Des Moines
Enumclaw
Federal Way
KC-Lake Youngs
KC-Mill Creek
KC-Upper Green
KC-Vashon
KC-West Hill
KC-White Center
Kent
Maple Valley
Normandy Park
Renton
SeaTac
Seattle
Tukwila

15.59
0.39

16.05
0.41

16.56
0.43

16.96
0.44

0.46
0.02

0.97
0.04

0.40
0.01

1.37
0.05

53.31
33.31
6.21
40.03
0.20
2.09

53.60
34.80
6.70
40.38
0.24
2.17

53.77
36.72
7.02
41.01
0.25
2.18

54.09
37.97
7.50
41.07
0.25
2.28

0.28
1.49
0.49
0.35
0.03
0.09

0.45
3.41
0.81
0.98
0.05
0.10

0.32
1.24
0.48
0.06
0.00
0.10

0.77
4.66
1.29
1.04
0.05
0.19

41.00
9.21
0.86
5.63
0.83
44.25
28.11
53.31
3.19
62.76
13.00
1.99
44.98
19.74
29.77
39.44
17.66
33.87
26.61
42.62
2.51
2.36
28.92
38.72
5.37
42.76
38.88
2.55
15.22
0.20
1.18

42.89
9.21
0.95
6.35
0.90
44.52
28.96
53.60
3.48
62.83
14.34
2.00
45.56
21.05
29.97
39.44
17.66
34.55
26.97
42.65
2.51
2.48
31.02
38.89
5.53
42.77
38.88
2.75
16.42
0.24
1.21

45.65
9.21
0.98
6.50
0.90
46.99
29.54
53.77
3.48
62.97
15.38
2.00
46.07
22.56
30.64
39.44
17.66
34.70
28.12
42.65
2.53
2.64
32.91
40.08
5.64
42.77
38.88
2.75
17.17
0.25
1.23

46.71
9.38
0.98
7.44
0.90
47.21
30.39
54.09
3.86
62.09
16.49
1.86
46.82
24.29
31.83
38.65
16.04
34.97
26.94
41.71
2.60
2.80
34.33
40.65
5.72
43.72
38.44
2.50
18.32
0.25
1.34

1.89
0.00
0.09
0.72
0.07
0.28
0.85
0.28
0.28
0.07
1.33
0.01
0.58
1.31
0.20
0.00
0.00
0.67
0.36
0.03
0.01
0.12
2.11
0.17
0.16
0.01
0.00
0.20
1.19
0.03
0.02

4.65
0.00
0.12
0.88
0.07
2.74
1.43
0.45
0.28
0.21
2.38
0.01
1.09
2.82
0.87
0.00
0.00
0.83
1.51
0.03
0.03
0.27
4.00
1.35
0.28
0.01
0.00
0.20
1.95
0.05
0.04

1.07
0.17
0.00
0.93
0.00
0.22
0.85
0.32
0.38
-0.88
1.11
-0.14
0.75
1.73
1.19
-0.79
-1.62
0.26
-1.18
-0.94
0.07
0.16
1.41
0.57
0.08
0.94
-0.45
-0.25
1.15
0.00
0.12

5.71
0.17
0.12
1.81
0.07
2.97
2.28
0.77
0.66
-0.67
3.49
-0.14
1.84
4.55
2.06
-0.79
-1.62
1.09
0.33
-0.91
0.10
0.43
5.41
1.93
0.36
0.95
-0.45
-0.04
3.10
0.05
0.16

43.25
26.79
5.11
37.06
20.21
33.48
25.21
28.86
7.19
14.05
1.08
2.08
26.97
43.69
33.84
16.19
21.56
33.93
39.83
55.07
48.04

44.01
28.88
6.21
37.19
21.98
33.92
26.42
29.67
7.45
14.50
1.16
2.16
27.18
43.70
35.69
19.39
21.74
34.91
40.00
55.30
48.38

44.01
30.78
6.32
37.28
23.46
34.32
26.96
30.07
7.56
15.10
1.21
2.18
27.98
43.75
37.25
21.77
21.74
39.24
42.42
55.45
48.63

46.48
32.47
6.44
37.16
25.33
34.60
27.61
31.21
7.76
15.50
1.24
2.28
30.34
45.34
38.52
27.35
20.73
40.41
42.91
55.39
48.88

0.76
2.09
1.10
0.14
1.77
0.44
1.21
0.81
0.26
0.45
0.08
0.09
0.21
0.01
1.85
3.20
0.18
0.97
0.17
0.23
0.34

0.76
3.99
1.22
0.23
3.25
0.84
1.75
1.21
0.36
1.04
0.13
0.10
1.01
0.06
3.41
5.58
0.18
5.31
2.59
0.38
0.60

2.47
1.69
0.12
-0.12
1.88
0.28
0.65
1.13
0.20
0.41
0.03
0.10
2.36
1.59
1.27
5.59
-1.01
1.16
0.49
-0.05
0.24

3.22
5.69
1.34
0.10
5.13
1.12
2.40
2.35
0.57
1.45
0.17
0.20
3.37
1.65
4.68
11.16
-0.83
6.47
3.08
0.32
0.84
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Figure 14.

Changes in percent imperviousness within and outside of the UGA between 1992 and
2006 (there was no change between categories so only one picture is shown).

Figure 15.

Changes in percent imperviousness within WRIA 9 subwatersheds between 1992 and
2006 (there was no change between categories so only one picture is shown).
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Figure 16.

Changes in percent imperviousness within WRIA 9 subbasins between 1992 and 2006.
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Figure 17.

Changes in percent imperviousness within WRIA 9 jurisdictions between 1992 and 2006.
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Implications
Based on the way the Growth Management Act (GMA) is structured, the results of this analysis were
expected. The urban areas generally have low amounts of forest cover and high amounts of impervious
surfaces when compared to the rural areas. It is clear that the area feeding into Soos Creek has
experienced some of the most significant development over the past 20 years. The area has
experienced both a substantial loss in total forest cover and a concomitant increase in imperviousness.
Given that the riparian area of the larger Soos Creek system appears to be in fairly good shape (See
Chapter 4 for a description of the riparian conditions of Soos Creek) it is unclear how much damage the
loss of forest cover and increase of imperviousness will do to the aquatic habitat. It is somewhat
surprising that the City of Black Diamond is still so relatively undeveloped, though with the underlying
priorities of the GMA and several large master planned developments in the offing, the current
conditions are likely to degrade.
Recommendations
•

•

Given these changes in impervious surface and forest cover in the Soos Creek basin, it is strongly
recommended that this basin be tracked more carefully in the future to understand how the
quality of the aquatic habitat changes or doesn’t due to the larger landscape level changes.
New forest cover and impervious data for 2011 should be available by 2013. The rate of change
should be revaluated to see if the Plan and other regulatory updates have decreased the rates of
change.
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4
Factors of Decline: Bank and Shoreline Armor, Riparian Condition,
Flow Modification
As noted above, the Plan proposed three Tier 1 Conservation Hypotheses that were applicable to the
entire watershed: we refer to these as the primary factors of decline. They include preventing new
shoreline armoring and restoration of armored areas (All-6), protecting and improving riparian
conditions (All-2) and allowing for natural flows (all-4)
In our judgment, these factors of decline could be represented by simple indicators (Table 8) that could
mostly be measured from high-resolution aerial photographs and stream gages. Our basic approach
was to quantify conditions in 2005 and track net changes as of 2009. The approach to quantifying the
riparian condition was different for different parts of the watershed based on site conditions and the
current role that riparian vegetation plays.
Table 8.

Indicators for monitoring changes in the three primary limiting factors or root causes of
habitat decline in the Green River.

Factor
Bank armor

Riparian
condition

Flow
Alteration

Subwatersheds
MG, LG, DUW

Indicators of change
Armored river bank

Units
Miles of bank

NS

Armored shoreline

Miles of shoreline

MG, LG (part)

Hectares and Percent
of total area in CMZ

Newaukum, Soos

Forest area in
channel migration
zone
Forested banks

LG (part), DUW

Forested banks

Miles of channel with
forest on 1 or 2 banks
Miles of bank

NS

Forested shoreline

Miles of bank

Mainstem portions of
MG, LG, DUW

Incubation flows
(11/1-2/28)

Peak daily discharge
at Palmer
Median daily
discharge at Palmer
Number of daily flows
>8829 cfs at Auburn

Channel-forming
flows

Data Source
Photo
classification
Photo
classification
Photo
classification
Photo
classification
Photo
classification
Photo
classification
USGS gage
USGS gage
USGS gage

Bank Armor
Bank armoring, or shoreline armoring, refers to any form of artificial hardening of the bank of the
shoreline. This typically takes the form of a rock revetment, levee, riprap bulkhead, or a cement wall.
Bank armoring can also include bioengineered banks and setback levees. Bank armoring can be broken
down into two main types (levees and revetments/bulkheads) based on the intended function. Levees
are generally intended to keep flood waters within the existing channel as well as stop lateral channel
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migration. Most other forms of armoring are only intended to keep the bank where it currently is by
limiting lateral erosion.
Bank armoring is generally considered a limiting factor because of the many long term impacts and
process based impacts it causes on aquatic organisms and habitats. Some of the impacts of bank
armoring include: decreased prey production, elimination of high flow refuge, restricted channel
migration and associated habitat regeneration, decreased amount of rearing habitat, reduced extent of
riparian vegetation, reduced recruitment of wood, and impoundment of sediment sources. In marine
environments there are additional impacts including: changed substrate size adjacent to the armor,
beach erosion, changed benthic and epibenthic invertebrate species composition, reduced forage fish
spawning habitat, and interruption to littoral drift. Due to all of these impacts, addressing this limiting
factor was included in the Plan as a high priority conservation hypothesis. Specifically the plan states,
“All–6 (Tier 1): Preventing new bank/shoreline armoring and fill and removing existing armoring, fill, and
other impediments (e.g., levees) will enhance habitat quality and quantity and lead to improved juvenile
salmon survival, spatial distribution, and diversity;”

Metric
The length of armored shoreline was used as the metric to evaluate the conditions associated with this
hypothesis. In the river environment, each bank was evaluated separately as well as the length of the
river where both banks were armored. To help differentiate where the impacts occurred, the river was
broken into reaches based on the Plan subwatersheds as well as convenient break points at roads and
other infrastructure. Since the roughly ninety miles of shoreline in the marine environment is located
entirely within the Nearshore Subwatershed, the length of armored shoreline was broken out by
jurisdiction in order to provide more context as to where armoring occurred. The specific impacts of
marine shoreline armoring on sediment delivery processes are described in section 8.

Data Sources:
Bank armoring data for 2005 (pre-plan adoption) in the river environment came from several sources.
Data covering the lower six miles of the Duwamish River came from surveys done in 2004 by TerraLogic
GIS (TerraLogic GIS and Landau Associates 2004). Data covering from river mile 6 to river mile 32 came
from 2 sources. The first data source came from King County’s Flood Hazard Reduction Group, which
maintains a GIS file indicating the location of specific levees and revetments that the County has
maintenance responsibility for. The second data set came from Anchor Environmental, which collected
shoreline armoring data along the lower 32 miles of the Lower Green River in 2004 (Anchor
Environmental L.L.C. 2004). Data from King County was also used from river mile 32 to Howard Hanson
Dam. Above Howard Hanson Dam, data was created by assessing aerial photographs. All data sets
covering the river shoreline were combined to get as complete a spatial coverage as possible. If any
form of armoring was found immediately adjacent to or on the bank it was considered armored.
Revetments made out of wood or levees that incorporated wood were still considered armored since
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the intent of the structure was to limit lateral channel erosion. Since they potentially have a much lower
impact on river processes, setback levees were considered separately.
There have been no new field surveys to update the 2004 bank armoring data sets. The 2009 data set
was created by updating the 2004 data sets using a combination of 2009 aerial photographs and
reviewing local shoreline permits for various jurisdictions along the river. Aerial photographs from 2009
of the entire mainstem river were reviewed at a scale of 1:1,000. Any recent land disturbances or
changes in land cover between 2004 and 2009 were investigated further to establish if new armoring
was placed or older armoring was removed.
For the marine shorelines two different data sets were created in 2004 that describe the amount and
location of shoreline armoring. The first data set was created by Coastal Geologic Services through boat
surveys (Johannessen et al. 2004). Shoreline armoring was described in the shoretype data as either
“modified” or as an accretion shoreform that had a modified intertidal/backshore area. The second
data set was created by Anchor Environmental primarily through photo interpretation (2002 era photos)
at a 100-ft resolution, with some field verification (Anchor Environmental L.L.C. 2004). The Anchor
Environmental data also includes a rough approximation of whether the armoring was located at, above
or below the Ordinary High Water Mark. The Coastal Geologic Services data on shoreline armoring was
the primary source of data used in the marine environment because it was entirely collected in the field.
Data from Anchor Environmental was occasionally used to supplement the Coastal Geologic Services
data in areas where there appeared to be GIS errors.
Similar to the freshwater armoring data, no new field surveys have been done to update the marine
shoreline armoring data. The 2009 data set was created by updating the 2004 data set using a
combination of 2009 aerial photographs and reviewing local shoreline permits for each jurisdiction along
the marine nearshore. Aerial photographs from 2009 of the entire marine shoreline were reviewed at a
scale of 1:1,000. Any recent land disturbances or changes in land cover between 2004 and 2009 were
investigated further to establish if new armoring was placed or older armoring was removed.

Results
Freshwater
The analysis showed that there has been no new shoreline armoring added along the mainstem of the
Green River between 2005 and 2009, but there has been a reduction of armoring in several reaches.
Both banks of the lower 23 miles of the river, from the mouth of the river to Highway 167, are over 95%
armored (Table 9 and figures 18, and 19). The North Winds Weir restoration project is responsible for a
3% reduction in armoring of the right bank in the first reach of the Duwamish subwatershed. There was
no change in the amount of armoring in the lower Green River subwatershed (Figure 19). The first reach
in the Middle Green subwatershed experienced a decrease in armoring of the left bank where it
decreased from being 61.5% armored to 54.6% armored due to the restoration projects just
downstream of Hwy 18 (Figure 19). The amount of shoreline armoring that is present greatly decreases
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upstream of highway 18. The next reach of the Middle Green River has roughly 15% of each bank
armored (Figure 20). The next reach, which goes upstream to the Howard Hanson Dam, is 9% armored
on the left bank and 20% armored on the right bank (Figure 21). The area above the reservoir is 11%
armored on the left bank and 18% armored on the right bank (Figure 22). There are a surprising number
of setback facilities in this reach with almost 30% of the unarmored banks having some form of setback
facility.
Table 9.

Comparison of the percentage of shoreline armoring on the left bank (LB) and the right
bank (RB) of the Green River from 2003 and 2009. Green shading indicates a reduction in
the amount of shoreline armoring.
2004

Reach
Mouth to HWY 99*
HWY 99 to black
Black River to SR167
SR-167 to HWY 18
HWY 18 to EnumclawBlack Diamond road
Enumclaw-Black
Diamond road to
Howard Hanson Dam
Upstream of Howard
Hanson Dam**

SubLength of
watershed reach (ft)
Duwamish 21,938
Duwamish 47,867
Lower
67,160
Middle
49,930
Middle

69,551

Middle

LB % LB % Not
armored Armored
90.61% 9.39%
92.77% 7.23%
100.00% 0.00%
61.56% 38.44%

2009

RB % RB % not % Both Banks
Armored armored armored
94.04% 5.96%
96.34%
98.62% 1.38%
95.76%
97.08% 2.92%
97.09%
51.67% 48.33%
27.69%

LB % LB % Not RB % RB % not
armored Armored Armored armored
90.61%
9.39%
90.78%
9.22%
92.77%
7.23%
98.62%
1.38%
100.00% 0.00%
97.08%
2.92%
54.61% 45.39% 51.67% 48.33%

% Both
Banks
armored
94.78
95.76%
97.09%
25.69%

16.83%

83.17%

15.80%

84.20%

3.85%

16.83%

83.17%

15.80%

84.20%

3.85%

8.77%

91.23%

19.66%

80.34%

3.20%

8.77%

91.23%

19.66%

80.34%

3.20%

11.11%

88.89%

17.87%

82.13%

1.21%

11.11%

88.89%

17.87%

82.13%

1.21%

94,184
Upper

142,166

* 2 islands not included in shoreline armoring numbers. Kellogg Island is unarmored for 1103 feet and Harbor Island is armored for 17,875 feet
and is unarmored for 67 feet
**There are many setback facilities in this reach with 29.38% of the shoreline having a setback. The setbacks are generally not where there is
shoreline armoring.
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Figure 18.

Shoreline armoring in the Duwamish and lower Green River subwatershed reaches as
of 2009.
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Figure 19.

Shoreline armoring in the lower Green River subwatershed (from the Black River to
Hwy 167) and the lowest reach in the Middle Green River as of 2009.
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Figure 20.

Shoreline armoring in the 2nd Middle Green River subwatershed reach as of 2009.
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Figure 21.

Shoreline armoring in the uppermost Middle Green River subwatershed reach as of
2009.
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Figure 22.

Shoreline armoring in the Upper Green River subwatershed.

Marine
Shoreline armoring in the marine environment has increased in some areas while decreasing in others.
Figure 23 indicates where different shoretypes existed, as of 2009, including three types of shoreline
armoring: armored, new shoreline armored, and accretion shoreform-armored. Overall, there was a
small decrease in the amount of shoreline armoring between 2004 and 2009(Table 10).
The Vashon-Maury shoreline is the longest, 51 miles long, and has the largest percentage (52%) of
unarmored shoreline within WRIA 9. Given that this is the only marine area of WRIA 9 outside of the
Urban Growth Area, it is not surprising that it has the lowest percentage of armoring. There has been a
small increase in the overall amount of shoreline armoring on Vashon-Maury since the Plan was passed
(Figure 24). This occurred even though several areas (~418 linear feet) of shoreline armoring had been
removed through restoration and mitigation projects. At least one new permitted bulkhead was
constructed (~150 linear feet) shortly after the Plan was passed. It is not clear if the other two new
armored areas had permits for construction.
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The City of Seattle has the second largest amount of marine shoreline within WRIA 9, with roughly 21
miles of shoreline. It also has the highest percentage of armored shoreline, with 92% of its shoreline
armored. Given that this is the oldest developed area within WRIA 9, the high amount of armoring is
not surprising. The mitigation project by the Seattle Art Museum caused an overall reduction in the
amount of armoring within Seattle. The project created a pocket beach where there previously was 114
feet of seawall. While the project replaced armored shore with unarmored shore and expanded the
actual length of shoreline, it also armored both ends of the project area in order to maintain the pocket
beach.
Burien and Des Moines both have between five and six miles of shoreline and were about 87% armored
in 2004. There have been no changes in the amount of shoreline armoring within the City of Des
Moines, while Burien has seen a substantial reduction through the Seahurst Park bulkhead removal
project. The project in Burien removed almost 1,000 feet of shoreline armoring, reducing the overall
percentage of armored shoreline from 87% to 83%. This project represents the bulk of the reduction of
shoreline armoring in WRIA 9 and without this project the overall trend would have been an increase in
armoring.
The City of Normandy Park has almost four miles of marine shoreline, with slightly over 60% of the
shoreline armored. The amount of shoreline armoring has increased due to two new bulkheads. It went
from being 60% armored in 2005 to 62% armored in 2009.
The City of Federal Way has almost five miles of shoreline and is 51% armored. They had a small
increase in armoring that occurred as part of two bulkhead repairs, which bumped them up from 50% to
51% armored.
Table 10. Comparison of the amount of marine shoreline armoring occurring between 2004 and 2009
by local jurisdiction (Green shading indicates a reduction in the amount of shoreline armoring while red
shading indicates an increase in the amount of shoreline armoring).

2004

Vashon
Federal Way

2009

Total
Not
shoreline Armored % NOT Armored
%
Change in
%
Armored
(ft)
Armored feet Armored
miles
(ft)
51.14 139,974
52%
130,163
48%
-76
48%
4.78
12,254
50%
12,499
50%
-58
51%

Normandy Park
3.84
Des Moines
5.93
Burien
5.24
Seattle
21.50
total 92.43

7,339
4,205
3,470
9,225
176467

40%
14%
13%
8%
36%

11,040
26,559
22,878
109,693
312832

60%
86%
87%
92%
64%

-300
0
976
49
591

62%
86%
83%
92%
64%
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Figure 23.

Shoreline armoring in relation to shoretype within WRIA 9 in 2009.
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Figure 24.

Locations showing increases and decreases in marine shoreline armoring within
WRIA 9 (Given the small size of the actual amounts the increases and decreases, a
larger point was used to represent the locations).
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Implications
The overall trajectory of the amount of shoreline armoring along the river is decreasing, which should
provide both short term and long term benefits to Chinook habitat. Three levee removal/setback
projects (Fenster, Pautzki and Auburn Narrows) and the North Wind’s Weir Project are responsible for
all the gains. There has not been an increase in new revetments, legal or unpermitted. However, the
rate of change is very slow, and there are many obstacles in the way. The three lower reaches are
almost entirely armored and development of one kind or another hems in the river. The ability to
remove shoreline armoring in this area is extremely limited by both technical considerations and the
high cost of land. As one goes further upstream the shoreline armoring becomes more of a mix of
levees and revetments (versus only levees), which creates more opportunities due to fewer technical
challenges, but also brings balancing agricultural sustainability issues into the forefront. Given all the
challenges and the high costs for removal, it is expected that the current rate of removal of shoreline
armoring will not increase.
In the marine environment the trajectory is more mixed, with removal of existing armoring barely
keeping pace with new armoring. Similar to the freshwater environment, there have been relatively few
projects to remove shoreline armoring, with the Seahurst Park bulkhead removal project making up the
majority of the armoring removed. The land use is dramatically different along most of the armored
marine shoreline in comparison to the mainstem of the Green River. While the armored banks of the
Green River are composed mostly of industrial, commercial and agricultural upland uses, the dominant
land use along the marine environment is single family residential use. Finding willing landowners to
remove a bulkhead is difficult, and has occurred mostly on the fairly rare public land.
New shoreline armoring that was permitted occurred almost entirely on private property. Most of the
new armoring was associated with existing development, versus as part of a brand new house. A few
areas of the new armoring were relatively minor extensions of existing bulkheads, while several areas
were new bulkheads armoring the full length of the property. Several new bulkheads along Vashon and
Maury Islands did not appear to have been permitted structures.
A follow up field survey in June of 2011 evaluated the shoreline armoring along Vashon and Maury
Islands and the City of Federal Way. The survey found a variety of unpermitted actions including: 2 new
docks, 4 new bulkheads, 2 repaired groins, 1 inappropriate bulkhead repair, 1 upland structure in
construction, 3 sites of dramatic vegetation clearing, and 10 bulkheads with fairly inconsequential
repairs. Given that the last survey was done in 2004, it is not clear how old many of the changes are. By
statute, WDFW cannot enforce against unpermitted activities after they have been in place for two
years.
Recommendations
•

Field surveys of both the freshwater and all of the marine shorelines should be done in the near
future to verify the amounts of armoring that is currently located along the shore. The current
data dates back to the beginning of the Plan and was generally supplemented with permit
information from some shoreline jurisdictions or for obvious changes that have occurred in the
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•

last 5 years that were visible in aerial photographs. Based on both the author’s previous field
experience and the recent survey of Vashon and Maury Islands, it seems likely that new
unpermitted shoreline armoring has been installed in more isolated areas of the WRIA and was
not picked up by the methods used to update the data from 2004. In order to be able to
undertake corrective actions to fix the unpermitted actions, the survey should likely occur every
year or at least every other year.
Evaluate differences in land use/zoning (i.e., industrial, agricultural, residential) and shoreline
conditions

Riparian Condition
The term “riparian” derives from the Latin “riparius” meaning “that frequents the banks of rivers”
(Lewis, C.T. & C. Short n.d.). Fischer, et al. (2001) defines the riparian zone as “Long strips of vegetation
adjacent to streams, rivers, lakes, reservoirs, and other inland aquatic systems that affect or are affected
by the presence of water”, but recognized that there is no widely-accepted definition.
Riparian vegetation is a very important component of salmon habitat. It provides many different
benefits, including controlling erosion/bank stability (reducing turbidity and smothering spawning
habitat or actual redds), filtering and absorbing pollutants and nutrients, contributing large wood to
rivers and streams, reducing temperatures through shading, providing a direct food source (insect drop
out) and an indirect food source (leaf litter fall out which supplies food for aquatic insects which are in
turn prey for salmonids) and providing cover along the banks (Gregory et al. 1991). The Habitat Limiting
Factors Report and Reconnaissance Assessment Report indicated that the riparian condition throughout
the basin has been heavily degraded (Kerwin and Nelson 2000). Due to its importance and its level of
degradation, addressing this limiting factor was included in the Plan as a high priority conservation
hypothesis. Specifically the plan states,
“All–2 (Tier 1): Protecting and improving riparian conditions by adding native riparian vegetation will
enhance habitat quality by improving water quality, stabilizing streambanks, providing overhanging
vegetation and large woody debris (LWD), and contributing organic matter, nutrients, and terrestrial prey
items, thereby leading to greater juvenile salmon growth and higher survival.”

Several Tier 2 conservation hypotheses (All-1, All-5, Duw-4, Up-2) are also related to this hypothesis, but
are not discussed here. As part of the monitoring report, 4 main riparian areas were evaluated. These
included the middle Green River, the lower Green River, Soos and Newaukum Creeks and the marine
nearshore. The baseline status of riparian conditions in WRIA 9 was poorly documented, except in the
nearshore areas. The Middle Green Flow Investigation effort2 exhaustively mapped forests in historical
airphotos, but this effort pre-dated Plan implementation and was not as useful for evaluating changes
since then. New maps and data were created to evaluate changes over time. The protocol for mapping

2

http://www.kingcounty.gov/environment/watersheds/general-information/normative-flow-studies.aspx
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riparian conditions varied among subwatersheds depending on what was most appropriate for the
geomorphic setting and on what baseline data existed.

Middle Green
Metric
We measured losses and gains in riparian forests, and compared the extent of forests to reasonable
targets. Instead of just mapping forests on the river banks, we mapped forests in the Green River
channel migration zone (CMZ). The CMZ is an important area because it supplies large wood and
spawning gravels to the river. It was delineated by a previous geomorphic study and is a well-known
boundary with regulatory significance (Figure 25). Although imperfect, it encompasses the places that
are reasonably likely to be occupied by the river as it migrates over time.
Historically, the channel migration zone would have been extensively forested with a dynamic forest
mosaic dominated by cottonwoods and mixed conifer forests. Between 65-100% of the land area within
the CMZ should be forested in order to be consistent with the goals of the Salmon Habitat Plan.
Accordingly, we compared the extent of forests in the CMZ to this target.

Figure 25.

Channel migration zone of the Green River. Red, orange, and blue denote the severe,
moderate, and potential hazard zones, respectively.
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Data Sources
In the Middle and upper portion of the Lower Green River, we mapped the extent of forests from King
County’s countywide digital orthophoto mosaics from 2005 and 2009. We used King County computers
and ArcGIS software to access digital orthophoto mosaics on County servers.
We manually digitized trees and forests into polygons at 1:1,000 scale in ArcMap (Figure 26). Forest
boundaries were interpreted from orthorectified aerial photos from 2005. The 2005 map was then
overlain on 2009 photos and revised to match obvious changes in the forest extent. We calculated
forest area separately for the moderate and severe channel migration hazard zones and overall for each
of the two years. We also mapped the 2009 active channel to determine what percentage of the CMZ
was unvegetated river channel. Forest loss and gain was classified and the area of each polygon
denoting a change was calculated. In each instance of forest loss, we determined the reason for the loss
(or gain):
•

•
•

Natural processes: Erosion at the outside or inside of a channel meander, side channel
widening, island erosion, avulsions and cutoffs, indeterminate erosion along margins, or
widening of tributary mouths.
Human impacts: Clearing in residential, agricultural, or park areas.
Restoration: Plantings at restoration sites and/or on public lands.

Figure 26.

Example of detail visible at 1:1,000 scale, the scale at which forests were mapped
from aerial photos.
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Results
Riparian forests currently cover 50.5% (1,107 acres) of the total CMZ (2,190 acres) and 59% of the land
area; 316 acres of the CMZ is active channel (Table 11). The majority (64%) of existing forests are on
public land and in the agricultural production district (62%) (Figure 27). Virtually none was coniferdominated. The severe channel migration zone contains more than twice as much forest area as the
moderate hazard zone. Excluding the river channel, 767 acres of the land within the CMZ is not
forested; most is farmland.
Table 11. Status and change in forest cover in the King County channel migration hazard zone.
Hazard Zone

Forest Condition

Severe
(1,390.6 acres)

Regenerating
Coniferous
Dec. & Mixed
All Forest
Regenerating
Coniferous
Dec. & Mixed
All Forest
Regenerating
Coniferous
Dec. & Mixed
All Forest

Moderate
(799.7 acres)

Combined
(2,190.2)

2005
Acres
4.3
0.0
821.7
826
6.0
2.9
266.4
275.3
10.3
2.9
1,088.1
1,101.3

2009
Acres
15.4
0.0
795.4
810.8
30.9
2.9
262.3
296.1
46.3
2.9
1,057.7
1,106.9

Change 2005-2009
Acres
Rel. Change
11.1
72%
-26.3
-3%
-15.2
-1.8%
24.9
81%
0
0%
-4.1
-2%
20.8
7.6%
36.0
78%
0.0
0%
-30.4
-3%
5.6
0.5%
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Figure 27.

Current status (in 2009) of riparian forest in the Green River channel migration zone.
Blue denotes the active channel. Purple denotes riparian forests on public lands.
Riparian forests on private land in the agricultural production district (inside red
blocks) are shown in orange. Nonforested areas are shown in white.

The total amount of forest cover in the CMZ of the Green river was virtually unchanged from 2005 to
2009; 50.28% of the CMZ area was forest in 2005, compared to 50.53% in 2009. Restoration projects
increased forest extent by 36 acres (or 9 acres per year on average), representing 1.6% of the entire
CMZ area. This expansion was offset by 30.4 acres of forest loss to natural processes, mostly erosion at
outer meanders (Figure 28). Human impacts reduced forest cover by 3.7 acres. Most of the loss in
forest area from 2005-2009 occurred in the severe hazard zone of the CMZ; 26 acres were lost. Most of
the gains were in the moderate hazard zone; 25 acres were added, compared to only 11 acres of gains in
the severe hazard zone.
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Figure 28.

Locations of forest loss from natural processes and human impacts from 2005-2009,
shown in pink.

Implications
The results of this analysis are encouraging; restoration gains are far exceeding continued impacts from
clearing. Roughly 12 times as much forest was replaced as lost through clearing (Figure 29). It is safe to
say that we are making good progress in protecting and restoring forests within the CMZ. The clearing
that was observed was very limited and distributed among properties. Some appeared to be related to
park improvements (in the Lower Green) while most of the clearing was observed on private property
(Figure 30).
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Figure 29.

Gains and losses in riparian forest within the channel migration zone, 2005-2009.

One important lesson of this analysis is that the primary source of forest loss is channel migration during
high flows – not clearing. In fact, almost 10 times as much forest area was converted to river channel as
was converted through human impacts. This is a hallmark of a well-functioning river system; channel
migration is a vital process for capturing wood necessary to build logjams and the associated pools and
cover. The river is able to access and capture wood from standing forests. This is a good sign that the
river and floodplain are connected. Most of the forest loss is occurring on outside meanders, which is to
be expected (Figures 30, and 31).
Forest erosion contributed substantial amounts of habitat-forming large wood to the channel. Assuming
stem densities and diameter distributions typical of established floodplains (see Latterell 2008), the river
captured 57 pool-forming logs (>60 cm diameter; Beechie and Sibley 1997) per year, on average (20052009). If all trees larger than 10 cm in diameter at breast height are included, the average wood delivery
rate to the river from forests in the CMZ was approximately 2,200 m3 per year.
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Figure 30.

Sources of forest loss by channel migration hazard zone, 2005-2009.

Figure 31.

Forest loss from natural channel migration, 2005-2009. Eroded areas are shown in
pink.
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One of the key findings is that, assuming current replanting rates, it will take 10-15 years to reach 65%
forest cover in the CMZ. An additional 111 acres of planting would be required to reach this goal. If the
bar is set higher – 100% forest cover – it will take another century of replanting at the current rate.
Meeting this goal would require an additional 767 acres to be replanted. This is probably unrealistic,
especially given the need to resolve competing land uses. Virtually all of this work would need to be
conducted in areas designated for agriculture.
Recommendations
•

•

•

•

Continue efforts to allow the river to access and undercut existing mature forests on public land,
and gradually expand public ownership of lands next to the river. This process is highly desirable
because it helps to create valuable aquatic habitat. Property acquisitions of parcels on the river
margins should continue to allow this natural process to function. Over the long-term, the river
will need ample room to move while previously eroded areas revegetate.
In order to reach 65% forest cover in the CMZ by 2020, replanting efforts should be expanded
from current levels. Finding 111 acres to plant may be difficult, however, given that most of the
public lands are already revegetated. Watershed stewards and land managers will probably
need to work closely with private landowners to identify new opportunities and means for
establishing wood vegetation. Setting a goal of reaching 100% forest cover is unrealistic, and
probably not possible within existing land use regulations; the valley has important agricultural
and residential uses as well.
Though a relatively small amount of riparian forest was cleared by humans in the period of
interest, it is still important to ensure that residents and other entities in the basin follow
clearing restrictions. The loss of trees by human activities is similar to that seen in other
subbasins. Illegal clearing is uncommon in the valley, but the number of trees lost to this activity
should be minimized.
Although conifers are very uncommon in the riparian forest today, that was also the case back in
the late 1800s (Collins and Sheikh 2005a). In the 1800’s, the only cedar and Douglas-fir were
found in the Middle Green river valley, and red cedar were typically the only conifers found next
to the stream. The focus of efforts should be on revegetating with trees versus trying to create
an old growth community.

Lower Green River
Metric
In order to assess the condition of the riparian zones along the Green River and its tributaries, the length
of vegetated bank that provides at least some shading on the river at the ordinary high-water mark was
the metric chosen. The length of vegetated bank was broken down into three categories: “Tree-lined,”
“Shrub-lined,” and “Other.” If trees or shrubs were determined to be tall enough and immediately
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adjacent to the river to cast a shadow on the river at ordinary high water, that section of the bank edge
was classified as tree or shrub, respectively. If trees or shrubs were not close enough to cast a shadow
on the water surface, or if there were no trees or shrubs in a section, that section was classified as
“other.” The “other” category also included new riparian rehabilitation efforts undertaken by King
County and the U.S. Army Corps of Engineers. While these recently enhanced sections were attributed
as “other,” there were also tracked separately and are described in the results section.
An attempt was made to differentiate between blackberry (Rubus discolor) and invasive knotweed
(Polygonum spp.), which are the two most common non-native shrubs on the levee banks, and native
shrub cover. If a certain section was determined to be blackberry or knotweed, it was classified as
“other” rather than shrub. The distinctive visual characteristics of these two weedy species made this
differentiation possible with a reasonable degree of certainty.

Data Sources
Riparian cover data for the lower Green River (from RM 0 to RM 25) was created based on two sets of
King County’s countywide digital orthophoto mosaics aerial photographs. The first set of photographs
was at a 12” pixel resolution and was taken in 2005. The second set of photographs was flown in 2009
with a 6” pixel resolution. Data created from the 2005 and 2009 images were attached to a GIS file
representing the bank edge of the Green River from Anchor Environmental, which collected shoreline
data along the lower 32 miles of the Green River in 2004 (Anchor Environmental L.L.C. 2004). An
example of a section of the riparian analysis near RM 20 (former Teufel / Rosso Nursery site at 1:2500
scale) is found at Figure 31.
Aerial photographs from both 2005 and 2009 were reviewed at a scale of 1:1,000. The late afternoon
shadows and high resolution of the 2009 photos provided the best place to start the analysis; The 2005
photos were then “swiped” (with the “swipe layer” tool) over the 2009 in ArcGIS© to see if riparian bank
conditions had changed during that time period.

74

WRIA 9 Status and Trends Monitoring Report: 2005-2010

Figure 32.

Teufel/Rosso Nursery example of 2009 image and riparian data.

Results
The analysis revealed that there was a slight increase in both tree and shrub-lined banks and a slight
decrease in “other” lined banks along the lower 25 miles of the Green River between 2005 and 2009
(Table 12 & Figure 33). Growth of existing woody vegetation and maturation of recent setback levee
planting efforts (e.g., at RM 15.5 near Briscoe Park) appear to have accounted for most of these
differences.
As expected, riparian habitat was found to be almost entirely lacking on the lower five miles of the river
through the Port of Seattle industrial area (Figure 34 and Figure 35). Conditions improved somewhat
from RM 6 – 13 in the older established neighborhoods and parks in Tukwila (Figure 36) before
deteriorating again between RM 14 – 18 through the industrial areas and new subdivisions in Kent
(Figure 37). Mixed conditions were found along RM 19 – 25 where adjacent park lands, natural areas
and restoration areas increase in overall amount (Figure 38).
Over half of the total length in both 2005 and 2009 (61% and 59% respectively) was classified as “other”
category, meaning that no shrubs (other than invasive species) or trees were found within shading-
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distance of the river’s edge. These “other” areas provide a significant opportunity and challenge for
improving salmon habitat along the Lower Green’s levees.
New restoration was found on 3.4 miles of the bank. Much of this was very recent (within the past
couple of years) and has not yet developed sufficient size to provide shade. Therefore, it was
categorized as “other.” These sections will likely be classified as “shrub” or “tree” categories in the near
future.

Table 12. Riparian classification of the lower Green River.
Totals (Linear Ft)
TreeLined
Banks

ShrubLined
Banks

Other Lined
Banks

Total Length

*New
Restoration

2005

66,788

46,206

173,230

286,224

17,935

2009

67,631

50,373

168,220

286,224

Miles

TreeLined
Banks

ShrubLined
Banks

Other Lined
Banks

Total Length

*New
Restoration

2005

12.65

8.75

32.81

54.21

3.40

2009

12.81

9.54

31.86

54.21

3.40

2005%

23.33

16.14

60.52

100.00

6.27

2009%

23.63

17.60

58.77

100.00

6.27

Diff%

0.29

1.46

-1.75

LF

Left Bank
Tree

Right Bank
Tree

Left Bank
Shrub

Right Bank
Shrub

Left Bank
Other

Right
Bank
Other

Total L

Total R

2005

36,277

29,759

22,223

23,714

78,972

94,259

137,472

147,732

2009

36,518

30,163

23,016

27,286

77,937

90,283

137,472

147,732

2005

6.87

5.64

4.21

4.49

14.96

17.85

26.04

27.98

2009

6.92

5.71

4.36

5.17

14.76

17.10

26.04

27.98

Miles

*Analysis did not differentiate whether restoration occurred
prior to 2005 or between 2005-2009
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32.81

31.86

35.00

Lower Green River Riparian
Condition, RM 0 - 25

30.00
25.00
20.00
12.65

15.00
10.00

8.75

5.00

12.81
Other Lined Banks
9.54

0.00

Tree-Lined Banks
Shrub-Lined Banks

2005
2009
* "Other-Lined Banks" refers to bankside vegetation or hardscape that is not shrub or tree-covered

Figure 33.

Amount of different riparian classifications for the Lower Green River in 2005 and
2009.

Figure 34.

Comparison of the riparian classification by reach of the Lower Green River in 2009.
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Figure 35.

Riparian classification from RM 0 to RM 5 of the Lower Green River in 2009.
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Figure 36.

Riparian classification from RM 5 to RM 13 of the Lower Green River in 2009.
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Figure 37.

Riparian classification from RM 13 to RM 19 of the Lower Green River in 2009.
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Figure 38.

Riparian classification from RM 19 to RM 25 of the Lower Green River in 2009.
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Implications
Riparian vegetation, as previously mentioned, provides many other benefits besides shade. This analysis
showed that roughly 60% of the banks have no trees or shrubs along the length of the lower 25 miles of
river. This is clearly an area where much improvement is needed. For the 40% that did have trees or
shrubs, this analysis did not classify how dense or wide the riparian area is, only what was on the
immediate banks of the river. Most places with existing riparian vegetation are still highly degraded and
would greatly benefit with additional tree and shrub cover along the river’s banks.
The recent publication of the Green River (Coffin and Lee 2011) and Newaukum Creek (Lee and Garland
2011) Temperature Total Maximum Daily Load documents reiterate the importance of riparian
vegetation along the banks of the Lower Green River. Without shade provided by trees along the lower
leveed sections, it was determined that lethal temperature limits for salmon would continue to be
exceeded in the lower 3.7 miles (6 km) of the Green during the summer months in at least one out of
every 10 years. With trees present along the levees, lethal salmon temperatures can be avoided and the
temperature water quality standard for the Lower Green (17.5°C 7DADMax) can be met for most of the
river’s length.
Given that this section of the river has almost continuous flood control facilities along the both banks,
the levee maintenance standards that the USACOE adopts will be extremely important. If the standards
continue to require that trees be removed when they attain 2 to 4 inches in diameter at breast height
(DBH), the riparian area will never function in a way that meaningfully contributes to salmon recovery.
Recent and forthcoming enhancement and restoration projects should improve riparian conditions
along the Lower Green in the future, if levee maintenance policies allow continued growth of trees and
shrubs. Within the next five years, it is hoped that large side-channel restoration projects (e.g.,
Riverview Park, Leber Homestead, and Downey Farmstead), riparian enhancement projects (e.g., Codiga
Park, North Wind’s Weir, and Riverton Creek), and levee improvement and setback projects, will add
thousands of trees and shrubs along the Lower Green River’s banks.

Recommendations
•

•

The ITC should continue to monitor how the USACOE levee maintenance standards are
developed. The ITC should provide information to the Forum on the how the standards will
likely affect salmon recovery so that they can comment on the standards when they come out
for public comment.
Given the recent TMDL analyses, it appears that temperatures in the Lower Green are much
higher than previously believed. Information that went into the Plan’s development considered
temperature a Tier 2 conservation hypothesis. The ITC should review the TMDL and other
temperature data to see if temperature issue in the Lower Green should be bumped up to a Tier
1 conservation hypothesis during the Plan amendments in 2012.
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Newaukum and Soos Creeks
Metric
Current conditions (2009/2010) are compared to those in 2005, when the WRIA 9 Habitat Plan was first
adopted. The data was categorized by the presence or absence of tree canopy cover on one or both
banks of the channel for both 2005 and 2009. Categories included: tree canopy along both banks, tree
canopy along a single bank (no distinction was made for which bank), tree canopy lacking on both banks,
lack of tree canopy associated with wetlands, open water (large lakes or ponds), and stream banks
where restoration/replanting had recently occurred. This method was used because of the large
number of stream miles needing to be classified and that it allowed for a fairly simple and readily
repeatable analysis to be undertaken.

Data Sources
The riparian conditions were classified, separately for both 2009 and 2005, and measured in units of
linear feet of stream length. Conditions were summarized at the tributary watershed scale, and at the
sub-basin scale. The 2009 orthophotos were a higher resolution (0.5’), than the ones for 2005 or 2010,
and thus, were used to set the visual standards for each classification code. The initial visual assessment
was done in Newaukum Creek, and then in Soos Creek. As a result of the experience gained over time,
some of the earlier calls were double checked and changed, particularly for wetland areas in Newaukum
Creek. The GIS line features representing the 2009 riparian conditions were transferred to 2005
orthophotos and used as the basis for a new GIS stream line feature for the 2005 conditions. The coding
for each year was double checked by toggling between the 2005 and 2009/2010 orthophotos, and
occasionally, checked at the 500’ scale.
Riparian conditions on Newaukum and Soos creeks were assessed visually using a high resolution (1000’
scale) aerial photo classification technique in GIS. Riparian vegetation was characterized along the GIS
line feature that represented the stream channel. Occasionally, there were wide separations between
the actual stream channel and the GIS line feature. Riparian conditions were assessed along the actual
stream channel visible on the aerial photograph, even though the data was recorded on the GIS stream
line feature that was not in the correct on the ground location. No distinction was made between
coniferous or deciduous trees or among tree types or stand maturity, and all trees were counted,
provided they offered some canopy cover (two or more trees together, roughly exceeding 12-15 ft in
height, as determined visually, by the shadow cast by the tree/s). The lighting in the aerial photograph
did not always provide conditions suitable for casting shadows, and then the image was checked at the
500’ scale, and/or compared to the lower resolution 2010 aerials, to see if the lighting conditions were
better.
Wetlands were visually distinguished from cleared areas by their irregularly shaped perimeters
(artificially cleared areas tended to have angular edges), in conjunction with low lying vegetation (little
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to no shadows being cast), and/or visible ground saturation. Wetlands (palustrine and standing water)
located under power transmission lines were characterized as just tree canopy lacking on both banks
because it was assumed that vegetation was managed along these rights-of-way and the lack of trees
was not a natural condition, though in some cases it may have been a natural condition. While many
wetlands were noted, it was not the intent of the riparian condition characterization to perform a
comprehensive wetland inventory. Small ponds, particularly with straightened shorelines, which were
located within cleared areas, were also characterized as lacking of tree canopy. Most of these ponds
were distinguished from standing water in wetlands by their angular perimeters. Stream banks that had
been recently replanted as part of a restoration effort were generally first identified through consulting
staff undertaking replanting efforts and not primarily by visual identification. Often the vegetation in
areas that were recently replanted was not mature enough to cast shadows in the areas of replanting.
No attempt was made to distinguish the origin of the planting projects like the Small Habitat Restoration
Program (SHRP) and Agriculture Drainage Assistance Program (ADAP). Example of the classification at
the 1000’ scale can be seen in Figure 39.

Figure 39.

Examples of the classification at 1:1,000 scale, the scale at which the riparian areas
were mapped from aerial photos.
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Results
Basin Comparison
Soos Creek Watershed (70 mi2) is 2.5 times the size of the Newaukum Creek Watershed (28 mi2), and it
has approximately 25 tributaries to Newaukum Creek’s eight tributaries. Despite the size difference,
Newaukum has cumulatively almost the same stream length (136 mi) as Soos Creek (123 mi). This
reflects the extensive network of drainage channels that have been created in the Newaukum Creek
basin by farmers over the past 150 years (see Figure 40).
Current (2009) riparian conditions are quite different in the two basins. Almost half of the stream
channel in the Soos Creek Watershed has tree canopy cover, compared to 25 percent in the Newaukum
Creek Watershed. Conversely, about 60 percent of the stream channel length of Newaukum Creek lacks
tree canopy cover on both banks, compared to 20 percent along Soos Creek.

Figure 40.

Comparison of Newaukum Creek Basin versus the Soos Creek Basin in 2009.
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Riparian conditions do not appear to have improved at the watershed scale for either basin, during the
period following the implementation of the WRIA 9 Salmon Habitat Plan in 2005. The change indicates a
slightly downward trend in both basins (see Table 13), with -0.17% (1,129 ft) net loss of tree canopy
cover along the Newaukum Creek stream channel, and -0.06% (370 ft) net loss along Soos Creek. These
numbers include the offsets created by replanting efforts, and make no assumptions about whether
replanting efforts will be successful and become mature riparian vegetation. Since 2005, replanting
efforts in Soos Creek have amounted to 600 linear feet of channel being planted. In Newaukum Creek,
approximately 4,000 ft of stream length was planted through the SHRP and 8,700 ft of stream length
was planted through the ADAP. It should be noted that the ADAP plantings are mostly composed of 5-ft
buffers, generally consist mostly of shrub species, and are done as mitigation to offset the impacts of
dredging the channel.
Table 13. Riparian classification and % of each classification for Soos and Newaukum Creeks(Green
indicates a positive change, red a negative, and black a neutral change).

Riparian classification
No tree canopy cover
One bank with tree canopy cover
Both banks with tree canopy cover
Wetland
Open water
Replanting

Soos Creek
2005
2009
17.7%
18.0%
10.7%
11.0%
47.2%
46.5%
20.4%
20.2%
4.1%
4.1%
0.0%
0.1%

Direction of Newaukum Creek
2005
2009
Change
↓
63.8%
62.5%
↔*
9.8%
9.4%
↓
25.0%
24.9%
↓
1.1%
1.0%
↔
0.1%
0.1%
↑
0.1%
1.8%

Direction of
Change
↑
↔*
↓
↓
↔
↑

* It is unclear if the change in areas with only one bank of tree canopy cover moved towards losing vegetation or gaining

Within Basin Comparison
When comparing the 4 subbasins that make up the Soos Creek Basin, 3 of the 4 subbasins experienced a
decrease in length of channel with trees on both banks, while the fourth subbasin remained stable (see
Table 14). It is distressing to note that the subbasin with the largest percentage of stream channel (Soos
Subbasin) has the smallest percentage of stream channel with trees on both banks. The next subbasin
with the most stream channel was the Covington Subbasin, with almost 30% of the total stream length.
This subbasin experienced the greatest negative change, losing almost 5% of the length that had 2 banks
with trees. This 5% appears to have been converted to mostly one bank with trees and no trees.
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Table 14. Riparian classification and % change of Subbasins within the Soos Creek Basin.

Riparian Classification
openwater
1 bank with trees
2 banks with trees
no trees
no trees + wetland
replanting
% of channel length within
the Soos basin

Covington Subbasin
% change from
2009
2005 to 2009
8.57%
0.00%
9.93%
2.47%
43.07%
-4.46%
13.33%
1.29%
24.72%
0.31%
0.38%
0.38%

Jenkins Subbasin
% change from
2009
2005 to 2009
0.66%
0.00%
12.85%
0.84%
56.62%
-1.33%
14.07%
0.44%
15.81%
0.05%
0.00%
0.00%

Soos Subbasin
% change from
2009
2005 to 2009
3.28%
0.00%
11.46%
0.07%
40.36%
-0.09%
19.84%
0.13%
24.90%
-0.26%
0.16%
0.16%

Soosette Subbasin
% change from
2009
2005 to 2009
1.48%
0.00%
13.55%
0.09%
47.92%
0.00%
29.74%
-0.02%
7.32%
-0.07%
0.00%
0.00%

29.73%

20.18%

35.13%

14.96%

When comparing the 3 subbasins that make up the Newaukum Creek Basin, all three experienced a
decrease in length of channel with trees on both banks (see Table 15) between 2005 and 2009. Similar
to the distribution in the Soos Creek Basin, the subbasin with the most stream channel length also had
the smallest percentage of stream channel with trees on both banks. However, the overall conditions
are much degraded because the Plateau subbasin contains much more of the overall channel length
with over 55% of the length of all stream channels in the Newaukum Basin, and contains an extremely
small amount of channels with trees on both banks, at only 4%. The Plateau subbasin is dominated by
the Enumclaw Agricultural Production District (APD), which helps to explain why there is so little
vegetation along the channels in this subbasin. This subbasin also experienced the only decrease in
areas that had no trees on both banks. Replanting efforts were responsible for the decrease in stream
channel with no trees on both banks. As noted above, these areas were classified separately due to the
expectation that they will eventually become stream channels with trees on one or both banks. The
Upper subbasin represents about 25% of the overall basin’s stream channel length and has a relatively
high amount of channel with trees on both banks. The higher amount of trees along the banks is
explained by the fact that most of this subbasin is located above the APD in areas with steeper slopes
and dominated by forestry activity. The Ravine subbasin has relatively low levels of forest cover, with
only 34% of its stream length with trees on both banks.
Table 15. Riparian classification and % change of Subbasins within the Newaukum Creek Basin.
Ravine Subbasin
Riparian Classification
openwater
1 bank with trees
2 banks with trees
no trees
no trees + wetland
replanting
% of channel length within
the Newaukum basin

2009
0.10%
11.00%
34.40%
53.30%
1.10%
0.00%

% change from
2005 to 2009
0.00%
-0.21%
-0.02%
0.25%
-0.01%
0.00%
19.40%

Plateau Subbasin
2009
0.00%
10.70%
4.20%
80.30%
1.50%
3.30%

Upper Subbasin

% change from 2009 % change from
2005 to 2009
2005 to 2009
0.00%
0.20%
0.00%
-0.16%
5.50%
-0.12%
-0.27%
63.20%
-0.03%
-2.17%
30.60%
0.14%
0.04%
0.50%
0.00%
1.72%
0.00%
0.00%
55.50%

25.20%
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Implications
The trend in riparian vegetation is negative in both basins. There have been more replanting efforts
within Newaukum Creek. However, much of that planting was done through the ADAP. Thus, much of
the replanting will not provide many of the functions of a riparian buffer and would still be considered
heavily degraded once the plants mature.
While the data for this report was being compiled, WDOE published a temperature Total Maximum Daily
Limit (TMDL) for Newaukum Creek and the mainstem of the Green River. WDOE is also working on a
temperature TMDL for Soos Creek. The TMDLs drive home the importance of improving the riparian
conditions in both these basins, not only to improve the salmon habitat within these basins, but also in
the larger Green River itself.
Recommendations
•

•
•

The information on where riparian vegetation has changed over the last 5 years should be
looked at in greater detail in order to understand if the losses are occurring across all
jurisdictions or if the change is occurring in one or only a few jurisdictions.
Follow up survey of shoreline residential landowners should be conducted to understand why
trees were removed and if there are any ways to encourage more riparian forest retention.
The general cause of the change should be classified by whether it is natural or anthropogenic
(new development, existing, forestry, etc).

Marine Nearshore
Metric
The length of shoreline along the marine environment with dense or patchy trees immediately adjacent
to the water was chosen as the metric to evaluate the marine portion of this hypothesis. The metric
focused on the best possible riparian condition, trees that are adjacent to the shoreline. While trees
that are within 200 feet of the shore, but separated from the shore, can provide some riparian benefits,
the benefits are greatly reduced in comparison to trees adjacent to the shore. Unlike the freshwater
riparian areas, there is only one shoreline bank to evaluate. Since the Plan has only one subwatershed
for the marine environment, the riparian condition was broken out by jurisdiction in order to provide
more context as to the where trees were found along the shore. It should be noted that while the
presence of shoreline armoring and poor riparian condition are closely linked within WRIA 9 (Higgins
et al. 2005), they are treated as separate impacts within the Plan and this document.

Data sources:
The riparian condition of the marine shorelines was assessed in 2004 by Anchor Environmental Inc.
(Anchor 2004). The data was created primarily through photo interpretation of 2002 era oblique and
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aerial photographs at a 100-ft resolution along the shore. Riparian data is represented by a single line
which runs along the shoreline and matches the location of the line data that Washington State
Department of Natural Resources (WADNR) created as part of the Shorezone database. The data
described the riparian condition for a 200-foot-wide buffer area starting at the approximate ordinary
high water line and going inland. Limited field verification occurred of the data. Vegetation was
classified into trees, shrubs, grass/landscaped, and none. Vegetation was further characterized by
density (continuous/dense or patchy), if the vegetation was adjacent to the water or separated by a
human made structure, and if the vegetation was overhanging the intertidal area or not.
Data for 2009 was created by evaluating a combination of 2009 King County aerial photographs and
2006 oblique photographs from Washington Department of Ecology. GIS data representing 2002 was
overlain on to 2009 aerial images and any changes in type, density or distance between the seven years
were reclassified. Changes to the extent of overhanging vegetation were not tracked. No field surveys
have been done to ground truth the 2009 data, however, the quality of aerial images has improved such
that using the newer aerial images to create this data is a very accurate and cost effective way to create
this data.

Results
Data for 2002 for the entire nearshore area showed that much of the linear extent of the shoreline does
not have trees. Forty-two percent of the shoreline has either no vegetation or landscaping. Only 55% of
the shoreline has trees found along the shoreline. When breaking out the 55% by if the trees are
adjacent or separated from the water, only 41% of the shoreline had trees adjacent to the shoreline.
The 40% breaks out into 24% dense trees and 16% patchy trees. Based on historic maps from the 1870s
covering the marine shorelines of Puget Sound (Collins and Sheikh 2005b) the shoreline was generally
vegetated with trees, except in salt marsh areas.
In 2009, both dense and patchy trees adjacent to the shoreline decreased, but still accounted for 24%
and 16% of the total length of shoreline, respectively (Figure 41). While based on strict percentages it
appears that not much change has occurred, many smaller sized losses were mostly offset by one or two
areas of natural regrowth at former landslide areas.
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Figure 41.

Extent of trees adjacent to and density of trees along the marine shorelines of WRIA 9
in 2009.

When looking at changes by jurisdiction, two jurisdictions accounted for most of the changes in
shoreline vegetation condition (Table 16). Vashon and Maury Islands (King County jurisdiction)
experienced the most loss of dense trees, with a loss of 2,032 feet of dense trees along the shore. The
loss of dense trees did not occur in a single location, but occurred as part 28 separate losses spread
across the islands (Figure 42). The increase of 1,592 linear feet of patchy trees along Vashon and Maury
islands is mostly a result of dense treed areas being downgraded to patchy. So while there was an
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increase in patchy trees, it was not a positive outcome since it came at the expense of dense trees. The
City of Federal Way had small decreases in both dense and patchy trees. The City of Normandy Park had
almost 2,000 feet of shoreline that was previously classified as patchy trees grow enough to be classified
as dense trees. Thus the decrease in patchy trees should be seen as a positive outcome versus a
negative outcome. The City of Des Moines had a decrease of 502 feet in patchy trees which were
downgraded to shrubs or landscaping. The City of Seattle saw an increase in 407 feet of patchy trees.
This increase was a combination of losses of patchy trees in three areas that were offset by 3 larger
shrub areas growing enough to be classified as trees. All of the changes were focused in the Magnolia
area of Seattle.
Table 16. The condition of trees between 2002 and 2009 for marine jurisdictions within WRIA 9
(green shading indicates a positive trend, red indicates a negative trend, and grey indicates
no change, a minus sign indicates a loss of trees in that category while lack of a minus sign
indicates an increase in that category).
total
miles

Trees Dense
2002

miles
Vashon (King
County)
51.48 17.16
Federal Way
4.63 1.64
Normandy Park
3.49 1.10
Des Moines*
4.96 0.26
Burien
4.99 0.76
Seattle
21.05 0.91
total 90.59 21.83

2009

% of total

change in feet

33.33%
35.47%
31.48%
5.29%
15.31%
4.31%
24.10%

-2,032
-17
1,846
0
0
0
-203

Trees Patchy
2002
2009
% of
miles
total
change in feet
10.89
1.05
0.78
0.76
0.29
1.00
14.77

21.16%
22.76%
22.49%
15.29%
5.79%
4.73%
16.31%

1,592
-79
-1846
-502
0
407
-428

Evaluating the cause of all the changes in vegetation from 2002 to 2009 showed distinct patterns. All of
the gains appeared to be natural regrowth of previous slide areas (Figure 42). Restoration plantings
were too recently put in the ground to have grown large enough to change the classification.
Furthermore, there haven’t been many revegetation projects along the marine shoreline. Representing
64% of the losses, the majority of the loss of treed areas occurred around existing development
(Table 17). Existing development means that a house, structure or road was present in the 2002 aerial
photograph and that new clearing occurred close to the existing development. The next largest
category of loss, representing 26%, was associated with new development. New development means
that the developed feature was not present in the 2002 aerial photograph, but was present in aerial
photographs from later years and that the new development replaced the previously existing trees.
Approximately 8% of the loss of trees occurred from landsliding along steeper bluffs. While landslides
are classified as a natural cause of loss and should not be considered a negative, it is possible that the
rate of landsliding has been affected by upslope development patterns.
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Figure 42.

Extent of the changes in vegetation found along the marine shoreline between 2002
and 2009.
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Table 17. Origin of the loss of treed shoreline along the marine shoreline.
Cause of Loss

ft

%

479

8.07%

Clearing—new house/road

1,550

26.11%

Clearing—existing house

3,777

63.63%

Clearing—reason unclear

130

2.19%

5,936

100%

Natural—landslides*

total

*Landslides may have been caused or exacerbated by upland development patterns

Implications
The trajectory of the overall condition of marine riparian vegetation is downward. Loss of vegetation
has occurred throughout the WRIA, but is predominately occurring on Vashon and Maury Islands. Over
the course of the next 5 years of post plan conditions it is not expected that there will be much
improvement in marine riparian conditions due to restoration work sponsored by the WEF or other
entities. Very few marine riparian restoration projects have been undertaken. Recent shoreline
restoration projects have incorporated replanting into their projects, but at least half of the recent
projects will not be able to provide complete riparian revegetation due to site constraints. Given the
current trajectory of losses occurring throughout the WRIA and the relative dearth of riparian
restoration projects it is not expected that the downward trend will stop in the near future.
It should be noted that the time period of the changes in the data covered does represent several years
of pre-plan data (2002-2005). Similarly, not only does the time period cover preplan, but also covers a
time period that occurred prior to most jurisdiction adopting their Critical Area Ordinances. In reviewing
some of the larger clearings of vegetation that occurred as part of new development, at least one of the
larger clearings had occurred in 2008, well after King County had adopted its CAO. However, the actual
project had been grandfathered in prior to the adoption of the CAO, but it took a while before the trees
were cleared for the new house. Thus some of the loss of trees that occurred post-plan may still
represent permitting conditions that were primarily in place prior to plan adoption.
A survey of shoreline armoring of Vashon and Maury Islands and the City of Federal Way occurred in
June of 2011. During this survey, several areas of recent vegetation clearing were also noted that
occurred along Vashon and Maury Islands which were not found during the aerial photograph analysis.
The photos were rechecked and the majority of the larger clearings had occurred since the last aerial
photograph. However, at least one of the large vegetation clearing and several of the smaller clearings
were not picked up by the initial photo analysis.
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Recommendations
•
•

•

Increase the rate of plantings along the marine shoreline.
Undertake field surveys of the shoreline roughly once every 2 years in order to verify aerial
photograph analysis. This survey could be done at the same time as the recommended
shoreline armoring survey in order to be efficient with time and money.
Follow up survey of shoreline residential landowners should be done to understand why trees
were removed and if there are any ways encourage more riparian forest retention.

Riparian Summary
The condition of riparian areas in some parts of the WRIA over the past 5 years is experiencing further
degradation while other areas appear to be improving. The one area where clear progress is being
made is in the middle Green River where there has been an active revegetation effort. Even though
almost 36 acres have been revegetated, most of those gains were offset by losses where the river
eroded away other existing trees. While it is good that the river eroded those areas and brought more
wood into the aquatic areas, losing almost as much vegetation as was planted shows that revegetating
the larger floodplain will be a challenge.
Describing the improvement seen over the last 5 years in the Lower Green River is more challenging
than the Middle Green River. There have been minor improvements seen with almost 1.75% of the
bank that was characterized as ‘other’ in 2005 changing to shrub or treed bank in 2009. Most of the
change was to shrub lined banks. There was also over three miles of bank that is likely to change from
‘other’ to shrub over the next five years due to previous revegetation projects. However, it is unclear
how many of these areas will change from shrub lined to tree lined banks due to federal levee
maintenance standards that do not encourage tree growth on levees.
There has been an ongoing conflict between local governments and the United States Army Corps of
Engineers over the management of vegetation on levees that line the lower Green River as well as
portions of the middle Green River. Dueling federal mandates have created confusion, and caused trees
to be removed from banks of levees along the river. In the past few years, there has been a push to
resolve this conflict. It is hoped that an agreement can be reached that will allow for trees to be planted
along the banks of the river, thus allowing for some of the plans goals related to riparian vegetation in
the lower river to be reached.
While the generic cause for most of the losses of riparian vegetation are understood (i.e., clearing
associated with houses, natural causes) it is unclear why the anthropogenic losses have occurred. There
are regulations in effect in most local jurisdictions (i.e., Critical Area Ordinances, Tree Ordinances) that
generally should not have allowed the anthropogenic losses that were seen. Similar analyses of riparian
areas in WRIA 8 found comparable anthropogenic losses of riparian vegetation (Vanderhoof et al. 2011).
Given these results it is recommended that the Forum consider undertaking a survey of riparian
residents to understand better why the losses have occurred. Such a survey could gather information
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on levels of understanding of the importance of riparian vegetation, levels of enforcement or how
residents perceive the threat of enforcement, receptiveness to incentive programs related to the
protection and restoration of vegetation, and make recommendations about types of education that
would change the observed behavior of cutting down riparian trees. A survey of this nature should likely
be done across several WRIAs as there appears to be similar interest in at least WRIA 8 which saw very
similar results.

Flow regime
In this section, we track the status of several important flow regime indicators. Specifically the plan
states,
“All–4 (Tier 1): Allowing natural flows (including low flows and habitat forming flows) in a relatively
unconstrained river channel will enhance habitat diversity and provide habitats that can support spawning
and rearing salmon at a greater variety of flow conditions, thereby leading to expanded salmon spatial
distribution, greater juvenile salmon growth, and higher survival, ”

We focus more on high flows than low flows, simply because the single most important flow
modification in the Green River is flood control. The storage of major floods has had important effects
on the geomorphology of the river and the age-structure of riparian forests throughout the Middle
Green River (Konrad et al. 2011).
The analyses in this monitoring report are intended to supplement, not to replace the measures of flow
modification by the Howard Hanson Dam reported in the Reconnaissance Assessment (Kerwin and
Nelson 2000). That analysis found that, in addition to reducing flood peak magnitude, the dam
prolonged the duration of moderate flows (>5900 cfs) by 39%, which may increase scour in the
mainstem. This effect is evident in Figure 43.
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Figure 43.

Conceptual diagram showing the effect of Howard Hanson (HH) dam on the Green
River Hydrograph (at Palmer) and the ecological implications of those modifications.

Metric
The main indicator is the number of habitat-forming flow days. This indicator is important because most
restoration work planned for the Middle Green River involve removing revetments and levees. For
these projects to work, flows need to be sufficiently high to cause channel migration. This natural
process reshapes the channel into the desired off-channel and backwater habitats. The basic question
is, ‘Does the river still have sufficient high flows to create and maintain habitat, in spite of flood storage
by Howard Hanson?’
A recent study (Konrad et al. 2011) concluded that stream flows greater than about 250 cubic meters
per second (or 8,829 cubic feet per second) are most effective for forcing channel migration. Howard
Hanson dam has reduced the occurrence of these flows by half (from 0.8% of the time to 0.4% of the
time), though flood control operations. We decided to measure the number of days per water year in
which daily average flows exceeded this value as an indicator of whether the river still has sufficient
flows to create and maintain habitat. We then compared the actual values to what might have been
observed without the Howard Hanson dam; a naturalized hydrograph.
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Additionally, we explored the relationship between egg-to-migrant survival and flow magnitude during
the period of egg-incubation. The purpose of this analysis was to see if we could better understand the
consequences of flood storage on Chinook survival. We assumed the incubation period lasted from
November 1 through the end of February, following assumptions in WDFW production reports.
The last indicator we focused on was the number of days in which daily average flows dropped below
250 cfs.

Data Sources
Streamflow data came from USGS gages at Palmer and Auburn. We used data extending back to water
year 2001 to provide a longer perspective (note that a water year is from October 1 to September 30 of
the following year, and it is named for the year in which it ends), and because the information is readily
available.

Results
From water years 2001 to 2010, daily average flows only exceeded 8,829 cfs on 17 days; in other words,
there were 17 habitat-forming flow days in 10 years (Figure 44). This is similar to what would have
occurred without Howard Hanson dam in place; the naturalized hydrograph predicted 18 habitatforming flow days would have occurred. However, all those days occurred in three of 10 years; we saw
seven years with no habitat-forming flow days. Based on the naturalized hydrograph, we would have
expected to see habitat-forming flows occur in 8 of 10 years; at least a day or two almost every year.
We don’t know the ecological effect of consolidating the habitat-forming flow days into a small number
of years. However, it seems plausible that it would mean that new bars and instream habitats are
formed intermittently, rather than constantly replenished. For long-lived habitat features, this is
probably of little consequence, because the features persist longer than the period between floods.
However, for short-lived habitat features– such as those vulnerable to sedimentation – consolidating
habitat forming flows might lead to low abundances of those habitat types in some years.
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Figure 44.

Frequency of ‘habitat-forming’ flow days by water year, with and without Howard
Hanson Dam.

We found that neither production (Figure 45) nor survival (Figure 46) of juvenile Chinook was
significantly related to measures of high flow during incubation (at p =0.05). However, the relationships
suggested an inverse relationship may exist, at least in some years, and be partially masked by high
interannual variability.
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98

WRIA 9 Status and Trends Monitoring Report: 2005-2010
Observed
Predicted with flood control
Predicted without flood control
1,000,000
800,000
600,000
(above trap)

400,000
200,000
0

Juvenile Chinook subyearling migrants

Water year (Brood year + 1)
Figure 46.

Comparison of observed juvenile Chinook migrants versus predicted on the basis of
the observed relationship between median daily discharge and total migrants.
Howard Hanson dam has minimal effect on median daily discharge, as illustrated here.

We did not find conclusive evidence of a relationship between peak discharge and juvenile Chinook
survival (Figure 47), at least at p = 0.05. However, as with the relationships between high flows and total
production, an inverse relationship may exist but could be masked by high interannual variability.
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Relationship between peak discharge and juvenile Chinook survival in the Green River
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Implications
We conclude that habitat-forming flows in the Green River occur with sufficient frequency for
revetment removals to be successful in reinstating channel migration and related habitat benefits. This
is not to say that flow modification has no effect on habitat forming processes – on the contrary,
capping floods at 12,000 cfs has the effect of disconnecting most of the historic floodplain (and
associated habitats) in the Lower Green River. This, of course, was the reason for flood control in the
first place. Instead, we simply conclude that flows are sufficient to force the migration of the channel in
the Middle Green River. This is good news for projects based on a process-oriented approach.
As stated in Konrad et al. (2011), “High flows have been and will likely continue to be critical for creating
new channel and floodplain habitats in the middle Green River p. 13).” Although the authors provide no
specific suggestions or guidance, they do suggest managing high flows, land cover, revetments, and
sediment supply in conjunction, “to provide a wider set of opportunities for restoring channel dynamics
than could be achieved by managing each one in isolation (p. 13).” We take this to mean that flow
management will be more flexible if we can reduce flood damages through acquisition of low-lying
parcels and selective removal of training levees that constrain channel migration potential.
We found inconclusive relationships between flows and Chinook production and survival; they are too
imprecise to generate useful predictions. Also, we found that measures of high flow- such as peak daily
discharge and median daily discharge – are cross-correlated, which makes it difficult to determine which
factor is more important and complicates interpretations.
Recommendations
•

We recommend that the ITC and WEF re-evaluate the role of flow modification in salmon
recovery, especially as it pertains to the function of existing habitats, and the river’s ability to
build and sustain new habitat (e.g., after revetment removal). Discussions of fish and flows
often center on the scouring effects of floods on incubating eggs and the potential for dam
operations to reduce these scouring floods. It may be that in some rivers, dam storage indeed
does sufficiently decrease scour depth to reduce egg mortality. However, this is not obvious in
the Green River. Further, the loss of large floods may degrade the long-term productivity of the
population by reducing the processes of side-channel formation (and connection) and the
recruitment of wood and gravel. Additionally, limiting floods to bankfull conditions could
potentially exacerbate fry displacement and denies juvenile Chinook access to floodplain refugia
that would normally be available.
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5.

Refugia and Freshwater Habitat Complexity

Habitat Complexity
Habitat complexity, in this report, refers to two specific components of riverine habitat complexity: large
wood (LW) and pools. LW provides critical structure to stream channels. It influences coarse sediment
storage; increases habitat diversity and complexity, and gravel retention for spawning habitat; provides
long term nutrient storage and substrate for aquatic invertebrates; and provides refugia for aquatic
organisms during high and low-flow events (Bisson et al. 1987). In the larger streams such as the Green
River, the creation of side channels, backwaters, and other off-channel habitat features are influenced
by LW, particularly when wood jams are formed. Pools provide cover for rearing juvenile salmon and
deep water for adults holding prior to spawning. Pool tailouts provide areas of clean, well oxygenated
gravels for salmon egg deposition. Reductions in the frequency of LW, wood jams, and pools in the
Green River and other systems in the Puget Sound region have resulted in simplified channel conditions
lacking adequate rearing, foraging, and spawning habitat for all riverine life-stages of salmon.
Specifically the plan states,
“Low-1 and Mid-1 (Tier 1): Protecting and creating/restoring habitat that provides refuge (particularly side
channel, off channels, and tributary access), habitat complexity (particularly pools) for salmonid over a
range of flow conditions and at a variety of locations (e.g., mainstem channel edge, river bends and
tributary mouths) will enhance habitat quantity and quality and lead to greater juvenile salmon residence
time, greater growth and higher survival.”

Metrics
The number of individual pieces of LW observed per mile and the number of wood jams per mile was
used to evaluate the difference in conditions from survey data collected between 2001 and 2009.
Metrics used to compare pool data included pools per mile, pool percentage by length, average residual
pool depth, dominant pool forming factor, and percent pools formed by LW. The habitat condition data
was broken into the following Salmon Habitat Plan subwatersheds: Lower Duwamish, Lower Green,
Middle Green, and Upper Green.
Data Sources
Several surveys have been conducted to monitor instream habitat conditions, including LW and pool
quality and quantity in the lower, middle, and upper Green River since 2001. The purpose of these
surveys ranged from establishment of baseline conditions (R2 Resource Consultants, Inc. 2002 and
2007a, Anchor Environmental, LLC 2004, TerraLogic GIS, Inc. and Landau Associates 2004) to evaluation
of the resulting distribution and architecture of LW that is transported into the Middle Green River and
arranged by peak flow events (R2 Resource Consultants, Inc. 2007b and 2008, Patterson and Hannity
2010, Patterson 2010). This report provides a digest of baseline LW and pool conditions throughout the
entire Green River Watershed as well as a brief comparison of 2001 baseline LW and pool conditions,
2006 conditions, and 2009 conditions in the Middle Green River subwatershed.
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Results
Baseline LW Conditions
A comparison was made of individual LW and jam counts and densities between four Green River
subwatersheds (Table 18). Not surprisingly, LW density in the Lower Duwamish is very low relative to
the other subwatersheds and jams are completely absent. This is likely due to channel simplification
and actual LW removal for navigation. The Lower Green River had the highest individual LW density for
all subwatersheds, but only two jams. The Middle Green River had the highest combined density for all
subwatersheds, while the Upper Green River had the highest densities of jams and key LW pieces. This
is an indicator of the effect Howard Hanson Dam has on LW delivery to downstream subwatersheds.
The data was collected in different years at varying low flow levels, but indicates a general improvement
in LW quantity and quality moving upstream through the subwatersheds.
A comparison was made of baseline pool summary statistics between three Green River subwatersheds
(Table 19). The Upper Green River had the highest quantity and quality of pools relative to the other
subwatersheds.
Table 18. Comparison of baseline individual large wood and jam counts and densities for the
mainstem of the Lower Duwamish River (RM 0 to RM 6), Lower Green River (RM 6 to
RM 32), Middle Green River (RM 32 to RM 61), and Upper Green River (RM 69 to RM 88),
Washington.
Subbasins

Miles Surveyed

Lower
Duwa
mish
2004

Lower
Green
2004

Middle
Green
2009

Upper
Green
2006

MS
Only

MS
Only

MS Only

MS
Only

6

23

29

19

45

1233

1386

901

Medium (>/= 12” diameter at midpoint and 30’ in
length)

14

336

144

181

Medium w/rootwad (same as above w/attached
rootwad)

1

162

484

129

Large (>/= 20” diameter at midpoint and 30’ in length)

8

241

33

138

Large w/rootwad (same as above w/attached rootwad)

2

186

119

83

Key (>/= 33.5” diameter at midpoint and 30’ in length)

8

6

8

90

Key w/rootwad (same as above w/attached rootwad)

10

14

21

107

2

288

577

173

Total Individual Large Wood Pieces1

Rootwads (pieces < 30’ in length w/>/= 4’ diameter
rootwad)

102

WRIA 9 Status and Trends Monitoring Report: 2005-2010

Total Individual Large Wood Pieces per Mile

7.9

54

47.8

46.8

0

2

77

75

Small Jams

0

2

58

52

Medium Jams

0

0

14

17

Large Jams

0

0

5

6

Total Jams per Mile

0

0.1

2.7

3.9

Individual Large Wood and Large Wood in Jams Combined2

45

1253

3185

1993

Total Combined per Mile2

7.9

55

109.8

103.5

Total Jams

Includes medium and large logs, key pieces, and rootwads. 2For comparison purposes individual large wood
counts plus the minimum qualifying number of large wood pieces in jams were used, including all pieces >/= 4”
in diameter at midpoint and 10’ in length (i.e. small jams = 10 pieces, medium jams = 51 pieces, large jams =
101 pieces).
1

MS = mainstem

While the Middle Green River did have pools with an average residual depth of 2.6 meters, the
frequency of pools was lower than the other subwatersheds. The Lower Green River had a pool
frequency similar to the Upper Green River, however the vast majority of these pools were relatively
shallow lateral scour pools along riprap lined channel meanders with little or no vegetation for shading.

Table 19. Baseline pool summary statistics for the mainstem of the Lower Green River (RM 6 to RM
32), Middle Green River (RM 32 to RM 61), and Upper Green River (RM 69 to RM 88),
Washington.
Survey Location
Lower Green
2004

Middle Green
2007

Upper Green
2006

MS Only

MS Only

MS Only

Miles Surveyed

23

29

19

Pool Frequency (channel widths/pool)

24

56

21

Percent pool by length

14

14

26

2.6

3.8

Riprap

Bedrock

Wood

2.4

26

33

Average residual pool depth (m)
Dominant pool forming factor
Percent pools formed by large wood
MS = mainstem
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Middle Green River Comparison – 2001, 2006, and 2009
Survey results appear to indicate a substantial increase in large wood and jam densities from 2001 to
2009 (Table 20). The floods in November 2006, November 2008 and January 2009 likely redistributed
smaller less stable jams and individual large wood pieces downstream into larger jams or were routed
downstream below the survey area. These floods did recruit substantial large wood to the Middle
Green River as the total combined density increased substantially from 2006 to 2009. The survey data
indicate that large wood formed habitat quantity and quality has steadily increased from 2001 to
present.
Large wood placed in the river annually since 2003, at RM 60 by the Army Corps of Engineers, makes up
approximately 52% of the total combined count for Reach 2 (RM 57 to RM 61). Placed pieces, which are
tagged sequentially, have been found as far downstream as Metzler Park at approximately RM 39.5, but
are too low in number to contribute meaningfully to habitat formation. However, large wood placed at
the Hamikami Levee Breach Project Site (RM 33) contributed approximately 8% of the total large wood
pieces observed in Reach 6 (RM 32 to RM 38), excluding jams. Therefore, large wood introduction in the
Middle Green River is contributing to habitat formation in some locations, but this contribution is still
very small relative to natural large wood recruitment on an annual basis.
A comparison was made of baseline pool summary statistics in the Middle Green River from the 2001
and 2007 habitat surveys (Table 21). Pool frequency and relative abundance decreased substantially
from 2001 to 2007. Reach 3 (RM 45 to RM 57) was surveyed at a higher flow in 2007 than in 2001,
which likely resulted in a lower pool count for that reach. The 2006 flood substantially altered channel
morphology in Reach 5 (RM 38 to RM 41), which further reduced observed pool frequency between
2001 and 2007. However, residual pool depth increased, possibly due to the effects of the 2006 flood.
The dominant pool forming factor was bedrock for both surveys, but the percent contribution of large
wood formed pool increased from 2001 to 2007. This is an indicator of the substantial increase in large
wood and jams since 2001 discussed earlier. The results of this comparison are mixed, but the increase
in residual pool depth and large wood formed pools indicates an increase in pool quality since 2001.
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Table 20. Comparison of individual large wood and jam counts and densities for the 2001, 2006, and
2009 surveys in the mainstem of the middle Green River, Washington (RM 61, Howard
Hanson Dam to RM 32, Auburn Narrows).
Survey Year
2001

2006

2009

MS Only

MS Only

MS Only

29

29

29

434

1046

1386

Medium (>/= 12” diameter at midpoint and 30’ in length)

156

342

144

Medium w/rootwad (same as above w/attached rootwad)

103

279

484

Large (>/= 12” diameter at midpoint and 30’ in length)

50

112

33

Large w/rootwad (same as above w/attached rootwad)

60

91

119

Key (>/= 33.5” diameter at midpoint and 30’ in length)

23

30

8

Key w/rootwad (same as above w/attached rootwad)

0

14

21

42

178

577

15.0

36.1

47.8

24

63

77

21

54

58

Medium Jams

1

7

14

Large Jams

2

2

5

Total Jams per Mile

0.8

2.2

2.7

Individual Large Wood and Large Wood in Jams Combined2

897

2145

3185

Total Combined per Mile2

30.9

74.0

109.8

Miles Surveyed
Total Individual Large Wood Pieces

1

Rootwads (pieces < 30’ in length w/>/= 4’ diameter rootwad)
Total Individual Large Wood Pieces per Mile
Total Jams
Small Jams
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Includes medium and large logs, key pieces, and rootwads. 2For comparison purposes individual large wood counts
plus the minimum qualifying number of large wood pieces in jams were used, including all pieces >/= 4” in diameter
at midpoint and 10’ in length (i.e., small jams = 10 pieces, medium jams = 51 pieces, large jams = 101 pieces).
1

MS = mainstem

Table 21. Comparison of pool summary statistics for all reaches combined from the 2001 and 2007
habitat surveys in the middle Green River, Washington (RM 61, Tacoma Water Headworks
to RM 32, Auburn Narrows).
Survey Year
2001

2007

MS Only

MS Only

Miles Surveyed

29

29

Pool Frequency (channel widths/pool)

15

56

Percent pool by length

21

14

Average residual pool depth (m)

2.4

2.6

Bedrock

Bedrock

11

26

Dominant pool forming factor
Percent pools formed by large wood
MS = mainstem

Implications for Large Wood
One year of data for each subwatershed only provides a snapshot of habitat conditions. Repeating the
surveys would provide more accurate relative habitat conditions within (such as the Middle Green) and
between subwatersheds and long-term trends watershed-wide. However some inferences can be made
from the habitat condition currently data available.

Baseline Pool Conditions
Lower Duwamish
The Lower Duwamish subwatershed is highly modified with approximately 96% of the shoreline
armored. It had the fewest pieces of LW observed per mile of river in the entire Green River Watershed.
In addition, only two drift accumulations of LW were observed and they were found along rare
unarmored shoreline in the vicinity of Kellogg Island. The heavily armored shoreline along with debris
removal for navigational safety will keep LW densities very low within this subwatershed in the future.
Pool frequency was not recorded during the survey conducted in 2004. However, the incidences of pool
habitat in this subwatershed are likely very low due to artificial channel confinement and bank armoring.
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Lower Green
The Lower Green subwatershed did have the highest frequency of individual LW pieces per mile.
However, only two wood jams were observed during the survey. Due to extensive levying, natural LW
recruitment potential is nearly non-existent. Natural LW recruitment relies on LW routed from the
Middle Green subwatershed, where natural LW recruitment still occurs. The only other viable
recruitment pathway is deliberate LW placement as part of ongoing habitat restoration activities. Pool
frequency in the Lower Green was comparable to the Middle Green and Upper Green, however, 72% of
those pools were formed by riprap and bridge abutments. Only two wood-formed pools were observed.
Continued placement of LW and setting back of levees (where possible) are the only avenues available
for future improvement in pool frequency and quality in the Lower Green subwatershed.

Middle Green
The Middle Green subwatershed had the highest frequency of total LW per mile (individual pieces plus
jam pieces). Unlike the Lower Duwamish and Lower Green subwatersheds, the Middle Green is much
less confined by levees and revetments and the vast majority of LW observed was of naturally recruited
origin. However, placed LW did contribute to improved habitat conditions at site (e.g., Hamikami and
Auburn Narrows) and reach (e.g., RM 57 to RM 60) scales. Pool frequency was low relative to the Lower
Green and Upper Green. However, the Middle Green pools tended to be much deeper than those
observed in the Lower Green and were formed by natural processes, including wood jams.
Furthermore, the Middle Green pools tend to be adjacent to intact forested riparian canopy, whereas
the pools in the Lower Green tend to be adjacent to riparian vegetation dominated by low lying invasive
plant species. Continued natural recruitment of LW and planned placement of LW, removal of
revetments, and setback of levees in the Middle Green subwatershed will further improve habitat
conditions in the future.

Upper Green
The Upper Green subwatershed had the highest frequency of key-sized LW and wood jams per mile.
Since 2004, Tacoma Water (TW) and the United States Army Corps of Engineers (USACE) have placed
hundreds of LW structures in the mainstem Upper Green River and several tributary streams as part of
TW’s Habitat Conservations Plan and the USACE Biological Opinion for the Additional Water Storage
Project. The Upper Green has relatively intact riparian forests and access to most of its floodplain. As a
result, LW is readily recruited during high flows and has racked into placed LW structures producing
numerous large wood jams and very deep wood-formed pools. Continued LW recruitment and pool
formation can be expected as the river migrates within the floodplain above Howard Hanson Dam and
the reservoir. Additional LW and habitat surveys are planned to track these expected future changes.
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Recommendations
•

•
•
•

One year of large wood and pool data for each subwatershed only provides a snapshot of
habitat conditions. Repeating the surveys throughout the Green River would provide the ability
to evaluate long-term trends in habitat conditions watershed-wide as well as within and
between subwatersheds.
Limiting monitoring to jam formations and not including individual LWD pieces may be just as
informative, but less expensive and more expedient to conduct.
Looking at jam type (Abbe and Montgomery 2003) and jam composition (conifer vs deciduous)
may provide useful information on habitat quality over time.
Looking at jam persistence and jam decay (age-kick test) may also provide useful information on
habitat quality over time.
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6

Newaukum and Soos Creeks: Major Tributaries

Soos and Newaukum Creeks are the two main tributaries to the mainstem Green River below the dams
that have enough spawning habitat that Chinook have historically used them for both spawning and
rearing. Most other tributaries are not large enough to support consistent spawning in more than a
handful of fish. Thus, these two tributaries were given a higher priority in the plan for both restoration
and protection. Specifically the plan states,
“MG–4 (Tier 1): Preserving and restoring spawning and rearing habitat in lower Newaukum and Soos
Creeks will increase habitat quality and quantity, thereby increasing productivity and spatial structure of
Green River Chinook Salmon.”

The four indicators chosen to evaluate this conservation hypothesis are: riparian condition, amount of
stream channel and land preserved, biotic integrity, and in stream temperature.

Riparian Condition
The riparian condition of Newaukum and Soos Creeks was previously described in section 4 and is not
discussed further in this section.

Biotic Integrity
Benthic invertebrate scores for each basin were described in section 4 and the topic is not covered
further here.

Preservation
Metric
Preservation within these two systems was evaluated in two ways. The first metric was percent of basin
that is in public ownership. The second metric was length of stream channel in public ownership. Given
time constraints, length of channel in public ownership represents either both banks or only one bank of
the stream in public ownership.
Data Sources
Data for these analyses came from standard King County GIS data layers representing land in public
ownership (Publicly Owned Lands), streams and rivers (Wtrcrs), and catchment boundaries
(Topo_Catchment_Area) as they existed in October of 2011. These data layers were merged to allow for
comparisons of public ownership by subbasin of both the area and stream length preserved.
Results
Within the Soos Creek Basin, slightly over 10% of the land area is in public ownership (Table 22). Public
ownership is spread out throughout the subbasins, with the highest percentage (15.7%) in the Soos
Subbasin, and the lowest percentage (6.6%) in the Soosette Subbasin. King County, the City of Seattle
and the City of Kent are the three jurisdictions that account for most of the public ownership in the
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basin, totaling 8.4% of the total 10.7% in public ownership. When compared to overall area, the length
of stream channel in public ownership appears focused along the streams. The overall percentage of
stream channel in public ownership is almost 23% (Table 23). As with area, the Soos Subbasin has the
highest amount and Soosette Subbasin has the lowest. King County, the City of Kent, and the City of
Covington account for almost 20% of the 23% of stream channel in public ownership.

Table 22.

Comparison of acres of public ownership within the Soos Creek Basin by subbasin and
jurisdiction.
% of basin
Total ownership by
Acres
Soos Covington Jenkins
jurisdiction
12.8
0.0
0.0
37.1
0.09%
0.0
204.1
0.0
204.1
0.48%
84.7
0.0
129.4
214.1
0.51%
371.5
56.9
89.5
668.3
1.58%
0.0
31.2
320.2
351.4
0.83%
1.9
0.0
0.0
1.9
0.00%
806.3
0.0
9.0
815.4
1.93%
808.3
969.0
265.6
2,062.8
4.87%
92.0
16.6
157.6
108.6
0.26%
3.5
0.0
87.5
39.4
0.09%
2.6
2.7
0.0
6.8
0.02%
14.1
0.0
274.0
14.6
0.03%
13,964.1 14,314.1 10,529.8 42,346.9
10.68%
15.74%
8.95%
12.66% 10.68%

Soos Creek Subbasins
Jurisdiction
Soosette
City of Auburn
24.3
City of Black Diamond
0.0
City of Covington
0.0
City of Kent
150.4
City of Maple Valley
0.0
City of Renton
0.0
City of Seattle
0.0
Unicorporated King County
19.9
Washington DNR/WDFW
0.0
Washington DOT
35.8
Tacoma Public Utilities
1.5
United States-HUD, VA, BPA
0.5
Total Acres in each subbasin 3,538.9
% of subbasin in public ownership
6.56%

Table 23. Comparison of public ownership of stream channel within the Soos Creek Basin by
subbasin and jurisdiction
Soos Creek Subbasins

Soosette
Soos Covington Jenkins
Jurisdiction
City of Auburn
0.0
0.0
0.0
0.0
City of Black Diamond
0.0
0.0
6,716.0
0.0
City of Covington
0.0
3,844.0
0.0
9,267.0
City of Kent
11,797.0 21,937.0
0.0
4,890.0
City of Maple Valley
0.0
0.0
0.0
3,159.0
City of Renton
0.0
56.0
0.0
0.0
City of Seattle
0.0
2,067.0
0.0
0.0
Unicorporated King County
1,063.0 46,240.0 27,858.0
317.0
Washington DNR/WDFW
0.0
6,297.0
942.0
0.0
Washington DOT
727.0
0.0
0.0
1,134.0
Tacoma Public Utilities
0.0
220.0
0.0
0.0
United States-HUD, VA, BPA
0.0
0.0
0.0
4,376.0
Total feet of channel per subbasin 99,412.0 228,887.0 183,108.0 131,344.0
% of channel in public ownership
13.67%
35.24%
19.40%
17.62%

% of stream
channel
Total
owned by
jurisdiction
feet
0.0
0.00%
6,716.0
1.04%
13,111.0
2.04%
38,624.0
6.01%
3,159.0
0.49%
56.0
0.01%
2,067.0
0.32%
75,478.0
11.74%
7,239.0
1.13%
727.0
0.11%
220.0
0.03%
0.0
0.00%
642,751.0
22.93%
22.93%
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Within the Newaukum Creek Basin, slightly over 3% of the land area is in public ownership (Table 24).
Public ownership is spread out throughout the subbasins, with the highest percentage (5.24%) on the
Plateau, and the lowest percentage (1.21%) in the Upper Subbasin. The City of Enumclaw and King
County account for most of the public ownership in the basin, totaling 3.2% of the total 3.4% in public
ownership. Unlike in the Soos Basin, the length of stream channel in public ownership appears to be
about equal with overall area in public ownership. The overall percentage of stream channel in public
ownership is slightly over 4% (Table 25). As with area, the Plateau Subbasin has the highest amount of
stream channel in public ownership. Interestingly, there is a much higher proportion of stream channel
versus area in public ownership in the Upper basin. This indicates that public ownership is more focused
along the creek channel in this subbasin than the others. As with area in public ownership, King County,
and the City of Enumclaw account for most of the stream channel in public ownership.
Table 24.

Comparison of acres of public ownership within the Newaukum Creek Basin by subbasin
and jurisdiction.

Newaukum Subbasin
Jurisdiction
Ravine Plateau Upper
City of Enumclaw
0.0
321.1
14.1
Unicorporated King County
87.4
121.8
18.9
Washington DNR
0.0
3.4
0.0
Washington DOT
0.0
2.0
0.0
Tacoma Public Utilities
0.0
0.6
24.2
United States-HUD
0.0
0.4
0.0
total acres 3,982.4 8,571.7 4,725.3
% of subbasin in public ownership 2.20%
5.24%
1.21%

% of basin
ownership by
total
jurisdiction
335.2
1.94%
228.1
1.32%
3.4
0.02%
2.0
0.01%
24.8
0.14%
0.4
0.00%
17,279.4
3.44%
3.44%

Table 25. Comparison of public ownership of stream channel within the Newaukum Creek Basin by
subbasin and jurisdiction.
Newaukum Subbasin
Ravine

Plateau

Jurisdiction
City of Enumclaw
0.0
14,592.0
Unincorporated King County
2,923.0 6,480.0
Washington DNR
0.0
390.0
Washington DOT
0.0
0.0
Tacoma Public Utilities
0.0
48.0
United States-HUD
0.0
0.0
total channel length (feet) 139,351 398,043
% of channel in public ownership 2.10%
5.40%

Upper

total
feet
0.0
14,592.0
2,393.0 11,796.0
0.0
390.0
0.0
0.0
4,346.0 4,394.0
0.0
0.0
177,410 714,804
3.80%
4.36%

% of stream
channel
owned by
jurisdiction
2.04%
1.65%
0.05%
0.00%
0.61%
0.00%
4.36%
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Implications
The results of the analyses show that Soos Creek generally has a much higher level of public ownership
than the Newaukum system. This is not too surprising since there is no significant infrastructure like the
Soos Creek Trail system in the Newaukum Basin. There are also not many public jurisdictions in the
Newaukum Creek basin, with only King County and the City of Enumclaw having land use jurisdiction.
Both basins and their stream channels are mostly in private ownership. Only 4% of the channel length
of Newaukum Creek is in public ownership compared to 23% of the Soos Creek channel length. The
analysis points out that the Newaukum Creek basin has a high need for protection actions. The
Newaukum Creek basin would greatly benefit from focused protection programs and should be a high
priority for protection in the short term.
Recommendations
•

•

•

The analysis for the area preserved and length of channel in public ownership should be beefed
up in future iterations of this report. The current data of public ownership does not include for
what purposes the land is managed. Some areas are managed as natural areas, some as trail
corridors and are actually developed parcels. Areas of publicly owned developing or developed
land should not count towards the percentage of the basin preserved or protected. The ITC
needs to find a way to obtain management goals for all public lands versus assuming all public
lands are protected.
It is likely that private lands within the basins are being preserved through easements and
current use tax incentives. Information on this type of preservation needs to be incorporated in
future iterations of this report. .
Future analyses should separate out if both banks of the stream channel are protected or just
one.

Water Quality-Temperature
Temperature conditions were recently evaluated for Newaukum Creek as part of Washington State
Department of Ecology (WSDOE) Total Maximum Daily Load report (WDOE 2011) and a TMDL is
currently being created for Soos Creek by WSDOE. This section of the report does not directly address
the TMDLs, nor does it summarize those findings, though it clearly addresses the same major topic. This
section briefly looks at continuous temperature data for the lower portions of the each creek and
evaluates how often the creek meets the State’s water quality standards.
Metric
The metric chosen for evaluating temperature was the number of days Soos or Newaukum Creek
violated the State temperature standard. The temperature standard is expressed as the 7 day average
of the daily maximum temperatures and is abbreviated as 7-DADMax. The 7-DADMax is calculated by
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averaging that day’s daily maximum temperature with the daily maximum temperatures of the three
days prior and three days after a specific date. Within these two subbasins there are two different
standards depending on the time of year. From July 1 through September 15 the standard focuses on
summer rearing for salmonids and requires that temperatures stay below 16°C. From September 16
through June 30 the standard focuses on salmonid spawning and incubation and requires that
temperatures stay below 13°C.
Data Sources
The data used for this analysis comes from continuous temperature gauges located near the mouth of
each creek. King County Water and Land Resources Division maintains these temperature gauges. The
data for Soos Creek (site # 54A) covers from 1994 to the present. The data for Newaukum Creek (site
#44A) runs from 2001 to the present, with very little data available from 2009.
Results
The data for Soos Creek indicates that June and July are the two months where the temperature of the
creek rarely meets the temperature standard (Table 26). For the past 18 years the creek has violated
the standard in June an average of 28 times (days). The creek meets the standard only about half the
time during the months of August and May. During the summer rearing temperature standard, Soos
Creek violated the standard an average of 53% of the time, while it only violated the spawning and
incubation standard 19% of the time. There were several years where the creek violated the summer
standard by relatively high amounts. The summer standard was violated more than 75% of the time
during the years of 1996 through 1998 and more than 70% of the time in 2003, 2004, and 2010.
Table 26. The number of days Soos Creek has violated the State temperature standards.
Days of data (# of days over temperature standard)
year
Jan Feb Mar Apr
May June
July August Sept 1-15 Sept 16-30
1994
0
0
0
0
0
0
0
0
0
0
1995
29
0
15
30 31 (20) 30 (27) 31 (28) 31 (6)
15
15 (15)
1996
0
0
0
19 31 (7) 30 (30) 31 (29) 31 (29) 15 (1)
15 (4)
1997
19 28 31
30 31 (26) 30 (30) 31 (29) 31 (27) 15 (9)
15 (15)
1998
31 28 31 30 (7) 31 (13) 30 (30) 31 (26) 31 (31) 15 (7)
15 (14)
1999
31 28 31
30 31 (12) 30 (30) 31 (19) 28 (21)
15
15 (9)
2000
31 29 31 30 (5) 23 (19) 30 (30) 8 (2)
20
15
15 (7)
2001
31 28 31 30 (4) 31 (21) 30 (30) 31 (17) 31 (15)
10
0
2002
31 28 31
30 31 (13) 30 (30) 31 (21) 31 (14)
15
15 (5)
2003
31 28 31
30 31 (11) 30 (30) 31 (31) 31 (28) 15 (5)
15 (15)
2004
31 29 31 30(11) 31 (26) 30 (30) 31 (25) 31 (31) 15 (2)
15 (14)
2005
31 28 31 30 (9) 20 (20)
0
30 (18) 1 (1)
0
8
2006
31 28 31 30 (3) 31 (14) 18 (18) 3 (3) 28 (15)
15
15 (5)
2007
31 28 31
30 31 (26) 30 (30) 31 (29) 31 (6) 15 (4)
15 (4)
2008
31 29 31
30 31 (17) 30 (18) 31 (20) 31 (19)
15
15 (8)
2009
31 28 31
30 31 (17) 30 (30) 31 (28) 31 (18)
15
15 (11)
2010
31 28 31
30 31 (9) 30 (29) 31 (24) 31 (15) 15 (15)
15 (15)
2011
31 28 31
30 31 (7) 30 (30) 31(9) 21 (10)
0
0
Avg # of days
over
0
0
2.2
15.4 28.25
21
16.8
2.9
9.4
temperature 0
standard

Oct
31
30
31 (6)
31 (4)
31
31
31
28
31
31 (12)
31 (1)
31
31
31
31 (1)
31
31 (3)
0

Nov
30
0
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
0

1.6

0

# days > 16°C # days > 13°C
Dec July 1- Sept 15 Sept 16-June 31
31
n/a
0
0
34
57
31
59
49
31
65
80
31
64
64
31
40
52
31
2
61
31
32
55
31
35
48
31
64
68
31
58
82
31
19
29
31
18
40
31
39
60
31
39
44
31
46
65
31
54
56
0
9
10
0

39.8

54.1
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The data for Newaukum Creek indicates that June was the worst month for temperature, going above
the standard an average of 19 times a month over the past 11 years (Table 27). The creek met the
standard about two thirds of the time during the months of July, August and May. During the summer
rearing temperature standard, Newaukum Creek violated the standard an average of 36% of the time,
while it only violated the spawning and incubation standard 16% of the time. There were several years
where the creek violated the summer standard by relatively high amounts. The summer standard was
violated more than 50% of the time during the years of 2002 through 2004.

Table 27. The number of days Newaukum Creek has violated the State temperature standards
Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
Avg # of
days over
temperature
standard

Days of data (# of days over temperature standard)
Jan Feb Mar Apr May
Jun
July August Sept 1-15 Sept 16-30 Oct Nov
0
0
0
0
0
0
6
31 (10)
15
15 (6)
22
0
0
0
15 30 31 (9) 30 (27) 31 (12) 31 (21) 15 (6)
15 (2)
31
30
31 28 31 30 31 (8) 30 (23) 31 (24) 31 (17) 15 (1)
15 (4)
5
0
0
0
0
0 24 (11) 30 (29) 31 (21) 31 (23)
15
15 (2)
31
30
31 28 31 30 (2) 31 (15) 30 (21) 31 (15) 31 (12)
15
15 (1)
31 (1) 30
31 28 31 30 (4) 31 (15) 30 (28) 31 (17) 31 (9)
15
15 (2)
31 30 (1)
31 28 31 30 (3) 31 (15) 30 (19) 31 (16) 31 (4) 15 (1)
15 (1)
31
30
31 29 31 30 31 (11) 30 (14) 31 (11) 31 (10)
15
15 (5)
1
0
0
0
0
0
0
0
0
22 (9)
0
0
0
0
0
0
0
0
0
7 (7) 31 (12) 31 (10)
15
15 (14) 31 (4) 30
31 28 31 30 31 (9) 30 (18) 31(6) 31 (9)
15
2 (1)
0
0

# days > 16°C # days > 13° C
Dec July 1- Sept 15 Sept 16-June 31
0
10
6
31
39
38
0
42
35
31
44
42
31
27
40
31
26
50
31
21
38
0
21
30
0
9
n/a
31
22
25
0
15
28

0.0

0.0

0.0

0.0

1.1

10.3

18.6

12.2

11.2

0.7

3.5

0.5

0.1

25.1

33.2

It is interesting to note that while the number of days the standard was violated was different between
basins, the pattern of which months were the worst occurred in the same sequence of June, July,
August, and then May. Also of interest is that Soos Creek violated the temperature standard more than
Newaukum Creek even though the riparian condition of Soos Creek appears to be in much better shape
than Newaukum Creek. The analysis in section 4 showed that only 18% of the banks of the Soos Creek
system are treeless, in comparison to Newaukum Creek with 62% of its banks being treeless. It should
be noted that while Newaukum Creek may have less trees on the banks overall, much of its stream
channel network is dry during summer, thus many of the treeless banks would not necessarily be
contributing to the high temperatures. Hopefully, the work for the Soos Creek temperature TMDL will
shed light on why Soos Creek is violating the temperature standard so frequently.
Implications
The Newaukum Creek TMDL implementation plan calls for improving riparian areas as well as protecting
and enhancing groundwater inputs. The implementation plan calls out three reaches on the plateau that
should be prioritized above other areas of the creek for riparian restoration. Soos Creek’s temperature
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TMDL is just being created and it is likely that its implementation plan will provide similar prioritized
recommendations.
Recommendations
•
•

•

The WEF should incorporate the reaches of Newaukum Creek that WSDOE prioritized for
revegetation into the Plan for implementation as a larger revegetation restoration project.
The WRIA 9 ITC should track the development of the Soos Creek temperature TMDL. As results
from that TMDL are released they should be evaluated to see if there are any changes that
should be made to implementation of the Plan.
Explore opportunities to revegetate all stream corridors in both basins.
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7

Duwamish Transition zone

The Duwamish Estuary spans from the mouth of the Duwamish River, north of Harbor Island, to River
Mile 11, at the Black River tributary confluence. Upstream of this point, it is known as the Green River.
The Duwamish estuary has been highly modified by past development practices. Roughly 9.3 miles of
meandering channel was replaced by 5.3 miles of straightened channel (Kerwin and Nelson 2000). The
entire Duwamish is hemmed in by levees and over 90% of the banks are armored. Approximately 60%
of the bank is armored with riprap. The Duwamish shoreline is vegetated along 52% of its length, and
30% of the vegetation is non-native blackberry. Approximately 87% of the shoreline area has greater
than 75% impervious surface. There are approximately 49 pieces of large woody debris in the
Duwamish to provide instream cover for salmonids (TerraLogic GIS and Landau Associates 2004).
Historically, the Duwamish Estuary was comprised of over 1,300 acres of diverse wetlands (Collin and
Sheikh 2005b). Today, the Duwamish has 31 acres of wetlands. The estuary has had the most habitat
alteration of any subwatershed, and has areas designated for Superfund cleanup due to toxic sediments,
yet it is one of the most important areas for both adult and juvenile Chinook.
The transition zone portion of the estuary is defined as the area juvenile salmonids use to feed and
transition to salt water on their way to Puget Sound. Chinook juveniles have been documented
spending several months in the transition zone. The Duwamish Transition Zone as delineated in the
2005 plan spans RM 4 to 7. In 2006, the WRIA 9 Salmon Habitat Recovery Team, fish scientists, partner
jurisdictions, and other interested parties expanded the boundaries of the Transition Zone. The
revisions were based on newer information about juvenile Chinook salmon use of the area, the location
and movement of the salt wedge, and opportunities for restoration. Because Chinook habitat is limited,
uncertainty remains about the extent to which Chinook juveniles will use restored habitat within the
Transition Zone. Future restoration and monitoring will provide more information and opportunities for
adaptive management. The Transition Zone as revised in 2006 spans from RM 3 to RM 9, with the core
Transition Zone areas being RM 3-7 and RM 8-9 (Figure 48).
Due to the high importance of the estuary as a transition zone for outmigrating juveniles and its high
level of degradation, the Plan included two high priority conservation hypotheses. Specifically the plan
states,
“Duw–1 (Tier 1): Expanding and enhancing the Duwamish Estuary, particularly vegetated shallow
subtidal and intertidal habitats and brackish marshes by restoring dredged, armored, and filled areas, will
enhance habitat quantity and quality and lead to greater juvenile salmon residence time, greater growth,
and higher survival.”
“Duw–3 (Tier 1): Enlarging the Duwamish River estuarine transition zone habitat by expanding the
shallow water and slow water areas will enhance habitat quantity and quality of this key Chinook salmon
rearing area, leading to greater juvenile salmon residence time, greater growth, and high survival”
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Figure 48.

Duwamish Transition Zone, revised based on workshops with WRIA 9 participants in
2006.
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“Duw-4 (Tier 2): Protecting, creating, and restoring habitat that provides refugia (particularly side
channels, off channels, and tributary access) and habitat complexity (pools) for juvenile salmon over a
range of flow conditions and at a variety of locations (e.g., mainstem channel edge, river bends, and
tributary mouths) will enhance habitat quality and quantity and lead to greater juvenile salmon residence
times, greater growth, and higher survival.”

In addition, Table 8 of the Implementation Guidance for the WRIA 9 Salmon Habitat Plan sets out goals
(“Benchmarks”) for habitat restoration in the Duwamish Estuary. The benchmarks for the end of 2010
are:
•
•

Restoration of 10 acres of shallow water habitat; and
Restoration of 1.5 miles of shoreline bank.

Metric
The metrics used for meeting the Plan’s interim goals in the Duwamish Estuary are the amounts of
shallow water habitat created and shoreline bank restored. Overall and interim goals for these metrics
are shown in Table 28 as Cumulative Benchmarks. For example, by 2008, one mile of shoreline bank
would have been restored, and by 2010, another half mile would have been restored, for a total of 1.5
miles of shoreline bank restoration. The benchmarks were taken from Table 8 of the 2006 report,
Implementation Guidance for the WRIA 9 Salmon Habitat Plan. We compared the length of shoreline
bank and the area of shallow water habitat created or restored to the Year 5 Benchmark goals for 2010.

Table 28. Benchmarks for Duwamish Estuary habitat projects for the 10-year plan. The Year 5 (2010)
Cumulative Benchmarks were compared to actual habitat implementation progress.
Cumulative
Benchmarks*
Year 3 (2008)
Year 5 (2010)
Year 8 (2013)
Year 10 (2015)

Shoreline
Bank (miles)

Shallow Water/
Intertidal (acres)

1
1.5
2.5
3

8
10
21.5
26.5

The area of shallow water habitat restoration in acres was tallied along the entire Duwamish estuary.
Habitat projects characterized as mudflat, shallow water, intertidal, and marsh/emergent vegetation
were included in the category “Shallow Water.” The length of shoreline bank restoration in acres and in
linear miles was also tallied. However, shoreline projects that occurred before 2005 are only reported in
acres. River bank, shoreline bank, and upland were all included in the category “Shoreline Bank.”
Comparisons between the stated plan goals and the actual restoration achieved were considered in
total, as well as within and outside the Transition Zone.

118

WRIA 9 Status and Trends Monitoring Report: 2005-2010
No information about sediment dredging in the Duwamish was collected for this report. Dredging
remains an important issue, since juvenile Chinook salmon were found in high densities in the Turning
Basin, which is dredged regularly for ship passage.
Data Sources
Habitat restoration area information came from project reports and planning documents from the Port
of Seattle, City of Seattle, Army Corps of Engineers, Environmental Protection Agency, King County, and
others. Some habitat restoration occurred before the Plan was finalized in 2005, and some occurred
after. Restoration also occurred as part of Superfund cleanup or Natural Resource Damage Assessment
(NRDA), and funding was provided by the parties responsible for the remediation and cleanup. All
habitat restoration, regardless of the purpose or funding source, is included in this report.
Information on actual habitat restoration achieved by various landowners was not readily available for
this report. Not all project proponents were able to respond to our requests for information in a timely
manner. In some cases, habitat areas were estimated, taken from project plans rather than as-built, or
measured on aerial photographs, and actual restoration areas may differ.
Results
Habitat restoration projects along the Duwamish prior to 2005, when the Plan was completed, occurred
at eleven sites, beginning in 1988 (Table 29 and Figure 49). Over 21 acres were restored, including 7.83
acres of marsh habitat and 1.8 acres of shallow water habitat.

Table 29. Duwamish Habitat Restoration Projects prior to 2005.
Site Name

Terminal 105
GSA Marsh
Herring’s House Park
Terminal 107
Puget Creek Estuary

Year

1995
1995
2001
2000

River
Mile

Upland Habitat
(Shoreline
Bank) (acres)

Marsh/
Emergent
(acres)

0.5
1
1
1

0.3
0.18
2.53
0

0.6
0.31
3.14
0.04

Shallow
Water
(Mud Flat)
(acres)
0
0
0
0

Total

0.9
0.49
5.67
0.04

1999
1988
and
2004

1

0.38

0.3

0

0.68

1

0.2

0.4

0

0.6

Hamm Creek Estuary

1999

5

2.98

1.09

0

4.07

Turning Basin Number 3
(Kenco Marine)

1995

5.2

0.33

0.41

0

0.74

1999
(1994)
2003
2004

5.5
6.3
8.5

0.4
3.2
1.5
12

0.32
1.02
0.2
7.83

1.3
0
0.5
1.8

2.02
4.22
2.2
21.63

Diagonal Marsh

Turning Basin (including
Coastal America site)
Cecil Moses Park
Codiga Park inlet
Totals
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Between the implementation of the Habitat Plan in 2005 and 2012, habitat restoration occurred at
seven sites, for a total of 17.08 acres of restored area (Table 30). Most of this was upland river bank,
with 2.7 acres of shallow water habitat created at only two sites.

Table 30. Duwamish Habitat Restoration Projects completed after 2005. Projects within the
transition zone, above River Mile 3.0, are below the dark line.
Site Name

Terminal 105
Expansion
T24/25
Terminal 107
Expansion
Gateway Park South
Slip 4 - Boeing
Duwamish Waterway
Park
North Wind's Weir
(Site One)
Duwamish Riverbend
Hill
42nd Ave S Bank
Restoration
Codiga Park
Riverbank
Totals

Year

River
Mile*

Shoreline
Bank (linear
feet)

Upland
(Shoreline
Bank)
(acres)

Marsh/
Emergent
(acres)

Shallow
Water (Mud
Flat) (acres)

Total
(acres)

2008
>2005

0.5
0.5

170
760

0.02
1.9

0
0

0
0

0.02
1.9

2009

1

0

0

0.04

0

0.04

>2006
2012

3.4
3.5

500
0

0.4
0

0
0

0
1.04

0.4
1.04

2006

3.6

150

0.1

0

0

0.1

2010

6.4

630

0.46

0.76

1.66

2.88

>2005

7.2

600

8.6

0

0

8.6

2009

7.4

150

0.1

0

0

0.1

2009

8.5

1000
3960

2
13.58

0
0.8

0
2.7

2
17.08

Implications
Benchmarks for Duwamish habitat restoration were taken from Implementation Guidance for the
WRIA 9 Salmon Habitat Plan, Table 8. The benchmarks for the end of 2010 are:
•
•

Restoration of 10 acres of shallow water habitat; and
Restoration of 1.5 miles of shoreline bank.

Habitat restoration in the Duwamish is not meeting the implementation schedule as outlined in the
2005 plan. The goal of 1.5 miles of shoreline bank restoration along the Duwamish by the end of 2010
has only been half met (.75 miles of shoreline bank have been restored as of 2011 (Figure 50). The goal
of 10 acres of shallow water habitat restored by 2010 has also not been met. Only 3.5 acres of shallow
water habitat were created; another 6.5 acres are needed just to meet the interim shallow water
habitat restoration goal for 2010 (Figure 51).
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Duwamish Shoreline Bank Restoration (miles),
2005-2012

Needed to
meet 2010 Plan
Goal, 0.75

Transition Zone,
0.57

Nontransition
Zone, 0.18

`
Figure 50.

Duwamish shoreline bank restoration achieved between 2005 and 2010, and
remaining needed to meet the plan’s interim goal for 2010 of 1.5 miles of shoreline
bank restoration.

Duwamish Shallow Water/Intertidal Habitat
Restoration (acres), 2005-2010

Needed to
meet 2010 Plan
Goal, 6.5

Transition Zone,
3.46

Non-transition
Zone, 0.04

Figure 51.

Duwamish shallow water habitat restoration achieved between 2005 and 2010 and
the amount needed to meet the plan’s interim goal for 2010 of 10 acres.
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In addition to not meeting the 2010 interim goals half way through the plan implementation period, we
are making very slow progress towards the overall plan goals for habitat restoration. Only one quarter
of the total shoreline bank restoration needed by 2015 has been completed (Figure 52). Another 2.25
miles of shoreline bank restoration on the Duwamish are needed by 2015. In addition, only 13% of the
26.5 acres of shallow water habitat called for in the plan had been restored by 2010 (Figure 53). This
means that another 23 acres, in addition to the 3.5 acres already built, will need to be completed by
2015 to meet the plan goal.
There are habitat restoration projects planned for the Duwamish River over the next four years.
Duwamish Gardens at River Mile 7 will restore shoreline bank and create over 2 acres of shallow water
habitat. Private businesses along the Duwamish are working to restore their own shorelines with
support from WRIA 9 jurisdictions, and a public and private shoreline bank restoration project to restore
over a mile of shoreline along the Duwamish in Tukwila is planned, beginning in 2012. However, even
with these projects it is not expected that the trend towards meeting Duwamish habitat restoration
goals will improve in the next several years of plan implementation. This is due to the continued land
uses along the Duwamish River, the slow pace of the Superfund cleanup and habitat restoration process,
the lack of available sites for habitat restoration, and the large expense associated with shallow water
habitat restoration.

Duwamish Shoreline Bank Restoration:
Progress Towards 2015 Goal of 3 miles

Transition
Zone, 0.57
Non-transition
Zone, 0.18
Needed by
2015, 2.25

Figure 52.

Duwamish shoreline bank restoration achieved by 2010 is one quarter of the amount
needed to meet the Plan goal of 3 miles of restored shoreline bank by 2015.
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Figure 53.

Duwamish shallow water habitat restoration achieved by 2010 (3.5 acres) is only a
fraction of that needed to meet the overall plan goal of 26.5 acres of shallow water
habitat restoration by 2015.

Recommendations
•

•
•
•

•

The data used in these analyses came from project designs and monitoring plans. Since some
data came from planning/design documents, it is not known if projects were constructed as
originally planned. Also, this is only a compilation of projects we know to have occurred. No
field surveys were conducted to verify that the habitat restored still exists or if any habitat was
lost to new development. Follow up field surveys should be done to verify what habitat exists
and how much these restoration projects have contributed to them.
Continue to pursue funding and sites for shallow water restoration in the Duwamish transition
zone.
Coordinate with Superfund and NRDA processes to clarify habitat restoration priorities and
leverage funding.
Continue to pursue funding for shoreline bank restoration along the Duwamish River. Also,
provide technical, logistics, and financial support where possible to landowners interested in
restoring their shoreline banks.
Determine whether the habitat restoration that has occurred along the Duwamish is improving
the rate of Chinook juvenile growth and survival in order to verify whether shallow water
habitat restoration should remain a priority for Chinook recovery.
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•

•

Complete shoreline bank restoration in Tukwila, a 4-year project to remove invasive plants and
plant native trees and shrubs in areas where no opportunity for shallow water habitat creation
exists. This work is currently planned for 2012-2016 and will target over a mile of shoreline bank
for control of invasive knotweed, blackberry, and clematis and subsequent replanting.
Work with Seattle to restore shoreline banks in the lower part of the Duwamish River where
feasible, and where other Superfund cleanup or restoration projects are not planned.
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8.

Nearshore and Sediment Processes

Marine Sediment
Marine shorelines are broken into discreet reaches of shoreline based on how sediment moves along
the shore (Figure 54). A drift cell, or drift sector, is a unique section of shoreline where the net direction
of sediment transport over the course of a year is in one direction. A drift cell typically begins at a
feeder bluff or some form of sediment source and ends with some form of accretion area. It can be
thought of as a very slow river of sand and gravel moving along the shoreline.
The availability of sediment sources and the ability for it to move along the shoreline unobstructed is
likely one of the most important physical processes in the marine nearshore environment because it is
related to many aspects of the shoreline habitat. Sediment processes drives benthic food availability
and type, forage fish spawning habitats, presence of submerged aquatic vegetation (i.e., eelgrass),
enhances rearing/ shallow water habitats along with the migration corridor, and provides natural storm
protection to residences.
Due to all of the functional linkages, addressing sediment transport and delivery was included in the
Plan as a high priority conservation hypothesis. Specifically the plan states,
“Near–3 (Tier 1): Protecting and restoring nearshore sediment transport processes by reconnecting
sediment sources and removing shoreline armoring that impacts sediment transport will lead to greater
prey production, greater juvenile salmon growth and higher survival”
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Figure 54.

Location of drift cells within WRIAs 8 and 9 (modified from Joahnnessen et al. 2004).
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Metric
There is no quantitative data available on drift cells to indicate how much of their sediment sources are
needed in order to function properly. Given how variable drift cells are, it is likely that each drift cell
needs a different amount of sediment sources in order to function properly. Since there is no accepted
direct metric to establish a drift cell’s properly functioning amount of sediment sources, the percentage
of the linear extent of sediment sources intact was broken into five categories to represent varying
levels of degradation. These categories are 100% intact, 50% to 99% intact, 25% to 49% intact, 5 to 24%
intact, and 0% to 4% intact. Throughout this section any reference to the percent of sediment sources
refers to the linear extent and does not address the difference in volume between different bluffs.
The portion of the conservation hypothesis addressing sediment transport was not addressed at this
time. While there is data showing where groins are, as well as if shoreline armoring is located below the
ordinary high water line, the ability to tie these structures to a level of properly functioning condition is
not possible. Each structure would need to be assessed for its effectiveness at interfering with sediment
transport processes. This type of analysis has not been done at this time and would require a coastal
geomorphologist to undertake the analysis and is not within the scope of this report.

Data Sources:
The primary data set used was created by Coastal Geologic Services through boat surveys in 2004
(Johannessen et al. 2004). Based on the existing conditions, the shoreline was broken into five
shoretypes based on their relation to sediment processes. These shoretypes are: exceptional feeder
bluff, feeder bluff, accretion shoreform, transport zone and modified (or armored). Feeder bluffs and
exceptional feeder bluffs are sediment sources, while accretion shoreforms are depositional areas.
Transport zones are areas that are relatively static, where sediment does not appear to be recruited or
deposited. Large portions of the WRIA are composed of the modified/armored shoretype. In order to
understand the role that armored shorelines originally played in sediment processes, a method was
created to characterize their historic shoretype (Johannessen et al. 2004). Thus, all armored areas were
further classified as historic exceptional feeder bluff, historic feeder bluff, historic potential feeder bluff,
and not feeder bluff.
The shoretype data was updated for 2009 by using the previously described changes in marine shoreline
armoring extent. Any errors in the shoreline armoring analysis would be replicated in this analysis. The
data showing change in shoreline armoring was overlain onto the historic and current shore type
depending on if the change was removal of existing armoring (historic shoretype) or the creation of new
armoring (current shoretypes). This data was compiled by drift cell to describe how much of each drift
cell’s sediment sources have been lost behind shoreline armoring.

Results
Based on the previous shoreline armoring analysis, there have been bulkhead removals and additions in
8 different drift cells. However, the amount of available sediment sources were affected in only five of
those drift cells (Table 31). The Seahurst Park bulkhead removal project increased the sediment sources
within its drift cell by 6%, or restoring almost 1,000 ft of feeder bluff. One drift cell within
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Quartermaster Harbor had an unpermitted bulkhead put in just prior to the Plan adoption, which was
blocking almost 15% of the sediment sources for that drift cell. This bulkhead was removed just after
adoption of the plan, which restored all of the impaired sediment sources in the drift cell. The other
three drift cells all experienced losses of sediment sources.

Table 31. Comparison showing drift cells where there was a change in the amount of intact
sediments sources between 2004 and 2009 (Green shading indicates an increase in the
amount of sediment sources, red indicates a reduction in sediment sources).

Drift Cell
Number Location description Jurisdiction
Three Tree Point to
East side of Duwamish Seattle &
KI-5-1
head
Burien
Quartermaster Harbor
- Dockton Boat ramp to
KI-13-9 the northeast
King County
Des Moines
Rodondo Beach to
& Federal
KI-9-2
southwest Dumas Bay Way
Piner Point to Dockton
KI-13-8 Boat ramp
King County
Piner Point to Point
KI-14-2 Robinson
King County

Cell
Length
(ft)

feet of
feet of
%
%
sediment sediment sediment sediment
source lost source lost source lost source lost
2004
2009
2004
2009

59,326

10,667

9,692

76.83%

69.80%

2,254

201

0

14.65%

0.00%

25,368

3,795

3,853

49.61%

50.37%

17,489

5,001

5,132

50.74%

52.07%

29,721

1,905

2,058

12.70%

13.72%

An evaluation of the overall sediment source condition of all WRIA 9 drift cell for the year 2009 show
that only 5% of the drift cells (by length, not number of cells) still have all of their sediment sources
(Table 32). Almost 30% of the drift cells have 50% to 99% of their sediment sources. Approximately
67% of the drift cells have less than half of their historic sediment sources. A surprising 20% have no
sediment sources remaining at all. It is worth noting that most of the drift cells that have all of their
sediment sources intact are relatively small drift cells in comparison to the rest of the drift cells within
WRIA 9. Finding long reaches of shoreline where the sediment sources are entirely intact is rare.
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Table 32. The number and length of drift cells with intact sediment sources in 2009.

# of drift
cells
Drift cells with 100% of
sediment sources

11

Drift cells with 99% to 50%
of sediment sources

11

Shoreline
length
27,226 ft
(5.1 miles)
133,626 ft
(25.3 miles)

Drift cells with 49% to 25%
of sediment sources
Drift cells with 24% to 5%
of sediment sources
Drift cells with 4% to 0%
of sediment sources

13

218,899 ft
(41.5 miles)

total # of drift cells

1
16
52

9,051 ft
(1.7 miles)
94,464 ft
(17.9 miles)
483,266 ft
(91.5 miles)

% of
shoreline
5.63%
27.65%
45.30%
1.87%
19.55%
100.00%

When the spatial pattern of where drift cells of various intactness are compared, none of the drift cells
along the mainland shoreline north of Federal Way have more than 50% of their sediment sources
(Figure 55). Given the level of shoreline armoring described earlier this is not surprising. The north end
of Vashon Island and Quartermaster Harbor’s drift cells are also mostly made up of cells with less than
50% of their sediment sources. The drift cells along Federal Way, and the eastern and western portions
of Vashon Island are mostly intact. The Colvos side of Vashon Island has the longest contiguous reach
(~10 miles long) of drift cells with more than 50% of their sediment sources. The pattern of intactness
generally follows the land use development pattern, with more developed areas having less intact
sediment sources. However, the area along Federal Way’s shorelines does not follow this pattern.
Federal Way’s shoreline is composed of mostly single family residences, but the drift cells still have most
of their sediment sources.
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Figure 55.

The percent of intact sediment sources within drift cells of WRIA 9.
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Implications
Since each drift cell is basically its own watershed, each one needs to have functioning sediment delivery
and transport processes. Any restoration of sediment sources may take many years to manifest itself in
positive changes to the quality of nearshore habitat. Thus, like with riparian restoration, it is important
to start on these restoration actions sooner than later so that the ecosystem benefits of restoration will
accrue in a timely manner. As noted earlier, relatively few shoreline armoring removal projects have
been accomplished. Half of those projects did not immediately open up sediment sources. While each
of the projects likely had good ecological goals and results, the WEF should attempt to refocus funding
of shoreline armoring removal projects within the marine environment on opening up currently blocked
sediment sources.
Projects to restore sediment sources have been few and far between. Based on the recent Puget Sound
Nearshore Ecosystem Restoration Project (PSNERP) project identification process, this problem appears
to be Puget Sound wide and it does not appear to be changing.
The current distribution of moderately intact drift cells (with greater than 50% of its sediment sources) is
oriented in the south and on Vashon and Maury Islands. In order to ensure that those areas do not
become degraded or further degraded, the WEF should pay special attention to the existing regulatory
protections and consider encouraging stronger protection measures so that the last best places don’t
become further degraded. Other protections actions (i.e., fee simple acquisitions, Transfer of
Development Rights, etc) should also be strongly encouraged in these areas in order to complement a
strong regulatory framework.
Recommendations
•

•
•

•

The data used in this analysis relied on the shoreline armoring analysis from this report. Much
of the data for that analysis was not field verified and is therefore not as accurate as it should
be. The changes (or lack thereof) in shoreline armoring should be field verified in the near
future.
As climate change affects local weather patterns and sea level rise occurs, the shoretype
mapping should be updated to account for the expected changes in slope stability.
Throughout Puget Sound it is unclear how much of a drift cell’s sediment sources are needed in
order for the sediment deliver process to function properly. The WEF and the ITC should call for
this type of research to be undertaken within Puget Sound so that more quantifiable analyses
and restoration recommendations can be accomplished.
The WEF needs to find new ways to create incentives to encourage restoration of sediment
sources in the more impacted areas, especially along the mainland portion of WRIA 9.

132

WRIA 9 Status and Trends Monitoring Report: 2005-2010

9.

Summary

Monitoring in WRIA 9
In order to use the information in this report effectively as part of adaptive management, it is important
to place the report into the appropriate context as to where this it fits into the overall WRIA 9 salmon
recovery effort. The Plan breaks out monitoring into three main types: implementation, effectiveness,
and validation. According to the plan, implementation monitoring covers if projects and programs were
implemented as planned. Effectiveness monitoring covers both project specific monitoring and a
cumulative or status and trends habitat monitoring. Validation monitoring tracks if the plan has created
the desired changes in population conditions and status. There is also a long list of research questions
that came out of developing the Plan’s conservation hypotheses (Ruggerone and Weitkamp 2004 and
Anchor Environmental and Natural Resource Consultants 2005). While the Plan does not consider these
research questions a direct part of monitoring, they are closely related and need to be kept in mind for
any discussion about monitoring.
This report is primarily a habitat status and trends report (chapters 3 through 8), thus it most directly
accomplishes effectiveness monitoring. Chapter one of this report provides information related to
implementation monitoring, specifically on what type of projects have been funded and where. The
original intent was to also include an evaluation of the progress all WRIA 9 jurisdictions have been
making on the watershed-wide and subwatershed programmatic and regulatory actions. However, due
to the large amount of time this would require and staffing limitations, this evaluation was not
conducted. Chapter 2 of this report lays the foundation for long term validation monitoring. It is
extremely important to understand that true validation monitoring will take a long time before any
reliable results will be known. The Implementation Guidance report (WRIA 9 Adaptive Management and
Monitoring Workgroup and Anchor Environmental 2006) noted, “The Implementation Guidance is
intended to guide local actions over the next 10 years from 2006 to 2015, which is the same period
covered by the Habitat Plan. Although ten years can be viewed as a relatively long time period from an
operational perspective, it represents only two sequential Chinook salmon life cycles. Thus, because of
this relatively short-term biological focus, it is expected that detectable changes in salmon population
parameters (i.e., abundance, productivity, spatial structure, and diversity) under the term of this plan are
unlikely to be observed.”
As noted in the introduction, this monitoring report is intended to serve as a foundation for adaptive
management in WRIA 9. However, there are clearly gaps in the extent of monitoring currently going on.
First, this status and trends report was not able to evaluate progress made towards implementing all the
Tier 1 conservation hypotheses. Table 33 lists out the conservation hypotheses that were not evaluated.
The ITC needs to work on defining how to measure these conservation hypotheses before the next
major status and trends report, which should be undertaken every 5 years. Secondly, there are areas in
this report where there is incomplete information that does not allow one to draw strong conclusions on
how we are doing. For example, there has been only very limited new data on LWD collected in the
mainstem river since the plan was adopted. This type of data, necessary for status and trends, needs to
be collected at regular intervals. Recommendations regarding new or continued data collection are
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made throughout the report, and they need to be acted on before the next status and trends report for
the specific indicator to provide meaningful information. Also, there has been no real effort to
undertake the research necessary to confirm that the fish and habitat linkages behind the conservation
hypotheses are correct. The research recommended in the WRIA 9 Chinook Salmon Research
Framework (Ruggerone and Weitkamp 2004) needs to be undertaken.
Table 33. The Conservation Hypothesis of the Plan that were not evaluated in this report.
Subwatershed

Id #

Tier

Nearshore

Near 2

1

Duwamish
Middle Green

Duw-5
MG-3

1
1

Upper Green

Up-1

1

Upper Green

Up-4

Non-habitat

NH-1

1

Non-habitat

NH-2

1

Conservation Hypothesis (condensed)
Protect and increase the availability of vegetated shallow
nearshore and marsh habitats
Protect and restore natural sediment processes
Protect and restore natural sediment recruitment
Establish/restore Chinook salmon access above Howard
Hanson dam by providing passage upstream (trap and
haul) beyond the dam and reservoir
Protect and restore natural sediment recruitment
processes
Employ live capture techniques to harvest hatchery
salmon
Modify hatchery practices to enhance production of
naturally spawned Chinook

Evaluated?
no
no
no
no
no
no
no

All of this demonstrates that we need to start filling the gaps in our monitoring efforts. Also, this type of
status and trends report needs to be repeated every 5 years in order to help measure progress towards
the Plan goals in a coordinated fashion.

Next Steps, Adaptive Management.
The temperature of the mainstem river is a major adaptive management issue that came up during the
writing of this report. This issue was not directly analyzed in this report and needs to be addressed in
the near future. A new Total Maximum Daily Load temperature report for the mainstem of the Green
River indicated that the water temperature in the Lower Green River Subwatershed was likely to reach
sublethal to lethal temperatures in 1 out of every 10 summers, according to the model used (Coffin et al.
2011). It also noted that unless ACOE policy related to the revegetation of levees changed, the
temperature in the lower river would still be expected to reach lethal levels. One of the days worth of
data that was collected (versus modeled) to support the TMDL is found Figure 56. It clearly shows that
water temperature not only exceeded state standards for most of the mainstem below the Dam, but
also reached lethal levels in the lower river. A quick look at data from other temperature gauges in the
Green River showed multiple examples of very high temperatures occurring annually. For example,
Figure 57 shows that temperature has gone well above 20°C annually from 2002 to 2009 at the Whitney
Bridge monitoring site (King County unpublished data). Whitney Bridge is located just downstream of
Flaming Geyser State Park around River Mile 30. The timing of these high temperatures coincides with
the early portion of the migration of adult Chinook into the watershed.
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Green River Temperature Data
Green River below Howard Hanson Dam
July 24, 2006
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Figure 56.

Temperature data from the temperature TMDL of the Green River (from Coffin et al.
2011).

Figure 57.

Continuous temperature data for the Whitney Bridge monitoring site in the Green
River (courtesy of Curtis DeGasperi, King County unpublished data).
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It should be noted that temperatures between 19°C and 24°C are considered as having sublethal effects
on salmonids. The sublethal effects are many and include, but are not limited to: blockage to migration
(adult and juvenile), premature smolting, lack of smolting, reduced egg survival, reduced resistance to
disease, and increased uptake of toxicants (Richter and Kolmes 2005). Thus, while portions of the
temperature exposure may not be directly lethal, exposure to temperatures in the sublethal range likely
reduces the productivity of the Green River Chinook population.
The reason that this information was not incorporated into this report is because it relates to
conservation hypothesis All-1, which is a Tier 2 conservation hypothesis. This conservation hypothesis
states,
“Protecting and improving water quality (e.g., temperature, dissolved oxygen, turbidity, and chemical
contamination conditions) by addressing point and nonpoint (specifically stormwater runoff and
agricultural drainage) pollution sources will enhance habitat quality and lead to greater juvenile salmon
growth, disease resistance, and survival. Improved water quality will also enhance survival of adult
salmon, incubating salmon eggs, and salmon prey resources, such as forage fish.”
Temperature is merely one water quality parameter amongst many covered by this conservation
hypothesis. A quick review of various technical documents leading up the Plan’s adoption indicates that
not much was known about water quality, and what was known did not indicate it was a primary factor
of decline (Ruggerone and Weitkamp 2004, Anchor Environmental and Natural Resource Consultants
2005, Kerwin and Nelson 2000). Based on the Green River temperature TMDL and unpublished King
County data, it appears that the initial classification of All-1 as a Tier 2 conservation hypothesis may
need to be revisited. The ITC should re-evaluate this conservation hypothesis and make a
recommendation to the WEF as to whether it should be left as a Tier 2 conservation hypothesis, be
elevated to a Tier 1 conservation hypothesis, or if the temperature water quality parameter should be
broken out into its own Tier 1 conservation hypothesis. Similarly, the ITC should make
recommendations to the WEF about potential research efforts that could be undertaken to gain a better
understanding of how fish are reacting to the high temperatures.
So, as asked in the introduction, are we on track to Kalispell or do we need to modify our heading to go
to Kalamazoo? As noted in Chapter 2, the Chinook population is still not growing, and thus a great deal
of concern is still warranted. However, it is fairly early in both the Plan implementation and the
monitoring-adaptive management process to answer that question very well. We need time for our
actions to have an effect. As always, we also need more information in order to definitively answer that
question, but we have noted in this report some obvious tweaks that we should undertake in order to
keep us on track to Kalispell. The next step is to incorporate the recommendations and implications in
this report into concrete actions or changes in how the plan is being implemented; in other words, start
the adapting part of adaptive management.
Along with the temperature issue noted above, other major areas WRIA 9 needs to work on include:

136

WRIA 9 Status and Trends Monitoring Report: 2005-2010
•

•

•

•

•

•

•

•

Based on Chapter 1, the funding of restoration and protection projects is not currently balanced
the way the WEF originally intended through policy MS-1. There are many reasons for this. We
need to look more closely at why so few restoration projects have occurred in both the Middle
Green and the Duwamish Transition Zone. While we likely know many of the reasons why, is
there anything we could or should do to correct the current imbalance, or should we take a wait
and see approach?
Policy MS-1 assumed a higher level of funding than what has become available. WRIA 9 has not
received enough money to implement the Plan the way it was originally intended when it was
adopted in 2005. The WEF should continue its efforts to find a mechanism to bring in additional
stable funding sources to implement the Plan.
As noted above, the ITC was not able to evaluate implementation of the 30 watershed-wide and
subwatershed programmatic and regulatory actions. The need to address this topic has been a
continual comment in the WRIA’s evaluation of its 3-Year Work Plan by NOAA’s Recovery
Implementation Technical Team each year. This is a task that either the ITC or a consultant
should undertake in the near future.
This report is primarily focused on habitat. It did not discuss any of the other H’s (hydropower,
harvest, and hatcheries). The H-integration process that stalled several years ago needs to be
revived in order to make progress on all aspects of salmon recovery.
The ITC, the WEF, and WRIA staff should carefully track the updating of the ACOE levee
vegetation maintenance standards. These have the potential to greatly impact salmon recovery
in the Green River system negatively.
The rate of improvement of riparian conditions throughout the basin is mixed, with some areas
improving while other areas have become further degraded. There is a consistent low level of
degradation of riparian condition throughout the basin related to land use, even though all
jurisdictions have critical area ordinances to protect these vital areas. Given these results, it is
recommended that the WEF consider undertaking a survey of riparian residents to understand
why the losses have occurred. Such a survey could gather information on levels of
understanding of the importance of riparian vegetation, levels of enforcement, how residents
perceive the threat of enforcement, receptiveness to incentive programs related to the
protection and restoration of vegetation, and recommend an education and outreach program
that would change the observed behavior of cutting down riparian trees. A survey of this nature
could be done across several WRIAs, as there appears to be similar concerns in WRIA 8 which
saw very similar riparian degradation.
The Newaukum Creek basin is mostly in private ownership. Very little of the stream corridor is
protected from development through public ownership or other mechanisms. The WRIA should
consider ways to provide greater levels of protection for the stream corridor in this basin.
The ITC should develop a comprehensive monitoring framework that describes how the three
main types of monitoring (validation, implementation, and effectiveness) should be undertaken
and how to integrate them with answering basic research questions behind the Conservation
Hypotheses.
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•

There are many recommendations throughout this report related to the necessary monitoring
which needs be acted on (those recommendations are not repeated here). The WEF should
allocate a percentage of the current funding to monitoring and research efforts. This would
allow for many of the monitoring recommendations in this report to be undertaken, which in
turn would provide greater certainty about which actions are working to recover salmon, and
which area not.

Undertaking real adaptive management is very challenging. We cannot just measure, interpret, and
recommend. In order to truly start adaptive management the ITC, WRIA staff, and WEF must learn
from, and act on the recommendations within this report.
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11.

Appendices

Appendix 1. List of WRIA 9 Sample Sites in King County Ambient Monitoring
Program.
Years of
data

Sample

Subbasin

Stream

Site Code

1

Black River Subbasin

Garrison Creek - S Fork

09BLA0722

8

2

Black River Subbasin

Mill Creek (Kent)

09BLA0675

8

3

Black River Subbasin

Mill Creek (Kent)

09BLA0716

8

4

Black River Subbasin

Mill Creek (Kent)

09BLA0756

8

5

Black River Subbasin

Panther Creek

09BLA0771

7

6

Black River Subbasin

Panther Creek

09BLA0772

8

7

Black River Subbasin

Panther Creek tributary

09BLA0813

5

8

Black River Subbasin

Springbrook Creek

09BLA0768

8

9

Black River Subbasin

Springbrook Creek tributary (0006B)

09BLA0817

8

10

Coal Creek (Green) Subbasin

Coal Creek (Green River)

09DEE2208

8

11

Coal Creek (Green) Subbasin

Coal Creek (Green River)

09DEE2294

8

12

Covington Creek Subbasin

Covington Creek

09COV1165

8

13

Covington Creek Subbasin

Covington Creek

09COV1418

7

14

Covington Creek Subbasin

Covington Creek

09COV1756

8

15

Covington Creek Subbasin

Covington Creek

09COV1798

7

16

Covington Creek Subbasin

Rock Creek (Covington)

09COV1753

1

17

Covington Creek Subbasin

Rock Creek tributary (Covington)

09COV1862

7

18

Covington Creek Subbasin

Rock Creek tributary (Covington)

09COV1864

5

19

Deep Creek Subbasin

Deep Creek

09DEE2163

8

20

Deep Creek Subbasin

Deep Creek

09DEE2211

7

21

Deep Creek Subbasin

Deep Creek

09DEE2266

3

22

Duwamish River Subbasin

Duwamish River tributary (0001E)

09DUW0091

7

23

Duwamish River Subbasin

Duwamish River tributary (0003)

09DUW0225

6

24

Duwamish River Subbasin

Duwamish River tributary (Puget Park)

09DUW0024

2

25

Duwamish River Subbasin

Hamm Creek

09DUW0144

7

26

Duwamish River Subbasin

Riverton Creek (003D)

09DUW0277

7

27

Jenkins Creek Subbasin

Jenkins Creek

09JEN1318

7

28

Jenkins Creek Subbasin

Jenkins Creek

09JEN1357

8

29

Jenkins Creek Subbasin

Jenkins Creek

09JEN1358

7

30

Lower Green River - E Subbasin

Green River - Lower tributary (S 277th St.)

09LOW0753

7

31

Lower Green River - E Subbasin

Green River- Lower tributary (0069)

09LOW0788

7

32

Lower Green River - E Subbasin

Olson Creek

09LOW0751

8
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33

Lower Green River - W Subbasin

Lower Green River tributary (0036B)

09LOW0325

8

34

Lower Green River - W Subbasin

Mullen Slough

09LOW0406

7

35

Middle Green River Subbasin

Christy Creek

09MID1744

8

36

Middle Green River Subbasin

Christy Creek

09MID1817

8

37

Middle Green River Subbasin

Crisp Creek

09MID1495

8

38

Middle Green River Subbasin

Crisp Creek

09MID1537

8

39

Middle Green River Subbasin

Green River - Middle tributary

09MID1704

7

40

Middle Green River Subbasin

Green River - Middle tributary

09MID2426

8

41

Middle Green River Subbasin

Icy Creek

09MID1958

8

42

Middle Green River Subbasin

O'Grady Creek

09MID1374

8

43

Mill Creek Subbasin

Mill Creek (Auburn)

09MIL0291

2

44

Mill Creek Subbasin

Mill Creek (Auburn)

09MIL0340

7

45

Mill Creek Subbasin

Mill Creek (Auburn)

09MIL0390

8

46

Mill Creek Subbasin

Mill Creek (Auburn)

09MIL0497

1

47

Newaukum Creek Subbasin

Newaukum Creek

09NEW1657

8

48

Newaukum Creek Subbasin

Newaukum Creek

09NEW1875

7

49

Newaukum Creek Subbasin

Newaukum Creek

09NEW1911

6

50

Newaukum Creek Subbasin

Newaukum Creek

09NEW2102

8

51

Newaukum Creek Subbasin

Newaukum Creek

09NEW2151

8

52

Newaukum Creek Subbasin

Newaukum Creek - N Fork

09NEW2076

7

53

Newaukum Creek Subbasin

Newaukum Creek - N Fork

09NEW2128

8

54

Newaukum Creek Subbasin

Stonequarry Creek

09NEW2078

3

55

Soos Creek Subbasin

Big Soos Creek

09SOO0943

7

56

Soos Creek Subbasin

Big Soos Creek

09SOO1040

1

57

Soos Creek Subbasin

Big Soos Creek

09SOO1144

6

58

Soos Creek Subbasin

Little Soos Creek

09SOO1209

6

59

Soos Creek Subbasin

Little Soos Creek

09SOO1283

8

60

Soos Creek Subbasin

Meridian Valley Creek

09SOO1106

7

61

Soos Creek Subbasin

Soos Creek

09SOO1130

8

62

Soos Creek Subbasin

Soos Creek

09SOO1134

8

63

Soos Creek Subbasin

Soosette Creek

09SOO1020

2

64

Soos Creek Subbasin

Soosette Creek

09SOO1022

7
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Appendix 2. Coastal Change Analysis Program (C-CAP) Land Cover Classes
0

Background

1

Unclassified (Cloud, Shadow, etc)

2

High Intensity Developed

3

Medium Intensity Developed

4

Low Intensity Developed

5

Open Space Developed

6

Cultivated Land

7

Pasture/Hay

8

Grassland

9

Deciduous Forest

10

Evergreen Forest

11

Mixed Forest

12

Scrub/Shrub

13

Palustrine Forested Wetland

14

Palustrine Scrub/Shrub Wetland

15

Palustrine Emergent Wetland

16

Estuarine Forested Wetland

17

Estuarine Scrub/Shrub Wetland

18

Estuarine Emergent Wetland

19

Unconsolidated Shore

20

Bare Land

21

Water

22

Palustrine Aquatic Bed

23

Estuarine Aquatic Bed

24

Tundra

25

Snow/Ice
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