PSNERP CHANGE ANALYSIS

Results Categories & Display

For each of the four -
categories (tier), we
quantify nearshore
ecosystem change
and rank EFG&S
impairment of
nearshore ecosystem
processes at four
scales:
Comprehensive,
Puget Sound-wide
Puget Sound
(PSNERP-defined)
sub-basins
Within process units
Among attributes of
change within
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PSNERP CHANGE ANALYSIS

Historic Shoreform Change Sound-Wide
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PSNERP CHANGE ANALYSIS

Cumulative Shoreline Alterations

Cumulative
stressors can
be identified
as spatially-
explicit “hot
spots” of

impairment

- OWS
~ OWS, Armoring ; :
OWS, Armoring, Fill | % %

Total Count OWS
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PSNERP CHANGE ANALYSIS

Impairment due to Shoreline Alteration

Top right: Potential nearshore
ecosystem impairment due to
shoreline alterations (Tier 2)
among Sound-wide process units
(PU) symbolized by Impairment

.y Bin.

ALrExAnows I Top left: Frequency distribution of
B Mostmpeed PG Impairment Scores.

(. Y500 o Bottom: Range of Impairment
Scores by Sub-basin. Boxplot
shows the median, interquartile
range (box length), outliers (cases
with values between 1.5 and 3
box lengths from the upper or
lower edge of the box), and
extreme cases of individual
variables (cases with values more
than 3 box lengths from the upper
or lower edge of the box).
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PSNERP Strategic Needs of Puget Sound
Nearshore Ecosystems

Restore connectivity and size of large river deltas

Restore sediment input, transport and accretion
processes

Restore shoreline complexity and length

Enhance landscape heterogeneity and connectivity

Protect relatively undegraded processes in large river
deltas

Protect relatively undegraded sources of sediment
Protect relatively undegraded embayments

Increase understanding of natural processes
restoration to improve effectiveness of project actions
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STRATEGIC RESTORATION/PRESERVATION
PORTFOLIO DEVELOPMENT

Objective 3. Restore Shoreilne Complexity and Length

a. Restore Shoreline Length Percent Shoreline Length Loss
Restoration Action High
’ ncludes "Weak Effect” Management Measure(s) Moderate
Low
Nene

Shorefine Length Gan

Management Measure: Strong Effect Weak Effect 100
- Bermvdike removal - Armor remova - Beach nourishment - Kilometers
- Topography restoration - Hydraulic modfication
« Channel rehabiltation/creation - Substrate modification
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FUTURE RISK ASSESSMENT PROJECT (FRAP)
Puget Sound ENVISION Project

Multiagent
Decision-making et  Landscape

Select policies and generate Feedbacks
land management decision

.|ll:-<'lmgl.nulx«'.nlu- pattern

Actors
Decision-makers managing the
landscape by selecting policies

responsive to their objectives

Policies

Fundamental Descriptors of constraints and
actions defining land use management
decisionmaking

Landscape Production Models

Generating Landscape Metrics Reflecting
Ecosystem Service Productions

Landscape

Spatial Container in
which landscape
changes, ES
Metrics are
depicted

Autonomous Change Processes

Models of Non-anthropogenic Landscape Change

Bolte & Vache; OSU; http://envision.bioe.orst.edu/StudyAreas/PugetSound/index.html
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FUTURE RISK ASSESSMENT PROJECT (FRAP)

Scenario Comparison - Landcover
South Central (SC) Watershed

. 2000 - Baseline

0510 20 30 40
Flomeers

LULC_B - Culttvaied Crops - Low-iniensky Developed - Emengent Herbaceous Webard : GrasslandiHembaceous el o
- D=clduous Forest - Medlom-int=nshy Developed - wergneen Forest - Mbred Foresi Sirubs3-oub
- anren: - High-intznsity Developed Ceveloped Open Space FashanHay - Coen Water - Wiosly Webards
Bolte & Vache; OSU; http://envision.bioe.orst.edu/StudyAreas/PugetSound/index.html
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FUTURE IMPAIRMENT?

Potential
Changes in

Adjacent
Upland
(Tier 3)

Impairment
under
FRAP

Status Quo
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SUMMARY:
Puget Sound Nearshore Ecosystem Restoration

‘PSNRP Change Analysis and Strategic Needs
Assessment documents historical change in
geomorphic structure of deltas, beaches and
embayments of Puget Sound, and the greatest
need/benefit for restoration and preservation

*Geospatial database and analyses facilitate:

—inference about relationships between nearshore
ecosystem structure and the processes that create and
sustain shoreline geomorphology and function

—landscape analysis of adjacent and cumulative effects
among stressors and restoration actions

—planning restoration and preservation portfolios

—exploration of future change effects on alternative
restoration and preservation strategies
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PUYALLUP RIVER ESTUARY

Puyallup River Estuary (Commoncorﬁ%ﬁ ,ﬁéy) :

/

{
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HISTORIC ECOSYSTEM STRUCTURE AND PROCESSES

Peripheral Drainage
Inputs

Tidal Marsh
Progradatio

Forcing :
\ : and Erosion

Current Shoreline
1877

Open Water
Nearshore, subtidal
P Estuarine Mudflat
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B Estuarine Transition Zone
Forested Upland, to Ri ine
-R‘M Up dgel

Unclassified in 1877
S
O
Delta”
Building \ Sy
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HISTORIC MIGRATORY PATHWAYS OF JUVENILE PACIFIC SALMON

. Delta-Nearshore
| Transition

Osmoregulatory Transitic

Fry-Fingerling
30-100 mm FL

Fingerling-Smolt (S
> 180 mr% FL Fresh-Brackish Transition \

N A Ra
Transitional Extended Tidal Floodplain =~ 7. "™
Occupation and Over-Wintering
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SPECIAL AQUATIC SITES
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EPA/SUPERFUND & OTHER PROBLEM SITES:

0 Superfund Sites

RCRA Taxic Waste Projects
- NPDES Pollutarts

Toxic Release Inventory
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DISPOSAL SITES & CONTAMINATED SEDIMENTS

Streams
Disposal Sites
I Existing
J Potential
I PSDDA
Contaminated Sediment

] Clean

[ ] Cleaning Up

[ | ASARCO

I Slag Peninsula
Current Shoreline
_|Land
| Water W=

L A
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MODERN MIGRATORY PATHWAYS OF
JUVENILE PACIFIC SALMON

4

Nearshore-Offshore "\
Transition

River-Bay Transition

Fresh/Brackish (Osmoregulatory) .
Transition j

Fry-Fingerling
30-100 mm FL
Fingerling-Smolt
> 100 mm FL

Transitional
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RESTORATION & REHABILITATION FOCUS AREAS

Potential NRDA Site nked for Restor: and Mtjgation, | ncluding Disposal

: /
N A/Delta-Nearshore Transition
PANIEEC

Cross-DeItaK
Linkages

Over-Wintering
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APPROPRIATE ACTIONS FOR ENHANCEMENT OF JUVENILE
SALMON REARING HABITAT IN COMMENCEMENT BAY

Estuarlne Marrne Transition
- f Removai of over-wa’fer structures and
hardened shorelines
'S Restoratlon of natural beach gradlent and
~ substrates )
Eelgrass restoratlon / )
Reconnection of natural upland drainage

T4

) Y \; ) Waterways il ‘
lia and Fore-Shore™ . . { N T, ]~ ° /Removal of over-water structures ‘
b RE R l S k

Expand low- gradrent beaehes o / Reintroduction of freshwater inputs
bridging to fneodelta: . Restoration of lew gradient, fine
Remove/decrease subtidal gaps TS Sibstrate beaches, including mudflats
Restore t1dal channels or surrogate

connectlons =
ater |

Restd)ranon of trdal ﬂoodplaln and relict oxbows
or other low energy "backwater" habitats

. Reconnectlon to Cross- -delta waterwaysq

“Brackish-Estuarine Transition : ! \
* Restore brackish marshes g ‘f Tidal Fresh

Restore low-gradient, fine-substrate N e

channel margins " N\

Restore tidal channel structure

Reconnect river to waterways?

N
) Restore rrparran vegetation
: and emergent wetlands
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SUMMARY:
Puyallup River Estuary Restoration

1. Can't restore historic estuary structure, but can
enhance function for juvenile salmon;

2. Spatially-explicit identification of salmon habitat
needs likely increases new, more strategic
restoration and rehabilitation targets; but,

. legacy contaminants will continue to be stressor
VIS a vis recontamination of rehabilitation sites.
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DUWAMISH RIVER ESTUARY
Duwa'mi;i_iji Rivgr'E;tuary (Elliott Bay), (”‘5..1
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HISTORIC DREDGING AND FILLING OF
THE DUWAMISH RIVER ESTUARY

DUWAMISH RIVER / ELLIOTT BAY ESTUARINE
HABITAT LOSS 1854-1986

[ = 1854 " 1986 4% Change |

RELATIVE LOSS (%)

- 20
L 10
Lo

A A
T /x A ) \
& s A A
o
[N
|l
v
i i
' I i
|
4

L
L r—

TIDAL TIDAL SHALLOWS GRAVEL- SANDSPITS
SWAMPS MARSHES AND COBBLE
MUDFLATS BEACHES

HABITATS

— —_—

TIDE Kick-Off Conference; 16-19 February 2010; Antwerp




. THE ENTIRE
-~ WATERSHED
~ HAS BEEN

REPLUMBED!

MMMMM

Changes in Duwamish River Watershed:

1912 Diversion of White River to Puyallup River watershed (-25.2%)

1916 Diversion of Cedar and Lake Washington-Lake Sammamish
watersheds to Lake Washington Ship Canal (-40.6%)

= 70-75% reduction in freshwater inflow to estuary
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THE EMERGENCE OF
A RESTORATION
STRATEGY FOR THE
DUWAMISH RIVER /
ELLIOTT BAY

 Port of Seattle mitigation
» Coastal America
 NRDA

* non-regulatory restoration

Potential Intertidal Habitat Restoration Some
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COMPLETE
AND IN-
PROGRESS
DUWAMISH
RIVER
ESTUARY
PROJECTS

Effiot Bay
, Lake
), Washington
S - sl g
T-105 0.6 aé Dlagqnal Marsh 0.4 ac ‘

"

Fed. Center S.(GSA) 0.3 ac

Herring's House 1.8 ac,_

Puget Cr. 0.2 ac

15t Ave. S. Bridge 2.1 ac

:Duwamish Waterway Pk. >0.1 ac

Today r

Hamm Cr. 3.0 ac £

Kenco Marine 0.7 ac’  wa '
Tuming Basin Phase ll1.3ac -l
Turning Basin Phase |04 ac [ : — g';eagne

_— o

£ North Wind's Weir 1.0 ac . o
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DUWAMISH RIVER ESTUARY RESTORATION SINCE 1988

COMMUNITY
Site One

/

Kenco Marine

NRDA North Wind's Weir A/
Hamm Creek A

Herring's House A

Turning Basin |l A/A

COASTAL AMERICA 1stAve S A/

Turning Basin | T-105 /

DiagonalMarsh  Federal Center S(GSA) A//A
A — | Duw amish Waterw ay Park

PugetCreek

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-

87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05

Date Completed
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ADDRESSING THE CHALLENGES OF
RESTORATION IN URBANIZED /
INDUSTRIALIZED ESTUARIES

* creative, inventive approaches
v’ excavation of fill to intertidal elevations
v removal of over-water structures

v' creating littoral “bench” habitat

v'day-lighting streams and estuarine channels
« acceptance of some unaesthetic, if not less than
ecologically natural, alternatives to counter
disturbances

 costs $$5%
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AVERAGE HEIGHT OF ESTAURINE PLANTS
BY GOOSE EXCLUDER CONDITION, 2001

centimeters
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pugetsound org
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IS URBAN ESTUARY RESTORATION
WORTH THE COST?

DUWAMISH RIVER ESTUARY RESTORATION COSTS

& Cost including Real Estate (2000 $US) m Cost/ha

(€6,500,000)

$9,000,000 -

$8,000,000 -

$7,000,000 -

$6,000,000 -

$5,000,000 -

$4,000,000 -
$3,000,000 - Average
] cost ha™!

$2,000,000 - without
L real estate

COST (2000 $US)

$1,000,000 -
$0

GSA Marsh Turning Turning Herring's North Winds
Basin Basin #3 House Weir

SITE
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WHEN ISTHE INVESTMENT
WORTHWHILE, DESPITE THE
CHALLENGES?

* regulatory/legal mandate and obligation
 mitigation (CWA)
« compensation (NRDA)
* native treaty rights
» endangered species recovery
 habitat restoration (ESA)
* landscape (re)connectivity
» optimize efforts in other parts of watershed-coast
« citizen involvement and investment in restoration
* urban revitalization
» cultural healing that taps historical, social, political,
aesthetic and moral, as well as scientific, contexts
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Duwamish Waterway Snohomish ]:stusrv
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CAN THE FISH TELL THE DIFFERENCE?

Response of Juvenile Salmon to Habitat
Restoration in the Duwamish River Estuary

 Although the diet of juvenile salmon migrating
through the Duwamish River estuary includes prey
that are not typical of less-altered estuaries, they
are utilizing organisms colonizing restoration sites

Some functions, such as refuge from predation
(shallow water habitat) and vegetation-associated
prey resources, develop rapidly

Cumulative restoration projects may provide habitat
linkages that will create a landscape-scale habitat
function for migrating salmon that exceeds site-
specific levels
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SUMMARY:

Duwamish River Estuary Restoration

1. little change = significant difference?

v' potentially huge signal:noise response: despite the small increment,
habitat area and quality has expanded from a comparatively minor,
and continually degrading base <1970’s

v' evidence of functional response by fish and wildlife
2. experimental tableaux for testing alternative restoration

approaches, performance standards and monitoring in
challenging systems
v' if we can accomplish something here

extensive expansion of public understanding, appreciation
and involvement in restoration

In case of some resources, such as at-risk anadromous
salmon, we cannot afford NOT to ensure that watershed
restoration and all other measures toward salmon recovery
are not thoroughly compromised by failure to rehabilitate
their estuarine habitat




TAKE-HOME MESSAGES (1)

. Acknowledge system constraints
understand and work with extant
ecosystem processes

. Be strateqic in approach and deployment of
restoration and rehabilitation actions

. Use the landscape connectivity, both
proximally and at regional scale

. Be more innovative, integrating both active
and passive restoration

. Deploy and manage adaptively

. Look to future for both constraints and
opportunities (e.g., SLR)

. Develop interdisciplinary science and
engineering teams
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TAKE-HOME MESSAGES (2)

8. Employ models conceptual to
hydrodynamic, sedimentological, and ecological

9. Manage expectations

10.Use external peer review and other ‘lessons
learned’ mechanisms

11.Contribute to applied science (publications)

12.Collaborate in international forums at all scales

 workshops
« white papers and other guidance documents

* Iinternational meetings, e.g.,
v" Restore America’s Estuaries (RAE)
November 13-17, 2010; Galveston, TX
(see: https://www.estuaries.org/conference/)
v" National Conference on Ecosystem Restoration (NCER)
August 1-5, 2011; Baltimore, MD
(see: http://www.conference.ifas.ufl.edu/NCER2011/)
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DON’T FORGET HUMAN DIMENSION!

PEOPLE
F O R

PUGET
SOUND

pugetsound.org

Average 120.000
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Ordinary citizens can
become a valuable
constituency!
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THANK YOU

Contact:
Charles (“Si”) Simenstad

1-206-543-7185
simenstd@u.washington.edu

Further information:

« South San Francisco Bay Salt Pond Restoration
http.//www.southbayrestoration.org/

* Puget Sound Nearshore Ecosystem Restoration Project
http://pugetsoundnearshore.com

« Duwamish River estuary restoration
http://yosemite.epa.gov/r10/cleanup.nsf/sites/LDuwamish

» Puyallup River estuary restoration
http://www.darrp.noaa.gov/northwest/cbay/restore.html

TIDE Kick-Off Conference; 16-19 February 2010; Antwerp




