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Work to develop the Action Agenda will focus on these key

1IssUes.

What is a healthy Puget Sound?

The first step is to define a healthy Puget Sound. The legislation that created
the Parthership established a list of goals that, although broad, form aur
wiarking definition of a healthy Sound. Other goals can be added as our work
proceeds.

What is the current status of Puget Sound’s health and what are the biggest threats to it?

Before the Partnership can successfully determine how to achieve a healthy Puget Sound, we need to fully

understand its current baseline condition - status and threats. This work is necessarny so thatwe can tell if
wee are making progress.

What actions must be taken that will move us from where we are today to a healthy Puget
Sound by 20207

Building on the research data acguired early in this process, this step will help us understand what we need
to do to achieve a healthy Sound. These actions will form the foundation of the Action Agenda.
Where should we start?

Friaritizing actions is critical to achieving our goal of a healthy Sound. This list of priorities will form the Action
Agenda and hecome the roadmap far restoring Puget Sound.




The;-'__-'f'lrtual Puget Sound: a Process to
Evaluate Alternatlve Futures for Puget Sound

fJeffrey Richey
School of Oceanography
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PRISM

REGIONAL SYNTHESIS MODEL

Hypoxia in Hood Canal

The increasing presence,
persistence, and
distribution of low
dissolved oxygen
concentrations in Hood
Canal during the 1990's
and the repetitive fish kills
during 2002, 2003, and
2004 indicate that hypoxia
{low oxygen conditions)
may be increasing in
Hood Canal.

How do we describe Puget
Sound's climate, and what
changes are predicted for the
future!?

m Research

~_7,, How does the complex array of
P ecosystems and habitats affect the
: goods and services we derive from

Puget Sound?

About Us

e

/7 J'\ | Education

] ir How are the Sound's
' communities and economies as
diverse as its natural
environment?

S
=

=== Resources
:f{{_iﬁé See how water drives everything,
== ==—— from the health of our

communities and environment to
the circulation of Puget Sound.

Education Service Research Resources

Links

Service

What tectonic, climate and other
natural disturbances have shaped the
form and function of Puget Sound,
and what do we face in the future!?

PRISM Success Stories

V¥Vhat do the past trends in the
environment and society
suggest about the region's
future?
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PRISM Cruises

NUKEE ¥D WASTE

Salmon Model

Dissolved Oxygen in Hood Canal

Toxic Loading

Habitat Protection
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Puget Sound Basim - Watersheds
o

_“Virtual Scaleable Basin (VSB)”

—
W _r;

A metaphor and a practical engine, for organizing and
processing the information and decision needs for the
Basin. The intent is, essentially, to.create an

“Information laboratory and forum, without walls,

capable of flying in time and space, reaching the
citizens of the Puget §9uﬁd 4

Not just Puget:Sound, bltas an “Earth System
Modute™=




Puget Sound Basim - Watersheds

Establishing such a process is not a trivial task:

* The information required comes from multiple sources, .... multiple
disciplines, which presents problems with even communication between
specialists. .. New field measurements, especially holistic and cross-
boundaries, areﬁhaHeFFgmg S A ---'-‘_. e

e

e Dyna watlon models recognlze ‘non-stationarity” and nominally
represent processes. But are plagued by generatlons of graduate students,

legacy code, and overall complexity. : :
= -h“-h_ h.._

e Handling such dlverse data and executing models is néf'?tratgnﬁorward

€very real problems in.converting data streamgh‘tﬂtim: __— :

pation fhat go beyond a database.

-*Ifgrharus most challenglng is how to not only create such mformatlon but L.'_
~how to get it into.the hands of users of different levels, from the speclallst
“to the local and regional decision makers to the local farmer or Tl‘mpEym_anﬁ-
y” - - —— L P -~
X e ;-:‘




Virtual Puget Sound: Cyber-infrastructure

Analysis for the Multi-Scaled Biophysics and Human Dimensions in a Collaborative
Land/Atmosphere/Marine System

M. Logsdon, J. Richey, B. Campbell, M. Stoermer, H. Hadaway
University of Washingten, School of Oceanography

* Base data layers

b

e Directed daﬂa'layler

l l

|
l
fq&cused on synthetic obljecqllves

|
» Geospatially- expllcﬁt rocess-based, cross- sgct l'3|mulat|on
models (requiring data from the directed data Iaiye”s) A modular
structure allows" rea?y swapping of models (meIechusmg on
getting work done). l

|
- Facilitated input/bur

put (including visualizations

» Decision subport syst%m and scenario testing‘j € ﬁabilities

Data Archl\'e




PRISM Visualization Pipeline Prototype

User Interfaces - Desktop & Browser

Modelers / Analyst Teachers / Students General Public
Security
Data Content Model Visualization
Transformation Catalo
8 DUtPUt *Collaborative Ocean Visualization
*MNetCDF Manipulation *Web Application (Gralls, Apache, *WRF Surface fields: wind precip ir:ﬂm (FLTK, C++, OpeniGL,
s Re-gridding Tomear) and temperature oF E"ﬁ" SEHTFI
*Re-projection (UTM <->LatLen) »SQL Database (Postgres) *ROMS: temperature, salinity, 1O i Msulisatan
»Thematic aggregation + Multiple file formats M *|so-surface visualizations
SNk format sinalhiion *KML files * DHSVM: runoff, soil moisture, swe R .
= COVE Output files and images * Phyysical Template: Topography, :
+Particle visuakzations
I lindcover, stream networks A i gl

A system that can provide visualizations in an automated fashion to a
researcher’s desktop and to an educational user’s browser. Proposed is a
system that would take PRISM model output and create 3D visualizations of
the critical outputs. COVE is 3D Visualization software for geo-referenced
data, with many of the features of Google Earth, however, it has been
designed to work with scientific data-sets including netCDF model output
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Express as a geospatially-explicit/process based (set
of) models (noting that the devil is in the details....

Model of Surface Climate

Daily/Seasonal Precip, Temp, Rn, W

T

Seasonal/Annual

A

Model of Elevations DEM
Topography, Mask, River Networks

TIME SCALE



Climate — Landsurface — Water Cycle:
DHSVM/D-SEM/D3.0

Climate and landscape structure

Interception

Evapotranspiration

Snow accumulation and
melt

Energy and radiation
balance

Saturation excess and
infiltration excess runoff

Unsaturated soil water
movement

Ground water recharge
and discharge
Impervious surface flow

Water and “stuff” movement

Quickflow from
Impervious Surfaces

Channel
Segment
Flow

C)inf/ow
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0 - *MECHANISTIC” WATERSHED MODEL.:
£  DHSVM Solute Export Model (D-SEM)
~ Interpolation, process ID, future scenarios

Takes N inputs from deposition, red alder N fixation, and septics and
routes it through soil, ground water and surface water, with removal
from denitrification, adsorption, and biotic assimilation.

Atmospheric

Precipitation
N deposition P

Vegetation

N fixation —» Population

Septicinputs > Soil
I Geology

\Q;\E _ Channel network

S




e.g. for a 3-day snow event

(animation approximated here by rapid click of screen show)




Snohomish River Basin

“Template” Climate Forcing Output Fields

andcover 2001 PRISM 260 Snohomish Wind PRISM 260 Snohomish Soil Temperature

Windfield

Channel Network, ¢/ Soil Moisture

PRISM 260 Snohomish Soil Depth PRISM 260 Snohomish Precipitatior PRISM 260 Snohomish Channel Flow

Soil Depth




Streamflow change due to land cover

and climate change
Lan Cuo et al. (PRISM, CIG)

L ight-rtoen Ui M Light oxeiurn Uban
v LM"J”‘ ‘_ ol 1
How did current land cover change and climate

change affect streamflow in the Puget Sound
compared to early settlement period?

How will future climate change affect streamflow in

the Puget Sound Basin?
7.1 9 Ts T

53
mliddl =176 &N &S &P =TS =180 =185

Figurs 2. 1883 Land cower map | source: US Department of Interor/US Geclogical Survey,igure 3. 2002 Land cower map {source: Alberti et al, 2004
1883}. 153w 1G10mem I:-"E w2 LY

1hdwlélmen (2 x 73 DPL)



Methodology

Generate data:
1/16t™ degree climate forcing data for 1915-2002.
Remove temperature trend based on 1915 and 2002 conditions.

2002 land cover map from Alberti et al. (2004) and 1883 USGS land
cover map

Use A1B global emissions scenario and Delta approach to perturb
the trend removed climate data.

. b6 scenarios:

Land cover change: 1883 and 2002.
Temperature change: 1915, 2002, 2020s and 2040s.

. Calibrate the Distributed-Hydrology-Soil-Vegetation Model (DHSVM)
for all Puget Sound sub-basins.

. Use the calibrated DHSVM to simulate streamflow for 6 scenarios.

. Compare streamflow.



Results: Calibration
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Land cover change effects: Seasonal flow
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e.g., Streamflow simulation with historical
forcing and projected forcings in Cascade
side.
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Conclusions — Land Cover Study

In upland basins, fall, winter and spring streamflows are higher
under current land cover condition because of lower ET. Summer
streamflow is lower in 2002 scenario because of less water storage
In the basin.

On average, mean annual streamflows are slightly higher under
current land cover condition.

Peak flows are affected by the combination of ET and infiltration
excess runoff. Peak flows tend to be higher under current land
cover condition for most basins.

Chances of getting peak flows are higher under current land cover
condition.



Conclusions — Climate Study

Temperature change has larger effects on streamflow in basins
located in intermediate elevation zone and not so much in high-
elevation basins and lowland basins.

Temperature change mainly affects seasonal streamflow
distribution in mid- and high-elevation basins.

In general, warmer climate will result in more winter precipitation
falling as rain rather than snow throughout much of the Puget
Sound. This change will result in higher fall, winter, early spring
streamflows, earlier peak spring streamflow, and lower summer
streamflows.

Land cover change dominates in the lowland where urbanization
occurs. Temperature and land cover change both function in the
upland basins.



Hood Canal

Dissolved Oxygen Program

What's Going On?

The Dissoluved
(hygen Issue in
Hood Canal

Science of Hood
Canal Hypoxia

Key Messajges

What are We
Croing Abowt it?

HCDOP - 1AM

Resaurces

Hews
Links

Sean a Fish Bior
Aigae Bioommy Call
Ecoiogs
Emergency
Respohnse
Mumbet:

1-800-0OILS-911
{1-800-6457-911)

Hood Canal
Dissolved Oxygen Study

HCDOP 1AM Study
Preliminary Results
Click here 1o see video
of the summany
presentation at the
Hood Canal Science
Suimimit

Click here to download
preliminany stuiy
resukis ani
conclusions




Direct measurements of water chemistry

*Geospatial model of landsurface properties

*Assess freshwater inputs, using gauge records and DHSVM
Coupled hydrology/geochemical modeling
eLoading/partitioning analysis of current conditions

What would happen in the future? (not idle — House Bill
pending)
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L-STORMEVENT SAMPLING

Total Dissolved Nitrogen November 2 - 10, 2006
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TDN IN HOOD CANAL RIVERS AND STREAMS

Sampled subwatersheds (39) and unsampled

eas (in gray)
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AVERAGE MONTHLY TDN IN TEN MOST...

mature coniferous forest mixed deciduous forest
1000 = 1000 =
800 - 800 -
=) g
3.600 - 3.600 -
P Z
@] o
[ —
400 + 400 -
200 -L; iii 200 -
d d T d 3 9 d d JdJ X T X3 I T T J
g0 g6 28 S9222%83523828
least densely populated watersheds most densely populated watersheds
1000 1000 S -
800 - 800 T
: 600 o 3.600 -
. - pd
= =
400 - 400 ~ I
200 - 200 H
e
c d o & X 2 3 DDy 9 3 O c d S o 2 d L Ddg a9 F J
s9228833233828 S92328£35238%8



TDN (MT/mo)

HOOD CANAL TOTAL TDN LOADING

2005: 715 MTly
2006: 686 MT/y

USGS 1971-2002: 495 MT (DIN) surface, 139 MT groundwater
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SUMMERTIME IN LOWER HOOD CANAL
July — October Composite

Average Monthly Combined Watershed Loading; ~ 4MT/mo

Pristine (~0.4 MT/mo)

Alders (~0.5 MT/mo)
Shoreline

Groundwater
(~1.7 MT/mo)
Upland- People/
Septics (~0.5 MT/mo)

Shoreline
Septics (~0.8 MT/mo)



CONCLUSIONS

“Does the Hood Canal watershed play arole ....
through TDN surface and groundwater loading ....?”"

|s there an anthropogenic impact, above “Pristine,”
on TDN loading? Yes! Partitioned between alders and
OSS (and fertilizers and dogs...and...)

How ‘sure’ are we of the numbers? Not extremely ...
the important issue is the trends that are appearing

Does this N make a difference to the marine?
Seemingly, consistent as the “tipping” point

Regardless of the marine impact.... Results show a
very significant alteration in the freshwaters of Hood
Canal watershed — important, “unto itself”.....



Skagit River Delta

Skagit Alternative Futures Project

EPA Targeted Watershed Grants 2008 Puget Sound
SR i { *, Initiative -

.. A = '
This stw#g-up projectis applying the*alternative futures”

process (with improvements drawn from the experiences of the
Willamette River basin and Kitsap County) to the seemingly
Intractable conflict betweenre;i)system restoration, farmland

preservatlon and g owtp ma agement In the Skaglt River
watershed '













