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Physical-Biological Linkages
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The SATURN Modeling System

Objective: To create a virtual Columbia River, a semi-
operational modeling environment that comprehensively
describes the 3D baroclinic circulation in the CR coastal
margin, and selectively describes its function as an
ecosystem

Daily forecasts Simulation databases

= Decade plus
= Updated periodically
= Self-redundant

= Semi-operational
= Run daily
= Self-redundant

P e e

SATURN'’s modeling systems w
incorporate multiple lines of = Skill assessed = Skill assessed o
refmem_ent Concurrently: y http://www.stccmop.org/virtualcolumbiariver/ ] 2
+ Domains and grids '\ __ http://www.stccmop.org/virtualcolumbiariver/forecasts ,’ " simulationdatabases S/ O
« Codes and forcing S - e -2
* Skill assessment [ 7T TTTTTTTTTTTOTOTTmmTm AT T T N LT N g
. . . . \‘ Vi \ O

Encourages new technologies, Built for each simulation = Climate =
such as the recently developed database ;'_J
non-hydrostatic version of . [ / i =
SELFE = Multiple observed & CSZ subduction S

= Human impacts (water
regulation, irrigation, navigation
improvements, restoration)

modeled variables
= Easy web access

\ http://www.stccmop.org/virtualcolumbiariver/ AR

Se

Climatological atlas Scenario simulations



http://www.stccmop.org/virtualcolumbiariver/simulationdatabases/
http://www.stccmop.org/virtualcolumbiariver/forecasts/
http://www.stccmop.org/virtualcolumbiariver/forecasts/
http://www.stccmop.org/virtualcolumbiariver/simulationdatabases/
http://www.stccmop.org/virtualcolumbiariver/simulationdatabases/climatologicalatlas/
http://www.stccmop.org/virtualcolumbiariver/forecasts/
http://www.stccmop.org/virtualcolumbiariver/simulationdatabases/
http://www.stccmop.org/virtualcolumbiariver/simulationdatabases/climatologicalatlas/

The SATURN Modeling System
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Yaquina/Alsea Forecast:
currently active, but in need of
quality observational time-series
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facilitate a full calibration effort
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SATURN'’s modeling systems
incorporate multiple lines of
refinement concurrently:

« Domains and grids

« Codes and forcing

* Skill assessment

Encourages new technologies,
such as the recently developed
non-hydrostatic version of
SELFE

Forecasts: multiple daily forecasts of 4D (space-time)
circulation. Used to assist near real-time planning and
interpretation of scientific field campaigns. also contribute
directly to the maintenance of the the virtual Columbia River
simulation databases.

Understanding Variabllity to Anticlpate Change

Center for Coastal
Margin Observation

& Prediction
About  News Education Research Knowledge Transfer  Data Contact [ Search |
Daily Forecasts Home » Data » Virtual Columbia River »

+ Forecastfi4 Daily Forecasts

+ Forecastfi6
All forecasts are experimental, and their quality has not been verified. Do not use for any purpose other than

research and education.
+ Development Forecast DEV Quick links to forecast products: River-shelf f22, River-shelf f14, Estuary f16, River-shelf DEV, Estuary DA,
» Estuary-only DA

+ Forecastf22
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] 403
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The salinity forecast animation above is for the current day and divided into four areas. The left side is a a wide scale map of
surface salinity. The image next to it is focused on the area around the plume. The top right shows the surface salinity and
the lower right shows the bottom salinity in the Columbia River. Note: The animation above is best viewed using the full
screen option of this flash player by clicking on the button in the lower right of the player. This animation is derived from the
f22 forecast and is updated daily.



The SATURN Modeling System

Simulation Databases: includes self-redundant and skill-
checked long-term simulation databases of 4D (space-time)
circulation, designed to characterize contemporary
variability and change. Provides the foundation for a
Climatological Atlas of the Columbia River coastal margin

Understanding Variabllity to Anticipate Change

About News Education Research Knowledge Transfer Data Contact Search |
Simulation Databases Home : Data » Virtual Columbia River ) Simulation Databases »
+ Database DB11 Simulation Database 22

+ Datab DB14
Da[ Dase - In-brief: This riverto-shelf simulation database is still in construction. It is designed to significantly improve the
Y i & Hambase. no temperature skill in the estuary, relative to all prior databases. If successful, DB22 will replace DB14 as the reference for
SATURN . mOd.eIIng .SyStemS + Database DB22 multi-year representation of plume dynamics and variability. Major changes relative to DB14 are in the treatment of side-
|nC0rp0rate multlple lines of node velocity conversions and of air-water heat exchange. (Read more)

refinement concurrently:
« Domains and grids

Virtual Columbia River To access preducts, simply click on the |:| green square in the year and week range you are interested in.

+ Daily Forecasis

o Codes and forcing R :‘li':ek.". :'\::a;ﬂ::::;a 1989 |2000 (2001 |2002 (2003 |2004 (2005 |2006 |2007 |2008 (2009 |2010
* Skill assessment « Climatological Atlas 58 Jan29/Fab25
9-12 Feb-26/Mar-25
. 13-16 Mar-26/Apr-22
Encourages new technologies, lawg T e
such as the recently developed + My acoount 2124 |May-211un-17 iF
non_hydrosta‘tlc Vers|0n Of » Create content 25-28 Jun-18/Jul-15
+ Feed aggregator 20-32 Jul-16/Aug-12
SELFE + Logout 3336 |Aug-13/Sep09
+ My projects 3740 Sep-10/0ct-07
41-44 Oct-08/Nov-04 ki
45-48 Nov-05/Dec-02 ] e
49-52 Dec-03/Dec-30 ¥ il i ik
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Legend:

Completed and processed

Run completed but not processed *
In queue

Temporarily unavailable due to maintenance or disk failure
Not available




How do circulation models work?




How do circulation models work?
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How do circulation models work?
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How do circulation models work?
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How do circulation models work?
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How do circulation models work?

00.00 0.0 13.0
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How do circulation models work?
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What's happening here?
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How do circulation models work?
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How do circulation models work?
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Model Skill & Reliability

Model <kill assessment: metrics
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Maodel skill assessment: glider

Vessels
Glider

O

Emerging technologies:
* Sigma profiler

} * RiverRad

o *Non-hydrostatic SELFE

Drifters
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Control Baseline Simulation

Grid from CMOP’s
Database 16

e Use the same grids, parameterizations, and forcings as
used in CMOP’s well-described databases 14 and 16
(3-D fields for most variables at 15 minute intervals,
1999 through 2008).

e Ocean boundaries of DB14-based scenario runs forced
using NCOM solutions

Gri , e Ocean boundary of DB16-based scenario runs forced
rid from CMOP’s .
Database 14 _ by the DB14 solutions
e Plume dynamics are evaluated using the DB14-based
runs
e In-estuary processes are evaluated using DB16-based
runs

e Each scenario is made up of two simulations,
incorporating high and low flows through complete
,_\ spring/neap cycles (5/1/99 — 5/31/99, and 8/1/01 —
| 8/31/01)



Predevelopment Scenario

e Predevelopment (ca.
1880) bathymetry is Predevelopment Bathymetry
estimated by Burke, \

Simenstad, and Jay using
historical depth records
and vegetation maps.

e The absence of dikes and
jetties in the
predevelopment grid
allows for extensive
floodplains

e Undammed Columbia
River flow rates are
estimated by Jay using
historical records.

e All other forcings are

identical to the control T 'MHI '”'”'“"'I'l'lli)lwm

| |
04/23 05/03 05/13 05/23 06/02 06/12 06/22

.,\l Late Spring River Discharge



Subduction Scenario

e Work by George Priest and Rob Witter (DOGAMI),
Christ Goldfinger (OSU) and Kelin Wang (Pacific
Geoscience Cntr.) attempts to predict inundation
patterns attributable to subsidence-driven tsunamis

e Continental margin isotherms are used to estimate
the location and magnitude of subsidence likely after
a sudden release of the interplate thrust

e Predicted magnitudes of subsidence are used to
modify the control scenario’s grid, altering the depths
of the nodes and adding new nodes in newly flooded
regions

« All other forcings are identical to the control

~2.5 m drop ~0.2 m drop




Climate Change Scenario

The IPCC report details multiple
Impacts of climate change that

will likely influence processes in
the Columbia River estuary and
plume

e Currently assembling the forcing
data necessary for this scenario

-Illlllloz-(m}

02 01 0 01 O
Difference From Mean Predicted Sea-Level Change

Warming Trends In The Surface Ocean (from the IPCC report)
(from the IPCC report)

"% « Will maintain the control grid
1 but will alter ocean boundary
salinities and temperatures,
upstream boundary fluxes
and temperatures, all

. _ atmospheric forcings, and

0 210 200 20 2 ' :;.50 sea-level

Longitude

Latitude




Channel Deepening Scenario

e Incremental deepening of
the navigational channel
may influence several
processes in the estuary

and plume -

e How do these effects .
respond with successive /
increases in channel Bé
depth? D

e 4 channel depths will be
simulated and compared with
the control (12m): 10m, 11m,
13m, and 14m.

e The only modifications to the
control run will be the depths of
those nodes compromising the
channel

Salinity Intrusion Length




Analysis: Salinity Intrusion

Salinity Intrusion Lengths (At 1 psu Isoline) Control 6/3/04 15:00
40

35 A\ wr —

25

Kms,
b Sea-Level Rise 6/3/04 15:00
15 : _

10 Control ’\ .

Sealevel rise

Subduction event . tf

I _Predeve_lopment _ _ _ _
091,’13 04/23 05/03 0513 05/23 06/02 0612 06/22 /02

5

e SIL’s in the sealevel rise simulation Subduction Event6/3/04 15:00
were slightly longer than the control ‘ﬁ

e The strongest SIL response was e —
displayed by the predevelopment run, - ;‘i

but the subduction run moved
significant salt up-estuary - often as
far as Cathlamet and Gray’s Bay

The predevelopment bathymetry does
appear to influence salinity intrusion, ,
but the strength of this response is

IAI primarily due to the high river flows

Predevelopment 6/3/04 15:00

N




Analysis: Plume Metrics

2 80— Control Plume Volume 2500 P
2 _ ume
e s0 —— Sealevel rise i
2, Subduction event 2000 Centroid
¥ =~ Predevelopment _
5 2 hwtnan s tlian. o ' _
8 - s v TS il ; 1500
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£
= 500
X
: M
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o = ! -1245 -1244 1243 -1242 1241 -124
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2500
e Predevelopment plume significantly larger, [
and positioned further south, than all others =
. . . - n
e Sealevel rise has relatively little impact on s5=8
plume processes, but the subduction run 5 3 % %
roduces a slight northward and eastward €83
oSS0 2
shift in the plume centroid position LI) ci) uI) DI.

e Established correlations between plume size
and steelhead smolt survival (Burla, et al, in
press) suggest a mechanism by which

." | estuarine development may have played a
\ cvor 4 role in long-term salmonid population declines

1.
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Mean Weekly PHC For Control Run

Habitat
Criteria

Depth (m)
0.1<z>=2.0

Salinity (psu)
0<S=>=5

Temp (C)
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Model skill assessment: Stations
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skill assessment: SATURN-01

satum0l hires
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Model skill assessment: Vessels
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Model skill assessment: Drifters

Projected Drifter Trajectory For 5/17 Deployment
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Model skill assessment: Metrics

/:; Skill Assessment for CORIE DB21 Forecast forecast | RDES - Windows Internet Explorer, [g|

@ o - |c stcomop.org V| @ 4| % |-‘—l | Q-
P %Convert - @Select © File Edit View Favorites Tools  Help
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— - i ) T e
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Model skill assessment: AUV’s

AUV moving towards ocean AUV moving towards river
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skill assessment: Gliders

47
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Glider Track
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Phoebe maiden voyage

DA requirements may
influence approach to glider
operations

Offers opportunity for data
assimilation (e.g., using DA
Enabling Technologies,
project lll. 2.2)

Glider 5-20 to 6-2, Observed Temp dev Glider 5-20t0 6-2  Temp
34 et 34¢
33} 33 \
e |
5 12
32t 32t L)
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- 31r - 31F
= = 110
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Appears to confirm
deficiencies of NCOM to
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Simulation Results
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Climatology Definitions
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