Assessment of Climate Change & Acidification Impacts to Salish Sea:

Ocean Exchange and Circulation
with
Expanded Salish Sea Model

Tarang Khangaonkar, Wen Long, Laura Bianucci, Wenwei Xu
Pacific Northwest National Laboratory (PNNL)

Anise Ahmed, Greg Pelletier, Teizeen Mohamedali, Mindy Roberts,
Cristiana Figueroa-Kaminsky

Washington State Department of Ecology

N

Pacific Northwest
NATIONAL LABORATORY

~ DEPARTMENT OF

ECOLOGY Proudly Operated by Battelle Since 1965

State of Washington

ited States
Environmental Protection
Agency




Historic Assessments and Understanding
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of Circulation in Puget Sound

» The Collias Atlas
B Atlas of physical and
chemical properties of Puget
Sound and its approaches: by

E. E. Collias, Noel McGary,
and C. A. Barnes, 1974. pp.

235. UW
B Data collected 1952-1966

» Marine Ecosystems Analysis
H NOAA-PMEL TIOAL GURRENT SEGTIONS
B Data Collected 1975-1983
® Barnes 1981, 1984
® Cox et al. 1981, 1984

® Cannon 1983

® Ebbesmeyer et al., 1980,
1984
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“Circulation in Embracing Sills” ~7

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

Vigorous Reflux Flow Surface Outflow
KILOMETERS/ALONG CHANNEL
0 100 200
0 ! 1 |
- F » E _+ RIS =
100 ' -

o THE
NARROWS

DEPTH (m)

200+ ADMIRALTY
INLET

300 BASIN -

Reflux Flow = 2/3" Surface Outflow

November 3, 2016 4



Salish Sea Model — PNNL / Ecology / EPA 7
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Surface salinity, 24-hr simulation Model Specifications
April, 2006 » Hydrodynamic Model

B 3-D Baroclinic
B 10-layers, sigma coordinates
B Boundaries
@ Strait of Juan de Fuca
@ Strait of Georgia
® S, T, and Elevation
B Meteorology
® UW - WRF Model
B Hydrology
® River flows
® Watershed models
»  Water Quality Model
B CE-QUAL-ICM/USACE
® FVCOM-ICM (Kim and
Khangaonkar 2011)
B Nutrients, phytoplankton, algae,
carbon, DO, .... 19 variables
B Benthic fluxes
B Boundary loads based on DFO
monitoring data
B Point source loads ...

Salish Sea Model (Khangaonkar et al. 2011, 2012) — http://salish-sea.pnnl.gov/
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Calibration: Velocity 7
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Calibration: Salinity and Temperature

Depth (m)
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Simulated Surface Constituents
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Future Impacts to Salish Sea =7
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Circulation and Water Quality
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» Assessment of impacts from
future stresses

B Sea Level Rise
B Climate Change
B Ocean Acidification

o 0 40 80km

e 0; 407 Georgia Strait
2 “ ‘ / " ; Bounda ry
o (Johnstone Strait)

Ocean Exchange

0 25 50km VP et a5
Strait of Juan de Fuca (S — S o
Salish Sea Model
ﬁ_Boundary (Khangaonkar et al. 2011, 2012)

— http://salish-sea.pnnl.gov//
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Salish Sea Model

Expanded Domain

» Expanded Salish Sea Model

® Discovery Passage ;
B Johnstone Strait
B Queen Charlotte Strait
B Shorelines
® Vancouver Island = |
® Washington ) o
® Oregon WI» -

K
X
e

B Additional Rivers (Pacific Ocean)

® Columbia / Willamette Rivers -
® Chehalis River = | i
® Willapa River )
B Tidal Constituents ':
@ ENPAC 2003 Tidal Constituents Y
database (USACE 2004) o & o i A
B Meteorology e — —— —

10

® UW /WRF Model (12 Km Grid) November 3, 2016



Model Calibration — Tides, S, & T
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A\ Vancouver Island; B.C, Canada \% \{T?,f;
Surface Outflow <\~‘/

- Haro Strait ~—""

——

- Rosario Strait..._
Admiralty Inlet*

Fraser River Eddy

Juan De Fuca Eddy
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Tidally averaged flows in Salish Sea
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» 34 - Transects for Flux
Calculations

» Bottom Layer Flow

B Saline inflow below depth of zero
mean flow

» Surface Layer Flow

B Brackish outflow above depth of
zero mean flow

Hood Canal Whidbey Basin
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Circulation in the Salish Sea

Northwest Straits
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Circulation in the Salish Sea

Northwest Straits

o
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Circulation in the Salish Sea ~7
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R = Reflux Flow at Admiralty Sill (estimated at 19 k, = 60% of surface outflow)
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Intrusion of Upwelled Shelf Waters into 7
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Salish Sea and Puget Sound
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Summary / Preliminary Conclusions

» The Salish Sea Model successfully reproduces
B Exchange of upwelled Pacific Ocean water with the Salish Sea
B Transport and distribution of flows between Puget Sound and Georgia Basin
B Inter-basin transport within Puget Sound sub-basins
» Validation of the Circulation in Embracing Sills concepts proposed by
Ebbesmeyer and Barnes (1980)
B Nearly 2/3™ of surface outflow is refluxed back to Puget Sound near the
Admiralty Inlet sill
» Influence of Johnstone Strait pathway on Salish Sea

B Inlet for a fraction of bottom layer flow entering Georgia Basin
® = 12% of inflow from Georgia Basin is north through Johnstone Strait

B Outlet for a portion of Fraser and Georgia Basin freshwater
® 17% of freshwater outflow estimate (Thomson 1994, Crean 1988)
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