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Outline

* Background oceanography
*Mode/ details & validation
- Eddy generation studies
*Future climate studies

- Summary
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Offshore
Ekman Transp

‘ . o upwelling feature off the entrance
o M to Juan de Fuca Strait

Undercurrent
N N

e Not classical upwelling, as off Washington,

Courtesy of Rick Thomson . )
, Oregon, California

o comprised of nutrient-rich California
Undercurrent water (Freeland & Denman,
1982) that moves up the Juan de Fuca

Canyons onto the shelf

o Makes the SW Vancouver Island &
northern Washington shelves one of most

productive fishing regions in the NE Pacific
(Ware & Thomson, 2005)

Sept 2005 salinity at 5m depth



Root mean square
tidal speed (m/s)
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> Strong tidal, estuarine, & wind-
dariven flows in Juan de Fuca
Strait

> Estuarine flow primarily from
Fraser River

> Summer upwelling winds

380 / A.J. Mark Labrecque, R.E. Thomson, M.W. Stacey and J.R. Buckley
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® Objective:

> What forcing causes eddy generation &
what are the specific dynamics?

® Model details:
> Strefched grid: 1 to 5 km

> Temperature & salinity initial
conditions from summer climatology

> Average summer winds from UW MM5
atmospheric mode/
(http://www.atmos. washington. edu/mmbrt/)

M, S, K, O, tidal forcing

Strong TS nudging at JdF boundary to
maintain estuarine flows

> Radiation &/or nudging conditions on N,
S, W boundaries

> No Columbia River discharge

Y V



http://www.atmos.washington.edu/mm5rt/

05 MMS5 Data.

Sept 2003
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verified MM5 winds with offshore buoy data

t al. (2006)
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Experiment | Objective Initial Tides Estuarine Winds Duration
Conditions =R

Baseline Summer yes yes yes 60 days

run climatology
Role of Summer yes yes 60 days

wind's climatology
Role of Summer yes yes 60 days

tides climatology
Role of T and S yes yes 60 days

estuarine profiles

flow
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Mean flows &
tides across Juan

de Fuca Strart
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Eddy Development: Winds but no Tides
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Good agreement between summer
observations & mode/

> Confidence in model dynamics

Model suggests eddy is generated by
enhanced upwelling off Cape Flattery

> Migrates westward to lie over Tully
Canyon

Eddy generation requires estuarine flow &
upwelling winds and/or tides

> Key = proximity of dense bottom water off
Cape Flattery

>  200m depth contour only 4km away

MERIS chlorophyll image: June 3, 2003
Courtesy of Jim Gower & Steph King

Bathymeiry (m)




o Eddy is forced by a
c?mbmar/an of. winds, PCC Working Group |
tides & estuarine flow Assessment Reports

o How will each of them
be affected ?

> Tides - no change
> Upwelling winds ?
> Estuarine flow ?

2007 — AR4
LT




network of 13
offshore buoys
with re-analysis
winds back to
1958 (Faucher et
al., 1999)

/. Can evaluate climate
model/ winds over
observation period

/. Then look at climate
model projections
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« 10m winds from 18 global
climate model simulations

PCMDI web site
A1B emission scenario

- Interpolate, or take nearest
value, to buoy locations

diative

- compare monthly & seasonal
averages over period 1976-

95

» ook at projections for
2030-49 and 2080-99
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O Metecrological Buoys

X

Dixon Sntrance
14 A

BRITISH
COLUMBIA

JJA Far offshore JJA Near offshore

(ueen
Charlotte
o

Strait of Georgia

Juan
de Fuca
Strait

128° WA

Table 1: Climate models used in this study and their atmospheric resolutions

Symbol | Institution /Model Atmospheric Horiz grid dimensions
resolution lon = lat
a BCCR/BCM2.0 T63L31 128 x 64
b CCCMA/CGCM3.1(T47) T4TL31 96 x 48
c CCCMA/CGCM3.1(T63) T63L31 128 x 64
JJA Inshore TJA Hecate Strail d CCSR/MIROCS.2(med) T42L20 128 x 64
. . . 6 Q e CNRM,/CM3 T63L45 128 x 64
I f CSTRO/Mk3 5 T63L18 192 x 96
L ] z GFDL/CM2.0 2,59 % PL2 144 x 90
B 1 h GFDL/CM2.1 2.5% 3 2°L24 144 x 90
i GISS/AOM 4° % 3L12 90 x 60
j GISS/EH 57 % 4°L20 72 x 46
k GISS/ER 5° % 4°L20 72 x 46
1 INM,/CM3.0 57 % 4°L21 72x 45
m | IPSL/CM4 2.5° % 3.75°L19 96 x 72
n MIUB/ECHO-G T30L19 96 x 48
o MPI/ECHAMS5 T63L31 192 x 96
D MRI/CGCM2.3.2 T42L30 128 x 64
q UKMO/HadCM3 3.75° % 2.5°L10 96 x 72
r UKMO,HadGEM1 1.875° % 1.25°L38 102 x 144




0 Meteorelogical Buoys I

jja 2030-49 minus 19/7/6—-95 Near offshore

Pacific  Ocean

2030-49

Fract magnitude change

20
Direction change (deg)

jja 2080-99 minus 19/6—-95 Near offshore

* Slight changes in
upwelling winds
- magnitude increase 2080-99
- clockwise rotation

Fract magnitude change

Q 20
Direction change (deg)




BRITISH
COLUMBIA

Driven mainly by the Fraser River

Future projections based on CCCMa IPCC AR3 JEGE= % 2
output: A
. Morrison et al., J. Hydrology, 2002 TR

Summer discharge will be weaker but

temperature will be warmer :

- Still an estuarine flow in JdF Strait e e

*  More study required with regional climate
mode/
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Cape Flattery
Vancouver I.
Salinity

Present Upwelling ' r\ .

Juan
de

Juan‘Ir Fﬂgﬁ
o Good agreement between ey

summer observations & model/ o —

o Mode/ suggests eddy is
generated by enhanced
upwelling off Cape Flattery Tu,,y
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e Reguirements = estuarine flow hica
+ upwelling winds and/or tides o R e R

> Key - pf'OXl.nt.fy Of a’ense baﬁ‘am Distance along the transect (km)
water off Cape Flattery No tides simulation




Future Upwelling

Tides won't change
Summer upwelling winds slightly stronger

Estuarine flow might be weaker ?

Juan de Fuca Eddy should remain but may be
weaker

® Foreman et al., 2008, JGR 113,
doi:10. 1092/2006JC004082

® AMerryfield et al., 2008, submitted to JGR
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Thanks for your
interest!
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