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Fig. 3. Schematic of wind-driven coastal circulation in the
Pacific Northwest illustrating the offshore and southward-di-
rected surface currents and upwelling along the coast that occur
in response to an upwelling-favorable wind stress (left panel, fair
weather) and onshore and northward-directed surface currents
and downwelling along the coast in response to downwelling-
favorable winds (right panel, storms). Freshwater flows from
coastal estuaries and from the Strait of Juan de Fuca are illus-
trated with darker shading. The location of a persistent sum-
mertime mesoscale feature (the Juan de Fuca Eddy) is also
shown.

the coastal currents, producing offshore- and
alongshore-directed currents in the surface Ekman
layer (upper 10–30 m; Lentz 1992), alongshore
currents elsewhere in the central water column,
and onshore and alongshore currents in the bot-
tom boundary layer (lower 5–15 m; Lentz and
Trowbridge 1991; Allen et al. 1995). Under these
conditions, plumes of fresher water originating at
coastal estuaries tend to spread offshore and to the
south (Garcia-Berdeal et al. 2002). Upwelling of
colder, saltier, and nutrient-rich water occurs with-
in a few kilometers of the coast (typically within
one Rossby radius, about 10 km). During storms
circulation patterns reverse and freshwater plumes
move back onshore (Hickey et al. 1998).

Wind-driven upwelling of nutrients from deeper
layers fuels coastal productivity, resulting in several-
day fluctuations in productivity that follow changes
in the wind direction and, hence, upwelling. Dur-
ing an upwelling event, phytoplankton respond to
the infusion of nutrients near the coast and this
bloom is moved offshore, continuing to grow while
depleting the nutrient supply. When winds reverse
(as occurs during storms), the bloom moves back
toward shore where it can contact the coast or en-
ter coastal estuaries (Roegner et al. 2002).

The action of the alongshore wind stress on the
sea surface results in an alongshore, vertically
sheared coastal jet in the direction of the wind
stress (see model studies in Allen et al. 1995; Allen

and Newberger 1996). The location of maximum
speed in the coastal jet moves progressively farther
offshore as long as the wind stress continues to act.
Typical cross-shelf velocity profiles for Washington
and Oregon are shown in Hickey (1989) and Huy-
er and Smith (1974). The speed maximum most
typically occurs near mid shelf (Hickey 1989). Ve-
locity can decrease by a factor of more than two
from surface to bottom (or even reverse sign) and
by a factor of more than two from the inner shelf
to the mid shelf. The cross shelf and vertical struc-
ture of the velocity field is important when consid-
ering transport of larvae by the coastal current sys-
tem (Rooper 2002).

The cartoon of shelf circulation shown in Fig. 3
does not include the important effects of remote
forcing; i.e., acceleration of currents caused by sea-
level disturbances originating south of the region
of interest. Alongshore gradients in alongshore
coastal wind stress are significant, with stronger
winds (typically upwelling favorable) south of the
PNW in the spring and summer (Hickey 1979).
The alongshore differences in wind forcing result
in the generation of coastal trapped waves, features
with wavelengths of hundreds to thousands of ki-
lometers and typical propagation speeds of 300–
500 km d!1. These waves travel northward with the
coast on their right hand side in the northern
hemisphere, accelerating local currents as they
pass by. Because the West Coast north of Point
Conception has no promontories sufficient to sig-
nificantly disrupt wave propagation, coastal
trapped waves generated as far south as central Cal-
ifornia travel to the Washington coast (Battisti and
Hickey 1984). These waves add to the local wind-
generated alongshore currents discussed above. At
any given time and location, the ratio of remote
and local forcing varies and their relative impor-
tance has significant interannual variability due to
the dependence on alongshore wind stress gradi-
ents (Battisti and Hickey 1984). In summer, coastal
trapped waves are usually important in the PNW,
particularly at more northern latitudes such as the
British Columbia coast (Hickey et al. 1991). In win-
ter, local wind forcing dominates in the PNW, es-
pecially in regions where winter storms are accom-
panied by strong northward winds whose strength
increases in the direction of propagating waves.

Fluctuations in cross-shelf velocity are not as well
understood as those in alongshelf velocity. Al-
though model results show onshore and offshore
flow in the surface and bottom boundary layers
after sufficient adjustment of the system to an ap-
plied wind stress (e.g., Allen et al. 1995; Allen and
Newberger 1996), and a surface Ekman spiral has
been identified in some data sets (Lentz 1992), ob-
served velocities are frequently much more com-
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Northwest 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ocean 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Regional Ocean Modeling System 
(ROMS) 

•  Domain: 45°N‐50°N, 127°W‐123°W, 
•  VerAcal layers: 60 layers 
•  Horizontal resoluAon: 3km 
•  Forcings (atmosphere and lateral boundary): from 
IPCC models MIROC and CCCMA  

•  Bo\om topography: etopo2 
•  Runoff: monthly climatology 
•  Tides: 8 consAtuents 
•  2001‐2011(“present”) vs 2030‐2040 (“future”) 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Changes in total surface 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summary 
     changes in summer (July) are more consistent across different 

 forcing cases than changes in winter (January): surface currents, 
 surface heat flux and wind stress anomalies  

     both forcings indicate stronger poleward flow in the future in 
 the southern part of the domain; changes in the central domain 
 vary with season differently  

     both forcings suggest no significant changes in some measures 
 of  the Juan de Fuca eddy statistics 

  #summer stratification increases (decreases) in the future under 
 MIROC (CCCMA) forcing, cross-model difference is due to 
 salinity effects 



Caveats 
thus far only two climate models were used to drive the 
ocean dynamical downscaling 

computed differences between two decades, but have 
not considered decadal variability embedded in climate 
models 

forced ocean-only runs can introduce errors to air-sea 
interaction processes 


