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Objective

Investigate flow pathways (incl. role of topography - submarine canyons
and troughs) and mixing mechanisms (incl. wind- and tide-generated
internal waves) for seasonally upwelled water off the central coast of
British Columbia, Canada. Plan ocean glider ops for 2018.

Upwelling vs. Downwelling

During summer, weak winds drive upwelling of cold, nutrient-rich water
from the deep Pacific Ocean, which transits the shelf to the BC coastal
ocean - one of the most biologically productive regions on the planet.

Figure 1: Courtesy of Jennifer Jackson, from Jackson et al. 2015, JGR. Prevailing surface
currents (black arrows) and wind direction (white arrows) with long-term average

(1997-2010) satellite surface chlorophyll concentration during summer (Apr to Sep) and
winter (Oct to Mar). Study area is north of Vancouver Island.

Study Area and Data

Figure 2: Study
area bathymetry,
Hakai Field Station
(orange star),
moorings (red
stars), weather buoy
(blue circle), DFO
Marine Protected
Area (red shape),
and proposed ocean
glider trajectory in
the submarine
trough (black lines).

Multiple data sources including moorings and hydrographic profiles:

Clear signal of upwelling near Calvert Island

At Hakai CTD Station QCS01, co-located with the HAK1-A mooring near
Calvert Island, cold, dense, low-oxygen, nutrient-rich upwelled water
reaches the coastal ocean during spring and summer.

Figure 3: Repeat CTD profiles and bottle data with depth and time. Top to bottom:
Potential temperature, salinity, potential density, dissolved oxygen, nitrate.

Unexpected spatial variations and role of topography

Surprisingly, unlike the coastal ocean, the water in the submarine
troughs on the shelf does not vary seasonally between upwelling and
downwelling regimes. The deep water is warmer during winter, but not
significantly lighter, fresher, or higher in oxygen.

Figure 4: Spatial plot showing maximum density measured at each location (dots are
CTD profiles), for all years of available historic data, from summer (left) and winter (right).

Bathymetric contours every 50m to 300m, then every 300m.

Figure 5: Histograms for maximum density and minimum temperature of the water
column at each CTD profile location, coloured by season.

Wind and cross-shelf flow pathways

Figure 6: Wind speed coloured by direction (top), ADCP zonal velocity with 14-day
running mean from moorings near the shelf break (middle) and near shore (bottom).

Summer:
I Weak upwelling-favorable winds from the northwest
I Eastward flow into the trough towards the coast
I Bottom-intensified eastward flow near shore

Winter:
I Strong downwelling-favorable winds from the southeast
I Eastward flow into the trough at depth, westward flow above.
I Bottom-intensified westward flow near shore
I Intermittent reversals of flow at depth - and homogenization of water

column - possibly linked to storms

Internal Waves and Mixing

Upwelling dynamics in Queen Charlotte Sound appear distinct from
nearby regions (e.g. coast of WA, OR, Vancouver Island) due to
topographic features, increasing the potential for mixing to modify
nutrient-rich upwelled waters before they reach the coastal ocean.

Figure 7: Rotary spectra for baroclinic velocity from mooring ADCPs near the shelf break
(left) and near shore (right). Tidal components, f , and Garrett-Munk spectrum are shown.

I Strong potential for full-depth mixing from both wind- and
tide-generated internal waves near the shelf break

I Near shore wave field dominated by strong internal tide

UBC Ocean Glider Ops

Spring 2018: Slocum ocean glider
with microstructure profiler will
collect turbulence and water property
data from repeat transects down the
submarine trough and along the
shelf break during upwelling regime.
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