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Modeling the generation of the Juan de Fuca Eddy
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[1] Numerical simulations with the Regional Ocean Modeling System are used to study
the generation of the cyclonic Juan de Fuca Eddy located off the entrance of Juan de
Fuca Strait in summer. An initial simulation forced with average summer upwelling
favorable winds, tides, and buoyancy boundary conditions that maintain an estuarine
flow in Juan de Fuca Strait produces an eddy and currents that are in reasonable
agreement with observations. Sensitivity studies are then carried out to explore the
importance of these three forcing mechanisms. The relative proximity of dense water in
the bottom estuarine flow entering the strait is shown to lead to enhanced upwelling off
Cape Flattery when either wind or tidal forcing is applied. This upwelled water then
mixes with the estuarine outflow and is advected offshore. The tidal upwelling arises
through three mechanisms: M, vertical excursions of nearly 20 m at 50 m depth west of
the cape on the flood tide; strong tidally rectified vertical velocities west of the cape;
and the spilling of denser bottom water over the western wall of Juan de Fuca Canyon on
the ebb tide. The cyclonic eddy is a consequence of geostrophic adjustment to the doming

isopycnals that arise from the upwelling. These model simulations refute an earlier
hypothesis that the eddy is generated when California Undercurrent water is drawn up
Tully Canyon and onto the Vancouver Island shelf, suggesting instead that these canyon
dynamics play only a secondary role in maintaining the eddy once it is formed.
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1. Introduction

[2] The Juan de Fuca Eddy (also known as the Tully
Eddy) is a cyclonic feature located off the entrance to Juan
de Fuca Strait in summer (Figure 1). Although Freeland
and Denman [1982] demonstrated that this upwelling eddy
is composed of California Undercurrent (CUC) water and
proposed a mechanism that could transport this water onto
the Vancouver Island shelf via the Juan de Fuca and Tully
(Spur) Canyons, they were vague on the precise eddy
generation mechanism. Unlike the Sitka and Haida Eddies
[Tabata, 1982; Crawford, 2002; Crawford et al., 2002; Di
Lorenzo et al., 2005] that are formed regularly further north
along the British Columbia and Alaskan Shelves and that
detach and migrate into the Gulf of Alaska, the Juan de Fuca
Eddy is a quasi-permanent feature that is always located in
approximately the same location [Freeland and Mclntosh,
1989], though its shape does vary slightly [MacFadyen et
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al., 2005]. This suggests a strong link to topography and/or
persistent seasonal current features.

[3] The upwelled water in the Juan de Fuca Eddy plays a
significant role in making the southern Vancouver Island
and northern Washington continental shelves one of the
most productive fisheries regions (in terms of metric tons
per unit area) in the northeast Pacific [Ware and Thomson,
2005]. Understanding the ecosystem dynamics that cause
this region to be so productive is important both in the
context of present fisheries management and with regard to
the changes that are anticipated under global warming
scenarios projected for the next century [Canadian Parks
and Wilderness Society, 2005]. Given the role that the eddy
appears to play as an initiation site for harmful algal blooms
[Trainer et al., 2002], it is also important to understand the
underlying physical dynamics that cause its generation and
collapse so that a predictive capability can be developed for
these events.

[4] The Juan de Fuca Eddy is often seen in summer
AVHRR satellite images as a patch of cold water at the
entrance to Juan de Fuca Strait. Its cyclonic nature is also
apparent in fluorescence images (Figure 2) that differentiate
between low chlorophyll water emanating from Juan de
Fuca Strait and more productive water on the shelf. The
presence of the eddy was first suggested by Tully [1942] and
described in detail by Freeland and Denman [1982] (hence-
forth FD82), Denman and Freeland [1985], and Freeland
and Mclntosh [1989] (henceforth FM89). The hypothesis
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