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[1] Oceanic eddy generation by tall deep-water islands is
common phenomenon. It is recognized that these eddies
may have a significant impact on the marine system and
related biogeochemical fluxes. Hence, it is important to
establish favourable conditions for their generation. With
this objective, we present an observational study on eddy
generation mechanisms by tall deep-water islands, using as
a case study the island of Gran Canaria. Observations show
that the main generation mechanism is topographic forcing,
which leads to eddy generation when the incident oceanic
flow is sufficiently intense. Wind shear at the island wake
may acts only as an additional eddy-generation trigger
mechanism when the impinging oceanic flow is not
sufficiently intense. For the case of the island of Gran
Canaria we have observed a mean of ten generated cyclonic
eddies per year. Eddies are more frequently generated in
summer coinciding with intense Trade winds and Canary
Current. Citation: Piedeleu, M., P. Sangra, A. Sénchez-Vidal,
J. Fabrés, C. Gordo, and A. Calafat (2009), An observational study
of oceanic eddy generation mechanisms by tall deep-water islands
(Gran Canaria), Geophys. Res. Lett., 36, 114605, doi:10.1029/
2008GL037010.

1. Introduction

[2] Island eddy generation has been observed at many
deep-water tall islands such as the Canary Islands [e.g.,
Aristegui et al., 1994; Sangra et al., 2007], the Hawaiian
Islands [e.g., Benitez-Nelson et al., 2007], Barbados
[Dietrich et al., 1996] and the Philippines [e.g., Pullen et
al., 2008]. Island-generated eddies significantly affects
ocean biogeochemistry by enhancing nutrient supply and
primary productivity [Aristegui and Montero, 2005;
Aristegui et al., 1997] and thus the efficiency of the
biological pump [Benitez-Nelson et al., 2007]. As island-
generated eddies can be long-lived structures [Sangra et al.,
2005, 2007], they may modulate the marine system both
locally and regionally. Therefore, it is important to study the
main eddy generation mechanisms in order to establish the
atmospheric and oceanic flow conditions favourable for
eddy generation.

[3] Two main mechanisms have been proposed for eddy
generation by tall deep-water islands: topographic forcing
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and wind shear forcing over the island wake. Topographic
forcing is related to island boundary-layer detachment when
the incident oceanic flow is sufficiently energetic, leading to
a wake of successive cyclonic and anticyclonic vortices
[e.g., Pattiaratchi et al., 1987; Heywood et al., 1996,
Dietrich et al., 1996]. Wind shear forcing is related to the
injection of relative vorticity by wind stress curl over the
island wake, through the Ekman pumping mechanism
[Barton et al., 2000; Basterretxea et al., 2002; Jiménez et
al., 2008]. Bathymetry details, the Coriolis parameter and
relatively constant upstream stratification may also control
Island wake vortices [Dietrich et al., 1996].

[4] Jiménez et al. [2008] (hereinafter referred to as JOS),
studied numerically the relative importance of topographic
and wind shear forcing for island eddy generation, using the
Island of Gran Canaria as a case study. They concluded that
on an f-plane, topographic forcing is the main mechanism
responsible for eddy generation. They also numerically
demonstrated that wind shear acts as trigger mechanism
for eddy generation at lower intensities of the incident
oceanic flow. Here we present, for the first time, an
observational study on the mechanisms of eddy generation
by tall deep-water islands, with the focus again the island of
Gran Canaria. A secondary objective is to establish the
seasonal variability of eddy generation at Gran Canaria,
which has still not been investigated.

2. Observational Experiment Setup

[5s] Herein, we focus attention on cyclonic eddies because
they have a clear signal in the temperature field. In order to
monitor cyclonic vortex shedding from Gran Canaria, we
deployed a mooring over 2 years (from June 2005 to May
2007) 30 miles southwest of Gran Canaria (27° 29’ 57N,
016° 15" 19”W), within the path of the eddies (Figure 1).
The mooring was loaded with Aanderaa RCM7/8 current-
meters and PPS3 Technicap/IRS sediment traps, at about
150, 275, 500 1000 and 2000 m depth. Maintenance checks
were made every six months. During the third six-month
period (summer—fall 2006) the mooring was relocated
closer to Gran Canaria because of rough seas on the
deployment date. Eddy signals were obtained by combining
current-meter temperature anomalies with sea surface tem-
perature (SST) and chlorophyll from satellite images. As
seen in Figures 2 and 3, negative temperature anomalies and
cyclones match well with SST anomalies in satellite images.

[6] To address the importance of topographic forcing, we
have calculated the intensity of the incident flow (Canary
Current) from two tide gauges located on the northern
coasts of the Island of Tenerife and Gran Canaria
(Figure 1). Tidal and inertial oscillations were removed by
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Figure 1. Observational experiment setup. Location of the
mooring (m); tide gauge at Santa Cruz de Tenerife (a) and
Las Palmas de Gran Canaria (b) and meteorological stations at
Puerto de Mogan (c¢) and Gando airport (d) superposed onto a
sea surface temperature satellite image. A cold cyclonic eddy
generated by Gran Canaria is marked Cl and a warm
anticyclone is marked Al. Colour lines are buoys trajectorie
deployed in Al (see details by Sangra et al. [2005]).

a 28-hour low-pass Fourier filter [Dick and Siedler, 1985;
Siedler and Paul, 1991]. To filter out the inverse barometer
effect we have used atmospheric pressure data from mete-
orological stations near the tide gauges. Geostrophic veloc-
ity was calculated from the sea surface height gradient
between the islands. The resulting time series were
smoothed by applying a three-tidal-cycle low-pass filter. We
have also calculated the corresponding Reynolds number:

UL
Re = 1
The flow Reynolds number is based on an upstream
(Canary Current) velocity U, L (island diameter) = 54 X
10° m, an eddy viscosity 4;; = 100 m* s~ ' (used by JOS).
[7] To estimate the atmospheric forcing we have calcu-
lated the wind shear between a meteorological station
located on the wind-accelerating flank of Gran Canaria
and another located downwind (Figure 1 and auxiliary
material Figure S1).!

3. Observations

[8] Figures 2 and 3 show temperature anomalies, incident
flow, Reynolds number and wind shear time series from our
two-year survey. Temperature anomalies allow us to mon-
itor cyclonic eddy generation. Incident flow time series
allow us to get an idea of the importance of the topographic
forcing in relation with to the intensity of the Canary
Current. Finally, wind shear time series, allow us to get a
semi-quantitative estimate of the importance of wind shear
forcing on eddy generation.

'Auxiliary materials are available in the HTML. doi:10.1029/
2008GL037010.
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3.1. First Period: Summer—Fall 2005

[¢9] The negatives temperature anomalies seen in
Figure 2a and satellite images indicate five cyclones oc-
curred during the first six month period. Eddy generation
events were observed only in summer, coinciding with
relatively higher intensities of the incident flow (Figure 2b)
and wind shear (Figure 2c). Eddy shedding frequency, as
obtained from the time interval between two temperature
anomaly maxima, range from two weeks to a month. The
Eddy vertical maximum depth signal ranges between 400
and 1000 m (Table 1).

[10] In the particular case of eddy C1 the Canary Current
intensity was very low but the wind shear was relatively
high (Figure 2c). This suggests that the generation of this
eddy is related to wind shear forcing that acts as a trigger
mechanism in low incident oceanic flow conditions as
pointed out by JO8. Coinciding with both low intensity of
the incident flow and of wind shear, no eddy generation
events were observed in fall.

3.2. Second Period: Winter—Spring 2006

[11] As in the first period, 5 cyclonic eddies are generated
during this period, 4 in winter and 1 in spring (Figure 2d).
Shedding frequency estimates are similar to the first period.
C2 to C4 eddy generation coincides with high-intensities
of the incident flow but, with wind-shear as low as in fall
2005 where no eddies were observed. This suggests that
topographic forcing alone is sufficient to generate eddies
without requiring the additional input of vorticity by wind
shear at the island wake, as demonstrated by JO8 numerical
experiments.

[12] Low incident oceanic flow velocities and wind shear
estimated during December of 2005 don’t explain the initial
negative anomaly associated with eddy C1. However, from
December to January the incident flow accelerates sharply,
up to 10 cm/s within a week. In early spring, eddy activity
decreases, but an increment of the Canary Current and wind
shear in April 2006 allows the cyclone C5 to be generated.

[13] The period from December 2005 to April 2006,
where wind shear was low, allows estimation of the mini-
mum flow needed for eddy generation by topography alone.
This corresponds to a Re = 50—-60 (U =10 cms '), which is
in accordance with JO8 numerical results and laboratory
experiments. In the complete times-series there is a time lag,
about 10 days, between the increase of the Canary Current
and the signal of eddy-related temperature. This is due to
eddy spin-up time and the time required for their advection
to the mooring position.

3.3. Third Period: Summer-Fall 2006

[14] As in this period the mooring was deployed closer to
the island coast, no eddy signals were observed in the
mooring data. Eddy presence could be inferred only from
SST and chlorophyll images. Similar conditions to 2005
were observed (Figure 3a). Eddy-favourable current and
wind shear intensity from mid-spring to late summer allows
the generation of 4 cyclonic vortex events, identified both in
SST and chlorophyll images (not shown). As in 2005, the
geostrophic incident oceanic flow velocity and wind shear
increase trough the summer. The Canary Current and wind
shear decreases in fall coinciding with no eddy generation.
In late fall, an increase of the Canary Current up of to 10 cm/s
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Figure 2. Parameter time series for the first year of data. (a and d) Time series of temperature anomalies as obtained from
the mooring. Superposed shaded grey intervals correspond to observed periods of cyclones from SST images. (b and e).
Time variation of the intensity of the incident flow (Canary Current) as obtained from tide gauges (right axis). The grey line
shows the times-varying Reynolds number (Re, right axis). Increments of current intensity associated with eddy generation
are shown by red circles, and the corresponding eddy signal in the mooring temperatures anomalies are shown by red
arrows. (¢ and f) Time varying semi-quantitative values for wind shear at the island wake.

generated a new cyclone, C5, in low-wind-shear conditions.
During the third week of September and the second week of
October, although there were intense wind pulses, no vortex
shedding is observed, coinciding with a low incident current.
Zonal wind pulses can generate eddies [Pullen et al., 2008]
however; this seems not to be the case for wind pulses as in
the case of Gran Canaria.

3.4. Fourth Period: Winter—Spring 2007

[15] As in the previous periods, 5 signals of cyclonic
eddies have been identified. Only three eddies were ob-
served during winter. For almost all events, good correla-
tions between temperature anomalies and increments of the
incident geostrophic oceanic flow were observed. Eddy C1
was generated in low current/high wind shear conditions
(Figure 3 and Table 1), suggesting again that wind shear
acts as a trigger mechanism when the incident current
intensity is too low (Re < 50) for eddy generation by
topographic forcing alone. During January the wind shear
and the Canary Current intensity were very low, and no

cyclones were generated. From February to May, wind
shear conditions and Canary Current were highly favour-
able, leading to the generation of eddies C2, C3, C4 and C5.

4. Summary and Conclusions

[16] For the case of the island of Gran Canaria we have
observed a mean of ten generated cyclonic eddies per year.
Eddies are more frequently generated in summer, coinciding
with intense Trade winds and Canary Current. During fall
the intensity of the Trades winds and the Canary Current is
very low, and no eddy generation was observed. In order to
discuss the relative importance of topographic and wind
shear mechanisms on eddy generation by tall deep-water
islands we have synthesized in Table 1 the main parameters
quantifying these forcings for all four periods.

[17] As observed in numerical modelling studies [Jiménez
et al., 2008], only topographic forcing may be responsible
for eddy generation. This occurs when the impinging flow is
intense (Re > 50) and wind shear (WS) is low (WS < 8 see
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Figure 3. Same as Figure 2 but now for the second year period.
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Table 1. Cyclonic Eddy Parameters®

Eddy Code Depth (m) RE [V (m.s™ )] Wind Shear
Summer—Fall 2005—Depth = 105 m
Cl >400 37 [0.5] 8
C2 >400 40 [7.4] >10
C3 1000 55 [0.1] 10
C4 1000 55 [0.1] 8
Cs <500 65 [0.12] 6
Winter—Spring 2006—Depth = 135 m
Cl >500 / 1.5
C2 >500 59 [0.11] 32
C3 >500 59 [0.11] 3.7
C4 1000 50 [0.09] 32
Cs >500 44 [0.08] 8.3
Summer—Fall 2006—Depth = 145 m
Cl / 54 [0.1] 10
C2 / 65 [0.12] 8
C3 / 70 [0.13] 11.6
C4 / 75 [0.14] 9.6
Cs / 54 [0.1] 1.5
Winter—Spring 2007—Depth = 120 m
Cl >500 38 [0.07] 8.5
C2 >500 50 [0.09] 32
C3 >500 65 [0.12] 6.4
C4 >500 65 [0.12] 5.1
Cs 1000 54 [0.1] 9

"Depth: maximum eddy depth. Re: mean Reynolds number and
corresponding incident flow intensity (U), as obtained two weeks prior to
eddy generation event. Wind Shear: wind shear at the island wake as
calculated from Gando and Puerto Mogan meteorological stations.

Table 1). This is the case for the sumer—fall 2005 eddy CS,
the winter—spring 2006 eddies C2, C3, C4, the summer—
fall 2006 eddy C5 and the winter—spring 2007 eddies C2,
C3, C4. For lower impinging oceanic flow intensities (Re <
50), wind shear acts as trigger mechanism for eddy gener-
ation which coincides with JO8 numerical results. This
occurs when WS is greater equal 8, this being the case for
the summer—fall 2005 eddy C1, C2, the winter—spring
2006 eddy CS5, and the winter—spring 2007 eddy C1.

[18] Previous observational and numerical studies
[Chavanne et al., 2002, Jiménez et al., 2008] show that
when wind shear is nearly stationary, two counter-rotating
stationary vortices are generated at the island wake. How-
ever, when the wind pulsates, wind shear is able to generate
eddies that are self-advected westward due to the (-effect
[Cushman-Roisin et al., 1990; C. Chavanne, personal com-
munication, 2009]. In our case study, we have not observed
this phenomena, probably because the island of Tenerife
prevents westward eddy propagation from Gran Canaria,
and because the wind forcing is oriented meriodionally
instead of zonally, such as is the case for the Philippine
Archipelago [Pullen et al., 2008] and the Hawaiian Archi-
pelago [Chavanne et al., 2002].
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