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Abstract
The effects of wind stress on the variability of the surface circulation in the Ligurian Sea are investigated by the analysis of a long time
series of marine currents and meteorological observations and by numerical model simulations. Observed currents in the upper 50 m are
mainly directed NW, according to the general circulation of the area and display the same pattern slightly attenuating the intensity with the
depth. Most of the sub-daily variability is due to the inertial currents, which occur at all the examined depths very often. The direction and
the intensity of the current in the near surface layer (0-8 m) is sometimes different from those recorded in the layers below. Observations
and model results indicate that the wind is able to modify significantly the currents in the upper 14-15 m, thus explaining a huge part of
the observed variability.
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Data and methods
In order to investigate the variability of the upper layer currents and the
relationships with surface atmospheric forcing, a mooring equipped with
an upward-looking ADCP (Acoustic Doppler Current Profiler) [1] RDI
Sentinel 300 kHz and CTD sensors was deployed in the open Ligurian Sea
(43◦ 47.77’ N; 9◦02.85’ E) near the meteo-oceanographic buoy ODAS
ITALIA1. The ADCP sampled the upper 50 m of water column with 8
m vertical resolution and 1h time interval from 13 September 2003 to
25 May 2004. Meteorological parameters, in particular wind speed and
direction and atmospheric pressure, were measured each hour from the
buoy ODAS at 13.5 m above the sea surface until 11 March 2004; sea
temperature and conductivity at six different depths, between surface and
36 m, were also collected each hour from the buoy.
The effects of the local wind were estimated by means of a 1-D numerical
model integrating the Ekman equations in the vertical plane up to a depth
of 100 m, where free-slip conditions were imposed. The vertical turbulent
coefficient was chosen constant (0.01), wind stress was computed from
the available time series according to [2]. Constant or linearly increasing
wind stress at surface was imposed considering some test-cases based on
the different observed wind regimes.

Results
Wind regime during the observed period was characterized by calm and
breeze for about 60% of the recorded data, strong winds, mainly blowing
from SW, occurred in 7%, moderate winds are concentrated in the north-
ern sector. Prevailing direction is SW/W while intensity -excluding the
calms- is 6.2 m/s.
Although the mean currents are mainly directed NW, according to the
general cyclonic circulation of the Ligurian Sea, currents alternate periods
with an almost constant NW direction and periods lasting few days char-
acterized by strong variability, particularly meandering. Only few short
events with southward component currents occurred during the studied
period.
Mean velocity was about 11 cm/s with hourly mean peaks up to 80 cm/s.
The vertical structure was characterized by highly correlated currents hav-
ing the same pattern, with intensity weakly attenuating with the depth.
Currents in the first layer differ from that of the layers below, in some case
being less intense and displaying more variability and meandering.
Low frequency variability was characterised by mesoscale and atmo-
spheric components because the 28 and 6 days components were among
the more energetic peaks. Rotary spectral analysis [3] evidenced the in-
ertial motions as the prevailing feature at sub-daily scale [4], whereas
tides on both diurnal and semidiurnal band were negligible. The resulting
average spectrum computed on 22 samples, 256 hours long, displayed
at all depths a net energy peak in the clockwise part centred around the
theoretical inertial period value for this latitude (17.3 h). Well developed
inertial currents, in some cases lasting for more than a week, were in fact
observed at all the examined depths for about 25% of the total period of
registration.
Even correlation between wind stress and kinetic energy of the surface

currents was poor, thus indicating a minor role of surface atmosphere
forcing. The results from the simulated test cases gave some insight on the
local wind effect, explaining a huge part of the observed variability [5].
A constant wind stress of 0.2 N/m2, representing the mean observed value,
can drift a mean current in the upper 10 m of about 15 cm/sec; for a wind
stress of 0.35 N/m2, corresponding to a wind speed of 14 m/s, the velocity
increases up to 28 cm/s, comparable with the intensity of the geostrophic
components.

Fig. 1. Stick diagram of daily mean currents at each depth.
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