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Abstract :
Our understanding of ocean circulation to date still bears many unanswered questions. Despite the
development of a variety of methods for observing upper ocean current velocity at different scales, our
knowledge of this subject has yet to be significantly improved. Historically, the drift of vessels led to the
discovery of the oceanic surface current. The Automatic Identification System (AIS), originally intended
to avoid collision in maritime traffic, contains the necessary information to retrieve vessel drift due to the
surface current. Thus, the AIS data can be processed to derive sea-surface current components for any
region in which there is maritime traffic. A dedicated inversion scheme has recently been theoretically
formulated and implemented. In this study, we report the preliminary results obtained during an
experimental campaign conducted aboard the oceanographic vessel Atalante, in the strait of Gibraltar, in
October 2020. A map of oceanic circulation was calculated using the drift of all vessels emitting AIS
messages within the strait and validation was achieved with the help of an Acoustic Doppler current
profiler (ADCP) aboard the Atalante.
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I. INTRODUCTION
The measurement, understanding and modelling of ocean
current structure still remains an open topic for investigation
in oceanography. Many efforts have been made to offer a
robust approach to estimating upper ocean current velocities at
different spatio-temporal scales. The Automatic Identification
System (AIS) dedicated to collision avoidance for maritime
traffic contains information related to vessel drift due to the
surface current. As explained below, the combined analysis
of AIS messages from different vessels in a given location
allows for the estimation of current velocity components
in that region. Recently introduced, this approach has been
implemented by eOdyn in different regions around the globe
and is the subject of validation for various sea-state and
meteorological conditions.
The Strait of Gibraltar is the only connection between the
Mediterranean Sea and the Atlantic Ocean. This geographical
region is characterised by a complex oceanic current structure
conditioned by a bottom topography that includes various
sills and the constant deficit of the Mediterranean Sea due to
evaporation, as well as the predominance of the semi-diurnal
and diurnal tide flow. All of these make this a key spot for
the study of oceanic circulation [1].

In this work we report the preliminary findings from an
experimental campaign conducted aboard the oceanographic
vessel Atalante in the Gibraltar strait area, in October 2020.
This campaign was dedicated to combining different instrumental and methodological approaches for measuring the upper ocean current velocity. Our main objective was to validate
the analysis of AIS messages generated by maritime traffic in
the region, as a method for sea-surface current estimation.
II. DATA AND M ETHODS
A. Experimental Campaign
The experimental campaign, Protevs Gibraltar, was conducted aboard the oceanographic vessel Atalante between the
3rd and 23rd of October 2020. The systematic recording of
AIS data messages from all vessels navigating the strait, as
illustrated in figure 1 (a), allows for the calculation of each
vessel’s drift. The same idea was developed by Richardson
[2] before the systematic use of AIS data messages. Given
that a significant proportion of maritime traffic is composed
of vessels which have an underwater area equivalent to that
above water, the leeway-drift due to the lateral wind effect
is negligible [3]. Under this assumption, vessel drift is then
mostly due to the oceanic surface current. In this study particular attention was paid to the region around the Camarinal
Sill, figure 1 (b), and the divergence of the current fields.
B. Vessel Drift
Aboard the Atalante, vessel drift is characterised by magnitude and direction. The vocabulary and a diagram are
presented in figure 2. When projected onto the zonal and
meridional axes, the drift can be written as follows:
(
Vsog sin(ϕcog ) = Vstw sin(ϕT H ) + udrif t
Vsog cos(ϕcog ) = Vstw cos(ϕT H ) + vdrif t

(zonal)
(1)
(meridional)

where Vsog is the speed over ground, ϕcog the course over
ground, Vstw the speed through water and ϕT H the true
heading of the Atalante vessel. Among these variables, all,
except the Vstw , are present in the AIS data messages which
are emitted by vessels at high frequency intervals (≈ 10s).
A hull-mounted ADCP measured the velocity of the upper
ocean currents below the Atalante. Along a transect within
the strait, at a speed of ≈ 8kn, comparisons were drawn

Fig. 1. (a) AIS messages recorded during the period of the experimental
campaign onboard the Atalante. (b) Bathymetry of the Strait of Gibraltar.

Fig. 3. Comparisons between the drift and the oceanic current obtained from
the hull-mounted ADCP at 25m for the zonal (a) and the meridional (b)
components

Fig. 2. Measurement diagram and definitions. Variables with an asterisk
are known and transmitted via the AIS messages. The other variables are
calculated. When projected over the zonal and meridional axes Vdrif t (or
Vos when assimilated to the oceanic surface current) and ϕdrif t or ϕos
become udrif t and vdrif t .

between the zonal and meridional velocities measured by the
ADCP and the zonal and meridional drift components. Results
are presented in figure 3. A positive correlation r2 ≈ 0.8
and RM SE ≈ 14cm can be observed for the zonal and
meridional components. Regarding the hull-mounted ADCP,
we used the estimates at 25m because at shallower depths the
results are affected by the motion of the vessel. Considering
this result we can assume that the drift is essentially due
to the oceanic current. The drift velocities considered udrif t
and vdrif t become the oceanic surface current uos and vos .
Applying this technique to all vessels navigating in the strait
is not so straightforward given that the speed through water is
not transmitted in the AIS messages.

C. Reconstruction of Vessel Speed Through Water
In this part we considered the vessels collectively rather than
individually. Vessels and their associated AIS messages were
considered to be in homogeneous surface conditions in both
space and time. Given this, the AIS messages were aggregated
within a spatio-temporal box of 1/24o and one hour. For each
AIS message, we have two equations and three unknowns (the
magnitude of Vstw and the two components of the current). For
n AIS messages, we therefore have 2n equations. However,
using the space-time homogeneity assumption, this leaves only
n + 2 unknowns to be solved. The following system is thus
considered:
 ∗
Vsog1 sin(ϕ∗cog1 ) = Vstw1 sin(ϕ∗T H1 ) +uos




∗
∗
∗


Vsog1 cos(ϕcog1 ) = Vstw1 cos(ϕT H1 ) +vos
..
..
..
(2)
.
.
.
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V n sin(ϕcogn ) = Vstwn sin(ϕT Hn ) +uos


 sog
∗
Vsog
cos(ϕ∗cogn ) = Vstwn cos(ϕ∗T Hn ) +vos
n
The variables with an asterisk are transmitted by the AIS
messages and the speed though water Vstwn had to be calculated. Once completed, we collected the estimates of the speed
through water for each vessel and rearranged them along their
trajectories.

Figure 4 shows the speed over ground (green), and the
estimate of the speed through water (blue; as obtained from
solving the system of equations 2) for a randomly selected
vessel navigating on October 10th , 2020. Regarding the timeseries of the speed though water, we filtered our results
using the Empirical Mode Decomposition (EMD) and kept
only the trend obtained [4]). From this filtered estimate of
speed through water, we then used the set of equations 1 and
calculated the zonal and meridional components of the oceanic
surface current as follows:
(
uos = F(Vstw )sin(ϕT H ) − Vsog sin(ϕcog )
(3)
vos = F(Vstw )cos(ϕT H ) − Vsog cos(ϕcog )

E. Helmholtz-Hodge Decomposition

where F(Vstw ) represents the filter for the speed through
water. Results for the zonal and meridional components of
the oceanic surface current are shown in blue and orange in
figure 4 (b).

The oceanic surface current was calculated during the high
tide period, i.e., from the 17th to the 20th of October,
2020. The resulting interpolated map resolves one-hour time
intervals on a spatial grid of 1/24o . An example of the
retrieved total oceanic surface current is shown in figure 5
(a). The Atlantic Jet is clearly distinguished in the eastern
part. Although in the western part of the strait the current is
opposite and corresponds to the tidal current at the end of the
outflow. (The period of inflow corresponds to the eastward
current, in the same direction as the Atlantic Jet). In such
a case as this, the divergence provides a precious tool to
analyse the vertical motion of the ocean. The divergence and
the associated rotational-free flow field for the same date are
plotted in figure 5 (b). In the region located near longitude
5.7o W, a high positive divergence is present in close proximity
to a negative one, located slightly to the east. This geophysical
signature corresponds exactly to the presence of the Camarinal
Sill, illustrated in figure 1 (b).

Once the interpolated field obtained, we applied a
Helmholtz-Hodges Decomposition (HHD). This decomposition describes the flow as the sum of rotation-free, divergentfree and harmonic vector fields. Considering a smooth vector
field as the result of the optimally interpolated fields, we can
guess the fields associated to the divergence (also known as
rotation-free), together with the flow associated to the vorticity
which is divergent-free. More details and explanations are
provided in Bhatia et al. [6]
III. R ESULT AND D ISCUSSION

Fig. 4. (a) Top left: Trajectory of a randomly selected vessel navigating on
October 10th ,2020. In green, the speed over ground, in blue the reconstructed
speed through water and in orange the result obtained after filtering using the
Empirical Mode Decomposition (EMD). (b) Reconstructed oceanic surface
current velocity obtained from the set of equations 1 with the speed though
water obtained from the EMD

D. Optimal Interpolation
Once data sets had been obtained for both the zonal and
meridional velocity components, we applied a classic optimal
interpolation in order to smooth and map the results in both
space and time [5]. Optimal interpolation is a mathematical
tool used to merge background information (xb ) from a priori
knowledge, in this case, the average over time for the zonal
and meridional current estimates and observations (y). The
result of the optimal interpolation is Gaussian with a mean xs
and a covariance P s given by:

xs = xb + K y − Hxb ,
P s = B − KHB,
with the gain K = BH

>

(4)
>

HBH + R

−1

,

where H is the observation operator, thus creating the link
between the observation and the background. Here, H is the
identity matrix.

Fig. 5. (a) Map of the total ocean surface current for October 17th at 22:00.
(b) Divergence and associated rotational-free flow field obtained through the
HHD decomposition at the same date and time.

The results of the analysis of the time-series concerning the
zonal and meridional components on both sides of the Camarinal sill are shown in figure 6. For the zonal component, shown
in plot (a), we note a very marked semi-diurnal oscillation.
The two high-amplitude signals are correlated, ranging from
≈ −1.5 m to ≈ 1.5 m. Regarding the meridional component,
shown in plot (b), the amplitude is much lower, ranging from
≈ −0.25 m to ≈ 0.5 m. The correlation and the semi-diurnal
signal are much less pronounced. The most interesting result
is obtained from the divergence estimates on both sides of the
sill, shown in plot (c). Indeed, in the outflow situation, when
the zonal component is negative, the divergence east of the sill
is positive, whilst negative to the west. A similar but opposite
phenomenon is observed in the inflow situation, i.e., the zonal
component is positive and the divergence east of the sill is
negative, whilst positive to the west. Our results demonstrate
a clear negative correlation and reveal the vertical motion of
the ocean due to the interaction of the tidal current with the
sill but also the presence of the hydraulic jump to the west of
the sill. This phenomenon is related to the formation of the
Internal-Solitary Wave (ISW) [7].
IV. C ONCLUSION
In the present work, we exploited the significant volume
of AIS data messages to produce fields of the total oceanic
current at a depth corresponding to vessel draught (≈ 10m).
The High Frequency radar located to the west of the area
measures the oceanic current just below the surface (≈ 10 cm).
In future work, special attention will be addressed to the comparison of these different sources of current measurements. A
clear benefit of using AIS message data is the opportunity it
provides for calculating the current fields beyond the HF radar
coverage, and more particularly around the Camarinal Sill,
site of the ISW formation. The intensity of maritime traffic
in this region provides a sufficient AIS data sampling rate
to detect the impact of the ISW on vessel speed. In future
work, further development of this method will be dedicated
to spacio-temporal colocalisation of the formation of the ISW
based on AIS data.
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