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Introduction

Additional information relating to the technical aspects of our calculations are pre-

sented in the paragraphs below:

Text S1.

Solving the linear system provides an estimate of the oceanic current but also leads

to important errors. Here we present the results of this calculation and explain the sources

of error.

In figures 1 (a) and (b) the zonal component of the geostrophic current and our esti-

mates for January 16th are shown. Important errors are present in the south-western part.

While this region is highly frequented, traffic is organized in lanes as explained in sec-

tion 2 of the paper. As such, the diversity of the headings, namely std(ϕth) associated
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to the different vessels, is weak. The main source of error for the Aviso geostrophic cur-

rent is obtained within the same region, i.e., when the standard deviation of the headings

tends toward 0o (figure 1 (c). To clarify this point, a series of diagrams is presented in

figure 1 (d) and includes a clear illustration of the most optimal situation for calculating

the oceanic current using AIS messages. This corresponds to the situation in which the

standard deviation of the headings tends toward 45o. The difficulty is that many of our es-

timates are calculated when the standard deviation of the headings std(ϕth) is weak. Nev-

ertheless, even if outliers are present in those regions, the majority of our estimates are

close to the Aviso estimates. Given that we cannot directly filter the results by eliminating

the estimates associated to the headings’ weak standard deviation, we are obliged to adopt

a different strategy for filtering (section 2 of the paper and Text S2).

Text S2.

Considering the diagram in figure 2 of the main document we can project the vec-

tors in the direction of the course over ground and write the following equation:

Vsog = Vstwcos(ϕth − ϕcog) + Voscos(ϕos − ϕcog) (1)

Considering the above equation inside each spatio-temporal box and neglecting the cross

terms linked to the variance function, which are almost one order inferior, we can write:

var(Vsog) = var(Vstwcos(ϕth − ϕcog)) + var(Voscos(ϕos − ϕcog)) (2)

where var is the variance function. We calculate a criteria Q as the difference between

the two first terms. If our simple model is correct, in each spatio-temporal box we must

always find a criteria Q that is positive, as the variance function is always a positive value.

Q = var(Vsog) − var(Vstwcos(ϕth − ϕcog)) (3)

Inverting the linear system provides the magnitude of the speed through water (Vstw). To-

gether with the direction and magnitude of the oceanic current we can easily test and re-

ject the solution that does not satisfy the conditions set by the equation (3).

Text S3.

Here, using the example of two vessels, we explain how we calculated the oceanic

current from the first guess. In this part, we consider the trajectory of a vessel and create

a time-series. To do so, we collect the filtered speed through water obtained from the first
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Figure 1. (a) Map of the zonal geostrophic current for January 16th 2016. (b) Zonal oceanic surface

current obtained by inverting the linear system 4. (c) Absolute difference between the zonal (black) and

meridional (gray) geostrophic current and our oceanic surface current estimates versus the standard deviation

of the headings inside each spatio-temporal box. (d) Illustration of three different situations in which AIS

messages from travelling vessels are used to calculate the current. The most optimal situation corresponds to

vessels with perpendicular trajectories (std(ϕth ≈ 45o).
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guess along the vessel’s whole trajectory. Let us consider the trajectories of vessels 1 (in

red) and 2 (in black) depicted in figures 2 (a) and (b). Regarding vessel 1, the first vali-

dated calculation of the speed through water was obtained at 09:24 UTC and the last at

23:14. The evolution of the speed over ground and the speed through water are shown in

figure 2 (c) in blue and black respectively. From these time-series we can determine that

the noise level associated to the speed through water (black dotted curve) is far greater

than the noise level associated to the speed over ground. The corresponding results are

presented in plot (d) for vessel 2. The first validated speed through water was obtained at

00:36 UTC and the last at 23:48. It is important to note that the speed through water of

the two vessels is very close ≈ 6ms−1 as is the distance travelled (≈ 300km). Due to the

oceanic current, vessel 2 took approximately 10 hours more to travel the same distance.

Regarding the speed through water time-series, exactly the same can be observed. We then

carried out Empirical Mode Decomposition (EMD). In the EMD method, each data seg-

ment is processed independently and the signal is decomposed into Intrinsic Modulation

Functions (IMF) which are time functions modulated in both amplitude and frequency. By

construction, this process ranks the IMFs from the one containing the highest frequency

to the last making up the trend. From here, we keep only the trend and assume that the

highest frequencies are errors. Results from this filtering technique are represented as the

green curve in plot (c). Smoothing is important. Indeed, we note that the noise level of

the filtered signal is now comparable to the weak noise level of the speed over ground.

Exactly the same results are presented on plot (d) for vessel 2. Once the filtered speed

through water obtained, we calculated the new current as follows:


uos = F (Vstw)sin(ϕTH ) − Vsogsin(ϕcog) (Zonal Guess 2)

vos = F (Vstw)cos(ϕTH ) − Vsogcos(ϕcog) (Meridional Guess 2)
(4)

where F (Vstw) represents the filter of the speed through water. The results of both the

zonal and meridional oceanic surface current component are shown in figures 2 (e) and

(f), for vessels 1 and 2 respectively. For comparison, the corresponding component of the

oceanic current obtained from the first guess is represented as a continuous black line. Fi-

nally, we performed these calculations for all the available daily vessels and projected the

results onto the same regular grid using averages when different estimates were available.
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Figure 2. Trajectories of two vessels on January 16th , 2016 associated to the first guess of the zonal (a)

and meridional (b) oceanic surface current. Vessel 1 (in red) is travelling with the flow, while vessel 2 (in

black) is travelling against it. (c) Illustration of the speed over ground (Vsog) (in blue) and speed through

water (Vstw) (in black) for vessel 1. The green line represents the trend of the Vstw obtained from EMD. (d)

Same as (c) for vessel 2. The time-series of the zonal (black) and meridional (green) component of the current

associated to the trajectories are plotted in (e) for vessel 1 and in (f) for vessel 2. The solid lines correspond to

the current estimates from the first guess, while the dotted lines correspond to those from the second guess.
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