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In 2015, the first study was published on the construction of the profile of what came to be called the
”Alleged Offending Vessel” (AOV), in order to verify the characteristics of the vessel that allegedly
pollutes the most intentionally and furtively, taking into account aspects such as the type of vessel, its
flag and the navigation area. The study was carried out with data on traffic and detected cases of illicit
discharges during the five-year period 2008-2012 that took place in Spanish SAR territorial waters.
The results of this work were conclusive: “the AOV profile corresponded to a passenger ship, sailing
through the Mediterranean Sea and which was registered in an open registry.”

In the present work, which covers the following five-year period 2013-2017, the study is repeated
for the same areas. This study consists of two parts. First, a comparative analysis is made between the
data from the first five years and that of the second five, and then, using the GINI indices of inequality
and the associated Lorenz curves as a tool, the profile of the polluting vessel will be determined again
and it will be verified whether this is the same or if it has changed over time. Additionally, the study will
serve to evaluate the consequences of the use of the different methods of detection of cases of deliberate
marine pollution from vessels, specifically aerial and satellite surveillance. The results obtained will
provide an accurate picture of the effectiveness of the system and the evolution of the AOV profile.

Research works currently continues collecting data for the 2018-2021 period, in order to follow the
evolution of the behavior and profile of the alleged offending vessels.

© SEECMAR | All rights reserved

1. Introduction.

Since 2007, the Spanish authorities have used three spe-
cially equipped aircraft to combat marine pollution (Alpers,
Holt and Zeng, 2017), capable of detecting any type of illicit
discharge and also of gathering and processing the information
necessary for the Spanish maritime administration to be able to
proceed to identify and sanction the perpetrator.

Currently, decarbonisation and sustainability feature as gen-
eral objectives within the Strategic Framework of the Spanish
National Rescue and Safety Plan. This is why the Spanish mar-
itime service has committed to continuing with the great effort
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in aerial and satellite surveillance of marine pollution carried
out in recent years and to study its adaptation to the new chal-
lenge of marine litter. The current Spanish system of preven-
tion, rescue and fight against pollution is a system committed
to sustainable development, which is continuously adapting in
order to face the new challenges stemming from the advances in
technology, from constantly evolving legal requirements, from
new commitments acquired in the EU and with neighboring
countries and those that are ever more in demand from a so-
ciety that is more and more concerned about the cleanliness of
the seas and coasts. The ultimate goal of these new challenges
is a cleaner marine environment, for which effective monitoring
of the marine environment (Fingas and Brown, 2018) and spill
identification (Dahlmann and Kienhuis, 2015) is essential.

The first time a study was made on the performance of the
system, it took in the period 2008-2012 (Martı́n Alonso, Ortega
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Piris and Pérez Labajos, 2015). This study established and de-
fined the term “Alleged Offending Vessel” (AOV) as that vessel
that has been identified, through the Spanish aerial detection
system, as a potential polluter by means of illicit discharges
of hydrocarbons, to which the Spanish maritime administra-
tion may subsequently initiate sanctioning proceedings charg-
ing them for the said discharge. In the same study, the term
“illicit discharge” was defined as that which is made in con-
travention of the International Convention for the Prevention
of Pollution by vessels of the IMO, known as MARPOL (IMO,
2017)(Uddin and Karim, 2018)

The aim of the 2012 study was twofold: on the one hand, to
undertake an assessment of the efficiency of the detection sys-
tem and, on the other hand, to establish the profile or stereotype
of the AOV, in order to be able to contribute to the development
of national prevention policies, national action policies and to
serve as a tool for mapping resources in the most efficient way
possible (Purwendah, Mangku and Periani, 2019).

As a result of this work, taking into account the spatial
(navigation area), functional (class of vessel) and administra-
tive (vessel’s flag status) aspects, it was determined that:. . . the
profile of the alleged offending ship (AOV) corresponded to a
passenger vessel, sailing through the Mediterranean Sea and
that is registered in an open registry (. . . ) and that the effec-
tiveness of the aerial surveillance system was verifiable from
its start-up, as well as constituting an effective deterrent.

After another five-year period (2013-2017), and after nu-
merous studies carried out on pollution in the Mediterranean
(Carpenter, 2016) (Amir, 2017) (Alves et al., 2016) (Alves et
al., 2015), it was necessary to verify the effect of the dissuasive
measures and the discharge detection plan on the behaviour of
the total fleet in the area of the Spanish SAR territorial waters.
That is, in the same scenario, to repeat the study on the type
of AOV and the rates of alleged infractions in order to carry
out a comparison between the data from the first five years and
that from the second, which will provide a clear picture of the
suitability or not of the investment and the methods used.

In the last year of the study, Maritime Rescue carried out
surveillance with its airplanes and satellites of over 159 million
km2 of sea, a surface area equivalent to 313 times that of the
national territory. Today, the Spanish maritime authorities are
firmly on the path towards the use of unmanned aircraft for the
surveillance and control of marine pollution.

2. Methodology.

Three will be the number of methodologies applied in the
present study. The first consists of a comparative study of the
data obtained between the two periods of time analysed, in or-
der to then, following the guidelines of the first study, use the
Gini indices as a method of analysis of the concentration or in-
equality and the associated Lorenz curves (Gastwirt.Jl, 1971), a
methodology widely described in (Martı́n Alonso et al., 2015)
since, as has been shown, it is a tool that has been used success-
fully in the analysis of marine pollution by illegal discharges.

PII =
(∑k−1

i=1 (pi − qi)
) / (∑k−1

i=1 pi

)

Gini Coefficient of concentration of alleged offending vessels.

Finally, a more disaggregated analysis will be made for the
same variables, by formalising the rates of potential offending
vessels, both by type of vessel, by area and by flag.

Table 1 shows the variables to be used in the elaboration of
the concentration indices. These are the population variables
that might potentially have committed an offense, out of the to-
tal traffic, and those of the alleged offending population, which
have already been verified as real pollution data. The variable,
GT, (gross registered tonnage) will be the proxy variable for the
size of the vessels, since this variable weights the magnitude of
the infringement, given that normally the amount of illicit dis-
charge carried out by vessels is closely linked to their tonnage:
the larger the vessel, the greater the amount of waste. This is
why the concentration analysis based on Gini inequality indices
and represented in the corresponding Lorenz curves will refer
exclusively to this variable.

Table 1: Variables used in the construction of Alleged Offend-
ing Vessel: inequality indices.

Source: Author.

In Table 1, the first column with the superscript “a” shows
the groups of variables. Specifically, there are three used in
the study: one for the type of vessel (container ship, oil tanker,
bulkcarrier, passenger, general cargo, chemical tanker, Roll on/
Roll-off, reefer and others), another for the areas studied (coastal
strip of the Mediterranean Sea, Strait of Gibraltar, Canary Is-
lands and Finisterre) and the last one for the flag groupings (the
15 countries of the European Union, countries of the rest of the
OECD, open or convenience registries and countries of the rest
of the world) . The next two columns with the superscript “b”
correspond to the data of the variables of the total population
of potential offending vessels: number of vessels (V) and size
(GT), in a given period. Finally, the third group of columns
with the superscript “c” corresponds to the same variables, but
in this case of the AOV population in the same period.

The expression that determines the average rate of alleged
infringements of a population variable X, of fleet i of group G,
in a period t, is given by the following equation:

PR/Xi(t) = [OXi(t)/Xi(t)] ∗ 1000 (1)
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where:
PR /Xi (t) = rate of alleged offenses of the population vari-

able X (nº of vessels and y GT) of fleet i of group G, in the
period t, per thousand.

3. Data.

As in the previous work, the data used for the period 2013-
2017 are those obtained in the Rescue Coordination Centres
(RCC) of the Spanish coast, located in the Strait of Gibraltar
(RCC Tarifa), in Cabo de Gata, which is located in the south-
eastern end of the Iberian Peninsula (RCC Almerı́a), in Cape
Finisterre (RCC Finisterre) and in the two that are found in
the Canary archipelago, specifically on the island of Tenerife
(RCC Tenerife) and on the island of Gran Canaria (RCC Las
Palmas). Research works currently continues collecting data
for the 2018-2021 period, in order to follow the evolution of
the behavior and profile of the alleged offending vessels.

Following the order established for the database for the 2008-
2012 period, the data has been structured in the same way,
by type and subtype of vessel, according to its characteristics
(length, beam, gross tonnage, load capacity or dead weight, age
and registration), type of flag, according to the origin and desti-
nation ports, with navigation data (course and speed) and RCC
monitoring.

The data on the volume of traffic by type of vessel, area
and flag represented in Table 2 show the population that will
be considered as the total number of potential AOVs, both in
number of vessels (V) and in tonnage (GT). In the third column,
the value of the variation of the data between the two periods
studied is shown as a percentage.

At the same time, data on real cases of detection of pollu-
tion sources have been obtained, providing us with information
on the AOVs detected in the area of Spanish territorial waters.
The database created for these vessels incorporates, in addi-
tion to the same data as the traffic data, the list to which it
belongs (according to the criteria of the Paris Memorandum),
the means used to detect the discharge (by satellite or from an
aerial medium) and finally, the method of selection of the AOV
used (backtracking technique or infraganti detection).

Table 3 shows that data of the number of AOV detected in
the first and second periods of the study, by type of vessel, area
and flag.

4. Results.

Once the traffic and AOV data bases were processed, the
next step was to address the calculation of the AOV inequality
indices for the period 2013-2017 by number of vessels (V) and
their size (GT) for the groupings of types of vessel, area and
flag, by means of the application of the methodology described
above and their representation in the corresponding associated
Lorenz curves. The final indices are listed by year and grouping
in Table 4.

a Alleged Offending Vessel inequality indices for the total
traffic in Spanish SAR waters

Table 2: Comparison of data on traffic and GT by type of vessel,
area and flag.

Source: Author.

Table 3: Comparison of AOV data by vessel type, area and flag.

Source: Author.
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Table 4: Alleged Offending Vessel concentration indices by
vessel type, area and vessel’s flags.

Source: Author.

b Alleged Offending Vessel inequality indices by number of
ships sailing in Spanish SAR waters

b Alleged Offending Vessel inequality indices by GT of the
ships sailing in Spanish SAR waters

Finally, the calculation was made of the average rates of
AOV, again by the different types of vessels as a function of
their size (Table 5), area (Table 6) and flag (Table 7). In order to
provide a clearer picture of the trends taking place in these last
years, the variation in the rates between the periods 2008/2012
and 2013/2017 have been included in these three tables.

4.1. By type of vessel.
The values for the concentration indices as a function of the

size of the different types of vessels and their GT remain almost
constant throughout the period analysed, with a value of around
0.4, as from the year 2014 onwards around 75% of the GT of the
AOV detected is concentrated in 14% of the GT of the total pop-
ulation analysed, this concentration being centred on chemical
tankers and passenger/ferry vessels. It is noteworthy that 22%
of the AOV which make up 3% of the population are chemical
tankers (Fig.1). Bear in mind that the chemical tanker group
includes product tankers and that the Passenger/ferry group in-
cludes both large cruise ships and regular line ferries.

Figure 1: Lorenz curves for Alleged Offending Vessels by ves-
sel type. (a) % accumulated of GT; (b) % accumulated de GT
of AOV.

Source: Authors.

In contrast, oil tankers, container ships, reefers general cargo
and Ro-Ro vessels and others account for less than 10% of the
AOV while they make up 50% of the population studied.

The highest rates of AOV for the period 2013-2017 are reg-
istered by chemical tankers (3.02%0) and passenger vessels (1.86
%0), all other types being below 0.22%, this value correspond-
ing to bulkcarrier type vessels (Table 5).

Table 5: Rates of AOV by vessel types and GT.

Source: Authors.

4.2. By area.

The Gini indices remain within the range of 0.74 to 0.86 for
all of the years of the period 2013-2017 as a function of the area
and the GT of the AOV, 85% of the AOV being concentrated in
approximately 20% of the traffic analysed, which corresponds
to the traffic that sails through the Mediterranean (Fig.2).

Figure 2: Lorenz curves for Alleged Offending Vessels by ar-
eas. (a) % accumulated of GT; (b) % accumulated of GT of
AOV.

Source: Authors.

As for the total rates of AOV as a function of their GT and
navigation area, the highest rate is to be found in the Mediter-
ranean area with a value of 1.73 for every 1000 vessels moni-
tored, although a spike can be observed in 2017 which makes
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this value rise to 2.6, the zone with the lowest rate, in contrast,
being the Strait of Gibraltar, with a value of 0.03%0 (Table 6).

Table 6: Rates of AOV by areas and GT 2013/2017 and Varia-
tion in periods 2008/2012 – 2013/2017.

Source: Authors.

4.3. By flag.

The results for the concentration indices of the AOV as a
function of their flag and GT range between 0.1 and 0.2, very
low values reflecting a low concentration of AOV in all flags
and a maximum inequality.

The same occurs with the AOV results in relation to their
number, the lowest index found being 0.08 in 2015 and the
highest being 0.14 in 2014, 2016 and 2017 (Table 4).

Figure 3: Lorenz curves for Alleged Offending Vessels by flags.
(a) % accumulated of GT; (b) % accumulated of GT de AOV.

Source: Authors.

Over the five years of the period studied, the concentration
of AOV is polarised in vessels with EU15 and OR flags, con-
stantly and maintaining the values, so much so that 78% of the
vessels studied belong to this group of flags, accounting be-
tween them for 98% of the AOV.

As can be seen in Table 7, the values of the AOV rates show
a reduction for all types of vessels, very slight in the case of
vessels with an EU15 flag, significant in those with OR and
ROECD flags and very pronounced in vessels with an RW flag.

Table 7: Rates of AOV by flags and GT 2013/2017 and Varia-
tion in periods 2008/2012 – 2013/2017.

Source: Authors.

5. Discussion.

With the data from the last period studied, 2013-2017, we
can ascertain which type of vessel, which area and which flag
concentrated the most AOV and we can thus undertake a study
comparing the data with those of 2008/2012. The results of this
study will allow us to verify whether the means employed to
fight illicit pollution in Spain have been, and are, effective and
whether the behaviour of certain vessels has changed or not.

5.1. By vessel type.

A first reading of the absolute data (Table 2) shows the de-
crease in traffic and GT for all types of vessels, clearly as a
consequence of the global economic crisis suffered at that time
and its subsequent recovery period. This trend has not been
reflected in the data for Ro/Ro vessels, as they have increased
significantly both in number and tonnage.

The decrease in the number of reefer vessels (-57%) and
container ships (-30%) is particularly striking, but even more
so is that of those vessels included in the group “others” which
takes in dredgers, fishing boats, tugboats, rescue vessels and
warships, etc., which fell by 64%.

A curious case is that of general cargo ships: these have
decreased by 16% in number, while their GT has increased by
20%, which seems to indicate that the number of lower tonnage
vessels has been reduced while the larger ones remain active.

Regarding the AOV data represented in Table 3, it can be
concluded that the GT of the detections of alleged offending
vessels has decreased significantly from the period 2008-2012
to the period 2013-2017, by an average of around 44%. This
variation ranges from approximately a 90% decrease in general
cargo, Ro/Ro and reefer vessels to 7% in chemical tankers. In
this last case, even though its traffic and tonnage have decreased
by around 21%, cases of AOV involving this type of vessel in-
creased by 10%, from 111 in the first period to 122 in the sec-
ond. This, taken together with the data on the decrease in GT,
leads to the conclusion that the vessels of this type that have
been detected as potential offenders were the chemical tankers
of lower tonnage.

The values of the inequality indices based on the size of the
different types of vessel and their GT remain practically con-
stant throughout the 2013-2017 period with a value of around
0.4 (Table 4), showing that from the year 2014 onwards, around
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75% of the GT of detected AOVs are concentrated in 14% of the
GT of the total population analysed, this concentration corre-
sponding to chemical tankers and passenger/ferry vessels (Fig.
1).

Fig. 4 shows a comparison of the graphs of the last year
of each period studied, 2012 and 2017, in which for the 2012
curve the labels can be read in lower case and for 2017 in upper
case.

Looking at the curves, it can be seen that they practically
overlap, which indicates that the concentration indices are very
similar in both years, but when comparing the data, it can be
seen that within the aforementioned 75% of the GT of the AOVs,
the distribution has varied, as in the period 2008-2012 65% cor-
responded to passenger vessels and in this last period the per-
centage of these vessels has fallen to 19%, the remaining 57%
corresponding to chemical tankers; that is, the weights of these
two types of vessel has been inverted. From all of this, it can be
deduced that the type of vessel that concentrates the most cases
of AOV is the chemical tanker.

Figure 4: Lorenz curves for Alleged Offending Vessel by vessel
type: comparative 2012-2017.

Source: Authors.

As for the AOV rates, these have generally been reduced
from the year 2013 for all types of vessels, except for chemical
tankers whose rate has increased, going from 2.5 to 3 AOV for
every 1,000 vessels of total traffic, verifying the concentration
indices data for this period. In the case of passenger/ferry ves-
sels, a decrease from 2.6 to 1.8 AOV can be observed for every
1,000 vessels of total traffic. These two types of vessel are the
ones with the highest rates in the two periods studied (Table 5).

5.2. By area.

In relation to the traffic data, it can be observed that in the
period 2013-2017 there has been a significant decrease which
has been similar in the areas of the Mediterranean, Strait and
the Canary Islands, around 30% in number and 18% in tonnage,
while traffic through Finisterre to and from northern Europe has
only decreased by 10%, although in tonnage, in this particular
case, there has been a slight increase of 9% (Table 2).

In Table 3 it can be seen how the decrease in the GT of
AOV detections has been significant in the 2013/2017 period
in all areas. This general decrease has been more pronounced

in the areas of Finisterre and the Canary Islands, around 70%,
and almost half of that, just over 36%, in the areas of the Strait
of Gibraltar and the Mediterranean. These data point to the ef-
fectiveness of the systems of surveillance and control of marine
pollution of the Spanish authorities, which have been improved
with the recent installation of new equipment in the area of the
Canary Islands and Finisterre. Overall, it can be considered that
the work of monitoring and detecting sources of pollution and
the subsequent identification of the vessels involved is proving
to be highly effective and that the custom of many vessels of
discharging part of their hydrocarbon and oil waste into the sea
is no longer a common practice in all areas.

Figure 5: Lorenz curves for Alleged Offending Vessel by Re-
gions: comparative 2012-2017.

Source: Authors.

In the Lorenz curves of Fig.5 corresponding to the years
2012 and 2017, it can be observed that the degree of inequality
is very low and that practically all of the curves overlap, which
indicates that the concentration indices are very similar for both
years. However, on comparing the data, it can be seen that the
concentration of AOV in the area of the Mediterranean is even
higher in 2017 than in 2012, this concentration in the Mediter-
ranean rising from 79% of the AOV to 89%, representing 20%
of the total GT analysed.

5.3. By flag.

In the context of the decrease in traffic outlined above, on
analysing the data as a function of the vessels’ flags, the most
notable outcome is that the group of vessels that did not have an
EU or OECD flag or a registration of convenience, that is to say,
those called ”rest of the world” are the ones with the greatest de-
crease, with 47% compared to the previous period. Vessels with
EU15 and ROECD flags had a similar decrease of around 25%
and the smallest decrease of only 14% corresponded to vessels
with flags of convenience. Curiously, however, this decrease in
the number of vessels has not been reflected in the GT, since in
this case this value increased by 2.6% while in the other groups
of flags the decrease in GT was proportional to the decrease in
units (Table 2).

The numbers of the detected AOVs are very significant, re-
vealing a decrease in GT of more than 90% in vessels with
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ROECD and RW flags, and only around 26% for the EU15 and
ORs, which indicates that the vessels that continue to pollute
the seas the most are the same as ten years ago, although it is
also true that they do this in smaller quantities.

Figure 6: Lorenz curves for Alleged Offending Vessel by flags:
comparative 2012-2017.

Source: Authors.

In Figure 6 which represents the Lorentz curves correspond-
ing to the years 2012 and 2017, it can be clearly seen how the
concentration indices hardly change at all in the two study pe-
riods, but what has changed are the weights of the different
groupings of flags. Hence, in the year 2017, the GT of the ves-
sels with EU15 flags accounted for 40% of the total of the AOV
as compared with 10% in the first period and vessels with OR
flags made up 58%, as compared to 70% in the first period.
These two groups of flags between them account for totals of
80% and 98% in the two five-year periods studied.

Conclusions.

1- In the five-year period studied, there is a decrease of
around 24.5% in the traffic and in the GT for all vessel types,
except for Ro-Ro vessels.

2- The GT of the AOV has fallen significantly, by an average
of around 44%.

3- The inequality indices obtained reveal that in the period
2013-2017:

a) the AOV are concentrated in chemical tanker and passen-
ger/ferry vessels, as was the case for the period 2008-2012.

b) the AOV are concentrated in the Mediterranean area, with
higher values still in 2017 than in 2012, the rate rising from 79%
of the AOV in 2012 to 89% in 2017.

c) the AOV are concentrated in vessels with flags that be-
long mainly to the EU15 countries or those with a flag of con-
venience, the weight of the latter having fallen and the weight
of the former having risen with respect to the period 2008-2012.

4. The ”limited profile” of the AOV in Spanish SAR terri-
torial waters corresponds to a chemical tanker, sailing through
the Mediterranean Sea with a flag of one of the EU15 countries.

5. The ”wide profile” of the AOV in Spanish SAR territorial
waters corresponds to a chemical tanker, or a passenger ship,

sailing through the Mediterranean Sea and that is registered in
an open registry or with a flag of one of the EU15 countries.

Undoubtedly, this type of study makes it possible to mon-
itor the evolution of active policies for the prevention of pol-
lution by discharge of hydrocarbons applied by Spain within
the framework of its obligations as a member of the European
Union. In this context, the results obtained clearly indicate that
these policies are on the right track, since the levels of deliber-
ate pollution by hydrocarbons from vessels that transit through
the waters of Spanish SAR responsibility waters have decreased
significantly. Now is the time to focus on the profile of the most
polluting vessel and to take the appropriate administrative and
sanctioning measures.
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