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BALLAST WATER MANAGEMENT FOR EUROPEAN SEAS – IS THERE A 
NEED FOR A DECISION SUPPORT SYSTEM? 

 
Abstract— The human mediated transfer of aquatic 
organisms and pathogens via shipping, specifically with 
ballast water, is a continuing global threat to biodiversity, 
human health and economic values. In February 2004, as a 
result of long-term effort of the International Maritime 
Organization (IMO), the United Nations body which deals 
with shipping, the International Convention for the Control 
and Management of Ships’ Ballast Water and Sediments 
(BWM Convention) was adopted by the international 
community setting global standards. In the absence of 
efficient Ballast Water Treatment Systems (BWTS) on 
existing ships, Ballast Water Exchange (BWE) is currently 
the only available method approved by IMO. However, 
BWE has serious limitations that make it biologically 
inefficient and often impractical under certain conditions. 
A key question is whether all ships should be requested to 
conduct BWE (i.e., blanket approach) or whether it is 
more appropriate that port states determine BWE 
requirements on a ship-to-ship basis (i.e., selective 
approach) supported by a decision support system based 
on risk assessment? In this paper BWE in the framework 
of the BWM Convention is discussed. The applicability 
and effectiveness of BWE is studied and suggestions are 
given for an effective ballast water management approach, 
including options for a decision support system, in Europe. 
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I. INTRODUCTION 
The large-scale movement and transfer of organisms to 

regions in which they did not originate is facilitated 
unintentionally (e.g. shipping) or intentionally (e.g. 
aquaculture, scientific research) by humans [1], [2]. Several 
studies conducted in different parts of the world have 
demonstrated that ships´ ballast water facilitates the transfer of 
aquatic organisms across natural boundaries [3], [4], [5], [6], 
[7], [8], [9], [10], [11]. It has also been confirmed that human 
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pathogens are being transferred with ship’s ballast water [8], 
[12]. 

A summary of European shipping studies revealed that 
more than 1,000 species are transported with ballast water of 
ships. Taxa found range from unicellular algae to fish [10, and 
references therein], [11]. However, organisms are transferred 
also as biofouling of the underwater parts of ships [9], [13]. 
Species introduced with ships have resulted in harmful 
impacts of natural environments, human health and also 
caused economic losses [14], [15], [16], [17], [18], [19], [20], 
[21]. 

The significance of the problem was acknowledged in a 
1973 International Maritime Organization (IMO) resolution, 
while the last decade in particular has born witness to more 
intense problem-related efforts and the resulting preparation 
of an international convention on ballast water and sediments. 
The final text of the International Convention for the 
Management and Control of Ballast Water and Sediments 
(BWM Convention) was completed and adopted by the IMO 
in February, 2004, setting global standards on ballast water 
management requirements. 

However, despite the global efforts and international 
conventions, efficient, financially feasible, environmentally 
friendly and safe treatment methods to prevent the 
translocation of harmful aquatic organisms via ballast water of 
ships are in an early stage of development, but so far lack 
IMO approval [22]. Conditioned by the absence of adequate 
prevention systems for harmful introductions and the 
unfeasible installation of equipment for ballast water treatment 
on existing ships, Ballast Water Exchange (BWE) is currently 
the only available method approved by the BWM Convention. 
Nevertheless, BWE has drawbacks that make it biologically 
inefficient and often impracticable under certain conditions 
(e.g. geographical, hydrological, navigational). 

As a result, countries that wish to protect their aquatic 
environments from the introduction of harmful aquatic 
organisms are confronted with a challenge. Given that a 
'blanket approach' (i.e. a mandatory BWE for all ships) may 
result in biological and trade inefficiencies, lower ship safety 
and higher costs in the shipping industry, the 'blanket 
approach' is likely to be deemed unreasonable in a range of 
different local conditions. An alternative to the blanket 
approach is a 'selective approach', based on BWM by means 
of a decision support system (DSS), implying voyage-specific 
risk assessments. Due to inefficiencies, neither approach, 
‘blanket” or ‘selective’, is able to provide complete protection 
of further introductions of harmful aquatic organisms in 
ballast water. 

Nonetheless it must be emphasized that all BWM 
approaches cause costs thus laying an additional burden on 
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and generating higher costs in the shipping industry. 
Consequently, a cost-benefit analysis can be undertaken to 
determine the greatest efficiencies. Undoubtedly, the cost of 
prevention should be lower than the benefits that it yields.  

 

II. EUROPEAN SEAS AND BW ISSUE 
 

Today global shipping transports over 90 percent of the 
world's commodities in intercontinental traffic [23]. Within 
the EU, waterborne traffic accounts for more than 90% in 
foreign and approximately 40% in domestic trade exchange 
[24]. Trends anticipate an increasing role for global and local 
shipping in the future. 

The EU seas have numerous ports open for international 
transport of cargo with many "hub-ports" of intercontinental 
importance. These hub-ports are connected with a variety of 
“secondary” EU ports, where goods are distributed or 
collected by short sea shipping. When coupling these general 
shipping patterns to the issue of the transfer of harmful aquatic 
organisms with ballast water, European hub-ports become 
those most exposed to the translocation risk of non-indigenous 
species between continents. The ships transporting cargoes 
inside the EU region are liable to facilitate further 
translocation of those species that are introduced into the hub 
ports resulting in “secondary species introductions”. 

For instance, the northern region of the Adriatic Sea has the 
busiest ports indicating a high level of risk for future species 
introductions [25], [11]. The Slovenian ballast water study has 
shown that more than 90% of ballast water discharges in the 
Slovenian Sea originate from Mediterranean ports [2]. As a 
part of same study ballast water was sampled on 15 ships in 
the Port of Koper. Analyses confirmed presence of non-
indigenous and harmful species in samples of ballast water 
from Mediterranean source ports [11]. 

Currently, more than 1000 aquatic alien species are known 
in EU seas [26], [27], with the Mediterranean Sea being the 
most invaded. There are more than 660 introduced species in 
the Mediterranean Sea, and more than 80 in the Adriatic Sea 
[26]. (See Table 1) 

Given these numbers and the patterns of shipping 
identified, it can be concluded that European ports are very 
much exposed to the likelihood of continuing aquatic species 
invasions, including secondary introductions. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1 – Number and share (in percentage) of introduced 
alien aquatic species in EU seas. [26] 
 

number %

Mediterranean Sea 662 46,8
North Sea 230 16,2
Atlantic coast 177 12,5
Baltic Sea 170 12,0
Black Sea 83 5,9
Azores 25 1,8
Irish waters & NW UK 51 3,6
Arctic waters 18 1,3
Total 1416 100,0

Region Total

 
 

III. BWE IN THE FRAMEWORK OF THE BWM CONVENTION 
 
In the absence of Ballast Water Treatment Systems (BWTS), 
exchange of ballast water at sea (BWE) is recognised and 
accepted as reducing the likelihood of species introductions. 
Most ships are able to carry out ballast BWE by one of the 
methods available, i.e., by emptying and refilling tanks in 
sequence (sequential method) or by in-tank pump through of 
ballast water (flow-through or dilution method). The 
philosophy behind BWE is that coastal organisms when 
discharged at sea are unlikely to survive and cause impact, 
whereas high sea organisms when pumped onboard during the 
BWE are unlikely to survive and cause impacts when released 
in coastal regions. Further, it is well-established that organism 
densities are much lower in high sea areas compared to the 
coastal situation thereby reducing the risk of species 
introductions. Nevertheless, ballast water exchange has 
drawbacks that make it inefficient or even impracticable under 
certain conditions (e.g., to short voyage, “intended routes” are 
too close to the shore or in too shallow water depth; the 
presence of harmful organisms in the area of BWE). In 
addition, different shipping studies have shown that BWE has 
several limitations, e.g., higher organism load after BWE [5], 
[28], and while the BWM Convention requires at least 95% 
volumetric exchange of water which is not always equivalent 
to a 95% organism removal as the organisms are not 
homogeneously distributed in a tank [29]. 
 
According to the BWM Convention Regulation B.4-1, a ship 
shall whenever possible, undertake a BWE at least 200 
nautical miles (nm) from the nearest land and in water depths 
of at least 200 metres. When this is not possible, the BWE 
shall be conducted at least 50 nm from the nearest land and in 
waters at least 200 metres in depth. Further, a ship shall not be 
required to substantially deviate from its intended voyage, or 
delay the voyage, in order to comply with this particular 
requirement. 
 
However, these requirements cannot be met in many 
circumstances (e.g. intra-European shipping, domestic 
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shipping of many countries). Ships in such areas usually sail 
inside the area of 50 nm distance from nearest land and/or in 
shallower waters than 200 meters, and therefore, according to 
the BWM Convention, do not need to conduct BWE. Because 
of geographical specifics (e.g., Mediterranean, North and 
Baltic Seas), not only ships in short-sea-shipping, but also 
ships operated on certain intra-regional shipping routes, fall in 
this category. For instance, ships sailing between Adriatic 
ports and Greece, Malta, Morocco, Tunisia or even East 
Atlantic and some Black Sea ports, do not meet the distance 
and depth limits on their intended routes. (see Fig. 1). 
 

 
Fig. 1.  Main intended routes between Mediterranean and 
Adriatic Sea ports (black lines) also showing the 50 nm 
distance to nearest land and 200 metres water depth limits in 
red. 
 
 
This is also the case in the North and Baltik Seas. (see Fig. 2) 
 

 
 

Fig. 2.  Areas where the 50 nm distance to nearest land and 
200 metres water depth limits in north-western European Seas 
are not met are marked in red.  

 

IV. “BLANKET” OR “SELECTIVE” APPROACH 
 

The blanket approach can be readily applied to all ships in 
all port states. However, at present, and until the 
implementation of the Ballast Water Performance Standard 
(Regulation D-2) of the BWM Convention, BWE will be the 
only available BWM method, and may be implemented under 
a blanket or selective approach. 

BWE has application limitations, which are primarily 
dependant on shipping patterns of a port (e.g., shipping routes, 
length of voyages) and local specifics in relation to the 
required/available conditions according to the BWM 
Convention (i.e., distance from nearest shore, water depth). In 
case too many limiting factors for ships discharging ballast 
waters in a port exist, the blanket approach becomes 
ineffective and, ships may continue to discharge unmanaged 
ballast waters in such ports. Consequently the blanket 
approach in such cases results in “do nothing” until adequate 
BWTS become available. Further, in a blanket approach all 
ships are asked to undertake BWE thereby putting an 
additional burden on those ships with low risk ballast water. 
However, in the absence of implemented risk assessment 
techniques the blanket approach to require BWE may be the 
most reasonable BWM tool today. 

According to the BWM Convention (Regulation B.4-2) the 
designation of Ballast Water Exchange Area(s) (BWEA) 
and/or (Regulation C.1&2) the requirement of additional 
BWM measures may minimize or at best prevent discharges 
of unmanaged ballast water (see Fig. 3). The rationale for the 
designation of a BWEA is that it indicates an area where ships 
can safely exchange ballast water as a risk reducing measure 
while minimising harmful environmental effects. Port states 
may require ships to slightly deviate from their intended route 
to meet such BWEA, to slow down when travelling through 
BWEA to gather extra time to allow for a complete BWE or to 
exchange just the “critical”, i.e. high risk, ballast water [22]. 
 

Ship needs to Ship needs to 
discharge BWdischarge BW

Possible BWE 
according to B-4.1?
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BWE according
to B-4.1

BWE in BWEA
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Discharge managed
BW in a port YESYES YESYES

Discharge managed
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Discharge managed
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BW in a port
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Discharge managed
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Fig. 3.  BWE options according to the BWM Convention. [30] 
 
 

Risk assessment under the BWM Convention has two 
different approaches, i.e., “environmental matching” and 
“species specific” assessments. Risk estimation on the 
assessment of environmental matching between the areas of 
ballast water origin and discharge considers salinity and 
temperature as surrogates for the species capability of survival 
in the new environment. The risk identification in the species 
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specific approach is focused on the assessment of the potential 
invasiveness of each species and anticipations of the harm that 
it could cause in the new environment. 

The implementation of the BWM Convention under a 
blanket approach is simpler, however, there are many issues 
arising from a variety of situations/conditions in EU seas 
which limit the possibility of its implementation, at the same 
favouring the selective approach. These limiting 
situations/conditions include that shipping routes lack 
sufficiently large stretches in deeper waters more than 200 nm 
from nearest land. 

In contrast the selective approach aims to select high risk 
ballast water and to request BWM requirements only for those 
ships. This is more demanding for port state implementation 
which may limit its application. Hence, the suitability should 
be studied and a BWM requirement decision should at best be 
taken on a case by case, i.e. on a route specific port by port 
basis. 

 

V. DSS AS A BWM TOOL 
 
A Decision Support System (DSS) can be defined as a 
supporting tool enhancing the decision-making process [31]. 
DSSs today are widely supporting decision-making processes 
in business, social, medicine, policy, games, information 
technologies, transport [32], and they are major building 
blocks in environmental management and science today [33]. 
Decision-makers are frequently faced to take timely decisions 
on very complex issues, requiring a large data input. DSS help 
decision makers to reduce uncertainties [34] and they will ease 
and speed-up the decision process. 

Under the selective approach, a decision on the minimum 
BWM measure required should be taken according to the level 
of risk assessed. Such a process requires more extensive data 
gathering for port states, as well as more data documentation 
and reporting requirements for ships. It may also require 
higher skills and knowledge for port state personnel. 
However, this can be aided by an appropriate DSS. In 
contrast, a DSS can provide more consistency and 
transparency in the decision making process, thus providing a 
level of Quality Control across ships and ports. The need for a 
DSS for BWM primarily arose with the implementation of a 
selective BWM approach, which requires a supporting tool 
when deciding on the BWM needs in the light to reduce any 
additional burden to ships as practicable.  

 

VI. DISCUSSION 
The human mediated transfer of harmful organisms via 

shipping leads to biodiversity change, alteration of 
ecosystems, negative impacts on human health and in many 
regions economic loss. This has raised considerable attention 
especially in the last decade. Despite the global efforts and 
international conventions, efficient, financially feasible, 
environmentally friendly and safe BWM methods to prevent 

the translocation of harmful organisms via ballast water of 
ships have not yet been developed. 

Conditioned by the inexistence of an efficient prevention 
system for harmful introductions and the unfeasible 
installation of BWTS on existing ships, BWE is the only 
available method approved by the IMO. Nevertheless, BWE 
has drawbacks that make it inefficient or even impracticable 
under certain conditions. As a result, the countries that wish to 
protect their seas from the introduction of harmful organisms 
are confronted with a challenge to balance requirements 
between (a) the efficiency of BWM measures and the safety 
and higher costs in the shipping industry as the result of these 
and (b) the risk of future species introductions. 

For these reasons, the 'blanket approach' of requiring all 
ships to undertake BWM is less favourable. The 'selective 
BWM approach' enables, by means of a DSS, the adjustment 
of the intensity of measures based upon a voyage-specific risk 
assessment, thus reducing safety risks and costs to the 
shipping industry while simultaneously allowing for the gains 
in protection of the environment. 

Noting all shortcomings of BWE it is hoped that IMO 
approved BWTS become available shortly to better protect 
our seas from aquatic invasive species introductions. 
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