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BIAS - Baltic Sea Information on the Acoustic Soundscape 
The Baltic Sea is a semi-enclosed sea with nine states bordering the sea. It consists of 8 sub-

catchment areas (sub-basins) and a numerous of harbours. The number of ships is one of the 

highest in Europe. It is estimated that about 2000 sizeable ships are at sea at any instant time. 

Further, several large wind farms are planned to be erected adding noise to the marine 

environment. Undoubtedly, due to the unbound character of noise it has to be dealt with and 

preferable on a regional scale.  

In September 2012 the EU supported BIAS project was started (LIFE+ program). The 

project has three main objectives. The first is to establish a regional implementation of 

Descriptor 11 of the Marine Strategy Framework Directive, which includes development of 

user-friendly tools for management of the Descriptor and to obtain sound levels. The second 

objective is to establish regional standards and methodologies that will allow for cross-border 

handling of data and results, which is necessary for an efficient joint management. The third 

objective is to model the soundscape and thereby expand the measurements to the entire Baltic 

Sea. Not at least, a regional handling will decrease the over-all costs for the individual Member 

States. 

The BIAS project is aimed at solving the major challenges when implementing Descriptor 

11 in the Baltic Sea. One year of measurements will be performed covering the whole Baltic 

Sea. In total 38 sensors will be deployed. The measurements will be performed by adhering to 

the standards that will be established in the project. Likewise will the data be analyzed using 

standardized signal processing routines. Results will be subjected to a quality control and 

finally stored in a common data-sharing platform.  
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1. Introduction to the Descriptor 11 of the Marine 

Strategy Framework Directive 
In 2008 the European Commission launched the Marine Strategy Framework Directive (MSFD) where 

eleven Descriptors are listed. The Descriptors are based on manageable indicators that can be used to 

quantify the status of the environment in the process of maintaining Good Environmental Status (GES) 

in the European seas. The 11th Descriptor deals with input of anthropogenic energy in the ocean and 

consists of two indicators for continuous and impulsive sound, respectively. To avoid diversification 

in the implementation of the descriptors between the European Member States, an international 

technical sub-group was launched, which was given the task to develop guidelines and 

recommendations to achieve a coherent implementation [Dekeling et. al, 2014]. 

 

The first indicator (D11.1) deals with impulsive noise. It is widely accepted that impulsive noise has a 

negative effect on marine animals and might induce large-scale displacements provided that the sound 

source levels are high [Robertis and Handegard, 2003]. High sound levels are observed to force the 

animals to move from its natural habitat [Dähne et. al, 2013]. Further, the imposed displacement will 

induce a loss of energy in the animals that has to be compensated for and hence affects their over-all 

fitness. Descriptor 11.1 is specified to include all impulsive sources that potentially can be harmful to 

marine species. The most frequent activity in European waters that are expected to be harmful is 

piling, most frequently applied when wind turbines are constructed. To sustain or retain GES the 

concept of a registry has been introduced by the EC [Van der Graaf et.al, 2012]. This concept is aimed 

to be used as a bookkeeping system for monitoring all loud events taking place every year within 

predefined areas. If the number of loud events in an area exceeds a pre-specified threshold, measures 

may need to be taken for retaining Good Environmental Status. 

 

The second indicator (D11.2) deals with continuous underwater noise in the frequency interval 10 Hz 

to 10 kHz. There are several definitions of continuous noise but from a practical point of view it 

suffices to state that the dominating noise is produced by commercial shipping. The indicator is 

defined as a measure of the environmental pressure that the drivers (sources) exert on the environment 

- notable, not a change of the state neither give rise to an impact. The indicator specifies that the trend 

of the annual sound pressure level has to be established (Van der Graaf et al., 2012). At present this 

indicator is not related to an ecologically based definition of GES. The general idea is to use the 

indicator as a prognostic indicator rather than a specific measure of GES. Several marine species are 

known to use acoustics for communication or for other life preserving functions. The presence of 

continuous sound might disturb these functions, for example, the presence of continuous noise can 

decrease the communication range between individuals [Hermannsen et al. 2014]. If this situation 

pertains in a larger area it may affect the fitness of the species negatively and eventually result in 

changes on population level. Further, the presence of continuous sound may lead to habitat loss due to 

the unwillingness of the animal to stay in a noisy area [Dyndo et al., 2015]. The suggested 

methodology for establishing the sound pressure trend is to combine observations with models 

[Derkeling et. al, 2014]. The former will give the ground truth in the observational location whilst the 

latter will give the full picture in areas populated by effected species. 
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The BIAS project was launched in 2012 in order to initiate a regional (i.e. Baltic Sea scale) assessment 

of the sound pressure related to offshore commercial shipping. The BIAS objective has been to assess 

the current acoustic levels by the combination of both in situ measurements (in 38 locations around the 

Baltic Sea), and modelling for reproducing soundscape maps for the Baltic Sea. These "products" will 

constitute the baseline for the ship induced pressure exerted on the marine organisms by underwater 

sound as defined by D11.2. However, for establishing the annual trend itself, the monitoring will need 

to be continued for many years forward.                                                                                                                                                                                                                                                                                                              

2. Introduction to DPSIR 
The marine environment constitutes a complex web of dependencies, of which most are still unknown 

to us. Nevertheless, politicians, managers and decision makers have to take action based on 

quantifiable measures. There are several different frameworks in use for handling of the environment 

based on environmental indicators. One of these is the DPSIR framework that was adapted by the 

European Environment Agency and widely used to be used in the decision process [Smeets and 

Weterings, 1999]. The DPSIR is based on a closed loop design, which starts with identifying Driving 

forces (Drivers; see Figure 1). For D11.2, shipping has been identified as the major Driver. The next 

step is to relate the Driver to an environmental Pressure; which for D11.2 be continuous underwater 

noise. Further, the presence of this Pressure may change the State of the environment.  This change 

will, in turn, induce an Impact on the environment and if negative, Response should be taken. It should 

be underlined that the Response can act on all elements of the DPSIR-loop (on Drivers, Pressure, State 

as well as Impact). Further, the decision on a specific Response requires a careful socio-economic 

analysis to assure that the change of State and Impact indeed is mitigated and that the measures taken 

are cost effective.  

 

 
Figure 1. The framework of the DPSIR loop.  

 

In relation to policy-making, the DPSIR can be used for three major purposes: 

1. to supply information on environmental problems, in order to enable policy-makers to value 

their seriousness, 

2. to support policy development and priority setting, by identifying key factors that cause 

pressure on the environment, 

3. and to monitor the effects of policy responses. 
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Clearly this framework has both strengths and weaknesses [Carr et al., 2007]. In order to be useful the 

full turn of the cycle has to be effectuated. If knowledge or tools are missing then the loop will be 

broken and response cannot be taken, ultimately GES cannot be reached. The conceptual idea of 

D11.2 will then be unfeasible. This is a crucial aspect and has to be dealt with in an early stage for 

identifying where efforts have to be concentrated.  

3. Identified Gaps in the Decision chain 
 

3.1.  The objective of this study 

 

The aim of this exercise is to make use of the DPISR framework and to relate it to GES within the 

context of D11.2. The analysis is made by taking four key Actors into account, i.e. Intergovernmental 

(IG), Management, Monitoring and Scientific. The beneficiaries of the BIAS project represent a broad 

variety of bodies, each falling into these categories: BSH and SYKE are engaged on management 

level.  Aarhus University and Southern University of Denmark, Tallinn University of Technology and 

University of Gdansk all have a scientific perspective. The Swedish Defence Research Agency 

represents research institutes and ITAP, AquaBiota and Quiet Oceans are SMEs. Several of the 

participants are active in the EU group [TG-Noise] that develop recommendations and guidelines and 

thus have experience of management on EU-level. This broad representation of different bodies within 

the project makes it possible to study the DPSIR framework from different perspectives.  

The basic idea here is to identify the gaps and sort them into one of the DPSIR framework elements.  

Then follows the important aspect of associating each identified gap with an Actor level (the Actor 

affected by the gap), and further the level (Stakeholder) that has the ability/key to overbridge the gap. 

Often these levels are not the same and the interdependences between them are crucial to identify for 

avoiding a break of the decision chain. Finally, each gap is classified as non-limiting or limiting, 

referring to if the gap breaks the DPSIR loop or not. In principle, it’s the limiting gaps which will 

hinder the achievement of GES. It should be stressed that the study has a focus on regional managers 

since they are central for the success of the implementation of the MSFD. 

3.2. DPSIR gaps of Drivers 

Management of archipelagos and near shore marine areas 

The Baltic Sea consists of large areas that are archipelagic in character. These areas are often 

productive and important from an ecological point of view. The underwater noise in these areas is 

normally generated by a combination of commercial ships and leisure boat traffic rather than 

commercial ships only [Van der Graaf et. al, 2012]. Since D11.2 aims at commercial shipping in open 

waters the archipelagos of the Baltic Sea often fall outside of the main target area of the descriptor. 

Moreover, leisure boat traffic is not identified as a Driver according to the Expert group’s 

recommendations [Van der Graaf et al., 2012]. Managers faithful to the Directive will thus not deal 

with the pressure from combined sources such as commercial ships and leisure boats together, 

implying a gap in the management. The gap is identified on Managers level but the solution belongs to 

Intergovernmental level (see Table 1). 

Management of infrastructures  

The Baltic Sea is populated by different types of infrastructure, such as bridges and wind farms, which 

add relatively low, but yet continuous, noise to the soundscape. Since infrastructures are not dealt with 
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as a potential Driver in the recommendations of the D11.2, management risks to suffer from this 

exclusion of Driver. The gap is identified on Managing level but the solution belongs to 

Intergovernmental level (see Table 1). 

 

3.3.  DPSIR gaps of Pressures 

Assessing particle motion levels 

It is well known that many species are sensitive only to the second component of acoustic sound, 

namely particle motion [referensXX]. Hence, particle motion is identified as a Pressure as such, but 

not currently dealt with in the recommended implementation of D11.2. The result is that the 

management will be based exclusively on effects applicable for sound-pressure sensitive animals (as 

opposed to particle-motion sensitive animals). To include particle motion as a measure of Pressure 

would require that a new indicator is developed, something which only can be achieved on 

Intergovernmental level. Further, there is a lack of commercial instruments that can be used to observe 

particle motion. The lack of proper instrumentation can be regained by making financing available on 

national or intergovernmental level for instrument developers and users. The gap is located on 

Managing-, Monitoring- and Scientific level but the solution belongs to Intergovernmental level (see 

Table 1). 

Impact of high-frequency sound sources 

There is strong evidence that mammals are sensitive to high frequency sound; e.g. harbor porpoises 

are known to be sensitive for sound up to 140 kHz and seals up to 30 kHz (Kastelein et. al, 2012). At 

present, the descriptor is treating loud impulsive sound (D11.1) and continuous sound below 10 kHz 

(D11.2). Thus, the descriptor currently excludes high-frequency sound sources such as low-intensity 

echo sounders and continuous sound sources that produce sound at frequencies higher than 10 kHz. 

This means that a number of sources fall outside the descriptor and will remain unquantified and, 

hence, not managed even if they may have an impact. The gap is identified on Manager’s level but the 

definition and quantification of the Driver belongs to Intergovernmental level, see Table 1.  

Reliable monitoring of noise 

Even if most challenges are related to understanding the implementation of GES, there are still gaps 

related to practical issues that the Monitors have to face. The efficiency of the monitoring of 

underwater acoustics depends on the reliability of the sensors. The sensors can be lost, trawled or 

malfunction with valuable data loss as a result. The quality of sensors should be improved and the 

monitoring location should be protected from sensor-threatening activities such as trawling. The 

performance of regular calibrations of sensors is a prerequisite for trustworthy data and for comparable 

monitoring results. At present there is no time and cost efficient method to calibrate acoustic sensors 

and only a few accredited institutions performing low-frequency sensor calibration. Further, in order 

to assess the quality of data it is necessary to perform comparative tests based on a predetermined data 

set, e.g Round Robin tests. Such tests will reveal erroneous handling of data and show on differences 

incurred by different Actors in the various stages of the signal processing. The gap is identified on 

Monitors level but will give effects on Managing level. The solution belongs to Intergovernmental 

level, see Table 1.  
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3.4.  DPSIR gaps of States 

Regional Coherence 

The cross-border nature of sound necessitates a cross-border handling of sound, for which regional 

coordination and coherence is a prerequisite. If not, there is an eminent risk that the managers will 

implement activities which are not regionally harmonized due to different national agendas and time 

plans. Ultimately, a lack of regional coordination will result in difficulties in agreeing on status of the 

State. The assessment on two sides of the boarder may differ with the consequence that a regional 

Response will not be possible to perform. Both the motivation and the incentives for a regional 

coherence on Status are identified on a higher level, i.e Intergovernmental level.  

Regional optimization of resources for managing underwater noise 

With many environmental issues needing attention, the financial resources for management of D11.2 

are limited. There is an imminent need to implement an optimized handling of D11.2 for reaching 

GES with a minimum of costs without jeopardizing the target of the indicator. The use of new 

sampling strategies as well as an optimized use of observations, modelling, and utilization of AIS 

information should be assessed to establish a cost-efficient implementation of D11.2. Different 

observational methodologies should be tested and life-cycle costs estimated. Examples of alternatives 

to autonomous sensors are hydrophones connected to land via cables and surface buoys with wire-less 

connection to land-based station. The gap is identified on Managing level where as the solution 

belongs to Intergovernmental level, see Table 1.   

 

4.5 DPSIR gaps of Impact 

The definition of GES 

A successful management of the seas will require either regional or national definition of GES related 

to D11.2. The present status is that no such definition exists; not even a roadmap on how to define 

GES exists. This void of targeted and quantifiable measures need to be addressed to effectively 

implement the Directive. On the road to define GES several generally occurring terms need to be 

discussed and defined. GES relates to understanding the change of the State of the environment as 

well as the Impact on the environment, see Table 1 (e.g. negative effect on population level). 

Research related to GES 

This subject is strongly linked to the definition of GES but here with a focus on the production of 

scientific results. To concept of GES related to D11.2 is based on unclear terms, such as “trend”. This 

uncertainty was explicitly expressed in the Final Report by the Technical Subgroup on Underwater 

Noise, “This is mainly due to a lack of knowledge on the impacts of elevated ambient noise on the 

marine environment” [XX]. The second indicator does not at all relate the trend of noise to a 

measurable GES-quantity. It does not even give a hint on how to interpret GES. At present, the goal is 

basically to establish the trend. The TG-Noise group identified the most important issue, as to 

initialize research on high-frequency masking. Just the fact that the Baltic Sea differs from other 

European seas in species distribution would suggest that the GES should be defined based on sub-

regional properties. D11.2 is to a large extent based on the hypothesis that continuous sound will mask 

communication and other vital functions. However, a possible impact that has not been discussed in 

the same way as masking is habitat loss. It is possible to quantify a loss but difficult to estimate the 

impact on population level. To fill in the gaps of knowledge an increased financial support is needed 
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for scientific research related to GES. The gap is found on Managing level, the solution belongs to 

Intergovernmental level but the executer is on Scientific level. 

 

4.4 DPSIR gaps of Response 

Regional Response 

At present there are no clear ideas on how to take Response if GES is found to be breached. An 

immediate regional Response regulating the behaviour and features of the Drivers would, realistically, 

be the most efficient way to reach GES but the neither the options to act nor the question on the 

overall socio-economic efficiency of the Response have been investigated. Both a “list” of actions and 

a careful analysis of the costs versus effect from a socio-economic point of view are required. This gap 

is located on Management level but the solution belongs to Intergovernmental level, see Table 1. 

 

4.5 The DPSIR-limiting gaps 

 

The identified gaps are sorted into a matrix shown in Table 1. Five out of the ten gaps are classified as 

non-limiting. Filling these gaps will result in an increased ecological relevance of the management but 

the DPSIR-loop can still be effectuated.  Five gaps are classified as DPSIR limiting. In these cases, the 

DPSIR-loop is broken and a response will not be possible to execute. The limiting gaps are thus 

obstacles that will hinder the managers to maintain or reach GES.  

 

Table 1. The identified gaps in the DPSIR decision chain for the noise Decriptor 11.2. The table shows the 

interrelationship between the level where gaps are foud, marked with “A(ctor)” and the level of the stakeholder 

that may act to overbridge the gap, marked with “S(takeholder)”. 

 DPSIR DPSIR 

limiting 

IG-

level 

Management Monitoring  Scientific 

Archipelagos D No S A   

Infrastructures D No S A   

Particle Motion P No S A A A 

Impact, high-frequency 

sources 

P No S A   

Reliable monitoring P No S  A S 

Regional Optimization P,S No S A S  

Regional Coherence S Yes S A   

Regional Response R Yes S A  S 

Definition of GES S,I Yes S A  S 

Research related to GES I Yes S S  A 

 

It can be noted that three out of five gaps are found on Managers level. It should also be stressed that 

Managers will not be able to fill the gaps without the support from IG-level. The fifth gap, research 

related to GES is different in that the gap is located on scientific level. The financing of science related 

to GES is difficult to achieve on national levels. National science foundations do not the regard policy 

driven research as a key factor in the evaluation processes. This is the reason why financing should be 

made available for scientific studies by Managers or on IG-level. 
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The time perspectives are different for the five DPSIR-limiting gaps. Some of them can be started 

promptly while other will have to wait. To reach regional coherence would take around two years. 

HELCOM, the co-ordinating body of the Baltic Sea, could take lead and start a regional process as 

soon as possible. Work is on-going at HELCOM to identify sound sensitive species and their spatial 

and temporal distributions. This is a first step towards this goal. Ultimately, GES has to be defined but 

a definition will require evidence-based knowledge that is not yet available. We recommend that a 

European assessment is made where the major gaps in knowledge are identified. The outcome of the 

assessment would be a science strategy that could be used in the formulation of future calls in 

Horizon2020, INTERREG and BONUS. National science foundations could use the list to announce 

special calls on topics that are identified to be of national importance. The list could be made available 

in one years. The European TG-Noise group could take lead in this work. The work to establish a 

framework on how to define GES could be started in parallel. Even though scientific based results are 

lacking there are knowledge that could be used to establish an interim definition on GES. With GES in 

place Response in the sense of DPSIR needs to be assessed. This task could be dealt with by 

HELCOM. A first activity would be to define Response actions that can be part of the Response 

toolbox that managers can use. It should be stressed that taking Response on shipping activities is a 

regional or even international business, it can hardly be dealt with by one nation. The work to establish 

means of Response should be initiated by HELCOM. With these actions in place the full loop of 

DPSIR will be possible to execute. The proposed roadmap of closing the DPSIR-loop is shown in 

Figure 2.

 
 

Figure 2. Outline of roadmap for reaching regional GES. The timings has not taken the six year re-

evaluation process of EU into account. 
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4. Conclusions 
With the present recommendations, issued by the TG-Noise group, it can be concluded that there is no 

satisfactory recommendation on how to proceed with establishing the State, Impact and Response. 

Notable is that the managers have only limited resources or mandate to bridge the gaps. Four gaps 

were identified as limiting in the DPSIR decision chain for management of underwater sound. These 

have in common that they will restrict the managers’ ability in establishing GES. Due to the 

unbounded character of underwater noise it will be necessary to make a regional assessment of GES in 

the Baltic Sea as well as a regional assessment of Responses. The focus should be on Impact and 

Response in the DPSIR-loop. Impact is related to GES and Response to management of GES. The 

assessment has, however, to be initiated from a level above the managing level, e.g. the EU or 

HELCOM. Likewise, it will be necessary to find economical support for a regional assessment. At 

present, the only source for such resources is found on EU level. Scientific studies related to GES is 

difficult to finance since GES is not a prioritized research area on national level. A possible solution to 

this situation is to include GES-related research in e.g. the Horizon 2020 program.   
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