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FOI – Swedish Defence Research Agency 

• Government Authority under the Dept. of Defence 
• Financed through assignments – no standing grants 
• 1000 employees, 800 scientists 
• Both military and civilian customers 

 

Umeå 

Stockholm 
Grindsjön Linköping 

• Dept. of Underwater Research 
– 55 employees 
– Acoustics and electromagnetics in the sea 
– Theory, experiments, modelling, analysis, sensor 

design 
– Long experience of the underwater environment 
– Rapid growth in  civilian market - underwater noise 

and its impact on the environment 
 



Marine Strategy Framework Directive 

• 11 descriptors – strive to achieve 
Good Environmental Status 
(GES) 
 

• Descriptor 11:  
Introduction of energy (including 
underwater noise) does not 
adversely affect  
the ecosystem 
 

• Two indicators in descriptor 11:  
– Levels of continuous low 

frequency noise (shipping) 
– Number of loud underwater 

transients (construction, 
seismic exploration) 



Natural sound in the seas 

Harbour 
porpoise 



Continuous anthropogenic noise 



Transient anthropogenic noise 

• Airguns 
• Pile driving  
• Explosions 
• Fish finders 
• Echosounders 
• Military sonars 



Underwater sound propagation (abridged) 

• Sound in water vs. Sound in air 
– 5 times faster 
– Much less absorption 
– Reflections on seabed and sea surface 

 
 

 
 

AUDIBILITY RANGE On land Under water 
Traffic route Motorway  

a few km 
Shipping lane  
100 km + 

Biological calls Tiger roar  
a few km 

Blue whale call  
across oceans* 



Masking of calls 

Physical injury 

Masking 

Behaviour affected 

Audibility 

Richardson et al. (1995), ”Marine mammals and noise” 

Slabbekoorn et al 2010 



Natural behaviour affected 

• Natural behaviour  
interrupted 

• Escape reactions* 
• Stress* 

 
• Animals may choose to stay in noisy areas if  

e.g.feeding, spawning, rearing young 
 

• Stress may affect reproductive rates  
 

• Porpoise behaviour can be affected  
by military sonars at ranges up to 20 km 

Physical injury 

Masking 

Behaviour affected 

Audibility 



Effects: physical injury 

• Loud noise can cause temporary  
or permanent hearing damage 
 

• Direct organ damage can  
occur at extreme levels 
 

• Harbour porpoises may suffer temporary 
hearing damage at several km range from 
an airgun 

Physical injury 

Masking 

Behaviour affected 

Audibility 



Mitigations – planning/policy 

• Consider effects of noise on 
marine life when planning noisy 
activities at sea 

 
– Sensitive areas 
– Sensitive times 
 
– Species-specific approach 

 
– Marine Protected Areas (MPA) 

 
 
 Natura 2000 Marine protected areas 

Major shipping 
route towards  

inner Baltic Sea 
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Mitigations - design 

• Shipping noise footprint reduction 
– Build quieter ships – propeller design, 

engine insulation 
– Optimise speed – running slower does 

not always mean less noise 
 
• If you have to make noise 

– Restrict it 
– Make it on land rather than in the water 
– Use low impact sound sources 
– Scare animals away 
– Direct the noise towards the seabed 
– Stop it from escaping (bubble curtains) 



Partners: Finland, Lithuania, Estonia, 
Poland, Germany, Denmark and 
Sweden 

Main objectives: 
To establish a regional handling of sound 
To develop new standards for monitoring of continuous ambient 
noise 
Develop management tools 
A full year of measurements at 40 locations and establish a 
soundscape map 

Baltic Sea Information on the Acoustic Soundscape 
BIAS 



Protection of Marine Mammals 

• Database, experiments, call detectors, 
impact analysis 

• Evaluation of risk assessment tools for 
active sonar 

Multi-displine project gathers knowledge 
and provides the Swedish Navy with tools, 

methods and policies for risk aware 
operation of active sonar 



AQUO – Achieve Quieter Oceans by Shipping 
Noise Footprint Reduction 
• An EU FP7 project within the Sustainable Transport area 
• Subtask 4.2 : displacement effects of shipping noise on fish 

Receivers 

Receivers 

Hydrophone 

Hydrophone 



Thank you! 

• Questions? 
 
 
 

Contact info: 
Torbjörn Johansson 
Dept of Underwater Research 
FOI, Swedish Defence Research Agency  
torbjorn.johansson@foi.se 
+46 8 5550 3606 

http://www2.foi.se/rapp/foir3469.pdf http://www2.foi.se/rapp/foir3469.pdf 
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