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Welcome to the BIAS End-User
Workshop 1 – 2 June 2016



Practicalities

• Toilets

• Coffee and refreshments (special diets)

• Smoking outside

• Evening dinner 

• Presentations

• Fire alarm

• Questions during the presentations



Baltic Information on the Acoustic
Soundscape

The BIAS Team
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Agenda Wednesday 1 June 2016
11.30-12.00 Registration, coffee and sandwich

12.00-12.15 Welcome (SwAM)

12.15-13.00 Introduction to BIAS, impact of noise (Coordinator Peter Sigray)

13.00-13.20 Standards (Ursula Verfuss) 

13.20-13.50 Field survey - preparation and measurements campaign 

(Mathias Andersson)

13.50-14.20 Break, coffee and fruit 

14.20-14.50 Data analysis and novel results on soundscape (BIAS Team)

14.50-15.20 Ships source level (Estonia)

15.20-15.50 Modelling of soundscape (Thomas Folegot)

15.50-17.00 GES for the Baltic Sea workshop groups - coffee (Julia 

Carlström + Jakob Tourgaard)

17.00-17.15 Summary and end of day 1

19.00 Dinner at Restaurant Mañana



08.30-08.45 Coffee

08.45-09.00 GES for the Baltic Sea (summary from day 1, Julia 

Carlström)

09.00-09.30 Quality assurance (Jukka Pajala)

09.30-09.50 Implementation plan (Anna Nikolopoulos)

09.50-10.20 BIAS work in HELCOM, OSPAR and EU 

(Jakob Tourgaard, Emilia Lalander)

10.20-10.40 Break, coffee and fruit

10.40-11.20 Maps & GIS planning tool (Frida Fyhr)

11.20-12.00 GES and future monitoring

12.00-12.15 Summary and end of workshop

Agenda Thursday 2 June 2016



BIAS time line



350: BC Aristoteles establish that fish make sound

1903: Parker shows that fish has hearing ability

1950: It was established that fish detects particle motion not pressure

1990 – 2000 Stranding of whales observed

2008: EC releases directive 2008/56/EC

2000 – 2016 Managers starts to address noise

Sound recording generated by 

an ice breaker

The History of Sound



Biophony

From DOSIT Discovery of the sound 

in the sea;  http://www.dosits.org/



Geophony

From DOSIT Discovery of the sound 

in the sea;  http://www.dosits.org/



Anthrophony

From DOSIT Discovery of the sound 

in the sea;  http://www.dosits.org/



Hearing Sensitivity dependence on a number of 
physiological factors

→ Large range of hearing sensitivity

Fish and Hearing

Some fish is sensitive to particle motion some to both
particle motion and pressure



Hearing organ
Fish has an inner ear with an otolith organ (ear without 
drum), fish can localize objects using the otolith – stones 
made of calcium carbonate that rest on hair cells

Photo: Lovell et al. 2005
Photo: Buran et al. 2005



Anthropogenic Noise - Audiogram



One of the first to use “Urban Soundscape”

Soundscape 1969 Southworth



Richard Fay, 2009

Fay, R., Integrative Zoology 2009; 4: 26-32

The most important sounds are those that are produced for vocalization. But the 
Goldfish is silent… mystery!

An on-land theory makes vocalization the starting point for soundscape studies. 
For humans psychophysical tests show that pitch (delay) is important for the 
perception.

Fay et al., 1983, made a ”pitch” test on Goldfish that showed that it could 
distinguish “pitched” sound.

Thus, Goldfish can hear reflections 
in the soundscape

Carassius auratus auratus



Segregation of sound 
Crucial ability for animals (humans). To sort out sound in 
sound. Fundamental ability of a listener. 

Fay 2000, showed that Goldfish has this ability, thus two 
conclusion can be made:

1. Goldfish that is not known to be a vocalizing animal has 
the ability to listen and process sound in a similar way as 
humans.

2. The Soundscape is an important part of the fish (Goldfish) 
environment. Changes in the soundscape might effect the 
fitness of the species.



What about Underwater Soundscape

• We know that there are Loud 
Sources in the Oceans

• We know there is a medium 
wherein the sound propagates

• We know there is receivers that 
listens

There are natural occurring sound and human-
made sound thus there is a soundscape 



Entities for Sound

ppp in [Pa]

ppp = max(p(t))-min(p(t))

prms in [Pa]
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SPL = Sound Pressure Level in dB re. 1µPa
(A explosion close by will damage your 
hearing)

SEL = Sound Exposure Level in [dB re 1 µPa²s]
(Loud sound in a bar will slowly damage your 
hearing)



The Trend of Human Generated Underwater Sound

The anthropogenic sound levels are rising

McDonald et al., 2006



Ship traffic 26 May 2016



Ship traffic 26 May 2016



Death, injuries

Masking

Changed behaviour

Hearing

from Richardson et al. 1995

The impact depends on:

→ range
→ frequency
→ source level
→ exposure
→ ambient noise

Potential effects

Piling and grunts Grunts Cod Shipping



Standards for 

ambient noise 

comparability and 

trustable

Establish baseline

Monitoring program Establish 

soundscape maps

Implement regional 

plan & Soundscape 

planning tool

Manager centered

project





Standards for soundscape measurements

• Sensor specification

• Handling of sensors

• Data handling

• Rig designs



Signal Processing Standard



Signal Processing Standard

Three Specific Challenges

Establish a reliable 

SPL
To format data to fit 

model

Pre-processing of huge 

data sets (quality check)



BIAS baseline assessment

• 37 stations in Baltic Sea

• Cat A and Cat B deployment

• Re-deployment every 3:d month 

• Measurement full year 2014

• Experiences gained



Project location: Baltic Sea 

Coordinator: Sweden, Stockholm

Time-period: 1 September 2012 – 31 August 2016

Co-ordinator: Swedish Defence Research Agency (FOI)

AB:s Denmark, Germany, Poland, Estonia, Lithuania and 

Finland

Main activities: Deploy 40 sensors during 2014 in the Baltic Sea to 

establish the baseline of the soundModelling

of

Sound

Modelling

Modelling of the Baltic Sea for 2014



Soundscape maps 

for management

0 – 15 m

30 – bottom

Full depth

63 Hz

5   percentile

10 percentile

25 percentile

50 percentile

75 percentile

90 percentile

95 percentile

In total:

21 maps per frequency 

and month, 63, 125 and 

2000 Hz

Total: 756 maps

125 Hz

5   percentile

10 percentile

25 percentile

50 percentile

75 percentile

90 percentile

95 percentile

2000 Hz

5   percentile

10 percentile

25 percentile

50 percentile

75 percentile

90 percentile

95 percentile



AIS-data 

January• Number of MMSI: 12026

• Number of identified MMSI: 10253

• Largest number of registration for one ship: 33300 

(Fishing)

• Time interval between two positions:  sec to 4 minutes

• VMS give a contribution to the acoustic environment



Results from Modelling

August 125 Hz 5% 0 - 30 m July 125 Hz 5% 0 - 30 m



Model result preliminary summary

Analyses is on-going

• About 5-10 hotspots

• Large inter annual 

variation

• Bothnian Sea quiet

• Shipping lane 

dominates

• Shallow areas quieter 

than deep



Regional Implementation plan



Soundscape planning tool





Soundscape Tool



Gaps in the decision chain

Drivers Pressure

Response

Impact

State

Using the DPSIR framework

• Five gaps identified as non-

limiting. These are gaps that 

have no effect on the DPSIR-

loop. 

• Five gaps were classified as 

DPSIR limiting. They will put 

constrains on the possibility to 

achieve GES. 
We are lacking a regional 

assessment of the State, Impact and 

Response, which at the end will 

hinder to reach/retain/achieve GES



HELCOM roadmap of D11.2

HELCOM initiated a focused implementation in 

December 2016 and has been active since then.

Activities during 2016: 

• Road map to GES to be outlined

• Stocktaking of animals that are of “concern”

• Implementation plan – costs, deployment 

plan and data sharing center to be identified

• Stocktaking on mitigation techniques 



Traffic situation Bothnian Sea







Agenda Wednesday 1 June 2016
11.30-12.00 Registration, coffee and sandwich

12.00-12.15 Welcome (SwAM)

12.15-13.00 Introduction to BIAS, impact of noise (Coordinator Peter Sigray)

13.00-13.20 Standards (Ursula Verfuss) 

13.20-13.50 Field survey - preparation and measurements campaign 

(Mathias Andersson)

13.50-14.20 Break, coffee and fruit 

14.20-14.50 Data analysis and novel results on soundscape (BIAS Team)

14.50-15.20 Ships source level (Estonia)

15.20-15.50 Modelling of soundscape (Thomas Folegot)

15.50-17.00 GES for the Baltic Sea workshop groups - coffee (Julia 

Carlström + Jakob Tourgaard)

17.00-17.15 Summary and end of day 1

19.00 Dinner at Restaurant Mañana



Ursula K. Verfuss and the BIAS team

Standards

End-of project workshop, Gothenburg



Standards



Standards



Noise measurements



Noise measurements



BIAS Standards

• Comparable 

procedures

• Compatible 

results

• Quality 

assurance

• Guidance for 

future monitoring



BIAS Standards



BIAS Standards

 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

	

	

	

	

	

	

	

	

	

	

	

	

	 	



BIAS Standards for Noise Measurements

 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

(Nearly) all in one compilation:

Standards on



BIAS Standards for Noise Measurements

(Nearly) all in one compilation:

Standards on

• Hardware specifications

• Handling sensors

• Rig design

• Deployment

• Handling data



BIAS Standards for Noise Measurements

 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

Background information on

• Underwater sound

• Perception of sound in 

aquatic life

• Measuring underwater sound

• Hardware

• Calibration

• Modelling and sound 

mapping



 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

BIAS Standards for Noise Measurements

Definitions of

• Terms, e.g. “What is 

continuous sound?”



 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

BIAS Standards for Noise Measurements

Definitions of

• Terms, e.g. “What is 

continuous sound?”

• Quantities, e.g. “root mean 

square pressure”



 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

BIAS Standards for Noise Measurements

Tick and Check-lists



BIAS Standards for Noise Measurements

Tick and Check-lists

• Handling of sensors

• Handling of data

• Logger deployment



 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

BIAS Standards for Noise Measurements

Protocols



BIAS Standards for Noise Measurements

Protocols

• Deployment

• Monitoring stations

• Sensors

• Data storage

• Survey failure



 

 

 

 

 

 

BIAS STANDARDS 

FOR 

NOISE MEASUREMENTS 

Background information and Guidelines 

Amended version 2015  

BIAS Standards for Noise Measurements

Manuals



BIAS Standards for Noise Measurements

Manuals

• DSG 

• SM2M 

• Sonardyne



	

	

	

	

	

	

	

	

	

	

	

	

	 	

BIAS Standards for signal processing

Aim

• Data quality control

• Extraction of relevant 

information

• Understandable

presentation of data

• Provision of appropriate

results for sound scape

modelling



	

	

	

	

	

	

	

	

	

	

	

	

	 	

BIAS Standards for signal processing

Contents

• Terms and definitions

• Standards of signal

processing

• Short description on BIAS 

Matlab scripts



• Quality control of data

• Pre-processing

• Processing

• Presentation of results

• Data Management

BIAS Standards for signal processing

http://lhproject.info/cleaning-up-your-data/

http://www.thegreatfroglondon.com/

1/3 octave frequency bands

• 63 Hz

• 125 Hz

• 2000 Hz



BIAS Standards



BIAS Standards



www.bias-project.eu
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Background information and Guidelines 

Amended version 2015  

	

	

	

	

	

	

	

	

	

	

	

	

	 	



Thank you!

• All contributors to the standards

• All financial supporters of BIAS

• For your attention!



Mathias H. Andersson and the BIAS team

Field survey - preparation and 

Measurements campaign 

Gothenburg 2016-06-01

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=8h2eUlEgqEeUKM&tbnid=D6O8xTCDtNw2OM:&ved=0CAUQjRw&url=http://www.km-helsingborg.se/navyships.htm&ei=_3JnUsbuJ8rWtQbH-4CAAw&bvm=bv.55123115,d.Yms&psig=AFQjCNHPr8Udej-W-TCEm5Cy03njSxxDuQ&ust=1382597745812817
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=8h2eUlEgqEeUKM&tbnid=D6O8xTCDtNw2OM:&ved=0CAUQjRw&url=http://www.km-helsingborg.se/navyships.htm&ei=_3JnUsbuJ8rWtQbH-4CAAw&bvm=bv.55123115,d.Yms&psig=AFQjCNHPr8Udej-W-TCEm5Cy03njSxxDuQ&ust=1382597745812817


Our mission

• Perform measurements in a 

standardized way

• Perform measurements in a 

safe way

• Visit each position up to 5 

times over a 15 month 

period



Preparation 2013

• Plan the deployment positions 

• Purchasing sensors and rig equipment

• Workshop to standardize the rig

• Calibrate hydrophone loggers

• All permits required for deployment – Navies

• Adequate sea-safety training for all sea-going personnel

• Subcontracting of ships and external assistance for field 

surveys

• Standards and log sheets for deployment and handling of 

sensors and data



The positions should be representative for the region in terms 

of shipping density, depth and bottom substrate

• Category A Monitoring - to establish information on the ambient noise 

in a location and to ground truth noise prediction, < 2 km

• Category B Monitoring - to reduce uncertainty on source levels to be 

used as the input for modelling, close to shipping lane.

Considerations

Substrate, depth, any risk of trawling, military area or ammunition/mines, 

wrecks, wave or navigation buoys, ice, protected areas?

Planning rig positions



BIAS stations 4 & 5 Norra Midsjöbanken



Trawling
- Commercial fishing dots 

represent a VMS signal 

traveling less than 5 knots

- Adaptation in rig design

Trawl resistant rig © FRUG



37 position in a large variety 

of depth, substrates, 

shipping density and 

distance to shipping lanes

Stations per country:

Sweden 10

Finland 8

Estonia 5

Poland 5

Germany 5

Denmark 4



Rig workshop 2013 in Sweden - 22 participants 

representing all Beneficiaries

Photos © FOI



Rigs
Standardized at workshop

• The hydrophone should be 3 m above 

the seafloor in order to minimize 

bottom reflections.

• The acoustic releasers bottom should 

be at least 1 m above the seafloor to 

be sure that it does not sink into the 

mud if the rig is deployed on a very 

soft bottom. 

• The ballast should have a wet weight 

of at least 20 kg. 

• The rig without ballast should have a 

positive buoyancy of 4-8 kg in water.

Sketch of the BIAS standard rig; 1 Hydrophone, 

2 extra buoyancy, 3 DSG Ocean logger, 4 

acoustic releaser, 5 ballast weight (min 20 kg 

wet weight), 6 buoy, 7 SM2M logger.



Rigs
Standardized at workshop

• High probability that fishing 

trawls could get caught in the rig 

and removes the rig from its 

deployment location.

• For these positions FRUG has 

developed a trawl safe version of 

the rig. In this version, the 

hydrophone will be located 1 m 

above the seafloor

Trawl protected rig used in polish 

waters. Photo © FRUG 



Rigs
New “lifejacket” for the DSG Ocean, Divinycell HCP 30 (max 

depth 190 m)

• Now DSG Ocean +2.5 kg, the whole rig +5.5 kg



Duty cycle and sampling rate tests
DSG Ocean SM2M

• Sample Frequency (kHz) 25 33 24 32

• Duty cycle (alkaline) (min/h) 17 13 30 25

• Days running (stereo) 97 96 104 94

A minimum requirement was decided:

Gain 0-20 dB

Sampling rate: min 24 kHz

Duty cycle: min 17 min per hour
Verified against two 

weeks of test data



Calibration of ALL 53 sensors at FOI 2013

All loggers has arrived and the 

work can begin

Correct temperature Extend hydrophone into 

calibration chamber



Calibration

First reference 

hydrophone, then 

DSG/SM2M 

hydrophone

Jacob runs the calibration, 100 

Hz to 1000 Hz, analyze data 

from SD card, fill out protocol



Sea Safety course Finland 15 Maj 2013

Photos © FOI



Preparation for deployment
• Standardized protocols 

• Batteries, SD-cards, programing, O-rings, 

handling, storage



Deployment – getting to the stations
Nearshore, offshore, small boats, large ships, sun, rain, snow

storm, flat sea, high waves - we have seen it all!



Deployment
• Standardized deployment protocols 

• Getting the rig to the ocean floor, log position

• Sound velocity profile (CTD)



Recovery

• Releasing the acoustic releaser using 

the correct code – finding it!

• Fill out the protocol

• Check sensor and data

• Sound velocity profile (CTD)



Data storage

Each sensor (SM2M) generates about 2 TB of raw data per 

station during one year

• Standard handling of data

• Backup from SD cards

• Multiple backups of raw data 

• Signal processing of data

• 20 s averages

More on data handling and analysis in a later presentation



• Lost rigs – torn rope

• Failure to record

– System failure

– SD card was loose

– human error

– bad soldering from manufacturer

– signal cable got squeezed when closing the sensor

• Water leakage

• Acoustic releaser did not work – diver, hooks or ROV 

recovery

Failure reports



Lost rig!



Fouling –impact on recordings?

Deploy sensors deeper than 20 m



Thank you!



Data analysis and novel
results on soundscape

Leif Persson, FOI
Line Hermannsen, Aarhus U.

Johan Portström, FOI/Chalmers U.
Jaroslaw Tegowski, FRUG/UG



Outline

• Components in the recorded data

• Ship statistics and noise

• Piling noise

• Noise examples from Polish stations



Components in the soundscape

• Sea surface noise, wind-dependent noise and rain 
noise; 

• Biological noise, the noise of fish, mammals and 
invertebrates; 

• Natural seismic noise; 

• Traffic noise, shipping noise;

• Other anthropogenic sources 



From Miller et al. 2010



Signal Processing methodology
in BIAS

• Quality control of recorded data.

• Segmentation of recorded data into 1 s blocks.

• Estimation of spectra in 1/3 octave band 63 
(56-71), 125 (112-141), 2000 (1780-2240)Hz 
and a 10Hz-10kHz band.

• Averaging in 20 s windows.

• Mean, max, min and standard deviations are
estimated for all data and 37 stations.



Some statistics on monthly BIAS data

30-34 Germany

25-29 Poland 35-38 Denmark

20-23 Estonia
1-10 Sweden

11-19 Finland



August 63Hz

11-19 Finland

1-10 Sweden
20-23 Estonia

25-29 Poland

30-34 Germany

35-38 Denmark



October 63Hz

35-38 Denmark

30-34 Germany

25-29 Poland

20-23 Estonia

11-19 Finland

1-10 Sweden



Some statistics on ship traffic
The number of individual ships passing BIAS station 2 and 5 within a radius of
20 km is 4650

Countries with most ships:
Netherlands 455
Sweden 385
Liberia 308
Antigua & Barbuda 290
Panama 270
Marshall Islands 258
Germany 250
Malta 241
Denmark 238
Cyprus 199

The ships are registred in 71 countries, 32 European, 11 West Indies, 11 Asian, 8 
African, 4 Pacific Sea, 3 South America and 2 North America



2787; 60%

409; 9%

616; 13%

287; 6%

6; 0%
271; 
6%

274; 
6%

Europé
Africa
West Indies
South America
North America
Asia
Pacific Sea

Some statistics on ship traffic



Ship statistics countries 1
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Ship statistics countries 2



Examples of ship noise

• Oil tanker

• Container ship

• Bulk carrier

• Cargo vessel



AFRA WILLOW is a Oil tanker registered in Liberia, build
2002, 9.6-15.6kn, GT 57567, DW 106500.



APELLIS 353847000 is a Bulk carrier registered in Panama,
10.7-15.9kn, GT 21650, DW 33261.



AMERDIJK is a Container ship registered in Liberia, 
build 2011, 12.8-20.4kn, GT 17368, DW 21232. 



HESTIA 304010996 is a Cargo vessel registered in 
Antigua and Barbuda, 10.1,15.9kn, GT 21650, DW 33261.



Aim: How well does noise levels correlate with AIS data?
M

arin
etraffic.co

m

Automatic Identification System (AIS)
- Required onboard vessel > 300 GT and passenger vessels (ferries)



M
arin

etraffic.co
m

Little Belt, Denmark (BIAS station 35): 
Most vessels during summer are pleasure craft or passenger vessels

May 30th 16:25 pm, sunny and 23°C

Many small 
recreational vessels
do not have an AIS!



Why is noise from recreational vessels relevant?

Potential effects on harbor porpoises

• High increase in boat density during summer

• Most boats are in shallow coastal waters

overlap with breeding/calving in time and place?

Sejlerland.dk

• Erratic movements
• High speeds

Solvin Zankl, Fjord & Belt Center, Kerteminde 



January: 136 AIS-registered vessels, 27% danish
July: 861 AIS-registered vessels, 43% danish

Winter vs. Summer 

Station 35 – Little Belt

Distance to nearest AIS-registered ship

SP
L 

(d
B

 r
e 

1
µ

Pa
)

January

January: Environmental noise (?)
July: Noise from recreational vessels (?)

How well does AIS correlate with noise?

Expectation

July

All data

Highlights that noise loads should be based on long-term 
monitoring and not only AIS data.





A sound source both in the water and in the ground. 
These can essentially be seen as two separate sources.



Sound sources in the water



Sound sources in the ground





The wedge effect: the gradually shallower water means that the sound gets 
concentrated as it gets closer to the hydrophone.



Position 2: Loud thumping sound, that dominates the soundscape,
across both high and low frequencies.
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Position 2: Same sound source. Different weather conditions. Low-frequent, 
thumping sound. Only propagated through the ground, this time. Cracks in 

the ground act as a low-pass filter.
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The shallow sea filters out the lower frequencies. Almost nothing between 
500 and 2500 Hz. Some low frequency content in the ground (hard to see 

from the picture).
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At other times, just barely perceptible. The water channel changes from 
minute to minute. Note that the low-frequent sound,  which propagates 

through the ground, is about the same.
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Much of the ground-borne sound is stopped by the underwater trench.
Some of it bends underneath the trench.



Mostly water-propagated sound
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High frequencies. Propagating 
through fluids.
Can be mitigated, somewhat, with 
bubble walls near the source. 
Propagation is dependant on the the 
sound channels in the water.

Low frequencies. Propagating through 
solids. Not possible (?) to mitigate. 
Propagation is dependant on the 
geology, which is hard to predict.



Puck Bay

Gulf of Gdansk

2

1

b)
a) Map of the areas where buoys were deployed 

1) Gulf of Gdańsk (71m) 

2) Puck Bay (30m) 

3) Łeba (16.4m) 

4) Darłowo – Ustka (40m) 

5) Świnoujście (12 m) 

b) Number of ship routes at Puck Bay and Gulf of 

Gdansk

POSITIONS OF 5 ACOUSTIC DATA LOGGERS DEPLOYED
IN THE POLISH PART OF THE BIAS PROJECT

a)

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



EXAMPLE OF SPL63Hz AND  SPL125Hz VARIATION AT B1

WIND AND HEAVY SHIPPING TRAFFIC 

1/3 octave bands

SPL63,125 independed

on wind speed

Depth 71m-80 m

AIS and VMS data

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



SPL2000,total depended

on wind speed

EXAMPLE OF SPL2000Hz AND  SPL10Hz-10kHz VARIATION AT B1

WIND AND HEAVY SHIPPING TRAFFIC 

AIS and VMS data

Depth 71m-80 m

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



CUMULATIVE CURVES OF SPL FOR 63 Hz, 125 Hz AND 10 Hz – 10 kHz - 2014 YEAR 

1

2
3

4

5

1

2
3

4

5

1

2
3

4

5

ships

ships

ships

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



Example of 12 hours and 25 min continuous underwater ambient noise 

registration by recorder number 1 at 11th of June 2014.

ships

Example of 12 hours and 25 min continuous underwater ambient noise 

registration by recorder number 1 at 11th of June 2014

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



Example of 12 hours and 25 min continuous underwater ambient noise 

registration by recorder number 1 at 11th of June 2014

63Hz and 125Hz

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



AVERAGED NOISE SPECTRUM LEVEL, STATION B1,  2014

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



AVERAGED NOISE SPECTRUM LEVEL, STATION B2,  2014

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



AVERAGED NOISE SPECTRUM LEVEL, STATION B3,  2014

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



AVERAGED NOISE SPECTRUM LEVEL, STATION B4,  2014

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



AVERAGED NOISE SPECTRUM LEVEL, STATION B5,  2014

BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 



BIAS End-of-Project Workshop, Göteborg, 1 – 2 June 2016 

AVERAGED NOISE SPECTRUM LEVEL, STATION B1 - B5,  2014



Conclusions

• The BIAS database is a unique collection

• Studies should be continued for further noise
source characterizations

• High shipping density in the southern part of the Baltic Sea. 
Ships in the Baltic Sea are registred all over the world. Ships is a 
major part of the soundscape

• AIS information is not enough to achive the complete soundscape, 
new methodology is required

• Piling noise is difficult to predict



Aleksander Klauson, Janek Laanearu, Mirko Mustonen

Ship source level

Gothenburg, 01 June 2016



Outline

1. Why ship noise?

2. How to measure ship noise. Testing methods.

4. Source Level (SL) – measure of ship noise intensity.

3. Sources of ship noise.

5. How can BIAS measured data help to find SL?



Among the diferent sources of ambient noise, merchant shipping is the

principal contributor over the frequency band of 5 Hz to as high as 1 kHz.

Within this band, the shipping noise level can be as much as 40 dB 

higher than the local wind-noise levels.

1. Why ship noise?



1. Why ship noise?

1 meter



ISO 17208-1:2016

Underwater acoustics — Quantities and procedures for description and 

measurement of underwater sound from ships — Part 1: Requirements for 

precision measurements in deep water used for comparison purposes

2. How to measure ship noise. Testing methods.

ANSI/ASA S12.64-2009/Part 1, Quantities and Procedures for Description 

and Measurement of Underwater Sound from Ships–Part1: General 

Requirements.



ANSI/ASA S12.64-2009/Part 1, Quantities and Procedures for 

Description and Measurement of Underwater Sound from Ships–Part1: 

General Requirements.

2. How to measure ship noise. Testing methods.



2. How to measure ship noise. Testing methods.



2. How to measure ship noise. Testing methods.

Precision method –

applicable in deep

water!



2. How to measure ship noise. Testing methods.

Survey method:

if distance at CPA =300m,  

d1=300*tan(20o)=110m

Distance at CPA = 100m

d1=100*tan(20o)=36m

Can be done!



• For all Grades, the hydrophone(s) shall be arranged 

vertically in the water column. 

• The hydrophone(s) shall be located to measure the 

beam aspect of the vessel under test. 

• For all Grades, the hydrophone(s) shall not be located on 

the sea bed.

2. How to measure ship noise. Testing methods.



Propeller cavitation Machinery noise
Wave noise

Vibrations

3. Sources of ship noise

AIS – GPS 

positionning

ACOUSTIC 

CENTER



3. Sources of ship noise

OVERSEAS HARRIETTE - IMO 7516993

3. Sources of ship noise



B - blade rate

F - firing rate

G - generator

3. Sources of ship noise



3. Sources of ship noise

Directionality can

be important!



4. Source Level (SL) – measure of ship noise intensity.

Deep water

measurements



SL – Source Level

RL – Received Level

TL – Transmission Loss

RL = SL – TL

4. Source Level (SL) – measure of ship noise intensity.

Sphrerical spreading

)log(20 RTL 

Deep water measurements





4. Source Level (SL) – measure of ship noise intensity.

Source Level in 1/3 

octave bands

14,0 knots

13,6 knots

Source Level in 1Hz 

octave bands



4. Source Level (SL) – measure of ship noise intensity.

RANDI model (Resrearch Ambient Noise Directionality)



5. How can BIAS measured data help to find SL?



SL – Source Level

RL – Received Level

TL – Transmission Loss

In shallow water conditions TL can be modelled

5. How can BIAS measured data help to find SL?

RL = SL – TL

?TL



5. How can BIAS measured data help to find SL?

Sound speed profile
Bathymetry

Sea bottom properties

Parabolic Equation

method - RAM

Transmission Loss Measured Data

Fitting



5. How can BIAS measured data help to find SL?

Statistics for GOF –

passenger ferries



5. How can BIAS measured data help to find SL?

Case study:  Identification of  ship noise sources with AIS

Ro-Ro Cargo



5. How can BIAS measured data help to find SL?

Tracing of individuaal ship with AIS    Ro-Ro Cargo, 

course 193deg



BIAS 23, Saaremaa,  01.01.2014

bottom: sandy mud,

Ro-Ro cargo, course 193o,        1/3 octave 63Hz       best fit SL=170 dB re 1m

depth of source 3m,

Distance at CPA 600m

5. How can BIAS measured data help to find SL?

modelling

measurement



BIAS 23, Saaremaa,  01.01.2014

bottom: sandy mud,

Ro-Ro cargo, course 193o,        1/3 octave 63Hz       best fit SL=165 dB re 1m

depth of source 3m,

Distance at CPA 600m

5. How can BIAS measured data help to find SL?



BIAS 23, Saaremaa,  01.01.2014

bottom: sandy mud,

Ro-Ro cargo, course 193o,        1/3 octave 125Hz       best fit SL=170 dB re 1m

Draught 6,5m, depth of source 3m,

Distance at CPA 600m

5. How can BIAS measured data help to find SL?



14,0 knots

13,6 knots

Source Level in 1/3 

octave bands

5. How can BIAS measured data help to find SL?



5. How can BIAS measured data help to find SL?

Passenger ship, conditions 0.1 <= distance => 0.5, course 10 <= 

course => 20

Determination of harmonics



6. CONCLUSIONS

1. Source Level is an important characteristic of ship noise emission. It

depens on frequency, directionality, ship speed etc. 

2. In deep water SL calculation is straightforward. RL can be calculated

at the reference distance 1 m from ship. In shallow water reseived

signal is contaminated by multiple reflections. 

3. Transmission Loss can be found by modelling, if the

propagation conditions are well known. 

4. Harmonic lines, if present,  provide information about the mashinery

and propulsion system of the ship. 



Thanks!



Modeling underwater soundscapes

of shipping in the Baltic Sea
Thomas Folegot

Quiet-Oceans, France

01.06.2016
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Marine Strategy Framework Directive

 Descriptor 11.1.2: Continuous Noise

 Recommendations formulated by EU/Technical Sub-Group Noise 
on noise monitoring (Dekeling R. et al., 2014)

o Combined use of measurements and models

o Member States within a sub region to work together in setting up 
ambient noise monitoring systems

o Initial set of guidelines for placement of measurement devices

o Objectives of measurements should be:

• to establish information on the ambient noise in a location and to ground 
truth noise prediction,

• to reduce uncertainty on source levels to be used as the input for modelling.



What does modeling bring ?

 Enhances the local measurement by providing a basin-scale 
description over the full area of interest

 Allows to understand the geographical structure of the noise

 Allows to isolate the several types and origin of noise 

 Allows to track, understand and interpret substantial changes in the 
soundscape that may be caused by 
o modifications of the nature of the maritime activities,
o new routes, deserted routes, etc. 
o spatial planning actions,
o or the implementation of maritime regulation

o Allows to establish representative trends in considering a relevant 
area instead of a single point



 Why modeling underwater sound ?

 Modeling in the BIAS project

 Understanding the structure of ambient noise

 Maps of the soundscape in the Baltic Sea
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The modelling task in the BIAS project

Field
survey

Environmental
data

GIS
Planning Tool

Maritime
data

Modelling
of soundscape



Predicting noise
in a similar matter as weather forecast systems does
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 Understanding the structure of ambient noise

 Maps of the soundscape in the Baltic Sea
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Ambient noise from several prospectives

Series of Instant Deterministic Maps @ fixed depth
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Stochasticity of the noise chorus

High intensity anthropogenic events
30-60min

Wind-wave noise
Hours-Days

Biological noise
Seconds



Use of a statistical description of noise

Percentile

 Percentile or “exceeding levels“ of noise is used to quantify the noise 
despite its variability

 The n % exceeding level represent that noise level value, at which n
percentage of data exceed that noise value. In other terms, it 
represent the noise level reached for a given proportion of time 
during the period of interest.



Most intense but
less frequent noise

Less intense but
most frequent noise

Stochasticity of the noise chorus



Geophony
Earth & Weather related sound

Anthropophony
Human related sound

Stochasticity of the noise chorus
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 Why modeling underwater sound ?

 Modeling in the BIAS project

 Understanding the structure of ambient noise

 Mapping of the soundscape in the Baltic Sea

Agenda



Modelling the stochasticity of the noise chorus

Total Ambient Noise

Modeling
Anthropo-

phony

Modeling
Geophony



Modeling Geophony



Modeling Anthropophony: noise sources

January 2014

July 2014



Modeling Anthropophony: noise sources



Modeling anthropophony: propagation

Bathymetry Bottom
density

Resolution
Latitude = 0.0250°
Longitude = 0.0250°

Resolution
Longitude= 0.0033°
Latitude = 0.0017°

Surface 
sound
speed

Resolution
Longitude =0.1383°
Latitude= 0.0833°
Eq.square 10*10km²

 Noise propagation is affected by

o the bathymetry

o the nature of the bottom

o the temperature and density of the water column



RIG02/63Hz

 Allowed for two degrees of freedom

o On vessel source levels

o On bottom geoacoustic properties

 Automatic algorithm

Calibration of noise maps



 More than 364 800 km²
 3 frequency bands: 63 Hz, 125Hz and 2kHz

o 63Hz and 125Hz as defined in the MSFD
o 2kHz to (somehow) address Harbor Porpoise issue

 3 depth-layers
o Surface – 15m
o 30m – bottom
o Full depth

 12 months and one year maps
 7 percentiles
 4 people involved
 64 CPU for approx. 1800 hours of paralell computing
 756 maps

Atlas of noise maps for the Baltic Sea



Noise Maps – 125 Hz band

« Regularly » « Half of the time » « Occasionnaly »

 « Occasionnal » noise

o is the most intense

o is largely correlated with maritime activities

 « Regular » noise

o is the less intense

o shows less spatial dynamics

 Bathymetry and bottom type plays an important role



 Mapping the most intense noise occurring « occasionnaly »

o 10% of the month, e.g. 3 days per month

o Most intense noise is concentrated along shipping routes

o Limited variability along shipping routes, variability away from shipping routes due to oceanography

o Noise at 2kHz do not propagate well in the Baltic: anthropogenic along routes, natural at distances of major shipping 
routes

Noise Maps – 10th percentile

1/3 octave centered @ 63Hz 1/3 octave centered @ 125Hz 1/3 octave centered @ 2kHz



Noise Maps – 75th percentile

 Mapping the most intense noise occurring « regularly »

o Natural noise is regularly dominated by shipping noise along major routes and choke-points

o Bay of Finland is mostly dominated by natural noise, especially the northern area

o Large seasonnality of the regular noise

1/3 octave centered @ 63Hz 1/3 octave centered @ 125Hz 1/3 octave centered @ 2kHz



Conclusion

 BIAS has achieved the modeling of soundscape
o which covers the full Baltic Sea

o across one full year

o takes into account major environmental parameters that influence the propagation of sound in the 
marine environment

o includes (most of) geophony and antropophony

o calibrated using multiple sensors spread across the full rea

 Modeling has brought to the project a georeferenced and statistical description 
of noise, a baseline for the whole region

 BIAS has demonstrated that mapping such a large are is feasible, operational, 
and can be included into a GIS decision aid tool



Contact

Dr. Thomas Folegot

www.quiet-oceans.com

thomas.folegot@quiet-oceans.com



Julia Carlström, Jakob Tougaard

julia.carlstrom@nrm.se, jat@bios.au.dk

What is GES in regard to 

underwater noise?

BIAS end-of-of project conference, Gothenburg, Sweden, 1 June 2016



GES = Good Environmental Status

A very central concept for the primary objective of the MSFD



What is ‘environmental status’? (MSFD Art. 3)

The overall state of the marine environment, including:

• The structure, function and processes of marine ecosystems

• The natural physiographic, geographic, biological, geological 

and climatic factors

• The physical, acoustic and chemical conditions, including 

those resulting from human activities inside or outside the 

area concerned



What is GES? (MSFD Art. 3)

• The environmental status allow:

o full ecosystem function

o resilience to human-induced environmental change

• Species and habitats are protected, biodiversity is 

maintained, biological components function in balance

• Human inputs of substances and energy (noise) do not cause 

pollution effects



However GES showed to be tricky…



Preamble (2010/477/EU)

Substantial need to develop additional scientific understanding 

for assessing GES:

• in a coherent and holistic manner to support the ecosystem-

based management

• in close coordination with the establishment of monitoring 

programmes

• taking the dynamic nature of marine ecosystems, natural 

variability, and the evolution of different patterns of human 

activity and the impact of climate change into account 

(adaptive management)



Method I: Temporal and spatial scales

• Zoom in (“can be appropriate”): Apply some selected criteria 

and indicators for overall screening of the ES, then identify 

instances and specific areas where a finer assessment is 

necessary, involving all relevant criteria

• Zoom out (“could be necessary”): Start the assessment at a 

relatively small spatial scale to be ecologically meaningful 

(for example for localised pressures), then scale up to 

subregions or regions



Method II: Combined assessment

Combined assessment of the extent (scale, distribution, 

intensity) of pressures and ecosystem components, including 

their vulnerability. This allows:

• identification of adversely affected areas and the scale of 

impact = where, what & severity

• supports the selection of the most appropriate indicators

• facilitates the development of specific tools supporting 

ecosystem-based approach to management of human 

activities



Current indicator for continuous UW noise

• How to take the next step, from this pressure indicator to 

impact indicator(s)?

– Pressure: how much noise is there?

– Impact: how much is the noise affecting the ecosystem?



For us to discuss

• How can we use current indicator 11.2 (63 Hz and 125 Hz) to 

assess GES?

• How can spatial and temporal factors be included:

– Spatial and/or temporal variation (animals and humans)? 

– GES at habitat, national, regional levels?

– Cross-border activities?

• What is GES and what is not?

– Examples where GES is known to be absent?

– Examples where GES is achieved?



Groups

1. Acousticians 

Christopher McKenzie 

Maxon

Frederica Pace

Lars Ødegaard

Stephen Robinson

Zygmynt Klusek

2. Biologists I - Julia

Aliaksandr Lisimenka

Elin Björklund

Joanna Sarnocinska

Lilitha Pongolini

Monika Kosecka

3. Biologists II - Jakob

Annette Schomburg

Joanna Jaszczolt

Mats Amundin

Olli Loisa

4. Managers I

Jonas Pålsson

Agnes Villmann

Reidar Grundström

Susanne Viker

Tobias Porsbrink

5. Managers II

Agnes Ytreberg

Erland Lettevall

Magdalena Kaminska

Marie Hankanen

Niklas Hammarkvist

Late registers: Join an 

appropriate group and 

try to spread out 

BIAS project members:

Approximately 4-5 per 

group



Julia Carlström, Jakob Tougaard

julia.carlstrom@nrm.se, jat@bios.au.dk

What is GES in regard to 

underwater noise?

BIAS end-of-of project conference, Gothenburg, Sweden, 2 June 2016



How can we use current indicator to 

assess GES?

• Document current status as baseline

• increase in trend = bad, decrease = good

• Use indicator species

• Start with species for which there is (some) knowledge, 

bearing in mind that the ideal species has not yet been 

found

• Consider all life stages

• Consider conservation status and importance for the 

ecosystem



Spatial/temporal aspects

Spatio-temporal variation in distribution of organisms

• Including various life-stages and their sensitivity

• Distribution may already be affected by human noise

• No need to regulate noise in absence of impact

Spatio-temporal resolution of noise data and natural 

environment/indicator species need to match



Habitat, national, regional levels

Monitoring and reporting need to be done on national level

• Cross-border modelling?

• Margin around border that overlaps with neighbouring country 

= a buffer zone that needs to be considered by each country?

• Share measurements and information on what is going on in 

buffer zone?

• Avoid / reduce impact crossing the border (harder thresholds 

when closer to border)?



GES achieved/not achived

GES achieved

• Absence of human noise

GES not achieved

• All animals whiped out

• Above TTS

• Above behavioural disturbance with population consequences



jukka.pajala@ymparisto.fi
Finnish Environment Institute 

Quality Assurance

Gothenburg 1-2 June 2016
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B.10 Quality assurance in general

Quality assurance refers to the systematic activities 

implemented in a quality system so that quality 

requirements for the results will be fulfilled.

• Systematic measurement and analysis with 

standards

• Monitoring of processes

• Feedback loop that confers error prevention 

• Inspection processes

2



Gothenburg 1-2 June 2016

B.10 Quality assurance in general

Quality assurance refers to the systematic activities 

implemented in a quality system so that quality 

requirements for the results will be fulfilled.

• Systematic measurement and analysis with 

standards

• Monitoring of processes

• Feedback loop that confers error prevention 

• Inspection processes
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Principal elements of Quality Assurance

1. A knowledge of the purpose of the investigation is essential to establish the required 

data quality.

2. Provision and optimization of appropriate facilities and equipment.

3. Selection and training of staff for the task in question.

4. Use of suitable procedures.

5. Validation of appropriate methods to ensure that measurements are of the required 

quality to meet the needs of the investigations.

6. Conduct of regular intralaboratory checks on the accuracy of routine measurements.

7. Participation in interlaboratory quality assessments to provide an independent 

assessment of capability of producing reliable measurements, ring-tests, training 

courses.

8. The preparation and use of written instructions and protocols, so that specific data can 

be traced to the relevant raw data and vice versa.

Gothenburg 1-2 June 2016 4
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QA guiding…

POST 

ASSURANCE

-PROCESS 

CHECK

AGREEMENT OF 

STANDARDS AND 
PROCEDUREMENTS

FOLLOWING 

THE 

GUIDELINES

HYDROPHONE REQUIREMENTS

ANCHORAGE ARRENGEMENT

MEASURING LOCATIONS (XYZ)

DATA LOGGING 

DATA ANALYSIS

DATA STORAGE

SOUND MODEL 

Gothenburg 1-2 June 2016 6
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1

2

Samples, test 1 and test 2

Gothenburg 1-2 June 2016



First ring test

Gothenburg 1-2 June 2016

4 dB difference



QA report conclusions

This project has been pioneering work. 

The number of the BIAS instructions (standards and guidelines) is high, 

surprisingly high. 

To assure that quality was kept at a acceptable level took longer time than 

what was initially anticipated. 

The end results are satisfying and the work has aroused external interest. 

Further, the problems and failures faced in the project (and reported in BIAS 

failure reports) are instructive and of great help for the future management of 

the underwater anthropogenic noise.  

Gothenburg 1-2 June 2016



Value of the Data

The value of the 

processed data depends 

on how easy it is 

exploited by others.

Documentation level of measuring process 

Number of deployment and recovery protocols, 

damaged reporting etc. 

The higher number of documents issued for 

measurements the higher the score

Documentation level of signal processing, such as stored documents of 

instrument calibration, software version, raw data clipping etc. 

Gothenburg 1-2 June 2016



Thank you for your attention!



The BIAS Implementation Plan
Management of continuous low-frequent 

underwater noise in the Baltic Sea

Anna Nikolopoulos and the BIAS team
BIAS End-of-project Workshop, Göteborg, 1-2 June 2016



The BIAS Implementation Plan
Management of MSFD indicator 11.2 

in the Baltic Sea

Anna Nikolopoulos and the BIAS team
BIAS End-of-project Workshop, Göteborg, 1-2 June 2016



The main aim of BIAS has been 

to bridge the gap between the 

MSFD Indicator 11.2 and the 

actual management of 

underwater noise.

This has been done by providing 

underwater acoustic data of first-

time coverage, by establishing 

standards, procedures and tools 

for the Baltic Sea region and by 

demonstrating the 

implementation of these.

Aims of BIAS
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Aims of the Implementation Plan



Content of the Implementation Plan

Acoustic measurements

The ”baseline” of the 

Baltic Sea soundscape
• Start of monitoring record

Demonstration of joint 

and cost effective

monitoring programme
• Common standards and 

procedures

• Coordinated rig locations

• Sharing lessons learned



Content of the Implementation Plan

Soundscape modelling

• Extending the observed view

to full Baltic Sea scale

• Connecting measured data 

with ship traffic and 

environmental conditions

• Also providing an important 

means of data analysis and 

quality assurance 

• Requires solid data sharing 

routines



Content of the Implementation Plan

Soundscape planning tool

• A tool for handling the large amount of

monitoring data. 

• Handles both measured and modelled data

• Made for planning, testing and evaluation –

a tool for reaching decisions! 



Main aim to move closer to each other



Content of the Implementation Plan

Analysis of decision chain 

for underwater noise 

management

Several gaps identified 

by the DPSIR analysis, and 

all depending on the lack of 

GES-definitionIMPACT

PRESSURE
DRIVERS

STATE
RESPONSE



Future aspects in the Implementation Plan

Image from: http://ec.europa.eu/environment/marine/eu-

coast-and-marine-policy/marine-strategy-framework-

directive/index_en.htm

Next pieces of the puzzle

• How can the current indicators

be utilized?

• How can the indicators be 

developed further?

• Find ways to squeeze out the 

most information from the 

soundscape maps!

• How do we utilize the tool in 

the best way?



Proposal of future monitoring strategy

A strategy for 

maintaining the 

measurement record 

(the MSFD indicator!) 

in an optimal way.

2014



Proposal of future monitoring strategy

A strategy for 

maintaining the 

measurement record 

(the MSFD indicator!) 

in an optimal way.

Annual measurements by 

”least-effort” network

Larger field surveys when

required by observations, 

the model, or by the 

MSFD reporting

cycle.



Proposal of future monitoring strategy



Proposal of “least-effort” monitoring network

Proposal of optimized

”least-effort” network of

annual acoustic

measurements in the 

Baltic Sea



Proposal of “least-effort” monitoring network

Proposal of optimized

”least-effort” network of

annual acoustic

measurements in the 

Baltic Sea



Getting closer to a functional GES definition



But the issue remains…

Image from: http://ec.europa.eu/environment/marine/eu-

coast-and-marine-policy/marine-strategy-framework-

directive/index_en.htm



Different approaches to evaluate (G)ES

Image from: http://ec.europa.eu/environment/marine/eu-

coast-and-marine-policy/marine-strategy-framework-

directive/index_en.htm

Assess the environmental 

status by:

• PRESSURE

• RISK

• IMPACT



PRESSURE based approach

Compares anthropogenic noise (ANT) to natural noise (NAT).

Environmental status:

good ANT < NAT

moderate ANT ~ NAT

poor ANT > NAT



RISK based approach, version 1

Includes information also on the receiving animal(s)

Overlay analyses for deciding focus of regulation:

• Areas with high abundance and high noise exposure = areas of 

potential impact and need for large focus

• Areas with low abundance and low noise exposure = areas where 

regulation has little effect 



RISK based approach, version 2

Includes information also on the receiving animal(s)

Environmental status:

good (low risk) Rtotal ~ 1

moderate Rtotal ~ 0.5

poor (high risk) Rtotal ~ 0

𝑅𝑡𝑜𝑡𝑎𝑙 = 𝑅𝑖𝑠𝑘(𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 𝑎𝑙𝑙 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑖𝑒𝑠)

𝑅𝑖𝑠𝑘𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =
𝐴𝑁𝑇

𝑇𝑂𝑇𝐴𝐿
×

𝐴𝑁𝑇

𝐻𝑒𝑎𝑟𝑖𝑛𝑔
𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

×
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒
𝐿𝑒𝑣𝑒𝑙 (𝑇𝑖𝑚𝑒)



IMPACT based approach

Acoustic Disturbance 

• hearing loss

• masking

• elevated stress hormone 

levels

• …

Consequences on population 

level 

• reduced foraging success

• reduces mating success 

• …

vs.

Based on conservation status of target species.

Environmental status:

good favourable conservation status

poor conservation status affected by ANT





BIAS work in HELCOM

Emilia Lalander, FOI, Sweden

2016-06-02



HELCOM - Baltic Marine Environment Protection Commission
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BIAS participation in HELCOM
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BIAS in HELCOM
Development of Indicator ”Continuous low frequency sound”

HOD 48 –
2015

Agreed to 
develop
roadmap
Indicator

shifted to pre-
core stage

PRESSURE 3 – 2015

BIAS presented future
planned work for the 

indicator

State & conservation
3 – 2015

BIAS Standards were
sent to the meeting

State and 
conservation 4 –
2016
Presentation of a draft 
regional monitoring 
programme based on 
BIAS implementation 
plan. 
Through BalticBoost project

HOLAS II 4 
– 2016

Report on 
future 

status of 
GES 

Through EN-
Noise

2015 June 2015 October 2016 April



Future for Indicator ”Low frequency continuous sound” 

BIAS

MSFD Indicator 11.2: 
Continuous low

frequency sound

Implementation 
plan

Standards

HELCOM

Pre-core indicator
”Continuous low

frequency sound”

Regional monitoring
plan

Adopt BIAS 
Standards



MSFD Indicators?

Report

TG-

Noise1
DC/2010/477

Definitions

?

Recomm.

TG-

Noise2

BIAS
Practical 

implemen-

tation?



MSFD Indicators?Report
TG-

Noise1DC/2010/477 Definitions

?

HELCOM

Results

Standards

OSPAR
National 

agencies

Recomm.

TG-

Noise2

BIAS

Practical 

implemen-

tation?



MSFD Indicators?Report
TG-

Noise1DC/2010/477 Definitions

?

HELCOM

Results

Standards

OSPAR
National 

agencies

JOMOPAN

S
JONAS

Recomm.

TG-

Noise2
BIAS

Practical 

implemen-

tation?



Frida Fyhr & Anna Nikolopoulos  

BIAS soundscape planning tool
for ambient underwater noise in the Baltic Sea

Gothenburg, 2nd June 2016

AquaBiota Water Research



Aim for the planning tool

• Simplify the management of continuous underwater 

sound in the Baltic Sea Region

• Serve as tools for planning, testing and evaluation - a 

tool to reach a decision!

• Collect and present information from sound monitoring:

– Include data from both measurements and modeling

– Filter between a large number of soundscape maps

– Identify sound levels in adjustable areas of interest



• Technical aid from

– Same foundation as SeaGIS (Interreg) 

– Internet-based, reached via web browser

The road so far

• Tailored to the wishes and needs of the target group: 

managers of the marine environment

- Questionnaire 2013

- Meetings with representatives from 

relevant authorities

- Communication with HELCOM

• Coordinated by AquaBiota
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Number of ships/ km²



To help sort 

between the many 

soundscape maps

















Bornholm deep

Natura 2000 site 

Norra Midsjöbanken









Statistics to aid in 

answering specific 

management questions 



What are the sound levels at a certain 

measurement position? 
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What about the soundscape in my MPA?
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Create by drawing in map 

…or upload a polygon shapefile
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L05 (5 % of time)

L25 (25 % of time)

L50 (50 % of time)

L75 (75 % of time)

L95 (95 % of time)

At the centre frequency 2000 Hz and depth level 0-15 meters, 

the sound pressure level exceeded 100 dB (re 1µPa) in 51.5 % 

of the Natura 2000 site Norra Midsjöbanken, 5 % of the time 

during June 2014.
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What about GES?

• If we evaluate GES by looking at whether 

anthropogenic noise levels affect a species, we 

need to work in terms of scenarios. 



Is the noise too high for communication 

during spawning for the Baltic cod?
• A number of assumptions regarding cod communication needs to be 

made regarding source level of the call, hearing threshold and critical 

ratio.

• Based on the above, a calculated masking threshold can be assumed.

• In what area do they spawn?

• When do they spawn – months?

• What frequency band should we work in?



Input data and information for scenario

• The best spawning site in the Baltic Sea is in the Bornholm 

deep. (Cardinale and Svedäng 2011)

• They spawn from March to October which peaks in June to 

August (Hüssy 2011)

• Masking threshold in the 1/3 octave band 63 Hz is estimated 

to 82 dB re 1 µPa. (EU Project AQUO: Andersson et al. 2015, Folegot et al. 2015)

• The distance between two communicating cod is 20 m.

• They are located somewhere in the water column from the 

bottom up to 30 m.



What coverage in percent of the area might 

masking occur during the spawning period?
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L25 (25 % of time)

L50 (50 % of time)
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Time

Is this the answer acceptable in terms of GES?



Thank you!

Frida Fyhr & Anna Nikolopoulos  

Gothenburg, 2nd June 2016

frida.fyhr@aquabiota.se, anna.nikolopoulos@aquabiota.se



Depth intervals for the modelled maps

0-15m 0-bottom

20 m

0 m

shallow

locations



0-15m 0-bottom 0-15m 0-bottom

0-30m

20 m

0 m

shallow

locations

deeper

locations

Depth intervals for the modelled maps



Klicka här för att ändra format

Klicka här för att ändra format på 
underrubrik i bakgrunden

1
2 June  2016

GES and the Future
Peter Sigray

Gothenburg 2016 06 02



Klicka här för att ändra format

Klicka här för att ändra format på 
underrubrik i bakgrunden

2
2 June  2016

GES and Future
• What about the trend?
• Will we achieve GES in the future?
• If we reach it what then?
• Will there be a future with decreasing noise?
• Will we ever know the impact of noise?

Short – Medium – Long time
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The Trend
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Will we achieve GES?
- everywhere and all the time -

Drivers Pressure

Response

Impact

State

Using the DPSIR framework to 
identify gaps

We identified two categories 
of gaps

• DPSIR limiting
• Non-DPSIR limiting

We also identified who can 
contribute solving the gaps



Klicka här för att ändra format

Klicka här för att ändra format på 
underrubrik i bakgrunden

5
2 June  2016

• Management of archipelagos and near shore 
marine areas

• Assessing particle motion levels
• Impact of high-frequency sound sources
• Reliable monitoring of noise
• Regional Coherence
• Regional Optimization of resources for managing 

underwater noise
• The definition of GES
• Research related to GES
• Regional Response

DPSIR limiting gaps

DRIVER

PRESSURE

STATE

IMPACT

RESPONSE
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The GAP-MATRIX

A = Actor, the level where the gap is identified
S = Stakeholder, the level that can fill in the gap  
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Will we reach GES?

Impact
Pressure

State 
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Is it possible to establish GES using 
Pressure?

Measured 
Ambient Noise

SPL & SEL

Acoustic 
Modelling

Maps for Managers

Conv-
ersion

1. Area exceeded
2. Time exceeded

+

Three proposed 
alternatives based on 
pressure

• Pressure
• Risk
• Impact
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GES based on State

Species

+

PCAD

Habitat

Ecosystem

Maps for Managers

Modelling of 
biological effects 
of noise 

Abundance and 
distribution assessment

State  
index



Klicka här för att ändra format

Klicka här för att ändra format på 
underrubrik i bakgrunden

10
2 June  2016

Studying effects on different life 
stages – where is the bottleneck?

Cod Life history
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What is the effects of noise on fish 
populations?

• Models can explore “so what” 
questions, first step to identify 
species and vital rates for which 
data collection is most useful.

• Measurements gives input of 
critical parameters and transfer 
functions for models.

Figure from Hans Slabbekoorn

Like for acoustics, a combination of measurements and 
experiments combined with models, can be used!
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GES based on Population Disturbance 

Growth Rate
Survival

Reproduction

Individual 
Fitness

Population 
effect

Beha-
vioural
Change

Exposure Assessment

Physiol-
ogical

Change

Feeding Impact
Predation Risk

Swimming Energetics
Reproduction

Expel from Habitat

Chronic State
Immunocompetence

Reproductive-
investment

Development Impact

Perturbation Analysis to establish where 
sound do most damage 
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If we reach GES what then?

We need to achieve:
• Ambient Noise, under control
• A stable or decreasing trend
We can then most likely rule out that observations 
of negative effects are caused by Ambient Noise.   
But we need to:
Employ spatial planning to manage marine areas on 
a higher degree of sophistication.  
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The Present Situation
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The Future
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Response

Establish Regional, European response measures and 
International rules on ship-noise

• Speed limits
• Area restrictions (restricted to shipping lanes)
• Certifying ships in silent and loud ships, separating 

ships
• Self-signature control
• Signature reduction in the construction phase
• Re-routing ships that are not approaching a harbour



Klicka här för att ändra format

Klicka här för att ändra format på 
underrubrik i bakgrunden

17
2 June  2016

IMO initiated work on noise
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Response results from AQUO project

Moving a shipping lanes 10 
km outward from coast ~ dB 
gain at coast

Reduction of speed to 13 knot 
reduced the 3 to 6 dB
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Response results from the EU AQUO project

Fulfilment of the 
requirement “URN 
– advanced 
vessel” defined in 
Bureau Veritas
Underwater 
Radiated Noise 
notation. The 
reduction is up to 
9 dB.
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Six priorities from BIAS
• Noise control in the Baltic Sea
• Management of Archipelagos
• Management of near coast
• Management of special areas
• A common definition and 

methodology for GES based on 
pressure

• A plan for Response
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A provocative example on Hoburgs bank
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Nature 2000 Hoburgs Bank
THE LOUDEST SHIPS 5% and 50%

• Winter SPL exceeds 100 dB re. 
1μPa, 5% of the time

• Summer SPL  exceeds 93 dB re. 
1μPa, 5% of the time

• Winter SPL  exceeds 95dB re. 
1μPa, 50% of the time

• Summer SPL exceeds 80dB re. 
1μPa, 50% of the time

Winter Summer

5% of the time 100 dB 93 dB

50% of the time 95 dB 80 dB
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The harbour porpoises
The hearing 
sensitivity is 110 at 
300 Hz
Add 18 dB for SNR 
128 dB

Likely that they are 
affected less than 
5% of the time by 
the average sound 
levels

Maybe we should worry 
about its prey?
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What is the status in the Baltic Proper 
2014-2016
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