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English summary 
The Royal Norwegian Navy has five frigates equipped with 1-8 kHz active sonars.  Such sonars 
are potentially harmful to marine life. Naval sonar exercises have been accused of causing whale 
stranding and habitat exclusion of both fish and marine mammals.  
 
More than 10 years of research shows that the environmental impact of sonars are less than first 
suspected. The effects on fish populations, possible negative impact on fisheries and direct injury 
on marine mammals are minimal. Use of sonar has on the other hand been shown to lead to 
behavioural effects for several species of marine mammals. The Royal Norwegian Navy has 
introduced an Instruction for use of active sonar in Norwegian waters to minimize any negative 
effects on marine life. The instruction contains guidelines for planning of sonar operations and 
operational procedures. 
 
The instruction is integrated in a decision aid tool – SONATE, developed by FFI for the 
Norwegian Navy.   SONATE is a tool for use during planning and execution of sonar exercises, 
with the aim to minimize the impact on marine life and the conflicts with activities such as 
fisheries, fish farming, tourism etc.  SONATE combines cartographic information on species 
distribution, fishing activity and fish farms with the guidelines that define the actions to mitigate 
environmental impact. 
 
The first operational edition of SONATE (1.0) was introduced in 2006, and SONATE 3.2 was 
released in 2011.  This was the last version of SONATE as standalone software programmed in 
Python. This version of SONATE is now phased out and a new edition introduced, SONATE 
2015. 
 
SONATE 2015 is introduced in two different versions. SONATE-WMS is based on internet 
technology, and SONATE-ArcReader is an offline version for use without sufficient internet 
connection. The motivation to end the initial standalone version of SONATE was partly a request 
from the Royal Norwegian Navy to collect more tools on a common platform, and also to 
simplify the process of updating the database.  
 
The two new editions of SONATE (WMS and ArcReader) are equivalent and have more or less 
the same functionality.  Both the 2015 versions also support the new Instruction for use of active 
sonar in Norwegian waters issued in April 2015 for use within the Navy.  
 
SONATE 2015 is a final deliverable from the FFI project Sonar and Marine Life. There is no plan 
for a continuation of this project and this version of SONATE therefore constitute the final hand-
over of SONATE from FFI to the Navy. The geographical information in SONATE needs to be 
updated regularly. We recommend yearly updates of the species distribution maps from the 
Institute of Marine Research, and of the fishery and fish farming information from the Directorate 
of Fisheries. The instruction for use of sonar should also be updated when new knowledge of 
effects of naval sonars on marine life becomes available.  
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Sammendrag 
Det norske forsvaret har fem fregatter i Fridtjof Nansen-klassen som er utstyrt med 1-8 kHz 
aktive sonarer.  Slike sonarer kan være potensielt skadelig for marint liv. Militære sonarøvelser 
har blitt beskyldt for å være årsaken til massestranding av hvaler, og at fisk og pattedyr forlater 
området.   
 
Resultatene fra mer enn 10 års forskning tilsier at miljøeffektene er mindre enn man først fryktet. 
Effektene på fiskebestander og mulige negative påvirkninger på fiskeri samt risiko for direkte 
skade på sjøpattedyr er minimal. Bruk av aktiv sonar har riktignok vært påvist å kunne føre til 
atferdsmessige endringer hos mange arter av sjøpattedyr.  Sjøforsvaret har derfor innført en 
«Instruks for bruk av aktiv sonar i norske farvann» for å begrense negative effekter på marint liv. 
Instruksen inneholder føringer for planlegging av sonarøvelser og operative prosedyrer. 
 
Instruksen er integrert i et beslutningsstøtteverktøy – SONATE, som er utviklet av FFI for 
Sjøforsvaret.  SONATE er et verktøy for bruk under planlegging og utføring av sonarøvelser, 
med den hensikt å minimere påvirkningen på marint liv og konflikter med aktiviteter som fiskeri, 
oppdrettsanlegg, turisme og så videre.  SONATE kombinerer kartfestet informasjon om arters 
utbredelse, fiskeriaktivitet, hvalfangst og oppdrettsanlegg med føringene som definerer hvilke 
hensyn som bør tas i hvilke områder. 
 
Den første operative utgaven av SONATE (1.0) ble lansert i 2006, og i 2011 kom SONATE 3.2.  
Dette var den siste versjonen i rekken av SONATE som frittstående programvare programmert i 
Python. Denne utgaven av SONATE fases nå ut i forbindelse med lansering av SONATE 2015. 
 
SONATE 2015 lanseres i to ulike versjoner. SONATE-WMS er nettbasert, men for at Forsvaret 
fortsatt skal ha tilgang på SONATE når de er uten internett-tilgang eller har liten båndbredde, har 
vi også utviklet en offline-versjon kalt SONATE i ArcReader (2015). Motivasjonen for å gå vekk 
fra den opprinnelige standalone-løsningen var blant annet at Forsvaret ønsket en utvikling mot å 
samle flere verktøy på samme plattform samt å forenkle oppdatering av verktøyet. 
 
De to nye versjonene av SONATE (WMS og ArcReader) er likeverdige og har stort sett samme 
funksjonalitet. Begge støtter også den nye instruksen utstedt av Sjef Sjøforsvarets skoler i april 
2015 for bruk i Sjøforsvaret. 
 
SONATE 2015 er en sluttleveranse i FFI-prosjektet Sonar og Havmiljø. Det er ikke planer om å 
videreføre dette prosjektet, og denne leveransen innebærer derfor en endelig overlevering av 
SONATE fra FFI til Sjøforsvaret.  Den geografiske informasjonen som ligger i SONATE, må 
oppdateres regelmessig. Vi anbefaler årlige oppdateringer av utbredelseskart fra 
Havforskningsinstituttet og tilsvarende oppdatering av informasjon om fiskeriaktivitet og 
havbruksanlegg fra Fiskeridirektoratet. I tillegg bør retningslinjene for bruk av sonar oppdateres 
med ny kunnskap om effekter av militære sonarer på havmiljø.  
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Preface 
The story of SONATE started in 2003 with the FFI (Norwegian Defence Research Establishment) 
project “LFAS og Havmiljø”. John Kenneth Grytten designed the first versions of SONATE in 
collaboration with Erik Sevaldsen and Petter Kvadsheim. Nina Nordlund took over Grytten's 
work when he resigned from FFI in 2006.  The first version of SONATE (SONATE 1.0) which 
was implemented in operational use by the navy was issued in 2006. I 2007 SONATE 2.0 was 
issued with significantly improved functionality. This version was developed with the help of 
Frank Benders who was a visiting scientist at FFI from TNO in 2007. In 2008 SONATE 3.0 was 
completed, and the last version of SONATE on the original python software platform, SONATE 
3.2 (2011) was completed in 2011.  These were all standalone offline versions.  In parallel to the 
work with SONATE on the original platform, development of an internet based version called 
SONATE-WMS started in 2009. This work was carried out in cooperation with the Institute of 
Marine Research and the METOC project at FFI.  An operative version of SONATE-WMS was 
finished November 2014. 
 
To ensure an offline version of SONATE, SONATE-ArcReader was developed. This version was 
finalized in November 2014. 
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1 Introduction 
The Royal Norwegian Navy operates five frigates in the Fridtjof Nansen-class, all equipped with 
1-8 kHz active sonars.  
 
More than 10 year of research shows that the environmental impacts of sonar are less than 
suspected initially.  The potential effects on fish populations and fisheries are minimal, and risk of 
direct injury on marine mammals are also low and can be reduced further by simple mitigation 
measures such as ramp-up (von Benda-Beckmann et al. 2013).  Use of sonar may on the other 
hand lead to behavioural effects on several species of marine mammals.  Such effects might 
imply changes in diving behaviour, habitat avoidance, cessation of feeding or increased energy 
costs.   
 
As a way to mitigate this potential problem, FFI (The Norwegian Defence Research 
Establishment) has developed SONATE for the Norwegian navy, a decision aid tool that will help 
reduce the environmental impact of naval exercises.  The SONATE project is executed by FFI 
and funded by the Norwegian Ministry of Defence.  
 
SONATE is a decision aid tool for use during planning and execution of sonar exercises, with the 
aim to minimize conflicts with sea based industry (fisheries, fish farms, tourism) and influence of 
marine life.   SONATE contains cartographic information on distribution maps, fishing activity 
and fish farms.  SONATE combines the cartographic information with the “Instruction for use of 
active sonar in Norwegian waters”.  The combination of the guidelines and the cartographic 
information defines which precautionary actions to be taken in which areas and periods.   
 
All units using active sonar and all staff involved in planning of exercises which involves use of 
sonar, shall have access to SONATE.  Operations within the recommendations given by 
SONATE for different areas and time periods ensure that the operations are executed within the 
guidelines for sonar operations in Norwegian waters.  Foreign military units are also requested to 
comply with these guidelines during operations within Norwegian territorial waters.   
 
The instruction for use of sonar are issued by the chief of the naval academy (Commodore 
Thomas T Wederwang) on behalf of the chief of the Norwegian Navy (Rear Admiral Lars 
Saunes) based on extensive research on effect of sonar of fish and marine mammals by FFI with 
national and international collaborators (e.g. Kvadsheim et al. 2005, 2007, 2009, 2010a, 2010b, 
2011, 2012a, 2012b, 2014, Miller et al. 2011, 2012, 2014, Doksæter et al. 2009, 2012, Sivle et al. 
2012a, 2012b, 2014, Kuningas et al. 2013, von Benda-Beckman et al. 2013, Fahlman et al. 2014, 
Antunes et al. 2014).   
 
In 2015, SONATE is released in two editions.  SONATE-WMS is an internet based tool.  WMS 
stands for Web Map Service and is a standard protocol for serving georeferenced map images 
over the Internet.  In addition, an off-line version is developed,   SONATE-ArcReader, to be used 
in cases of no-internet access or limited bandwidth.   
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The content of the two editions are similar to earlier editions and we have sought to make the 
presentation of the data as identical as possible in the two new editions. 
 
This report is written as a user’s manual to the two editions of SONATE 2015 (SONATE-WMS 
and SONATE-ArcReader).   
 
Chapter 2 gives an overview of the history of SONATE and background for the current version. 
Chapter 3 gives a description of the input data used in SONATE, and chapter 4 gives a 
description of the two SONATE 2015 editions and their respective user interfaces. 

2 Background for current solution 
The first version of SONATE was distributed to the Norwegian Defence in 2006.  These first 
versions were stand-alone software that could be installed on any independent computer.  It was 
programmed in Python with a PostgreSQL/postgis database. SONATE is developed at FFI as part 
of the SONAR & Marine Life program (p1199).   
  
In 2008 it was decided to work towards an internet based version of SONATE instead of 
continuing to develop the stand-alone version.  This decision was based on the fact that the 
Norwegian Defence wanted to minimize number of independent software and gather several 
applications on common platforms.  Another argument for changing platform was the fact that the 
administration of data in SONATE was time consuming and complicated and that we wanted to 
make the update of SONATE more streamlined.  This decision was taken by the project review 
board, and FFI and the Navy agreed to this strategy. 
 
Since the decision was made to transfer SONATE from the standalone software to an internet 
based tool in 2008, the maintenance of the python code has been held to a minimum, and the 
status in 2015 is that to be able to continue on this platform, the code would have to be 
completely rewritten. 
 
The Norwegian Defence is developing an internet based tool that will eventually distribute 
geographical information such as meteorological and oceanographic conditions, ship traffic etc.  
A beta version of this GEOMETOC-service was developed at FFI and were planned to be 
eventually transferred to restricted networks in the Norwegian Defence. The original plan was to 
make SONATE a part of this service. 
 
There have been delays in this work, and SONATE could therefore not be made available through 
the planned portal on the restricted network. However, SONATE does not contain any restricted 
information and could therefore be made available through a map-service on the internet. Navy 
vessels do not always have sufficient bandwidth on the unrestricted network to rely on internet 
access, and therefore it was decided that in addition to the web based version of SONATE, an off-
line version which could be downloaded and installed on a computer on board before heading to 
sea was also necessary.  
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As a transfer of SONATE-WMS to the GEOMETOC-service was not possible within the project 
period, it was decided to make SONATE-WMS available through an FFI WMS server as a 
temporary solution.  This is not an ideal solution, and it’s not a durable solution, because the FFI 
WMS server is primarily used for research to prototype different internet based information 
services. The server is maintained, but not on a 24/7 basis, and thus is not an ideal operational 
solution for the navy.  
 
A crucial component of SONATE is the distribution maps of marine mammals and fish which 
FFI are supplied with from Institute of Marine Research (IMR).  The update of these data in 
SONATE has since the first version been a time consuming process, because data from IMR has 
to be prepared and adapted before loading it into SONATE.  Therefore FFI has over the years 
been looking for a way to streamline the process of transferring data from IMR to SONATE. 
Through the national Norwegian Marine Data Centre (NMDC) infrastructure program, IMR and 
FFI collaborated and agreed on a suitable database structure for the distribution data.  The plan 
was to eventually let SONATE-WMS get data directly from the NMDC database at IMR, without 
having to establish a local copy of the database at FFI.  This depended not only on FFI  adapting 
the GEOMETOC-WMS to the database structure, but also that IMR adapted their management of 
distribution data to this new database structure keeping data in a PostgreSQL/postgis database.  
The latter has been delayed, so that the streamlining of transferring data from IMR to SONATE 
has not been achievable within the project. Therefore this data transfer still involves manual 
transfer of data and adaptation of the data to the FFI database.   
 
With these factors in mind, a SONATE-WMS as part of the GEOMETOC-service (which is 
under development in the Defence) was not possible, and another solution therefore had to be 
found.   
 
Several solutions were considered.  A number of these included making SONATE a part of other 
already existing WMS portals or other systems.  But it turned out most of these were not suited or 
not mature enough to include systems like SONATE, at least not within this project.  A list of the 
considered solutions is found in Chapter 5.  To ensure access to SONATE when internet access is 
not available, the offline ArcReader version of SONATE were developed in parallel.  This is a 
GIS (Geographical Information System) software by ESRI™ Industries (http://www.esri.com/).  
The publisher of the tool (in this case FFI) sets up a map with all data layers and other 
information in the ArcGIS software.  The tool ArcPublisher converts this map into a so-called 
published map that can be read (not edited) by the free software ArcReader. 
 
Also considered in this development process was the possibility that the SONATE project will 
not be continued after the current project ends, and starting a long developing process with 
completely new code and maybe software would be too time consuming and risky.  The Arc 
products are already in use to manage the SONATE data and transferring this to an offline 
version in ArcReader was a relatively simple task.  
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3 Input data 
The input data to SONATE comes from different sources.  Input data are distribution maps of fish 
and marine mammals, whaling activity, fishing activity, safari activities (e.g. whale watching) and 
fish farm locations (Table 3.1.).  
 

Table 3.1 Table showing SONATE input data and data sources.   

Input data Source 
Distribution maps (fish and marine 
mammals) from Norwegian waters 

Institute of Marine Research (IMR) 

Distribution maps – Eastern Barents Sea  PoMM* 
Word wide distribution maps – expected 
density 
from habitat model 

UK Hydrographic Office, PoMM* 

Fish farms Norwegian Directorate of Fisheries 
Word wide observations/sightings of 
marine mammals 

PoMM* 

Fishing activity Norwegian Directorate of Fisheries 
Safari activities From tourist companies 
Fishing zones and locations Norwegian Directorate of Fisheries 
Whaling areas FFI, based on data from IMR 

* PoMM – The EDA project “Protection of Marine Mammals”.  See 3.2 

3.1 Distribution maps from IMR 

The distribution maps are obtained from Institute of Marine Research (IMR, Bergen, Norway).   
The distribution maps used in SONATE-WMS is kept in a PostgreSQL/postgis database at FFI.   
 
This is a copy of the original database at IMR which was created during the pre-project to 
NMDC.  This database has a structure adapted to the needs of both IMR and FFI.   Initially we 
hoped that the distribution data in SONATE could be loaded to the SONATE-WMS directly from 
the database at IMR, without holding a local copy at FFI.  This has not been possible to achieve 
within the current SONATE project period, mainly because IMR has been delayed in the process 
of transferring from their existing data management system, to a system that includes the database 
structure from the NMDC pre-project. 
 
For the earlier editions of SONATE (e.g. SONATE 3.2 - 2011) FFI has received shape files from 
IMR.  These shape files have also been used in the new SONATE-ArcReader edition. 
The dataset used in SONATE-WMS includes distribution maps of 17 species of marine 
mammals, and 12 species of fish in Norwegian waters.  The dataset used in ArcReader includes 
11 species of marine mammals and 9 species of fish (see Table 3.2 for a complete list of species).   
This covers the most important species in Norwegian waters.  In the North Sea, Norwegian Sea, 
most of the Greenland Sea and the Barents Sea, this dataset gives a complete data coverage.  For 
some species the distribution maps cover a larger area. 
 
In addition to geographical distribution of species, these data hold information on time period for 
which the maps apply.  For some species the distribution varies with age-class, life stage (feeding, 
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moulting, spawning etc.), and this is reflected in the maps in SONATE.   Most distribution maps 
are originally delivered as valid for whole months, but for a few species, the validity period is 
given for larger or shorter periods.  At these few occasions, the validity period in SONATE-
ArcReader is extended to the beginning and end of month.  For SONATE-WMS the original 
dates are kept. 
 
Both editions of SONATE also contains maps with information on safari activities (e.g. whale 
watching) and areas of whaling activity.   
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Table 3.2 SONATE contains distribution maps for the species in the table below (Norwegian 
names in parentheses. 

SONATE-WMS   SONATE-ArcReader 

MAMMALS: MAMMALS: 
Bearded seal (Storkobbe) Bottlenose whale (Nebbhval) 
Beluga (Hvithval) Fin whale (Finnhval) 
Bottlenose whale (Nebbhval) Grey seal (Havert) 
Fin whale (Finnhval) Harbour porpoise (Nise) 
Grey seal (Havert) Harbour seal (Steinkobbe) 
Harbour porpoise (Nise) Harp seal (Grønlandssel) 
Harbour seal (Steinkobbe) Hooded seal (Klappmyss) 
Harp seal (Grønlandssel) Humpback whale (Knølhval) 
Hooded seal (Klappmyss) Killer whale (Spekkhogger) 
Humpback whale (Knølhval) Minke whale (Vågehval) 
Killer whale (Spekkhogger) Sperm whale (Spermhval) 
Minke whale (Vågehval)  
Narwhale (Narhval)  
Ringed seal (Ringsel)  
Sperm whale (Spermhval)  
Walrus (Hvalross)  
White beaked dolphin (Kvitnos)  
  
FISH: FISH: 
 Blue whiting (Kolmule) 
Capelin (Lodde) Capelin (Lodde) 
North Sea Cod (Nordsjøtorsk) North Sea Cod (Nordsjøtorsk) 
North East Arctic Cod (Nord-øst-arktisk torsk) North East Arctic Cod (Nord-øst-arktisk torsk) 
Coastal Cod (Kysttorsk) Coastal Cod (Kysttorsk) 
Deepwater Redfish (Snabeluer) Deepwater Redfish (Snabeluer) 
 Greenland halibut (Blåkveite) 
North Sea Haddock (Nordsjøhyse) North Sea Haddock (Nordsjøhyse) 
North East Arctic Haddock (Nord-øst-arktisk hyse) North East Arctic Haddock (Nord-øst-arktisk 

hyse) 
Norwegian Spring Spawning Herring 
 (Norsk vårgytende sild) 

Norwegian Spring Spawning Herring 
 (Norsk vårgytende sild) 

Fjord Herring (Fjordsild) Fjord Herring (Fjordsild) 
North Sea Herring (Norsdjøsild) North Sea Herring (Norsdjøsild) 
Horse mackerel (Taggmakrell) Horse mackerel (Taggmakrell) 
Mackerel (Makrell) Mackerel (Makrell) 
North Sea Saithe (Nordsjøsei) North Sea Saithe (Nordsjøsei) 
North East Arctic Saithe (nord-øst-arktisk sei) North East Arctic Saithe (nord-øst-arktisk sei) 
Sprat (Brisling) Sprat (Brisling) 
Fjord Sprat (Fjord brisling) Fjord Sprat (Fjord brisling) 
 Polar Cod (Polartorsk) 

3.2 PoMM data 

From 2010 to 2013 FFI participated in the EDA (European Defence Agency) project PoMM 
(Protection of Marine Mammals). 
 
The EDA project PoMM was based on an agreement between the Ministries of Defence of 
Germany, Italy, the Netherlands, Norway, Sweden and the United Kingdom. 
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One of the aims of the project was to establish a common marine mammal database, being 
essential for risk mitigation tools. It provides knowledge on marine mammals with focus on the 
abundance, seasonal distribution and density of different species in all areas of operational 
interest for European Navies. The database contains sighting records, seasonal probabilities of 
occurrence, habitat use (e.g. feeding, reproduction) and species’ characteristics such as 
appearance, behaviour and vocalization. 
 
PoMM experienced slow progress in delivery of data from external sources, but the partners still 
think the resulting database will be a useful tool in the future.  Collection of density data and 
distribution data has been difficult, mainly due to the fact that very little data of this kind actually 
exists.  Observation data (point sightings) was easier to find and get permission to use. 
 
The PoMM dataset offers the possibility to expand the geographical coverage of SONATE to 
areas outside of Norwegian waters. Only three datasets that are relevant for SONATE was 
identified and collected during PoMM and one of these datasets are the IMR collection of 
distribution maps that have been a major part of the SONATE tool since the first version (see 
3.1).  The other two are a Russian dataset describing distribution of relative density of marine 
mammal species in the Barents Sea (See 3.2.1) and a dataset of predicted density delivered by the 
UK Hydrographic Office (UKHO) (see 3.2.2). 
 

3.2.1 Russian distribution maps (PoMM) 

This dataset were digitized at FFI from the report «AN ASSESSMENT OF THE INTEGRAL 
VULNERABILITY OF THE BARENTS SEA FROM OIL CONTAMINATION» by Shavykin 
and Ilyin 2010.   
 
This dataset is included in the offline version of SONATE (SONATE-ArcReader). 
 

 

Figure 3.1 Example of relative density data from the Russian dataset, showing density of harp 
seal in spring 
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3.2.2 UKHO density maps (PoMM) 

This is a global coverage dataset of marine mammals, including density from a habitat model, 
predicting a relative expected density of a species depending on how well the physical habitat 
(water depth, bathymetry, water temperature etc.) matches the preference of that species. 
 
Some of these data, the species most relevant for Norwegian waters, are included in the offline 
version of SONATE (SONATE-ArcReader). 
 

 

 

Figure 3.2 Example of predicted density data from the UKHO dataset, showing predicted 
density (annual mean) of killer whales 

3.2.3 Observation data (PoMM) 

The PoMM project collected a large amount of marine mammal observations (point sightings).  
Some of these are included in the offline version of SONATE.  These data cannot give a good 
description of distribution of marine mammals because they often reflect density of observers 
(ships) more than density of animals, but can at least give an indication of where to expect to find 
certain species.  Some of these data are included in SONATE-ArcReader but are not linked to the 
guidelines. 

3.3 Fishery information 

Fishing activity data are obtained from The Directorate of Fisheries (Point of contact:  Randi 
Sofie Sletten mailto: randi-sofie.sletten@fiskeridir.no .  The Directorate of Fisheries divides the 
Norwegian Waters into fishing areas and fishing locations, in which catch of fish is reported.  
These areas and locations are also used in SONATE to display fishing activity (Figure 3.). 
 
The fishing activity data holds information on catch period (monthly), area, location, fishing tool, 
species (or groups of species), catch (in kg) and number of vessels which have reported catch 
from the location within a month.  Be aware that this dataset only holds information on catches 
delivered in Norway.  Figure 3.4 shows an example of how fishing activity data are presented in 
SONATE-WMS.  

mailto:randi-sofie.sletten@fiskeridir.no
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Figure 3.3 Maps showing example of fishing areas (heavy blue line) and fishing locations (thin 
blue lines).  Fishing activity is registered location wise. 

 

 

Figure 3.4 Example of how fishery activity information is shown in SONATE-WMS.  

3.4 Fish farms 

The fish farms data are obtained from the Directorate of Fisheries  
(“http://www.fiskeridir.no/akvakultur/registre”), on an excel file, and contains fish farming 
concession holders name and address, species, production capacity, geographic coordinates etc.  
Be aware that the fish farm locations presented in SONATE are existing concessions.  Some 
companies have concessions on several locations and move the fish farms between these.  This 
means that not all fish farm locations indicated in SONATE contains a physical farm at all times.  
Example of fish farms in SONATE-WMS is shown in Figure 4.7. 



 
 

 16 FFI-rapport 2014/02200 

 

3.5 Instruction for use of active sonar in Norwegian waters 

Based on current knowledge on effect of naval sonar on marine life, FFI recommend to the navy 
operational restrictions on the use active sonar in Norwegian waters. Based on this, an 
“Instruction of use of sonar in Norwegian waters” is issued for use within the navy.  The 
instruction contains guidelines for planning of sonar operations and operational procedures.  The 
current version of this document was issued on April 1 2015 and can be found in Appendix A. 
The original document is issued in Norwegian, but an English translation is attached to it. The 
document contains criteria which identify areas and periods in SONATE were specific 
restrictions apply. This can for example be areas/periods with high density of sensitive species 
and were sonar activity should be limited. The instruction also contains specific instruction on 
where and when operational procedures might apply, such as ramp up or stand-off ranges. 
Operations within the recommendations given by SONATE for different areas and time periods 
ensure that the operation will be executed in compliance with the prevailing instruction.      

4 The SONATE tools 
SONATE 2015(SONATE-WMS and SONATE-ArcReader) is a decision aid tool for use during 
planning and execution of sonar exercises.  SONATE combines geographical information with 
the “Instruction for use of sonar in Norwegian waters” (Appendix A) with the aim to minimize 
influence on marine life and conflicts with activities such as fisheries, fish farming, tourism etc.    
 
The instruction recommend different degrees of restrictions depending on which species (more or 
less vulnerable) occurs in an area, the density of species and life stage (some species are more 
vulnerable in certain life stages).  The instruction also recommends restrictions to avoid conflicts 
with commercial interests, such as fish farms, fishery, whaling and safaris.  The instruction is 
linked to the geographical information in SONATE and gives the user an overview of which 
precautions to take in certain areas and in certain time periods. 

4.1 SONATE-WMS 

SONATE-WMS is an internet based tool developed at FFI in collaboration between the Sonar 
and marine life (p1119) and the GEOMETOC project (p1215).  It is based on the GEOMETOC- 
WMS developed by the same group.  GEOMETOC-WMS is a tool used to test concepts of 
serving the Norwegian Defence with geographical information such as oceanographic data, 
meteorological data, ship traffic etc 
 
The SONATE data used in SONATE-WMS is stored in a PostgreSQL/postgis database at FFI 
(see 3.1). 
 
SONATE-WMS is found at https://geometoc.ffi.no/ 
For username and password, please contact: 
Royal Norwegian Navy/KNMT/TAS/METOC, Point of contact: jojohnsen@mil.no 
FFI/Maritime systems, Point of contact Nina.Nordlund@ffi.no  
 

https://geometoc.ffi.no/
mailto:jojohnsen@mil.no
mailto:Nina.Nordlund@ffi.no
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4.1.1 User interface description of SONATE-WMS 

The SONATE-WMS window is a map with some additional tools and controls, see Figure 4.1.  In 
the upper right corner, there are three tabs.  Under Profile the user can select Norwegian or 
English profile (see Figure 4.2).  In the Map Control, also in upper right corner, the user selects 
which layers to show on the maps (under “Add/remove overlays”) and manipulates the sequence 
of drawing, and switches layers on and off (under “Active overlays”) (See Figure 4.3).  
 

 

Figure 4.1 The start window of SONATE-WMS, with main features.  
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Figure 4.2 The start window of SONATE-WMS.  The user can select Norwegian or English 
profile 

 

  

Figure 4.3  Under «Add/remove overlays» the user can select datasets to show on the map.  
Under «Available base layers» one finds a selection of background maps. 

 
The menu of layers to choose between is build up like a tree structure, with the main headings 
Fish Farms, Fisheries, Species and Guidelines (see Figure 4.4). Layers are turned on and off with 
the tick boxes, and the last one turned on, will be be the top layer on the map. 



 
  
  

 

FFI-rapport 2014/02200 19   
 

In the lower left corner of the SONATE-WMS, there is a selection of control buttons (see Figure 
4.5).  The most relevant controls for SONATE-WMS are the zoom button and the i-button, the 
last one giving extra information on map features. 
 

  

Figure 4.4 The menu of layers is built up as a tree structure. 

 

 

Figure 4.5 Controls in bottom left corner.  From left:  zoom in, pan, put waypoints/markers on 
the map, click controls for help, information on map features (‘i’-button), sound 
propagation model (Lybin). 
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Figure 4.6 Example of fisheries information in SONATE-WMS.  The radio button controls 
which layer to query  - here, the Vessel -layer (3-year mean).  A legend may be 
switched on with the “i”-button in MapControl window 

 
Under the heading Fisheries one finds information on number of active fishing vessels and catch, 
both shown as the mean value for the 2011-2013 and as yearly values.  Additional information 
can be found by using the i-button in the lower left of the SONATE-WMS window.  One selects 
the layer to query with the radio button in the Map Control (See Figure 4.6 and  Figure 4.1). 
 
Information on fish farms concession is found under the heading fish farms, and detailed 
information (concession holder, position, capacity, fish species etc.) can be found by clicking on 
it in the map after having pressed the “i”-button (see Figure 4.7). 
 
In the Map Control layers can be switched on and off,  the sequence of drawing can be changed 
by using the arrows (see Figure 4.8), the button marked “i” will draw a legend on the map and 
green arrows will redraw layer.  Holding the cursor above the symbols in the Map Control will 
give information on the buttons functionality. 
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Figure 4.7 Example of fish farm information in SONATE-WMS 

 

 

Figure 4.8 Figure shows example of SONATE with all guidelines switched on for May. A link to 
the “Instruction for use of active sonar in Norwegian water” can be found by 
clicking on an area with the “i”-button. 



 
 

 22 FFI-rapport 2014/02200 

 

4.2 SONATE-ArcReader 

The offline version of SONATE-ArcReader is a solution to make SONATE available on-board 
naval ships in periods with restricted internet access. SONATE-ArcReader is available from a 
DVD attached to this report. An installation instruction is also found on the DVD (see the file 
“SONATE in ArcReader Installation.txt”). 
 

 

Figure 4.9 The main features of the ArcReader window. Table of contents to the left, map to the 
right.  The map can be shown in two ways: data view and layout view.  Layout view 
shows the map on a page, it includes a legend and some additional information and 
is suited for printing.  In data view only the map is visible, and it is easier to zoom in 
and out and look at details in the map. 

 
The offline version is equivalent to the WMS version, but will naturally not be updated at the 
same frequency.  If available, the WMS solution should therefore be the preferred option.  The 
content of SONATE-ArcReader is similar to SONATE-WMS, with some additions.  SONATE-
ArcReader also contains some data collected during the PoMM (Protection of Marine Mammals) 
project.  PoMM was an EDA (European Defence Agency) project with the aim (among others) to 
establish a common database of marine mammal observations and density maps for use in sonar 
mitigation aid tools (Knoll et al. 2013). 
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PoMM data in SONATE-ArcReader contains a world wide dataset from the UK Hydrographic 
Office describing expected density of marine mammals, depending on physical conditions and 
knowledge of habitat use  - a so-called habitat model.  Another POMM dataset included in 
SONATE-ArcReader is a report containing distribution maps of marine mammals in the eastern 
Barents Sea (Shavykin and Ilyin 2010) which was digitized at FFI.  A vast amount of 
observations/sightings were collected during PoMM, and maps of the most relevant species are 
included in SONATE-ArcReader. PoMM data are not linked to the sonar instruction, but are 
available as additional information for planning purposes.  
  
Updating the off-line version of SONATE is not a very streamlined task. The distribution maps 
are kept in a folder structure of shape files.  Data from the PoMM project has been exported from 
a local copy of the final database with sql statements.  For the habitat model data, python scripts 
adapted to ArcGIS has been run to convert the exported data into shape files and to interpolate the 
data to grids for easy visualisation. These scripts can be made available by contacting 
FFI/Maritime systems (point of contact Nina.Nordlund@ffi.no).  

4.2.1 User interface description 

The ArcReader user window is divided in two main parts - table of contents to the left, a map to 
the right.  On top and at the bottom of the window one finds several functions and tools. 
 
Useful features to be aware of is: 
 

• In the table of content 

o To turn on or off layers, use the tick boxes 

o Pressing down the ‘ctrl’ button and clicking a tick box will turn on or off all 
layers on that specific level 

o A ‘+’ indicates that more information is found below.  Click the ‘+’ to expand the 
group layer 

o Layers are drawn from bottom of table of contents to the top.  That means that 
the layers at the bottom of the list can be hidden by layers further up. 

o The data are organized in months.  Layers are normally given names reflecting 
month number (Jan=01, Feb=02 etc.) 

• The “i”-button gives additional information of the features in the map.  One can choose to 
get information on all layers (a lot), visible layers or top layer. 

• There are two different views of the map 

o Layout view shows a map page, with legend and additional information 

o Data view shows only the map itself 

o When in layout view there are two different zoom/pan tools available.  One for 
the map itself, and one for the layout page 

mailto:Nina.Nordlund@ffi.no
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Figure 4.10 The main controls of the ArcReader window 

 

 

Figure 4.11 Areas covered by different regulations in January. 



 
  
  

 

FFI-rapport 2014/02200 25   
 

 

Figure 4.12 Example from the Eastern Barents Sea dataset from PoMM.  The colours give an 
indication of relative density.  Darker colour means higher density. 

 

 

Figure 4.13 Example of fishing activity data.  
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Figure 4.14 Example of observation/sightings data from the PoMM database.  

5 Future plans 

5.1 Possible technical solutions for SONATE in the future 

The Royal Norwegian Navy has requested that SONATE is integrated in other applications or 
software, instead of being a stand-alone application. This is both to reduce management time with 
updating of software, and to be able to find as much as possible information available from the 
same source or application.  Another request for SONATE has been easier update of both 
database and software.     
 
Even if we have not completely reached these goals, SONATE-WMS has become part of another 
application (GEOMETOC-WMS) currently used by the Navy.  Update of the database has 
become easier with the database structure designed under the NMDC pre-project. 
 
The main components of the SONATE-WMS and SONATE-ArcReader are similar to earlier 
versions, and users will probably recognize the main features of the user interface and 
functionality. There will however, be a need for future updates of data on distribution of marine 
mammals, fisheries, safaris and whaling activity. 
 
The current solution for SONATE-WMS is not a good permanent solution because SONATE is 
made available through a server used for research and prototyping, and not through a stable server 
being maintained by an operational organization.  We have therefore evaluated possible solutions 
for the future.  We have been looking at several ongoing projects in Norway, to see if any of them 
are suited to serve the Royal Norwegian Navy with SONATE information.  Some of these 
projects are relevant and realistic possibilities, while some are less realistic.  Below is a list of 
evaluated solutions and a few keywords that describe these. 
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5.1.1 Evaluated future SONATE solutions 

SONATE standalone (programmed in python) 
 
This will mean a continuation of the earlier SONATE 3.2 (2011) which was programmed in 
python.  Further development of the existing python software will be needed, and a complete 
rewriting of the code.  A new structure of the database serving the software with distribution 
maps and other data will probably be needed.   This is partly because the maintenance of the data 
is complicated and partly because the database structure is not optimal for making the software 
efficient.  As this is a standalone software is does not comply with the earlier request from the 
Royal Norwegian Navy, that applications which can be integrated with already existing systems 
are preferred. 
 
SONATE-WMS (FFI GEOMETOC server) 
 
This is the current solution for SONATE 2015. The long-term plan for SONATE was originally 
to develop and test SONATE-WMS on the FFI GEOMETOC server and then move it to the 
planned GEOMETOC-service of the Navy (see below).  This solution would mean a simpler 
management of data in SONATE and also easier update of the data.  We have also evaluated the 
possibility to keep SONATE-WMS on the FFI server, but as this is a test server, this will not be a 
good permanent solution.  Transfer to the GEOMETOC-service has been delayed and 
implementation of SONATE more complicated than expected.  
 
SONATE-ArcReader 
 
SONATE-ArcReader is a standalone and offline solution, available for the user with free software 
(ArcReader).  SONATE in ArcReader is the existing offline solution, distributed with this report.  
The distributor will have to manage user interface and map layers.   
 
SONATE on GEOMETOC-service developed by the Norwegian Defence 
 
The implementation of the GEOMETOC-service has been delayed and SONATE has never been 
part of the existing requirement specification.  Nevertheless, we assume that this solution would 
meet many of the requirements from the Norwegian Defence for a new SONATE, as it will make 
update of software easier (part of a larger application), it will also be part of an application fitted 
for both offline and online use. 
 
SONATE in NMDC 
 
The Norwegian Marine Data Centre project plans an internet based application to get access to 
their collection of marine data, and FFI and IMR has agreed to a suitable database structure for 
the SONATE data.  IMR plans to transfer their distribution database to this database structure 
within the NMDC project.  This will eventually ease the data flow of distribution data from IMR 
to SONATE. 
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SONATE in IMRs WMS 
 
IMR has a WMS portal with distribution maps, but not based on the database structure adapted to 
use in SONATE (time dependency is missing).  SONATE would fit nicely with other data IMR is 
distributing.  On the other hand this would be a system with no connection to other Defence 
systems. 
 
SONATE in BarentsWatch (https://www.barentswatch.no/) 
 
BarentsWatch is another WMS (internet) based map service.  It is to be adapted to narrow 
bandwidth.  IMR already delivers distribution data to BarentsWatch, but only without the time 
dependent information. 
 
SONATE in HALO 
 
HALO is a WMS service developed by met.no.  It is not managed by the Defence is probably not 
a realistic option for SONATE because other types of data will be given higher priority: 
 
SONATE in MARIA 
 
MARIA is the standard software used by Norwegian Defence to display navigation maps. Thus, 
SONATE in MARIA is a realistic possibility, as this is a system widely used by the Defence.  On 
the other hand, sharing of SONATE with foreign countries may be problematic or impossible.  
MARIA can be used offline.  MARIA can also connect to WMS services. 
 
Summary 
We have not come to a conclusion about which solution is the most fitted to serve the Royal 
Norwegian Navy with SONATE in the future.  As the project Sonars and Marine Life is 
terminated, no further development on SONATE will be done in the nearest future.  If, at a later 
stage, the development is taken up again, the list above will be a starting point for where to look 
for good solutions.  Which one is best fitted, will depend on the progress of the different solutions 
in the future, and new possibilities may and will probably appear. 

5.2 SONATE for planning of seismic operations 

When an oil company or seismic company today applies for permit to carry out a seismic survey, 
it is a circumstantial process that includes several authorities.  Among these is Institute of Marine 
Research who evaluates the risk of impact on fish populations and Directorate of Fisheries who 
assess possible impact on fisheries.  Some fish species may avoid areas of seismic activity (Dalen 
et al. 2008).  In particular in spawning periods the fish is considered vulnerable, and the advice is 
to avoid all seismic survey activity in these periods and areas, and also to avoid areas of 
concentrated migration towards these areas.   
 
IMR has been requesting a tool which give the adviser quick access to the necessary information. 
If such a tool existed, it would also create better transparency and predictability for the permit 

https://www.barentswatch.no/
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applicant, and environmental issues could be taken better into consideration at an earlier stage. 
FFI and IMR have discussed the possibility of making a common planning tool for the Norwegian 
Defence (sonar) and the oil industry (seismic surveys).  Criteria or guidelines for where and when 
to avoid seismic surveys could be integrated in the tool, similar to what is already the case in 
SONATE. The idea has been to make such a tool available for all stakeholders. So far this 
initiative has not been funded. 

5.3 DETONATE 

DETONATE is a planned module in SONATE for calculation of shock wave distribution and mapping of 
effect zones related to underwater detonations. These calculations will be based on an imperical-theoretical 
model developed by FFI some time ago (Kjellsby og Kvalsvik 1997).  DETONATE will combine these 
calculations with geographical information of fish and marine mammals which is already found in 
SONATE and give information about the risk for negative effect on marine life.  DETONATE should also 
define restrictions based on size of detonation, environmental information (water depth, bathymetry) and 
marine life in an area. 
 
DETONATE is planned to be developed as part of the AMMRISK project (p1300) at FFI. 
 

 

Figure 5.1 Illustration of DETONATE.  Uniform topography and bathymetry environments will 
result in circular isobars for sound level and corresponding effects zones.   
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Appendix A Instruction for use of sonar in Norwegian 
waters 
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Appendix B Acronyms 
ArcGIS  - GIS software from ESRI 

ArcPublisher – Software from ESRI.  Part of ArcGIS.  For making “published maps” to read in 
free software (ArcREader) 

ArcReader – free software from ESRI.  To read “published maps” from ArcGIS/ArcPublisher. 

EDA – European Defence Agency 

ESRI – software publisher.  www.esri.com 

FFI – Forsvarets Forskningsinstitutt/ Norwegian Defence Research Establishement 

GEOMETOC-service /GEOMETOC kjernetjenester – planned internetbased map service for 
publishing maps and other geographical information to the Norwegian Defence. 

GIS – Geographical Information System, usually software to assemble geographical information 
to maps (topographic, thematic maps etc) 

GIS – Chief of the Norwegian Navy 

IMR – Institute of Marine Research, Bergen, Norway www.imr.no  

NMDC – Norwegian Marine Data Centre. Project with the aim to make available marine data 
from Norwegian research institutions 

PoMM – Protection of Marine Mammals –project under EDA. Participants:  Germany, Italy, 
Netherlands, Norway, Sweden, UK 

RNN – Royal Norwgian Navy 

UKHO – UK Hydrographic Office 

WMS – Web Map Server.  A standard protocol for serving georeferenced map images over the 
Internet.    

http://www.imr.no/
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