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Preface 
The Swedish Agency for Marine and Water Management has been given a remit by the 

government to draw up proposals for Swedish marine spatial planning. Symphony is an 
assessment tool that has been developed by the Swedish Agency for Marine and Water 
Management to support this work. This tool is one approach for assessing the cumulative 
impact on the marine environment. It is utilised in planning and as a support tool for 
environmental impact assessment. The purpose of this report is primarily to provide a 
description of the method with its advantages and limitations. 

 
Gothenburg, 10 April 2018 

 
Björn Sjöberg
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Summary 
Symphony is a model-based assessment method developed to support ecosystem-

based Marine Spatial Planning (MSP) in Sweden. By calculating the cumulative impact of 
human activities on the marine environment, planners are informed of the baseline 
conditions, as well as the potential effect of various planning options on the cumulative 
impact in different areas. 

The main model constituents are maps of ecosystem components, pressures from 
human activities and emissions, and a sensitivity matrix describing how each ecosystem 
component responds to specific pressures. The outcomes are maps illustrating the 
cumulative impact and complementary data, such as specification of the impact from each 
pressure in any given area. The method is based on the scientific contribution by Halpern 
et al. (2008) and subsequent works (e.g. by Helcom). Unlike previous applications, 
Symphony enables scenario-based evaluations of various planning options. This report 
focuses on the methodology, data, and assumptions used. 

Several governmental bodies, research institutions, and consultancies have 
contributed to the development of Symphony during 2015-2018. Although Symphony 

has been used in the Swedish MSP process since 2017, the method and data are 
continuously refined. Given the large scope and the limited knowledge about marine 
habitat distributions, the accumulated uncertainties are substantial. All results should be 
interpreted cautiously and should take the method limitations into account. 

Baseline results indicate that while coastal areas and some specific offshore locations 
are subject to particularly high environmental impact, most other areas are much less 
affected. Bottom trawl fisheries, eutrophication, persistent pollution, and shipping are the 
main stress contributors in the Swedish Skagerrak and Kattegat. In the Baltic Sea and the 
Bothnian Bay, eutrophication and pollution are dominant contributors, followed by 
shipping (shipping air emissions are not included in these analyses). When climate 
change stressors are added (with a high degree of uncertainty), the cumulative impact 
increases by 50-100%. 

Scenario-based analyses of MSP drafts indicate that in these instances overall 
cumulative impacts do not increase or decrease substantially, even if the drafts include 
additional offshore windfarms and sand mining. However, a redistribution of 
environmental impacts is evident; some areas are affected more heavily, while in other 
areas the impact is decreased. The analyses include some fishing area redistribution, but 
no decrease in fishing effort and no changes to current shipping routes. 

Continued use and development of Symphony will improve the integration of 
environmental considerations in planning. They will additionally support the national 
and international consultation process, and may prove valuable for broader international 
collaboration on ecosystem-based MSP. Given correctly formatted robust data and 
adapted assumptions, the Symphony method can provide valuable analyses for MSP in 
any context. In particular, alignment with the EU Marine Strategy Framework Directive 
indicators may strengthen the Symphony method approach in the European context. 
 
Please note that this translated report does not present the latest results from Symphony and does not contain 
the latest updates to data or methodology
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This is Symphony 
Symphony is an assessment method that has been developed as an aid for national 

marine spatial planning. The objective is to show at a general level how the environmental 
impact from human activities varies between different areas and how planning affects this 
distribution. This facilitates environmental planning. 

Symphony calculates the cumulative environmental impact from a spatial perspective. 
This means that each area in the sea (divided into a grid of 250 x 250 m squares or pixels) 
is allocated a value that describes the extent to which we humans impact a representation 
of the marine environment. The value is calculated based on the best available data, and is 
used to compare the areas rather than providing an absolute value. 

The method builds on three main components: maps of pressures, maps of ecosystem 
components, and a matrix showing how sensitive each ecosystem component is to each 
pressure. Pressures are the results of human activities that can affect and harm the 
(marine) environment. Ecosystem components are habitats, species, or groups of animals 
or plants that constitutes parts of the marine ecosystem. In order to calculate the 
environmental impact in each area (pixel), the values for the three main components are 
multiplied, i.e. pressures x ecosystem components x sensitivity. The product is the 
calculated cumulative, or aggregated, environmental impact. Because the input data 
contain varying degrees of reliability, the aggregated uncertainty is also estimated. 

In most cases, the data are comprised of average values from the most recent years or 
decade. Therefore, the results reflect the present situation and how current pressures 
affect the existing ecosystem during the year. Single, short-duration pressures are not 
included, nor are season-specific analyses. 

Symphony builds on a simple scientific method (Halpern et al. 2008). Even though 
the results are based on massive data volumes, the calculations have an easy-to-
understand structure. All underlying assumptions are explained. This transparency 
enables review and revision of the method. 

Symphony is an inclusive well-orchestrated product in which the synergy of multiple 
instruments generates a more complete experience. The name also links to the earlier 
Harmony project, which describes the cumulative environmental impact in the North 
Sea, and which is based on the same underlying method. 

 
 

Symphony in context 
Marine Spatial Planning (MSP) is intended as a guide when organising the spatial 

distribution of activities in the sea. MSP should indicate which uses are the most 
appropriate in the various locations. This will enable the realisation of environmental, 
societal, and economic policy objectives. In accordance with the Swedish Marine Spatial 
Planning Ordinance (2015:400), which is derived from the EU Framework Directive for 
Marine Spatial Planning (2014/89/EU), planning
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must adopt an ecosystem approach. The ecosystem approach is an international strategy 
for the integrated management of land, water, and living resources that promotes 
conservation and sustainable use in an equitable way. This means that marine spatial 
planning facilitates the use of the ecosystems without compromising their long-term 
survival in terms of their structure, dynamics and function (Schmidtbauer Crona 2012). 

Symphony is used as an integral part of the planning process by presenting spatial 
differences in environmental impacts, and by calculating how proposed plans could 
change this environmental impact positively or negatively. Using Symphony, the outcome 
of various planning options can be compared from an environmental impact perspective 
and thus contribute to conservation of natural assets and sustainable use. Because the 
method enables all impacts in all sectors to be compared using one analysis, various 
interests and activities can be processed in a neutral and knowledge-based way.
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Background and principle 
MSP is undertaken by several bodies throughout the world, with the overall objective 

of promoting sustainable use of marine resources. Planning use of the sea creates 
predictability and has a holistic perspective. In the EU and Sweden, MSP is to be based on 
an ecosystem approach. 

In Sweden, territorial water from one nautical mile outside the baseline to the edge of 
the Exclusive Economic Zone (EEZ) is subject to national marine spatial planning. Inside 
the baseline, marine and land planning are the responsibility of the municipalities. 
National planning is divided into three marine spatial plans: Skagerrak and Kattegat, the 
Baltic Sea, and the Gulf of Bothnia. The plans are guiding and present the most 
appropriate use of the various areas at an all-encompassing level. 

The total area to be planned is very large1, and involves a myriad of local prerequisites 
both in regard to the needs of people and natural characteristics. Planning using an 
ecosystem approach means that the plans’ environmental impacts must be considered 
during the planning process, so that adaptations can be implemented where necessary. 
Furthermore, Strategic Environmental Assessments (SEAs) must be conducted to define 
the expected environmental impact of the plan. It is therefore essential to understand the 
environmental impacts that affect each area, the causes of these impacts, and the 
potential result of changes in the use of the sea. If this is to be achieved, an MSP support 
tool is essential. 

The planning support tool must be tailored as required, answer the questions that are 
posed, and be user friendly and accessible (Pınarbaşı et al. 2017). As an aid in 
understanding the aggregated environmental impact on these massive and diversified 
marine areas, the planning process requires an assessment method that is not only 
quantitative, holistic, and transparent, but which also has high spatial resolution. 
Moreover, it must be possible to perform analyses quickly and with a future-oriented 
function (scenarios). Based on these criteria, the Swedish Agency for Marine and Water 
Management (SwAM) has developed Symphony as a support tool for MSP. 

Symphony is based on a method which was originally published in Science in 2008 by 
B. S. Halpern et al. Halpern presented an index that reported the cumulative 
environmental impact at a global level with relatively high spatial resolution. The index 
builds on the aggregation of three main components: maps of various pressures, maps of 
various ecosystem components, and a matrix that describes how sensitive each ecosystem 
component is to each pressure. 

In summary: 
 

• In the maps of pressures, each pixel depicts the intensity of factors that can affect the 
marine environment negatively, such as emissions, catches, or physical impacts. 

• The maps of ecosystem components depict, for each pixel, a value for how important the 
area is for each selected element of the marine ecosystem, such as special habitats or 
species. 

• The sensitivity matrix describes the ecosystem components’ sensitivity, with a high 
number meaning that the pressure has a high impact on the ecosystem component. 

 
The cumulative environmental impact (I) in one pixel is calculated by multiplying the 

                     
1 Skagerrak and Kattegat 9,730 km2, Baltic Sea 74,335 km2, and the Gulf of Bothnia 38,030 km2. In total 

122,095 km2. 
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values for each pressure (P) with the value for each ecosystem component (E) and its 
specific sensitivity (S), the products then being aggregated at the end in accordance with: 
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The results (Psum) are presented as a colour scale map on which high and low values can 
easily be distinguished. This generates a spatial image of whether the environmental 
impact is high or low. The results can also be aggregated for a given area in order to 
determine which pressures have the greatest environmental impact and which ecosystem 
components are affected. 

With this method, it is important to understand that high pressure intensity does not 
automatically confer a high cumulative environmental impact. In order for a high 
cumulative environmental impact to be elicited in Symphony, the following is required: a 
high-pressure intensity, a high aggregated value for ecosystem components, and a high-
pressure sensitivity of the ecosystem components. 

This method for calculating the cumulative environmental impact is simple and 
transparent. However, the sensitivity matrix, and production of the input maps for 
pressures and ecosystem components are based on many assumptions and difficulties. 
This entails certain limitations when applying the results, and necessitates strict 
requirements for reporting the methods used to generate each input map, so-called 
metadata. Nonetheless, these assumptions have to be made to enable assessment of the 
environmental impact over large geographical areas. 

Research in this area has highlighted the need to estimate the uncertainty of the 
assessments. There is a large spatial variation in reliability, and that uncertainty can also 
be high in areas showing a high cumulative environmental impact (Stock and Micheli 
2016; Gissi et al. 2017). The uncertainties must therefore be presented transparently. 

Recently, Halpern’s method has been used to calculate the cumulative environmental 
impact in a large number of marine areas (Korpinen and Andersen 2016), including the 
Baltic Sea (Korpinen et al. 2012), North Sea (Andersen et al. 2013; Andersen, Harvey, et 
al. 2017), Mediterranean Sea, Black Sea (Micheli et al. 2013), and Arctic region 
(Andersen, Berzaghi, et al. 2017). In Helcom, the method is used to illustrate the 
cumulative environmental impact in connection with status evaluation of the marine 
environment in the Baltic Sea region (HOLAS I and II). 

Use of spatial assessment of cumulative environmental impacts is in line with the 
provisions of the EU Maritime Spatial Planning Directive, and has been proposed in 
several research studies (Foley et al. 2010; Fernandes et al. 2017; Gilbert et al. 2015; Kelly 
et al. 2014; Douvere and Ehler 2009). Researchers have produced documentation to 
support marine spatial planning; for example, in Portugal (Fernandes et al. 2017) and the 
Adriatic Sea (Gissi et al. 2017). In France, the authorities for biodiversity, under the EU 
project SIMCelt, have produced comparable documentation supporting the marine spatial 
planning process (Quemmerais- Amice, Vanhoutte-Brunier, and Alloncle 2017). 

Despite the recommendations and the extensive academic expertise available in this 
field, spatial cumulative environmental assessment has not yet been used in an integrated 
manner in MSP, and only in a few cases in marine management (e.g. in the U.S.). One 
important difference between the international studies and Swedish MSP is the 
identification of the need to analyse scenarios i.e. to assess the cumulative environmental 
impact of the future use of the seas. In this regard, Symphony offers a new method that 
will be developed continuously. 
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Symphony in relation to the Marine Strategy 
Framework Directive and Green Infrastructure  

There is a need to link MSP to the Marine Strategy Framework Directive (MSFD) 
2008/56/EG with its objective of achieving good environmental status in our seas 
(Gilbert et al. 2015). Currently, the cumulative environmental impact cannot be linked 
directly to environmental status as stated in the MSFD. Much of the input data used in 
Symphony relates to the indicators that are included in the MSFD, but are unfortunately 
not equitable. In future versions of Symphony, it would be desirable for new data and 
analyses to contribute to a direct link between MSP and MSFD. 

Similarly, Symphony can be developed towards linking directly with the ongoing work 
with mapping and protecting the marine Green Infrastructure. Green Infrastructure is the 
ecological functional network of habitats that are needed to maintain biological diversity 
and ecosystem services. The framework for natural value assessment in marine 
environments, which is based on an extensive description of the ecosystem component 
distribution and ecological values, is under development (HaV 2017). In the future, this 
material could also be incorporated in Symphony and contribute to ensuring that future 
MSP account for and promotes Green Infrastructure in the sea in a systematic manner. 
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Application 
Objective 

The objective of Symphony is the integration of cumulative environmental impact 
assessments in national MSP in order to secure robust environmental considerations. 
Symphony is intended for use as a support tool for people who work with drawing up 
plans as well as those who contribute with knowledge and expert opinions. Furthermore, 
the method can be used for general or strategic analysis of other issues with a bearing on 
the cumulative environmental impact in the sea. 

 

Use of Symphony in MSP 
Symphony reveals in a transparent manner how environmental pressures affect 

different areas of the sea. In addition, Symphony generates a picture of how planning 
affects the environmental impact in different areas. This future-oriented function is at the 
core of the application of Symphony. The results can be used in the actual planning 
process and when deriving strategic environmental assessments (SEA) and sustainability 
assessments. The illustrations in Figure 1 and Figure 2 below describe in more detail how 
Symphony is used. 

 

 
 

Figure 1. Starting points for analyses in Symphony. The results used in MSP are depicted as 
arrows. Starting points for analysis indicate the assumptions made in regard to ecosystem 
components (E) and pressures (P). Outlook 2030 is a comparison of two analyses in which P is 
based on a future prognosis either with or without the use of MSP. 
 

In addition to the analyses of the cumulative environmental impact, a map is compiled 
that describes the aggregated ecological values. This product is designated the Green 
Map2 and depicts which areas are valuable for a large variety of ecosystem components. 

                     
2  In the marine spatial plans, Symphony’s Green map is now called Green map 3 as two similar maps 

Pressures: Implemented Marine Spatial Plan
Ecosystem components: Current Status

Ecosystem components: Current Status

Starting Points for Analyses Symphony Result

Pressures: Current Status
Ecosystem components: Current Status

Green Map

Current Status

Outlook 2030

Current Plan

Pressures: Future Scenario without Marine Spatial 
Plan
Ecosystem components: Current Status

Pressures: Future Scenario with Marine Spatial 
Plan
Ecosystem components: Current Status
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Together with other input on natural values, the Green Map is used in the work of 
identifying areas where special consideration of nature may be required. 

Next, the cumulative environmental impact in Swedish waters (Current status) is 
analysed. Current status descriptions are used in planning as a tool to understand which 
areas are currently exposed to high environmental impacts and which areas are currently 
not highly impacted by human activities. This understanding can influence the design of 
proposed plans, for example by applying special considerations in areas that are heavily 
burdened or are of particular natural interest. 

Subsequently, analyses are performed to determine how the cumulative environmental 
impact would be affected if the derived plan proposals were applied (Current plan). For 
the sake of comparison an (unreasonable) assumption is used that the marine spatial 
plans are immediately implemented in full3. These scenarios are thus one method of 
predicting the effect of the plan on environmental impacts. They are used in planning and 
consultations to identify any problems from an environmental perspective and to find 
better solutions where necessary. Several different plan proposals can be analysed and 
compared. These analyses (Current plan) constitute the core of Symphony. 

Finally, there is analysis of how the cumulative environmental impact could differ in 
the future, either with or without the use of MSP (Outlook 2030). Assumptions are made 
here on how various societal sectors will develop until 2030, which is the reference year 
for the Swedish MSP. These assumptions are applied to increasing or decreasing 
pressures for which spatial distribution is either based on the current status or on MSP. 
Subsequently, the future environmental impact differences between the two options are 
compared: with and without MSP. Outlook 2030 is primarily a support tool for the SEA 
for the marine spatial plans. 

All use of Symphony in MSP considers the method’s deficits and the aggregation of 
uncertainty that arises when large data volumes are pooled. The uncertainty is presented 
spatially so that the users can see where the uncertainty is particularly high or low. 

Looking forward, Symphony can contribute to monitoring and evaluating MSP. In 
accordance with the Marine Spatial Planning Ordinance, MSPs must be updated at least 
every eight years. Using Symphony, new marine spatial plans can be compared with 
earlier plans. By updating and comparing the underlying data, the effect of the marine 
spatial plans can also be evaluated. 

Moreover, Symphony can act as a bridge between MSP processes across countries. 
Environmental impacts occur across borders, and data are important for everyone. 
Symphony has been part of several multilateral collaboration projects (Baltic SCOPE, 
NorthSEE, and Baltic LINES) and is currently being further developed in Pan Baltic 
SCOPE. 

 

                     
have previously been compiled. 

3 Implementation of the plan is defined as embedding the guidance provided by the plan in marine 
management, industry development, environmental impact analysis, and development of regulations. 
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Figure 2. Schematic diagram of how the results of the various analyses in Symphony 
are integrated in the planning process. Symphony is used during production of both 
the consultation version and the review version of marine spatial plans. The final product is 
a plan proposal, including a Strategic Environmental Assessment (SEA) and sustainability 
assessment that will be submitted to the government. 
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Method 
The Symphony development process 

Symphony was developed by the Swedish Agency for Marine and Water Management 
in collaboration with other state agencies, universities, and environmental consultants. 
The method has its roots in earlier work starting with Halpern et al. (2008), but has been 
adapted to Swedish conditions. It is intended as a support tool for Swedish MSP. Work 
started in 2015 and the first results were available in 2017. Method development has been 
continuous and supported by scientific expertise. Figure 2 shows how Symphony has been 
used, how it will be used, and how it will be updated in stages in the MSP process. 

The method description and results described in this report relate to the Symphony 
consultation phase, i.e. the first version of Symphony that was used during 2017 and 2018 
to produce marine spatial plans before consultation. 

Symphony is comprised of four elements: ecosystem components, pressures, a 
sensitivity matrix, and an analytical platform. Table 1 shows how the elements were 
produced. 

 
Table 1. Development of Symphony up until delivery of the first results and use in MSP. 

Time Developmental milestone 

2015: 4 
Decision and start-up 

2016: 1 
Method development and consultations (Chalmers, NIVA) 

2016: 2 Notice to proceed and order placed with suppliers 
Workshop 1 for suppliers 

2016: 3 Work to produce maps 
Workshop 2 for suppliers 

2016: 4 Work to produce maps 
Work to produce sensitivity matrix 

2017: 1 Method development harmonisation with Helcom 
Work to produce maps 
Workshop and consultations for development of analytical platform (NOAA, 
UCSB) 
Work to produce sensitivity matrix 

2017: 2 Review and adjustment of maps 
Workshop for map harmonisation 
Review and adjustment of sensitivity matrix and consultations (Chalmers, 
WSU) Development of analytical platform 

2017: 3 Review and adjustment of maps 
Development of analytical platform 

2017: 4 Method development harmonisation with Helcom 
Development of analytical platform 
Result (The Green Map) used in marine spatial planning 
Result (Current status) used in marine spatial planning 

2018: 1 
Result (Current status, Current plan, Outlook 2030) used in marine spatial planning 
and SEA. 
Publication of report 2018:1 with Results annexes 

 
Symphony collaboration partners 

The Geological Survey of Sweden (SGU) has provided specialist support in 
method development and has been responsible for the synchronisation of maps and 
pooling of metadata. WSP Sweden AB has acted as the coordinator for data collection. 
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Scientific expertise has been provided by NIVA Denmark, Chalmers University of 
Technology, National Oceanographic and Atmospheric Agency (NOAA), University of 
California Santa Barbara (UCSB), and Washington State University (WSU). 
Harmonisation has been performed by Helcom, which works with a similar method as a 
tool for assessing environmental status in the Baltic Sea. 

An analytical platform is necessary for calculations, analyses and results maps. This 
can be dedicated software or code in a programming language that can be implemented in 
a geographic information system. Two analytical platforms have been developed for 
Symphony by the Swedish Agency for Marine and Water Management in collaboration 
with SeaSketch UCSB and Medins Havs och Vattenkonsulter AB, with Medins having 
been responsible for continuous analyses using the platform SyM. 

Maps of ecosystem components and pressures were compiled by: SGU, WSP, Medins, 
SLU Aqua, AquaBiota Water Research AB, and DHI. In addition, input data have been 
compiled by SMHI, SSPA Sweden, Swedish Royal Museum of Natural History, National 
Environmental Research Institute (Aarhus University), Manrax Miljöcentrum, and Metria 
AB. Complete details of source data can be found in Annex 1. 

 

Temporality and spatiality 
Symphony covers all Swedish waters from the shoreline to the economic zone. 

Analyses can be performed on this area in its entirety or any parts of it. The spatial 
resolution is 250 x 250 metres, and data are adapted to this grid regardless of the actual 
resolution of the data. The technicalities of the Symphony grid are described in Annex 1. 
Symphony has no temporal resolution. This means that annual average values or a 
representation of the most relevant season are used in the analyses. The consequences of 
this for uncertainty and exposure are discussed in this report. 

 

Ecosystem components 
Symphony uses 32 ecosystem components which represent the Swedish sea’s 

ecosystem. These incorporate not only habitats, but also populations, species, or groups 
of species. The maps for each ecosystem component cover the entire Swedish marine area 
and have a specific value in each pixel. This value is a relative estimate of the value of the 
geographic position (pixel) for the respective ecosystem component. Because the 
underlying data differ between the various ecosystem components, data processing also 
differs. In principle, habitats have been processed using linear4 or categoric5 

transformation, while populations and species have primarily undergone logarithmic 
transformation (logX+1)6. The objective with logarithmic transformation is to raise the 
value in areas where threatened or endangered species currently exist at low densities, 
and thus better represent the area’s potential value for these species. 

A gross list of ecosystem components was compiled using an input report from 
scientific experts (Andersen and Kallenbach 2016). This list was adjusted for Swedish 
conditions and following review of the ecosystem components that had been used in 
earlier similar analyses. For this work, expert opinions were obtained from SLU Aqua and 

                     
4 Linear transformation means that data are scaled (0-100) without any additional function. 
5 Categoric transformation means that data are categorised into groups; binary distribution (0 or 

1) is the simplest form of transformation. 
6 Logarithmic transformation means that the difference becomes less between the average and the highest 

values. 
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SGU. There is overlap between some ecosystem components. For example, cod is a 
dedicated ecosystem component but is also included in the ecosystem component 
spawning and is part of the bottom feeder ecosystem. This means that cod can be said to 
have more weight in the analysis compared to many other fish. 

Ecosystem component maps are described in general in Table 2. Annex 1 presents 
metadata and maps with a higher resolution. 

 
Table 2. Description of the 32 ecosystem components used in Symphony. 
All data have been normalised to a value between 0 and 100. Normalisation method states the 
transformation used for normalisation. In general, 0 and 100 are interpreted to mean that the 
geographical position has a low and high value, respectively, for the ecosystem component. 
Designation of value is a specification of the value scale. Data period indicates the years in which 
source data have been collected. Overview maps are available at a higher resolution together with 
detailed metadata and source references in Annex 1. Supplier refers to the body that processed 
data for the Swedish Agency for Marine and Water Management. Marine Spatial Plan refers to the 
marine spatial plans for which the ecosystem component has been included in Symphony. 
MHV = Medins Havs och Vattenkonsulter AB; SGU = Geological Survey of Sweden; ABW = 
AquaBiota Water Research AB; SLU = Swedish University of Agricultural Sciences, Department of 
Aquatic Resources; WSP = WSP Sverige AB. 
GB = the Gulf of Bothnia; BS = Baltic Seas; SK = Skagerrak and Kattegat. 

 
Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Plankton 

community 

MHV 

SK/BS/GB 

Presence of plankton. Based 

on deep-integrated 

phytoplankton weight per 
pixel (int chl-a mg m-2). 

Satellite-based data. 

Sigmoid 

0 = 0 mg m-2 

100 = 151 mg m-2 2014-2016 
whole year 

 

Shoreline 
complexity 

SGU 

SK/BS/GB 

Distribution of coast 
(shoreline). Based on coastal 

geographical complexity 

calculated as its total length 

through one pixel. 

Linear 
0 = straight coast 

100 = shoreline >1.5 km 2017 

 

Hard bottom 

photic 

SGU 

SK/BS/GB 

Distribution of stones, 

boulders, rock inside photic 
zone. Based on the probability 

of presence in each pixel. 

Linear 

0 = improbable presence 100 = 
complete coverage 2016 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Hard bottom 

aphotic 

SGU 

SK/BS/GB 

Distribution of stones, 

boulders, rock inside photic 
zone. Based on the probability 

of presence in each pixel. 

Linear 

0 = improbable presence 100 = 
complete coverage 2016 

 

Hard bottom deep 

SGU 

SK/BS/GB 

Distribution of stones, 

boulders, rock deeper than 60 
m. Based on the probability of 

presence in each pixel. 

Linear 

0 = improbable presence 100 = 
complete coverage 2016 

 

Transport 

bottom photic 

SGU 

SK/BS/GB 

Distribution of sand and 

gravel inside photic zone. 
Based on the probability of 

presence in each pixel. 

Linear 

0 = improbable presence 100 = 
complete coverage 2016 

 

Transport bottom 
aphotic 

SGU 

SK/BS/GB 

 

Distribution of sand and 
gravel below the photic zone 

down to 60 m. Based on the 

probability of presence in 

each area. 

Linear 
0 = improbable presence 100 = 

complete coverage 2016 

 

Transport bottom 
deep 

SGU 

SK/BS/GB 

Distribution of sand and 

gravel deeper than 60 m. 

Based on the probability of 

presence in each area. 

Linear 

0 = improbable presence 100 = 

complete coverage 2016 

 

Soft bottom 

photic 

(Soft bottom photic) 
SGU 

SK/BS/GB 

Distribution of mud, clay, silt 

inside photic zone. Based on 

the probability of presence in 
each pixel. 

Linear 

0 = improbable presence 100 = 

complete coverage 2016 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Soft bottom 

aphotic 
SGU 

SK/BS/GB 

Distribution of mud, clay, silt 

below the photic zone down to 
60 m. Based on the 

probability of presence in 

each area. 

Linear 

0 = improbable presence 
100 = complete coverage 

2016 
 

Soft bottom 

deep 
SGU 

SK/BS/GB 

Distribution of mud, clay, silt 

deeper than 60 m. Based on 
the probability of presence in 

each pixel. 

Linear 

0 = improbable presence 
100 = complete coverage 

2016 
 

Mussel reef 

ABW 

SK/BS/GB 

Distribution of aggregated 

mussels. Based on two 
sources: continuous 

prediction model for blue 

mussels; and observations of 

other mussels (M baltica, C 

glaucum, A islantica, 

M modiolus). 

Categorical 

0 = low probability, none obs 
30 = high probability 

100 = observation or proximity to 

observation 

2006-2016 

 

Deep reef 

ABW 

SK/BS/GB 

Presence of reef with sponges 

or eye-coral. Based on 

observations of sponge 

communities and 

eye-coral (Lophelia pertusa). 

Categorical (binary) 

0 = not studied or no presence 

100 = observation or proximity to 

several observations 

2006-2016 
 

Haploops reef 

ABW 

SK/BS 

Presence of reef of amphipod 

Haploops spp. Based on 

observations. 

Categorical (binary) 

0 = not studied or no 

presence 

100 = observation 

2006-2016 

 

Artificial reef 

WSP 

SK/BS/GB 

Presence of reef-forming 

structures including wrecks, 
bridges, lighthouses and 

foundations. Based on various 

registers of existing 

structures. 

Categorical (binary) 

0 = presence not known 

100 = presence 

2016  
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Angiosperms 

MHV 

SK/BS/GB 

Presence of eelgrass (Zostera) 

and Charophyte green algae 
(Characeae). Based on the 

probability of presence in 

each 100 m2 pixel. Satellite-

based data. 

Linear 

0 = improbable presence 
100 = complete coverage 

2008-2016 
 

Cod 

SLU / HaV 
SK/BS/GB 

Relative presence of cod (G 

morhua). Based on fishing 
trials (cpue) in Skagerrak and 

Kattegat; distribution model 

for the Baltic Sea; landing 

data from the Gulf of Bothnia. 

Logarithmic 

0 = no presence 

100 = highest density in Swedish 

waters 

2010-2015 

 

Herring 

SLU / HaV 

SK/BS/GB 

Relative presence of herring 

(C harengus). Based on 

acoustic studies and landing 

data. 

Logarithmic 

0 = no presence 

100 = highest density in Swedish 

waters 

2010-2015 

 

Sprat 

SLU / HaV 

SK/BS/GB 

Relative presence of sprat (S 

sprattus). Based on acoustic 

studies and landing data. 

Logarithmic 

0 = no presence 

100 = highest density in Swedish 

waters 

2010-2015 

 

Vendace 

SLU 

GB 

Relative presence of vendace 

(C albula). Based on landing 

data. 

Logarithmic  

0 = no presence 

100 = highest density in Swedish 
waters 

2010-2015 
 

Spawning fish 

SLU 

SK/BS/GB 

Spawning grounds for 

commercial fishing’s most 
important species described 

as economic value per area. 

Based on information on the 

distribution of spawning 

grounds and spawning depth 

area combined with depth 

Linear 

0 = no spawning 
100 = highest economic value per 

area spawning ground, in each 

marine region 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

data. Summated for all fish 

species with an annual catch 
value of at least SEK 100 000 

per sea area (number of 

species included; GB: 5, BS: 

12, SK: 25). 

River mouth  

fish 

SLU 

SK/BS/GB 

Diversity of fish species in the 
estuary. Based on the number 

of registered species of 

salmon (S salar), trout (S 

trutta), eel (A anguilla) and 

sea lamprey (P marinus) in 

each river mouth that 
maintains a register. 

Linear 
0 = no registered species 

100 = highest number of 

registered species 

1952-2015 
 

Eel migration 

SLU 

SK/BS/GB 

Relative presence of 

migrating eels (A anguilla) by 

the coast. Based on an 

estimation of the eel’s 
migration route from and 

along the coast towards the 

Atlantic using landing data. 

Linear 

0 = no eel migration 

100 = highest concentration of 

migrating eels in Swedish waters 
1999-2003 

 

Grey seal 

SLU 

SK/BS/GB 

Relative presence of grey seal 

(H grypus). Based on national 
monitoring program of seal 

colonies and extrapolation 

based on range (60 km home 

range) and migration 

patterns. 

Logarithmic 

0 = no presence 

100 = colony with highest 

number of seals 

2010-2015 

 

Harbour seal 

SLU 

SK/BS 

Relative presence of harbour 
seal (P vitulina). Based on 

national monitoring program 

of seal colonies and 

extrapolation based on range 

(40 km home range). 

Logarithmic 

0 = no presence 

100 = colony with highest 

number of seals 

2010-2015 

 

Ringed seal 

SLU 

GB 

Relative presence of ringed 

seal (P hispida). Based on 

national monitoring program 

of seal colonies and 

extrapolation based on range 
(60 km home range). 

Logarithmic 

0 = no presence 

100 = colony with highest 

number of seals 

2010-2015 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Porpoise North 
Sea 

WSP 

SK 

Relative presence of porpoise 

(P phocoena) from the North 
Sea population. Calculated as 

Kernal density derived from 

acoustic, aircraft and satellite 

studies, as well as shipping 

observations conducted by 
Århus University. 

Logarithmic 

0 = no presence 

100 = high presence as annual 

average 

1991-2007 whole year 

 

Porpoise Belt Sea 

WSP 

SK/BS 

Relative presence of porpoise 

(P phocoena) from the Danish 

Strait population. Calculated 

as Kernal density derived 

from acoustic, aircraft and 
satellite studies, as well as 

shipping observations 

conducted by Århus 

University. 

Logarithmic 

0 = no presence 

100 = high presence as annual 

average 

1991-2007 whole year 

 

Porpoise Baltic 
Sea 

WSP 

BS/GB 

Relative presence of porpoise 
(P phocoena) from the Baltic 

Sea population. Calculated as 

combination of acoustic 

studies (SAMBAH project) 

and Kernal density from older 

studies. 

Linear 
0 = no presence 

100 = highest presence as annual 

average 

1991-2013 whole year 
 

Birds coastal 

WSP 

SK/BS/GB 

Relative presence of birds. 
Based on the number of 

reported coast observations 

during May-June. 

Standardised using the 

average for 5 km2. Total of 25 
reported species. 

Logarithmic 
0 = none reported 

100 = maximum number 

reported 

2010-2017 May-June 
 

Seabirds winter 
coastal 
WSP 

SK/BS/GB 

Relative presence of wintering 

seabirds in coastal areas. 

Based on modelled density of 

four species for which each 

species has been normalised 
against population size. The 

models are based on aircraft 

studies. Velvet scoters (M 

fusca), long-tailed ducks (C 

hyemalis), common scoters 
(M nigra), eider (S 

mollissima). Source the 

SOWBAS project. 

Logarithmic 

0 = no wintering 

100 = maximum relative density 

of wintering seabirds for any of 

the species. The value in each 
pixel is based on the species with 

the highest value in the pixel. 

2015 Winter 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Seabirds winter 
offshore 
WSP 

SK/BS/GB 

Relative presence of wintering 

seabirds in offshore areas. 
Based on modelled density of 

four species for which each 

species has been normalised 

against population size. The 

models are based on field 
studies. Velvet scoters (M 

fusca), long-tailed ducks (C 

hyemalis), common scoters 

(M nigra), eider (S 

mollissima). Source the 
SOWBAS project. 

Logarithmic 

0 = no wintering 
100 = maximum relative density 

of wintering seabirds for any of 

the species. The value in each 

pixel is based on the species with 

the highest value in the pixel. 
2007-2009 Winter 

 

 
Symphony’s green maps 

The Green Map is a presentation of all the ecosystem components together. If an area 
is of major significance for many different ecosystem components, the area is allocated a 
high value in the Green Map. Aggregation of the ecological value can be described in 
several ways, and there are therefore several versions of the Green Map. Different marine 
spatial plans or different groups of components can be normalised to create comparability 
and representability. In the version of the Green Map mainly used in the Swedish MSP, 
normalisation has been performed based on both the marine spatial plan and components 
(Figure 3). 

Normalisation according to marine spatial plans means that, just because there are 
fewer species in the Gulf of Bothnia, the Gulf of Bothnia is not automatically given lower 
values than Skagerrak and Kattegat. Instead, the analysis is based on regional conditions, 
and those areas of the Gulf of Bothnia which have unusually high natural values are given 
the same value in the Green Map as an exceptionally rich area in Skagerrak and Kattegat. 

Normalisation according to groups of ecosystem components means that the animal 
group fish has the same significance as the animal group birds even if Symphony contains 
more ecosystem components for fish than for birds. Annex 2 presents how the Green 
Maps have been generated and which assumptions and normalisations or weightings have 
been used. The Geological Survey of Sweden (SGU) is responsible for generating the 
Green Map based on the ecosystem components that are integral to Symphony. 

The principles build on two previous versions of Green Maps that were generated for 
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MSP by the Swedish Agency for Marine and Water Management and AquaBiota Water 
Research AB. In the MSP process, Symphony’s Green Map is therefore called Green 
Map 3. 

 
Figure 3. Green Map. Green colour indicates a higher total value based on all ecosystem 
components. The picture at left presents the version of the Green Map that is mainly used in MSP, 
with normalisation having been performed both in accordance with marine spatial plans (Skagerrak 
and Kattegat, Baltic Sea, and Gulf of Bothnia) and in accordance with groups of ecosystem 
components (habitats, fish, mammals, and sea birds). The right picture presents a simple 
aggregation of ecosystem components without normalisation or weighting; this version represents 
the elements in the calculations of cumulative environmental impact in Symphony. The grid that is 
visible on top of the map in the picture at right shows areas with high uncertainty of data. In these 
areas, knowledge on natural values is low. 

 

Pressures 
The 41 pressures used in Symphony are an extensive selection of physical and 

chemical factors from human activities that can harm the marine environment (the 
ecosystem components). Certain human activities result in a number of pressures, for 
example trawling for fish damages the bottom environment by scraping as well as 
muddying the water with sediment. Similar pressures can also be generated by various 
human activities, for example underwater noise from shipping and wind power turbines. 
The pressures included in Symphony are intended to represent all the ways in which 
humans affect the sea7. 

The maps that describe the pressures indicate the pressure intensity in each 
geographic position (pixel). If the pressure does not occur in the area, the value is 0. If the 
pressure has the highest recorded intensity for Sweden, the value is 100. In some cases, 
the max value of 100 is based on established target values8. 

                     
7  Even though the ambition is to represent all impacts on the sea, several pressures are absent, 

e.g. marine litter, dredging and air pollutants. 
8  For environmental toxins in sediment, the scale of 0-100 is based on the risk classes developed by the 

Swedish Environmental Protection Agency and SGU, where the threshold limit for Class 5 (very high 
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The pressures have been derived in various ways depending on their character and 
accessibility to data. In almost all cases, simplistic or advanced models have been used to 
describe the pressure intensity throughout the entire Swedish marine region. Many of the 
pressures are coastal or are the result of current or historical activities that are not 
affected by MSP. The inclusion of these pressures in the analysis is particularly important, 
because they constitute the context in which MSP pressures have an impact. 

In contrast to many other applications of the Halpern method for cumulative 
environmental assessment, the pressures are generally not logarithmically transformed in 
Symphony. The pressures are primarily linearly or categorically normalised to the 0-100 
scale. This method weighting strives to reflect the actual situation, without amplifying the 
impact from activities that give lower pressures. 

The pressures have been selected based on the following: a gross list was compiled 
using an input report from scientific experts (Andersen and Kallenbach 2016). This gross 
list was adjusted for Swedish conditions and following review of the ecosystem 
components that had been used in earlier similar analyses. Expert opinions from SLU 
Aqua and SGU were included in this work. Pressure maps are described in general in 
Table 3. Annex 1 presents metadata and maps with a higher resolution. Documentation in 
Symphony is continuously updated and improved.  

                     
value) is classified as pressure 100 in Symphony and the historical background value as pressure 0. 
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Table 3. Description of the 41 pressures utilised in Symphony. 
All data have been normalised to a value between 0 and 100. Normalisation method states the 
transformation used for normalisation. In general, 0 and 100 are interpreted to mean that the 
geographical position has a low and high value, respectively, for the pressure. Designation of  
value is a specification of the value scale. Data period indicates the years in which the source data 
have been collected. Overview maps are available at a higher resolution together with detailed 
metadata and source references in Annex 1. Supplier refers to the body that processed data for 
the Swedish Agency for Marine and Water Management. Marine Spatial Plan refers to the marine 
spatial plans for which the pressure has been included in Symphony. 
MHV = Medins Havs och Vattenkonsulter AB; SGU = Geological Survey of Sweden; SLU = 
Swedish University of Agricultural Sciences, Department of Aquatic Resources; WSP = WSP 
Sverige AB. DHI = DHI Sverige AB; HaV = Swedish Agency for Marine and Water Management. 
GB = the Gulf of Bothnia; BS = Baltic Seas; SK = Skagerrak and Kattegat. 

 
 

Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Noise 125 Hz 
shipping  
WSP 

SK/BS/GB 

Shipping noise as annual average 

at frequency 125 Hz. The model is 

based on traffic frequency (AIS) 

and source strengths for various 
vessels, and calculates noise 

damping related to depth and 

bottom substrate. 

Linear 

0 = noise lower than 100 

dB re 1 µPa annual average 

100 = noise at least 150 dB 
re 1 µPa annual average 

2015 whole year 

 

Noise 2000 Hz 
shipping 

WSP 
SK/BS/GB 

Shipping noise as annual average 

at frequency 

2000 Hz. The model is based on 
traffic frequency (AIS) and source 

strengths for various vessels, and 

calculates noise damping related 

to depth and bottom substrate. 

Linear 

0 = noise lower than 

100 dB re 1 µPa annual 
average 

100 = noise at least 

150 dB re 1 µPa annual 

average 

2015 whole year 

 

Oilspill 2 knots 
shipping 
WSP 

SK/BS/GB 

The probability each year of oil 

spill from shipping. The model is 

based on historic oil spills, traffic 

frequency (AIS) and an assumed 

spread with surface currents 

2 knots in all directions over 24 
hours. Refers to operational 

release, not larger oil spills. 

Linear 

0 = no risk of oil 

100 = high probability of 

oil in surface water 

2015 whole year 
 

Turbidity shipping 

SGU / WSP 

SK/BS/GB 

Turbidity (erosion) of sediment 

from the bottom caused by 

shipping. Based on traffic 
frequency (AIS), depth, bottom 

substrate and assumed propeller 

size, speed and erosion at current 

velocity >0.3 m/s. 

Linear 

0 = no shipping-related 

erosion 
100 = shipping-related 

turbidity and erosion 

corresponding to highly-

trafficked harbour 

approaches. 

2015 whole year 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Catch gillnet 
SLU 

SK/BS/GB 

Fishing using passive tools 

reported by Swedish commercial 

fishing. Based on logbooks and 
diary data. Driftnet fishing 

(mackerel) not included. 

Linear 

0 = no fishing with passive 

tools 
100 = highest Swedish 

fishing in Swedish waters 

and EEZ 

2011-2015 whole year 

 

Catch pelagic 
trawl 
SLU 

SK/BS/GB 

Fishing with pelagic trawl and net 

by Swedish and foreign 

commercial fishing. Based on AIS 

and logbook data. 

Linear 

0 = no pelagic fishing 

100 = highest fishing in 

Swedish waters and EEZ 

2010-2015 whole year 
 

Catch bottom 
trawl 
SLU 

SK/BS/GB 

Fishing using bottom trawl by 

Swedish and foreign commercial 

fishing. Based on SAR (surface 

area ratio) derived by ICES, which 

is based on VMS data and 
describes how frequently a 

bottom surface is trawled on 

average. 

Linear 

0 = no bottom trawling 

100 = highest trawling 

frequency (SAR) in 

Swedish waters and EEZ 
(SARMAX=8.2) 

2010-2015 whole year 

 

Turbidity bottom 
trawl 
HaV / SLU 
SK/BS/GB 

Frequency of turbidity caused by 

bottom trawling. Based on the 

frequency of bottom trawling 
(SAR). 

Linear 

0 = no turbidity 

100 = highest trawling 
frequency (SAR) in 

Swedish waters and EEZ 

2010-2015 whole year 

 

Abrasion bottom 
trawl 
SLU 

SK/BS/GB 

Frequency of trawl tows that 

damage the bottom. Based on the 
frequency of bottom trawling 

(SAR) and the assumption that 

the recovery time for habitat 

regeneration after physical 

damage is long (logarithmic 

transformation of SAR). 

Logarithmic 

0 = no turbidity 
100 = highest trawling 

frequency (SAR) in 

Swedish waters and EEZ 

2010-2015 whole year 

 

Electromagnetic 
fields 

WSP 

SK/BS/GB 

The presence of underwater 

cables that could be a source of 

biologically detectable 

electromagnetic fields. Based on 

databases of high voltage cables. 

Categorical (binary) 

0 = no underwater cable 

100 = underwater cable 

present in area 

2016 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Noise 125 Hz wind 
power 
WSP 
SK/BS/GB 

Wind power turbine noise as 

annual average at frequency 125 

Hz. The model is based on a 
source strength of 136 dB re 1 µPa 

(Lillgrund) and calculates noise 

damping related to depth and 

bottom substrate. 

Linear 

0 = noise lower than 100 

dB re 1 µPa annual average 
100 = noise at least 150 dB 

re 1 µPa annual average 

2016 

 

Avoidance wind 
power 

WSP 

SK/BS/GB 

The rotor blades’ disturbing 

impact on seabirds. Based on 
available knowledge on how 

windfarms in a worst-case 

scenario affect the flying 

behaviour of seabirds. 

Categorical 

0 = no impact on bird 
behaviour (<3 km distance 

from wind power turbines) 

100 = pronounced impact 

(<500 m distance) 

2016 

 

Toxic metals 
military 

SGU 

SK/BS/GB 

Presence of inorganic 
environmental contaminants 

from military shooting ranges. 

Based on a simple model in which 

the concentration of 

contaminants in sediment 
decreases with distance from the 

centre of the shooting range. 

Linear 
0 = low risk of presence of 

contaminants in sediment 

100 = high risk of presence 

of contaminants in 

sediment 
2016 

 

Explosions Peak 
Measurement 
(PM) 
HaV / WSP 
SK/BS/GB 

Time-integrated exposure for 

overpressure (kPA) from 

explosions during military 

training exercises. Based on 
limited details about historic 

military use of permissions for 

explosions. GIS modelling by 

WSP based on the method stated 

by SwAM. 

Linear 

0 = no explosions or <70 

kPA 

100 = overpressure 2500 
kPA with a frequency of 1 

explosion every week 

2015 whole year 

 

Explosions Sound 
Exposure Level 
(SEL) 

HaV / WSP 

SK/BS/GB 

Time-integrated exposure for 
overpressure (kPA) from 

explosions during military 

training exercises. Based on 

limited details about military 

historic use of permissions for 
explosions. GIS modelling by 

WSP based on the method given 

by SwAM 

Linear 
0 = no explosions or <SEL 

164 dB re 1 µPa 

100 = SEL 216 dB re 1 µPa 

with a frequency of 1 

explosion per week 
2015 whole year 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Turbidity mining 

SGU 

SK/BS/GB 

Turbidity from sand and gravel 

extraction. Assuming turbidity in 

areas with existing permission for 
sand mining. Modelling of 

sediment concentrations has not 

been performed. 

Categorical (binary) 

0 = no turbidity from sand 

mining 
100 = area with turbidity 

caused by sand mining 

2016 

 

Habitat loss 
mining 
SGU 

SK/BS/GB 

Habitat loss caused by extraction 

of marine sand and gravel. 
Assuming extensive bottom 

impact in areas with existing 

permission for sand mining. 

Categorical (binary) 

0 = no habitat loss due to 
sand mining 

100 = area with habitat 

loss caused by sand 

mining 

2016 

 

Nutrients fish 
farming 

DHI 

BS/GB 

Release of nutrients from fish 

farming. Based on the location of 

fish farms without spread of 
nutrients away from the site. 

Categorical (binary) 

0 = no fish farms 

100 = fish farms with 
release of nutrients 

2016 
 

Habitat loss 
fishfarming 

DHI 

BS/GB 

Loss of natural environmental 
conditions in the proximity of the 

fish farms caused by the site and 

accumulated organic material. 

Based on the location of fish 

farms. 

Categorical (binary) 
0 = no fish farms 

100 = fish farms 

2016 
 

Habitat loss 
musselfarming 

DHI 

SK/BS/GB 

Loss of natural environmental 

conditions in the proximity of the 
mussel farms caused by the site 

and accumulated organic 

material. Based on the location of 

mussel farms. 

Categorical (binary) 

0 = no mussel farms 
100 = mussel farms 

2016 
 

Boating noise 

HaV/WSP 

SK/BS/GB 

Underwater noise from boats. 

Estimate of traffic volume 

recreational craft is based on AIS, 
proximity to natural harbours and 

size of marinas. Traffic volume 

linearly converted to incidence of 

noise without noise dispersion 

modelling. 

Categorical 

0 = no recreational craft 

100 = noise corresponding 
to direct association with 

large marinas or very high 

AIS traffic for recreational 

craft. 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Boating pollution 

HaV / WSP 

SK/BS/GB 

Pollution from recreational craft. 

Estimate of traffic volume 

recreational craft based on AIS, 
proximity to natural harbours and 

proximity and size of marinas. 

Traffic volume linearly converted 

to presence of pollutants such as 

residual petroleum products. 

Categorical 

0 = no pollutants from 

recreational craft 
100 = pollutants 

corresponding to direct 

association with large 

marinas or very high AIS 

traffic for recreational 

craft. 

 

Bird hunting 

WSP 

SK/BS/GB 

Hunting for eider and common 

goldeneye in coastal areas and 

sea. Based on county statistics of 

birds shot, related to population 

size and distributed per hectare. 

Linear 

0 = no birds shot 

100 = 0.001 birds shot per 

hectare 

2015 

 

Infrastructure 

Medins 

SK/BS/GB 

Physical structures in the sea 

which entails a loss of natural 

bottom environment. Based on 

terrain maps and other sources of 

data on roads, railways, 
lighthouses, foundations and 

pipelines. 

Categorical (binary) 

0 = no structures in the 
area 

100 = some structures in 

the area 

2016 

 

Habitat loss 
coastal 
exploitation 
Medins 

SK/BS/GB 

Degree of coastal exploitation. 

Based on the presence of 
buildings, bridges and harbours 

less than 100 m from the shore. 

Categorical 

0 = no exploitation 
10 = buildings 

30 = docks 

100 = harbours 

2012, 2013 

 

Habitat loss 
dumping 

DHI 

SK/BS/GB 

Loss of natural bottom 
environment caused by 

deposition of dredged materials 

comprised of foreign sediments. 

Based on the register of dumping 

sites and character of the 

surrounding sediment. 

Categorical (binary) 
0 = no dumping 

100 = dumping of 

sediment other than that 

of the natural bottom 

substrate 

2014 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Toxic synthetic 
treatment plants  
DHI 

SK/BS/GB 

Pollutants released as synthetic 

environmental toxins from 

sewage plants. Based on location 
of waste-water treatment plants. 

No activity-specific analysis of 

pollutants or spread has been 

conducted. 

Categorical (binary) 

0 = no release 

100 = presence of and 
presumed release from 

wastewater treatment 

plants at less than 1 km 

distance 

2013 

 

Toxic synthetic 
industry 
DHI 

SK/BS/GB 

Pollutants released as synthetic 
environmental toxins from 

industry. Based on location of 

industries with permission for 

environmentally hazardous 

activities. No activity-specific 
analysis of pollutants or spread 

has been conducted. 

Categorical (binary) 
0 = no release 

100 = presence and 

presumed release from 

industry at less than 1 km 

distance 
2013 

 

Toxic synthetic 
harbour 
DHI 

SK/BS/GB 

Pollutants released as synthetic 
environmental toxins from 

harbours with commercial 

vehicles. Based on location of 
harbours. No activity-specific 

analysis of pollutants or spread 

has been conducted. 

Categorical (binary) 

0 = no harbour 

100 = presence of harbour 

at less than 1 km distance 

2012 

 

Toxic metal 
background 

SGU 

SK/BS/GB 

Concentration of 

environmentally toxic heavy 

metals in sediment. Based on 

the calculated average 
concentration of 9 different 

metals for sediment 

characterisation. The toxicities 

of the metals have been 

normalised in accordance with 
current threshold limits. 

Linear 

0 = concentration does not 

exceed background levels 

100 = average 
concentration of heavy 

metals is in the highest 

risk class (Class 5) 

1984-2014 

 

Toxic synthetic 
background 
SGU 
SK/BS/GB 

Concentration of organic 

environmental toxins in 

sediment. Based on the calculated 

average concentration of 32 

different organic environmental 
toxins for sediment 

characterisation. The 

environmental toxins have been 

normalised in accordance with 

current threshold limits. 

Linear 

0 = concentration does not 
exceed background levels 

100 = average 

concentration of organic 
environmental toxins is in 

the highest risk class 

(Class 5) 

1984-2014 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Oilspill 2 knots 
wreck 
WSP 
SK/BS/GB 

Probability per year of oil spill 

from wrecks. Model based on 

database of environmentally 
harmful wrecks, the risk of oil 

spill and the assumption of 

spread with a bottom current of 2 

knots in all directions over 24 

hours. 

Linear 

0 = no risk of oil 

100 = high probability for 
oil in bottom waters 

2016 

 

Toxic metal 
fiberbanks 
SGU 

GB 

Presence of fibre banks with high 
concentrations of heavy metals 

and organic environmental 

toxins. Based on known presence 

of fibre banks in Västernorrland 

(other known and unknown fibre 
banks are missing). 

Concentrations slowly released 

from fibre bank. 

Linear 

0 = no known fibre banks 

100 = fibre banks with 

high risk of 

environmentally toxic 

substances 

2010-2014 

 

Toxic metal 
mercury dump 
SGU 

GB 

Presence of known dumping sites 

for mercury. Based on the 

location of 3,500 barrels of 
mercury outside Sundsvall and 

assuming a linearly decreasing 

spread to background levels at a 

distance of 10 km. 

Categorical 

0 = background levels 

100 = dumping sites with 
high concentrations of 

mercury 
 

Toxic munition 
dump 

SGU 

SK/BS/GB 

Risk area for presence of dumped 

chemical munitions that could 
leak and cause high 

concentrations of 

environmentally toxic substances 

in sediment. Based on known 

dumping areas, with a linearly 

decreasing effect/error 
localisation up to a distance of 10 

km. 

Linear 

0 = low risk of presence 
100 = known dumping site 

for chemical munitions 
 

Toxic mine risk 

SGU 

SK/BS/GB 

Risk area for presence of old 

mines that could leak, giving high 

concentrations of 
environmentally toxic substances 

in sediment. Based on known 

stretches of mines. Identified 

areas have been normalised to 

value 30 of 100 due to uncertainty 

of data. 

Linear 

0 = low risk of presence 

30 = area with risk of 
presence of leaking mines 

100 = value absent 
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Pressure 
Supplier 
Marine Spatial Plan 

Description Normalisation method 
Designation of value 0 
and 100 
Data period 

Overview map 
Colour scale from 
dark blue (low) to 
red (high) 

Nitrogen 
background 

DHI 

SK/BS/GB 

Nitrogen concentration in surface 

water as indication of fertiliser 

level. Based on SMHI’s models 
using annual average for coastal 

waters and open sea. 

Linear 

0 = no nitrogen content in 

surface water 
100 = 121 mg/l nitrogen in 

surface water 

1999-2014 whole year 

 

Phosphorous 
background 

DHI 

SK/BS/GB 

Phosphorous concentration in 
surface water as indication of 

fertiliser level. Based on SMHI’s 

models using annual average for 

coastal waters and open sea. 

Linear 

0 = no phosphorous 

present in surface water 

100 = 2.26 mg/l 

phosphorous in surface 

water 

1999-2014 whole year 

 

Anoxia 
background 

SGU 

SK/BS/GB 

Risk of anoxia in bottom water. 

Based on data and models of 

oxygen content in sediment 

(SGU) and in bottom water 

(SMHI). 

Linear 

0 = low risk of oxygen 

deficiency (O2>6 mg/l in 

sediment) 

100 = high risk of oxygen 
deficiency (O2<2 mg/l in 

sediment) 

 

Temperature 
increase 2050 

WSP 
(SK/BS/GB) 

Predicted increase in surface 

water temperature summertime 

to 2050. Based on SMHI’s models 
of changes in the Baltic Sea region 

using climate and emissions 

scenario RCO-SCOBI A2. The 

value for Skagerrak has been 

interpolated in the absence of a 

model. 

Linear 
0 = no change in 

temperature summertime 

100 = increase in summer 

surface water temperature 

by 2°C compared to 

current status 

 

Ocean 
acidification 2050 

WSP 

(SK/BS) 

Predicted decrease in pH value in 

the sea up until 2050. Based on 

oceanographic models from 

NOAA which are derived from 

RCP 8.5. 

Linear 

0 = no change in acidity 

100 = decrease in acidity 

by 0.2 pH 
 

 

Sensitivity matrices 
Sensitivity matrices are tables that indicate how sensitive each ecosystem component 

is to each pressure. For example, harbour porpoises are more sensitive to fishing nets and 
underwater explosions than to electromagnetic fields and continuous noise. This is 
incorporated into the calculation using the sensitivity matrix, in which the effect scale 
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ranges linearly from 0 (no or negligible effect) to 1 (very high fatality of individuals or 
permanent disturbance of the habitat). Each marine spatial plan, Skagerrak and Kattegat, 
Baltic Sea, and Gulf of Bothnia, has its own sensitivity matrix, as certain pressures such as 
nutrients can have different impacts in different seas. The differences between the marine 
spatial plans are nonetheless small. The sensitivity matrices are presented in Annex 3. 

Because sensitivity (S 0-1) is multiplied by both the pressure intensity (P 0-100) and 
the area value for the ecosystem component (E 0-100), the result when sensitivity is high 
(S=1) and pressure intensity is average (P=50) will be the same as when sensitivity is 
average (S=0.5) and pressure intensity is high (P=100). Similarly, the outcome when a 
highly valuable area (E=100) is exposed to a pressure that is semi-hazardous (S=0.5) will 
be the same as when a semi-valuable area (E=50) is exposed to a highly hazardous 
pressure (S=1). 

The above reasoning is a consequence of the conversion of sensitivity to a linear scale. 
One option that not used in Symphony is to calculate sensitivity using a non-linear scale, 
where high sensitivity (for example direct death) would give an effect many times greater 
than that of average sensitivity (severe stress). It is currently difficult to define a non-
linear scale in a well-justified way, but there is a potential for developments in this area. 

 
Generation of the sensitivity matrices 

Sensitivity matrices have been generated using a questionnaire answered by an expert 
panel with specialist knowledge on ecosystem components9. Fifty-two (52) questionnaires 
were answered by 34 respondents from 11 organisations10. Using predetermined criteria, 
each respondent assessed the impact of various pressures on the affected ecosystem 
component (Table 3). For each evaluation, the respondent has also estimated their own 
knowledge in the area according to the categories: good knowledge, adequate knowledge, 
and little knowledge. 

All answers were reviewed and obvious errors in the questionnaire have been adjusted 
by referring back to the expert or by interpreting the supporting references supplied by 
the expert. Next, all answers were compiled per ecosystem component. Answers based on 
the category “limited knowledge” were omitted. The type value (the most common value) 
was calculated for use in the sensitivity matrix. Symphony’s scientific advisors advocated 
use of the type value rather than an average or median value. If a type value was lacking 
(since several values were equally common), the median was used in the sensitivity 
matrix. Finally, Symphony’s sensitivity matrix was compared with the equivalent 
sensitivity matrix used by NIVA Denmark (Andersen, Harvey, et al. 2017). Adjustments 
were made in cases with high non-conformance (>50% value difference regardless of 
methodology differences) and when adjustment of Symphony could be considered to be 
most logical. All adjustments were implemented in the response interval for Symphony’s 
expert panel. This means that each adjustment was still covered by some of the 
participants in Symphony’s expert panel, even if the value did not correspond to the type 
value.  

                     
9 The panel included only experts on ecosystem components (fish, mammals, seabirds, bottom 

environments) because they are assumed to have extensive knowledge of which pressures are or are 
not harmful to the ecosystem component of which they have in-depth knowledge. Experts on individual 
pressures are not considered to provide the same breadth of knowledge and comparative objectivity and 
were therefore not included in the panel. 

10 The panel includes experts from the following organisations: University of Gothenburg, University of 
Stockholm, Linnaeus University, SLU Aqua, Lund University, County Administrative Board, AquaBiota 
Water Research AB, Marine Monitoring AB, Hafok AB, Swedish Royal Museum of Natural History, 
Kullabergsguiderna AB. 
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Table 3. Problems and answer options used in the generation of sensitivity matrices for Symphony. 

Question/answer Problem/criteria 

Problem What impact does the pressure have on the ecosystem component? Assume an area (250 x 250 m) in 
which the ecosystem component is present in the same space as the pressure. Assume that the pressure occurs 
with high intensity. If reasonable, state differences between the various marine regions. 
 

Value Criteria for species/population/group Criteria for habitat 

-0.2 Positive effect  

0 No impact or negligible effect No impact or negligible effect 

0.2 Stress significant only from a 

cumulative perspective 

Small disturbance significant only 

from a cumulative perspective 

0.4 Stress significant for survival or 

reproduction 

Disturbance significant for survival or 

reproduction 

0.6 Very severe stress or some direct 

deaths 

Very severe disturbance or some direct 

disturbance of habitat 

0.8 Pronounced direct death Pronounced direct disturbance of 
habitat 

1.0 Very high mortality Permanent disturbance of habitat 

Certainty of 

evaluations 

Criteria Measure 

1 Little knowledge about the significance 

of the pressure for the ecosystem 

component 

Answer not used 

2 Adequate knowledge about the 

significance of the pressure for the 

ecosystem component 

The answer was used in calculation of 

sensitivity (expected value) 

3 Good knowledge about the significance 

of the pressure for the ecosystem 

component 

The answer was used in calculation of 

sensitivity (expected value) 

 

Uncertainty 
Symphony encompasses a large volume of information, with all the components 

associated with their own inherent uncertainty. The result is a comprehensive aggregation 
of uncertainties, where certain geographic areas have a higher uncertainty than others. In 
general, results from models must be interpreted with caution. Symphony is built on 
several composite models, making it even more important to interpret the results in the 
knowledge that this is a rough estimate of a complex reality. Therefore, limits and 
numbers in the result are not to be interpreted literally but must be considered as 
indications and orders of magnitude. 

In order to provide the user with an idea of which areas are affected by particularly 
high uncertainty, each map of ecosystem components11 has been mirrored with a map of 
the reliability of the data. For each pixel, data suppliers have stated the degree of 
reliability in accordance with a predetermined scale (Table 4). All uncertainty maps have 
been pooled and an average value of reliability has been calculated for each pixel (Figure 

                     
11 Similarly, maps of reliability have been produced for pressures. Work is yet to be done on reviewing and 

compiling this information in an uncertainty map for pressures. Uncertainty is, however, lower in general 
for pressures than for ecosystem components. This is because it is easier to produce reliable data on 
human activities than on distribution of marine ecosystems and species. 
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4). This uncertainty map is used in Symphony to highlight which areas necessitate 
particular care when interpreting the results. Another way to depict the uncertainty of the 
data is presented geographically in the Green Map. 

The uncertainty map reveals that the average knowledge on ecosystem components is 
poor for most offshore areas and better for coastal areas and Kattegat. Very good 
knowledge only exists for the coast of Skåne. 

 
Table 5. Criteria for estimating reliability of the input data used for generating maps of ecosystem 
components. The uncertainty map in Figure 4 is based on the average value for reliability in each 
pixel. 
 

Value Reliability of data for each pixel Colour scale for uncertainty map 
Figure 4 

100 Measurement data present in the pixel Dark green 

75 VWell-validated model Pale green 

50 Good model Yellow 

25 Weak model Red 

0 No data or model Black 
  

  
Figure 4. Uncertainty maps based on reliability of geographic information on ecosystem 
components. The colour scale presents the average value of uncertainty based on all included 
ecosystem components. For colour scale, see Table 5 (red=weak model, yellow=good model, 
green=very good model). A high-resolution map is presented in Annex 2. 
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In addition to uncertainty of data, there are other methodological limitations that are 
important to be aware of when interpreting the result. For example, food web effects, 
species’ distribution patterns and single short-term pressures are not included in the 
model. These limitations and their significance are developed in the chapter 
Methodological limitations. 

 

Analytical platforms 
The analyses in Symphony cover mathematical calculations and production of results 

maps and statistics. Three different analytical platforms have been used in Symphony: 
 

• EcoImpactMapper (Stock 2016) 
• SeaSketch UCSB (SeaSketch 2017) 
• SyM (Mattsson 2018) 

 
In order to compare the various platforms’ concordance, the analysis Current status was 
calculated using the same input values for all three platforms. The results were equivalent 
with marginal differences. EcoImpactMapper is open software developed as a support 
tool for analyses using the Halpern method. The SeaSketch and SyM platforms have both 
been developed on a remit from the Swedish Agency for Marine and Water Management 
to enable scenario analyses. The results presented in this report and used in the MSP 
consultation phase have been produced using the SyM platform. 

 

Method for scenario analyses 
The Symphony analysis Current status provides the cumulative environmental impact 

of today’s situation, without scenarios. The analysis Current plan assumes that the 
proposed marine spatial plans are implemented immediately. This means that one 
scenario with specific assumptions for what the marine spatial plans entail. The analysis 
Outlook 2030 involves both the assumptions for what the marine spatial plans entail and 
how the activity areas affected by the marine spatial plans are developed up until 2030. 

 
Assumptions in the analysis Current plan 

In the analysis Current plan, the spatial distribution of pressures is adjusted in a 
manner that simulates the marine spatial plans’ areas of application (Table 6). Pressures 
from offshore windfarms are added to the area for energy use and, at the same time, 
pressures from activities that cannot co-exist with energy use are decreased. The amount 
of a pressure added is calculated using ongoing activities of the same type. For example, 
the existing windfarm Lillgrund in Öresund is used to calculate how much wind power 
pressures (per km2) must be added to areas with energy use in the marine spatial plans. 
The existing sand mining activities outside Sandhammaren in the Baltic Sea are used to 
calculate the pressures per pixel that are to be added to the areas with sand mining in the 
marine spatial plans. Fishing that are considered not to be able to co-exist with the use 
specified in the marine spatial plans are transferred to nearby areas (effort movement). 
The total fishing effort is not reduced. 
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Table 6. Assumptions used to simulate implemented marine spatial plans in the analysis Current 
Plan. See Table 7 for assumptions in n-area.  

Use of area in 
accordance with 
marine spatial plans 

Assumptions used for scenario Current Plan 

General (G) No measures. 

Defence (D) No measures. 
Energy (E) Addition of pressures from windfarms (underwater noise, 

electromagnetic fields, impact on birds). Removal of bird hunting and 

trawl fishing. Net fishing is reduced by a third. All reduced fishing is 

moved to surrounding areas (effort movement). 

Sand mining 

Addition of pressures from sand mining (turbidity and habitat loss). 

Nature (N) No measures. Natural areas are managed through existing protective 

legislation or as indicated through the national interest.  

The areas that are designated ‘consideration of nature’ (n-areas) in the marine spatial 
plans are processed in a special way in Symphony. The reference to special consideration 
means that the area should be used in a manner that minimises environmental impact, 
for example through the use of protective fishing gear or precautionary measures when 
modelling windfarms and sand mining. These are measures that have not been specified 
in the marine spatial plans, but should be developed with time and in a way that is 
appropriate for the conditions in the areas in question. To simulate the importance of the 
marine spatial plans in n-areas, it is however necessary to apply general assumptions on 
how the effect of certain pressures on certain ecosystem components decrease. This is 
achieved by applying a special sensitivity matrix in the n-areas (Table 7). For example, the 
n-sensitivity matrix makes it possible to specifically reduce the effect of net fishing on 
porpoises, assuming that net fishing in the area will be adapted to reduce the bycatch of 
porpoise using pingers. 

 
Assumptions in the analysis Outlook 2030 

Outlook 2030 is a support tool for the marine spatial plans’ strategic environmental 
consequence description and sustainability assessment. It uses the same assumptions as 
those in the Current Plan (above) and its associated scenario-based adjustment of the 
development of various industries up to 2030. The marine spatial plans’ SEA provides a 
more detailed description of this and the reasoning behind the development trends that 
have been adopted.  
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Table 7. Assumptions applied for areas with reference to special consideration of valuable nature 
(n-areas) in the analysis Current plan. The assumptions form the basis for the n-sensitivity matrices 
that are used in n-areas in this scenario. 
 

Pressure where 
its effect is 
decreased 

Ecosystem components to 
which the effect decrease 
applies 

Effect 
decrease 

Reasoning 

 

Defence 
Explosions SEL Mammals, seabirds, fish 50% Threshold limit for explosions >145 

dB re 1 µPa/s2 during biologically 
sensitive periods (Andersson et 

al. 2016; Swedish Armed Forces 

2017) 

Fish 
Bottom trawling 
catch 

Habitats (bycatch), 

mammals, fish except for target 

species (cod) 

50% Use of trawls with high catch 

selectivity (Nilsson 2016; 

CWBR 2017) 

Pelagic trawling 

catch 
Habitats (bycatch), 

mammals, fish except for target 

species (herring, sprat) 

75% Use of trawls with high catch 

selectivity (Nilsson 2016; 

CWBR 2017) 

Net-fishing catch Porpoise 50% Use of porpoise pingers 
(Dawson et al. 2013) 

Net-fishing catch Habitats (bycatch), seal, birds 25% Use of bycatch-minimising 

panels/guiding lights/net 

components (Martin and Crawford 

2015; 

CWBR 2017) 

Energy 
Bird impact Birds 50% Detailed project planning in which 

windfarms are avoided in the most 

important seabird feeding grounds 

(Ljungström, Caesar, and Strandberg 

2017) 

EMF Fish 75% Positioning of undersea cables laid 

deep in the bottom (Merck and 

Wasserthal 2009) 

Sand mining 
Habitat loss Mammals, birds, habitats 

without plankton communities 

and transport bottom 

aphotic/deep 

100% 
Extraction only on transport bottom 

below the photic zone where return of 

sand takes place (SGU 2017) 

Turbidity Mammals, birds, habitats 

without plankton communities 

and transport bottom 

aphotic/deep 

100% 
Extraction only on transport bottom 

below the photic zone where return of 

sand takes place (SGU 2017) 

 



Swedish Agency for Marine and Water Management Report 2018:1 

 

 

40 

Results overview 
This report primarily describes Symphony’s objective and methods; the results are 

reported in Annexes 4-6 and in the marine spatial plans’ SEA. This chapter provides a 
brief summary of the results at the marine spatial plan level for the analyses in Current 
status and Current plan. 

 

Cumulative environmental impact: Current status 
Table 8 presents how much the various sectors and pressures contribute to the 

cumulative environmental impact in Sweden’s seas in accordance with the result from 
Symphony Current status. The table also indicates that, given the assumptions made in 
Symphony, the cumulative environmental impact is currently in the order of four times 
higher in Skagerrak and Kattegat and the Baltic Sea than in the Gulf of Bothnia. Results 
are reported in more detail in Annex 4. 

 
Table 8. Results Current status. The table presents the percentage contribution of the various 
sectors and pressures to the cumulative environmental impact in the three MSP areas under the 
present conditions. The percentages (%) have been rounded off and must be interpreted as 
indicative. The column Marine Spatial Plan presents the contribution in the area that is included in 
national MSP, while the column Total presents the contribution in all Swedish waters including 
coastal areas. The analyses have been performed using the Symphony platforms SyM (Marine 
Spatial Plans) and SeaSketch (Total). 
The average for the region (last row in the Table) indicates the average cumulative 
environmental impact per area. Because this relative average value differs between 
the marine sub-regions Skagerrak and Kattegat, Baltic Sea, and Gulf of Bothnia, the Table’s 
percentages cannot be compared directly between the regions. 
 

Pressure 

Skagerrak and 
Kattegat Baltic Sea Gulf of Bothnia 

MSP area 

Total area 
including 

coast MSP area 

Total area 
including 

coast MSP area 

Total area 
including 

coast 

Shipping (total) 9.2 11.1 6.8 8.3 5.2 6.6 

Shipping noise 125 Hz 7.5 9.3 5.3 6.8 3.3 4.8 

Shipping noise 2 kHz <0.0 0.2 <0.0 0.1 <0.0 <0.0 

Shipping oil spill 1.6 1.5 1.4 1.4 1.9 1.8 

Shipping erosion <0.0 0.1 <0.0 0.1 <0.0 <0.0 

Commercial fishing (total) 45.4 33.3 2.7 2.4 2.1 2.1 

Net-fishing catch 0.5 0.6 0.4 0.5 0.1 0.5 

Pelagic trawling catch 0.2 0.3 0.2 0.2 1.6 1.1 

Bottom trawling catch 12.0 8.3 0.6 0.5 0.1 0.1 

Bottom trawling turbidity 10.1 7.4 0.4 0.4 0.1 0.1 

Bottom trawling habitat loss 22.6 16.8 1.1 0.9 0.3 0.3 

Energy (total) <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 

Electromagnetic fields <0.0 <0.0 <0.0 <0.0 <0.0 <0.0 

Wind power noise 125 Hz 0 0 <0.0 <0.0 0 0 

Wind power bird impact 0 0 <0.0 <0.0 0 0 	  
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Pressure 

Skagerrak and 
Kattegat Baltic Sea Gulf of Bothnia 

MSP area 

Total area 
including 

coast MSP area 

Total area 
including 

coast MSP area 

Total area 
including 

coast 

Defence (total) 0.7 1.0 0.8 0.9 1.0 0.7 

Artillery ranges pollution <0.0 0.1 0.3 0.3 1.0 0.7 

Explosions overpressure <0.0 <0.0 <0.0 <0.0 0 0 

Explosions sound pressure 0.7 1.0 0.5 0.6 0 0 

Sand mining (total) 0 0 <0.0 <0.0 0 0 

Sand mining turbidity 0 0 <0.0 <0.0 0 0 

Sand mining habitat loss 0 0 <0.0 <0.0 0 0 

Water consumption (total) <0.0 <0.0 0 0 0 <0.0 
Fish farming nutrient 
emissions 0 0 0 0 0 <0.0 

Fish farming habitat loss 0 0 0 0 0 <0.0 

Mussel farming habitat loss <0.0 <0.0 0 0 0 0 

Recreation (total) 0.1 3.4 0.1 0.9 <0.0 0.3 

Recreational craft noise <0.0 0.8 <0.0 0.2 <0.0 0.1 

Recreational craft pollution 0.1 2.0 <0.0 0.5 <0.0 0.2 

Bird hunting 0.1 0.7 <0.0 0.2 <0.0 0.1 

Buildings (total) <0.0 1.1 0.1 0.6 0 1.9 

Infrastructure in the sea 0 <0.0 0.1 0.1 0 0.1 

Coastal exploitation 0 0.9 0 0.5 0 1.6 

Dumping habitat loss <0.0 0.1 0 <0.0 0 <0.0 
Water treatment plant 
pollution 0 0.2 0 0.1 0 0.3 

Industry (total) 0 4.4 <0.0 1.3 0 2.9 

Industry pollutants 0 0.4 <0.0 0.1 0 0.3 

Harbour pollutants 0 4.0 <0.0 1.2 0 2.6 

General pollution (total) 17.8 14.8 30.0 27.3 49.6 41.6 

Sediment metals 2.34 1.9 10.3 9.2 31.3 24.8 
Sediment environmental 
toxins 10.7 9.2 16.2 15.1 18.3 15.4 

Wreck oil spill 0.6 0.8 <0.0 <0.0 <0.0 <0.0 

Fibre banks - - - - <0.0 1.5 

Mercury dumping - - - - <0.0 <0.0 

Munition risk area 3.9 2.7 3.1 2.7 0 0 

Mines risk area 0.2 0.2 0.4 0.3 <0.0 <0.0 

Eutrophication (total) 26.8 30.8 59.6 58.2 42.1 42.7 

Nitrogen background 21.4 21.2 14.6 15.7 7.2 7.9 

Phosphorous background 2.3 2.8 8.3 8.9 30.0 28.4 

Oxygen deficiency bottom 3.2 6.9 36.6 33.6 5.2 7.4 
Average value for the 
region 
(environmental impact/km2) 

23,629 22,430 18,756 17,874 4,966 5,240 
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Skagerrak and Kattegat Current status 

In the area for national marine spatial planning (offshore) for Skagerrak and Kattegat, 
commercial fishing is the sector that is most affected by marine spatial planning (45%). 
Within fishing, bottom trawling is the largest contributor, while pelagic fishing and net 
fishing have a relatively small impact. Eutrophication is the second biggest contributor 
(27%) followed by general pollution (18%). The environmental impact from shipping is 
significant (9%) even though shipping emissions to air and spread of invasive species 
have not been included in the analysis. Other sectors contribute with a magnitude of less 
than one percent of environmental impact in the MSP area. There is no sand mining or 
offshore windfarms in Skagerrak and Kattegat, and the energy sector contributes only a 
marginal environmental impact from subsea cables. 

When coastal areas are included in the analysis, commercial fishing (33%), 
eutrophication (31%), pollutants (15%), and shipping (11%) continue to be the largest 
contributors of environmental impact, and the percentage from fishing is somewhat less. 
The contribution from coastal sources of impact increases for industrial emissions (4%), 
recreation (3%), infrastructure (1%), and military activities (1%). From a coastal waters’ 
perspective, the contribution from these sources is calculated to be much higher. 

The geographic distribution of environmental impacts in Skagerrak and Kattegat is 
presented in Figures 5 and 6. The highest cumulative environmental impact occurs along 
the coast and primarily around Gothenburg. Here, there is a lot of industry and coastal 
exploitation that affects valuable shallow areas. Within the MSP areas, environmental 
impact is highest in central and southern Skagerrak and is mainly due to a combination of 
intensive trawl fishing and depositions of pollutants in the area with its relatively good 
stock of fish and porpoise. However, it must be noted that in this area there is a high data 
uncertainty for ecosystem components. 

In the northwestern parts of Skagerrak and in all of southern Kattegat, environmental 
impact is lower than in the rest of Skagerrak and Kattegat. Ecological values are high in 
northwestern Skagerrak and the relatively low environmental impact is the result of less 
trawl fishing and well-oxygenated bottoms that are relatively free of pollutants. The low 
environmental impact in southern Kattegat is due in part to reduced trawl fishing and in 
part to lower ecological values than further north (note that historic environmental 
impact is not represented in Symphony). Kattegat’s offshore banks all reveal a relatively 
low environmental impact.  
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Figure 5. Geographic distribution of cumulative environmental impact in Skagerrak and Kattegat. 
The colour scale ranges from the lowest environmental impact (0%) to the maximum in Skagerrak 
and Kattegat (100%), which can also be found in a small area by Gothenburg. Analytical platform 
SeaSketch. 
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Figure 6. The map compares environmental impact in the various areas that are defined in the 
consultation version of the national marine spatial plans with the environmental impact in the entire 
MSP area Skagerrak and Kattegat. The percentage comparison is based on the average per pixel. 
Note that this analysis does not consider MSP recommendations, but only displays the areas that 
are defined in the marine spatial plan. Analytical platform SyM. 

 
Baltic Sea Current status 

In the area for national MSP (offshore) for the Baltic Sea, cumulative environmental 
impact is strongly dominated by eutrophication (60%) and pollutants (30%). Oxygen 
deficiency on the bottom is the single largest pressure and has been grouped with other 
eutrophication factors even though there is a certain natural oxygen deficiency in the 
Baltic Sea. The magnitude of this contribution by pollutants is due to environmentally 
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toxic substances in the sediment that are primarily present due to historic release. As 
shown by the results, shipping is responsible for 7% of the environmental impact in the 
Baltic Sea, even though its emissions to air and spread of invasive species have not been 
included in the analysis. Commercial fishing represents a significantly lower percentage 
(3%), primarily due to the fact that trawl fishing is more limited than in Skagerrak and 
Kattegat. Net and pelagic fishing affects certain target species and some bycatch but, 
looking at all ecosystem components, the outcome is comparatively low12. Military 
activities contribute with barely 1% and other sectors represent a very small percentage of 
the cumulative environmental impact. 

The distribution is about the same when coastal areas are included in the analysis, but 
the contribution from coastal impact sources becomes clearer. Industry emissions, 
recreation and infrastructure each represent about 1%. The smaller percent contribution 
from coastal pressures to the environmental impact in the Baltic sea compared to 
Skagerrak and Kattegat is primarily because the coastal area in the Baltic Sea constitutes a 
smaller percentage of the total pixels. From a coastal waters’ perspective, the contribution 
from these sources is considered to be particularly high. 

The geographic distribution of the cumulative environmental impact in the Baltic Sea 
is presented in Figures 7 and 8. The most affected areas are to be found in northern 
Öresund, around Ven, and by the coast in Stockholm’s archipelago. Here, there are both 
sensitive ecosystems and multiple pressures. In the open seas, the environmental impact 
is highest in the southern Baltic Sea around Bornholm and in central Baltic Sea southeast 
of Gotland. These areas are oxygen deficient and a number of different pollutants are 
present on the bottom. Around Bornholm, trawl fishing is also relatively intense. The 
environmental impact is particularly low outside Stockholm’s archipelago, by Listerlandet 
in Hanöbukten, and in the larger area that constitutes the Natura 2000 area Hoburgs 
bank and Midsjö banks south of Gotland. The environmental impact is also low in 
southwestern Skåne, outside Skagerrak and Kattegat archipelago and around Salvorev 
and Gotska sandön.  

                     
12  Note that Symphony does not take into consideration historic fishing or the cascade effects in 

the food web that can occur when fishing particular species or sizes. 
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Figure 7. Geographic distribution of cumulative environmental impact in the Baltic Sea. The colour 
scale ranges from the lowest environmental impact (0%) to the maximum environmental impact in 
the Baltic Sea (100%) that can also be found in northern Öresund and in inner areas of Stockholm’s 
archipelago. Analytical platform SeaSketch. 	  
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Figure 8. The map compares the environmental impact in the various areas defined in the 
consultation version of the national marine spatial plan with environmental impacts throughout the 
MSP area for the Baltic Sea. The percentage comparison is based on the average per pixel. Note 
that this analysis does not consider MSP recommendations, but only displays the areas that are 
defined in the marine spatial plan. Analytical platform SyM. 

 
The Gulf of Bothnia Current status 

Compared to Skagerrak and Kattegat and the Baltic Sea, the environmental impact in 
the Gulf of Bothnia is generally low, particularly offshore. The environmental impact 
found in the area for national MSP is primarily composed of pollutants (50%), 
eutrophication (42%), and shipping (5%). Metal pollutants in sediment and fertiliser 
phosphorous are the dominant pressures. Fishing comprises 2% and defence with 
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military exercise areas contributes 1%. Other sectors contribute little or not at all. 
Inclusion of the coastal areas in the calculations decreases the pollutant’s percentage 

contribution slightly, while the contribution from shipping (7%) and infrastructure (2%) 
increases. Exploitation of shoreline areas is also substantial in the Gulf of Bothnia. 

Geographically, the environmental impact is highest along the coast, just as in 
Skagerrak and Kattegat and the Gulf of Bothnia (Figures 9 and 10). Offshore, the impact 
is equally distributed and only in the area east of Finngrunden does the environmental 
impact appear to be significantly greater than in other areas. Pelagic fishing has been 
concentrated in this area in recent years. A higher environmental impact can also be 
found for the High Coast between Härnösand and Örnsköldsvik and this is due to the 
high presence of oxygen-free seabeds. According to the results, the least affected areas in 
the Gulf of Bothnia can be found in northern Bothnian Bay and around the offshore banks 
of the Bothnian Sea. 

The reliability of the evaluation data for most of the Gulf of Bothnia is low as there is 
little data available offshore. The models for ecosystem components are better in the 
northern Quark, around the offshore banks and along the Uppland coast. 
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Figure 9. Geographic distribution of cumulative environmental impact in the Gulf of Bothnia. The 
colour scale ranges from the lowest environmental impact (0%) to the maximum environmental 
impact in the Gulf of Bothnia (100%) which can be found in industrial harbours along the coast. 
Analytical platform SeaSketch. 
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Figure 10. The map compares the environmental impact in the various areas that are defined in 
the consultation version of the national marine spatial plans with the environmental impact in the 
entire Gulf of Bothnia MSP area. The percentage comparison is based on the average per pixel. Note 
that this analysis does not consider MSP recommendations, but only displays the current status of 
the areas that are defined in the marine spatial plan. Analytical platform SyM. 

 

Significance of climate change 
Ongoing climate change and ocean acidification are expected to result in severe 

consequences for the marine environment both now and in the future (Havenhand and 
Dahlgren 2017). In Skagerrak and Kattegat, the greatest threats are temperature increases 
and ocean acidification. Decreasing salinity would cause major changes in the Baltic Sea 
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and the Gulf of Bothnia (Hammar and Mattsson 2018). 
Predicted temperature changes and ocean acidification have been applied in 

Symphony to provide an overview of the significance of climate change compared to other 
environmental impacts. Here, climate changes for 2050 are applied together with current 
ecosystem components and pressures. Similar predictions for changes in salinity have not 
been included as their effects are so pervasive that this is difficult to analyse using 
Symphony at the current time. Table 9 provides an overview of the preliminary results, 
which must be interpreted with great care. The results indicate a total increase in 
cumulative environmental impact in an order of magnitude of 50% or 100% in Skagerrak 
and Kattegat and the Baltic Sea, respectively, after 2050. The reason for the large 
contribution is that almost all ecosystem components are affected to some extent or other 
by the changes. Spatially, the climate changes are relatively evenly distributed. In areas 
where there is already a high environmental impact, climate changes could play a critical 
role in the future. 

 
Table 9. Increase in the current environmental impact when future temperature changes and ocean 
acidification are included in the analysis. Preliminary results. 

 

Region 
Including pressures 
(climate change until around 
2050) 

Increase in cumulative 
environmental impact 

Skagerrak and 
Kattegat Temperature increase +22% 

 

Ocean acidification +28% 

Baltic Sea Temperature increase +47% 
 

Ocean acidification +51% 

Gulf of Bothnia13 No analysis 
 

 
More research and development are necessary if Symphony is to be able to take account 
of climate change more reliably. The preliminary results presented in this report have 
therefore not been applied to MSP. The report’s objective is only to highlight that climate 
changes, including ocean acidification, are considered to be a very serious threat. That 
climate changes constitute a threat in this order of magnitude has been demonstrated 
previously by Halpern using a global analysis (Halpern et al. 2015). 
 

Effect of Marine Spatial Planning: Current plan 
Current plan presents the change in the Symphony-derived cumulative environmental 

impact when sea usage is adapted to the marine spatial plans. Corresponding analyses are 
continuously performed to support the ongoing planning. This representation - which is 
not the same as the marine spatial plans’ environmental impact assessment - presents the 
overall results for the proposed marine spatial plans that were sent out for consultation 
during 2018 (Figure 11). Detailed reports for each marine area and individual areas are 
available in Annex 5. For the environmental impact assessment, future outlook and 
discussion, see the marine spatial plans’ EIAs. 

 

                     
13 The importance of climate changes has not been analysed for the Gulf of Bothnia because they can 

have such fundamental consequences for the ecosystem that they cannot be processed using 
Symphony. 
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Figure 11. Change in cumulative environmental impact when Current plan (implemented marine 
spatial plans) is compared with Current status. The pictures show all of the 10 marine areas that are 
included in the three marine spatial plans. The percentages indicate the change seen in regard to 
each entire marine spatial plan or each marine area. The colour scale indicates the change in each 
pixel as the number of decreased or increased percent units of the maximum value for the 
environmental impact (cf Figures 5, 7 and 9). For an explanation of the colour scale, see Figure 12. 
See Annex 5 for changes by area. Analytical platform SyM.  
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Interpretation help (Figure 11, example explanation of the appearance of the results maps) 
 
In Kattegat (picture bottom left) blue fields are shown that indicate a clear reduction in 

environmental impact because bottom trawling does not take place in areas where there is energy 
production. Energy use in Stora Middelgrund results in a small area (red field) with increased 
environmental impact and larger surrounding areas with decreased impact (green fields). The 
increase is due to pressures from windfarms while the decrease is due to the disappearance of 
pressures from trawling in the area. Pale green fields outside Glommen indicate a decrease in 
environmental impact, but this is because the marine spatial plan designates the area as special 
consideration of nature values, which means that activities in the area are expected to be adjusted 
(Table 7). Isolated red fields in Kattegat indicate increased environmental impact due to the 
redistribution of fishing from energy areas (effort movement). The redistribution of fishing is evenly 
distributed but has more impact in areas with more sensitive values. In total, the cumulative 
environmental impact in Kattegat is calculated to be 100% (99.8%) of the current status if the 
marine spatial plan is implemented; this means that negative environmental impacts that have been 
calculated to occur using the marine spatial plan are not greater than the positive environmental 
consequences. In the southern Baltic Sea, isolated red fields also appear that indicate an increased 
environmental impact caused by the redistribution of fishing from the surrounding areas; this is 
because it is assumed that it cannot continue in areas with energy extraction. Red fields in Södra 
Midsjöbanken and the southern Bothnian Sea are due to future pressures from windfarms in the 
energy area. In these areas, the effect of redistributing fishing is small, because trawl fishing is 
limited. The southern Baltic Sea and the Bothnian Bay contain some brown/lilac/grey areas which 
indicate strongly increased environmental impact. This is the result of adding sand mining to the 
marine spatial plans. Where sand mining takes place in an area that is designated special 
consideration of valuable nature, the environmental impact will be less than in other areas with 
sand mining (Table 7). The future sand mining and windfarms mean that the marine spatial plan in 
total contributes to an increased environmental impact in the Gulf of Bothnia (102%).  

 
Value in pixel: 26 This 
means that the 
environmental impact in the 
pixel is 24% of the 
maximum environmental 
impact in the marine spatial 
plan or neighbouring coast 

Value in pixel: 24 This means that 
the environmental impact in the 
pixel has decreased from 26 to 24 
percent of the maximum value 
 

Value in pixel: -2 The difference is 
calculated using Current plan minus 
Current status i.e. 
24-26 = -2 
 

 
Figure 12. Explanation of how the maps and colour scale in Figure 11 are calculated. 

 
The following section provides a summary of the results for the three different 

marine spatial plans. First, clarification of the areas for which the marine spatial plans 
designate nature conservation as the most appropriate usage (N-area). These areas are 
comprised of existing/planned protected areas or national interests for recreation and 
nature conservation. Because environmentally positive changes in these areas are not a 
consequence of the marine spatial plan, but could be expected to occur, the changes are 
not included in the analyses that have been reported. Therefore, no environmental 

Current 
status 

Current plan Change 
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improvements are observed in the N-area in Figure 11. A further consequence is that 
activities such as fishing, windfarms, and sand mining (which in the analyses have been 
adjusted in accordance with Table 7 in areas with special consideration of valuable 
nature: n-areas), are not adjusted in areas where they co-exist with the usage nature 
conservation (N-area). In practice, an equivalent or greater adjustment is expected, but 
not as a consequence of the marine spatial plan. 

 
Skagerrak and Kattegat Current plan 

The Skagerrak and Kattegat marine spatial plan is divided into the marine sub-regions 
Skagerrak and Kattegat. The proposed marine spatial plans do not entail any clear 
change in cumulative environmental impact even though the result indicates a slight 
decrease in each of the marine sub-regions. Certain local changes can be detected 
however. 

In Skagerrak, results indicate a slight decrease in the environmental impact (99% of 
Current status). Most areas are completely unchanged, while in areas with the designation 
special consideration of valuable nature (n-area), the environmental impact decreases by 
5%. Among the areas in which the decrease is greatest, there are both high natural values 
(ecosystem components) and harmful activities that can be adjusted. 

In Kattegat, there is a pronounced decrease in environmental impact in the three 
areas for energy extraction (up to 40% decrease). This is because parts of fishing are 
moved from the areas since trawling is not considered possible in windfarm sites (Table 
6). Because the displaced fisheries are redistributed to the surrounding areas, where the 
environmental impact thus increases, the net effect for the entire area is marginal14. In 
Kattegat, the marine spatial plan therefore entails primarily a distribution of 
environmental impact with a substantial decrease in the energy area and a weak increase 
in larger surrounding areas. 

 
Baltic Sea Current Plan 

The marine spatial plan for the Baltic Sea is divided into five marine sub-regions. 
Overall, the analysis does not show a clear change in environmental impact for any of the 
marine sub-regions (100% of Current status) nor for the MSP area in its entirety (100% of 
Current status). 

In the marine sub-regions Northern Baltic Sea and Southern Quark, the marine 
spatial plan specifies two areas as suitable for energy extraction. In these areas, 
cumulative environmental impact increases by a few percent. In the marine sub-region 
Central Baltic Sea, the marine spatial plan does not result in any pronounced changes. 

The marine sub-region Southern Baltic Sea is to a large extent comprised of existing 
conservation areas (Natura 2000) for which the marine spatial plan indicates nature 
conservation as the most appropriate use. In an area in Southern Midsjöbank for which 
the marine spatial plan indicates energy extraction as the most suitable use, the results 
show an increased environmental impact of 10 %. This increase relates to underwater 
noise and disturbance of wintering seabirds in the otherwise relatively unaffected area. 
The marine spatial plan also contains a larger area where a potential 
adjustment of shipping routes is to be investigated, if necessary. This area under 
investigation has, however, not been processed in the Symphony analyses presented in 

                     
14 Positive effects of reef structures or increased production of renewable electricity is not reported 

using Symphony. Neither are increased emissions potentially arising from changed fishing 
grounds. 
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this document. 
In the Southern Baltic Sea, the marine spatial plan suggests several local changes in 

environmental impact. By designating special consideration for nature values, 
environmental impact is decreased over large areas of the Hanö bight. However, sand 
mining in an area by Klippbanken gives a sharp increase in local environmental impact. 
In the area for energy extraction at Taggen, the results reveal an increase of a few percent 
for environmental impact. In the most southern areas of the marine sub-region, there is a 
weak but widespread increase in environmental impact due to the redistribution of 
fishing from the area for energy extraction south of Skåne. This increase is also found in 
the eastern sections of Southern Baltic Sea and Öresund. However, in the designated 
areas for energy extraction south of Skåne, the environmental impact is decreased by 10 
to 20%, primarily because trawling is not expected to be possible. Out by the Österlen 
coast and in parts of Öresund, environmental impact is decreased slightly due to the 
marine spatial plan assigning special consideration for nature values. At the same tim,e 
there is a strong local increase in environmental impact at Sandflyttan in southern 
Öresund where the marine spatial plan assigns sand mining. 

 
The Gulf of Bothnia Current plan 

The marine spatial plan for the Gulf of Bothnia is divided into the Bothnian Bay, 
Northern Bothnian Sea, Northern Quark, and Southern Bothnian Sea. Looking at the 
Bothnian Bay as a whole, the analysis indicates a weak increase in cumulative 
environmental impact (102% of Current status). This is primarily due to new sand mining 
areas at Svalans and Falkens grund, two offshore banks. Here, the increase in 
environmental impact is particularly large, because in the current status the area is fairly 
unaffected. For the remainder of the Bothnian Bay the analysis reveals local increases in 
environmental impact in the area for energy extraction in the southwest. 

In the Northern Bothnian Sea and Northern Quark, there is no noticeable increase in 
cumulative environmental impact. In the Southern Bothnian Sea, environmental impact 
increases slightly (101% of Current status) as a result of multiple new energy areas. In 
these areas, impact increases by between 5 and 10%, for example at Finngrunden. 

 
Additional analyses 

The above summary is a general interpretation of the results. By performing detailed 
analysis of the tables (Annex 5) that show how much of the various pressures contribute 
to the cumulative environmental impact and which ecosystem components are affected, 
more nuanced results can be generated for each area. For example, by comparing how 
much impact various facilities or activities have in different areas, it becomes clear that 
the same activity can have quite a different environmental impact depending on the 
area15. It is also relevant to put increased local impacts in perspective in regard to the 
existing situation. Increased environmental impact in a highly pressured area could result 
in a different conclusion to that for the same increase in a virtually pressure-free area. 

 
Summary of Current plan and the importance of MSP 

Symphony’s analyses indicate that proposed marine spatial plans, despite increased 
areas for energy and sand mining, and areas assigned special consideration for nature 

                     
15 Annexes 4-6. Calculated by multiplying the column “Impacts per pressure” by the value of “Cumulative 

effect, Total”. Depending on what is being compared, the result should be divided by “Area km2” to 
standardise the environmental impact relative to the size of the activity. 
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values, do not result in any clear changes in the cumulative environmental impact. In 
Skagerrak and Kattegat, the effect of the marine spatial plans is neutral (100%) or weakly 
positive. In the Baltic Sea or the Gulf of Bothnia the effect is neutral or weakly negative 
(100% or 102%). In all three cases, the difference is considered to be small at the MSP 
level, particularly regarding accumulated uncertainties of data and degree of 
implementation of the marine spatial plans. 

Looking at smaller areas, there are both clear increases and clear decreases in the 
cumulative environmental impact. The marine spatial plans accordingly entail a 
redistribution of environmental impact. How this redistribution occurs provides crucial 
underlying data for continued MSP and comparisons between alternative plans. That the 
same pressures can result in different contributions to the environmental impact 
depending on which area is affected, is demonstrated by the results. 

That the current proposals for marine plans entail a limited change in the 
environmental impact overall can be explained by the following: the scenario analysis 
Current plan, which is based on the maps, does not involve any rerouting of shipping or 
relocating defence activities. In addition, it is assumed that fishing that cannot co-exist 
with energy use is redistributed (effort movement) rather than decreased (Table 6). In 
areas that have been assigned special consideration for nature values (n-areas), only a few 
activities are affected according to the analysis. These are affected primarily through 
adaptation rather than curtailment (Table 7). Furthermore, no assumptions have been 
made for a reduction of environmental impact in areas in which nature conservation is 
used (N-areas), since the MSP designations do not affect the legislation that regulates the 
design of nature conservation areas. The result is relatively few and minor changes in the 
Current plan compared to Current status. The effect of these minor changes is 
overshadowed to a great extent by the dominating pressures arising from existing sources 
of impact that are not affected by MSP (e.g. eutrophication and pollutants). 

Thus, the proposals for marine spatial plans have a very limited impact on the 
activities and sources of emission that contribute the lion’s share of the cumulative 
environmental impact in the sea. Rather, the differences arise from the greatly increased 
spaces for energy and materials extraction which contribute relatively few pressures seen 
from a holistic perspective. 

When the results are used as planning documentation, it must be noted that the 
uncertainties are particularly high in the Gulf of Bothnia and offshore in the Baltic Sea. 

	  



Swedish Agency for Marine and Water Management Report 2018:1 

 

 

57 

Limitations of the method 
Symphony provides a simplified but holistic picture of environmental impacts in the 

sea. Even though this picture can be more correct than that generated by many other 
approaches to considering environmental impacts, it is also less exact. When Symphony is 
used as an assessment or decision-making tool, it is essential that the users understand 
the limitations of the method and datasets. 

 

Spatial and temporal scale limitations 

All results from Symphony must be viewed as indications and sizes of magnitude and 
not as thresholds or absolute figures. Even though the geographical resolution is high 
(250 x 250 m), not all pixels contain measured data. The resolution is thus not a 
measurement of data quality. In accordance with what is displayed by the uncertainty 
map, the maps often build on non-validated models. This means that the result is closer 
to the truth on a rough geographic scale rather than a detailed scale. Symphony reveals 
the broad lines and is a suitable planning tool at the strategic level, both nationally and 
regionally. Given the data that are now included in Symphony, this method is not suitable 
for detailed planning on a local scale. 

Timescale is another crucial factor. Because the data in this version of Symphony is 
based on one value per year, explicit consideration is not given to the fact that pressures 
and ecosystem components must overlap not only spatially but also temporally for an 
effect to occur. Therefore, in some cases, environmental impact is overestimated. 
Wintering birds are only found on the offshore banks during the winter, and are thus only 
exposed to windfarms and shipping at this time of the year. In Symphony, environmental 
impact is calculated based on average annual values without taking this into account. It 
can be presumed that an effect that occurs during an important time in a species’ annual 
cycle, such as wintering or mating periods, will have an effect throughout the year. 
However, if the pressure in the actual activity calculation does not occur at the same time 
as the ecosystem component, then the impact is overestimated. The inclusion of seasonal 
analyses in the future may be of value. 

 

What is not included in Symphony 
Symphony and other similar methods for spatial evaluation of cumulative 

environmental impact are based on a representative selection of components, but do not 
consider interactions between different parts of the ecosystem. According to Symphony, 
an effect on cod will not have any consequences for herring even though a decrease in cod 
can be positive for its prey, herring. For the ecosystem components that are comprised of 
habitats, sensitivity to pressures considers the effect on the biotope in its entirety, which 
implicitly includes interactions between its species and how well the habitat tolerates 
disturbance. Interactions between ecosystem components can result in a regime shift, 
with a change in the balance or dynamics of the ecosystem. Such changes have occurred 
in the Baltic Sea in recent years (Österblom et al. 2007; Möllmann et al. 2009). 
Symphony does not process historic changes, only the impact on the current ecosystem. 
This means that all pressures that have caused historic environmental impacts and 
regimen shifts do not necessarily emerge as equally important in the analyses. 

Furthermore, connectivity, the spatial and temporal link between species and life 
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stages, is lacking in the calculation model. If, for example, larvae moving between point A 
and point B are affected at point A, this is not apparent as an increased effect at point B. 

Symphony calculates the environmental impact without weighting between ecosystem 
components. This means that the impact on rare species and biotopes is overshadowed by 
the impact on those that are more common. Weighting individual ecosystem components 
in the analysis is difficult and does not contribute to transparency. Instead the method's 
limitations must be considered; for example, Symphony in this version is not suitable for 
analysing the impact on cold water corals and other rare species. However, tailored 
analyses can be made specifically for such ecosystem components. 

Single short-term disturbances, such as construction work and accidents, are not 
included among the pressures in Symphony. This is because individual short-term 
disturbances cannot easily be described numerically on the same scale as long-term or 
recurring disturbances. Symphony provides an illustration of the long-term 
environmental impact; the impact of single disturbing elements will thus be 
overrepresented in the results. The environmental impact of construction work and 
accidents must therefore be processed using methods other than Symphony. Additional 
pressures that are absent include marine litter, microplastics, invasive species, and 
emission of environmentally hazardous substances to the air. Environmental impact from 
these pressures has been difficult to describe geographically. 

Moreover, the method builds on the assumption that the impact from several 
concomitant pressures results in an additive effect. For example, that the impact from 
noise can be added to the impact from environmental toxins in the proportions 1+1. This 
may be incorrect, it is also possible that exposure to environmental toxins reduces the 
sensitivity to noise (antagonistic effect, 1×0.5+1) or increases the sensitivity to noise 
(synergistic effect, 1×1.5+1). Research into non-linear cumulative effects is in its infancy, 
but many studies have been conducted in recent years. The results indicate that most 
connections are additive or antagonistic (Coté, Darling, and Brown 2016). 

Finally, positive environmental impacts cannot be processed in the current version of 
Symphony. If an artificial reef means a positive change in an area, this will also result in 
an increased environmental impact because the reef creates an additional value 
(ecosystem component) which in turn contributes to more environmental impact if there 
are pressures that affect this area. This is not incorrect, but the result is misleading, 
because the added ecological value is not reported positively in the analyses. Breakwaters 
and foundations are present in Symphony both as an ecosystem component (artificial 
reef) and pressure (infrastructure in the sea), which means that the environmental impact 
for adding these automatically increases. When compiling the sensitivity matrix, some 
panel contributors have stated that pressure has a positive effect; for example, 
infrastructure in the sea. However, no pressure has been assigned a positive type value. 

 

Differences from other similar methods 
Below is a list of the most important differences between Symphony and other similar 

methods for cumulative impact assessment: 
 

• Symphony includes scenario analysis, in which the environmental 
impact of future plans or development trends can be simulated. 

• In general, the pressures in Symphony have not been log-transformed, 
which means that their environmental impact is not automatically 
overestimated. 
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• Symphony does not include single short-term pressures. 
• Aggregated uncertainties of data are described geographically and are 

based on estimated reliability in models instead of using standard 
deviations. 

• To facilitate interpretation, the colour scale used in Symphony’s results 
maps has been divided into percentage classes instead of being 
stretched.
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Transparency and development 
Symphony aims to be user-friendly, transparent, and scientifically anchored. To 

achieve and maintain this over time, the input data must be accessible to everybody and 
both the method and the data must be revised, updated, and developed. 

 

Data sharing 
In order to achieve good transparency, the data included in Symphony must be 

available for review. It is also a major advantage if the data are available for use for 
similar or other objectives. Low resolution data and metadata are available in Annex 1. As 
of spring of 2018, the normalised maps used are available for downloading via the 
Swedish Agency for Marine and Water Management’s website16. In certain cases, the 
underlying data used to compile the maps are also available upon request, and in other 
cases the source data will be referred to. Data-sharing is covered by a requirement for 
data safety and distribution authorisation. All republication of data must refer to the 
original data source. 

 

Review 
During the work of developing a first operational version of Symphony, certain deficits 

in the underlying documentation have been identified. The most serious deficits must be 
remedied if Symphony is to be a sufficiently reliable tool for MSP and for other areas of 
application. 

 
Prioritised adjustment needs 

Nitrogen and phosphorous. In Symphony, the maps for nitrogen and 
phosphorous have been normalised (0-100) in a manner which designates all 
concentrations of nutrients in excess of 0 as a pressure. Because both phosphorous and 
nitrogen occur naturally in the sea, this normalisation results in an overestimation of the 
environmental impact from eutrophication. This overestimation must be remedied using 
a new normalisation of nitrogen and phosphorous, with the minimum value (0) set at the 
natural (pre-industrial) nutrient salt concentration for the respective substances in the 
respective marine areas. 

Turbidity from bottom trawling. It has been well-documented that bottom 
trawling causes turbidity of sediment that persists in the water column for hours to days 
and is spread with the currents in plumes extending from hundreds of meters to 
kilometres (Linders et al. 2017). In Symphony, this turbidity is represented by a direct 
linear 1:1 relationship with trawling frequency (Surface Area Ratio). According to the 
results, turbidity constitutes a significant part of the environmental impact in the Baltic 
Sea, and it is therefore important that this pressure is revised and calibrated against other 
sources of turbidity. 

Aquaculture. In Symphony, the pressures from aquaculture are inadequately stated 

                     
16  Data raster files and report in Swedish: https://www.havochvatten.se/hav/uppdrag--

kontakt/publikationer/publikationer/2018-04-10-symphony---integrerat-planeringsstod-for-statlig-
havsplanering-utifran-en-ekosystemansats.html 
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with uncertain differentiation between authorised and operative facilities and under-
estimated spread of nutrients from fish farming. Aquacultures do not currently come 
under national MSP, but even so, it is important that these environmental impacts are 
reproduced in a reliable manner and the pressures must therefore be revised. 

Climate change. Because climate change in accordance with the preliminary analysis 
is thought to constitute a very serious threat, it is important that Symphony can reliably 
include climate scenarios in the future. The data input for temperature increase, ocean 
acidification, and salinity changes should be updated (through the ongoing research 
project ClimeMarine led by SMHI). Furthermore, the sensitivity matrix should be 
validated in regard to how these pressures affect the ecosystems in the various MSP areas. 

 
Other needs for improvements 

Bottom complexity. Hard bottom (hard clay, stone, boulders and rock) offer rare 
opportunities for development of reef communities with high biological diversity (Grey et 
al. 2013). This is particularly apparent in the deep waters in Skagerrak and Kattegat. In 
Symphony, the presence of reef communities is based on a majority of marine regions 
with inadequate data (there is a lack of modern comprehensive studies). Hard bottom 
substrates are a good indicator of where additional reef communities could be found. The 
maps that form the basis for bottom substrate in Symphony have for the most part such 
rough scales that the presence of hard bottoms is not detected, but is generalised to larger 
areas dominated by soft bottoms. By using depth data to realise bottom surface 
complexity and a measure of how steep the bottom is, additional areas with a high 
probability for valuable hard bottom can be pinpointed and included in the ecosystem 
components in Symphony. Rolling bottoms often provide food environments for filtering 
and reef-forming species. Increasing accessibility to high resolution depth data, 
developing models that describe bottom substrates and its biology is a fundamental 
necessity. 

Explosions. Pressures from military exercise areas are poorly represented in 
Symphony due to inadequate information on the volume and frequency of explosions in 
authorised areas. With more information, these maps could be improved. The 
contribution of the armed forces to cumulative environmental impact is currently 
uncertain. 

Angling. There are clear indications that angling catches constitute a considerable 
pressure for coastal fish stocks. This pressure is not included in Symphony because there 
is a lack of documentation and because angling primarily takes place near the coast and, 
thus, is not clearly linked to the environmental impact in areas that are included in the 
national marine spatial plans. However, because the cumulative environmental impact 
should be assessed based on a holistic perspective as well as consideration of coastal 
pressures, it is important to include angling in future versions of Symphony. 

Recreational craft. Similar to angling, recreational craft traffic has not been 
prioritised in Symphony, because this primarily affects coastal areas within the areas that 
are affected by national marine spatial plans. The two pressures from recreational craft 
(noise and pollutants) are flawed. They do not build on analyses of the actual pressures, 
but instead assume a linear relationship between the activity, the volume of recreational 
craft, and the pressures. If Symphony is to provide better information in coastal areas, the 
models for pressures must be improved. 

Underwater noise. Noise primarily from shipping constitutes a major part of the 
environmental impact according to Symphony. The models that are used for underwater 
noise from shipping and windfarms are advanced but have only been validated generally 
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against measurement data and other models; more needs to be done. 
Oil spills. The maps for oil spills from shipping and wrecks should be described using 

additional input data and models that take account of wind and current directions. 
Turbidity. Turbidity can pose a considerable environmental impact in coastal areas. 

In areas experiencing frequent turbidity, the natural bottom environments never recover. 
In areas experiencing turbidity for the first time, environmental impact is particularly 
extensive and can result in the complete loss of valuable habitats. In the future, turbidity 
should also be included among the pressures in Symphony, particularly when the method 
is used for coastal areas included in national MSP. 

Sensitivity matrix. Information on the sensitivity of various organism groups to 
different pressures should be continuously validated and updated by integrating new data 
in the sensitivity matrix. 

Normalisations. There may be occasion to review normalisation for certain maps, 
such as cod, herring, and sprat, in order to describe these values in various marine 
regions as accurately as possible. 

 

Development and follow-up 
There is growing research on methods for cumulative impact evaluation. In this 

context, Symphony will be able not only to contribute but also to exploit developments in 
calculation methodology, standardisation, uncertainty management and data input. 

One pronounced weakness of the method is the lack of mathematical representation of 
interactions between the various ecosystem components that in reality affect each other 
(e.g. cod and herring). It is difficult to introduce these complications in the simple model 
that is used in Symphony (based on I = P x E x S). Because lack of these interactions is 
one of the biggest deficiencies of the method, continued endeavours are required to find 
solutions. In the long run, this deficiency will be remedied through method development. 
One option is to introduce links between the various maps that describe the ecosystem 
components. Research is ongoing into spatial representation of ecosystem interactions 
(BONUS 2017). Another option is to allocate certain ecosystem components a higher 
weight than others, justified by the fact that they play a more important role in the 
ecosystem function. However, weighting occurs at the cost of transparency. A further 
approach to resolving this issue is to only use ecosystem components that correspond to 
entire ecosystems or habitats. This approach has been used by Halpern et al. (2008 and 
2015) in the global analyses. 

Another desirable development is to link levels of cumulative environmental impact to 
standards, such as Good Environmental Status in accordance with the Marine Strategy 
Framework Directive (MSFD). This can be linked at the aggregated level for the impact of 
single ecosystem components or for the presence of pressures. Development like this 
should be done in collaboration with other stakeholders in Sweden and abroad. 

Another and considerably less complicated development option is to increase the 
temporal resolution of the input data and analyses, so that exposure is adapted to the 
time of year, which should strengthen the results. It can also be an advantage to 
incorporate single short-term pressures in the method. This can be done relatively easily 
by relating intensity to frequency, as is currently the case for oil spills and military 
exercises (explosions). 

Symphony’s results have not been validated by comparing the evaluated 
environmental impact with the measuring data for the actual environmental impact/state 
of the environment. The need for validation has been highlighted in the scientific 
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discussion on spatial assessment of cumulative environmental impacts (Korpinen and 
Andersen 2016). The greatest difficulty with such validation is that it is very difficult to 
measure the cumulative environmental impact from all pressures as the environmental 
condition does not necessarily correlate with the environmental impact at the same time 
point (time lag effect). For example, environmental impacts during the latter part of the 
1900s have degraded the state of the environment in Kattegat to such an extent that even 
today the fish stock is lower and biological diversity poorer, which gives lower values for 
ecosystem components in Symphony (HaV 2018; Sköld et al. 2018; Obst et al. 2017). 
Protective interventions have contributed to a slight reduction in pressures in recent 
years, which gives lower pressure values in Symphony. The lag effect means that the 
results for Kattegat display a low environmental impact compared to Skagerrak, even 
though the long-term environmental impact is much greater and Kattegat is often 
considered to be particularly affected. Thus, correlation between environmental impact 
and environmental condition becomes weak. It is also important that Symphony’s results 
are validated in regard to the state of the environment and that the results affect the 
method development. With time, environmental impact assessment through Symphony 
can be better linked to environmental status and thus the Marine Strategy Framework 
Directive’s indicators for Good Environmental Status and other monitoring programmes. 

Standardisation and use of the same total values for ecosystem components over time 
can be crucial for comparisons in a changing environment. This would mean that analyses 
in Symphony would not be affected by the ”shifting baseline” phenomenon, which 
describes comparisons based on a too-short time line and therefore do not detect long-
term changes (Obst et al. 2017). Comparisons over time are particularly useful not only 
for monitoring future marine spatial plans, but also for other areas where the method can 
be used. 

In 2015, a follow-up (Halpern et al. 2015) of the first global study on cumulative 
environmental impact in the sea was published (Halpern et al. 2008). The follow-up 
revealed that environmental impact is increasing in large areas of the world, primarily in 
tropical and deepsea areas. In our part of the world, the trend is a stable or decreasing 
environmental impact. The global analyses must be interpreted with care at the national 
scale, not only because the ecosystem components that are included are not tailored for 
our seas, but also because the pressures are mapped roughly in the global analyses. 
However, on a global scale, the results provide a valuable indication of the trends. The 
results from Symphony should similarly be compared over time and used to understand 
trends in environmental impact in Sweden’s various marine areas, as a support tool not 
only for MSP, but also for marine management in general.
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