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1. SUMMARY
Dynamic Sensitivity Mapping represents a tool for coastal zone management. It has been developed
within the framework of the EU Interreg project EfficienSea (specifically WP 5.5 and 5.6), which
focuses on ‘Efficient, Safe and Sustainable Traffic at Sea’. Sensitivity of coastal areas in this project
is defined as the vulnerability towards oil-related pollution and disturbances. Sensitivity maps
assemble spatial information about sensitivity of coastal areas in multi-layered maps. By adding a
temporal component, they become ‘dynamic’ and hence take into account that sensitivity may
change with time. In this document we describe the stepwise process of assembling a dynamic
sensitivity map which is constructed of a series of distinct spatial elements grouped into significant
elements (parameters) and parameter ‘themes’. The constructing elements may be integrated into a
resulting summary map in many different ways, depending on the management priorities for any
given administrative unit using this tool. The purpose of this document is to elucidate the
methodology and flexibility inherent in constructing a dynamic sensitivity map.
For this project, dynamic sensitivity maps were constructed for two pilot regions of roughly the
same size, but which differed in other aspects, e.g. type of coastline, coastal user issues, legislative,
administrative and economic contexts. By testing the development tools of dynamic sensitivity
mapping in two such different pilot regions as the Gulf of Gdańsk in Poland and the Southern
Sunnmøre Coastal Region in western Norway, the generic applicability of the methods was
demonstrated.
All dynamic sensitivity maps are reproduced in the appendix (chapter 9) and, in addition, may be
accessed
at
the
EfficienSea
website
with
its
GIS
portal
at
http://maps.efficiensea.org/default.aspx?gui=1&lang=1.
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2. INTRODUCTION
The intensifying use of coastal zones increases the need for integrated coastal zone management in
order to both protect natural resources and the environment, while at the same time sustaining the
livelihoods of people which often have depended on coastal zone services for many generations.
The methodology for dynamic sensitivity mapping presented in this report have been developed and
performed within the framework of the EfficienSea project (activity WP 5.5), partially financed by
the EU Interreg Baltic Sea Region Programme 20072013.
Pilot Studies
Gulf of Gdańsk (Poland)
Southern Sunnmøre Coastal Region
(Norway)
During the development of the
methods for dynamic sensitivity
mapping, two pilot regions were
chosen to test the procedures in the
process: the Gulf of Gdańsk in
Poland, and the Southern Sunnmøre
Coastal Region in western Norway.

The main objective of activity WP 5.5 was to
develop a supporting tool for decision makers
(managers) in coastal regions. In two geographical
pilot regions, environmental and coastal zone user
data relevant for identifying sensitivity towards a
potential disturbance in the coastal zone were
assembled in two multi-dimensional maps. The data
was collected with the best available spatial and
temporal resolution. As far as possible, publically
available data was used in order to demonstrate that
dynamic sensitivity mapping should be an openly
available management tool at all levels.
In this study, we focussed on oil spills as one of the
major sources of disturbance in coastal
environments.

These regions were selected to
represent two clearly distinct coastal
areas of the northern hemisphere
which
would
allow
testing
applicability of dynamic sensitivity
mapping concepts across a wide
range of geographic, socio-economic
and administrative contexts.

Oil and other chemical spills affect marine
ecological communities in many ways. Marine
organisms such as seabirds and sea mammals may
be affected directly, through contact with the
chemical substances, or oil spills may act indirectly,
through modification of water column and sea floor
habitat characteristics, which can result in oxygen
depletion and/or poisoning of flora and fauna.
Elimination of the key/habitat forming species may
alter life on the seafloor for many species (Baker,
2001). Whereas in some cases the impact of an oil
spill can be negligible, in other instances a complete
breakdown of ecological communities has been observed, and a new stable state may not be reached
until 30 years after the spill (Mustonen and Tulkki 1972; Elmgren et al. 1983, Teal and Howarth
1984, Dicks 1999,Kingston 2002).
Oil spills represent one of the most common and relevant threats to coastal zone integrity. However,
the concept of sensitivity may be extended and applied to other types of disturbances in the future.
The final product of the sensitivity mapping process – a dynamic sensitivity map (DSM) – may
serve a variety of purposes in the decision making processes of the respective coastal regions, e.g.
as a baseline-tool for coastal zone managers (e.g. in providing information regarding location of
protected areas), as a support tool for vessel traffic service (VTS) operators (for defining traffic
4
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corridors, and for managing traffic in the most sensitive areas), as an aid in rescue services (for
advising on where to locate rescue resources), etc.
The methodology described in this report enables the creation of a dynamic sensitivity map in
different geographical areas, characterised by entirely different environmental conditions, as well as
distinct societal, political and regulatory frameworks. At the same time, the resulting products
(dynamic sensitivity maps) remain comparable with regard to sensitivity evaluation and
visualisation.
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3. DEFINITIONS & ACRONYMS
Pilot Studies
Gulf of Gdańsk (Poland)
Southern Sunnmøre Coastal Region
(Norway)
In the current project, different
single
elements
have
been
considered in the two different pilot
regions
while
developing/constructing DSMs (see
Table 1). However, the thematic
layers – ‘environment’ and ‘socioeconomy’ – were identical in both
regions.

Sensitivity – the vulnerability of a given
element/region towards an oil or chemical spill. The
extent of sensitivity is expressed by values ranging
from 1 to 3 (where 1– low sensitivity; 2 – moderate
sensitivity; 3 – high sensitivity);
Dynamic sensitivity mapping – the process of
presenting the environmental and socio-economic
vulnerability of a region in the form of map with both
a spatial and temporal aspect, i.e. focussing on areas
and time periods particularly sensitive to oil and/or
chemical spills.
Significant Element Layer (SEL) – a layer of the
map illustrating sensitivity of a selected element (e.g.
bird fauna, recreational attractiveness, fisheries)
towards oil and/or chemical spills. SELs are grouped
into Thematic Layer (TL).
Thematic Layer (TL) – a layer of the map
illustrating sensitivity of a selected group of elements
(e.g. environmental, socio-economic). Sensitivity
values are derived by averaging sensitivities of all
SELs constituting the TL.

Dynamic Sensitivity Map (DSM) – an outcome (summary) map representing the sensitivity of the
region with both spatial and temporal aspects, i.e. focussing on areas and time periods particularly
sensitive to oil and/or chemical spills. The DSM is generated by means of algorithms that assign
more or less weight to the constituting Thematic Layers (TLs). Assignments of weights to TLs may
be based on political or management priorities.
Polygon – an area where sensitivity of the significant element is assessed
AIS – Automatic Identification System - an automated tracking system used on ships and by
Vessel Traffic Services (VTS) for identifying and locating vessels by electronically exchanging data
with other nearby ships and VTS stations. AIS information supplements marine radar, which
continues to be the primary method of collision avoidance for water transport (Wikipedia).
VTS – Vessel traffic service - a marine traffic monitoring system established by harbour or port
authorities, similar to air traffic control for aircraft. Typical VTS systems use radar, closed-circuit
television (CCTV), VHF radiotelephony and automatic identification system to keep track of vessel
movements and provide navigational safety in a limited geographical area.
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4. METHODOLOGY: GENERAL FRAMEWORK
Dynamic Sensitivity Map construction
A dynamic sensitivity map (DSM) is constructed as a linear combination of several thematic layers
(TL) superimposed onto a nautical chart with bathymetric data. The number of thematic layers
taken into consideration is not limited, but it is essential that thematic layers represent the
fundamental characteristics of a given region for which the dynamic sensitivity map is being
prepared. Sensitivity values depicted on the resulting dynamic sensitivity map are calculated
through an algorithm that reflects differential emphasis on the various thematic layers by assigning
a certain weight to each of them. Criteria for weighting sensitivities from each thematic layer are
based on political and management decisions undertaken throughout a participatory process.
The process of DSM calculation as a continuous relation in both space and time might be described
as:

where:
A – corresponds to a space domain for the calculation of a DSM,
B –

corresponds to areas which are attributed as ‘must-be-protected’ (described in
the following paragraphs),

a -

corresponds to any subset of A,

N -

corresponds to number of TLs combined into DSM,

wi -

averaging weights.

A linear combination has been chosen for the study for clarity and demonstration purposes.
However, use of other formulas is also possible.
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One may notice that continuous functions, especially in temporal domains, do not exist in manmade models – this is mostly the result of too few observations, as well as human limitation in
looking at time through arbitrary periods (discrete functions). It also concerns the space and is
mostly shown through different spatial distribution of available observations. Thus it leads us to
reformulation of the above equation into its discrete form (both temporally and spatially):

where:
A – corresponds to a space domain for calculation of DSM,
B –

corresponds to areas which are attributed as ‘must-be-protected’ (described in
the following paragraphs),

ak -

corresponds to any of homogenous subsets of A,

k -

index for all homogenous subsets of A,

j -

index for all intersections of time periods,

N -

corresponds to the number of TLs combined into DSM,

wi -

averaging weights.

Additionally, the following has to be fulfilled:

where:
A – corresponds to a space domain for calculation of DSM,
ak -

corresponds to any homogenous subset of A,

k -

index for all homogenous subsets of A,

K -

number of homogenous subsets of A,

T-

corresponds to the time domain,

tj -

corresponds to the smallest homogenous time period,

j-

index for all homogenous time periods,

J-

number of homogenous time periods considered.
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Each thematic layer is composed of single element layers (SELs) that are representative for the
region. Again, the number of single element layers is not limited. Rather, the most important
consideration is that within each thematic layer, all relevant elements of the given region are taken
into consideration. On principle, it should therefore be possible to tailor dynamic sensitivity maps to
any particular coastal region. Hence, thematic layer sensitivity in general can be described by the
following equation in discrete form:

where:
ak -

corresponds to any homogenous subset of A,

k -

index for all homogenous subsets of A,

j -

index for all intersections of time periods,

N -

corresponds to the number of TLs combined into the DSM,

wi -

averaging weights.

Within each thematic layer, sensitivity values of the significant element layers are averaged – the
equation shows general weighting average, but in our study, simple averaging has been used. By
averaging information within thematic layers, bias towards groups represented by more layers (or
possibly with better data availability) is avoided. Averages should be based on single element layers
with data only, excluding ‘no data’ values.
It is important to notice that significant element sensitivity may be any type of function in the time
and space domain which can be explained and proved against reality. This is especially important if
the available number of observations is limited and no analytical/empirical relations are available. It
is, for example, enough to convert ‘expert judgements’ into appropriate GIS representation. In the
course of documentation, different approaches to definition of significant element sensitivity are
shown.
One of the dilemmas to be considered when preparing GIS data for significant element sensitivity is
the choice of raster or vector approaches to spatial data representations. Both approaches have
different advantages and disadvantages. The simplest way appears to be raster representation,
especially since it uses easier modelling, calculations and manipulations. However, for our study it
turned out that regardless of how high the chosen resolution of the raster datasets, there were
features which were ‘lost’, as their sizes were really small (on the scale of a few meters). This
concerns especially coral reefs in Norwegian fjords, which are so important that they should be
always visible and represented. On the other hand we also have quite ‘coarse’ datasets based on
‘expert judgements’ drawn on the maps, and– converting them into high resolution rasters would be
an ‘academic exercise’. Thus, vector spatial dataset representation has been chosen. The choice of
either one representation should be always dependant on (i) availability of data, (ii) complexity of
the terrain or other natural feature, and (iii) complexity of the system in question.
One additional thematic layer, representing outstanding elements of special value (e.g. unique and
protected areas, important cultural heritage sites etc.) is added on top of all thematic layers. This so9
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called ‘Must Protect’ thematic layer represents all elements with highest possible sensitivity and
should remain as such unchanged on the resulting map. It will thus function as a safe-guarding
mechanism against down-prioritising areas of high societal or environmental value as a
consequence of averaging sensitivity values within thematic layers.
Information in each significant element layer consists of digitised spatial information for selected
parameters, matched with sensitivity values (1 – low sensitivity; 2 – moderate sensitivity; 3 – high
sensitivity), where sensitivity is interpreted predominantly in relation to oil and other chemical spill
scenarios (see above).
Whenever possible and appropriate, spatial information is presented with a certain temporal
resolution (e.g. month/season), contributing to making the resulting sensitivity map dynamic
(DSM). This acknowledges the fact that neither coastal zone environments with their respective
sensitive elements, nor management decisions based on such sensitivities are static. Rather, both
natural, cultural and sociological features of coastal zones are dynamic, and in order for a coastal
management tool to be effective, it should take such changes into account. The ultimate goal is to
provide a tool which is both dynamic and adaptive, so that changes at all levels of the sensitivity
mapping process may be adopted into an adaptive mapping tool.
SEL - levelling
In case of particular areas (identified by unique polygons) overlapping within single element layers,
’levelling of SELs’ needs to be carried out. In this process, all overlapping polygons are broken
down into segments of individual polygons (see Fig. 4.1), so that the number of polygons within the
SEL is increased. Sensitivity values for the new polygons, i.e. those derived from overlapping areas
of two or more individual polygons, are equal to the highest sensitivity value among overlapping
areas. It is likely that in the process of levelling SELs, minute polygons are created which represent
artefacts of the SEL-construction process. These should be eliminated as ‘noise’.
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Example of sensitivity value assignment in overlapping polygons within significant
element layers, distributed by months (J-D)
J
2
1
2

Polygon A and A-C
Polygon B and B-C
Polygon C

F
2
1
2

M
3
1
3

A
1
1
1

M
1
1
1

J
1
3
3

J
3
3
3

A
2
3
3

S
2
1
2

O
1
1
1

N
3
2
3

D
3
2
3

A
B

A-C

C
B-C

Fig. 4.1. Overlapping polygons within Significant Element Layers (SEL) and process
of levelling.
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Pilot Studies
Table 4.1 compares the two pilot regions in terms of their geographic framework. Apart
from the fact that both areas are on the same order of magnitude regarding size, they
represent two very different types of coastal regions – which is useful in testing the
applicability of dynamic sensitivity mapping across a range of conditions.

Parameter

Southern Sunnmøre
Coastal Area (SSCA)

Gulf of Gdansk (GoG)

Area (km2)

4890

2468

Length of coastline (km)

>941

358

Percentage of land mass in area (%)

30

5

% of non-developed tidal zone

80-90

0

Tidal range (mean in cm)

124

<10

Sign. wave height max (m)

13.2

5

Surface salinity range (psu)

0-35.0

0-7.8

Average surface salinity (psu)

33.5-35.0

7.7

Depth range (m)

0 - 700

0 - 100

Av depth (m)

ca. 70

46

Substratum types

- marine rock

- marine clay and silt

- marine sand and gravel - marine-glacial clay and
silt
- marine-glacial clay
and silt
- soft and muddy
sediments

- marine clay-silt-sand
- marine sand and gravel
- lagoonal silt and sand
- deltaic silt and sand
- lake silt, sand and peat
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Table 4.2 summarises the significant element layers and their groupings into thematic layers that
were used for the two pilot regions – Gulf of Gdańsk (GoG) and Southern Sunnmøre Coastal Area
(SSCA). Clearly, both data availability and data formats differ significantly in the two regions (see
details in the respective region descriptions). Nevertheless, the resulting sensitivity maps are
directly comparable in terms of their visualised information content (see examples in Fig. 4.2).

Pilot Studies
Table 4.2 Overview of Thematic Layers (TLs) and Significant Element Layers
(SELs) to be included in the Dynamic Sensitivity Maps from the two pilot regions
(Gulf of Gdańsk – GoG, and Southern Sunnmøre Coastal Area – SSCA) (x –
included, n/a – not applicable, ‘no data’ – relevant SEL, but currently no data
available)
Thematic Layer with Single Element Layers
Environmental
Geology – Substratum type / grain size
Marine vegetation (macrophytes)
Marine habitat types (env.)
Coastal vegetation (terrestrial)
Bottom fauna (macrozoobenthos)
Fish fauna (ichthyofauna)
Bird fauna (avifauna)
Marine mammals
Protected areas (env.)
Socio economic
Fisheries
Aquaculture
Cultural landscapes
Recreation (tourist attractiveness)
Cultural heritage (under water)
Military areas
Infrastructure (Harbours, Industrial
facilities, marinas, shipyards)
Marine energy
Other resource exploitation (e.g. mining)
‘Must Protect’

SSCA (NO)

GoG (PL)

Temporal
resolution

no data
no data
x
x
no data
x
x
x
x

x
x
n/a
n/a
x
x
x
x
n/a

no
no
no
no
no
month
month
month
no

x
x
x
x
x
no data

n/a
n/a
n/a
x
x
x

month
month
no
month
no
no

no data
no data
no data
x

n/a
n/a
n/a
n/a

no
no
no
no
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Visualisation
For the purpose of this project it was decided to limit the categories on the sensitivity scale to three
(low, moderate and high sensitivity – see details in the regional pilot study descriptions) to keep the
maps and associated information as simple as possible. However, on principle any number of
categories could be used.
When combining spatial information from significant element layers and subsequently from
thematic layers, intermediate significance values are obtained (e.g. 1.5, 1.7, 2.6, etc).
Hence, the colour scale used to represent sensitivities on the resulting dynamic sensitivity map may
be chosen with any number of colour-categories, representing the resolution regarding the
sensitivity parameter. For examples and discussion see chapter 7.
In addition, data set completeness, i.e. the number of single element layers averages are based on,
may be represented by colour transparency in the resulting TL map, hence giving a visual indication
of availability of data in different parts of the map.

14
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Pilot Studies

Fig. 4.2. Example of resulting Dynamic Sensitivity Maps for September in the two
pilot regions (Southern Sunnmøre Coastal Area (SSCA) above and Gulf of Gdańsk
(GoG) below).
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5. DETAILED DESCRIPTION OF THE NORWEGIAN PILOT
PROJECT (SSCA)

Fig. 5.1 Physical map of Norway (left) and a detailed section of the Southern Sunnmøre
Coastal Area, the Norwegian pilot region for the project.

5.1. Description of the area
The Southern Sunnmøre Coastal Area considered for this project is located on the western coast of
Norway, extending from the western cape (Stad) to the city of Ålesund, including the major fjord
systems (up to approximately 80 km east) and the near-coastal zone of 20 km seaward (see fig. 5.1).
The entire area covers approximately 4890 km2. The highly exposed coast is characterised
oceanographically by the gulf stream coming to shore over a narrow continental shelf margin which
drops to several thousand meters depth into the Norwegian Sea basin. This leads to extremely high
biological productivity in the ocean and, consequently, a marine resource-based economy of the
people in the region, which has provided the livelihood for generations, originally through fisheries
and more recently through oil and gas exploration.
A series of deep fjords (average depth 70 m, maximum depth 700 m) intersects the coast line to the
east, shaping the region as a network of hundreds of islands and water sheds, which are influenced
both by marine and terrestrial (fresh water) forces. The elevation profile of the coast (largely steep
slopes) continues on land. Many of the coastal rocky islands are between 200 m and 500 m high and
contain some spectacular cliffs with the most southerly seabird colonies of Norway on the island of
Runde as the most prominent example. The coastal mountain range to the east (‘Sunnmøre Alps’)
rises to 1700 m above sea level. Whereas marine bottom substratum types have not been
systematically mapped in the area, they include rock, sand and gravel and glacial deposits (clay and
silt) as the predominant types.
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The estimated length of the coastline (including all islands above 2 km in diameter) is 941 km (477
km associated with islands and 464 km with the mainland). Between 80 and 90 % of the intertidal
zone in the area is undeveloped, i.e. represents ‘natural’ environment.
The average tidal range in the region is 124 cm, with a minimum recorded low tide of -38 cm and a
maximum high tide of 305 cm. The salinity range of surface waters is influenced by the interactions
of the gulf stream (full salinity Atlantic sea water running at 40m depth) and the less saline
‘Norwegian coastal current’ which follows the coastline from the south, originating in the Baltic
Sea. In addition, seasonal variation in weather conditions and fresh water run-off, shape the specific
salinity profile in any given water body of the area at any one time. Overall average surface
salinities lie between 33.5 and 35 (practical salinity unit PSU). The water column is most often
stratified (see current dynamics) with a sharp thermo- and halocline at between 10 and 40 m depth.
The highest recorded waves on the coast were 13.2 m, significant wave height average is 2.72 m.
The region continues to be utilised both on land and at sea, including commercially and
recreationally. The natural environment (especially the bird island of Runde and the Natural World
Heritage location of Geiranger Fjord) attracts both researchers and visitors, and many other unique
environmental features remain to be discovered and monitored into the future in more detail (e.g.
deep sea coral reefs). Marine resource use still is based largely on finfish (both through catch and
culture fisheries), but also shellfish and kelp contribute to commercial exploitation from the marine
environment. Over the past decades, oil and gas exploration has become ever more prominent, and a
significant supply industry in the region has given SSCA status as one of the major maritime
industrial clusters in Europe, with several ship yards, ship owners’ offices, and high-tech maritime
manufacturing companies.
Shipping activity in the area is extremely high – both for transport along the Norwegian coast, from
offshore mineral fields to the maritime cluster area and with coastal fishing activity.
The combination of pristine environments and abundance of natural resources on the one hand and
high intensity resource use, shipping and industrial activity on the other hand, means that SSCA
represents a high-risk area with regard to accidents with detrimental consequences for the
environment, especially from oil pollution (see fig. 4)
For the purpose of this project, significant element layer parameters were selected on the basis of
several criteria, especially data availability at the time of project development and open access to
data as far as possible, so that the process of map construction may be replicated by other parties. In
addition, an important criterion for inclusion of data was that it should be feasible to update the data
base for the dynamic sensitivity map, as new data becomes available.
In general, it is crucial that assignment of sensitivity values to spatial information within single
element layers is both consistent across layers and transparent.
The pilot studies in this project act as examples which may be modified and tailored to other
situations.
A priori and in concert with the Polish partners, it was decided to group all single element layers
into just TWO thematic layers, i.e. ‘environmental’ and ‘socio-economic’.
Table 4.2. provides an overview over the single element layers considered in the Norwegian pilot
region. Not all of the layers had data available in our area, and not all of them existed as publically
available data at the time of project development. The following descriptions refer only to the data
that were actually assembled for the Norwegian dynamic sensitivity map.
All sensitivity maps from the two pilot projects are provided in the appendix (chapter 9). In the
following chapters, we only present examples of the different types of sensitivity maps.
17
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5. 2. Thematic Layer Environment
This thematic layer includes all single elements that are directly associated with the natural
environment, including its living and non-living elements. In contrast, anthropogenic uses of nature
such as exploitation of natural resources, is considered separately under the second thematic layer
(socio-economy).
5.2.1. Marine habitat types (Fig. 5.2.1)
Here we used data from the Norwegian Directorate for Nature Management who has assembled a
list of marine habitat types with special importance for marine biodiversity and with an elevated
sensitivity towards various types of development. Hence, the habitat types considered in the
national marine habitat mapping effort of the Directorate fall under one of the following categories:
· Habitat types with high species richness
· Habitat types with special physical or chemical characteristics which provide habitat for
unique biological communities
· Habitat types which are used by highly sensitive species
· Habitat types housing special populations
· Habitat types which are especially sensitive towards human development and other activities
Examples of these habitat types include coral reefs, kelp forests and glacial deposit areas. We
included this data layer in the mapping process, because we are assuming that oil spills can affect
diversity in marine habitat types both directly (through detrimental effects on species), but also
indirectly, by polluting valuable habitat for species using it. Especially when species representing
ecosystem engineers (e.g. structure providing species) are affected, diversity is bound to be reduced.
Sensitivity criteria were transferred according to the 3-category ranking of ‘very important’ (high
sensitivity – 3), ‘important’ (moderate sensitivity – 2), and ‘locally important’ (low sensitivity – 1).
These criteria were all based on biodiversity measures in the original data set (Direktoratet for
Naturforvaltning, 2007a). Data are available at http://dnweb12.dirnat.no/nbinnsyn/NB3_viewer.asp
(Direktoratet for Naturforvaltning, 2011 - accessed 25.11.2011).
For this single element layer, there was no dynamic aspect.
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Fig. 5.2.1 Example sensitivity map of Single Element Layer ‘Marine habitat types’ for the
Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and
3 (red, high). No dynamic aspect.

5.2.2. Coastal vegetation (Fig. 5.2.2)
Also this single element layer is based on data assembled by the Directorate for Nature
Management (Direktoratet for naturforvaltning, 2007b). As in the ocean, vegetation habitats on land
are also assessed in relation to their biological diversity. From this data base, all those areas with a
coastal component in the pilot region were selected. They are included under similar criteria as
described in chapter 5.2.1. for marine habitat types. They include vegetation assemblies such as
sand dunes, beach meadows and brackish water estuaries, but also coastal bogs and forests
Sensitivity criteria were transferred according to the 3-category ranking of ‘very important’ (high
sensitivity – 3), ‘important’ (moderate sensitivity – 2), and ‘locally important’ (low sensitivity – 1).
These criteria were all based on biodiversity measures in the original data and include biodiversity
of the vegetation species as well as associated fauna. Data is available at
http://dnweb12.dirnat.no/nbinnsyn/NB3_viewer.asp (accessed 25.11.2011).
For this single element layer, there was no dynamic aspect.
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Fig. 5.2.2 Example sensitivity map of Single Element Layer ‘Coastal vegetation’ for the
Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and
3 (red, high). No dynamic aspect.
5.2.3. Fish (Ichthyofauna) – Fig. 5.2.3
The Norwegian Directorate of Fisheries has a data base on spawning areas with temporal resolution.
This data is largely based on reports and interviews with fishermen. It includes information on the
seasonal presence of spawning fish or fresh roe and several so-called ‘valuable salmon fjords’. We
assigned sensitivity category 3 (high sensitivity) to the locations whenever spawning fish or fresh
row were present and category 2 (moderate sensitivity) to the same locations outside of the
spawning season. This was based on the fact that many fish species select spawning locations
according to habitat features, which may be lost during an oil spill. Suitable alternative spawning
locations may not be available, thereby reducing survival of a population. Hence, fish populations
may be indirectly affected through spawning location loss, even outside the spawning season. Also
valuable salmon fjords received category 2 (moderate sensitivity), but throughout the entire year.
Data is available at http://kart.fiskeridir.no/default.aspx?gui=1&lang=2 (accessed 10.02.2012). Data
was collected with a temporal resolution of months.

20
efficiensea.org

Part-financed by
the European Union

Fig. 5.2.3 Example sensitivity map of Single Element Layer ‘Fish (Ichthyofauna)’ for the
Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and
3 (red, high). February - March.
5.2.4. Birds (Avifauna) – Fig. 5.2.4
As there is currently no open access data base for Norwegian seabird populations available, we used
expert interviews to evaluate sensitivity for this single element layer. As the pilot region includes
the most southerly Norwegian seabird colony on the island of Runde, which is highly frequented by
ornithologists and bird enthusiasts from all over the world, data as well as anecdotal information is
widely available from these sources. In addition, the area has experienced an oil spill in 1992, and
the consequences of the oil spill on seabird populations have been observed in the past.
We interviewed Alv Ottar Folkestad, the former Director of the Norwegian Ornithological
Association and referred to data from the Norwegian SEAPOP ornithological programme
(http://www.seapop.no/en/about/index.html). Sensitivity categories were assigned in relation to a
number of criteria, including no. of species present at any one time, no. of individuals present at any
one time, presence of rare vs. common species (protected status), activity of species present
(nesting, feeding, resting) and associated sensitivity to oil pollution, mobility status (flight ability)
and hence the capability of avoiding an oil spill, and availability of alternative sites in the area. The
temporal resolution of this single element layer was months.
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Fig. 5.2.4 Example sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the
Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and
3 (red, high). January to February.

5.2.5. Marine Mammals – Fig. 5.2.5
As with seabirds, there is no data base for marine mammals that would cover the entire pilot area.
For this very reason, we used the same method of data collection as for birds, i.e. expert interviews
– again, we used the expertise of Alv Ottar Folkestad, this time in his capacity as municipal
environmental advisor in Ulsteinvik municipality.
Criteria for assigning sensitivities included the number of species and individuals present in any one
location, presence of rare vs. common species (protected status), activities of the species presence
(feeding, resting, transitory) and associated sensitivity to oil pollution, differential sensitivity at
different life cycle stages, and availability of alternative sites. The temporal resolution was at the
level of months.
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Fig. 5.2.5 Example sensitivity map of Single Element Layer ‘Marine mammals’ for the
Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and
3 (red, high). January.

5.2.6. Protected Areas – Fig. 5.2.6
The Directorate for Nature Management has assessed environments across the entire country with
regard to their protection status, including national parks, landscape protected areas, nature reserves
and areas with species protection (Direktoratet for naturforvaltning, 2008). Also here, biodiversity
is the primary criterion for protection status. More concretely, the following protected areas are
encountered in the Norwegian pilot area:
· Landscape protected area: natural or cultural landscape with high ecological, cultural or
recreational value. This protection status is often used for cultural landscapes under use,
and the conservation of landscape appearances and associated user experience is a key goal
for implementing this level of protection.
· Nature reserves: this is the strongest protection status for defined spatial areas under current
Norwegian law. Nature reserves include areas with threatened species, rare or sensitive
natural elements, areas which represent a certain habitat type, play a key role for biological
diversity, represent a special geological feature or have extraordinary scientific value.
· Protected biotopes: These are biotopes for certain species of plant or animal and they fulfil
ecological functions for one or several species. Typical examples include spawning
grounds, feeding areas, migration routes, hibernating places, etc.
· Marine protected areas: these areas are selected on the basis of their significance for marine
species or because they represent valuable assets in the marine environment which are used
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by species on land. They may also be selected to conserve ecological functions for certain
species – similar as described for protected biotopes. The protection may apply to either the
seafloor, the water column or the surface or a combination of those elements.
· Other protected areas: Previously other types of protection status were used, such as for
natural memorials (icons) or species protection. With a revision of the nature protection law
in Norway in 2009, many of those original types of protection are under review, and may be
surpassed by the major types (nature reserve, protected biotopes and landscape protected
areas) described above.
We included those types of protected areas that had a coastal component in our pilot region and
assigned sensitivity ‘3’ across the board as they were already selected on the basis of their
environmental sensitivity to receive protection status. There was no temporal element to this data.
Data are available at http://dnweb12.dirnat.no/nbinnsyn/NB3_viewer.asp (accessed 25.11.2011).

Fig. 5.2.6 Example sensitivity map of Single Element Layer ‘Protected areas’ for the Southern
Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). No dynamic aspect.
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5.3. Thematic Layer Socio-Economy
In this thematic layer all parameters are directly related to a commercial activity or another type of
societal value, such as cultural heritage. Some of the single element layers in this thematic layer are
directly related to the environmental layers such as in the case of activities based on natural
resource use (e.g. fisheries), others are more independent.
5.3.1. Fisheries – Fig. 5.3.1
The Directorate of Fisheries has collected data on fisheries activities – including commercial,
recreational and tourist fisheries - based on interviews with fishermen. Areas include those with
fisheries activities in the past, which are expected to be used also in the future. The data is collected
both by gear type (active vs. passive gear) and by species fished.
In this single element layer we represent these data with two sensitivity levels (3 - high sensitivity
for the fishing season) and 1 - low sensitivity for the same locations but outside the fishing season).
Other than for spawning areas, fishing is considered a transient activity and hence linked more
tightly to the fishing season. The temporal resolution is at the level of months. Data is available at
the
mapping
tool
site
of
the
Directorate
of
Fisheries
(http://kart.fiskeridir.no/default.aspx?gui=1&lang=2, accessed 10.02.2012).

Fig. 5.3.1 Example sensitivity map of Single Element Layer ‘Fisheries’ for the Southern
Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). January.
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5.3.2. Aquaculture (sea-based localities) – Fig. 5.3.2
Also for this single element layer, the data is provided by the Directorate of Fisheries
(http://kart.fiskeridir.no/default.aspx?gui=1&lang=2, accessed 10.02.2012).
All localities, grouped by culture species, are included in the layer. Culture species are primarily
finfish but also shellfish. Sensitivities were assigned according to the physiology of the cultured
species, with 3 (high sensitivity) assigned to the most sensitive season in the life cycle, and 2
(moderate sensitivity) assigned to less sensitive seasons. The temporal resolution is months.

Fig. 5.3.2 Example sensitivity map of Single Element Layer ‘Aquaculture’ for the Southern
Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). December to June.
5.3.3. Cultural landscapes – Fig. 5.3.3
The Directorate for Nature Management assembles data on landscapes with special cultural value,
i.e. landscapes created by cultural practices such as agriculture or horticulture. Cultural landscapes
are selected on the basis of several criteria, incl. their representativeness, their outstanding
characteristics
and
their
biological
diversity
and
variation
(http://dnweb12.dirnat.no/nbinnsyn/InfoDatasett/Info_KulturOmr.htm, accessed 10.02.2012).
Sensitivity levelsare assigned according to whether the localities have national, regional or local
value (based on representativeness, uniqueness and biological diversity), an evaluation that
is associated with the Directorate’s classification. This significant element layer does not have
a dynamic component, and data is accessible at Direktoratet for naturforvaltning Naturbase:
http://dnweb12.dirnat.no/nbinnsyn/NB3_viewer.asp?Box=-93940:6833102:154968:6936980,
accessed 10.02.2012).
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Fig. 5.3.3 Example sensitivity map of Single Element Layer ‘Cultural landscapes’ for the
Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and
3 (red, high). No dynamic aspect.
5.3.4. Recreation – Fig. 5.3.4.
Assessing the recreational value of an area is not an easy feat. However, in Norway, the government
through the Directorate for Nature Management assigns certain areas and locations which are set
aside from other types of development for recreational uses. The main purpose of setting aside areas
for general recreation and protecting them from development or other threats is to provide access to
natural environments for recreation and outdoor activities in order to support a healthy lifestyle and
free access to natural environments (Direktoratet for naturforvaltning, 2012) In this significant
element layer, we collected all such areas that were associated with the coast. We assigned
sensitivity of category 3 (high), if the area was classified as ‘very important’ in the original data set.
Otherwise we assigned ‘moderate sensitivity’ during the primary usage months (e.g. beach during
summer, fishing area during fishing season etc), and ‘low sensitivity’ outside of the primary usage
season. The data is accessible at http://dnweb12.dirnat.no/nbinnsyn/NB3_viewer.asp?Box=93940:6833102:154968:6936980, accessed 10.02.2012 .
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Fig. 5.3.4. Example sensitivity map of Single Element Layer ‘Recreation’ for the Southern
Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). October to April.

5.3.5. Cultural Heritage under water – Fig. 5.3.5
The Directorate for cultural heritage has a database on culture heritage sites under water. These
include both marine installations (such as harbour structures), ship wrecks and buildings that were
subsequently submerged. In order to assign sensitivity values to the spatial information in this
significant element layers, we used the protection status associated with the locations as a context.
In this way, locations protected by process and world heritage sites were given sensitivity 3 (high),
whereas locations protected by regulation and temporarily protected locations, as well as those
under review, were assigned sensitivity 2 (moderate). All remaining locations (automatically
protected, protection removed and non-protected ones), were classified as having low sensitivity
(1). For a deeper analysis, see Riksantikvaren, 2010. Data does not have a temporal aspect and is
accessible at http://www.kulturminnesok.no/ (accessed 10.02.2012).
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Fig. 5.3.5 Example sensitivity map of Single Element Layer ‘Cultural heritage under water’
for the Southern Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow,
moderate) and 3 (red, high). No dynamic aspect.

5.4. Thematic Layer ‘Must Protect’ – Fig. 5.5.1.3
As single element layer information is combined into thematic layers through simple averaging of
sensitivities across SELs, it is theoretically possible that highly sensitive areas get ‘covered’ or their
importance watered down by many other, less sensitive SELs in the same location. In order to have
a safeguarding mechanism against such loss of highly important data, and to make certain that
individual highly sensitive areas remain visible as such also on the final dynamic sensitivity map, a
further ‘Must Protect’ thematic layer was introduced. On this layer, single elements from potentially
all other single element layers can be assembled and will be represented with their full sensitivity
also in the resulting DSM.
In the current Norwegian pilot area, we selected example elements to be represented on the ‘Must
Protect’ layer. On principle, one should consult the same databases and experts as in the
construction of the other thematic layers for assembly of the ‘Must Protect’ Layer.
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5.5. Dynamic Sensitivity Maps of the Norwegian pilot area – SSCA
5.5.1. Summary maps thematic layers
The following maps represent example dynamic sensitivity maps for the three thematic layers, i.e.
environment (Fig. 5.5.1.1), socio-economy (Fig. 5.5.1.2) and ‘Must Protect’ (Fig. 5.5.1.3).
Thematic layers are constructed from all single element layers by simple averaging of sensitivities,
and without weighting. The ‘Must Protect’ thematic layer represents an exception in that it contains
just single elements originating from various single element layers. All single elements in the ‘Must
protect’ layer have high sensitivity and should be protected regardless of other priorities.

Fig. 5.5.1.1 Example sensitivity map of the thematic layer ‘Environment’ for the Southern
Sunnmøre Coastal Area (SSCA). Five sensitivity categories depicted, based on 3 original
sensitivity calsses in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). October.

30
efficiensea.org

Part-financed by
the European Union

Fig. 5.5.1.2 Sensitivity map of the thematic layer ‘Socio-Economy’ for the Southern Sunnmøre
Coastal Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity
calsses in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high).
October.
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Fig. 5.5.1.3 Sensitivity map of Thematic Layer ‘Must Protect’ for the Southern Sunnmøre
Coastal Area (SSCA). All elements included in this dynamic map have – by definition – been
assigned sensitivity class 3 (red, high). No dynamic aspect.
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5.5.2 Summary Dynamic Sensitivity Maps
The following maps (Figs. 5.5.2.1 – 5.5.2.12) represent resulting dynamic sensitivity maps,
combined from all three thematic layers. They were constructed by simple averaging of sensitivities
from the thematic layers, without weighting and include a temporal resolution of months.

Fig. 5.5.2.1 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). January.
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Fig. 5.5.2.2 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). February.

Fig. 5.5.2.3 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March.
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Fig. 5.5.2.4 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April.

Fig. 5.5.2.5 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.
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Fig. 5.5.2.6 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June.

Fig. 5.5.2.7 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July.
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Fig. 5.5.2.8 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August.

Fig. 5.5.2.9 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September.
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Fig. 5.5.2.10 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October.

Fig. 5.5.2.11 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). November.
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Fig. 5.5.2.12 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA),
constructed from sensitivities of three thematic layers (environment, socio-economy and ‘must
protect’). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December.
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6. DETAILED DESCRIPTION OF THE POLISH PILOT PROJECT
(GoG)

Fig. 6.1.1 Location of the Polish pilot area in the Gulf of Gdańsk (GoG), showing the entire
Baltic proper (left) and just the pilot area, delimited by the VTS (Vessel traffic service) range,
on the right.
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Fig. 6.1.2. Nautical chart showing Polish pilot project area in the Gulf of Gdańsk (GoG).

6.1. Description of the area
The Polish pilot project aimed at developing the dynamic sensitivity map for the area of the Gulf of
Gdańsk with limitations set by the VTS range (Figs. 6.1, 6.2).
The Gulf of Gdańsk (GoG) is a part of the Gdańsk Basin (south-eastern part of the Baltic proper)
and can be regarded as a system of estuaries where water masses, i.e. freshwater from terrestrial
sources and marine ones from the Southern Baltic, mix constantly. Freshwater comes from 20
streams and rivers flowing into the GoG, but mainly from the Vistula River, which is the second
largest river flowing into the Baltic Sea. Considerable volume of freshwater causes spatial
differentiation in the hydrological and hydrochemical characteristics of the basin thus shaping
ecological community diversity and habitat differentiation (Andrulewicz et al. 2004).The region can
be divided into sub areas of different hydrological and biological community features, i.e. the GoG
proper (the deepest part of the GoG area), outer Puck Bay and inner Puck (called Puck Lagoon), the
shallowest part in the GoG. What is typical for the GoG water masses is the vertical stratification.
Surface waters of constant salinity undergo significant seasonal temperature variation, while mid
water column waters (the so-called winter water layer) maintain constant salinity and low
temperature. The near-bottom water layer, saline and of little temperature variation, originates from
periodical inflows from the North Sea.
The GoG is regarded as the second most eutrophic basin within the Polish marine areas, the
Pomeranian Bay being the first (Trzosińska and Łysiak-Pastuszak 1996). Nutrient concentrations
observed in recent years indicate that the eutrophication process in the GoG is decelerating (ŁysiakPastuszak et al. 2010).
The criteria applied during the preparation of dynamic sensitivity maps for three thematic layers and
twelve single element layers are presented in table 4.2.
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6.2. Thematic Layer Environment
6.2.1. Geology – Fig. 6.2.1
Geological sensitivity to oil spills can be defined by a combination of different factors:
1) Type of sea floor and beach sediments
2) Relevant hydrodynamic conditions
3) Use of preventive or counter measures used during oil spill combating.
Ad. 1. Typical sea floor and beach sediments can be defined as cohesive or non-cohesive. Cohesive
sediments are represented by boulder clays and till or compacted mud, while non-cohesive
sediments are represented by sand, gravel, pebbles, stones, etc. Cohesive sediments are
characterised by high natural resistance to spilled oil permeability, thus resulting in lower uptake of
oil per surface (volume) unit. In contrast, non-cohesive sediments, having higher permeability to
oil, can absorb much more oil per surface or volume unit.
Another group is created by hard rocks – its permeability is almost zero. Hence, the sensitivity
assignment for sediment types is obvious: highest sensitivity for non-cohesive sediments,
intermediate sensitivity for cohesive sediments and lowest sensitivity for hard rocks. In the current
pilot study, we assigned sensitivity values accordingly.
Ad. 2. However types of sediments are characterised by oil permeability, the oil spill pollution will
not affect all sea floor or beach sediments equally under certain local hydrodynamic conditions.
Typically, in case of an oil spill, only the surf zone and beaches (water depth less than 10 m) have
very high probability of sediment pollution. Intermediate depth sediments (10 to 20 m water depth)
have moderate probability of pollution and deeper (more than 20 m) sediments have extremely low
probability of pollution. Thus, we propose to include this factor into assignments of sensitivity
values by :
i.

increasing sensitivity values obtained from sediment permeability by one category
for sediments in the surf zone,

ii.

Maintaining sensitivity values obtained from sediment permeability for sediments
at intermediate water depth (10 to 20 meters),

iii.

and decreasing sensitivity values obtained from sediment permeability
sensitivity value for sediments in deeper waters.

to the lowest

Ad. 3. All of the above considerations may be superseded by human actions against oil spills.
The use of dispersants may lead to oil/dispersant mixture sedimentation at any place of area
in question, regardless of type of sediments and hydrodynamic conditions. It should be noted,
however, that as a result of conscious mitigation activities this factor should not be taken into
account for dynamic sensitivity.
Table 6.1. summarises geological single element layer construction and fig. 6.2.1 shows the
resulting single element layer (SEL) for geology.
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Table 6.1. Sensitivity value assignment for single element layer (SEL) ‘geology’
Type of sediment /
sediment
permeability

Non-cohesive
sediments / high
permeability

Cohesive
sediments / medium
permeability

Hard rock
(solid substrata) /
low permeability

Hydrodynamic
conditions (static)

Hydrodynamic conditions
(dynamic)

Sensitivity
value

Surf zone (water depth Surf zone – e.g. water depth less
less than 10 m)
than significant wave height

3

Intermediate
zone Intermediate zone – water depths
(water depth from 10 to from significant wave height to
20 m)
half-length of waves

2

Deep
water
zone Deep water zone – e.g. deeper
(deeper than 20 m)
than the half-length of waves

1

Surf zone (water depth Surf zone – e.g. water depth less
less than 10 m)
than significant wave height

2

Intermediate
zone Intermediate zone – water depths
(water depth from 10 to from significant wave height to
20 m)
half-length of waves

1

Deep
water
zone Deep water zone – e.g. deeper
(deeper than 20 m)
than the half-length of waves

1

Surf zone (water depth Surf zone – e.g. water depth less
less than 10 m)
than significant wave height

1

Intermediate
zone Intermediate zone – water depths
(water depth from 10 to from significant wave height to
20 m)
half-length of waves

1

Deep
water
zone Deep water zone – e.g. deeper
(deeper than 20 m)
than the half-length of waves

1
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Fig. 6.2.1. Example sensitivity map of Single Element Layer ‘Geology’ for the Gulf of Gdańsk
(GoG). No dynamic aspect.

6.2.2. Marine vegetation (macrophytes) – Fig. 6.2.2
Macrophytes (bottom macroflora, phytobenthos) form a community of large plants (at least several
millimetres high). They include rooted vascular plants (e.g. seagrasses) and macroalgae, which are
either attached to the surface of hard substrata or float freely in the near-bottom water layer.
Macrophytes are dependant on light, thus their presence is limited to a shallow euphotic (lightpenetrated) zone.
In the Polish marine areas macrophytes occur sparsely. To date, they have been found in the Gulf of
Gdańsk, boulder areas of the Słupsk Bank and Rowy (http://www.pom-habitaty.eu/en/, KrukDowgiałło et al. 2011), as well as in the Vistula Lagoon (). Their occurrence is limited by
unfavourable environmental conditions such as significant water movements restricting the
establishment of rooted vascular plants or lack of hard substratum conditioning the growth of
macroalgae. However, some areas of the coastal waters, suitable for macrophytes development,
have not yet been investigated.
The densest submerged vegetation communities characterized by the highest species diversity
within Polish marine waters, occur in Puck Bay (http://www.pom-habitaty.eu/en/, Kruk-Dowgiałło
et al. 2009, Kruk-Dowgiałło & Brzeska 2009, Osowiecki et al. 2009). For the following reasons
Puck Bay represents an exceptional area within Polish marine waters:
· the highest number of protected species is recorded (in accordance with Regulation of the
Minister of Environment from July 9th on the wild-growing plant species being under
protection (Polish Journal of Laws No 168, item. 1764)),
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· the following species are present: Ruppia maritima L.– rare species, listed on the Polish Red
Book and Ranunculus baudotii Godr. – species typical for freshwater environments,
· Vascular plants form single or multi species underwater meadows which are crucial as
habitats for fish- (ichthyo) fauna and invertebrate species; the biomass of these seagrass
meadows is dominated by Potamogeton spp. and Zostera marina (Kruk-Dowgiałło 2000,
Kruk-Dowgiałło & Brzeska 2009, HELCOM 2009).
Macrophytes are sensitive to many different environmental alterations, such as increase in nutrient
loading, concentration of suspended matter and modification of the shore and sediment structure
(Lundälv et al. 1986, Kautsky 1991, Kruk-Dowgiałło 1994, Kruk-Dowgiałło 1996, Valiela et al.
1997, Eriksson 2002). Other pressures which are of great significance nowadays, are oil spills –
mainly occurring as a consequence of ship accidents/breakdowns at sea. Many studies form coastal
marine and estuarine environments have demonstrated that oil spill effects on macrophytes can
depend on factors such as the quantity and composition of oil, species present, part of the plant that
is oiled, season, weather conditions, tidal regime, and sediment characteristics (Lin & Mendelssohn
1996, Pezeshki et al. 1998). Oil spills potentially affect benthic communities in many ways, e.g.
through modification of habitat characteristics, toxification of flora, and removal of the key habitat
forming species that may indirectly affect other components of benthic life (Baker 2001). There are
numerous examples of negative impacts both on species and community level, for instance:
remarkable reduction of vertical distribution of macroalgae (Thomas 1977), significantly less
coverage of macroalgae at oiled sites than at unoiled sites immediately after the spill (Highsmith et
al. 1996) or reduction of average density of shoots and flowering shoots of eelgrass immediately
following the spill (Dean et al. 1998, Dicks 1999). Spilled oil can affect existing aquatic vegetation
directly through smothering of stomata and uptake into tissues via water and sediment, and it can
affect new tissues growing up through a layer of residual ﬂoating oil (Lin & Mendelssohn 1996;
Pezeshki et al. 1998; Marwood et al. 2003). Laboratory studies suggest that some hydrocarbons
(toluene and diesel fuel) can retard photosynthesis and growth in eelgrass (McRoy & Williams
1977). Despite the majority of studies documenting such negative impacts of oil spills on marine
macrophytes, counter examples with negligible or lack of impacts also exist (Kotta et al. 2007,
Lobón et al. 2008, Wernick et al. 2009).
In order to construct the single element layer ’marine vegetation (macrophytes), biological data
collected between 1999 and 2009 in the Gulf of Gdańsk were analyzed (Kruk-Dowgiałło 2000,
Osowiecki & Żmudziński 2000, http://www.pom-habitaty.eu/en/, Kruk-Dowgiałło & Brzeska 2009,
Kruk-Dowgiałło et al. 2009, Osowiecki et al. 2009, Brzeska 2010). In the Gulf of Gdańsk area, 26
species of macrophytes were noted, five of which are legally protected (according to the Regulation
of the Minister of Environment from July 9th on the wild-growing plant species being under
protection (Polish Journal of Laws No 168, item.1764)) and five are very rare in the Gulf of Gdańsk
(Table 6.2.2.1).
Since data on macrophyte species’ response to oil spills in the Baltic Sea are very scarce, sensitivity
criteria were based primarily on the natural values of macrophyte communities and the resulting
sensitivity classification scheme was based on expert judgement (Table 6.2.2.2).
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Table 6.2.2.1 List of marine macrophyte species recorded in the Gulf of Gdańsk area in 19992009
No

Taxon

Author

Phycophyta (Nielsen et al. 1995)
CHLOROPHYCEAE
Chaetomorpha linum
(O.F. Müll.) Kütz.
Cladophora glomerata
(L.) Kütz.
Enteromorpha clathrata
(Roth) Grev.
Enteromorpha intestinalis
(L.) Nees
Enteromorpha prolifera
(O.F. Müll.) J. Agardh
Enteromorpha sp.
CHARALES
Chara baltica
Bruzelius
Tolypella nidifica
(O.F. Müll.) A. Braun
FUCOPHYCEAE
Dictyosiphon foeniculaceus
(Huds.) Grev.
Pilayella litoralis
(L.) Kjellm.
Ectocarpus siliculosus
(Dillwyn) Lyngb.
BANGIOPHYCEAE
Acrochaetium sp.
Ceramium diaphanum
(Lightf.) Roth
Ceramium nodulosum
(Lightf.) Ducluz
Ceramium tenuicorne
(Kütz.) Waern
Ceramium sp.
Furcellaria lumbricalis
(Huds.) J.V. Lamour.
Polysiphonia fucoides
(Huds.) Grev.
Angiospermae (Rothmaler 1979)
Myriophyllum spicatum
L.
Potamogeton filiformis
Pers.
Potamogeton pectinatus
L.
Potamogeton perfoliatus
L.
Ranunculus baudotii
Godr.
Ruppia maritima
L.
Zannichellia palustris
L.
Zostera marina
L.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Protected
species*

Rare
species

+
+
+

+
+
+
+

+

+
+

+
* according to the Regulation of the Minister of Environment from July 9th on the wild-growing plant species being
under protection (Dz.U. nr 168 poz. 1764)

Table 6.2.2.2. Sensitivity classification scheme of significant element layer ’Marine vegetation
(macrophytes)’, for the Gulf of Gdańsk area
Criterion

Sensitivity (sensitivity value)
Low (1) Moderate (2)
High (3)

Presence of
macrophytes

-

+

Occurrence of
protected/rare
species
(Table 6.2))

-

-

+

+

Justification

Macrophytes are unique in the Polish marine areas. They
(except filamentous algae Pilayella littoralis and
Ectocarpus siliculosus) constitute habitat for development/
living of many species of benthic invertebrates and fish.
They have a special status in Polish marine waters as they
are threatened by unfavourable environmental conditions
(e.g. lack of hard substrata) or deteriorating habitats (e.g.
eutrophication). Protecting these species is essential for
maintaining biodiversity of the marine ecosystem.
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Low sensitivity status was assigned not only to areas (sampling stations) were macrophytes were
not recorded but also to areas where presence of macrophytes is prevented by unfavourable
environmental conditions, such as water depth >9,5 m (maximum depth of vegetation occurrence in
the Gulf of Gdańsk), strong water currents and lack of suitable substratum.
Areas of moderate or high sensitivity status covered depth ranges of sampling stations where
macrophytes/rare/protected species were present, together with areas 2 m deeper than the depth
range of these sampling stations (buffer area).
No dynamic aspect (temporal variability) was applied to sensitivity assessment. Although abovesediment growth of macrophytes may be seasonal, oil spills can affect plants in many different ways
also outside of the growing season. Over-wintering seeds may be affected by oil and lead to reduced
germination in spring, and if flowering plants are oiled while the flower buds are developing, this
may cause a marked reduction of new growth. Consequently, loss of seed production occurs.
The highest sensitivity status was assigned to Puck Lagoon (depth range 0-6.5 m), coastal waters of
the Hel Peninsula in outer Puck Bay (depth range 0-7 m) and to the coastal zone of the Gdynia
Orłowo (depth range 0-6 m). These are the areas where up to 4 rare/protected species occur.
Moderate sensitivity was given to the smallest part of the Gulf of Gdańsk area – coastal waters of
the Gdynia Oksywie (depth range 2-9.5m), where none of protected/rare species was recorded
(Table 6.3.). The rest of the GoG area (the major part) was classified as the area of low sensitivity.
It includes not only the deepest part of GoG (post-dredging pits, majority of the outer Puck Bay),
where the presence of macrophytes is prevented by light limitation, lack of hard substratum and
strong water currents) but also the coastal waters of Gdynia Oksywie (depth range 0-2m), where
macrophytes were not recorded during investigations.

Fig. 6.2.2. Example sensitivity map of Single Element Layer ‘Marine vegetation
(macrophytes)’ for the Gulf of Gdańsk (GoG). No dynamic aspect.
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6.2.3. Bottom fauna (macrozoobenthos) – Fig. 6.2.3.2
Macrozoobenthos is defined as the animal fraction of benthic (bottom dwelling) invertebrates that
is retained on a 1 mm sieve (HELCOM 1988). The group includes both organisms living on the
surface of seafloor sediments (epifauna) and below it (infauna). It consists of a number of
invertebrate taxa dwelling in almost all aquatic ecosystems. These are mostly sessile species with
long life cycles (at least one year). Macrozoobenthos is deemed a good indicator of biological water
quality (Diaz and Rosenberg 1995; Gray et al.2002, Rosenberg et al. 2002, Karlson et al. 2002). A
deterioration of ecological status ( e.g. due to progressing eutrophication) results in alteration of
macrozoobenthic populations, biomass and taxonomic composition (Cederwall and Elmgren 1990,
Rumohr et al. 1996).
The macrozoobenthos structure of the Gulf of Gdańsk (GoG) indicates the eutrophic character of
the aquatorium. The bottom communities are dominated by suspension and deposit feeders. In
comparison to the late 1970s and early 1980s, a considerable increase in the mean abundance of
bottom macro-invertebrates in the 3-20 m depth zone has been recorded. A similar, though slightly
smaller, increase occurred regarding the mean biomass of benthic fauna, especially in the 10 m and
20 m depth range (Osowiecki 1998).
Bivalves (clams, mussels) dominate the macrozoobenthic biomass in the whole area of the GoG
(58-89%), with Mytilus trossulus and Macoma balthica having the greatest share in total biomass.
The highest biomass was recorded in the outer part of Puck Bay (590.3 g wet weight m-2; N = 240
sampling events), whereas in inner Puck Bay the maximum biomass recorded was 268.1 g wet
weight m-2; (N = 227). Considerably lower biomass values were noted in the open part of the GoG,
i.e. a maximum of 57.5 g wet weight m-2(N = 44) and in the area of the Vistula mouth 97.5 g wet
weight m-2; (N = 8), (Kruk-Dowgiałło & Szaniawska 2008).
The response of macrozoobenthos to oil pollution is comparable to that of organic pollution
(excessive organic enrichment), resulting in a decrease of species diversity, reduction of species
living in and feeding on plants, and increase in pollution tolerant species (Spies et al. 1988, Kotta
2000, Kotta et al. 2000, Kotta et al. 2007). However, the alterations caused by oil spills could be
magnified by direct toxic effect of oil (Leppakoski 1975, Josefson 1990, Heip 1995). Feeding mode
of particular macrozoobenthos species is the main factor differentiating the adverse impact strength.
The group of benthic deposit feeder species could benefit from the increase of organic matter in the
system (Elmgren et al. 1983, Berge 1990), since decomposition products of oil and organic
pollution are similar. Herbivores (plant eating species), such as amphipods and isopods, are
negatively affected due to characteristics of their escape behaviour and hydrophobic properties of
their body (Notini 1978, Bonsdorff & Nelson 1981, Bonsdorff 1983, Elmgren et al. 1983). Kotta et
al. (2007) observed that even a low concentration of oil could eliminate the whole assemblage.
Suspension feeders are highly sensitive to oil decomposition products, as well as to the effect of
clogging of their filtration system by oil particles (Tedengren & Kautsky 1987, Berge 1990,
Kiorboe & Mohlenberg 1981).
Dynamic sensitivity mapping of the Gulf of Gdańsk area for bottom fauna (macrozoobenthos) was
performed on the basis of a set of data collected within seven individual research projects in 19922010 and the results of the HELCOM COMBINE monitoring programme (Łysiak-Pastuszak et al.
2010). The data pool included 357 samples collected at 226 stations.
The multimetric index B (Błeńska 2010) was used for assessing sensitivity of the pilot area. The
index combines the results of quantitative macrozoobenthos measurements (i.e. species abundance
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and taxonomical richness) with qualitative information on ecological tolerance/sensitivity of
particular taxa to generate a single index value:
3
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å (Q w sens )
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i
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3
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where:
Di – number of taxa in the particular abundance domination class (D1>10% share in abundance; D2 5% ≤ prc. ≤ 10%;
D3 taxa of <5%);
Qi – coefficient(Qi = 0 if Di=0 and Qi =1 if Di ≠0);
wi – weight of the domination class (w1 = 3 forD1, w2 = 2 forD2, w3 = 1 forD3);
sensi–tolerance/sensitivity value (3 – sensitive taxa, 2 – semi-sensitive taxa, 1 – tolerant taxa),.

The taxa were divided into three groups according to their share in abundance dominance structure:
Taxa were considered dominant (D1), influential (D2) and accessory (D3) if they constituted more
than 10%, 5-10%, and less than 5% respectively of the total abundance. Weights were assigned
to each of the domination class reflecting their role in structuring benthic communities.
The taxa which dominated quantitatively (D1) were assigned weight 3 since they have the greatest
bearing on the ecological community structure; the influents (D2) weight 2, and accessory species
(D3) weight 1.
A tolerance/sensitivity level (Sensi) was assigned to each taxon (Tab. 6.2.3.1) reflecting its response
to alteration in the bottom environment caused by the ongoing eutrophication process: i) sensitive
taxa (Sensi=3), which demonstrate a narrow range of tolerance are regarded as indicator species
of undisturbed sediment environments, ii) semi-sensitive taxa (Sensi=2) whose occurrence does not
provide direct indication of the quality of sediment, although they do not dwell permanently
in degraded sediment, iii) tolerant taxa (Sensi=1) which demonstrate a wide range of tolerance,
occur in areas of excessive organic matter concentration, as well as on ‘clean’ sandy bottoms,
and can be regarded as indicator species of a polluted seafloor if they dominate in abundance
and biomass.
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Table 6.2.3.1. Tolerance/sensitivity values (Sensi) of the macrozoobenthic taxa occurring in
the Polish sector of the Baltic Sea
Sensitive taxa (Sensi=3)
Priapulus caudatus,
Pholoe minuta,
Pygospio elegans,
Fabricia sabella,
Manayunkia aestuarina,
Heterotanais oerstedi,
Cyathura carinata,
Idotea sp.,
Jaera sp.,
Asellus aquaticus,
Eurydice pulchra,
Lekanesphaera hookeri,
Sphaeroma rugicauda,
Bathyporeia pilosa,
Pontoporeia affinis
Pontoporeia femorata,
Leptocheirus pilosus,
Calliopius laeviusculus,
Melita palmata,
Cerastoderma glaucum

Semi-sensitive taxa (Sensi=2)
Turbellaria,
Halicryptus spinulosus,
Nemertina,
Gammarus sp.,
Diastylis rathkei,
Hydrobia sp.,
Potamopyrgus antipodarum,
Theodoxus fluviatilis,
Lymnaea peregra,
Mytilus edulis trossulus,
Dreissena polymorpha,

Tolerant taxa (Sensi=1)
Bylgides sarsi,
Hediste diversicolor,
Marenzelleria neglecta,
Scoloplos armiger,
Streblospio shrubsolii,
Oligochaeta,
Saduria entomon,
Corophium volutator,
Corophium multisetosum,
Chironomidae,
Macoma balthica,
Mya arenaria

The multimetric index B was calculated for each replicate sample and averaged for the sampling
station. Altogether, the sensitivity assessment of the pilot area is based on 226 index B values.
The index B values were divided into three groups reflecting sensitivity classes – low (1); moderate
(2) and high (3). Class boundaries were determined applying the natural breaks method
(Jenks and Caspall, 1970) provided with ArcGIS software. The method is based on data clustering
considering the similarities within each group and dissimilarities between the groups (Fig. 6.2.3.1 ).
Classification Statistics
Count:
226
Minimum:
0.903
Maximum:
4.816
Sum
688.793
Mean:
3.048
Median:
3.000
Standard Deviation: 0.603

Fig. 6.2.3.1 Determination of natural breaks in the data series of the index B values calculated
for the stations sampled for macrozoobenthos in the Gulf of Gdańsk.
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The resulting sensitivity classification scheme is presented in Table 6.2.3.2.
Table 6.2.3.2 Sensitivity values and sensitivity class boundaries of the macrozoobenthic
sampling stations in the Gulf of Gdańsk study area
Sensitivity
Range of the index B values
value
1
0.9-2.51
2
2.52-3.38
3
3.39-4.82
Spatial distribution of the areas representing particular grades of sensitivity was determined
by interpolation method. Due to a sedentary life style of most macrozoobenthos species
no dynamic aspect (temporal variability) was applied in sensitivity of macrozoobenthos assessment.
The data coverage enabled adequate assessment of macrozoobenthos sensitivity in the southern part
of the GoG area (polygons B/Mzb1-B/Mzb5). Due to insufficient coverage with quantitative row
data of the polygon B/Mzb6 (northern part of the GoG proper), sensitivity in this area was assigned
by expert judgement based on qualitative literature data (Żmudziński 1967).
The most sensitive areas were located in the sheltered waters of Puck Lagoon and the shallow zone
adjacent to the Hel Peninsula. These are sheltered areas with abundant amphipod fauna dwelling
in macrophyte communities. The majority of the GoG area has a moderate sensitivity status,
while low sensitivity was assigned in the south-eastern, southern (Vistula River mouth) and central
parts of the GoG (Fig. 6.2.3.2).

Fig.

6.2.3.2 Example sensitivity map of Single Element Layer ‘Bottom
(macrozoobenthos)’ for the Gulf of Gdańsk (GoG). No dynamic aspect.

fauna
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6.2.4. Fish- (Ichthyo) fauna – Fig. 6.2.4
In the Gulf of Gdańsk there are more than 60 fish species; however, most of them are migratory
and hence occur only temporarily in this basin. They include:
· Freshwater species – pike (Esox lucius), pike-perch (Sander lucioperca), perch (Perca
fluviatilis), bream (Abramis brama), roach (Rutilus rutilus) and sticklebacks
(Gasterosteidae)
· Marine species – cod (Gadus morhua), herring (Clupea harengus), plaice (Pleuronectes
platessa), flounder (Platichthys flesus), turbot (Scophthalmus maxima) eelpout (Zoarces
viviparus), garfish (Belone belone), sandeel (Ammodytes tobianus), pipe-fish (Syngnathus
typhle) and greater sandeel (Hyperoplus lanceolatus)
· Migratory species – eel (Anguilla anguilla), salmonids (Salmonidae), twait shad (Alosa
fallax) (Draganik et al. 2007), river lamprey (Lampetra fluviatilis) (Witkowski 2010)
and vimba bream (Vimba vimba) (Kiejzik-Głowińska M. et al., 2009)
Although these species are not resident throughout the whole year, they have been recorded every
year. They can be considered typical for this basin.
Biologically, the Gulf of Gdańsk area has been relatively well investigated, but studies
on the effects of pollutants in general, and particularly those arising from oil, are relatively few.
Although there are some papers presenting studies about influence of oil pollution on fish
in the Baltic Sea (Linden, 1978), no information is available on the effects of oil exposure on fish
in the Gulf of Gdańsk. Such data are essential for evaluation of the effects of contamination
by oil in the Baltic area.
It is well known that biogenic and petrogenic hydrocarbons are ubiquitous in the marine
environment and it would be unrealistic to define ‘clean’ as a complete absence of either hydro
carbons or petrogenic hydrocarbons. Rather, ‘clean in the context of oil pollution, may be defined
as the return to a level of petroleum hydrocarbons that has no detectable impact on the function
of an ecosystem. Biological recovery of an ecosystem that has been damaged by an oil spill begins
as soon as the toxicity or other damaging properties decline to a level that is tolerable to the most
robust colonizing organisms (Kingston 2002). Hence, recovery must be assessed in terms
of ecosystem functioning rather than simple head counts of individuals or their population
structures.
Oil spilled in the marine environment can pose a significant threat to marine life (Gin et al. 2001,
Kirby & Law 2010, Law & Kelly 2004, Edwards & White 1998, Lewis & Daling 2001). Direct kills
of marine organisms (particularly the more sensitive juvenile forms) can occur through contact
or coating with oil as well as by asphyxiation. In addition, the incorporation of sub-lethal amounts
of oil and oil products into organisms can result in reduced resistance to inflection and other
stresses, thereby affecting survival of marine species, including those which are located higher up
in the marine food web like fish (Gin et al. 2001, Sanchez et al. 2006).
Aquatic environments are characterised by complex interrelations between plant and animal species
and their physical environment (Dicks 1998). The impacts of oil on fish are variable depending
on the concentration of oil, oil type and duration of contact with oil, sensitivity of organisms
and geographical location of the spill. Harm to the physical environment will often lead to harm
to one or more species in a food web, which may lead to damage of other species at higher trophic
levels. Whether an organism spends most of its time in open water, near coastal areas,
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or on the shoreline will determine the effects an oil spill is likely to have on that organism
(Kingston 2002).
Fish species in the plankton (ichtyoplankton living in the upper layers of the sea) will be
particularly at risk because they are exposed to the highest concentrations of water-soluble
components leaching from floating oil. Fish that generally live closer to shore risk contamination
from oil that washes onto beaches or from consumption of oil-contaminated prey. Exposure to oil
can reduce the hatching success of fertilized eggs, may induce developmental abnormalities (Linden
1978) and can even cause early death (Dicks 1998). Fish can be also impacted directly by uptake
of oil through the gills, ingestion of oil or oiled prey, effects on eggs and larval survival, or changes
in the ecosystem that support the fish. Adult fish may experience reduced growth, enlarged livers,
changes in heart and respiration rates, fin erosion, and reproductive impairment when exposed
to oil.
Biologically sensitive areas were identified considering the presence of:
· Spawning areas – very sensitive, often very confined areas providing required substratum
to lay eggs on, higher importance of commercially exploited species’ spawning grounds
was considered
· Nursery areas – very sensitive, mostly shallow waters as they provide sufficient feeding base
and protection from predation
· Feeding grounds – very sensitive, mostly shorelines, more than any other part
of environment, are exposed to the effects of oil as this is where it naturally tends
to accumulate
· Migratory areas – semi-sensitive in open waters, they are non--specified but approximate
routes to feeding or spawning locations, may be used during the entire year; very sensitive
in enclosure of river mouths as alternative routes do not exist
In order to assign sensitivity values (3 – high sensitivity, 2 – moderate sensitivity and 1 – low
sensitivity), the following factors (presence of) were taken into consideration:
· Species commercially exploited – most of them sensitive, especially their eggs or larvae
· Locally common species –species abundant
· Species with long generation time – very sensitive, species which are long-lived, slow
to breed and which produce few offspring. May take many years to recover from the effect
of a short-term adverse change in the environment, even though they may have in-built
compensatory mechanisms
· Species which are important predators or prey items – very sensitive, species that have
a major structural role in the community they live in. Hence, effects of oil pollution are passed
on through the food web.
· Species under protection or rare – very sensitive due to low abundances, for example
the sand and common gobies
· Non-indigenous species – less important, usually very tolerant species, such as the round
goby
Areas were regarded as highly sensitive if they provided an important place for a species’ survival.
Areas were assigned moderate sensitivity if they were connected with some part of fish life cycle.
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Areas received low sensitivity status if they had a function as temporal fish habitat. Information
is provided separately by season: winter (December, January, February), spring (March, April,
May), summer (June, July, August) and autumn (September, October, November). Seasonality
is based on fish spawning time and presence of important fish species in a particular area.
In general, major life cycle activities display a temporal resolution of season, rather than month,
which is why this temporal resolution was chosen.
Tables 6.2.4.1. to 6.2.4.4. present detailed information on spawning time, potential spawning
grounds and therefore potential places of presence for the fish species from the Gulf of Gdańsk.
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Table 6.2.4.1 Fish spawning and presence in the Gulf of Gdańsk during winter months. Codes as follows: commercially important (C),
numerous (N), protected (P), other locally common (O) and migratory (M)
Winter months

Species

XII

I

II

Common dab (Limanda limanda) O
Sandeel (Ammodytes tobianus) O
Powan (Coregonus lavaretus) O

Potential spawning places or occurrence habitats
Gulf of Gdansk, coastal waters
Baltic Sea in the vicinity of HelPeninsula
Litoral and sublitoral (2-10 m), sandy or gravel bottom
Eastern coast, bays, marine lagoons, lower part of the rivers
Puck Bay-natural spawning is scarce, mainly from artificial
introduction

Source
Jackowski 2002
Jackowski 2002
edit. Gąsowska 1962, Rudnicki 1989
Jackowski 2000
Jackowski 2002

Table 6.2.4.2 Fish spawning and presence in the Gulf of Gdańsk during spring months. Codes as follows: commercially important (C),
numerous (N), protected (P), other locally common (O) and migratory (M)
Spring months

Species

III

Spring-spawning herring (Clupea harengus)C

Bream (Abramis brama) C
Pike-perch (Stizostedion lucioperca) C
Perch (Perca fluviatilis) C

Roach (Rutilus rutilus) C

Black Goby (Gobius niger) P
Sand Goby (Pomatoschistus minutus) P

Common Goby (Pomatoschistus microps) P
Deep-snouted pipefish (Syngnathus typhle) P
Three-spined stickleback (Gasterosteus aculeatus) N

IV

V

Potential spawning places or occurrence habitats

Source

PuckBay
PuckBay (potentially at a depth of 2-3 m in the coastal area from
Kuźnica to Orłowo); known spawning grounds: area of Kuźnica,
Jastarnia, Mechelinki, Rzucewo and at the mouth of RedaRiver)
Gulf of Gdansk
PuckBay – the mouth of PlutnicaRiver
at a depth of 0,5-2,0m; sandy, gravel bottom;the mouth of
Plutnica, Reda Rivers
Stony, gravel bottom, sunken bushes and roots
Along the coast from the mouth of Plutnica to Swarzewo, area of
Jama Kuźnicka, area of Rzucewo i mouth of RedaRiver
PuckBay
Eastern coast
PuckBay-the mouth of PlutnicaRiver, edge of Jama Chałupska and
Jama Kuźnicka
Shallow vegetated areas
PuckBay, Baltic Sea, vegetated or stony bottom
Vegetated areas or areas which provide substrat for attaching eggs
Places with empty bivalves mussels
PuckBay
Places with empty bivalves mussels
Eggs are laid in empty mussels of common cockle and soft clam
Shallow coastal waters
PuckBay

Skóra 1993
Jackowski 2002
edit. Gąsowska 1962, Zmysłowska 2001
Jackowski 2002, Borowski 2000
edit. Gąsowska 1962, Jackowski 2002
edit. Gąsowska 1962, Rudnicki 1989
Jackowski 2002
Skóra 1993
Jackowski 2000
Skóra 1993
edit. Gąsowska 1962,Jackowski 2002
Skóra 1993, Jackowski 2002
edit. Gąsowska 1962
Jackowski 2002
Skóra 1993
edit. Gąsowska 1962
Jackowski 2002
edit. Gąsowska 1962, Jackowski 2002
Skóra 1993
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Nine-spined stickleback (Pungitius pungitius) N
Common dab (Limanda limanda) O
Pike (Esox lucius) O

PuckBay
Gulf of Gdansk, coastal waters
Shallow, coastal waters
PuckBay, the mouth of PlutnicaRiver, area of Puck and Swarzewo
PuckBay, Baltic Sea, coastal areas, stony, vegetated areas
PuckBay
Coastal waters (1-2m of depth), potentially spawning can appear
in almost whole shallow areas of Puck Bay, shallows of Virgin
Sands, western slope of Seagull Sandbar, along coastline from
Beka to Puck, from Rzucewo Peninsula to mouth of Reda River,
area of Chałupy
Baltic Sea in the vicinity of HelPeninsula
the mouths or lower part of rivers
at a depth of 1,0-1,5; sandy, gravel bottoms, marine lagoons
The Mouth of VistulaRiver, Gulf of Gdańsk
Coastal waters of Gulf of Gdańsk and PuckBay

Lumpfish (Cyclopterus lumpus) O
Garfish (Belone belone) O

Sandeel (Ammodytes tobianus) O
Twaite shad(Alosa fallax) O
Ruffe (Gymnocephalus cernuus) O
Salmon (Salmo salar) M
Trout (Salmo trutta) M

Skóra 1993, Sokołowska and Skóra 2001
Jackowski 2002
edit. Gąsowska 1962
Jackowski 2002
Skóra 1993, Jackowski 2002
Skóra 1993
edit. Gąsowska 1962, Jackowski 2002

Jackowski 2002
edit. Gąsowska 1962
edit.. Gąsowska 1962
Jackowski 2002
Jackowski 2002

Table 6.2.4.3 Fish spawning and presence in the Gulf of Gdańsk during summer months. Codes as follows: commercially important (C),
numerous (N), protected (P), other locally common (O) and migratory (M)
Species

Summer months
VI

Autumn-spawning herring (Clupea harengus)C
Spring-spawning herring (Clupea harengus)C
Turbot (Psetta maxima) C
Bream (Abramis brama) C
Pike-perch (Stizostedion lucioperca) C
Perch (Perca fluviatilis) C
Black Goby (Gobius niger) P
Sand Goby (Pomatoschistus minutus) P
Common Goby (Pomatoschistus microps) P
Black-spotted goby (Coryphopterus flavescens) P
Deep-snouted pipefish (Syngnathus typhle) P
Pipe-fish (Nerophis ophidion) P

VII

Potential spawning places or occurrence habitats

Source

VIII

Gulf of Gdansk, area of Rozewie
PuckBay (area of Jastarnia)
PuckBay
Coastal waters
PuckBay – the mouth of PlutnicaRiver
at a depth of 0,5-2,0m; sandy, gravel bottom; the mouth of Plutnica,
Reda Rivers
Along the coast from the mouth of Plutnica to Swarzewo, area of Jama
Kuźnicka, area of Rzucewo and mouth of Reda River
PuckBay, Baltic Sea, vegetated or stony bottom
Vegetated areas or areas which provide substrat to attach eggs
Places with empty bivalves mussels
PuckBay
Places with empty bivalves mussels
Eggs are laid in empty mussels of common cockle and soft clam
Vegetated bottom
PuckBay
Shallow coastal waters
PuckBay
In the vicinity of coastal waters

edit. Gąsowska 1962
Jackowski 2002
Skóra 1993
edit. Gąsowska 1962, Jackowski 2002
Jackowski 2002, Borowski 2000
edit. Gąsowska 1962, Jackowski 2002
Jackowski 2002
Skóra 1993, Jackowski 2002
edit. Gąsowska 1962
Jackowski 2002
Skóra 1993
edit. Gąsowska 1962
Jackowski 2002
edit. Gąsowska 1962, Jackowski 2002
Skóra 1993
edit. Gąsowska 1962, Jackowski 2002
Skóra 1993
edit. Gąsowska 1962, Jackowski 2002
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Three-spined stickleback (Gasterosteus aculeatus) N
Nine-spined stickleback (Pungitius pungitius) N
Common dab (Limanda limanda) O
Garfish (Belone belone) O

PuckBay
PuckBay
Gulf of Gdansk, coastal waters
PuckBay
Coastal waters (1-2m of depth), potentially spawning can appear in
almost whole shallow areas of Puck Bay, shallows of Virgin Sands,
western slope of Seagull Sandbar, along coastline from Beka to Puck,
from Rzucewo Peninsula to mouth of Reda River, area of Chałupy
PuckBay
Baltic Sea in the vicinity of HelPeninsula, sand and gravel bottom
PuckBay
the mouths or lower part of rivers
The mouth of rivers

Greater sandeel (Heperoplus lanceolatus) O
Sandeel (Ammodytes tobianus) O
Twaite shad(Alosa fallax) O

Skóra 1993
Skóra 1993, Sokołowska and Skóra 2001
Jackowski 2002
Skóra 1993
edit. Gąsowska 1962, Jackowski 2002

Skóra 1993
Jackowski 2002
Skóra 1993
edit. Gąsowska 1962
Jackowski 2002

Table 6.2.4.4.Fish spawning and presence in the Gulf of Gdańsk during autumn months. Codes as follows: commercially important (C),
numerous (N), protected (P), other locally common (O) and migratory (M)
Autumn months

Species

IX

Autumn-spawning herring (Clupea harengus)C

Turbot (Psetta maxima) C
Greater sandeel (Heperoplus lanceolatus) O
Sandeel (Ammodytes tobianus) O
Powan (Coregonus lavaretus) O

X

XI

Potential spawning places or occurrence habitats
Gulf of Gdansk, area of Rozewie
PuckBay (area of Jastarnia)
Shallow water of open sea
Coastal waters
PuckBay
Baltic Sea in the vicinity of HelPeninsula, sand and gravel bottom
Baltic Sea in the vicinity of HelPeninsula
Litoral and sublitoral (2-10 m), sandy or gravel bottom
Eastern coast, bays, marine lagoons, lower part of the rivers
Puck Bay-natural spawning is scarce, mainly from artificial introduction

Source
edit. Gąsowska 1962
Jackowski 2002
Chrzan 1979
edit. Gąsowska 1962, Jackowski 2002
Skóra 1993
Jackowski 2002
Jackowski 2002
edit. Gąsowska 1962, Rudnicki 1989
Jackowski 2000
Jackowski 2002
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Fig. 6.2.4 Example sensitivity map of Single Element Layer ‘Fish (Ichthyofauna)’
for the Gulf of Gdańsk (GoG). Winter (December, January, February)
6.2.5. Birds (Avifauna) – Fig. 6.2.5
The Gulf of Gdansk, in particular its western part, is a unique region in the Polish marine areas with
very high abundance and diversity of birds due to significant variability of coastal habitats and
favourable climatic conditions. The western part of the Gulf of Gdańsk (Puck Bay)
and the Vistula River mouth are regarded Important Bird Areas of international significance
for at least four species: cormorant Phalacrocorax melanoleucos, tufted duck Aythya fuligula, mute
swan Cygnus olor and merganser Lophodytes cucullatus (Meissner 2009).
Puck Bay is the most important area within Polish coastal waters for birds’ wintering and resting
during seasonal migrations. At least 28 species listed in the First Annex of the EU Birds Directive
have been recorded here, among them 11 bird species regarded as ‘threatened’ according
to the Polish Red Book of Animals (Meissner & Sikora 2004).
In the region of the Vistula River mouth, 29 species have been recorded which are listed
in the first Annex of the EU Birds Directive. Similarly, 12 species from the Polish Red Book
of Animals have also been recorded from that area (Rydzkowski & Zieliński 2004).
Birds dwelling in marine environments are very vulnerable to oil contamination, since they shelter,
nest and feed in areas along the coast. They inhabit the coastal zone as well as open waters. Many
species have seasonal patterns of occurrence, being found in a given region only
at certain times of the year. The understanding of these habits is fundamental in the elaboration
of environmental sensitivity maps. The more time birds spend on the sea-surface the more
susceptible they are to be fouled with oil in the case of an oil spill. Birds that feed at sea throughout
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the year (diving ducks, terns and gulls) and for part of the year (some ducks, grebes, divers) can be
considered sensitive to oil spills (Mosbech 2004). Birds are especially vulnerable during breeding
and moulting periods when a large percentage of the population are unable to fly (Krishnan 1995).
The vulnerability of seabirds to oil pollution differs between species and depends mainly on their
behaviour. Species which spend most of the time swimming or diving are the most vulnerable
to oil, whereas those spending most of the time airborne, snatching the food from the water surface,
are less vulnerable. However, most species periodically rest on the sea surface
and are therefore susceptible to oil pollution (Mosbech 2002).
Birds, which aggregate in small areas on the sea are more vulnerable than birds which tend
to disperse because a single spill has the potential to affect a significant proportion
of the population (Clark 1984).
Seabirds are vulnerable to oil spills in several ways. Primarily, oil soaks into plumage
and destroys feather insulations and buoyancy causing hypothermia, starvation and drowning. The
oil causes alterations in the feather structure. It destroys the water repellence of feather barbules and
barbicelles (Mosbech 2002).
The single element layer ‘avifauna’ was assembled on the basis of literature data on bird
populations observed in the Gulf of Gdańsk. (Meissner 2007, 2009, Tomiałojć & Stawarczyk 2003,
Bogucki 2007).
This report refers only to water birds typical for the Baltic Sea environment, e.g. divers (Gaviidae),
grebes (Podicipedidae), cormorants (Phalacrocoracidae), ducks, geese and swans (Anatidae), gulls
(Laridae) and terns (Sternidae). Species, such as waders, strictly associated
with seashores have not been taken into consideration. The following criteria were considered
in sensitivity assessment (Table 6.2.5).
Table 6.2.5 Sensitivity classification scheme based on the sea-bird assessment of the Gulf
of Gdansk study area
Criterion

Sensitivity
Low (1)

Medium (2)

High (3)

Occurrence of
protected species

none

occasional

regular

Occurrence of
threatened
species

none

occasional

regular

Breeding sites

none

past or potential

regular

Wintering sites
Feeding ground

none
none

past or potential
past or potential

occasional

regular, but
congregation is
lower than
20.000
migratory
seabirds

regular
regular
regular, site is
visited by at
least 20.000
migratory
seabirds of one
or more
species

The sites of
congregations of
migratory
seabirds

Comment
Species listed in the first annex of EU Birds Directive or
species listed in Rozporządzenie Ministra Środowiska z
dn. 28 września 2004 r. w sprawie gatunków dziko
występujących zwierząt objętych ochroną (Journal of
Polish Laws No 220, item. 2237)
acc. Polish Red Data Book of Animals, (Gromadzki
2001)
Very sensitive due to small populations
Birds are especially vulnerable during breeding periods
when a large number of the birds are unable to fly

Birds, which aggregate in small areas on the sea are
more vulnerable than birds, which are dispersed, because
a single spill has the potential to affect a significant
proportion of the population
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In addition to criteria listed in table 6.2.5, the high sensitivity status was assigned also to areas
which are important at the scale of the continent, containing seasonally at least 1%
of the European population of one species of bird mentioned in the First Annex of the EU Birds
Directive or containing at least 1% of the European population of three species of bird
not mentioned in the First Annex of the EU Birds Directive.
The dynamic aspect
of the area/polygon
and migration periods).
spring – March, April,
November.

of the sensitivity assessment reflects the seasonal changes
sensitivity related to phenological seasons (breeding, wintering
Four seasons were considered: winter – December, January, February;
May; summer – June, July, August, autumn – September, October,

Two areas were assigned a highly sensitive status in every phenological period: the Vistula River
mouth (Vistula Przekop River Mouth and Vistula Śmiała River Mouth) and the Puck Bay
(Fig. 6.2.5). The main part of the Gulf of Gdańsk proper and the offshore side of the Hel Peninsula
were identified as moderately sensitive areas. High sensitivity status was assigned
to the coastal waters of the Vistula spit during winter season, moderate sensitivity status during the
other seasons.
Puck Bay and the Vistula River mouth are internationally important bird wintering areas.
The most abundant species are Golden Eye Bucephala clangula, Goosander Mergus merganser and
Tufted Duck Aythya fuligula. These areas are also important, regular wintering sites
for Cormorant Phalacrocorax carbo, Smew Mergus albellus, Scaup Aythya marila and Mute Swan
Cygnus olor (constituting at least 1% of European bird species populations). Five species (Blackthroated Diver Gavia arctica, Red-throated Diver Gavia stellata, Slavonian Grebe Podiceps auritus,
Bewick’s Swan Cygnus bewickii, Guillemot Uria aalg) do not exceed 1%
in their European population, however, they belong to a group of species of special concern,
mentioned in the First Annex of the EU Birds Directive. The Velvet Scoter Melanitta fusca
is a species which characterises the importance of coastal waters of the Vistula spit as a wintering
site (Meissner 2004, 2007). Regularly, approximately 1% of the European population
of this species gathers here (Meissner 2007, Tomiałojć & Stawarczyk 2003).
Resting areas for migrating birds in the Polish zone of the Baltic Sea overlap with those for large
wintering populations. The most important stopover sites for water birds in the Gulf of Gdańsk
during their migration are Puck Bay and the Vistula River mouth (Meissner 2007).
Species nesting at the Polish seashore in aggregations or colonies are: Cormorant Phalacrocorax
carbo, Common Tern, Sandwich Tern Sterna sandvicensis, Herring Gull Larus argentatus,
Common Gull Larus canusand Black-headed Gull Larus ridibundus. Other breeding species
are found, but do not form breeding colonies. The Vistula River mouth is the most valuable
breeding place for water birds in the Polish coastal zone. Nine species nest on sandy islands
and beaches of the area (2 species listed in Annex 1 of the EU Bird Directive), (Bogucki 2007).
This is the only place in Poland where the Sandwich Tern Sterna sandvicensis builds its nest. Puck
Bay is also known for having most observations of breeding events of Shelduck Tadorna tadorna
(species listed in Polish Red Data of Animals) in Pomeranian voivodeship (Tomiałojć &
Stawarczyk 2003, Bogucki 2007).
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Fig. 6.2.5 Example sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Gulf of
Gdańsk (GoG). Winter (December, January, February)

6.2.6. Marine mammals – Fig. 6.2.6
There are four species of marine mammals in the Polish marine areas recorded in the literature, i.e.
three species of seal (Gray Seal Halichoerus grypus, Ringed Seal Phoca hispida
and Common Seal Phoca vitulina), and one species of whale – the Harbour Porpoise Phocoena
phocoena (J.M. Węsławski et all, 2009).
Baltic mammals are exposed to anthropogenic threats, such as pollution, by-catch in fishing nets
and noise (J. Zaucha, 2008), thus all marine mammal species are regarded endangered and are under
legal protection in Poland and other Baltic countries (Government order of the Minister
of Environment 26.09.2001, Agreement on the Conservation on the Small Cetaceans
of the Baltic and North Seas – ASCOBANS and IUCN Red List of Threatened Species).
Hardly any quantitative data on the mammal populations in the Gulf of Gdańsk area are available
from the scientific literature. Observations of marine mammals were carried out in the mouth area
of the Vistula Przekop River in 2004-2009 (Meissner 2009). During this period, the Common Seal
(Phoca vitulina) was recorded once. All other observations refer to Gray Seals (Halichoerus
grypus). Altogether 154 observations of this species were reported onshore and at sandy islands in
the river mouth, thus this region can be regarded as an important resting place for the Gray Seal.
There are no records of year-round colonies, nor of reproductive/breeding events
of the the Gray Seal in the Polish marine areas (J.M. Węsławski et all, 2009).
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The Harbour Porpoise population in the Polish marine areas has not been quantified yet.
The most frequent observations along the Polish coast are from the areas of Puck Bay
and the Gulf of Gdańsk (Kuklik 2007).
Marine mammals are vulnerable to oil spills because of their amphibious way of life
and dependence on air. Not all marine mammals avoid oil slicks or contaminated shorelines.
Schools of seals have been noted swimming and feeding within or near the oil slick, while others
have been able to detect the threat and escape from the contaminated areas (Schenkman 2010).
In general, however, information on the effects of oil on marine mammals in the Baltic Sea
is scarce.
Oil spills can adversely affect marine mammals in many ways, depending on their body structure
and the species’ behaviour. The main symptoms, often with lethal consequence are:
(i) hypothermia due to changes in skin warming conductivity and resulting in metabolic shock, (ii)
toxic effects and subsequently organ dysfunction due to ingestion of oil, (iii) congested lungs and
airways, interstitial emphysema due to inhalation of oil droplets and vapour,
(iv) gastrointestinal ulceration and haemorrhaging due to ingestion of oil during grooming
and feeding, (v) eye and skin lesions from continuous exposure to oil, (vi) decreased body mass due
to restricted diet and (vii) stress due to oil exposure and behavioural changes (Schenkman 2010).
Dynamic sensitivity mapping of the Gulf of Gdańsk area for the single element layer ‘marine
mammals’ was performed on the basis of literature information on seals and harbour porpoise
occurrence in the pilot area (J.M. Węsławski et all, 2009)., Kuklik 2007, Meissner 2008).
The available records, however, do not provide information on the observation period
(month and/or season), therefore the sensitivity assessment of marine mammals does not include a
dynamic aspect.
High sensitivity status was assigned to areas of the highest occurrence frequency of seals
and/or Harbour Porpoises. Moderately sensitive areas were those with medium
occurrence/observation frequency of seals and Harbour Porpoise, while the low sensitivity status
was assigned to areas with no or single observations of marine mammals.
The areas most sensitive towards oil spills with regard to marine mammals are located
in the Vistula Przekop River outlet, the outer part of Puck Bay and the shallow coastal zone
adjacent to the Hel Peninsula (Fig. 6.2.6.). Moderate sensitivity status was assigned to Puck Lagoon
and the shallow zone of the internal Gulf of Gdańsk. Most of the GoG area was assigned low
sensitivity, as no reliable occurrence events of marine mammals have been recorded here.
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Fig. 6.2.5 Example sensitivity map of Single Element Layer ‘Marine mammals’ for the Gulf of
Gdańsk (GoG). No dynamic aspect.

6.3. Thematic Layer Socio-Economy
6.3.1. Cultural heritage (under water) – Fig. 6.3.1
The single element layer ‘Cultural Heritage’ reflects „economic sensitivity“ of underwater tourism
to oil spills. Ship wrecks, being targets of underwater scuba diving expeditions have been
considered as locations of sensitive areas. Buffers of 500 m radius surrounding wreck locations
have been allocated various sensitivity values. Table 6.3.1 describes the allocated values, and Fig.
6.3.1 shows spatial distribution of sensitivity of underwater tourism. The dynamic aspect has been
added through determination of the touristic season (May to September), and low season (the
remainder of the year) where limited scuba diving activities exist. Sensitivity was also affected by
water depth, and highest sensitivity has been allocated to wrecks located in water depths below than
20 m. Most non-professional (without entitlement) scuba divers can dive only to 20 m water depth
in Polish marine waters. All other depth classes reflect decreasing number of divers able to
approach wrecks located at greater depth.
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Table 6.3.1 Allocation of sensitivity values for underwater tourism (wreck diving).
Water depth [m]
Period of a year
Sensitivity values
0 –20
Touristic season
High Sensitivity (3)
Off-season
Moderate Sensitivity (2)
20 – 40
Touristic season
High Sensitivity (3)
Off-season
Moderate Sensitivity (2)
Over 40
Touristic season
Moderate Sensitivity (2)
Off-season
Low Sensitivity (1)

Fig. 6.3.1 Example sensitivity map of Single Element Layer ‘Cultural heritage
(under water)’ for the Gulf of Gdańsk (GoG). Tourist season (May to September)

6.3.2. Military areas – Fig. 6.3.2
The sensitivity of military activities in the Gulf of Gdańsk area has been classified through expert
judgment. Only the areas of special importance for military forces have been included
in the classification. In most cases low sensitivity has been attributed, however some important
areas (installations) have been assigned high sensitivity status (Fig. 6.3.2). There is no dynamic
aspect associated with this single element layer.
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Fig. 6.13 Example sensitivity map of Single Element Layer ‘Military areas’ for the Gulf
of Gdańsk (GoG). No dynamic aspect.

6.3.3. Recreation (tourist attractiveness) - Fig. 6.3.3
There are no comprehensive datasets on tourism density and capacity of beaches in the Gulf
of Gdańsk area. Therefore, we used expert evaluations to assign sensitivities for this single element
layer. Based on the context of tourism as a major component of the economy
of the region, and the important role of beaches and coast lines for the tourism sector,
the following assumptions have been made:
1. For all beaches a 500 m buffer zone has been assigned high sensitivity (value 3) during
the tourist season (May to September) and moderate sensitivity (value 2) outside the tourist
season.
2. For the entire coastline, a motor pleasure boat use area has been created with 1500 m buffer
zone, where high sensitivity (value 3) has been assigned during the tourist season (defined
as above) and low sensitivity (value 1) off season.
Whereas beaches are used also during the off-season, this is negligible for tourism-related boating
along the coast – hence the distinction in sensitivities during the off-season
for the different types of areas.
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Fig. 6.3.3 Example sensitivity map of Single Element Layer ‘Recreation (tourist
attractiveness)’ for the Gulf of Gdańsk (GoG). Off- season (January to April and October to
December)

6.3.4. Fisheries - Fig. 6.3.4
For the significant element layer ‘fisheries’ sensitivities were assigned based on the concept that
fisheries are disturbed by oil spills with different degree of negative effects, depending on the
intensity of fishing activities. Fishing activities, in turn, may be distinguished by (i) catch per square
kilometre; (ii) types of fishing tools used in the area and modified by water depth, and (iii)
definitely by seasonal variations, with summer and autumn as the primary fishing seasons. Table
6.3.4 shows the sensitivity categories assigned, categorised by those factors.
It is important to note that fishing intensity is relatively coarsely recorded with a resolution of 15’ in
longitudinal and 10’ in latitudinal direction and is very much dependant on the quality of
fishermen’s reports. Hence, the low resolution of fishing data appears with odd looking borders and
levels for areas of different sensitivity.
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Table 6.3.4 Sensitivity category assignment for the single element layer ‘fisheries’
Fishery
Water depth
intensity
Fishing tools
Time period
Sensitivity value
[m]
-2
[kg*km ]
Season
Moderate Sensitivity (2)
Near-surface
Any
fishing gear
Off-season
Low Sensitivity (1)
0 – 5000
Bottom and nearSeason
Low Sensitivity (1)
bottom fishing
Less than 20
Off-season
Low Sensitivity (1)
gear
Season
High Sensitivity (3)
Near-surface
Any
fishing gear
Off-season
Low Sensitivity (1)
5000 – 10000 Bottom and nearSeason
Low Sensitivity (1)
bottom fishing
Less than 20
Off-season
Low Sensitivity (1)
gear
Season
High Sensitivity (3)
Near-surface
Any
fishing gear
Off-season
Low Sensitivity (1)
Over 10000
Bottom and nearSeason
Moderate Sensitivity (2)
bottom fishing
Less than 20
Off-season
Low Sensitivity (1)
gear

Fig. 6.3.4 Example sensitivity map of Single Element Layer ‘Fisheries’ for the Gulf of Gdańsk
(GoG). Winter (December to February)
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6.4. Dynamic Sensitivity Maps of the Polish pilot area – GoG

6.4.1. Summary maps Thematic Layers
The following maps represent example dynamic sensitivity maps for the two thematic layers, i.e.
environment (Fig. 6.4.1.1) and socio-economy (Fig. 4.4.1.2). Thematic layers are constructed from
all single element layers by simple averaging of sensitivities, and without weighting.
The complete set of all dynamic sensitivity maps is found in the appendix (chapter 9).

Fig. 6.4.1.1 Example sensitivity map of the thematic layer ‘Environment’ for the Gulf
of Gdańsk (GoG). Five sensitivity categories depicted, based on 3 original sensitivity classes in
single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.
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Fig. 6.4.1.2 Example sensitivity map of the thematic layer ‘Socio-economy’ for the Gulf
of Gdańsk (GoG). Five sensitivity categories depicted, based on 3 original sensitivity classes in
single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.
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6.4.2. Summary Dynamic Sensitivity Maps
The following maps (Figs. 6.4.2.1 – 6.4.2.12) represent resulting dynamic sensitivity maps,
combined from all two thematic layers. They were constructed by simple averaging of sensitivities
from the thematic layers without weighting, and include a temporal resolution of months.

Fig. 6.4.2.1 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). January.
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Fig. 6.4.2.2 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). February.

Fig. 6.4.2.3 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). March.
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Fig. 6.4.2.4 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). April.

Fig. 6.4.2.5 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). May.
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Fig. 6.4.2.6 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). June.

Fig. 6.4.2.7 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). July.
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Fig. 6.4.2.8 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). August.

Fig. 6.4.2.9 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). September.
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Fig. 6.4.2.10 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). October.

Fig. 6.4.2.11 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). November.
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Fig. 6.4.2.12 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from
sensitivities of two thematic layers (environment and socio-economy). Five sensitivity
categories depicted, based on 3 original sensitivity calsses in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). December.
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7. DISCUSSION
In this project, we have developed dynamic sensitivity mapping as a tool for integrated coastal zone
management. The dynamic sensitivity maps (DSMs) are based on individual data maps, which,
in the future, are intended to be downloadable from public map servers. Hence, dynamic sensitivity
mapping is a tool for coastal zone managers to handle large and complex data sets, which otherwise
would be difficult to manage other than by experts.
In the first instance, the framework for defining sensitivity of coastal regions was oil pollution,
primarily originating from ships and traffic at sea. However, on principle, dynamic sensitivity
mapping may be used far beyond this particular application to focus on other disturbances or,
even more generally, other spatially and temporally variable management contexts.
By using two pilot regions which differed in most aspects, including environmental, economic,
societal and administrative features, we attempted to test whether dynamic sensitivity maps were
useful over such a wide range of contexts.
7.1. Comparing Dynamic Sensitivity Mapping in the two pilot regions
Already from the outset it became clear that not only did our pilot regions differ, but also
the process of dynamic sensitivity mapping was shaped in different ways by distinct data
availability and management priorities. Whereas the Polish project data largely originated from
monitoring of the environment and assessment reports, Norwegian data had been collected
primarily by national authorities and were directly accessible from open access data bases. However,
in several cases in the Southern Sunnmøre Coastal Area (SSCA), single element layers were
obviously considered important, but no systematically assembled data was available. This applied
to seabirds and marine mammals, for instance. In these cases, the Norwegian project team reverted
to expert interviews as a method to provide some information on those parameters rather than none.
In the process of map construction, we agreed on the desired product – a dynamic sensitivity map
(DSM) – which should be comparable in its information content across regions. Hence, we based
the DSMs on an identical structure, which could, however, be completed in different ways
and hence accommodate the different types of data as well as management priorities.
The fundamental elements of the DSM structure are thematic layers (TL), and in this project
we used two widely defined ones, i.e. TL environment and TL socio-economy. By being able
to combine different single element layers within those thematic layers, the two project groups were
able to use the data from their respective regions which were accessible and most relevant. Data
availability
in both regions in part reflected the different coastal topographies, e.g. seabird colonies are largely
associated with the steep rock cliffs on some of the coastal islands in western Norway, whereas
marine vegetation in Poland is characterised by shallow soft sediment environments.
As a consequence, resource uses of coastal areas and their importance for the socio-economy
of the region also were clearly distinct. Whereas both catch fisheries and aquaculture represent
bearing pillars of the coastal economy in western Norway, it appears that in Poland traditional
resource uses such as fisheries are declining and new economies such as tourism and renewable
offshore energy production are becoming increasingly important.
7.2. Resulting Dynamic Sensitivity Maps in the two pilot regions
Resulting dynamic sensitivity maps from western Norway and the Gulf of Gdańsk clearly look
different, but they nevertheless convey the same type of information in a visually comparable way
(Fig. 7.2).
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Pilot Studies

Fig. 7.2. Example of resulting Dynamic Sensitivity Maps for September in the two
pilot regions (Southern Sunnmøre Coastal Area (SSCA) above and Gulf of Gdańsk
(GoG) below). Five sensitivity categories depicted, based on 3 original sensitivity
calsses in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). Sensitivities represent simple averages among and between thematic layers.
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Comparing SSCA and GoG dynamic sensitivity maps, the former – SSCA – maps appear both more
patchy (see fig. 7.2) and more changeable over time (see figs. 5.5.2.1 – 5.5.2.12 and figs. 6.4.2.1 –
6.4.2.12). The greater homogeneity of the environment and much less fragmented coastline
in the Gulf of Gdańsk may in part explain this phenomenon. Parameters which are directly
associated with the coastline and its diversity (e.g. vegetation), are likely to display larger
variability within a highly heterogeneous environment, such as SSCA.
The temporal resolution of resulting dynamic sensitivity maps is directly related to the underlying
data. We suggest that there are several aspects to this:
(i) As the concept of dynamics and temporal changes over time has not been prioritized in coastal
zone management, many data sets are not collected to reflect dynamic aspects of both
environmental and socio-economic parameters.
(ii) Also, sensitivity needs to be interpreted within a certain context (‘sensitive to what?’),
which means that a temporal component to the single elements may be relevant only for some of
the contexts. If, as in our case, sensitivity is defined within the context of oil pollution, then
seabird nesting colonies may be more or less sensitive during the breeding season.
If, on the other hand, sensitivity is defined in the context of sea level rise, as an alternative
example, seasonal variation of seabird breeding colonies is largely irrelevant.
Had we constructed sensitivity maps in relation to a different context (threat / disturbance),
dynamics of the single element layers mapped might have looked very different.
(iii) Changes in single element layers are not independent, but may impact other single element
layers – including those from other thematic layers. For instance, harvesting of seaweed (TL
socio-economy) may lead to changes in in fish recruitment and this, in turn, could impact
breeding seabird populations at the top of this local food web (both fish and seabirds represent
SELs within the thematic layer ‘environment’).
7.3. Visualisation of sensitivity in Dynamic Sensitivity Maps
In this project, sensitivity was defined in the context of oil pollution, especially as a consequence
of ship traffic accidents. Sensitivity categories were limited to three (high - 3, moderate – 2
and low - 1), in order to provide a very simple starting point for this exploratory project approach.
In addition, a ‘traffic light’ colour representation of those basic categories red, yellow and green
was used as it is a common and intuitively accessible visual concept in people’s lives.
In the process of averaging sensitivities – both within and finally among thematic layers - fraction
categories were produced. We chose to use five colour groups to present resulting dynamic
sensitivity maps. This represented a compromise between visualising intermediate categories on the
one hand, and not overloading the viewer with too many colour codes on the other hand.
Fig. 7.3 illustrates different visual impressions of the same dynamic sensitivity map with 3, 5 and 8
colour codes, based on three original sensitivity categories (high - 3, moderate - 2 and low - 1).
In an already patchy map image – such as we had in SSCA – five colour groups appears to be the
absolute maximum which may be visually digested and still be meaningful. However, on principle,
it is possible to represent any number of sensitivity categories from the original data by any number
of colour codes. The most meaningful colour representation will depend on a variety of factors such
as (i) the variability of sensitivity values within single element layers, (ii) the number of single
element layers within thematic layers, (iii) the number of thematic layers and (iv) the weighting
of thematic layers. In addition, the way in which the Dynamic Sensitivity Map is intended
to be used in a management context will also influence which type of colour coding is chosen.
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In a ship traffic management context, visual information may be most useful without too much
detail as also management decisions may be dynamic. In a different – more static - management
context, detail and small scale resolution may be the preferred representation. In addition, data set
completeness, i.e. the number of single element layers averages are based on, may be represented
by colour transparency in the resulting TL map, hence giving a visual indication of availability
of data in different parts of the map.

Fig. 7.3 Example of resulting Dynamic Sensitivity Maps for September Southern
Sunnmøre Coastal Area (SSCA) with 5 (top) and 8 (bottom) colour categories to
represent sensitivity. The sensitivity categories depicted are based on 3 original
sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3
(red, high).

80
efficiensea.org

Part-financed by
the European Union

7.4. Implementing management priorities in Dynamic Sensitivity Maps
We designed dynamic sensitivity mapping as a management tool with a high level of flexibility.
It was already mentioned how the number of sensitivity categories, the number of single element
layers per thematic layer and the number of thematic layers for construction of the resulting
dynamic sensitivity map may all vary. In addition, the spatial and temporal resolution of the final
product are not fixed on principle, but depend on the input data with their upper limit,
and on the user’s decision with regard to their lower limit.
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Fig. 7.4 Example dynamic sensitivity maps from SSCA in February, with a 2:1
emphasis on the thematic layer ‘Environment’ (top)
and a 2:1 emphasis on the thematic layer ‘Socio-Economy’ (bottom) built into the
algorithm calculating overall sensitivity.
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Dynamic sensitivity maps may also reflect management priorities, in that resulting sensitivities
in any given area may be calculated by a chosen algorithm which can reflect any type of desired
weighting of parameters and hence prioritisations in management.
Weighing of parameters may occur for single element layers (within thematic layers –
e.g. by emphasizing the importance of aquaculture over tourism) or among thematic layers
(e.g. by prioritising environmental over socio-economic thematic layers or vice versa).
Fig. 7.4 represents an example of resulting dynamic sensitivity maps from the Southern Sunnmøre
Coastal Area, in which the two thematic layers environment and socio-economy have been
weighted in opposite ways.
On the other hand, we also introduced a safeguarding mechanism against ‘losing’ data on highly
sensitive single elements, for example through a large number of less sensitive elements in the same
spatial area. The so-called ‘Must Protect’ layer represents a thematic layer where highly sensitive
single elements from any number of single element layers are collected. The high sensitivity level
of all elements on this layer will be directly represented in the resulting dynamic sensitivity map,
so that it is not possible to down-weight sensitivities from this layer.

7.5. Using oil risk modelling to complement dynamic sensitivity mapping for integrated zone
management.
If dynamic sensitivity mapping is used in the context of oil pollution, as is the case in this project,
it may be combined with risk mapping of oil spills (see an example below – fig. 7.5, Gajewski,
2011). In our example, oil spill risk is calculated through iterative computations of an oil spill
model assembled from data over a period of many years (more than 10 years to represent possible
ranges of variability). The model is incorporating various physical factors such as wave motion,
hydrodynamics (currents and temperature) and meteorological data (wind and air temperature)
into multiple trajectories of probable oil spills. Results of model runs have been integrated into
a probability density function. Furthermore, the resulting probability density has been classified into
different risk levels. This classification is then used to highlight areas of high risk,
both in a static and a dynamic sense.
There are two major high risk areas shown in Fig. 7.5. – the first one is around the Hel Peninsula
tip, while the second one is at the southern coast of the GoG. The tip of the Hel Peninsula
is the most endangered area during September month as most of the ship traffic is diverted close
to the tip into waterways to Gdynia, Gdańsk and the Northern Harbour of the Gdańsk areas.
It is typical that junctions of traffic routes increase the probability of an oil spill. On the other hand,
the very same area is also the most sensitive at the same time of the year. Definitely, this type
of coincidence does have major impacts on contingency plans and/or planning of preventive
measures. Actually, one of the preventive measures in the area is a Vessel Traffic System.
The actual oil spill risk is very much reduced in this particular area because of tracking and advice
on potential risks of accidents through those types of communication channels.
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Fig. 7.5 Result of oil spill risk modelling in the Gulf of Gdańsk (Gajewski, 2011)
for September – top, and dynamic sensitivity map for GoG for September (bottom).
In the top image, units for the colour scale are [g oil*hr*km-2*yr-1]. Arrows mark two areas
with both high risk of experiencing oil spill and high dynamic sensitivity.
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In order to apply mitigation measures after an oil spill most effectively, the combined information
from the two tools may then allow an effective focus on (i) areas most likely to experience an oil
spill (as predicted from the oil risk model) and (ii) areas most sensitive to oil pollution at any one
time (as mapped with the DSM-tool). Most importantly, mitigation contingency plans can focus
primarily on areas where the two types of scenarios overlap. In relation to our example (fig. 7.5)
the primary areas to set up mitigation plans for would be the inside of the Hel peninsula
(also called Puck lagoon) as well as the south-eastern part of the Gulf of Gdańsk (both indicated
by arrows in fig. 7.5), as these are areas identified in both management tools as both,
likely to experience an oil spill and highly sensitive to its effects.

7.6. Use of dynamic sensitivity maps in management
Dynamic sensitivity maps represent highly adaptable, flexible and area-specific management tools,
which take into account that natural environments and the role they play for human societies
are both spatially variable and dynamic (may change over time). Despite of the flexibility
with regard to amount and quality of data available when the maps are constructed, prioritization
for assignment of sensitivities, and different management emphases, the final map product may be
quite uniform in terms of information content and visual display. This means that dynamic
sensitivity maps can be uniformly developed across largely distinct areas, yet will be interpretable
in the same ways. In the particular context of the project – oil pollution from ship traffic accidents DSMs may be used by environmental (coastal zone) managers to identify protective areas, they may
be used by vessel traffic controllers to advise on safe fairways at any one time, and they might be
used by authorities tasked with oil spill contingency planning. In the early phase of a vessel
accident and depending on its nature, one of the feasible mitigation measures is to tow the spilling
vessel towards locations indicated on the map as less sensitive. In many cases, actual decisions
on the possible towing destination of a spilling vessel are negotiated between coastal entities
concerned with the aim to select the best towing destination on the one hand and through weighing
the advantages and disadvantages of the different towing destinations and their expected
environmental impact on the other. A dynamic sensitivity map will provide that information
for a given time.
In the future it may also be possible for DSMs to be used by vessel operators when navigating
in coastal areas. However, in order to provide a meaningful tool for this target group, dynamic
sensitivity maps will have to have been interpreted and possibly ‘cleaned’ to contain only the most
essential and necessary information. Another simplification of the information might be to make
a dynamic oil spill risk assessment based on current vessel traffic in the area, combined with oil
spill modelling (e.g. scenarios “what if oil spill were to happen from vessel x in 5/10/15/… minutes
from now”) and overlaid on the map of potentially endangered areas. This would impose use
of AIS/VTS information, as well as forecasts of hydrodynamics, waves and meteorological
parameters. Final results might be either send in the form of ECDIS updates
(e.g. using e-Navigation system) or in an even more sophisticated way through VTS Centre advise
on potential rerouting in case the intended vessel routes are too dangerous. This latter type
of system would require further investigation on automatic route optimisation techniques.
Which types of applications of dynamic sensitivity maps are most useful for managers, will have to
be evaluated and ultimately tested in practice.
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7.7. Conclusions and Recommendations
Dynamic sensitivity mapping is a management tool with great potential for current and future
applications. While in this project sensitivity was interpreted in the context of oil pollution
from ship traffic, many other management contexts may be envisaged in the future
(e.g. climate change, sea level rise, radioactive pollution, development). Similarly, dynamic
sensitivity mapping may be used not only in coastal zones, but could be applied for all types
of environments where spatial data exist.
The main benefit with dynamic sensitivity maps is that they provide a uniform and simplified
visualisation for potentially highly diverse and complex data sets. In addition, regional management
priorities and focuses can be built into the maps to reflect the specific situations of the region
in which they are applied. Hence, they can be tailored to the respective needs and data available
for the regions under question whilst remaining comparable across clearly distinct geographical,
socio-economic and administrative regions.
The goal of this working group was to provide a management tool, which is applicable across
a wide range of contexts. It is now essential to test the tool with its potential users.
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9. APPENDIX
9.1. Maps from the Southern Sunnmøre Coastal Area (SSCA)
9.1.1. Thematic Layer Environment
9.1.1.1. Marine habitat types
9.1.1.2. Coastal vegetation
9.1.1.3. Fish fauna (ichthyofauna)
9.1.1.4. Bird fauna (avifauna)
9.1.1.5. Marine mammals
9.1.1.6. Protected areas
9.1.2. Thematic Layer Socio-economy
9.1.2.1. Fisheries
9.1.2.2. Aquaculture
9.1.2.3. Cultural landscapes
9.1.2.4. Recreation / tourist attractiveness
9.1.2.5. Cultural heritage under water
9.1.3. Thematic Layer ‘Must Protect’
9.1.4. Dynamic Sensitivity Maps – all layers

9.2. Maps from the Gulf of Gdańsk (GoG)
9.2.1. Thematic Layer Environment
9.2.1.1. Geology
9.2.1.2. Marine vegetation (macrophytes)
9.2.1.3. Bottom fauna (macrozoobenthos)
9.2.1.4. Fish fauna (ichthyofauna)
9.2.1.5. Bird fauna (avifauna)
9.2.1.6. Marine mammals
9.2.2. Thematic Layer Socio-economy
9.2.2.1. Cultural heritage (under water)
9.2.2.2. Military areas
9.2.2.3. Recreation (tourist attractiveness)
9.2.2.4. Fisheries
9.2.3. Dynamic Sensitivity Maps – all layers
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Dynamic Sensitivity Maps from the Southern Sunnmøre Coastal Area (SSCA) and the Gulf of
Gdańsk (GoG), displayed in order of region and thematic layers (see list below). In addition, maps
may also be accessed at the EfficienSea website with its GIS portal at
http://maps.efficiensea.org/default.aspx?gui=1&lang=1.
Layer Type

Thematic Layer Environment
Geology – Substratum type / grain size
Marine vegetation (macrophytes)
Marine habitat types (env.)
Coastal vegetation (terrestrial)
Bottom fauna (macrozoobenthos)
Fish fauna (ichthyofauna)
Bird fauna (avifauna)
Marine mammals
Protected areas (env.)
Thematic Layer Socio-economy
Fisheries
Aquaculture
Cultural landscapes
Recreation / tourist attractiveness
Cultural heritage (under water)
Military areas
Infrastructure (Harbours, Industrial
facilities, marinas, shipyards)
Marine energy
Other resource exploitation (e.g. mining)
Thematic Layer ‘Must Protect’
Dynamic Sensitivity Maps Summary

No. of maps
SSCA

No. of maps GoG

12
no data
no data
1
1
no data
5
11
12
1
12
12
2
1
4
1
no data

12
1
1
n/a
n/a
1
3
2
1
n/a
12
4
n/a
n/a
2
2
1

no data
no data
no data
1

n/a
n/a
n/a
n/a

12

12
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9.1. Maps from the Southern Sunnmøre Coastal Area (SSCA)
9.1.1. Thematic Layer Environment

Fig. 9.1.1 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). January

Fig. 9.1.2 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). February
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Fig. 9.1.3 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March

Fig. 9.1.4 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April
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Fig. 9.1.5 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May

Fig. 9.1.6 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June
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Fig. 9.1.7 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July

Fig. 9.1.8 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August
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Fig. 9.1.9 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal Area
(SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single element
layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September

Fig. 9.1.10 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October

97
efficiensea.org

Part-financed by
the European Union

Fig. 9.1.11 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). November

Fig. 9.1.12 Sensitivity map of Thematic Layer ‘Environment’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December
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9.1.1.1. Marine habitat types

Fig. 9.1.13 Sensitivity map of Single Element Layer ‘Marine habitat types’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic
aspect.
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9.1.1.2. Coastal vegetation

Fig. 9.1.14 Sensitivity map of Single Element Layer ‘Coastal vegetation’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic
aspect.
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9.1.1.3. Fish fauna (ichthyofauna)

Fig. 9.1.15 Sensitivity map of Single Element Layer ‘Fish (ichthyofauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). February March.

Fig. 9.1.16 Sensitivity map of Single Element Layer ‘Fish (ichthyofauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April.
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Fig. 9.1.17 Sensitivity map of Single Element Layer ‘Fish (ichthyofauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.

Fig. 9.1.18 Sensitivity map of Single Element Layer ‘Fish (ichthyofauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June.
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Fig. 9.1.19 Sensitivity map of Single Element Layer ‘Fish (ichthyofauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July to
January.
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9.1.1.4. Bird fauna (avifauna)

Fig. 9.1.20 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). January to
February.

Fig. 9.1.21 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March.
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Fig. 9.1.22 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April.

Fig. 9.1.23 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.
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Fig. 9.1.24 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June.

Fig. 9.1.25 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July.
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Fig. 9.1.26 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August.

Fig. 9.1.27 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September.
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Fig. 9.1.28 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October.

Fig. 9.1.29 Sensitivity map of Single Element Layer ‘Birds (avifauna)’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). November to
December.
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9.1.1.5. Marine mammals

Fig. 9.1.30 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). January.

Fig. 9.1.31 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). February.
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Fig. 9.1.32 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March.

Fig. 9.1.33 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April.
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Fig. 9.1.34 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.

Fig. 9.1.35 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June.
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Fig. 9.1.36 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July.

Fig. 9.1.37 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August.
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Fig. 9.1.38 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September.

Fig. 9.1.39 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October.
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Fig. 9.1.40 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). November.

Fig. 9.1.41 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December.
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9.1.1.6. Protected areas

Fig. 9.1.42 Sensitivity map of Single Element Layer ‘Protected areas’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic
aspect.
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9.1.2. Thematic Layer Socio-economy

Fig. 9.1.43 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). January

Fig. 9.1.44 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). February
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Fig. 9.1.45 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March

Fig. 9.1.46 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April
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Fig. 9.1.47 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May

Fig. 9.1.48 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June
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Fig. 9.1.49 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July

Fig. 9.1.50 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August
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Fig. 9.1.51 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September

Fig. 9.1.52 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October
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Fig. 9.1.53 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). November

Fig. 9.1.54 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Southern Sunnmøre Coastal
Area (SSCA). Five sensitivity categories depicted, based on 3 original sensitivity classes in single
element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December
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9.1.2.1. Fisheries

Fig. 9.1.55 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). January.

Fig. 9.1.56 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). February.
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Fig. 9.1.57 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March.

Fig. 9.1.58 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). April.
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Fig. 9.1.59 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May.

Fig. 9.1.60 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). June.
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Fig. 9.1.61 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July.

Fig. 9.1.62 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August.
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Fig. 9.1.63 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September.

Fig. 9.1.64 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October.
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Fig. 9.1.65 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). November.

Fig. 9.1.66 Sensitivity map of Single Element Layer ‘Fisheries’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December.
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9.1.2.2. Aquaculture

Fig. 9.1.67 Sensitivity map of Single Element Layer ‘Aquaculture’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December to June.

Fig. 9.1.68 Sensitivity map of Single Element Layer ‘Aquaculture’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). July to November.
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9.1.2.3. Cultural landscapes

Fig. 9.1.69 Sensitivity map of Single Element Layer ‘Cultural landscapes’ for the Southern Sunnmøre
Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic
aspect.
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9.1.2.4. Recreation / tourist attractiveness

Fig. 9.1.70 Sensitivity map of Single Element Layer ‘Recreation’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). October to April.

Fig. 9.1.71 Sensitivity map of Single Element Layer ‘Recreation’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). May to July.
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Fig. 9.1.72 Sensitivity map of Single Element Layer ‘Recreation’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). August.

Fig. 9.1.73 Sensitivity map of Single Element Layer ‘Recreation’ for the Southern Sunnmøre Coastal
Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September.
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9.1.2.5. Cultural heritage under water

Fig. 9.1.74 Sensitivity map of Single Element Layer ‘Cultural heritage under water’ for the Southern
Sunnmøre Coastal Area (SSCA). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No
dynamic aspect.
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9.1.3. Thematic Layer ‘Must Protect’

Fig. 9.1.75 Sensitivity map of Thematic Layer ‘Must Protect’ for the Southern Sunnmøre

Coastal Area (SSCA). All elements included in this dynamic map have – by definition – been
assigned sensitivity class 3 (red, high). No dynamic aspect.

133
efficiensea.org

Part-financed by
the European Union

9.1.4. Dynamic Sensitivity Maps – all layers

Fig. 9.1.76 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). January.

Fig. 9.1.77 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). February.
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Fig. 9.1.78 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). March.

Fig. 9.1.79 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). April.
135
efficiensea.org

Part-financed by
the European Union

Fig. 9.1.80 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). May.

Fig. 9.1.81 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). June.
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Fig. 9.1.82 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). July.

Fig. 9.1.83 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). August.
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Fig. 9.1.84 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). September.

Fig. 9.1.85 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). October.
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Fig. 9.1.86 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). November.

Fig. 9.1.87 Dynamic sensitivity map for the Southern Sunnmøre Coastal Area (SSCA), constructed
from sensitivities of three thematic layers (environment, socio-economy and ‘must protect’). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). December.
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9.2. Maps from the Gulf of Gdańsk (GoG)
9.2.1. Thematic Layer Environment

Fig. 9.2.1 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). January

Fig. 9.2.2 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). February
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Fig. 9.2.3 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). March

Fig. 9.2.4 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). April
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Fig. 9.2.5 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). May

Fig. 9.2.6 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). June
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Fig. 9.2.7 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). July

Fig. 9.2.8 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). August
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Fig. 9.2.9 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). September

Fig. 9.2.10 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). October
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Fig. 9.2.11 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). November

Fig. 9.2.12 Sensitivity map of Thematic Layer ‘Environment’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). December
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9.2.1.1. Geology

Fig. 9.2.13 Sensitivity map of Single Element Layer ‘Geology’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic aspect.
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9.2.1.2. Marine vegetation (macrophytes)

Fig. 9.2.14 Sensitivity map of Single Element Layer ‘Marine vegetation (macrophytes)’ for the Gulf of
Gdańsk (GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic aspect.
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9.2.1.3. Bottom fauna (macrozoobenthos)

Fig. 9.2.15 Sensitivity map of Single Element Layer ‘Bottom fauna (macrozoobenthos)’ for the Gulf of
Gdańsk (GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic aspect.
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9.2.1.4. Fish fauna (ichthyofauna)

Fig. 9.2.16 Sensitivity map of Single Element Layer ‘Fish fauna (ichthyofauna)’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December to February.

Fig. 9.2.17 Sensitivity map of Single Element Layer ‘Fish fauna (ichthyofauna)’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March to August.
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Fig. 9.2.18 Sensitivity map of Single Element Layer ‘Fish fauna (ichthyofauna)’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). September to November.

150
efficiensea.org

Part-financed by
the European Union

9.2.1.5. Bird fauna (avifauna)

Fig. 9.2.19 Sensitivity map of Single Element Layer ‘Bird fauna (avifauna)’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). December to February.

Fig. 9.2.20 Sensitivity map of Single Element Layer ‘Bird fauna (avifauna)’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). March to November.
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9.2.1.6. Marine mammals

Fig. 9.2.21 Sensitivity map of Single Element Layer ‘Marine mammals’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic aspect.
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9.2.2. Thematic Layer Socio-economy

Fig. 9.2.22 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). January

Fig. 9.2.23 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). February
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Fig. 9.2.24 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). March

Fig. 9.2.25 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). April
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Fig. 9.2.26 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). May

Fig. 9.2.27 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). June
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Fig. 9.2.28 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). July

Fig. 9.2.29 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). August
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Fig. 9.2.30 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). September

Fig. 9.2.31 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). October
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Fig. 9.2.32 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). November

Fig. 9.2.33 Sensitivity map of Thematic Layer ‘Socio-economy’ for the Gulf of Gdańsk (GoG). Five
sensitivity categories depicted, based on 3 original sensitivity classes in single element layers: 1 (green,
low), 2 (yellow, moderate) and 3 (red, high). December
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9.2.2.1. Cultural heritage (under water)

Fig. 9.2.34 Sensitivity map of Single Element Layer ‘Cultural heritage (under water)’ for the Gulf of
Gdańsk (GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Tourist season (May
to September).

Fig. 9.2.35 Sensitivity map of Single Element Layer ‘Cultural heritage (under water)’ for the Gulf of
Gdańsk (GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Tourist off- season
(January to April and October to December).
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9.2.2.2. Military areas

Fig. 9.2.36 Sensitivity map of Single Element Layer ‘Military areas’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). No dynamic aspect.
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9.2.2.3. Recreation (tourist attractiveness)

Fig. 9.2.37 Sensitivity map of Single Element Layer ‘Tourist attractiveness’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Tourist season (May to
September).

Fig. 9.2.38 Sensitivity map of Single Element Layer ‘Tourist attractiveness’ for the Gulf of Gdańsk
(GoG). Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Tourist off-season (January to
April and October to December)
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9.2.2.4. Fisheries

Fig. 9.2.39 Sensitivity map of Single Element Layer ‘Fisheries’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Spring (March, April, May).

Fig. 9.2.40 Sensitivity map of Single Element Layer ‘Fisheries’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Summer (June, July, August).
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Fig. 9.2.41 Sensitivity map of Single Element Layer ‘Fisheries’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Autumn (September, October,
November).

Fig. 9.2.42 Sensitivity map of Single Element Layer ‘Fisheries’ for the Gulf of Gdańsk (GoG).
Sensitivity 1 (green, low), 2 (yellow, moderate) and 3 (red, high). Winter (December, January,
February).
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9.2.3. Dynamic Sensitivity Maps – all layers

Fig. 9.2.43 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). January.

Fig. 9.2.44 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). February.
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Fig. 9.2.45 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). March.

Fig. 9.2.46 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). April.
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Fig. 9.2.47 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). May.

Fig. 9.2.48 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). June.
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Fig. 9.2.49 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). July.

Fig. 9.2.50 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). August.
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Fig. 9.2.51 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). September.

Fig. 9.2.52 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). October.
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Fig. 9.2.53 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). November.

Fig. 9.2.54 Dynamic sensitivity map for the Gulf of Gdańsk (GoG), constructed from sensitivities of
two thematic layers (environment and socio-economy). Five sensitivity categories depicted, based on 3
original sensitivity classes in single element layers: 1 (green, low), 2 (yellow, moderate) and 3 (red,
high). December.
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