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Introduction 1

1 Introduction

1.1 Legal basis and tasks of envi-
ronmental assessment

Maritime spatial planning in the German Exclu-
sive Economic Zone (EEZ) is the responsibility
of the German Federal Government under the
Federal Regional Planning Act (ROG)!. In ac-
cordance with Section 17, paragraph 1 of the
ROG, the competent federal ministry, the Fed-
eral Ministry of the Interior, Building and Com-
munity (BMI), working in coordination and agree-
ment with the federal ministries concerned,
draws up a Spatial Plan (regional development
plan) for the German EEZ as a statutory instru-
ment. In accordance with Section 17, paragraph
1, third sentence of the ROG, the Federal Matri-
time and Hydrographic Agency (BSH) carries out
the preparatory procedural steps for drawing up
the Spatial Plan (ROP) with the consent of the
BMI. When drawing up the Spatial Plan, an en-
vironmental assessment called the Strategic En-
vironmental Assessment (SEA) is performed in
accordance with the stipulations of the ROG and,
where applicable, those of Germany’s Environ-
mental Impact Assessment Act (UVPG)2.

The obligation to carry out a strategic environ-
mental assessment, including the preparation of
an environmental report, is a result of the updat-
ing, amendment and cancellation of the existing
spatial plans from 2009, from Section 7, para-
graph 7, 8 of the ROG, in conjunction with Sec-
tion 35, paragraph 1, No. 1 of the UVPG and No.
1.6 of appendix 5.

According to Section 1 of the SEA Directive
2001/42/EC, the aim of the Strategic Environ-
mental Assessment is to ensure a high level of
environmental protection in order to promote

1 Of 22 December 2008 (BGBI. | p. 2986), last amended by
Section 159 of the Ordinance of 19 June 2020 (BGBI. | p.
1328).

sustainable development and to contribute to en-
suring that environmental considerations are ad-
equately taken into account during the prepara-
tion and adoption of plans well in advance of the
actual project planning. According to Section 8
of the ROG, the Strategic Environmental As-
sessment has the task of determining the likely
significant impacts of implementing the plan and
to describe and evaluate them in an environmen-
tal report at an early stage. It serves to ensure
effective environmental precaution in accord-
ance with the applicable laws and is carried out
in accordance with uniform principles and with
public participation. All factors under Section 8,
paragrapah 1 of the ROG are to be considered:

e people, including human health
e fauna, flora, and biodiversity

e site, soil, water, air, climate and land-
scape

e cultural assets and other material re-
sources, and

¢ the interrelationship between the above-
mentioned protected assets.

In the context of spatial planning, definitions are
mainly specified in the form of priority and reser-
vation areas and other objectives and principles.

The requirements and content of the environ-
mental report to be prepared are specified in ap-
pendix 1 of Section 8, paragraph 1 of the ROG.

Accordingly, the environmental report consists of
an introduction, a description and assessment of
the environmental impacts identified in the envi-
ronmental review, in accordance with Section 8,
paragraph 1 of the ROG, and additional infor-
mation.

According to No. 2d) of appendix 1 of Section 8
of the ROG, other planning options that may be
expressly considered should also be named,

2 Version as published on 24.02.2010, BGBI. | p. 94, last
amended by Section 2 of the Act of 30 November 2016
(BGBI. | p. 2749).
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taking into account the objectives and the geo-
graphical scope of the ROP.

1.2 Brief description of the content
and main objectives of the Site
Development Plan

According to Section 17, paragraph 1 ROG, the
spatial plan for the German EEZ is to define des-
ignations, taking into account any interaction be-
tween land and sea as well as safety aspects

1. to ensure safety and ease of navigation,
2. for further economic uses,
3. for scientific uses and

4. to protect and improve the marine envi-
ronment.

According to Section 7 , paragraph 1, of the
ROG, the Spatial Plan for a specific planning
area and a regular medium-term period must
contain specifications as objectives and princi-
plesof spatial planning for the development, or-
der and safeguarding of the area, in particular for
the uses and functions of the area.

Under section 7, paragraph 3 of the ROG, these
rules may also designate areas. For the EEZ,
these may be the following areas:

Priority areas intended for certain spatially sig-
nificant functions or uses and excluding other
spatially significant functions or uses in the area,
where these are incompatible with the priority
functions or uses.

Reserved areas, which are to be reserved for
certain spatially significant functions or uses, to
which particular weight is to be attached when
comparing them to competing spatially signifi-
cant functions or uses.

Suitability areas for the marine area in which
certain spatially significant functions or uses do

not conflict with other spatially significant inter-
ests, whereby these functions or uses are ex-
cluded elsewhere in the planning area.

In the case of priority areas, it may be stipulated
that they also have the effect of suitability areas
under Section 7, paragraph 3, sentence 2, No. 4
of the ROG.

According to Section 7, paragraph 4 of the ROG,
the spatial plans should also contain spatially
significant planning provisions and measures by
public bodies and entities under private law ac-
cording to Section 4, paragraph 1, sentence 2 of
the ROG which are suitable for inclusion in spa-
tial plans, are necessary for the coordination of
spatial claims, and can be secured by objectives
or principles of spatial planning.

1.3 Relationship to other relevant
plans, programmes and projects

In Germany there is a tiered planning system of
spatial planning by the Federal Spatial Planning
Act (Bundesraumordnung) as well as by state
and regional planning to coordinate all spatial re-
guirements and concerns arising in a given area.
According to Section 1, paragraph 1, sentence 2
of the ROG this system is used to coordinate dif-
ferent spatial requirements in order to reconcile
conflicts arising at the respective planning level
and to make rules for individual uses and func-
tions of the space.

The tiered system allows the planning to be fur-
ther specified by the subsequent planning levels.
According to Section 1, paragraph 3 of the ROG,
the development, organisation and safeguarding
of the subspaces should be integrated into the
conditions and requirements of the overall area,
and the development, organisation and safe-
guarding of the overall area should take into ac-
count the conditions and requirements of its sub-
spaces.

The Federal Ministry of the Interior, Building and
Community (BMI) is responsible for regional



Introduction 3

planning at the federal level in the EEZ. In con-
trast, the respective federal state is responsible
for state planning for the entire area of the state,
including the respective coastal waters.

In addition to spatial planning for the respective
areas of responsibility, there are sectoral plans
based on sectoral laws for certain planning ar-
eas. Sectoral plans serve to define details for the
respective sector, taking into account the re-
guirements of spatial planning.

1.3.1 Spatial plans in adjacent areas

In the interests of coherent planning, coordina-
tion processes with the plans of the coastal fed-
eral states and neighbouring states are advisa-
ble and must be taken into account in the cumu-
lative assessment of impacts on the marine en-
vironment. At present, the state spatial planning
for Schleswig-Holstein is being updated. Re-
gional spatial planning programmes of the
coastal regions will be taken into account, pro-
vided that significant definitions are made for the
coastal waters.

1.3.11

In Schleswig-Holstein, the State Development
Plan (LEP S-H) is the basis for the state's spatial
development. The Ministry of the Interior, Rural
Areas, Integration and Equality of Schleswig-
Holstein (MILIG) is responsible for drafting it and
amending it. The current LEP S-H, from 2010,
forms the basis for the spatial planning of the
state until 2025. The state of Schleswig-Holstein
has initiated the procedure for updating the LEP
S-H 2010 and carried out a participation proce-
dure in 2019.

Schleswig-Holstein

1.3.1.2

For the state of Mecklenburg-Western Pomera-
nia, the highest state planning authority is the
Ministry for Energy, Infrastructure and Digitalisa-
tion of Mecklenburg-Western Pomerania. It is re-
sponsible for spatial planning at the state level,
including the coastal sea.

Mecklenburg-Western Pomerania

The current State Spatial Development Pro-
gramme of Mecklenburg-Western Pomerania
(LEP M-V) came into force on 9 June 2016.

1.3.1.3

Denmark is at an advanced stage of the spatial
planning process. Denmark is currently drafting
the first spatial plan as a comprehensive plan for
the North Sea and the Baltic Sea, which will be
binding and last until 2050.

Denmark

1.3.14

Sweden is in the final phase of its first Spatial
Plan. This plan is divided into three planning ar-
eas and describes two different levels, the na-
tional level and the municipal level. The Swedish
plans are more of a management character and
are not binding.

Sweden

1.3.15

In Poland, the first Spatial Plan is currently being
prepared and is also in its final phase. The Polish
plan covers a planning area with three regions.
The planning horizon of the binding plan is 2030.

Poland

1.3.2 MSFD programme of measures

Each Member State must develop a marine
strategy to achieve good status for its marine wa-
ters, which for Germany is the North Sea and the
Baltic Sea. The key to this is the establishment
of a programme of measures to achieve or main-
tain good environmental status and the practical
implementation of this programme of measures.
The establishment of the programme of
measures (BMUB, 2016) is regulated in Ger-
many by Section 45h of the Federal Water Act
(WHG). Under Objective 2.4 "Oceans with sus-
tainably and carefully used resources", the cur-
rent MSFD programme of measures mentions
maritime spatial planning as a contribution of ex-
isting measures to achieving the operational ob-
jectives of the MSFD. In addition, the catalogue
of measures also formulates a concrete review
mandate for updating the spatial plans with re-
gard to measures for the protection of migratory
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species in the marine area. Both the environ-
mental objectives of the MSFD and the MSFD
programme of measures are taken into account
in the SEA.

1.3.3 Management plans for nature conser-
vation areas EEZ

In September 2017, the Regulations on the des-
ignation of the Fehmarn Belt (NSGFmbV), Kadet
Trench (NSGKdrV), and Bay of Pomerania —
Rénnebank (NSGPBRV) nature reserves came
into force. According to the ordinances, the
measures necessary to achieve the conserva-
tion objectives established for the nature conser-
vation areas are presented in management
plans. These plans are drawn up by the Federal
Agency for Nature Conservation (BfN) in consul-
tation with the neighbouring states and the tech-
nically affected public agencies, and with the
participation of the interested public and the na-
ture conservation associations recognised by
the Federation.

On 16 June 2020, BfN initiated the participation
procedure under Section 7, paragraph 3 of the
NSGFmbV, Section 7, paragraph 3 of the
NSGKdrV and Section 11, paragraph 3 of the
NSGPBRYV on the management plans for the na-
ture conservation areas in the German Baltic
Sea EEZ. As part of the participation procedure,
a hearing on the drafts was held on 17 August
2020.

1.3.4 Tiered planning procedure for off-
shore wind energy and power lines
(central model)

For some uses in the German EEZ, such as off-
shore wind energy and power cables, a multi-
stage planning and approval process—i.e. a
subdivision into several stages—is envisaged. In
this context, the instrument of maritime spatial
planning is at the highest and superordinate
level. The spatial plan is the forward-looking
planning instrument which coordinates the most
diverse interests of users in the fields of industry,
science and research as well as protection

claims. A strategic environmental assessment
must be carried out when the spatial plan is
drafted. The SEA for the ROP is related to vari-
ous downstream environmental assessments, in
particular the directly downstream SEA for the
site development plan (FEP).

The next level is the FEP. Within the framework
of the so-called central model, the FEP is the
control instrument for the orderly expansion of
offshore wind energy and electricity grids in a
tiered planning process. The FEP has the char-
acter of a sectoral plan. The sectoral plan is de-
signed to plan the use of offshore wind energy
and the electricity grids in a targeted manner and
as optimally as possible under the given frame-
work conditions — in particular the requirements
of spatial planning—by defining areas and sites
as well as locations, routes and route corridors
for grid connections or for cross-border subma-
rine cable systems. In principle, a SEA is carried
out to accompany the establishment, updating
and modification of the FEP.

In the next step, the sites for offshore wind tur-
bines defined in the SDP undergo preliminary in-
spection. If the requirements of Section 12, par-
agraph 2 of the Wind Energy At Sea Act (Wind-
SeeG) are met, the preliminary examination is
followed by the determination of the suitability of
the site for the construction and operation of off-
shore wind energy installations. The preliminary
investigation is also accompanied by a SEA.

If the suitability of a site for the use of offshore
wind energy is established, the site is put out to
tender and the winning bidder or corresponding
entitled entity can submit an application for ap-
proval (planning approval or planning permis-
sion) for the erection and operation of wind tur-
bines on the area specified in the FEP. As part
of the planning approval procedure, an environ-
mental impact assessment is carried out if the
prerequisites are met.
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While the sites defined in the FEP for the use of
offshore wind energy are pre-examined and ten-
dered, this is not the case for defined sites,
routes and route corridors for grid connections or
cross-border submarine cable systems. Upon
application, a planning approval procedure in-
cluding an environmental assessment is usually
carried out for the construction and operation of

grid connection lines. The same applies to cross-
border submarine cable systems.

Under Section 1, paragraph 4 of the UVPG, the
UVPG also applies where federal or state legis-
lation does not specify the environmental impact
assessment in more detail or does not comply
with the essential requirements of the UVPG.

Spatial Planning

Strategic Environmental Assessment

Site development plan

Strategic Environmental Assessment

Investigation of sites OWT

Strategic Environmental
Assessment

Approval procedure

Environmental impact assessment / environmental
assessment

Figure 1: Overview of the tiered planning and approval process in the EEZ.

In the case of multi-stage planning and approval
processes, it follows from the relevant legislation
(e.g. Federal Regional Planning Act, WindSeeG
and BBergG) or, more generally, from Section
39, paragraph 3 of the UVPG that, in the case of
plans, when defining the scope of the investiga-
tion, it should be determined at which of the pro-
cess stages certain environmental impacts are

to be assessed. In this way, multiple assess-
ments are to be avoided. The nature and extent
of the environmental impacts, technical require-
ments, and the content and subject matter of the
plan must be taken into account.

In the case of subsequent plans and subsequent
approvals of projects for which the plan sets a
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framework, the environmental assessment pur-
suant to Section 39, paragraph 3, sentence 3 of
the UVPG shall be limited to additional or other
significant environmental impacts as well as to
necessary updates and more detailed investiga-
tions.

As part of the tiered planning and approval pro-
cess, a common feature of all reviews is that en-
vironmental impacts on the protected resources
specified in Section 8, paragraph 1 of the ROG
and Section 2, paragraph 1 of the UVPG are
considered, including their interactions.

According to the definition in Section 2 (2) of the
UVPG, environmental impacts within the mean-
ing of the UVPG are direct and indirect impacts
of a project or the implementation of a plan or
programme on the protected resources.

According to Section 3 of the UVPG, environ-
mental assessments comprise the identification,
description and assessment of the significant im-
pacts of a project or a plan or programme on the
protected resources. They serve to ensure effec-
tive environmental protection in accordance with
the applicable laws and are carried out according
to uniform principles and with public participa-
tion.

In the offshore area, the special conservation ar-
eas of avifauna have emerged as subcategories
of the legally specified conservation areas of an-
imals, plants and biological diversity: sea-
birds/resting birds and migratory birds, benthos,
biotope types, plankton, marine mammals, fish
and bats established.
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Strategic Environmental Assessment
Environmental Impact Assessment
Environmental Assessment

Examination of the environmental impact on the
protection objectives according to the principles for
environmental assessment

Animals
Plants
biol.
diversity

@

Cultural heritage
and other
material assets

Population
human
Health

Water
Air
Climate
Landscape

Interrelationship

Figure 2: Overview of the protected resources in the environmental assessments.

The detail of the tiered planning process is as
follows:

1341

At the highest and superordinate level is the in-
strument of maritime spatial planning. For sus-
tainable spatial development in the EEZ, the
BSH prepares a spatial plan on behalf of the re-
sponsible Federal Ministry; which comes into
force in the form of a legal ordinance.

Maritime spatial planning (EEZ)

The spatial plans shall define provisions, taking
into account any interactions between land and
sea as well as safety aspects,

¢ to ensure the safety and ease of ship-
ping traffic,
o for further economic uses,

o for scientific uses and
e to protect and improve the marine envi-
ronment.

In the context of spatial planning, definitions are
mainly specified in the form of priority and reser-
vation areas and other objectives and principles.
According to Section 8, paragraph 1 of of the
ROG, when drafting spatial plans, the body re-
sponsible for the spatial plan must carry out a
strategic environmental assessment in which the
likely significant impacts of the respective spatial
plan on the resources to be protected, including
interactions, must be identified, described and
evaluated.

The aim of the instrument of spatial planning is
to optimise overall planning solutions. A wider
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spectrum of uses and functions is considered.
Fundamental strategic questions should be clar-
ified at the beginning of a planning process. In
this way, the instrument primarily functions,
within the framework of the legal provisions, as
a controlling planning instrument for the planning
administrative bodies in order to create a frame-
work for all uses which is compatible with the
spatial and natural environment as far as possi-
ble.

In spatial planning, the depth of examination is
generally characterised by a greater scope of in-
vestigation, i.e. a fundamentally greater number
of planning options, and a lesser depth of inves-
tigation in terms of detailed analyses. Above all,
regional, national and global impacts as well as
secondary, cumulative and synergetic effects
are taken into account.

The focus is therefore on possible cumulative
effects, strategic and large-scale planning op-
tions and possible transboundary impacts.

1.3.4.2
The next level is the FEP.

Area development plan

The specificationsto be made by the FEP and
to be examined within the framework of the SEA
result from Section 5, paragraph 1 of the Wind-
SeeG. The plan mainly specifies areas and sites
for wind energy plants as well as the expected
capacity to be installed on these sites. In addi-
tion, the FEP also specifies routes, route corri-
dors and sites. Planning and technical principles
are also laid down. Although these also serve,
among other things, to reduce environmental im-
pacts, they may in turn lead to impacts, so that
an assessment is required as part of the SEA.

With regard to the SDP's objectives, it deals
with the fundamental questions of the use of off-
shore wind energy and grid connections on the
basis of the legal requirements, especially with
the need, purpose, technology and the identifi-
cation of sites and routes or route corridors. The
plan therefore primarily has the function of a

management planning instrument in order to cre-
ate a spatially and, as far as possible, environ-
mentally compatible framework for the imple-
mentation of individual projects, i.e. the con-
struction and operation of offshore wind turbines,
their grid connections, interconnectors and
cross-connections between converter/trans-
former platforms.

The depth of the assessment of the likely sig-
nificant environmental effects is characterised by
a wider scope of investigation, i.e. a larger num-
ber of alternatives and, in principle, a lower depth
of investigation. At the level of sectoral planning,
detailed analyses are generally not yet per-
formed. Above all, local, national and global im-
pacts, as well as secondary, cumulative and syn-
ergistic impacts in the sense of an overall view,
are taken into account.

As with the instrument of maritime spatial plan-
ning, the focus of the audit is on possible cumu-
lative effects as well as possible cross-border im-
pacts. In addition, the FEP focuses on strategic,
technical and spatial alternatives, especially for
the use of wind energy and power lines.

1.3.4.3 Suitability test as part of the pre-

liminary examination

The next step in the tiered planning process is
the suitability testing of sites for offshore wind
turbines.

In addition, the power to be installed is deter-
mined on the site in question.

In accordance with Section 10, paragraph 2 of
the WindSeeG, the suitability test assesses
whether the construction and operation of off-
shore wind energy installations on the site con-
flicts with the criteria for the inadmissibility of de-
fining a site in the site development plan, in ac-
cordance with Section 5, paragraph 3 of the
WindSeeG or, insofar as they can be assessed
independently of the later design of the project,
with the interests relevant for the plan approval
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in accordance with Section 48, paragraph 4, sen-
tence 1 of the WindSeeG.

Both the criteria of Section 5, paragraph 3 of the
WindSeeG and the matters of Section 48, para-
graph 4, sentence 1 of the WindSeeG require an
assessment of whether the marine environment
is endangered. With regard to the latter con-
cerns, there must be an assessment of whether
pollution of the marine environment within the
meaning of Section 1, paragraph 1, No. 4 of the
United Nations Convention on the Law of the
Sea is at risk and whether bird migration is en-
dangered.

Therefore, the preliminary examination with the
suitability assessment or determination is the in-
strument connected between the FEP and the
individual approval procedure for offshore wind
energy plants. It refers to a specific site desig-
nated in the FEP and is thus much smaller than
the FEP. It is distinguished from the plan ap-
proval procedure by the fact that an inspection
approach which is independent of the later spe-
cific type of plant and layout is to be applied. So,
the impact prognosis is based on model param-
eters, e.g. in two scenarios or ranges of scenar-
ios which are intended to represent possible re-
alistic developments.

Compared to the FEP, the SEA of the profi-
ciency test is characterised by a smaller exami-
nation area and a greater depth of examina-
tion. In principle, fewer and spatially limited al-
ternatives are seriously considered. The two pri-
mary alternatives are the determination of the
suitability of a site on the one hand and the de-
termination of its (possibly partial) unsuitability
(see Section 12, paragraph 6 of the WindSeeG)
on the other. Restrictions on the type and extent
of development, which are included as specifica-
tions in the determination of suitability, are not
alternatives in this sense.

The focus of the environmental assessment
within the framework of the suitability test is on
considering the local impacts of a development

with wind energy plants in relation to the site and
the location of the development on the site.

1.3.4.4 Approval procedure (planning ap-
proval and planning licensing pro-

cedure) for offshore wind turbines

The next step after the preliminary examination
is the approval procedure for the installation and
operation of offshore wind turbines. After the pre-
investigation area has been put out to tender by
the BNetzA, the winning bidder can submit an
application for plan approval or - if the require-
ments are met - for plan approval for the con-
struction and operation of offshore wind turbines
including the necessary ancillary facilities on the
pre-investigated area to the BNetzA in accord-
ance with Section 46, paragraph 1 of the Wind-
SeeG.

In addition to the legal requirements of Section
73, paragraph 1, sentence 2 of the VwWVfG, the
plan must include the information contained in
Section 47, paragraph 1 of the WindSeeG. The
plan may only be established under certain con-
ditions listed in Section 48, paragraph 4 of the
WindSeeG, and only if, inter alia, the marine en-
vironment is not endangered, in particular if there
is no cause for concern about pollution of the
marine environment within the meaning of Sec-
tion 1, paragraph 1, No. 4 of the Convention on
the Law of the Sea, and if bird migration is not
endangered.

Under section 24 of the UVPG, the competent
authority prepares a summary

¢ of the environmental impacts of the pro-
ject,

e the characteristics of the project and the
site, which are intended to prevent, re-
duce or offset significant adverse envi-
ronmental effects

e measures to prevent, reduce or offset
significant negative environmental im-
pacts, and

¢ the replacement measures in case of in-
terventions in nature and landscape.
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Under Section 16, paragraph 1 of the UVPG, the
project developer must submit a report to the
competent authority on the expected environ-
mental impacts of the project (EIA report), which
must contain at least the following information:

e a description of the project, including in-
formation on the location, nature, scale
and design, size and other essential
characteristics of the project

e a description of the environment and its
components within the project's sphere
of influence

e adescription of the characteristics of the
project and of the location of the project
to exclude, reduce or offset the occur-
rence of significant adverse environmen-
tal effects of the project

e adescription of the measures planned to
prevent, reduce or offset any significant
adverse effects of the project on the en-
vironment and a description of planned
replacement measures

e a description of the expected significant
environmental effects of the project

e a description of the reasonable alterna-
tives, relevant to the project and its spe-
cific characteristics, that have been con-
sidered by the developer and the main
reasons for the choice made, taking into
account the specific environmental ef-
fects of the project

e a generally understandable, non-tech-
nical summary of the EIA report.

Pilot wind energy plants are only dealt with in the
context of the environmental assessment in the
approval procedure and not at upstream stages.

1.3.4.5 Approval procedure for grid con-
nections (converter platforms and

submarine cable systems)

In the tiered planning process, the establishment
and operation of grid connections for offshore

wind energy plants (converter platform and sub-
marine cable systems, if applicable) is examined
at the level of the approval procedures (planning
approval and planning permission procedures)
when implementing the spatial planning require-
ments and the specifications of the FEP at the
request of the respective project executing
agency—the responsible TSO.

According to Section 44, paragraph 1 in conjunc-
tion with Section 45, paragraph 1 of the Wind-
SeeG, the construction and operation of facilities
for the transmission of electricity require plan-
ning approval. In addition to the legal require-
ments of Section 73, paragraph 1, sentence 2 of
the VWVIG, the plan must include the information
contained in Section 47, paragraph 1 of the
WindSeeG. The plan may only be approved un-
der certain conditions listed in Section 48, para-
graph 4 of the WindSeeG and only if, inter alia,
the marine environment is not endangered, in
particular if there is no cause for concern about
pollution of the marine environment within the
meaning of Section 1, paragraph 1, No. 4 of the
Convention on the Law of the Sea, and no threat
to bird migration.

Moreover, according to Section 1, paragraph 4
of the UVPG, the requirements for the environ-
mental impact assessment of offshore wind en-
ergy installations, including ancillary installa-
tions, apply accordingly to the performance of
the environmental assessment.

1.3.4.6 Cross-border submarine cable

systems

According to Section 133, paragraph 1 in con-
junction with (4) of the BBergG (Federal Mining
Act), the construction and operation of an under-
water cable in or on the continental shelf requires
a permit

e from a mining point of view (through the
competent state mining authority)

e concerning the organisation of the use
and exploitation of waters above the
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continental shelf and the airspace above
these waters (through the BSH).

Pursuant to Section 133, paragraph 2 of the
BBergG, the above-mentioned permits may only
be refused if there is a risk to the life or health of
persons or property or an impairment of overrid-
ing public interests which cannot be prevented or
offset by a time limit, conditions or requirements.
An impairment of overriding public interests ex-
ists in particular in the cases specified in Section
132, paragraph 2, No. 3 of the BBergG. Pursuant
to Section 132, paragraph 2 no. 3 b) and d) of
the BBergG, an impairment of overriding public
interests with regard to the marine environment
exists in particular if the flora and fauna would be
impaired in an unacceptable manner or if there
is reason to believe that the sea will be polluted.

In accordance with Section 1, paragraph 4 of the
UVPG, the essential requirements of the UVPG
must be observed for the construction and oper-
ation of transboundary submarine cable sys-
tems.
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Tabular overview of environmental audits: Focus of the investigations

Maritime spatial planning

SEA

Strategic planning for designations

Priority and reservation areas

e to ensure the safety and ease of shipping traffic,

e To further economic uses. especially offshore wind
energy and pipelines

« for scientific uses and

Protection and improvement of the marine environ-
ment

Objectives and principles

Application of the ecosystem approach

Analyses (identifies, describes and assesses) the
likely significant effects of the plan on the marine envi-
ronment

FEP
SEA

Strategic planning for designations

Specifications and subject matter

o Areas for offshore wind turbines

o Areas for offshore wind turbines, including
the expected capacity to be installed

* Platform locations

* Routes and route corri-
dors for submarine ca-
ble systems

e Technical and planning
principles

Preliminary study

SEA suitability test

Strategic
decision on suitability of
sites for OWF

« Verification of the suitability
of the site for the construc-
tion and operation of wind
turbines, including the ca-
pacity to be installed

On the basis of the available
and collected data (STUK)
as well as other information
that can be determined with
reasonable effort

Specifications in
particular on the
tvpe. extent and

TUUAUUUIT Ul uic uc—

velopment

Environmental impact analysis

Analyses (identifies, describes and assesses)
the likely significant environmental effects of the

plan on the marine environment

Analyses (determines, de-
scribes and evaluates) the
likely significant environmental
impacts of the construction and
operation of wind turbines,
which can be assessed inde-
pendently of the later design of
the project, on the basis of
model assumptions

Objective

Approval procedure

(planning approval or planning permission)

Grid connections

EA

Environmental assessment
Application for

e the construction and operation of plat-
forms and interconnectors

e in accordance with the requirements
of maritime spatial planning and the
site development plan

Analyses (determines, describes and
evaluates) the environmental impacts of
the specific project (platform and con-
necting undersea cable, if applicable).

Approval procedure

Cross-border submarine cable sys-
tems

EA

Environmental assessment
Application for

o the construction and operation
of transboundary submarine ca-
ble systems

-—wwey_ding to the requirements
of regional planning and the
FEP

Analyses (identifies, describes
and evaluates) the environmental
impacts of the specific project.
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This aims at the optimisation of overall planning solu-
tions, i.e. comprehensive packages of measures.

Consideration of a wider range of uses.

This takes place at the at the beginning of the planning
process to clarify strategic issues of principle, i.e. at an
early stage when there is even greater scope for ac-
tion.

Essentially functions as a controlling planning instru-
ment of the planning administrative bodies to create an
environmentally compatible framework for all uses.

Characterised by a wider scope of study, i.e. a larger
number of alternatives to be assessed, and less depth
of study (no detailed analyses)

Considers spatial, national and global impacts as well
as secondary, cumulative and synergistic impacts in
the sense of a comprehensive perspective .

Cumulative effects

Overall perspective

Strategic and large-scale alternatives
Possible transboundary effects

For the use of offshore wind energy, addresses
the fundamental questions of

. Needs or statutory objectives

Purpose

Technology

Capacities

Searches for environmentally sound packages
of measures without absolutely assessing the
environmental compatibility of the planning.

Acts mainly as a steering planning instrument to
create an environmentally sound framework for
the realisation of individual projects (wind tur-
bines and grid connections, transboundary sub-
marine cables)

Finding locations for platforms and tracks.

For the use of wind turbines,
deals with the fundamental
questions of

. Capacity

. Suitability of the area

Provides information on the
site required by law for the sub-
mission of bids.

Searches for environmentally
sound packages of measures
without assessing the environ-
mental compatibility of the spe-
cific project.

Acts as an instrument between
the FEP and the approval pro-
cedure for wind turbines on a
specific site.

Assessment depth

Characterised by a wider scope of study, i.e. a
larger number of alternatives to be assessed,
and less depth of study (no detailed analyses)

Takes into account local, national and global im-
pacts as well as secondary, cumulative and
synergistic impacts in the sense of an overall
view.

Characterised by a smaller as-
sessment area, greater depth
of study (detailed analyses).

The determination of suitability
may include specifications for
the subsequent project, in par-
ticular with regard to the type
and extent of the development
of the site and its location.

Focus of the assessment

Cumulative effects

Overall perspective

Strategic, technical and spatial alternatives
Possible transboundary effects

Local effects in relation to the
site and its location.

Approval procedure (plan approval or plan permit) for wind turbines

EIA

Deals with questions regarding the con-
crete design ("how") of a project (tech-
nical equipment, construction - building
permits).

Assesses the environmental compatibil-
ity of the project and formulates condi-
tions for this.

Functions primarily as a passive assess-
ment instrument that responds to the
developer's request.

Characterised by a narrower scope of
study (limited number of alternatives)
and greater depth of study (detailed
analyses).

Assesses the environmental compatibil-
ity of the project and formulates condi-
tions for this.

Considers primarily local impacts in the
vicinity of the project.

Environmental impacts of turbines, con-
struction and operation

Turbine dismantling

Study in relation to the specific installa-
tion design.

-efvention, compensation and replace-
ment measures.

Deals with questions regarding
the concrete design ("how") of a
project (technical equipment, con-
struction - building permits).

Assesses the environmental impact
of the project and also formulates
conditions.

Functions primarily as a passive as-
sessment instrument that responds
the developer's request.

Characterised by a narrower
scope of study (limited number of
alternatives) and greater depth of
study (detailed analyses).

Considers primarily local impacts
in the vicinity of the project.

Environmental impacts of tur-
bines, construction and operation

Study in relation to the specific in-
stallation design.

Intervention, compensation and
replacement measures.
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Assessment subject

Environmental impact assessment on request for

. the installation and operation of wind turbines

. on the area identified and pre-surveyed in the FEP.

. According to the designations of the FEP and the specifications of the preliminary study.

Environmental impact assessment
Analyses (determines, describes and evaluates) the environmental impacts of the specific project (wind turbines, platforms and internal
cabling of the wind farm, if applicable)

Under section 24 of the UVPG, the competent authority prepares a summary
. of the environmental impacts of the project,
. Of the characteristics of the project and of the site, which are intended to prevent, reduce or offset significant adverse environ-
mental effects,
. measures to prevent, reduce or offset significant negative environmental impacts, and
. the replacement measures in case of interventions in nature and landscape (Note: Exception according to Section 56, paragraph
3 of the BNatSchG

Objective

Addresses the questions of the specific design ("how") of a project (technical equipment, construction).

Serves primarily as a passive assessment instrument that reacts to requests from the tender winner/project developer.

Assessment depth
Characterised by a narrower scope of study, i.e. a limited number of alternatives, and greater depth of study (detailed analyses).

Assesses the environmental compatibility of the project on the site under study and formulates conditions for this.

Considers mainly local effects in the vicinity of the project.
Focus of the assessment
The main focus of the assessment is formed by:
. Environmental impacts from construction and operation.
. Study in relation to the specific installation design.
. Installation dismantling.

Figure 3: Overview of key aspects of environmental assessments in planning and approval procedures.
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1.3.5 Cables

On the upper level is the instrument of spatial
planning. In this framework, areas or corridors
for pipelines and data cables are defined.

According to Section 8, paragraph 1 of the ROG,
the likely significant effects of the pipeline provi-
sions on the protected resources must be identi-
fied, described and assessed.

According to section 133, paragraph 1 in con-
junction with paragraph 4 of the BBergG, the
construction and operation of a transit pipeline or
underwater cable (data cable) in or on the conti-
nental shelf requires a permit

¢ from a mining point of view (through the
competent state mining authority)

e concerning the organisation of the use
and exploitation of waters above the
continental shelf and the airspace above
these waters (through the BSH).

Pursuant to Section 133, paragraph 2 of the
BBergG, the above-mentioned permits may only
be refused if there is a risk to the life or health of
persons or property or an impairment of overrid-
ing public interests which cannot be prevented or
offset by a time limit, conditions or requirements.
An impairment of overriding public interests ex-
ists in particular in the cases specified in Section
132, paragraph 2, No. 3 of the BBergG. Pursuant
to Section 132, paragraph 2 no. 3 b) and d) of
the BBergG, an impairment of overriding public
interests with regard to the marine environment
exists in particular if the flora and fauna would be
impaired in an unacceptable manner or if there
is reason to believe that the sea will be polluted.

In accordance with Section 133 (2a) of the
BBergG, the construction and operation of a
transit pipeline, which is also a project within the
meaning of Section 1, paragraph 1, No. 1 of the
UVPG, is subject to an environmental impact as-
sessment in the licensing procedure with regard
to the organisation of the use and exploitation of
the waters above the continental shelf and the

airspace above these waters, as stipulated in the
UVPG.

In accordance with Section 1, paragraph 4 of the
UVPG, the essential requirements of the UVPG
must be observed for the construction and oper-
ation of data cables.

Pipelines and data cables Environmental Assessment

SEA
No threat to the marine environment

No expected significant
environmental impact

EIAJEA
No conflict with public interests
No exp igni envir
impact

Figure 4: Overview of the focal points of the environ-
mental assessment for pipelines and data cables.

1.3.6 Raw material extraction

In the German North and Baltic Seas, various
mineral resources are sought and extracted, e.g.
sand, gravel and hydrocarbons. As a superordi-
nate instrument, spatial planning addresses pos-
sible large-scale spatial definitions, possibly in-
cluding other uses. The anticipated significant
environmental impacts are reviewed (cf. also
Chapter 1.5.4.3).

During implementation, the extraction of raw ma-
terials is regularly divided into different phases -
exploration, development, operation and after-
care phase.

Exploration serves the purpose of searching for
raw material deposits in accordance with Section
4, paragraph 1 of the BBergG. In the marine area
it is regularly carried out by means of geophysi-
cal surveys, including seismic surveys and ex-
ploration drilling. In the EEZ, the extraction of
raw materials includes the extraction (loosening,
release), processing, storage and transport of
raw materials.
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In accordance with the Federal Mining Act, min-
ing permits (permission, licence) must be ob-
tained for exploration in the area of the continen-
tal shelf. These grant the right to explore for
and/or extract mineral resources in a specified
field for a specified period. Additional permits in
the form of operating plans are required for de-
velopment (extraction and exploration activities)
(cf. Section 51 BBergG). For the establishment
and management of an operation, main operat-
ing plans must be drawn up for a period not nor-
mally exceeding 2 years, which must be contin-
uously updated as required (Section 52, para-
graph 1, sentence 1 BBergG).

In the case of mining projects requiring an EIA
Act, the preparation of a general operating plan
is mandatory, and a planning approval proce-
dure must be carried out for its approval (Section
52 (2a) BBergG). Framework operation plans
are usually valid for a period of 10 to 30 years.

Pursuant to Section 57c BBergG in conjunction
with the Ordinance on the Environmental Impact
Assessment of Mining Projects (UVP-V
Bergbau), the construction and operation of pro-
duction platforms for the extraction of oil and gas
in the area of the continental shelf require an
EIA. The same applies to marine sand and
gravel extraction on mining sites of more than 25
ha or in a designated nature conservation area
or Natura 2000 area.

The licensing authorities for the German North
Sea and Baltic Sea EEZ are the state mining au-
thorities.

1.3.7 Shipping

In the context of spatial planning, the shipping
sector is regularly defined in terms of areas (pri-
ority and/or reserved areas), objectives and prin-
ciples. There is no tiered planning and approval
process for the shipping sector, as is the case for
the offshore wind energy sector, grid connec-
tions, cross-border submarine cables, pipelines
and data cables.

With regard to the consideration of likely signifi-
cant effects of the rules on the shipping sector,
reference is made to Chapter 1.5.4.3

1.3.8 Fisheries and marine aquaculture

Fisheries and aquaculture are considered as
concerns in the context of spatial planning.
There is no tiered planning and approval pro-
cess.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3

1.3.9 Marine scientific research

Marine and maritime scientific research is con-
sidered as a matter of concern in the context of
spatial planning. There is no tiered planning and
approval process.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3

1.3.10 National and alliance defence

National and alliance defence is considered a
concern in the context of spatial planning. There
is no tiered planning and approval process.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3.

1.3.11 Leisure
The issue of leisure is also considered. There is
no tiered planning and approval process.

With regard to the consideration of the likely sig-
nificant impacts, reference is made to
Chapter 1.5.4.3.

1.4 Presentation and consideration
of environmental protection ob-
jectives

The ROP and the SEA will be drafted and imple-
mented with due regard for the objectives of en-
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vironmental protection. These provide infor-
mation on the environmental status that is to be
achieved in the future (environmental quality ob-
jectives). The objectives of environmental pro-
tection can be found in an overview of the inter-
national, EU and national conventions and regu-
lations dealing with marine environmental pro-
tection, on the basis of which the Federal Repub-
lic of Germany has committed itself to certain
principles and objectives. The environmental re-
port will contain a description of how compliance
with the requirements is checked and what spec-
ifications or measures are taken.

1.4.1 International conventions on the pro-

tection of the marine environment

The Federal Republic of Germany is party to all
relevant international conventions on marine en-
vironmental protection.

1.4.1.1 Globally applicable conventions
that are wholly or partly aimed at

protecting the marine environment

e the 1973 Convention for the Prevention
of Pollution from Ships, as amended by
the 1978 Protocol (MARPOL 73/78)

e 1982 United Nations Convention on the
Law of the Sea

e Convention on the Prevention of Marine
Pollution by Dumping of Waste and Other
Matter (London, 1972) and the 1996 Pro-
tocol

1.4.1.2 Regional conventions on marine

environmental protection

e 1992 Convention on the Protection of the
Marine Environment of the Baltic Sea
Area (Helsinki Convention)

1.4.1.3 Agreements specific to protected

assets

e 1979 Convention on the Conservation of
European Wildlife and Natural Habitats
(Bern Convention)

e 1979 Convention on the Conservation Of
Migratory Species Of Wild Animals (Bonn
Convention)

Under the Bonn Convention, regional agree-
ments for the conservation of the species listed
in appendix Il were concluded in accordance
with Section 4 No. 3 of the Bonn Convention:

e 1995 Agreement on the Conservation of
African-Eurasian Migratory Waterbirds
(AEWA)

e 1991 Agreement on the Conservation of
Small Cetaceans of the Baltic, North East
Atlantic, Irish and North Seas (ASCO-
BANS)

e 1991 Agreement on the Conservation of
Seals in the Wadden Sea

e 1991 Agreement on the Conservation of
Populations of European Bats (EURO-
BATS)

e 1993 Convention on Biological Diversity
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1.4.2 Environmental and nature conserva-

tion requirements at the EU level

The relevant EU legislation must be taken into
account:

Directive 2014/89/EU of the European
Parliament and of the Council of 23 July
2014 establishing a framework for mari-
time spatial planning (MSP Directive)

Council Directive 337/85/EEC of 27 June
1985 on the assessment of the effects of
certain public and private projects on the
environment (Environmental Impact As-
sessment Directive, EIA Directive)

Council Directive 92/43/EEC of 21 May
1992 on the conservation of natural hab-
itats and of wild fauna and flora (Habitats
Directive)

Directive 2000/60/EC of the European
Parliament and of the Council of 23 Oc-
tober 2000 establishing a framework for
Community action in the field of water
policy (Water Framework Directive,
WFD)

Directive 2001/42/EC of the European
Parliament and of the Council of 27 June
2001 on the assessment of the effects of
certain plans and programmes on the en-
vironment (Strategic Environmental As-
sessment Directive, SEA Directive)

Directive 2008/56/EC of the European
Parliament and of the Council of 17 June
2008 establishing a framework for Com-
munity action in the field of marine envi-
ronmental policy (Marine Strategy
Framework Directive, MSFD)

Directive 2009/147/EC of the European
Parliament and of the Council on the con-
servation of wild birds (Birds Directive).

1.4.3 Environmental and nature conserva-

tion requirements at the national level

There are also various legal provisions at na-
tional level, the requirements of which must be
taken into account in the environmental report:

Law on nature conservation and land-
scape management (Federal Nature
Conservation Act - BNatSchG)

Federal Water Act (WHG)

Law on Environmental Impact Assess-
ment (UVPG)

Regulation on the designation of the Feh-
marn Belt nature conservation area, Reg-
ulation on the designation of the Kadet
Trench nature conservation area and
Regulation on the designation of the
Eastern German Bay - Ronnebank" na-
ture conservation area in the Baltic Sea
EEZ

Management plans for the nature conser-
vation areas in the German Baltic Sea
EEZ (participation procedure not yet
completed)

Energy and climate protection targets of
the Federal Government
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Procedural . Source-related Related to protection objectives

—

International/regional level

UNCLOS, Marpol, London Convention, Biodiversity Convention, Bern Convention, Bonn
Espoo Convention Helsinki, Ospar Trilat. Wadden Sea Convention, AEWA, Ascobans, Seal Convention,
Cooperation Eurobats, Trilat. Wadden Sea
European level
MSP-D/ :
SIASERD MSFD, WFD FFH-D, Birds-D
National level
UVPG WHG BNatSchG,_ protected area
ordinances
ROG

Figure 5: Overview of the levels of standardisation of the relevant legal acts for SEA.




‘20

Introduction

1.4.4 Support for the objectives of the Ma-
rine Strategy Framework Directive

Spatial planning can support the implementation
of individual objectives of the MSFD and thus
contribute to good environmental status in the
North Sea and Baltic Sea.

In the setting of objectives and principles, the fol-
lowing environmental objectives (BMUB, 2016)
are taken into account:

o0 Environmental objective 1: Marine envi-
ronments free of impairment by human-
induced eutrophication Consideration in
the objectives and principles to ensure
the safety and ease of navigation.

o Environmental objective 3: Marine envi-
ronments free of damage to the marine
species and habitats induced by the im-
pacts of human activity Consideration in
the objectives and principles on offshore
wind energy and nature conservation.

o0 Environmental objective 6: Marine envi-
ronments free of impairment from an-
thropogenic introduction of energy Con-
sideration in the objectives and princi-
ples for offshore wind energy and pipe-
lines.

In the environmental assessment, avoidance
and mitigation measures are formulated to sup-
port objectives 1, 3 and 6.

In addition, the spatial plan counteracts the de-
terioration of the environment by making certain
uses possible only in geographically defined ar-
eas and for a limited period of time. The princi-
ples of environmental protection must be taken
into account. At the permit level, the design of
the use is specified in detail, with conditions if re-
quired, in order to prevent adverse effects on the
marine environment.

An essential basis of the MSFD is the ecosystem
approach regulated in Section 1, paragraph 3 of
the MSFD, which ensures the sustainable use of
marine ecosystems by managing the overall bur-

den of human activities in a way that is compati-
ble with the achievement of good environmental
status. The application of the ecosystem ap-
proach is outlined in Chapter 4.3.

1.5 Strategic Environmental Assess-
ment methodology

In principle, different methodological approaches
can be considered when conducting the Strate-
gic Environmental Assessment. The present en-
vironmental report builds on the methodology al-
ready applied in the Strategic Environmental As-
sessment of the federal sectoral plans and the
site development plan with regard to the use of
offshore wind energy and electricity grid connec-
tions.

For all other uses for which specifications are
made in the ROP, such as shipping, extraction
of raw materials and marine research, sector-
specific criteria are used to assess possible im-
pacts.

The methodology is based mainly on the provi-
sions of the plan to be investigated. Within the
framework of this SEA, it is determined, de-
scribed and evaluated for each of the specifica-
tions whether the specifications are likely to have
significant impacts on the factors concerned. Ac-
cording to Section 1, paragraph 4 of the UVPG
in conjunction with Section 40, paragraph 3 of
the UVPG, the competent authority shall provi-
sionally assess the environmental impacts of the
specifications in the environmental report with a
view to effective environmental precautions in
accordance with the applicable laws. Criteria for
the assessment are to be found, inter alia, in ap-
pendix 2 of the Federal Regional Planning Act.

The object of the environmental report is the de-
scription and assessment of the likely significant
impacts of the implementation of the ROP on the
marine environment for rules on the use and pro-
tection of the EEZ. The examination is carried
out in each case on the basis of the protected
resources.
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According to Section 7, paragraph 1 of the ROG,
Site Development Plans must contain rules as
objectives and principles of spatial planning on
the development, organisation and safeguarding
of the space, in particular on the uses and func-
tions of the space. Under section 7, paragraph 3
of the ROG, these rules may also designate ar-
eas.

Specifications on the following uses are the sub-
ject of the environmental report, in particular

e Shipping
o Offshore wind energy
e Lines

e Raw material extraction
e Fisheries and marine aquaculture
e Marine research

Under section 17, paragraph 1 no. 4 of the ROG,
rules for the protection and improvement of the
marine environment (nature conservation / ma-
rine landscape / open space) also play a role.

1.5.1

Two separate environmental reports are pro-
duced for the North Sea and Baltic Sea EEZs.
The description and assessment of the state of
the environment in this environmental report re-
fers to the Baltic Sea EEZs, for which the Site
Development Plan makes rules. The SEA study
area covers the German EEZ (Figure 7).

Investigation area

The adjoining territorial waters and the adjacent
areas of the neighbouring states are not covered
by this plan, but they are considered in the cu-
mulative and transboundary consideration — and
where necessary —in the impact assessment un-
der this SEA.

ﬂnm,rwoen dar ROP Fasfagungen tim
nachrichaliche Darstelung

*- Natura2000 FFRH-Richtinie
P Natrn2000 Vogeischutr-Richtinie
drenzan
== Kiigtarmear
—— Faatlandsackal ! AWZ

T Nordansteusd ung bew. Autannaede der Halen Stelin und Seinaminde
* Dieraesr BErch i1 wom o umarmou ngsplan magen widsrsprechenter
Rnchinmuffwssungen nicht ertwsy]. Nach deuischer Ansichl hardek m sich um sinen
Tl ey it S sschiROEchEn WANlschanszong, wobie il |m Varalins zu
Palen keine Rechie und PAchinn geiend gemactt wenden. Nach poinscher Ansichl
ik ik Bl 1 Tl i prokeh s Kolosa stk

Extorws Curmnceotien 045, 1M, EEA
T willbiat o Dol T B4

AR
)

Figure 6: Boundary of the investigation area for the Baltic Sea SEA EEZ.
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1.5.2 Implementation of the environmental

assessment

The assessment of the likely significant environ-
mental impacts of implementing the Spatial Plan
shall include secondary, cumulative, synergistic,
short-, medium- and long-term, permanent and
temporary, positive and negative effects in terms
of the assets to be protected. Secondary or indi-
rect effects are those which are not immediate
and therefore, may take effect after some time
and/or in other places. Occasionally we also
speak of consequential effects or interactions.

Possible impacts of the plan implementation are
described and evaluated in relation to the pro-
tected areas. A uniform definition of the term
"significance” does not exist, since it is an "indi-
vidually determined significance" which cannot
be considered independently of the "specific
characteristics of plans or programmes" (Sowm-
MER, 2005, 25f). In general, significant effects
can be understood to be effects that are serious
and significant in the context under considera-
tion.

According to the criteria of Annex 2 of the ROG,
which are decisive for the assessment of the
likely significant environmental impacts, signifi-
cance is determined by

¢ "the probability, duration, frequency and irre-
versibility of the effects;

e the cumulative nature of the effects;
e the cross-border nature of the effects;

e the risks to human health or the environment
(e.g. in the event of accidents);

¢ the scale and spatial extent of the effect;

e the importance and sensitivity of the area
likely to be affected, due to its specific natural
characteristics or cultural heritage, the ex-
ceeding of environmental quality standards or
limit values and intensive land use;

¢ the impact on sites or landscapes whose sta-
tus is recognised as protected at national,
Community or international level".

Also relevant are the characteristics of the plan,
in particular

e the extent to which the plan sets a framework
for projects and other activities in terms of lo-
cation, type, size and operating conditions, or
through the use of resources;

¢ the extent to which the plan influences other
plans and programmes, including those in a
planning hierarchy;

¢ the importance of the plan for the integration
of environmental considerations, in particular
with a view to promoting sustainable develop-
ment;

¢ the environmental issues relevant to the plan;

¢ the relevance of the plan for the implementa-
tion of Community environmental legislation
(e.g. plans and programmes relating to waste
management or water protection) (appendix Il
of the SEA Directive).

In some cases, further details on when an effect
reaches the significance threshold can be de-
rived from sectoral legislation. Thresholds were
developed under the law in order to be able to
make a delimitation.

The description and assessment of potential en-
vironmental impacts is carried out for the individ-
ual spatial and textual specifications on the use
and protection of the EEZ in relation to the pro-
tected property, including the status assess-
ment.

Furthermore, where necessary, a differentiation
is made according to different technical designs.
The description and assessment of the likely sig-
nificant effects of the implementation of the plan
on the marine environment also relate to the pro-
tected resources presented. All contents of the
plan that could potentially have significant envi-
ronmental impacts are examined.

Both permanent and temporary, e.g. construc-
tion-related, effects are considered. This is fol-
lowed by a presentation of possible interactions
between factors, a consideration of possible cu-
mulative effects and potential transboundary im-
pacts.
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The following protected resources are consid-
ered when assessing the state of the environ-
ment:

e Site e Bats
e Soil ¢ Biological diversity
e Water o Air
e Plankton e Climate
e Biotope e Landscape
types
e Benthos e Cultural assets and
other material goods
e Fish o People, especially
human health
e Marine ¢ Interrelationships
mammals
e Avifauna

In general, the following methodological ap-
proaches are used in environmental assess-
ment:

e Qualitative descriptions and assess-
ments

¢ Quantitative descriptions and as-
sessments

o Evaluation of studies and technical
literature, expert opinions

e Visualisations

e Worst-case assumptions

e Trend assessments (e.g. on the
state of the art of installations and
the possible development of ship-
ping traffic)

¢ Assessments by experts/ the profes-
sional public

An assessment of the impacts resulting from the
rules of the plan is made on the basis of the sta-
tus description and status assessment and the
function and significance of the individual areas
for the individual factors on the one hand, and

the impacts resulting from these rules and the re-
sulting potential impacts on the other. A progno-
sis of the project-related impacts when the ROP
is implemented is based on the criteria of inten-
sity, range and duration or frequency of the ef-
fects (cf. Figure 7). Further assessment criteria
are the probability and reversibility of the im-
pacts, as specified in appendix 2 to Section 8,
paragraph 2 of the ROG.
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Status description
= geographical distribution
= chronological variability

Condition assessment
Criteria:
= Protection status

= Stock/stock trends, species
number/species
composition

= Naturalness / Preload

= Function and importance of
the defined areas

Environmental
goals

Effects of

the specifications
(permanent / temporary)

¥

Impact prognosis
subject to
= Intensity
= Duration / Frequency
=  Scope and spatial extension

¥

» Assessment of likely significant
environmental impacts

Figure 7: General methodology for assessing likely significant environmental effects.

1.5.3 Criteriafor the status description and
assessment

The condition of the individual protected re-
sources is assessed on the basis of various cri-
teria. For the protected resources of site/soil,
benthos and fish, the assessment is based on
the aspects of rarity and vulnerability, diversity
and peculiarity, and existing impacts. The de-
scription and assessment of marine mammals
and marine and resting birds is based on the as-
pects listed in the figure. Since these are highly
mobile species, a similar approach to that for the
protected resources of site/soil, benthos and fish
is not appropriate. For seabirds, resting birds
and marine mammals, the criteria used are pro-
tection status, assessment of occurrence, as-

sessment of spatial units and prior contamina-
tion. For migratory birds, the aspects of rarity,
threat and legacy impacts are taken into ac-
count, as are the aspects of occurrence assess-
ment and the area's significance for bird migra-
tion over a large area. There is currently no reli-
able data source for a criteria-based assessment
of bats as a protected species.The biodiversity
protected resource is evaluated in text form.

The following is a summary of the criteria used
for the status assessment of the respective pro-
tected resource. This overview deals with the
protected resources which can be meaningfully
delimited on the basis of criteria and which are
considered in the focus area.
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Site/Soil

Aspect: Rarity and endangerment

Criterion: Percentage of sediment on the seabed and distribution of the morphological inventory of
forms.

Aspect: Diversity and uniqueness

Criterion: Heterogeneity of the sediments on the sea floor and development of the
morphological inventory of forms.

Aspect: Legacy impacts

Criterion: Extent of the anthropogenic prior contamination of the sediment on the sea floor and the
morphological inventory of forms.

Benthos

Aspect: Rarity and endangerment

Criterion: Number of rare or endangered species based on the Red List species identified (Red List by
RACHOR et al. 2013).

Aspect: Diversity and uniqueness

Criterion: Number of species and composition of the species communities. It assesses the extent to
which species or biotic communities characteristic of the habitat occur and how regularly they occur.

Aspect: Legacy impacts

For this criterion, the intensity of fishing exploitation, which is the most effective disturbance variable,
will be used as a benchmark. Eutrophication can also affect benthic biocoenoses. For other disturbance
variables, such as vessel traffic, pollutants, etc., there is currently a lack of suitable measurement and
detection methods to be able to include them in the assessment.

Biotope types

Aspect: Rarity and endangerment

Criterion: national conservation status and threat of biotopes according to the Red List of Endangered
Biotopes in Germany (FINCK et al., 2017)

Aspect: Legacy impacts

Criterion: Endangerment due to anthropogenic influences.
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Fish

Aspect: Rarity and endangerment

Criterion: Proportion of species considered endangered according to the current Red List of Marine
Fish (THIEL et al. 2013) and for the diadromous species on the Red List of Freshwater Fish (FREYHOF
2009) and assigned to Red List categories.

Aspect: Diversity and uniqueness

Criterion: The diversity of a fish community can be described by the number of species (a-Diversity,
'Species richness'). The species composition can be used to assess the specific nature of a fish com-
munity, i.e. how regularly habitat-typical species occur. Diversity and specificity are compared and as-
sessed between the Baltic Sea as a whole and the German EEZ, as well as between the EEZ and
individual areas.

Aspect: Legacy impacts

Criterion: Through the removal of target species and bycatch, as well as the impact on the seabed in
the case of bottom-dwelling fishing methods, fisheries are considered to be the most effective disturb-
ance to the fish community and therefore, serve as a measure of the pressure on fish communities in
the Baltic Sea. There is no assessment of stocks on a smaller spatial scale such as the German Bight.
The input of nutrients into natural waters is another pathway through which human activities can affect
fish communities. For this reason, eutrophication is used to assess the existing pollution.

Marine mammals

Aspect: Conversation status

Criterion: Status under Annex Il and Annex IV of the Habitats Directive and the following international
protection agreements: Convention on the Conservation of Migratory Species of Wild Animals (Bonn
Convention, CMS), ASCOBANS (Agreement on the Conservation of Small Cetaceans of the Baltic and
North Seas), Convention on the Conservation of European Wildlife and Natural Habitats (Bern Con-
vention)

Aspect: Assessment of the population

Criteria: Population, population changes/trends based on large-scale surveys, distribution patterns and
density distributions

Aspect: Assessment of spatial units

Criteria: Function and importance of the German EEZ and the areas defined in the ROP for marine

mammals as migration areas, feeding grounds or breeding grounds

Aspect: Legacy impacts

Criterion: Endangerment due to anthropogenic influences and climate change.
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Seabirds and resting birds

Aspect: Conversation status

Criterion: Status under appendix 1 Species of the Birds Directive, European Red List by BirdLife Inter-
national

Aspect: Assessment of the population

Criteria: Baltic Sea stock and EEZ stock, large-scale distribution patterns, abundances, variability

Aspect: Assessment of spatial units

Criteria: Function of the areas defined in the ROP for relevant breeding birds, migrants, as resting
areas, location of protected areas

Aspect: Legacy impacts

Criterion: Endangerment due to anthropogenic influences and climate change.

Migratory birds

Aspect: The importance of bird migration over a large area

Criterion: Guidelines and areas of concentration

Aspect: Assessment of the population

Criterion: Migration activity and its intensity

Aspect: Rarity and endangerment

Criterion: Number of species and endangered status of the species involved according to Annex | of
the Birds Directive, Bern Convention of 1979 on the Conservation of European Wildlife and Natural
Habitats, Bonn Convention of 1979 on the Conservation of Migratory Species of Wild Animals, AEWA
(African-Eurasian Waterbird Agreement) and SPEC (Species of European Conservation Concern).

Aspect: Legacy impacts

Criterion: Prior contamination/endangerment due to anthropogenic influences and climate change.
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1.5.4 Assumptions used to describe and
assess the likely significant impacts

The description and assessment of the likely sig-
nificant impacts of the implementation of ROP on
the marine environment is carried out for the in-
dividual rules on the use and protection of the
EEZs on a factor basis, taking into account the
status assessment described above. The follow-
ing table lists, on the basis of the main impact

factors, the potential environmental impacts
which arise from the respective use and which
are to be examined both as a prior impact, in the
event the plan is not implemented, or as a likely
significant environmental effect resulting from
the provisions in the ROP.The effects are differ-
entiated according to whether they are perma-
nent or temporary.

Table 1: Overview of potentially significant impacts of the uses defined in the ROP.

Potential

Effect .
impact

-
|7}
o
=

o
=
@®©
[}

=

=
=
< -
7}
0 .

Protected goods

Migratory birds
Marine Mammals
Plankton

Biotope types
Biological diversity
Human/ Health
Cultural and mate-

Change of % | x X x| xlx
habitats
Loss of habi-
tat and land XX X Xpxfxfx X
Attraction ef-
fects, in-
Placement of hard sub- | crease in spe-
strate (foundations) cies diversity, | x | x | x X X X
change in
species com-
position
Change in hy-
drographic X | x X X X
conditions
Scouring/sediment re- | Change of
] ] X | x X | x x | x
location habitats
. Impairment xtxt]xt xt xt
Sediment resuspen- P _ 2
sion and turbidity Physiological
plumes (construction | effects and xt X
phase) scaring ef-
fects
Resuspension of sedi-
ment and sedimenta- Impairment xt|xt Xt Xt
tion (construction
phase)
Impairment/
. . . - xt X
Noise emissions during | scaring effect
pile driving (construc- potential dis-
tion phase) turbance/ Xt X
damage
Visual unrest due to gggatl);:riag:n(g_ wt | xt
construction activity fects
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Scaring ef-
fects, habitat X
Obstacle in airspace loss
Barrier effect, X
collision
Light emissions (con- Attraction ef-
struction and opera- - X
> fects, collision
tion)
Wind farm-related
shipping traffic Lo
; see shipping x | x| x X | x X |xt| x| x| x| x]x
(maintenance, con-
struction traffic)
Change of
habitats x| x XX X X
Placement of hard sub-
strate (Stone packing) | Loss of habi-
x | x X X | X X
tat and land
Impairment /
Heat emissions (cur- displacement
> X X
rent-carrying cables) of cold-water-
Pipelines loving species
Routes for Impairment X
suglmanne Impairment of
f:mse:r)ﬁ- Magnetic fields (cur- the orientation
- rent-carrying cables) behaviour of
pipelines individual mi- X
gratory spe-
cies
Impairment Xt|xt]xt Xt Xt
Turbidity plumes (con- | Physiological
struction phase) effects and “t
scaring ef-
fects
Impairment /
Underwater Sound scaring effect X
Emissions and dis- .
Impairment/
charge of hazardous damade X | x| x X | x X X X
substances (accidents) 9
Physical disturbance Impact on the
: . Xt xt xt|xt X
during anchoring seabed
o Emission of air pollu- Impairment of X | x| x
Shipping | tants air quality
Introduction and Change in
spread of invasive spe- | speciescom- | x | x | X X
cies position
Waste placement Impairment/ x | x| x X X X
damage
Risk of collision Collision X
Visual agitation Impa_urment/ X | x
scaring effect
Change of % | x < | x X X
habitats
Raw mate- Removal of substrates Loss of habi- P iR AR )
rials tat and land
sand and
gravel ex- Impairment xt|xt|xt Xt Xt
traction/
gﬁr'j;mg Turbidity plumes Physiological
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: Xt
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Physical disturbance

Impact on the

cies

position

seabed
Underwater sound dur- | Impairment / “t N
ing seismic surveys scaring effect
) _ Impairment/
Visual agitation scaring effect X
Removal of selected Reduction of N
. species stocks
Marine re-
SEEE Physical disturbance Impairment/
by trawls damage to by- X
catch
Reduction of
stocks X
Removal of selected
species Deterioration
of the food X
base
Reduction of
Bycatch stocks X | X X
Physical disturbance Impairment/
X X
by trawls damage
Underwater Sound Impglrment/ xt X
scaring effect
Introduction of hazard- :
ous substances Impairment X x
National
Defence Risk of collision Collision X
Surrounding water Impairment/
: X | x X
sound scaring effect
Waste placement Impairment X
Marine uses without spatial specifications in the maritime spatial plan
Removal of species Reduction of N
(angling) stocks
Underwater Sound Impalrment / X X
scaring effect
Recreation | Emission of air pollu- Impairment of % | x X
(-traffic) tants air quality
Waste placement Impairment X | X X
) _ Impairment/
Visual agitation scaring effect X
Introduction of nutri- Impairment X
ents P
Change of X
Aquacul- Introduction of fixed in- | 12IALS
ture stallations Loss of habi- < | x
tat and land
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spread of invasive spe- | species com- X | x
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Medication placement | Impairment X | x

Removal from wild

Impairment X | x
stocks p

Attraction/
scaring effect

Attraction/ scaring ef-
fects

X potential impact on the factor

Xt potential temporary impact on the factor

In addition to the impacts on the individual pro-
tected resources, cumulative effects and interac-
tions between protected resources are also ex-
amined.

1.5.4.1 Cumulative assessment

According to Section 5, paragraph 1 of the SEA
Directive, the environmental report also includes
an assessment of cumulative effects. Cumula-
tive effects arise from the interaction of various
independent individual effects which either add
up as a result of their interaction (cumulative ef-
fects) or reinforce each other and thus generate
more than the sum of their individual effects
(synergistic effects) (e.g. SCHOMERUS et al.,
2006). Both cumulative and synergetic effects
can be caused by the coincidence of effects in
time and space. The effect can be reinforced by
similar uses or different uses with the same ef-
fect, thereby increasing the effect on one or more
protected resources.

Marine mammals

l Energy. |—>| Underwater noise

Underwater noise

Underwater noise

| Energy |—>| Underwater noise

| Shipping l—'>| Underwater noise

Underwater noise

Military

Figure 9: Exemplary cumulative effect of different
uses.

| Energy |—>| Underwater noise

‘ extraction of
selected species

Figure 10: Exemplary cumulative effect of different
uses with different impacts.

In order to examine the cumulative effects, it is
necessary to assess the extent to which the pro-
visions of the plan, when taken together, can be
expected to have a significant adverse effect. An
examination of the provisions is performed on
the basis of the current state of knowledge within
the meaning of Section 5, paragraph 2 of the
SEA Directive.

1.54.2

In general, impacts on any one protected asset
lead to various consequences and interactions
between the protected assets. The essential in-
terdependency of the biotic objects of protection
exists via the food chains. Due to the variability
of the habitat, interactions can only be described
very roughly.

Interrelationships

1.5.4.3 Specific assumptions for the as-
sessment of the likely significant

environmental effects

In detail, the analysis and examination of the re-
spective provisions is as follows:

Offshore wind energy

With regard to the priority and reserved areas for
offshore wind energy, a worst-case scenario is
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generally assumed. For the consideration of pro-
tected resources, certain parameters are as-
sumed in this SEA in the form of ranges spatially
separated into zones 1 and 2 and zones 3 to 5.
In detail, these are, for example, the power out-
put per installation [MW], hub height [m], rotor di-
ameter [m] and total height [m] of the installa-
tions.

As input parameters, the SEA takes particular
account of:

- installations already in operation or un-
dergoing the licensing procedure (as ref-
erence and existing load)

- Transfer of the average parameters of
the plants commissioned in the last 5
years on the sites defined in the FEP
2019

- Forecast of certain technical develop-
ments for the additional priority and res-
ervation areas for offshore wind energy
defined in the ROP on the basis of the
parameters shown in the

- Table 2. It should be noted here that
these are only partly estimation-based
assumptions, as project-specific param-
eters are not or cannot be checked at the
SEA level.

Table 2: Parameters for the consideration of areas for offshore wind energy

Wind Turbine Generator (WTG) Param-
eters Range Range
Zones 1 and 2 Zone 3to 5

from to from to
Output per plant [MW] 5 12 12 20
Hub height [m] 100 160 160 200
Rotor diameter [m] 140 220 220 300
Total height [m] 170 270 270 350
For grid connection systems in the Baltic Sea Shipping

EEZ, the capacity is between 250 and 300 MW.
The route length varies between 14 and 24 km.
For the cable trench of submarine cable sys-
tems, a width of 1 m is assumed.

For the route corridors for pipelines, cross-bor-
der submarine cable systems or data cables, the
cable lengths result from the specifications. For
pipelines, a width of 1.5 m is assumed for the as-
sessment of environmental effects for the over-
lying pipeline plus 10 m each for impairments
due to "reef effect" and sediment dynamics.

For other uses, evaluation criteria or parameters
for the environmental assessment have to be de-
veloped or specified in the later procedure.

In order to assess the environmental impact of
shipping, it is necessary to examine what addi-
tional effects can be attributed to the rules of the
Spatial Plan.

The priority areas identified must be kept free of
any use for erected structures. This control in the
ROP should prevent or at least reduce collisions
and accidents. Based on the provisions in the
ROP, the frequency of traffic in the priority areas
is expected to increase, in particular due to the
increase in offshore wind farms along the ship-
ping routes. Vessel movements on the shipping
routes SN1 to SN19 and SO1 to SO5 vary con-
siderably, with the most heavily used
route SN1 sometimes carrying more than 15
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vessels per km2 per day, while on the other, nar-
rower routes there are usually about 1-2 vessels
per km2 per day (BfN, 2017).

The BSH has commissioned an expert's report
on the traffic analysis of shipping traffic, which is
expected to include current evaluations.

The general impacts due to shipping are pre-
sented in Section 2 as a legacy impacts, espe-
cially for birds and marine mammals. The effects
of service traffic to the wind farms are dealt with
in the chapter on wind energy.

Raw material extraction

When assessing the potential environmental ef-
fect of raw material extraction, a distinction must
be made between sand and gravel extraction
and hydrocarbon extraction.

Sand and gravel extraction

Sand and gravel are extracted by means of float-
ing suction dredgers. The extraction field is
driven over in strips of approximately 2 m width
and the subsaoil is extracted to a depth of approx-
imately 2 m. The seabed remains unstressed be-
tween the excavation strips. During mining, a
sediment-water mixture is pumped on board the
suction dredger. The sediment in the desired
grain size is screened out and the unused por-
tion is returned to the sea on site. Turbidity
plumes result from the mining and discharge.
Potential temporary effects result from the turbid-
ity plumes, which can frighten and result in ad-
verse effects for the marine fauna. Potential per-
manent effects arise from the removal of sub-
strates and physical disturbance causes habitat
and area loss, habitat alteration and seabed deg-
radation.

Sand and gravel extraction is carried out on the
basis of operational plans on portions of the au-
thorised approval fields.

Gas production

Exploratory and production wells are drilled for
the exploration and exploitation of gas deposits.
Drilling through the rock lying above the deposit

results in drilling abrasion. This is brought to the
surface by means of drilling fluids. The drilling
fluids have either a water or oil base. If a water-
based drilling fluid is used, it is discharged into
the sea together with the cuttings. If oil-based
drilling fluids are used, they are disposed of on
land together with the cuttings.

Seismic methods are used in the exploration of
hydrocarbon reservoirs, which lead to chase ef-
fects in marine mammals.

Operationally discharges of material into the sea
result from the discharge of production and spray
water, wastewater from the sewage treatment
plant, and the shipping traffic caused. Production
water is essentially reservoir water that may con-
tain components from underground, such as
salts, hydrocarbons and metals. As the deposit
ages, the amount of gas in production water in-
creases. Production water can also contain
chemicals that are used in mining to improve ex-
traction or to prevent corrosion of production
equipment. The production water is discharged
into the sea after treatment in accordance with
the state of the art and compliance with national
and international standards.

Marine research

The designated areas for scientific marine re-
search correspond to standard investigation ar-
eas ("boxes") of the Thuenen Institute in the
North Sea and the Baltic Sea. In the Baltic Sea,
scientific by-catches have been taking place
several times a year for over thirty years, for
which sampling is done for research outside the
boxes under the BALTBOX, BITS and COBALT
programmes. The data records form an im-
portant basis for assessing long-term changes in
the bottom fish fauna (commercial and non-com-
mercial species) of the Baltic Sea, caused by
natural (e.g. climatic) influences or anthropo-
genic factors (e.g. fisheries).

These studies are also used to assess the
coastal fish fauna in the neighbouring federal
states of Schleswig-Holstein and Mecklenburg-
Western Pomerania within the framework of the
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MSFD. In two of the areas (west of Fehmarn as
well as on the Oderbank), studies have also be-
gun in 2020 as part of an interdisciplinary joint
project (DAM mission), which is planned over
many years to record possible changes in the
bottom fish fauna expected due to the planned
closures for mobile fishing with bottom-dwelling
fishing gear in the respective adjacent Natura
2000 areas.

Bottom trawls and beam trawls are used in the
Baltic Sea. Details on the gear used, the ex-
pense, and the catch quantities can be found in
the respective cruise reports on the research
trips of the Thiinen Institute.

Effects are to be expected from the equipment
used, in particular on the soil/sediment and the
habitats affected by it. For this purpose, fish of
various ages and sizes are taken.

Table 3: Parameters for the consideration of marine research

Frequency of surveys per year / dura-
tion per haul

Fishing gear used

Several times/year, each approx. 10 to 30 min.

Standardised bottom trawl catches

2-metre beam trawl
Pelagic nets

Catches

Total quantities for all (sampled) boxes (partly with other re-

search activities) in the double-digit tonne range (area of travel
partly also outside the "boxes" or the EEZ)

Nature conservation/marine landscape/open
space

The nature conservation rules in the spatial plan
are not expected to have any significant adverse
environmental effects.

The provisions contribute to the long-term
preservation and development of the marine en-
vironment in the EEZ as an ecologically intact
open space over a large area. The size of the
defined area is of particular importance in this
context. Keeping the protected areas free of
uses that are incompatible with nature conserva-
tion also contributes to the protection of open
space and the marine landscape on a large
scale.

The guiding principles of the careful and eco-
nomical use of natural resources in the EEZ, as
well as the application of the precautionary prin-
ciple and the ecosystem approach, are intended
to avoid or reduce damage to the balance of na-
ture.

The spatial plan thus contributes to achieving the
objectives of the MSFD. However, the ability of

spatial planning to influence this is limited and
cannot affect all objectives.

National and alliance defence

The ROP contains textual rules on national and
alliance defence.

1.6 Data sources

The basis for the SEA is a description and as-
sessment of the environmental status in the
study area. All protected resources must be in-
cluded. The data source is the basis for the as-
sessment of the likely significant environmental
effects, the site and species protection assess-
ment and the assessment of alternatives.

According to Section 8, paragraph 1, sentence 3
of the ROG, the environmental assessment re-
fers to what can reasonably be required on the
basis of the current knowledge and generally ac-
cepted assessment methods, and the content
and level of detail of the spatial plan.

Under Section 40, paragraph 4 of the UVPG, in-
formation available to the competent authority
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from other procedures or activities may be in-
cluded in the environmental report if suitable for
the intended purpose and sufficiently up-to-date.

On the one hand, the environmental report de-
scribes and assesses the current state of the en-
vironment and presents the likely development if
the plan is not implemented. It will also forecast
and assess the likely significant environmental
effects of implementing the plan.

A detailed description and assessment of the
state of the environment is the basis for the as-
sessment of possible impacts. The description
and assessment of the current state of the envi-
ronment and the likely development in the event
the plan is not implemented will be carried out
with regard to the following protected resources

e Site/Sail e Bats

e Water o Biological diversity

e Plankton o Air

o Biotopetypes e Climate

e Benthos e Landscape

e Fish e Cultural assets
and other material
goods

e Marine mam- e
mals

People, especially
human health

e Avifauna o Interrelationships
between protected

goods.

1.6.1 Overview of data source

The data and knowledge has improved signifi-
cantly in recent years, in particular as a result of
the extensive data collection in the context of en-
vironmental impact studies, the construction and
operational monitoring for the offshore wind farm
projects, and the accompanying ecological re-
search.

This information also forms an essential basis for
monitoring the 2009 spatial plans under Section
45, paragraph 4 of the UVPG. Accordingly, the
results of the monitoring are to be made availa-
ble to the public and taken into account when the
plan is reinstated. The results of the accompany-
ing plan for monitoring the current plans are
summarised in the status report on the updating
of spatial planning in the German North Sea and
Baltic Sea EEZ, which is published in parallel
(Chapter 2.5).

In general terms, the following data sources are
used for the environmental report:

e Data and findings from the operation
of offshore wind farms

¢ Data and findings from approval pro-
cedures for offshore wind farms,
submarine cable systems and pipe-
lines

e Results of the preliminary site inves-
tigations

e Results from the monitoring of
Natura 2000 areas

e Mapping instructions for Section 30
biotope types

e MSRL initial and progress assess-
ment

¢ Findings and results from R&D pro-
jects commissioned by the BfN
and/or the BSH and from accompa-
nying ecological research

e Results from EU cooperation pro-
jects, such as Pan Baltic Scope and
SEANSE

e Studies/Technical literature

Current Red Lists
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e Comments from the technical au-
thorities

¢ Comments from the (specialist) pub-
lic

A detailed overview of the individual data and
knowledge bases has been included in the an-
nex to the summary consideration.

1.6.2 Indications of difficulties in compiling

the documents

In accordance with No. 3a of appendix 1 to Sec-
tion 8, paragraph 1 of the ROG, indications of
difficulties encountered in compiling the infor-
mation, such as technical gaps or lack of
knowledge, must be presented. There are still
gaps in knowledge in some places, particularly
with regard to the following points:

e Long-term effects from the operation of
offshore wind farms

o Effects of shipping on individual pro-
tected resources

e [Effects of research activities

e Data for assessing the state of the envi-
ronment of the various protected areas in
the outer EEZ.

In principle, forecasts on the development of the
living marine environment after the ROP has
been carried out remain subject to certain uncer-
tainties. There is often a lack of long-term data
series or analytical methods, e.g. for combining
extensive information on biotic and abiotic fac-
tors, in order to better understand the complex
interrelationships of the marine ecosystem.

In particular, there is a lack of detailed area-wide
sediment and biotope mapping outside the na-
ture reserves of the EEZ. As a result, there is a
lack of a scientific basis on which to assess the
effects of the possible use of strictly protected bi-
otope structures. At present, sediment and bio-
tope mapping is being carried out on behalf of
the BfN and in cooperation with the BSH, re-
search and higher education institutions and an

environmental office, with a focus on the nature
conservation areas.

In addition, there is a lack of scientific assess-
ment criteria for protected resources, both with
regard to the assessment of their status and with
regard to the effects of anthropogenic activities
on the development of the living marine environ-
ment, in order to fundamentally consider cumu-
lative effects over time and space.

Various R&D studies on assessment ap-
proaches, including those for underwater noise,
are currently being carried out on behalf of the
BSH. The projects serve the continuous further
development of a uniform, quality-assured basis
of marine environmental information for as-
sessing the potential impacts of offshore instal-
lations.

The environmental report will also list specific in-
formation gaps or difficulties in compiling the
documents for the individual protected re-
sources.

1.7 Application of the ecosystem ap-
proach

The application of the ecosystem approach can
contribute to achieving the guiding principle of
sustainable spatial development in accordance
with Section 1, paragraph 2 of the ROG, which
reconciles the social and economic demands on
space with its ecological functions and leads to
a permanent, large-scale balanced order. The
application of the ecosystem approach is a re-
guirement under Section 2, paragraph 3, No. 6
p. 9 of the ROG with the aim of controlling human
activities, sustainable development and support-
ing sustainable growth (cf. Section 5, paragraph
1 of the Maritime Spatial Planning Directive
(MSPD) in conjunction with Section 1, para-
graph 3 of the MSFD).

Recital 14 of the MSPD specifies that spatial
planning should be based on an ecosystem ap-
proach in accordance with the MSFD. It is also
made clear here - as in Preamble 8 of the MSFD
- that the sustainable development and use of
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the seas must be compatible with good environ-
mental status.

In accordance with Section 5, paragraph 1 of the
MSPD: “When establishing and implementing
maritime spatial planning, Member States shall
consider economic, social and environmental
aspects to support sustainable development and
growth in the maritime sector, applying an eco-
system-based approach, and to promote the co-
existence of relevant activities and uses.”

Section 1, paragraph 3 of the MSFD specifies
that “Marine strategies shall apply an ecosys-
tem-based approach to the management of hu-
man activities, ensuring that the collective pres-
sure of such activities is kept within levels com-
patible with the achievement of good environ-
mental status and that the capacity of marine
ecosystems to respond to human-induced
changes is hot compromised, while enabling the
sustainable use of marine goods and services by
present and future generations.”

The ecosystem approach allows a holistic view
of the marine environment, recognising that hu-
mans are an integral part of the natural system.
Natural ecosystems and their services are con-
sidered with the interactions of their uses. The
approach is to manage ecosystems within the
"limits of their functional capacity" in order to
safeguard them for use by future generations. In
addition, understanding ecosystems enables ef-
fective and sustainable use of resources.

A comprehensive understanding, protection and
enhancement of the marine environment, as well
as effective and sustainable use of resources
within carrying capacity limits, safeguard marine
ecosystems for future generations. The ecosys-
tem approach can therefore contribute—at least
in part —to good status in the marine environ-
ment.

Based on the so-called twelve Malawi principles
of the Biodiversity Convention, the ecosystem
approach has also been concretised by the HEL-
COM-VASAB working group on maritime spatial

planning and specified for marine spatial plan-
ning (HELCOM/VASAB, 2016). The key ele-
ments formulated there represent a suitable ap-
proach for structuring the application of the eco-
system approach in the spatial plan for the Ger-
man EEZ.

The combination of content-related and process-
oriented key elements is intended to promote an
overall picture that is as comprehensive as pos-
sible:

¢ Best available knowledge and practice;
e Precautions;

e Alternative development;

¢ Identification of ecosystem services;

e Prevention and mitigation;

¢ Relational understanding;

e Participation and communication;

e Subsidiarity and coherence;

e Adaptation.

The application of the ecosystem approach aims
at a holistic perspective, the continuous develop-
ment of knowledge about the oceans and their
use, the application of the precautionary princi-
ple and flexible, adaptive management or plan-
ning. One of the greatest challenges is dealing
with gaps in knowledge. Understanding the cu-
mulative effects that the combination of different
activities can have on species and habitats is of
great importance for sustainable use. It is im-
portant for the planning process to promote com-
munication and participation processes in order
to use the broadest possible knowledge base of
all stakeholders and to achieve the greatest pos-
sible acceptance of the plan.

Figure 11 shows how the application of the eco-
system approach is understood. The approach is
applied equally in the planning process, the ROP
and in the Strategic Environmental Assessment
(SEA). The SEA has proven to be the central in-
strument for applying the ecosystem approach
(Altvater, 2019) (Altvater, 2019) and offers ver-
satile points of reference in the content- and pro-
cess-oriented key elements (see below).
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Ecosystem approch
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*+ Best available knowledge and practice
* Precautions

Alternative development

Identification of ecosystem services
Prevention and mitigation

Relational understanding

* Participation and communication

* Subsidiarity and coherence

* Adaptation

draft alternatives

The ecosystem approach is anchored in the
mission statement as the basis of the spatial
plan. Its importance is also explicitty empha-
sised in the following principles:

e Principles on general requirements for
economic uses: Avoiding harm to the
marine environment and best environ-
mental practice (4.1) and monitoring
(4.2);

¢ Principle on offshore wind energy: Pro-
tection of the marine environment (6);

e Conservation Principles: Bird migration
(6) and preservation of the EEZ as a
natural area (7).

The spatial and textual provisions on marine
nature conservation fundamentally contribute
to the protection and improvement of the state
of the marine environment (see ROP vision). In
addition, the ROP's rules promote the resili-
ence of the marine environment to the effects
of economic uses and to the changes caused
by climate change.

Due to a lack of data and knowledge, it is not
possible to conclusively quantify the bearing
capacity of the ecosystem. This represents a
task for the future development of the ecosys-
tem approach. Even if quantification is not pos-
sible at present, the SEA and the cumulative
consideration of impacts ensure that the ROP,

Figure 11: The ecosystem approach as a structuring concept in the planning process, the ROP and the Stra-
tegic Environmental Assessments.

with its provisions on economic uses, does not
exceed the limits of ecosystem functioning.

The assessment of the likely significant envi-
ronmental impacts of the implementation of the
Spatial Plan is methodologically described in
Chapter 4. The ecosystem approach does not
itself constitute an assessment but does en-
compass a large number of important aspects
and instruments for sustainable spatial plan-
ning. In this context, the SEA comprehensively
serves to identify, describe and assess the im-
pacts on the marine environment.

Application of the key elements

The ecosystem approach is highly complex
due to its diversity and the comprehensive view
of the relationship between the marine environ-
ment and economic uses. The key elements
also interact with each other, underlining the in-
terconnectedness and holistic perspective. Fig-
ure 12 shows the abstract form the relation-
ships between the key elements. This ap-
proach becomes tangible and applicable when
viewed at the level of the individual key ele-
ments, in particular those of the HEL-
COM/VASAB Directive (2016).

The application in the spatial plan for the Ger-
man EEZ is based on the understanding that
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this approach needs to be continuously devel-
oped. Existing gaps in knowledge and the need
for conceptual broadening result in the need to
consider the ecosystem approach as a perma-
nent task of further development.

Alternative

development

Relational
understanding

,\\\\

Figure 12: Networking between the key elements.

Subsidiarity
and
Coherence

Best available knowledge and practice

"The allocation and development of human
uses will be based on the most recent
knowledge of ecosystems as such and the
practice of the best possible protection of the
components of the marine ecosystem"
(HELCOM/VASAB, 2016).

The use of the current (well-founded) state of
knowledge is fundamentally indispensable for
planning processes and is the basis of the plan-
ning understanding for the updating of maritime
spatial plans. This key element thus also af-
fects the other elements mentioned, such as
the precautionary principle, the avoidance and
reduction of impacts and the understanding of
interrelationships.

As part of the updating process, the knowledge
base is supplemented by the sector-specific
expertise of the stakeholders through an early
and comprehensive participation process. The-
matic workshops and technical discussions
with various stakeholders were held even be-
fore the concept for the update was developed.

The Scientific Advisory Board (WiBeK) for the
continuation of maritime spatial planning in the
North Sea and Baltic Sea EEZ advises, from a
scientific perspective, on questions of content,
the procedure and the participation process.

Results from international cooperation projects
and findings on the procedure of plan prepara-
tion in neighbouring countries are taken into ac-
count for the process of plan preparation. In ad-
dition to improving the level of knowledge, this
contributes to the key element of "subsidiarity
and coherence".

In-house research and developments, such as
databases and other analysis tools, are devel-
oped, validated and used at the BSH for a wide
range of applications, e.g. MARLIN and
MarineEARS. These can support the planning
process and the subsequent plan monitoring
with well-founded information and make an im-
portant contribution to the continuous improve-
ment of the state of knowledge.

The following stipulations of the spatial plan
promote the use of the current level of
knowledge in economic uses as a basic guide-
line:

e Principle on navigation: Sustainability,
protection of the marine environment
4);

e Principles on general requirements for
economic uses: Best environmental
practice (4.1) and monitoring (4.2);

¢ Principle on offshore wind energy: Pro-
tection of the marine environment (6);

e Principle on marine research: Sustain-
ability, protection of the marine envi-
ronment (3).

The SEA is based on very detailed and com-
prehensive data on all relevant biological and
physical aspects and conditions of the marine
environment, in particular from EIA studies and
monitoring of offshore wind farm projects ac-
cording to StUK, scientific research activities
and from national and international monitoring
programmes.
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Precautions

"A far-sighted, anticipatory and preventive
planning shall promote sustainable use in ma-
rine areas and shall exclude risks and hazards
of human activities on the marine ecosystem.
Those activities which, on the basis of current
scientific knowledge, may lead to significant or
irreversible impacts on the marine ecosystem,
and the effects of which may not be sufficiently
foreseeable at present, in whole or in part, re-
quire particularly careful examination and
weighting of risks" (HELCOM/VASAB, 2016).

The precautionary principle has a high priority
in spatial planning, particularly because of the
complexity of marine ecosystems, far-reaching
chains of effects and existing gaps in
knowledge. This is already emphasised in the
ROP's mission statement.

The provisions of the spatial plan make it clear
that the precautionary principle is taken into ac-
count as a fundamental requirement in the
case of economic uses (Principle 7 Nature con-
servation/marine landscape/open space) and
in the case of subsequent uses:

¢ Obijectives on navigation: Priority ar-
eas for shipping (1);

¢ Obijective on general requirements for
economic uses: Deconstruction (2);

e Principles on general requirements for
economic uses: Sustainability, land
conservation (1) and avoidance of
harm to the marine environment and
best environmental practice (4.1);

e Principle on offshore wind energy: Pro-
tection of the marine environment (6);

e Principles on pipelines: Minimising ad-
verse impacts (5) and Marine environ-
ment (6);

e Principle on nature conservation:
Preservation of the EEZ as a natural
area (7).

In the SEA, the significance of the impacts of
the ROP's rules on uses on the factors is ex-
amined (Chapter 4).

Alternative development

"Reasonable alternatives should be developed
to find solutions to avoid or reduce negative im-
pacts on the environment and other areas, as
well as on ecosystem goods and services".

The development and examination of alterna-
tives was given high priority in the process of
updating the maritime spatial plans and alter-
native planning options were publicly consulted
even before the first draft of the plan. The early
and comprehensive consideration of several
planning options represents an essential plan-
ning and review step in updating the Spatial
Plans.

In the concept for the further development of
the maritime spatial plans, (BSH, 2020) three
planning options were developed as overall
spatial plan alternatives, which represent the
utilisation requirements of the sectors from dif-
ferent perspectives:

e Planning option A: Perspective on tra-
ditional uses

e Planning option B: Climate protection
perspective

¢ Planning option C: Marine nature con-
servation perspective

The alternatives presented as planning options
are integrated approaches which take into ac-
count spatial and content-relted dependencies
and interrelationships over a large area.

A preliminary assessment of selected environ-
mental aspects was carried out before this en-
vironmental report was prepared. In the sense
of an early assessment of variants and alterna-
tives, this preliminary assessment allowed the
comparison of the three planning options from
an environmental perspective.

The conceptual design and the preliminary as-
sessment of selected environmental aspects
were consulted so that the knowledge and as-
sessment of the stakeholders involved in the
planning options could be incorporated into the
planning process at an early stage.
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An alternative assessment is carried out in the
SEA (cf. Chapter 9). The focus is on the con-
ceptual/strategic design of the plan, and in par-
ticular on spatial alternatives.

Identification of ecosystem services

"To ensure a socio-economic assessment of
impacts and potentials, the ecosystem services
provided must be identified".

The identification of ecosystem services is an
important step for the further development of
the Spatial Plan and the ecosystem approach
in maritime spatial planning. Ecosystem ser-
vices can contribute to a more comprehensive
understanding as they can clarify the multiple
functions of ecosystems. In the case of marine
ecosystems, the function as natural carbon
sinks and other contributions to climate protec-
tion and adaptation should be highlighted in
particular. This consideration should be taken
into account in future updates of the maritime
spatial plan and the development of the neces-
sary tools should be continued.

With the specialist application MARLIN (Marine
Life Investigator), BSH is currently developing
a large-scale, high-resolution information net-
work on marine ecological data from environ-
mental investigations within the framework of
environmental impact studies, preliminary site
investigations and monitoring of offshore wind
farm projects. Various data analyses at differ-
ent spatial and temporal levels are possible in
order to support the tasks of the BSH in line
with requirements. MARLIN also combines the
integrated marine ecological data with various
environmental data to support the understand-
ing of the effects and interrelationships of ma-
rine ecosystem services.

In the future, MARLIN will serve as a validated
basis for ecosystem modelling to better assess
the impact of cumulative effects. For example,
in future it will be possible to consider all off-
shore wind farm processes and to carry out
large-scale studies. Based on this, an identifi-
cation of ecosystem services can begin. MAR-

LIN's holistic approach enables new ap-
proaches to the analysis and modelling of eco-
logical patterns and processes and creates a
platform for the development and application of
advanced tools for marine spatial planning.

Prevention and mitigation

"The measures are intended to prevent, reduce
and as fully as possible offset any significant
negative environmental impact [of the imple-
mentation of the plan].

The ROP's guiding principle defines the contri-
bution to the protection and improvement of the
state of the marine environment also through
specifications for the avoidance or reduction of
disturbances and pollution.

The provisions of the spatial plan illustrate this
consideration with measures to avoid and miti-
gate adverse effects of individual uses:

¢ Principle on navigation: Sustainability,
protection of the marine environment
4);

e Principle on general requirements for
economic uses: Best environmental
practice (4.1);

¢ Principle on offshore wind energy: Pro-
tection of the marine environment (6);

e Principles on pipelines: Minimising ad-
verse impacts (5) and Marine environ-
ment (6);

¢ Principle on marine research: Sustain-
ability, protection of the marine envi-
ronment (3);

¢ Nature conservation objective: Priority
areas for nature conservation and pri-
ority area for loons (1);

e Conservation Principles: Multiple-use
priority area loon (3), seasonal re-
served area harbour porpoise (4), bird
migration corridors (6) and safeguard-
ing and preserving the seascape (9).

In the SEA, measures to avoid, mitigate and
compensate for significant negative impacts of
the implementation of the spatial plan are com-
prehensively presented in Chap. 8.
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Relational understanding

"It is necessary to consider various effects on
the ecosystem caused by human activities and
interactions between human activities and the
ecosystem, as well as among various human
activities. These include direct/indirect, cumu-
lative, short-/long-term, permanent/ temporary
and positive/negative effects
and interrelationships, including sea/land inter-
relationships".

The understanding of interrelations and inter-
dependencies is of great importance for the
tasks of spatial planning and the planning pro-
cess. In this sense, the mission statement of
the ROP emphasises the holistic approach and
includes the consideration of land-sea rela-
tions.

In the Strategic Environmental Assessment,
this is taken up and examined in Chapters 4.10
Interrelationships and 4.11 Cumulative consid-
eration.

Here, too, reference can be made to the current
development of the MARLIN (Marine Life In-
vestigator) application at the BSH, which sup-
ports the understanding of impacts and interac-
tions.

Further experience, e.g. on cumulative consid-
eration, has been gained in European cooper-
ation projects (Pan Baltic Scope, SEANSE)
and will be incorporated into the further con-
ceptual development, as will findings from the
participation process.

An overview of the project results can be found
on the respective pages:

¢ http://www.panbalticscope.eu/re-
sults/reports/
e https://northseaportal.eu/downloads/

Participation and communication

“All relevant authorities and stakeholders as
well as a wider public shall be involved in the
planning process at an early stage. The results

are to be communicated. " (HELCOM/VASAB,
2016).

This key element is an example of the network-
ing and relationships between the key ele-
ments. The knowledge gained can contribute to
all other key elements.

As part of the updating process, participation
and communication have been carried out in-
tensively right from the start. The early and
comprehensive participation was able to signif-
icantly expand the knowledge base through the
sector-specific expertise of the stakeholders
and through the assessments received in com-
ments.

The starting point for this was the development
of a participation and communication concept.
In the course of the update, topic-specific work-
shops and expert discussions were held at sec-
toral level. On 18 and 19 March 2020, the con-
cept with the planning options and the draft as-
sessment framework were consulted in the par-
ticipation meeting (scoping).

Interim results and information on stakeholder
meetings are communicated on the BSH blog
"Offshore aktuell" (https://wp.bsh.de).

Additional support for the process is provided
by the Scientific Monitoring Group (WiBeK).
Since 2018, for the continuation of maritime
spatial planning in the Exclusive Economic
Zone in the North and Baltic Seas, the WiBeK
has been advising from a scientific perspective
on questions of content, the course of the pro-
cedure and the participation process, among
other things.

Subsidiarity and coherence

"Maritime spatial planning, with an ecosystem
approach as the overarching principle, will be
carried out at the most appropriate level and
will seek coherence between the different lev-
els (HELCOM/VASAB, 2016).

The aim of spatial planning is to create coher-
ent plans in the North Sea and the Baltic Sea
through coordination with the coastal federal
states and neighbouring states. Many years of
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bilateral exchange, participation in the HEL-
COM and VASAB working group on maritime
spatial planning and cooperation in interna-
tional projects on maritime spatial planning
contribute to this.

Project results and findings on procedures for
plan preparation in neighbouring countries
within the framework of international coopera-
tion are taken into account for the process of
plan preparation. The international consultation
procedures represent a further contribution.

The ROP's mission statement sets forth this co-
operation as a contribution to coherent interna-
tional marine spatial planning and coordinated
planning with coastal countries.

At the level of specifications, the following ob-
jectives and principles highlight the need for co-
ordination in planning cross-border structures:

e Obijectives on navigation: Priority ar-
eas for shipping (1) and temporary pri-
ority area for shipping (2);

e Obijective on pipelines: Coastal Sea
Border Corridors (3);

e Principles on pipelines: Suitable transi-
tion points on the territorial sea and
border corridors to adjacent states (4);

e Principle on nature conservation: Bird
migration corridors (6).

Within the framework of the SEA, the trans-
boundary impacts for the bordering areas of
neighbouring states are considered (Chap.
4.12).

Adaptation

"Sustainable use of the ecosystem should be
an iterative process involving monitoring, re-
view and evaluation of both the process and
the outcome”.

Monitoring and evaluation within the framework
of spatial planning for the German EEZ take
place at various levels.

The first step will be to evaluate the plan and its
implementation. A monitoring and evaluation
concept will be developed for this purpose.

In addition, the SEA lists in Chapter 10 the
planned measures for monitoring the effects of
the implementation of the Spatial Plan on the
environment.10

The guiding principles already stipulate a situ-
ation-specific adaptation of the provisions for
all sectoral concerns as an ongoing evaluation
process, with the involvement of the competent
federal ministries.

The effects of economic uses on the marine en-
vironment are to be investigated and evaluated
at project level by means of effect monitoring
This is laid down in Principle 4.2 of the General
Requirements for Economic Uses in the ROP.

Summary

In sum and beyond, the key elements and their
implementation in the planning process, in the
ROP as well as in the SEA show how the eco-
system approach as an overall concept sup-
ports the holistic perspective of spatial planning
and thus contributes to the protection and im-
provement of the state of the marine environ-
ment.

1.8 Taking climate change into ac-
count

Anthropogenic climate change is one of the
greatest challenges facing society and is of
particular importance for changes in the
oceans and their use. Figure 13 illustrates the
links between climate change, the marine eco-
system, uses and maritime spatial planning, in-
cluding as a tool for achieving sustainable de-
velopment goals.

In changing seas, the consideration and inte-
gration of climate impacts in MSP is of great
importance in order to do justice to the precau-
tionary and forward-looking nature of MSP and
to develop long-term sustainable plans.
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Figure 13: Representation of the interrelationships between climate change, marine ecosystems and mar-
itime spatial planning, according to (Frazdo Santos, 2020)

Climate change will alter the physical, chemical
and biological conditions in the North and Baltic
Seas. This will inevitably have an impact on
marine ecosystems, their structure and func-
tions, which may also change ecosystem ser-
vices. The changes may also have a direct im-
pact on the uses to which they are put, e.g.

shipping, renewable energy or extraction of raw
materials (Frazdo Santos, 2020).

The following table shows projections for some
relevant parameters.

Table 4: Climate projections on selected parameters 1 (UBA, in Vorbereitung), 2 (IPCC, 2019), 2 (Schade N,

2020)
North Sea Baltic Sea
Increase in mean sea surface | 1 —1.5°C 15-2°C
temperature for 2031-2060 (in the
50th percentile of the RCP8.5 scenario
compared to 1971—2000)1
Increase in mean sea surface | 2.5 -3 °C 25-35°C
temperature for 2071-2100 (in the
50th percentile of the RCP8.5 scenario
compared to 1971—2000)1
Global sea level rise 2100 | 61 - 110cm 61 - 110cm
(RCP8.5 scenario vs. 1986-2005)2
Increase in extreme wind | 0-0.5m/s No majority significant in-
speeds (RCP8.5 scenario compared creases west of the
to 1971-2000)* Stralsund-Trelleborg line;
east of it 0-0.5 m/s
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As a contribution to climate protection, the off-
shore wind energy provisions should be men-
tioned at the outset. Assuming that the current
CO.avoidance factor (UBA, 2019)of electricity
from offshore wind energy is continued to 2040,
this results in an average annual CO; avoid-
ance potential of 62.9 Mt CO: equivalents per

year for the period between 2020 and 2040.
For comparison: Annual emissions from power
plants in the energy industry were 294.5 Mt
CO;-equivalents per year in 2016 (BMU, 2019).
Table 5 represents the abatement potential for
2020, 2040 and the annual average for the en-
tire period.

Table 5: Calculation of the CO2 avoidance potential of the rules on offshore wind energy.

Full load
hours

Installed
capacity

Annual Electric-
ity production

CO; avoidance
factor

CO; avoid-
ance

GW h/a

GWh/a

g CO2eq/kWh | Mt CO2eqg/a

2020 7,2 3800

27360 701 19,2

2040 40 3800

152000 701 106,6

Average CO;
avoidance per
year

62,9
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Furthermore, keeping the priority areas of nature
conservation free and the potential of ecosys-
tems as natural carbon sinks contributes to cli-
mate protection. The designation of priority and
reservation areas of nature conservation can
also serve to strengthen the resilience of ecosys-
tems and thus support the precautionary princi-

ple.

The mission statement shows that the use of cli-
mate-friendly technologies in the ocean supports
energy security and the achievement of national
and international climate targets.

The development of risk and vulnerability anal-
yses to climate change and adaptation
measures in the relevant sectors should be com-
municated to spatial planning. The holistic per-
spective of spatial planning can help to coordi-
nate the compatibility of measures with other
uses and marine nature conservation and to
avoid conflicts. To promote this, a dialogue could
be initiated to ensure that a joint discussion takes
place in a spatial planning forum with stakehold-
ers from the sectors.

For climate change to be fully integrated into
MSP, institutional strengthening, including inter-
national cooperation in the North and Baltic
Seas, is necessary. Projects in particular offer
the opportunity to develop coherent approaches
with neighbouring countries or to use joint data
pools, for example.

One focus should be on the conceptual develop-
ment of marine ecosystem services and, above
all, the potential of natural carbon sinks.



Description and assessment of the state of the environment ‘ a7 ‘

2 Description and assess-
ment of the state of the en-
vironment

According to section 8 ROG in connection with
appendices 1 and 2 to section 8 ROG, the envi-
ronmental report contains a description of the
characteristics of the environment and the cur-
rent state of the environment in the SEA area un-
der review. The description of the current state
of the environment is necessary to be able to
forecast its change when the plan is imple-
mented. The object of the inventory are the pro-
tected assets listed in 8 section 1 ROG and the
interrelationship between them. The presenta-
tion is problem-oriented. The focus is thus on
possible legacy impacts, environmental ele-
ments requiring special protection and on the
protected assets that will be most affected by the
implementation of the plan. In spatial terms, the
description of the environment is based on the
respective environmental impacts of the plan.
Depending on the type of impact and the pro-
tected asset concerned, these impacts vary in
extent and may extend beyond the boundaries
of the plan.

2.1 Area

The German EEZ in the North Sea and Baltic
Sea is of great importance for many uses and for
the marine environment. At the same time, its
area is limited, and hence land-saving use is im-
perative. Land economy is therefore also re-
flected in the guidelines and principles of the
maritime spatial plan, which means that the pro-
tected resource of land is of particular im-
portance in the ROP, both in principle and across
all uses.

One guiding principle of spatial planning is the
sustainable development of space (cf. Section 1,
paragraph 2 of ROG). The basis for this sustain-
able development of the limited resource of land
in the EEZ of the North Sea and Baltic Sea is the
most efficient and sparing use of land, especially

in the case of competing uses. This can lead to
a situation where the ROP does not always
specify the desirable area for uses, but rather the
sufficient area. Therefore, the spatial planning
process, based on the premise of land economy
and weighing up the various protection and use
interests, is in itself already a treatment of land
as an object of protection.

In a synopsis of all the provisions of the plan, the
impression can arise that hardly any, if any, area
in the German EEZ remains unused. On the one
hand, the designation of an area for a particular
use does not necessarily mean that 100 % of this
area will be used for that use. Secondly, not all
uses take place at the same time. Spatial plan-
ning in the sea has a three-dimensional space at
its disposal, which can lead to an overlapping of
uses on one area, as in the case of the uses of
pipelines and shipping, for example. Even uses
that actually take up space in the sense of land
do not necessarily take up 100% of it. An exam-
ple of this is the use of wind energy at sea. The
actual land consumption by wind turbines and
platforms (incl. scour protection) as well as ca-
bling within the park amounts to less than 0.5 %
of the areas designated for offshore wind energy.

Another aspect of sustainable and economical
use of land as a resource is the obligation to dis-
mantle structures, submarine cables, etc. at the
end of their service life, so that these areas are
available for subsequent use.

2.2 Soll

2.2.1 Data availability

The map on sediment distribution in the western
Baltic Sea (BSH/IOW, 2012) is one of the most
important sources for the description of surface
sediments in the German Baltic Sea EEZ. It is
based on interpolation of data from surveys at
selected points. In order to obtain more precise
information, in particular on the location and dis-
tribution of coarse sand, fine gravel, and residual
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sediments (including gravel, stones and boul-
ders), the sediment in the area has been gradu-
ally mapped over recent years using hydro-
acoustic methods. The resulting detailed maps
and illustrations of the type and extent of seabed
topography, as well as of small-scale changes to
topography and sediment at the seabed surface,
are not given by the BSH/IOW map on sediment
distribution (BSH / I0W, 2012), due to the point-
based nature of the data. In particular, the distri-
bution of coarse sediments (gravel and stony re-
sidual sediment) appears to be greater than that
shown on the BSH/IOW map (BSH/10W, 2012).
The same applies to the distribution of stones
and boulders.

These sediment distribution maps are not yet
available for the entire Baltic Sea EEZ. All results
are available for the Fehmarnbelt conservation
area, and the Kadetrinne conservation area is
largely complete. The results of the exploratory
surveys in the Arkona Sea and the Pommersche
Bucht - Ronnebank area of conservation are not
yet available for the entire area. Further infor-
mation comes from data and reports from site in-
vestigations and from investigations by the BSH
itself.

The description of the near-surface seabed
structure is mostly based on boreholes, cone
penetration tests, and reports from site investi-
gations, as well as the literature, investigations
and evaluations by the BSH.

The data and information used to describe the
distribution of pollutants in the sediment, sus-
pended particulate matter and turbidity, as well
as nutrient and pollutant distributions were col-
lected during the annual monitoring expeditions
by the BSH in cooperation with the Leibniz Insti-
tute for Baltic Sea Research (IOW).

2.2.2 Geomorphology and sedimentology

The Baltic Sea is a tributary of the Atlantic Ocean
and is connected to the North Sea via the Great
Belt and Little Belt, and the strait of @resund.
The planning area under consideration is the
German Baltic Sea EEZ.

The late glacial and post-glacial development of
the Baltic Sea is linked to global sea-level rise
and land uplift as a result of rebound of the
earth's crust, and may be divided into four major
stages:

e Baltic Ice Lake (up to 10,200 ago),

e Yoldia Sea (10,200-9,300 years ago),

¢ Ancylus Lake (9,300-8,000 years ago)
and

e Littorina Sea (8,000 years ago—present
day).

The seabed topography is distinguished by its
characteristic basin and sill structure. This se-
guence of basins and sills is illustrated by Figure
14 on bathymetry in the German Baltic Sea (be-
low). It serves as a basis for the structure of the
geomorphological and sedimentological descrip-
tion in this environmental report.

In light of the basin and sill division of the Baltic
Sea, eight sub-areas were defined using geolog-
ical, geomorphological and oceanographic crite-
ria:

o Bay of Kiel

e Fehmarn Belt

e Bay of Mecklenburg
e Darss Sill

e Arkona Basin

e Kriegers Flak

e Adlergrund

e Oder Bank.
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Figure 14: Representation of the seabed bathymetry (Bathymetry, BSH/IOW, 2012) in the German Baltic Sea.
The Bay of Kiel and the Bay of Mecklenburg together form the Belt Sea. The dark blue areas indicate basins
(e.g. Bay of Mecklenburg or Arkona Basin), the shallower areas are correspondingly lighter shades of blue

(e.g. Plantagenetgrund, Adlergrund or Oder Bank).

Bay of Kiel ~ The Bay of Kiel forms the western
part of the Belt Sea. It lies in the western Baltic
Sea at the southern end of the Little and the
Great Belt. The Fehmarn Belt and Fehmarn
Sound form the eastern boundary. The Bay of
Kiel is a typical FOorde coast, whose narrow,
deeply incised bays were formed by erosive ac-
tivity during the Weichselian glaciation.

Water depths range from 5 m on the Stoller
Grund to over 35 m in the Vinds Grav channel
near Fehmarn. Average water depths are be-
tween 15 m and 20 m. Several shoals represent
remnants of a former land surface, which now
protrude from the surrounding seabed as
"drowned" terminal moraine remnants. In the
northern part of the Bay of Kiel, there is a system
of channels running from west to east, consisting
of the Vejsnaes Channel south of the Danish is-
land of /rg, which has its eastern continuation

in Vinds Grav at the western end of the Fehmarn
Belt via several smaller channels. The maximum
water depths are over 30 m in the Vejsnaes
Channel and up to 42 m in Vinds Grav.

Figure 15 shows the sediment distribution on the
seabed in the Bay of Kiel. Residual sediment de-
posits (coarse sand, gravel and stone deposits)
are mainly found in a narrow strip along large
parts of the coast of Schleswig-Holstein, on
shoals in the Bay of Kiel and west of Fehmarn.
Mud deposits (mostly silt, but also clays) are
mainly found in the deeper areas of the western
Bay of Kiel (Eckernférde Bay, Flensburg Firth
and the deeper areas of the EEZ). In the central
part of the Bay of Kiel, fine and medium sands
dominate, which transition to silty sands and silts
in the depression west of Fehmarn.
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Figure 15: Sediment distribution on the seabed in the area of the Bay of Kiel (BSH / IOW, 2012).

It is relevant for the geological structure of the
upper seabed that the Bay of Kiel was only
flooded by the Baltic Sea in the course of the Lit-
torina Transgression about 8,000 years ago. Ac-
cording to Atzler (Atzler, 1995), the Holocene
sedimentary cover consists of late glacial sands
and varved clays in addition to the sedimentary
distribution already described. While the sands
occur exclusively in the outer area of the Firth of
Kiel, the varved clays were deposited in old
channel systems distributed over the entire Bay
of Kiel. The Holocene sediments lie on a Weich-
selian till, 4-5 m thick, which consists of a newer
and an older unit and reaches a maximum thick-
ness of 70 m in the Kossauer Channel (west of
Fehmarn). Locally, Weichselian glaciofluvial
sands are intercalated in the boulder clay, which
can carry numerous stones and boulders.

In large parts of the Bay of Kiel, Saalian till and
glaciofluvial sands follow under the Weichselian
deposits, which in turn are usually located on
older glacial or Tertiary clays and sands. Several
large Pleistocene channel systems occur in this
sea area. Although they are largely filled in to-
day, some of them are still preserved as slight
depressions in the sea floor and correlate with
the recent distribution of silt.

Fehmarn Belt

The 18-24 km wide Fehmarn Belt plays a central
role in the water exchange between the Belts
and the Baltic Sea basins to the east. The ex-
change between North Sea and Baltic Sea water
takes place mainly via the Great Belt—-Fehmarn
Belt system.

The average water depths in this strait are be-
tween 15 m and 25 m. At the western entrance,
the former push moraine of the Ojet rises to a
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water depth of 10 m. It narrows the cross section
of the Fehmarn Belt in such a way that the re-
sulting high current velocities have further
cleared Vinds Grav (formed when Lake Ancylus
overflowed) to a depth of 42 m.

As a result of the hydrodynamic conditions in the
western part of the Fehmarn Belt, several giant
ripple fields have developed in the western Feh-
marn Belt. These giant ripple fields can be seen
in Figure 16 as elongated sandy structures run-
ning from SW to NE, deposited on coarse to re-
sidual sediments. The giant ripple fields occur at
a water depth of 11-18 m and consist mainly of
medium sand. They have ridge heights of up to
2 m and wave spacings of 60—70 m. Smaller
structures with a spacing of 25 m can be found
in water depths of 24 m.
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Figure 16: Sediment distribution on the seabed in the western part of the Fehmarn Belt. The sediment distri-
bution map is based on side scan sonar recordings. The sediment classification of level A is based on the
simplified ternary system for clastic sediment types described by Folk (1954). Source: Project "Sediment map-
ping EEZ"; Hoft, D., Feldens, A., Tauber, F., Schwarzer, K., Valerius, J., Thiesen, M., Mulckau, A. (in prep.):
Map of sediment distribution in the German EEZ (1:10,000), Federal Maritime and Hydrographic Agency; Pa-

penmeier, S., Valerius, J., Thiesen, M., Mulckau, A. (in prep.): Map of sediment distribution in the German EEZ
(1:10,000). Federal Maritime and Hydrographic Agency.

The giant ripples lie on a continuous layer of re-
sidual sediments consisting mainly of stones at
varying densities (Figure 17).

S54735'0"N



Description and assessment of the state of the environment ‘ 53 ‘

11°10'0"E 11°20'0"E
] 1

54°35'0"N

/
54°35'0"N

T
54°30'0"N

pd
%- Objekte > 50 cm Naturschutzgebiet
3 0 Objekte +—+— Kistenmeer
[ 1 - 5 Objekte Festlandsockel / AWZ N
- > 5 Objekte ----- Internationale Grenze h
keine Daten Europa Kartenprojektion: WGS 84 UTM 32N
10“5‘:’)'0"E 11°C:'0"E 11°1(I)‘0"E 11°2EJ‘0"E

Figure 17: Representation of the layer density of objects (stones or boulders above a size of about 50 cm) in
the area of the Fehmarn Belt nature conservation area. The basis of the representation is the 100x100 m EU
grid, which was divided into 50x50 m grid cells. Shown is the number of objects per 50x50 m grid cell. Source:
Project "Sediment Mapping EEZ"; Hoéft, D., Richter, P., Valerius, J., Schwarzer, K. Meier, F., Thiesen, M.,
Mulckau, A. (in prep.): Map of boulder distribution in the German EEZ, Federal Maritime and Hydrographic

Agency.

Occasionally there may also be till on the sea-
bed. In the eastern Fehmarn Belt, the surface of
the till drops eastwards and residual sediments
or medium sands transition to fine and ultra-fine
sands and silt, which are increasingly overlaid by
silt towards the Bay of Mecklenburg.

Figure 18 shows a geological profile section of
the Fehmarn Belt between Puttgarden and
Radbyhavn. Above Tertiary clays and Creta-
ceous limestones lies a 6 to 57 m thick till, which
in turn is overlaid by up to 9 m thick basin clays
of the central Fehmarn Belt. In the shallow water
areas along the edge of the channel, mainly
sandy and silty gyttjias and peat are found,
whose stepped displacement is associated with
deep-seated faults in the Tertiary clays and
Pleistocene till. The disturbance-induced settle-
ment and deposition of this sedimentary unit
probably took place simultaneously, so that the

tectonic movements influenced the late and
post-glacial sedimentation.
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Figure 18: Geological profile section through the Fehmarn Belt between Puttgarden and Rgdbyhavn (RUCK,

1969)

Bay of Mecklenburg To the east of the Fehmarn
Belt is the Bay of Mecklenburg, which, according
to KOLP (1976), is bounded roughly by the 20 m
contour of the Darss Sill and the Fehmarn Belt.
The Bay of Mecklenburg is on average slightly
deeper than the Bay of Kiel, but considerably
shallower than the Arkona Basin. The maximum
water depth is around 28 m. In contrast to the
Bay of Kiel, the Bay of Mecklenburg and the Ar-
kona Basin lack pronounced channel structures
in their present-day seabed topography.

The distribution of the surface sediments clearly
shows the basin character of the Bay of Meck-
lenburg (Figure 19). In the centre of the bay, be-
low the 20 m depth contour, is the mud zone.
The mud consists mainly of (mostly poorly
sorted) fine and medium silts. In general, the
thickness of the silt increases towards the centre
of the basin to between 5 m and 10 m.

Towards the edge of the basin, above the 20 m
depth contour, the mud transitions to fine and
medium sands, and in some places coarse
sands and residual sediments. Larger deposits
of coarse sands, gravel and residual sediments
(stones, boulders) occur in the shallow water

zones south of Fehmarn and in the south-east-
ern area of the Bay of Mecklenburg (north-west
of the island of Poel, Figure 19). In the northeast
of the Bay of Mecklenburg, the sediments transi-
tion to silty fine and ultra-fine sands in the direc-
tion of the Darss Sill.
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Figure 19: Sediment distribution in the Bay of Mecklenburg area (BSH/IOW, 2012). The edge of the mud (blue
colours in the centre of the basin) follows the 20 m contour quite closely. The EEZ in the area of the Bay of
Mecklenburg lies entirely in the northern part of the mud zone.

The Quaternary base of the Bay of Mecklenburg
probably consists of Tertiary sediments and lies
at depths of between 50 and 120 m below sea
level. This is followed by till, which can be divided
into two units similar to those in the Bay of Kiel
or the Arkona Basin. The lower till is probably be-
tween 20 and 120 m thick. The upper boulder
clay, on the other hand, is less thick at around
one metre. It is grey to grey-brown in colour and
contains numerous chalk and flint boulders. The
deepest parts of the Bay of Mecklenburg and the
Fehmarn Belt contain sediments from the early
Baltic Ice Lake (W2), which largely follow the
morphology of the till. In water depths over 20 m,
late glacial sediments from the late Baltic Ice
Lake phase (W3) occur. They consist of stratified

clays which transition to fine sands towards the
basin margin. In the deeper areas they too follow
the morphology of the underlying layers; outside
these late glacial basins they are horizontally de-
posited. The Early Holocene freshwater for-
mations of the W4 unit are 1 to 2 m thick in the
central Bay of Mecklenburg and are lithologically
extraordinarily diverse: in addition to grey me-
dium to coarse sands and grey clayey silt, there
are peat gyttjas and peats as well as highly cal-
careous gyttjas and sea chalk. In these sedi-
ments, the surface of which has been partially
eroded, plant remains often occur. The most re-
cent deposits are Littorina-period and later ma-
rine sediments (W5). These level the topography
of the subsurface seabed and are generally up
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to 7 m thick, but can be over 10 m thick locally.
This unit wedges out towards the edge of the ba-
sin and transitions to thin sands. The basis of the
silt is a transgression contact, which can often
only be recognised by the presence of different
species of molluscs.

Darss Sill
The Darss Sill is the sea area between the pen-
insula Fischland-Darf3 and the Danish islands of
Falster and Mgn. From an oceanographic point
of view, it is bounded on both sides by the 20 m

|1‘3l0'0"E

12"0['0"E 12‘3:]'0"E

depth contour (KOLP, 1976). It represents a
raised area with an average water depth of 17 m,
which separates the deeper mud accumulation
areas of the Bay of Mecklenburg and the Arkona
Basin. In a geological sense, the Darss Sill is
narrower, it being an approximately 12 km wide
strip between Fischland-Darf3 and Falster, which
is enclosed by two submarine moraine ranges
(Darss Sill in the sense of the German term
"DarfRer Schwelle") and merges to the east into
the Falster-Rugen Plateau (KOLP, 1965).
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Figure 20: Sediment distribution on the seabed in the area of the Darss Sill between the Bay of Mecklenburg
in the west and the Arkona Basin in the east. The Darss Sill in the narrowest sense is characterised by a
submarine ridge of till running from the steep bank between Wustrow and Ahrenshoop in a north-westerly
direction to Gedser Rev (Falster, DK).

The Darss Sill in the narrow sense of the "Darf3er
Schwelle" and the Falster-Rigen Plateau show

significant morphological differences. The topog-
raphy of the Darss Sill in the narrow sense is
characterised by striking, small-scale changes in
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morphology. The characteristic element is a sub-
marine ridge of till, which runs from the steep
bank between Wustrow and Ahrenshoop in a
north-westerly direction to Gedser Rev (Figure
20). The system of furrows in the Kadet Channel
is cut into this ridge to a depth of 32 metres.
South-east of the actual Kadet Channel , the V-
shaped, elongated Grenztal channel with a max-
imum water depth of 22 m runs parallel. The wa-
ter depths are predominantly between 10 and 20
m, whereby spatially narrowly delineated, 2 to 3
m high uplifts of the seabed are observed espe-
cially on the flanks. Depending on seabed condi-
tions, the strong bottom currents have created a
strongly varying, small-scale topography in the
deepest parts of the Kadet Channel, which on
closer inspection consists of three channels.
Here, in irregular succession, boulder-marl ribs
of 1 to 2 m in height alternate with flat fine sand
and silt surfaces. Mixed sediments occur
throughout the entire course of the Kadet Chan-
nel. The Kadet Channel is subject to aperiodic
silt sedimentation, whereby interruption or re-
moval occurs when the thermocline between
salty deep water and surface water (with lower
salinity) becomes ineffective during strong in-
flows, and presumably outflows. The highest and
steepest elevations are observed in the central
part of the Kadet Channel. The channels have
an irregular trough and are characterised by very
steep slopes in places. Giant ripples with ridge
spans of about 400 m are observed in the chan-
nels (SHD, 1987; DIESING and SCHWARZER,
2003). Comparable structures with crest heights
of up to 5 m are found on the Darss Sill (LEMKE
et al., 1994). The morphological structures indi-
cate distinct sedimentary-dynamic processes
similar to those in the Fehmarn Belt and Danish
Belts.

The Darss Sill in the narrow sense consists of an
elevated layer of till, on top of which, especially
on the flanks of the channels, there is a varying
density of stone and boulder cover. In contrast,
the bottom and flanks of the Grenztal channel
are free of residual sediments. Here, more than

10 m thick sands are deposited above the boul-
der clay. An elongated sand ridge at a water
depth of 14 to 15 m separates the Grenztal
Channel from the Kadet Channel system
(TAUBER and LEMKE, 1995).

Gedser Rev (Falster Island, DK) is the subma-
rine southern spur of Falster Island and is the ge-
ological-morphological continuation of the wide
elevated layer of till on the Danish side. It is
characterised by a clear dichotomy in terms of its
morphology and sediment distribution. The
south-western slope has an irregular, densely
stone and boulder covered till surface with local
elevations. Extending the south-western slope, a
50 to 60 cm thick gravel layer is found on Gedser
Rev at depths of 8 to 10 m, which was subject to
extraction for construction purposes over a long
period of time (KOLP, 1966).

The Falster-Rigen Plateau, which borders the
Darss Sill to the east, is much flatter. With the
exception of the Plantagenetgrund, which rises
to a water depth of less than 8 m, and a channel
structure to the north in the direction of the Ar-
kona Basin, it has hardly any morphological
structure. It is mainly covered by calcareous fine
sand with humus particles and tiny plant re-
mains, as well as layers of peat. The sands are
between 10 m and 50 m. They largely level out
the Late Glacial topography (TAUBER et al.,
1999).

The foundation consists of three till horizons,
which are presumably Elsterian, Saalian and
Weichselian. Elsterian till (unit 1a) has been rec-
orded in the area of the Kadet Channel, but is not
directly exposed on the seabed. It is brownish
grey to greenish in colour and is very firm. Its
thickness varies between 2 and 26 m. The Saal-
ian till (unit 1b) is firm, grey and contains numer-
ous chalk deposits. It occurs almost on the entire
Darss Sill in the narrow sense. Its thickness
ranges from a few decimetres in deep channels
to a maximum of 26 m. In the deeper sections of
the Kadet Channel, the middle till is deposited
under a thin layer of silt or residual sediments.
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The Weichselian till (unit 1c) is clearly visible in
the seismograms of the Darss Sill in the narrow
sense. On the Falster-Rigen Plateau only the
upper edge of the till was recorded, and a relia-
ble chronological classification was not possible.
West of a line Darss Ort — Mgn its surface dips
into the Arkona Basin. The thickness of the
Weichselian till varies between 1.6 m and 16.9
m. It is grey to brownish grey, has a ductile to
very firm consistency and is characterised by nu-
merous chalk deposits. Its surface is covered on
the seabed by unsorted, coarse residual sedi-
ments consisting of stones and boulders up to
and above 1 m in diameter. Scouring around the
stones and boulders indicates the intense effect
of the strong currents.

Units 2 and 3 are sandy to silty sediments, which
were deposited as glaciofluvial deposits in the till
of the channels incised down to 50 m below sea
level. They are up to 15 m thick. Plant remains
prove the relatively old age of the fine sands,
which occur under a 30 cm thick layer of sand
and come from the Yoldia stage (about 10,200 -
9,300 years ago) of the Baltic Sea. The fine
sands contain clays several metres thick in
places, which accumulated in late glacial reser-
voirs. The distribution of unit 3 is mainly limited
to the western edge of the Arkona Basin, the
Grenztal Channel and Vierendehl Channel.
These are mainly well- to moderately sorted ol-
ive-grey fine sands with a high lime content,
which transition to the fine-grained facies of the
late glacial clays in the Arkona Basin. The sedi-
ments of unit 4 are characterised by a great lith-
ological diversity. On the Falster-Rugen Plateau
they occur mainly bound in shallow channel and
basin structures. In the area of the Darss Sill in
the sense of the German word "Darf3er
Schwelle" they are represented by peat, peat
and limestone gyttjas and intercalated fine
sands. Unit 5 comprises the post-Ancylusian
sediments (sea sands, after about 8,000 years
ago), which rarely exceed 2 m thickness in the
area of the Darss Sill. Greater thicknesses are
found at Gedser Rev and east of Falster. On the

Falster-Rigen Plateau they are sparsely distrib-
uted and only reach a thickness of 3 m locally in
filled channels.

The Quaternary base is about 90 m below sea
level and is formed by Jurassic sedimentary
rocks (LEMKE, 1998). It rises from Fischland to-
wards the north-east, where Cretaceous rocks
form the bedrock. In the Prerow fault zone, the
base of the Quaternary lies at 30 m below sea
level and drops to about 70 m below sea level at
the western edge of the Arkona Basin.

Arkona Basin

The Arkona Basin sub-area is delimited from
the Falster-Riigen Plateau by the 40-m depth
contour. In the west the elevation of the Krieger
Flak juts into the basin. In the north-east, the
Arkona Basin is connected to the Bornholm Ba-
sin via the Bornholm Gatt; in the east, it borders
the shallows of R6nne Bank with the Adler-
grund as its south-western extension. The Ar-
kona Basin is characterised by a uniform basin
structure. The maximum water depth is over 50
metres.

The sediment distribution on the seabed of the
Arkona Basin (Figure 21) consists of clayey, fine
and medium, poorly sorted silts (mud), usually of
very soft to mushy consistency. The silt is grey-
ish in colour and usually contains little in the way
of shell remains; bioturbate structures are de-
scribed in places. Towards the edges of the ba-
sin the silt sediments become sandier.
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Figure 21: Sediment distribution on the seabed in the Arkona Basin (BSH/IOW, 2012.) The seabed consists
mainly of clayey, fine to medium, poorly sorted silt of soft to mushy consistency.

About 25 km northeast of Cape Arkona, a small
area with residual sediments in the Arkona Basin
was mapped out as part of the "Sediment Map-
ping EEZ" project.

Due to the high gas content of the silt sediments,
large areas of the Arkona basin cannot be
mapped by seismic reflection, or only to a limited
extent. Nevertheless, the geological structure of
the subsurface can be reconstructed using re-
sults from seismic windows at specific locations.

In the Arkona Basin, the lowest unit can be di-
vided into two till horizons (E1lb and Elc), both
presumably Weichselian. The upper limit of the
lower till horizon can be traced over wide areas

of the Arkona Basin. The greatest depth, 78 m
below sea level, occurs north-northeast of Cape
Arkona. The lower till is grey in colour and con-
sists mostly of very firm clayey, partly fine sandy
material. It carries numerous small boulders, the
composition of which is dominated by chalk and
flint. The lower till reaches a thickness of up to
35 m. The upper boulder clay (Elc) largely re-
produces the topography of the lower boulder
clay (E1b). It has thicknesses of barely more
than 12 m, is sometimes patchily distributed and
wedges out towards the edge of the basin.

This is followed by the late glacial pink clays of
the units E2 and E3. They can only be distin-
guished in the seismograms in the area of the
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basin rim, e.g. in the sea area between Tromper
Wiek and the Adlergrund. They can be found
throughout the southern Arkona Basin and con-
sist of layered reddish to reddish-brown varved
clays (E2) and a homogeneous, strongly silty,
reddish clay (E3), which can become up to 16 m
thick in areas with deep till. They trace the sur-
face of the till. Unit E4 consists of grey, post-gla-
cial silty clays, silt and humus sediments of the
Yoldia and Ancylus stages, which occur on the
southern and western edges of the Arkona Ba-
sin. Characteristic features of the grey silts are
the dark grey to black layers, lenses and pods.
Their surface generally follows the topography of
the reddish to reddish brown clays. They reach
thicknesses of up to 5 m. The central part of unit
ES5 consists of silt, which transitions to sandy silts
or silty sands towards the edge of the basin. The
thickness is usually between 2 and 4 m, but de-
pending on the topography it can be up to 10 m
thick, which is mainly the case in the centre of
the southern part of the basin. The sedimenta-
tion of silt has led to an extensive levelling of the
topography. The silt has an olive to dark grey col-
our and soft plasticity. It often contains streaks,
lenses and narrow lamellae, which consist of
slightly lighter, coarse-silty to fine-sandy material
and are due to bioturbation. The surface of the
silt is covered by a brownish fluffy layer a few
millimetres thick. Immediately below, there is
usually a dark grey to black layer several deci-
metres thick, which is characterised by an in-
tense hydrogen sulphide odour. With increasing
sediment depth, this layer changes into the nor-
mal olive-grey silt, which becomes increasingly
solid and often contains mollusc fragments and
partially dissolved mollusc shells.

Kriegers Flak To the west of the Arkona Basin,
the spurs of the Kriegers Flak shoal extend into
the German EEZ. Here the water depths range
from 21 m in the shallow area to 40 m in the di-
rection of the Arkona Basin. In contrast to the Ar-
kona Basin, the Kriegers Flak shoal (see above)
Figure 21 has a highly structured morphology

and a very heterogeneous lithological composi-
tion of the surface sediments, which exhibit the
typical sill character and are closely related to
the geological formation and postglacial over-
printing. In the higher areas of the Kriegers Flak
shoal, the seabed surface consists mainly of re-
sidual sediments, till, gravel and medium to
coarse sands. Especially in the northern part of
Kriegers Flak, numerous stones and boulders
can be found, some of which form embankment-
like structures. Towards the Arkona Basin the
coarse sands transition to medium and fine
sands and with increasing depth to silt and clays.

In the north-western part of the shoal, the till is
over 25 m thick. It is noticeably consolidated and
inhomogeneous in its lithological composition.
Characteristic features are the numerous stones
and boulders that also occur below the seabed
surface. These led to the premature termination
of exploratory drilling for the location of the FINO
3 measuring platform. Towards the south, its sur-
face is submerged under Late Glacial clays with
a thickness of about 5 m. These can reach a
thickness of more than 10 m in channel fillings
where they can be formed as very soft varved
clays. In addition, sand, gravel, silt and peat can
be expected in these old channels. In the south-
ern slope area, the Late Glacial clays are buried
under a sand wedge of about 8 m thickness.

Adlergrund
The Adlergrund is the south-western spur of the

Ronne Bank, a shallow area that stretches
south-west from Bornholm. The seabed has a
very uneven relief due to its glacial history and
post-glacial overprint. The water depths range
from 5 m at the Foule-Grund to 25 m.

Like the Kriegers Flak shoal, the Adlergrund also
has a very inhomogeneous sedimentary compo-
sition (Figure 21), with residual sediments
(coarse sand, fine gravel and stones) dominating
the till. The stones are the size of a fist or a head,
and are found in these areas sporadically or all
over the area. In addition, boulders several me-
tres long are common, which are covered with
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shells (Mytilus) more or less densely. In the
southeast, the till forms outright peaks. In the
southern half of the area, a band of residual sed-
iment with a thin sand cover runs parallel to the
slope. The thin sea sands occur in patches be-
tween the residual sediments or as elongated
bands 100 to 200 m wide and several kilometres
long spaced 50 m apart. They often have ripple
fields on their surface. At the north-western
edge, the sands merge into the silt of the Arkona
Basin. Towards the south, there is a continuous
transition to the sandy areas of the Bay of Pom-
erania and Oder Bank (DIESING and
SCHWARZER, 2003).

The Adlergrund owes its origin to the Weich-
selian glaciation. In the course of various glacial
advances and retreats, significant accumula-
tions of glaciofluvial deposits in the form of sands
and gravels occurred, in connection with signifi-
cant till settling. In the southern area, delta-like
debris created sandur-like structures. The basis
is Cretaceous chalk, which, due to glacial-tec-
tonic stress, shows fault zones as well as inter-
mediate layers of sands, gravel or stones. This
is followed by a 6 to 10 m thick till, which is close
to the surface in the central area of the Adler-
grund. On its flanks it is overlaid by a sequence
of coarse and gravel sands, medium to coarse
sands and fine sands. Beneath it, Late Glacial
clays and silts of the Bornholm and Arkona Basin
wedge out. During the Littorina transgression
(about 8000 years ago) the surface of the sand
complexes were, reshaped forming complex de-
posits.

Oder Bank This sub-area is bounded to the north
by the southern spurs of the Adlergrund and
merges into the Bornholm Basin to the east in
Polish territory. The water depths are about 7 m
in the shallowest parts of the Oder Bank and
reach maximum values of 31 m. The Oder Bank
itself is bounded by the 10 m depth contour
(KRA-MARSKA, 1998). Between the relatively
steep southern slope of the Oder Bank and the
coast, the seabed morphology is characterised

by depressions and shallows of up to 3 m in
height; the northern slope, on the other hand,
slopes gently towards the northeast.

From a sedimentological point of view, the
largely structureless seabed in the Oder Bank
area is dominated by well to very well sorted fine
sands (Figure 22). First results of the project
"Sediment Mapping EEZ" show that coarser sed-
iments such as medium and coarse sands can
also be found in the Oder Bank area. Residual
sediments in the form of isolated stone deposits
predominate off the Greifswald bodden and off
Usedom, and north to northeast of the Oder
Bank in the Adlergrund Channel, but not at the
same density as on the Adlergrund (BOBERTZ
et al.,, 2004). In the north-western part of the
Oder Bank, isolated residual sediment deposits
(stones up to 1 m in diameter) are found, as well
as mussel fields ranging from fist-size to several
square metres, and smaller ripple fields of
coarse sand (SCHULZ-OHLBERG et al., 2002).
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Figure 22: Sediment distribution on the sea floor in the Oder Bank area (BSH/IOW, 2012). The seabed in the
area of the Oder Bank is dominated by well to very well sorted fine sands.
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In addition, the sonograms (side scan sonar re-
cordings) showed elongated to oval formations
with a higher reflectivity than the surrounding
sandy soil, up to 10 m wide and about 20 m long.
Their distribution suggests a connection with
fishing activities (LEMKE and TAUBER, 1997).

The geological structure of the Oder Bank shows
glacial and fluvioglacial sediments in its core
(Figure 23). The till forms two locally different

units. The older one has so far only been rec-
orded in seismograms and lies directly on the
Cretaceous bedrock. The younger till is located
just below the seabed and extends as a thin de-
posit from the coast to the Oder Bank, probably
disappearing in the northern slope area and re-
appearing in the Bornholm Basin. The two tills
are separated by a Pleistocene sand layer which
is up to 30 m thick.

modern)
47 ,;

Fig. 2. Geologic cross-section A-B
Holocene: | — sands of Littorina and Post-Littorina seas; Late Glacial-Holocene: 2 — lacustrine silts and sands, locally peat; Pleistocene: 3 —
Interpleniglacial riverain(?) sands and silts, 4 — glaciofluvial sands and gravels, 5 — till; 6 — boreholes with radiocarbon datings

Figure 23: Geological profile section through the eastern extension of the Oder Bank on the Polish side (from:

KRAMARSKA, 1998).

On the Polish side of the Oder Bank, the distinct
paleotopography of the till was leveled by marsh
and lake sediments during the late and post-gla-
cial periods. On the Oder Bank, Littorina and
Post-Littorina sand barrier sediments lie above
the younger till. At their base, gravel and mollusc
shells are present, and on their surface they are
probably covered by former dune sands. The
sands reach thicknesses of about 6 m to over 10
m. To the north, they dive to a depth of about 20
m under the wedging sea sands of the Baltic
Sea, whose thickness hardly exceeds 1 m. The
south-eastern extension in 12.5 m to 13 m water
depth is interpreted as a pointed, "drowned"
sandbank, which was formed by former sand

transport parallel to the coast - similar to the pre-
sent-day counterpart of Darf3er Ort. South of the
Oder Bank, the old river bed of the ancient Oder
appears in the subsoil, which is filled with river
sediments about 5 to 7 m thick (KRAMARSKA,
1998; USCINOWICZ et al., 1988; RUDOWSKI,
1979).
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2.2.3 Pollutant distribution in the sediment

2231

Because of the short time-span of available se-
ries of measurements in the western Baltic Sea
(Bay of Mecklenburg to Arkona Basin) no trend
in the metal contents of surface sediments can
be identified to date. The main areas of contam-
ination are the Bay of Libeck and the western
Arkona Basin. Aside from historical pollution,
metals are introduced into the Baltic Sea in par-
ticular via rivers and atmospheric depositions. In
addition, there are possible entry routes from
various forms of use, such as shipping and the
offshore industry, which must be quantified more
precisely in the future.

Metals

Covering of the legacy pollution in the Bay of
Libeck, and the associated containment of the
resuspension of contaminated material, means
that a normalization of the sediment quality in
this area is expected in the long term. In the
western Arkona Basin, elevated mercury and
lead contents in particular have been measured
for years. The causes of this anomaly are not yet
known. Towards the coast, an increase in the el-
ement content of surface sediment is generally
observed. This applies in particular to mercury
and cadmium, but also to zinc and copper. In
contrast, the lead contents measured in the EEZ
are quite comparable with the values observed
near the coast, and in some cases are even
higher. In the MSRL Report 2018, concentra-
tions of the HELCOM indicators lead, cadmium
and mercury in sediment in the EEZ exceeded
the threshold values (Status of German Baltic
Sea waters 2018).

2232

A summary overview of sediment pollution is
hampered on the one hand by the lack of com-
prehensive data on the open sea and on the
other hand by the heterogeneity of data from
coastal areas. In addition, the published data
usually lack a reference to TOC content (TOC =

Organic substances

total organic carbon) or particle size normaliza-
tion.

Pollutant discharges reach the Baltic Sea via di-
rect discharges, rivers, and the atmosphere as
well as indirect sources. Rivers and the atmos-
phere are the main routes of entry into the ma-
rine environment. In addition to input sources, in-
put quantities and input routes (direct via rivers
and offshore industry or diffuse via the atmos-
phere), the physical and chemical properties of
the pollutants and the dynamic/thermodynamic
state of the sea are relevant for dispersion, mix-
ing and distribution processes. For these rea-
sons, the various organic pollutants in the sea
show an uneven and varying distribution and oc-
cur in very different concentrations. However,
concentrations in the EEZ are consistently lower
than in coastal areas, where local concentrations
often occur.

More in-depth regional assessments require the
consideration of sediment parameters (TOC,
particle size distribution). In the EEZ, the sedi-
ments have a relatively homogeneous distribu-
tion with comparable TOC contents. Contamina-
tion levels at stations with a low fine particle con-
tent and low TOC values (sandy sediments) are
always very low. Compared to the North Sea
(German Bight), the concentrations in the Baltic
Sea EEZ are on average significantly higher; this
is most likely due to the higher TOC and silt con-
tents of the Baltic sediments. In the MSRL Re-
port 2018, the concentrations of the HELCOM in-
dicator substances anthracene and TBT in the
sediment of the EEZ exceed the threshold val-
ues (Status of German Baltic Sea waters 2018).
However, the available data are insufficient, so
that no statements can be made on trends over
time.

Due to the increasing use of the Baltic Sea, di-
rect discharges from e.g. shipping and the off-
shore industry will probably play a greater role in
future in the assessment of the environmental
status.
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2.2.3.3 Radioactive substances (radionu-

clides)

In comparison with other marine areas, the sur-
face sediments of the Baltic Sea show signifi-
cantly higher specific activities than, for exam-
ple, those of the North Sea. In most cases, this
statement also applies to natural radionuclides.
On the one hand, this effect is due to the smaller
particle size of the siltier and thus finer-grained
sediments of the Baltic Sea; on the other hand,
it is also due to lower turbulence in the water of
the Baltic Sea leading to sedimentation of the
finer particles. The radioactive load of the Baltic
Sea is determined by the fallout from the Cher-
nobyl accident in 1986. The higher surface dep-
osition of the Chernobyl discharge on the area of
the western Baltic Sea compared to the North
Sea is also reflected in the increased activities.
It can be observed that the content in the sedi-
ments increased steadily in the first years after
the Chernobyl disaster. Stagnation has been ob-
served for about 10 years, which can be ex-
plained by a quasi-equilibrium between radioac-
tive decay (half-life of Cs-137: 30 years) and fur-
ther deposition. Although radioactive contamina-
tion of the Baltic Sea by artificial radionuclides is
higher than in the North Sea, it does not pose
any danger to man or nature according to cur-
rently available information.

2234

Possible legacy contamination in the Baltic Sea
includes ammunition. In 2011, a federal and fed-
eral states working group published a basic re-
port on the ammunition contamination of Ger-
man marine waters, which is updated annually.
According to official estimates, the seabed of the
North and Baltic Seas holds 1.6 million tonnes of
old ammunition and explosive ordnance of vari-
ous types. A significant proportion of these am-
munition dumps are from the Second World War.
Even after the end of the war, large quantities of
ammunition were sunk in the North and Baltic
Seas to disarm Germany. The explosive ord-

Contaminated site

nance load in the German Baltic Sea, in particu-
lar in the coastal sea, is currently estimated at
up to 0.3 million tonnes. It should be noted that
the overall data are insufficient, and explosive
ordnance should also be expected in the area of
the German EEZ (e.g. remnants of mine barriers,
combat operations and military exercises).

In general, the ammunition may be silted up or
exposed on the seabed, depending on sediment
properties. In addition, storms or strong currents
can cause ammunition bodies in the sediment to
be exposed. Thus, ammunition bodies can con-
stitute artificial hard substrates.

Current research results indicate that the corro-
sion state of ammunition stored at sea may be
advanced. Whether and to what extent the ma-
rine environment is affected by the release of
toxic substances (e.g. explosives such as TNT)
is the subject of current research and part of the
work on implementing the resolutions of the 93rd
Conference of Environment Ministers, agenda
item 27.

The location of known ammunition dumps can be
found on official nautical charts and in the 2011
report (which also includes areas suspected of
contamination by ammunition). The reports of
the federal-state working group are available at
www.munition-im-meer.de.

2.2.4 Assessment of the status

The assessment of the state of the seabed in
terms of sedimentology and geomorphology is
limited to the Baltic Sea EEZ.

2241

The aspect rarity and threat takes into account
the surface area of the sediments on the seabed
and the distribution of the morphological inven-
tory of forms in the south-western Baltic Sea as
well as in the entire Baltic Sea.

Rarity and endangerment

The sediment types of the seabed surface found
in the basin areas (such as the Bay of Mecklen-
burg or Arkona Basin), as well as the inventory
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of forms, essentially match basin sediments of
identical or similar nature found in all basins of
the Baltic Sea. Sediment types such as till and
residual sediments, as well as stone and boulder
deposits found on the sills and shoals (e.qg.
Kriegers Flak, Adlergrund or Darss Sill), are fre-
guently found in the western and southwestern
Baltic Sea.

The aspect rarity and threat is therefore rated as
medium—low.

2242

The aspect "diversity and uniqueness" considers
the heterogeneity of the described surface sedi-
ments and the characteristics of the morpholog-
ical forminventory.

Diversity and uniqueness

Both the sills and shoals such as Kriegers Flak,
Adlergrund and Darss Sill, as well as large areas
of the Bay of Kiel and the Fehmarn Belt show a
heterogeneous distribution of sediments and a
rather distinct inventory of forms. This is particu-
larly true for the pronounced, inflow-related bot-
tom topography in the Fehmarn Belt and Darss
Sill (in the narrow sense). The basin areas, such
as the Bay of Mecklenburg or Arkona Basin, on
the other hand, have a very homogeneous sedi-
ment distribution and a seabed devoid of struc-
ture.

The aspect diversity and uniqueness is therefore
rated as medium-high, primarily due to the dis-
tinctive structures in the Fehmarn Belt and the
Darss Sill (in the narrow sense of the term).

2243

Natural factors

Climate change and sea level rise: The Baltic
Sea region has experienced dramatic climate
change over the last 11,800 years, which has
been associated with a profound change in
land/sea distribution due to a global sea level
rise of 130 metres. For about 2,000 years, the
sea level of the Baltic Sea has adjusted to to-
day's level and is subject to short-term, meteor-
ologically induced changes. Storms cause the

Pre-existing impacts

most drastic changes to the seabed. All sedi-
ment dynamics can be traced back to meteoro-
logical and climatic processes which are essen-
tially controlled by the weather in the North At-
lantic.

Tectonic and isostatic movements, earthquakes:
the tectonic and isostatic processes are secular
processes, i.e. they cover periods of several mil-
lennia. They have their causes in the tectonic
movements of plates of the earth's crust and
therefore occur over a large area. ANDREN and
ANDREN (2001) found evidence in sediment
cores that the tsunami wave from the submarine
Storegga landslide in the Norwegian Sea could
have spread to the Baltic Sea some 8,000 years
ago. The trigger was probably a seaquake. The
analysis of earthquake frequency and magnitude
for the south-western Baltic Sea region shows
that only relatively weak earthquakes occur in
this sea area, which are relatively rare compared
to the Baltic Sea as a whole. For this reason, the
south-western Baltic Sea cannot be considered
an earthquake-prone area.

Anthropogenic factors

Eutrophication: As a result of anthropogenic in-
puts of nitrogen and phosphorus via rivers, the
atmosphere and diffuse sources, increased pri-
mary production leads to increased sedimenta-
tion of organic matter in the Baltic Sea basins.
Microbial degradation usually results in oxygen
deficiency, leading to the formation of gyttja,
which has a much softer consistency than silt de-
posits.

Fisheries: Since the end of World War |, bottom
trawls with otter trawls have been used almost
exclusively in commercial fisheries in the Baltic
Sea. Beam trawling does not take place in this
sea area (RUMOHR 2003). There are only iso-
lated observations of seabed tracks caused by
fishing in the area under consideration.

In general, the investigations in the Bay of Kiel
have shown that the distribution density of the
otter board tracks increases with water depth
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and the decreasing mechanical resistance of the
sediments. The absence of trawl tracks on sandy
soils is less due to reduced fishing activity than
to the higher sediment redistribution potential of
these sediments. For the remaining part of the
south-western Baltic Sea, only isolated observa-
tions are available.

LEMKE (1998) describes numerous fishery
tracks in the mudflats of the Arkona Basin. In the
area of the Bay of Pomerania, otter board tracks
are restricted to an area southwest of the Oder
Bank (SCHULZ-OHLBERG et al. 2002). The
penetration depths can reach up to 23 cm in silt
(WERNER et al. 1990), up to 15 cm in silty fine
sands (ARNTZ & WEBER 1970) and up to 5 cm
in sands (KROST et al. 1990). Much shallower
tracks are left by roller and ball gear, which ac-
cording to observations by divers can be 2 to 5
cm deep (KROST et al. 1990).

Experimental investigations with a 3 m prawn
trawl in the Baltic Sea showed penetration
depths of max. 17 mm for the chains and over 40
mm for the runners (PASCHEN et al., 2000). The
width of the otter tracks depends on the angle of
attack, which in turn is influenced by the compo-
sition of the sediments. In the case of "hopping"
otter boards, it lies between 1 and 2 m. This phe-
nomenon occurs when the otter boards pene-
trate too deeply into the soft soil and jump over
the compressed sediment. In most cases, how-
ever, the otter boards are pulled at an angle of
attack of 35° to 40° and leave tracks less than 1
m wide (KROST et al., 1990). Banked up edges
can only be clearly observed in the narrow otter
board tracks. Often the banks are rounded at
their edges, which indicates that the tracks have
been levelled by natural sediment dynamics dur-
ing heavy weather conditions. On muddy soils,
jumping tracks consisting of sediment accumula-
tions resembling a string of pearls are often ob-
served. Roller and ball tracks are rare due to
their low penetration depth, and are also easily
overlaid by otter board tracks. In areas of mud,
the otter board tracks can persist for at least 4 to

5 years (KROST et al., 1990). The formation of
turbidity plumes also plays a role in this context.
WERNER et al. (1990) were able to detect a 5-
m-high turbidity plume in Eckernférde Bay 90
minutes after a towing operation using an otter
trawl bottom net.

Historical stone removal: From around 1800 to
the mid-1970s, large stones and boulders were
taken from the shallow water areas off the Ger-
man Baltic coast for the construction of piers,
buildings and roads, among other things. In
Schleswig-Holstein, stone removal was banned
in 1976 in order not to further undermine coastal
protection measures. Stone removal was re-
stricted to water depths of up to a maximum of
20 m, with around 100 million tonnes of stones
being removed from the entire Baltic Sea (ZAN-
DER, 1991). For the Bay of Kiel, estimates by
BREUER and SCHRAMM (1988) gave about 1.5
million t of stones in the period between 1930
and 1970. This figure was corrected by BOCK
(2003) and BOCK et al. (2004) to 3.5 million t
(total quantity), whereby illegal extractions were
not taken into account. KAREZ and SCHORIES
(2005) estimate that a total of approx. 5.6 kmz2 of
settlement space for hard substrate inhabitants
were lost to stone removal off the coast of
Schleswig-Holstein. No such information is avail-
able for the coast of Mecklenburg-Western Pom-
erania. However, it can be assumed that, as in
Schleswig-Holstein, extraction activities were re-
stricted to the coastal sea area for economic rea-
sons. It can therefore be assumed that the stone
deposits in the EEZ were not affected by stone
removal.

Sand and gravel extraction: Since the 1960s,
sand and gravel have been extracted in the
southwestern Baltic Sea as raw materials for
coastal protection and the construction industry.
In the Bay of Kiel, sand was extracted between
1971 and 1981 on the Gabelsflach, the Stoller
Grund and near Kiel Lighthouse, mainly for har-
bour construction; off the coast of Mecklenburg-
Western Pomerania, sand and gravel extraction
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has been taking place since the 1960s. While no
figures are available for the period before 1989,
the extraction volume from 1990 to 2003
amounts to approximately 18 million m3. On the
Danish continental shelf, sand and gravel have
been extracted on Gedser Rev, Kriegers Flak
and Roénne Bank. Two types of extraction with
different ecological impact need to be consid-
ered: areal extraction is carried out by trailing
suction hopper dredgers and leads to the for-
mation of decimetre-deep furrows, whereas sta-
tionary extraction by anchor suction hopper
dredgers can produce funnel-like structures up
to several metres deep (ICES, 2001). Whether
and how quickly these structures become refilled
depends on water depth, sediment availability,
exposure and extraction method. Where refilling
does occur, finer-grained sediments usually pro-
vide the filler material. In gravel sand deposits in
particular, a funnel or trough-shaped topography
is retained because the recent hydrodynamic
and sedimentary processes cannot completely
refill or even regenerate the seabed, due to sed-
iment availability (ZEILER et al., 2004).

Crude oil production: Between 1984 and 2000, a
total of 3.4 million tonnes of crude oil were ex-
tracted from depths of between 1,400 and 1,600
m at the platforms Schwedeneck A and Schwe-
deneck B, which have since been dismantled,
about 4 km off the coast of Schleswig-Holstein.
There are no indications of subsidence phenom-
ena in the vicinity of the production facilities as a
result of oil production, as described for the
North Sea (e.g. FLUIT and HULSCHER 2002;
MES, 1990). Therefore, subsidence phenomena
in the EEZ can also be ruled out.

Wind turbines and platforms: Wind turbines and
platforms are currently installed almost exclu-
sively on deep foundations. To protect against
scouring, either scour protection in the form of
so-called mudmats or stone packing is deployed
around the foundation elements, or the founda-
tion piles of deep foundations are embedded
deeper into the seabed accordingly. With regard

to soil as factor, in addition to temporary sedi-
ment resuspension during installation, wind tur-
bines and platforms lead to localized permanent
sealing of the seabed. The area affected
(sealed) by platforms, which almost exclusively
use jacket foundations (without scour protec-
tion), is approx. 600 m2to 900 m? depending on
size. Wind turbines are also almost exclusively
deep foundation installations. By far the most
common type of foundation for wind turbines is
the monopile. A monopile with a diameter of 8.5
m, including scour protection, requires a surface
area of around 1400 m2,

Submarine cables (telecommunications and
power transmission): Submarine cables are usu-
ally washed in. The turbidity of the water column
increases as a result of the sediment resuspen-
sion. The extent of resuspension depends
mainly on the laying process and the fine-grain
content of the soil. In the areas with a lower fine
grain content, the majority of the released sedi-
ment will settle relatively quickly directly at the
construction site or in its immediate vicinity. The
suspension content decreases to the natural
background values due to dilution effects and
sedimentation of the stirred up sediment parti-
cles. The expected impairments due to in-
creased turbidity remain locally limited on a small
scale. In areas with soft sediments and corre-
spondingly high fine-grain contents, the released
sediment will settle much more slowly. However,
as the near-seabed currents are relatively slow
in these areas, it can be assumed that the turbid-
ity plumes will remain localized and that the sed-
iment will settle relatively close to the disturb-
ance. A substantial change in the sediment com-
position is not to be expected.

Former ammunition dumps: After the end of
World War Il, 35,000 tonnes of chemical muni-
tions were dumped east of Bornholm. The car-
goes were transported along predefined routes
from the loading ports of Wolgast and Peene-
minde to the dumping area in the Bornholm Ba-
sin. According to eyewitness reports, part of the
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cargo was jettisoned during transport. From
1994 to 1996, the BSH surveyed these transport
routes from the exit of Greifswald bodden to the
edge of the EEZ by side scan sonar and magne-
tometer at 50 m intervals to locate possible am-
munition remnants. As a result, about 100 suspi-
cious objects were identified. In the course of the
detailed inspection by the competent authority of
the German Navy, the suspicion of corroded am-
munition remnants could be substantiated for
only four objects (SCHULZ-OHLBERG et al.,
2002), which lie exclusively within the 12 nautical
mile zone.

Military exercises at sea: During naval and air
force firing exercises at sea, ammunition rem-
nants (shells of grenades and the like) drop onto
silty and sandy seabeds. Over time, they sink
into the soft silt, or silt up, and can be re-exposed
in the course of natural sediment displacement.
In addition, submarines can compress sediment
locally to varying degrees by their own weight
when they are set down on the seabed.

Navigation: Depending on water depth, type and
available amount of sediment, wrecks can be
silted up and uncovered. Depending on their
size, wrecks influence the small-scale sediment
dynamics by causing scouring in their vicinity or
sedimentation of sands in their lee. In the case
of anchoring, depending on the size of the an-
chor and the type of sediment, material is locally
stirred up to a depth of about 1.5 to 2 m. In silty
sediments a turbidity plume is formed which, due
to the size and duration of the disturbance, is
much smaller than that which results from bot-
tom trawling. In silty sediments, a turbidity plume
is created that is much smaller in scale than bot-
tom trawling due to the size and duration of the
impact.

Anthropogenic factors affect the seabed in the
following ways:

e Erosion
e Mixing

e Sealing

e Resuspension
e Material sorting
e Displacement and

e Compression (compaction).

In this way, the natural sediment dynamics (sed-
imentation/erosion) and substance exchange
between sediment and water are influenced.

For the assessment of the aspect "legacy im-
pacts”, the extent of the pre-existing anthropo-
genic pollution of the sediments and the morpho-
logical form inventory is decisive. The soil/area
as a factor is assigned a medium impact, as leg-
acy impacts do not cause a loss of ecological
function.

2.3 Water

The Baltic Sea is an intracontinental sea. The
Baltic Sea is connected to the Kattegat via the
Little Belt, the Great Belt and the @resund. The
Kattegat is connected to the North Sea via the
Skagerrak and thus to the Atlantic Ocean. Due
to the shallow water depths of the straits, there
is little water exchange with the North Sea. The
Baltic Sea covers a total area of 415,000 km?
with an average depth of 52 m (JENSEN & MUL-
LER-NAVARRA 2008). Due to its low salinity,
the Baltic Sea is brackish. Water circulation in
the Baltic Sea is characterised by the inflow of
fresh water via rivers on the one hand and the
exchange of water with the North Sea on the
other. As a result of the morphological condi-
tions, the Baltic Sea can develop significant ver-
tical salinity and temperature gradients , which
cannot be broken up by the wind-driven currents
and minimal tide (< 10 cm) (JENSEN & MUL-
LER-NAVARRA 2008, FENNEL & SEIFERT
2008).

2.3.1 Currents

Circulation in the Baltic Sea is characterised by
an exchange of water with the North Sea through
the Belts and the @resund . Near the surface,
brackish Baltic Sea water flows into the North
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Sea, while at the bottom heavier, more saline
North Sea water from the Kattegat advances into
the Baltic Sea. This inflow of saline water is hin-
dered by the Drogden Sill (sill depth 9 m) at the
southern end of the @resund and the Darss Sill
(sill depth 19 m) east of the Belt Sea. Specific
weather conditions cause saltwater intrusion to
occur sporadically, as a result of which salt and
oxygen-rich water at times flows into the deeper
eastern basins of the Baltic Sea.

During these inflow events of saltwater from the
Kattegat into the Baltic Sea, which contribute sig-
nificantly to the aeration of the deeper Baltic Sea
basins, two processes can be distinguished: On
the one hand, there are the large saltwater in-
flows, which transport large quantities of saltwa-
ter into the Baltic Sea over a period of at least
five days. During this process, large parts of the
Arkona Basin are filled up with salt water. On the
other hand, there are inflow events of medium
intensity, which occur about 3 to 5 times per win-
ter. After overflowing the Darss Sill and the Drog-
den Sill, the bottom water enters the Arkona Ba-
sin as a dense bottom current. The denser water
entering over the Drogden Sill into the Arkona

Basin flows as a relatively narrow band counter-
clockwise along the edge of the Arkona Basin. It
flows around Kriegers Flak and continues to-
wards the Darss Sill, where the saltwater flowing
in over the Darss Sill overlaps this band. From
there the band continues along the southern
edge of the Arkona Basin eastwards towards the
Bornholm Gatt, where it flows into the Bornholm
Basin (BURCHARD & LASS 2004, LASS 2003).

Model studies (BURCHARD et al. 2005) with a
simplified numerical model modify this picture:
According to these studies, the majority of the
water entering via the Drogden Sill flows clock-
wise around Kriegers Flak and influences the
sector lying in the German EEZ less than the ob-
servations and model results published so far in-
dicate. Measurements carried out using an
acoustic Doppler current profiler set on the sea-
bed east of Kriegers Flak could support these
model results. As the new model studies are lim-
ited to the inflow from the @resund only, no new
findings are available concerning the inflow from
the Belt Sea (Darss Sill). It can be assumed that
this inflow spreads eastwards mainly along the
southern edge of the Arkona Basin, and thus
also affects the deeper parts of the Adlergrund.

Table 6: Characteristic current parameters for selected positions in the western Baltic Sea.

Fehmarnbelt Mecklenburg Arkona Basin
Bay
Water depth [m] 28 26 31
Close to the surface:
Average current [cm/s] |28,7 17,7 9,6
Maximum current [cm/s] |117,6 74,8 78,0
Residual current [cm/s] |7,6 1.4 2,3
Direction [°] 347 332 184
Near the seabed:
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Average current [cm/s] |16,4 12,9 6,0

Maximum current [cm/s] 92,7 90,7 30,0

Residual current [cm/s] |6,6 2,3 0,4

Direction [°] 114 175 230

Source LANGE et al. (1991) BSH measure-

ment (2005)

In the Baltic Sea, currents are primarily caused
by the influence of wind (wind-driven current).
Where a current meets the coast, stagnation
also causes downward currents. A third factor is
the freshwater discharge of the rivers, which is
about 480 kms3/year. With precipitation and evap-
oration taken into account, there is a freshwater
surplus of 540 kms3/year, which is about 2.5% of
the water volume of the Baltic Sea. Tidal streams
are negligible in the Baltic Sea. An annual aver-
age net outflow of 8 cm/s at the surface and av-
erage inflow of 7 cm/s at the seabed are ob-
served in the Fehmarn Belt (LANGE et al. 1991).
The average speeds here are on the order of 30
cm/s at the surface and 16 cm/s at the bottom.
In the large basins east of the Belts, the near-
surface velocities are in the range of 10-18 cm/s
and 7-13 cm/s near the bottom. Table 6 shows
characteristic current parameters for the Feh-
marn Belt, Bay of Mecklenburg and Arkona Ba-
sin.

2.3.2 Sea state and water level fluctuations

For the sea state, a distinction is made between
waves generated by the local wind, the so-called
wind sea, and swell. Swell consists of waves that
have left their area of origin. Due to the small
size and irregular shape of the Baltic Sea, a fully
developed swell rarely occurs. In the Arkona Sea
the swell fraction is only about 4%. Swell has a
longer wavelength and period than the wind sea.

The height of the wind sea depends on the wind
speed and the length of time the wind acts on the
surface of the water (duration of action), as well

as on the fetch, i.e. the distance over which the
wind acts. The significant wave height (Hs), i.e.
the mean height of the upper third of the wave
height distribution, is given as a measure of the
sea state.

Seasonal variation of wind in the Arkona Sea
(1961-1990) shows the highest speeds in De-
cember at about 19 kn, with a continuous drop to
13 kn in June. After that, the wind speed rises
steadily again until the end of November. (BSH
1996). The annual average wind speed is 16.2
kn.

This annual cycle can be transferred to the aver-
age wave height of the sea state. It is just under
1.4 min December, drops to about 1.15 m by the
end of January and maintains this value until
mid-March. Then the value drops steadily to 0.7
m until the end of May. From June onwards the
wave height increases again continuously until
December.

Water level fluctuations due to tides are negligi-
ble in the Baltic Sea. The tidal range of the sem-
idiurnal tide at springs is less than 10 cm in the
German EEZ. Due to its small size, the Baltic
Sea reacts very quickly to meteorological influ-
ences (BAERENS & HUPFER 1999). Extremely
high or low water levels are primarily caused by
wind. Water levels of more than 100 cm above
or below mean sea level are known as storm
surges and reverse storm surges, respectively.
On a long-term average, these extreme water
levels are about 110 to 128 cm above and 115
to 130 cm below mean sea level. Individual
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events can lie significantly above these values.
In addition to storm surges and reverse surges,
natural oscillations of the Baltic Sea basins
cause water level fluctuations on the order of up
to one metre.

For the 20th century, the annual maximum water
levels in the Baltic Sea and the annual variability
show a statistically significant positive trend with
a significant increase in the 1960s and 1970s.
Sea level fluctuations with periods above one
year also correlate with fluctuations in the North
Atlantic Oscillation Index (NAO).

Long-term factors influencing mean sea level in
the Baltic Sea are the isostatic land uplift in the
Gulf of Bothnia (9 mm/a) and the eustatic sea-
level rise of 1-2 mm/a (MEIER et al. 2004). Esti-
mates for global sea-level rise range from 0.09
to 0.88 m by 2100, provided that the West Ant-
arctic ice sheet remain stable. If it melted, this
would raise global sea levels by up to 6 m.

2.3.3 Surface temperature and temperature
stratification

Figure 24: Climatological monthly averages of
surface temperature (1900-1996) according to
JANSSEN et al. (1999). based on the data of
JANSSEN et al. (1999), shows an area-wide dis-
tribution of monthly average surface tempera-
tures. In the climatological mean, the lowest tem-
peratures occur in February. The data set of
JANSSEN et al. (1999) comprises all available
temperature measurements from 1900 to 1996.
Summer warming starts in April and reaches its
maximum in August. The cooling phase begins
in September.

Between May and June, a strong thermal strati-
fication forms, which reaches its maximum in Au-
gust with temperature differences between sur-
face and seabed of up to 12 °C. In the course of
September, the thermal stratification decom-
poses rapidly, and in October the western Baltic
Sea is largely vertically homothermic. In the
course of September, the thermal stratification
rapidly dissipates, and in October the western

Baltic Sea is largely vertically homothermic. De-
pending on meteorological conditions, significant
deviations from the long-term average may oc-
cur in individual years.
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Figure 24: Climatological monthly averages of surface temperature (1900-1996) according to JANSSEN et al.

(1999).

2.3.4 Surface salinity and salinity stratifica-
tion
Salinity in the western Baltic Sea generally de-
creases from west to east, with horizontal gradi-
ents being particularly pronounced in the Belts
and Jresund. Figure 25 represents the mean an-
nual variation of the salinity of the surface layer
according to JANSSEN et al. (1999). The long-
term average near-surface salinity in the Belt
Sea can vary between 10 and 20 over the course
of the year, while values between 6 and 8 are
observed in the eastern Arkona Sea. The 10 iso-
haline is highlighted to illustrate the boundary be-
tween the low salinity brackish Baltic Sea water
and the more saline water flowing into the west-
ern Baltic Sea from the Kattegat through the
Belts and @resund from the west. Due to the

higher density of the saltier water, this inflow
takes place primarily at the bottom and stratifies
under the lighter surface water. The 10 isohaline
reaches its westernmost position in the summer
months and its easternmost position in Decem-
ber, when strong winter storms from the west
push water from the Skagerrak and Kattegat into
the western Baltic Sea.
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Figure 25: Monthly climatological averages of surface salinity (1900 - 1996) according to JANSSEN et al

(1999).

The stratification of salinity is shown in Figure 26,
based on the difference in salinity between bottom
and surface. Large parts of the Belt Sea and the deep
basins show year round haline stratification (water
stratification caused by different levels of salinity)
while shallow areas such as the Bay of Pomerania

are vertically homohaline all year round, or show only
very weak stratification. The haline stratification in the
Belt Sea and deep basins intensifies in spring and
reaches differences between surface and bottom sa-
linity of more than 10 in summer.
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Figure 26: Stratification of salinity in the western Baltic Sea according to JANSSEN et al (1999).

2.3.5 Ice conditions

In the Baltic Sea south of 56° N, ice does not
form regularly in winter. The large spatial and
temporal variations in ice cover are a result of the
nature and stability of the overall weather condi-
tions prevailing over Europe. Ice formation can
undergo four characteristic stages of develop-
ment, which are determined by the severity of
the winter, the regional oceanographic condi-
tions and also by coastal morphology and sea
depth. They are reflected in Figure 27 by the fre-
quency distribution of ice occurrence.

In moderately icy winters, only shallow bays ice
over completely. As they are relatively closed off
from the sea, they have no significant water ex-
change with the warmer open sea. To a lesser
extent, ice also forms on the outer coasts, espe-
cially off the eastern coast of Rigen and off
Usedom.
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Figure 27: Frequency of ice occurrence in the Baltic Sea south of 56° N in the 50-year period 1961-2010 (BSH

2012).

In severely icy winters, the surface layer of the
Bay of Kiel, Bay of Mecklenburg and Fehmarn
Belt is cooled to such an extent that ice forms on
the open sea. It grows into grey ice (ice thickness
10-15 cm). The degree of coverage is usually
less than 60% of the water surface over a large
area. East of the Darss Sill, ice occurs only in a
narrow strip off the Baltic Sea coasts, and the
degree of coverage is largely less than 60% of
the water surface.

During very rare extremely icy winters, the heat
stored in the sea area between Bornholm and
the Baltic coast — albeit significant due to the
depth of water — is also depleted, so that contin-
uous ice cover may form here. This rare state of
icing occurred in the last century in the winters of
1939/40, 1941/42 and 1946/47.

In the 50-year period 1961-2010, ice in the Baltic
Sea south of 56° N occurred with a frequency of
80 to 100% in shallow and sheltered bays, from
20 to 50% on the outer coasts and from 5 to 30%
in the open sea area.

2.3.6 Suspended particulate matter and
turbidity

The term suspended particulate matter (SPM)
refers to all particles suspended in seawater with
a diameter above 0.4 pm. Suspended matter
consists of mineral and/or organic material. The
organic part is strongly dependent on the sea-
son, with the highest values occurring during
plankton blooms in early summer. During stormy
weather conditions with a large swell, the sus-
pended particle content in the entire water col-
umn increases sharply due to the resuspension
of silty-sandy bottom sediments. The wind sea
and, in deeper water especially, the swell have
the greatest effect. In the shallow water areas of
the Baltic Sea, the sandy sediment is often cov-
ered by a layer of fluff, which gets resuspended
very easily and has a high proportion of organic
material (EMEIS et al. 2000).

In the German EEZ of the Baltic Sea, available
in-situ measurement data are highly inhomoge-
neous and insufficient for statistically reliable
conclusions. For a first estimation of the near-
surface suspended matter distribution, Figure 28
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the monthly means of the near-surface sus-
pended matter content (SPM = Suspended Par-
ticular Matter) from the MERIS®data of the EN-

VISAT satellite of the European Space Agency
(ESA) for 2004 are shown.

November

Total Suspended Matter 2004

T E. o

Figure 28: Monthly average of the total suspended particle content near the surface from the MERIS data

gathered by the ENVISAT satellite for 2004.

The highest concentrations are observed in Stet-
tin Lagoon and in the bodden. In spring, strong
freshwater runoff (due to thaw) increases the
amount of suspended particulate matter in the
Bay of Pomerania. As easterly winds prevail in
spring, suspended matter is transported mainly
along the coast into the Arkona Sea (SIEGEL et
al. 1999). The sedimentation rate in the Arkona
Basin was estimated by EMEIS et al. (2000) to
be about 600 g per m2 per year. An increased
concentration of suspended matter is also visible
year-round between the southern tip of Falster,
the Gedser Odde, and the south-eastern coast

3 Medium Resolution Imaging Spectrometer remote sens-
ing method

of Lolland above Rgdsand. This is primarily
caused by current-induced cliff erosion.

2.3.7 Status assessment with regard to nu-
trient and pollutant distribution

In general, the Baltic Sea area is a sensitive eco-
system with nutrients and pollutants remaining in
the area for long periods of time, due to limited
water exchange through the Belt Sea. Major
problems continue to result from excessive nutri-
ent loads and the resulting eutrophication phe-
nomena. By nature, nutrient and pollutant loads
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are usually higher at river mouths and coasts
and decrease towards the open sea.

23.7.1

Nutritive salts such as phosphate and inorganic
nitrogen compounds (nitrate, nitrite, ammonium)
and silicate are essential for marine life. They are
vital substances for the formation of phytoplank-
ton (microscopic unicellular algae floating in the
sea), on whose biomass production the entire
marine food chain is based. Since these trace
substances promote growth, they are called nu-
trients. An excess of these nutrients, which oc-
curred in the 1970s and 1980s due to extremely
high nutrient inputs from industry, transport and
agriculture, leads to a high accumulation of nu-
trients in seawater and thus to eutrophication.
This still continues today in the coastal regions.
As a result, there may be an increased occur-
rence of algal blooms (in the Baltic Sea particu-
larly cyanobacterial blooms), reduced visibility,
changes in species composition, and oxygen de-
ficiency near the seabed.

Nutrients

To monitor the nutrients and the oxygen content,
the Leibniz Institute for Baltic Sea Research
Warnemunde (IOW) carries out several monitor-
ing trips per year on behalf of the BSH. In the
Baltic Sea as in the North Sea, a typical annual
cycle of nutrients may be observed, with high nu-
trient concentrations in winter, followed by a
sharp decrease in concentrations with the onset
of biological activity in spring.

In spatial terms, nutrient concentrations in in-
shore waters are generally two to three times
higher than in the open sea off the outer coast,
and these differences are more pronounced for
nitrate concentrations than for phosphate con-
centrations. Particularly in the shallow areas of
the Baltic Sea, varying stratifications of temper-
ature and salinity lead to highly variable nutrient
distributions. Furthermore, in these shallower ar-
eas, exchange processes between water and

sediment — in particular the dissolution of phos-
phorus — play a major role for concentrations in
the water column.

The occurrence of oxygen-deficient areas is a
natural phenomenon in the Baltic Sea due to the
limited water exchange with the North Sea and
the permanent stratification of bodies of water in
some areas. However, eutrophication and the
associated increased decomposition of organic
material is leading to an increase in the fre-
guency, intensity and spatial extent of oxygen
deficiency. As the release of phosphorus from
sediment occurs particularly in the presence of
oxygen deficiency, this further increases eu-
trophication.

Although transport of phosphorus and nitrogen
compounds by German tributaries to the Baltic
Sea has been decreasing since the 1990s, the
eutrophication problems of the Baltic Sea are
only decreasing very slowly due to this internal
fertilization. The follow-up assessment under the
EU Marine Strategy Framework Directive
(MSFD) therefore concludes that 100% of the
German Baltic Sea continues to be eutrophi-
cated (BMU 2018). The greatest exceedance of
the concentrations of dissolved inorganic nitro-
gen (DIN) was found in the Bornholm Basin, due
to the influence of the Oder plume. The same ap-
plies to the concentrations of total nitrogen (TN)
and total phosphorus (TP). The evaluation (ex-
cept for TN and TP as additional national indica-
tors) is based on the HELCOM Eutrophication
Assessment Tool HEAT 3.0, which classifies the
entire Baltic Sea — with the exception of smaller
areas in the northern Baltic Sea and Kattegat —
as eutrophicated (HELCOM 2017).

2.3.7.2

The deeper areas of the western Baltic Sea are
characterised by oxygen depletion in summer.
The intensity of oxygen depletion depends on
meteorological (temperature, wind) and hydro-
graphic (stratification) factors, and the level of
nutrient inputs from the drainage basin. The year

Oxygen
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2002 represents an extreme situation with ex-
treme oxygen depletion especially off the Danish
and Schleswig-Holstein coasts. Hydrogen sul-
phide was widespread, with its negative conse-
guences for seabed fauna. In the deep basins of
the central Baltic Sea, the frequency and inten-
sity of saltwater influx from the North Sea, which
is necessary for water renewal and aeration, has
decreased significantly since the mid-1970s. In
the last 30 years, significant inflow events were
only observed in 1983, 1993 and 2003. In be-
tween there have been long periods of stagna-
tion with significant concentrations of hydrogen
sulphide in deep water.

Due to limited water exchange with the North
Sea, the bottom morphology, and the permanent
haline stratification, periods of stagnation regu-
larly occur in the deep waters of the central Baltic
Sea. Salinity and oxygen concentrations are de-
creasing and considerable accumulations of hy-
drogen sulphide are being formed. Deep water
can only be renewed by saltwater inflows, which
transport salt and oxygen-rich water into the
deep basins.

2.3.7.3 Metals

The metals cadmium, mercury, lead and zinc
show a characteristic spatial distribution with a
gradient decreasing from west to east in the sur-
face waters of the EEZ (cf. BMU, 2012b). The
elements lead, cadmium and mercury are below
the reference values. On the basis of current
knowledge, the above-mentioned metal pollution
of seawater does not pose an immediate threat
to the marine ecosystem.

23.74

The more polar compounds such as the HCH
isomers and modern pesticides (triazines, phe-
nylureas and phenoxyacetic acids) are present
in the water at much higher concentrations than
the more lipophilic, "classic" pollutants such as
HCB, DDT, PCBs and PAHs. From 2012-2018,
the herbicide diflufenican exceeded the thresh-

Organic pollutants

old values along the coast of Mecklenburg-West-
ern Pomerania (within 1 nautical mile) (MSRL
Status Report 2018).

The HELCOM indicator for the new priority sub-
stance perfluorooctanesulphonic acid (PFOS)
shows concentrations in water significantly ex-
ceed the threshold values, especially along the
coasts. The lipophilic chlorinated hydrocarbons
(HCB, DDT and PCB) are found in water only in
very low concentrations (mostly < 10 pg/L). Pol-
lution is generally higher near the coast than in
the open Baltic Sea. No temporal trends can be
observed due to the high variability and limited
data available.

The Baltic Sea is polluted with organotin com-
pounds, which were frequently used as ship
paints in the past. Dibutyltin (DBT), for example,
shows an exceedance in the Unterwarnow. The
HELCOM indicator for TBT indicates an exceed-
ance of the threshold value in the Baltic Sea
(HELCOM 2018, MSRL Status Report 2018).

Pollution of Baltic Sea water with petroleum hy-
drocarbons is low. Identification of the individual
components shows that the aliphatic hydrocar-
bons come mainly from biogenic sources. The
concentrations of PAHs are also relatively low
and do not show any particular spatial distribu-
tion. The content of more highly condensed
PAHs (4-6-ring aromatics) increase near the
coast, which is largely due to a higher sus-
pended matter content. Due to the high variabil-
ity, no time trends can be observed for any of the
different hydrocarbon classes, but there are sea-
sonal differences, with highest values in winter
(PAH). Exposure to toxically relevant PAHs is
two to three orders of magnitude below those
concentrations at which the first signs of carcino-
genic effects were observed in animal experi-
ments (VARANASI 1989).

Most concentrations of pollutants in the Baltic
Sea waters are at similar levels to the German
Bight. Slightly higher concentrations of DDT
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have been observed in the Baltic Sea. The val-
ues are also slightly higher for y-HCH. The con-
centrations of a-HCH are about three times and
those of B-HCH at least ten times higher than in
the North Sea. In contrast to the southern North
Sea, the spatial distribution in the western and
central Baltic Sea is characterised by the ab-
sence of major input sources. For this reason,
gradients are small or non-existent. Long-term
trends have only been found for the HCH iso-
mers. Here, significant decreases in concentra-
tions can be observed both in the short and long
term.

Pollutants in the water of the Baltic Sea that ex-
ceed the threshold values are mainly pollutants
that are already regulated or banned. However,
due to the persistence of these substances, only
a slow decrease in concentrations can be ex-
pected. The introduction of further pollutants
would lead to increased pollution of the Baltic
Sea.

2.3.7.5 Radioactive substances (radionu-

clides)

The Chernobyl accident and subsequent fallout
have significantly altered the inventory of artifi-
cial radionuclides, in particular Cs-134 and Cs-
137, with significant deposits in the Gulf of Both-
nia and the Gulf of Finland. In the years following
the accident, these high levels of contamination
were also transported into the western Baltic Sea
by the surface waters. The radioactive contami-
nation of the Baltic Sea has decreased in recent
years. Because the water exchange between the
Baltic Sea and North Sea via the Danish straits
averaged over many years is so low, the radio-
activity introduced by Chernobyl remains in the
water of the Baltic Sea for a long period of time.
The concentrations of Cs-137 still increases
slightly towards the east, the focal point of the
fallout from Chernobyl. Concentrations of Cs-
137 are still higher than the levels before the
Chernobyl accident in April 1986, which coin-
cides with the HELCOM threshold (15 Bg/m3)
(HELCOM 2018). Concentrations are expected

to be below this threshold in the next status re-
port in 2024.

Among the artificial radionuclides, this nuclide
contributes the most to a possible dose via the
"seafood consumption” exposure route. How-
ever, a significant dose from this source or from
time at sea or on the beach is not to be expected.

2.4 Plankton

Plankton includes all organisms that drift in the
water. These mostly very small organisms form
a fundamental component of the marine ecosys-
tem. Plankton includes plant organisms (phyto-
plankton), small animals and developmental
stages of the life cycle of marine animals, such
as eggs and larvae of fish and benthic organisms
(zooplankton), as well as bacteria (bacterio-
plankton) and fungi.

2.4.1 Data availability and monitoring pro-

grammes

In the Baltic Sea, regular surveys of phytoplank-
ton and zooplankton have been carried out since
1979 under the Helsinki Convention (HELCOM).
Within the framework of the COMBINE monitor-
ing programme of HELCOM, investigations into
both phytoplankton and zooplankton have been
carried out by the countries bordering the Baltic
Sea, using a large-scale station network in the
Baltic Sea. This data is now freely available
through the International Council for the Explo-
ration of the Sea (ICES). In addition, coastal wa-
ters are sampled for plankton within the frame-
work of the national marine surveillance for the
Baltic Sea.

In the western Baltic Sea, the Leibniz Institute for
Baltic Sea Research Warneminde (IOW),
among others, examines plankton samples from
stations in the coastal waters and in the German
EEZ as part of the national monitoring pro-
gramme. The German EEZ of the Baltic Sea has
been covered by a total of 5 stations since 1979:
one in the Bay of Mecklenburg, one at the Darss
Sill, two in the Arkona Sea and one at the Oder
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Bank. The IOW takes two samples per year (on
the outward and return journey) at each station
on a total of five trips. In addition, the number of
samples per station is adjusted based on the
prevailing water stratifications (thermocline and
halocline), so conclusions can be made on the
vertical distribution of plankton. Vertical sam-
pling is particularly relevant for the detection of
zooplankton, as different communities occur at
different depths within the water column. In
2015, a total of 65 samples were taken. The
monitoring missions took place in February,
March, April/May, July and October/November.
However, there is no continuous sampling of
plankton. This means that understanding of the
occurrence of plankton communities is incom-
plete. In particular, long-term changes in plank-
ton and the causes cannot be tracked precisely.

2.4.2 Spatial distribution and temporal var-
iability of phytoplankton
Phytoplankton is the lowest living component of
the marine food chains and comprises small or-
ganisms, mostly up to 200 um in size, which are
taxonomically classified as belonging to the plant
kingdom. They are microalgae, either consisting
of a single cell or being able to form chains or
colonies of several cells. Phytoplankton organ-
isms have a predominantly autotrophic diet, i.e.
through photosynthesis they are able to use the
inorganic nutrients dissolved in water to synthe-
sise organic molecules for growth. Phytoplank-
ton also includes microorganisms that are het-
erotrophic, i.e. they can feed on other microor-
ganisms. There are also mixotrophic organisms
that can feed auto- or heterotrophically, depend-
ing on the situation. Many microalgae, for exam-
ple, are able to change the type of nutrition in the
course of their life cycle. Bacteria and fungi also
form separate groups phylogenetically (in terms
of evolutionary history). When looking at phyto-
plankton, bacteria, fungi and those organisms
that are closer to the animal kingdom due to their

physiological properties are also taken into ac-
count. In this report the term phytoplankton is
used in this extended sense.

Around 800 different phytoplankton species oc-
cur in the Baltic Sea (WASMUND 2012). Phyto-
plankton of the western Baltic Sea include the
following important taxonomic groups:

o diatoms (bacillariophyta),
o dinoflagellates (dinophyceae),

e microalgae or microflagellates of different
taxonomic groups, and

o blue-green algae (cyanobacteria). These
dominate fresh and brackish water areas. In
waters with low salinity, such as the Baltic
Sea, this group can be very abundant.

The phytoplankton serves as a food source for
organisms that specialise in filtering the water for
food intake. The primary consumers of phyto-
plankton include zooplanktonic organisms such
as copepods and water fleas (Cladocera).

The special nature of the Baltic Sea as a semi-
enclosed sea also leads to special ecological
characteristics, and shapes the occurrence of bi-
ological communities. Overall, the Baltic Sea is
characterised by limited species diversity (biodi-
versity). The brackish water of the Baltic Sea has
salinity that decreases from 20 PSU in the west
to 1 PSU in the eastern area. The water masses
of the Baltic Sea also show strong stratification.
As a result, the spectrum of species includes
both marine and freshwater species. The special
conditions in the Baltic Sea also mean that the
marine food chains are highly sensitive to
changes.

The occurrence of phytoplankton depends pri-
marily on the physical processes in the water col-
umn. Hydrographic conditions, in particular tem-
perature, salinity, light, currents, wind, turbidity,
topography and exchange processes influence
the occurrence and biodiversity of phytoplank-
ton. The direct dependence of phytoplankton on
light for photosynthesis restricts its occurrence to
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the euphotic zone of the pelagic. The depth of
the euphotic zone depends on the clarity or tur-
bidity of the water. The turbidity of the Baltic Sea
varies greatly between different regions. Turbid-
ity has increased dramatically over the past 25
years in many regions of the Baltic Sea. The in-
crease in turbidity has favoured the growth of
blue-green algae, and often leads to excessive
blue-green algal blooms in summer. However, in
2015, blue-green algal bloom in the whole Baltic
Sea remained below the extent observed in re-
cent years. This was due to the lower sea sur-
face temperature (SST) in the summer months
compared to previous years.

Aside from the physical processes, the concen-
tration of nutrients dissolved in the water deter-
mines the abundance and biomass development
of phytoplankton. In addition, the distribution and
abundance of plankton is affected by various
other natural and anthropogenic factors. In the
North Sea and Baltic Sea area, for example, the
North-East Atlantic Oscillation (NAO) is vital for
the natural succession of plankton. River dis-
charge also influences the development of
plankton — both through freshwater runoff and
through nutrient and pollutant transport. Some
plankton species or developmental or resting
stages also use the sediment as a habitat. How-
ever, the actual habitat of the plankton is the wa-
ter masses. Therefore, unlike the benthos, for
example, spatial delimitation of habitat types is
only possible to a very limited extent for plank-
ton. The hydrographic properties of water
masses are more decisive for associations of
plankton species.

Seasonal phytoplankton growth in the Baltic Sea
shows fixed patterns. Salinity, water depth, and
how long the water remains at a certain location
determine the occurrence and development of
phytoplankton (THAMM et al. 2004). In spring,
shallow coastal waters warm up more quickly
and favour the growth of phytoplankton. In addi-
tion, nutrient inputs via rivers favour growth.

The spring bloom is usually dominated by diatom
species. Spring algal blooms are triggered by the
accumulation of nutrients in the preceding winter
months, the increase in light intensity and the re-
sulting warming of the water.

The spring bloom in the Bay of Mecklenburg in
2015 was not dominated by diatom species as is
usually the case. Instead, dinoflagellates, dicty-
ochophyceae and prymnesiophyceae domi-
nated. However, the Bay of Mecklenburg is a
very diverse system, so these shifts could also
be due to measurement inaccuracies. In the Ar-
kona Sea, the bloom started with Mesodinium
rubrum. In mid-March, the bloom was dominated
by diatoms (WASMUND et al. 2016a). The bound-
ary between different bloom formations usually
runs between the western and central Baltic Sea
at the Darss Sill. In 2015, this boundary ran
along the eastern Bay of Mecklenburg. The
spring bloom grew until mid-March 2015 and dis-
appeared in mid-April, with nitrate being the lim-
iting nutrient factor this year (WASMUND et al.
2016a).

Each year, different species of diatoms such as
Thalassiosira levanderi, Skeletonema costatum,
Thalassiosira baltica, Dictyocha speculum and
Chaetoceros sp. provide the spring algal bloom.
In May the diatoms usually stop blooming ab-
ruptly. At the same time, dinoflagellates in-
crease. In particular, dinoflagellates are then
found in high concentrations even in deeper ar-
eas (15 m). It is likely that flagellates use nutri-
ents from deeper water layers or low concentra-
tions of regenerated nutrients. Gymnodinium sp.
and Peridiniella sp. are among the most common
taxa of dinoflagellates (WASMUND et al. 2005). In
the summer months of July and August, blue-
green algae occur in high concentrations and of-
ten cause extensive blooms. Blue-green algal
blooms are favoured by salinity values between
3.8 and 11.5 PSU, temperatures around 16°C,
insolation above 120 W/m2 (daily averages) and
wind speeds of less than 6 m/s. The develop-
ment of blue-green algal blooms comes to an
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end when weather conditions deteriorate (low in-
solation or strong winds) (WASMUND 1997). In
autumn, diatom blooms develop again, but these
are very weak compared to spring blooms (WAs-
MUND et al. 2005). Over the past 30 years, the
species composition of diatoms has been chang-
ing continuously in the summer and autumn
bloom. The species of the diatom genera Skele-
tonema and Chaetoceros are successively being
replaced by Ceratulina pelagica, Dactyliosolen
fragilissimus, Proboscia alata, and Pseudo-
nitzschia spp.

Eutrophication is a major threat to the Baltic Sea
marine ecosystem. The concentration of chloro-
phylla in the water, as a measure of phytoplank-
ton biomass, provides information on the degree
of eutrophication. In the Arkona Sea, the concen-
tration of chlorophylls in the water is much lower
than in the Bay of Finland or the northern Baltic
Sea (HELCOM 2004). Between 1993 and 1997,
average primary production in the Arkona Sea
varied between 37 mg C*m per day in January
to February and 941 mg C*m2 per day in June
to September (WASMUND et al. 2000).

Series of measurements by the IOW from 1979
to around 1995 show a significant increase in
chlorophyll, concentration during this period.
Since this time, measurements have been at a
consistent high level, or have decreased slightly
(WASMUND et al. 2016a). The high nutrient con-
centrations (mainly nitrate and phosphate) intro-
duced in the 1970s affected the proliferation of
spring blooms in particular, while summer and
autumn blooms remained largely constant in
character. The Bay of Mecklenburg is an excep-
tion, with a continuous decrease in spring bloom
since measurements began in 1979 (WASMUND
et al. 2016b).

2.4.3 Spatial distribution and temporal var-
iability of zooplankton

Zooplankton includes all marine animals that
drift or migrate in the water column. Zooplankton
plays a central role in the marine ecosystem,

firstly as the lowest secondary producer within
the marine food chain as the food source for car-
nivorous zooplankton species, fish, marine
mammals and seabirds. On the other hand, zo-
oplankton has a special significance as a primary
consumer (Grazer) of phytoplankton. Eating
away or grazing can stop the algae bloom and
regulate the degradation processes of the micro-
bial cycle by consuming the cells.

In the Baltic Sea, the succession of zooplankton
shows a pronounced seasonal pattern. Maxi-
mum abundances are generally reached in the
summer months. The succession of zooplankton
is of critical significance for secondary consum-
ers of the marine food chains. Predator-prey ra-
tios or trophic relationships between groups or
species regulate the balance of the marine eco-
system. Temporally or spatially staggered occur-
rence of succession and abundance of species
leads to the interruption of food chains. In partic-
ular, temporal displacement, so-called trophic
mismatch, results in food shortages at different
developmental stages of organisms, with effects
on the population level.

Zooplankton is divided into two large groups
based on the survival strategies of the organ-
isms:

e Holozooplankton: The entire life cycle of or-
ganisms takes place exclusively in the water
column. Among the best-known holoplank-
tonic groups of significance for the Baltic Sea
are crustaceans such as copepods and cla-
docera (water fleas).

¢ Merozooplankton: Only certain stages of the
life cycle of organisms, mostly the early life
stages such as eggs and larvae, are plank-
tonic. The adult individuals then change over
to benthic habitats or join the nekton. These
include early life stages of bristle worms, bi-
valves, snails, crustaceans and fish. Pelagic
fish eggs/fish larvae are abundant in mero-
plankton during the reproduction period.
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In 2015, merozooplankton was particularly abun-
dant in the Bay of Kiel, but reached below-aver-
age abundances in the Arkona Basin and the
Bay of Mecklenburg. Among the main represent-
atives were larvae of polychaetes and mussels
(WASMUND et al. 2016a).

The genera Acartia and Oithona, belonging to
the holozooplankton, were the main representa-
tives among the copepods in 2015 with Acartia
biflosa as the most abundant species (WAS-
MUND et al. 2016a). As mentioned above, marine
invertebrates have various stages of develop-
ment that occur in plankton (e.g. larvae). The dis-
persal of larvae largely determines the occur-
rence and population development of both nek-
tonic and benthic species. The transport, disper-
sal and successful settlement of larvae are of
particular importance for the spatial distribution
of the species and the development of their pop-
ulations. The dispersal of larvae is determined
both by the movements of the water masses
themselves and by endogenous or species-spe-
cific characteristics of the zooplankton.

Environmental factors that may influence larval
dispersal, metamorphosis and settlement in-
clude sediment type and structure, meteorologi-
cal conditions (particularly wind), light, tempera-
ture and salinity. Two transport mechanisms in-
fluence the dispersal of the larvae and their set-
tlement in the final habitat: horizontal advection
of the larvae with the prevailing current direction,
and diffusion through small-scale and
mesoscale turbulence, i.e. mixing processes in
the water body. Field studies have shown that
larval settlement can take place both locally and
far removed. The dispersal of larvae from coastal
waters is mostly regulated by frontal zones be-
tween coastal waters and the open sea. How-
ever, the larvae have a limited ability to migrate
vertically within the water column to reach areas
that allow them to cross the boundary, such as
areas of increased turbulence. Each species of
organisms develops strategies that help the lar-

vae to spread and settle successfully. Such strat-
egies, which ultimately ensure the survival of the
species, range from adjusting reproduction time,
depth and area to vertical movements of the lar-
vae and active crossing of boundary layers. Lar-
val competence, or maintaining the ability to ini-
tiate metamorphosis until favourable conditions
arise, regulates the success of individuals of
each species in settling in the species-specific
habitat (GRAHAM & SEBENS 1996).

The characterisation of habitat types due to the
presence of zooplankton is difficult. As already
explained for phytoplankton, the zooplankton
habitat is actually made up of water masses. A
characterisation of water masses and associ-
ated zooplankton is therefore useful. When dif-
ferentiating water masses, it is not the spectrum
of zooplankton species populations that is im-
portant, but rather the proportion of the respec-
tive species, especially key species, in the com-
position of the associations.

In Baltic Sea biocoenoses, a shift in vertical dis-
tribution occurs due to the variability in salinity.
This phenomenon was described by REMANE
(1955) as submergence. Animals of the eulittoral
and supralittoral zone tolerate greater fluctua-
tions in salinity than animals of the sublittoral or
the deep sea. They can therefore penetrate fur-
ther into brackish water than deep sea species.
Only a few species can also penetrate the
depths, namely those that are carnivorous. How-
ever, the phenomenon of brackish water sub-
mergence is not unique to the Baltic Sea, but is
typical of brackish waters (REMMERT 1968). In
the Bay of Kiel, for example, the copepod Oi-
thona similis occurs near the surface in concen-
trations of several thousand individuals per m3.
East of the faunistic boundary of the Darss Sill,
on the other hand, this species is found in deep,
salty water. Sampling at the Arkona Sea station
after the saltwater inflow of 2003 showed that
with increasing water depth, the abundance of
this species increased from 2,400 females per
m?3 in the upper 5 m to 31,500 females per m?
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between 18 and 22 m water depth (WASMUND et
al. 2004).

On average, 22 zooplankton taxa occur in the
Baltic Sea each year (WASMUND et al. 2005).
However, only 12 taxa were encountered year-
round in the period from 1999 to 2002 (POSTEL
2005). In general, spectrum of species, abun-
dance and dominance conditions depend on the
prevailing hydrographic and meteorological con-
ditions and the development of the phytoplank-
ton. Saltwater influxes from the North Sea supply
the Baltic Sea ecosystem with marine species
such as the copepod Paracalanus parvus and
the anthomedusa Euphysa aurata. The arrow-
worm Sagitta elegans occurs after the autumn
and winter storms.

During long periods of stagnation, on the other
hand, the brackish water copepod Limnocalanus
macrurus occurs frequently in the southern Bal-
tic Sea (POSTEL 2005). Mild winters and warm
summers also influence the occurrence and
abundance. For example, thermophilic species
such as the copepods Acartia tonsa and Eury-
temora affinis occur more frequently in particu-
larly warm summer months. The occurrence of
merozooplankton is controlled by the oxygen
conditions on the seabed and the reproduction
cycles of benthic organisms.

In 2015, significantly more zooplankton taxa
were recorded at 9 IOW stations from the west-
ern Baltic Sea to the western Gotland Basin than
in previous years. 61 taxa were registered in
2015, while 45 taxa were identified in 2014 and
52 taxa in 2013. This species increase is at-
tributed to a strong saltwater influx from the
North Sea in the previous year (WASMUND et al.
2016). The most recent comparably strong influx
occurred in 1880 (Mohrholz et al., 2015, Nausch
et al., 2016). Among the most numerous new
species that occurred were Acartia clausi,
Calanus spp., Centropages typicus, Corycaeus
spp., Longipedia spp., Oithona atlantica and
Oncaea spp.

High abundances of cladocera (water fleas) are
usually found in the waters of the Bay of Meck-
lenburg and the Arkona Basin. In 2015, however,
no occurrence of Cladocera could be detected
(WASMUND et al. 2016a). Zooplankton develop-
ment in the Bay of Mecklenburg and the Arkona
Basin in 2015 was characterised by early growth
compared to previous years. This led to an early
population maximum in spring (March), usually
reached in summer/autumn. Overall, zooplank-
ton abundances have been declining since
2000. This trend continued in 2015. With 130 x
103 individuals per m3, the total zooplankton
abundance was at its lowest level since 1995
(WASMUND et al. 2016a).

2.4.4 Status assessment of plankton

Based on the findings presented, only very lim-
ited conclusions can be drawn about the state of
the plankton and the resulting effects on marine
food chains. Firstly, there is a lack of consistently
implemented monitoring programmes and long-
term series of measurements to identify or differ-
entiate between natural processes and anthro-
pogenic changes in plankton development. Sec-
ondly, the influence of physical processes or hy-
drodynamics on plankton is profound. For exam-
ple, phytoplankton data is of limited use in distin-
guishing between the effects of eutrophication
and natural processes (ICES 2004).

The entire ecosystem of the Baltic Sea has un-
dergone changes in recent years. Anthropogenic
influences and climate change, in addition to nat-
ural variability, govern these changes. From the
beginning of the 1980s onwards, slow changes
and, in 1987/1988