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North Sea – Observation and Assessment of Habitats (NOAH Synthesis)
Summary
In the first phase of the NOAH project (2013 – 2016) we have built (and are still expanding) a
comprehensive geodatabase of seafloor properties in the German Bight of the North Sea
(“habitat atlas”). In this project we propose to exploit this geodatabase to operationalise
indicators of good environmental status (GES) and to evaluate and develop techniques to
manage risks to GES. This involves four necessary steps. First, the analyses of
sedimentological, geochemical, biological and human impact data of statistically distinct
sediment provinces. Within these provinces, we have identified 9, alledgedly homogeneous
reference areas for extensive field work during the first phase of NOAH. Second, field work in
these 9 areas in the North Sea German Exclusive Economic Zone (EEZ) will be concluded in
the first year of this project and data raised in seasonal and interannual resolution will be
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upscaled to the entire area by geospatial modeling that exploits statistical relationships
between physical, sedimentological, chemical and biological properties recognized in
empirical and modeling approaches. The co-operation with partner project SECOS will
harmonise sediment classification, pollution indicators and the methodological approaches to
estimate bottom trawling effort in the entire German EEZ of the North and Baltic Seas. Third,
emphasis in modeling efforts (climatogical variability in hydrodynamics, diagenetic flux rates
of nutrient elements, and substrate-resolved benthic-pelagic coupling) will be placed on
constraining variability in space and time and defining the corridor of natural variability of sea
floor properties, their intrinsic rates of material cycling, and of benthic-pelagic interaction in
the southeastern North Sea. Fourth, the data base of the “habitat atlas” and scenarios of
future developments in the North Sea EEZ will be integrated into a conceptual framework for
an ecosystem-based risk assessment in the North Sea EEZ. This entails risk identification,
risk analyses and risk assessment of human pressures on seafloor integrity. The approach
will be cross-sectoral and will address aspects of nature protection, offshore wind farm
development, and changing fishing intensities in space and time.
The progress in creating the habitat atlas (www.noah-project.de) and products derived from it
will be publicised in the form of an interactive data portal. It has been designed for maximum
interoperability with other web-based platforms and will be transferred to an appropriate
institutional home for future augmentation, maintenance, and publication at the end of the
project.
Relation to call for proposals, international and national efforts
The project addresses points 2.1. and 2.2 of the call („Küstenforschungsagenda für Nordund Ostsee“, 2011; KüNO) within the BMBF programme „Forschungen für Nachhaltige
Entwicklungen“ (FONA3). FONA3 stipulates research and innovation efforts suited to increase
quality of life and competitiveness of Germany´s society, intelligent and sustainable use of
resources, and protection of common goods climate, biological diversity, and the sea. NOAH
2 focuses on charting the natural environment and explores consequences of multiple and
often interacting pressures on marine ecosystems in the EEZ of the North Sea. Multiple
sectoral uses (e.g., nature conservation, fisheries, offshore wind farming, aggregate mining)
and pressures (pollution, eutrophication) have the potential to affect the ecology and
biogeochemistry of the sea floor and possibly compromise their ecosystem services to
society.
The project directly addresses two main objectives of the national Coastal Research Agenda:
It creates basic knowledge suited to better understand the functioning of coastal marine
ecosystems, characterises important habitats including benthic biota, develops descriptors
and indicators for GES, and designs and tests tools and methods for application to
management. The specific focus on sea floors in NOAH addresses the second objective: To
elucidate interactions between biological, physical and chemical components in regulating
exchange and transport processes, and benthic-pelagic coupling.
Internationally, NOAH research is relevant to Descriptor 6 (seafloor integrity) of the Marine
Strategy Framework Directive (MSFD) and also relates to the Descriptors 1 (Biodiversity), 4
(Food Webs) and 8 (Contaminants). The characterisation of the sea floor as part of D6 also
entails the definition of substrate types and sediment attributes that directly define habitats.
The NOAH project, through its partnership, integrates a broad range of ongoing activities
concerning seabed habitat mapping, including the standardization and harmonization of
geological data and information, geological and biological modelling, and the development of
geo-data infrastructures. Many of the related European projects (e.g., EUSeaMap 2,
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MAREANO) aim to contribute to and comply with strategic visions on long-term research
requirements, community needs and scientific advice.
For any habitat mapping project, data standardization and harmonization is a necessary
step. The NOAH partnership invests in this important subject by taking into account
conceptual frameworks of geo-data programmes and infrastructures such as Geo-Seas
(marine geological and geophysical data), EMODnet (European Marine Observation and
Data Network), and INSPIRE (Infrastructure for spatial information in the European
Community). As an example, NOAH already adopts common Implementing Rules (IR) for
metadata as well as for network services and maintenance to ensure data compatibility and
usability in a transboundary context.
On a data-interpretation level, much progress in NOAH has been made in indicator
development and assessment. Such information is an important research priority in the EC’s
Marine Knowledge 2020 initiative and thus, subject of several transnational projects (e.g.,
DEVOTES, BENTHIS, VECTORS). To this end, NOAH research directly adds value and
innovation to the ecosystem-approach to marine management, acknowledging the political
momentum for sustainable development of European seas.
Finally, the NOAH project, through its partners BSH and TI, maintains excellent cooperation
with ICES and OSPAR expert groups. These are engaged in, for example, effect monitoring
of contaminants, integrated North Sea assessment and development of MSFD indicators.
Within a broader, political context, NOAH research thus feeds directly into scientific advice,
and partners are actively involved in international cooperation.
Nationally, NOAH contributes vitally to the consortia assembled under the Agenda for
Coastal Research in the North and Baltic Seas (KüNO) that jointly support the dual aims of
developing adaptive management and governance decision support towards sustainable
blue growth and GES. Central to achieving this goal is to implement a target-oriented, multidirectional communication with relevant policy stakeholders and management authorities.
This will be facilitated through stakeholder engagement at workshops organised by KüNO,
and through active participation at policy meetings and on related websites (like
meeresschutz.info). The backbone of the NOAH 2 communication strategy will be an
ongoing and targeted two-way communication with key persons from local and federal
authorities to ensure their respective organisations are aware of and guide our output
materials, and are receptive to exploiting the potential of our work. Many of these contacts
and relationships have already been established by our two partner federal agencies
(Bundesamt für Seeschiffahrt und Hydrographie and Thünen-Institut für Seefischerei), who
are strongly involved in the national implementation processes of Marine and Maritime
policies.
Project Description and Goals
The collaborative research effort in NOAH has been creating a geo-referenced inventory of
seafloor properties in the German Exclusive Economic Zone of the North Sea (“Habitat
Atlas“: http://www.noah-project.de/habitatatlas/index.php.de) since 2013. This growing digital
atlas compiles observation and model data of sedimentological, physical, chemical, biological
properties, including their seasonal and interannual variability, and anthropogenic pressures
(bottom fisheries and contaminants). The data and derived products are the basis for
assessing sea floor state (a descriptor in the definition of GES in the MSFD), for mapping
seafloor functions in the North Sea ecosystem and in material cycles, and as a growing
repository of empirical and model data relevant to guide decisions on future sea floor uses.
North Sea - Observation and Assessment of Habitats
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In the course of the NOAH project and parallel efforts in the Baltic Sea, there has been
intense discussion on the definition of the term “(marine) habitats”. NOAH is guided the
definition by Diaz et al. (2004) for its approach to assemble data and maps in a “habitat atlas”
that is a suitable basis for ecological assessment: “A framework for ecological assessment
should:
(i)
(ii)
(iii)
(iv)
(v)

delineate, or classify, regions of habitat that can be quantitatively defined (in time or
in space) according to their physical, chemical and biological character
identify clear relationships between anthropogenic disturbance and key ecological
attributes of the target habitat
assess and monitor the status of ecosystem performance relative to recent historical
system states and suitable reference sites
incorporate predictive models and other theoretical approaches
be of high relevance, communicable, robust from an analytical and statistical
standpoint, and be able to meet environmental legislative criteria.”

Adopting this definition, NOAH provides an inventory of seafloor habitats and benthic
ecosystems in the form of a habitat atlas that is the central deliverable of our project (Work
Package 1). An observational programme (WP 2) has begun to establish mean states and
associated variability (in space and at seasonal resolution) of effects of physical forcing,
pollution, intrinsic exchange rates across the sediment-water interface, biological diversity,
bioturbation potential and trophic structure of the benthic communities. During 14
interdisciplinary expeditions, such observation data have been raised in 9 areas chosen to
represent statistically defined sediment types and spanning gradients in biological
productivity, fishing pressure, and pollution (Figure 1); these data will be complemented and
upscaled to the entire EEZ in the second phase of NOAH. The empirical data base is a
precondition for the modelling work package (WP 3) that will employ new long-term
simulations of environmental conditions to serve as predictors for benthic communities and
morphodynamics on the one hand, and will be the principal tool to upscale observations of
material fluxes across the sediment-water interface on the other hand. Together with a
spatially, temporally and substrate- resolved modell of energy flows in food webs this will
provide full coverage maps of simulated conditions (energy, S/T) and an assessment of their
variability, including uncertainty envelopes and definition of a corridor against which future
developments can be gauged. Concepts for ecosystem-based risk assessment and
ecological and economic risk management of prevailing anthropogenic pressures (WP
4) will be developed based on data and modelling activities in other WPs. For this, multiple
pressures of natural and anthropogenic origin will be integrated into a common framework to
estimate the risk of undesirable effects on seafloor integrity for different management
scenarios. To optimally exploit this knowledge base for political and management decision
processes, crucial steps in the second phase will be a) to complement the habitat atlas by
expanding it to the entire EEZ of the North Sea and – together with partner projects in KüNO
– in the Baltic Sea, b) to supply information on uncertainty of extrapolations and temporal
and spatial variability of the physical environment, and c) to operationalise state indicators
needed for the definition, assessment and forecasts of GES, which in turn feed into d) riskbased decision-support tools. We expect to reach these goals by organizing our work in four
work packages. For each of the work packages, we briefly state progress achieved in the first
phase of NOAH identify goals for this project, and outline the way for successful completion.
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Figure 1: Grain-size-based clusters of homogeneous sediment (colored grid boxes where >3 samples
have the same grain size characteristics; clusters derived from Principal Component Analysis of
granulometric properties) with NOAH station areas A – I (each 5nm x 5nm with 5 sub-stations each) in
the German EEZ of the North Sea (thin line). Grey areas mark existing or planned areas of offshore
wind farms as one example of human pressures. White grid boxes outline areas with no samples or
those areas where existing data differ in grain size properties.

NOAH WP1: Habitat characteristics and habitat atlas
(lead: Kröncke/SNG; Emeis/HZG)
The data infratructure and substantial data pools have been created during phase 1
(www.noah-project.de/habitatatlas), but the crucial step to spatial and temporal extrapolation
will be taken in phase 2. The observational data raised at the 9 type localities representing
statistically different sea floor types in the EEZ have so far been collated in „fact sheets“ and
will be merged with model data for the extrapolation and tested for robustness in the entire
study area. During phase 1 we concentrated on identifying bivariate relationships between
benthic fauna (composition, abundance, function), environmental factors (physical and
chemical) and anthropogenic pressures (trawling intensity) (e.g., Neumann et al., subm.). In
phase 2 the assembled data will be merged by statistical habitat modeling (Figure. 2). This
main goal of WP 1 will be achieved by using the geoinformation in the habitat atlas to
characterise benthic habitats in the spatial domain of the German EEZ in the North Sea and
beyond, and to provide spatially explicit distribution maps of benthic species and
communities and their functions as part of the atlas. Here, habitats are understood as
products of diverse natural environmental variables and anthropogenic influences which are
related to geographically defined areas of species and communities, including their
interaction with different substrates (bioturbation, compaction, oxygen demand). Such explicit
information feeds back into WPs 2 and 3 (extrapolation of bioturbation potential and fluxes of
oxygen, nutrients and pollutants). Combining natural and anthropogenic influences/stressors
North Sea - Observation and Assessment of Habitats
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will enable us to estimate sensitivity and resilience of given benthic communities and food
webs against changes in the physical environment (warming, changes in salinity and energy
at the sea floor, oxygen depletion) and extant or impending human pressures (pollution,
trawling) – vital information for work in WP 4 on integrated risk assessment.

Figure.2: Principal steps in statistical habitat modeling

In addition, the work on benthic indicators of the MSFDs descriptors 6 will be completed in
phase 2. Sixteen benthic indicators as well as their pressure-state relationships in relation to
fishing disturbance were identified in cooperation with WP 4 during phase 1. In phase 2 we
aim to make these indicators operational by using an approach for time-series based
benchmarking developed by Probst & Stelzenmüller (2015) in phase 1. Operational
indicators together with full coverage maps of benthic communities and habitats will advance
the development and validation of the Bayesian belief network in phase 2 (WP 4), which was
set up in phase 1 as a tool for environmental risk assessment.
Work programme and methods
The main focus in WP1 is to model the spatial distribution of benthic key species and
communities by using the geoinformation gathered in the habitat atlas in phase 1. These
information will be used for a comprehensive benthic habitat classification in the German
EEZ in close cooperation with the partner project SECOS in the Baltic Sea. Both projects will
use statistical habitat models such as MAXENT as a central analytical tool, which are
empirical models using full spatial coverage data of environmental variables to predict
distribution patterns of species and communities. The results will be integrated into the
“habitat atlas” which is regarded as an important information system for decision-makers,
stakeholders and scientists.
In cooperation with WP2 we will study the influence of bioturbation on biogeochemical
processes, pollutant gradients and sediment properties and will extrapolate the bioturbation
potentials analysed for the NOAH focus areas in phase 1 to meaningful assessment scales
(German EEZ and beyond). In cooperation with WP3 we will use benthic long-term data for
time dynamic simulations with the food web model Ecosim in phase 2.
To complete the work on benthic indicators initiated in phase 1 we will adopted a two-stage
approach for the benchmarking and assessment of time series (TSBA) (Probst &
Stelzenmüller, 2015) on epibenthic long-term series data to operationalize benthic indicators.
The approach combines breakpoint analyses with short-term trend analysis to assess
temporal changes in the time series of an indicator metric.
NOAH WP 2: Inter- and extrapolation of physical and biogeochemical processes and
pollution (Lead: Winter/MARUM; Witt/HAW)
WP 2 defines mean states and extremes, and quantifies spatial and temporal variability of
habitats based on observations at the sediment-water interfaces of 9 station areas in the
North Sea - Observation and Assessment of Habitats
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German EEZ (see figure 1). Scientists in this WP test the assumption that processes specific
to certain habitats (small-scale energy dissipation, fluxes of solutes and gases across the
sediment-water interface), pollution (inorganic and organic), and the effects of benthic fauna
on fluxes and sediment properties in the working areas can be extrapolated to larger areas of
similar sediment properties and habitat character. NOAH WP 2 aggregates and statistically
evaluates the empirical data to derive mean states and associated variability (in space and at
seasonal resolution) of effects of physical forcing, pollution, intrinsic exchange rates across
the sediment-water interface, biological diversity, bioturbation potential and trophic structure
of the benthic communities. This contribution of empirical work is vital to to the entire project,
because uncertainties in model-derived extrapolations must be identified and corrected. An
illustrative example is the observation-based improvement of model-derived permeabilities of
different sediment types that determine flux rates of gases and solutes across the sedimentwater interface (Figure 3) and are of prime importance for modelled diagenesis processes.
NOAH 1 has employed statistical correlations between grain size and organic carbon
concentrations, and hydrophobic organic compounds (HOC) and heavy metals to produce
distribution maps of these pollutants in sediment and pore waters for the habitat atlas. This
information (examples in Figure 4) is a first step towards defining evidence-based, substratedependent thresholds for heavy metal pollution hot spots and will be extended to near
coastal areas based on new data. The data on dissolved HOCs in pore waters (the phase
relevant for organisms) are novel and were obtained at some NOAH stations with passive
samplers; additional sampling campaigns are needed to improve resolution with respect to
sediment types, and other hydrophobic compounds, which in pre-industrial situations may be
assumed to be absent, will be evaluated in Phase 2. Also, a limited effort will be directed to
evaluate HOC partitioning between sediment, pore water and benthic organisms.
Work programme and methods
Field work on turbulent erosion and transport processes at the sea floor will come to
conclusion in the first year of NOAH 2, as will the acoustic mosaicking of 9 NOAH work
areas. Concentrating on model verification and quantifying model uncertainty in
extrapolation, limited continuation of field experiments on local and temporal variability in the
9 working areas is required to bridge the gap between observation at the small scale to
spatially contiguous and modelled state assessments. One focus here is on the development
of transfer functions between results of ground covering ship-based observation techniques
(ADCP, multibeam echosounder) and small-scale in-situ observations with benthic landers
registering small-scale sediment dynamics and hydrodynamic forcing.
A second focus is on expanding the insufficient data base of solute and gas exchange
processes and rates across the sediment-water interface, and their dependence on and
interaction with benthic fauna. Employing autonomous benthic chambers (including a new
lander designed for operation in the vast areas of sandy sediments in the German EEZ) and
ex-situ techniques of pore water retrieval, scientists at HZG will complement the existing data
under institutional funding. Together with benthic biologists and sedimentologists they
provide a much-needed data set on oxygen and nutrient fluxes and denitrification for different
seasons and sediment types to be used for validating diagenesis models in WP 3 and in
partner project MOSSCO.
A third focus is on pollution, pollution indicators, and effects on benthic fauna. After rigorous
statistical tests in phase 2, the WP will upscale the existing concentration data to large areas
of the EEZ (jointly with WPs 1 and 3) and extend the analysis (with KüNO partner projects
StopP and MOSSCO) to sedimentological (granulometry) and geochemical (organic carbon,
North Sea - Observation and Assessment of Habitats
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pollutants) states and processes (denitrification) in German territorial waters (<12 nm; in
response to demands by external users).

Fig. 3: Observed (Neumann & Möbius, pers. comm. 2015) and modeled (NOAH) permeabilities of
surface sediments in the German EEZ. Lower right: comparison of calculated and observed
permeabilities before and after correction. Upper right: corrected map of permeability based on grain
size data.

Figure.4: (a) Extrapolated %TOC in sediment fraction <20 m (HZG), (b) Pb concentration in the <20
m sediment fraction (HZG), and(c) free concentration of fluoranthene (a polyaromatic hydrocarbon) in
pore waters of the German EEZ (HAW).

Together with SECOS organic pollutants in the Baltic Sea will be characterized and pollution
status assessed in the entire German EEZ. Development of pollution through time will be
reconstructed by analyses of selected pollution indicators in dated sediment profiles, an effort
that aims to establish unpolluted background conditions. Exposure to pollution and possible
effects on benthic organisms (mussels and polychaetes) will be traced from sediment to pore
water and organisms. Chemical-toxicological screening test (luminous bacteria) after
chromatographic separation of sediment extracts and analysis of compounds will be
performed to estimate toxicity of pollution mixtures in sediments. An important carrier phase
for pollution is material in the benthic boundary or “fluffy” layer: This fine-grained and organicrich material is easily resuspended from sediments and transports pollutants over wide
distances in repeated cycles of settling and resuspension. It is frequently sampled with
North Sea - Observation and Assessment of Habitats
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standard multicorer supernatant water and will be analysed to discern differences from
sediments in pollution composition and croncentrations. Passive samplers will be deployed
for several weeks at stations of the national monitoring program MARNET (BSH) in the Baltic
Sea and North Sea in sediment and bottom water to determine direction of pollutant
exchanges.
The results expected from these novel analyses and experiments in the German EEZ will
show if modern and integrative sampling techniques are suited for use in national and
international monitoring procedures (OSPAR, HELCOM and MSFD). One of the most
promising parameters to gauge environmental threat of organic pollutants is their free
concentration in water and pore water combined with biotests as an established indicator for
organismic effects. Our data will to our knowledge be the first to evaluate impacts of pollution
in sediments, in the pore-water and suspended matter phases on benthic organisms (GES
descriptors 8 and 9). The results will be incorporated into the risk assessment framework
described in WP 4 below.

NOAH WP 3: Integrative modeling (Lead: U. Callies/HZG; C. Möllmann/UniHH)
This work package has three tasks: Evaluation and provision of model data on physical
forcing (kinetic energy and related properties; Figure 5), temperature and salinity average
and extreme states at the sea floor from a 3D hydrodynamic model simulation (1985-2010,
possibly to 2015). In phase 1 we resorted to exploring and utilizing a long-term 2D-integration
(CoastDat) and extracted data sets for individual years (www.noah-project.de), to be
replaced by data from the new integration. The second task is the simulation and quantitative
estimates of solute and gas fluxes across the sediment-water interface (focus is on nutrient
and oxygen fluxes, and denitrification); these model data for different sediment types and
boundary conditions base on existing and new observational data from WP 2 and will be
used for upscaling measurements at NOAH stations to the entire seafloor in the German
EEZ (and beyond, where input data permit), including uncertainty estimates. Third, the WP
models energy fluxes in food web models differentiating different substrate types and benthic
communities. In NOAH 1 we adapted the program „Ecopath with Ecosim” (EwE) to the food
webs of the southern North Sea with emphasis on a realistic representation of the benthic
communities in different habitats. Starting with a static Ecopath energy flow model we
successively included temporal (Ecosim) and spatial (Ecospace) simulation components.
First trials reproduced the variability in space and time of benthic-pelagic coupling in the food
webs and have been used to explore consequences of different strategies for fisheries.
The first goal of WP 3 for the second project phase is to describe and quantify the multi-year
to multi-decadal variabilities in physical boundary conditions (with WP 1) based on the new
3D hydrodynamic model simulation. The seond is to design a BN for diagenesis modeling
adapted to the range of boundary conditions present in the German Bight (in cooperation
with and with a fundamentally different approach to the explicit diagensis modeling approach
taken by MOSCCO). Finally, WP 3 will explore temporal and spatial variability in food webs
that are specific to different habitats, explore their internal dynamics and their resilience
against external pressures (changes in natural boundary conditions such as warming, and
relocation of fisheries hot spots and changes in trawling practices).

North Sea - Observation and Assessment of Habitats
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Work programme and methods
As in phase 1, work towards the first goal (specifying multi-year to multi-decade
hydrodynamic mean state and extremes at the sea floor for a grid in the southern North Sea)
will be done under HZG institutional funding.

Figure 5: Examples of model-derived forcing and consequences for seafloor properties.

The basis for extraction of data is a new model simulation spanning the period 1985 to 2010
with a model TRIM-NP nested configuration that ranges from 12.8 km grid size in the NE
Atlantic Ocean to 1.6 km grid size in the German Bight and includes river runoff. Data on S/T
and energy at the sea floor (waves/tides/currents) and derived seafloor properties and
process (e.g., sediment resuspension, bedload transport, incidence/frequency of bedform
formation and character) will be made available as time series (netCDF) and as maps of
mean states, extreme states, and variabilities in the habitat atlas. We plan to implement webbased routines to enable users to extract data in time for any given grid box. These activities
will be carried out by HZG scientists under institutional funding.
Explicit coupled modeling of hydrodynamics, ecosystem dynamics (NPZD-models) and
diagenetic processes and fluxes across the sea floor is computationally expensive and often
a poor rendition of reality (Figure 6).

Figure 6: Observed benthic oxygen consumption with different empirical methods aggregated for an
annual cycle in two types of sediment (Helgoland and NOAH station C) and modeled respiration fluxes
in a 10-year simulation using the so-called “MPI model”. Seasonality is much stronger and rates during
warm and biologically active seasons in observations are much higher than in the model. SANDY and
NUSOBS are two benthic landers with chambers. Ex-situ refers to shipboard incubations.

We will design and calibrate a BN after analysis of critical parameters that govern benthic
fluxes in data (WP 2) and in Monte-Carlo simulations of a standard model of diagenesis
North Sea - Observation and Assessment of Habitats
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(OMEXDIA) by systematically varying boundary conditions of sediment properties
(temperature, porosity and permeability), organic matter rain rates and sediment organic
carbon concentrations, and the implicit roles of different benthic communities in bioturbation
over the ranges characterizing the seafloor types/habitats in the German EEZ of the North
Sea. Most of the data necessary for this originate from the habitat atlas. By iteration we will
optimise the model responses to fit observed fluxes in different sediment types (from WP 2)
and along gradients in putative critical (but at this time not yet identified) variables. This
configuration will be used to compute matrices/lookup tables of time-resolved
(seasonal/interannual) flux estimates for oxygen and nutrients under any given range of
conditions for different substrate types and localities in onshore-offshore gradients of the
EEZ. It will then be tested against results of denitrification estimates in the more elaborate
and computationally expensive explicit diagenesis model in MOSSCO. If the results meet our
expectation these lookup tables will the basis for a web-based tool to extract time- and placeresolved diagenetic fluxes from the habitat atlas. We envision this tool as a fast and reliable
“black box” for any ecosystem model, suitable also to accommodate scenarios of altered
temperatures, oxygen saturation states, and sea floor uses (e.g., extensive wind farming,
trawling practices, and altered hydrodynamic forcing).
Food web modeling in WP 3 will result in habitat-specific representations of energy flows and
benthic-pelagic coupling resolved in space and time in the habitat atlas. The model will be
used for scenaric exploration of the single and joint effects of altered trawling intensities due
to wind farms and rising temperatures (via temperature-reproduction relationships) on food
webs. Food web component dynamics in time and space from model runs are analysed with
multivariate statistical techniques (principal component analysis, common factor analysis) to
produce “heatmaps“ of variability in time and maps of variability in space. Based on analyses
of change points (jointly with WP 4) we expect to be able to identify regime shift behavior on
short time scales and thresholds of unstable system states, including resilience against
changes in external pressures (temperature, energy, and human sea floor uses including
trawling). The EwE software output enables calculation of several ecosystem attributes, such
as average trophic level, total biomass, and respiration/biomass ratios from model runs.
These attributes will be put in context of several MSFD indicators (diversity, commercial fish
populations, and food webs to test their sensibility. Using modern regression techniques,
such as Threshold Generalized Additive Models, we expect to identify thresholds for the
novel indicators. This will be an important contribution to the risk assessment framework (in
particular to “risk identification analysis and evaluation“) to be developed in WP 4 of NOAH 2
(see below).

NOAH WP 4: Risk assessment and management
Lead: G. Kraus (TI), H. Held (UniHH)
WP 4 integrates results and data of the other WPs and develops a comprehensive
framework for risk assessment and management. This framework will apply the wellestablished Bow-Tie analysis approach, which in a second step will be populated with
qualitative and quantitative information from WP 1-3 complemented by expert knowledge
using BNs to deal with uncertainty. The correlative BN approach will be extended by a nonlinear modeling approach, to deal with threshold like ecosystem responses. The final risk
assessment and management framework will address economic and ecological interdependencies and includes new thresholds emerging from previously unobserved
interactions.
North Sea - Observation and Assessment of Habitats
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To achieve this, the steps towards risk identification and analysis performed within the first
phase of NOAH are crucial. The spatially resolved data of the habitat atlas enable the
estimation of the vulnerability of several ecosystem components and the likelihood and
magnitude of pressures on a common spatial scale. As a precursor, we already developed a
risk analysis tool, the disturbance indicator (DI), to spatially evaluate the impact of bottom
trawling to benthic communities (Figure 7; Stelzenmüller et al., 2015).

Fig. 7: Indicator of the potential disturbance (Disturbance Indicator, DI) of benthic infauna by bottom
trawling activities in the German EEZ. DI is the ratio between the average fishing-induced mortality
rates and the recovery potential of the prevailing benthic communties. In the underlying example
highest mortality rates were assigned to beam trawling targeting flatfish (mainly sole).

DI describes the ratio between trawling effort induced mortality and the recovery potential of
the prevailing infaunal community. DI>1 indicates that local mortality rate due to fishing
exceeds the recovery potential of the community. As a first step towards risk evaluation, the
spatially resolved data were transferred into a BN to evaluate the effects of fishing effort
displacement due to area closures for windfarms or the implementation of Natura 2000 sites.
In the scenario shown in Fig. 7 the DI never exceeded 1. The BN modeling results however
indicated that the risk of locally increasing DI is growing when effort displacement takes
place due to implementing wind farms or protected areas. This would contradict the goals of
the MSFD, that is improving seafloor integrity and thus achieving good environmental status.
So far,risk evaluation of cumulative impacts on seafloor integrity and communities has not
been done. Conflicts between sectors were similarly not in focus and present management
systems are still sector-specific and cross-sector coherence in management is widely lacking
(although the MFSD aims at achieving this). For NOAH 2 we thus envisage the development
of a comprehensive cross-sector risk assessment and management framework that can be
used as a decision support tool for integrated management. Relevant questions to be
answered are: What effects have pressure gradients (e.g., near zero intensity in
environmental protection areas to areas of intensive uses by multiple economic activities) on
the function and resilience of benthic ecosystems and habitats? How to integrate multiple
uses into a management framework that minimizes risk to ecosystems and services?
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The framework will use data compiled in the habitat atlas and the expert knowledge in NOAH
about relevant processes and relationships. Further, there is a strong need for a close
interaction with potential users and interest groups of such a framework, including
representatives from governmental organisations, nature conservation, or industry to identify
risks and develop mitigation and adaptation strategies. Both will form the basis for the 2-step
cross-sectoral risk assessment and management framework consisting of the qualitative
Bow-tie analysis and the probabilistic BN plus non-linear threshold modeling approach, which
together allow for comprehensive evaluation of integrative management strategies.
In a BN data usually are required to be discretized or only linear regulatory relationships can
be captured. However, many ecological responses to human pressures, and the human
pressures themselves, are of non-linear, often threshold-like nature. Therefore, an extension
of the linear modeling approach is envisaged, where the focus lies on understanding the
economic incentives driving these pressures, especially with regard to management. In
NOAH 2 the dynamic economic-ecological model developed in NOAH 1 to account for this
will be extended to include more than a single economic sector and, complementary to the
BN approach, will be used for evaluation of management strategies focusing especially on
non-linear responses of interacting effects between offshore-wind-farms and fisheries.
Work programme and methods
We will follow a 2-step risk assessment and risk management approach, of which the first is
a qualitative Bow-tie analysis, which is a graphical way to describe and analyse the pathways
of a risk from hazards linked to the outcomes of management measures. It is a tool to review
and assess the system of management control and so supplements quantitative cause and
effect and impact assessment tools, which we will apply in step 2 for an effective risk
evaluation of different management scenarios.
Bow-tie diagrams are explicitly useful to communicate uncertainties of specific effect chains.
They have recently been used to analyse problems in ecosystem management contexts
(e.g., EU-projects VECTORS, DEVOTES). NOAH 2 will build on phase 1 to conceptually
analyse and depict the pathways of single or multiple, cumulatively acting pressures. We will
follow a structured approach to identifying cause-effect relationships by involving interest
groups and representatives of governmental organizations, nature conservation, or industry.
The participation in national management expert groups as well as targeted interviews with
identified key stakeholders and scientists will be in focus of NOAH activities, not the least to
identify preventive and mitigation measures acceptable for environmental management. The
final product will be a mosaic of interdependent bow-tie diagrams that represent both,
consensual cause-effect chains of complex interacting components, as well as management
oriented control mechanisms. The insights gained from the bow-tie analysis will be translated
into probabilistic networks (BNs). As in bow-tie analysis, different networks can be chained,
and management strategies can be evaluated quantitatively based on likelihoods. This
evaluation looks at manageable stressors (e.g., fishing intensity, pollution, wind farms) and
pressures, which are beyond immediate control (e.g., warming; increased storminess), in
parallel. Including spatially resolved data from the habitat atlas will allow for spatially explicit
risk analyses and evaluations, which is to our opinion essential to assess GES. Overall,
bottom trawling is a major source of risk to seafloor integrity in the EEZ. As such, temporal
and spatially resolved data on bottom trawling intensity need to be analysed within NOAH 2.
The data will be the basis for testing management options (area closures, gear type
changes, etc.) bracketing locally increasing or decreasing impacts on the seafloor.
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The BN-approach is further complemented by a dynamic model, which is suitable to project
nonlinear behavior, while including the interaction between ecology and economy. The
ecosystem module is a multi-box stock-based model, with individual stocks for each species.
The economy module includes utility maximizing households as well as profit maximizing
harvesting firms. The design of management options is based on total discounted intertemporal utility. Furthermore, bifurcations may cause abrupt changes in the response
variable, i.e. a threshold response such as the collapse of a fish stock. The early warning
method, to allow for additional information about the proximity to a threshold and robustified
by Kalman filtering in NOAH 1, will be included in the model. Then such non-linear responses
will be included in the management strategy evaluations and optimizations performed in
NOAH 2, also utilizing cost-risk-trade offs developed at CEN. The model will be extended by
including wind energy generation as a second pressure analogously to the already existing
components, allowing analysis of feedbacks in consumer demand, fisheries and ecology.
Parameterization of the model will be based on NOAH results complemented by expert
knowledge collected for WP 4. The predicted harvesting pressure scenarios, as well as
newly discovered risks and thresholds, will where appropriate be fed back into BN models
and thus inform the comprehensive risk assessment and management framework of WP 4.

Project Management, Organisation of Work Flow, and Data Handling
The collaboration in NOAH is organised by HZG with Prof. Emeis as co-ordinator who is
supported by an institutionally funded project secretariat and scientists organising projectrelated data and dissemination issues. The principal duty of the coordinating body is to
facilitate and guide interaction amongst the project partners, to monitor progress towards
milestones and deliverables, and to interact with other consortia under the KüNO agenda in
scientific planning and matters of data management. Internally, each of the four WPs in
NOAH is led by two senior scientists who supervise organisation of topical, WP-specific
research, and flow of information on thematic work in the WPs and within the entire project.
Our work in the first phase has tremendously benefitted from scheduled and ad-hoc
meetings related to topical work in the WPs and specific overarching issues shared by all
WPs, and this practice will be encouraged and supported by the project secretariat in the
second phase. The KüNO consortium organises annual meetings of all projects, and in
addition NOAH holds internal project meetings at least once per year. These meetings serve
to monitor work progress and attainment of milestones, and define steps to be taken next,
and includes organisation of field work. The co-ordinator and project office also serve as the
interface to joint education (summer schools) and outreach efforts of the KüNO secretariat.
Based on the milestones and deliverables enumerated in the four WPs of NOAH and
detailed in the individual partner contributions appended to this lead proposal, a generalised
diagram of work flow over the 3-years project is depicted in Figure 8.
Data and information handling
Data handling follows a two-pronged approach. Our principal information outlet is the NOAH
website (http://www.noah-project.de/) designed as a full CMS version and in a rmanner that
facilitates display on diverse platforms (smartphones, tablets, computers). It also monitors
access frequency and IP addresses of users and visitors, so that we will be able to optimize
our contents and manner of presentation, and track effects of dissemination efforts.
Within NOAH, GIS datasets in a raster format are held in a geodatabase (ArcSDE) and
published via a web map service (wms). These map services are integrated in the NOAHNorth Sea - Observation and Assessment of Habitats
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Project homepage through the habitat atlas. For the GIS datasets standardized metadata are
available. The metadata scheme meets the ISO 19115/ ISO 19139 specification. Via a
catalog service for the web (csw) the metadata can be integrated into any other portal
supporting state-of-the-art metadata techniques (MDI-DE, KüNO). The metadata (xml-files)
include information to the map services, hence by importing the metadata to other portals,
maps can be bound to the respective portal. Through the use of keywords metadata are
searchable by certain search patterns. It is intended to allow a harmonized search, e.g. for
parameter names in coordination with other data provides.
Data from expeditions and results of subsequent analyses in the laboratories are stored in a
database using a Relational Database Management System (MS SQL Server). Additionally,
describing metadata is assigned to each data value. Metadata cover e.g. geographical
information as well as analysis details. The infrastructure for downloading the data is in
progress. Therefore web services are established to deliver the data by certain filter options
in different formats. Also a link to publications via digital object identifier (DOI) is planned.

Requested funds
Table 1 shows an overview of funds requested for this synthesis phase of the NOAH
collaborative research project (01.04.2016 – 31.03.2019). It is a compilation from the
individual partner contributions that detail the items, state the need, and describe (where
applicable) their own contribution in their work package descriptions (in German).
Table 1: Overview of the project financial budget
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Figure 8: Management plan for project NOAH 2 including tasks of co-ordination and contributions of
partners to WP goals. Details are given in the individual descriptions by partner institutions.
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II Zusammenfassung des Leitantrags
Der Projektverbund NOAH untersucht die Eigenschaften und Funktionen des Meeresbodens
in der Deutschen Ausschließlichen Wirtschaftszone der Nordsee und angrenzender
Meeresgebiete. Das Motiv für das Projekt ist die fortschreitende Nutzung des Meeresbodens
(z.B. durch Grundschleppnetzfischerei, die Installation von Windenergieanlagen), ohne dass
eine systematische Erfassung der Habitateigenschaften in Bezug auf physikalische,
sedimentologische, biogeochemische und biologische Eigenschaften, ihrer räumlichen und
zeitlichen Variabilität, und ihrer intrinsischen Ökosystemleistungen vorgenommen wurde.
Weiteres Motiv sind zunehmende Nutzungskonflikte, die in bisherigen Risikoanalysen
vorwiegend sektoral und nicht in ihrer Gesamtheit betrachtet wurden. Hier wird ein neuartiger
Ansatz verfolgt, der wesentliche menschliche Drücke gemeinsam betrachtet und daraus
entstehende Risiken bewertet. Die Arbeitsziele des Verbundvorhabens beziehen sich auf die
Punkte 2.1. und 2.2. der „Küstenforschungsagenda für Nord- und Ostsee“ und die
Aufgabenfelder „Ressourcen intelligent und schonend nutzen“ und „Gemeinschaftsgüter
Klima, biologische Vielfalt und Meere schützen“ der Vorsorgeforschung für Nachhaltigkeit
(FONA3).
Im Projekt arbeiten Institute der Ressortforschung (Thünen-Institut und Bundesanstalt für
Seeschiffahrt und Hydrographie), der Universitäten (Universität Bremen, Universität
Hamburg und Hochschule für Angewandte Wissenschaften Hamburg), der LeibnizGemeinschaft (Senckenberg) unter Koordination des Helmholtz-Zentrums Geesthacht
gemeinsam an einem Habitatatlas der deutschen AWZ. Die Arbeiten sind in vier
Arbeitspaketen strukturiert und umfassen 1) die systematische Analyse existierender Daten
zu sedimentologischen, geochemischen, biologischen Eigenschaften und menschlichen
Einflüssen und ihre Extrpolation auf die gesamte AWZ der Nordsee. 2) Gezielte
Felduntersuchungen dynamischer, chemischer, und biologischer Prozesse an 9
ausgewählten Stationen, die typisch und repräsentativ für Sedimentprovinzen in der
südöstlichen Nordsee sind. 3) Die Nutzung von numerischen Modellen zur Interpolation
dieser Prozesse auf die gesamte Deutsche Bucht und längere Zeiträume, zur Ableitung von
mittleren Eigenschaften an der Sediment-Wasser-Grenzschicht sowie zur Abschätzung der
natürlichen Baseline (guter Umweltzustand) ohne menschliche Einflüsse. 4) Die Entwicklung
eines Konzeptes zur ökosystembasierten Risikobewertung von anthropogenen Belastungen
auf den guten Umweltzustand des Meeresbodens in der AWZ sowie eines
Entscheidungshilfewerkzeugs für ein sektorübergreifendes Management.
NOAH ist Teil eines Konsortiums von Projekten unter der „Forschungsagenda Nord- und
Ostsee“ des BMBF, in dem NOAH sich den Meeresböden der Deutschen Bucht widmet.
Obwohl unser Fokus im Rahmen des Projektes zurzeit nicht auf einer wirtschaftlich
verwertbaren Entwicklung liegt, stellt der zu schaffende Habitatlas eine wichtige Bewertungsund Planungsgrundlage im Rahmen der nationalen und internationalen Verpflichtungen zur
nachhaltigen Nutzung des Meeres dar. In diesem Zusammenhang kooperiert NOAH eng mit
den staatlichen Stellen und Institutionen, die für die Umsetzung der MeeresstrategieRahmenrichtlinie der EU verantwortlich sind. Gleichzeitig werden die Daten des Habitatatlas
über das NOAH-Portal der institutionellen und öffentlichen Nutzung zur Verfügung gestellt.
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III Verwertungsplan des Projektverbundes NOAH
Wirtschaftliche Erfolgsaussichten
Das unmittelbare Ziel unseres Projektes ist nicht die kommerzielle Nutzung, sondern die
wissenschaftliche Begleitung des gesellschaftlichen und politischen Interesses an der
nachhaltigen Nutzung der Meeresumwelt. Obwohl die wirtschaftlichen Ziele nicht unser
zentrales Anliegen sind, können Anwendung aus dem aufgebauten Datensystem in Betracht
gezogen werden, die dann u.a. auch eine wirtschaftliche Verwendung der von NOAH
geschaffenen Daten erlauben.
Wissenschaftliche und/oder technische Erfolgsaussichten
Das NOAH- Konsortium vertritt alle relevanten Disziplinen und verfügt über alle Ressourcen,
die zur erfolgreichen Durchführung des Projekts nötig sind. Die Mitglieder des Konsortiums besonders das koordinierende Institut sowie die nicht-universitären Partner - haben seit
Jahren gemeinsam oder individuell vorbereitende Arbeiten durchgeführt. Die Innovation des
Projekts besteht in der Zusammenführung von existierenden Daten, Modelldaten und
Beobachtungsdaten zu einem gemeinsamen Datensatz. Wichtig für das wissenschaftliche
Gelingen war die Definition des gemeinsamen Produkts „Habitatatlas“ sowie der
Einzelschritte in den einzelnen Arbeitspaketen, die zu diesem Produkt in seiner Struktur und
seinem Inhalt führen. Diese Einzelschritte und Beiträge sind in der Meilensteinplanung
dargestellt. Mit der hier vorgeschlagenen Zielsetzung und Zusammenstellung des
Konsortiums
wird
einer
gemeinsamen
Aufgabenstellung
der
Küstenund
Schelfmeerforschung Rechnung getragen, die gemeinsam von Forschungsinstituten und
Behörden sowie der Ressortforschung im Ausschreibungstext der Forschungsagenda Nordund Ostsee formuliert wurde.
Es existieren eine Vielzahl von relevanten Daten, die im Habitatatlas zusammengeführt,
vereinheitlicht und verarbeitet wurden und werden. Besonders die Langzeitaktivitäten von
BSH, TI und SNG stellen hier den Grundstock an Beobachtungsdaten dar; die
Langzeitentwicklung des physikalischen Rahmens wird durch Modelldaten des HZG
wiedergegeben. Wir sind auch überzeugt, dass die notwendigen Feld- und Laborarbeiten im
Zusammenspiel mit den beteiligten universitären Projektpartnern erfolgreich weitergeführt
werden können. Das Beprobungs- und Kartierungsprogramm des Projekts NOAH ist sicher
gestellt durch bereits bewilligte Heincke-Expeditionen im Jahr 2016 (2017 in Beantragung)
sowie Schiffszeit, die von den Projektpartnern TI und SNG bereitgestellt wird.
Besonderes Gewicht hat die Koordination der logistischen und wissenschaftlichen Arbeiten
in diesem Projekt, wie sie in der 1. Phase des Vorhabens erfolgreich durchgeführt wurde. Es
ist zu erwarten, dass die erfolgreiche Zusammenarbeit zwischen der koordinierenden
Einrichtung (HZG) mit den Partnerinstitutionen auch in Phase 2 weitergeführt werden kann.
Wissenschaftliche und wirtschaftliche Anschlussfähigkeit
Das Vorhaben NOAH zielt gemeinsam mit den anderen Forschungsprojekten der
„Forschungsagenda Nord- und Ostsee“ auf einen Beitrag zur Erdsystemforschung im
Themenkomplex „Umwelt und Nachhaltigkeit“. Die systematische Erfassung der
Meeresbodeneigenschaften schafft die wissenschaftliche Grundlage für eine auf Daten
basierende Zustandserfassung des Meeresbodens, für die Definition nachvollziehbarer
Kriterien eines guten Zustands, und für eine Abschätzung von Risiken für diesen Zustand.
Diese Daten sind unmittelbar relevant für Bewertungen zum Umweltzustand der Gewässer in
der deutschen AWZ im Rahmen der Meeresstrategie-Rahmenrichtlinie. Sie helfen, einen
guten Umweltzustand zu identifizieren, zu indizieren und nachvollziehbare Kriterien
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aufzustellen, wie Veränderungen dieses Umweltzustands bestimmt werden können und
welche Risiken die Entwicklungsrichtung birgt.
NOAH ist in eine Reihe von ähnlichen Projekten assoziiert, die auf europäischer Ebene
agieren (z.B., EUSeaMap 2, MAREANO). Besonders wichtig ist dabei die Sicherstellung von
Datenkompatibilität, -standardisierung und –harmonisierung. NOAH stellt sicher, dass die
Daten im Habitatatlas internationalen Konzepten und Richtlinien folgen, z.B., Geo-Seas,
EMODnet (European Marine Observation and Data Network), und INSPIRE (Infrastructure
for spatial information in the European Community).
Im Rahmen von NOAH werden GIS Datensätze in einer zentralen Geodatenbank verwaltet
und über einen Server als Kartendienste (Mapservices) bereitgestellt. Die Datenbanken sind
kompatibel mit einschlägigen Standards in Bezug auf Metadaten sind, sodass volle
Interoperabilität mit Datenportalen wie MDI-DE gewährlistet ist. Zu jedem
Kartendienst/Parameter stehen bislang die Metadaten und WMS-Services zur Verfügung.
Die Infrastruktur für den Datendownload wird vorbereitet. Hierfür wird entweder ein Link
mittels digital object identifier (DOI) bereitgestellt bzw. der Download als Tabelle/Shapefile
(GIS-Datensatz) möglich sein. Datensätze, die für NOAH aufbereitet wurden, werden noch
im Verlauf der Phase 1 mit einem DOI versehen und sind somit zitierbar.
Schließlich ist NOAH durch zwei seiner Partner (BSH und TI) direkt mit Expertengruppen von
ICES, OSPAR und HELCOM verbunden.
Schutzrechtsanmeldungen
Es sind derzeit keine Schutzrechtsanmeldungen für das Verbundprojekt NOAH geplant oder
abzusehen.
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