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System Analysis and Modelling

Long-term changes of coastal systems

Long-term global climate simulations - Climate Globe Visualizations
Birgit Hiinicke, Frauke Feser, Eduardo Zorita, Sebastian Wagner

coastDat — Regional Reconstructions and Scenarios
Ralf Weisse

coastDat — Deriving Added Value I|: Offshore wind energy
Beate Geyer

coastDat — Deriving Added Value II: Ecosystem modelling
Ute Daewel

Risk management and Climate Change Adaptation as social process
Beate Ratter, Birgit Gerkensmeier

Providing information — enabling knowledge.
The Northern German Coastal and Climate Office.
Insa Meinke

Model Capacity Development with special focus on coastal impacts of
natural and anthropogenic stressors

North Sea-Baltic Sea regional coupled models: atmosphere, waves and ocean
Joanna Staneva, Ha Ho-Hagemann, Burkhardt Rockel

Ocean forecasting for the German Bight — from regional to coastal scales
Emil Stanev, Johannes Schulz-Stellenfleth, Joanna Staneva

Regional, Coastal and Estuarine Numerical Modelling on Unstructured Grids
Emil Stanev, Johannes Pein, Benjamin Jacob, Richard Hofmeister

Analysis of offshore windfarm wakes in the German Bight
Johannes Schulz-Stellenfleth

Loss of primary producers due to benthic bivalves and bivalves on offshore wind farms
Kai Wirtz, Carsten Lemmen

Organic matter input drives macrobenthic community structure and behaviour
Anja Singer, Wenyan Zhang, Kai Wirtz, Carsten Lemmen

Socio-cultural values in marine and coastal policy — the case of wind energy
Andreas Kannen
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Climate Globe visualizations

We illustrate, on the technical basis of an “Omniglobe’, selected results from two unique simulations conducted at HZG that demonstrate the
relevance of global climate modelling to address questions which are important for coastal research, such as past and recent changes in the
land-ocean system brought about by variations in extreme winds, precipitation and temperature.
The visualizations were produced in cooperation with the German Climate Computing Center's (DKRZ) visualization group.

Long and homogeneous meteorological time series of the past decades are
needed to deduce long-term changes of extreme events such as storms or

Global High Resolution

CIimate Reconstruction extreme precipitation. For this purpose, gridded weather information based on

observations is available, but only for the most recent decades with high

Source: HZG resolution. Therefore, a new global atmospheric climate simulation for the past
Model: ECHAMS T255 ) )

2017 decades was performed which stays close to observations for large-scale

Date:
e weather systems such as the North Atlantic Oscillation or the Indian monsoon.

Small-scale regional weather phenomena, which cannot be resolved by the
gridded weather data, are simulated exclusively by the climate model. An
To assess long-term changes of extreme events such as storms, a high: ion global ic climate

simulation for the past 67 years was atthe F Zentrum G (HZG) with the general added value in comparison to coarser reanalysis data can be gained for

circulation model ECHAMS with a mesh size of about 50 km. A new global spectral nudging method was ap- . r : f
plied, which keeps the climate model close to observations for large-scale weather systems. tropical and extra-tropical cyclones or regional storms.

Typhoons and Winter Storms
10m-Windspeed and Sea Level Pressure

This visualization shows 10-m wind speed and sea level pressure for a typhoon season over the Northwest The global ECHAMG6 climate simulation is available hourly for more than 200
Pacific and an Atlantic winter storm season. Besides typhoons and winter storms, which often feature high . . . .

wind speeds and intense sea level pressure, the ‘Roaring Forties' and ‘Furious Fifties' with strong westerly meteorological variables via the CERA data base of the German Climate
winds and fast-moving cy can be in the Computing Center (DKRZ).

Reference: Schubert-Frisius, M., F. Feser, H. von Storch, and S. Rast, 2017: Optimal spectral nudging for global dynamic downsca-
ling, Monthly Weather Review, 145, pp 909-927, DOI http://dx.doi.org/10.1175/MWR-D-16-0036.1

High-resolution climate reconstructions of the last decades

= provide homogeneous global, complete 3-dimensional weather
reconstructions

= allow to assess the variability of extremes and small-scale weather
phenomena by analysis of the spatio-temporal clustering and their links to
global climate

Menu Back

Typhoons and Water Vapor and Clouds and
Winter Storms. Precipitation Precipitation

_—

Selected References:

Feser, F, Barcikowska, M., Haeseler, S. Lefebvfre, C., Schubert-Frisius, M, Stendel, M., von Storch, H. and Zahn, M. 2015a: Hurricane Gonzalo and its extratropical transition to a strong
European storm, In: Explaining Extremes of 2014 from a Climate Perspective, Bull. Amer. Meteor. Soc. 96, 51-55.

Schubert-Frisius, M., F. Feser, H. von Storch, and Rast, S. 2017: Optimal spectral nudging for global dynamic downscaling. Monthly Weather Review, 145, 909-927.

von Storch, H., Feser, F., Geyer, B., Klehmet, K., Li, D., Rockel, B., Schubert-Frisius, M., Tim, N. and Zorita, E. 2017: Regional re-analysis without local data - exploiting the
downscaling paradigm. Journal of Geophysical Research — Atmospheres 122(16), 8631-8649.

Recent anthropogenic climate change is embedded in a background of natural

H H climate and environmental variability. Disentangling the purely anthropogenic
Paleoclimate: Wind Extremes : nes Y 9ling the purely anthropog
trends requires a realistic understanding of past environmental variations and of
and Tem peratu re their mechanisms. The instrumental record is, however, too short to contain the full
ol - range of these variations. Together with long-term Climate Model Simulations and
urce:
'[J)I;del ;Jlol:;ESM the analysis of indirect archives, we aim at reconstructing the natural climate and
Visualization: DKRZ ¢ 7 environmental patterns in the past and estimate their impact on land-ocean coastal
Simulation of the last 2,000 years A P P ) P )
systems for different aspects, such as morpho-dynamical changes or impacts to the
This visualization shows a climate si ion of the last 2, 000yearspeﬂom|edwnhmeEthystemModeloilhe Max . . . .
Planck Institute for (MPI-ESM-P). are shown as deviations from the long-term ecosystem. The estimation of past natural climate changes enables us to gain
mean. Cold temperatures (shown by blue-reddish colors) during the Little Ice Age in 1300-1800 are followed by the . . P .
strong anthropogenic warming in the last 200 years. Strong volcanic eruptions (indicated in the figure) may cause information about expected future variations around the long-term trends in the
rmarked temperature drops. The surface wind extremes (greenish colors) clearly increase in the second half of the 20th
century over regions that underwent strong deforestation, due to the weaker surface drag of unforested surfaces. next few decades.
This type of simulation of the past allows for i tig: ol forcing 0 - 2000 CE

ting the climatic influence of external forcings such as [F———
changes in the earth axis, solar activity, volcanic =}
eruptions, land use and the composition of the atmo- - |
sphere. It also provides information about natural pat-  :*' i = |

terns of climate variability. The climate of the past mill-  * | . o+ - || - | . .
SRy el (| | | | | = complement proxy-based reconstructions to understand the mechanism
of climate variability

more remote paleoclimate (such as the glacial periods), et bl Ly
and may potentially provide more useful insights into =

future climte. allow to assess the full variability of longer time periods not covered by the
instrumental record

Paleoclimate simulations

Selected Results:

= Variability of wind extremes is not related to changes in external forcing or
global temperature

= Extremes may be stronger influenced by other drivers other than climate,
in this case deforestation

Menu Back

Last 2000 Years

Selected References:

Bierstedt, S.E., Hlinicke, B., Zorita, E., Wagner, S. and Gomez-Navarro, J.J. 2016: Variability of daily winter wind speed distribution over Northern Europe during the past

millennium in regional and global climate simulations. Climate of the Past 12, 317-338

Gagen, M. H., Zorita, E., McCarroll, D., Zahn, M., Young, G. H. F. and Robertson, I. 2016: North Atlantic summer storm tracks over Europe dominated by internal variability over the past
millennium. Nature Geoscience 9, 630-635.

Wang, J., Yang, B., Ljungqvist, F.C., Luterbacher, J., Osborn, T.J., Briffa, K.R. and Zorita, E. 2017: Internal and external forcing of multidecadal Atlantic climate variability over the past 1200
years. Nature Geoscience 10, 512-517.

Zhang, W., Harff, J., Schneider, R., Meyer, M., Zorita, E. and Hiinicke, B., 2014: Holocene morphogenesis at the southern Baltic Sea: simulation of multiscale processes and their interactions
for the Darss-Zingst peninsula. Journal of Marine Systems 129, 4-18.
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Long-term global climate simulations

Presenter:
Frauke Feser and Eduardo Zorita

Co-Authors:
Birgit Hunicke and Sebastian Wagner
Selected References:

High-resolution climate reconstruction of the last decades

Feser, F., Barcikowska, M., Haeseler, S. Lefebvfre, C., Schubert-Frisius, M, Stendel, M., von Storch, H. and Zahn, M. 2015a:
Hurricane Gonzalo and its extratropical transition to a strong European storm, In: Explaining Extremes of 2014 from a Climate
Perspective, Bull. Amer. Meteor. Soc. 96, 51-55.

In cooperation with: Princeton Environmental Institute, Princeton University, New Jersey; Deutscher Wetterdienst (DWD),
Hamburg, Germany; Danish Climate Centre, Danish Meteorological Institute, Copenhagen, Denmark

Schubert-Frisius, M., F. Feser, H. von Storch, and Rast, S. 2017: Optimal spectral nudging for global dynamic downscaling.
Monthly Weather Review, 145, 909-927.
In cooperation with: Max Planck Institute for Meteorology, Hamburg, Germany

von Storch, H., Feser, F., Geyer, B., Klehmet, K., Li, D., Rockel, B., Schubert-Frisius, M., Tim, N. and Zorita, E. 2017: Regional
re-analysis without local data - exploiting the downscaling paradigm. Journal of Geophysical Research — Atmospheres
122(16), 8631-8649.

In cooperation with: Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China

Paleoclimate Simulations

Bierstedt, S.E., Hlnicke, B., Zorita, E., Wagner, S. and Gomez-Navarro, J.J. 2016: Variability of daily winter wind speed
distribution over Northern Europe during the past millennium in regional and global climate simulations. Climate of the Past 12,
317-338

In cooperation with: Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate Change
Research, University of Bern, Bern, Switzerland

Gagen, M. H., Zorita, E., McCarroll, D., Zahn, M., Young, G. H. F. and Robertson, I. 2016: North Atlantic summer storm tracks
over Europe dominated by internal variability over the past millennium. Nature Geoscience 9, 630-635.
In cooperation with: Department of Geography, Swansea University, UK,

Ljungqvist, F.C., Krusic, P.J., Sundqvist, H.S., Zorita, E.,Brattstrom, G. and Frank D. 2016: Northern Hemisphere hydroclimate
variability over the past twelve centuries. Nature 532, 94-98.

In cooperation with: Bolin Centre for Climate Research and Department (Dep.) of History, and Dep. of Physical Geography,
and Dep. of Mathematics, Stockholm University, Stockholm, Sweden; Navarino Environmental Observatory, Messinia, Greece;
Swiss Federal Research Institute WSL, Birmensdorf, Switzerland

Wang, J., Yang, B., Ljungqvist, F.C., Luterbacher, J., Osborn, T.J., Briffa, K.R. and Zorita, E. 2017: Internal and external forcing
of multidecadal Atlantic climate variability over the past 1200 years. Nature Geoscience 10, 512-517.

In cooperation with: Key Laboratory of Desert and Desertification, Northwest Institute of Eco-Environment and Resources,
Chinese Academy of Sciences, Lanzhou, China; Department of History, and Bolin Centre for Climate Research, Stockholm
University, Stockholm, Sweden, Department of Geography, Climatology, Climate Dynamics and Climate Change, and Centre for
International Development and Environmental Research, Giessen, Germany; Climatic Research Unit, School of Environmental
Sciences, University of East Anglia, Norwich, UK

Zhang, W., Harff, J., Schneider, R., Meyer, M., Zorita, E. and Hinicke, B., 2014: Holocene morphogenesis at the southern Baltic
Sea: simulation of multiscale processes and their interactions for the Darss-Zingst peninsula. Journal of Marine Systems 129,
4-18.

In cooperation with: Institute of Physics, Ernst-Moritz-Arndt-University of Greifswald, Greifswald, Germany; Institute of Marine
and Coastal Sciences, University of Szczecin, Szczecin, Poland; Baltic Sea Research Institute Warnemiinde, Rostock, Germany
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coastDat

Regional Reconstructions and Scenarios
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Why coastDat?

= Alarge variety of research questions in coastal and near-shore marine research such 1 I
as the estimation of variability and trends require long records of consistent and
homogeneous meteo-marine data. Often such data are unavailable for various

reasons.

= In many cases observational records are too short to cover the full range of
variability and estimates based on short time series therefore may be biased. In some
cases, sampling in space and time is insufficient or data for the parameters of

interest are unavailable.
= Frequently,

trends in the data.

longer records are not homogeneous. For example changes in
measurement techniques may exist that may introduce artificial variability or spurious

w o 0 s v o 0 S v
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Changes in mean wind speed in the vicinity of an ocean weather
station derived from two different sources. While data from one source
indicate a strong upward trend, data from the other source do not show
such a signal. Data from at least one source are not homogeneous.

What is coastDat?

= A model based meteo-marine data base for the assessment of long-term
variability and change.

= Development of techniques and methods (e.g. spectral nudging or
assessment of added value)

= Contains regional reconstructions of past (1948-today) meteo-marine
conditions and corresponding regional climate change projections until
2100

How good can we model and
Is there an added value?

The present coastDat model system: A regional atmosphere model (middle) is
forced by global data (reanalysis, climate change scenarios). High-resolution
data are then used to drive wind wave (upper left), tide-surge (upper right), air
chemistry (lower left) and ecosystem models (lower right). Most of the
simulations were done for the North Sea and the Baltic Sea. Other simulations
were performed for SE Asia and Arctic regions.

8
74 Significant Waveheight [m]
64
5

— Observation
— coastDat

V < \
1JAN 16 JAN 1FEB 16FEB  1MAR 16 MAR 1APR

Comparison between observed and modelled significant wave heights and for a
three month period in 1993. In general good agreement is inferred.
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Two examples of added value: (Left) Comparison of quantiles between simulated
and observed wind speeds at 100 m height for Athos illustrates that compared to the
driving data coastDat improved the representation of the observed frequency
distribution. (Right) Comparison of the observed track for Typhoon Songda with those
obtained from an ensemble of RCM simulations with (red) and without (blue) spectral
nudging illustrates the improved model performance using spectral nudging.

What is coastDat used for?

= |t is used for addressing a variety of research questions such as “How has
the marine climate changed?” or “What changes to expect in the
future?”. This way coastDat contributes to the understanding and
assessment of past, ongoing and future long-term variability and change.

= |t is used for providing aid in the interpretation of (short) monitoring
data.

= |t is used by more than 100 external users from industry (45%), science
(40%) and authorities (15%). Applications range from, for example, uses in
naval architecture or risk assessment to renewable energies including
offshore wind.

= |t provided the basis for international collaboration and internal and external
PhD and Master theses.

Key References:

Weisse, R.; Bisling, P.; Gaslikova, L.; Geyer, B.; Groll, N.; Mahboubeh, H.; Matthias, V.; Maneke, M.;
Meinke, I.; Meyer, E.; Schwichtenberg, F.; Stempinski, F.; Wiese, F.; Wockner-Kluwe, K. 2015: Climate
services for marine applications in Europe. Earth Perspectives, 2:3, 1-14.

Geyer, B., 2014: High-resolution atmospheric reconstruction for Europe 1948-2012: coastDat2. Earth
Syst. Sci. Data, 6, 147-164.

Groll, N.; Weisse, R. 2017: A multi-decadal wind-wave hindcast for the North Sea 1949-2014. coastDat2.
Earth Syst. Sci. Data, 9 955-968.

Geyer, B.; Weisse, R.; Bisling, P.; Winterfeldt, J. 2015: Climatology of North Sea wind energy derived from
a model hindcast for 1958-2012. J. Wind Eng. Ind. Aerodyn. 147, 18-29.

Feser, F.; Barcikowska, M. 2012: The influence of spectral nudging on typhoon formation in regional
climate models. Environ. Res. Lett., 7, 014024.

Weisse, R.; von Storch, H.; Callies, U.; Chrastansky, A.; Feser, F.; Grabemann, |.; Glinther, H.; Pluess, A ;
Stoye, T.; Tellkamp, J.; Winterfeldt, J. & Woth, K. 2009: Regional Meteorological-Marine Reanalyses and
Climate Change Projections: Results for Northern Europe and Potential for Coastal and Offshore
Applications Bulletin of the American Meteorological Society, 90, 849-860.

Aid in the Interpretation of Monitoring Data
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Beached bird surveys often serve as indicators for chronic oil pollution (COP) but
monitoring programs are relatively short. They indicate a decline in COP in
recent years (green line, right). Assuming constant releases of oil along major
shipping routes (left), simulations with coastDat coupled with a Lagrangian
transport and an oil chemistry module reveal that the decline over the past years
is mostly related to weather variability.

Outlook/Conclusion/Summary
Techniques, methods and data sets developed useful for assessing long-term changes
and variability
More than external 100 users from science, industry and administration
Ensembles need to quantify uncertainties in reconstructions
Extension of system to include additional components and interactions
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coastDat
Regional Reconstructions and Scenarios

Presenter:
Ralf Weisse

Co-Authors:
Peter Bisling, Ulrich Callies, Ute Daewel, Frauke Feser, Lidia Gaslikova, Beate Geyer, Nikolaus Groll, Volker Matthias, Elke
Meyer

Selected References:

Weisse, R., Bisling, P., Gaslikova, L., Geyer, B., Groll, N., Mahboubeh, H., Matthias, V., Maneke, M., Meinke, |., Meyer, E.,
Schwichtenberg, F., Stempinski, F., Wiese, F., Wockner-Kluwe, K. 2015: Climate services for marine applications in Europe.
Earth Perspectives, 2:3, 1-14.

In cooperation with: HOCHTIEF Solutions AG, Hamburg, Germany; Universitat Flensburg, Flensburg, Germany; Flensburger
Schiffbau-Gesellschaft mbH & Co. KG, Flensburg, Germany.

Geyer, B. 2014: High-resolution atmospheric reconstruction for Europe 1948-2012: coastDat2. Earth Syst. Sci. Data, 6, 147-
164.

Groll, N., Weisse, R. 2017: A multi-decadal wind-wave hindcast for the North Sea 1949-2014. coastDat2. Earth Syst. Sci. Data,
9, 955-968.
In cooperation with: Coordinated Ocean Wave Climate Project (COWCLIP).

Mohr, S., Kunz, M., Geyer, B. 2015: Hail potential in Europe based on a regional climate model hindcast. Geophys. Res. Lett.,
42,10,904-10,912.

In cooperation with: Institute of Meteorology and Climate Research (IMK-TRO), Karlsruhe Institute of Technology, Karlsruhe,
Germany; Center for Disaster Management and Risk Reduction Technology, Karlsruhe and Potsdam, Germany.

Geyer, B., Weisse, R., Bisling, P., Winterfeldt, J. 2015: Climatology of North Sea wind energy derived from a model hindcast for
1958-2012. J. Wind Eng. Ind. Aerodyn., 147, 18-29.
In cooperation with: GE Wind Energy GmbH, Salzbergen, Germany.

Feser, F., Barcikowska, M. 2012: The influence of spectral nudging on typhoon formation in regional climate models. Environ.
Res. Lett., 7, 014024.

In cooperation with: Princeton Environmental Institute, Princeton University, New Jersey, USA.

A full list of publications and theses contributing to the development or using coastDat is available from:
http://lwww.coastdat.de/publications/index.php.en
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coastDat
Deriving Added Value |

Presenter:
Beate Geyer

Co-Authors:
Peter Bisling, Ralf Weisse, Burkhardt Rockel, Ronny Petrik

Key References:

Geyer, B., Weisse, R., Bisling, P., Winterfeldt, J., 2015. Climatology of North Sea wind energy derived from a model hindcast for
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Providing information — enabling knowledge :
-the Northern German Coastal and Climate Office

Helmholtz-Zentrum
: ¢ s: Geesthacht

Centre for Materials and Coastal Research

Introduction

Although many aspects of coastal
research are decision relevant,
scientific results cannot directly
transferred into practice.

Objective:

Establish a stakeholder dialogue in
order to generate decision relevant
knowledge

= Since ten years the Northern German Coastal and Climate Office maintains

an intensive stakeholder dialogue.

= More than 2000 stakeholders from eight user groups have registered for

this service, so far (Fig. 1).

= Different communication formats have been developed and etablished:
Direct inquiries, contribution to stakeholder events (talks and discussions),

workshops, expert interviews and surveys.

Cluster returning information demands

0 2 4 & 85 10 12 1 16

»Analyses of regional climate data

« Relevant parameters

« Sub-regions of Northern Germany

* Recent changes, climate state,

= possible future changes

= »Understandable summaries

= « Climate change in Northern Germany

O ameion B « Coastal risks

Fig. 2: Focus of individual requests (all groups).

Methodical aspects

Stakeholder groups

Norclj(deutschesd
tsten- un
Klimabiiro ’

M Science

3% 1%

W Interested individuals

m Governmental agencies
| Civil society organisations
W Education

m Economy

 Media

W Political actors

Other
Fig. 1: User groups of the Northern German coastal and climate office
(N=2064, January 2018)

Relevant parameter - y
Sub-region jmmm— ] -
Maps and diagrams | p—
Methods —
Coastal risks  m—
Overview / introduction
Personal contact
Climate state J—
Support in data analyses  —
Dats Focus of requests
Global change .
Recent climate change jmm differ among

Seasonal forecast
Other

Interested individuals

stakeholder groups

Fig. 3: Focus of individual requests from different stakeholder groups

Communication forms addressing stakeholder demands

2008

Regional
Assessments of
Climate Change

Motivation: Scientific
agreement is not documented
on regional scales

Basis: Peer-reviewed articles
Method: Lead authors
document agreement,
disagreement and gaps;
Peer-review process

Fig. 4: Regional assessment reports organized by HZG

2010 2015

| e
Klimaberich
die Metropolregion
Hamburg

= “‘t‘,‘

Hamburger

Klimawandel
Klimabericht

in Deutschland

+ Six regional assessment reports have been coordinated @ HZG (Fig. 4 ):
* Metropolitan Region of Hamburg and Northern Germany | and Il
(2010 & 2017, organized by the Northern German coastal and climate office)

» Baltic Sea Basin -BACC | and Il

(2008 and 2016, organized by BALTEX / Baltic Earth secretary )
* North See Region -NOSCCA (2016, organized by IFK, research unit 2)

* Germany (2016, organized by GERICS)

Adopted for political planning processes by the Hamburg senate and HELCOM.

Understandable summaries in national
language

Booklets, brochures & websites on regional climate change:
Research results on climate change in Northern Germany and sub regions
are summarized in understandable booklets, brochures and websites in
national languages (Fig.5 ). Source: Regional assessment reports (Fig. 4).

KLIMABERICHT

Klimawandel
in Norddeutschland

= L e =

Fig. 5: Brochures and web sites with understandable

Regionale Klimaszenarien
Prax

Regional climate scenarios in practice
- understandable explanations on the
methods

Regionale Klimaszenarien
{ in der Praxis

in dey s

Many stakeholders are not used to plan

with uncertainties. In these brochures we
focus these issues and give some good /
practice examples of using regional ,
climate scenarios in practice (Fig. 6). Fig. 6: Fact sheets on reg. climate scenarios

[T, A

Web-tools on coastal climate

norddeutscher-klimamonitor.de
climate state, recent climate
changes and consistency with
scenarios. Basis: Observations and
regional reanalyses (last 60 years).

norddeutscher Klimamonitor

Fig. 7: Web-tool norddeutscher-klimamonitor.de

References:
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Res., 14, 279-291.

Meinke, |. et al. 2014: Norddeutscher
Klimamonitor: Klimazustand und
Klimaentwicklung der letzten 60 Jahre (1951-
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norddeutscher-klimaatlas.de
possible future climate change in
Northern Germany. Basis: More
than 120 regional climate
projections (SRES and RCP).

Fig. 8: Web-tool norddeutscher-klimaatlas.de
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Conclusion and Summary
= Besides coastal & climate research a long term dialogue infrastructure

is needed to make coastal research usable in practice.

In a long term dialogue process user demands were localized,

different communication forms were developed, tested and established.
All communication forms are requested & needed.

Each user group prefers certain communication forms (Fig. 10).
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Motivation Model Domain

The coupling of models is a commonly used approach when addressing the complex
interactions between different components of earth system. This study presents the
recent developments of a new, high-resolution, coupled atmosphere, ocean and wave
model system for the North Sea and the Baltic Sea. The proposed coupling
parameterizations account for the feedback between the upper ocean and the
atmospheric circulation by accounting for the effects of sea surface temperature and

the sea surface roughness. We focus also on the feedback between the wind waves 2 o » T e

and the circulation, which can no longer be ignored, in particular in the coastal zone CEEED et Coastal downscaling: nested-grid
where its role seems to be dominant. Sensitivity experiments are performed to Model domain: COSMO-CLM high resolution coupled model for
estimate the individual and collective effects of different coupling components. (white), NEMO and WAM (color). the German Bight.
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Introduction

Recent developments based on advances
in coastal ocean forecasting in the fields of
numerical modeling, data assimilation,
and observational array design are,
exemplified by the Coastal Observing
System for the North and Arctic Seas
(COSYNA). The region of interest is the
North and Baltic seas, and most of the
coastal examples are for the German
Bight. Several pre-operational applications
are presented to demonstrate the
outcome of using the best available
science in coastal ocean predictions. The
applications address the nonlinear
behavior of the coastal ocean, which for
the studied region is manifested by the
tidal distortion and generation of shallow-
water tides.

Inter-basin exchange in a system of two

parent models (red and blue) and one child
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regional seas, which fits the major topic of the
present study: the transition from regional to
coastal scales.
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Within the framework of COSYNA a wave model system provides 72 hour wave forecasts twice a day
and makes the results available in the web under http://codm.hzg.de/ncWMS/godiva2.html.
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FOAM-AMM7 of UKMO and the BSH operational models. from June to November
2016
- Data Assimilation

Free Model

Observations

As part of the COSYNA system a novel
analysis scheme was developed for the

Run Analysis ==>Analysis | assimilation of surface current measurements

acquired by three HF radar stations in the
German Bight. The method uses an analysis
window of at least one tidal cycle and is able to
improve short term surface current forecast.

Next onsomblo
(09 fom1600back 10060)

— Analysis
Challenges of data assimilation in the coastal ocean: - 15 e P
* The memory of the system is short at least for the barotropic part £ -
* The dynamics is strongly influenced by open boundary forcing § !
§ o5
3
Lo ) s
Our assimilation work concentrated on the following areas: 0
-0.!
+ Assimilation of HF radar surface currents in the German Bight (e sepott)
+ Assimilation of satellite SST and in-situ temperature and salinity data
» Assimilation of altimeter wave height measurements in the North Sea
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challenging and requires dedicated tools

* Anew approach was developed to treat North Sea — Baltic
exchanges through the Danish Straits

» Analysis schemes were developed to achieve forecast improvements
for surface currents, waves and thermohaline circulation.




Ocean forecasting for the German Bight-
from regional to coastal scales

Presenter:
Emil Stanev

Co-Authors:
Johannes Schulz-Stellenfleth, Joanna Staneva, Sebastian Grayek, Sebastian Grashorn, Arno Behrens, Wolfgang Koch,
Johannes Pein

Key References:

* Behrens, A., (2015): Development of an ensemble prediction system for ocean surface waves in a coastal area. Ocean
Dynamics, Volume 63, Issue 4 (2015), pp 469-486

» Baschek, B., et al. (2017): The Coastal Observing System for Northern and Arctic Seas (COSYNA). Ocean Sci., 13, 379-410,
2017

* De Mey, P, E. Stanev, V.H. Kourafalou (2017): Science in support of coastal ocean forecasting—part 1. Ocean Dynamics
(201/) 67:665-668

* Holinde, L., T.H. Badewien, J.A. Freund, E.V. Stanev and O. Zielinski (2015): Processing of water level derived from water
pressure data at the Time Series Station Spiekeroog, Earth Syst. Sci. Data Discuss., 8, 345-364

» Kourafalou V., P. De Mey, J. Staneva, N. et al. Coastal Ocean Forecasting: science foundation and user benefits, Journal of
Operational Oceanography Vol. 8 , Iss. sup1,2015, 147-167, doi:10.1080/1755876X.2015.10223488

» Kourafalou V.H., P. De Mey, M. Le Hénaff, G. Charria, C.A. Edwards, R. He, M. Herzfeld, A. Pasqual, E. Staney, J. Tintoré, N.
Usui, A. Van Der Westhuysen. J. Wilkin and X. Zhu (2015): Coastal Ocean Forecasting: system integration and validation.
Journal of Operational Oceanography, Volume 7 No 3, 129-148

» Le Traon et al., The Copernicus Marine Environmental Monitoring Service: Main Scientific Achievements and future Prospects.
Mercator Ocean Journal #56, CMEMS Special Issue

e Muller, S., E. V. Stanev, J. Schulz-Stellenfleth, J. Staneva, and W. Koch (2013): Atmospheric boundary layer rolls:
Quantification of their effect on the hydrodynamics in the German Bight, J. Geophys. Res. Oceans, 118, 5036-5053

* Pein J.U., E.V. Staneyv, Y.J. Zhang (2014): The tidal asymmetries and residual flows in Ems Estuary. Ocean Dynamics, 64, 12,
pp 1719-1741

* She, J., I. Allen, E. Buch, A. Crise, J. A. Johannessen, P. Y. Le Traon, U. Lips, G. Nolan, N. Pinardi, J. H. ReiBmann, J.
Siddorn, E. Stanev and H. Wehde (2016): Developing European operational oceanography for Blue Growth, climate change
adaptation and mitigation and ecosystem-based management. Ocean Sci., 12, 953-976, 2016

* Soomere, T., K. D66s, A. Lehmann, H.E.M. Meier, J. Murawski, K. Myrberg, and E. Stanev (2014): The potential of current-
and wind-driven transport for environmental management of the Baltic Sea. AMBIO, 43:94—-104, DOl 10.1007/s13280-013-
0486-3

» Schulz-Stellenfleth, J., E. V. Stanev (2016): Analysis of the upscaling problem - A case study for the barotropic dynamics in the
North Sea and the German Bight. Ocean Modelling, 100, 109-124

 Staney, E.V., S. Grashorn, Y.J. Zhang (2017): Cascading ocean basins: numerical simulations of the circulation and interbasin
exchange in the Azov-Black-Marmara-Mediterranean Seas system, Ocean Dynamics, Vol. 67, Issue 8, pp 1003-1025

» Staney, E. V., R. Al-Nadhairi, J. Staneva, J. Schulz-Stellenfleth, and A. Valle-Levinson (2014): Tidal wave transformations in the
German Bight. Ocean Dynamics 64:951-968, DOI 10.1007/s10236-014-0733-6

» Stanev E. and J. Schulz-Stellenfleth (2014): Methods of Data Assimilation, Die Kiste, 81, 133-152

« Staney, E. V., Schulz-Stellenfleth, J., Staneva, J., Grayek, S., Grashorn, S., Behrens, A., Koch, W., and Pein, J. (2016): Ocean
forecasting for the German Bight: from regional to coastal scales, Ocean Sci., 12, 1105-1136.

 Stanev, E.V,, F. Ziemer, J. Schulz-Stellenfleth, J. Seemann, J. Staneva and K.W. Gurgel (2015): Blending surface currents from
HF radar observations and numerical modelling: Tidal hindcasts and forecasts. Journal of Atmospheric and Oceanic
Technology, Vol. 32, 256-281

« Stanev, Emil V., X. Lu and S. Grashorn (2015): Physical processes in the transition zone between North Sea and Baltic Sea.
Numerical simulations and observations. Ocean Modelling 93 (2015) 56—74

» Staneva J, Wahle K, Glnther H and Stanev E, 2016: Coupling of wave and circulation models in coastal-ocean predicting
systems: A case study for the German Bight, Ocean Sci. 12, 3169-3197, doi.org/10.5194/0s-12-797-2016

» Staneva J, Wahle K, Koch W, Behrens A, Fenoglio-Marc L, and Stanev E, 2016: Coastal flooding: impact of waves on storm
surge during extremes — a case study for the German Bight, Nat. Hazards Earth Syst. Sci., 16, 2373-2389, doi:10.5194/nhess-
16-2373-2016

« Staneva, J., A. Behrens and Wahle K., 2015. Wave modelling for the German Bight coastal-ocean predicting system, Journal
of Physics: 633, pp 233-254, doi:1211, 0.1088/1742-6596/633/1/012117

« Storch, Hv, K. Emeis, |. Meinke, A. Kannen, V. Matthias, B.M.W. Ratter, E. Stanev, R. Weisse and K. Wirtz (2015): Making
coastal research useful. Oceanologia (2015), 57, 1, 3—-16

* Wahle, K., J. Staneva, H. Giinther (2015): Data assimilation of ocean wind waves using Neural Networks. A case study for the
German Bight. Ocean Modelling, 96, pp 117-125

* Le Traon et al., The Copernicus Marine Environmental Monitoring Service: Main Scientific Achievements and future Prospects.
Mercator Ocean Journal #56, CMEMS Special Issue

Research Unit System Analysis and Modelling: Topic 4



Regional, Coastal and Estuarine Numerical :

Modelling on Unstructured Grids

+ Helmholtz-Zentrum
: ¢ s: Geesthacht

Centre for Materials and Coastal Research

The North-West European shelf, the Baltic Sea and their coasts are of prime research interest for the HZG. Very diverse bathymetry includes deep ocean, vast shelf
areas, Wadden Sea with number of tidal basins and estuaries, as well as an almost enclosed basin. Circulation is substantially tidally-driven (in the North Sea) and
dominated by large density contrasts (in the Baltic Sea). The use of the Semi-implicit Cross-scale Hydroscience Integrated System Model (SCHISM) on case-specific
unstructured meshes allows to seamlessly resolve the physical scales from the deep ocean to the coast and into the straits, inlets and estuaries.

Non-linear interactions in the shelf and coastal

ocean

The non-linear interaction between
tidally and wind driven circulation
results in a substantial decrease of
the work done by wind in the
presence of strong tides'.

Ocean response to morphological
changes and channel migration
propagate over the entire North Sea
revealing the connectivity of dominant
processes?2.

Baroclinic interaction of waves and
currents in the shallow Wadden Sea

Wind wave-circulation coupling during extreme events is associated
with a leakage of energy and reduction of estuarine circulation

(Fig. 3) 2 . Using the setup as shown in Fig. 2, it has been shown,
that wave-current interaction is not only a barotropic feature.
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connectivity between different areas in the
North Sea.
. Model vs. OSE, a combination
Resolve processes from shelf sea into estuary : of data and models
observations
(@)
0 The model simulations are consistent _ Model s s
. . . . tha 3
*  with observations (Fig. 5)* and give £ .
60 credibility to the simulated secondary 2 60
Sl " circulation in the Ems-Dollart estuary. e i o
time [h] o

Overtide generation and asymmetries of
the tidal signal dominate the circulation
in the estuary. The model provides
OSE-reconstruction capabilities®

(see Fig. 6).

Fig. 4. The model area of the Ems-Dollart estuary.
Insets show the locations of gauges, the position of
the model area within the German Bight, as well as

the model grid.

Observations

depth [m]

latitude
Reconstruction error [%]

15
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Fig. 5. a) Simulated horizontal
along-channel velocities in the Ems
river near Pogum and b) observed
by ADCP velocities in the same
location, time: 12th of June 2012
from 05:00 h to 17:30h.

current
speed [m/s]

longitude
Fig. 6. Average reconstruction error
from an OSSE in the Ems estuary
(with observations along transect line).

Outlook: SPM, Ecosystem and Sea Ice in cross-scale applications

We extend the flexible coupling to different ecosystem, suspended
matter, and sea ice models in the open-source SCHISM model87.

SCHISM

ECOSMO/
MAECS/ SPM

1. Jacob, B., and E. V. Stanev (2017) Interactions between wind and tidally induced currents in coastal and shelf basins. Ocean Dynamics,

67: 1263-1281.
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4. Pein J.U., E V Stanev, Y.J. Zhang (2014) The tidal asymmetries and residual flows in Ems Estuary. Ocean Dynamics, 64: 1719-1741
5. Pein, J.U,, S. Grayek, J. Schulz-Stelleneth, E.V. Stanev (2016). On the impact of salinity observations on state estimates in Ems Estuary.

Ocean Dynamics, 66: 243-262.

6. Zhang, Y.J., E.V. Staney, S. Grashorn (2016), Unstructured-grid model for the North Sea and Baltic Sea: Validation against observations.

Ocean Modelling, 97: 91-108.
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Fig. 7. \ertical transect in the Elbe estuary, showing salinity
(contour lines), SPM concentrations, and along-transect
current speeds (from open German Bight to the Hamburg

harbour).
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Fig. 8. Surface
concentrations of
phytoplankton in the
area of the North
Sea and Baltic Sea.

beginning of May
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= The complex non-linear interplay between tidal

7. Zhang Y.J., F. Ye, E. V. Stanev, and S. Grashorn (2016) Seamless cross-scale modelling with SCHISM. Ocean Modelling 102, 64-81.

mixing,
references)

wind stirring and wind waves (see
shapes the physical and BGC

gradients and their specific variability patterns in

the shelf seas, their coastal zones and estuaries.
Baroclinic unstructured-grid models used for the
first time to resolve cross-scale dynamics in the
studied areas, play a fundamental role for the
understanding and prediction of SPM variabilit
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Introduction

Wind energy production in Germany is growing rapidly and has reached
about 13% of the electricity consumption in 2016. Due to the increasing
shortage of suitable locations on land, offshore windfarming has become
an important factor as a renewable energy source. Large offshore

windfarm installations give rise to a lot of research questions concerning

potential impact both in the atmosphere and in the ocean, e.g.:
In which way are offshore windparks affected by wakes from
neighboring wind parks ?

Which impact do the foundation structures have on processes in the
water ?
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90 x 60 km SENTINEL-1 SAR images acquired on May 22 2015, 17:16 UTC showing the
offshore windparks Alpha Ventus with wakes of more than 70 km length.

Used tools and observations

One important source of information for the analysis of atmospheric
wakes behind offshore windparks is satellite synthetic aperture radar
(SAR). These data are not affected by daylight and cloud conditions
and provide information on the small scale roughness of the sea
surface, which can be related to near surface wind conditions. SAR
scenes as acquired by the European SENTINEL-1 satellite or the
German TerraSAR-X satellite provide large coverage (e.g., 200x200
km) and high resolution (e.g., 20x20 m). Wakes behind offshore wind
turbines cause very characteristic features on SAR images, which
can be used to estimate different parameters like the wake length.
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_| Circular unstructured grid

Impact of atmospheric stability

Wakes length estimated behind the offshore windpark Alpha Ventus were
compared to data from the research platform FINO-1. FINO-1 provides
profile information on air temperatures and can thus be used to estimate
thermal stability of the atmospheric boundary layer. It was found that there
is an increase of wakelength with growing stability. This can be explained

by higher vertical momentum fluxes in the case of unstable conditions.

In addition a semi-empirical model was developed to simulate the radar
cross section associated with wakes including effects of turbulence

created by the turbines.
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In the presence of currents the foundation structures of offshore wind
turbines create additional turbulence in the water. This is in particular the
case for the tidal currents in the German Bight. The increased turbulence
leads to stronger vertical mixing and an increased probability of higher

unstructured grid model SCHISM.

1000 1500 2000 2500
X[m]

Surface  concentrations  of
sediment behind offshore
windfarm  piles  estimated

using the unstructured grid
model SCHISM.

used for the wake
simulations with SCHISM

1000 2000 3000 4000 5000

-4000-3000-2000-1000 0
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Conclusions

Using a combination of satellite radar and platform data it could be shown
that the wake length behind the windpark Alpha Ventus increases with
thermal stability. In cases where wakes from neighboring windparks
superimpose, wakes of more than 70 km length were found.

Vortex features of increased sediment concentration in the water could be
successfully simulated based on an unstructured grid model which is able to
capture the increased turbulence levels introduced by the pile foundation
structures.
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sediment concentrations in the surface layer. This effect was observed on
optical satellite data and could be successfully simulated using the
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~96%
3000 m*

75 dm

Challenge  Approach

Benthic filter feeders are key players in near-shore eco- Using a novel modular framework we include a

system dynamics and material flows, but rarely investigated in trait-based ecosystem model into a benthic-
quantitative, system-wide studies. The build-up of offshore wind pelagic coupled system. After extensive
farms (OWF) creates new habitats for epistructural filter feeders validation, we assess the sensitivity of NPP to:

such as the blue mussel Mytilus edulis. Our research asks:

(1) How does natural filtration shape pelagic 1. natural benthic filter feeding (pre-OWF) e ated NPP
net primary productivity (NPP) and and imulate:
(2) how is NPP altered by filtration in 2. anthropogenically enhanced epistructural 2000-2013

new anthropogenic habitats? filter feeding (2030 OWF projection)

benthicbivalves

Natural filtration by benthic Mytilus edulis
decreases net primary production by up to 40%
near the coast. Coastal ecosystem models that so far
parameterized filtration by other mortality factors will
have to re-consider this spatial effect to successfully
represent coastal gradients

25 50 75 100 125 150 175
gm2al

Significance
Understanding of filter feeding offers mitigation potential for eutrophication and for meeting EU water quality targets.
This is the first quantitative and system-scale assessment of ecosystem effects after massive OWF build-up.

ANPP

from
bivalves on OWF

ange (%)

Additional filtration on offshore wind farms
decreases net primary production by up to 5% in
the OWF. This effect is only one of many other
potential changes induced by OWF such as mediated
through hydrodynamics or top-predation.

blue mussels

Diving explorations by PACES partner
AWI show that blue mussels prefer the
top 25 dm intertidal vertical position on a
pile. Epibenthic geographic abundance of
M. edulis was reconstructed from public
databases (surveys & citizen science),
with depth and sediment grain size as

Distribution of Epibenthic

Epistructural

species distribution predictors.

= M

~_— <5m?

Modular coupling

Based on the novel MOSSCO coupler, we implemented an 18-component
modular system, which for example includes GETM hydrodynamics and a
A model suite standardized by FABM (including benthic

y :gg{,ﬁ: ovexon biogeochemical model OMEXDIA and pelagic
i B trait-based ecosystem MAECS). Mussel

flora

o O 4 filtration is described using an
floor Q@ experimentally derived
liter
lteal \Delag food-filtration response curve.
o & Models BGC
Bounds
Surface Data
GETM - Water
s State Output physics Wave FABM o
lation HamSOM 4
& - FlUX GomM racé

spheric Lateral

MOSSCO (left) and MAECS (right)

Validation of ecosystem model

The system has high skill in reproducing coast-shelf patterns in relevant biogeochemical and
ecological quantities, which were observed using, e.g., Scanfish (see COSYNA), remote sensing
(ESACCI) and in situ monitoring (Helgoland station — AWI — Cooperation in PACES-Topic 2, or
Rijkswaterstaat WaterBase stations)

Spring and summer snaphots of surface chlorophyll from satellite (top) and simulation (bottom)

P

"
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Challenge Approach

= Shelf-sea ecosystems are affected by macrobenthos (e.g. filtration, = Develop and apply novel modeling approach that mechanistically predicts changes in
bioturbation). macrobenthic communities.

= Macrobenthos faces habitat changes on many spatio-temporal scales = |dentify macrobenthic key trait and its interaction with environment.
(gap in state-of-the-art statistical approaches). = Assess role of key trait at benthic-pelagic interface in North Sea/Baltic Sea ecosystem.

Vertical positioning of macrobenthic communities
as trade-off between benefits (food supply) and costs (mortality)

Site with low organic input Site with high organic input

Surface 2. Surface
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Change in TOC, biomass and bioturbation

diffusivity with sediment depth (Zhang &
Wirtz 2017, data by Dauwe et al. 1998).

Change in TOC, biomass and bioturbation
diffusivity with sediment depth (Zhang &
Wirtz 2017)

J. Stuhrmann & F. Lorenz (2018) for HZG

We extracted vertical positioning as key trait for macrobenthic bioengineering with environment

Model setup:

Small-scale variations in the Long-term macrobenthic

bottom phyto-detritus; oxygen level;

vertical positioning of the /= = bottom shear siess . changes due to increased
biogeochemical « _ Coupling entho:

model

macrobenthic community
(North Sea, Jade Bay)

hypoxia in shallow water
(Baltic Sea)

bioturbation diffusivity;
modulated flux at benthic-pelagic interface

Macrobenthic vertical positioning

Macrobenthic vertical positioning

Mechanistic model

Probability hypoxia Macrobenthic biomass

FiE

North Sea

Trait-based, mechanistic
model for the Jade Bay
macrobenthic community,
representing current
environmental conditions = 0

State 1986

S H>70m
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=1 ®©
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©
Reconstruction Reconstructed vertical o |
positioning of the Jade 2
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A Hypoxia (20 yrs) = B £\Biomass(20 yrs)

Predicted probability of hypoxia, macrobenthic biomass and
mean macrobenthic community vertical positioning (depth < 70 ’
m). For 1986 and change after 20 years (1986-2005) (Zhang et |- i

al. in prep.). / _AZO(ZO yrs)

present-day empirical
data (Singer et al. in
prep.).

Major results

= A mechanistic approach to quantify the interaction between sedimentary TOC
and macrobenthos was developed.
Jade Bay model captures observed changes in benthic community structure.
Key trait vertical positioning clearly reduces model complexity
Hypoxia have become increasingly important in constraining macrobenthic
communities in Baltic Sea shallow waters.

Depth (cm)
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