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North Sea
German Bight |
Wadden Sea

How the coastal
ocean will be
affected by

changes in the

tidal currents and the
sediment supply due
to climatic

change




Monitoring and forecasting these changes can
only be addressed by a combination of state-
of-the-art observations and modelling
activities.

Objective measures of uncertainties in the
state estimates and forecasts are needed.

Improving the performance of observing and
forecasting systems requires a clear
identification of relevant parameters and
representation of multiple physical and
biogeochemical processes in numerical
models.



Outline

e Observations
* Numerical Modelling

«Model Validati . .
odel vafiaations Aims of this Talk

Address regional
eConclusions observations and predictions
with a focus on the German

Bight and Wadden Sea

e States Estimates

Identify further perspectives
of (pre)operational
oceanography



Integrated Coastal
Observation

GKSS

in der HELMHOLTZ-GEMEINSCHAFT
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Other Data
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RG-WATT Data Station: Data

are Already Extensively Used to

Calibrate the WATT-Model

ADCP Data, Current Magnitude {cm/s)
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Use New Data:
MERIS TSM-300 m Data and
numerical model simulations
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Months 2004

Ships of Opportunity
(FerryBoxes)

Data-Data, but also Data-Model
Calibration is Needed
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Numerical Modelling Can Help a Lot in the
Regional Studies.

One-way Nested Modelling
System

East Frisian Wadden Sea



... Coupled with
Sediment Transport Model

%+u% U&j~}—w&:8(z‘1v86)~l—a
e 3D equations ¢ ox Jy 0z 0z 0z 0z
e Two classes of sediment (mud and sand) D =, (1 _
e Complex physical parameterizations 'd
eCalibrated to present day observations E— al, (‘T_b B 1)
eHydrodynamic model forced by waves Te

and tides

(wse) + D — FE

Areas of Application:

eNorth Sea (in cooperation with BSH)

e German Bight (HAMSOM-based)

e East Frisian Wadden Sea

e Hornum Bay (North Frisian Wadden Sea)



Are Models Enough Mature and
Validated in Order to be Used In

German Bight Wadden Sea
(BSH data) (U_Ol data)



Validation of the Wadden Sea model
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Conceptual Models and Process Studies
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Transport of vertically nien-uniform sediment .
concentrations Is anotherjgvel of complication.
Stanev et al. (2007, JGR): "_Wt_ﬁput shear

diffusion, the sediment dynaﬁ;'fés‘?are largely
governed by the “displacemenf%?eghanism 4
: Courtesy B. Flemming




Along Channel Change
of Correlation Patterns:

Asymmetries along the
channels would contribute
to accumulating sediments
enabling feedback
between circulation,

basin hypsometry

and sediment transport

2.PC from Velacity/SSH (calm)
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Are Tidal Basins Only Ebb-
Dominated?
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The Response to Extreme
Events (Storm Surge Brita)
Is Different From the One
to Tides.

Simulated and observed sea level during storm conditoions
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The Impact of Wind Waves on the
Sediment Transport
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EOF Analysis of Forcing:
Bed Shear Stress due to Surface Waves
and Tides (Currents)
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Bed Shear Stress Due to Tides and Wind
Display Different Patterns Also in the
Wadden Sea

Waves
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FRICTION VELOCITY(cms™)

Stanev et al. (2006, OD)



The Response to Climate Change
Affects in a Non-Trivial

Way Spatial and

Temporal -«

Variability
Patterns.

Deposition
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Erosion
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Suspended Sediment
(GETM, 200m Resolution)
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mf;w*s* ' The importance of
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Validation
Against
MERIS
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Sediment Sorting (Different
Transport of Water, Suspended
Matter and Sand) .

Sediment is advected 7
on average more
slowly than fluid
IMass. .
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Towards Data Assimilation.: Optimal
Intrrpolation of MERIS Data
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Sea surface height
Water temperature

Salinity '/

Aater temperature

Salinity

\/

significant waves height
waves direction

RIVERS: waves period

Fresh water . Topography

discharge
SPM Concentration

\/

ATMOSPHERE: . / . SPM concentration
Cloudiness Sea_bed o
Relative humidity sedimentation field

Solar radiation
Evaporation
Precipitation

Air temperature

Air pressure — mOde|
Wind . < initial data
/ /7 boundary conditions
(D model output
SPM
G KS S 3D-Concentration field Mikhail Dobrynin and Heinz Guenther

in der HELMHOLTZ-GEMEINSCHAFT
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MERIS Data

Surface SPM concentration, mgfl 22-hMar-2003 10:12:19

Surface SPM concentration, mgfl 30-har-2003 11:00:30
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Simulated seasonal mean surface SPM concentration, 2003, mg/I

15 April-15 October 16 October — 14 April
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No assimilation storm
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Optimal Interpolation is not the
Best Solution for Near-Coastal

Regions.
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Further perspectives

COSYNA (Coastal Observation System for Northern and Arctic Seas )

Enable a future long term observational network for the North Sea

and Arctic coastal waters

Link to preoperational models for scientific and management

purposes

Goals:
consolidate existing systems,

develop new ones,

detect environmental and climate
changes in coastal areas,

produce forecasts,

provide products and knowledge.

4 Integrated Coastal Observational System i
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New enhancements: (AUVs, gliders)
offshore wind turbines (WEASs)
platforms



However,

The existing systems are not harmonised.
Quality assessment is still a problem.

Real-time data transfer and exchange, as
well as availability to modellers is not
well solved.

Assimilation of various sources of near
coastal data is still a complex scientific
problem.

No enough coherence between physical,
chemical, geological and biological data.



To Summarize: Our Plans

Increase synergy between observation and
modelling,
Improve observing/forecasting systems

Model supported monitoring

In Longer-term Perspective: Consider Data-
Adaptive Sampling



Thanks for your attention



