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1 INTRODUCTION 

The realistic hindcast of water quality and nutrient budgets requires a model system with consistent de-
scription of a variety of local processes as well as an effective computational methods to handle these 
multi-domain and multi-process systems. Demands to coupled modelling approaches are high, especially 
for coastal systems, where the waterbody is shallow and its quality is highly affected by boundary condi-
tions at the sea floor and the sea surface. These Demands call for integration of physical, chemical and 
biological processes both between and within domains, and thus for a coupling strategy that goes beyond 
the either or of domain coupling and process coupling. This is the goal of the MOSSCO infrastructure, 
which takes a hybrid approach of domain and process coupling relying on ESMF and FABM as major 
(but not exclusive) coupling technologies. Coupling between domains is a common strategy in coastal 
modelling. Warner et al. (2010) presented the modular COAWST system and showed that coupling of 
hydrodynamics, atmospheric simulation and simulation of surface waves improves simulations of sus-
pended particulate matter (SPM) in coastal seas. For a North Sea application Puls et al. (2011) found that 
erosion in shallow waters shows high lateral variability in influences by waves or currents. In ecosystem 
modelling, the light climate, as determined by SPM dynamics, plays an important role to simulate the 
start and strength of phytoplankton blooms (Tian et al. (2009,2011)). Vice versa, the ecosystem might 
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ABSTRACT: The dynamics of nutrient cycles and suspended matter in coastal seas result from an inter-
play of processes in a number of earth system domains, such as atmosphere/weather, waves, pelagic and 
benthic ecosystem, and sea sediment. An integrated approach for a coupled model study is essential to ob-
tain a holistic understanding of key processes in the coastal system, such as erosion and sedimentation, 
atmospheric deposition, and denitrification. Diverse scientific groups have successfully developed models 
to describe the dynamics of these key processes. However, exchange of tested, numerical codes and non-
invasive, efficient coupling of existing modules is barely practised. The model coupling initiative 
MOSSCO (MOdular System for Shelves and COasts) provides new software infrastructure to manage 
modular, multi-way domain coupling of existing high-performance, numerical model codes. While mak-
ing use of the model coupling framework ESMF, existing models are included through a thin wrapper 
layer of domain components. Biogeochemical processes get included into the ESMF components through 
a driver infrastructure for the established framework FABM (Framework for Aquatic Biogeochemical 
Models). We present examples of coupling state-of-the-art models for hydrodynamics, the pelagic ecosys-
tem, surface waves, weather, benthic geoecology, sea bed composition and early diagenesis in typical 
coastal sea applications. The interface between water column and sea sediments is predominantly control-
ling the tidal and seasonal variations of suspended matter concentrations. Additionally, the exchange 
fluxes at the sea bed interface decouple the simulated nutrient cycles as found in measurements at stations 
in the southern North Sea. Integrated modelling, using a modular, multi-way coupling scheme across do-
mains as exemplified here, is shown to be a promising avenue to obtain realistic simulations of coastal 
systems. 
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In the sea sediment, the diagenesis model OMEXDIA (Soetaert et al. (1996)) is used with an added 
phosphorus cycle, represented by phosphorus in detritus and dissolved phosphate. OMEXDIA uses a la-
bile and refractive fraction of particulate organic matter (POM) measured as mole concentration of car-
bon. Each POM class has a fixed nitrogen to carbon ration, such that exchange with the pelagic detritus 
maps fluxes of the detritus nitrogen to the two POM classes in a mass conservative distribution. The dia-
genesis model is implemented in the FABM framework and is utilised by the MOSSCO sediment com-
ponent. The state variables in the sediment are measured in mass per volume pore water and are identified 
from the FABM state variable properties as either particulate or dissolved quantities. Bioturbation in the 
sediment mixes the particulate fractions and is increasing with sediment temperature, whereas diffusion in 
the pore water mixes the dissolved quantities. The porosity of the sediment is a temporally constant verti-
cal profile with a surface porosity of 0.7 and linearly decreasing with depth to 0.6 for 16 cm below the 
sediment surface. The sediment component discretises the sediment column by an exponentially increas-
ing grid spacing with grid heights of 3 mm at the sediment surface up to 11.4 mm for 16 cm below the 
sediment surface. Exchange with the water column is diffusive for the dissolved quantities, whereas the 
particulate organic matter from the water column is sedimented into the sea bed by a fraction of 20% of 
the downward sinking flux to emulate a fluffy layer of POM near the sediment surface. The sea sediment 
temperature is taken to be the same as the bottom water temperature, as simulated by the GOTM model. 
Given the recurring winter nutrient conditions in Wiltshire et al. (2010), the loss of nitrogen through deni-
trification is recovered by lateral nutrient fluxes and rain. These fluxes are not resolved in the 1d model 
such that a constant flux of 100 mM-N/m²/y is used to balance the nutrient budget. Modeling sediment 
flux at the sea bed is achieved using an abridged version of Delft3D. This model is capable of modeling 
the vertical flux of cohesive, non-cohesive and a mixture of both sediment types. The non-cohesive sedi-
ment flux is calculated based on the method of vanRijn (1984) for waves and currents. The cohesive sed-
iment flux is computed using Pardenaides equation including the effect of rough and smooth bed on the 
bed shear stress using the method of Soulsby and Clarke (2005). The model constitutes an extra earth sys-
tem component as an interface layer. For the current simulation 30% cohesive and 70% non-cohesive sed-
iment mixture were applied. 

3 RESULTS 

The coupled model system simulates the years 2002-2006 at the station Helgoland in the southern North 
Sea. The sediment component initialises with a spinup simulation under constant boundary conditions for 
a period of 5 years, when vertical profiles of the sediment state are balanced and sudden release of nutri-
ents due to initialisation is prohibited. Diagnostics of the coupling are saved into NetCDF (Network 
Common Data Format) format by an output infrastructure component in the coupled system. Figure 3 
shows a compilation of results as vertically aligned with the coupled system. 

The results of the coupled simulation show a prevailing seasonal cycle in the model states. Dissolved 
nutrients (referred as dissolved inorganic nitrogen DIN in the Figure 3) are taken up by phytoplankton, 
which fills the pool of particulate organic nitrogen (PON in Figure 3) with the spring bloom.  The organ-
ic, particulate matter sinks slowly into the sediments, where its remineralisation by bacteria enhances de-
nitrification, which shows a peak in late summer. At the end of a year, nutrient concentration are high in 
the sediment and diffuse back into the water column up to winter values of 20-25 mmol-N/m³.  

The simulated lithogenic suspended matter also shows a seasonal cycle of more turbid surface water in 
winter and more clear surface water in summer. The onset of the phytoplankton spring bloom is deter-
mined by light availability and thus is directly influenced by the SPM concentration in the water column. 
With the onset of warming of the water column, the vertical, turbulent mixing is partially suppressed, 
such that less SPM is mixed into the upper water column and radiation can penetrate deeper into the water 
column. The erosion/sedimentation module resolved SPM fluxes on the tidal scale coupled to the 
transport of Spm in the water column. The results of the tidal dynamics can be found in Nasermoaddeli et 
al. (2014). 
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