
The 3D Dutch Continental Shelf Model – Flexible Mesh (3D DCSM-FM) 
 
Background 
As part of Deltares’ strategic research, the 3D Dutch Continental Shelf Model – Flexible Mesh (3D 
DCSM-FM) is developed.  

The main purpose of 3D DCSM-FM is to have a versatile model that can be used for all manner of 
studies and research on the Northwest European Continental Shelf, including the North Sea and 
adjacent shallow seas, such as the Wadden Sea. It aims to combine state-of-the-art capabilities with 
respect to modelling of water levels (tide and surge) as well as (residual) transport phenomena. The 
latter is crucial for application in water quality and ecological modelling. By combining this, the model 
is ideally suited to downscale global phenomena such as climate change and sea level rise to regional 
and local impacts. 

This new model is the successor of the 3D southern North Sea model ZUNO-DD. 3D DCSM-FM is based 
on 2D DCSM-FM, which has been developed for the Dutch Ministry of Infrastructure and Water 
Management (Zijl & Groenenboom, 2017) and will be used for operational forecasting of water levels. 

 

Model description 
Computational grid 
3D DCSM-FM covers the Northwest European Continental Shelf, specifically the area between 15°W 
to 13°E and 43°N to 64°N. The network consists of approximately 630,000 grid cells. Where the 
preceding models for the region consisted of a rectangular structured grid with a uniform resolution, 
the unstructured flexible mesh in Delft3D-FM allows for varying resolutions over the domain. The 
advantage of applying a coarse resolution in deep areas in particular is twofold: it reduces the number 
of cells in areas where local spatial scales allow it and it allows for a larger numerical time step.  

 

Bathymetry and grid cell sizes in 3D DCSM-FM 



Compared to a structured grid approach, the new flexible mesh has coarser grid cells near the open 
boundaries and in deep waters, whereas the resolution increases toward the area of interest and to 
shallower waters. As a result, the run time of the model decreases while its accuracy in terms of water 
level representation is maintained. 

Cells in deep oceanic waters have a resolution of 1/10° in longitudinal direction and 1/15° in latitudinal 
direction, this corresponds to approximately 4 by 4 nautical miles (nm). Following the Courant grid 
approach, cell sizes decrease in the domain according to the local water depth up to a resolution of 
0.5 by 0.5 nm at the coasts and in the southern North Sea. To account for blockage of the horizontal 
flow by for example small islands or break waters, so-called dry points and thin dams are used to 
disable computational cells or flow links. 

Vertical schematization 
A sigma-layer approach is used for the vertical schematization of the model. This implies that a fixed 
number of layers, with a thickness dependent on local water depth, is present. This results in a high 
vertical resolution in shallow areas. A total of 20 layers with a uniform thickness of 5% of the water 
column is applied.  

 

Bathymetry 
The model bathymetry is based on the gridded dataset by the European Marine Observation and Data 
Network (EMODnet), a consortium of organizations collecting and distributing European marine data 
from different sources. For large parts of the Dutch waters, bathymetric information from the detailed 
Baseline database by the Dutch government is used. Since the EMODnet bathymetry data uses Lowest 
Astronomical Tide (LAT) as vertical reference plane, this was first converted to MSL. The LAT-MSL 
separation was derived based on a 19-year computation with DCSMv6 (Zijl, Verlaan, & Gerritsen, 
2013). 

During the development of previous models for the area, large uncertainty remained in the 
bathymetric data. This was then reduced through the application of OpenDA (Zijl, Verlaan, & 
Gerritsen, 2013). With the use of EMODnet bathymetry this source of uncertainty was removed to a 
large extent, which was confirmed with test computations using an uncalibrated model. As a result, 
the new model uses the abovementioned bathymetric data without further adjustment during the 
model calibration. 

 

Bottom roughness 
For the bed friction, a spatially varying Manning roughness coefficient is used. During the model 
calibration, using OpenDA, these values were adjusted to obtain an optimal water level 
representation.  



  

Space-varying Manning roughness coefficients in 3D DCSM-FM 

 
Open boundaries 
At the northern, western and southern open boundaries of 3D DCSM-FM, water level boundaries are 
applied. At these locations, astronomical water levels are imposed, derived from a harmonic 
expansion of the amplitudes and phase lags of 32 tidal constituents. These constituents are retrieved 
from the global tide model FES2012. The surge at the open boundaries is approximated by addition of 
an inverse barometer correction (IBC) to the astronomical water levels. This implies that the effect of 
wind stress is neglected locally, which is a reasonable approximation in deep water (where the 
boundaries are located). This correction is a time- and space-dependent function of the local 
atmospheric pressure. 

At the lateral open boundaries temperature and salinity are derived from the World Ocean Atlas 2013 
(WOA2013). This dataset consists of climatological mean monthly fields on a 0.25° grid with 107 depth 
levels and vertical steps of 5 m at the surface. These values are interpolated by Delft3D Flexible Mesh 
to the right horizontal location and model layers. The spatially varying salinity and temperature in the 
model are initialized by nudging 3D DCSM-FM with the data from the same source. 

 

Meteorological forcing 
3D DCSM-FM has been coupled to various meteorological products, such as ECMWF’s ERA5 reanalysis 
dataset and IFS (high-resolution operational product) and KNMI’s HiRLAM 7.2 model. In all cases, time- 
and space-varying wind speeds (at 10 m height) and atmospheric pressure (at MSL) are applied. 

With respect to air-sea momentum exchange, the aim is to be consistent with the Atmospheric 
Boundary Layer (ABL) model that is used in the meteorological model applied. For coupling to the 
above-mentioned meteorological models this implies using a Charnock formulation. In case of ECMWF 



forcing, a time-and space-varying Charnock coefficient is then provided; in case of HiRLAM forcing a 
constant, uniform Charnock parameter of 0.025 is applied.  

In computing the wind shear stress, which represents the momentum exchange between air and 
water, the wind speed relative to the flow velocity at the water surface is used. While this implies less 
consistency with the ABL approximation in the meteorological model, this was proven to be beneficial 
to the quality with which water levels are represented (Zijl, 2016). 

 

Heat-flux model and forcing 
Horizontal and vertical spatial differences in water temperature affect the transport of water through 
their impact on the water density. Heating of surface water and shallow waters cause temperature 
gradients that can generate horizontal flow. It can also lead to temperature stratification with 
accompanying damping of turbulence and hence a reduction in vertical mixing. To include these 
effects, the transport of temperature is modelled. For its main driver, exchange of heat with the 
atmosphere, a heat-flux model is used. The temporally and spatially varying exchange of heat through 
the air-water interface is computed based on air temperatures (at 2 m), cloud cover, dew point 
temperature and wind speed from a meteorological model. The incoming solar radiation is computed 
using the latitude and the position of the earth relative to the sun based on the Julian day. The 
incoming solar radiation is distributed over the water column, depending on the water transparency 
prescribed with a Secchi depth. 

 

Freshwater discharges 
Freshwater discharges in the 3D DCSM-FM domain are prescribed as depth-averaged, climatological 
monthly means based on data from E-HYPE. These discharges include varying water temperatures, . 
The seven most important discharges in the Netherlands and three most important German rivers are 
replaced by gauged discharges with an hourly or daily interval.  

 

Movable barriers 
The energy losses and flow restriction through the Eastern Scheldt Storm Surge Barrier is schematized 
in the model by means of three movable gates in the Hammen, Schaar van Roggenplaat and Roompot 
sections. For this closures of the barrier, historical data on the vertical gate position is used. 

 

Computational performance 
A spin-up period of one year, forced by realistic meteorological and river discharge values, is applied 
to reach a dynamic equilibrium. Computations are performed on Deltares’ h6 Linux-cluster using 5 
nodes with 4 cores each. With a maximum timestep of 120 s, this results in a computation time of 13 
minutes per simulation-day (3,3 days per simulation-year). 

 

Validation and accuracy 
Water levels 
The quality of the water level representation has been determined in terms of the root-mean-square 
error (RMSE). For the Dutch coastal stations, the average total water level RMSE is about 9 to 10 cm. 



This result is significantly better than that of the previous generation 3D ZUNO-DD model of the 
southern North Sea. 

 

Comparison of water level representation (RMSE, determined for 08-01-2014 to 01-01-2015) between ZUNO-DD and 3D 
DCSM-FM, for tide, surge and total water level signal. 

Station RMSE tide (cm) RMSE surge (cm) RMSE water level (cm) 

 
ZUNO-

DD 
0.5nm % 

ZUNO-

DD 
0.5nm % 

ZUNO-

DD 
0.5nm % 

Cadzand 30.5 4.8 -84% 13.1 4.5 -66% 33.2 6.5 -80% 
Westkapelle 27.0 5.3 -80% 12.7 4.4 -65% 29.9 6.9 -77% 
Haringvliet 10 21.1 4.5 -79% 11.9 4.7 -61% 24.3 6.5 -73% 
Hoek van Holland 17.1 6.0 -65% 11.8 5.2 -56% 20.7 7.9 -62% 
Scheveningen 19.5 5.0 -74% 12.0 4.8 -60% 22.9 6.9 -70% 
IJmuiden Buitenhaven 18.7 5.7 -70% 12.2 5.2 -57% 22.4 7.7 -66% 
Average 22.3 5.2 -77% 12.3 4.8 -61% 25.6 7.1 -72% 
 

 

Quality of water level representation (RMSE) for Dutch measurement stations in 3D DCSM-FM 

 

Temperature 
A comparison of the observed and modelled sea surface temperature shows an average RMSE of 0.7 
°C. In addition, the model shows a good representation of inter-annual variation in seasonal 

temperature stratification. This variation is of importance to correctly predict oxygen profiles in 
subsequent primary production simulations. 



 

Timeseries of measured (red) and modeled (blue) vertical stratification at station NL02 

 

Salinity 
The sea surface salinity representation by the model shows an average bias of 0.5 psu at Terschelling 
and of 0.6 psu at Noordwijk. The 0.5 nm spatial resolution in the Rhine ROFI allows for a detailed 
representation of the complex spatial salinity pattern. 

 

Complex spatial salinity patterns around the Netherlands in 3D DCSM-FM 

 

Residual transport through the English Channel 
In the 3D ZUNO-DD model, tilting of the southern boundary was needed to achieve a correct 
representation of residual transport through the English Channel. 3D DCSM-FM has a much larger 
model domain and thus there is no open boundary in the English Channel. This results in a good 
representation of this residual transport without the need to artificially adjust the open boundaries, 
due to a better representation of mainly barotropic phenomena. Model results show a considerable 
inter-annual variation in residual transport.  



 

Computed mean annual discharge through the English Channel 

 

Applications 
3D DCSM-FM can be applied in a broad range of studies. The model can be used to investigate currents 
and transports, for water quality and ecology studies, to determine 3D boundary conditions for local, 
more detailed model domains, to track oil dispersal, for search and rescue operations and for 
metocean studies. Examples of applications of this model are the downscaling of large-scale 
oceanographic phenomena, such as sea level rise and other climate change related phenomena, to 
assess their coastal impacts on e.g. salt intrusion, water quality and ecology, the assessment of large-
scale effects of offshore windfarms, and geodetic applications such as hydrodynamic levelling and 
determining vertical reference planes. 
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