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Summary 

Upon request of Rijkswaterstaat (RWS), Deltares has developed a sixth-generation 

hydrodynamic model of the Northwest European Shelf: the Dutch Continental Shelf Model - 

Flexible Mesh (DCSM-FM). This model is the latest in a line of DCSM models and a successor 

to the fifth-generation WAQUA model DCSMv6. Specifically, this model covers the North Sea 

and adjacent shallow seas and estuaries in the Netherlands, such as the Wadden Sea, the 

Ems-Dollard estuary, the Western Scheldt and the Eastern Scheldt.  

 

The development of the present model is part of a more comprehensive project in which sixth-

generation models have been developed for all waters managed and maintained by RWS. An 

important difference with the previous fifth-generation models is the use of the D-HYDRO Suite, 

the new software framework for modelling free surface flows, which was first released in 2015 

and allows for the use of unstructured grids.  

 

Since the proposed applications on the North Sea pose a wide range of sometimes mutually 

exclusive demands on a model, two horizontal schematizations were proposed: a relatively 

coarse two-dimensional model (DCSM-FM 0.5nm) and a relatively fine schematization (DCSM-

FM 100m) with further refinement in most Dutch coastal waters. DCSM-FM 0.5nm is primarily 

aimed at ensemble forecasting, but also forms a sound basis for a subsequent 3D model 

development, including temperature and salinity as state parameters. DCSM-FM 100m is 

primarily aimed at deterministic water level forecasting at HMC and WMCN-kust. 

 

The present report describes the model setup and validation of the three-dimensional model 

3D DCSM-FM. 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.  

 

A first version of this model was released in 2020. In 2022, this model was updated with respect 

to model bathymetry, vertical layering, tidal boundary forcing and meteorological forcing and 

numerous other adjustments and improvements. These changes, including a renewed 

validation of water levels, salinity and water temperature, are reflected in this current report. 
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1 Introduction 

1.1 Background 

In the past years, Deltares has developed a three-dimensional (3D) hydrodynamic model of 

the Northwest European Shelf: 3D Dutch Continental Shelf Model in Flexible Mesh (3D DCSM-

FM). Specifically, this model should cover the North Sea and adjacent shallow seas and 

estuaries in the Netherlands, such as the Wadden Sea, the Ems-Dollard estuary, the Western 

Scheldt and the Eastern Scheldt.  

 

Rijkswaterstaat (Dutch Ministry of Infrastructure and Water Management) has requested 

Deltares to further develop and release this model as a sixth-generation model. As such, this 

development links to a more comprehensive project in which sixth-generation models are 

developed for all waters maintained by Rijkswaterstaat. An important difference with the 

previous fifth-generation models is the use of the D-HYDRO Suite (known internationally as 

the Delft3D Flexible Mesh Suite), the new software framework for modelling free surface flows, 

which was first released in 2015 and allows for the use of unstructured grids.  

 

The previous fifth-generation models for the NW European Shelf and North Sea (DCSMv6 and 

DCSMv6-ZUNOv4, see Zijl (2013)) were depth-averaged models, specifically aiming at an 

optimal representation of water levels for operational forecasting under daily and storm surge 

conditions. Furthermore, there is a 3D model of the southern North Sea, ZUNO-DD, which was 

commonly used as a basis for water quality and ecology studies. For the sixth-generation 

model(s) the scope is wider. The model should, for example, also be suitable to use for water 

quality and ecology studies, oil spill modelling, search and rescue and to provide three-

dimensional (3D) boundary conditions (including temperature and salinity) for detailed models 

of the Western Scheldt, Haringvliet, Rhine-Meuse Delta (RMM) and Wadden Sea. Also, the 

idea is to merge the separate model lines that existed for 2D and 3D models by reusing the 2D 

schematisation and barotropic forcing as much as possible in the 3D version of the model. 

Therefore, 3D DCSM-FM is based on the two-dimensional model DCSM-FM 0.5nm (Zijl et al., 

2022).  

 

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 for this study. 

 

The above applications pose a wide range of sometimes mutually exclusive demands on a 

model. This is because both the relative importance of representing certain phenomena as well 

as the allowed computational time varies per application. Since the demands are impossible to 

meet with one model, three model schematizations (consisting of two horizontal 

schematizations) were proposed:  

1. DCSM-FM 0.5nm: a relatively coarse schematization (minimum grid size of 800-900 m 

in Dutch waters), with a computational time that is feasible for water level probability 

forecasts with a 2 to 10-day lead-time. These forecasts are based on meteorology of 

the ECMWF Ensemble Prediction System (EPS) with 51 members.  

2. 3D DCSM-FM: a three-dimensional model that uses the same horizontal 

schematization as the above DCSM-FM 0.5nm and additionally includes temperature 

and salinity as state variables. 
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3. DCSM-FM 100m: a relatively fine schematization with a minimum resolution of around 

100 m in most Dutch waters (including the entire Wadden Sea and all Dutch coastlines) 

to be used for accurate (operational) water level forecasting. This model will be based 

on the schematization in item 1, but with refinement in the southern North Sea. 

1.2 The present report 

The present report describes a new release of the three-dimensional 3D DCSM-FM model 

(item 2 above). The first version of this model has been released in 2020 (Zijl et al., 2020) and 

is externally also referred to as dflowfm3d-noordzee_0_5nm-j17_6-v1. In the present report it 

will be referred to as the 2020 release of 3D DCSM-FM.  

 

The 2020 release of 3D DCSM-FM works with a vertical layer distribution consisting of 20 

equidistant sigma-layers. This appears to be insufficient to represent relevant processes in 

deeper water off the continental shelf, which also has consequences for results in Dutch waters. 

Therefore, an alternative (z-sigma) vertical layer distribution has been developed. The 

consequences of applying this new layer distribution and some other changes in settings are 

described in Zijl & Groenenboom (2021). The resulting improved model schematization has not 

been formally released and is in this report referred to as the 2021 version.  

 

The intermediate 2021 version of 3D DCSM-FM forms the starting point for the development 

of the second, 2022 release that is described in the present report. Compared to the first 2020 

release, the present 2022 release was updated with respect to model bathymetry, vertical 

layering, tidal boundary forcing and numerous other adjustments and improvements. These 

changes, including a renewed validation, are reflected in this current report. Changes 

compared to the 2020 release are separately summarized in a grey text box at the end of the 

relevant paragraphs. While this release will be referred to as the 2022 release in this report, for 

external reference purposes, the name dflowfm3d-noordzee_0_5nm-j22_6-v1a is used. 

 

The 2021 intermediate version of 3D DCSM was validated against measured profiles of 

temperature and salinity in the oceanic parts of the model domain in Zijl & Laan (2022). The 

focus of the present report is on results in Dutch waters. It is expected that results in the oceanic 

areas have not significantly changed compared to the 2021 intermediate version.   

 

An overview of the three different versions of 3D DCSM-FM referred to in the present report 

are presented in Table 1.1 

 

Table 1.1 3D DCSM-FM model versions 

Release/version RWS name report 

2020 release dflowfm3d-noordzee_0_5nm-j17_6-v1 Zijl et al., (2020) 

2021 intermediate version - Zijl & Groenenboom (2021), 

Zijl & Laan (2022) 

2022 release dflowfm3d-noordzee_0_5nm-j22_6-v1a  Present report 

1.3 Guide to this report 

The next chapter describes the setup of 2022 release of 3D DCSM-FM (Chapter 2). In 

Chapter 3 the water level validation is presented. The focus in Chapter 4 is on the validation of 

salinity and temperature in (primarily) Dutch waters. The report ends with conclusions and 

recommendations in Chapter 5. 
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2 Model setup  

2.1 Introduction 

The 3D hydrodynamic model of the Northwest European Shelf (3D DCSM-FM) builds on the 

depth-averaged DCSM-FM 0.5nm model, which has been developed for RWS. Therefore, the 

horizontal schematization and the lateral barotropic forcing of both models are mostly the 

same. Where changes are made in settings and model forcing, these are explicitly mentioned 

in this report. In contrast to the 2D model, transport of salinity and temperature has also been 

added to this model. This necessitates additional lateral boundary and surface boundary 

forcing, as well as the inclusion of fresh-water river discharges throughout the domain.  

The model development, calibration and validation of the depth-averaged DCSM-FM 0.5nm is 

reported in Zijl et al. (2022). To make this report easier to read, all model aspects are at least 

briefly repeated here, even though some are unchanged compared to the 2D version of the 

model. In addition, an overview of differences between both models is presented in 

section 2.9.11. 

2.2 Network 

2.2.1 Network coverage, horizontal extent 

The model network of 3D DCSM-FM covers the northwest European continental shelf, 

specifically the area between 15° W to 13° E and 43° N to 64° N (Figure 2.1). This means that 

the open boundary locations are the same as in the fifth-generation model DCSMv6 (Zijl et al., 

2013).  

2.2.2 Grid size 

One of the advantages of D-HYDRO Flexible Mesh is the enhanced possibility to better match 

resolution with relevant local spatial scales. 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 shallower waters. The advantage of coarsening in deep 

areas in particular is twofold: Firstly, it reduces the number of cells in areas where local spatial 

scales allow it; and secondly it eases the numerical time step restriction. On the other hand, in 

shallow areas, resolution plays an important role in accurately representing tide and surge, 

including its enhanced non-linear interaction. 

 

Given the above considerations, the DCSM-FM network was designed to have a resolution 

that increases with decreasing water depth. The starting point was a network with a uniform 

cell size of 1/10° in east-west direction and 1/15° in north-south direction. This coarse network 

was refined in three steps with a factor of 2 by 2. The areas of refinement were specified with 

smooth polygons that were approximately aligned with the 800 m, 200 m and 50 m isobaths 

(i.e., lines with equal depth). Areas with different resolution are connected with triangles. The 

choice of isobaths ensures that the cell size scales with the square root of the depth, resulting 

in relatively limited variations of wave Courant number within the model domain.  

 

Apart from applying the refinements based on local bathymetry, another consideration in 

positioning the refinements was the necessity to have at least a few cells between transitions. 

Also, it was ensured that all coastlines, except very small islands, were covered by several 

rows of the highest resolution cells. This implies that in areas with steep coasts the transition 

to the highest resolution takes place in deeper water. Another exception was made for the 

southern North Sea, where the area of highest resolution was expanded. This was done to 

ensure that the highly variable features in the bathymetry can properly be represented on the 



 

 

 

10 of 68  3D DCSM FM: a sixth-generation model for the NW European Shelf 

11208054-004-ZKS-0003, 3 April 2023 

computational network. Furthermore, it ensures that the areas where steep salinity gradients 

can be expected are within the area with the highest resolution. 

 

The resulting network is shown in Figure 2.1 and has approximately 630,000 cells with a 

variable resolution. The largest cells (shown in yellow) have a size of 1/10° in east-west 

direction and 1/15° in north-south direction, which corresponds to about 4 x 4 nautical miles 

(nm) or 4.9-8.1 km by 7.4 km, depending on the latitude. Along all coasts and in the southern 

North Sea, cell sizes decrease to 3/4ô in east-west direction and 1/2ô in north-south direction 

(shown in red). This corresponds to about 0.5 nm x 0.5 nm or 840 m x 930 m in the vicinity of 

the Dutch waters. 

 

The network is specified in geographical coordinates (WGS84). 

  

 
Figure 2.1 Overview (left) and detail (right) of the DCSM-FM model network with the colours indicating the grid 

size (yellow: ~4 nm; green: ~2 nm; blue: ~1nm; red: ~0.5 nm).  

 

 

2.2.3 Network optimization 

The computational time step used is automatically limited by D-FLOW Flexible Mesh (the 

hydrodynamic module of the D-HYDRO Suite) based on a Courant criterium. This means that 

parts of the network with a combination of small flow links and high velocities are most likely to 

restrict the time-varying computational time step and consequently increase the overall 

computational time. To allow for a larger time step and consequently a faster computation, the 

grid was improved at the locations of the restricting cells. By extending the refinement of the 

grid more offshore, the transition of the two resolutions is moved outside of the region of high 

flow velocities. More information on the iterative procedure of optimizing the network see Zijl et 

al. (2022). 

 

Differences with 2020 release 

¶ Compared to the previous release, the model network has only changed in the 

Ems river. By coincidence, it was found that removing some cells in this coarsely 

schematized river improved results with respect to water levels in the already 

calibrated 2019 release of (2D) DCSM-FM 0.5nm. Therefore, it was decided to 

discard these cells in the network used in the 2022 release. 
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2.2.4 Vertical grid 

For the vertical schematization, sigma layers in the upper part of the water column are 

combined with strictly horizontal z-layers in the lower part. In this z-sigma layer distribution, the 

shift from z- to sigma-layers is set to occur at 100m depth. Use of the keyword 

Numtopsiguniform=1 ensures that a fixed number of sigma layers (in this case 20) is used in 

the upper part of the water column, even if the local depth is less than 100 m. This results in a 

higher vertical resolution in shallower areas. The 20 sigma layers are prescribed to be 

equidistantly distributed over the vertical over depths of 100m or less. This implies that in areas 

with a depth of less than 100 m, such as the southern North Sea, the new layer distribution is 

equal to the layer distribution of the first 2020 release of DCSM-FM. 

 

Below a depth of 100m, z-layers are added underneath. The thickness of these z-layers 

increases exponentially towards the bottom, with a factor 1.19 and starting from a thickness of 

5 m. The maximum number of z-layers applied is 30, which only occurs in the deepest part of 

the model. Together with the 20 sigma layers in the upper part of the water column, this yields 

a maximum of 50 vertical layers. 

 

To prevent thin z-layers near the bed and at the same time use the correct volume, use has 

been made of the option Keepzlayeringatbed=2, which results in an equalization of the layer 

thicknesses of the lowest two z-layers. A consequence is that the horizontal (pressure) 

gradients are no longer computed along a strictly horizontal plane, which can result in 

truncation errors and artificial vertical mixing due to cross-wind diffusion. 

 

 

2.3 Land-sea boundary, dry points and thin dams 

After the local refinement of the network, the cells that covered land were removed from the 

computational domain. The first step was to interpolate the bathymetric data to the grid and to 

delete all cells that do not have data in their vicinity. Subsequently, a land-sea boundary 

obtained from the World Vector Shoreline (https://shoreline.noaa.gov/) was used to distinguish 

between land and water. All cells that, according to this land-sea boundary, were covered by 

more than 40% land were made inactive by specifying so-called dry points. The creation of 

these dry points was done automatically by a MATLAB-script. Figure 2.2 shows an overview 

of the resulting computational domain in the southwestern part of the Netherlands. The black 

line indicates the land-sea boundary and the red crosses within the grid illustrate the dry points.  

 

Note that the above described network optimization was performed during the 

development of the first release of DCSM-FM 0.5nm. Many of the changes made in the 

2022 release will affect flow velocities and as a result could in principle have an impact on 

restricting cells. However, because the impact on the computational time is expected to be 

limited, the procedure has not been repeated for the 2022 release. 

Differences with 2020 release 

¶ The above-described z-sigma layer distribution is new to the 2022 release of 3D 

DCSM-FM. In the previous 2020 release 20 equidistant sigma-layers were used. 

However, in areas shallower than 100 m both layer distributions are the same. 

https://shoreline.noaa.gov/
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Figure 2.2 Overview of the computational grid (red), land-sea boundary (black), dry points (red crosses) and 

thin dams (yellow) in the Southwest Delta.  

 

After this automated creation of a first set of dry points, manual work was required to get to the 

final version of the model geometry. During visual inspection of the shorelines dry cells were 

added or removed where necessary. In addition, features that are relatively small compared to 

the area of a cell, are captured in the model schematisation by specifying so-called thin dams. 

These thin dams prohibit flow exchange through cell edges. The thick, yellow lines in Figure 

2.3 illustrate how the entrance to the Humber Estuary (in which tide gauge station Immingham 

is located) and the breakwaters of the port of IJmuiden are represented by thin dams.  

 

 
Figure 2.3 Overview of the computational grid (red), land-sea boundary (black), dry points (red crosses) and 

thin dams (yellow) in the Humber Estuary (left) and around the harbour of Ijmuiden (right).  

  
















































































































