
 

Memo 
 

 

 

 

Aan 

LS 

 

Datum 

1 januari 2014 
Kenmerk 

1207726-000-ZKS-0034 
Aantal pagina's 

8 

 

Van 

Gerben de Boer 
Doorkiesnummer 

+31 (0)88 33 58 534 
E-mail 

gerben.deboer @deltares.nl 

 

Onderwerp 

Delft3D-FLOW_Waddenzee-PACE_j09_v06 metadata Waterkwaliteitsmodelschematisatie 

 

 

 
 

METADATA Delft3D-FLOW_Waddenzee-PACE_j09_v06 2 Jan. 2014 

  
 
  



 
 

 

 
 

Datum 

1 januari 2014 
Ons kenmerk 

1207726-000-ZKS-0034 
Pagina 

2/8 

 

 

 

 

1.  Basisbeschrijving gebiedsmodel 

1.1.  Watersysteem Focal area Western Wadden Sea, tackled in tri-lateral 
scientific collaboration (NL-D-DK), due to which 
this form is filled in in English. 

1.2.  Naamgeving gebiedsmodel 
(zie Naamgeving conventies modellen Rijkswaterstaat) 

Delft3D-FLOW_Waddenzee-PACE-v6 
See http://www.nioz.nl/pace  

1.3.  Modelconfiguratie  Hydrodynamics: barotropic + baroclinic 
 Tracers/Salt/Temperature 

 

1.4.  Datum laatste versie Autumn 2013 

1.5.  Datum eerste versie Work started Jan 2012, resulting in version 6 release 
in autumn 2013. 

1.6.  Binnen welk (beleids)kader is het model ontwikkeld? 
http://www.nwo.nl/en/research-and-results/research-projects/98/2300172198.html  
The PACE project responds to the Georisks part of the 1st transnational call for proposals on Bilateral 

Wadden Sea Research by aiming at assessing the present state and sensitivity to future trends in 
net sediment fluxes in the entire Wadden Sea area. In the light of regional relative sea level rise 
due to global sea level rise, postglacial rebounce, polder drainage and gas exploitation in the 
Wadden Sea, a mean rise of the Wadden Sea bottom due to net sediment flux into the Wadden 
Sea is believed to be the only process counteracting future drowning of the intertidal areas in the 
Wadden Sea. This process has been largely balancing the sea level rise in recent centuries, and it is 
a major societal concern, if its efficiency will remain strong enough under possibly accelerated 
climate change. 

 
The processes driving sediment accumulation in the Wadden Sea are highly complex. The susceptibility 

of Wadden Sea sediment fluxes to climate change depends on a variety of factors. The major 
physical factors are changed net precipitation patterns (with impacts on estuarine circulation) and 
changed wind patterns (with impacts on wave stirring and sediment transport). Other important 
mechanisms are changed functions and distributions of benthic filter feeders, also due to invasions 
of new species. Biogeochemical processes further modulate fluxes of cohesive sediments 
(aggregation and bio-stabilisation). Accompanying shifts in water turbidity will have ecosystem 
wide effects. Within the PACE project, by merging available data and knowledge (guiding 
hypotheses) and by developing a comprehensive physical, geological, ecological and 
biogeochemical model for the entire Wadden Sea area the relationships will be investigated. The 
integrated model system will quantitatively reproduce the major processes driving sediment 
accumulation in the Wadden Sea. 

 
Therefore, a consortium of seven institutes from The Netherlands, Germany and Denmark has been 

established. They will set up a Wadden Sea numerical model system carefully calibrated to 
observational data sets of sediment concentrations and other key parameters. The system consists 
of various models (e.g. GETM, Delft3D) which interact which each other on a modular basis, 
coupling abiotic processes to biotic processes. The consortium will bench-mark the models. The 
rise or decline of the Wadden Sea floor will be inferred from the sedimentation and erosion fluxes 
computed by the sediment model and will be compared to the existing direct observations of bed-
level change. This system will be applied in high spatial resolution to at least one focal year from 
which the present-day accumulation of sediment fluxes will be estimated in spatial and event-
based (storms/calm periods, net precipitation/evaporation) resolution. A canonical hierarchy of 
sediment transport modules will be compiled. The overall model system will be analysed for 
sensitivity on climate parameters such as net precipitation, storm patterns and temperature rise to 
project the present-day situation into the next century. Maps of net erosion and net accumulation 

http://www.nioz.nl/pace
http://www.nwo.nl/en/research-and-results/research-projects/98/2300172198.html
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will be drawn for the various different present and future situations, to show the intertidal areas 
with increased risk for drowning. 

Four well-monitored focal Wadden Sea subregions which differ in their physical and biogeochemical 
characteristics have been defined to gain deeper insights into local dynamics and trends in 
sediment transport by the set-up of local models with higher resolution. These areas are the 
Marsdiep-Vlie-Terschelling system, the Jade Bay, the waters around the German island of Sylt and 
the Danish Wadden Sea. The strategic goals of the proposed research are to create (i) a bilateral 
frame that collects techniques for and results of longterm monitoring, and (ii) a common set-up of 
a modular Wadden Sea model. The model system should allow a deeper understanding of critical 
sedimentary processes at the system scale. It will also provide a common tool for interdisciplinary 
research addressing the Wadden Sea as a unique entity. 

1.7.  Ter beantwoording van welke vraag of vragen 
is het model ontwikkeld? 

As a first step to prepare for the above mentioned 
long-term NWO question, a 3D baroclinic tidal 
hydrodynamic model of the Western Wadden Sea 
has been developed for reference year 2009. 

1.8.  Belangrijkste berekende grootheden  
(inclusief eenheid en eventueel statistiek) 

Primary variables: water levels and salinity 
(freshwater) distribution 

1.9.  Voor welke toepassing mag het model 
worden ingezet? Voor welke toepassing niet 
(zonder aanpassing)?  

The model is considered trustworthy for water levels 
in the entire Wadden sea area, for net and gross 
water and salt (freshness) fluxes across tidal inlets 
and tidal watersheds. A scientific manuscript on 
these parameters has been submitted. 
 
The model has not yet been validated for – due to 
unavailability of (prepared) field data – on wetting 
and drying on tidal flats, spatial patterns of 
temperature/salinity, 2D/3D current velocities. The 
200m resolution stair-case next to the tip of North-
Holland is expected to perform worse than coarser 
but better aligned curvilinear grids, affecting the 3D 
Marsdiep currents as known from PhD work of Elias. 

2.  Modelonderdelen  

2.1.  Modelrooster (plaatje, .png .jpg etc.) See top of document. 

2.2.  Geografische locatie (KML) http://www.nioz.nl/files/afdelingen/FYS/PACE/graph
ics/NWO_PACE_grid.kmz  

2.3.  Beschrijving rooster en resolutie 
The grid was chosen to fit within the envelope of the Rijkswaterstaat Kuststrook-fijn grid for extracting 
barotropic boundary conditions. The area east of Ameland was added as a buffer zone, the focal area is 
only west of Borndiep. The grid was made equidistant orthogonal for best performance in automatic 
domain decomposition (order 100 cpus at NIOZ), although this results in unneeded high resolution at 
the North Sea. 
 
“A rectangular domain rotated 17° in the anticlockwise direction with respect to the East-West axis was 
defined with its corners located at: [(4.4693 E, 52.4975 N), (4.0260 E, 533269 N), (6.3871 E, 53.7607 N), 
(6.7896 E, 52.9232 N)] (see Fig. 2a below). Within this domain, we defined an equidistant 200 grid with 
a 200m resolution using the Rijksdriehoek projection.” 
(source: Duran-Mutate et al., submitted to Ocean Science).  

http://www.nioz.nl/files/afdelingen/FYS/PACE/graphics/NWO_PACE_grid.kmz
http://www.nioz.nl/files/afdelingen/FYS/PACE/graphics/NWO_PACE_grid.kmz
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(source: Duran-Mutate et al., submitted to Ocean Science).  

2.4.  Beschrijving van situatie One year simulation achieving best possible 
reproduction of tidal, freshwater and meteo driven 
processes on all time scale from 10 minutes to a 
multi-year (e.g. NAO). 

2.5.  Gesimuleerde periode 1 Nov 2008 – 1 jan 2009: spin-up run, 2 months 
1 Jan 2009 – 1 Jan 2010: Deflt3D-FLOW run, 1 year 
1 Jan 2009 – 1 Jan 2012: GETM run, 3 year 

2.6.  Kenmerk gesimuleerde periode – Waarom is 
deze periode gekozen? (bijv. gemiddeld jaar) 

The year 2009 was chosen by the tri-lateral 
consortium because of best field data availability, 
notably the 2

nd
 generation NIOZ TESO ferry data. 

2.7.  Gebruikte software en versienummer Last internally released Delft3D-FLOW with 
functionality to export WAQ field from multi-domain 
core: Delft3D-FLOW_WAVE/6.01.02.2869/lnx64 

3.  Model in data, beschrijving en bronnen 

3.1.  Koppeling met andere gebiedsmodellen  
(bijv. hydrodynamica, slib, …) 

The model input has been configured to produce a 
hydrodynamic database for Delft3D-WAQ. 
 
The model was set-up in the German GETM model 
system (comparable to Delft3D-FLOW), and has been 
automatically converted to Delft3D-FLOW input. 

3.2.  Geografische gebiedsdata - 

3.3.  Bathymetrie 
The depths were determined from the netCDF-CF-OPeNDAP version of the 20m RWS vaklodingen 
provided by OpenEarth, interpolated in space-time with OpenEarthTools. For the GETM stability some 
smoothing was required, which has been kept for Delft3D-FLOW (even though not needed). 
 
 “The Dutch coast is continuously monitored by the Dutch Government, in particular, by 
Rijkswaterstaat. As part of this monitoring program, the bathymetry along the whole Dutch coast, from 
dry land until the 20m isobath in the North Sea, is being measured regularly. Every section of the Dutch 
Coast, including the Wadden Sea, is sampled at least once every seven years, with certain zones 205 
sampled more frequently due to their importance for navigation and other activities. These 
measurements are processed and made available in a 20m grid (Wiegman et al., 2005). This dataset is 
known as the vaklodingen , and the whole historical record is freely available (at 
http://opendap.deltares.nl). To construct the bathymetric map, we considered only the measurement 
closest in time (either in the past or in the future) to the years to be simulated: 2009-2010. Figure 2b 
shows the year during 210 which the bathymetry at the different regions was measured. As can be seen, 
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most of the data was measured around the simulated years with some small exceptions. 
 The process of constructing the bathymetry is as follows. First a 20m grid with the same 
orientation as the model grid was constructed. An interpolation of the bathymetry from the vaklodingen 
was made onto this high resolution grid. Then, the average depth of the area covered by 1010 215 
points (i.e. 200m200m) of the high resolution grid was assigned to the equivalent point in the 200m 
grid. For areas of the grid not covered by the vaklodingen (i.e. outside the 20m isobath in the North 
Sea), a simple interpolation from a 200m resolution bathymetric map compiled by TNO and the Dutch 
Navy was used. 
 The bathymetric map was further smoothed for the stability of the model and to avoid 
numerical 220 noise. This was done in two steps: (1) application of a weighted average filter and (2) 
using a Heuristic linear approach (Dutour Sikiri´c et al., 2009) (see Appendix A for more details).” 
(source: Duran-Mutate et al., submitted to Ocean Science).  

3.4.  Schematisatie gelijk aan hydrodynamica? Yes, unaggregated 200x200m. 

3.5.  Indien nee, wat is reden voor wijziging?  
Wat is de gewijzigde schematisatie (horizontaal 
en verticaal)?  
Hoe is aanpassing gecontroleerd en wat is 
informatieverlies door aggregatie? 

 

3.6.  Randvoorwaarden 
Rijkswaterstaat Matroos OPeNDAP data from HMCN from assimilated Kuststrook-fijn (https://opendap-
matroos.deltares.nl/thredds/catalog/maps/normal/hmcn_kustfijn/history/catalog.html) was used for 
water levels, our German partner supplied 3D temperature/salinity for 2009-2011 plus provided copy-
righted German Weather Service (DWD) meteo field which could only be used in the framework of the 
research project. 
 
 “At the open boundaries of the numerical domain, boundary conditions for the sea surface 
height (SSH), vertically integrated velocities, and vertical profiles of salinity and temperature were 
applied. On the watershed at the eastern boundary (south of Rotummerplaat), a wall was placed since 
it is difficult to match the position of the channels in this region with the boundary conditions. 
 The Flather type boundary conditions are used for the barotropic mode. The vertically 
integrated velocities and sea surface elevation at the boundaries are taken from results of a two-
dimensional model with data assimilation ran by Rijkswaterstaat to predict the SSH along the Dutch 
coast (Plieger, 1999; Verlaan and Heemink, 1998). 
 Salinity and temperature at the boundaries were obtained from simulations with a set of 
nested setups. The simulations for these setups were also performed with GETM. First, a two-
dimensional North Atlantic setup with 4 nm resolution with only wind forcing was used to model surges. 
The results of this setup together with the Oregon State University Tidal Prediction Software (OSU- TPS 
), and climatology for salt and temperature were used for the boundary conditions of a 
threedimensional North Sea setup with a 1 nm resolution and 30 vertical layers. In this setup, salinity, 
temperature, fresh-water discharge, and complete meteorological forcing are all taken into account. 
Finally, another three-dimensional southern North Sea setup with a 600m resolution and 42 vertical 
layers was used. In addition temporal relaxation and a four point sponge layer are used for the salinity 
and temperature boundary conditions. (More details are given in an Appendix) 
 We are aware of the fact that the usage of boundary conditions from two different models 
might cause slight inconsistencies. However, due to data assimilation, the Rijkswater tide/surge model 
shows a superior accuracy in the tidal and intra-tidal variability. 
 A complete validation and description of the nested setups, and in particular, the 600m 
southern North Sea will not be presented in the current paper. The quality of the boundary conditions 
obtained is evaluated only through the quality of the results within the numerical domain for the Dutch 
Wadden Sea which is of interest to the current paper.” 
(source: Duran-Mutate et al., submitted to Ocean Science). 

3.7.  Lozingen van stoffen none 

https://opendap-matroos.deltares.nl/thredds/catalog/maps/normal/hmcn_kustfijn/history/catalog.html
https://opendap-matroos.deltares.nl/thredds/catalog/maps/normal/hmcn_kustfijn/history/catalog.html
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3.8.  Overige forceringen 
For the 2 Afsluitdijk sluices high-frequency (10m) discharge data have been generated using data from 
sluice openings. Lake Lauwersmeer has been added and from waterboards small sluices were gathered. 
 
“ Fresh water is discharged into the Dutch Wadden Sea from several sluices. Compared to this 
discharge, the contribution of precipitation minus evaporation is actually negligible (Zimmerman, 1976). 
The main sluices in terms of discharge are Den Oever and Kornwerderzand located in the Afsluitdijk 
(enclosing dike). This dike separates the Wadden Sea from the Lake IJssel (a freshwater lake). To include 
the fresh-water discharge from the sluices in the simulations, the discharge rate for each one of them 
has to specified. The location of the sluices implemented in the model are presented in Fig. 3, and the 
yearly average and maximum fresh-water discharge for each of the sluices are presented in Table C. 
 For the two main sluices, a record of the total discharge per tidal cycle, the times at which the 
gates are open and closed, and the water level inside and outside the sluices are available. To 
implement the discharge in the model, it is important to take into account that discharge only takes 
place when the gates are open and the water level at the Wadden Sea side is lower than the water level 
on the inside of the sluice. In other words, considering the average discharge per tidal period would 
probably not give the correct salinity distribution and variability. Using the available information and 
assuming that the Bernoulli equation holds for the discharge velocity, we reconstructed the discharge 
rate with a 10 min temporal resolution (see Appendix B). 
 For the sluices at Harlingen and Lake Lauwers, a record of discharge rate at a resolution of 15 
min is kept by the authorities. In these cases, a simple linear interpolation is done to obtain the 
discharge rate at a resolution of 10 min. For the sluices at Helsdeur and Oostoever, values for daily 
average discharge are available. In these two cases, the discharge is spread over the periods when the 
SSH at the tidal gauge in the port of Den Helder (next to the Helsdeur sluice) is below 0.5 m. This is not 
the exact conditions for discharge to occur, but it reproduces part of the variability. For all other sluices, 
the daily average discharge is interpolated to a time series with a resolution of 10min. The modeled 
discharge rates for these small sluices is not as realistic as for the large sluices, but they account (all 
together) for less than 0.5% of all the fresh water discharged into the Dutch Wadden Sea.” 
(source: Duran-Mutate et al., submitted to Ocean Science). 

3.9.  Onderbouwing van keuze van belangrijke 
modelprocessen 

We use all available GETM processes, and their 
Delft3D-FLOW equivalent. 

3.10.  Onderbouwing van keuze van belangrijke 
modelparameters 

Roughness has been tuned for RWS MWTL water 
levels and Secchi-parameters have been tuned to 
reproduce temperature at NIOZ jetty. 

3.11.  Gebruikte procesmanager/ workflowmanager 
en databases 

Dedicated matlab python scripts with netCDF as main 
database format for model input, model output and 
validation data. 

4.  Kalibratie/validatie  

4.1.  Kalibratie:  
Hoe is gekalibreerd?  
Welke parameters zijn gekalibreerd?  
Welke gegevens zijn gebruikt voor kalibratie? 

• Rijkswaterstaat MWTL waterlevels, 10 min 
• NIOZ jetty salinity and temperature, 10 min 
• RWS temperature platforms, daily 
• NIOZ TESO tidal prisms 

4.2.  Gevoeligheidsanalyse None. 

4.3.  Validatie  

4.4.  Betrouwbaarheid (objectieve maat) Waterlevels have R2 of order .95. 

4.5.  Betrouwbaarheid (expert oordeel) Awaiting journal peer-review: submitted to Ocean 
Science. 

5.  Uitgevoerde aanpassingen (indien van toepassing) 
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5.1.  De reden van de aanpassing  

5.2.  Het doel van de aanpassing  

5.3.  Een omschrijving van de aanpassing  

5.4.  Het effect van de aanpassing.  
Indien er meerdere aanpassingen tegelijkertijd zijn 
doorgevoerd moet het effect van de verschillende 
aanpassingen afzonderlijk en cumulatief in beeld 
worden gebracht. Dus aparte beschrijvingen van de 
effecten voor programmatuur, resolutie, 
schematisatie, schematisatiemethode, 
randvoorwaarden, parameters. Daarnaast een 
beschrijving van het totale effect van alle 
veranderingen. 

 

5.5.  Leidt de aanpassing tot een zodanige wijziging 
van de kalibratieresultaten dat er opnieuw 
gekalibreerd moet worden? 

 

5.6.  Consequentie van de aanpassing voor het 
huidige model en voor toekomstige modellen 

 

5.7.  Het effect van het aangepaste model op de 
relaties met de andere basismodellen. 

 

6.  Projecten waarin gebiedsmodel ontwikkeld/gebruikt is 

6.1.  Projecttitel Biomorfologisch model ondiepe kustzeeen 2012/13 

 Projectnummer 1000229/1000253 

 Opdrachtgever Deltares WetenschapsRaad (WR) 

 Contactpersoon Deltares Gerben .J. de Boer, Jebbe van der Werf 

6.2.  Projecttitel KPP 2013 - KRW Verkenning slibhuishouding 
Waddenzee 

 Projectnummer 1207727 

 Opdrachtgever RWS 

 Contactpersoon Deltares Thijs van Kessel. Er is met de NIOZ PI afgestemd dat 
Deltares het PACE model voor dit KPP project mocht 
gebruiken, op de voorwaarde dat andersom ook geld 
dat “Rijkswaterstaat should agree that the [KPP] 
model output can also be freely used, without any 
limitations, for the PACE project.” 

7.  Beheer van de modellen  

7.1.  Eigenaar van gebiedsmodel NWO financiering, NIOZ (Principal Investigor: Theo 
Gerkema, post-doc: Matias Duran-Mutate) en 
Deltares (co-investigator: Gerben de Boer) 
ontwikkeling met toelevering van data door IOW-
Warnemuende (Duitsland) voor 3D randvoordaarden 
en meteo. 

7.2.  Functioneel beheerder Rijkswaterstaat - 

7.3.  Applicatiebeheerder Deltares - 

7.4.  Status gebiedsmodel Ready for use. 

7.5.  Locatie bestanden https://repos.deltares.nl/repos/mcmodels/trunk/PA
CE/ (internal Deltares repository). 

https://repos.deltares.nl/repos/mcmodels/trunk/PACE/
https://repos.deltares.nl/repos/mcmodels/trunk/PACE/
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8.  Referenties  

8.1.  Kalibratie- en validatierapport Publication “Residual circulation and fresh-water 
transport in the DutchWadden Sea: a numerical 
modeling study” submitted to Ocean Science with 
lead author post-doc Marias Duran-Mutate. 

8.2.  Overige rapporten   

8.3.  Overige producten  

8.4.  Achtergrondinformatie  

9.  Wensen voor B&O en Ontwikkeling  

9.1.  Wensen voor Beheer en Onderhoud  

9.2.  Wensen voor Ontwikkeling • Validate with NIOZ TESO 3D velocities 
• Validate wetting/drying 
• Validate salinity/temperature with HF data 

(platform, Zirfeia FerryBox en scanfish) 
• Make DflowFM version that scales better upon 

parallelization. Or solve poor Delft3D 
performance by grid adaptation. 

• Use KNMI HIRLAM instead of copyrighted 
DWD meteo 

• Get 3D boundary conditions from a sustainable 
source, instead of one-off 3 years delivered by 
IOW. 

9.3.  Mogelijkheden voor verbeteringen Strairs-case grid Kop van Noord-Holland. 

9.4.  Mogelijkheden voor uitbreiding  

 

 

 

 

 

 

 

 

 

 


