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Abstract 

Project “00_029_Slibbalans Zeeschelde” aims to study the mud balance in the Scheldt Estuary in a historical 
perspective. One of the tasks identified in the projectplan is to hindcast a historical situation, first in a 
hydrodynamical model, then as mud transport model. 

The present document describes the model setups of NEVLA 2009, SCALDIS 2013 and their 1954 
counterparts. The predictive ability of both models is evaluated against measurements. Due to less detailed 
topographic, hydrological and hydrodynamic information of 1954, a sensitivity analysis is performed on the 
1954 models to evaluate the reaction of the model to changes in bathymetry, bottom roughness and 
viscosity. 

The results of the NEVLA 1954 appear to be sensitive to the bathymetry in the Upper Sea Scheldt and the 
applied roughness field throughout the whole model. Satisfying results could be obtained by deepening the 
Upper Sea Scheldt and lowering the Manning coefficient for specific areas throughout the model domain. 
However, by doing this, one could over-calibrate the model for this specific period. Different validation 
periods would be advisable. 

Since different studies (both data analysis and/or numerical models with different modelling suites) obtain 
unexpected results in the Upper Sea Scheldt, all pointing to a too shallow bathymetry in this area, doubts 
arise over the reliability of this bathymetrical data. However, no systematic error in the original source data 
could be found. 
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1 Introduction 

In the framework of the project “00_029_Slibbalans Zeeschelde” the influence of human activities 
(reclamation, opening/closing of weirs and sluices, dredging, sediment extraction, etc.) and sea level rise on 
the transport of fine sediment will be investigated by the use of numerical, process based models.  

Being the first part of this project, this study mainly focus on the configuration of functional hydrodynamic 
models of “present day” (NEVLA 2009, SCALDIS 2013) and the year 1954, to evaluate the differences of 
hydrodynamic conditions between the recent and historical state. The hydrodynamic output of the model 
will be used as boundary conditions for the sediment transport model in the second part of this project. 

The present document describes the model setups of NEVLA 2009, SCALDIS 2013 and their 1954 
counterparts. A methodology has been created to generate the surge signal due to wind, which will be 
subsequently imposed to the model boundaries. The predictive ability of both models is evaluated against 
measurements. Due to less detailed topographic, hydrological and hydrodynamic information of 1954, a 
sensitivity analysis is performed on the 1954 models to evaluate the reaction of the model to changes in 
bathymetry, bottom roughness and viscosity.  

1.1 The NEVLA model 

The NEVLA hydrodynamic model is designed with the SIMONA software and includes a large part of the 
Belgian Continental Shelf (BCS), the Scheldt estuary and all its tributaries which are tide-dependent. The 
NEVLA model is extensively used in research, both internally and externally of Flanders Hydraulics, among 
which the LTV O&M projects considering the themes “port accessibility” (“Veiligheid”) and “safety against 
flooding” (“Toegankelijkheid”). 

Already a large effort has been done in improving the performance of the NEVLA model. A sensitivity 
analysis and first calibration for the year 2006 are described in Vanlede et al. (2008) and Vanlede et al. 
(2009). Further detailed improvements upstream were performed in Maximova et al. (2009a), Maximova et 
al. (2009b) and Verheyen et al. (2013). Between 2013 and 2015, the model was updated and calibrated for 
the year 2009 in Vanlede et al. (2015). Within this project, the latest calibration run simG162 is directly 
adopted to simulate the hydrodynamics of 2009. The NEVLA 1954 model is setup based on modeling 
procedures from NEVLA 2009.  

1.2 The SCALDIS model 

The SCALDIS hydrodynamic model is designed in the TELEMAC software suite and includes a large part of 
the BCS, the Scheldt estuary and all its tributaries which are tide-dependent, including the Eastern Scheldt. 
Large effort has been done in improving the performance of the SCALDIS model. A sensitivity analysis and 
first calibration for the year 2013 are described in (Smolders et al., 2016). 
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2 Bathymetric data 1950 – 1960 

2.1 Available bathymetric data 

Depending on its availability for the different regions, data from a period between 1955 and 1969 will be 
used (table 1). The year 1954 is taken as the reference year for the historical modelling because: 

• in 1953 the large tidal area “Braakman” near Terneuzen was poldered (see §5.1.1) 
• full water level time series are available for 1954, March 22 till April 6 (see §3.3) 

For the part of the North Sea, the digitized map of the “Noordzee – Vlaamse Banken (1959 – 1969)” is used 
(Janssens et al., 2012). The area covered by this soundings is depicted in figure 1. In the estuary mouth, the 
soundings of Rijkswaterstaat from the period 1964 – 1966 are used (RIKZ, 2001), as is depicted in figure 2.  

For the Scheldt estuary, Vandenbruwaene et al. (2013) constructed a bathymetry of 1955 – 1965 containing 
a bathymetric survey of the Western Scheldt of 1955 and surveys of the Sea Scheldt and Rupel from 1957 
till 1965. The resolution of the subtidal bathymetric data of the former is 20 x 20 m, the latter has a 
resolution of 5 x 5 m. A complete topo-bathymetry (so including intertidal and supratidal areas) was 
created based on boundary lines between different habitats and the dyke lines in 1960. A more detailed 
explanation of the applied procedure can be found in Vandenbruwaene et al. (2013).  

Additionally to these samples, also subtidal samples in the Durme, Rupel and the downstream parts of Dijle 
and Nete are available.  

During the sensitivity analysis of the NEVLA 1954 model (see §8.1), some doubt arose about the quality of 
the data for the Sea Scheldt bathymetry. Section 2.2 investigates the data flow and quality of both the 
source data and derived products for the Sea Scheldt for 1957 till 1965. 

Figure 1 – Overview of the area covered by the chart “Noordzee – Vlaamse Banken (1959 – 1969)”. 

 
Digitized for Janssens et al. (2012) 
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Figure 2 – Overview of the area covered by the soundings of RWS (1964 – 1966), from RIKZ (2001). 

 
 

Table 1 – Overview of the bathymetric data available for the bathymetry of “1954”. 

Section Source Year Data location 

North Sea (1) Janssens et al., 
2012 1959 – 1969 

\\WAP148613M\GIS\ 
Masterarchief\his\BCP_bth_1969_

VH_lam72_GLW_R\grid1969 

Estuary mouth (1) RIKZ, 2001 1964 – 1966 

\\WAP148613M\GIS\ 
Masterarchief\tob\WES_bth_ 

1950-2000_RWS_RDS_nap_R_ 
monding\1950_74 

Scheldt estuary  
and Rupel (2) 

Vandenbruwaene 
et al., 2013; aMT 

1955 (Western Scheldt) 
1957 – 1965 (Sea Scheldt) 

\\WAP148613M\GIS 
Masterarchief\tob\SCH_tob_ 

1955_WL_rds_taw_D\sch5560 

Sea Scheldt (1) Vandenbruwaene 
et al., 2013; aMT 1957 – 1965 

\\WAP148613M\GIS 
Masterarchief\tob\ZES_bth_1960_ 

MT_utm31ed50_taw_R\ 
bezboz60taw 

Durme, Rupel, 
Dijle & Nete (1) aMT 1960 

\\WAP148613M\GIS 
Masterarchief\tob\BOZ_bth_1950-

1960_MT_rds_taw_D\ 
tbr_taw60_rds 

(1) bathymetry, (2) topo-bathymetry. 

file://WAP148613M/GIS
file://WAP148613M/GIS
file://WAP148613M/GIS
file://WAP148613M/GIS
file://WAP148613M/GIS
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2.2 Origin of the 1957 – 1965 Upper Sea Scheldt data 

At FHR, paper bathymetry charts of Upper Sea Scheldt from the late 1950’s, early 1960’s were digitized 
manually on a so called “priktafel”. This work was done during the second half of 2004 (personal 
communication, Rita De Bock – FHR). The relative “table” coordinates (X,Y-values) were thereafter 
transformed to Lambert72 coordinates and the Z-values were added. All Z-values shown on the charts are 
in NKD (personal communication, Frederik Roose – aMT, 25 Jan 2017). NKD (“Nul Krijgsdepot”) was the 
reference plane used in Belgium between 1947-1948 and 1981 (Vereycken et al., 2015). 

For all 63 charts geo-referencing the X,Y-values was performed by comparing landmarks on the old charts 
(in Bonne and/or Lambert coordinates) and on more recent maps. In total 3 types of translations were 
performed, depending on the geographical references of the original charts (see Appendix A.1). The 
Maritime Access Division (aMT) produced ESRI-GIS raster-files based on this data. The workflow to do this, 
has been logged in several Word-files. These files show that this work has been done at least two times; the 
first time using only ArcView (January and September 2005, Appendix A.2), the second time using Qinsy 
and ArcView (July 2006, Appendix A.3). 

2.2.1 Data delivered by Frederik Roose (aMT): boz60taw 

Frederik Roose (Maritime Access Division) did send the original digitized data from the charts, temporary 
work files, and two ESRI grid files to FHR (mails dd. 13/04/2016 and 14/04/2016), accompanied by some 
Word-files describing the workflow.  

The data in these ESRI grid files clearly shows some irregularities in the bathymetry (figure 3). They also lack 
a geographical reference. Based on the occurrence of those irregularities, the workflow described in the 
Word documents (see Appendix A.2) and the names of the ESRI grids (called boz60nkd and boz60taw), it is 
assumed that these are the first versions of the gridded data, with unsatisfying results. This could explain 
the need for a second workflow (see Appendix A.3), now using both Qinsy and ArcView. Qinsy is supposed 
to have a specific interpolation scheme (digipol) better suited for bathymetrical data on transects (high 
spatial resolution along the transects, big distance between the transects). However, the grids resulting 
from this second workflow (supposedly called boz60nkd_02 and boz60taw_02, see Appendix A.3) are not 
included in the data send by Frederik Roose. 

Figure 3 – boz60taw at Kwatrecht (between Melle and Wetteren) showing irregularities in depth. 

 
Interpolation from original digitized arrays sections DE-1965, DF-1965, DG-1965 and DH-1965. Brown lines show the 2015 dike 
crests. 
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2.2.2 Data on the bathy server of aMT: boz_bth_taw_mt_1960_5m 

FHR has access to a server where the Maritime Access Division stores their GIS data. On this server 
(\\wm162458\Data), an ESRI grid called boz_bth_taw_mt_1960_5m can be found. This file shows the same 
irregularities in bathymetry as the boz60taw file mentioned in §2.2.1. The coordinate system is ETRS89 
UTM31N. The data points seem to be shifted approximately 15m to the East in respect to the boz60taw file 
(figure 4). 

Figure 4 – Shift in ESRI grids from Maritime Access Division near Wetteren. 

 
Original data from sections DB-1964 shown as big circles. The boz_bth_taw_mt_1960_5m grids seems to be shifted approximately 
15m to the East in respect to boz60taw. Thin brown lines show the 2015 dike crests; thick brown line shows the transect near the 
tide gauge of Wetteren. 

 

2.2.3 Data on the “Masterarchief” of FHR: bezboz60taw 

On the FHR server “Masterarchief” (\\WAP148613M\GIS) ESRI grids called bezboz60gllws and 
bezboz60taw can be found. These files are supposed to be delivered on 07/10/2009 by the Maritime 
Access Division for a project in cooperation with INBO. Based on the name, this seems to be a combination 
of grids for the Lower (bez) and Upper Sea Scheldt (boz). The raster however has different grid points than 
boz60taw and boz_bth_taw_mt_1960_5m. The coordinate system is ED50 UTM31N.  

This data was used in the historical analysis of the Sea Scheldt intertidal areas (Van Braeckel et al., 2009) 
and the historical analysis of tidal propagation and morphology of the Upper Sea Scheldt and its tidal 
tributaries (Vandenbruwaene et al., 2016). 

file://wm162458/Data
file://WAP148613M/GIS
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Figure 5 – bezboz60taw at Kwatrecht (between Melle and Wetteren). 

 
This grid clearly doesn’t show the irregularities of boz60taw and boz_bth_taw_mt_1960_5m (figure 3). Brown lines show the 2015 
dike crests. 

2.3 Bathymetrical analysis 

In order to be able to compare the original, digitized data and the different ESRI grids to the model 
bathymetries (see §5.2), all data is converted to RD-Parijs and NAP (Dutch coordinate system and reference 
plane), also used in the numerical models.  

• For the coordinate transformations the SuperTrans MATLAB toolbox, included in the 
OpenEarthTools svn-repository of Deltares, is used (Deltares, 2016). 

• For the conversion of NKD to TAW a conversion grid was created, based on the boz60nkd and 
boz60taw grids provided by Frederik Roose (see §2.2.1). The values of this grid were cross-checked 
with the values given by Vereycken et al. (2015), and found to be identical (see table 2). 

• For the conversion of TAW to NAP, 2.333 m is added to the depth value (the reference level of NAP 
lies above that of TAW) (Vlaamse Hydrografie, 2011). 

All bathymetries are compared on transects near the 6 tide gauges mentioned in table 2 and in some 
typical areas such as “De Kramp”, a sharp bend between Sint-Amands and Dendermonde, and the mouth of 
the Dender, upstream Dendermonde, where the 1954 models start to perform badly (see §8.1). The 
location of the transects is shown in figure 10. The transects are chosen in such a way that different 
headings (E - W, N – S, NW – SE and SW – NE) are analysed. On all cross-sections the left bank of the river is 
on the left side of the plot. Figure 4 illustrates the methodology: first a transect through the original 
bathymetrical data (big circles) is defined. Then, all gridded data is interpolated on the transect with a 
5 meter interspacing. So, in the figures discussed below (and in §5.3.2), the black dotted line shows the 
original bathymetrical data, while all other lines are interpolations of grids (ESRI or numerical model) on 
these transects. 

For all transects the boz_bth_taw_mt_1960_5m grid shows the best horizontal fit to the original data. The 
E-W transects near Uitbergen, at the mouth of the Dender and De Kramp (figure 6), clearly show a shift to 
the West of the boz60taw and bezboz60taw in respect to the original data and 
boz_bth_taw_mt_1960_5m. In the N-S transects (Wetteren, Schoonaarde) no shift is observed (figure 7). 
Transects with another orientation show a smaller shift. 
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Only at Uitbergen (figure 8) boz_bth_taw_mt_1960_5m seems to reproduce the deepest part of the 
channel better than the other ESRI grids. For all other locations the channel is represented in a similar way 
by the three ESRI grids. 

Figure 9 shows a transect over one of the irregularities shown in figure 3. The bezboz60taw file is the only 
one reproducing the original data sufficiently (although shifted to the Northwest). Therefore, only 
bezboz60taw can be used to implement the bathymetry in a numerical model. Unfortunately, this grid does 
not show the best horizontal fit to the original data. However, since the volume of the channel is 
represented well, this shift in X,Y-coordinates would probably not affect the quality of the model results. 
Still, to ensure no bends would be cut off by a mismatch between the extent of the bathymetrical samples 
and the models enclosure, the suspect data was shifted horizontally before interpolating it on the 
computational meshes. More details on this can be found in §5.2.3. 

2.4 Sensitivity to the reference plane 

Vereycken et al. (2015) give a historical overview of the reference planes used in Belgium. They also list the 
vertical differences between those surfaces for certain locations, where tide gauges are (were) installed. In 
the whole Scheldt basin the differences vary strongly, but are between +25 cm and -20 cm. On average the 
TAW plane lies 8 cm above the NKD plane. Table 2 shows the vertical differences in the Upper Sea Scheldt, 
where the 1954 hydrodynamic models start to performs badly (see §8.1). Note that for Sint-Amands the 
conversion from KD to NKD is unknown and assumed to be 0 cm; for Dendermonde the value of -7 cm was 
used only for 1931-1940 (Vereycken et al., 2015). 

From this figures it is clear that a horizontal shift of the data can have a bigger impact on the implemented 
bathymetry than the uncertainties about the vertical references. 

 

Table 2 – Vertical difference (in cm) between the different historical reference surfaces. 

Location 
(tide gauge) 

TAW – NKD 
(cm) 

NKD – KD 
(cm) 

TAW – KD 
(cm) 

Sint-Amands +8 0 +8 
Dendermonde +10 -10 (-7) 0 
Schoonaarde +11 -14 -3 

Uitbergen +9 -20 -11 
Wetteren +17 -20 -3 

Melle +21 -19 +2 
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Figure 6 – Transect trough the central part of “De Kramp”. 

 

Figure 7 – Transect at the tide gauge in Wetteren. 
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Figure 8 – Transect at the tide gauge in Uitbergen. 

 

Figure 9 – Transect near Kwatrecht. 
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Figure 10 – Location of the analysed transects. 
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3 Calibration and validation data 

3.1 Available data 

For 2009, the amount of data available is high: both water levels and (cross-sectional) velocities are 
available. Obviously for 1954 the amount of data is more limited: high and low waters are available, 
depending on the measuring station, for the whole year. For a selected period and number of stations, tidal 
curves where digitized in the framework of the TIDE project (Vandenbruwaene et al., 2013). Both types of 
1954 water level data are compared in §3.3. The water level stations and available data for 1954 and 2009 
are listed in table 3 (Scheldt estuary and Rupel basin) and table 4 (Durme). 

Table 3 – Data availability of water levels in the Scheldt estuary. 

 1954 2009 
 TS HW/LW TS 

Western Scheldt 
Vlissingen    
Cadzand    

Terneuzen    
Hansweert    

Bath    
Lower Sea Scheldt 

Prosperpolder    
Liefkenshoek    

Sint-Marie o   
Kattendijk    
Antwerpen    

Schelle    
Hemiksem    

Upper Sea Scheldt 
Temse    

St Amands    
Dendermonde    
Schoonaarde    

Uitbergen    
Wetteren    

Melle    
Gentbrugge    

Rupel basin 
Boom    
Walem    

Hombeek    
Zemst    
Duffel    

Lier_Molbrug    
Lier_Maasfort    

Emblem    
Kessel    

Mechelen    

“” indicates measurements in this station are available for the considered period, “” means no measurements are available, 
and “o” indicates measurements for this station are validated, but no good values exist for the considered period. 
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Table 4 – Data availability of water levels in the Durme. 

 1954 2009 
 TS HW/LW TS 

Durme 
Tielrode    

Waasmunster    

“” indicates measurements in this station are available for the considered period, “” means no measurements are available, 
and “o” indicates measurements for this station are validated, but no good values exist for the considered period. 

3.2 Water levels in 2009 

For 2009, water level data with a time interval of 10 minutes are used. These values, together with velocity 
measurements (both ADCP and stationary velocity points) are used to calibrate the NEVLA 2009 model as 
described in Vanlede et al. (2015). The water level stations which are considered in this report are listed in 
table 3. In table 5 an overview is given of the main water level values in the stations Vlissingen, Antwerpen, 
Dendermonde and Walem. 

Table 5 – Comparison of water level statistics for 2009 and the 10 yearly averaged values of 2001 – 2010. 

 Low waters (m TAW) High waters (m TAW) Tidal range (m) 
2009 2001-2010 2009 2001-2010 2009 2001-2010 

Vlissingen 
-0.15 
0.57 
1.48 

-0.15 
0.60 
1.65 

3.31 
4.35 
5.08 

3.40 
4.40 
5.29 

2.36 
3.77 
4.89 

- 
3.79 

- 

Antwerpen 
-0.78 
-0.09 
0.87 

-0.66 
0.05 
1.18 

3.96 
5.19 
6.02 

4.19 
5.30 
6.35 

3.60 
5.27 
6.47 

- 
5.25 

- 

Dendermonde 
0.49 
0.99 
1.98 

0.61 
1.12 
2.41 

4.31 
5.24 
6.21 

4.32 
5.30 
6.35 

3.31 
4.24 
4.85 

- 
4.17 

- 

Walem 
-0.10 
0.38 
1.13 

-0.08 
0.43 
1.52 

4.30 
5.52 
6.35 

4.45 
5.54 
6.54 

3.81 
5.13 
5.95 

- 
5.11 

- 

Overview of the 1st percentile, mean and 99th percentile low and high waters and tidal range in the considered period from 2009 
January 1st till April 15th, compared with the 10 yearly averaged values of 2001 – 2010 (Vanlierde et al., 2016). 

3.3 Water levels in 1954 

As mentioned before, for 1954 both digitized tidal curves and digitized high and low waters are available. 
The high and low waters are digitized in the framework of “Integraal plan Boven-Zeeschelde” and “Agenda 
voor de Toekomst” (Vandenbruwaene et al., 2016). 

High and low waters are available for the full year 1954, for the measuring stations mentioned in table 3. 
Additionally, a two week period was digitized from paper registrations. This period, from March 22nd till 
April 6th, was chosen based on the presence of tidal cycles having characteristics similar to the mean tidal 
cycle and mean spring and neap tidal cycle over the period 1951 – 1960. The data is filtered based on the 
quality flags (ranging from “Good”, over “Suspect” and “Estimated” to “Missing”, see Vandenbruwaene et 
al., 2016); only the good data was used for further analysis. 
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3.3.1 Quality check on digitized tidal curves 

First, a visual check is performed by comparing the tidal curves of different measurement stations. In figure 
11 and figure 12 the tidal curves of respectively Antwerp and Dendermonde are compared with the curves 
of Kattendijk, as an example. For the curves of Antwerp, both curves are very similar. Except the low water 
around 26th of March is clearly lower. The data around this moment, from the previous high water till the 
next high water, are therefore not taken into account in the further analysis. 

In figure 12, again a good agreement between both curves can be observed. Two low waters from the time 
series at Dendermonde, around 30th March are clearly lower than normal, even lower than the recorded 
values at Kattendijk. This period, from the high water before the first low water till the high water after the 
second low water has been removed. A similar procedure is followed for all measurement stations. 

After this comparison, a visual analysis of the curves is performed, to detect suspicious data. Small, 
suspicious peaks as in the second to last tide in figure 13 are not changed. Doubtful data around high or low 
waters, as shown in figure 14, are removed as they also influence the comparison of the data from the tidal 
curves and the digitized high and low waters (see section 3.3.2). 

 

Figure 11 – Comparison between tidal curves at Kattendijk and Antwerpen. 

 
Kattendijk (full, red line), Antwerpen (dashed, black line). 
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Figure 12 – Comparison between tidal curves at Kattendijk and Dendermonde. 

 
Kattendijk (full, red line), Dendermonde (dashed, black line). 

Figure 13 – Recorded tidal curves at Duffel, with indication of high and low water. 
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Figure 14 – Recorded tidal curves at Hemiksem, with indication of high and low water. 

 
 

3.3.2 Comparison between high/low water data with tidal curves 

After the verification of the data, as described in previous section, both data sources are compared. On the 
tidal curves, the high and low waters are detected. These values (both the height and time) are compared 
with the digitized high and low waters, for those measurement stations where both data are available. 

In figure 15 and figure 16, the comparison between the digitized high and low waters levels (dots) and the 
high and low water levels based on the digitized tidal curves (+) in respectively Antwerpen and Wetteren 
are shown. The horizontal dashed line indicates the 10 yearly averaged values.  

In figure 17 and figure 18 the comparison between timing of high and low waters (respectively dots and 
triangles) of the digitized high and low waters and the high and low waters derived from the tidal curves in 
respectively Antwerpen and Wetteren are shown. Negative values mean that corresponding high or low 
waters in the tidal curves were later in time than those in the digitized high and low waters. Since the time 
series of the tidal curves have an interval of 10 minutes, differences in timing of corresponding high and 
low waters in both datasets are considered negligible. High and low water data couples lying between the 
two vertical dashed lines (drawn at -10 and +10 minutes) are thus considered as coinciding; data couples 
lying outside this area have a significant difference in timing. 

An overview of the error statistics for all stations is given in table 6. In Appendix C the comparison for all 
measurement stations can be found, together with the definition of the error statistics shown in the 
graphs. The NKD – TAW correction and the “tide pole leveling correction/adjustment“ (Vereycken et al., 
2015) are applied on all measurement stations, also on those where no digitized high and low waters are 
available. 

Table 6 shows the offset between both datasets is in the order of 5 cm. The RMSE values (generally) 
increase in upstream direction from 6 cm at Antwerpen to 12 cm in Wetteren. The RMSE values at 
Hombeek (Dijle catchment) however are significantly higher (32 cm). 
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Figure 15 – Comparison between digitized high and low waters and digitized tidal curves in Antwerpen. 

 
Comparison of the levels of high and low waters between the digitized high and low waters (dots) and the high and low waters 
based on the digitized tidal curves (+) in Antwerpen. The horizontal dashed line indicates the 10 yearly averaged values. 

Figure 16 – Comparison between digitized high and low waters and digitized tidal curves in Wetteren. 

 
Comparison of the levels of high and low waters between the digitized high and low waters (dots) and the high and low waters 
based on the digitized tidal curves (+) in Wetteren. The horizontal dashed line indicates the 10 yearly averaged values. 
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Figure 17 – Comparison between digitized high and low waters and digitized tidal curves in Antwerpen. 

 
Comparison of the timing of high (dots) and low (triangles) waters between the digitized high and low waters and the high and low 
waters based on the digitized tidal curves in Antwerpen. Negative values mean that high or low waters in the tidal curves were later 
than the corresponding ones in the digitized high and low waters. The vertical dashed line indicates the 10 minutes interval of the 
tidal curves. An offset between corresponding high or low waters in both datasets smaller than 10 minutes is considered negligible. 

Figure 18 – Comparison between digitized high and low waters and digitized tidal curves in Wetteren. 

 
Comparison of the timing of high (dots) and low (triangles) waters between the digitized high and low waters and the high and low 
waters based on the digitized tidal curves in Wetteren. Negative values mean that high or low waters in the tidal curves were later 
than the corresponding ones in the digitized high and low waters. The vertical dashed line indicates the 10 minutes interval of the 
tidal curves. An offset between corresponding high or low waters in both datasets smaller than 10 minutes is considered negligible. 



Slibbalans Zeeschelde - Sub report 8 – Hydrodynamic model 1954 

18 WL2017R00_029_8 Final version  

 

Table 6 – Comparison of the high and low waters of the different 1954 time series. 

Station High and low water  

 
BIAS [m] 

(after 
peilschaalcorrectie) 

RMSE [m] 
(after 

peilschaalcorrectie) 
Time shift [min] 

NKD – TAW 
correction + 

peilschaalcorrectie 
Antwerpen -0.03 0.06 -5 -0.08 
Hemiksem 0.05 0.06 3 -0.09 

Temse 0.00 0.07 -10 (*) -0.09 
Dendermonde 0.03 0.06 -0 -0.10 

Wetteren 0.02 0.12 -4 -0.18 
     

Tielrode 0.06 0.13 -9 -0.06 
Waasmunster 0.01 0.05 -6 -0.09 

Walem 0.01 0.07 -13 -0.05 
Hombeek -0.03 0.32 -2 -0.05 

Indication of average off-set in height and in time between the digitized high an d low waters and the high and low waters derived 
from the curves. (*) In Temse no “peilschaalcorrectie” is applied, as the variation is large because of the position of the 
measurement device (in the bridge piler) (Vereycken et al., 2015). 
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4 Boundary conditions 

4.1 Modelling procedure 

The historical modeling procedure of 1954 is sketched on the basis of the modeling procedure of the 
models anno 2009 (NEVLA) and 2013 (SCALDIS), as there are already existing well-calibrated and functional 
models with different scales and dimensions (CSM, ZUNO and NEVLA/SCALDIS). A series of tests are carried 
out to determine the best methodology and working flow scheme which will be accordingly applied on the 
modeling procedure of 1954. The working scheme of the 1954 and “present day” models is completely the 
same, but not identical to the original model train of 2009/2013 (described in Vanlede et al., 2015 and 
Smolders et al., 2016), because of the absence of wind data for both cases. The working scheme is 
explained in figure 19. 

A hierarchical cascade of 3 model domains is applied, with each having their specific grid size and 
characteristics (see figure 19) : 

- A large-scale continental shelf model (CSM-model)   
- A large-scale southern north sea model (ZUidelijk NOordzeemodel, the ZUNO-model) 
- A small-scale Belgium offshore model (NEVLA/SCALDIS-model) 

The models are characterized by decreasing spatial dimensions and increasing spatial resolution in order to 
derive the hydrodynamic conditions to the area of interest. The CSM and ZUNO model used in this study 
are well-calibrated (Leyssen et al., 2012). The CSM and ZUNO runs are both 2D simulations without wind. 
To set up the model train, the boundary conditions are provided from CSM to ZUNO and then to 
NEVLA/SCALDIS.  

Unlike previous studies (Vanlede et al., 2015 and earlier NEVLA developments), a ZZZ–boundary type for 
NEVLA is selected, whereas before a CRC–boundary type is used. By using water level boundaries 
exclusively, the calculated 1954 surge signal (see §4.3.2) can easily be added to the computed boundary 
conditions. For SCALDIS the seaward boundary is already water level driven (Smolders et al., 2016). 
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Figure 19 – Working scheme of the historical and present day model 

 
For NEVLA two individual model trains are built up: for the year of 1954 and 2009 respectively. By 
comparing the results of the original NEVLA 2009 (Vanlede et al., 2015) with the results of the 2009 
modelling approach in this study (see figure 19), the uncertainties introduced by the differences in 
modelling procedures can be estimated (see §6). 

4.2 CSM and ZUNO simulation runs 

As previously mentioned, no wind data/information are available in the year 1954. Therefore, both the 
1954 and 2009 simulations are performed without wind information. CSM and ZUNO are run for a 
simulation period from respectively 25th of December 1953 and 2008, to create a warming-up period of 5 
days, until 30th of March 1954 and 2009. The grid, bathymetry and roughness field are kept constant for 
both periods. A summary of the model input is described in table 7. 

The nesting of CSM and ZUNO is common practice, and used to obtain higher spatial resolution near the 
coast. Although both CSM and ZUNO reproduce the water levels in Vlissingen sufficiently, the higher spatial 
resolution of ZUNO is necessary for the nesting of the even more detailed NEVLA and SCALDIS models. The 
results of the CSM model at Vlissingen are shown in figure 20 for 1954 and in figure 21 for 2009. The results 
of the ZUNO model in Vlissingen are shown in figure 22 and figure 23.  

Table 7 – Overview of input parameters of the used CSM and ZUNO model 

Model Grid 
(M*N) Simulation period ∆t (min) Boundary 

CSM 201*173 25 dec – 30 april 10 harmonic 
ZUNO 486*170 25 dec – 30 april 2.5 CSM 
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Figure 20 – Water levels at Vlissingen as measured and simulated with the CSM model for 1954. 

 
Water levels at Vlissingen as measured (blue dots) and simulated with the CSM model (upper) for 1954 (1 January – 15 April). The 
difference between the measured water levels and the simulated water levels is shown in the bottom figure. 

Figure 21 – Water levels at Vlissingen as measured and simulated with the CSM model for 2009. 

 
Water levels at Vlissingen as measured (blue dots) and simulated with the CSM model (upper) for 2009 (1 January – 15 April). The 
difference between the measured water levels and the simulated water levels is shown in the bottom figure. 
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Figure 22 – Water levels at Vlissingen as measured and simulated with the ZUNO model for 1954. 

 
Water levels at Vlissingen as measured (blue dots) and simulated with the ZUNO model (upper) for 1954 (1 January – 15 April). The 
difference between the measured water levels and the simulated water levels is shown in the bottom figure. 

Figure 23 – Water levels at Vlissingen as measured and simulated with the ZUNO model for 2009. 

 
Water levels at Vlissingen as measured (blue dots) and simulated with the ZUNO model (upper) for 2009 (1 January – 15 April). The 
difference between the measured water levels and the simulated water levels is shown in the bottom figure. 
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4.3 Downstream Boundary Condition 

The surge signal, which is in fact a combination of wind effects, sea level rise and potential model errors, is 
based on the water level difference signal (shown for 2009 in the lower panel of figure 23). It needs to be 
determined for the generation of boundary conditions for the NEVLA/SCALDIS models. Two approaches are 
proposed and tested during this study: 

• Method 1: Generate the signal of water level differences (interval of 10 minutes) at Vlissingen 
from ZUNO 2009 prediction (harmonic) and measurement. Filter the signal with a 24h/25h/24h 
moving average window in sequence (Doodson filter), to produce a smoothed surge signal 
(Godin, 1972). 

• Method 2: Generate the signal of high water and low water differences (interval of about 6 
hours) at Vlissingen from ZUNO 2009 prediction (harmonic) and measurement. Create the 10-
minutes-time-series of surge signal by linear interpolation.  

To determine what method will be used, the following workflow is proposed: 

 Add the surge signal to the harmonic boundary conditions (derived from ZUNO 2009) for the 
NEVLA 2009 model. 

 Compare the NEVLA 2009 modelled water levels at Vlissingen (a representative station of the 
NEVLA domain) with measurements. 

 Evaluate the methodology and determine the appropriate method for creating the surge signal. 

 Repeat the above procedures for the modeling run of 1954. The surge signal created for 1954 is 
considered to consist of impact of both wind and sea level rise. 

The comparison of the two approaches to create a surge signal for 2009 can be found in §4.3.1. The best 
method is then used to create the 1954 surge signal (§4.3.2). 

4.3.1 Surge signal 2009 

Figure 24 shows the water level from January to March 2009 at Vlissingen from measurement, harmonic 
ZUNO prediction and the differences between them. The surge signal generated from Method 1 is shown 
as well. Figure 25 shows the HW and LW from January to March 2009 at Vlissingen from measurement, 
harmonic ZUNO prediction and the differences between them. The surge signal generated from Method 2 
is shown as well. 

Figure 26 shows the water level at Vlissingen from measurement (with 10 min time interval) and from 
NEVLA 2009 simulations with imposed surge signal generated from Method 1 and Method 2, from January 
to March of 2009. In general both methods produce very similar water level patterns to the measurements. 
However, model output with Method 2 leads to less discrepancies on water level than model output with 
Method 1 by comparing with the 10-minutes-measurement. Statistical analysis (table 8) further implies that 
Method 2 results in better predictive ability of the NEVLA 2009 model. Therefore Method 2 is chosen to 
generate the surge signal for the NEVLA 1954 model. 

Table 8 – Statistics for the two methods to calculate the 2009 surge signal. 

Name Correlation R [-] RMSE [m] 
Method 1 0.99 0.18 
Method 2 1 0.13 

Statistic of water level of 2009 at Vlissingen between measurement and NEVLA 2009 with imposed surge signal generated from 
Method 1 and Method 2 respectively. 
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Figure 24 – Demonstration of surge signal of 2009 with Method 1. ‘MA’ stands for moving average. 

 
 

Figure 25 – Demonstration of surge signal of 2009 with Method 2. 
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Figure 26 – Comparison of water level at Vlissingen from NEVLA2009 with Method 1 and Method 2.  

 
 

4.3.2 Surge signal 1954 

Figure 27 shows the HW and LW from January to March 1954 at Vlissingen from measurement, ZUNO 
prediction and the differences between them. The surge signal generated from Method 2 is shown as well. 

4.3.3 Surge signal 1954 vs 2009 

Figure 28 shows the comparison of surge signal generated from Method 2 for 1954 and 2009 respectively. 
Table 9 compares the statistics results of the surge signal at Vlissingen in 1954 and 2009.  

The surge signal generated for 2009 is mainly due to wind while the signal generated from 1954 is due to 
the combination of wind impact and Sea Level Rise (SLR). Therefore the difference of these two signals will 
be considered as an approximation of the influence of SLR. 

Table 9 – Statistics of Surge signal at Vlissingen in 1954 and 2009. 

 Maximum [m] Minimum [m] Mean [m] Std [m] 
Surge Signal 1954 0.99 -1.19 -0.23 0.33 

Surge Signal 2009 1.06 -0.98 -0.07 0.25 

 

  



Slibbalans Zeeschelde - Sub report 8 – Hydrodynamic model 1954 

26 WL2017R00_029_8 Final version  

 

Figure 27 – Demonstration of surge signal of 1954 with Method 2. 

 

Figure 28 – Comparison of surge signal generated from Method 2 for 1954 and 2009 respectively.  
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4.4 Upstream boundary conditions 

In the NEVLA model (Vanlede et al., 2015) measured time series of the upstream discharges of the 
(side)rivers are used in the model as upstream boundary conditions. In table 10 the average, minimum and 
maximum values of these values are shown. In 1954, Spuikanaal Bath was not operational. For the channel 
Gent-Terneuzen, a constant value of 13 m³/s is used as input. 13 m³/s is the minimal two-monthly averaged 
discharge needed to counter-act the salt intrusion in the channel, as agreed by the Belgian and Dutch 
governments in 1985 (Pereira & Mostaert, 2012). The measurements at the Dender in 1954 are measured 
at Denderbelle. To translate these values to a discharge in Dendermonde/Appels, a discharge coefficient of 
1.13 is applied. 

Table 10 – Upstream discharges [m³/s] in the model of 1954 and 2009.  

River City  1954 
[m³/s] 

2009 
[m³/s] 

Scheldt Gentbrugge M 21.3 [1.2 – 124.8]  
 Merelbeke M  55.2 [7.4 -255.9] 

Dender Appels M 6.7 [1.1 – 44.4] 18.8 [4.9 - 108] 
Durme     

Grote Nete Itegem M 5.1 [2.1 – 11.8] 6.3 [2.9 – 6.3] 
Kleine Nete Grobbendonk M 6.3  [2.1 – 15.2] 8.5 [3.6 – 25.4] 

Dijle Haacht M 18.4 [7.4 – 39.5] 32.6 [17 - 81] 
Zenne Eppegem M 7.7 [3.8 – 26.4] 10.7 [6 – 54.7] 

     
Gent - Terneuzen  C 13 13 
Spuikanaal Bath  M  38.1 [8.1 – 115.6] 

Values indicated are mean values of the period between 1st January and 15th April, the range indicates [minimum, maximum] 
during this period. M indicates measurements, C indicates a constant value is used. 

In figure 29 an overview is given of the discharges from 1st of January till 15th of April 1954. In Haacht, no 
daily measurements were available for the month April. A constant value of 16 m³/s is used, which is 
indicated as monthly average. In figure 30 the same overview is given for the year 2009. Note the different 
scaling of both graphs, discharges in 2009 being much larger than in 1954. 
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Figure 29 – Overview of the discharge in several upstream points from January 1st to April 15th 1954. 

 

Figure 30 – Overview of the discharge in several upstream points from January 1st to April 15th 2009. 
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5 Geometry and bathymetry of the model 

5.1 Geometry 

5.1.1 NEVLA grid 

For this project, the original grid of NEVLA (Vanlede et al., 2015) is retained as much as possible. However, 
some areas of the river are poldered in the period between 1954 and 2009, and therefore not present in 
the current grid. The grid is adapted, mainly extended, in these areas. In figure 31, figure 32, figure 33 the 
original (blue) and adapted (red) grid are shown. The adapted grid is used for the simulations of both 1954 
and 2009. The full grid is not always completely used in the simulation, depending on the situation. E.g. 
Deurganckdok is present in the grid, but for the simulation of 1954 the bathymetry is set here at 7 m TAW 
(above MSL) to ensure those grid cells are excluded from calculation. 

For the evolution of the geometry of the Scheldt estuary (poldering/depoldering of marshes, infrastructural 
works, deepenings,…), several previous studies are consulted (Jeuken, 2007; Van Braeckel et al., 2006; 
referentie T2009; etc.). In the Western-Scheldt, the main differences in the grid are situated in the “Sloe”, 
the “Braakman”, the Schorren at Bath and the Selenapolder (figure 32). Although the Selenapolder is 
connected to the Scheldt, it is already depoldered in 1990, it is not incorporated in the original NEVLA grid. 

In the Sea Scheldt, the main differences in the geometry are the works around Ghent, with the construction 
of the Ringvaart. Because of these changes the upstream discharge is not passing anymore through the city 
of Ghent. In the lower Sea Scheldt, between Antwerp and the border with the Netherlands, a lot of 
infrastructural works are carried out linked to the development of the Port of Antwerp (sluices, terminals, 
etc.). In the tributaries, the Vliet and Oude Vliet, after the flooding of 1976, are disconnected from the river 
Scheldt. In table 12 an overview of the different works at the Scheldt is performed. 

Figure 31 – Computational mesh used for SIMONA. 

 
The blue indicates the original NEVLA grid (Vanlede et al., 2015), the red indicates the adaptations on this grid which are used in 
this project. 
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Figure 32 – Adapted (red) and original (blue) NEVLA grid in the Western Scheldt and lower Sea Scheldt 

 
 

Table 11 – Overview of Western Scheldt depoldering and poldering (1950 – 2010).  

Name Area (ha) Poldering/Depoldering Comments 

Sloe 1295 (1) 
1961 (1) 

1961-1962 (4) : Zuidsloe 
1962 - … (4): Havengebied Sloe 

Quarlespolder 
(481 ha, finished in 1949), 

Nieuwe Polder 
(200 ha, finished in 1961) (3) 

Braakman 6188 (1/3) 1952 (1/3) Added to the grid, but not used 

Schorren at Bath 890 (3) 1970 Construction of Scheldt-Rijn 
channel 

Selenapolder 
Sieperda 100 (2) Poldering: 1966 

Depoldering: 1990 
Construction of “gasdam” 

Dike failure 

(1) Maximova, 2010; (2) Stikvoort et al., 2008; (3) Jeuken et al., 2007, (4) Depreiter et al., 2014  
 

Figure 33 – Adapted (red) and original (blue) NEVLA grid in the Sea Scheldt and tributaries 
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Table 12 – Overview of Sea Scheldt depoldering and poldering (1950 – 2010). 

Name Area (ha) Poldering/ 
Depoldering Comments 

Lower Sea Scheldt – between Antwerp and Dutch boarder 
Construction Boudewijn-sluice  1955 (1)  
Poldering Groot Buiten-Schoor  1963 (3)  

Regularisation right bank at 
Zandvliet  1963-1964 (2) Before construction Zandvliet-sluice 

Construction Zandvliet-sluice  1961 – 1967 (4)  
Plaat van Doel  1956 – 1969 (1) Construction leidam (see figure 34) 

Ballastplaat  1968-1971 (1) Construction leidam Groot Buiten 
Schoor (see figure 34) 

Ketenissepolder  1967 (3)  
Schorren Blokkersdijk  1990 (3)  

Construction Berendrecht-sluice  1989 (4)  
Europa-terminal 

Noordzee-terminal 
1180 m 
1150 m 

1990 (4) 
1997 (4)  

Depoldering Ketenissepolder  2001 -2003 (3)  

1st Deepening  1970’s (3) 

-12.5 m GLLWS at Drempel van 
Zandvliet 

-10.5 m GLLWS at Drempel van 
Frederik and upstream to the 

Kruisschans-complex 

2nd Deepening  1997-1999 (3) 

-13.0 m GLLWS from the Belgian-
Dutch border upstream to the 

Europa-terminal 
-11.0 m GLLWS from the Europa-

terminal upstream to the Kallo-sluice 
-8.0 m GLLWS from Kallo-sluice to 

tot he most upstream part of the 
Rede van Antwerpen 

-8.0 m -> -6.0 m GLLWS from the 
most upstream part of the Rede van 
Antwerpen to the sealock at Wintam 

3rd Deepening  2007-2010 (3) 

-13.3 m GLLWS at Drempel van 
Zandvliet 

-13.0 m GLLWS at Drempel van 
Frederik 

-14.0 m GLLWS at Noordzee- en 
Europa-terminal 

-13.3 m GLLWS turning cycle of 
500 m wide at Deurganckdok 

Depoldering Paardeschor  2003 – 2004  
Kallosluis  1971 – 1979 (1)  

Construction Deurganckdok  2001 – 2005 (1)  

Schor voor Hoboken  1960 – 1970 (1) 
… – 1967 (3) 

Disappeared with construction 
Kennedytunnel 

Upper Sea Scheldt 
Ringvaart around Ghent  1969 (2)  
Schouselbroek/Ballooi  1968 – 1975 (3) landfill with household waste 

Poldering Buitenlandschoor 
(ZO Temsebrug)  1944 – 1954 (3)  

  1950 – 1960 (3) water-meadows 

(1) Van Braeckel et al., 2006; (2) Jeuken et al, 2007; (3) Depreiter et al., 2014; (4) Smitz, H., 2011.  
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Table 13 – Overview of Rupel and Durme depoldering and poldering (1950 – 2010) 

Name Area (ha) Poldering/ 
Depoldering Comments 

Rupel and upstream 
Construction of lock Zeekanaal  1997 See figure 35 

Vliet  1977 (1/3) Loss of 1/3 of ‘buitendijks’ area 
of the Rupel (1) – see figure 35 

  1950 – 1970 (3) 
1955 – 1990 (1) water-meadows 

Durme 
Dam build downstream centrum 

Lokeren  1953 – 1955 (1)  

Relocalisation of dam to “Den 
Oever”  1967 (1)  

(1) Van Braeckel et al., 2006; (2) Jeuken et al, 2007; (3) Depreiter et al., 2014; (4) Smitz, H., 2011. 

 

Figure 34 – Dams at Ballasplaat (upper) and Plaat van Doel (lower). 
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Figure 35 – Overview of changes at the Rupel mouth and Vliet mouth, from Van Braeckel et al., 2007 

 

5.1.2 SCALDIS grid 

Since the use of the SCALDIS 2013 model (Smolders et al., 2016) within this project was only introduced 
after the sensitivity analysis of NEVLA 1954 (see Chapter 8), no special effort was undertaken to include all 
poldered/depoldered areas in the computational grid. The main goal of using SCALDIS was to investigate 
whether the use of TELEMAC software resulted in the same deviation between modelled and measured 
water levels as the SIMONA software. 

The computational mesh of SCALDIS 2013 is shown in figure 36. The full grid is not always completely used 
in the simulation, depending on the situation. E.g. Deurganckdok is present in the grid, but for the 
simulation of 1954 the bathymetry is set here at 7 m TAW (above MSL) to ensure those grid cells are 
excluded from calculation. 

Figure 36 – Computational mesh used for TELEMAC (SCALDIS 2013; Smolders et al., 2016). 
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5.2 Bathymetry 

5.2.1 NEVLA 2009 bathymetry 

In Delft3D-QUICKIN (Deltares, 2014) several interpolation techniques are available to interpolate the 
samples to a bathymetry fitting on the numerical grid. In the case that enough samples are available in 
relation to the grid size, a “Grid Cell Averaging” interpolation technique is used. Herein, the following 
options can be used: 

(1) Average value of near points 
(2) Value of closest points 
(3) Maximum value of near points  
(4) Minimum value of near points 
(5) Shepard 

Aside from this, general options can be used for the calculation of the interpolated values. These values are 
indicated in table 14, with standard values from Vanlede et al. (2008), together with the default values of 
the current version of Delft3D-QUICKIN (Deltares, 2014). 

The data and averaging options which are used for the building of the bathymetry from 2009 are listed in 
table 15. The data in this table are listed according to the order they are used to construct the bathymetry. 
If there are e.g. overlaps in the measurements of the Lower-Sea Scheldt and the digital elevation model 
along the Scheldt, the samples of the Lower Sea Scheldt will be used. 

As indicated in table 15, the interpolation type mostly used is an average interpolation. An exception on 
this is the use of closest interpolation in a small section close to the sluice at Zwijnaarde. In the upper part 
of the Upper Sea Scheldt, a maximum interpolation is used instead of an average interpolation. The extent 
of this zone is shown in figure 37. 

Table 14 – General options for interpolation in Delft3D-QUICKIN, with indication of used values 

 Vanlede et al. (2008) Default value 
(Delft3D 4.01.00-QUICKIN 4.20.00) 

Relative Search Cell Size for 
Averaging (RSCS) 1.0 1.1 

Minimum number of Averaging  
points n.s. 4 

Table 15 – Overview of the bathymetrical data for the NEVLA 2009 bathymetry. 

Name Section Source Year Interpolation 

wes_2009_rd_nap Western Scheldt RWS 
Zeeland 2009 Average 

bez_2009_nap_rd Lower Sea Scheldt 
(border NL – B to Schelle) W&Z 2009 Average 

boz_2009_nap_rd Upper Sea Scheldt  
(Schelle-Merelbeke) aMT 2009 Average // 

Maximum 

tbr_2010_rd_nap Rupel and sections of the Lower 
Nete, Zenne and Dijle aMT 2010 Average 

Zwijnaarde_RD_NAP_ 
from_cross_sections Zwijnaarde n.s. n.s. Closest 

dtm2007_rd_nap.txt Digital elevation model along the 
Scheldt aMT 2007 Average 

Source: Vanlede et al. (2015). The data are listed in the sequence they are used to build the bathymetry. 
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Figure 37 – Indication of area where the maximum interpolation scheme is used. 

 
Indication of the area (within polygon) where maximum interpolation is used instead of average interpolation in Delft3D-QUICKIN. 

 

5.2.2 SCALDIS 2013 bathymetry 

Table 16 lists the topographical and bathymetrical data used to build the SCALDIS 2013 bathymetry 
(Smolders et al., 2016). More recent and more detailed data is always used on top of older data; 
bathymetrical data is used on top of topographic data. All samples were interpolated to the computational 
mesh using the inverse distance algorithm of BlueKenue (Canadian Hydraulics Centre/National Research 
Council, 2012). 

5.2.3 Construction of 1954 bathymetry 

For the implementation of the 1954 bathymetry, a similar way of constructing the bathymetry is followed 
as in the original models (for NEVLA, see §5.2.1; for SCALDIS, see §5.2.2). Table 1 lists the available 
bathymetric data for “1954”. The areas which are not covered with soundings, are completed with 
bathymetric data of the original models. The areas included in the computational domain of the models, 
but which did not exist yet in 1954 (e.g. Deurganckdok, Ringvaart Ghent) are set to the height of 7 m TAW. 
This way, those cells are always dry. To ensure that the NEVLA 1954 and SCALDIS 1954 bathymetries are as 
similar as possible, no extra smoothing is performed after interpolation on the computational mesh. 

All samples were converted from their original geographic and vertical reference system to RD-Parijs and 
NAP (Dutch coordinate system and reference plane). For the coordinate transformations the SuperTrans 
MATLAB toolbox (Deltares, 2016) is used. For the conversion of TAW to NAP, 2.333 m is added to the depth 
value (NAP lies above TAW) (Vlaamse Hydrografie, 2011). The resulting sample files are listed in table 17.  

A detailed analysis of the bathymetrical data for the Upper Sea Scheldt (see §2.3) showed that the gridded 
data used by Vandenbruwaene et al. (2016) is shifted horizontally in respect to the original, digitized data. 
The 5 x 5 m raster for the Sea Scheldt and Rupel (bezboz60taw, see table 1) was shifted 15 m Eastwards to 
fit better to the original data; for the same reason, the 20 x 20 m topo-bathymetry for the whole Scheldt 
estuary (sch5066, see table 1) was shifted 20 m Northwards. These off-sets were probably introduced in 
ArcGIS when resampling the original data (personal communication Silke Broidioi, FHR). 
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Table 16 – Overview of the bathymetrical data for the SCALDIS 2013 bathymetry. 

Section Source Year Remark 
North Sea and mouth of the Western Scheldt 

Offshore EMODnet.eu unknown  
Belgian Continental Shelf MDK – Coastal Division 2007 – 2009   

Dutch Coastal Zone Open Earth Database 2007 – 2012   

Port of Zeebrugge aMT 2014 \\wm162458\Data\GISdata\frame\bth\ 
frame_bth_kub_etrs89utm31n.gdb 

Port of Nieuwpoort MDK – Coastal Division 2014 – 2015   
Port of Oostende MDK – Coastal Division 2014  

Port of Blankenberge MDK – Coastal Division 2015  
Eastern Scheldt and Western Scheldt 

Western Scheldt RWS Zeeland 2013  
Eastern Scheldt RWS Zeeland 2010  

Lower Sea Scheldt (Border NL – B to Schelle) 
Lower Sea Scheldt Mercator database 2007 topography 
Lower Sea Scheldt aMT 2011 topo-bathymetry 

Upper Sea Scheldt 
Upper Sea Scheldt W&Z 2011 topo-bathymetry 

Upper Sea Scheldt and 
Rupel  W&Z 2013 – 2014  topo-bathymetry 

Durme Mercator database n.s. topography 
Durme W&Z 2012 bathymetry Waamunster - Lokeren 

Merelbeke – Zwijnaarde W&Z 2003 cross sections 
Digital elevation model 

along the Scheldt W&Z 2013 topography flood control areas 

Rupel 
Upper Sea Scheldt and 

Rupel  W&Z 2013 – 2014  topo-bathymetry 

Zenne IMDC 2001 cross sections 
Dijle & Nete W&Z 2010 – 2013  bathymetry 
Dijle & Nete IMDC 2001 cross sections 

Rupel Mercator database n.s. topography flood areas 

Source: Smolders et al. (2016) 

Table 17 – Usage of sample files to construct the “1954” bathymetries. 

Section Year Filename Resolution 
[m] 

order of loading in 
QUICK 

IN 
Blue 

Kenue 
North Sea 1959 – 1969 Grid1969_rds_nap.xyz 20 x 20 5 2 

Estuary mouth 1964 – 1966 
WES_bth_1964-1966_ 

RDS_NAP_ 
Mondingsgebied.xyz 

20 x 20 4 3 

Scheldt estuary 
and Rupel 1955 – 1965  sch5560_v3.xyz (1) 20 x 20 3 4 

Sea Scheldt 1957 – 1965 bezboz60NAP_ 
RDParijs2.xyz (2) 5 x 5 1 6 

Durme, Rupel, 
Dijle & Nete 1960 tbr_taw60_rds_NAP_ 

v3.xyz (3) 5 x 5 2 5 

Model domain 
2003 – 2010  bathy2009_ 

simG105.dep 5 – 400  6  

2001 - 2015 geo_v19_2013.slf 3 – 500   1 

Source and location of the original files can be found in table 1; (1) data shifted 20 m North in respect to the original file, (2) data 
shifted 15 m East in respect to the original file, (3) added 4.666 m to the Z-values in respect to the original file. 
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While adding the samples of the Durme, Rupel en downstream parts of Nete and Dijle (tbr_taw60_rds, see 
table 1) it was observed – at the mouth of the Durme – that the samples of this file were almost 5 m 
shallower than the corresponding area in the samples of the Sea Scheldt (bezboz60taw, see table 1). 
Probably the conversion from TAW to NAP in the original ArcGIS files was done incorrectly; therefore 
4.666 m was added to the samples (2x the difference in height between TAW and NAP). 

For NEVLA (SIMONA software) Delft3D-QUICKIN (Deltares, 2014) was used to interpolate the sample files 
on the computational mesh. The software expects depths to be positive. The most recent data with the 
highest resolution should be loaded and processed first; older, coarser data thereafter, and finally the 
missing depth values are filled in with the bathymetry of NEVLA 2009 (table 17). The same interpolation 
schemes were used on the same areas as described in table 15. In figure 38 the extent of the different data 
sources is shown for the NEVLA 1954 grid. 

For SCALDIS (TELEMAC software) BlueKenue (Canadian Hydraulics Centre/National Research Council, 2012) 
was used to interpolate the sample files on the computational mesh. The software expects depths to be 
negative. Opposite to SIMONA/Delft3D-QUICKIN, for TELEMAC/BlueKenue the bathymetrical data should 
be processed from old/coarse to new/fine. So the coarse sample files are interpolated on top of the 
SCALDIS 2013 bathymetry first, thereafter the samples with a finer spatial resolution (table 17). For all files 
the inverse distance algorithm was used for interpolation. In figure 39 the extent of the different data 
sources is shown for SCALDIS 1954. 

Figure 38 – Overview of the origin of the samples used to create the NEVLA bathymetry of 1954. 

 
Grid areas outside the polygons use the original 2009 bathymetry (Vanlede et al., 2015). 
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Figure 39 – Overview of the origin of the samples used to create the SCALDIS bathymetry of 1954. 

 
Grid areas outside the polygons use the original 2013 bathymetry (Smolders et al., 2016). 

 

Figure 40 – Comparison of NEVLA and SCALDIS grid resolution. 

  
Grid resolution of NEVLA (red) and SCALDIS (black) at Melle (left) and “De Kramp”, downstream Dendermonde (locations, see figure 
10). 
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5.3 Discussion 

5.3.1 Geometry: NEVLA vs. SCALDIS 

Both computational meshes (NEVLA 2009/1954 and SCALDIS 2013) have sufficient detail to reproduce the 
‘present day’ tides (Vanlede et al, 2015 and §6 of this report; Smolders et al, 2016). Table 17 shows that the 
spatial resolution of NEVLA ranges from 5 m in the Upper Sea Scheldt to 400 m offshore. For SCALDIS the 
resolution is only a little finer upstream (3 m), but coarser offshore (up to 500 m). Although both models 
show a similar cross-sectional resolution in straight parts of the Sea Scheldt, SCALDIS is two to three times 
finer in longitudinal direction (figure 40, left panel). The biggest difference in resolution can be seen in 
sharp bends of the Sea Scheldt and in the vicinity of flood control areas (figure 40, right panel). In those 
areas the resolution of SCALDIS is up to five times finer. 

The higher spatial resolution in SCALDIS, in combination with the unstructured mesh approach, could mean 
that flow patterns in those sharp bends will be reproduced better in SCALDIS than in NEVLA. In a curvilinear 
grid – like used for NEVLA – the flow can have a preferential component along the largest dimension of the 
grid cells (in this case along the river). 

5.3.2 Bathymetry 1954: NEVLA vs. SCALDIS 

The construction of the 1954 bathymetry for both NEVLA and SCALDIS is discussed in detail in §5.2.3. 
QUICKIN has a range of options to interpolate samples to (parts of) the mesh and smooth the resulting 
bathymetry. Also interpolations, extrapolations and additional smoothing can be performed along the grid 
lines or for selected blocks within the model domain. Finally individual points or selected areas can be given 
a new elevation. Blue Kenue only has those two last options. To obtain bathymetries which are as similar as 
possible in both models, only the raw samples are interpolated to the computational meshes, without any 
extra smoothing or manual alterations. 

Figure 41 shows a transect through the central part of “De Kramp”, a sharp bend between Sint-Amands and 
Dendermonde. The shifted sample files coincide better with the original raw samples (see figure 6 for 
reference). Both models reproduce the bathymetry rather well; the SCALDIS mesh is closer to the samples 
because of its higher spatial resolution (figure 40, right panel). 

Figure 42 shows a transect at the tide gauge in Wetteren. The large difference in height between the two 
model bathymetries, especially at the river banks, is caused by the different interpolation scheme used. In 
NEVLA the maximal depth value per cell is used, while SCALDIS uses the default inverse distance 
interpolation for the most upstream part of the Sea Scheldt (see figure 37 for the extent of the area where 
a different interpolation scheme is used). 
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Figure 41 – Transect trough the central part of “De Kramp”. 

 

Figure 42 – Transect at the tide gauge in Wetteren. 
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5.3.3 NEVLA bathymetry: 1954 vs. 2009 

Figure 43 and figure 44 show the differences in the 2009 and 1954 NEVLA model for the whole model 
domain; yellow to red colors indicate a deeper bottom in 2009, blue colors a deeper bottom in 1954. 

The large changes in the area of the Flemish Banks and Hinderbanks (north-western corner of the model 
domain) are probably due to uncertainties in the horizontal and vertical referencing of the 1954 soundings, 
since this area is believed to be morphologically stable since the last 200 years (Le Bot et al, 2003; Mathys, 
2009). However, this area is far enough from the main area of interest for this study and its influence on 
the hydrodynamic results of the model in the Western Scheldt and Sea Scheldt are probably neglectable. 

Clearly present in figure 43 is the deepening of the fairways to the Western Scheldt and the harbor of 
Zeebrugge (Scheur, Wielingen, Pas van het Zand). Also the scour caused by the expansion of the harbor of 
Zeebrugge is clearly visible. In the Western Scheldt, the development of the harbors of Vlissingen, 
Terneuzen and Antwerpen (Zandvliet – Berendrecht sluices, Deurganckdok, Kallo-sluice) can be seen. 
Besides this, also important morphologic changes of the tidal channels can be seen. 

In the Sea Scheldt (figure 44) a deepening of maximum 10 meters and changes of the lay-out of the tidal 
channel can be seen up to the mouth of the Durme. Upstream of the Durme, the deepening of the Scheldt 
is generally smaller (< 5 m). The Durme itself has become more shallow. The construction of the Ringvaart 
led to a shallowing of the tidal branch to Gentbrugge. 

5.3.4 Implementation of bathymetry in the model 

The differences between the average depth in the (NEVLA) models of 2009 and 1954 and the volume and 
area under 0 m TAW are defined along the estuary, using the QUICKIN program. The measured values for 
the Upper – Sea Scheldt are found in Vandenbruwaene et al. (2016) and Levy et al. (2012). Figure 45 shows 
the averaged depth (per section along the river) as measurements and as implemented in the NEVLA 
model; figure 46 shows the volumes under 0 m TAW. The data obtained directly from the bathymetrical 
data (Vandenbruwaene et al., 2016 and Levy et al., 2012), and those extracted from the model are matched 
well. Only at km 95 (near Rupelmonde), both for 2009 and 1954, the average depth and volume of the river 
channel is significantly larger in the model than in the measurements. This is probably due to a different 
area or transect taken into account for the measurements and the model. Up to km 130 water volumes in 
the model are slightly lower compared to in situ volumes; up-estuary the water volumes are higher 
compared to in situ volumes. This is due to the “Maximum value of near points” interpolation used in this 
part of the model. 
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Figure 43 – Bathymetrical differences in the 2009 and 1954 NEVLA model. 

 

 
Overview and zoom on Lower Sea Scheldt. Red colors: deeper in 2009, Blue colors: deeper in 1954. 
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Figure 44 – Bathymetrical differences in the Upper Sea Scheldt between 2009 and 1954. 

 
Red colors: deeper in 2009, Blue colors: deeper in 1954. 
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Figure 45 – Overview of calculated average depth, with 0 m TAW as reference level 

 

Figure 46 – Overview of volume, with 0 m TAW as reference level, 
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5.4 Other model settings 

Table 18 lists the general model settings for the NEVLA and SCALDIS model of which the construction of the 
computational mesh and bathymetry were described above. 

Table 18 – General model settings 

parameter NEVLA 1954 
run SA70 

SCALDIS 1954 
run SA70 

grid Grid20150209b.grd 
[M , N , K] = [380 , 3001 , 6] 

geo_v19_1954.slf 
[NPOIN , K] = [459692 , 5] 

bottom Schelde_V6&Zee_Simona.dep 
see figure 38 

geo_v19_1954.slf 
see figure 39 

roughness spatially varying Manning 
BlockManning_9_Sim.rgh: see figure 69 

spatially varying Manning 
geo_v19_1954.slf: see figure 47 

background 
horizontal viscosity 1 m²/s 0.1 m²/s 

background 
horizontal diffusion 10 m²/s 1x10-6 m²/s 

turbulence model parabolic k-epsilon 

timestep 0.125 min (7.5 sec) 4 sec 

 

Figure 47 – Bottom roughness of the SCALDIS model (Smolders et al., 2016). 
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6 NEVLA results for 2009 
The original NEVLA model was already calibrated for 2009 by Vanlede et al (2015). However, in this study 
the computational mesh of the NEVLA model has been extended in such a way that it is also usable for 
modelling the 1954 situation. In sections 5.1.1 and 5.2.1 the adaptations to the grid have been described, 
as well as how the bathymetry of 2009 is implemented on this 1954 grid. In sections 4.3 and 4.4 the 
methodology for generating downstream and upstream boundary conditions is explained. 

This chapter describes the validation of this new model – hereafter called NEVLA 2009 – which contains the 
2009 bathymetry in the 1954 grid and has 2009 water level boundary conditions corrected for the surge 
signal in Vlissingen, against available measurement for March 2009. The results of this NEVLA 2009 model 
are compared to the validated NEVLA model of Vanlede et al. (2015). 

6.1 Water levels 

6.1.1 History 

Figure 48 and figure 49 show the value of the RMSE0 and BIAS for the NEVLA 2009 run. The maximum 
RMSE0 value, 0.21 m, is found at Melle; the smallest RMSE0 value is found at Vlissingen. This RMSE0 value of 
0.12 m is purely due to the generated surge signal, based on the water level measurements at Vlissingen 
(see table 8). The error values for the NEVLA 2009 run are generally slightly higher than in Vanlede et al. 
(2015); on average, differences in RMSE0 and BIAS are limited to a few centimeters. In the Lower Sea 
Scheldt, between Liefkenshoek and Antwerpen, RMSE0 values are quasi identical; while in the Western 
Scheldt, between Terneuzen and Bath, the BIAS values are almost identical. 

6.1.2 Harmonic analysis 

The amplitude and phase of the harmonic constant M2 for the NEVLA 2009 run are presented in figure 50 
and figure 51 whereas the amplitude and phase of the harmonic constant S2 are presented in figure 52 and 
figure 53, respectively. The figures show that in general there is a good agreement between the model and 
the measurements for phase and amplitude of both harmonic constituents. The NEVLA 2009 run 
overestimates the M2 amplitudes for March 2009, while the model of Vanlede et al. (2015) underestimates 
the M2 amplitudes with approximately the same amount. The S2 amplitudes, especially at sea and in the 
Western Scheldt, are clearly better represented by the Vanlede et al. (2015). As expected (see §6.1.1), the 
lowest difference in the NEVLA 2009 run is found at Vlissingen and differences start to increase in both 
upstream and downstream direction. 

6.2 Velocities 

6.2.1 Velocity fixed point 

For the chosen simulation period, four locations of fixed point velocity measurements were available. The 
RMAE of the velocity components is pictured in figure 54, while the RMSE and BIAS of the velocity 
magnitude are displayed in figure 55 and figure 56 respectively.  

The RMAE for all stations are between 0.4 and 0.7, which classify the model as “Reasonable” (Sutherland et 
al., 2003). The maximum RMSE of the velocity magnitude is 0.25 m/s. The NEVLA 2009 run and Vanlede et 
al. (2015) show similar results: velocity magnitudes are underestimated at sea, and overestimated in the 
Lower Sea Scheldt. 
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Figure 48 – RMSE0 of the Water Level Time Series from NEVLA2009 from 01-03-2009 to 31-03-2009. 

 

Figure 49 – BIAS of the Water Level Time Series from NEVLA2009 from 01-03-2009 to 31-03-2009. 
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Figure 50 – M2 amplitude comparison from 01-03-2009 to 31-03-2009. 

 

Figure 51 – M2 phase comparison from 01-03-2009 to 31-03-2009. 
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Figure 52 – S2 amplitude comparison from 01-03-2009 to 31-03-2009. 

 

Figure 53 – S2 phase comparison from 01-03-2009 to 31-03-2009. 
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Figure 54 – RMAE on the velocity components of the complete time series 

 

Figure 55 – RMSE on the velocity components of the complete time series 
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Figure 56 – BIAS on the velocity components of the complete time series 

 

6.2.2 Sailed ADCP 

The NEVLA 2009 run was also validated against 9 sailed ADCP transects in the Sea Scheldt (table 19). 
Because these measurements were not performed in March 2009, a comparable tide analysis was used to 
get the best matching vertical tide between the moment of the measurement and the modelled period. 
Statistical analysis shows that the overall RMSE of velocity magnitude and direction between model and 
ADCP data are 0.20 m/s and 38° respectively. Through tide RMSE and BIAS vary widely; on general error 
statistics are the highest around high water. All figures are included in Appendix D. 

Vanlede et al. (2015) did not report such analysis, so a comparison between both models was not possible 
for this section. 

Table 19 – NEVLA 2009 compared to sailed ADCP transects 

ADCP transect date measurement corresponding date model 

Kruibeke 26/05/2009 15/03/2009 00:50 
Liefkenshoek 27/05/2009 15/03/2009 12:40 
Oosterweel 29/05/2009  16/03/2009 13:50 

Ballooi 
(cross shore) 10/06/2009 02/03/2009 02:10 

Notelaer 
(along shore) 10/06/2009 15/03/2009 14:10 

Notelaer 
(cross shore) 11/06/2009  09/03/2009 22:30 

Boom 22/06/2009 17/03/2009 08:20 
Driegoten 23/06/2009 17/03/2009 03:20 

Schoonaarde 25/06/2009 23/03/2009 21:50 
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6.3 Discharges 

The statistical analysis resulting from the comparison of the model results with the measurement 
campaigns is summarized in figure 57. The relative RMSE ranges between 9 and 41%; averaging at 22%. 
This is slightly worse than Vanlede et al. (2015), who achieved a relative RMSE of 19%.  

A comparison of the discharge time series at Wielingen and its modelled comparable tide in March 2009, is 
presented in figure 58. Just as for the velocities, the discharge is overestimated in the model. Instantanious 
differences however are not as big as the overall relative RMSE would suggest. 

6.4 Conclusion 

In this chapter, the model results from the NEVLA 2009 run were compared against available measurement 
to check the quality of the 1954 computational mesh. 

In general, the NEVLA 2009 run could reproduce the main water level, velocity and discharge patterns. The 
methodology of generating surge signal due to wind based on observed high and low water levels has been 
proved to obtain reasonable results. The changing of open boundary type from C-R-C to Z-Z-Z however 
leads to less accurate predictions compared to Vanlede et al (2015).  

The BIAS between measured and modelled water levels ranges from 0.05 m to 0.20 m; the RMSE0 ranges 
between 0.10 m and 0.20 m. For the error statistics between modelled and measured velocities, BIAS and 
RMSE range between 0.10 m/s and 0.25 m/s. The RMAE for velocity is between 0.4 and 0.7, which classifies 
the model as “Reasonable” (Sutherland et al., 2003). As the velocity magnitudes are overestimated, the 
discharges are also overestimated. 

Figure 57 – Relative RMSE of discharge comparison. 
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Figure 58 – Time series discharge comparison at Wielingen. 
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7 NEVLA and SCALDIS results for 1954 
For 1954 only a limited set of complete water level time series is available, but for the whole year high and 
low water levels were obtained. Paragraph 3.3 describes how the time series and high and low water level 
data were validated against each other. No other data (velocities, discharges) could be used for the 
validation of the 1954 model runs. 

Figure 59 displays the BIAS between the modelled and measured high and low waters, figure 60 displays 
the RMSE between the modelled and measured high and low waters; the upper panel displays BIAS/RMSE 
for high water, the lower panel BIAS/RMSE for low water. 

For the Schelde, the error (both BIAS and RMSE) between model and measurement in general increases 
slightly from Vlissingen (where the surge signal is generated from) to the upstream stations. The error 
values are relatively small (on average 0.25 m) at most of the stations. Upstream of Dendermonde the error 
rapidly increases. Both models underestimate the tidal amplitude, with high waters being too low and low 
waters being too high. In §5.3.4 it was shown that the bathymetry in the models upstream km 130 is 
deeper than in reality, both for 2009 and 1954. In this case, one would expect the tidal wave to be less 
dampened than in reality. For the NEVLA 2009 run this is clearly shown in figure 50 and figure 52. So the 
underestimation of the 1954 tidal amplitudes upstream Dendermonde are unexpected. 

Downstream of Dendermonde the NEVLA model has slightly better results than SCALDIS, upstream it is the 
other way around. The better results in the SCALDIS 1954 model upstream Dendermonde are probably due 
to the higher spatial resolution and unstructured nature of the computational mesh (see also §5.3).  

Why the SCALDIS model results for Bath are not in line with the trends described above is not fully 
understood. Smolders et al. (2016) discussed the models sensitivity for the salinity field between Vlissingen 
and Antwerpen, resulting in water level differences in the order of 0.1 m at Bath. However, they also expect 
density effects on the high and low water values at Antwerpen, which are not observed in this model run. 
Bathymetrical changes near Bath and Saeftinghe (see figure 61) could have an effect on the water levels in 
Bath; but again, this also would show an effect more upstream. Finally, it could be that the output station 
“Bath” (indicated by the red star in figure 61) is not ideally placed in the Scaldis model: it resides in an area 
where there are large bathymetrical changes between 1954 and 2013 (ranging from 2 m shallower in 2013 
to more than 4 m deeper in 2013). Maybe an output location more to the southwest would show results 
more in line with the overal trends. 

Figure 59 – BIAS between modeled and measured high and low water levels. 

 
BIAS of the Water Level Time Series for the NEVLA and SCALDIS 1954 run against measured high (upper panel) and low (lower 
panel) water data. 
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Figure 60 – RMSE between modeled and measured high and low water levels. 

 
RMSE of the Water Level Time Series for the NEVLA and SCALDIS 1954 run against measured high (upper panel) and low (lower 
panel) water data. 

 

Figure 61 – Saeftinghe: differences in bathymetry in SCALDIS 2013 and 1954. 

 

Red and yellow colors are higher in 2013, white and blue colors are deeper in 2013. The red star inidcates the location of the 
output point “Bath”. 
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8 NEVLA 1954 sensitivity analysis 
As it was clear from the beginning that both the SCALDIS and the NEVLA model were not able to reproduce 
the 1954 tidal amplitudes in the upstream part of the Upper Sea Scheldt (Chapter 7), soon a sensitivity 
analysis was started. In order to save computation time for this analysis, only the NEVLA model was used 
and the simulation period for the sensitivity runs was shortened to 5 days, from 27-03-1954 to 31-03-1954. 

The sensitivity of NEVLA 1954 model to changes in bathymetry, bottom roughness, viscosity and upstream 
discharges was tested. For the upstream discharges the focus was on changes in the rivers Scheldt and 
Rupel (and combinations of both). 

8.1 Sensitivity to bathymetry 

8.1.1 Optimization of the bathymetry 

Comparison of the NEVLA and SCALDIS 1954 runs showed slightly better results upstream Dendermonde 
for the SCALDIS model (see Chapter 7). This could be explained by a better representation of the 
bathymetry of the flow channel by the unstructured TELEMAC mesh (see §5.3). Therefore, a new 
bathymetry for the NEVLA model was constructed, paying extra attention to the width and depth of the 
flow channel of the Upper Sea Scheldt. 

Figure 62 shows the differences in bathymetry between the original NEVLA 1954 (run SA70) and the run 
with the optimized bathymetry in the Upper Sea Scheldt (run SA50r). The differences are the most 
apparent in the section Uitbergen (upstream) – Waasmunster (downstream). At Uitbergen the whole of the 
meander is deeper in the optimized bathymetry. Furthermore, most of the inner bends of the river have 
been deepened and straightened. 

Figure 63 and figure 64 show the error statistics (BIAS and RMSE0) between measured and modelled high 
and low waters of both simulations. Up to Antwerpen the differences between both runs are smaller than 
1 cm. Between Antwerpen and Sint-Amands run SA70 (the original bathymetry) performs slightly better 
than run SA50r (optimized bathymetry). This probably means the bathymetry in this section was altered 
too much. Upstream of Dendermonde however, the results (especially low water levels) have improved 
substantially, but still do not reach the measured high and low water levels. 

In §5.2.1 it was already shown that the NEVLA model is sensitive to the implemented depth in the Upper 
Sea Scheldt. Instead of the weighted average (Sheperd method) the maximum depth of the bathymetric 
samples was used by Vanlede et al. (2015). Optimization of the 1954 bathymetry and flow channel in the 
Upper Sea Scheldt improves the model results. This, together with the possibility that the gridded samples 
are shallower than the original point data (see §2.3), leads to the assumption that the model bathymetry in 
the Upper sea Scheldt should be deepened more.  
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Figure 62 – Difference in bathymetry between simulations SA70 and SA50r. 

 
Difference in bathymetry between original NEVLA 1954 (run SA70) and NEVLA 1954 with optimized bathymetry (run SA50r) for the 
section Uitbergen – Waasmunster. Negative values means deeper in run SA50r. 
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Figure 63 – BIAS between modeled and measured high and low water data. 

 
BIAS of the Water Level Time Series for the NEVLA 1954 run (SA70) and the run with optimized bathymetry (SA50r) against 
measured high and low water data. 

Figure 64 – RMSE0 between modeled and measured high and low water data. 

 
RMSE0 of the Water Level Time Series for the NEVLA 1954 run (SA70) and the run with optimized bathymetry (SA50r) against 
measured high and low water data. 
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8.1.2 Adaptions to the Upper Sea Scheldt bathymetry 

Based in the findings of §8.1.1 four runs were executed to investigate the model sensitivity to artificial 
deepening of the Upper Sea Scheldt. In run SA60 the whole section between Uitbergen and Gent was 
deepened with 0.50 m, in run SA61 the same section was only deepened with 0.25 m. Runs SA62 and SA66 
show a deepening of the section between Temse and Gent with 0.50 m and 1.00 m respectively.For every 
of these sensitivity runs, the bathymetry is deeper than in the reference run (SA50r), which already has an 
upstream bathymetry deeper than reality (see §5.3.4). Table 20 shows the relative increase of the volume 
under 0 m TAW in the modelled area between Temse and Gent. 

Table 20 – Volume and relative volume increase between Temse and Gent 

run description volume under 
0 m NAP [106 m³] 

relative volume increase 
(in respect to SA50r) 

SA50r reference model 3.83 1 

SA60 +0.50 m between 
Uitbergen and Gent 3.91 1.02 

SA61 +0.25 m between 
Uitbergen and Gent 3.87 1.01 

SA62 +0.50 m between 
Temse and Gent 4.34 1.14 

SA66 +1.00 m between 
Temse and Gent 4.91 1.28 

 

Figure 65 shows the successive deepening of the section between Gent and Uitbergen, and Gent and 
Temse have a positive effect on the modelled water level results at the tide gauge in Melle. The deepening 
of the section Gent – Uitbergen has only a small effect on the low water levels, while the deepening of the 
section Gent – Temse has effect on both low and high waters. Run SA66 (deepening between Temse and 
Gent with 1.00 m) reproduces the measured high and low waters upstream Dendermonde the best.  

While deepening the section Gent – Temse yields to good results upstream of Dendermonde, it increases 
the errors in the section Temse – Antwerpen (figure 66: BIAS; figure 67: RMSE0). Altering the roughness 
values in the section between Temse and Antwerp could possibly counteract this effect, but this was not 
tested. 

Figure 65 – Water level time series at the Melle tide gauge. 
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Figure 66 – Sensitivity to bathymetry in the Upper Sea Scheldt: BIAS. 

 

Figure 67 – Sensitivity to bathymetry in the Upper Sea Scheldt: RMSE0. 

 



Slibbalans Zeeschelde - Sub report 8 – Hydrodynamic model 1954 

Final version WL2017R00_029_8 61 

 

8.2 Sensitivity to energy dissipation 

In this section the sensitivity of the model to bottom roughness and viscosity has been evaluated. Two 
series of runs have been used in this section: SA50r and its derivatives use actual measured upstream 
discharges from 1954, while SA01 (and its derivatives) use the discharges of 2009 as supplied by Vanlede et 
al. (2015). Also, both series have slightly different bathymetries in the Upper Sea Scheldt and Rupel. On 
general SA50 has a wider and deeper channel upstream Temse (figure 68). The differences between the 
model results of runs SA01 and SA50r are comparable to the differences between the results of runs SA50r 
and SA70 (see §8.1.1), and will not be discussed in further detail. 

Although both series cannot be compared directly to each other, the observed sensitivities will still be valid. 

8.2.1 Uniform roughness field 

Figure 69 shows the Manning roughness field as used in simulations SA01, SA50r and SA70. Figure 70 and 
figure 71 show the error statistics when using a uniform roughness field with Manning values 0.024 (SA64) 
and 0.020 (SA65). SA64 has higher roughness values for most of the model domain (except for the zones 
around Strekdam and Leidam downstream Antwerpen harbor, and upstream Schoonaarde, where the 
original value was 0.03 m-1/3s), while SA65 has a uniform roughness value equal to the lowest value in the 
reference run (0.02 m-1/3s). Both runs have a bathymetry which was deepened by 0.5 m upstream of 
Uitbergen (cfr. run SA60). 

The low roughness values improve the overall model results upstream of Antwerp (lower panels of figure 
70 and figure 71). In the most upstream part of the Upper Sea Scheldt, the low roughness values of run 
SA65 leads to an improvement of the high water levels (figure 72). Both the higher and lower roughness 
values cause worse results in the Western Scheldt (figure 70 and figure 71).  

This shows it is possible to obtain satisfying results when using a uniform roughness value in the whole 
model domain, but a specifically calibrated spatially varying roughness field will achieve better results. The 
latter however introduces uncertainties when applied in different situations over time. One should always 
be careful not to over calibrate the model for a specific situation or year. 

8.2.2 Lower, spatially varying bottom roughness 

Figure 73 shows the modelled and measured water levels at the tide gauge in Melle. Figure 74 and figure 
75 compare the M2 amplitude and phase between runs SA01, SA08, SA09 and SA17.  

SA08 decreases the local bottom friction by decreasing the Manning coefficient by 0.02 m-1/3s in the Rupel. 
There is no significant influence on the Scheldt regarding M2 phase and amplitude. However, the M2 
amplitude and phase for the Rupel are totally different from the measurement. The M2 amplitude is too 
high and the phase too low. 

SA09 decreases the local bottom friction by decreasing the Manning coefficient by 0.01 m-1/3s for the 
Scheldt. There is no significant influence on the Rupel regarding M2 phase and amplitude. For the Upper 
Sea Scheldt, the M2 amplitude and phase predicted by SA09 are better than SA01 when comparing with the 
measurements.  

SA17 decreases the local bottom friction by decreasing the Manning coefficient by 0.01 m-1/3s for both the 
Scheldt and Rupel. For the Upper Sea Scheldt, the M2 amplitude and phase predicted by SA17 are better 
than SA01 and comparable with SA09. For the Rupel, the M2 amplitude predicted by SA17 is better than 
SA08 but worse than SA01/SA09. The M2 phase in run SA17 however has the best agreement with the 
measurements. 
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Figure 68 – Difference in bathymetry between simulations SA50r and SA01. 

 
Difference in bathymetry between the optimized bathymetry (run SA50r) and run SA01 for the section Uitbergen – Temse. Positive 
values means deeper in run SA50r. 
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Figure 69 – Manning roughness field as used for simulations SA01, SA50r and SA70. 
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Figure 70 – Sensitivity to a uniform roughness field: BIAS. 

 

Figure 71 – Sensitivity to a uniform roughness field: RMSE0. 
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Figure 72 – Sensitivity to a uniform roughness field: water levels at Wetteren. 

 

Figure 73 – Sensitivity to a lower, spatially varying roughness field: water levels at Wetteren 

 
 

Lowering the calibrated roughness field (Vanlede et al., 2015) in the whole Scheldt estuary with a specific 
value clearly leads to an improvement of the high and low water levels in the Upper Sea Scheldt (figure 73). 
Lowering the roughness values in the Rupel can also lead to local improvement of the M2 amplitude and 
phasing. This shows a specifically calibrated spatially varying roughness field will yield to better results. 
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Figure 74 – Comparison of M2 amplitude between SA01, SA08, SA09 and SA17. 

 
 

Figure 75 – Comparison of M2 phase between SA01, SA08, SA09 and SA17. 
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8.2.3 Different viscosity 

Figure 76 and figure 77 compare the M2 amplitude and phase between SA01, SA12 and SA13. SA12 and 
SA13 have reduced spatial viscosity value from 1 to 0.1 and 0.01 respectively. Decreasing the viscosity leads 
to slightly better prediction of M2 amplitude for both Schelde and Rupel except at station Lier. There is no 
significant influence of viscosity on M2 phase.  

Figure 76 – Comparison of M2 amplitude between SA01, SA12 and SA13. 

 

Figure 77 – Comparison of M2 phase between SA01, SA12 and SA13. 
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8.3 Sensitivity to upstream Discharge 

In this section the sensitivity of the model to upstream discharge has been evaluated. The model results 
from SA01, SA15, SA16 and SA18 are compared with different discharge values. SA15 and SA18 have 
discharge rate of 0 m³/s at Dendermonde and Gentbrugge respectively. SA16 has a closed river branch of 
Rupel by thin dams. 

Figure 78 and figure 79 compare the M2 amplitude and phase between SA01, SA15, SA16 and SA18. There 
is no significant improvement on M2 amplitude and phase for both Scheldt and Rupel compared to SA01. It 
is logical to show that the tidal signal (M2 amplitude) is gone in the Rupel after closure of the river (SA16).  

Figure 80 shows the timeseries of modelled water levels at Wetteren for runs SA01, SA15, SA16 and SA18. 
This figure confirms the expected result that discharge does not influence tidal amplitude. Closing the 
upstream discharge at Gentbrugge in SA18 lowers the mean water level. Closing the Rupel (SA16) or having 
zero discharge at Dendermonde (SA15) have little effect in comparison to the water levels in the Upper Sea 
Scheldt.  

Figure 78 – Comparison of M2 amplitude between SA01, SA15, SA16 and SA18. 
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Figure 79 – Comparison of M2 phase between SA01, SA15, SA16 and SA18. 

 
 

Figure 80 – Sensitivity to upstream discharge: water levels at Wetteren 
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9 Conclusions and recommendations 
This report describes the hydrodynamic modeling of both the historical condition of 1954 and present day 
conditions (NEVLA 2009 and SCALDIS 2013).  

The NEVLA model in this report is adopted from the latest calibration run, with respect to simG162 as 
described in Vanlede et al. (2015). The surge signal due to wind is generated based on high and low water 
level observations at Vlissingen and is added to the water level boundary conditions (Z-Z-Z) successfully. 
The same methodology has been applied on the NEVLA and SCALDIS 1954 models. Model results show that 
both models capture the main hydrodynamic patterns. Both models underestimate tidal amplitudes 
upstream of Dendermonde by 60 to 80 cm. 

No systematic error could be found in the raw bathymetrical data of 1950 – 1960. However, it was shown 
that different (not fully documented) GIS processing steps (interpolating, gridding, resampling, …) 
introduced both random and systematic deviations from the original data in the final bathymetrical 
dataset. An example of the systematic errors are the horizontal shifts (which were observed, and corrected 
for, in this study). Since different study approaches – both data analysis (Vandenbruwaene et al., 2013), 
and this study, using different modelling suites – point to a 1950 – 1960 bathymetry in the Upper Sea 
Scheldt which is shallower than expected, there is still doubt on the vertical reference of the original 
bathymetrical data. 

In order to assess the sensitivity of the NEVLA 1954 model to changes of bathymetry, bottom roughness, 
viscosity and upstream discharges, a series of sensitivity runs have been carried out. The NEVLA 1954 reacts 
as expected with different combinations of changes on those parameters. However, most of these changes 
in model parameters are not strong enough to ameliorate to model results upstream of Dendermonde. A 
combination of parameter changes will be necessary to obtain satisfying results. 

Some preliminary conclusions can be drawn based on the sensitivity runs.  

 The NEVLA model upstream of Dendermonde is very sensitive to the bathymetry. Differences in 
interpolation schemes or manual interactions (optimizations) and decisions of the modeler can 
have a positive or negative effect on the model results. This yields the general recommendation to 
stay as close as possible to the original bathymetrical data, with as little preprocessing 
(interpolating, smoothing, …) as possible. This also facilitates the comparison of results of different 
modelling suites. In any case, every processing step in working with the bathymetries should be 
carefully documented, as to improve traceability and reproducibility. 

 Increasing the depth in the Upper Sea Scheldt leads to local improvement of the low water levels. 
However, one must be cautious: when a bigger section is deepened too much, the water levels 
downstream (Lower Sea Scheldt, Western Scheldt) are influenced adversely. 

 Using a uniform, lower Manning coefficient throughout the whole model gives similar results as the 
spatial varying bed roughness. In the Western Scheldt it delivers slightly worse, but still acceptable 
results. In the Upper Sea Scheldt the high water levels are influenced beneficially. 

 Decreasing the Manning coefficient throughout the whole model by a specific number has a bigger 
– and more desirable – effect than the option above. Both the modeled high and low water levels 
are in better agreement with the measurements. 

 Decreasing the Manning coefficient throughout the whole model does not have the same effect 
everywhere in the model. While water levels and tidal amplitudes in the Sea Scheldt are improved, 
water levels and amplitudes in the Rupel can be slightly worsened. Therefore, a spatially varying 
adaptation of the roughness field would be optimal. 

 However, uncertainties exist on the objective choice of the variations of bottom roughness in space 
and over time. One should be careful not to over calibrate the model for a specific situation or year. 
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 Decreasing the model viscosity has the same effect as decreasing the Manning coefficient, only on 
a much smaller scale. 

 There is no significant effect on M2 amplitude and phase for both the Scheldt and Rupel with 
different settings of upstream discharges.  

 

On the applicability of the historical models (both NEVLA 1954 and SCALDIS 1954) for mud transport, we 
can say that they can be used, but with caution. With the limited water level data available, we can see that 
tidal wave propagation, amplification and dampening are modelled accurate enough up to Dendermonde. 
This makes the claim defendable that also the horizontal tide (velocities) are modelled accurate enough to 
perform a transport calculation with (e.g. a sediment transport calculation). It would be advisable however 
to further strengthen this claim by: 

 Validating the modelled velocities with measured float tracks in 1954, which are available on paper 
and in georeferenced scan but haven’t been compared to model tracks yet.  

 Digitizing a longer period of full tidal cycles (e.g. hourly values for 1 month) in a few more stations 
along the estuary (than available now) in order to perform a harmonic analysis of the tidal signal. 
This would enable to check the model performance on reproducing tidal components, which in turn 
is believed to be coupled to residual sediment transport. 
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 Origin of the 1957 – 1965 Appendix A.
bathymetry 

Appendix A.1 Letter by Freddy Cumps, accompanying the data delivery. 
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Appendix A.2 Workflow for ArcView 

Appendix A.2.1 Opdracht 1 – An Heirman, 18 januari 2005 
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Appendix A.2.2 Opdracht 33 – Barbara Dumont, september 2005 
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Appendix A.3 Appendix 6.3: Workflow for Qinsy and ArcView 

Appendix A.3.1 Opdracht 24 – Natasha Blommaert, juli 2006 
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 Analysis of the 1957 – 1965 Appendix B.
bathymetrical samples 

This appendix shows the original, digitized, 1957 – 1965 bathymetrical samples and the derived ESRI grids 
(as described in Appendix A). Section 2.3 describes how the figures below were constructed. 

Figure 81 – Transect at the tide gauge in Melle. 
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Figure 82 – Transect at the tide gauge in Wetteren. 

 

Figure 83 – Transect at the tide gauge in Uitbergen. 
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Figure 84 – Transect at the tide gauge in Schoonaarde. 

 

Figure 85 – Transect upstream from the confluence of Scheldt and Dender. 
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Figure 86 – Transect downstream from the confluence of Scheldt and Dender. 

 

Figure 87 – Transect at the tide gauge in Dendermonde. 
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Figure 88 – Transect trough the Northern part of “De Kramp”. 

 

Figure 89 – Transect trough the central part of “De Kramp”. 

 



Slibbalans Zeeschelde - Sub report 8 – Hydrodynamic model 1954 

Final version WL2017R00_029_8 A55 

 

Figure 90 – Transect trough the Southern part of “De Kramp”. 

 

Figure 91 – Transect at het tide gauge in Sint-Amands. 
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Figure 92 – Transect near Kwatrecht. 
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 Comparison of 1954 HW/LW and Appendix C.
full time series 

Appendix C.1 Definition of error statistics 

Mean Error (ME):  ∑ (obsn−simn)N
1

N
 

Mean Absolute Error (MAE): ∑ |obsn−simn|N
1

N
 

Root Mean Squared Error (RMSE):  
�∑ (obsn−simn)2N

1

N
 

Normalised Root Mean Squared Error (NRMSE): RMSE
(obsmax−obsmin) 
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Appendix C.2 Figures 
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 NEVLA 2009 validation: sailed ADCP Appendix D.
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 Sensitivity analysis: overview of the NEVLA 1954 runs Appendix E.

The table below summarises the main parameter settings for the runs used in the sensitivity analysis (Chapter 8). Reference runs n are framed with a thick 
black line. Runs to test the sensitivity to bathymetry are shown in brown; runs to test the sensitivity to roughness field are shown in green; runs to test the 
sensitivity to horizontal eddy viscosity are shown in orange; runs to test the sensitivity to upstream discharges are shown in blue. 

run 
name 

Simulation 
period Bathymetry Roughness Viscosity Discharge 

SA01 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 1 m²/s 

rivers: time series 2009 
canal Gent – Terneuzen: time 

series 2009 

SA08 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 

(Schelle – Gent: -0.02 m-1/3s) 1 m²/s 
rivers: time series 2009 

canal Gent – Terneuzen: time 
series 2009 

SA09 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 

(Schelle – Gent: -0.01 m-1/3s) 1 m²/s 
rivers: time series 2009 

canal Gent – Terneuzen: time 
series 2009 

SA12 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 0.1 m²/s 

rivers: time series 2009 
canal Gent – Terneuzen: time 

series 2009 

SA13 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 0.01 m²/s 

rivers: time series 2009 
canal Gent – Terneuzen: time 

series 2009 

SA15 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 1 m²/s 

rivers: time series 2009,  
no Dender 

canal Gent – Terneuzen: time 
series 2009 

SA16 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 1 m²/s 

rivers: time series 2009, 
no Rupel 

canal Gent – Terneuzen: time 
series 2009 

SA17 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 

(Schelle – Gent and Rupel: -0.01 m-1/3s) 1 m²/s 
rivers: time series 2009 

canal Gent – Terneuzen: time 
series 2009 

SA18 26-03-1954 to 
31-03-1954 Bathy1954_V1_simona.dep updated_simona.rgh 1 m²/s 

rivers: time series 2009, 
no Scheldt 

canal Gent – Terneuzen: time 
series 2009 
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run 

name 
Simulation 

period Bathymetry Roughness Viscosity Discharge 

SA50r 26-03-1954 to 
31-03-1954 Schelde_V5&Zee_D.dep BlockManning_9_Sim.rgh 

(9 blocks along the estuary) 1 m²/s 
rivers: time series 1954 

canal Gent – Terneuzen: time 
series 2009 

SA60 26-03-1954 to 
31-03-1954 

Schelde_V5&Zee_D_opwverd.dep 
(Uitbergen – Gent: 0.50 m deeper) BlockManning_9_Sim.rgh 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 

SA61 26-03-1954 to 
31-03-1954 

Schelde_V5&Zee_D_opwverd25.dep 
(Uitbergen – Gent: 0.25 m deeper) BlockManning_9_Sim.rgh 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 

SA62 26-03-1954 to 
31-03-1954 

Schelde_V5&Zee_opwverdtot.dep 
(Temse – Gent: 0.50 m deeper) BlockManning_9_Sim.rgh 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 

SA64 26-03-1954 to 
31-03-1954 Schelde_V5&Zee_D_opwverd.dep uniform field: 0.024 m-1/3s 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 

SA65 26-03-1954 to 
31-03-1954 Schelde_V5&Zee_D_opwverd.dep uniform field: 0.022 m-1/3s 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 

SA66 26-03-1954 to 
31-03-1954 

Schelde_V5&Zee_opwverdtot1m.dep 
(Temse – Gent: 1.00 m deeper) BlockManning_9_Sim.rgh 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 

SA70 26-03-1954 to 
31-03-1954 Schelde_V6&Zee_Simona.dep BlockManning_9_Sim.rgh 1 m²/s 

rivers: time series 1954 
canal Gent – Terneuzen: time 

series 2009 
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