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Summary 

The riverbed (main channel and flood plains) of the Rhine branches is dynamic and changes 

over time under the influence of morphological processes and human intervention. Currently, 

morphodynamics in the Rhine branches can be predicted and assessed with the so-called 

DVR model. For three reasons, this model is however outdated: 

 

Å The calibration is based on periods before realization of several important interventions 

(Room for the River, Water Framework Directive). 

Å RWS is moving to a new model generation in new software (the 6th generation models in 

the D-HYDRO Suite software package). 

Å There are new data and insights regarding morphological developments. 

Therefore, a new model and set of tools is being developed to replace the old one. 

 

The model developments take place over the course of several years and started in 2023. 

The current report is a progress report on the work that was carried out in 2023 and 2024 and 

resulted in model version v0.5 (partially 1D calibrated). Choices made in 2023 and 2024 may 

be changed in the following years to further improve model performance. Once the model of 

the entire Rhine branches is ready, a final report will be made that contains a full description 

of all data, methods and results used for the final version v1 of the model. 

 

In 2023 and 2024, a first version of the morphological model of the IJssel (v0) was set-up 

based on existing 6th generation hydrodynamic models. Some modifications of the 

hydrodynamic schematizations were needed to make them suitable for morphological 

simulations (constant roughness, bed level in cell centers). The influence of the way the bed 

level is schematized is significantly larger in the IJssel model than in the Waal model. This is 

because the grid resolution on the IJssel is much lower than on the Waal (only 6 cells across 

the width on the IJssel, while there are about 12 cells across the width on the Waal). The 

influence of the change in bed level schematization could partly be removed by an 

appropriate choice of summer bed roughness. 

 

Schematizations for two moments have been made: j02 (start of calibration period) and j16 

(start of validation period). First calibration runs have been carried out with j02, leading to 

model version v0.5. Outputs of the model are compared to offline sediment transport 

computations and data measurements. The results for width averaged bed level changes and 

sediment transport are quite good already. Local deviations between model behavior and 

reality need to be removed in the next phase during more detailed (2D) calibration. 

 

However, varying the parameters of the transport formula has shown that the model is close 

to ill-posedness. Any small change in the model, such as an update to a more recent 

geometry or the implementation of an intervention, can lead to instability. It is therefore 

recommended to implement the possibility to add extra diffusion to the model into the 

software. 

 

All steps in model development and the main steps in analysis of model results have been 

defined in Matlab scripts to make them reproducible and re-usable for model development for 

other branches or future scenarios. 
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1 Introduction 

1.1 Background and motivation 

The riverbed (main channel and flood plains) of the Rhine branches is dynamic and changes 

over time under the influence of morphological processes and human intervention. Currently, 

morphodynamics in the Rhine branches can be predicted and assessed with the so-called 

DVR model (Duurzame Vaardiepte Rijndelta ï sustainable fairway Rhine delta). For three 

reasons, this model will be outdated in the foreseeable future: 

 

Å The calibration is based on periods before realization of several important interventions 

(Room for the River, Water Framework Directive). 

Å RWS is moving to a new model generation in new software (the 6th generation models in 

the D-HYDRO Suite software package). 

Å There are new data and insights regarding morphological developments. 

 

An up-to-date and reliable model is however needed for river management issues such as: 

 

Å project design of interventions in/along the summer bed (normalisation, sediment 

management), 

Å impact assessment for evaluation of measures (river engineering assessment framework 

/ licensing), 

Å analyses of/after monitoring in pilots (sediment management, eroding banks, river 

widening such as by longitudinal dams, etc.), 

Å system analyses for long-term scenarios with management variants, e.g. for IRM 

(Integraal RivierManagement ï Integrated River Management) so that estimates can be 

made of the morphological development on the different river functions. 

 

These are reasons to replace the current modelling instrument for the Rhine branches with a 

new set of models and tools. 

1.2 Objective 

The objective of this project is the development of a new modelling instrument that simulates 

the complex spatial riverbed dynamics in the Rhine branches, enabling us to predict 

developments and effects of interventions in the riverbed, examine options for long-term 

(2050-2100) management and policy decisions, and thus shape the river management of the 

future. 

1.3 This report 

The development of such a modelling instrument for the entire Rhine branches will take 

several years. In 2023, a start was made with model developments for the Waal river branch. 

In 2024 the model set up for the IJssel was initiated. This report presents the model 

developments for the IJssel, leading to model version v0.5. Chapter 3 presents the data 

used. Chapter 4 to 8 describe the model set-up and present calibration and validation 

preliminary results. Chapter 9 shows conclusions and recommendations for the following 

steps to be taken in the model development. For the sake of completeness, the 

recommended next steps in the development of the models of the other Rhine branches are 

mentioned as well. 
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This report is a progress report. Choices presented here may be changed in the following 

years to further improve model performance. Once the models for all branches are finished 

completely, a series of final reports will be made as follows: 

 

1. main report for all Rhine branches together, summarizing the definitive choices and 

results  

2. calibration reports per branch  

3. brief synthesis report, which summarizes, per Rhine branch, the information used in 

the model and what the model can be used for. This report needs to be easy to read, 

also by non-experts on morphological modelling.  

4. manual, with sections on  

a. tutorial for setting up a new model  

i. how to change model input, if needed specified per branch or river section  

ii. which input is the user allowed to modify, and which not  

iii. how to use the available scripts for modifying input and for visualizing 

model output  

b. how to apply the model in applications for permits (ñvergunningaanvragenò) 

according to the ñRivierkundig Beoordelingskader (RBK)ò  

i. which hydrograph to use  

ii. how many years to simulate  

iii. which standard figures to produce and analyse  

iv. etc.  

c. how to apply the model for policy studies, such as ñIntegrated River 

Management (IRM)ò  

i. which hydrograph to use  

ii. how many years to simulate  

iii. which standard figures to produce and analyse  

iv. etc.  

5. factsheets, for use on the IPLO website, via which model schematizations can be 

requested. These need to support the choice of model for a specific question.  

6. Transfer protocol ï ñProtocol van Overdracht (PvO)ò - the questionnaire to be 

answered before the model can formally become part of the official set of RWS 

models  

1.4 Software 

Within this project, the following software is used: 

 

Software package Version Used for 

D-HYDRO Suite 2.26.15.78894 (hydrodynamic spin-

up and ñofflineò calibration) 

2.27.03.79079 (final morphological 

simulations) 

Hydrodynamic simulations 

Morphological simulations 

Baseline 6.3.2 Schematization of model geometry 

ArcGIS 10.6 In combination with Baseline 
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2 Approach for model set-up 

2.1 General approach of the long-term model development 

Spruyt (2023) has made an inventory of the intended use of the new modelling instrument 

and its required functionality. Based on this, she presents a general approach, which 

foresees a model development in several steps. These steps are extended as follows for this 

project: 

 

v0 This version is a basic model that contains the most important functionality, with the 

main goal to have a running but not yet too complex model. Within this step, we 

further distinguish the following sub-steps: 

v0.5: after offline calibration 

v0.8: after 1D calibration 

v1:  after 2D-calibration, so fully calibrated 

v1 Building on v0, the first model version replaces the existing DVR model. It covers the 

same functionality, but is based on the latest available data and insights. 

v2 The second model version is based on v1 but extended with new functionality to 

make the model suitable for more types of applications (e.g. finer grids, exchange of 

sediment between main channel and flood plains, bank erosion processes, etc.). 

v3 The third model version is used to develop new insights and functionality. 

 

To give structure to this long-term development, several activity areas are defined as 

presented in Table 2-1 and linked to the stages of model development (v0-v3). The starting 

point is formed by the existing hydrodynamic model schematizations of RWS (the so-called 

6th generation hydrodynamic models).  

 

To effectively carry out the model set-up and associated calibration, we start by setting up 

submodels for different river branches, which can then relatively easily be merged into an 

overall model. The intended coverage of the final model is presented in Figure 2.1. 

 

In each year of the model development, specific activities are identified for the different areas 

of activity per submodel.  

  



 

 

 

11 of 91  Morphological model for the river Rhine 

11210364-003-ZWS-0005, 13 December 2024 

 
Figure 2.1 Coverage of the sixth-generation hydrodynamic Rhine branches model (orange) and the current 

DVR instrument (purple areas, the different purple colors indicate the subdomains of which that model 

consists). Light and dark blue areas are water bodies that are not part of aforementioned models. 

2.2 Overview of the activities carried out in 2024 

In 2023, a start was made with the development of the first basic models (v0) of the Waal and 

IJssel branches. The Waal model was used as example to test methodologies and develop 

the necessary scripts. Both the Waal and IJssel models helped to identify issues in the 

existing tools and software used as well as in the model schematizations. Based on the 

model experiences from the Waal, the IJssel morphodynamic model was set up in 2023 and 

2024, leading to model version v0.5 (partially 1D calibrated) with the following steps: 

 

Å collection of the data needed to carry out the next steps (Chapter 3), 

Å modification of the existing hydrodynamic model to make it suitable for morphodynamic 

simulations (Chapter 4), 

Å hydrodynamic validation of the modified model (Chapter 5), 

Å set-up of basic morphodynamic schematizations (v0) of the IJssel branch (Chapter 6) 

Å ñoffline calibrationò of the IJssel branch to get a first impression of the performance of the 

chosen transport formula in combination with the model schematization (i.e. (gradients in) 

flow velocities, roughnesses and grain sizes) (Chapter 7) 

Å first steps in the 1D calibration of the IJssel branch, including the choice of calibration and 

validation periods (Chapter 8). 

 

Model schematizations representing the geometry of two different years were prepared for 

the IJssel (see section 4.1 for more detail): 

 

Å 2002: This will be the start of the calibration period (2002-2012, section 8.2). 

Å 2016: This will be the start of the validation period (2016-2022, section 8.2). 

 

Furthermore, the Waal model was refined and calibrated further towards version v0.5 (see 

Kosters et al., 2024), and decisions on the calibration and validation periods for the next 

model extension ï with Boven-Rijn, Pannerdensch Kanaal and Neder-Rijn-Lek ï were taken.  
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Table 2-1 Steps in model development. 

activity areas associated activities model 

version 

done in 

2023/2024 

data collection ¶ Collection of all data needed to set-up a model, e.g. 

boundary conditions, calibration data 

hydrodynamics and sediment transport and 

morphology, bed composition, etc. 

v0 

v1 

boundary 

conditions; 1D 

calibration data; 

discharge 

distribution; bed 

composition 

morphodynamic 

model 

schematization: 

towards a well-

working basic 

model (v0) 

¶ set-up of a first running model including: 

a. dynamic river bed 

b. representative initial bed elevation (e.g. 

smoothing of bed forms) 

c. suitable roughness formulation for morphology 

d. sediment (grain sizes and sediment layers, with 

focus on active/upper layer) 

e. secondary flow 

f. first choice of transport formula and parameters 

(uncalibrated) 

g. non-erodible and less erodible layers 

h. suitable grid resolution 

¶ testing phase v0 model, identification of problems 

and modification of the schematization accordingly 

v0 IJssel v0: 

set-up and 

testing of 

calibration and 

validation 

schematizations 

extending the 

basic model to a 

v1 model 

¶ more sophisticated description of 

a. main channel roughness 

b. composition and thickness of underlayers, 

including non-erodible layers 

¶ set-up of a dredging and dumping module 

¶ testing phase v1 model, and iterative modification of 

model schematization if necessary 

v1 - 

development of 

methodologies 

and tools for 

running the 

model 

¶ approach and tools for model simulation (i.e. 

Simulation Management Tool) 

¶ strategy for model spin-up 

¶ strategy and tools for model evaluation and 

presentation of results 

¶ strategy and tools for simplification of model set-up 

and improving reproducibility 

v0 

v1 

IJssel v0.5: 

Pre- and 

postprocessing 

tools 

 

model calibration 

and validation 

¶ calibration and validation strategy 

¶ adapting the hydrodynamic model to make it 

suitable for morphodynamic simulations 

¶ hydrodynamic validation 

¶ ñofflineò calibration giving a first estimate of 

morphological response based on the flow field in 

the hydrodynamic simulations 

¶ 1D morphodynamic calibration and validation 

(focusing on width-averaged, large-scale and long-

term trends) 

¶ 2D morphodynamic calibration and validation 

(focusing on 2D patterns in the river bed, such as 

bank patterns and bend profiles) 

¶ validation of dredging and dumping module 

v1 IJssel v0.5: 

ñofflineò 

calibration, start 

of 1D 

calibration 

exploring model 

uncertainties 
¶ influence of unknown physical variables (e.g. 

roughness in transport, bed composition, active 

layer thickness) 

¶ influence of model settings (e.g. initial 

geometry/composition and boundary conditions) or 

modelling concepts (e.g. Hirano model) 

v1-v3 - 
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activity areas associated activities model 

version 

done in 

2023/2024 

¶ influence of simulation strategy and approaches 

(e.g. methods for optimizing simulation time, 

schematization of the hydrograph, choice of 

simulation period) 

development of 

modeling 

strategies and 

development for 

future use of the 

model 

¶ identifying types of application and requirements 

¶ development of strategies for application of the 

model (e.g. choice of scenarios, choices for model 

settings and geometry, type of interventions) 

¶ identifying needs for further development of the 

model schematization (including needs for 

knowledge development and data requirements) 

¶ implementation and testing 

v1-v3 - 

verification of 

model 

application 

¶ testing the model application in test cases of 

a. effect of interventions 

b. planning study (ñplanstudieò) 

c. (long-term) forecast of system behaviour 

¶ improvement of the model schematization, 

modeling strategies, methodologies and tools 

based on the outcomes of the test cases 

v1-v3 - 

Implementation 

of new 

functionality in 

D-HYDRO 

¶ Identifying requirements of new functionality  

¶ functional design of needs 

¶ design of implementation 

¶ implementation and testing 

¶ updating user manuals 

v2-v3 - 
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3 Data 

3.1 Observed discharges and water levels 
Observed discharges and water levels (daily values) have been delivered by RWS. For the 

IJssel, the data covers the period of 2002-2022. For Lobith, discharges and water levels are 

available from 1999-2022. For calibration and validation of the IJssel model, representative 

hydrographs were developed based on the discharge at Lobith and the discharge distribution 

across the Rhine branches (paragraph 3.2). This process is described in detail in paragraph 

4.4. For most of the test simulations, the discharge hydrograph from the DVR model in 

Delft3D 4, the predecessor of the new model, was used (see section 3.2), because the 

calibration and validation hydrographs were not available yet. In the future, the discharge and 

water level data can be used to refine the approach for the upstream and/or downstream 

model boundaries. 

3.2 Discharge distribution 

The initial version (v0) of the new morphodynamic model of the IJssel still makes use of 

approaches that were derived for its predecessor, the ñDVR modelò in Delft3D 4. This also 

applies for the hydrodynamic upstream boundary condition, which is a standardized yearly 

hydrograph consisting of several stages with constant discharges. The same hydrograph is 

used for test simulations with v0 of the new model. For calibration and validation, two 

hydrographs that are representative for those periods (see chapter 8) have been derived 

(paragraph 4.4). 

 

Both the DVR hydrograph as the calibration and validation hydrograph for the Rhine 

branches (Waal and IJssel so far) are defined for Lobith on the Boven-Rijn, so that they are 

valid for all branches. For use in the separate branch models, such as the IJssel model, they 

were translated to the corresponding values on the branches. For this translation, information 

on the discharge distribution for a range of discharges at Lobith, as computed by RWS-ON, 

was used. Since the discharge distribution at Pannerdensche Kop and IJsselkop has 

changed in the past decades due to continuous incision of the river bed of especially the 

Waal on the one hand and man-made modifications in the river geometry (e.g. Room for the 

River measures) on the other hand, it was decided to use two different discharge distributions 

for the different periods that are to be modelled, i.e. one distribution for more recent periods 

starting from 2016, and another one for the period between 2002 and 2013. 

 

The distribution for 2016 and later is based on the current Qf-relation (Qf18 stationair), 

corrected for weir operation, bed level changes (until 01/01/2023), and a closed mass 

balance at the bifurcation points (óvereffeningô) as described in Van Putten (2023). The IJssel 

discharges corresponding to the nine discharge levels at Lobith were derived based on linear 

interpolation between the Lobith discharges for which the discharge distribution was 

computed. The distribution for 2002-2013 was derived in the same way but based on the QH-

relation 2000.1 (including corrections to get a closed mass balance at the bifurcation points). 

The resulting values for both relations are given in Table 3-1 and Table 3-2. 
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Table 3-1 Translation of DVR discharge levels to upstream boundary conditions for the IJssel pilot model (v0). 

Discharge 

level no. 

Q Boven-Rijn (DVR 

levels) 

[m3/s] 

Q IJssel based on 

òvereffende 

afvoerverdeling 2023ò 

[m3/s] 

1 1020 169 

2 1203 207 

3 1635 299 

4 2250 330 

5 3053 422 

6 3824 527 

7 4717 649 

8 6151 839 

9 8592 1169 

 

Table 3-2 Translation of calibration and validation discharge levels to upstream boundary conditions for the 

IJssel model (v0.8). 

Discharge 

level no. 

Q Boven-Rijn (DVR 

levels) 

[m3/s] 

Q IJssel 1999-2012 

(QH 2000.1) 

[m3/s] 

Q IJssel from 2016 

(òvereffende 

afvoerverdeling 

2023ò) 

[m3/s] 

1 1020 171 169 

2 1400 263 247 

3 1630 297 298 

4 2020 305 332 

5 2500 359 353 

6 3220 459 445 

7 4350 617 599 

8 5800 813 793 

9 8400 1212 1141 

 

3.3 Grain sizes 

Grain size data that covers the entire IJssel up to km 1001 is available from measurement 

campaigns from 1951 to 2020 (Figure 3.1). The campaigns of 1984 and 1995 also contain 

data for the Keteldiep (km 1001.5 ï 1006). For the new model, the 2020 data will be used. It 

fully covers the current model extent (IJssel up to km 1001 only). In that campaign, samples 

have been taken at a distance of 500 m (full and half river kilometers) along the river axis and 

at a distance of 1.000 m (full river kilometers) along two parallel lines +/-70 m from the river 

axis (Table 3-3) using a ñHamon happerò. 
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Figure 3.1 Available D50 grain size data for the IJssel. Top: 70 m to the left of the river axis; middle: on the 

river axis; bottom: 70 m to the right of the river axis. The data from the 2020 campaign (dark dots) was used in 

the model set-up. 

 

Table 3-3 Location of data points with sieve curves from the 2020 measurement campaign. 

Location Streamwise coordinates Transverse coordinate  

Left bank 879, 880, é 1001, 1001 -70 m  

Axis  879, 879.5, 880, é 1000, 1000.5, 

1001 

0 m 

Right bank  879, 880, é 1001, 1001 70 m  

 

3.4 1D calibration data 

The following data is available for the 1D calibration, which focusses on long-term and large-

scale trends in bed level development as well as yearly sediment transport rates. 

Furthermore, celerity of bed disturbances is used as a more-easy-to-measure proxy for 

sediment transport rates. 
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3.4.1 Trends in bed level change 

De Joode (2023) has projected all available multibeam bed level measurements (1 m x 1 m) 

of the period 1999-2021 onto a grid, which has been defined as (Figure 3.2): 

 

Å The length of the cells is 100 m on the river axis and varies slightly towards the outer 

edges of the main channel due to its curvature. 

Å The width of the main channel (in between ónormaallijnenô) is divided into 8 cells, 4 of 

which to the left of the river axis (labelled L4-L1) and the other 4 to the right of the river 

axis (labelled R1-R4). 

De Joode (2023) processed the multibeam data into cell averaged bed elevations and 

standard deviation per grid cell. This data is used as basis for 1D model calibration. 

 

 
Figure 3.2 Extract from the grid used to analyze bed elevations (from De Joode, 2023). 

 

The morphologically active zone (see section 6.3 for the definition of that) of the new model 

generally extends slightly into R3 and L3 (Figure 3.3). Analysis of the data has shown that 

data coverage is low in the groyne fields (R5 and L5) and around groyne heads, which mostly 

fall into R4 or L4 (Figure 3.4). Therefore, it was decided to use the data from L3 to R3 for 

model calibration. Figure 3.4 shows that the data also does not always fully cover the L3-R3 

cells. In that case the data of the year that does not provide sufficient coverage is not used in 

the calibration dataset for the respective cells. For the Waal a threshold of 99 % coverage 

was employed for considering that the cell had sufficient data. However, for the IJssel such 

high coverage, as well as the presence of bridges under which bed elevation was not 

measured, led to a significant amount of data gaps (Figure 3.5 - left). As indicated by the red 

dots in Figure 3.6, in the location of bridges the data in that river kilometer was not used 

because it did not reach the needed coverage for the data to be considered. The strategy 

used in the IJssel was then to define polygons around bridges, that are excluded from the 

km-averaging of bed elevations, preventing the total exclusion of the river kilometer.  
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To further reduce the data gaps, the data coverage was decreased to 95%. Figure 3.5 (right) 

shows the width averaged measured bed level that will be used for 1D calibration.  

 

As during 1D calibration the focus is laid on width-averaged and large-scale behavior of the 

model, the data of De Joode was averaged across L3-R3 cells and river sections of 1 km 

length. 

 
Figure 3.3 Morphologically active part of the river bed in IJssel-model v0 (orange area) compared to grid of De 

Joode (2023). 

 

 
Figure 3.4 Data coverage of autumn 2020 multibeam measurements (yellow-green-blue colors represent the 

measured bed elevations), compared to grid of De Joode (2023, black polygons). 
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Figure 3.5 Available multibeam bed elevations, averaged over the width of the cross-section (L3R3), for the 

IJssel excluding (left) and including (right) the data around bridges. The data gaps are caused by river 

sections with no full data coverage across the entire width from R3 to L3 polygons. 

 
Figure 3.6 Data coverage of 99% for the IJssel. Red dots indicate cells without enough coverage. 

3.4.2 Yearly sediment transport 

Frings et al. (2019) estimated the yearly sediment transport per branch of the Rhine delta for 

a sediment balance of the Rhine (Table 3-4). In the framework of the IRM (Integraal 

Riviermanagement) project, Sloff (2019) derived sediment transport rates from the km- and 

width-averaged bed level changes of De Jong & Ottevanger (2020) 1 (Trend Pmap 20 years). 

 

The bed level changes are influenced by fairway maintenance dredging and sand mining if 

the dredged material is not dumped back into the river at a location close-by. This needs to 

be taken into account in the interpretation of this yearly sediment transport estimate. The 

same applies to human interventions in the main channel.  

ðððððððððððððð 
1 De Jong & Ottevanger (2020) derived a trend in bed level change per river kilometer section based on all available 

multibeam measurements between 1999 to 2018 (for the IJssel, the first available multibeam measurement is from 

2002). They first made a linear fit through all data per 1x1m raster cell, and then averaged the trend within each river 

kilometer section. In the end, they did not use the Pmap data (in which data gasp are filled with data from the 

previous year) but only the available data per year. So the name ñPmap trendò is a bit misleading. 
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On the Ijssel, this can be seen clearly downstream, where in 2015 the main channel was 

lowered as part of the Room for the River project. That significant drop in bed level was 

interpreted as a large increase in sediment transport, which is not correct (and was therefore 

not taken into account in the log-term future trend that was also derived, see orange line in 

Figure 3.7. 

 

The resulting longitudinal profiles for the IJssel are presented in Figure 3.7. The deviations 

between the estimates stress that these are rough estimates. They will be used in the 1D 

calibration as such. 

 

Table 3-4 Annual sediment load of the Rhine branches estimated by Frings et al. (2019). 

section kilometers gravel load (with 

pores) 

(m3/y) 

sand load (with 

pores) 

(m3/y) 

sum of gravel and sand 

load (with pores) 

(m3/y) 

Boven-Rijn 859-867 65.000 386.667 451.667 

Boven-Waal 868-886 38.333 346.667 385.000 

Midden-Waal 887-915 26.667 330.000 356.667 

Beneden-Waal 916-951 10.000 308.333 318.333 

Pannerdensch 

Kanaal 

868-878 21.667 60.000 81.667 

Boven-IJssel 878-930 3.333 28.333 31.667 

Midden-IJssel 930-970 1.667 25.000 26.667 

Beneden-IJssel 970-1000 1.667 25.000 26.667 

Boven-

Nederrijn 

878-891 16.667 43.333 60.000 

Beneden-

Nederrijn 

891-922 11.667 43.333 55.000 

Lek 922-946 5.000 43.333 48.333 

 

 
Figure 3.7 Estimate of the longitudinal profile of yearly sediment transport (including pores) for the IJssel 

(Sloff, 2019). Blue line: based on analysis of observed bed level changes; red line: based on estimated future 

trend in bed level development. 

3.4.3 Celerity of bed disturbances 

In the Rhine branches, bed perturbations should migrate downstream with a speed of 

approximately 1 km/y according to Sieben et al. (2005). In an update of this work (Sieben, 

2020), specific values were derived per section of the different branches (Table 3-5). 
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Table 3-5 Observed celerities of bed disturbances for the IJssel. 

section year 

1955 1965 1975 1985 1995 2005 2015 

878-890 1.05 0.78 1.21 0.68 0.62 0.48 0.88 

896-904 1.04 0.79 1.07 1.33 0.84 0.87 0.76 

910-930 0.93 0.87 0.94 0.99 0.87 0.8 0.82 

931-952 0.86 0.75 1.02 0.84 0.95 0.68 0.81 

953-972 0.87 0.89 0.87 0.91 1.02 0.65 0.61 

973-993 0.71 0.56 0.77 0.96 0.9 0.54 0.76 

994-1005 1.05 1.08 0.76 0.97 0.88 0.97 0.84 

 

3.5 Dredging and Dumping 

An inventory of available data on dredging volumes and locations was made for the IJssel 

(Excel-sheet by J. Krabbendam, v10-07-2024). Figure 3.8 gives an overview of the data 

sources and total volumes per year. RWS assumes that in the periods 2002-2003, 2005-2009 

and 2011-2013, no maintenance dredging was carried out (see metadata of the delivered 

Excel file with dredging volumes). In general, fairway maintenance is checked three times per 

year on the IJssel. The fairway has to be sufficiently deep (2.5 m below reference plane OLR) 

on 15th May, 1st August, and 15th December. 

 

 
Figure 3.8 Available data on dredging volumes and locations for the IJssel (Excel-sheet by J. Krabbendam, 

v10-07-2024). 
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4 Hydrodynamic model schematization 

4.1 Overview of different schematizations 

Two different model schematizations have been prepared for the pilot in 2024: 

 

D-HYDRO model schematization Derived from Baseline schematization 

dflowfm2d_dmor-ijssel-j02_6-v1a baseline-rijn-j02_6-v1  

dflowfm2d_dmor-ijssel-j16_6-v2a baseline-rijn-j16_6-v2  

 

These schematizations are representative for the situation of 2002 and 2016, respectively, 

and will be used to model morphological development in the period 2002-2012 (calibration 

period) and 2016-2020 (validation period). 

4.2 Baseline set-up and conversion to D-HYDRO 

Baseline-rijn-j16_6-v2 was already available at the beginning of this project. It is equal to 

baseline-rijn-j16_6-v1, but converted from Baseline 6.1.1 to Baseline 6.3.2. Baseline-rijn-

j02_6-v1 is the result of mixing 6 measures, provided by RWS-ON, in baseline-rijn-j95_6-v1. 

In order to do this, baseline-rijn-j95_6-v1 was first converted to Baseline 6.3.2. The list of 

measures is included in Appendix A. All steps are schematized in Figure 4.1. 

 

 
Figure 4.1 Steps to create Baseline schematizations. 

The two resulting Baseline schematizations were converted to their corresponding D-HYDRO 

schematizations using the grid órijntakken_final_v9_net.ncô. To convert only the data within 

the desired model domain (i.e. the IJssel), a shapefile containing the model boundary is used 

during the conversion from Baseline to D-HYDRO. These shapefiles were constructed by 

cutting of the model boundaries (or section polygons) of the entire j02 and j16 

schematizations at the IJsselkop and the bifurcation into Keteldiep and Kattediep. Upstream, 

the model boundary excludes Hondsbroeksche Pleij, since there is only negligible flow 

through it at the discharge levels that are used in the morphological model. Downstream, it 

was agreed to keep the model extent the same as in the old DVR model for a first calibration. 

In a final model version, RWS would like to include the Keteldiep as well as the influence of 

Kattediep into the model. It still needs to be defined how to do that best. 

 

During conversion from Baseline to D-HYDRO, the model boundaries for the IJssel are 

themselves converted to enclosure polygons, a model input file used to delineate the model 

domain at the start of the computation. By (manually) changing the enclosure polygon, the 

model domain can still be altered after conversion from Baseline (but only within the original 

model boundary, not outside of it). 

conversion to 

Baseline 6.3.2 

conversion to 

Baseline 6.3.2 +  

measures  

baseline-rijn-j95_6-v1 

baseline-rijn-j16_6-v1 

baseline-rijn-j02_6-v1 

baseline-rijn-j16_6-v2 
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4.3 Modifications within D-HYDRO 

After the conversion from Baseline, the following elements of the model geometry have been 

modified: 

4.3.1 Model domain 

The IJssel model in its current version (and up to v1) extends from IJsselkop to the 

bifurcation between Keteldiep and Kattendiep branches, see Figure 4.2, which is the same 

extent as in the previous model in Delft3D 4. After calibration of the v1 model, it will be 

analyzed if the model can be extended further with the Keteldiep branch, up to about 

km 1006, because that branch is part of the area that RWS-ON is responsible for. This will 

then be a first step towards a v2 model. The extension is not implemented in in the v1 version 

yet to avoid problems with calibration due to inclusion of the bifurcation. 

 

The upstream boundary is located just downstream of the bifurcation (Figure 4.3), to avoid 

violating the assumption that no sediment transport occurs across closed model boundaries 

as much as possible. As can be seen in Figure 4.3, a small part of the Neder-Rijn main 

channel is still included in this model extent. This has for now been corrected manually by 

changing the bed elevation of these cells to a high value to prevent them from getting wet. In 

reality, there is some flow across the dam between the two branches during high flow. This is 

neglected in the current model, which leads to overestimation of the flow velocities in the 

main channel. It could be considered to work with different lines for the boundary for different 

discharges to get the flow during high flow closer to reality. However, one needs to be 

conscious of the fact that, especially in a morphological model for long-term bed level 

development, the upstream boundary should be placed several kilometres (approximately 

one kilometre per year of simulation because of the celerity of bed disturbances, see section 

3.4.3) upstream of the area of interest to avoid influences of boundary effects. If predictions 

have to be made for the most upstream part of the IJssel, a much larger model extent, 

including Pannerdensch Kanaal and the upstream part of Neder-Rijn, needs to be chosen. So 

a better representation of hydrodynamics locally around the boundary will not have a 

significant influence on the model results.  
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Figure 4.2 IJssel model domain (up to v1). 

 

  
Figure 4.3 Upstream (left) and downstream (right) boundary location. The thick blue lines indicate the part of 

the boundary that is open. 

4.3.2 Bed elevation 

For the hydrodynamic model it was decided to define bed levels at grid cell corner points 

(BedlevType  = 3 and Conveyance2D  = - 1, see Figure 4.4, lower left).  

The bed levels in these points are derived from Baseline by ñpickingò the elevation at that 

specific location. In the morphological model, we need to use BedlevType  = 12 (Figure 

4.4, top), which defines bed levels in cell centers. Minns et al. (2022) propose to derive the 

elevations in cell centers from a hydrodynamic simulation3.  

ðððððððððððððð 
2 There is no validated morphology functionality available for bed levels in corner points. 
3 Due to the staggered grid approach in D-HYDRO, bed elevations are needed at several locations in a cell to solve 

the hydrodynamic equations, including the cell center. Cell center bed elevations can therefore be exported from a 

hydrodynamic simulation that used elevations at corner points as input. 
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However, these elevations are the minimum of the values on cell edges (Figure 4.4, lower 

left) and this method therefore leads to structural overestimation of the depth along steep 

edges (e.g. fixed banks, ñgestrekte oeverò) and underestimation of water levels as was shown 

for the Waal in Becker et al. (2023). Larger differences are noticed in the IJssel compared to 

the Waal due to a narrower channel. Letting D-HYDRO determine the bed level in cell 

centers by the method illustrated in Figure 4.4, lower right, does not seem more promising 

either, because it still uses a minimum value. 

 

As done for the Waal, it was decided to derive the mean value of the bed levels in the corner 

points4 using a script, and impose it as cell center bed level in morphological simulations. 

Water level difference compared to the original hydrodynamic model was significantly 

reduced, as is shown during hydrodynamic validation in Chapter 5. Furthermore, an option 

picking the elevation at cell centers instead of corners became available in Baseline. This 

option was also tested since it could be used directly in the model. The results and final 

decision are presented in Chapter 5. 

 

 
Figure 4.4 Schematic representation of options for representation of bed elevations on the staggered grid in 

D-HYDRO. The hydrodynamic model uses BedlevType = 3 and Conveyance2D = -1. The morphodynamic 

model has to use BedlevType = 1. 

 

In Baseline, the bed elevation within the main channel of the IJssel is mainly based on 

multibeam measurements. The bed level in the two schematizations j02 and j16 is based on 

multibeam measurements carried out in December 2002 and October 2016, respectively. 

Hence, the bed elevation included in Baseline represents one moment in time (a ósnapshotô) 

and contains small-scale features such as bed forms. Our large-scale model of the Rhine 

branches, however, is too coarse to properly resolve small-scale phenomena such as bed 

forms. Instead, these can be included in a ñsubgridò way. It needs to be decided carefully for 

which processes that is relevant. The model is not made to predict small-scale bed forms in 

detail. However, it might be necessary to estimate the size of dunes by means of a bed form 

predictor and take it into account when deciding if dredging is needed or not. 

 

Thus, the bed level in the model should be a representative bed level without these small-

scale temporary phenomena. Therefore, the main channel part of the bed level from Baseline 

was smoothed using the following steps: 

  

ðððððððððððððð 
4 i.e. the mean of the bed level values of all corner points was used, independent of the exact shape of the cell. In 

most cases, with rectangular cells, this is the mean of four corner cells, but there are some cells with more corner 

points as well. 
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1 averaging of the main channel bed level from Baseline in the polygons created by De 

Joode (2022) (see description in section 3.4.1). At the edge of the summer bed, the 

polygons were cut off to not exceed the extent of the morphologically active part (see 

section 6.3) in our model. This is important, because filtering will inevitably also remove 

part of the larger-scale phenomena from the bed level. These need to be brought back 

into the model during spin-up of the bed level, which is only possible in the 

morphologically active part. 

2 calculating 1 km rolling means along each longitudinal section of De Joode (2023), i.e. 

L1-L3 and R1-R3 (with L3 and R3 polygons cut off as described above) 

3 interpolating (Delaunay triangulation) the resulting values onto the 2D grid of our model 

(cell centre location).  

The filter was only applied within the morphologically active zone of the model (section 6.3). 

Figure 4.5 shows that indeed this method filters out bed forms but not the large-scale 

patterns such as deep outer bends (blue line on top of red line). 

 

 

 
Figure 4.5 Comparison between filtered and unfiltered main channel bed level in the j16 model along a line 

approximately 70 m to the left of the river axis (L3). The unfiltered bed level is the bed level picked in cell 

centres by Baseline. 

 

The impact of working with bed levels in cell centers instead of corner points and of the 

filtering for the main channel on calculated water levels is analyzed in a hydrodynamic 

validation of the model (Chapter 5). 

 

On the longer term, we need to define, based on morphological model results for several 

branches, if filtering is indeed worthwhile. If yes, we also need to define how to get the 

procedure of determining bed levels in cell centers and filtering the main channel bed into 

Baseline and/or D-HYDRO, so that it can be used in the hydrodynamic model as well. 
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4.3.3 Main channel roughness 

In the original hydrodynamic model, main channel roughness is defined by means of a base 

roughness that is multiplied by a calibration factor. Base roughness is constant per section, 

sections being between several kilometers to about 20 km long. Calibration factors are also 

defined per section, but the sections for the base roughness and calibration factors do not 

coincide. This is described in detail by Kosters et al. (2022). In Becker et al. (2023) it was 

observed in the Waal that abrupt changes in the roughness, as expected, create strong 

morphological reactions in the first (not yet calibrated) model runs.  

 

Therefore, the roughness in the pilot model (v0) of the Waal was set to a constant Chézy 

value of 45 m1/2/s. For the IJssel, the same approach was adopted. A fixed Chézy of  

45 m1/2/s was chosen based on the comparison of hydrodynamic model results between the 

original and pilot model (see Chapter 5). The impact of the change in roughness and 

calibration factors on water levels and flow velocities is analyzed in the hydrodynamic 

validation of the model in Chapter 5. Note that for morphodynamic simulations a reasonable 

representation of flow velocities is much more important than correct water levels. Water 

levels, however, do determine the moment at which the flood plains and side channels are 

activated. 

 

As done for the Waal branch the calibration factors were also deactivated, meaning that a 

constant value of 1 will be used in the entire model domain. In a next phase of model 

development, after a first calibration, we can experiment with more variability in main channel 

roughness and work towards a compromise between the input of the original hydrodynamic 

model and the needs of a morphodynamic model. A proposition for how to do that was made 

in Becker et al. (2023). 

4.3.4 Discharge-dependent calibration factors 

The modifications described in this section are only relevant for the simulations in which the 

original calibration factors from the hydrodynamic model are included. As described in 

Section 4.3.3, it was decided to apply a constant Chézy roughness coefficient in the 

morphodynamic simulations. 

 

To each calibration section (see section 4.3.3), a calibration factor was assigned that is 

dependent on the local discharge (for more information, see Kosters et al., 2022). Because of 

this discharge dependency, a discharge cross-section must be assigned to each calibration 

section. These cross-sections are located as close as possible to the corresponding water 

level stations that were used for calibration. Calibration factors are defined for 5 (local) 

discharge levels. Between these discharges, the calibration factor is determined by linear 

interpolation. 

 

In the IJssel model, the upstream boundary intersects with the smooth transition between 

calibration sections 2014 (Pannerdensch Kanaal) and 2024 (IJssel). Hence, a part of 

calibration section 2014 is present in the model. However, the corresponding discharge 

cross-section, PK_872.5_QR_Pannkop-IJsselkop, is not located within the model domain. In 

all model schematizations (j02 and j16), the discharge dependency was removed for section 

2014. The same was done for calibration section 2015, which is present in the small piece of 

Neder-Rijn main channel that has accidentally been included in the current model version. 

This will not be necessary in later model versions, in which we will exclude the Neder-Rijn 

main channel completely. Appendix B gives an overview of the calibration factors (including 

the changes described in this section). 
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4.3.5 Other changes  

Since the maximum discharge level to be simulated with this model is below 9000 m³/s, it 

was decided to exclude the flood channel at Veessen-Wapenveld from the model domain, as 

shown in Figure 4.6. Therefore, also the D-RTC rules for operation of the inlet structure were 

removed. 

 

 
Figure 4.6 Model enclosure (red line) excluding the flood channel Veessen-Wapenveld. The original enclosure 

including the flood channel is defined by the thin black line. 

4.4 Hydrodynamic boundary conditions 

The model is forced with a discharge at the upstream boundary and a Qh-relation at the 

downstream boundary. The upstream model boundary is located on the IJssel at the 

IJsselkop (Figure 4.3). 

4.4.1 Upstream boundary 

The initial version (v0 till v1) of the new morphodynamic model of the IJssel still makes use of 

approaches that were derived for its predecessor, the ñDVR modelò in Delft3D 4. This also 

applies for the hydrodynamic upstream boundary condition, which is a standardized yearly 

hydrograph consisting of several stages with constant discharges (Figure 4.7). The same 

hydrograph is used in the first test simulations (v0) of the new model. For calibration and 

validation towards version v1, similar hydrographs have been derived that are representative 

for these two periods (2002-2012 and 2016-2022, see section 8.2). In that way, the 

calibration is valid for future simulations that are supposed to produce a long term trend in 

bed development. At a later stage, it can be decided to use a different type of upstream 

model boundary (e.g. a ñnormalò hydrograph), or to extend the methodology with different 

ways of forcing for different applications. 
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The discharge levels of the DVR model were translated from Lobith on the Boven-Rijn to the 

IJssel as described in paragraph 3.2. 

 

   
Figure 4.7 Standardized yearly hydrograph converted to the IJssel (left) and at Lobith (table on the right) 

 

Average yearly discharge hydrographs were derived for the calibration and validation periods 

for the Waal and IJssel models: 

 

- 1999 ï 2012: calibration Waal 

- 2002 ï 2012: calibration IJssel 

- 2016 ï 2022: validation Waal and IJssel 

The following sections describe how the hydrographs were derived for Lobith on the Boven-

Rijn and present the resulting hydrographs (discharge levels and durations). The discharge 

levels were later translated to the upstream boundary location of the Waal and IJssel as 

described in paragraph 3.2. 

4.4.1.1 Method 

The approach to derive the discharge hydrographs is as follows: 

 

Å Observed discharges at Lobith for the respective calibration or validation period are used 

as input. 

Å These are ordered from small to high to obtain a probability density function (pdf, blue 

line in Figure 4.8). 

Å To keep the necessary modeling steps as limited as possible (e.g. hydrodynamic spin-

up), it was decided to use the same discharge levels for all hydrographs. Nine suitable 

discharge levels have been determined in previous studies (ñUitwerking 

systeemmaatregelen beleidskeuze rivierbodemligging IRMò and ñvaarweg Rijn 

grensregioò, both not yet published) based on relevant discharge regimes in the Rhine 

branches. The nine levels are presented in Table 4-1. Paragraph 4.4.1.2 discusses the 

discharge regimes.  

Å The moment of intersection of the levels with the pdf were determined (black points in 

Figure 4.8). The moment at which the hydrograph changes from one discharge level to 

the next was defined as halfway between these intersection points (di/2). 

Å In cases with relatively low high discharges, a minimum duration of the highest discharge 

level of 3 days was enforced at the cost of the duration of the level below. This was 

needed for the periods 2002-2012 and 2016-2022, which based on the procedure above 

received only 2 days of the highest discharge each. 

2002-

2012

2016-

2022

2500 21 17
3220 14 12
4350 7 7
5800 4 3
8400 3 3
5800 5 5
4350 11 11
3220 22 18
2500 32 25
2020 50 34
1630 44 34
1400 30 42
1020 40 81
1400 20 28
1630 29 22
2020 33 23

Q Lobith 

(m³/s)

no. of days
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Å The nine levels and durations were then split into a hydrograph with 16 steps, as 

presented in Figure 4.7, that resembles a typical year with a flood event in winter and a 

low flow period during summer.  

 

Following the same procedure as for the DVR model, it is assumed that 40% of the 

higher discharges (levels 5-8) occur before the flood (100% of level 9), and 60% occur 

after the flood and before low flow season. Of the lower discharges (levels 2-4), 60% 

occur before the lowest discharge (level 1) and 40% after it. The resulting durations are 

rounded to full days. 

 

 
Figure 4.8 Approach to derive a schematized hydrograph from a pdf. 

Table 4-1 Discharge levels and total duration for the three calibration and validation periods. 

Discharge level 

(m³/s) 

1999-2012 

(d) 

2002-2012 

(d) 

2016-2022 

(d) 

1020 32 40 81 

1400 44 50 70 

1630 68 73 56 

2020 82 83 57 

2500 60 53 42 

3220 42 36 30 

4350 23 18 18 

5800 10 9 8 

8400 4 3 3 

4.4.1.2 Discharge regimes 

The following discharge regimes have been identified as relevant regimes for the 

morphological development of the Rhine branches (based on the discharge at Lobith): 

 

Table 4-2 Relevant discharge regimes in the Rhine branches based on the discharge at Lobith. 

Q (from) 

(m³/s) 

Q (to) 

(m³/s) 

description discharge regime Q levels 

(m³/s) 

0 1770 weirs Nederrijn closed (impounded) 1020  

1400  

1630  

1770 2740 weirs Nederrijn in transition from closed to open (impounded) 2020  

2500  

2740 3870 free flowing, discharge within main channel 3220 

3870 ca. 5000 flow through flood plains starts to develop 4350 

ca. 5000 18000 fully developed flow through flood plains 5800  

8400  
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4.4.1.3 Hydrographs for Lobith 

Figure 4.9 shows the resulting yearly hydrographs. Figure 4.10 presents the difference in 

volume under the pdfs compared to the schematized hydrographs. Note that the difference in 

volume is not a good indicator for the difference in yearly sediment transport, due to the non-

linearity in the transport relation. For a proper assessment of how good the hydrographs are, 

one would have to compare morphological simulations using the hydrographs to fully 

unsteady simulations with the measured discharges series, or at least check convergence of 

model results for an increasing number of discharge levels. That does not fit into the current 

project, though. 

 

Table 4-3 shows how the nine discharge levels were discretized further into hydrographs of 

16 steps (see also Figure 4.7). That figure also show the resulting discharge levels for the 

IJssel, after translating the Lobith discharges into values for the upstream end of the IJssel. 

The Q-Q-relations 2000.1 (calibration period) and 2018 (Qf18, validation period) was used for 

this. 

 

Table 4-3 Discretization into 16-step-hydrographs for the three different periods. 

step Q (Lobith) 

(m³/s) 

duration (d) 

1999-2012 2002-2012 2016-2022 

1 2500 24 21 17 

2 3220 17 14 12 

3 4350 9 7 7 

4 5800 4 4 3 

5 8400 4 3 3 

6 5800 6 5 5 

7 4350 14 11 11 

8 3220 25 22 18 

9 2500 36 32 25 

10 2020 49 50 34 

11 1630 41 44 34 

12 1400 26 30 42 

13 1020 32 40 81 

14 1400 18 20 28 

15 1630 27 29 22 

16 2020 33 33 23 
  

365 365 365 
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Figure 4.9 Pdfs (red lines) and duration of the discharge levels in the schematized hydrographs (black lines) 

for the calibration and validation periods 1999-2012 (top), 2002-2012 (centre), and 2026-2022 (bottom). 
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Figure 4.10 Relative difference in volume (% of the total year volume) between the pdf and the schematized 

hydrographs for the calibration and validation periods 1999-2012 (top), 2002-2012 (centre), and 2026-2022 

(bottom). 
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4.4.2 Downstream boundary 

The downstream model boundary is located at the bifurcation into Keteldiep and Kattendiep. 

For model schematizations j02 and j16, a Qh-relation was derived from the available 

standard simulations for the original hydrodynamic model j16 of the Rhine branches: S_600, 

S_1020, S_2000, S_4000, S_6000, S_8000, S10000, S13000, S16000. The new Qh-relation 

is composed of the sum of discharges through Keteldiep (cross-section 

IJ_1001.9_QO_Keteldiep) and Kattendiep (cross-section IJ_1001.9_QO_Kattendiep) and the 

water level at output location IJ_1002.00. The model interpolates linearly in between those 

values for the discharges of the hydrographs used in the morphological model. 

 

By using a Qh-relation as downstream boundary, the model focusses on the influence of 

discharge, while excluding any effect of variation in IJssel Lake levels or wind set-up. 

 

 
Figure 4.11 Qh relation at the bifurcation of the IJssel into Keteldiep and Kattendiep for j02 and j16  

4.5 Initial conditions 

For the 2002 and 2016 Rhine branches model (dflowfm2d-rijn-j16_6-v1a and dflowfm2d-rijn-

j02_6-v2a), initial water levels from baseline are already available. The (initial) water level is 

derived using the land/water boundary as stored in the Baseline database (Baseline, 2024). 

With these initial conditions, stationary hydrodynamic simulations of 15 days were run to let 

the model adapt to the boundary conditions. The morphodynamic simulations are using the 

result of this hydrodynamic spin-up as initial conditions via restart files as well as a ñlocal 

databaseò for use in the Simulation Management Tool (SMT). 
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5 Hydrodynamic validation 

5.1 Validation simulations 

With the IJssel branch model of the year 2016, of which the setup was described in chapter 

4, nine stationary hydrodynamic simulations are carried out, corresponding to the discharge 

levels used to schematize the yearly hydrograph for morphodynamic simulations (in its v0 

version, i.e. the levels already used in the DVR-model, see section 4.4). For these discharge 

levels, a hydrodynamic validation was carried out by comparing the model with the 

modifications as described in paragraph 4.3 to the original hydrodynamic model.  

 

Each discharge level is simulated for a duration of 15 days, in order to achieve a stationary 

situation. Lateral inflow/outflow is not included in the model, just like in the predecessor of the 

morphodynamic model (the DVR model). 

5.2 Effect of modifications to the original model 

For the hydrodynamic validation, water levels and flow velocities along the river axis of the 

morphological model were compared to those of the original hydrodynamic model. In this 

way, the effect of the following modifications to the original model (see section 4.3) was 

visualized: 

 

1 defining the bed levels in cell centers (bedlevel type 1) instead of at corner points 

(bedlevel type 3) 

2 filtering the bed level 

3 applying a constant main channel roughness instead of the combination of spatially 

varying base roughness and space and discharge dependent calibration factor 

4 combining 1, 2 and 3.  

 

The following sections present the effect of each of these modifications on water levels and 

flow velocities. Both parameters are taken on the output locations on full kilometers on the 

river axis. 

5.2.1 Effect of defining the bed level in cell centers 

Figure 5.1 and Figure 5.2 show the effect of changing the bed level definition from cell 

corners (bedlevel type 3) to cell centers (bedlevel type 1 using script averaging corner 

elevation and imposing in cell center), which is necessary for morphodynamic simulations 

(paragraph 4.3.2). Water levels are lowered by 5-25 cm, apart from in the simulation with the 

highest discharge level, where water levels become up to 5 cm higher. Larger water level 

differences are observed for lower flow values. The change in flow velocities remains limited 

(about 0.05 m/s on average, with peaks of up to 0.1 m/s). 

 

Figure 5.3 and Figure 5.4 show the effect of changing the bed level definition from cell 

corners (bedlevel type 3) to cell centers (bedlevel type 1), but using the elevation at cell 

centers picked in Baseline as described in section 4.3.2. Differences in water levels between 

the two methods for estimating the bed level at cell centers can be seen in Figure 5.5. 

Differences range between -5 to 15 cm. Since the differences are small, elevations picked at 

cell centers from Baseline will be used. This saves one extra step to calculate the bed levels 

in cell centers as average from corner values by means of a script. 
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Compared to what Becker et al. (2023) saw for the Waal, the water levels differences 

resulting from the change in bed level definition (from corner points to cell centers) are a lot 

larger on the IJssel. In the Waal the maximum difference was 5 cm, whereas in the IJssel 

they reach 25 cm. This probably has to do with the fact that the main channel of the IJssel is 

narrower and has steeper banks and more straight banks (ñgestrekte oeversò) than the Waal, 

while the computational grid is much coarser in terms of the number of cells across the width 

of the main channel. 

 

 
Figure 5.1 Difference in water levels along the river axis between simulations with bed levels in cell centers 

(ñUnfilt_bedtype1ò, morphological model) and bed levels in cell corners (ñUnfi_bedtype3ò, original 

hydrodynamic model). 
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Figure 5.2 Difference in flow velocities (on the river axis) between simulations with bed levels in cell centers 

(ñUnfilt_bedtype1ò, morphological model) and bed levels in cell corners (ñUnfi_bedtype3ò, original 

hydrodynamic model). 

 

Figure 5.3 Difference in water levels along the river axis between simulations with bed levels in cell centers 

from baseline (ñUnfilt_bedtype1 cellcenterò, morphological model) and bed levels in cell corners 

(ñUnfi_bedtype3ò, original hydrodynamic model). 
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Figure 5.4 Difference in flow velocities (on the river axis) between simulations with bed levels in cell centers 

from baseline (ñUnfilt_bedtype1ò, morphological model) and bed levels in cell corners (ñUnfi_bedtype3ò, 

original hydrodynamic model). 

 
Figure 5.5 Difference in water levels along the river axis between simulations with bed levels in cell centers 

from baseline (ñUnfilt_bedtype1 cellcenterò, morphological model) and bed levels in cell centers from corner to 

center (ñUnfi_bedtype1_cornertocenterò). 
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5.2.2 Effect of filtering the bed level 

To evaluate the influence of bed level filtering, at first model results of simulations with filtered 

and unfiltered bed level, both using a bed level definition in cell centers, are compared 

(Figure 5.6 and Figure 5.7). This shows the influence of purely the filtering. In a next step, 

Figure 5.8 and Figure 5.9 show the difference with the original hydrodynamic model, i.e. the 

effect of both filtering and changing the definition of bed levels from cell corners to cell 

centers. 

 

The filtering of the bed level removes local variations and thus reduces the resistance of the 

bed level. Therefore, water levels after filtering are lower than before filtering (for the lowest 

two discharge levels up to 25 cm). This might need to be compensated in the roughness in 

the following phase. Combined with the effect of defining bed levels in cell centers instead of 

corners, water level differences are increased significantly (for the low and medium discharge 

levels up to -50 cm). In both comparisons, velocity differences range between +/- 0.1 m/s, 

with some local peaks of up to +/- 0.2 m/s. With total flow velocities ranging between 0.8 m/s 

for the lower discharges and 1.8 m/s for the higher discharges, that results in relative 

changes of about 1-2%, with peaks of up to 5-25%. Because of the large water level and 

velocity differences the combination of the different changes (including main channel 

roughness) in the model are compared with the original model and presented in 5.2.4. 

 

 
Figure 5.6 Difference in water levels (on the river axis) between simulations with filtered bed levels 

(ñFilt_bedtype1ò) and unfiltered (ñUnfi_bedtype1ò). In both cases, bed levels are defined in cell centers. 
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Figure 5.7 Difference in flow velocities (on the river axis) between simulations with filtered bed levels 

(ñFilt_bedtype1ò) and unfiltered (ñUnfi_bedtype1ò). In both cases, bed levels are defined in cell centers. 

 
Figure 5.8 Difference in water levels (on the river axis) between simulations with filtered (ñFilt_bedtype1ò, 

defined in cell centers) and unfiltered bed levels (ñUnfi_bedtype3ò, defined in cell corners). 
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Figure 5.9 Difference in flow velocities (on the river axis) between simulations with filtered (ñFilt_bedtype1ò, 

defined in cell centers) and unfiltered bed levels (ñUnfi_bedtype3ò, defined in cell corners). 

5.2.3 Effect of applying a constant main channel roughness 

Another modification in the original settings of the model was to first turn off the use of the 

calibration factor (i.e. using a constant factor of 1.0 everywhere) and then set a constant main 

channel roughness. Then, three different constant Chézy values were tested: 41 m1/2/s, 

45 m1/2/s and 48 m1/2/s. In all cases the changes were made, keeping the bed level in cell 

corners and without filtering. 

 

Figure 5.10 and Figure 5.11 show the effect of not using the calibration factor anymore, 

keeping the variable base roughness on water levels and flow velocities. For the lower 

discharges, water levels increase along the entire IJssel. For discharges above average, the 

water levels decrease for most part of the IJssel. A small increase can be observed only at 

the upstream part. This is reflected in the flow velocities, which reduce where the water level 

has increased, and vice versa. 

 

Figure 5.12 compares the water level results between the three fixed roughness and the 

original model for a discharge of 422 m³/s (3053 m³/s at Lobith). Water level differences for 

Chézy 45 m1/2/s are smaller than for the other two values, ranging from -15 to 15 cm. 

Therefore, the chosen fixed roughness in the IJssel for the initial tests was 45 m1/2/s. 

 

Figure 5.13 and Figure 5.14 compare the results of the model without calibration factor and 

with the chosen constant main channel roughness to the original hydrodynamic model. 

Upstream of the IJssel water levels are higher with fixed roughness than with variable 

roughness, this difference reduces as we move downstream, in the middle IJssel. In general, 

we observe a slight increase in the water levels downstream in comparison with variable 

roughness, then the water level differences decrease in the middle part of the analyzed 

reach.  
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Figure 5.15 and Figure 5.16 present the absolute water levels for both comparisons. 

 

In a next phase of model development, after a first calibration, we can experiment with more 

variability in main channel roughness and work towards a compromise between the input of 

the original hydrodynamic model and the needs of a morphodynamic model. A proposition for 

how to do that is made in Beker et al. (2023). It is important to keep in mind discharge 

distribution across the bifurcations in the Rhine branches system when making a choice. 

 

 
Figure 5.10 Differences in water levels between the simulations without calibration factor (ñcalfac0ò) and with 

calibration factor (ñcalfac1ò, original hydrodynamic model). 
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Figure 5.11 Differences in flow velocities between the simulations without calibration factor (ñcalfac0ò) and 

with calibration factor (ñcalfac 1ò, original hydrodynamic model). 

 
Figure 5.12 Differences in water levels between the different Chézy values (C = 41,45,48 m1/2/s and no 

calibration factor) and the the original hydrodynamic model (ñOriginal modelò, varying roughness and 

calibration factor) for a discharge of 422 m³/s (3053 m³/s at Lobith). 
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Figure 5.13 Differences in water levels between fixed roughness of 45 m1/2/s and no calibration factor (ñFixed 

roughness_BLtype3_45ò) and the original hydrodynamic model (ñVariable roughnessò, varying roughness and 

calibration factor). All simulations use the bed level defined in corners, as in the original hydrodynamic model. 

 

Figure 5.14 Differences in flow velocities between fixed roughness of 45 m1/2/s and no calibration factor 

(ñFixed roughness_BLtype3_45ò) and the original hydrodynamic model (ñVariable Roughnessò, varying 

roughness and calibration factor). All simulations use the bed level defined in corners, as in the original 

hydrodynamic model. 






























































































