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Summary 

The riverbed (main channel and floodplains) 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 For three reasons, this model is however outdated:  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. 

 

In 2023 and 2024, a first and partially calibrated version of the morphological model of the 

Waal (v0.5) was set-up based on existing 6th generation hydrodynamic models (Becker et al., 

2023 and Kosters et al., 2024). The current report presents the results of model spin-up, 

calibration for the period 1999-2012 and validation for the period 2016-2021. Results show 

that sediment transport gradients and width-averaged bed level trends are captured well on 

the reach scale, both for the calibration and the validation period. Also the celerity of bed 

disturbances, derived from bed level changes, is captured well by the model. Over the course 

of the simulation period of both calibration and validation, the sediment composition of the 

bed stays relatively close to the initial composition and shows good agreement with recent 

measurements. 

 

Overall, the model captures bed level differences across the channel, introduced mainly by 

river bends. There is no consistent under- or overestimation of the transverse slope. 

Calibration of 2D patterns is therefore not useful, and has not been carried out. However, 

locally large deviations in bed level (averaged over the left and right side of the channel) 

occur between model and measurements. These deviations can be attributed to, among 

other causes, (1) simplified schematization of the upstream boundary condition, (2) limitations 

in the modelling of sediment transport over fixed layers, (3) simplified schematization of the 

longitudinal training walls, (4) a possibly inaccurate schematization of fixed banks (ógestrekte 

oeversô) and (5) the bed level averaging procedure itself. 

 

Modelled and reported dredging volumes are of the same order of magnitude, for both the 

calibration and validation period. The model correctly shows dredging hotspots directly 

downstream of the fixed layers of Erlecom, Nijmegen and St. Andries, at rkm 876, 885 and 

928. 

 

Other activities that have been carried out in 2025 are: 

 

Å Improvement of Qh relations at the downstream boundary, leading to a better 

representation of flow velocities and sediment transport near the downstream boundary. 

Å Validation of modelled, depth-averaged flow velocities using recent ADCP measurements 

on the Boven-Waal. This validation shows that velocity gradients along the ADCP cross-

sections are followed well on almost all locations, also across and around the fixed 

layers. 

Å Addition of lateral inflow and outflow using the Randvoorwaardengenerator 

Watermodellen (RGWM). 
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Å Implementation of diffusion in the active layer, to avoid ill-posedness and, consequently, 

unrealistic model results near the upstream boundary. 

 

With model spin-up, calibration, validation and abovementioned improvements, the ñv1ò 

model version of the Waal has been finalized and is ready to be prepared for use in actual 

projects. Other future work will focus on (1) further exploring model uncertainties, (2) 

development of modelling strategies, (3) verification of model application and (4) 

implementation of new functionality in D-HYDRO to further improve model results. These 

developments will lead to model versions v2, v3 and onward. 

  

Apart from these larger areas of future work, we specifically recommend: 

 

1 To include the option to define gradually varying roughness values in Baseline. 

2 To refine the approach of modelling sediment transport across fixed layers in D-HYDRO. 

3 To further investigate how the schematization of the longitudinal training walls can be 

improved. 

4 To impose sources and sinks (laterals) at locations without strong bed level gradients and 

with sufficient water depth at all times. 
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1 Introduction 

1.1 Background and motivation  

The riverbed (main channel and floodplains) 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 (normalization, 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 Room for the 

River 2.0, so that estimates can be made of the effect of 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 and 2024, a model for the Waal was set up and partially calibrated. 

This report presents the model developments for the Waal in 2025, and contains references 

to earlier reports for steps that have been carried out in 2023 and 2024. Chapter 2 presents 

the general approach that was followed during model set-up and calibration. The following 

Chapters present the details of each step, starting with the data that was used (Chapter 3), 

followed by the hydrodynamic model set-up (Chapter 4) and validation (Chapter 5), the 

morphological model set-up (Chapter 6), three calibration steps (Chapters 7 to 9) and the 

validation (Chapter 10). Chapter 11 contains conclusions and recommendations for future 

developments of the model. 
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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. 

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), see section 2.2. 

 

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. 

  

  

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 of).  
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2.2 Starting point for model development 

In order to keep the number of model schematizations of RWS as limited as possible, the 

existing hydrodynamic schematizations of the Rhine branches (with 40 m grid) are used as 

starting point for the new morphodynamic models. The set-up of the morphodynamic models 

then consists of switching on the morphology module, providing the additional input data and 

calibration/validation. However, to make the hydrodynamic models suitable for use with 

morphology, some changes had to be made to the hydrodynamic model input (see details in 

Chapter 4). It is recommended to check how to make future hydrodynamic model 

schematizations fully suitable for use with morphology. Some recommendations are made for 

this in Chapter 11. 

2.3 Software 

Within this project (since 2023), the following software is or has been used: 

 

Software package  Version  Used for  

D-HYDRO Suite  2.21.17.76916 (2023.01) 

2.26.15.78894 

2.29.02 

2.28.18 

Hydrodynamic simulations 

 

 2.26.01.78771 

2.26.15.78894 

2.27.03.79079 

2.29.02 

Morphological simulations 

Baseline  6.3.2 Schematization of model geometry 

ArcGIS  10.6 In combination with Baseline 

 

2.4 Calibration approach 

The calibration of the new model is divided into the following steps, which will be explained in 

the following paragraphs: 

 

1 Hydrodynamic validation 

2 Morphodynamic calibration 

a ñofflineò calibration 

b 1D calibration 

c 2D calibration 

 

Since the hydrodynamic model had to be modified to allow for morphological computations 

(see Chapter 4), a hydrodynamic validation was carried out as first step to check whether 

hydrodynamic model results such as water levels and flow velocities stayed within an 

acceptable range around the results of the original hydrodynamic model. 

 

The morphodynamic calibration is then started with an ñofflineò step, during which sediment 

transport is calculated based on hydrodynamic model simulations. This means that the 

computed sediment transports are not translated into bed level changes in the model, which 

in turn would influence hydrodynamics. Because this feedback mechanism is not included, 

we call this an ñofflineò calibration. The objective is to compute the expected sediment 

transport of an average year for varying sediment transport relations and parameters in order 

to be able to select suitable values for the start of the 1D calibration. Because an offline 

simulation is much faster than a morphodynamic simulation (order of minutes instead of 

hours to days), many variations can be tested. 
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The 1D calibration that follows focusses on the following parameters: 

 

1 yearly sediment transport rates and transport gradients (longitudinal profiles of sediment 

transport). 

2 celerity of bed disturbances per river section. This can be seen as a proxy for the long-

term average of sediment transport rates. 

3 width- and km-averaged bed levels and bed level trends (longitudinal profiles per rkm). 

 

The 2D calibration is meant to adjust: 

 

4 2D patterns, e.g. transverse slope in bends/bar amplitudes and location of bend 

crossings (longitudinal profiles of bed level averaged over the left (L1-L3) and right (R1-

R3) side of the main channel). 

 

Which model parameters are adjusted during calibration is described in detail in the chapters 

on the different calibration steps. 

2.5 Overview of the activities carried out in 2025 and outlook 

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. In 2024, a partially 

calibrated morphodynamic model of the Waal was developed. In 2025, the following activities 

were carried out for the Waal, leading to model version v1.0: 

 

Å improvement of downstream boundary condition (Section 4.4.2) 

Å validation of flow velocities (Section 5.4) 

Å addition of lateral inflow and outflow (Section 4.6) 

Å implementation of diffusion in the active layer to avoid ill-posedness (Section 6.8) 

Å last steps in 1D calibration (Chapter 8) 

Å model spin-up (Chapter 9) 

Å assessment of 2D results (Chapter 9) 

Å validation (Chapter 10) 

 

After delivery of version ñv1ò of the model, the modelôs application still needs to be verified by 

means of one or more case studies, and the methods and tools for running the model (e.g. 

boundary conditions for scenario studies) as well as the documentation in the user manual 

(Osorio and Leemeijer, 2025) need to be finalized. With the help of the case studies, the 

modelling strategies for future use of the model, i.e. in permitting processes or for policy 

studies, need to be defined. Model uncertainties need to be explored. And last but not least, it 

is planned to extend the model with new functionalities to extend its field of application, e.g. 

for studying the morphology in side channels in the floodplains. These steps will be taken up 

in the following years, the planning will be made per year. 

  



 

 

 

13 of 86  Morphological model for the river Rhine 

11211565-003-ZWS-0008, 15 December 2025 

Table 2.1 Steps in model development. 

activity areas  associated activities  model 

version  

done in 202 5 

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 

- 

morphodynamic 

model 

schematization: 

towards a well-

working basic 

model (v0) 

¶ set-up of a first running model including: 

a. dynamic riverbed 

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 prevent ill-

posedness by 

means of 

additional 

diffusion 

including lateral 

inflow and outflow 

 

improving 

downstream 

boundary 

condition 

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 refining 

representation of 

main channel 

roughness 

 

refining settings 

for dredging and 

dumping 

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 

defining strategy 

for model spin-up 

 

further 

developing pre- 

and post-

processing 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 riverbed, such as 

bank patterns and bend profiles) 

¶ validation of dredging and dumping module 

v1 validation of flow 

velocities on the 

Boven-Waal 

 

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 



 

 

 

14 of 86  Morphological model for the river Rhine 

11211565-003-ZWS-0008, 15 December 2025 

activity areas  associated activities  model 

version  

done in 202 5 

and bend 

profiles) 

 

validation of 

dredging and 

dumping module 

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) 

¶ influence of simulation strategy and approaches 

(e.g. methods for optimizing simulation time, 

schematization of the hydrograph, choice of 

simulation period) 

v1-v3 - 

development of 

modelling 

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 identifying 

recommendations 

for Baseline and 

model 

schematizations 

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, 

modelling 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 identifying 

recommendations 

for D-HYDRO 

 

implementation of 

the possibility to 

add diffusion to 

prevent ill-

posedness 
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3 Data 

3.1 Data for model set-up 

3.1.1 Observed discharges and water levels  

This is described in Becker et al. (2023), Section 3.1. 

3.1.2 Discharge distribution  

This is described in Becker et al. (2023), Section 3.2. 

3.1.3 Grain sizes  

This is described in Becker et al. (2023), Section 3.3. 

3.1.4 Fairway maintenance and sediment extraction  

This is described in Becker et al. (2023), Section 3.5 and Kosters et al. (2024), Section 3.1. 

3.1.5 Inventory of system behaviour  

This is described in Becker et al. (2023), Section 3.6. 

3.2 Calibration data 

3.2.1 Trends in bed level change  

This is described in Becker et al. (2023), Section 3.4.1. 

3.2.2 Estimate of yearly sediment transport  

This is described in Becker et al. (2023), Section 3.4.2. 

3.2.3 Celerity of bed disturbances  

The celerity of bed disturbances can be estimated from a series of bed level measurements. 

Because this celerity is related to sediment transport, it can be used for calibration. Some 

explanation on the relation between celerity of bed disturbances and sediment transport can 

be found in Osorio and Becker (2025). 

 

Figure 3.1 shows measured bed level differences with respect to the average bed level over 

time for the calibration period 1999-2012. Figure 3.2 shows the same for the validation period 

2016-2020. 

 

From these figures, the celerity of bed disturbances was visually estimated to be in the order 

of 1 km/y. 
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Figure 3.1 Width-averaged bed levels over time minus width- and time-averaged bed level for the period 

1999-2012 - measured. Grey means no data. Note that all measurements have equal height, irrespective of 

the time between subsequent measurements. 

 

 
Figure 3.2 Width-averaged bed levels over time minus width- and time-averaged bed level for the period 

2016-2020 - measured. Grey means no data. Note that all measurements have equal height, irrespective of 

the time between subsequent measurements. Note that for the year 2021, no data is available. 
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4 Hydrodynamic model schematization 

4.1 Overview of different schematizations 

This is described in Becker et al. (2023), Section 4.1. 

4.2 Baseline set-up and conversion to D-HYDRO 

This is described in Becker et al. (2023), Section 4.2. 

4.3 Modifications within D-HYDRO 

This is described in Becker et al. (2023), Section 4.3. 

4.4 Hydrodynamic boundary conditions 

4.4.1 Yearly discharge hydrographs for the calibration and validation periods  

This is described in Kosters et al. (2024), Section 4.3. 

 

A recent study suggests that compared to the current approach, which repeats the same 

annual hydrograph to perform long-term morphological simulations, introducing inter-annual 

discharge variations in the upstream boundary condition may lead to more accurate results 

(Gradussen et al., 2025). Hence, for long-term simulations the method that is currently 

applied may be refined according to these new insights. 

4.4.2 Improvement of downstream boundary condition  

4.4.2.1 Qh relations based on mean water level 

In the j16 and j19 model schematizations of the Waal, we use the Qh relation as derived by 

Van der Wijk (2022) as downstream boundary condition at Hardinxveld. In Becker et al. 

(2023) and Kosters et al. (2024), we discussed that by using this Qh relation, we 

underestimate flow velocity and sediment transport rate near the downstream boundary. The 

most important reason for this is that the Qh relation was based on the average discharge 

during three tidal cycles, combined with the maximum water level during the same period. 

 

To improve the downstream boundary condition, we constructed a new Qh relation at 

Hardinxveld. This relation is derived from the same model simulations as the original one, but 

it uses the average discharge combined with the average water level over three tidal cycles, 

instead of the maximum water level. Figure 4.1 shows the resulting relation compared to the 

previous one (blue lines). As the tidal influence decreases for higher river discharge, the 

difference between mean and maximum water level also decreases with discharge. 

 

For the j99 model schematization, another Qh relation is used (qh_Hardinxveld_j12_5 

(Crebas, 2012)). The model results used to create this relation are no longer available, but 

from Van der Wijk (2016) it becomes clear that for the derivation of this Qh relation roughly 

the same approach was used as for the most recent relation by Van der Wijk (2022). This 

includes combining the mean discharge with the maximum water level. 
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We therefore decided to use the difference between the ómeanô and ómaxô approach as 

calculated for the latest Qh relation (see Figure 4.1, bottom panel, blue line), and apply it on 

qh_Hardinxveld_j12_5 using linear interpolation between the discharges for which the 

difference was computed. This means we assume the relation between river discharge and 

tidal amplitude at Hardinxveld was similar in the old (j12) and the new situation. The result is 

shown by the red lines in Figure 4.1. 

 

For the results presented in this report, the newly constructed Qh relations for j99 and j16/j19 

are used. 

 

Figure 4.1 Qh relations at Hardinxveld based on max. and mean water level over three tidal cycles. The Qh 

relation for j16/j19 and based on max. water level is as described in Van der Wijk (2022). The correction 

between Hmax and Hmean for j16/j19 is based on analysis of the underlying model simulations. For j99 the same 

correction is used, because the underlying simulations are no longer available. The Qh relation for j99 based 

on mean water level is therefore an approximation. For j99, the correction was only applied for the discharges 

used in the morphological model (see Kosters et al., 2024), and therefore covers a smaller discharge range 

than the correction for j16/j19. 

4.4.2.2 Effect of Qh relation compared to full tidal signal 

Even with the modifications as described above, the Qh relations at Hardinxveld do not fully 

represent the effect of the tidal motion on sediment transport. To investigate this further, a 

comparison was made between the modified Qh relation for j16/j19 and a full tidal water level 

signal at the downstream boundary, for the two morphologically relevant discharges QLobith = 

4000 m3/s (QWaal = 2710 m3/s) and 6000 m3/s (QWaal = 4051 m3/s). Both discharges were 

simulated with the j19 morphological schematization, each with both downstream boundary 

types. The water level signals are taken directly from the model results that were used to 

derive the Qh relation. The simulations were run for the duration of 10 tidal cycles, with 

calculation of sediment transport but without updating the bed level and sediment 

composition. 

 

Figure 4.2 shows cumulative bed load transport through a cross-section near the downstream 

boundary for all four model simulations. Logically, bed load transport is larger for QLobith = 

6000 m3/s than for QLobith = 4000 m3/s. We also see that cumulative transport is larger with 

tidal motion than without. This means the modified Qh relation does not fully represent the 

tidal signal in terms of resulting sediment transport. In Figure 4.3, we have calculated the 

ratio of cumulative bed load transport at the end of the simulation between the case with and 

the case without tidal motion, for cross-sections at every kilometre along the channel.  
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We see that for QLobith = 4000 m3/s, cumulative bed load transport is about 3.5% higher at the 

downstream boundary when the full tidal motion is taken into account. In upstream direction, 

this percentage decreases. For QLobith = 6000 m3/s, the tidal influence is smaller: including it 

leads to an increase in sediment transport of about 1.5% at the downstream boundary. 

 

Considering that the overall uncertainty of simulated sediment transport is orders of 

magnitude larger than abovementioned percentages, it is not relevant to refine the 

downstream boundary condition further. This means we will proceed with the Qh relations 

based on mean water level as described in Section 4.4.2.1. 

 

 
Figure 4.2 Cumulative bed load transport through a cross-section near the downstream boundary of the 

model for Q4000 (blue and yellow line) and Q6000 (red and purple line), with both the modified Qh relation 

(based on mean water level, blue and red line) and a full tidal water level signal (yellow and purple line) 

imposed at the downstream boundary. 

 
Figure 4.3 Ratio of cumulative bed load transport at the end of the simulation between the case with tidal 

motion and the case without tidal motion, for Q4000 (blue line) and Q6000 (red line). 



 

 

 

20 of 86  Morphological model for the river Rhine 

11211565-003-ZWS-0008, 15 December 2025 

4.5 Initial conditions 

This is described in Becker et al. (2023), Section 4.5. 

4.6 Addition of lateral inflow and outflow 

To further improve the hydrodynamic schematization, lateral inflow and outflow discharges 

were derived for the 10 stationary discharge levels contained within the schematized yearly 

hydrograph. The laterals were derived with the Randvoorwaardengenerator Watermodellen 

(RGWM), version 2.4.3 (Tanis, 2024), using yml input files rgwm-rijn-stationair_hoog-v1.yml 

(for S_8400) and rgwm-rijn-stationair_laag-v1.yml (for all other discharges; the application 

range of rgwm-rijn-stationair_laag-v1.yml is up to 6000 m3/s at Lobith). 

For the Waal, lateral discharges are normally not significant compared to the discharge from 

upstream. For example, for the lowest discharge level (equivalent to 1020 m3/s at Lobith), the 

largest lateral on the Waal is WL_887.0_L_Sluis_Weurt with an inflow of 5.1 m3/s, while the 

upstream boundary condition for the Waal is 830 m3/s. However, depending on the 

magnitude and the location of the lateral inflow or outflow, they can be limiting for the time 

step or even introduce numerical instabilities. For the lateral WL_887.0_L_Sluis_Weurt such 

instabilities occurred in the computation for 1020 m3/s, because the source is located in a grid 

cell with a relatively large bed level (7.45 m +NAP). The water discharged into this cell should 

flow to an adjacent cell with a much lower bed level (2.59 m +NAP). However, due to the 

large water level difference large flow velocities are computed, which results in a predicted 

water level lower than the bed level in the cell with the source. Hence, the flow link between 

the cells is closed and the water level in the cell with the source keeps rising and rising up to 

levels around 1000 m +NAP. 

 

This instability is caused by a combination of: 

 

1 A relatively large bed level in the source cell, compared to the adjacent cells with lower 

bed level. Note that in the hydrodynamic models the problem does not occur because 

bed levels are defined differently (at cell corners instead of cell centres); 

2 Low discharge from upstream, such that the source cell is not submerged; 

3 A relatively large lateral discharge (5.1 m3/s), which means the water level in the source 

cell rises quickly; 

4 A relatively large threshold for drying/flooding (Epshu  = 0.1 m, see Kosters et al., 2024), 

which exacerbates the instability. 

 

For other laterals on the Waal no instabilities have been observed. However, bed level 

changes in the area of lateral locations could lead to conditions in which instabilities occur. 

 

The instability for lateral WL_887.0_L_Sluis_Weurt has been solved by manually lowering the 

bed level in the source cell. In the future, hydrodynamic and morphological conditions should 

be taken into account as much as possible when choosing the locations for lateral inflow and 

outflow. Laterals should be placed in submerged cells where the lateral discharge is not 

expected to lead to high flow velocities that limit the timestep. Differences in bed level 

definition between hydrodynamic and morphological models should be taken into account in 

these choices. 
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5 Hydrodynamic validation 

5.1 Validation simulations 

This is described in Becker et al. (2023), Section 5.1. 

5.2 Effect of modifications to the original model 

This is described in Becker et al. (2023), Section 5.2. 

5.3 Discharge distribution at longitudinal training walls 

This is described in Becker et al. (2023), Section 5.3. A much more extensive validation of 

the discharge distribution at the longitudinal training walls has recently been carried out by 

Van den Hoek (2025). The results from this study are also used in the interpretation of 

morphological model results, see Section 10.2. 

5.4 Validation of modelled flow velocities 

In preliminary model simulations, Kosters et al. (2024) observed large bed level changes next 

to and downstream of fixed layers that do not correspond to measurements. It was 

recommended to investigate whether the cause of these artifacts could be attributed to the 

hydrodynamic model schematization (and more specifically, the fixed layer roughness), or 

that they are caused by limitations in the representation of sediment transport over fixed 

layers. 

 

To make validation of hydrodynamic model results possible, an ADCP measurement 

campaign was carried out on October 10 and November 6, 2024. On both days, 

measurements were done along 12 cross-sections at intervals of 2 river kilometres on the 

Boven-Waal (rkm 868 ï rkm 890), see Figure 5.1. On October 10 the discharge at Lobith was 

2472 m3/s according to Waterinfo (https://waterinfo.rws.nl/), while on November 6 the 

discharge was 1502 m3/s. 

 

 
Figure 5.1 ADCP cross-sections measured on October 10, 2024 (red lines). The blue polygons indicate the 

fixed layers of Erlecom and Nijmegen. 

  

https://waterinfo.rws.nl/
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From the raw ADCP data, depth-averaged flow velocities were calculated on all 

measurement locations. As each cross-section was surveyed by sailing back and forth 

multiple times, an average cross-section was determined onto which the measurements were 

projected. The depth-averaged velocities on these cross-sections were subsequently 

compared to model results. Results for all average cross-sections can be found in Appendix 

A.1. 

 

RWS CIV, the surveyor, also processed the raw measurements to determine specific 

discharges along averaged cross-sections. These were also compared to model results, see 

Appendix A.2. In the introduction of Appendix A, a short explanation of the post-processing of 

the measurements is included for both comparisons. 

 

For the comparison, the morphological model schematization of the Waal for j19 was used. 

Bed and composition updating were switched off. The linearly varying Chézy roughness 

values as defined in Section 8.1.2 were applied. The upstream discharge boundary 

conditions were determined by converting the Waterinfo discharges at Lobith as indicated on 

the measuring forms to corresponding Waal discharges, following the discharge distribution 

2023 (Van Putten, 2023). This resulted in Waal discharges of 1758 m3/s and 1207 m3/s, that 

were applied in stationary simulations of 15 days. Modelled flow velocities at the end of the 

simulation were used for the comparison. 

 

Based on the results we conclude that overall, modelled depth-averaged flow velocities and 

specific discharges show reasonable agreement with the measurements. Although the model 

underestimates the flow velocities and specific discharges somewhat, the velocity gradients 

along the cross-section (i.e. the shape of the profile) are usually followed well, see for 

example Figure 5.2. The consistent underestimation is most likely the result of an upstream 

discharge boundary condition that is too low. Apparently, either the 2023 discharge 

distribution or the Qf relation on which the Lobith discharge is based does not give accurate 

results for these conditions. The fact that the model schematization used is suitable for the 

situation in 2019/2020 while the measurements were carried out in October/November 2024 

can also introduce differences between measurements and model results. The same yields 

for the filtering of the main channel bed levels within the model, that can influence the 

schematised depth and shape of the erosion pits downstream of fixed layers. For the first 

ADCP cross-section, at rkm 868, the shape of the velocity profile along the cross-section is 

not represented well by the model, see Figure 5.3. This cross-section is close to the 

upstream boundary, which means the velocity distribution is still adapting to the geometry at 

this location. 

 

 

 
Figure 5.2 Modelled and measured depth-averaged velocities (magnitude and direction) at rkm 890 on 

November 6, 2024. 
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Figure 5.3 Modelled and measured depth-averaged velocities (magnitude and direction) at rkm 868 on 

October 10, 2024. 

To assess the accuracy of the schematization of the fixed layers at Erlecom and Nijmegen 

we use the measurements at rkm 874 and 884, which are on top of the fixed layer on the left 

side and the alluvial inner bend on the right. Results for these cross-sections are shown in 

Figure 5.4 to Figure 5.7. It becomes clear that at both locations and for both discharges, flow 

velocities are largest in the inner bends, while across the fixed layers velocities are lower and 

do not show a clear gradient. These aspects are also captured by the model, showing that in 

terms of hydrodynamics, the fixed layers at Erlecom and Nijmegen are schematised well. 

Note that at Erlecom, on both measurement days a slight increase in flow velocity is visible 

on top of the fixed layer near the left bank. This feature is not reproduced by the model, which 

may be due to the schematization of the bed level, in which the bottom vanes are removed 

through an averaging procedure. 

 

This means the inaccurate prediction of bed level changes around the fixed layers is most 

likely caused by limitations in their morphological representation. From the preliminary 

simulations that were carried out last year, we know that changing the roughness of the fixed 

layers influences the results only locally, and does not affect overall trends. It is therefore 

possible to do the overall calibration of the model now, before further improving the fixed 

layer schematization. 

 

 
Figure 5.4 Modelled and measured depth-averaged velocities (magnitude and direction) at rkm 874 on 

October 10, 2024. 
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Figure 5.5 Modelled and measured depth-averaged velocities (magnitude and direction) at rkm 874 on 

November 6, 2024. 

 
Figure 5.6 Modelled and measured depth-averaged velocities (magnitude and direction) at rkm 884 on 

October 10, 2024. 

 
Figure 5.7 Modelled and measured depth-averaged velocities (magnitude and direction) at rkm 884 on 

November 6, 2024. 
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6 Morphological model schematization 

6.1 Optimization of simulation times by means of the morphological factor 

This is described in Kosters et al. (2024), Section 5.1. 

6.2 Implementation of graded sediment 

This is described in Becker et al. (2023), Section 6.1 and Kosters et al. (2024), Section 5.2. 

6.3 Sediment transport formula 

This is described in Kosters et al. (2024), Section 5.3. 

6.4 Secondary flow 

See Section 9.1.2.2 of this report. 

6.5 Bed slope effects 

See Section 9.1.2.1 of this report. 

6.6 Upstream boundary conditions (morphology) 

This is described in Kosters et al. (2024), Section 5.5. 

6.7 Dredging and dumping 

This is described in Kosters et al. (2024), Section 5.6. 

6.8 Implementation of diffusion in the active layer 

In 2024, it was found that the active-layer model can become ill-posed for the conditions at 

the upstream end of the morphological model of the IJssel. Ill-posedness occurs when the 

character of the system of partial differential equations is not in consonance with the type of 

conditions imposed, and can lead to physically unrealistic results. This was further 

investigated in Chavarrías (2024), who concluded that implementing a diffusion term in the 

mass balance of the active layer is the most straightforward solution for this problem. In 2025 

this solution was implemented in D-HYDRO, introducing the active layer diffusion coefficient 

as a new parameter to be defined by the user. Chavarrías (2024) finds that a diffusion 

coefficient of 1Ā10-3 m2/s is enough to make the model of the IJssel well-posed for the specific 

case under investigation. 

 

In 2025 we discovered that also the morphological model of the Waal is ill-posed near the 

upstream boundary, leading to large changes in sediment transport rate and composition of 

the bed surface, see Figure 6.1 and Figure 6.3. To prevent ill-posedness in the future, it was 

decided to apply active layer diffusion in all current and future model schematizations within 

this project. As the value of the diffusion coefficient needed for a well-posed model depends 

on the specific conditions that are being modelled, we want to choose a value that is high 

enough to prevent ill-posedness in a large range of possible conditions. On the other hand, 

we want to limit the effect of the additional diffusion term on the model results as much as 

possible. We therefore conducted a sensitivity analysis of the minimum diffusion coefficient 

needed to prevent ill-posedness.  



 

 

 

26 of 86  Morphological model for the river Rhine 

11211565-003-ZWS-0008, 15 December 2025 

In this analysis, we used the reference case of the IJssel from Chavarrías (2024) and varied 

the flow velocity, the flow depth, the active layer thickness and the volume fraction content of 

each of the sediment fractions between 0.5 and 2 times the original value. From the around 

30 million possible combinations of parameters, 10 thousand were randomly selected. For 

these cases, the minimum amount of diffusion needed for a well-posed problem was 

computed. It was concluded that a coefficient of 2.5Ā10-3 m2/s is enough to prevent ill-

posedness for all combinations analysed. 

 

However, in the test cases it was assumed that the composition of the substrate and the 

active layer are equal. In the real model simulations this is not the case, increasing the 

probability of getting an ill-posed problem. To be on the safe side, a value of 1Ā10-2 m2/s will 

be applied in both the IJssel and the Waal model, but only in the first few kilometres as this is 

where the ill-posedness occurs. 

 

For the Waal, the effect of applying a diffusion coefficient of 1Ā10-2 m2/s over the first two 

kilometres of the main channel on the bed surface composition and yearly sediment transport 

rate is shown in Figure 6.1 - Figure 6.4. We observe that the large changes near the 

upstream boundary disappear when applying diffusion. 
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Figure 6.1 Example of rapid changes in bed surface composition near the upstream boundary due to ill-

posedness. Dots indicate measurements, the grey line indicates the initial D50 in the model, the blue line 

indicates the D50 after about 5 years. Top panel: L3, bottom panel: R3.  
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Figure 6.2 D50 (top: L3, bottom: R3) for the same simulation as shown in Figure 6.1, but with an active layer 

diffusion coefficient of 1Ā10-2 m2/s over the first two kilometres of the main channel. 
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Figure 6.3 Example of rapid changes in sediment transport rate near the upstream boundary due to ill-

posedness. 

 
Figure 6.4 Yearly sediment transport rate for the same simulation as shown in Figure 6.3, but with an active 

layer diffusion coefficient of 1Ā10-2 m2/s over the first two kilometres of the main channel. 

6.9 Fixed layers, constructions and morphologically active area 

6.9.1 General approach  

This is described in Becker et al. (2023), Section 6.3. 

6.9.2 Effect of changes in fixed layer roughness  

This is described in Kosters et al. (2024), Section 5.4.1. 

6.9.3 Analysis of river bed dynamics based on bed level measurements  

In general, in the v0- and v1-version of the new model we follow the approach used in the 

DVR model, i.e. only the main channel, i.e. the alluvial part of the river, which is determined 

by the local flow conditions, is morphologically active.  
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Morphological processes in the flood plains and e.g. of side channels in the flood plains are 

more complex due to vegetation, summer dikes etc. More research is needed to model these 

processes sufficiently well (see Spruyt, 2023). 

 

In the floodplain, sedimentation can take place, and sediment that has been deposited there 

during the simulation can be moved away again, but at the start of the simulation no sediment 

is present in the flood plain and thus no erosion can take place.  

 

The alluvial main channel is in principle defined as the grid cells that fall in between the 

normal lines. However, the bed of natural rivers is not always fully alluvial. This was taken 

into account in the way described in the following paragraphs. 

 

Olink & Sieben (2024) analyzed the river bed dynamics in the Dutch Rhine branches using 

the multibeam measurements (1 m by 1 m) from the period between 2002-2022. They 

propose the following metrics as indicator for the available thickness of dynamic sediment on 

the river bed: 

 
ЎᾀὨώὲ ρ Ὢρπωπϳ ᾀωπ ᾀρπ          (1) 

with (see Figure 6.5 for explanation) 

 

Ὢρπωπϳ    =  άὥὼπȠ ὴ πȢρ
Ȣ

, 

 

ᾀ  and ᾀ  = bed level that is exceeded 10% or 90% of the time, respectively 

ᾀ  =     level of a non-mobile layer underneath the alluvial layer 

ὴ and ὴ = probability that the bed level does not exceed ᾀ and ᾀ, 

respectively 

ᾀ = ᾀ πȢρᾀ ᾀ  

ᾀ = ᾀ πȢωᾀ ᾀ  

 

For the river Waal, Figure 6.6 shows a typical picture of this indicator, with the larger values 

(red/orange) indicating a fully alluvial bed in between the normal lines (groyne heads), and 

fixed banks (ógestrekte oeversô) and groyne toes in dark blue. The scour holes near the 

groyne heads are also highly dynamic. In the Upper Waal, the main channel bed is 

characterized by a much thinner layer of dynamic sediment in the bed, as indicated by the 

green-blue colors in Figure 6.7. This is the case for the entire Upper Waal up to downstream 

of Nijmegen. The blue colors in the outer bends at Erlecom and Nijmegen show the location 

of immobile man-made structures: the bottom vanes at Erlecom and the fixed layer at 

Nijmegen. The inner bends next to these structures, in contrast, are highly dynamic. The 

deep erosion pits downstream of the bottom vanes at Erlecom and the fixed layer at St. 

Andries (not in the figure) are highly dynamic, the one downstream of the fixed layer at 

Nijmegen is hardly dynamic at all. 

 

At the locations at which the groynes were replaced by longitudinal training walls around 
2018 (Figure 6.8), the Ўᾀ  values show patterns of both the old groyne heads and the new 

training walls, since the data of both the periods before and after the construction of the walls 

was used to derive them. 

 

Keeping these artefacts in mind, the indicator gives valuable insight into which part of the 
Waal should be considered alluvial in the numerical model. Therefore, the maps of Ўᾀ  

were used to delineate the morphologically active part (ñsummer bedò) of the model. All 

computational cells outside that part are treated in the same way as the flood plains (see 

above).  
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At the same time, the intention was to keep the edge of the summer bed as much as possible 

on the same grid line, in order to avoid óstaircasesô that are known to negatively influence the 

model results. This resulted in the delineation shown in Figure 6.9. Note that at the location 

shown in this figure, this approach leads to a wider delineation of the morphologically active 

area compared to an approach that allows for changes in the width. At a few locations, such 

as the longitudinal training walls that were built in 2015/2016, the summer bed delineation 

differs between the model schematizations of 2016 and 1999. 

 

 
Figure 6.5 Characterizing fraction of non-mobile bed from bed level statistics (from: Olink & Sieben, 2024). 

The x-axis is the probability of non-exceedance of a certain bed level, the y axis is the relative bed level 

(relative with respect to water depth). Ὢρπωπϳ  is the slope of the green dash-dotted line. 
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Figure 6.6 Typical ЎᾀὨώὲ (m) for a fully alluvial riverbed (red/orange colours) at the Waal near Ochten 

(km 906). 

 
Figure 6.7 ЎᾀὨώὲ (m) for a less dynamic riverbed (blue/green colours) at the Upper Waal. The dark blue spot 

in the lower left corner is the entrance to the Maas-Waal-Canal downstream of Nijmegen. 

 

 
Figure 6.8 Patterns of old groynes and new training walls around the upstream end of the longitudinal 

training wall at Wamel on the left bank of the Waal (km 912). 

 
Figure 6.9 Delineation of the summer bed (black line) at Ochten (rkm 906).  

A 
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7 Offline calibration 

This is described in Kosters et al. (2024), Chapter 6. 
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8 1D calibration 

8.1 Method 

In 2025, 1D calibration was finalized through the following steps: 

 

1 Calibration of parameters a, b, and ɗc
 of the sediment transport formula of Meyer-Peter-

Müller in online calibration simulations; 

2 Refining the representation of main channel roughness in the computation of 

hydrodynamics and sediment transport, by introducing a gradually varying Chézy 

coefficient along the main channel and, simultaneously, a gradually varying ripple factor ‘ 

in the formula of Meyer-Peter-Müller. 

 

Sections 8.1.1 and 8.1.2 explain these steps in more detail. 

8.1.1 Calibration of transport formula  

Kosters et al. (2024) showed the results of preliminary model simulations for the period 1999-

2012 with sediment transport settings as shown in the second column of Table 8.2. It was 

concluded that with these settings, sediment transport rates along the entire Waal are 

underestimated while gradients in sediment transport on mainly the Boven- and Midden-Waal 

are overestimated. Too large positive gradients on the Boven- and Midden-Waal lead to an 

overestimation of bed erosion along these sections. 

 

In 2025, the Waal model was calibrated further by varying parameters a, b, and ɗc
 of the 

sediment transport formula of Meyer-Peter-Müller in online calibration simulations. Variations 

were selected based on the offline analysis presented in Kosters et al. (2024). MPM settings 

as presented in the third column of Table 8.2 give the best results in terms of gradients in 

sediment transport rate along the Waal and bed level changes averaged across the main 

channel. 

8.1.2 Refined representation of main channel roughness  

8.1.2.1 Adaptation of roughness definition files 

Kosters et al. (2023) showed that in the hydrodynamic model of the Waal sudden changes in 

main channel roughness are present, which is undesirable for morphological simulations. It 

was therefore decided to use a constant Chézy coefficient of 45 m1/2/s throughout the main 

channel of the Waal (excluding the fixed layers) for the first versions of the morphological 

model. Kosters et al. (2023) also recommended to further refine this approach by 

investigating the possibility of defining roughness values that vary linearly along the channel. 

This allows for a closer resemblance to the roughness values used in the hydrodynamic 

model (which are the result of calibration on measured water levels), and thus for a better 

representation of large-scale water level and velocity gradients in the morphological model. 

At the same time, sudden changes in roughness are avoided. 

 

In 2025, this approach was tested by adapting the model input files in which the main channel 

roughness is defined (.arl and .ttd files). As the .arl file originates from Baseline, the 

possibility to define gradually varying roughness values should be directly included in 

Baseline in the future. The top row of Table 8.1 shows which Chézy values are applied in the 

test. The values are interpolated linearly between the given river kilometres. These values 

were chosen in accordance with available dune height data for the Waal, see Figure 8.1 

(upper panel). Section 8.1.2.2 explains how this was done. 
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8.1.2.2 Determination of Chézy values based on dune height data 

In the hydrodynamic model, main channel roughness was based on the dune height data 

using the simplified Van Rijn roughness predictor: 

 

Ὧ ὃὨȢ ρ Ὡ
Ȣ

 

 

With Ὧ the Nikuradse roughness height (m), Ὠ the water depth (m) and ὃ and ὄ calibration 

coefficients. In the hydrodynamic model, ὃ is spatially varying and based on the dune height 

data, see Figure 8.1 (lower panel). For ὄ, a constant value of 2.5 is used. Using an estimate 

of 5 m for the average water depth, resulting values of Ὧ were computed and subsequently 

converted to Chézy values, following the formula of White-Colebrook: 

 

ὅ ρψÌÏÇ
ρςὨ

Ὧ
 

 

This was done for specific locations along the Waal, resulting in the values included in the top 

row of Table 8.1. In the model input, values are interpolated linearly between the given river 

kilometres. 

 

 
Figure 8.1 Dune height data for the Waal (upper panel), and corresponding calibration coefficient for the 

simplified formula of Van Rijn (1984), which is used to define main channel roughness in the hydrodynamic 

model (lower panel). Figure taken from Appendix C.7.2 of Kosters et al. (2022). 
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8.1.2.3 Adaptation of the ripple factor 

Not all sources of resistance that are represented by the Chézy coefficients also result in 

sediment transport. An example is the drag resistance induced by bedforms. To correct for 

this, the transport formula of Meyer-Peter-Müller includes a ripple factor or efficiency factor ‘: 

 

Ὓ ὥὈῳὫὈ
Ⱨό

ὅЎὈ
‚—  

 

Just like the Chézy coefficient, the ripple factor is expected to vary with dune height, larger 

dunes resulting in less efficient sediment transport. By keeping the ratio ‘Ⱦὅ  constant along 

the channel, ὅ is corrected for the drag resistance in the computation of sediment transport. 

 

Next to the direct influence of the Chézy coefficient on sediment transport through the 

transport formula of Meyer-Peter-Müller, there is an indirect influence through the flow 

velocity ό, which also depends on ὅ. By varying ὅ, the effect of varying dune height on the 

flow velocity ό (which in turn affects sediment transport) is still taken into account.  

 

Following this reasoning, ripple factors as shown in the second row of Table 8.1 were used in 

combination with the varying Chézy coefficient. Again, values are interpolated linearly 

between the given river kilometres. 

 

Table 8.1 Values for Chézy coefficient and ripple factor as applied in the test with gradually varying 

roughness. The values are interpolated linearly between the given river kilometres. 

rkm 867.5 920 935 953 961 original  (morphological model)  

C [m1/2s-1] 50 43 43 47 50 45 

Ⱨ [-] 1.18 0.87 0.87 1.04 1.18 1 

8.1.3 Summary of 1D settings  

Table 8.2 gives a summary of settings used in different stages of the 1D calibration. The 

settings in the fourth column are the final settings used in this report. 

 

Table 8.2 Sediment transport settings used in Kosters et al. (2024) and during 1D calibration as described in 

the current report. 

 Settings from Kosters et 

al. (2024) 

Settings after calibration 

of MPM 

Settings after applying 

gradually varying 

roughness and ripple 

factor  

Meyer-Peter -Müller 

(all fractions)  

a = 2; b = 1.6;  ɗc = 0.047 

 

a = 2; b = 1.6;  ɗc = 0.025 

 

a = 2; b = 1.6;  ɗc = 0.025 

 

Hiding and 

exposure  

Power Law with ‌ = -0.8 Power Law with ‌ = -0.8 Power Law with ‌ = -0.8 

Ripple factor  Constant user input = 1.0 Constant user input = 1.0 Varying between 0.87 

and 1.18 

Main channel 

roughness  

Constant Chézy, C=45 

m1/2s-1 

Constant Chézy, C=45 

m1/2s-1 

Varying between C = 43 

and C = 50 m 1/2s-1 
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8.2 Results 

8.2.1 Sediment transport and bed level trends  

In Figure 8.2 - Figure 8.13 results are presented for two simulations, based on the settings in 

column 3 and 4 of Table 8.2. Note that these are results prior to spin-up (which was done 

between 1D and 2D calibration, see Section 9.1.1 and 9.2). 

 

It becomes clear that with the varying roughness and ripple factor, modelled gradients in 

sediment transport correspond better to gradients derived from bed level changes (ñtrend 

Pmap 20 yrò) than without these variations (Figure 8.2, Figure 8.3). This also leads to a better 

representation of bed level trends (Figure 8.4 - Figure 8.13), mainly on the Boven- and 

Midden-Waal where we see too much erosion without varying roughness and ripple factor. 

 

 

 
Figure 8.2 Total yearly sediment transport including pores for an online simulation with transport settings as 

presented in the third column of Table 8.2. 

 
Figure 8.3 Total yearly sediment transport including pores for an online simulation with transport settings as 

presented in the fourth column of Table 8.2. 
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Figure 8.4 Width-averaged (L3R3) and km-averaged bed levels along the entire Waal. Top: observed; bottom: 

modelled using the transport settings as presented in the third column of Table 8.2. 

 
Figure 8.5 Width-averaged (L3R3) and km-averaged bed levels along the entire Waal. Top: observed; bottom: 

modelled using the transport settings as presented in the fourth column of Table 8.2. 
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Figure 8.6 Width-averaged (L3R3) and km-averaged bed levels along the entire Waal, with respect to the 

initial bed level. Top: observed; bottom: modelled using the transport settings as presented in the third column 

of Table 8.2. 

 
Figure 8.7 Width-averaged (L3R3) and km-averaged bed levels along the entire Waal, with respect to the 

initial bed level. Top: observed; bottom: modelled using the transport settings as presented in the fourth 

column of Table 8.2. 

 



 

 

 

40 of 86  Morphological model for the river Rhine 

11211565-003-ZWS-0008, 15 December 2025 

 
Figure 8.8 Width-averaged (L3R3) and km-averaged bed levels along the Boven-Waal. Top: observed; 

bottom: modelled using the transport settings as presented in the third column of Table 8.2. 

 
Figure 8.9 Width-averaged (L3R3) and km-averaged bed levels along the Boven-Waal. Top: observed; 

bottom: modelled using the transport settings as presented in the fourth column of Table 8.2. 
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Figure 8.10 Width-averaged (L3R3) and km-averaged bed levels along the Midden-Waal. Top: observed; 

bottom: modelled using the transport settings as presented in the third column of Table 8.2. 

 
Figure 8.11 Width-averaged (L3R3) and km-averaged bed levels along the Midden-Waal. Top: observed; 

bottom: modelled using the transport settings as presented in the fourth column of Table 8.2. 


























































































