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Questions from policy and 
management, and research focus

Rivers2Morrow

Policy and manage-
ment: What changes in 
elevation of the river 
bed and �oodplain, due 
to climate change and 
human intervention, do 
we need to take into 
account when redesign-
ing part of the river 
system?

Research focus: 
Development of the 
technique of fast, 
stochastic modeling of 
the long-term morpho-
logical behavior of 
lowland rivers.

The modeling of 
the long-term 
behavior of 
lowland rivers

Policy and manage-
ment: What are the 
possibilities for long 
term sediment 
management in the 
lower reaches of the 
Rhine and Meuse that 
safeguard navigation, 
ecology, bed stability 
and flood safety?

Research focus:  Insight 
into the amount of 
sediment present in the 
lower branches, from 
the rivers and the sea 
and controlled by 
dredging and dumping, 
and how the sediment 
budget has developed 
through time and will 
develop in the future.

Policy and manage-
ment: What are the 
best measures to 
ensure a stable river 
bed for the entire area 
and to combat local 
erosion?

Research focus: 
Incorporating knowledge 
on the behavior of 
mixtures of sand and silt 
into formulas and 
models to explore the 
dynamics of the river bed 
now and in the future.

River bed dynamics of the 
lower reaches of the Rhine and Meuse

Policy and management: 
How do water quality of 
Rhine and Meuse, and 
dredging volumes in their 
lower reaches change?  

Research focus: Why 
has the �ne sediments 
concentration in the Rhine 
water decreased in recent 
years and what will be the 
trend for the future?

The supply and origin 
of �ne sediments from
the catchment area 
of the Rhine

Policy and management: 
What measures are needed 
ro restore the disturbed 
sediment budget of the 
Meuse and thus guarantee 
a sustainable and safe use 
of the river?

Research focus: Insight 
into the sediment 
budget of the Meuse, 
underlying processes 
and human impacts, 
over a time scale of  
to  years. 

System knowledge Meuse 

Policy and manage-
ment: What is the 
desirable river bed 
elevation, in view of the 
di�erent river functions, 
and how can it be 
achieved?

Research focus: Insight 
into the river bed 
development, in response 
to interventions in the 
past, and to sea level rise 
and changing discharge 
regimes in the future.

Policy and manage-
ment: To what extent is 
our current policy 
sustainable if the 
sediment supply changes 
due to climate change 
and human intervention?

Research focus: The 
best possible quanti�ca-
tion of sediment 
transport by combining 
both di�erent measuring 
techniques and smart 
methods for data 
processing.

Policy and management: 
To what extent can 
bedforms increase the 
water level at high 
discharges and hinder 
shipping at low 
discharges?

Research focus: Insight 
into the development of 
bed forms with increasing 
discharge, their e�ect on 
bed roughness, and the 
rate at which they �a�en 
again when the water 
level drops.

Bedform dynamics and their impact 
on �ood safety and navigability

River bed dynamics of 
the upper reaches 
of the Rhine

Improved quanti�cation 
sediment transport 
lowland rivers

Mouth

Hydrodynamics and 
sediment transport
at river bifurcations

Policy and management: 
Which river management 
�ts in with possible 
future changes in the 
distribution of water and 
sediment over the Rhine 
branches?

Research focus: Insight 
into the distribution of 
water and sediment at 
the Rhine bifurcations, 
and how human actions, 
sea level rise and a 
changing discharge 
regime in�uence this.

Flood protection Navigability

Freshwater supply Nature and water quality

Water
�ow

Sediment
transport

Mor-
phology

Morpho-
dynamics

The budget of sand and silt in the 
lower reaches of the Rhine and Meuse 

salt
water

freshwater



In Rivers2Morrow this interaction, the river’s morfodynamics, is central. 
This research program focuses on the e�ects of climate change on morphodynamics, including higher peak 
discharges, longer-lasting periods of low river �ow, and sea level rise, and large-scale human impacts.
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Driving forces morphodynamics

2000 2150

• Normalizations and dredging
• Meander cut-o�s
• Storm surge barriers and dams
• Canalizations Meuse and Nederrijn-Lek
• Development of ports and harbours

Start 
meander
cut-o�s
German Rhine
(Tulla)

Silt Sand and gravel

Which type of sediment is central? 

Much gravel is regularly 
dumped downstream 
from the dam at 
I�ezheim to compen-
sate for the sediment 
trapped by dams 
upstream. The river bed 
is stabilized this way.

Sedimentation

Erosion

Mining under the 
Niederrhein has caused 
the river bed to drop 
sharply, to a local 9 
meters. As a result, this 
part of the Niederrhein 
captures a lot of sand 
and gravel from 
upstream that no longer 
reaches the Netherlands.

Partly due to the weirs, 
there is no longer a 
continuous sediment 
transport on the 
Meuse. This is one of 
the reasons for the 
long-term erosion of 
the bed.

Due to the construction 
of the Haringvlietdam, 
�ow rates in the tidal 
crosscut channels in the 
lower branches of Rijn 
and Meuse have in-
creased sharply. Partly 
because of this, deep 
erosion pits have devel-
oped in many places.

Because of the long-
term incision of the river 
bed except for a �xed 
layer of large boulders 
on the bed at Nijmegen, 
this layer has become a 
shallow for shipping when 
Rhine discharge is low.

River kilometre Rhine 334

River kilometre Rhine 791,5 – 809

Along the entire Rhine 
the �ux of silt is over 
four times as large 
as the �ux of 
sand + gravel

Waal at
Nijmegen

Meuse in
Limburg

Old Meuse

Three quarters of 
all sediment that 
enters the Netherlands
at Lobith is silt

Selection of developments

Discharge 2100

Now

Jan DecJul

Rivers2Morrow

Water
�ow

Sediment
transport

Mor-
phology

The supply and origin of 
�ne sediments from the 
Rhine catchment area 

Stability river bifurcations 
Sediment
transport and 
morphology

System knowledge Meuse 

Improved quanti�cation sediment transport lowland riversWater 
�ow and 
sediment 
transport

What part of the morpho-
dynamics is central?

The modeling of the long-term behavior of lowland rivers

River bed dynamics of 
the upper reaches of the 
Rhine and Meuse

River bed dynamics of the lower reaches of the Rhine 
and Meuse

Morphology

The budget of sand and 
silt in the lower reaches of 
the Rhine and Meuse 

Bedform dynamics 

2100: High discharge
(1/1000 year) -5 to +30%
Low discharge -30 to-10%
(Görgen et al., 2010)

2200: Sea level rise
+ 35 to + 203 cm
(IPCC, 2014)

Large-scale human impacts
Climate change e�ects

>100,000 700,000

Sediment flux (tonnes / year)

Sediment composition (excl. slit)

up to 70% sand
(rest gravel)

100% sand
(no gravel)

Slit Sand +
gravel

The system: the interaction between water 
�ow, sediment transport, and morphology

0,7

Source:  Hillebrand, G. en R.M. Frings (2017). Von der Quelle zur Mündung: Die Sedimentbilanz des Rheins im Zeitraum 1991-2010. Rapport CHR/KHR II-22. 



Policy themes Rivers2Morrow focuses on: Policy themes Rivers2Morrow does not focus on:

Flood protection Navigability

Freshwater supply Nature and water quality

Morpho-
dynamics

Rivers2Morrow aims to 
contribute to answers to these policy questions:

How can long-term 
sediment management 
help to safeguard 
navigation, ecology, 
bed stability, and �ood 
safety?

How can we ensure a 
stable river bed for the 
entire area and combat 
local erosion?

What changes in 
elevation of the river 
bed and �oodplain, 
due to climate change 
and human interven-
tion, do we need to 
take into account when 
redesigning part of the 
river system?

To what extent can 
bedforms increase water 
levels at high discharge 
and form shallows for 
shipping at low discharge?

What measures are 
needed to restore the 
disturbed sediment 
budget of the Meuse?

There is a link with 
Rivers2Morrow: smart 
sand management and 
using the opportunities 
of mud

Agriculture and nature are 
related to Rivers2Morrow 
in the same way: lower 
groundwater levels, with 
a risk of desiccation, due 
to long-term erosion of 
the river bed    

What is the desirable 
river bed elevation, in 
view of the di�erent 
river functions?

Which river management 
�ts in with possible 
future changes in the 
distribution of water and 
sediment over the Rhine 
branches?

How do the volumes 
and quality of the 
mud that needs to 
be dredged change 
in the near-future? 

A

B

river bed 1950

river bed 2018

erosion

bedform

fresh and salt water

Delta-
programme

The studies contribute 
to the following 
programmes: 

No direct link with Rivers2Morrow

Sediment
mining

Living in 
�oodplainsRecreation

Energy
production

Fisheries
Economic
activitiesAgriculture

front view

A

B

Integrated River 
Management
Knowledge Program
Sea Level Rise
Programmatic Approach
to Large Water Systems
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