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Introduction
Bifurcating river systems around the world are
complex and dynamically active systems. Nat-
ural processes and human interventions cause
the system to change over time, which leads
to variations in the discharge distribution over
its branches. In the bifurcating river these
changes cause changing water levels through-
out the entire system.
The new Dutch flood risk framework requires
the calculation of probabilities of water lev-
els. Wherever possible uncertainties should
be included in these probabilities. Gener-
ally, the upstream discharge and main channel
roughness due to river bedforms are the dom-
inant sources of uncertainty (Gensen, 2018;
Warmink et al., 2013). This work aims to quan-
tify the maximum effect of main channel rough-
ness uncertainty on the range of possible wa-
ter levels in the Dutch river Rhine system, in-
cluding its two main bifurcation points.

Methods
Roughness scenarios
Roughness limit lines have been defined to
represent the range of possible roughness
values due to variations in bedform dimen-
sions. For every branch (Waal, Pannerden-
sch Kanaal, Nederrijn/Lek and IJssel) a high
and a low discharge-dependent limit line is
estimated. These data points are based on
available dune measurements and have been
translated into roughness values using the
roughness predictors of Van Rijn (1993) and
Vanoni and Hwang (1967). The limit lines
are then visually defined assuming a linear in-
crease of the (Nikuradse) roughness with dis-
charge. Figure 1 shows the roughness limit
lines for the river Waal along with the rough-
ness predictions. The combination of limit lines
for every branch leads to 16 roughness scenar-
ios, ranging from HHHH (high roughness on
every branch) to LLLL (low roughness on ev-
ery branch) in which the order is: Waal, Pan-
nerdensch Kanaal, Nederrijn/Lek and IJssel.
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Figure 1: Roughness predictions in the river Waal.
The black lines are the defined high and low
discharge-dependent roughness scenarios.

Sobek model
An 1D Sobek-model of the Rhine Branches
(Rijn-j16 5 v1) is applied to predict the water
levels for each of the 16 roughness scenar-
ios. The upstream boundary is a stationary
discharge ranging from 1500 to 18,000 m3/s.

Results
The effects of the varying roughness and the
varying discharge distributions can be visual-
ized in Qh-plots, in which the local water level
is plotted versus Lobith (upstream) discharge
(Figure 2). All scenarios in which the Waal has
a large roughness result in an above-average
water level. The spreading between these sce-
narios is caused by a changing discharge dis-
tribution at the Pannerdensche Kop. The high-
est and lowest water levels on the Waal are
found for the scenarios in which all branches
have a high and low roughness, respectively.
In Figure 3, the changes in local water lev-
els are plotted against the changes in lo-
cal discharges for all downstream branches
(Nijmegen-haven for the Waal, De Steeg for
the IJssel, Driel for the Nederrijn) for a Lobith
discharge of 16,000 m3/s. In this figure the
roughness effect on the water level of the IJs-
sel is indicated by Arrow 1, while the maximum
discharge distribution effect for the IJssel is in-
dicated by Arrows 2 and 3.
Figure 3 shows that the roughness effect is
largest for the Waal and is smaller for the Ned-
errijn and IJssel. It is observed that for the
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Figure 2: Stage at Nijmegen-haven plotted against upstream Lobith discharge for the 16 roughness scenarios.
The right panel zooms in on the part of the stage-discharge relations at extreme discharges.

Waal the scenarios all plot in the upper left and
lower right quadrant. This implies that for a
high Waal roughness, the Waal discharge al-
ways decreases, regardless of the roughness
on the other branches, thereby decreasing the
water levels along the Waal. Scenarios exist
for the Nederrijn and IJssel in which the dis-
charge increases along with a simultaneous in-
crease in local roughness (upper right quad-
rant). These scenarios generally correspond to
scenarios with a high Waal roughness. There-
fore, if the discharge distribution effect is in-
cluded for these branches, the maximum water
level increases. Concluding, the discharge dis-
tribution effect for the Waal thus causes a de-
creasing water level range, whereas the range
increases for the IJssel and Nederrijn.

Figure 3: Local water level change versus local
discharge change with respect to the average of all
scenarios for a Lobith discharge of 16,000 m3/s.

Conclusion
By propagating extreme roughness scenarios
through the 1D Sobek model an estimation of
the maximum effect of uncertain main channel
roughness on the water levels in the bifurcating
river Rhine was attained. It is concluded that
the effect of varying discharge distributions de-
creases the range of water levels along the
Waal, while it increases the range for the Ned-
errijn and IJssel. In this study extreme rough-
ness scenarios were applied. Therefore, the
water levels should not be taken as absolute,
but they show the trends in water levels under
roughness uncertainty in a bifurcating river. In
future work, more realistic scenarios are tested
to quantify the water level ranges. Additionally,
the effect of regulation structures and river en-
gineering works in the vicinity of the bifurcation
points on the propagation of the uncertainty to
water levels will be analyzed.
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