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Introduction 
Water level predictions in rivers are used for a 
variety of purposes in water management. For 
example, designing flood defence measures 
and evaluating natural rehabilitation in flood 
plains, cannot be done without water level 
predictions. However, these water level 
predictions are uncertain and a major part of 
this uncertainty is caused by the uncertainty in 
the roughness coefficient (Van der Klis, 2003; 
Van Vuren,  
2005). Hydraulic roughness in rivers results 
from (among others): grain roughness, form 
roughness and vegetation roughness (see 
also Fig 1). The roughness coefficient is 
uncertain because different elements creating 
the hydraulic roughness are uncertain (e.g. 
grain size, dune height). To quantify the 
influence of the uncertain roughness 
coefficient on water level predictions, we first 
need a quantification of the uncertainty in the 
roughness coefficient.  
 

 
 
Figure 1. Hydraulic roughness in rivers 
 

Method 
Uncertainty matrix 
Uncertainties may be classified by means of 
the following “Uncertainty matrix” (adjusted 
version of the uncertainty matrix by Walker et 
al., (2003), see Fig. 2. A classification  
 

Level → 
Location ↓ 

Quantifia
ble 
uncertainty 

Scenar
io 
uncertain
ty 

Recognis
ed 
ignorance 

Context    
Model    

Input    

Parameters    

 
Figure 2. Uncertainty matrix (based on Walker et al., 
2003). In each box, we distinguish between epistemic 
uncertainty and variability uncertainty. 

 
 

method will provide better communication 
among policy makers, stakeholders and 
modellers. Moreover, it will indicate how to 
assess the uncertainties and it helps to 
interpret the uncertainty in model results. 
 
Expert opinion 
Quantifying the uncertainties in the roughness 
coefficient will be done by means of 
measurement data and by means of expert 
opinion. Expert opinion is applied when data 
are not available or when uncertainties are not 
directly measurable:  
any attempt to address the issue of model 
uncertainty in a quantitative manner will rely  
on the use of expert opinion (Zio & 
Apostolakis, 1996). 

Various methods exist for collecting 
experts’ opinions. 

• Interviews 

• Workshop 

• Questionnaire 
Combining the opinions of the experts can 

be done by applying different mathematical 
methods: Bayesian models, physical scaling 
models and classical models (Cooke, 1991). 
We still have to choose methods for collecting 
and combining the experts’ opinions. 
 
River Waal 
For performing the data analysis and gathering 
the experts’ opinions, we use a case study: the 
river Waal in the Netherlands (see Fig. 3). 
 

 
 
Figure 3. Floodplains of the river Waal near 
Heerewaarden in 1995. Picture by Ten Brinke, RIZA 
Arnhem. 
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Future plans 
After collecting and combining the experts’ 
opinions, the uncertainties from the expert 
opinion will be compared and combined with 
uncertainties resulting from data analysis. 
Furthermore, the uncertain roughness 
coefficient will be implemented in a hydraulic 
river model (SOBEK) for the river Waal, using 
statistical techniques such as Monte Carlo 
simulation.  

Results of this analysis will allow us to 
quantify the effects of the uncertain roughness 
coefficient on results of river models (e.g. 
water level and bed level predictions). 
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