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Widen corridor: 
Relocation of dikes 



Deepen corridor: 
Dig secondary channels 



Real-world question:  
How effective are these interventions? 



Mathematical problem 

Δ𝐻 = 𝑌 − 𝑋 

Pre-intervention (reference) model output 

Post-intervention model  output The effect of the intervention 



1. X, Y are uncertain (e.g. how tall are the trees? ) 

Δ𝐻 = 𝑌 − 𝑋 
Complications 

2. We do not know the distributions and covariance matrices 

4. Very high-dimensional problem: (multiple states + the number of uncertainty sources is big) 

3. Model runtime several hours per simulation  

So stochastic problem, not deterministic 

Use Monte Carlo simulation! 

Use machine learning, surrogate models? 

… 
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Best tool in the toolbox: Monte Carlo analysis 
 
So, let’s numerically approximate the distributions of X, Y 

Model Bed composition 

Vegetation height 

Water levels 
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Model Bed composition 

A full ensemble takes ages… 
Vegetation height 

Water levels 

Best tool in the toolbox: Monte Carlo analysis 
 
So, let’s numerically approximate the distributions of X, Y 
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Pre-intervention 
model 

Pre-intervention water levels 

Post-intervention 
models 

Post-intervention water levels 

Intervention effect Post-intervention 
models 

Post-intervention 
models 

Post-intervention 
models 

Best tool in the toolbox: Monte Carlo analysis 
 
So, let’s numerically approximate the distributions of X, Y 



Cool new tool in the toolbox 

Can we estimate the output uncertainty based on results from 
another model 
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We construct two models:  
The predictor model  
The response model 

 
We assume there exists a function 𝑦 = 𝑓 𝑥 + 𝜖  that lets us estimate the 
response model output given the predictor output.  
Strength of correlation between predictor and response determines accuracy 
of estimation 

Model 

Wave height 

Discharge 

Channel Sedimentation 



Methodology 
1. We run full ensemble with the predictor 

model 
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Draw subsample  

2. We pick a small subsample from the response 
model 

Predictor output probability 

Output variable 



Methodology 
2. We estimate a relationship based only on the 
subsample: 
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𝑦 = 𝑓(𝜃, 𝑥) + 𝜖  

 Statistical model 

with 𝜃, 𝜖 unknown stochastic variables. 

 Inference 
Find the (posterior) distributions of 
𝜃, 𝜖 through application of Bayes’ 
theorem.  



Methodology 
3. Use the results from the predictor model and the function f(x) to estimate the response model 
output probability 
 

 

RiverCare project F1  16 

C
u

m
u

la
ti

ve
 p

ro
b

ab
ili

ty
 

Sedimentation 

Response cdf Predictor cdf 
..and its confidence interval 



Application 

River Waal, river bend at St. Andries: 

 

- 13 different states (six interventions, two intensities per intervention) 

- High-resolution model: 
- Unstructured grid, two-dimensional 

- Finite-volume solution of shallow-water equations 

- 3 hours per simulation 

- Model output of interest: water level at extreme discharge 

 

RiverCare project F1  19 



Application: Dike relocation 
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Application: Side channels 
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Take home message: 

 

- Novel method to estimate model uncertainty  

- Ideally suited for multiple state systems & high-dimensional 
problems 

- Can be used for impact analysis of human intervention 
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Read more / stay in touch 

Berends et al. (2018) in Environmental Modelling & Software 

Contact: k.d.berends@utwente.nl 


