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Threshold 

Sensor detecting 
shakes 
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Advantages of using binary sensors 

• Robust 
 

• Cheap 
 

• Low 
maintainenece 
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Limited number  
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Question? 

How to use binary data  
in model calibration? 
  
(in a statistically sound way) 
 
Realistic error model: 

* Model structure deficits 
• Input errors 

• * Incomplete knowledge on model 
parameters 
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Bias 

Mismatch between reality and model predictions 
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Solution: Realistic error model 

Use a statistical description of 
bias in addition to the model 

Formulate a formal likelihood 
function for binary observations 

19 

Presenter
Presentation Notes
Maybe reverse colour scheme to put more emphasis/importance on the binary likelihood function
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Mimics the effects of 
Inp./Str. errors 

Gaussian, autocorrelated 



How can we describe model bias? 

22 

       Ornstein–Uhlenbeck process with 𝜇𝜇=0  
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       Ornstein–Uhlenbeck process with 𝜇𝜇=0  

Bayesian 
inference 

Presenter
Presentation Notes
Here, I would point out the identifiability problem between rainfall-runoff model and bias, which can only be solved by introducing boundary conditions/prior knowledge. This requires Bayesian methods of data analysis, where prior knowledge on model parameters can be specified as probability distribution.
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Likelihood for binary observations 



Adliswil 

 

• South of Zürich 

• Area: 7.8 km2 

• Population: 18000 
 

Case study: Adliswil 
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Results 
Prior -NSE = 0.51 
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Continuous - NSE = 0.8 Results 
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Binary - NSE = 0.77 
Results 

34 



Parameter Posteriors 
Continuous data 

Binary data 
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H1

S1
S2

H2

Real Data 

Overflow 
structure 

Catchment 
77 ha 
6900 residents 
11 km sewers 

Receiving Water 

Binary Sensors 
Water Level  

Meter 

Weir Crest 

S2 

S1 
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Real Data 
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First level: original data (unfiltered)Second level: clusters that show continuous shakes for 15‘ (tmin overflow = 15min)Third level (filled triangels at weir crest): clustered data filtered through rain information (shakes during dry weather are not accepted)Filtered data represent binaries used for calibration



Conclusions 

Binary data from sensors can be used for 
model calibration 
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Conclusions 

Binary data from sensors can be used for 
model calibration 

A formal likelihood function allows for: 
 
The incorporation of structural deficits and input errors 
 
The evaluation of posterior of parameters 
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Thank You! 
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