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Addressing the UPH questions:
• improving modelling of hydrologic 

responses under changed catchment 
conditions (UPH question #19)

• reducing parameter uncertainty in 
hydrological predictions (UPH question #20)
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Assess riverine particulate matter and pollution

Finger et al. 2006
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Assess the impacts of Water Quality on fishing yields

Finger et al. 2007
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Assess future water availability for hydropower

Finger et al. 2012
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Finger et al. 2013

Assess the threat of eutrophication
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Assess high flow conditions

Sikorska et al. 2015
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The challenge: Multi dataset calibration

Finger et al. 2007

Finger et al. 2012
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Stochastic Calibration: Monte Carlo Simulations (Finger et al., 2011)

1. Run 10’000 plausible

parameter sets

2. Assessment of performance

3. Ranking of parameter 

sets according to the 3 
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Bayesian multi-output calibration Sikorska et al. 2015

• Deterioration of water quality 

in small urban streams due to 

progressing land use changes 

• Both streamflow (Q) & 

TSS concentration (CTSS) 

should be predicted

• Build-up/wash-off model (BwMod)

• Calibration with Q & CTSS

Low flow conditions

High flow conditions
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Bayesian multi-output calibration Sikorska et al. 2015

• Bayesian inference with Q & CTSS 

• Equally weighted outputs

• Box-Cox transformation of 

outputs
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Bayesian data assimilation

with a multi-data calibration

Sikorska & Renard 2017

• Challenged streamflow cross-sections

• Both streamflow (Q) & water stage (H) should be predicted

• Coupled rainfall-runoff (RR) & rating curve (RC) model

• Water stage – streamflow pairs & water stage time series as calibration data
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Bayesian data assimilation

with a multi-data calibration

Sikorska & Renard 2017

2-stage Bayesian inference:

• RC with H-Q pairs to constrain the prior on RC

• Coupled RR-RC model with H time series 

(RC recalibrated)
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Data-driven models

conditioned on a multi-data set

Sikorska-Senoner & Quilty 2021
Quilty & Sikorska-Senoner 2021

• Machine learning to improve streamflow 

predictions

• Data-driven model (DDM) to simulate 

residuals of a hydrologic model

• DDM conditioned on multiple data sets

Time-lagged versions of:
• Temperature

• Precipitation

• Streamflow

Visit the vPico EGU21-13244
on 28/04/2021 at 09:21
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The equifinality problem generates a Pareto frontier

4/20/2021
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The value of metaheuristic methods Stefnisdóttir et al. 2021

Monte Carlo Simulated Annealing Genetic Algorithm
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The value of metaheuristic methods Stefnisdóttir et al. 2021

Monte Carlo (MC)

Simulated Annealing (SA)

Genetic Algorithm (GA)

Visit the vPico EGU21-1395
on 28/04/2021 at 09:15

10 best parameter sets
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Conclusion

Multi-dataset calibration coupled with 
metaheuristic methods:
a) Reduction of parameter uncertainty 
(UPH question #20)
• Increases the overall consistency 

performance
• Reduce parameter uncertainty
• Improve the Pareto frontier and reduce 

the equifinality problem 
b) Improvement in modelling of 
hydrologic responses under changed 
catchment conditions (UPH question #19)
• Relevant parameters can be projected
• Projections of key parameters generate 

significant results
• Uncertainty is reduced
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Thank you for your attention
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