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The Experiment 
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Meteorology 
– 50 members 

Initial conditions 
– 50 EnKF members 

Structural 
– 20 daily lumped 

models 

Thiboult et al. 2015 
50,000 members 
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Managing Uncertainty 
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Thiboult et al. 2015 

Structural Uncertainty Meteorological Uncertainty Initial Condition Uncertainty Combined Uncertainty 

Table 1. Description of the forecasting systems 
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Could we search for specific weights for each model? 
 

Research objective 
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Bayesian model averaging (BMA) 
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Weighted average 
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Bayesian model averaging (BMA) 
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𝒑 𝒚 𝒇𝟏, … ,𝒇𝒌 = �𝒑(𝒇𝒌) ∙ 𝒑 𝒚 𝒇𝒌

𝑲

𝒌=𝟏

= �𝒘𝒌 ∙ 𝒑 𝒚 𝒇𝒌

𝑲

𝒌=𝟏

 

where, 

is the forecast from model (member) k, 

is the posterior probability of the model prediction 𝑓𝑘 . 
Besides, it is usually replaced by a weight 𝑤𝑘 that represents the credibility  
of model k. 

is the predictive probability density function (PDF) of streamflow 
observation according to model k. 

𝒑 𝒚 𝒇𝒌  

𝒇𝒌 

𝒑(𝒇𝒌) 

𝒚 is the streamflow observation; 
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Multiobjective genetic algorithm: NSGA-II  
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Problem Evolutionary 
search Mutate Select 

Evaluate 

Crossover 

Objective function 
 

Domain knowledge 

NSGA-II is a nondominated sorting-based multiobjective genetic algorithm. (Kalyanmoy Deb., 2002) 

The process of searching for the optimal solution from a set 
of candidates to the problem of interest based on the certain 
performance criteria (objective function). 
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Objective functions for optimization (performance criteria): 
1. The Kling-Gupta efficiency (Gupta et al., 2009) 
2. Normalized reliability deviation score (NRD’, in %) (Fortin et al., 2014) 
 

Multiobjective genetic algorithm: NSGA-II  
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NSGA-II pareto fronts 
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NSGA-II BMA 
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Comparison of accuracy verification results of system E 

(Watershed #1-#6, Horizon 1) 
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Comparison of reliability verification of systmes E, F, G, H 
(Watershed #1 Trois Pistoles) 
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System E: Structural Uncertainty 
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Comparition of Reliability verification of systmes E, F, G, H 
(Watershed #1 Trois Pistoles) 
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System F: Meteorological Uncertainty 
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Comparition of Reliability verification of systmes E, F, G, H 
(Watershed #1 Trois Pistoles) 
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System G: Initial Conditions Uncertainty 
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Comparition of Reliability verification of systmes E, F, G, H 
(Watershed #1 Trois Pistoles) 
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System H: Combined Uncertainty 
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Thank you! 
Merci beaucoup!  
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Hydrological ensemble prediction system (H-EPPS) 
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The Kling-Gupta efiiciency (Gupta et al., 2009) 
This performance criteria was used to assess the model performance comprehensively. 

𝐾𝐾𝐾 = 1 − 𝐾𝐸 

𝐾𝐸 = 𝑟 − 1 2 + 𝛼 − 1 2+ 𝛽 − 1 2 

𝛼 = 𝜎𝑆 𝜎0�           𝛽 = 𝜇𝑆 𝜇0�  

Where ED is the Euclidian distance from the ideal point, r is the correlation coeffcient between 
the simulations and the observations. 𝜇0 and 𝜎0 are the mean and standard deviation of the 
observations, 𝜇𝑠 and 𝜎𝑠 are the mean and standard deviation of the simulations,𝛼 is a measure of 
the relative variability in the simulated and observed values, and 𝛽 is the ratio of the mean values 
of simulations and observations.  
Without any simulation errors, the values of the three components are, r=1, 𝛼=1 and 𝛽=1. In 
this condition, KGE value is 1. 
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The Kling-Gupta efficiency (KGE) 
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The Kling-Gupta efiiciency (Gupta et al., 2009) 
This performance criteria was used to assess the model performance 
comprehensively. 

𝐾𝐾𝐾 = 1 − 𝐾𝐸 

𝐾𝐸 = 𝑟 − 1 2 + 𝛼 − 1 2+ 𝛽 − 1 2 

𝛼 = 𝜎𝑆 𝜎0�           𝛽 = 𝜇𝑆 𝜇0�  

 
Without any simulation errors, the values of the three components are, r=1, 
𝛼=1 and 𝛽=1. In this condition, KGE value is 1. 
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Normalized reliability deviation score (NRD’) 
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Normalized reliability deviation score (Fortin et al., 2014, Abaza et al., 2015) 
This performance criteria was used to assess reliability of ensemble prediction. 

𝑁𝑁𝐸′ = 100 ×
𝑁𝑅𝑅𝐾 − 𝜎
𝑁𝑅𝑅𝐾  

𝑁𝑅𝑅𝐾 =
1
𝑅� 𝑄𝑒𝑒𝑠,𝑡 − 𝑄𝑜𝑜𝑠,𝑡

2𝑀

𝑡=1
 

𝜎 =
1
𝑅�

1
𝑁 − 1� 𝑄𝑠𝑠𝑠,𝑠,𝑡 − 𝑄𝑒𝑒𝑠,𝑡

2𝑁

𝑠=1

𝑀

𝑡=1
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