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Why Bayesian inference?
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In modelling context:



Basic Concept of the Bayesian Approach



We do not care just for the tip of the “mountain” 
BUT for the entire “mountain”, i.e., the likelihood of 

every single model realization associated with 
model inputs, data uncertainty, and exogenous 

forcing!!



How much can we learn about the magnitude of the 
ecological processes when we consider the data from 

the modelled system? 

Sediment release rate Mineralization rate

Nitrate half saturation constant



Realistic Uncertainty Estimates of the 
Ecological Forecasts

Probabilistic projection of system response to 
nutrient loading reduction strategies



Chlorophyll a Predictive Distributions for 
Different Levels of Total Phosphorus
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Ensemble Environmental Modelling

Ensemble modelling is the process of running two or more related but different models with respect to 
their conceptual/structural characterization and input specification, and then synthesizing the results 

into a single score or spread in order to improve the accuracy of predictive analytics and data mining 
applications.



Complex Model

Simple Model

Bayesian 
Averaging





Threshold behaviour
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Including Thresholds in Calibration

μ, σ

μ1, σ1 

y1i=f(θ1i)
μ2, σ2

y2i=f(θ2i)



Where do we go from here?
Improved Uncertainty Characterization



“The mark of an educated mind is to 
rest satisfied with the degree of 

precision which the nature of the 
problem permits and not seek an 

exactness where only an 
approximation is possible.”

How to Make Environmental Management 
Decisions in Face of Uncertainty

-Aristotle 
(circa 350 BCE)
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Useless Arithmetic? Lessons Learned From Aquatic 
Biogeochemical Modelling
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Process-Based Modelling



Eutrophication Model



SWAT: A Daily Timescale Model



Models as a Management Tool



Models as a Management Tool



1. Failure to explicitly account for the 
uncertainty associated with any modelling
exercise!!    

Criticisms

2. Failure to recognize that the typically used 
complex mathematical models are 
overparameterized!!    



“Good results for the wrong reasons”
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