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ABSTRACT 
Data-driven forecasting (i.e., regression, machine learning, artificial 
intelligence, etc.) has become a popular and very useful alternative to 
physically-based and conceptual forecasting approaches in the water resources 
domain since such methods solely rely on statistical relationships between 
explanatory variables and the target process, require no explicit physical 
knowledge of the processes under study, are rapid to develop, have low-costs, 
and are easy to implement in real-time.  However, similar to physically-based 
and conceptual forecasting approaches, the nonlinear, multiscale, and uncertain 
nature of water resources provide challenges in the development of accurate 
and reliable data-driven forecasts. 
 
To address the nonlinear, multiscale, and uncertain nature of water resources 
this research develops an ensemble wavelet-based stochastic data-driven 
forecasting framework (EW-SDDFF) that results in forecasts of a target 
process in the form of a probability density function.  EW-SDDFF is developed, 
tested, and applied to a real-world daily urban water demand forecasting 
experiment in Montreal, Quebec where it is shown to produce accurate and 
reliable forecasts at multiple lead times, outperforming numerous benchmarks, 
and performing especially well during the July, 2010 heatwave that affected 
Montreal (and many other parts of Quebec). 
 
EW-SDDFF addresses the nonlinear, multiscale, and uncertain nature of water 
resources in three main ways: 1) it uses nonlinear information-theoretic input 
variable selection and nonlinear data-driven forecasting methods; 2) it uses 
wavelet transforms to address multiscale changes in explanatory variables and 
the target process; and 3) it adopts stochastics for the uncertainty assessment of 
input data, input variable selection, parameters, and model output.  The end 
result of EW-SDDFF is a stochastic forecast that holistically addresses 
nonlinearity, multiscale change, and uncertainty. 
 
EW-SDDFF is developed in four key stages: 1) new computationally efficient, 
non-parametric, nonlinear information-theoretic input variable selection 
methods are developed to provide the most important input variables to 
nonlinear data-driven methods to forecast the target process; 2) a set of best 
(correct) practices are developed for using wavelet transforms correctly in 
wavelet-based forecasting models and formed into a new wavelet-based 
forecasting framework (WDDFF) that can be used with multiple wavelet 
transforms, different input variable selection methods, and data-driven 
forecasting models and that may be applied for the correct development of 
wavelet-based forecasting models for real-world applications; 3) uncertainty 
assessment is included in WDDFF by adopting a stochastic framework, 
resulting in a new stochastic wavelet-based forecasting framework (SWDDFF); 
and 4) to take advantage of the strengths of multiple wavelet transforms, 
different input variable selection methods and data-driven models, the single-
wavelet SWDDFF is transformed into an ensemble multi-wavelet stochastic 
data-driven forecasting framework (EW-SDDFF) by using multiple WDDFF 



forecasts as input data, improving forecast accuracy and reliability when 
compared to its single-wavelet counterparts (SWDDFF).  EW-SDDFF includes 
both ensemble member selection and weighting uncertainties, using input 
variable selection and data-driven modeling, respectively, and also accounts for 
input data and ensemble model output uncertainties.  Both SWDDFF and EW-
SDDFF represent the most advanced single- and multi-wavelet data-driven 
forecasting frameworks in the literature. 
 
Since EW-SDDFF quantifies forecast uncertainty (in the form of a probability 
density function), it may serve as a useful tool for operational, planning, and 
management tasks faced by water resources managers, especially during 
decision-making stages. 
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