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Abstract

Numerical weather forecasts are of extreme importance in different aspects of life, partic-
ularly in scenarios wherein human lives can be compromised (i.e., forecasts of storms, floods,
hurricanes, and tsunamis). Numerical models are commonly employed to mimic the behav-
ior of actual system dynamics, for instance, the ocean and the atmosphere. Since numerical
models are computationally demanding, high-performance computing is necessary to pro-
duce forecasts within reasonable computational times, especially for high-resolution grids.
We propose efficient and practical data-driven methods for weather forecasts. We exploit
the information brought by historical weather datasets to build machine-learning-based mod-
els. For instance, the National-Centers-for-Environmental-Prediction Department-of-Energy
(NCEP-DOE) Reanalysis II is a data set that holds meteorological information since 1979
onto global grids at varying resolutions. These models are employed to produce numerical
forecasts, which can be improved by injecting additional data via data assimilation. Our
approaches’ general idea is as follows: given a set of time snapshots of some dynamical sys-
tem, we group the data by time across multiple days. These groups are employed to build
first-order Markovian models that reproduce dynamics from time to time. Our numerical
models’ precision can be improved via sequential data assimilation. Experimental tests are
performed by using the NCEP-DOE Reanalysis II dataset. The results reveal that numerical
forecasts can be obtained within reasonable error magnitudes in the L 2 norm sense. Even
more, observations can improve forecasts by order of magnitudes, in some cases.
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