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Course annotation

The aim of the subject is to acquaint the doctoral student with the basic concepts and methods of mathematical
modeling and statistical data analysis applied in geology. Also, the PhD student must master at least one of the widely
used scientific programming languages, e.g. R, Python, MATLAB, or Mathematica.

Mathematical models and their classes. Analytical models: models of ordinary differential equations, partial
differential equations, models of stochastic processes. Differential equation and numerical analysis of models.
Observational models, application of functions, numerical optimization in parameter search, filtering and state search.

Measurement scales. Probability, combinatorics, conditional probabilities and their use in solving geological
problems. The central limit theorem and its meaning. The most important distributions, their properties and examples
of their application in geology. Descriptive statistics and graphical representation of data. Elementary univariate
statistics. Data transformations, conditions of their application and effects of transformations for statistical analysis.
Composite ("closed space") data and peculiarities of their analyses.

Sequence and time series analysis. Markov chains and hidden Markov chains and their applications in lithofacies
analysis and paleogeographic modeling. Autocorrelation and cross-correlation of sequences. Recurrence, cross and
joint recurrence plots and statistical analysis of recurrence. Spectral analysis: Fourier transform, wavelets and
evolutionary spectra with applications in quantitative stratigraphy.

Statistical regression models: linear regression, nonlinear regression, multivariate regression. Statistical
significance of regression coefficients. Selection of regression models using information criteria. Model averaging.
Bayes theorem and Bayesian models. Structural equation and causally explicit models.

Geostatistics: concept of regional variable, kriging, semi-variance, semi-variograms and their application in
geological field analysis. Spectral analysis of 2D data. Identification of geological tendencies (trends) and anomalies.
Methods of studying the distribution of points and lines in space. Methods of directional data analysis in space, von
Mises distribution. Theoretical distributions of geological bodies on the surface of the sphere. Statistical testing of
spherical distributions.

Fractals and multifractals. (In)dependence of geometric properties as a function of scale. Fractal dimensionality
calculations and application to solving geological problems. Fractals of low dimensionality and estimating the internal
complexity of 3D bodies.

Statistical analysis of multivariate data. Discriminant functions with examples of application in paleontology and
petrology. Factor analysis, analysis of principal components, analysis of principal coordinates.

Methods of machine learning and artificial intelligence. Basics of the theory of classification and regression trees
with applications in geology, paleontology, taxonomy. Random forest models. Artificial Neural Networks and Deep
Neural Networks. Advantages and disadvantages of machine learning methods compared to classical statistical
methods in the context of geology.

After choosing a certain topic, the doctoral student makes a half-hour long presentation, during which (s)he reveals
the working principles of the method or their class and provides examples of independent analysis of geological data.
The analysis must be performed using one of the numerical analysis languages.
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