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Presentation of the subject:
Geoscience research relies on a multitude of ground-based observation networks and satellite missions, contributes to the development of innovative analytical methods, and helps establish research infrastructures worldwide. Statistical methods play a fundamental role, both structural and interpretive, in the massive analysis of this data. They enable the description, modeling, and prediction of geophysical and climatic processes based on complex, noisy, and often incomplete observations.

A major challenge in interpreting geophysical data lies in extracting signals that are often weak relative to the noise and contain outliers and other artifacts such as sudden jumps or long-term drifts. The detection and correction of these artifacts, as well as noise characterization, uncertainty assessment, and the classification of time series according to the nature of the detected signals and noise, are essential elements for data interpretation and reliable estimation of long-term trends.

The detection of outliers and inhomogeneities in geodetic and climatic observation series has seen significant progress in recent years thanks to the development of dedicated statistical methods. However, these methods often remain highly specific to the applications considered and require substantial manual validation, making large-scale automation difficult (Gazeaux et al., 2015; Collilieux et al., 2019; Quarello et al., 2022). Deep learning approaches appear promising for overcoming these limitations, particularly due to their ability to process high-dimensional data and automate certain complex tasks, but their reasoned integration into interpretable statistical frameworks remains a methodological challenge (Lee et al., 2018; Yu and Ma, 2021).

This PhD project builds upon the work carried out in the theses of Annarosa Quarello (2020) and Ninh Nguyen (2023), conducted in collaboration between the geodesy team at IPGP and the statistics team at MODAL’X. This work led to the development of an original statistical homogenization method, based on penalized maximum likelihood segmentation, enabling the detection, attribution, and correction of jumps in time series in the presence of white noise and non-stationary biases. The associated method, distributed as an R package (PMLseg), has been successfully applied to the homogenization of tropospheric delay (ZTD) and integrated water vapor (IWV) time series from the global GNSS network (Nguyen et al. 2021, 2024). These data are essential for monitoring the global and regional dynamics of the atmospheric water cycle in the context of climate change (Bock and Parracho, 2019; Bock et al., 2025).

This thesis proposes to enhance and generalize existing segmentation methods, as well as to explore more modern and advanced alternatives based on machine learning, in order to improve the estimation of climate trends, reduce uncertainties, and enable the classification, evaluation, and intercomparison of different datasets from ground-based observations, satellite missions, and modeling.

The thesis will be structured around three main axes:

Axis 1. Improvement of statistical segmentation methods

The first axis will focus on developing more robust and better-adapted penalized maximum likelihood segmentation methods to handle data complexity. Specifically, this will involve:

· explicitly considering temporal dependencies within the series;

· improving robustness to outliers and non-Gaussian distributions;

· integrating prior information and using multiple series simultaneously (joint segmentation), within frequentist and Bayesian frameworks;

· improving existing penalty criteria and developing new ones, potentially based on data-driven learning approaches.

Axis 2. Machine and Deep Learning for Evaluation and Benchmarking

The second axis will explore the contribution of machine and deep learning methods to the generation of realistic synthetic datasets, intended to serve as benchmarks for the objective evaluation of developed and tested segmentation and classification methods. Particular attention will be paid to:

· the analysis of recent methods capable of learning and re-simulating the complex structure of data, without resorting to overly simplistic parametric models;

· the exploration of unsupervised or semi-supervised segmentation and classification methods as alternatives or complements to classical statistical methods.

Machine learning will thus be used in a controlled manner, primarily as a tool for evaluation, comparison, and methodological support.

Axis 3. Applications to Climate and Geodetic Data

The developed methods will be applied to benchmark data as well as geodetic and climate data from national and European research infrastructures (DataTerra, EPOS, Copernicus Climate Change Service), with a particular focus on global geodetic observations.

Priorities, Valorization, and Environment

The primary focus will be on the robustness and reliability of the developed methods (Axis 1), as well as on establishing dedicated benchmarks (Axis 2) to enable their evaluation and comparison. Applications will primarily focus on global geodetic data, including tropospheric parameters and the vertical component of GNSS and DORIS station positions, as well as sea level.

Special attention will be paid to developing well-documented, reusable, and efficient codes in terms of resource usage and computation time. The developed tools will be distributed as open-source software via collaborative platforms (GitHub, CRAN) and, eventually, transferred to data hubs for operational implementation within research infrastructures.

Finally, the thesis will benefit from supervision combining complementary expertise in geodesy and statistics, as well as the scientific environment offered by national and international projects in which the teams are heavily involved.
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