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Machine Learning and Satellite Time Series for Predicting
Livestock Site-Use Intensity in Alpine Pastures

In alpine pastures, understanding how animals use space is essential to preserve grassland productivity,
biodiversity, forage quality, and ecosystem services. Overused areas may suffer vegetation degradation
and soil compaction, while underused areas may lose forage value and landscape openness.

GPS collars can quantify livestock site-use intensity at fine spatial and temporal resolution, but their cost,
battery constraints, and management complexity often limit their use in routine monitoring. Simpler
proxies, such as terrain slope or distance from farm buildings and water points, provide useful
approximations, but they cannot capture the seasonal dynamics of grazing, which depend on forage
availability, weather, management decisions, pasture phenology, and individual behaviour.

Sentinel-2 satellite imagery offers a promising alternative because it provides free, high-resolution,
repeated observations of vegetation conditions.

This thesis will focus on the development and comparison of computational methods to predict livestock
site-use intensity from Sentinel-2 time series. The student will work on original data collected in alpine
pastures in the north-western Italian and Swiss Alps between 2019 and 2024. The dataset includes
multiple pasture-year case studies, vegetation indices computed at 10-m resolution through Google
Earth Engine, and GPS-collar-based measures of animal use that can serve as ground truth.

The core challenge is both ecological and computational: can vegetation time series be transformed into
reliable, spatially explicit estimates of animal pressure? The project may explore methods based on
seasonal phenology, satellite-derived grazing-intake proxies, spatial features, statistical learning, and
machine learning. Particular attention will be given to model transferability across pastures and years,
because an operational tool should work also in sites where no GPS collars are available.

The objective of the thesis will therefore be the development, evaluation, and optimization of algorithms
for:

- preprocessing and feature extraction from Sentinel-2 time series, including NDVI and other
vegetation indices;

- construction of satellite-derived indicators of grazing impact, such as cumulative vegetation
deficits during the grazing season;

- integration of GPS collar data into spatial grids representing observed livestock site-use intensity;

- comparison of statistical, spatial, and machine learning models for predicting stocking rate from
satellite data;

- assessment of model generalization across pastures and years using robust spatial or spatio-
temporal cross-validation;

- analysis of prediction uncertainty and identification of areas where satellite-based estimates are
reliable or problematic;



- production of fine-scale maps of predicted livestock site-use intensity for mountain pastures.

The thesis is especially suitable for students interested in data science, machine learning, geospatial
analysis, environmental monitoring, and applied artificial intelligence. Depending on the student's
interests, the work may include Python, R, Google Earth Engine, GIS tools, machine learning, spatial
statistics, or time-series modelling.

The project offers the opportunity to work on a rare validation dataset and to address a concrete problem
with implications for sustainable livestock management, alpine grassland conservation, and data-driven
decision support in extensive farming systems.

The thesis activities will be carried out within the collaboration between the Department of Veterinary
Sciences and the Department of Computer Science at the University of Turin.
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