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Al-driven analysis of multi-resolution Earth
Observation data for vineyard disease pressure and
crop water demand

In this abstract, we present a multi-scale framework that combines satellite and aerial imagery with machine-
learning models to support advanced decision-making in Mediterranean agriculture, with a focus on vine-
yards. The work brings together two complementary application domains: early detection of vine diseases
and irrigation management based on crop evapotranspiration (ETc).

Within the PERBACCO project, we conduct high-resolution airborne surveys over thousand hectares of vine-
yards to detect grapevine diseases, such as Flavescence Dorée and other grapevine yellows, through a RGB-
based spectral indices analysis. These maps provide field-level labels to train a convolutional neural network
on commercial high-resolution satellite data, including Pléiades and Pléiades Neo. The model ingests pan-
sharpened image chips and derived vegetation indices to perform binary classification of vineyard parcels,
distinguishing healthy from anomalous canopies across the Emilia-Romagna region.

In parallel with the SEMAFORO project, we integrate in-field measurements from weather stations and soil
moisture probes with optical and radar data from open Copernicus missions and other sources. Multi-temporal
patches derived from Sentinel-2 optical bands, Sentinel-1 SAR polarisations and a digital elevation model are
used to drive a geospatial foundation model that estimates weekly crop evapotranspiration at parcel scale. The
satellite-based estimates are trained against sensor-derived ETc and compared with operational services. The
model reproduces the expected seasonal dynamics of water use across multiple farms and crops in Sicily and
remains consistent with ground-based ETc envelopes, indicating that Earth Observation-only ETc can support
the design of simple, rule-based irrigation policies and quantify potential water savings without dense sensor
networks.

Taken together, these studies show how the joint use of public and commercial imagery, ranging from deca-
metric Sentinel-2 to sub-metric Pléiades and aerial data, can underpin a coherent pipeline for monitoring both
disease pressure and water demand in vineyards. The approach is designed to scale to larger regions using
High Performance Computing resources, paving the way for operational services that deliver timely, spatially
explicit information to growers and water managers.

This work has been carried out within the Spoke 2 as part of the activities in the Working Package 6 (“Cross-
Domain Initiatives and Space Economy”) under the flagship use-case “Al algorithms for (satellite) imaging
reconstruction”. This research was partially funded by the project PERBACCO (Early warning system per
la PrEvenzione della diffusione della flavescenza doRata BAsato sul monitoraggio multiparametriCo airborne
delle COlture vinicole) (CUP E47F23000030002) funded by the Emilia-Romagna Region, LR. 27 Ottobre 2022
n.17. This research was partially funded by the project SEMAFORO (SENSOR MONITORING AGRICULTURE
FOR REAL-TIME OBSERVATION) finanziato a valere sul fondo FEASR - PSR SICILIA 2014-2022, Misura 16.1,
Bando N. 5428 del 29/12/2021” - DDS N. 1260 del 18.03.2024 - CUP: G89J24000320009.
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