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MATERIALS AND METHODS

The datasets used for this study primarily comprise satellite-derived
products, supplemented by validation and auxiliary geospatial data.
Super-resolution imagery derived from Sentinel-2 satellite bands (Blue,
Green, Red, NIR) with an enhanced spatial resolution of 3 meter, achieved
through a machine learning algorithm, served as the core input. These
Images, acquired annudally in July to optimize vegetation vigor contrasts
and minimize cloud coverage, formed the basis for identifying Small
Woody Features (SWF).

Algorithm validation employed RGB super-resolution images
photointerpretation to quantitatively assess the algorithm's accuracy in
detecting SWFs, consolidating all SWF types into a unified category for
performance evaluation.

Auxiliary data included the hydrological network and LPA’s forest layers
supplemented by basemap-derived river identification in uncovered
areds.
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VERIFICATION

The methodology involved a rigorous GIS-lbased process with significant
preprocessing steps. Initially, areas classified as " wooded areas” were
selected using object-oriented techniques employing the SLIC (Simple
Linear Iterative Clustering) algorithm to minimize spatial noise and
preserve spatial correlations. This segmentation facilitated the
classification phase using the Random Forest machine learning algorithm
to distinguish woody elements.

The GIS processing pipeline began by intersecting algorithm outputs with
a hexagonal grid (1-hectare mesh), followed by an initial polygon filtering
based on area calculations and geostatistical analyses (focal mean).
Further refinement distinguished SWF from forest areas using variable
radius buffering to homogenize outputs and mitigate the salt-pepper
effect. Subsequently, original superpixel boundaries were restored to
preserve natural polygon shapes altered during grid intersection.
Additional analyses employed landscape ecology metrics, specifically the
iInter-to-edge ratio and perimeter-area ratio, to categorize polygons by
shape complexity and elongation. A negative buffer of -10 meters
identified linear SWFs, conforming to regulatory width constraints
(maximum 20 meters), and polygons exceeding 2000 m? were excluded
from the patchy SWF class per regulatory definitions.

Riparian SWFs were categorized by proximity within 10 meters to rivers and
streams, using LPA-sourced hydrographic data or buffered watercourse
layers classified by hierarchy.
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CONCLUSION

The Treesure methodology, utilizing GIS and advanced machine learning
techniques applied to Sentinel-2 super-resolution imagery, has
demonstrated robust efficacy in identifying and classifying SWFs. This
method surpasses the Copernicus product in spatial accuracy and

update frequency, offering valuable information for sustainable land
management, ecological conservation, and resource planning by local
public administrations. Future implementations could integrate
additional data sources and algorithmic enhancements to further refine
SWF classification precision, better supporting decision-making
processes of local territorial authorities.

INTRODUCTION

Small Woody Features (SWF), small patches of trees and shrub-like
vegetation, significantly influence biodiversity and ecosystem
services in rural landscapes. Despite their limited size, SWF
facilitate essential ecological functions, including habitat
connectivity, carbon sequestration, and soil stabilization,
particularly in fragmented landscapes. They enhance ecological
permeability, allowing species movement and maintaining the
flow of critical ecological processes. Additionally, SWF perform vital
hydrological roles, influencing water infiltration and local
microclimate regulation.

Local Public Administrations (LPAs) greatly benefit from detailed
georeferenced information on SWFs to enhance land
management, ecosystem service provision, biodiversity
conservation, soll protection, and maintenance of landscape
elements.

However, traditional identification methods, like manual
photointerpretation, are labor-intensive and challenging to scale.
Although remote sensing technologies offer potential, their
effectiveness is often limited by spatial resolution, cost, and
distinguishing SWFs from similar land cover types. The Copernicus
Land Monitoring Service provides a comprehensive European SWF
layer updated in 2018, classifying SWFs into patchy and linear
features at a 5-meter resolution. While some LPAs have access to
local GIS layers, these datasets often lack standardization and
frequent updates.

Addressing these limitations, the Treesure solution offers LPAs
detailed geographical layers, enhancing the identification and
monitoring of SWFs by distinguishing woody patches, riparian
strips, and tree rows or hedges. By leveraging high-resolution
satellite imagery and GIS methodologies, Treesure aims to provide
scalable, accurate, and standardized SWF data to support
sustainable land-use planning and environmental conservation.

RESULTS

The final product is an annual geographical layer of SWFs provided
as a shapefile with a spatial resolution of 3 meters, classified into
riparian strips, patchy features, and linear features. Metadata
iInclude areaq, region, province, Sentinel-2 tile, and local public
administrations (LPAs).

Treesure significantly improves upon the Copernicus product,
particularly due to its higher spatial resolution (3 meters compared
to Copernicus's 5 meters), annual updates, and accurate
differentiation among three SWF classes. Treesure’s SWF class
precision after recent updates is 59%, with a false-positive rate of
41% and false-negative rate of 54.4%, compared to Copernicus'’s
SWEF class precision of 24.6%, false positives at 75.4%, and false
negatives at 71.8%. Treesure achieves an overall accuracy of 95.2%,
exceeding Copernicus's 91%.
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Discussion

Treesure proved superior to traditional mapping methods and the
Copernicus product for SWF mapping. The higher spatial resolution
and frequent updates provided improved representation of
landscape features, significantly beneficial for local
administrations in territorial planning and biodiversity
conservation.

Nonetheless, challenges remain, particularly in distinguishing SWF
types, with patchy areas showing the greatest difficulty, achieving
only 27.3% precision. Performance for linear and riparian classes
was higher (56.2% and 53.9% respectively), yet opportunities
remain for improvement through integration of additional datasets
and further algorithmic refinements.
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