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Introduction

Illegal logging is a global issue with severe ecological, economic, and social con-sequences. In Europe, it often occurs as small-scale, selective harvesting, which, despite its limited
footprint, significantly contributes to forest degradation, biodiversity loss, and ecosystem disruption. Detecting illegal logging is essential for assessing its impacts and supporting
sustainable forest management. However, its fragmented nature poses significant detection challenges, requiring advanced monitoring solutions. This study presents an exploratory data
analysis and pre-liminary results toward a semi-automatic monitoring framework developed within the EU Horizon SINTETIC project (Single ltem Identification for Forest Production,
Protection, and Management). The framework integrates high-resolution satellite data from Sentinel-1 (SAR) and Sentinel-2 (multispectral) to analyze time-series trends in optical spectral
indices and dual-polarized SAR backscatter, identifying distinctive patterns associated with logging events. An unsupervised sliding-window breakpoint detection algorithm was
Implemented to detect log-ging-induced disturbances in satellite time series. The method was validated using georeferenced ground data from legal mechanized logging operations,
provided in StanForD 2010 standard format. Two logging scenarios were examined: clear-cutting and selective logging. The exploratory analysis provided valuable insights into forest
disturbance patterns, while breakpoint analysis successfully identified the timing of logging events in both scenarios. This system offers a promising approach for detecting illegal logging.

The SINTETIC project

The project Single Item ldentification for Forest
Production, Protection and Management
(SINTETIC) ) was funded by the Horizon Europe
program to promote the digitalization of the EU
forest value chains, Introduce cost-effective
traceability technologies and increase the economic
and environmental services provided by European
forests.

The SAR dataset consisted consisted of a time series of
calibrated, ortho-corrected ground range detected (GRD)
Sentinel-1 images, acquired in interferometric wide (IW) mode, for
each of the two available polarizations: co-polarized VV and
cross-polarized VH.

The Sentinel-2 Level-2A time series was employed as multi-
spectral information. Two bands were selected: the red band (B3,
~655 nm) and the near-infrared (NIR) band (B8, ~800 nm). The
normalized difference vegetation Index (NDVI) was then
calculated

In this study, we analyzed operational data from forest harvesting
activities, provided by logging companies in accordance with the
StanForD 2010 standard. These data include georeferenced
timber preparation points and continuous positional tracking of
forest harvesters throughout all phases of the operation.

Methodology

Three areas in different parts of Europe were analyzed two in Spain (SPAN - SPAN2), and a third in
Scotland (SCOT). These areas were subjected to two distinct types of forest interventions:
selective logging for Spanish areas; clear cutting for Scottish area.

EXPLORATORY DATA ANALYSIS

The Harmonic Analysis of Time Series (HANTS) algorithm was employed in this study for robust
time dynamic analysis of forest event response remotely sensed time-series data. The analysis
included NDVI time series derived from multispectral Sentinel-2 imagery, as well as VV and VH
backscat-ter from Sentinel-1 data.

BREAKPOINT DETECTION.

Abrupt changes (breakpoints) in the temporal evolution of the average pixel value within the
location mask were detected following selective logging, serving as indicators of forest
disturbance. Abrupt changes (breakpoints) in temporal pixel values were detected following
selective logging, serving as an indicator of forest disturbance. Window-based change point
detection, implemented through the ruptures library (https://centre-borelli.github.io/ruptures-
docs/), was used for fast time-series segmentation and breakpoint detection. The model requires
only a few parameters to be set: the window length, which is the number of samples used to
estimate a change point within the segment, was set to 2; the squared deviations segmentation
model (12) was adopted; the minimum segment length was set to 2 (default); the jump parameter,
defining the interval between consecutive points that are used in the analysis, was set to 2; and
the expected number of break-points was set to 1. Temporal information from StanForD 2010
was used as the reference timeframe for validating breakpoint detection.

effectively training remote sensing models and optimizing detection accuracy.
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Results

CLEAR CUTTING
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Besides georeferencing and logging
timing, several other information can
be retrieved from the StanForD 2010
field-machine database. The volume
and diameter-at-breast-height (DBH)
distribution of logged stems are
presented above In the form of
boxplots. These data provide key
Insights into extracted timber volume,
influencing canopy gap formation and
serving as critical biophysical
indicators for remote sensing-based
logging detection

The temporal distribution NDVI
exhibits a clear decline following after
clearcutting. In the case of selective
logging, the overall decrease in NDVI
Is less evident in terms of mean trend
but becomes more pronounced
during the subsequent dry season. A
key indication of this change Is
provided by the density bins of the
curves, where a darker red gradient
signifies a higher frequency of pixels
within a specific NDVI range. Notably,
shortly after selective logging, a
greater proportion of pixels exhibit
lower NDVI values, as indicated by
the brighter red gradient. A similar
pattern was observed following
clearcutting, although weaker.

The SAR backscatter, on the other hand, seems to not have returned any useful information in this part of

the analysis when selective logging was performed.

The algorithm accurately detected breakpoints with high precision and computationally efficiency (Figure
below). The vertical dashed line represents the exact start date of logging, while the blue and red areas in
the plots indicate the detected breakpoints. Unlike the previous phase, the SAR backscatter time series
used for break-point detection was not smoothed. When analyzing the average metric, a discernible shift
In the trend cycle is visually apparent. At the time of logging, a distinct—albeit subtle—change in the time

series signal is observed.

SPAN VH SPAN2 VH

SCOT VH

These findings are particularly significant, as SAR data enables continuous monitoring even in regions
where persistent cloud cover obstructs optical observations for most of the year.

Conclusions

The preliminary findings of this study demonstrate the potential of integrating SAR and optical data for detecting logging activities across various scenarios, particularly selective logging. SAR data has
proven to be sensitive to medium-to-low intensity timber ex-tractions and represent the unique solution in areas where cloud cover obstructs optical observations. This is crucial for the development of
semi-automatic detection methodology that generates maps of forest disturbances, including location, timing, and probability, and filters legal operations to focus on unexpected disturbances, such as
those from unauthorized harvesting or natural events. For these purposes, StanForD 2010 machine-field data provides standardized, robust ground data in large quantities, which is essential for
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