
INTRODUCTION:
Forest fires are a major disturbance in Mediterranean ecosystems, leading to:

• Severe vegetation loss
• Soil structure degradation
• Increased erosion and runoff risk

This study focuses on a pine forest affected by wildfire near Júzcar (Málaga, Spain).
We used Sentinel-1 (SAR) and Sentinel-2 (optical) satellite data to:

• Monitor post-fire vegetation recovery
• Detect changes in surface characteristics
• Extract key temporal features through time series analysis

Results aim to support better post-fire management and ecological restoration strategies.
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MATERIALS:
Multi-temporal data from Sentinel-1 (SAR) and Sentinel-2 (optical) 
satellites were used: 

• Sentinel-2 provided multispectral imagery (10–20 m resolution) for 
calculating vegetation and burn indices: MIRBI, dNBR, RdNBR, 
RBR, NDVI, LAI, fAPAR, and fCOVER.

• Sentinel-1 SAR data (VV and VH polarizations) enabled the 
detection of changes in surface moisture and structure. InSAR
techniques were applied to assess terrain stability and erosion 
risk.

Time series supported the evaluation of vegetation recovery after 
the fire.

STUDY AREA:
The Júzcar wildfire, conducted in Malaga on June 8th of 2022,
affected 4866 ha.

METHODS:

RESULTS:

CONCLUSIONS:
• Lower severity degrees depicts higher recovery values.
• In general, tree cover (A) is characterized by lower recovery 

values.
• Higher deforestation degree shown higher coherence values after 

wildfire.
• Further necessary analysis in order to evaluate the recovery 

dynamics, identifying different species.
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SEVERITY ANALYSIS
Initially, a photointerpretation of the terrain was conducted, 
encompassing the classification of the extent of the burned surface 
and the categorization of the vegetation type.
The severity of the issue was subsequently quantified using severity 
indexes, and the differences between the severity and vegetation type 
were observed.

TIME SERIES ANALYSIS
For each severity class, an estimated recovery analysis has been conducted, predicting 
the 'unburned future' with ARIMA models. This approach enables the identification of 
discrepancies in the dynamics between the real series and the estimated series.
Further analysis with time series of coherence (radar) indicates a magnification of the 
values in the most severe classes following the wildfire.
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MATERIALS:

• Multitemporal data derived from Sentinel-2:
• NDVI (Normalized Difference Vegetation Index), 
• fAPAR (fraction of Absorbed Photosynthetically Active 

Radiation) 
• LAI (Leaf Area Index)

• Sentinel- 1 backscater
• Plots from the Fourth National Forest Inventory (IFN-4) 
• Spanish Forest Map at 1:25,000 scale (MFE25)

STUDYAREA:

The Sierra de Guadarrama, which includes the National Park and its Protection
Zone, has been selected as a pilot area for this study.

METHODS:

RESULTS

CONCLUSIONS:

• The TSA provides more detailed insights than phenological analysis.
• It is essential to create a new class for shrubs and grasslands to eliminate misclassified broadleaf areas.
• Sampling of both pure and mixed stands is essential to accurately characterize their phenology and 

enable effective differentiation.
• The heterogeneity of forested landscapes complicates the extraction of spectrally pure pixels representing 

individual species, limiting the accuracy of remote sensing-based analyses.
• Time series analysis captures both cyclical patterns and differences in amplitude and stability, enabling 

more precise segmentation of pure conifer stands from pure broadleaf stands
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Phenological Analysis Time Series Analysis

Some open conifer stands are misclassified as 
broadleaf

Open conifer stands are classified as conifer.

Overestimated broadleaf class; non-vegetated 
areas misclassified as broadleaf.

INTRODUCTION: 
Context and challenge  Mixed forests (broadleaved and coniferous trees) show complex phenological 
dynamics. Sustainable management requires effective tools for capturing structural and temporal variability.
Relevance of Remote Sensing  Satellite-based spectral indices (Sentinel-2) and SAR metrics (Sentinel-1) are 
valuable tools. These data series effectively monitor phenological changes throughout the growing season.
Study objective  Estimate phenological parameters in pure forest stands (broadleaved and coniferous). 
Extrapolate derived phenological patterns to characterize floristic composition in mixed stands.
Working hypothesis  Phenological differences among species can be detected with satellite data and serve 
as indicators of species composition.

Overestimated broadleaf class; non-vegetated areas 
misclassified as mixed.
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The boundary between broadleaved and 
coniferous stands is very clearly defined.

The boundary between coniferous and broadleaved 
stands undergoes a transitional gradient.

The vector of characteristics 
was made from a spring and 
autumn median composite 
and topologic variables.

The feature vector was 
constructed based on time 
series analysis through 
periodogram decomposition, 
and includes descriptors such 
as amplitude, temporal 
stability, dominant periodicity, 
noise, and the presence of 
pluriannual cycles across 
spectral bands and derived 
indices.
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