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ABSTRACT

The aim of this study was to develop a methodology for burned areas estimation and assessing fire severity in forest fires that occurred in Spain between 2018 and 2022. The

methodology leveraged Sentinel-2 spectral indices as input data, taking advantage of the spectral bands in the near-infrared (NIR) and short-wave infrared (SWIR) regions, which

enable high differentiation between burned and unburned areas as well as varying degrees of fire severity. All possible combinations of Sentinel-2 bands applied to a spectral

normalized difference index (SP) were evaluated, alongside widely used burn indices in remote sensing, including the Burned Area Index (BAI), the Burned Area Index for Sentinel-2

(BAIS2), the Mid-Infrared Burn Index (MIRBI), the Normalized Burn Ratio (NBR), the Relativized Burn Ratio (RBR), and the Relative Differential Normalized Burn Ratio

(RdNBR). To minimize misclassification between burned areas and other land cover types, the study also utilized the Sentinel-2 Global Land Cover (S2GLC 2017) product and

computed temporal differences between pre-fire and post-fire imagery for each spectral index (dSP). The results were validated against independent datasets: for burned area detection,

the Emergency Mapping Service (EMS) and the Galicia forest service; and for fire severity, field plots classified into severity categories as per Ruiz-Gallardo et al. (2004) (null, low,

moderate, and high severity). The statistical analysis indicated that the dNBR2 index, derived from Sentinel-2 bands B11 and B12, achieved the highest accuracy for burned

area delineation, with commission and omission errors of 7% and 3%, respectively. For fire severity assessment, the combination of BAIS2, NBR, and the modified

Normalized Burn Ratio (NBR3, derived from Sentinel-2 bands B7 and B12) yielded the most accurate results in areas with low, mixed, and full vegetation cover, achieving

kappa statistics, F1-scores, and balanced accuracy values of 0.87, 0.86, and 0.92, respectively. The methodology developed on this study enables the generation of precise

maps of burned areas and fire severity in Spain, contributing to the enhancement of national forest fire statistics.

CONCLUSIONS

❑For burned area estimation the dNBR2 index is the suitable

algorithm, while for fire severity estimation the use of three different

spectral indices (BAIS2, NBR and NBR3) for each vegetation density

class (low, mix and full density, respectively) is selected as the best

option.

❑It is demonstrated that the combinations between red, near infrared

(NIR) and short-wave infrared (SWIR) bands are suitable for

differentiating between healthy and burned vegetation, and between

the different fire severity classes.

❑The methodology proposed in this work was adapted to different

Geographic Information System (GIS).

ACKNOWLEDGMENTS

❑ Sobrino, J. A., Llorens, R., Fernández, C., Fernández-Alonso, J. M., & Vega, J. A.

(2024). Methodology for burned areas delimitation and fire severity assessment

using Sentinel-2 data. A case study of forest fires occurred in Spain between 2018

and 2023. Recent Advances, 1-13. https://doi.org/10.62880/rars240002

❑ Ruiz-Gallardo, J. R., Castaño, S., & Calera, A. (2004). Application of remote

sensing and GIS to locate priority intervention areas after wildland fires in

Mediterranean systems: a case study from south-eastern Spain. International

Journal of Wildland Fire, 13(3), 241-252.

Work produced with the support of a 2024 Leonardo Grant for Scientific Research and

Cultural Creation, BBVA Foundation. The Foundation takes no responsibility for the opinions,

statements and contents of this project, which are entirely the responsibility of its authors

REFERENCES

STUDY AREA AND FIELD DATA METHODOLOGY

RESULTS

Figure study area: Location of all forest fires used in burned area and fire severity

assessment. “Red” colour represents forest fires used for burned area, “blue” for fire

severity and “green” for burned area and fire severity assessment, respectively. The

reference coordinate system is WGS84 (EPSG:4326).

HOTSPOT

SENTINEL-2 PRE-PROCESSING

𝑵𝑩𝑹 = Τ𝑵𝑰𝑹 − 𝑺𝑾𝑰𝑹 (𝑵𝑰𝑹 + 𝑺𝑾𝑰𝑹)

𝑵𝑩𝑹𝟐 = Τ𝑹𝑬𝟑 − 𝑺𝑾𝑰𝑹𝟐 (𝑹𝑬𝟑 + 𝑺𝑾𝑰𝑹𝟐)

𝒅𝑵𝑩𝑹 = 𝑵𝑩𝑹𝑷𝑹𝑬 −𝑵𝑩𝑹𝑷𝑶𝑺𝑻

RBR= Τ𝒅𝑵𝑩𝑹 𝑵𝑩𝑹𝑷𝑹𝑬 + 𝟏. 𝟎𝟎𝟏

𝑩𝑨𝑰𝑺𝟐 = 𝟏 −
𝑹𝑬𝟐 ∗ 𝑹𝑬𝟑 ∗ 𝑹𝑬𝟒
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+ 𝟏

NDVI FILTER ALGORITHMS

SEVERITY MAP

NIR: Near Infra-Red band

RE: Red-Edge Band

SWIR: Short Wave Infra-Red band

NBR: Normalized Burn Ratio

dNBR: differenced Normalized Burn Ratio

RBR: Relative Burn Ratio

LOW SEVERITY

SOFTWARE

MODERATE SEVERITY HIGH SEVERITY

Fire severity map obtained by the combination of FS methodology, 

focused on Zamora forest fire (Castilla y León, June 2022). The 

reference coordinate system is WGS84 (EPSG: 4326).

Comparative of FS and USGS methodologies based on 

Accuracy (ACC), BA, F1 and Kappa index (k). 

Burned area delimitation results based on 

coincidence area, omission and commission area. 

The results are expressed in Ha and percentages.

THRESHOLDS Fire severity degrees

Vegetation density LOW (BAIS2) MODERATE (NBR) HIGH (NBR2)

LOW (A) X < 0.90 0.90 ≤ X < 1 X ≥ 1

MIX (B) X > 0 0 ≥ X > -0.30 X ≤ -0.30

FULL (C) X > 0.20 0.20 ≥ X > -0.30 X ≤ -0.30
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