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Intfroduction

Floods rank among the most destructive natural hazards, affecting millions
globally and resulting in substantial economic damages. In Europe, the
severity of floods has intensified due to climate change and rapid
urbanization, with Mediterranean coastal areas especially susceptible
owing to their intricate topographical and climatic characteristics.

= On 29 October 2024, the Valencia region experienced a catastrophic
meteorological event characterized by an intense cut-off low system. The
floods claimed at least 231 lives, marking one of the deadliest natural
disasters in Spain’'s modern history. This event highlights critical deficiencies
in urban planning, infrastructure robustness, and emergency preparedness.

= Remote sensing has emerged as a vital technique for observing and
evaluating diverse natural hazards, offering valuable information for
effective disaster risk management.

= By combining radar data from Sentinel-1 with opftical imagery from Sentinel-
2 and Landsat 8, alongside datasets on population density, land use, and
critical infrastructure, the study delivers a detailed spatial analysis of the
flood’'s impacts. Approximately 199 km? were flooded, directly affecting
more than 90,000 inhabitants and disrupting essential infrastructure,
including hospitals, schools, fransportation networks, and agricultural areas.
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2025 Multi-Sensor Satellite Data Following the October 2024 Cut-Off Low Event
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Results

= Open available Utilized Data and Satellite Images

Satellite Images Date

Landsat 8 C2 L2 T 11/08/2024 10:36 UTC

Senfinel-2 L2A 17/08/2024 10:50 UTC

Sentinel-1 GRD IW Asc | 19/10/2024 18:03 UTC

Landsat 8 C2 L2 T1 30/10/2024 10:37 UTC

Sentinel-2 L2A 31/10/2024 10:51 UTC

Sentinel-1 GRD IW Asc | 31/10/2024 18:03 UTC

Senfinel-2 L2A 05/11/2024 10:52 UTC

Use Name Type Source
Sentinel-1 SAR GRD IW Copernicus Data Space Ecosystem
Pre-event Sentinel-2 Multispectral L2A Copernicus Data Space Ecosystem
Landsat 8 Multispectral C2 T1 L2 Earth Explorer
SRTM 1 Arc-Sec v3 DEM Raster Earth Explorer
CORINE Land Cover 2018 Vector Copernicus Land Monitoring Service
Post-event WorldPop Population Density Raster Humanitarian Data Exchange
EU-Hydro Vector Copernicus Land Monitoring Service
OpenStreetMap Vector OpenStreetMap Geofrabrik
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= Based on Corine Land Cover 2018

October 2024, which closely coincided with peak inundation conditions

affecting the population, critical services, agriculture, and transportation.

expansion onto low-lying floodplains.
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= The analysis revealed significant inundation across the southern part of the
Valencia Metropolitan Area, with a total affected area estimated at approximately
199.03 Km? based on the 30 October 2024 Landsat 8 image.

= 31 October 2024 resulted in a flood extent:
= Sentinel-2 Morning acquisition: 84.16 km? flood extent, drainage of -57.71 %.
= Sentinel-1 Evening acquisition: 87.53 km?, +4% more than Sentinel-2 due to clouds.

= The spatial distribution of the flood is characterized by widespread water coverage
primarily concentrated in the flat, low-lying coastal, and peri-urban regions.

= The analysis revealed that the flooded areas encompass diverse land cover
categories, reflecting both urban and rural land uses in the southern Valencia

Metropolitan Areaq.

= 7 hospitals and health centers, primarily located in Valencia, Benetusser, Albal, and
Cullera municipalities, were either directly inundated or within proximity to flooded

areds.

Km of railway lines flooded.

= The number of residents located within the inundated areas was estimated to
quantify the human impact of the event. The results indicate that approximately
90,000 inhabitants were directly affected.
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50 schools were identified as being affected. Most of these schools are
concentrated in moderately to highly populated urban zones.

= Approximately 15 Km of major highways flooded, 15 Km of primary roads, and 30

Li ) DEPARTMENT OF GEOGRAPHY

Operational Flood area mapping

= Satellite image selection:
v Pre and Post-event.
= Based on:

v Temporal availability during
the event.

v" Cloud existence.

= SAR Images - Sentinel-1:
= Backscatter Thresholding.

= Optical Images - Sentinel-2 & Landsat 8:

= Modified Normalized Difference Water
Index (MNDWI)

v Uses Green and SWIR spectral bands
(McFeeters 1996; Xu, 2006)

" Flood Impact Analysis:

= QOverlay of geospatial data with the
maximum flood extent:

v" Land Cover - CLC 2018
v’ Critical Infrastructure — OSM
v Population — WorldPop 2020

= Software:
v" ESA STEP SNAP v.10-11
v" ESRI's ArcGIS Pro v.3.3-3.4
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= Based on OpenStreetMap data

Discussion-Conclusions

= The Landsat 8 extent provided cleaner observations with minimal cloud interference, particularly on 30
= The October 2024 flood had widespread socio-economic repercussions in the Valencia metfropolitan region,

= The most affected communities were peri-urban municipalities south of Valencia, where floodwaters
encroached into densely populated neighborhoods. These areas correspond to zones of recent urban

* The intersection of flood extent with critical infrastructure highlights how even a relatively small percentage of
urban land flooded can translate into outsized socio-economic disruption when it hits essential services.

McFeeters, S. K. The Use of the Normalized Difference Water Index (NDWI) in the
Delineation of Open Water Features. Int. J. Remote Sens. 1996, 17, 1425-

1432. https://doi.org/10.1080/01431169608948714

McVittie, A. Sentinel-1. Flood Mapping Tutorial. SkyWatch ESA 2019.
online: https://land.copernicus.eu/en/products/eu-hydro (accessed on 30 January 2025)

NASA JPL. NASA Shuttle Radar Topography Mission Global 1 Arc Second 2013.
Available online: hitps://doi.org/10.5067/MEaSUREs/SRTM/SRTMGL1.003 (accessed

= Based on WorldPop 2020 data

= The developed workflow effectively combined Sentinel-1 SAR data, Sentinel-2 and Landsat 8 optical
Imagery, and high-resolution socio-economic datasets to accurately map flood extent and assess exposure
across the metropolitan region.

= Significant damage occurred to critical infrastructure, including sections of main roads, public transit facilities,
and healthcare centers; analysis showed that approximately 7.8% of the metropolitan population lived within

the flooded areas.

= The integration of flood mapping with population density and land use data allowed the identification of
vulnerability hotspots, illustrating the compounded risk faced by highly urbanized and economically acftive

Z0Nes.
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