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Abstract: Flooding is among the most common natural disasters in our planet and one of the main
causes of economic and human life loss worldwide. Evidence suggests the increase of floods at
European scale with the Mediterranean coast being critically vulnerable to this risk. The devastating
event in the West Mediterranean during the second week of September 2019 is a clear case of this
risk crystallization, when a record-breaking flood (locally called the “Cold Drop” (Gota Fría)) has
swollen into a catastrophe to the southeast of Spain surpassing previous all-time records. By using a
straightforward approach with the Sentinel-2 twin satellites from the Copernicus Programme and the
ACOLITE atmospheric correction processor, an initial approximation of the delineated flooded zones,
including agriculture and urban areas, was accomplished in quasi-real time. The robust and flexible
approach requires no ancillary data for rapid implementation. A composite of pre- and post-flood
images was obtained to identify change detection and mask water pixels. Sentinel-2 identifies not only
impacts on land but also on water ecosystem and its services, providing information on water quality
deterioration and concentration of suspended matter in highly sensitive environments. Subsequent
water quality deterioration occurred in large portions of Mar Menor, the largest coastal lagoon in the
Mediterranean. The present study demonstrates the potentials brought by the free and open-data
policy of Sentinel-2, a valuable source of rapid synoptic spatio-temporal information at the local or
regional scale to support scientists, managers, stakeholders, and society in general during and after
the emergency.

Keywords: Copernicus Programme; ACOLITE; flooding; quasi-real time monitoring; inundation
mapping; suspended matter; Spain

1. Introduction

Flooding is among the most common natural disasters in our planet and one of the main causes
of economic and human life loss worldwide [1]. During the period 1980–2013, flood losses exceeded
$1 trillion globally and resulted in ca. 220,000 fatalities [2]. In addition, the frequency and scale of
floods are likely to increase in next decades not only due to climate-related extremes and natural
hazards but also because ongoing socio-economic development [3]. Several studies of river floods and
storms in Europe suggested that the observed increases in losses were principally due to economic
wealth, increases in populations, and developments in hazard-prone areas, but the increase in heavy
precipitation in some regions of Europe may have also influenced these [4,5]. Human activity is
undoubtedly contributing to an increase in the likelihood and adverse impacts of extreme flood events.
The population inhabiting risky zones is growing and, at the same time, construction in flood plains
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and inappropriate river management is reducing rivers capacity to absorb floodwaters. Coastal areas
are also at risk of flooding; according to the European Environment Agency State of the Environment
and Eurosion, the total value of European economic assets located within 500 m of the coastline,
including agricultural, beaches, land and industrial facilities, is currently estimated at €500 to €1000
billion [6]. In 2007, the Floods Directive for the assessment and management of flood risk was adopted
by the European Commission (EC), and worth mentioning is the operative monitoring by the EC
Copernicus Emergency Management Service (Copernicus EMS) [7]. In addition to social and economic
damage, floods may cause severe environmental impacts, as well as reduce biodiversity and destroy
wetland areas. In Europe, a climatic-change signal in flood discharges has been demonstrated in
relation to changes in the timing of floods within the year [8]. However, the regional scale diagnose of
these events is hampered by lack of a coherent signal mainly due to the restricted spatial coverage and
density of hydrometric stations [9]. A recent study analysing co-occurring heavy precipitation and
high sea level (compound flooding) in Europe showed that the Mediterranean coasts are at present
experiencing the highest compound flooding probability, being critically vulnerable to this risk [10].

The devastating event in the west Mediterranean during the second week of September 2019 is
a clear case of this risk crystallization, when a record-breaking flood (locally called the “Cold Drop”
(Gota Fría)) has swollen into a catastrophe to the southeast of Spain (Figure 1). This weather event
typical of the fall season, where a sudden fall in temperatures appears along the east coast caused
by the arrival of very cold polar air [11], is already being described as one of the worst. Wide areas
have dramatically broken historical records of daily rainfall and flash floods, created chaos on roads,
cut public transport, blocked roads, destroyed homes, closed schools, collapsed rivers, and caused
six human fatalities in Valencia, Alicante, Murcia, and eastern Andalusia (Figure 1). These provinces
remained on red alert during several days. Spain’s weather agency continued to issue severe weather
warnings during various days as storms bringing torrential rain in excess of 300 L/m2, hail, winds up
to 100 km/h, huge waves, and flood risk swept across the Southeast of the Iberian Peninsula. A clear
example of the extreme rain event could be observed at a meteorological station in the Orihuela region
(red star in Figure 1), where the daily precipitation rate during 12–13 September surpassed that of
previous years (Figure 2). The government informed the material and economic damages caused
by this extraordinary meteorological phenomenon are still unquantifiable owing to its magnitude,
declaring the region a disaster area. On 13 September, the authorities reported that the Segura River
had burst its banks in Orihuela, a town of around 80,000 residents in Alicante province. Thousands of
residents from different municipalities were evacuated due to the extreme weather conditions of one of
the most spectacular floods in Spain, where current catastrophic flooding has far surpassed previous
all-time records in the West Mediterranean.

Understanding the spatiotemporal and physical characteristics of risk drivers (exposure, hazard,
and vulnerability) is needed in order to implement effective flood mitigation measures [12]. As a means
of emergency response after a flooding or inland inundation, flood mapping helps to identify the
extent of the event on a large scale as well as the affected infrastructure such as roads and settlements
and impaired regions of interest such as agricultural areas. This information can be used by disaster
management agencies and other stakeholders to undertake the rescue in affected areas, coordinating
appropriate recovery activities and prevention measures for possible upcoming events. Currently,
the catastrophic impacts of flooding can be evaluated by means of remote sensing technologies, which
provide a unique source of data for the implementation of European Union (EU) directives [13]. Remote
sensing technologies are one of the most widely used platforms for emergency management and
extended area mapping. Satellite images can be applied to assess the extent of flooded areas and their
impact on human, economic, environment, and infrastructure offering a synoptic view of large areas,
frequent observations, and historical archives. Several studies have focused on obtaining information
using remote sensing imagery with the application of different methodologies [14–18]. Particularly,
when optical satellite data are available before and after a flooding event, identification of flooded
regions and water quality deterioration in the coastal areas would be much easier by means of change
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detection approaches. These approaches frequently require the application of pre-and post-flood image
pairs to distinguish pixels that have been modified from non-water to water between image dates and
have been implemented using post classification image differencing [19]. Whereas these techniques
can offer useful and accurate results, the combined challenges of storm-related cloud cover and low
temporal resolution remain important limitations. For this evaluation, high temporal and fine spatial
resolution images are required in order to comprehensively generate accurate maps.
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Figure 1. Location of the Spanish regions impacted by the flooding in September 2019 from south
to north: Almeria, Murcia, Alicante, and Valencia. The red star corresponds to the location of the
meteorological station in Orihuela (Figure 2). Photos showing the record-breaking flooding during
the Cold Drop (Gota Fría) in Alicante (a) and (c), Murcia (b) and (d), and Valencia (e), and (f)
during 11–14 September 2019. The photos are courtesy of Levante, Efe, España Diario, REUTERS,
and El Confidencial.
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Figure 2. (a) Historical daily rainfall (litre per square metre, l/m2) in a meteorological station in the 
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2019, where the extreme precipitation during the Cold Drop event on 12–13 September 2019 is 
highlighted in red. 
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day revisit of the pair of Multi Spectral Imagers (MSI) onboard Sentinel-2 with 10 m spatial resolution 
in visible bands, combined with freely available data, is unprecedented, providing new insights into 
the observation of nearly any coastal place on Earth [21]. This enables for new endeavours in 
monitoring, change detection, and mapping of coastal zones. 

In the present contribution, a demonstration of a satellite-based tool as an effective solution to 
address and delimit flood-affected areas and to evaluate the effects of the flood on the water quality 
(suspended sediments) of the Spanish coastal regions following the catastrophic flood during 
September 2019 was accomplished. A straightforward approach has been applied using a recently 
released software suited for atmospheric correction (ACOLITE processor) with Sentinel-2A/B images 
before and after the event, indicating the potentials brought by the twin satellite’s wide coverage and 
high revisit for change detection. The findings are an example of addressing near-real time flooding 

Figure 2. (a) Historical daily rainfall (litre per square metre, L/m2) in a meteorological station in the
Orihuela region (Alicante, red star in Figure 1) and (b) daily precipitation during September 2013–2019,
where the extreme precipitation during the Cold Drop event on 12–13 September 2019 is highlighted
in red.

In this regard, the European Space Agency (ESA), in partnership with the EC, is developing a
new family of missions called the Sentinels for the operational needs of the Copernicus Programme.
Each Sentinel is based on a constellation of two twin satellites to fulfil revisit and coverage requirements,
providing robust datasets for Earth Observation Services, beginning a new era in disaster monitoring
and emergency management [20]. These missions carry a range of technologies, such as multi-spectral
imaging and radar instruments for ocean, land, and atmospheric monitoring, and are designed to
deliver the wealth of data and imagery that are central to improve the management of the environment,
safeguarding lives every day. Specifically, the Copernicus Sentinel-2 mission comprises a constellation
of two polar-orbiting satellites placed in the same sun-synchronous orbit, phased at 180◦ from each
other. It aims at monitoring variability in land and water surface conditions to provide imagery of
vegetation, soil, water cover, and inland waterways. The 5-day revisit of the pair of Multi Spectral
Imagers (MSI) onboard Sentinel-2 with 10 m spatial resolution in visible bands, combined with freely
available data, is unprecedented, providing new insights into the observation of nearly any coastal
place on Earth [21]. This enables for new endeavours in monitoring, change detection, and mapping of
coastal zones.

In the present contribution, a demonstration of a satellite-based tool as an effective solution
to address and delimit flood-affected areas and to evaluate the effects of the flood on the water
quality (suspended sediments) of the Spanish coastal regions following the catastrophic flood during
September 2019 was accomplished. A straightforward approach has been applied using a recently
released software suited for atmospheric correction (ACOLITE processor) with Sentinel-2A/B images
before and after the event, indicating the potentials brought by the twin satellite’s wide coverage and
high revisit for change detection. The findings are an example of addressing near-real time flooding
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monitoring in large areas providing a preliminary valuable source of synoptic information to support
managers, scientists, stakeholders, and society during and after the emergency.

2. Materials and Methods

In this study, the Sentinel-2A and 2B twin polar-orbiting satellites were used. Both Multispectral
Instruments (MSI) on-board are now operational: Sentinel-2A was launched on 23 June 2015 and
Sentinel-2B followed on 7 March 2017. A free, full, and open data policy has been adopted by the EU
for the Copernicus Programme, which foresees access by all users to the Copernicus Sentinels core
products. The radiometric, spectral, and spatial characteristics of the bands used in this study are
specified in the User Handbook [21]. A temporal examination provided Level-1C Sentinel-2 images
that were typically geo-located within two pixels of each other (20 m) which is within the stated quality
requirements for absolute geo-location [22]. Sentinel-2 Level 1 datasets (zone 30, sub-tile SXG and SXH)
were downloaded from the ESA official website Copernicus Open Access Hub [23]. The Copernicus
Services Data Hub is an access to Copernicus Sentinels data dedicated to Copernicus Services and
European Institutions. Copernicus Sentinel-2 data are systematically processed to L1C products and
made available online between 2 and 12 h from sensing (on average, 7 h after sensing) in the Copernicus
Open Access Hub and Copernicus Services Data Hub. Only images with low cloud coverage (<20%
over the region of study) were considered and downloading time was generally around 0.5 h. At least
two images with the same orbit track and the same coverage are required for change detection, namely,
the reference image (pre-event) and the target image (co-event), respectively. The reference image was
selected as the latest available image prior to the event with minimum cloud coverage. The scenes
were selected carefully with two Sentinel-2A/B satellite images before (19 August 2B, 3 September 2A)
and two scene-captures during or immediately following (13 September 2A, 18 September 2B) the
event (Figure 2).

A straightforward approach has been accomplished by means of the ACOLITE software developed
by the Royal Belgian Institute of Natural Sciences RBINS (version 20190326.0). ACOLITE bundles
the processing software and atmospheric correction algorithms implemented at RBINS for aquatic
applications of Sentinel-2 (A/B) and Landsat (5/7/8) satellite information. ACOLITE performs the
atmospheric correction and can provide several parameters derived from water reflectance. ACOLITE
was originally developed in IDL (2014–2017) and has been translated into Python (2018–2019). The Dark
Spectrum Fitting (DSF) atmospheric correction was used [24]. This model was originally implemented
for water applications of fine resolution metre-scale optical satellites but proved capacities for use with
MSI due to their finer spectral coverage [25]. The DSF computes atmospheric path reflectance based on
multiple dark targets in the scene or subscene, with no a priori defined dark band. For each band,
the darkest object is estimated from the offset fit to the first thousand pixels in the histogram and a “dark
spectrum”. A Continental or Maritime aerosol model is chosen based on the lowest RMSD between the
observed reflectance and the retrieved path reflectance for the two closest fitting bands. The settings
selected for the DSF were a tiled path reflectance option, which divides the full scene in approximately
6 × 6 km tiles and interpolates retrieved path reflectance. In this study, optional image-based sun glint
correction of the surface reflectance was also incorporated. Total time for ACOLITE processing was
~2.5 h (see workflow diagram in Figure 3). Processing speed and time were associated to a Windows
10 Pro desktop machine with Inter(R) Core™ i7.

MSI has spectral bands at different spatial resolutions, 10, 20, and 60 m and ACOLITE converts
internally the bands to the same (user-specified) resolution. For bands at lower resolution than the
processing resolution, values are replicated by nearest neighbour resampling, i.e., no new pixel values
are computed, and for bands at higher resolution, pixels are spatially mean averaged. By default, the
10 m grid is used, which means the values from the 20 and 60 m bands are replicated 4 and 36 times
to form a 10 m grid. In this study, ACOLITE products resampled to 10 m pixel size corresponded to
Remote Sensing Reflectance (Rrs, 1/sr) in all visible and Near-Infrared (NIR) bands. The concentration
of total suspended material (TSM, g/m3) was also calculated using a standard approach [26], a model
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which is suitable for any ocean colour sensor. Theory indicates that use of a single band, if chosen
adequately, offers a robust and TSM-sensitive algorithm. Retrieving suspended matter in optically
shallow water requires the use of spectral bands that have limited depth penetration in order to
avoid substantial interference from the bottom but at the same time are sensitive to turbidity. Red
bands are useful for estimation of suspended matter but can have a strong bottom signal in shallow
waters [27]. The absorption by water increases rapidly from red to the “red edge” NIR (700–780 nm).
This absorption limits the light received from the bottom, while still returning light scattered from
materials in the water. In this sense, the red-edge NIR band 704 nm has sufficient water absorption to
be a good compromise between detecting turbidity with limited detection of the bottom, so it was
selected for the suspended matter algorithm [26] within the ACOLITE processor. Several studies have
already indicated these red-edge spectral bands are appropriate for turbidity or suspended solids
monitoring in optically shallow regions [27,28].

Non-water pixels were masked on the maps using a combination of thresholds and spectral tests
within ACOLITE. Masking is performed after the atmospheric correction, using the retrieved surface
reflectance. Rrsmin and Rrsmax represent the minimum and maximum reflectance in the sensor bands,
respectively. The data were masked if any one of the four spectral tests used was true: “Bright” spectral
test, “NIR peak” spectral test, “Non-water” spectral test, and “White” spectral test (see more details
on [24]):

“Bright” spectral test: Water pixels have a maximum reflectance much less than 20%, and hence
pixels should be masked where:

Rrsmax > 0.2 (1)

“NIR peak” spectral test: Water pixels have a visible band reflectance higher than NIR reflectance
(except for extremely turbid waters), and hence, pixels should be masked where:

Max
(
Rrsblue, Rrsgreen, Rrsred

)
< RrsNIR (2)

“Non-water” spectral test: The NIR to red reflectance ratio is limited to a given ratio for water
pixels (except for extremely turbid waters), and hence, pixels should be masked where:

RrsNIR

Rrsred
> 0.9 (3)

RrsNIR > 0.05 (4)

“White” spectral test: Water pixels typically have a large spectral variability in the visible and
NIR, and hence, pixels should be masked where:

Rrsmax −Rrsmin
Rrsmax

< 0.2 (5)

Based on the later and while computing thresholds, the two satellite imageries on 13 and 18
September after change detection were clarified into damaged and un-damaged areas. These data
were processed within few hours, saving on time and resources and enabling the near-real time
quantification of the flooded areas and water quality issues (see workflow diagram in Figure 3).
Moreover, information on the historical daily rainfall of a meteorological station in Orihuela, Alicante
(red star in Figure 1, 38◦04′04” N, 0◦58′53” W) was obtained from Aemet Open Data [29].
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3. Results

The Sentinel-2 images as true colour composite Red–green–blue from the EO Browser [30] at 10 m
spatial resolution show the before on 3 September 2019 (Figure 4a) and after on 13 September 2019
(Figure 4b) of the flooding event in Murcia province (Spain). The affected and non-affected zones were
delineated, resulting in a flooded area of 1307 ha (Figure 5) over the Region of Interest on 13 September
(ROI detailed in Figure 4b). This phenomenon has damaged the cultivated lands, mainly in Los
Alcázares region (Figure 4b), where the exceptional rainfall caused widespread flooding and damage
to agricultural lands, much of them farmed under agri-environment agreements. While flooding in
winter is a common event in this region, flooding in late summer or early autumn (associated to the
Gota Fría) is unusual and much more damaging. The information retrieved can be used to evaluate
the impacts on flooded areas and help inform strategies to deal with changes in flood risk in areas of
agricultural and environmental interest.

Moreover, Sentinel-2 identifies not only impacts on land but also on water ecosystem and its
services. Due to the large quantity of sediments brought by the flood, the affected regions show an
extreme increase of total suspended material and severe turbidity levels, visible in the RGB image
(Figure 4b), leading to a contamination and deterioration of the rivers and the coastal adjacent region
(Figure 2b). Large portions of Mar Menor (the largest coastal lagoon in the Mediterranean) showed up
to 200 mg/m3 of suspended solids on 13 September (Figure 4d) compared to the standard situation
ten days before on 3 September with minimum concentration <10 mg/m3 (Figure 4c). There were
no in situ data to validate the TSM algorithm, but realistic information can be observed for the
mapping of suspended matter using the TSM model [26] with the 704 nm band. A recent study has
confirmed that Sentinel-2 red-edge bands achieved good accuracies when compared with suspended
solid concentrations [31], in addition to the red or NIR bands [32,33]. One of the main advantages
of Sentinel-2 over Landsat-8 is the inclusion of these three red-edge and NIR bands, allowing for
the determination of chlorophyll in turbid and productive waters and the retrieval of turbidity or
suspended particulate matter concentration, even in narrow inlets and ports, providing an invaluable
dataset for several scientific and management purposes [34]. The TSM model was not able to perform
accurately over the extremely turbid region close to the coast and part of the turbid intrusion was
masked out by ACOLITE processor (similar results were found using other TSM algorithms within
ACOLITE software).
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Figure 4. Sentinel-2 images at 10 m spatial resolution as true colour composite (red–green–blue) from
the EOBroswer showing the (a) before (3 September 2019) and (b) after (13 September 2019) of the
flooding event in Murcia province (Spain). The high concentration of suspended material (TSM, mg/m3)
in Mar Menor can be observed in the map (d) on 13 September with TSS > 200 mg/m3 compared to
the normal situation (c) on 3 September 2019 with minimum concentration (10 mg/m3). White areas
correspond to land, clouds, or cloud shadows masked after ACOLITE. Black rectangle shows the
Region of Interest (ROI) for flooded area calculation. The TSS scales for each scene are different.
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Figure 5. The flood-affected areas (yellow) in Murcia on 13 September 2019 within the Region of Interest
(ROI) defined in Figure 4b (black rectangle). The red line represents the coastal line.

In the Dolores region (Alicante), pre (19 August 2019, Figure 6) and post (18 September 2019,
Figure 6b) Sentinel-2 false colour composite (near infrared–green–blue) from the EO Browser indicated
the affected regions, with an estimated flooded area of 3150 ha on 18 Sep (Figure 7) within the ROI
(rectangle in Figure 6b). This scene corresponds to some days following the event, thus some flood
areas cloud not be well documented (scene 13 September over Alicante region has severe cloud
contamination). The delineation of the flooded zones, including agriculture and urban areas impacted
as well as identification of the affected infrastructures can be observed in the false colour image
(Figure 6b). Water quality in reservoirs servicing human consumption and agriculture was also
deteriorated as can be observed in the turbidity plume associated to the Segura River on 18 Sep with
concentration of suspended solids up to 150 mg/m3 (Figure 6d) compared to the normal situation on
19 August 2019 with minimum concentration <10 mg/m3 (Figure 6c).
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Figure 6. Sentinel-2 images at 10 m spatial resolution as false colour composites (near
infrared–green–blue) from the EO Browser showing the (a) before (19 August 2019) and (b) after
(18 September 2019) of the flooding event in the Dolores region, Alicante province (Spain). The high
concentration of suspended material (TSM, mg/m3) in the Segura River coastal region >50 mg/m3 can
be observed in the map (d) on 18 September compared to the normal situation (c) on 19 August 2019
with minimum concentration (<10 mg/m3). White areas correspond to land, clouds or clouds shadows
masked after ACOLITE. Black rectangle shows the Region of Interest (ROI) for flooded area calculation.
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4. Discussion

In this study, an operative procedure after the flooding event was applied to automatically map
flooded areas and suspended matter from multispectral Sentinel-2 images with a novel ACOLITE
processor based on the DSF model. Up to our knowledge, it is the first time ACOLITE tool has
been tested for quick assessment of flooded-affected areas. This framework is proposed as a way
to rapidly obtain key preliminary information while potentially automating the image processing,
allowing accurate initial approximation maps. The ability to retrieve products for quasi-real-time
monitoring is proved, with final products obtained on average after 10 h from sensing: 7 h to process
and made available the data by Copernicus, 0.5 h for downloading, and 2.5 h for ACOLITE processing
and generation of final maps (Figure 3). The promising employment of advanced software such as
ACOLITE combined with the fine-scale Sentinel-2 satellite imagery to optimize mapping in short times
might benefit operational and scientific monitoring and management, especially in data-poor regions
of the world.

Subsequent hypoxic and other undesirable consequences occurred in the highly sensitive
environment of Mar Menor after the flooding. The intrusion of turbid waters to the Mediterranean
(Figure 4) also played its role in the massive mortality of bluefin tuna and seahorses landing in the
beaches during the event. In addition, during the first week of October 2019, the lack of oxygen
killed thousands of fish and shellfish in this basin, and the Minister of Environment in the Murcia
Government confirmed that the water quality in the lagoon was much worse than before the Cold
Drop. The information provided by Sentinel-2 might assist the coordination of efforts by all bodies
involved in the administration of the Mar Menor in order to resolve the problems exacerbated by the
Cold Drop.

The method establishes a plausible high-quality strategy with sufficient sensitivity to support
interannual and pre-post hazards, which may benefit change detection analysis from multiple images
to discriminate variability. Change detection plays a crucial role in flood monitoring using remote
sensing data, while the selection of a reference image is crucial in order to obtain an accurate thematic
map. We needed to acquire suitable cloud-free scenes without sun-glint and other noise-inducing
environmental variables, but this work was not straightforward. However, the high revisit time of
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Sentinel-2 provided increased likelihood of obtaining cloud-free scenes delivering time-sensitive data.
The availability of the Sentinel-2A/B images each 5 days made possible to select pre/post-flooding or
co-occurring images. It is also important to highlight that this study benefited from the availability of
the post-flood image captured days after the extreme flooding (18 September) in Dolores region, when
many inundated areas were still saturated at the surface.

The flooded-affected areas estimated with Sentinel-2 data collected for post-event assessment have
been visually validated with datasets from Copernicus [7] as well as based on dwellers information.
Activation of the Copernicus Emergency Management Service (EMS) provided mapping products
to support emergency management activities immediately following a disaster, in this case screened
to identify flood events with available clear sky post-event images using the very fine resolution
WorldView-2 and Pléiades-1A satellites. Visual assessment against EMS data indicated close agreement
with scoured riverbanks and high-water marks, and the performance in this study is consistent and
comparable to standard approaches focused on the Copernicus Programme. Similar flooded affected
zones have been delineated with Sentinel-2 in Dolores region, although differences might appear
due to the lower resolution of MSI (10 m) compared to the very fine resolution of both WorldView-2
and Pléiades-1A (~2m). A more exhaustive assessment of the flooding mapping could be considered
through quantitative comparison with independent data, such as Copernicus Emergency maps, for a
more comprehensive evaluation of methodology and performance. However, the aim of this research
was to explore the suitability of the atmospheric correction method applied to Sentinel-2 data for quick
mapping of flooded areas and suspended matter. Potential timely uses of the retrieved information
can be the basis for civil protection or for prompt delimitation of areas or districts hit by the flood.
This information could be considered without requiring very high quantitative performances of the
proposed methodology in terms of accuracy in flooded area delimitation or in the mapping of the real
levels of suspended matter in the coastal waters. The application of the ACOLITE processor for coastal
mapping has been recently reported in other studies [32,33].

Sentinel-2 might provide a way to use other satellites more effectively, assisting as a reference data
set that can be used to inform mapping conducted with the various commercial very high-resolution
sensors such as the World-View fleet [35] or the novel CubeSats from Planet [36]. On the other scale,
Landsat has a four-decade record of Thematic Mapper and has been shown useful even with 30 m
pixels [37,38]. Comparisons of Sentinel-2 with Landsat-8 may ultimately lead to results that could
expand the utility of the entire Landsat data record for change detection. The development of new
cloud environments and standardizing methodologies (e.g.,: Google Earth Engine or the Coastal
Thematic Exploitation Platform Coastal-TEP by ESA) may aid in the routine application of Sentinel-2.
Accordingly, for further avenues of research with Sentinel-2, we intend to upscale the study results to
more environments as well as implement the approach in cloud-based computing platforms such as
Google Earth Engine.

Recent studies have already suggested the potential of Sentinel-2 for automated mapping of
flooded areas [39]. The state of the art of the methods for water detection from multispectral
images is well described in the literature with approaches based on the Normalized Difference Water
Index-NDWI [40], the modified NDWI [41], the Water Ratio Index [42], or the Water Index [43]. From an
end user perspective, ACOLITE allows a quick, easy, and automated processing to generate preliminary
information for change detection based on a well-described thresholding approach. Compared to flood
mapping with a single image, change detection-based methods have an advantage in masking out the
permanent water bodies (rivers, lakes) and some water look-alike objects through the identification of
inundated soil and land from post-flood imagery [44]. The robust and flexible approach was able to
identify flood-related water pre-existing water bodies in Dolores (Alicante province). The flooding
maps based on Sentinel-2 data may be operative as a preliminary emergency map, as it allows
an accurate initial approximation of flooded-affected areas and water quality issues. Additionally,
this information might be useful for defining the economic losses for the insurance sector and evaluating
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public compensation schemes [45], as this region of the Mediterranean is extremely vulnerable to
climate change impacts [10].

Generally, Synthetic Aperture Radar (SAR) sensors have emerged as the main source of
operational techniques for mapping flood extent and flood-prone areas by planning emergency
response agencies [46,47]. SAR tools provide advantages to monitor flooding as they have unique
capabilities compared with optical data; radar can work at night and with clouds due to their
all-weather capabilities, so the use of radar images has increased considerably [48,49]. In this work,
it is demonstrated that Sentinel-2A/B 5-day revisit, its rapid acquisition time, and the methodology
adapted provided a robust product for emergency services of flood mapping and immediate damage
assessment in disaster monitoring. Moreover, the straightforward nature of the strategy and its
independence from ancillary training data makes it applicable and accessible for a wide variety of
stakeholders, managers, and end users, especially in data-poor or remote areas. The Mar Menor is
suffering several human pressures, such as sediment and nutrient inputs from agriculture and other
activities, so implementation of operational strategies to monitor its evolution is critical to protect its
fragile natural ecosystem [50]. In this regard, the open data policy and long-term mission commitment
of Sentinel-2 opens future promising time series evaluation over years and even decades that can be
an important tool to provide crucial missing information at the local or regional scale in a rapid and
non-intrusive manner.

5. Conclusions

It is demonstrated that, in the event of a natural disaster, as the recent catastrophic flooding
event occurred in Spain during the second week of September 2019, the Sentinel-2 fleet is a valuable
rapid-response source of synoptic spatio-temporal information, and its benefit has been proven here.
With their fine spatial and high temporal resolutions, these twin open-source satellites, particularly
when coupled, have the potential to generate rapid information of the affected flooded parcels
and of the water quality, data that is key for both the local government body as well as for the
habitats to better assist policies plans and to deliver compensations based on it. This scheme can
be established operationally for monitoring procedures bringing a considerable benefit to support
managers, stakeholders and society during the emergency. On a longer term, the scientific rigor
of the derived diagnoses can guide research and help to assist in objectively accounting losses and
compensation needs as well as to design mitigation plans for future events. They can also provide a
solid base of information to determine whether or not these events have a climatic component as well
as to aid in the establishment of flood warning systems. It is an exciting avenue for future research how
these services provided by science to society can be delivered with the Sentinel-2 mission, allowing
new endeavours in high-resolution mapping and monitoring which will significantly increase the
availability of crucial information after flooding events.
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