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The flood-prone scenarios assessment contributes to detecting natural and climate change trends and it is a
crucial component of integrated coastal zone management. However, the data acquisition with a high spatial and
temporal resolution for a local scale is still a challenge considering that sea-level rise projections are usually
represented by global scales. This contribution uses locally acquired topographic data for a flood-prone simu-
lation (2100), presents a flood depth-damage function, and points out several obstacles for sea-level rise simu-
lations. The input data is based on GNSS and RPAS surveys. The results showed multimedia videos and maps
containing the optimistic, intermediate, and pessimistic scenarios for 2100. In the pessimistic scenario (0.80 m
elevation), 45% of the vegetation and 67% of the islet would flood. The results showed the importance and
barriers for flood-prone simulations. It is still necessary to advance in developing new methods able to combine
multiple parameters, particularly for local and regional scales highlighting high spatial data-set to properly

represent local impacts.

1. Introduction

Since the end of the 19th century, the global sea-level has increased
around 1.6 mm/yr (Church & White, 2006) while rates have not
exceeded 0.6 mm/yr during the previous two millennia (Kemp et al.,
2011). It is still expected that sea-level rise increases more in the future
(0.5-1 m until 2100 (Church et al., 2013)).

Such a rate increase in global sea-level rise will have impacts on
coastal areas (Hallegatte, 2012; Hallegatte et al., 2013; Mimura, 2013),
as well as impacts on the coastal population and ecosystems (Mclean
et al.,, 2001). Some islands and coastal cities are already suffering from
sea-level rise impacts (Hieronymus et al., 2018; feng et al., 2018; Car-
valho & Wang, 2019; Din et al., 2019). In Brazil, the sea-level rise is
expected to cause severe social and economic damages in a large part of
its coastal zone, mainly in densely populated areas (Arasaki et al., 2008).

The hydrological disaster prognosis considering a regional scale is
necessary for the management and coastal environmental conservation.
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The flooding-prone areas simulation facilitates emergency strategies for
adaptation and mitigation measures, such as safe evacuation plans
(Sanders, 2007).

The susceptible coastal flooding mapping sites become a funda-
mental tool and benefit from spatial and temporal information obtained
from several sources, such as remote sensing (Cazenave et al., 2018),
photogrammetry (Elsner et al., 2018) and Global Navigation Satellite
Systems (GNSS) (Goncalves & Awange, 2017). Once the spatial data
acquisition is collected the use of Geographic Information Systems (GIS)
is able to integrate geodatabases and data modeling (Rangel—Buitrago
et al., 2020).

Globally, some platforms allow flood-prone simulation for any re-
gion of the planet, e.g., the interactive map entitled flood map (http://
flood.firetree.net/), which uses the data combination from Google
Maps and NASA’s SRTM mission. In this modeling, it is possible to select
the sea-level rise considering a range between 0 and 60 m. However,
considering the low SRTM spatial resolution limitations (around 90 m)
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the simulations for specific cases, are limited, e.g., the case study of this
work, which refers to the Coroa do Aviao in Pernambuco, Brazil and
which appears partially flooded using a simulated elevation of 0 m
(available at: http://flood.firetree.net/?11=-7.8160,-34.8325&zoom
=15&m=0).

There is a shortage in the state of art regarding flood-prone discus-
sion at the local level, due to the challenges of remote data availability
with high spatial resolution. Therefore, it is relevant to obtain spatial
reference data, both planimetric and altimetric on an appropriate scale
when dealing with local or regional monitoring. Remotely Piloted
Aircraft Systems (RPAS) are an efficient solution for high spatial reso-
lution mapping considering small areas (Eisenbeiss, 2011; Goncalves
et al., 2022; Remondino et al., 2011). For example, Goncalves and
Henriques (2015) reported the quality of topographic data and aerial
images applied through RPAS on the northwest coast of Portugal. Turner
et al. (2016) used RPAS for dune erosion monitoring in Narrabeen
Beach, Australia, among other applications.

This contribution aims to conduct a case study in the coastal region
of Pernambuco, northeastern Brazil, more specifically on the islet called
Coroa do Aviao. Starting from the hypothesis that in the future the
global sea-level rise could modify this local scenery, flood-prone simu-
lations of three situations (optimistic, intermediate, and pessimistic) are
made, considering the baseline IPCC’s projections for the year 2100. The
objectives of this study case are to (i) implement a flood-prone simula-
tion for 2100; (ii) define a flood depth-damage function; and (iii) discuss
the limitations for sea-level rise simulations considering regional scales.
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2. Data and methods
2.1. Study site

The Pernambuco state coast (Fig. 1B) has an extension of 187 km,
representing 4% of the state territory area and 43.8% of the state’s
population lives on the coast (IBGE, 2011). Located 47 km from the
capital Recife, on the north coast of Pernambuco, the Itamaraca island
has a strong tourist vocation for its natural beauties and historical sites.
Some of these e.g. Orange Fort, built by the Dutch in 1631, however,
face challenges regarding integrated coastal zone management and
coastal erosion processes (Gongalves et al., 2019; Lima et al., 2018).

The study area is known as Coroa do Aviao (Fig. 1D), extending from
7°48'58"S and 7°49'8"S, 34°50'28"W and 34°49'59"W. It is located
between the municipalities of Igarassu and Itamaraca island and has an
area of 59.726 m? and a longitudinal length of approximately 2 km
(Fig. 1Q).

Mendonca (2005) reports that Coroa do Aviao emerged from a
sandbank which was only dry during spring tides and throughout the
*70s this islet started to remain dry during the whole tide cycle. Lira
(2010) indicates that Coroa do Aviao originates from the discharge and
sediments accumulation from southward land sediments accumulation
to the south of the Santa Cruz Channel (outfall), a geological fault that
separates the Itamaraca Island from the rest of the continent.

Coroa do Aviao is part of an environmental protection area (Santa
Cruz APA). It comprises the south limit of Itamaraca Island and the Santa
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Cruz Channel’s south mouth (SCC), which is 20 km long and U — shaped
(Medeiros and Kjerfve, 1993). According to Aratjo et al. (2021), the
sediments discharged by SCC are predominantly sand textural class
(0.062-2.0 mm), with Total Organic Matter content of 0.43. Its climate
is Tropical Atlantic, with distinct dry (from October to March) and wet
periods (from April to September) (Aratjo et al., 2021; Pereira et al.,
2007). Tides are semidiurnal and controlled by astronomic sources and
have mean and spring ranges of 1.8 m and 2.2 m, respectively (Medeiros
& Kjerfve, 1993). Intense morphologic changes cause a counterclock-
wise rotation for the main portion of the islet (Mendonca et al., 2006).
The prevailing winds are southeast trade with a mean velocity of 3.2 m/s
that tends to increase (mean 4.0 m/s) during July and decrease (mean
2.6 m/s) during the dry season (September to January) (Medeiros et al.,
2001). Aratjo et al. (2021) based on the ERA Interim reanalysis dataset
(https://apps.ecmwf.int/datasets/data/interim-fulldaily/levtype=sfc/
), showed that Hs showed an average of 1.84 m (rainy season) and of 1.5
and 1.68 m (dry season). In the rainy season, the average for Tp was 7.6 s
while, in the dry season, the averages were 7.9 and 7.8 s. Southeastern
waves (128°) prevail for the rainy season. On the other hand, for the dry
seasons, between Dec-Apr, the eastern waves (84.4°) and between
Sep-Dec, the southeastern waves (111.5°) were predominant. Where: Hs
is the wave height and Tp the period.

Currently, in addition to being a tourist attraction, accessed by
touristic boats from Itamaraca Island, this area is a route for migratory
birds, used as shelter and place for feeding (Pinto & Santos, 2006;
Telino-Janior et al., 2003). Thus, highlighting the importance of studies
related to sea-level changes.

2.2. Data

The materials used for this research are (i) GNSS to determine the
shoreline; (ii) DTM and digital orthophoto obtained by RPAS. The data
characteristics are presented in sections 2.2.1 and 2.2.2 and summarized
in Table 1.

2.2.1. DTM and digital orthophoto

The DTM and the orthophoto mosaic from August 2017 were ob-
tained through the Remotely Piloted Aircraft Systems (RPAS) with the
fixed-wing Batmapl model. The aero photogrammetric flight was car-
ried out at a 120 m height and covered 28 ha of area. Silva (2018)
presents detailed information on the photogrammetric procedures used.
The data were made available by LACCOST (Laboratory of Coastal
Cartography) at Federal University of Pernambuco.

The DTM represents the land surface and through it is possible to
collect height information. Fig. 2A shows the DTM and Fig. 2B shows the
Coroa do Aviao orthophoto mosaic.

2.2.2. GNSS Shorelines (2017 and 2020)
a) Shoreline indicator

The first practical step to conduct shoreline monitoring is to define a
coastal feature to represent the shoreline trajectory coordinates. This
geodetic position is dynamic over time and affected by e.g., sediment
transport, geomorphological characteristics, anthropogenic influence,
and sea-level change.

Table 1
Summary of the data sets used and their application.
DESCRIPTION METHOD PERIOD USAGE
Shoreline GNSS- 2017 Limit between water and land
PPP
Orthophoto RPAS 2017 Land use/land cover
DTM RPAS 2017 Flooding-prone and depth-damage

function

Applied Geography 150 (2023) 102817

The advantage of GNSS usage is to recognize this feature in situ with
the roving receiver simply held by the observer walking through the
shoreline trajectory. For this specific islet, three morphological features
around the islet could be recognized in the field to define the shoreline:
(i) the vegetation line; (ii) erosion scarp; and (iii) the waterline position
considering the temporal campaign high-tide (Boak & Turner, 2005).

b) GNSS setup, post-processing, and output

The equipment used was the Leica Viva GNSS GS15, able to collect
GPS and GLONASS observations. The setup of the equipment was a mask
of 10° and 1 s of recording interval in the kinematic mode, using the
absolute PPP (Precise Point Positioning) method which requires, a single
GNSS receiver. During the survey the initialization interval of 30 min
was respected, e.g., Li and Zhang (2014) and Yoshizaki et al. (2016).

The raw data post-processing used the Brazilian Institute of Geog-
raphy and Statistics - PPP service. This free available software is capable
of post-processing GPS and GLONASS raw data in the Brazilian territory
and the official geodetic reference system. The data were post-processed
after 21 days followed by the surveys, respecting the time to obtain the
most accurate final orbit and clock corrections from the International
GNSS Service (IGS) (https://www.ibge.gov.br/geociencias/).

The post-processing output is a report containing all the collected
points during the shoreline trajectory with their respective geodetic
coordinates. These constituted around 4700 points for the survey.
Connecting all these points, the islet contour appears (see, Fig. 2B).
Normally, the in-situ difficulties to keep the receiver antenna exactly in
the vegetation line or even in the erosion scarp could be bigger than the
GNSS measurements errors. However, the GNSS methods are still more
accurate than e.g., satellite images. In this perspective, the PPP shoreline
method achieved decimeter-level accuracy considering its horizontal
positional determination and subsequent evaluation of temporal shifts
and rates of change (more detail see e.g., Goncalves and Awange
(2017)).

2.3. Methods

The methodology is summarized in Fig. 3 where the DTM uses the sea
level rise scenarios to simulate the flooding-prone are as and evaluate
the depth-damage functions all together with the land use and land
cover map obtained by the orthophoto and shoreline with GNSS. The
discussion is based on the results follow by bounds and barriers for sea-
level rise simulations. The sections from 2.3.1 to 2.3.3 detail each one of
these steps.

2.3.1. Sea-level rise elevation scenarios

Sea-level changes can occur over a wide range of time and space
scales, according to climate change factors (Milne, Gehrels, Hughes, &
Tamisiea, 2009 a; Church & White, 2006). The projections for sea-level
rise globally in 2100 present uncertainties and variations. Fig. 4 sum-
marizes the sea-level rise estimates presented by some authors between
2006 and 2013.

The Intergovernmental Panel on Climate Change (IPCC, 2007) pre-
sented that the global temperature should rise between 1.1 °C and 6.4 °C
by the end of the 21st century, which could result in a sea-level rise
between 18 and 59 cm. They (IPCC, 2014) consider several factors that
corroborate with the effects causing the sea-level rise globally and
predict three different elevation scenarios, which are classified as:
optimistic, intermediate and pessimistic, showing the respective range
(Table 2).

To achieve the simulation objective, three values in centimeters were
picked up for each scenario respecting the intervals proposed by IPCC,
(2014) and they are presented in the third column of Table 2.

2.3.2. Flooding-prone areas
After setting the three simulation scenarios, with the aid of ArcGIS
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Fig. 3. Data and methods.

software version 10.5 (ArcMap module) and the ArcScene extension, the
flooding-prone areas were performed. To accomplish this, a layer in a
GIS environment was initially created representing the current scenario
through the 2017 shoreline, Fig. 2C with height information obtained by
the DTM (Fig. 2A). In addition, it was possible to view (Video 1) the
multimedia simulation (avi. format) containing an animation of the
simulation. This was done through the Scene Animation tool, which
allows for synchronizing the flooding-prone rise simulations.

2.3.3. Land use/land cover and depth-damage functions

The land use/land cover map was obtained by photo interpretation
vectorization over the digital orthophoto. This process used the edition
tools from ArcGIS software version 10.5, identifying the three main
classes over the islet, named: bare land, building and vegetation.

The depth-damage function is normally represented by a curve. It
shows the flood damage trend at specific depths per land use/land cover
class. The depth-damage function in this study instead of analyzing
monetary damage from each land use/land cover class uses the direct
flooded area loss in terms of percentage. The idea here is to use the what-
if damage analysis effect considering the flood-prone scenarios, more
detail about depth-damage functions can be found in Pistrika et al.
(2014).

3. Results
3.1. Flooding-prone simulations for 2100

The simulations were performed using the orthophoto mosaic and
altimetric data from the DTM (Fig. 2A and B). Fig. 5A shows the current
representation for Coroa do Aviao considering its RPAS orthophoto
mosaic and the land use and land cover classification obtained in 2017.
Fig. 5B, C and D shows the results for the flooding-prone scenarios
considering the optimistic (50 cm), intermediate (60 cm) and pessimistic
(80 cm), respectively.

In the optimistic scenario, the flooding would affect all areas located
at levels below 2.60 m, a fact observed using the altimetric information
from the DTM in Fig. 2A. These affected areas correspond to 38.57% of
the islet. There would be significant impacts on the built areas, which
would be affected by 33.78%. It is also possible to notice the separation
and formation of two islets. Considering the intermediate scenario (0.60
m), the buildings would maintain the rate of 33.78% of the affected area
and the elevation would affect more than half of the total area of the
islet. In the pessimistic scenario with an elevation of the sea level at 0.80
m, it would flood more than half of the sand strip and 67.41% of the total
area of the island. It is possible to notice that a large part of the vege-
tation area would be highly vulnerable to flood-prone considering this
pessimistic scenario, with 44.78% affected. In the intermediate and
pessimistic scenarios, the separation and formation of three islets are
observed. Fig. 5E summarizes the % of affected area. It shows a signif-
icant increase of impacts from the optimistic to the intermediate
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Table 2 found regional accelerations in rising sea levels along the east coast of
able

Sea-level rise projections for 2100 (IPCC, 2014) and projections chosen for the
experiment.

SCENARIO of SLR (cm) (IPCC, SLR PROJECTIONS (cm) (Chosen for the
SLR 2014) simulation)

Optimistic 26-55 50

Intermediate 32-63 60

Pessimistic 45-82 80

scenarios. And a small difference, still expressive in damages, between
the intermediate to pessimistic scenarios. Video 1 presents the multi-
media file containing the simulation where the flooded area overlaps the
DTM as the depth increases until it reaches the pessimistic scenario.

It was possible to observe the main relief characteristic of Coroa do
Aviao. The DTM showed a flat topography, with a maximum altitude of
4.3 m above the altimetric datum.

Fig. 6 represents the depth-damage functions for bare land, building
and vegetation. In this graphic, the damage factor is represented in the y
axis and varies from O to 1. When it is 0 means no damage factor is
correlated, on the other hand, the maximum damage is 1. The graphic is
also pointing the respective depth (x axis) highlighting the three sce-
narios for 2100 (optimistic, intermediate, and pessimistic). The three
functions are based on the DTM elevation and the respective flood-prone
areas over the land use/land cover map. The functions are showing that
the less affected class is vegetation, while buildings are quickly affected
when depth increases reaching 0.5 in the pessimistic scenario.

4. Discussion
4.1. Flooding-prone areas

The sea-level are known to fluctuate around their trends on a
regional scale. For example, Sallenger et al. (2012) and Boon (2012)

North America. The interaction of rising global average sea levels in the
21st century with high water level events will threaten low-lying coastal
areas (IPCC, 2014). Significant changes in the shoreline are expected in
the coming centuries, sea-level rise is likely to exceed 1 m in some lo-
cations (Schaeffer et al., 2012). As a result, many coastal locations may
undergo several transitions in the coming century: during the first phase,
the impact of sea-level changes may remain less significant than those of
other coastal processes; then, during the second phase, rising sea levels
should significantly exacerbate coastal erosion; and finally, during a
third phase (probably after 2100), rising sea-levels can reach several
meters and many low areas can be permanently flooded (Cazenave &
Cozannet, 2014).

The increment in local sea level is different from the global average
rise. Kopp et al. (2014) highlighted this fact as being critical for adap-
tation, planning, and risk management. Flooding-prone assessment and
forecasting through shoreline monitoring is a realistic tool to improve
social security and economic damage reduction that could be caused by
floods. In our experiment, the depth-damage function showed that for a
pessimist scenario the buildings could be easily affected considering the
2100 trends, also affecting the marine environment and sustainable
development of the islet. Merkuryeva et al. (2014) highlighted the
development of flood monitoring and forecasting systems supported by
the baselines of recent progress in the sphere of spatial modeling and
simulation using geographic information systems.

It is important to note that the elevations chosen were those pub-
lished by IPCC (2014), however, there are other authors such as Kopp
et al. (2014), that showed different projections of global average rise in
sea level, both for this century and for the next. The projections they
estimate represented dramatic results, which would lead to more critical
trends.

It is well known that the intensification of coastal erosion is a direct
impact of SLR (Nicholls & Cazenave, 2010). In this context, natural
parameters such as elevation, wave climate, and tide regimen are
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associated with anthropogenic variables like land use, the settlement on
the islet, and impacts on sediment fluxes in the watershed of rivers that
pours into Santa Cruz Channel, which may affect the sediment budget of
the islet. The uncertainties are aggravated by the lack of measured wave
data, which becomes a challenge to build robust projections related to
the SLR issues for the study site.

Gambolati et al. (2002) proposed a flood risk model with 3 different
periods (2015, 2050 and 2100) for the municipality of Ravenna on the
Italy coast. The demographic parameters, economic impact assessment,
land use/land cover, and Digital Terrain Model (DTM) were taken into
consideration for input parameters. Hinkel et al. (2010) applied the

DIVA model (Dynamic and Interactive Vulnerability Assessment) to
assess the risk and adaptation to sea-level rise in coastal countries of the
European Union, for this purpose used data from the DINAS-COAST
(Dynamic and Interactive project), assessment of National, Regional
and Global Vulnerability of Coastal Zones to Climate Change and SLR
(http://www.dinas-coast.net/). The DIVA database contains physical,
socioeconomic parameters and topographic information from SRTM
(Shuttle Radar Topography Mission) with a spatial resolution of 90 m. It
is noteworthy that this type of resolution is more suitable for
global-scale analysis, in contrast, to the regional cases on a more
detailed scale like the islet experiment using GNSS and RPAS. More
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information about the DIVA model can be found at Hinkel and Klein
(2009) and Vafeidis et al. (2006).

4.2. Bounds and barriers for sea-level rise simulations

This study showed the flooding-prone scenarios simulations using
Coroa do Aviao islet as a study case. The sea-level rise projections for
2100 ranged from 50 cm to 80 cm according to the current literature
considering global studies. For the appropriate input about the altimetry
data, the highly accurate DTM obtained by RPAS could make it reliable
considering the size of the islet. However, it is appropriate to consider
the limitations of sea-level simulation, among them are:

4.2.1. Sediment transport

For Torresan et al. (2008) the sediment budget may influence coastal
dynamics in response to rising sea level, studies of this nature are
important to quantify the asymmetry of the tides, considering that
variations in the pattern of sediment transport near the coast result in
complex oscillations of the shoreline Rao et al. (2009). For this reason,
the importance of monitoring is highlighted, by the complexity of the
sectorial characteristics presented that are not accompanied by linear
movements.

4.2.2. Currents and waves

Cunha and Guerra (1998) described that the wave regime represents
the most important inducing variable of coastal processes in the short
and medium-term, being responsible for the transport of sediments in
the longitudinal and transversal directions to the shoreline. Almeida
(2018) characterized the morphodynamics of the municipality of
Itamaraca-PE and when observing the southern sector, where the Coroa
do Aviao is located, linked the accumulation of sediments to the wave
vectors that are held by the island, which makes the area conducive to
the accumulation of sediments.

4.2.3. Extreme events and extreme sea-level changes

The risk associated with sea-level change is also related to individual
events of limited duration. As a result, gradual changes in time and space
must be assessed along with the processes leading to flooding and
erosion events (Arneth et al., 2019). Coastal areas are threatened when
high tides coincide with extreme weather events and lead to extreme
changes in sea-level (Little et al., 2015; Vousdoukas et al., 2018; Wahl
et al., 2017). Extreme weather conditions (extreme climates) contribute
to extreme changes in sea level through wind waves and storm waves.

4.2.4. Climate change and thermal expansion of ocean water

Rising sea levels are highlighted among the consequences of climate
change. The future rate of increase in the average global sea-level will be
mainly controlled by the thermal expansion of ocean water, which is
related to climate change (Church et al., 2013) due to the thermal
expansion of seawater, has increased significantly since 1950 (Church &
White, 2006; Domingues et al., 2008; Ishii & Kimoto, 2009). This
thermal expansion will lead to an increase in the volume of the global
ocean, producing a (thermostatic) increase in sea level. The variability
generated internally in the climate system produces a decade standard
deviation from sea level due to thermal expansion ranging from 0.4 to
2.0 mm, which can be reflected in sea-level rise models (Meehl et al.,
2007).

4.2.5. Coastal protection and anthropic interference

According to Alfredini and Arasaki (2009) the most common types of
coastal defense are spikes, breakwaters, adherent longitudinal (Sea-
wall/Revetments/rockfill), and beach nourishment; and the main port
shelter are breakwaters, jetties, and spikes. Places with dynamic tourism
and high urbanization, such as the seaside resort of Saly Portudal in
Senegal, coupled with a sedimentary deficit, storms, and rising sea
levels. They resort to coastal protection to control the advance of the
tide, such as concrete walls, ripraps, revetments, and breakwaters Ngom
et al. (2018). Spikes were built in Sao Luis-MA for beach nourishment
and recovery of the port channel access. This construction contributed to
trade, real estate and tourism appreciation Cardoso et al. (2020).
Sawaragi (1995) underscored the importance to understand the tem-
poral and spatial scale of the coastal erosion process in a given location
to improve the intervention technique.

4.2.6. Global parameters versus local

The pattern of rising sea levels varies substantially from region to
region. This makes it difficult to use global parameters to simulate sea-
level rise. Hence the urgency of a local monitoring system of oceano-
graphic parameters. The local sea level is influenced by atmospheric,
oceanic, glaciological, and geological processes (Stammer et al., 2013;
Milne et al., 2009 a a). Geographic patterns of sea-level rise can result in
different processes: changes in the density of seawater due to changes in
temperature and salinity are the dominant processes. Contributions
from other effects, in particular static factors, are few at present but will
become important in the future (Milne et al., 2009 a a).

Although global scale estimates are relevant, the local scale can offer
a detailed and assertive glimpse for understanding natural or human-
induced subsidence effects on the coastal zone (Magnan et al., 2022;
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Nicholls et al., 2021; Milne et al., 2009 b b).

Mendonca (2005) studied Coroa do Aviao changes by performing a
high-precision GPS survey during the period from 2000 to 2004 and
computed its process of accretion (52%) and erosion (48%), concluding
that the northern part of the island had an accretion of 6890.46 m? and
the southern sector, erosion of 6396.41 m? Around the year 2002
Mendonca (2005) reported a pier construction in the islet correlated to a
rapid shoreline retreat of —28.3 m/yr. This pier currently no longer
exists, according to the orthophoto mosaic shown in Fig. 2B. Another
example of local information (Gregorio, 2004) studying the behavior of
Recife beaches in Pernambuco state found the predominance of fine
sand during the dry season, which makes the movement of the sediments
more prone to the waves and tides’ action, directly influencing the
shoreline position variation. On the other hand, during the rainy season
was found very fine to medium sediment size, this type of local
parameter normally are not considered on global estimates. Another
local parameter is the vegetation cover, which reflects the variation of
the sedimentary balance. Several studies suggest that the most stabilized
areas are characterized by the development of vegetation cover, unlike
places with destroyed vegetation, which are the most vulnerable to
erosion, considering their protective function to minimize the global
effects of sea level rise (Awange et al., 2018; Bonaldo et al., 2019;
Queiroz et al., 2022; Silveira & Bonetti, 2019).

Ghosh et al. (2015) studied coastal morphology change on Hatiya
Island, located near the Meghna River channel in Bangladesh, motivated
by coastal changes due to human activity, the flow of rivers, tides,
coastal hydrology in the region, and floods caused by the presence of
rivers close to the island. Also, integrated remote sensing and GIS found
that one of the reasons for the constant erosion and accretion of the is-
land is related to the sediment’s channel migration. The sectors close to
the Meghna River were the hardest affected. It could be reported that the
tropical coastal areas located along the estuaries are very sensitive to
sediment transport along the coast due to the current seasonal shoreline
changes. For Coroa do Aviao changes must be accounting not only for
global parameters but local are also relevant as the residual circulation
along the Santa Cruz channel that results mainly from the interaction
between fluvial discharge, oceanic and channel morphology (Mendonca,
2005).

Gomes and Silva (2014) claimed that Atlantic Ocean direct contact
along the Pernambuco coastal zone prompts strong wave-induced cur-
rents and consequently the sediment transport is always varying over
time and seasons. Shaffril et al. (2011) stated that some regions in
Terengganu, Malaysia, are experiencing considerable changes caused by
different factors, such as waves, monsoon, winds, flood tides, sea-level
rise and human activities close to the shoreline. Goncalves et al.
(2019) proposed a fuzzy logic model to evaluate the coastal zone human
impact classification by integrating vegetation cover, shoreline changes
and settlement influences in a GIS environment, the results found indi-
cated high vulnerability to erosion subjected to anthropogenic factors
such as settlement very close to the shoreline position.

On the other hand, it is possible to perform an analysis of local trends
derived from the global scale assessment (Luijendijk et al., 2018), the
quantification of the influence of macro-tidal ranges, wave breaking and
run-up, and beach slopes, which are useful for validation and quality
control, require tidal, wave and beach characteristic information, which
are generally not freely available on a global scale and specify according
to each location particularities (Cooper et al., 2020; Habel et al., 2020;
Hauer et al., 2020).

5. Conclusion

Global estimates of sea-level rise were selected based on data pro-
vided by the IPCC (2014) considering three scenarios (pessimistic, in-
termediate and optimistic). Through the multimedia video, it was
possible to visualize the flooded areas and analyze the land use/land
cover classes and their respective depth-damage functions.
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The pessimistic scenario flooded 67% of the islet area and divided it
into three parts. The damage factor for the building class was 0.5. All
these elements combined, emphasized the complexity of sediment
transport and the islet high vulnerability of flood-prone by sea level rise.

The challenge of simulating flood-prone scenarios is enhanced if
appropriate spatial and temporal resolutions are applied. This study
showed that GNSS and RPAS techniques can provide adequate spatial
resolution data for small coastal areas, such as the Coroa do Aviao islet.
However, in this context, it is still necessary to advance in developing
new methods able to combine multiple parameters such as atmospheric,
oceanic, and geological processes to improve SLR assessment, particu-
larly for local and regional scales.
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