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Abstract This study aims to report the short-term
coastline dynamics and inundation limits of coastal
cities along the Eastern Pacific due to the sea swell
events that occurred during April to May 2015. The
multi-temporal satellite datasets from Landsat such as
Enhanced ThematicMapper (L7 ETM+) and Operation-
al Land Imager/Thermal Infrared Sensor (L8 OLI/TIRS)
of different periods before and after the swell events
were used to identify the shoreline changes. The satellite
images were pre-processed using ERDAS imagine 9.2,
and the coastline was digitized in ArcGIS 10.4.1 for ten
cities spread across from Mexico to Chile (in Pacific
coast) using the spectral water indices, and the shoreline
change rate and erosion/accretion pattern at each tran-
sect were estimated using the statistical parameters em-
bedded in Digital Shoreline Analysis System (DSAS).

The maximum erosion and accretion were observed in
El Salvador (268 m) and Huatulco (Mexico) (115 m),
respectively. Likewise, the maximum inundation was
observed in El Salvador with 268 m and Acapulco
(Mexico) with 254 m, and the tide gauge data suggest
a possible relation to the bathymetry and the geomor-
phological conditions of the coast. Overall, the results
indicate that the Eastern Pacific Ocean side sea swell
events has led to extreme coastal flooding in recent
years due to the increase in the mean sea level and the
unpredictable variation in El Niño/Southern Oscillation
events.
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Introduction

Coastal zone is a dynamic interface between land and
sea with intense human activities (Yu et al. 2019). The
coastal communities are frequently affected by natural
calamities like tropical storms and hurricanes, which
bring strong winds, huge waves, extreme rainfalls, and
storm surges (Scott and Ramsay 2014). Storm surge, a
rise in sea surface level due to atmospheric forcing, wind
drag, and pressure (Muis et al. 2016), is the main cause
of coastal flooding and erosion (Wong et al. 2014).
However, it has been recognized that long-wavelength
wind waves known as “Swells” produced by distant
storms can propagate faster across an entire ocean basin
by gaining momentum and energy across the ocean
(Jiang and Chen 2013). Similar to tsunami waves, swell
waves can also cause potential risk to coastal commu-
nities, damage to infrastructure, and beach erosion due
to their low dissipation rate and long distant propagation
(de Farias et al. 2012). Swell dispersion additionally
generates infra-gravity waves causing an uprush in the
wave run-up while reaching the shore creating unpre-
dictable damage to coastal zone (Hoeke et al. 2013). The
concurrence of waves with spring high tides and long
fetching strong winds are often devastating in the highly
populated coastal cities (Lyddon et al. 2019). Moreover,
studies by Palmer et al. (2019) on the rise of global mean
rate of sea level rise (SLR) indicate that it is increasing at
a rate of 0.084 ± 0.025 mm yr−2 and the coastal flooding

in different regions is mainly due to the SLR that affects
often the nearly 10% of the Earth’s population living
along the coast (Wdowinski et al. 2016). Recent re-
search has confirmed that the Eastern tropical and North
Eastern Pacific sea level is increasing due to ENSO (El
Niño Southern Oscillation) and Pacific Decadal Oscil-
lation for the past two decades (Hamlington et al. 2016).
Hence, the severity and duration of flooding will in-
crease in low-lying coastal communities as a result of
the changes in wave dynamics (Vitousek et al. 2017).

The extreme wave events in the coastal region are
usually measured through tide gauge station, while field
survey is done to identify the high-water marks through
GPS technique. Tide gauges in the coasts provide accu-
rate information on different high-energy wave-related
events where it shows the sea level rise on a regional and
global scale. Tide gauges, however, are limited to a
single point and cannot acquire information through a
continuous spatial extent of a storm-induced swells,
whereas the post-surge field survey is expensive and
labor ious to generate the complete dataset
(Brakenridge et al. 2013). Recently, detecting and mon-
itoring the flood events globally are made easier using
geospatial techniques encompassing the bird’s-eye per-
spective with high-resolution multispectral data. The
satellite imagery obtained from Landsat data offers re-
peatable imagery for every 16 days to present. The US
Geological Survey (USGS) in 2008 released the entire
dataset of Landsat archive to the public to develop the
studies related to land/water dynamics (Olthof et al.
2015). Landsat satellite images are being extensively
used for surface water mapping by classifying pixels
as either water or land through hard classification
methods (Foody 2000; Halabisky et al. 2016).

Eastern Pacific Ocean information

The Pacific coast of Latin America includes the conti-
nental countries of Americas fromMexico in the Central
American region to Chile in the south. The population in
low elevation coastal zone is increasing globally, and it
is estimated to increase by 230% by 2030 (Rojas et al.
2017). It is estimated that 29 to 32 million people are
living within 10-m elevation of sea level in the Latin
America and Caribbean coasts as per records during the
start of the century (Reguero et al. 2015). The economy
of Latin American countries (LAC) is mainly dependent
on tourism and natural resources which is also exposed
to long-term damages due to ENSO-related climate
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change events (Delgado-Serrano et al. 2017). The East-
ern Pacific region is one of the most prolific storm-
forming regions in the world with an average of 16.5/
year named storms during the period of 1981–2010,
where 8.9 of those becoming hurricanes and 4.3 becom-
ing major hurricanes. Thus, the Accumulated Cyclone
Energy (ACE) index for the East Pacific basin during
2015 was 158 (× 104 knots2), which is above the 1981–
2010 average of 132 (× 104 knots2) and the highest since
2006 (NOAA 2019). The Eastern Pacific being one of
the most active basins with highest number of storms
drives the importance of coastal inundation mapping in
order to assess the damage incurred and to improve
coastal management practices.

Moreover, the eastern coast of the Pacific experi-
ences a seasonal (May–June) extreme wave events,
which usually generates near the Antarctic ocean (50–
60°S); this phenomenon is locally known as “Mar de
fondo” and has become sensational throughout the
country as a result of the damages caused by coastal
flooding (Xavier et al. 2019).

The present study is focused on mapping the coastal
inundation limit of several low-lying coastal cities along
the eastern coast of Pacific fromMexico to Chile before
and after the sea swell events (SSE), which occurred
during April to May 2015 using remote sensing and
Geographical Information System (GIS) tools.

Materials and methods

Description of the SSE

The massive swell events took place during the end of
April (1st event: April 28–May 7) and inMay (2nd event:
8 to 15; 3rd event: 18 to 27) 2015. This unusual phenom-
enon was triggered by the low-pressure system that orig-
inated from the South Pacific that usually produces extra
tropical storms. Continuous and elevated waves travel
more than 10,000 km due to strong wind action before
making considerable damages along the coasts of Latin
America (National Center for Disaster Prevention,
CENAPRED). In Mexico, the National Meteorological
Service (SMN) often warned all the coastal states from
Chiapas to Jalisco for extreme waves of three to four
meters height with heavy rain. The Maritime Meteoro-
logical Analysis and Forecasting Center of the Secretary
of the Navy and the agency of the National Water Com-
mission (CONAGUA) expected the waves to reach 1.5 to

2.5 m height on the coasts of Chiapas and Oaxaca. In
Chile, the regional directorates of the National Emergen-
cy Office of the Ministry of the Interior (ONEMI) had
issued an early warning for the coastal cities from
Tarapaca to Aysen due to strong wind in the high seas,
with large swells and very poor sea condition. In addition,
civil protections in other Eastern Pacific countries also
issued an emergency alert for the entire coastline.

Countries, namely, Chile, Peru, Ecuador, Colombia,
Panama, Honduras, El Salvador, Guatemala, and Mex-
ico all along the Pacific side were affected by the swell
events among which El Salvador was the hardest hit.
Ten coastal cities, namely, (1) Mazatlan (Mz), (2)
Lazaro Cardenas (Lc), (3) Acapulco (Ac), (4) Puerto
Angel (Pa), (5) Huatulco (Ht), (6) Salina Cruz (Sz) in
Mexico, (7) Acajutla and La Libertad (El) in El Salva-
dor, (8) Matarani (Mt) in Peru, (9) Arica (Ar), and (10)
Antofagasta (Af) in Chile were selected based on dam-
ages and availability of data for the present study
(Fig. 1) to compute the inundation limit/change in coast-
line before and after the swell events with the help of
GIS tools.

Remote sensing data sources

Multi-temporal satellite images of Landsat 8 (Opera-
tional Land Imager, OLI/Thermal Infrared Sensor,
TIRS) of different periods before and after the swell
events were downloaded in GeoTIFF format through
the US Geological Survey (USGS) Earth Explorer
Website (https://www.earthexplorer.usgs.gov/). The
cloud cover in all the images was selected to be less
than 20% before downloading. The details of satellite
data used for the study are shown in Table 1.

Image pre-processing

The raw satellite images cannot be used as a base map
for analyzing shoreline changes without doing radio-
metric and geometric corrections (Sheik and
Chandrasekar 2011). The acquired Landsat images were
selected without stripping defect, and the radiometric
correction was carried out for each band to reduce the
atmospheric effect. Geo-reference processing was car-
ried out using UTM coordinate system with WGS84
datum using ERDAS IMAGINE 9.2 software. Like-
wise, the Visible Green and Short-Wave Infrared
(SWIR 1) bands were stacked separately for each loca-
tion and were used for the study.
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Extraction of inundation line

Remote sensing-based shoreline and water body extrac-
tion have become widespread approach including band
rationing and water indices (Jeihouni et al. 2019). The
water pixels and non-water pixels in a satellite image are
generally differentiated using spectral water indices to
identify the shoreline boundary. The Modified Normal-
ized Difference Water Index (MNDWI) has improved
the insight of pixels representing water bodies (Kelly
and Gontz 2018) and has an outstanding advantage in
executing coastline extraction (Wang et al. 2018). To
extract the water information from satellite image, the
digital number value of one spectral band is divided by
the pixel value of another band to get the output raster
and is expressed as follows:

MNDWI ¼ Band3−Band6ð Þ= Band3 þ Band6ð Þ:
where Band3 is the visible green band (0.53–0.59 μm)
and Band6 is the short-wave infrared band (1.57–
1.65 μm).

Subsequently, after applying the water indices in
ArcGIS 10.4.1, the output raster was subjected to

classification and computed with the colors from green
to blue to identify the land-water boundary. The pixels
representing the built-up land, soil, and vegetation will
have negative values closer to – 1, and the pixels
representing water bodies will have positive values
closer to + 1. Since the wet land area appears in blue
color after classification, the inundation line of swell
waves was extracted using ArcGIS.

Coastline change analysis

The Digital Shoreline Analysis System (DSAS), an
open source extension of Environmental System Re-
search Institute (ESRI)’s ArcGIS software developed
jointly by USGS and TPMC environmental services is
used in this study for the analysis of shoreline variations.
The DSAS contains a proper user guide which allows
the user to find the shoreline change analysis by defining
a reference baseline for measurements and defining
shorelines for calculating the rate of change statistics
and automated or manual generation of measurement
transect, which calculates the shoreline uncertainties
using the inbuilt statistical methods. Two shorelines

Fig. 1 Study area locations in North America [1–6:Mexico (1:Mazatlan; 2: Lazaro Cardenas; 3: Acapulco; 4: Puerto Angel; 5: Huatulco; 6:
Salina Cruz)]; Central America [El Salvador (7: Acajutla)]; South America[Peru (8: Matarani); Chile (9: Arica; 10: Antofagasta)]
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for each study location were drawn by identifying the
water body using water indices (MNDWI), where the
baseline was set up parallel to the shoreline with the
distance of 20 m from the shoreline. The DSAS pro-
duces transect lines perpendicular to the baseline and
across the two shorelines, and the transect lines were
generated with 50-m interval. The intersections of tran-
sect shoreline along the baseline are used to calculate the
shoreline variations before and after the swell events.

The shoreline movements were calculated in DSAS
with the help of statistical values, while the landward
movement of shoreline (i.e., erosion) will give negative
values and the seaward movement of shoreline (i.e.,
accretion) will give positive values. Likewise, the
erosion/accretion values will be calculated regardless
of baseline orientation (Himmelstoss et al. 2018). DSAS
contains several analytical processes, among which Net
Shoreline Movement (NSM) and Shoreline Change En-
velope (SCE) were used to calculate the short-term
changes in shoreline with distance in meters. The
NSM calculates the difference in distance between the
oldest (before swell events) and the latest shoreline

(after swell events). The above difference relates to the
date, and only two shorelines are required to calculate
the difference in each transects, and the results will be in
negative and positive values. The SCE reports the max-
imum distance between any two shorelines, and the
results will be in positive values only. Henceforth, for
the present study, two DSASmethods were used to map
the areas subjected to erosion and accretion after the
swell events.

Tide gauge data

Tide gauges are installed to measure the water level at a
specific location relative to the surface to which they are
mounted and are the easily accessible source to attain
the coastal sea level changes data (Becker et al. 2019).
The sea level data for the tide gauge stations (a–f,
Mexico; g, El Salvador; h, Peru; i–j, Chile in Fig. 2),
namely, (a) Mazatlan, (b) Lazaro Cardenas, (c) Acapul-
co, (d) Puerto Angel, (e) Huatulco, (f) Salina Cruz, (g)
Acajutla, (h) Matarani, (i) Arica, and (j) Antofagasta for
the month of April 26 to May 31 (2015), were

Table 1 Specifications of the used satellite dataset

Acquisition date Satellite/sensor Path/row Location Zone

Mar 26, 2015 Landsat_8 / (OLI/TIRS) 31/44 Mazatlan 13

May 29, 2015 Landsat_8 / (OLI/TIRS) 31/44 Mazatlan 13

Apr 6, 2015 Landsat_8 / (OLI/TIRS) 28/48 Lazaro Cardenas 13

May 24, 2015 Landsat_8 / (OLI/TIRS) 28/48 Lazaro Cardenas 13

Mar 7, 2015 Landsat_8 / (OLI/TIRS) 26/48 Acapulco 14

May 26, 2015 Landsat_8 / (OLI/TIRS) 26/48 Acapulco 14

Mar 25, 2015 Landsat_8 / (OLI/TIRS) 24/49 Puerto Angel 14

May 28, 2015 Landsat_8 / (OLI/TIRS) 24/49 Puerto Angel 14

Apr 10, 2015 Landsat_8 / (OLI/TIRS) 24/49 Huatulco 14

May 28, 2015 Landsat_8 / (OLI/TIRS) 24/49 Huatulco 14

Apr 3, 2015 Landsat_8 / (OLI/TIRS) 23/49 Salina Cruz 15

May 21, 2015 Landsat_8 / (OLI/TIRS) 23/49 Salina Cruz 15

Feb 26, 2015 Landsat_7 / (ETM+) 19/51 El Salvador 16

Jun 2, 2015 Landsat_7 / (ETM+) 19/51 El Salvador 16

Mar 29, 2015 Landsat_8 / (OLI/TIRS) 4/72 Matarani 18

May 16, 2015 Landsat_8 / (OLI/TIRS) 4/72 Matarani 18

Mar 31, 2015 Landsat_8 / (OLI/TIRS) 2/73 Arica 19

May 18, 2015 Landsat_8 / (OLI/TIRS) 2/73 Arica 19

Mar 31, 2015 Landsat_8 / (OLI/TIRS) 2/76 Antofagasta 19

Jun 3, 2015 Landsat_8 / (OLI/TIRS) 2/76 Antofagasta 19

Spatial resolution: 30 m; coordinate system/datum: UTM/WGS84; data source: USGS
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downloaded from the sea level monitoring facility of the
intergovernmental oceanographic commission of the
UNESCO (http://www.ioc-sealevelmonitoring.org)
website (Fig. 2). The tide gauge record was used to
identify the maximum wave height during the swell
events from April to May 2015 with a sampling
interval of 1 min.

Results

Assessment of shoreline changes

The NSM-calculated values with the help of DSAS are
presented in Figs. 3 and 4 (1–10), highlighting the NSM
values for all the study locations in both negative and
positive values, signifying the movement of shoreline
landward (erosion) and seaward (accretion),
respectively.

The landward movement was highly observed in El
Salvador with the maximum value of – 268 mts at the
transect number 760 followed by Acapulco in Mexico
with the maximum value of – 254 mts at the transect
number 587. Likewise, the maximum seaward move-
ment was recorded in Huatulco (Mexico) with +
115 mts at the transect number 335. Acajutla and La
Libertad are the largest ports in El Salvador where a
majority of the coastal residents are concentrated very
close to the shore. Acajutla has very low relief on its
western side with lagoons and marshes, and the eastern
side is steeper, which causes larger flooding area in the
former and smaller flooding area in the latter region. La
Libertad (in El Salvador) has steeper coast on its west
and low-lying flat land on its east which is developed as
a tourist region. All the above factors along with its
proximity to the coast have increased the inundation
limit in this region (Álvarez-Gómez et al. 2013). Like-
wise, Acapulco is characterized by the formation of low
deltaic plains which has a major port and is known to
have innumerous resorts and largest beach city with
increased urbanization. Especially, surrounding Acapul-
co bay, the maximum inundation has been recorded due
to the modification of natural vegetation into settlement
area in between 1970 and 2010, where nearly 110 km2

of vegetation land were transformed to urban civiliza-
tion (Zuniga and Magaña 2018) (Video 1).

The tide gauge data for coastal cities of Mexico and
Chile are represented in Fig. 2 a–j, which clearly indi-
cates the occurrence of three distinct events, the first one

during the end of April around 28 and the second and
third event were recorded during May 8 to 15 and
May 18 to 27, 2015, respectively. The tidal data also
serves as an evidence for storm surge event hitting the
Pacific coast during April–May 2015. The calculated
residual tide variation observed in the coastal areas of
Mexico during the three events varied from 0 to
1.27 mts, and it is mainly due to the local bathymetry
variation in the offshore section, which often reflects the
minimum and maximum height of inundation in these
regions.

Table 2 shows the percentage of area subjected to
landward movement with no change, whereas the sea-
ward movement was detected in many places. The ob-
served sites with highest percentage of landward motion
is presented in the decreasing order of Af (84.1) > Lc
(84.0) > Ht (80.3) >Mt (76.1) > Ac (73.0) > El (72.3) >
Pa (57.4) > Sz (44.3) >Mz (33.2). Similarly, the per-
centage of area which underwent maximum seaward
motion is grouped in decreasing order Mz (63.1) > Sz
(33.1) > Ac (18.3) > Ht (16.7) > El (11.0) >Mt (8.0) ≥
Lc (8.0) > Pa (6.6) > Af (3.6), and the area which did not
undergo any significant changes are Pa (35.8) > Sz
(22.6) > El (16.7) >Mt (15.9) > Af (12.3) > Ac (8.7) >
Lc (8.0) >Mz (3.7) > Ht (3.0). However, Arica (Ar)
presented the highest value of 99.4% erosion because
the satellite image used for the analysis was acquired
during the occurrence of sea swell events, i.e., 18
May 2015.

The consideration of SCE, NSM, and wave height
characteristics for the present study has been able to
explore the temporal and spatial dynamics of sea swell
episodes. The above process is due to their significance
in estimating the largest distance between all shorelines
(SCE), cumulative shoreline movement (NSM), and
swell energies at specific time intervals (Sweet et al.
2015; Dereli and Tercan 2020). Shoreline change statis-
tics for the present study represent a significant negative
correlation (r2 = − 0.95, when p < 0.05) between NSM
and SCE clearly demonstrating the high erosive rates
generated by the sea swell events of 2015 (e.g., Martin
et al. 2020).

Table 2 represents the movement in coastline position
before and after the SSE events along different study
locations in meters and are presented in decreasing order
as follows: El (267.6) > Ac (253.5) > Lc (124.9) > Ht
(114.5) > Af (103.2) > Mt (92.5) > Mz (62.2) > Pa
(46.6) > Sz (33.0). The shorelines which are most vulner-
able to coastal inundation presented in a decreasing order
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on the basis of maximum inundation in meters are as
follows: El (267.6) > Ac (253.5) > Lc (124.9) > Af
(103.2) >Mt (92.5) >Ht (91.8) >Mz (53.9) > Pa (46.6) >

Sz (33.0). However, El Salvador recorded the maximum
wave height (2.35 mts) during the swell event, and the
lowest was recorded in Lazaro Cardenas (0.54 mts).

Fig. 2 a–j Graphs representing the tide gauge data from Chile and Mexican regions
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Discussion

Factors responsible for SSE

The increase in sea level along the Pacific coastline of
North and South America is documented to be the
significant driving forces of sedimentary shoreline
movements (Páez-Osuna et al. 2016). A couple of paired
cyclones were generated during the early 2015 in the
Western Pacific, which produced a strong westerly
anomaly along the equator, whereas during the month
of March to May (2015), the westerly wind events burst
firmly which pushed the warm pool towards east and in

turn the sea surface temperature anomaly in the Eastern
Equatorial Pacific has increased as high as 4 °C (Hu and
Fedorov 2016), leading to the super El Niño event of
2015. The warm ocean waters along the western coast
combining with the super El Niño has amplified the sea
level and also increased the chance of high flood. The
distant waves were carried along with the wind move-
ment crossing thousands of kilometers across the Pacific
Ocean. Subsequently, when the swell approached the
warmer ocean of Central America, it overlapped with
the full moon high tide waves and created a massive
surge throughout the region (https://ecoviva.org/large-
swells-cause-damage-on-el-salvadors-coast/). The sea

Fig. 3 (1–6) Shoreline change rates in the coasts of different study locations in Mexico, showing (a) Net Shoreline Movement (NSM) and
(b) Shoreline Change Envelope (SCE)
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level rise, ENSO phenomenon, along with the high tide
waves has influenced the SSE to hit harder during the
April–May 2015 and caused severe damages.

Documented damages to properties due to SSE

The wind generated by storms in the South Pacific had
unloaded massive intense waves along the coasts of
countries from Chile to Mexico. The devastating force
of sea waves had inflicted chaos on coastal infrastructure,
households, and small businesses. In Mazatlan (Mexico),
the waves reached up to 3 mts, red flags were placed on
the beaches, tourism were canceled, the hotel zone
Dorada was flooded, waves reached up to Av. Camaron
Sabalo, and the Torres Mazatlan hotel wall collapsed
(https://www.debate.com.mx/mazatlan/Mar-de-fondo-
causa-danos-en-Mazatlan-20150505-0059.html). In
Lazaro Cardenas (Mexico), the waves reach up to
6 mts, one woman was reported dead, and few people
were injured. All the beaches in the municipality were
closed, andwater entered the kitchen of all establishments
in Playa Erendira in the region (http://www.
cambiodemichoacan.com.mx/nota-252607). In the State
of Guerrero (Mexico), 535 homes were damaged, which
includes 2 from Acapulco beach, damages reported in 8
municipalities, 19 smaller vessels were damaged and 62
people were rescued in Acapulco, and one person was
reported dead in Revocadero beach (http://cinabrio.over-
blog.es/2015/05/danos-por-mar-de-fondo-continuan-
castigando-costa-pacifica-de-mexico.html). In Huatulco
(Mexico), the buoy system which serves as a signal to
protect the reefs was destroyed with a huge economic
loss, one dead body was found near Bahias de Huatulco

beach, and 8 municipalities and 30 beaches were affected
with tourist entities. Near Puerto Angel (Mexico), 30
restaurants were flooded, the water entered the streets,
and all the beaches were closed temporarily in the region
(https://www.gob.mx/conanp/prensa/mar-de-fondo-
afecto-senalizacion-de-proteccion-de-arrecifes-en-
bahias-de-huatulco). In Salina Cruz (Mexico), the
Municipal Public Security reported that economic loss
and material damages were recorded, a van was dragged
towards the sea and a boat was overturned, and the
restaurants and the beach areas were flooded with water
and sand (http://expresionnoticias.blogspot.com/2015/05
/continuara-mar-de-fondo-en-costas-de.html).

El Salvador was hit by waves that were above 2 mts
and left dozens of victims, evacuees, and damage to
infrastructure. Puerto de La Libertad coast was highly
damaged due to waves, and the subsequent flooding
caused 150 mts of inundation onMizata beach. Tourism
was suspended in El Salvador, 1367 persons were evac-
uated, 937 homes were damaged, 242 homes were
destroyed, 66 homes were flooded, 60 restaurants were
damaged, wells and crops were destroyed, and 1 person
wa s r e po r t e d m i s s i n g ( h t t p s : / / r e l i e fweb .
int/sites/reliefweb.int/files/resources/MDRSV008do1.
pdf). In Peru, the waves reached up to 6 mts which
deposited garbage along the coast of Lima, homes and
roads were flooded in Callao, more than 82 minor ports
were closed, a 60 mts long structure of nineteenth
century was damaged in Pacasmayo port, 14 homes
were destroyed, 80 was damaged near the Huanchaco
town, 55 homes were damaged in Chimbote (near
Matarani at Callao), 19 homes were damaged, and the
port was flooded causing evacuation in the region

Fig. 4 (7–10) Shoreline change rates in the coastal regions of El Salvador, Peru, and Chile, showing (a) Net Shoreline Movement (NSM)
and Shoreline Change Envelope (SCE)
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(https://perureports.com/ocean-swells-damage-coastal-
regions-from-north-to-south/884/). In Chile, the sea
swell affected the northern and central part of the
country from Arica to Puerto Montt, the waves
reached a height of 3 to 4 mts, and the tourism was
suspended subsequently. One person was reported dead
near Cartagena coast who was swept away by the
waves, and red alert was raised for the coastal cities
(https://www.t13.cl/noticia/nacional/intensas-
marejadas-afectan-borde-costero-del-pais).

Conclusion

The present study provides an optical view of
coastal inundation along the coastal cities of Latin
American countries before and after the SSE,
which took place during April–May 2015 reveal-
ing the vulnerability of these low-lying coastal
cities. Attempts has been made for the first time
to measure the inundation limit and coastline
changes due to a series of sea swell events using
remote sensing techniques combined with the
DSAS, an extension of ArcGIS tool. Moreover,
this study focused mainly on Landsat_7 (ETM+)
and Landsat_8 (OLI/TIRS) satellite data and
MNDWI for the changes in shoreline regions.
The NSM shows the maximum inundation limits
(268 and 254 mts) for the coasts of El Salvador
and Acapulco (Mexico) that were highly vulnera-
ble followed by other cities. SCE variation indi-
cated the maximum variation in coastline for dif-
ferent locations with the highest value of 268 mts
for El Salvador. The results highlight the efficien-
cy and importance of above mentioned methods in
providing valuable evidence on coastal zone man-
agement. The study requires further detailed anal-
ysis using the Digital Elevation Models and SLR
anomaly to increase the precision of composite
shoreline dynamics.
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