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Abstract.

The analysis of satellite images provides an alternative and complementary method for a
better understanding of coral reef ecosystems profitably, with large-scale and near-real-
time data. The present study focuses on the presence of coral reef at the Archipelago
Espiritu Santo National Park, using high-resolution multispectral images (10 m2) from
the Sentinel-2B satellite of the European Space Agency ESA. A Random Forest algo-
rithm was applied to the reflectance bands to estimate bathymetry and classify the seabed
in order to assess the coral reef coverage on the island. The results shown are suitable for
bathymetry with a variance explained by R2 = 0.895, on the other hand, the classification
of bottom type indicates a submerged area of 161.23 ha of coral reef coverage. Reef map-
ping, beyond identifying its distribution, has the potential to quantify other parameters
that may be important when monitoring these ecosystems.
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1. Introduction

Coral reefs are the largest geological structures built by organisms over time, distributed in tropical
shallow waters [1]. Despite covering 1% of the sea surface, they are considered as ecosystems with high
ecological value [2], they participate regulating important global bio-geochemical cycles and their
structure give protection to the coasts against waves and weather events such as hurricanes and storms
[3]. They are refuge, food and breeding areas for many species, some of theses of commercial interest
and their aesthetic value promotes tourism generating significant economic gains [2]. Yet, these eco-
systems are facing deterioration worldwide; by 2011, 19% of the reefs had already been lost and 75%
were threatened [4]. The effects of natural disasters in combination with the ravages of anthropogenic
influence are the main causes of decline and deterioration at regional and global scales.

Understanding the current status of coral reefs through effective monitoring is crucial for the better
management of these ecosystems [5]. In this sense, the analysis of satellite images derived from remote
sensors is essential for ecological studies of shallow habitats. This approach provides an alternative
complementary and a cost effective method for a better understanding of reef ecosystems with large-
scale and near-real-time data [6].

Reef mapping was dominated by multispectral instruments of high spatial resolution and moderate
resolution such as Landsat 8 satellite [6,7]. The Sentinel-2 Satellite with its instruments A and B is the
most recent contribution of the European Space Agency (ESA) in collaboration with the Copernicus
program, it has an MSI Instrument (Multi Spectral Imager) and high resolution pixels (10 m) which
offers a great opportunity for monitoring reef ecosystems [6].

The main objective of this study is to generate a supervised classification of the sea bottom type in
order to assess the area of coral reef coverage, using geospatial information from the Sentinel-2B sat-
ellite

2. Methods

Archipiélago Espiritu Santo National Park (PNZMAES) is located in front of La Paz Bay, in South
Baja California within the Gulf of California, with an area of 47,749 ha (CONANP, 2007) (Figure 1).
It was d declared as Proteced Natural Area on May 10, 2007. The heterogeneity of habitats, such as
mangrove ecosystems, coral reefs and rocky reefs create refuge and breeding areas with high ecological
integrity. Its scenic beauty and climates make this area suitable for ecotourism, although vulnerable to
human impact (CONANP, 2007). There are also other disturbances that can alter the natural character-
istics and deterioration so theses ecosystems such as hurricanes and the presence of EI Nifio—Southern
Oscillation modifying productivity and causing bleaching effects on coral coverage (lglesias Prieto et
al., 2003; CONANP, 2007).

Figure 1: Location of the study area (left) and loca-
tion of the visited sites in the study area (right).
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Satellital data was acquired from Sentinel-2B (https://scihub.copernicus.eu/dhus/#/home), sensed
on April 2, 2018. A search was made for the selection of this image among sensed images that exposed
a lower degree of cloudiness and close to the date when in situ data was taken.

Seven visits to Espiritu Santo Island were made during May 2018, covering a total of 20 sites. For
the bathymetric data collection, the depth was constantly registered and georeferenced from the boat
using a Garmin echoMAP 52dv echo sounder. The data necessary for bottom type classification was
collected by 5 monitors through autonomous diving perpendicular to the coast line in transects of vari-
able size depending on each site visited. The monitors were equipped with a Garmin Trex 10 GPS and
every 10 meters the type of substrate on which they were found was registered and georeferenced,
taking into account the following categories: algae, sand, gravel (dead coral pieces), coral and rock.

Atmospheric correction was performed to all bands automatically by using the DOS atmospheric
correction method [10]. However, not all bands were required in our analysis, only 1,2,3,4 and 11 (deep
blue, blue, green, red and SWIR) bands were considered.

To generate a modified normalized difference water index (MNDWI) [11] the following expression

was applied to our bands
Green—SWIR

MNDWI = =222 (1)
Green+SWIR

This index allows us to detect water bodies by combining these bands (1). Subsequently, a mask was
created by applying a null value to the pixels corresponding to land surface and this mask was applied
to bands 1, 2, 3 and 4.

To develop the bathymetric model of our study area, the reflectance values of the satellite bands (1-
4) were extracted for each of the georeferenced bathymetric points. With these values, an array of
17,255 records consisting of 5 columns was created, the first column corresponds to the depth value
recorded by the echo sounder and the remaining four columns correspond to the reflectance value of
each band for each bathymetric point. This database was imported to Rstudio to generate the bathymet-
ric model by supervised classification to our satellite bands (1-4) using the Random Forest algorithm
trained with 90% of the data and using 300 trees.

To perform the water column correction, the reflectance values of substrate categories of each band
were extracted and the sand values were filtered. The Sagawa methodology (2010), which is a modifi-
cation of Lyzenga’s (1981) model, was applied to find the attenuation coefficient, necessary for water
column correction to our bands [12, 13].

The reflectance values of each of our four corrected bands were extracted for the 1, 331 points re-
ported from the substrate categories in the 20 visited sites and a data matrix was created. The Random
Forest machine learning model was applied using 300 trees to develop supervised classification for
bottom type. Once our classification model for bottom type was obtained, we calculated the area of
coverage for each of the categories that make up the substrate present in Espiritu Santo Island.

3. Results

3.1 Atmospheric correction and mask generation

The spectral radiance of the atmospheric effects was corrected to recover the surface reflectance values
and this correction allowed to eliminate noise due to cloudiness or other atmospheric conditions in
bands 1, 2, 3, 4 and 11. The modified normalized difference water index (MNDW]I) generated was used
to construct a mask, which was applied to our visible bands and limit our analysis only to the seabed,
discarding land surface.
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3.2 Bathymetry

According to the bathymetric model, the data set used obtained a coefficient of determination R2=0.895
and an RMSE=1.3882. This model generated addressed as a result an image for the bathymetry from
the coastline and up to 23m deep (Figure 2). The east side of the island adjacent to the Gulf of California
are the areas with the smallest platform, while on the west side of the island we find a greater extension
of platform before 23m depth (Figure 2).

3.3 Reef coverage by supervised classification.

A total of 1,331 substrate points were reported in the 20 sites visited in study area. The greatest amount
corresponds to La Dispensa, Las Navajas and Corralito, places where coral communities’ dispersion
was greater, or their abundance. By contrast, El Pailebote, EI Mestefio and the Gallo and Gallina islets
had the least amount of points because the depth drops rapidly and this prevents the coral presence due
to an exponential decrease in light incidence.

The sea bottom type model generated by supervised classification had an average error of 50.11%,
coral surface was the best characterized with an error of 39%, while the classification of algae coverage
has the highest error with 77 % (Table 1). The image obtained from the bottom type classification shows
that the sand, rock and coral coverage are well represented substrates in the island (Figure 3).
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Figure 3: Satellite derived bathymetry Figure 2: Supervised classification of
for the PNZMAES. bottom type for the PNZMAES.

The pixel quantification allowed us to estimate the area corresponding to the coverage by type of
substrate for each site, gravel and algae were the least dominant type of substrate (Figure 3) covering
12.04 and 25.94 hectares respectively (Table 2). Finally, based on the data generated, the estimate area
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for the coral coverage throughout the PNZMAES is 161.23 hectares (Table 11). San Gabriel Bay has the
largest estimated area of coral cover with 29.9 hectares, which we can corroborate with the literature
that describes this site as one of the few that counts as a true reef structure within the Gulf of California
[14].

Algae Sand Gravel Coral Rock error
Algae 17 20 4 21 15 1%
Sand 9 139 3 66 65 50%
Gravel 4 9 14 25 11 T7%
Coral 4 51 8 279 120 39%
Rock 5 48 4 170 210 51%

Table 1: Matrix confusion for supervised classification.

4. Conclusion

We conclude that satellite Sentinel-2 has the appropriate resolution to generate useful information rel-
evant to management on coral reefs and offers advantages in terms of coverage and profitability. The
bathymetric model has an adequate accuracy with explanatory variable of approximately 90% compared
to the performance of similar analysis of satellites such as Landsat 8 [15]. We notice that for our bottom
type classification, accuracy scarcely exceeds the 60% in our category of interest (coral coverage),
which we can consider as acceptable since a high precision ranges between 80% and 100% accuracy
[15]. In order to improve the accuracy of the results and avoid overestimating coral coverage in sites
that have not been visited to verify, it is necessary to make a greater field effort to complement the
analysis. This study was limited to coral coverage assessment; however further analysis can be per-
formed to detect bleaching or other indicators necessary in monitoring programs.

SITE ALGAE SAND GRAVEL CORAL ROCK
NAVAJAS 0.14 21.36 0.1 418 2.05
MESTENO 0.3 2.42 0.25 2.66 5.79
PUNTA DISPENSA 0.08 76 0.02 3.69 6.52
LA GALLINA 0.12 1.39 0.02 1.2 24
CORRALITO 0.19 224 0.02 2.29 2.46
BAHIA SAN GABRIEL 2 113.6 7.22 29.96 72.48
BALLENA 1.11 10.73 0.2 6.65 10.96
BONANZA 1.77 12.54 0.16 25.35 65.18
PAILEBOTE 0.31 1.09 0.04 7.64 15.61
ENSENADA DEL GALLO 9.13 36.17 2.99 17.38 77.82
ROCA SWANNY 215 59.68 0.04 754 2.35
VALIZAS 3.66 39.24 0.21 17.28 17.58
EL GALLO 0.82 9.76 0.17 6.66 12.43
GALLINA ISLOTE 0.13 1.47 0.04 212 5.04
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CANDELERO 0.71 8.92 0.11 4.43 9.06
ISLOTES 0.1 0.72 0.12 3 6.42
TIJERAS 0.68 1.45 0.01 4.72 9.05
CUEVITAS 0.45 3.86 0.02 3.47 8.4
ENSENADA GRANDE 0.95 15.68 0.29 453 11.5
CARDONAL 1.14 19.71 0.01 6.48 10.78
TOTAL 25.94 369.59 12.04 161.23 353.88

Table 2: Coverage value of bottom substrate in each visited site. Area in (Ha)
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