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Abstract: The Environmental Sensitivity Index (ESI) for oil spills was developed to assist 
coordinators to evaluate oil spill impact along shorelines and also to coordinate the 
allocation of resources during and after the incident, aiming to reduce environmental 
damage and consequences. Recently, Remotely Piloted Aerial Systems (RPAS) are being 
used in a wide range of areas, since they complement traditional remote sensing data 
(e.g., satellite images) and offer a rapidly, precise, detail and high-resolution images that 
fit well for environmental studies. Herein, the use of high-resolution RPAS images for ESI 
analysis of rocky shores in the Brazilian territory was performed. Using RPAS images, with 
their higher-resolution compared with ArcGIS Pro Basemap satellite images, increased 
the detailed of ESI analysis for oil spills, increasing the number of regions in the rocky 
shore that are more sensitive to oil spills. The RPAS images were able to decrease the 
number of areas that were less sensitive to oil spills, and increase areas that are more 
sensitive to oil spills. This increase is important, since they were not detected in the 
ESI analysis using conventional ArcGIS Pro Basemap satellite images. The RPAS images 
permit to delineate precisely rocky shores, improving ESI interpretation in rocky shores. 

Key words: Environmental sensitivity index, oil spill, remotely piloted aerial systems, 
rocky shores.

INTRODUCTION
The implementation of tools and indexes to 
prevent and mitigate oil spills impact in marine 
and coastal environments is of interest for oil 
and gas companies and also for environmental 
authorities and for the society in general (Jensen 
et al. 1993, Gil-Agudelo et al. 2015). They seek to 
prevent and avoid potential damages caused 
by oil spills to the natural realm and also to the 
resources that are essential for human activity 
(economic and/or non-economic) (Gil-Agudelo 
et al. 2015). For these purposes, to avoid, prevent 
and mitigate oil spills damages to marine and 
non-marine organisms, the Environmental 

Sensitivity Index (ESI) maps are fundamental 
to prepare guidelines for contingency planning 
(Tri et al. 2015). According to Nelson & Grubesic 
(2021), the consequences of oil spills and their 
impact in the environment remains a challenge 
until these days, including the prediction and 
the evaluation of the environmental damages 
caused by oil spills, as well as the mitigation 
efforts and cleanup tatics. The preexisting 
knowledge about coastal resources and other 
information (i.e., ESI analysis), as a detailed 
characterization of a given coastal region, are 
capable to: (i) generate a faster response and, 
consequently, reduce potential damage, and (ii) 
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create an effective distribution and allocation 
of resources, activities and efforts focused on 
the protection and cleanup of an area (Santos & 
Andrade 2009, Kankara et al. 2016).

The concept of Environmental Sensitivity 
Index (ESI) was originally developed to assist 
spill-response coordinators to evaluate the 
impact of oil along shorelines, and to evaluate 
and assist the allocation of resources during 
and after the oil spill incident, reducing the 
environmental consequences (Jensen et al. 1990, 
1998, Leiger et al. 2012). The ESI aims to help 
and prioritize the efforts in specific locations in 
order to reduce environmental consequences of 
oil spills, and also the placement and allocation 
of fundamental resources during the cleanup 
and mitigation works (Jensen et al. 1998). In this 
context, coastlines are especially sensitive to oil 
spills because these areas comprise estuaries, 
wetlands, coastal mangrove, freshwater swaps, 
tidal flats, coastal plains, rocky shores and 
beaches (Tri et al. 2015). The ESI maps, that have 
been used for decades since 1979 (Cowardin et al. 
1979, NOAA 2002), must provide a concise resume 
of the coastal resources and environments that 
can be potentially in risk if an oil spill occurs in 
the region (Petersen et al. 2002, Leiger et al. 2012, 
Sowmya & Jayappa 2016). In other words, the ESI 
analysis is important to map the level/degree 
of environmental sensitivity to oil spills events 
(Petersen et al. 2002, Utomo et al. 2021) and 
should be always made before oil spills occur 
(Oydepo & Adeofun 2011, Utomo et al. 2021). The 
classical classification of ESI is given by Petersen 
et al. (2002), that describes it as a map that is 
an integral component of oil-spill contingency 
planning and response. Notwithstanding, the ESI 
is a scale that classifies coastal environments 
regions (in the case of this study, the rocky 
shores) according to the “degree” (usually an 
ESI value of 1 to 10) of sensitivity of a given 
environment to oil spills - when you assign a ESI 

value to a certain region, it is related to the level 
of sensitivity this region has to oil spills.

The environmental remote sensing can 
make the observation of large areas, at a given 
spatial and temporal resolution, more efficient 
and accurate (Klemas 2015, Mahdavi et al. 2018). 
Historically, they have been successfully used in 
a wide range of areas, like weather and hurricane 
prediction, coastal dynamics observation, 
pollution detection, coastal land cover, tidal 
wetlands, forest, agriculture and urban areas 
mapping (Klemas 2015). The traditional remote 
sensing, such as the satellites data, offers 
the coverage of wide areas with multispectral 
images and a great revisit time for, per example, 
environmental studies (Klemas 2015). However, 
for some applications (e.g., land-use and 
wetlands mapping, coastline characterization 
and delimitation, LIDAR bathymetry, and oil slicks 
and spills tracking), they lack spatial resolution, 
even with high spatial resolution satellite data 
available in the present-days (Klemas 2015).

The Remotely Piloted Aerial Systems (RPAS) 
or Unmanned Aerial Vehicles (UAVs) tend to 
complement the remote sensing technologies 
that are available today (Manfreda et al. 2018, 
Doughty & Cavanaugh 2019, Hardin et al. 2019, 
Nikolakopoulos et al. 2019, Odonkor et al. 2019, 
El Mahrad et al. 2020). In general terms, they are 
more user friendly than all the geoinformatics 
and remote sensing technologies, relatively 
cheaper, smaller, lighter and practical, and 
also offer an alternative to conventional 
platforms for high-resolution remote sensing 
data acquisition, with a lower cost and higher 
operational flexibility (Klemas 2015, Bayirhan 
& Gazioglu 2020). These RPAS vehicles can be 
applied in a diverse range of areas, that includes 
precision agriculture (Zhang & Kovacs 2012, 
Freeman & Freeland 2015), surveillance (Hodgson 
et al. 2016), 3D mapping (Nex & Remondino 
2014), search and rescue (Waharte & Trigoni 
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2010), general scientific research (Bayirhan 
& Gazioglu 2020), meteorology (Bayirhan & 
Gazioglu 2020) and environmental monitoring 
that includes oil spills environmental sensitivity 
mapping (Cunliffe et al. 2016, Ball et al. 2017, 
Bayirhan & Gazioglu 2020). The necessity for a 
precise, flexible and low-cost system that offers 
a higher spatial resolution, temporal frequency 
and global accessibility, make the RPAS a great 
choice that satisfies these needs (e.g., Yang et al. 
2013, Odonkor et al. 2019).

In this study, a comparison between the use 
of traditional remote sensing data (i.e., satellite 
images) and images from RPAS are presented 
for the characterization of rocky shores for 
oil spills environmental sensitivity mapping 
(ESI analysis), in the southeast coastal region 
of Brazil (northern littoral of São Paulo State), 
in Ubatuba and Caraguatatuba municipalities. 
This approach was adopted in order to: (i) 
understand if and when the RPAS images are 
made useful in areas difficult to access by land 
and/or in specific target areas; (ii) compare the 
results of rocky shore characterization obtained 
from traditional remote sensing data (satellite 
images) and images from RPAS; and (iii) see 
the limitations and potentials of the above-
mentioned images in the ESI analysis.

MATERIALS AND METHODS
The studied areas comprise two rocky shores 
with difficult terrestrial and marine access 
(walking or boat) due to the dense vegetation 
(“Mata Atlântica” Rainforest) and rough seas. 
Two areas were properly imaged: Area 1 - a rocky 
shore in the continent (onshore area, Ubatuba 
municipality, locality commonly known as “Praia 
da Lagoa” Beach, southeast of Tabatinga locality); 
and Area 2 - rocky shores that surround an island 
(offshore area, Cocanha Island, Caraguatatuba 
municipality, Massaguaçu locality) (Figure 1). 

Located at the Serra do Mar mountain range, 
the studied area belongs to the Neoproterozoic 
Ribeira Orogen, that is characterized by a complex 
geological and geomorphological framework. 
Mainly, the lithotypes that occurred in the 
studied area are part of the Costeiro Complex 
(Neoproterozoic) and are characterized by 
gneiss, migmatite, migmatitic gneiss, anfibolite, 
granite, schists and quartzite with well-marked 
foliation (Hasui et al. 1978, Chieregati et al. 1982, 
Heilbron et al. 2004, Hasui 2012). The Ribeira 
Orogen is intensely marked by NE-SW strike that 
is mainly structured by gneissic foliation, shear 
and fault zones formed during the Gondwana 
assembly (Brasiliano Orogeny). In this context, 
the lithotypes of the studied rocky shores are 
characterized by granites with well-marked 
foliation, orthogneiss and magmatitic gneiss 
with well-marked foliations that are usually 
parallel to compositional layering.

This study was developed under the 
“Santos Project - Santos Basin Environmental 
Characterization”, coordinated by PETROBRAS/
CENPES.

To identified the differences between the 
RPAS and satellite images in terms of detailed 
and Environmental Sensitivity Index (ESI) 
interpretations for oil spills, image interpretation 
were performed following approximately the 
1:2300 viewing scale for satellite image and RPAS 
images. It is important to emphasize that the 
RPAS images can give a scale of approximately 
1:300/1:400. 

The presence of pipelines (from offshore 
oil camps), a gas and oil distribution station 
and roads that connects other areas to the São 
Sebastião port, especially Caraguatatuba region, 
turns the understanding of remote sensing 
techniques and the mapping of environmental 
sensitivity for oils spills an important key for 
risk mitigation and possible cleanup efforts.
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The remote sensing images used in this study 
comprises: (i) remote sensing satellite images 
extract from the ArcGIS Pro Basemap; (ii) and 
orthorectified RGB RPAS images, and (iii) Digital 
Surface Model (DSM) obtained from the RPAS. In 
ESI mapping, Google Earth Pro historical images 
are often used to help the ArcGIS Pro Basemap 
interpretations. For the Area 1, historical images 
from Google Earth Pro (August/2013, August/2018 
and June/2020) were used. Images from Google 
Earth Pro from August/2016, September/2017, 

October/2018 and March/2020 were analyzed 
for Area 2. The Google Earth Pro images were 
little used: were used mainly when some rocky 
shore characteristics were confused with some 
human work or construction (as a way to clarify 
doubts about some characteristics of the 
image).  The RPAS images for all analyzed areas 
were obtained in October 08, 2020.

Figure  1. Location of the two studied areas in Caraguatatuba and Ubatuba municipalities, northern coast of São 
Paulo State. The studied areas are indicated with dashed rectangles - Cocanha Island (Caraguatatuba municipality) 
and Praia da Lagoa Beach rocky shore (Ubatuba municipality). The gray line indicates the municipal limits between 
Caraguatatuba and Ubatuba municipalities.  
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ArcGIS Basemap images
The ArcGIS Pro Basemap is commonly used as 
a reference map on which users can overlay 
their own data from layers and better visualize 
the geographic information. These maps are a 
powerful tool for environmental interpretation, 
providing context for a work and allowing the 
user to produce multiple features, raster or 
web layers. In this work, Imagery Basemap from 
ArcGIS Pro was used in order to compare these 
images with RPAS images. The Imagery Basemap 
use as a source: Esri, Maxar, GeoEye, Earthstar 
Geographics, CNES/Airbus DS, USADA, USGS, 
AeroGRID, IGN and the GIS User Community. 
According to the ArcGIS platform, the Imagery 
Basemap (WGS84) provides one meter or better 
satellite and aerial imagery in some parts of the 
earth and a lower resolution satellite imagery 
around the globe. Generally, this Basemap 
includes: (i) 15m TerraColor Imagery at small and 
mid-scales (~1:591M down to ~1:72k) and (ii) 2.5m 
SPOT Imagery (~1:288k to ~1:72k).

Remotely piloted aerial systems (RPAS) images
The image acquisition carried out with the 
RPAS was done on October 10 2020. The RPAS 
RGB images were obtained using a Phantom 4 
Advanced (quadcopter manufactured by DJI) 
equipped with a 20 megapixels sensor. The 
images were acquired using a RGB camera 
(FC6310 model), with focus length of 8.8 mm and 
20 Mp. Flights were planned with the software 
DroneDeploy, an app which the user specify 

some parameters (area of interest, overlap 
percentage, flight height and ground sample 
distance) to configure the flight. The flight 
was performed in a single grid mode and low 
quality or fuzzy photos were deleted from the 
dataset. The flight and processing parameters 
are presented on Table I.

The captured images were processed using 
the Agisoft Metashape Professional v1.7.1. The 
average processing time was one hour, using 
a desktop with an AMD Ryzen 9 3900X 12-Core 
Processor at 3.79 GHz, 32 GB RAM, and NVIDIA 
GeForce RTX 2070 super GPU. The processing 
steps are described in Figure 2. The first step 
is image alignment which photo triangulation 
is performed; followed by the sparse cloud 
points generation and densification of this 
cloud to increase the number of points cloud 
and decreasing empty spaces; next step is the 
construction of a 3D model that represents 
faithfully the imaged area called digital 
surface model (DSM); Lastly occurs the images 
orthorectification, where the features were 
projected orthogonally with constant scale to 
produce the orthomosaic.

Environmental sensitivity index - ESI
The Environmental Sensitivity Index (ESI) 
mapping method currently in use in the Brazilian 
territory follows the guides of the Brazilian 
Ministry of the Environment (“Ministério do 
Meio Ambiente - MMA”; MMA 2004). The MMA 
(2004) is based on the National Oceanic and 

Table I. Flight and processing parameters on October 10, 2020, using a Phantom 4 Advanced.

Total area of 
flight (ha)

Total of 
images

Time of flight 
(min)

Overlap (%) Ground resolution 
(cm/pix)Front Side

Praia da Lagoa Beach 
(Ubatuba/SP) 60 190 22 80 75 7.51

Cocanha Island 
(Caraguatatuba/SP) 11 162 12 85 80 3.23
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Atmospheric Administration (NOAA 2002, 
Michel & Dahlin 1993), and give guidelines for 
developing ESI maps and databases in Brazil. In 
this method, rocky shores show highly variable 
situations where their physiographic attributes, 
and consequently their sensitive environmental 
conditions, give us their mobility and penetration 
for oil spills. In the MMA (2004) guidelines, 10 ESI 
classes for a wide range of coastal environments 
(Table II) are present. Table II shows some of 
the environments and their respective ESI: from 
the less sensitive environment (e.g., ESI 1) to the 
most sensitive environment (e.g., ESI 10).

Between the different ESI classes presented 
in the MMA (2004) guidelines (Table II), only four 

ESI classes can be used to map the sensitivity of 
rocky shores for oil spills (Table III). In this table, 
some of the geological and geomorphological 
characteristics of the rocky shores and granular 
materials that the MMA (2004) considers for ESI 
mapping and analysis are presented. According 
to the MMA (2004), the most preponderant 
geomorphological aspects to evaluate ESI are the 
substrate permeability and its declivity. It is also 
important to characterize the rocky environment, 
besides its declivity and permeability. The 
characterization and recognition of the rock type 
that compound the rocky shores and substrate 
and if they are autochthonous or allochthonous 
are also an important feature to be considered.

Figure 2. Flowchart of the photogrametry processing steps. Adapted from Javadnejad et al. (2021).
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Table II. Environmental Sensitivity Index (ESI) classes following the guidelines proposed by the Brazilian Ministry 
of the Environment (“Ministério do Meio Ambiente - MMA”; MMA, 2004).

Environmental 
Sensitivity Index (ESI) Shore type

ESI 1

Smooth rocky shores, high declivity, exposed

Sedimentary rocks cliffs, exposed

Smooth artificial structures, exposed

ESI 2
Smooth rocky shores, medium to low declivity, exposed

Terraces or substrates with medium declivity, exposed

ESI 3

Dissipative beaches with fine to medium sand, exposed

Contiguous sandy strips, not vegetated, subject to the action of stormy waves (isolated 
or multiple sand bars, “long beach”)

Steep cliffs and slopes

Exposed dune areas

ESI 4

Beaches with coarse sand

Intermediate beaches with fine to medium sand, exposed

Beaches with fine to medium sand, sheltered

ESI 5

Mixed beaches with sand and gravel, shells and coral fragments

Abrasion terrace or platform with irregular surfaces or covered by vegetation

Fringed sand reefs

ESI 6

Gravel beaches

Limestone detritus shore

Talus deposits

Rockfills (e.g., rip-rap), exposed

Exhumed platform or terrace covered by lateritic concretions (porous or shapeless)

ESI 7
Sandy tidal plain, exposed

Low water terrace

ESI 8

Smooth rocky scarp/slope, sheltered

Fractured rocky scarp/slope, sheltered

Sandy scarps and steep slopes, sheltered

Rockfills (e.g., rip-rap), sheltered

ESI 9

Sandy/muddy tidal plain and other non-vegetated humid coastal areas

Muddy low water terrace, sheltered

Sandy reefs supporting corals

ESI 10

Deltas and vegetated river bars

Wetlands, river and lagoons banks

Brackish or salty water wetlands with vegetation adapted to these environments

Everglades

Mangroves
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ESI photointerpretation criteria
The satellite and RPAS images were interpreted 
for ESI according to several parameters 
that follows the MMA (2004) method, which 
defines classification criteria correlating 
declivity, permeability and oil sensitivity to the 
aforementioned environments. The classification 
of the terranes where rocky shores, cobble/
boulders camps and talus deposits occur in 
the selected areas (see Figure 1), were made 
considering the following parameters (Tables 
III and IV): (i) shore type; (ii) exposure to wave 
action; (iii) declivity; (iv) fracture degree; and (v) 
intertidal width. These parameters were analyzed 
together and classified in order to stablish a 
final Environmental Sensitivity Index (ESI) for oil 
spills. The declivity was obtained through the 
Digital Surface Model (DSM) provided by the RPAS 
mapping and imaging. It is worth noting that 
the guidelines from MMA (2004), uses a visual 
declivity analysis, leaving this parameter very 
subjective and subject to different interpretations 
depending on the person that is working with it.

Table IV shows the parameters classification, 
aiming the sensitivity for oil spills assessment 
for each analyzed rocky shore in the study areas, 
based on MMA (2004) proposal (Tables II and 
III). In general terms, observing the current ESI 
analysis, it is clear that rocky shores with lower 
values of declivity and high fractured degree tend 
to have a higher ESI than those with higher values 
of declivity and lower fractured degree. 

RESULTS
ArcGIS pro basemap environmental sensitivity 
index
The aforementioned parameters were analyzed 
(see Section 2.3) for ESI for oil spills in two different 
areas using the satellite images from ArcGIS Pro 
Basemap. In terms of length of the rocky shores 

that corresponds to Area 1 and 2, they have, 
respectively, 2.312 km and 948 m.

After the analysis of the photointerpretative 
parameters (e.g., littoral and shore type, declivity, 
fracture degree, etc.), four ESI classes were 
recognized using the ArcGIS Pro Basemap images: 
ESI 1, ESI 2, ESI 6 and ESI 8. These ESI were observed 
in, respectively, 14, 9, 19 and 11 segments along 
the two analyzed rocky shores. The Figure 3 shows 
the two studied shore lines (Area 1 and 2) with 
their respective ESI classes that were identified by 
detailed analysis of ArcGIS Pro Basemap satellite 
images. Table V shows the number of segments in 
each class of ESI identified for both areas. Table 
VI show how much of this extension corresponds 
to each of the ESI classes identified in this study 
(sum of length of each mapped ESI segments), and 
the contribution (percentage) of each ESI class in 
the extension of the rocky shores.

For Area 1, where only three ESI classes were 
identified (Figure 3), it is observed that: (i) the 
ESI 1 appears 12 times along the rocky shores, 
corresponding to 42.2% of its extension; (ii) ESI 2 
appears seven times along this rocky shore and 
represents only 18.5% of its extension; (iii) the 
ESI 6 appears in 14 segments along the rocky 
shore (910 m) and corresponds to 39.4% of the 
extensions of the analyzed rocky shore. On the 
other hand, observing Area 2, the most part of the 
area was classified as ESI 8, the most sensitive 
index in the current analysis, due to its location 
in sheltered waters. The ESI 8 corresponds to half 
of the mapped extension (54.2%) and appears in 
11 segments along this rocky shore. Likewise, ESI 6 
is an important value and relates to a quarter of 
the mapped extension (24.9%) Thus, using ArcGIS 
Pro Basemap satellite images, it is possible to see 
that: (i) for the Area 1, the rocky shores present 
greater variability of sensitivity indexes, mostly, ESI 
1 and ESI 6 classes; and (ii) for the Area 2, the rocky 
shores are mostly composed by highly sensitive 
areas for oil spills (about 80%).
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Remotely piloted aerial systems (RPAS) 
environmental sensitivity index
For the RPAS ESI analysis, the Area 1 presented 
2.121 km of extension along the analyzed rocky 
shore. In this area, rocky shores are classified 
into three ESI classes: ESI 1, ESI 2 and ESI 6 in, 
respectively, five, 23 and 27 segments along the 
rocky shore (Figure 4, Table VII). For the Area 2, 
with 1.248 km of extension, four ESI classes were 
identified: ESI 1, ESI 2, ESI 6 and ESI 8 within, 
respectively, five, 11, 13 and 41 segments along 
the rocky shore (Figure 4, Table VII).

Comparing the images obtained by the 
RPAS imaging with the ArcGIS Pro satellite image, 
the RPAS images gave us a higher value of rocky 

shore length/extension. The RPAS images give 
the user the possibility to trace a more detailed 
line throughout the rocky shores (e.g., better and 
detailed coastline and indents tracing, etc.). This 
is mainly due the fact that the images derived 
from the RPAS have a higher resolution and 
detailed than those observed in conventional 
satellite images (e.g., ArcGIS Pro Basemap).

Analyzing the length of each ESI class (Table 
VIII) for Area 1, it is clear that ESI 2 is the most 
predominant class (1117 m of extension, 52.7%) 
followed by ESI 6 (910 m of extension, 42.9%). 
For Area 2, ESI 8 is the most representative 
class (708 m of extension, 56.7%) followed by 
approximately equal occurrences of ESI 2 and 

Table III. Geological and geomorphological characteristics of environments with rocky and granular substrate, 
according to the MMA (2004).

Littoral Type

Intertidal zones

Substrate Type Environmental 
Sensitivity Index (ESI)Declivity 

(degrees)
Width 

(meters)

Exposed rocky shores > 30 Narrow Rocky shore 1

Wave eroded platforms < 30 Wide Rocky bed 2

Gravel beaches 10 - 20 - Gravel 6

Sheltered rocky shores > 15 Narrow Rocky bed (with some 
sediments) 8

Table IV. Photointerpretative criteria used in the ESI mapping in this study. These criteria followed the guidelines 
of MMA (2004).

Exposure to wave 
action Shore type Fracture degree

Declivity (degrees)

Sheltered 
environments

Exposed 
environments

Exposed In-situ rock outcrop Unfractured or low-
fractured (smooth) 0 - 5 (flat) 0 - 5 (flat)

Sheltered In-situ rock outcrop and 
cobbles/boulders

Medium to highly 
fractured (not 

smooth)
5 - 15 (low) 5 - 15 (low)

Cobbles/Boulders 15 - 30 (high) 15 - 30 
(medium)

  Talus deposits   > 30 (very high) > 30 (high)
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ESI 6 (223 m and 198 m of extension, 17.9% and 
15.9%, respectively). 

Comparing the high-resolution RPAS images 
with the ArcGIS Pro Basemap satellite images, 
mainly five positive and interesting points in 
the use of these high-resolution images can be 
observed: (i) RPAS images offers a precise and 
detailed visual of fractures in the rocky shores; 
(ii) a precise knowledge up to where the sea level 
rises at high tide. With this, the identification 
of washing zones can be easily access (zones 
where waves interact with the rocky shores); 
(iii) a more nitid observation of regions where 
gravel and boulder occurred; (iv) RPAS images 
lack shadow zones (shadows from trees, for 
example), that often covers and hinders the 

identification of some areas when using ArcGIS 
Pro Basemap images; and (v) enables greater 
detail to define, delimit and recognize the limits 
of the rocky shores. 

Figure 3. ArcGIS Pro 
Basemap satellite image 
with the interpreted 
Environmental Sensitivity 
Index (ESI) mapping 
for oil spills. Area 1 
represents the “Praia da 
Lagoa” Beach rocky shore, 
and Area 2 represents 
Cocanha Island rocky 
shore.

Table V. Number of segments observed in each ESI 
class, using ArcGIS Basemap satellite images for ESI 
mapping for oil spills.

ArcGIS Pro Basemap satellite images

Environmental Sensitivity Index - ESI

  1 2 3 4 5 6 7 8 9 10

Area 
1 12 7 14

Area 
2 2 2 5 11
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Table VI. Table showing the total extension of each ESI class for Areas 1 and 2 and the corresponding percentage 
value of these in relation to the total length of the analyzed rocky shores extension. ESI values based on the 
ArcGIS Pro Basemap satellite images.

ArcGIS Pro Basemap satellite images
Environmental Sensitivity Index - ESI

1 2 3 4 5 6 7 8 9 10
Area 1 (2.3 km) 975 m 427 m 910 m
Percentage (%) 42.2 18.5 39.4
Area 2 (948 m) 118 m 80 m 236 m 514 m
Percentage (%) 12.4 8.4 24.9 54.2

Figure 4. Remotely Piloted 
Aerial System (RPAS) high-
resolution image with the 
interpreted Environmental 
Sensitivity Index (ESI) 
mapping for oil spills. Area 
1 represents the “Praia da 
Lagoa” Beach rocky shore, 
and Area 2 represents 
Cocanha Island rocky shore.

Table VII. Number of segments observed in each ESI class, using Remotely Piloted Aerial Systems (RPAS) images 
for ESI mapping for oil spills.

Remotely Piloted Aerial Systems (RPAS) images

Environmental Sensitivity Index - ESI

1 2 3 4 5 6 7 8 9 10

Area 1 5 23 27

Area 2 5 11       13   41    
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DISCUSSIONS
ESI mapping for rocky shores: ArcGIS Pro 
Basemap versus RPAS images
The solely analysis of the quantity of ESI classes 
mapped within the studied areas (Figure 5a) 
shows a very interesting pattern. Comparing the 
quantity of ESI classes obtained interpretating 
the ArcGIS Pro satellite and RPAS images, the 
interpretation of satellite images tends to give 
us more areas with lower ESI values in the 
studied rocky shores (e.g., ESI 1). However, when 
analyzing the same areas using an image with 
higher resolution and detailed, like de RPAS 
images used here, the number of areas with ESI 
1 decreases and the number of areas with higher 
sensitivity index (e.g., ESI 8) notably increases 
(Figure 5a). In the specific graph presented in 
Figure 5a, for the quantity of ESI classes for 
Area 1 and 2, the number of regions with ESI 8 
increases almost four times using RPAS images, 
and the same pattern can be observed for the 
ESI 2 and ESI 6.

For Area 1, the use of RPAS imaged for ESI 
mapping and analysis was particularly interesting 
(Figure 5b). For the “Praia da Lagoa” Beach rocky 
shore (Area 1; see also Figures 3 and 4) the 
following characteristics worth mentioning: (i) 
the number of regions with ESI 1 decreased using 
RPAS images; (ii) the number of regions with ESI 

2 increased from 7 (using ArcGIS Pro Basemap) 
to 23 using the RPAS images; and (iii) none of the 
images identified ESI 8 in this area. In this case, 
the use of RPAS images decreased the number 
of areas that were not too sensitive to oil spill 
(ESI 1) and almost double the number of areas 
that are more sensitive to oil spills (ESI 2 and ESI 
6). At first, the high resolution and detailing of 
the RPAS images offered the opportunity to see 
features in the rocky shore that increases the 
number of regions with higher ESI classes.

The use of RPAS images versus ArcGIS Pro 
Basemap satellite images, in Area 2 (Cocanha 
Island rocky shore), gave interesting results 
too (Figure 5c). For all ESI classes mapped for 
this area, a notable and important increase 
in the number of ESI classes when using the 
RPAS images is observed (Figure 5c). Analyzing 
this area, the ESI classification increased 
tremendously between the satellite and RPAS 
images, especially regions with the highest 
sensitivity for oil spills (ESI 8; see also Figures 3 
and 4). This is mainly due the higher resolutions 
of the RPAS images compared to the satellite 
images of the ArcGIS Basemap. The increase of 
regions classified as ESI 8 is interesting, once 
that these regions where underestimated when 
the same region were analyzed using satellite 
images.

Table VIII. Table showing the total extension of each ESI class for Areas 1 and 2 and the corresponding percentage 
value of these in relation to the total length of the analyzed rocky shores extension. ESI values based on the 
Remotely Piloted Aerial Systems (RPAS) images.

Remotely Piloted Aerial Systems (RPAS) images

Environmental Sensitivity Index - ESI

1 2 3 4 5 6 7 8 9 10

Area 1 (2.121 km) 94 1117 910

Percentage (%) 4.4 52.7 42.9

Area 2 (1.248 km) 119 223       198   708    

Percentage (%) 9.5 17.9 15.9 56.7
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ESI length analysis: percentage distribution of 
ESI classes
The ESI length analysis was based on Tables 
VI and VIII, where the percentage of each ESI 
class was analyzed, considering the length of 
the entire rocky shores (Figure 6). This analysis 
mainly shows how much impact, with length, 
each of ESI class had on the entire analyzed 
rocky shores. It is important to emphasize that 
when the length of the studied rocky shore is 
observed (see Tables VI and VIII), the extension 
is always greater when ESI mapping is based 

on the RPAS images. This length difference is 
mainly due to the high resolution of RPAS 
images, allowing rocky shores interpretations 
to be more accurate and detailed (rocky shore 
trace and delineation is always more detailed in 
this high-resolution image).

For “Praia da Lagoa” Beach rocky shore (Area 
1) (Figure 6a) the impact of using RPAS images 
can be understood. This high-resolution image, 
compared with ArcGIS Pro Basemap satellite 
image, are capable of identify areas with higher 
ESI and, consequently, more sensitive to oil 
spills. The ESI interpretation based on RPAS 

Figure 5. Bar graphs show the occurrence of regions with specific ESI values within the studies areas. (a) 
Occurrence of ESI values considering all the studied areas together. Occurrence of ESI values considering just (b) 
Area 1 (“Praia da Lagoa” Beach rocky shore) and (c) Area 2 (Cocanha Island rocky shore).
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images mapped areas of greater extension (and 
in greater quantity) compared with the satellite 
images (Figure 6a). Using the RPAS images, it is 
possible to trace the notable decrease in the 
impact of regions with ESI 1, the notable increase 
in the impact of regions with ESI 2, and a little 
increase in regions with ESI 6.

In the Area 2, Cocanha Island, the 
interpretation difference, in terms of length, 
become very smooth (Figure 6b). Considering the 
length of each ESI class, the ESI mapping using 
both images are almost the same. In the RPAS 
image, there is the tendency in the decrease 
of regions with ESI 1 and ESI 6, while regions 
with ESI 2 increases. For regions with ESI 8, most 
sensitive to oil spills, their length is almost the 
same for both RPAS and ArcGIS Pro Basemap 
(Figure 6b).

The use of detailed RPAS images (and/or 
possibly other high-resolution images), causes 
more segmentation in the ESI interpretation, 
as can be seen in the increase and decrease 

of segments with certain ESI value. In other 
words, high-resolution images lead to a high 
segmented ESI interpretation. Taking into 
consideration contingency plans, RPAS images 
can be very useful, once they offered a high 
detailed mapping and a higher rocky shore ESI 
segmentation.

RPAS high resolution images for detailed ESI 
mapping
Observing the photointerpretative parameters 
used in this study for environmental sensitivity 
index analysis for oils spills, it is possible to 
identified the reasons why, using RPAS and 
ArcGIS Pro Basemap satellite images, regions 
with ESI 1 and ESI 2 always increase when 
using RPAS images. The standard analysis 
based on the Brazilian national guidelines for 
ESI studies (MMA 2004), using satellite images 
and other remote sensing products, suggests 
to use a visual declivity interpretation. In this 
sense, when using the methods and parameters 

Figure 6. Percentage of ESI regions for Remotely Piloted Aerial Systems (RPAS) and ArcGIS Pro Basemap satellite 
images (a - Area 1, “Praia da Lagoa” Beach rocky shore; b - Cocanha Island rocky shore). Each bar on the graph 
represents a percentage of length (of the total length of the rocky shores) for each ESI class.
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stablished by the MMA (2004), the declivity 
becomes a very interpretative parameter to be 
considered in the ESI.

Analyzing both ArcGIS Pro Basemap satellite 
and RPAS images, the interpretation of declivity 
varies greatly between them. The possibility to 
generate a Digital Surface Model (DSM) with the 
RPAS mapping raise the possibility to quantify 
precisely the declivity (Figure 7 and 8). In the 

Figure 7 (“Praia da Lagoa” Beach rocky shore), 
it is possible to observe that, with the precise 
values of declivity obtained from the RPAS DSM, 
the ESI in the rocky shores can be more detailed. 

For example, in the rocky shore section 
shown in Figure 7a, it is possible, using the ArcGIS 
Pro Basemap satellite images, to interpret three 
ESI (ESI 1, ESI 2 and ESI 6). On the other hand, in 
this same section of Figure 7a, using RPAS images 

Figure 7. Interpreted ESI 
sections for the “Praia da 
Lagoa” Beach rocky shores. 
From the right to the left, 
images from the ArcGIS Pro 
Basemap satellite images, 
Remotely Piloted Aerial 
Systems (RPAS) images 
and RPAS Digital Surface 
Model (DSM) superimposed 
on RPAS high-resolution 
images. Colored lines are 
the interpreted ESI for the 
rocky shores. Observe that 
the number of ESI section 
increase when RPAS images 
are analyzed. Figures a, b 
and c shows different parts 
of the studied area with 
their respective ESI analysis 
and slope.
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together with their DSM, the participation of 
regions with ESI 1 decreases and the number 
of sections with ESI 2 and ESI 6 increases. Thus, 
the use of RPAS images compartmentalized 
and detailed the mapped regions that were 
previously mapped using ArcGIS Pro Basemap 
satellite images. The same pattern is observed 
for the two other sections shown in Figures 7b 
and 7c. These changes, decreasing regions with 

ESI 1 and increasing regions with ESI 6 (see Figure 
5, Tables V and VII), in interpreted mainly due: 
(i) the increase of image resolution and detail 
by using RPAS images; and (ii) the use of DMS 
images for the acquisition of precise declivity 
values.

For the offshore area, the Cocanha Island 
rocky shore, the same pattern can be noticed 
(Figure 8). In the Figure 8a, when observing 

Figure 8. Interpreted ESI 
sections for the Cocanha 
Island rocky shores. From 
the right to the left, images 
from the ArcGIS Pro Basemap 
satellite images, Remotely 
Piloted Aerial Systems 
(RPAS) images and RPAS 
Digital Surface Model (DSM) 
superimposed on RPAS high-
resolution images. Colored 
lines are the interpreted 
ESI for the rocky shores. 
Observe that the number of 
ESI section increase when 
RPAS images are analyzed. 
Figures a, b and c shows 
different parts of the studied 
area with their respective ESI 
analysis and slope.
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the ArcGIS Pro Basemap satellite images, 
the influence of shadows from the trees on 
the rocky shores is clearly verify, making the 
observation and interpretation very difficult (in 
this case, historical images from Google Earth 
Pro are often used). When, for example, there is 
no interference from tree shadows (Figures 8b 
and 8c), the RPAS images increase the detail and 
accuracy of the ESI analysis for oil spills. Thus, it 
is possible to notice the compartmentalization 
of ESI 6 into ESI 2, due to the rectification in the 
interpretation of non-smooth terrains identified 
in the satellite images, which were unfractured 
or low-fractured (smooth) in the RPAS images. In 
the Figure 8c for example, the RPAS image clearly 
helped to identify the occurrence of boulders in 
the water (areas with ESI 1) that did not appear 
in the ArcGIS Pro Basemap satellite images.

The use of RPAS images is powerful when 
analyzing small areas, in which a detailed and 
high-resolution study is need. Of course, when 
ESI analysis is made in huge coastal regions 
(e.g., all the Brazilian coast) the RPAS images, 
despite the gain in resolution, there is a loss 
in sampling scale. Considering a study that 
covers huge areas, the RPAS images can be 
used to access target regions: (i) with difficult 
access by land, not permitting in-situ mapping; 
(ii) where the satellite image does not present 
great resolution; and (iii) with constructions 
and engineering installations (e.g., gas and 
oil stations; pipelines, refineries, etc.) that 
are potential sources of marine and coastal 
pollution. Another interesting use of RPAS 
images is to complement regional ESI analysis 
done by conventional satellite images. With the 
RPAS images, in areas where there is no access 
by land, the RPAS high-resolution images can 
provide significant information regarding to the 
physical characteristics of an environment. 

CONCLUSIONS
The use of traditional remote sensing 
techniques, such as satellite images, are being 
widely used for Environmental Sensitivity Index 
mapping for oils spills in the Brazilian territory. 
However, the advancement of new remote 
sensing technologies, such as the Remotely 
Piloted Aerial Systems (RPAS), gains strength 
in this field of study. Herein, two rocky shores 
localized in two distinct areas were studied: (i) 
rocky shore connected to the continent (“Praia 
da Lagoa” Beach rocky shore) and (ii) on offshore 
area (Cocanha Island rocky). A comparison of 
the use of traditional remote sensing products 
(i.e., ArcGIS Pro Basemap satellite images) with 
RPAS images, in order to see their impact in 
the interpretation of these two areas in terms 
of Environmental Sensitivity Index (ESI) for oil 
spills were performed in this study.

Using RPAS images for ESI analysis of rocky 
shores, that offers a higher resolution and 
detailed compared with the ArcGIS Pro Basemap 
satellite images, the following can conclude: 
i)	 the higher resolution of RPAS images offers 

de opportunity to increase the detailed of 
the ESI for oil spills, increasing the number 
of regions more sensitive to oil spills (Figure 
8a); 

ii)	 for the onshore rock shores (“Praia da Lagoa” 
Beach rocky shore), the RPAS images tend to 
decrease segments with the lowest values 
of ESI and increase those with a higher 
value (see Figure 7a, 7b and 7c). Using RPAS 
images, regions with ESI 1 highly decrease 
and regions with ESI 2 highly increase, same 
can be see for ESI 6;

iii)	 observing the offshore area, the Cocanha 
Island, the RPAS images helped to increase 
the detailed of the ESI analysis for oil spills, 
increasing the number of segments in all ESI 
values (see Figure 8c). Different to the “Praia 
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da Lagoa” Beach rocky shore, all the regions 
suffered from an increase of sections with 
a given ESI (the increase in image detailed 
increased the detail of ESI mapping);

iv)	 observing the extension of these rocky 
shores and the percentage of occurrence 
of each ESI (Tables V and VII; Figure 6), the 
same pattern can be traced. The occurrence 
of ESI 1 segments decreases while the 
occurrence of ESI 2 increases using RPAS 
images. However, for higher ESI values (ESI 
6 and ESI 8), the difference between using 
satellite and RPAS images is very small 
(Figure 6);

v)	 the use of RPAS images, due their great detail 
and resolution, gives the opportunity to be 
more accurate in terms of declivity values 
(Figures 7 and 8). Since the MMA (2004), that 
gives guidance for ESI interpretations in 
Brazil, uses a visual declivity interpretation, 
the use of RPAS products (like de Digital 
Surface Model - DSM), highly increases the 
accuracy of the ESI and, consequently, the 
detailed for oil spills studies;
Notwithstanding, the use of RPAS images 

showed to be an interesting tool for ESI 
analysis for oil spills, since they have a high-
resolution imaging and offers a rapid and 
user-friendly product for ESI interpretations. 
The RPAS images give a more segmented and 
detailed ESI interpretation, increasing the 
number of segments with different ESI values, 
so, the power in using RPAS images lies on its 
higher-resolution, permitting a detailed, clear 
and extremely visual analysis of the studied 
rocky shores (Figures 7 and 8). The higher 
resolution image offered by the RPAS (and also 
the temporal relation of these data) can help 
to identify, detail and delimit zones and ESIs 
that traditional remote sensing images would 
not be able to identify. This serves to detailed 
certain areas near, for example, underwater oil 

pipelines, refineries, ports, etc. The use of RPAS 
images seems to be promising in ESI analysis 
and interpretation for oil spills in rocky shores. 

The authors also recommend that further 
studies should be conducted with RPAS images 
in other environments (mangroves, estuaries, for 
example) in order to understand the response 
of these images in different environments.
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