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The Amazon estuary is a poorly studied region in relation to the traffic safety of vessels
in congested areas, such as ports, estuaries and coastal waters. It is of relevance and
public interest to understand navigation operations and the risks presented by this
activity to society generally. Studies on the subject in the Amazon are also very rare.
The objective of this study is to statistically evaluate the navigation behavior in this
region, using the online Automatic Identification System (AIS) database obtained
from the site https://www.marinetraffic.com. As a result, the AIS data were tested
by accepting the hypothesis that there are considerable risks of local navigation
operations, depending on the behavior observed in the region, and especially regarding
the frequency of average or instantaneous speeds practiced above what is legally
permitted (p<0.05) . The present study is an unprecedented and valuable source of
research on the navigation behavior of ships in the Amazonian estuary. In addition,
it offers the possibility of recognizing some behavioral patterns of ships traveling on
this waterway, and it is also possible to classify such behaviors according to technical
criteria based on internationally recognized information to monitor ships of various
categories and draft. Therefore, the information obtained can help port managers
and environmental protection authorities in making operational decisions related to
potential risks of accidents or complex situations involving the interaction between
both areas.

José Pinheiro Fragoso Neto Pereira,1
Newton Narciso Pereira,2 Alan Cavalcanti da
Cunha3
UEAP University of the State of Amapá, Macapá, Amapá, Brazil
UNIFAP Federal University, Macapá, Amapá, Brazil
3
UFF Federal Fluminense University,Volta Redonda, Rio de
Janeiro, Brazil
1
2

Correspondence: José Pinheiro Fragoso Neto Pereira, UEAP
University of the State of Amapá, Macapá, Amapá, 68900000,
Brazil, Email
Received: June 15, 2019 | Published: June 25, 2019

Keywords: Amazon biodiversity, brazilian laws, bioinvasions, ships behavior,
Amazon river

Introduction
Water transport offers the most efficient means of transporting large
quantities of goods over long distances. The central role of maritime
transport in the global logistics system is evident in the International
Maritime Organization (IMO) statistical estimates, where about 90%
of world trade is transported by waterways and trade volume is still
growing at an even faster rate than the global economy.1–3 The growth
of the world economy and trade, therefore, translates into a growing
demand for more ships with higher carrying capacity and greater speed
of movement and highlights maritime safety concerns, which tends to
increase the risks of accidents and collisions with all their potential
consequences.4 Four countries (Japan, Greece, Germany and China)
own and control about 50% of the world’s gross tonnage. However,
between 60% (China) and 93% (Japan) of this tonnage are registered
under a foreign flag - most of them known as “open registries” or “flags
of convenience”. Flags of convenience are generally less concerned
about and sensitive to environmental protection and to labor, safety,
and tax standards. In 2009, 52% of total deadweight tonnage was
registered under six flags of convenience (Panama, Liberia, Marshall
Islands, Bahamas, Malta and Cyprus).5
Most ship owners and operators choose to comply with
international safety and environmental standards. The real problem
lies in a relatively small percentage of ships and owners who
persist in consistently operating their ships in total contravention
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of international safety and environmental standards. It is estimated
that between 5,000 and 7,500 precarious commercial vessels are
polluting the seas through their non-compliance with international
environmental regulations.6
For safe and efficient movement, ships must adapt to their
navigation environment. Therefore, vessel traffic behavior
characteristics include vessel behavior, vessel behavior distribution
and other dynamic characteristics that reflect vessel movement
patterns. In other words, the behavioral characteristics of vessel traffic
consist of macro behavioral and micro behavioral characteristics.7,8
Emissions from shipping such as shipboard waste, sewage (ash),
fuel and oil by-products, ballast water and improper handling of
dangerous products in ports endanger human health of rising coastal
populations , biological diversity – bio invasions - golden mussel3
and natural resources in sensitive coastal areas, as well as livelihoods
from coastal fisheries to tourism, threaten biological diversity, natural
resources and human health in communities close to ports, coastal
communities, in regions along inland waterways.5,9 A fraction of the
conventional pollutants produced by navigation, such as sulfur oxides,
nitrogen oxides and particulates are released away from land; it is
estimated that 70 to 80% of this pollution is released within 400 km of
the coast.10 In 2012, global vessel traffic accounted for 2.2% of global
CO2 emissions.4 For this reason, Liquefied Natural Gas (LNG) is
gaining popularity as a fuel in the merchant industry as it dramatically
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reduces NOx emissions, virtually eliminates SOx and particulate
emissions, including carbon black, and can also reduce emissions.11
In ports, officers monitor the traffic patterns of various surveillance
media, identify suspect patterns or possible collisions, and generate
alerts. Advanced ports, such as the Port of Singapore, use the Ship
Traffic Management System to gather real-time vessel information - a
database of fusion vessels, navigation data, and surveillance of electrooptical cameras. Other trained officers then monitor the information
displayed in search of safety risk standards to prevent undesirable
actions from suspect ships and / or non-compliant activities.12
Incidents that may occur in merchant shipping operations involve
risks such as fires, landfills, collisions, loss of property, spillage of
hazardous substances or pollutants, and present various risks of human
interference, such as erosion processes and other environmental and
economic impacts. In addition, the growth of the world fleet, both in
number of vessels and in tonnage of cargoes, consequently, leads to an
increase in the indices of records of occurrences or incidents between
ships.13–15
As a result of this reality, AIS data have become an important source
of information for the study of maritime traffic and associated risks,
in particular risk of collision between ships that can release pollutants
into the water.16–18 As more vessels operate in the Amazon region,
there is a tendency to increase the risk of incidents that negatively
affect the aquatic environment.19 The effects of the increased traffic on
ships include: oil spills, emissions, operational discharges, invasive
species, noise and collisions of ships with marine mammals and other
species.3,19,20
The risks of commercial water transport are faced by a large number
of regulations, safety practice protocols and navigation technologies,
which have made this mode of transportation in Brazil and globally
much safer in recent decades.21 Commercial water transport operates
in a complex risk environment where a variety of factors such as
congested pathways, weather and navigability, equipment failures,
human failures, pirate attacks, cyber-attacks, these factors interact to
increase or decrease the probability of an accident and the severity of
its impact.22
But the nature of the risk of commercial water transport varies by
region due to differences in cargo, regulation, physical characteristics
of the aquatic environment, and economic, social and cultural uses
of waterways and the coast. Better quality, statistically analyzed sea
transport data are required to minimize the likelihood of incidents
and accidents and the processes involved are better understood and
measured for the different types of cargo, stages of shipment and
levels of impacts.16
Most behavioral studies assist in the assessment of collision
candidates that provide a useful method of collision risk assessment
in complex transportation systems and the effect of safety measures
in the context of Formal Safety Assessment studies as defined by
the IMO in 2007.23 Collision candidates are ships in a near collision
situation, which was defined using the concept of vessel domain
introduced by Fujii and Tanaka24 and Goodwin25 and subsequently
improved by several authors.26–30
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Real-time anomaly detection can identify potential safety hazards
in navigation and therefore is valuable for an intelligent navigation
system on board vessels and for port and related authorities. This
procedure indicates typical patterns of movement of historical data
and identifies suspicious vessels that deviate significantly from
common movement patterns.31
While the normal movement of the ship is largely predictable, since
it generally follows a pattern, the irregular motion characteristics of
anomalous ships are less predictable. These ships are at higher risk
of collision, particularly in areas of high traffic density, such as busy
ports and congested traffic lanes.18 Of the 435 events registered in the
Brazilian waters in 2009, 110 (25.2%) were from the wreck category
(North region 26-23%), 69 from the collision category (15.9%) Northern region 12-17% and 23 (5.8%) were of the fire category.32
The estuarine areas of the Amazon Basin under Brazilian
jurisdiction that connect the ports of the Amazon River and its
tributaries and the rest of the planet are crossed by commercial
routes of the merchant navigation. Here ships embark to the national
and international ports, through merchant shipping vessels (Bulks,
Tankers, Containers Ships), and fishing vessels, pleasure craft, in
traffic from South America to North America, Africa, Europe, Asia
and Oceania creating a complex network of routes. This paper
discusses these threats, the challenges to address them, the relevant
regulatory and non-regulatory tools, and the next steps to reduce risk
from the appropriate methodology for the Amazon region.
In addition to the large hydrographic basin, the Amazon biome
is home to the largest existing tropical forest, the largest genetic
bank on the planet and a major mineral heritage. It is an ecosystem
of inestimable importance for the planet, being also a great sink of
carbon, contributing to the global balance.33 There are considerable
environmental risks represented by the exchange of Ballast Water in
the Ports of the Legal Amazon, based on the number of vessels - annual
average of 2648 records20 and their respective volumes exchanged
locally throughout the year, both associated to the precarious sanitary
conditions of the coastal zone close to the ballast water exchange
operations.3,34
In relation to the Legal Amazon, the increase in commercial
transactions with other countries in the world, which in the last
ten years had their values for exports increased by almost 100%,
represents a consequent increase in the threats to Ballast Water and
other sources from merchant shipping operations.35
The loading on the Amazon Basin Waterways indicates a vocation
for the transportation of three main groups of products: general cargo,
solid bulk (iron ore, non-ferrous metal and non-ferrous minerals)
and solid agricultural bulk (with soybean and forest products and
forestry). The loading is not uniform, with each waterway carrying
different types of products.33
The busiest product in the area of the Waterways of the Amazon
Basin was iron ore, which obtained more than 70% of the total
participation in 2010, exporting more than 99 million tons. Table 1
summarizes the main products handled in the waterways in 2010 and
their respective projections for the period 2011-2030.

Table 1 Load Handling Projection - Amazon Basin - 2010-2030.
Import Products

2010

2015

2020

2025

2030

Fertilizers (t)

1.037.011

1.356.739

2.022.496

2.359.806

2.467.127

Iron Derivatives (t)

402.433

414.280

369.247

323.092

258.647
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Table Continued....
Import Products

2010

2015

2020

2025

2030

Oil derivates (t)

5.106.602

6.206.615

6.292.155

6.401.543

6.394.701

Electric materials (t)

288.254

152.871

111.772

103.975

83.103

Ores, Metals, Metallurgical Products and Precious Stones (t)

3.019.908

1.989.429

2.905.243

4.309.965

5.631.491

Product of Chemical Industries (t)

2.228.836

2.828.637

2.868.229

3.298.467

3.460.332

Wheat (t)

269.883,06

449.121,46

475.304,05

475.377,64

475.378,00

Total Imports

12.352.925,73

13.397.693,18

15.044.445,53

17.272.226,42

18.770.777,53

Export Products

2010

2015

2020

2025

2030

Pig iron (t)

1.479.204

3.571.196

6.141.463

7.518.396

8.275.547

Iron ore (t)

99.136.965

136.807.813

189.482.442

209.572.130

225.485.607

Ores, Metals, Metallurgical Products and Precious Stones (t)

11.973.625

8.260.468

8.549.956

8.578.652

8.665.351

Product of Chemical Industries (t)

6.577.105

7.517.555

9.501.496

11.087.224

12.650.238

Soy (t)

7.508.799

11.225.258

14.058.986

15.969.254

17.638.952

Total Exports

126.675.698

167.382.289

227.734.343

252.725.657

272.715.695

Total (t)

139.028.623

180.779.982

242.778.789

269.997.884

291.496.473

The results presented in the Amazon Basin Technical Report as
seen in the table above indicate, for 2010 and for the adjusted years,
the absolute predominance of iron exports, increases in soybeans,
chemical products and pig iron. Among the import products, one can
notice a greater significance of petroleum and metallurgical products
and a strong expansion in the demand of fertilizers and fertilizers.33
To ensure the safety of navigation and improve navigation
efficiency, the traffic flow of ships was surveyed and analyzed based
on Automatic Identification System (AIS) data provided by Marine
Traffic to improve traffic management and improve the safety of
aquatic traffic in the region.36–38
Behavior of the ship refers to its position, speed, direction, distance

and time between any two neighboring ships and other ships moving
or standing in the region under study. The behavioral characteristics
refer mainly to the change of behavior of the ships during the
movement and, therefore, they vary in different points in the space
and the time. The behavioral characteristics include vessel position,
speed, direction, distance, time between vessels and distribution and
the values representative

of these factors.38,39
The present study used data from vessel traffic of the Marine
Traffic Automatic Identification System (AIS) for the period of March
16, 2016 and March 16, 2019, and covered all vessels that passed
through the Ship Monitoring Area (AMN) to the Amazonian ports,
and in the reverse direction on the way out to the Atlantic Ocean
(Figure 1).

Figure 1 Density of vessel traffic in the AMN.
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The deficiency in the quality and frequency of the AIS signal for
the identification of merchant ships in Amazonia shows the need to
install AIS devices in the region to ensure the safety of navigation
with a VTS equipped with several (AIS) capable of receiving and
maintaining message records transmitted by AIS transceivers from
ships, as another tool to avoid collisions and other incidents.40,41
The methodology proposed in this document begins with the
analysis of the AIS data collected during the research period. The
correlation between each ship property and the behavioral factor is
calculated based on the AIS data. The property of the ship with strong
correlation with the behavioral factor can be used as a criterion to group
the corresponding behavioral factor through tests of significance. The
behavior with significant differences is grouped. Finally, the limits of
each classification criterion are determined by the behavior clusters.
The results of the revealed behavior analysis explain that vessel
behavior varies mainly when some vessel property differs, but vessels
of the same group do not exhibit behavior in a similar pattern. Thus,
this article is inspired by the tendency of variation of the behavior with
the change of the property of the boat. The results of the classification
of the vessel based on its behavior can lead to a greater consistency
for future analyzes, simulations and predictions of the behavior of the
ships, based on the systematic recognition of the behavior patterns of
the ships already studied.
The analysis of ship traffic in the Amazon is essential to understand
the current operations and future trends of growth and changes in the
region’s economy, and global. The aquatic traffic in this region was
characterized and a statistical analysis was carried out that determined
the patterns of boat behavior in general and by category separately.
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This article is organized as follows. Section 2 describes the
method and previous related studies. Section 3 provides the actual
ship navigation situation in the AMN on the basis of statistical
analyzes and vessel trajectory. Section 4 presents the discussions and
interpretations of the results and the conclusions of this study with
some recommendations directed to those involved in the theme in the
region.

Materials and methods
This methodology has been implemented, as water transport is
an important activity throughout human history, especially when
progress depends mainly on international trade, and can be considered
as one of the four pillars of globalization, along with communications,
international standardization and trade liberalization.4
The relationship between the ship’s behavior and the waterway
transport capacity was investigated, and with these results can be
developed models of water transport capacity based on the behavior
and the profile of the ships.42 The characteristics of vessel flow
behavior were also studied and analyzed together with the behavioral
information of the vessels.7,43
The study area selected for these traffic and collision risk studies
was called the Ship Monitoring Area - AMN (Figure 2), and the
main reason for choosing this area was the geographical importance
of the mandatory entry and exit route of the vessels that carry out
merchandise trade in the Amazon. A second reason is the importance
of this monitoring for the conservation of Amazonian biodiversity and
protection against catastrophic events involving these vessels.

Figure 2 Ship Monitoring Area – AMN.

The vessel traffic flow is closely related to the safety and efficiency
of navigation, as well as the practical planning of ports, and has
received considerable attention in the maritime traffic engineering
research field.43 According to information found on the Agency of

Waterway Transportation website, only in 2012 circulated by the
Amazonian waters in 1358 vessels made their entrance by the Amazon
River waters, and of these, 1266 (93%) were ships that carried cargo
transportation.35
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The environmental conditions of vulnerability of coastal
ecosystems of the Lower Amazon River and its tributaries that drain
urban areas, industrial and/or port, represent a potential set of risks to
public health and can promote favorable conditions for Bioinvasion of
alien species, raising the level of environmental risk in these impacted
areas.34,44
The importance of studies on pollution from merchant shipping and
the management of ballast water in port areas of the Amazon becomes
extremely necessary because the supply of water contamination risks
have favorable conditions and any pollutant releases, may result in
public health problems, as well as possible disturbances to Amazonian
aquatic ecosystems.44,45
The search period where AIS data for ships were recorded from 16
March 2016 to 16 March 2019 for all vessels entering or leaving the
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AMN. The data recorded consist of the name, International Maritime
Organization (IMO) number, nationality, flag, date and time of arrival,
length, width, knots speed and geographical positioning (GPS).
Identification of ships and data entered in the vessel movement
database were obtained from the Marine Traffic website (Figure 3) by
positioning the satellite in the desired area, instantly identified ships
appear. The site adopts the classification of colors for the different
types of vessels (CARGO-green, TANKERS-red, PASSENGERSdark blue, TUG-light blue, FISHING-orange and PLEASUREpurple). On the left side of the map are the command buttons like
filters, layers, my fleet, playback and density maps. Vessels also vary
in size on the icon according to their actual dimensions and appear in
the direction of the route in which they are navigating. When stopped,
they are represented by a point of the respective color.

Figure 3 Marine Traffic - panorama study area.

When selecting one of the boats, a summary of your information
such as Type, Name, Flag, Port of Origin, Port Destination, departure
and arrival times, boat status, speed (in) and draft (m) will appear.

If “Ship Details” is selected, a new screen appears with all vessel
management and behavior information (Figure 4).

Figure 4 Marine Traffic - Vessel Details.
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In this new page, details such as the geographical position
(latitude/longitude), weather characteristics (wind, wind direction and
ambient temperature), boat speed graph, and information receiving
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data (AIS station and transmission time of the data). By selecting the
“next ships” option, a new page opens (Figure 5).

Figure 5 Marine Traffic - Nearby Ships.

In this page in the left column appears in the first position the
ship in detail, below the others consequently by proximity. Important
information such as speed, path, port, distance between vessels,
heading and intersection points are present, which indicates the domain
intrusion events automatically detected by the artificial intelligence of

the site performing calculations of collision risks. When one of these
registers exists (passing hazards from the front, dangerous passage
from behind and possibility of collision), the option can be selected,
and a new page opens (Figure 6).

Figure 6 Marine Traffic - Event Details.

This image shows the vessels involved in the record, with details
for each boat such as the time to the event, distance to travel (nautical
miles) and speed (nos) at the time of the event.
The statistical significance test was performed for data from the
authors’ AMN Database 2016-2019 using the R Project data analysis
tool. In this study, the value of p<0.05 was taken as the criterion to

decide level of significance. When there was no significant difference
between these two sets of data, the behavior was considered to be in
the same pattern. These two sets of data were pooled to be tested with
the next subset. When there was a significant difference between these
two datasets, the vessels in these two sets were classified into different
groups. Therefore, the previous cluster of this specific behavior is
finished. The last subset of data was tested with the next subset.
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Results-Analysis of AIS
2016-2017-2018.

Data-Monitoring

By examining the AIS data, the volume of vessel traffic was
obtained for this period. The graph in Figure 7 shows the results of the
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number of vessel movement records. The records of Ships (REGNAV)
according to the month of registration (MESREG) for the three years
of monitoring in the AMN (YEAR I -14/03/2016-13/03/2017 YEAR
II 14/03/2017-13/03/2018 YEAR III 14/03/2013-13/03/2019).

Figure 7 Behavior of Ships - Record of Movement - AMN 2016-2019.

We verified from the IMO / MMSI record number 15035 ship
records passing during the period of the survey, with an average
value of 417 records and a maximum value of 704 records for month
11 of year III. The chart shows that the number of vessels exhibits
behavioral patterns of movement drop for months 02 and 09, and
growth behavior in the periods between 03 and 06, and in the period
of months 09 and 12. Due to failures in AIS, we can observe a fall in
the records of the month 09 of year III.
As a result of monitoring for type of ships (Figure 8), we obtained
results based on IMO / MMSI numbers records where 69% of all ships
passing in the area were cargo type (Bulk Carrier, Container Ship,
General Cargo, Cabu Carrier, Cement Carrier and Ore Carrier). The
second most registered type Tanker (Chemical Tanker, LPG Tanker,
Oil Products Tanker and Oil / Chemical Tanker) presented 13% of the
Amazonian fleet. Passenger ships with 8% of records (Transatlantic
and regional navigation) in the Amazon region are behind in records
of auxiliary ships, others and unidentified.
We found that most of the vessels operating in AMN belong to
the CARGO type, particularly Bulk Carriers and Containers Ships
following patterns of behavior similar to that of the 59% world fleet.21
The total percentage of TANKERS-type vessels (13%) represents the
share of oil and gas transport, corresponding to that of the world fleet,
specifically those of the LGP Tankers type, which had a fleet increase
of 7% and a total value of 29.2 per cent.21
It is also worth pointing out the number of passenger ships,
especially the transatlantic ones that also increased their activities in
the AMN. Class B vessels, including auxiliary, military and unknown
vessels represent a considerable amount (10%), indicating a pattern
of behavior peculiar to the region and indicating the need for special

attention to the operations of these vessels and their behavior in
Amazonian roads.

Figure 8 Ship Behavior- Type of Ship - AMN 2016-2019.

Figure 9 shows the monthly average speed records (knots) of
the ships that traveled in the AMN during the monitored period.
According to the Brazilian Navy’s Navigational Standards Manual
for the Macapa and Santana Region, the maximum speed for 5 (05)
in the three-year curves is evident that the Amazon fleet is traveling
above the speed limit. The values are between double and triple the
limit value, implying in the urgent need of revisions in the norms and
laws that regulate such actions.
Another behavioral characteristic analyzed was the Ship
Registration Flag. This analysis generally leads the researchers to
conclude that the analyzed fleet presents the classic Flagship values
of “convenience” (Panama, Marshal Islands and Liberia), as can be
observed in Figure 10.
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Figure 9 Ship Behavior- Speed - AMN 2016-2019.

Figure 10 Ship Behavior - Flag - AMN 2016-2019.

But in the Amazonian reality we can see a predominance of ships
with Brazilian flag, which can be favorable when new laws and
standards are adopted. Ships of Brazilian flag stayed with 32,3%,
whereas the classic countries presented registries of Panama 14,3%,
Marshal Islands 11,5% and Liberia 10,9%.
Regarding the year of manufacture, the ships monitored in the
period presented boats manufactured between 1948 and 2018, with
a growing average age showing that the fleet operating in the region
is being renewed in a similar way to the growth of the world fleet.
Characteristics as the dimensions of the ships presented for length
maximum value of 294m, minimum speed of 10m; for width
maximum value of 52m, minimum love of 03m.
The Port of Origin is an important characteristic to be analyzed
in the behavior of ships, since it indicates the origin of the ballast
water contained in the ballast tanks in the ship, and consequently the
origin of the living species present that can become potential invaders.
In this analysis we find records of approximately 70% for national
ports (cabotage navigation), reducing the risk of invasions of species
from other regions of the planet, but increasing the possibilities of
Bioinvasion of species of the country and Amazonian region.

Porto Destino (Destiny Port), another analyzed behavioral
factor, can also be used by regional and national organizations to
study economic performance in relation to the import and export
negotiations represented by the merchant shipping business. Ships
leaving the Amazon basin, with exporting trends in commodities
(minerals, wood, petroleum products), have a predominant destination
for Brazilian ports (75%), with special emphasis on the ports of
distribution of commodities such as the port of Alumar (MA ) with
7% of destinations.
Several management and navigation solutions could be
implemented at AMN as a matter of urgency to improve the safety
of on-site navigation, such as a Traffic Separation Scheme (TSS).
According to TSS, opposing traffic flows are separated by the
establishment of traffic lanes.
However, these risk reduction solutions mentioned above are
usually based on the qualitative and subjective judgment of specialists.
There is no study to quantitatively assess the risk of collision of ships
in this particular region of the international aquatic trade. Hence the
importance of proposing a procedure to quantitatively assess the risk
of collision in the AMN to support these expert evaluations.19
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The AIS signal at AMN was out of air in 90 days (8.20%) of the
1095 monitored days. In those days it was not possible to carry out
the monitoring because the information of the ships in the region
are unavailable and can be justified by problems in the sources of
communication like cell towers and satellite signals.

Conclusion
A vessel behavior monitoring model is a powerful tool to facilitate
the processing of aquatic data and to promote aquatic intelligence.
The precise recognition and description of the elements and their
dynamic relationships in a maritime transport system provide a solid
platform for users to understand the causality of ship behavior from
massive data and reduce the risk of ship collision.18
The monitoring of ships in the AMN, the characterization of the
Amazon fleet, and environmental impact studies, for the populations
of the region, and consequently the economy, demonstrate the
importance of maritime safety, which is governed by the combination
of international rules and regulations, regulations national flag states
and port states, port regulations, classification societies rules and
insurance companies.21
The hostile scenario, especially in the aquatic environments,
poses many challenges not only to ship operators, but also to those
responsible for safety management.39 The organizations involved
must be prepared to be able to maintain sufficient security control
and make plans to overcome the risks, that is, be prepared for all
foreseeable situations that may be encountered and which may cause
harm to the economy, society and the environment , and therefore
the knowledge of the fleet profile and its behavior in the operations
carried out in the study area facilitates safety control and risk studies
in these operation.17
To properly manage security, everyone involved needs important
information to support the decision-making process. Sufficient
information is needed to identify the problems (if any) in time and to
plan, give orders and allocate assumptions to perform the necessary
actions. An efficient security management system provides sufficient
support for operators to be aware of the state and variations of safety
margins.31
This article presents the behavioral analysis of vessels in the area
of ship monitoring - AMN, Macapa and Santana, from the perspective
of the behavior of ships that sailed between 2016 and 2019, including
the type of vessel, number of records, flag, year of manufacture , port
of origin, port of destination, geographic location, date, time and
speed.
The results of these analyzes can help related competent authorities
and other stakeholders in route optimization and water management
projects, and for researchers, provide a systematic way to understand,
simulate, and predict behaviors.
When plotting the AIS data along with the statistical studies,
behavioral patterns, correlations between vessel behavior and its
different properties were observed and that each behavioral factor
is grouped according to the correlated properties of the vessels. As
a form of continuous protection, we suggest some actions aimed
at the preservation, conservation and development of Amazonian
biodiversity, to control and mitigate these presented risks inherent in
merchant shipping operations.
For future research, the behavior of ships in their arrival and
departure displacements of the Amazonian ports should be analyzed
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and monitored constantly to describe the entire shipping route, the
areas of this waterway and the imminent risks of these operations.
Due to the signal faults presented, it is recommended the immediate
installation of an AIS unit in the region, thus ensuring greater coverage
of ship handling, thus increasing safety in the area.
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