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ABSTRACT 

The problems occurring in water bodies can be studied and researched using 
bathymetric data, associated or not, with geospatial technologies. The objective was 
to identify the application or not of this association, and the types of water bodies, in 
the five regions of Brazil from 2014 to 2023. The methodology employed was the 
combination of comparative and historical processes, using past data. The data 
obtained and analyzed indicated that the dichotomy between bathymetry associated 
with other aspects of water resources, such as turbidity, is expanding in the five 
Brazilian regions, especially in the northern region of the country, due to the occurrence 
of the largest hydrographic basin, both in extension and in water volume, which could 
contribute to environmental, water, and fluvial geomorphology management. However, 
in regions where water use is scarce due to the absence of a more expansive water 
network, such as the northeast region, the application of this association is still scarce. 
Therefore, greater employability of bathymetric data is necessary for studies and 
research in water bodies in both the northeast and southeast and south regions of 
Brazil. 

Keywords: Morphometries, Bathymetric data, Water resources.  

 

 

https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/environmental-engineering-en/application-of-bathymetry
https://www.nucleodoconhecimento.com.br/environmental-engineering-en/application-of-bathymetry
https://www.nucleodoconhecimento.com.br
https://www.nucleodoconhecimento.com.br/environmental-engineering-en/application-of-bathymetry
https://www.nucleodoconhecimento.com.br/environmental-engineering-en/application-of-bathymetry


REVISTA CIENTÍFICA MULTIDISCIPLINAR NÚCLEO DO 

CONHECIMENTO ISSN: 2448-0959 

https://www.nucleodoconhecimento.com.br 

105 
RC: 151869 
Available in: https://www.nucleodoconhecimento.com.br/environmental-engineering-en/application-of-
bathymetry 

1. INTRODUCTION 

This research addresses the relationship between the application of bathymetry 

(bathus, deep; metrori, measurement), that is, the measurement of depth in water 

bodies and other relevant aspects in studies and research related to water resources. 

These aspects have implications for water management (Bicoski et al., 2021), covering 

topics such as depth loss (Silva Júnior et al., 2021; Zani; Assine; Silva, 2008), 

variations in hydrological cycles (Gomes et al., 2023), river siltation (Andrade et al., 

2021; Baraldo, 2018) which, in turn, impact the development of waterways (Melo, 

2016) and the surveillance capacity of territorial waters by the armed forces (Oliveira, 

2019). 

Additionally, other relevant issues involve sedimentation (Reis, 2022) and 

contamination by minerals (Freitas et al., 2016; Wanderley et al., 2016) in water bodies. 

In the Brazilian context, where the extensive water network encompasses a variety of 

watercourses, such as bays (Silva, 2018), streams (Ponte; Brandão, 2014), estuaries 

(Silva et al., 2018), lakes (Barros, 2015), lagoons (Garcia et al., 2020), and reservoirs, 

it is evident that events such as floods/flooding (Almeida, 2020; Mantovani, 2016; 

Oliveira et al., 2016) and variations in flow rates (Coelho et al., 2022) can occur 

frequently. 

Another significant challenge is related to the loss of Permanent Preservation Areas 

(PPAs), linked to land use and occupation (Jesus et al., 2015). In these scenarios, the 

lack of detailed information on hydrodynamic and hydrometric aspects compromises 

the affected water bodies. The lack of understanding of river dynamics represents an 

additional risk for these events, which can result in significant environmental and 

economic damage to the community, as well as losses to aquatic biota (Castro et al., 

2014). Two critical factors contributing to this lack of information are financial limitations 

and environmental conditions, in the physical context (Souza; Pinto, 2020). 

The limited availability of information is not due to a lack of technological options 

available, as there is a wide range of tools at disposal. Among these options, acoustic 

profiles (Ferreira 2020; Nobre, 2014; Silva, 2021) stand out, such as the Acoustic 
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Doppler Current Profiler (ADCP), and software such as the Environmental 

Hydrodynamic Database System - SisBaHiA (França et al., 2021), among numerous 

alternatives. 

Although these problems can be investigated and analyzed in conjunction with 

bathymetric data across the national territory, we still do not have a complete 

understanding of the extent of this association in the five regions of Brazil. It is precisely 

this gap that motivates the present research, whose value lies in generating data that 

illustrate where, how, and why this association is already occurring, as well as 

identifying the types of water bodies that benefit from this application. 

The structure of this study was developed from: INTRODUCTION, where the 

theoretical framework was applied, then MATERIAL AND METHODS, which describes 

in detail the methodology used; next, the RESULTS, which presents the statistical 

analyses in the following order: spatio-temporal scale, application objectives, and 

application locations; this is followed by the DISCUSSION, organized by region in 

alphabetical order, with analyses of temporal trends in publications in each of them; 

right after, we have the FINAL CONSIDERATIONS, where the authors opine on the 

results obtained and, finally, REFERENCES. 

2. MATERIALS AND METHODS 

 For the conduct of this research, two distinct approaches were adopted: 

1) A comparative procedure was employed to observe two key elements: the 

application of bathymetry in conjunction with other topics related to studies and 

research in water bodies, covering issues such as erosion, siltation, flooding, 

inundations, flash floods, and other related topics. 

2) A historical procedure was applied, covering the period from 2014 to 2023, as this 

investigation was based on academic publications discussing the relationship between 

these two elements. This approach aims to provide a contemporary understanding of 

the use of this association (UFSE, 2012). 
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In the context of the historical process, this constitutes the core of the corpus, as the 

consulted literature, including articles, monographs from four different categories, and 

books, provide data related to previous periods (De Luca; Lacerda; Montes, 2022; 

Kohls-Santos; Morosini, 2021). The compilation of these data contributes to the 

improvement of the state of the art in the research area, specifically regarding the use 

of bathymetry in studies and research in water bodies, within the time frame from 2014 

to 2023 (Morosini; Fernandes, 2014). 

Literature search was conducted through queries to open-access electronic sources, 

including the website of the Coordenação de Aperfeiçoamento do Pessoal do Ensino 

Superior (CAPES), repositories of public universities (federal and state), and stored 

databases, such as the Scientific Electronic Library Online (SciELO), among others. 

The selective keyword used was the term " batimetria," along with its variants, such as 

"dados batimétricos," "seções batimétricas," and "levantamentos batimétricos." To 

broaden the research, combinations of boolean terms were used, such as " batimetria 

e sedimentação," "batimetria ou levantamento batimétrico e erosão," "dados 

batimétricos e assoreamentos," and "perda da profundidade," among others (as shown 

in Chart 1). 

Chart 1 - Keyword and its variations, associated with other topics of studies and research in water 
bodies, with boolean strings 

Source: Prepared by the authors, 2024. 

2.1 STATISTICAL ANALYSIS OF THE OBTAINED DATA 

Principal Component Analysis (PCA) was applied to identify the quantitative 

parameters that play a significant role in the association between bathymetric data and 
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other research topics, as well as in their application in water body studies. The 

identification of the values of these components followed the Kaiser Criterion (CP>1), 

also known as the "gold standard" (Braeken; Van Assen, 2017). 

Subsequently, a Hierarchical Clustering was conducted using Euclidean distance 

(Marques; Chaves Neto, n.d.) to assess the similarity between the five investigated 

regions. Given the non-parametric nature of the data and its non-normal distribution, a 

boxplot was constructed with a 95% confidence interval to analyze the trends (median) 

and dispersion, i.e., the first and third quartiles (Valladares Neto et al., 2017), in 

publications over the stipulated period from 2014 to 2023. 

The organization for: a) RESULTS, began with statistical analysis of the obtained data 

- spatio-temporal scale; objectives of the application of bathymetric data with other 

variables applied for studies and research; the locations of application of these studies 

and research, i.e., the types of water bodies; b) DISCUSSION, the authors chose to 

organize it in two ways: 1) by Region, in alphabetical order, from Midwest to South, 

and 2) by an evolutionary temporal scale of the selected literature for this topic. 

3. RESULTS 

3.1 STATISTICAL ANALYSIS OF THE OBTAINED DATA 

3.1.1 SPATIO-TEMPORAL SCALE 

The analysis of the obtained data indicated that the two principal components (PC1 

and PC2) represent 85.3% of the analyzed data. After applying the Kaiser criterion (PC 

> 1), a minimum acceptable of around 85% of accumulated variance among the 

analyzed data was identified, which is useful for conducting studies of the obtained 

data (Table 1). 
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Table 1: Principal Component Analysis (PCA) for spatio-temporal data (2014 to 2023), pre-established 

for the five Brazilian regions 

Source: Authors, 2023. 

The visualization of the PCs and the formation of groups based on the data were 

performed through scatter plots, highlighting their positive or negative contributions to 

the association between bathymetric data and other research topics in water bodies 

(Figure 1). In the main plane, it is possible to identify two distinct groups: one in the 

first quadrant and another in the fourth quadrant, both positively contributing to this 

association. The first two principal components can explain 85.2% of the accumulated 

variance of the sample data (Table 1), which is quite significant in the context of 

multivariate analysis. 
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Figure 1: Spatial position of the two principal components: temporal scale, 2014 to 2023, and the five 
investigated Brazilian regions: Midwest (CO); Northeast (NE), North (N), Southeast (SE), and South (S)  

 

Legend: Quadrants. Source: Authors, 2023. 

Regarding the geographical regions of Brazil, it is observed that the Midwest region 

shows a gradual progress in publications related to the use of bathymetric data in 

conjunction with other research topics, especially standing out in the years 2020 and 

2021. On the other hand, the Southeast region presents a more significant frequency 

of such productions in the year 2016. As for the North region, the analysis indicates a 

gradual growth in the use of bathymetric data in association with other research topics 

in aquatic environments, with highlights in the years 2019 and 2022. Publications in 

the South region remained homogeneous over the sample period, and those in the 

Northeast region stood out in 2016, 2017, and 2020. 

The cluster analysis revealed similarities in spatio-temporal scales among the five 

Brazilian regions, resulting in the formation of groups (Figure 2), which reinforces the 

results of the principal component analysis described in Figure 1. Notably, it was 
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identified that the years 2015 and 2018, as well as the years 2016 and 2014, are more 

similar to each other. This suggests that the association between bathymetric data and 

studies/research in water bodies was consistently employed over three consecutive 

years: 2014, 2015, and 2016. 

Figure 2: Similarity indices from hierarchical clustering analysis with spatio-temporal scale data: 2014 to 
2023 

Source: Authors, 2023. 

In Figure 2, the formation of three other groups is observed at the established limit, as 

similarity decreases, with values ranging from 2.0 to 2.5: 2023, 2017, and 2019 to 

2022. This indicates that bathymetric data associated with water studies and research 

were not used in the years 2017 and 2023, while in the years 2019 to 2022, this 

association was resumed. 
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To visualize more clearly the dispersion of maximum and minimum quantitative values 

(range) over the temporal scale, these data were represented in a boxplot. The results 

obtained revealed that there was no uniform distribution of publications, as the 

interquartile ranges for bathymetric data associated with other study and research 

topics during the analyzed period showed significant variation (Figure 3). 

Figure 3: Quantitative analysis of the distribution of publications related to the association of bathymetric 
data and other study and research topics in water bodies 

Source: Authors, 2023. 

In the boxplot described in Figure 3, it is observed that from 2014 to 2018, as well as 

in 2021, the standard deviation and variance of the distribution of production among 

the regions of Brazil were relatively low, indicating a certain uniformity of production in 

these regions. However, in the years 2019, 2020, and 2022, the standard deviation 

and variance were more pronounced, reflecting a greater dispersion in the distribution 

of production in the regions under study. 
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It was also observed that, during the analyzed decade, the year 2014 presented a 

limited number of publications with this association (mean = 1.5). In the years 2015, 

2019, 2020, 2022, and 2023, there were no publications associating bathymetric data 

with other study and research topics in water bodies. However, in 2019 and 2022, even 

after a period without the use of this association, both reached the maximum limit of 

publications (n=5). In contrast, the years 2016, 2017, and 2018 had a lower maximum 

number of publications (n=3) compared to 2019 and 2022. 

3.1.2 APPLICATION OBJECTIVES 

To achieve the objectives of applying bathymetric data in conjunction with other 

research topics in water bodies, the data analysis revealed a total of 86 distinct 

approaches for this association, organized into five groups. It is noteworthy that the 

most frequent association involved studies and research related to river dynamics and 

its variables (Figure 4). 
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Figure 4: The five groups with study and research topics associated with bathymetric data 

 

Source: Authors, 2023. 

In the context of Figure 3, Group C (4.6±1.9) plays a fundamental role, especially in 

the Amazon basin, in the Northern region of Brazil. This is due to the importance of 

waterways in enabling the transportation of people and goods, as well as industrial 

facilities focused on commodities such as mining and soybean production, especially 

in the North and Midwest regions. The studies and research included in this group have 

a significant impact on data generation, benefiting Group D (3.6±2.2). 

This statement is based on the ecosystem services provided by water bodies, including 

the provision of water for public supply, thermal regulation due to heat absorption 

capacity, and cultural value for traditional communities that hold festivities, such as 

honoring entities like Iemanjá, among others. 
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Table 2: Eigenvalues, variance, and cumulative variance of the obtained and analyzed data 

 

Source: Authors, 2023. 

The dispersion of studies and research associated with bathymetric data in the five 

identified groups revealed that Group C, in the Midwest region, employed this 

association significantly and promptly (Figure 5).  

Figure 5: Spatial position of the two principal components in relation to the five groups that applied 
bathymetric data to other study and research topics during the period and in the five investigated regions   

 

Legend: Study Group as shown in Figure 4: A ; B; C; D; E.; C.W., Central-West; Ne., Northeast; Se., 

Southeast; Sul. Source: Authors, 2023. 
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Figure 5, through its main horizontal line, highlights the progress in the use of the 

association in research. In the Northeast region, studies and research are gradually 

advancing in the application of this association with bathymetric data, especially in the 

São Francisco River basin, belonging to group C. On the other hand, in the North, 

South, and Southeast regions, we identified two groups that are using bathymetric data 

in studies associated with groups D and E, focusing on Water and Environmental 

Management, as well as geomorphological studies of water bodies. 

In the North region, as well as in the Northeast, the use of this association is slower, 

although the most engaged groups are D and E, respectively. In the Southern region, 

the use is more frequent compared to the other two. On the other hand, groups A and 

B demonstrate a low frequency in the use of bathymetric data in water studies and 

research. Since three of the five groups (C, D, E) contribute positively to studies and 

research in water bodies, it became necessary to identify the similarities between them 

(Figure 6).  

Figure 6: Similarity indices with the application of hierarchical clustering analysis of the five groups (A, 
B, C, D, E) whose studies and research were associated with the use of bathymetric data  

 

Source: Authors, 2023. 
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In Figure 6, it is highlighted that the groups with the highest similarity are: group D, 

which focuses on water and environmental management and its components, and 

group E, which is dedicated to fluvial geomorphology. Therefore, water resources 

management, encompassing aspects such as land use, conservation and monitoring 

of Environmental Protection Areas, water quality, and water pollution, plays a direct 

role in fluvial geomorphology. Furthermore, the application of bathymetry in 

morphometric studies, measuring width and depth, and in the maintenance and 

conservation of the shape of both emerged and submerged relief, is also related to 

these groups. 

3.2 LOCATIONS OF APPLICATIONS 

Regarding the locations of application in this investigation, they refer to the water 

bodies where the studies and research were conducted in the five Brazilian regions. 

The analysis of the obtained data identified 13 types of water bodies. However, in 

applying the Kaiser Criterion (CP>1), only eight were selected. Thus, the principal 

component analysis showed that the first two components represent 97.44% of the 

cumulative variance (Table 3). 

Table 3: Eigenvalues, variance, and cumulative variance of the obtained data for the locations of 
application of studies and research associated with bathymetric data 

Source: Authors 2023. 
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To assess spatial dispersion in the eight locations of application for studies and 

bathymetry in the five investigated regions, a principal component analysis was 

conducted. Notably, streams in the Midwest region demonstrate a significant frequency 

in association with other research topics (Figure 7). It is evident from the same figure 

that studies related to bathymetric data are positively and gradually influencing their 

use in studies and research in rivers in the Southeast, North, South, and Northeast 

regions. 

Figure 7 - Spatial location of the principal components among the eight types of locations used for the 
application of bathymetric data and other topics of studies and research in water bodies 

Legends: Str., Streams; Ch., Chanel; B.ref., Beach reefrs; Rev., Reservoirs; Rv., Rivers; Ne. 
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Norteasth; Bec., Beachs; St., Stalls; Rb. Ribeirão, P.b., Potiguar basin; N., North; Se.; Southeast; Lg., 

Lagoon; Lk., Lake. Source: Authors, 2023. 

Bathymetric data in studies and research on water bodies, as indicated on the 

secondary horizontal axis. The greatest concern is related to "reservoirs." This 

concern, especially regarding the Northeast region of Brazil, is justified by the low water 

availability due to the characteristics of the terrain, topography, and vegetation that 

significantly affect the climate. Water scarcity can be attributed to both lack of rainfall 

and inappropriate use of the waters of the São Francisco River, which has experienced 

flow alterations due to land use and occupation along its banks (França et al., 2021). 

For a deeper understanding of the similarities among water bodies in the regions where 

studies and research were conducted, both positive and negative, a hierarchical 

clustering analysis was performed among the 13 identified locations in the five 

investigated regions (Figure 8). 
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Figure 8 - Hierarchical clustering analysis of the 13 locations used in studies and research associated 
with bathymetric data 

Legends: C. P., Coastal Platform; B. R., Beach reefs; P.b, Potiguar basin. Source: Authors, 2023. 

In Figure 8, we identified two similar groups: H-L and I-K. The first groups together the 

continental shelves and beach reefs, both submerged. This similarity stems from the 

fact that, when combined with bathymetric data, they play a fundamental role in water 

and environmental management. The coastal platform (CIRM, 1996) and beach reefs 

(UFS, 2015) are relevant in this context. 

The second group comprises beaches, divided into three regions (shoreline, 

nearshore/ripples/runnel, and off-beach), along with streams, which are smaller water 

bodies than rivers. These elements also influence the waters of artificial beaches, such 

as the Taquaruçu Grande stream and Caju Beach in Tocantins (Marques et al., 2015). 
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4. DISCUSSION 

4.1 CENTRAL-WESTERN REGION 

The use of bathymetric data in the Central-Western region has been observed in 

various contexts, using images from orbital sensors such as the Advanced Spaceborne 

Thermal Emission and Reflection Radiometer (ASTER). For example, in studies of the 

Paraguay River in Goiás, this approach was used to measure depth with high reliability 

(Zani; Assine; Silva, 2008). In the municipality of Três Lagoas, Mato Grosso do Sul, at 

Lagoa Maior, the application of bathymetric data showed a three-meter reduction in 

depth in 2002. Additionally, this data has been useful in mapping areas susceptible to 

floods and inundations, as well as defining ranges in streams, in this state (Oliveira et 

al., 2016; Mantovani, 2016). 

Bathymetric data also play a significant role in evaluating marginal erosions and silting 

in water bodies. This association has been observed in different locations, including 

the urban reservoir known as Lago do Amor in Mato Grosso do Sul (Alves Sobrinho et 

al., 2017), the Bandeira and Cabaça streams in Mato Grosso do Sul (Ferreira, 2020), 

and the Prosa Stream in Campo Grande, also in Mato Grosso do Sul (Bruno, 2021). 

The analysis of bathymetric data is also essential in studies of silting, as this 

phenomenon can have negative impacts on aquatic fauna and even lead to the total 

drying of the bed, as evidenced in Lagoa Maior, which is a Permanent Preservation 

Area (APP) in Mato Grosso do Sul (Souza; Pinto, 2020). 

In the Central-Western Region, it is observed that the use of bathymetric data, 

regardless of the adoption of geospatial technologies or manual approaches, has been 

associated with studies related to depth, flooding, inundations, erosions, 

sedimentation, sediment contamination, aquatic macrofauna, and silting in rivers, 

streams, and reservoirs. This approach is fundamental for generating solid and 

substantial information, allowing water and environmental resource managers to 

establish effective goals in preventing irreparable economic and social losses. 
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4.2 NORTHEAST REGION 

Studies and research associated with bathymetry have been employed to analyze the 

probability of flooding in rivers, such as the Mundaú and Paraíba do Meio in Alagoas 

(Lima, 2017a). They have also been used to consider the hypothesis of dam rupture, 

such as the Carpina Dam on the Capibaribe River in Pernambuco (Lambert, 2021). 

The application of this association reveals its usefulness in delineating river plains 

susceptible to flooding, as demonstrated in the Parnaíba and Poti rivers in Teresina, 

Piauí, and Timon, Maranhão, respectively (Souza et al., 2018). 

Another relevant application is related to the conservation of aquatic biodiversity, 

exemplified in the Baía do Cumã, São Marcos, and São José in Maranhão (Lima, 2023, 

p. 33), especially in areas with frequent boat traffic, such as in Costa Branca, Rio 

Grande do Norte (Oliveira, 2015). Furthermore, bathymetry is valuable in water 

resource management, as evidenced in the Ondas River, Bahia (Castro et al., 2014). 

This management, when applied in medium and large reservoirs, integrating geo-

environmental and water data, provides effective control of water levels in regions with 

high demand and low supply, such as in the Brazilian semi-arid region, where the 

Sobradinho and Poço da Cruz reservoirs are located in Pernambuco (Bacalhau, 2022). 

In addition to the mentioned applications, this data has also been used in studies on 

sedimentation and metal contamination (by adsorption and/or complexation), as 

observed in the São Marcos Bay, Maranhão (Cunha, 2023). This contamination can 

negatively impact benthic fauna, including lobsters and detritivores fish, as 

demonstrated in research conducted on the reefs of Praia do Seixas, Paraíba (Lima, 

2017b). Besides the contamination issue, sediment transport must be considered, 

which results in the formation of "alluviums." 

In this context, it is important to consider urban perimeters, such as in the Parnaíba 

River, Piauí, where there is a decrease in water velocity, leading to the concentration 

of pollutants and siltation (Costa, 2020; Nunes et al., 2014). Sedimentary dynamics, 

involving dredging for the deepening of water bodies, can also be studied through 
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bathymetric modeling, as exemplified in the Capibaribe River, Pernambuco (Melo, 

2016). This dynamic can be associated with bathymetric data for environmental studies 

in estuaries, which are natural sediment receivers. 

The validity of this approach has been demonstrated in research conducted in the 

estuary of the Itapessoca River, Pernambuco, where the obtained data allowed for the 

elaboration of a faciological map (Oliveira, 2018). In the context of estuaries and the 

application of this association, studies on depth in the Poxim River, Sergipe, stand out, 

which, in addition to bathymetric data, incorporated information from the TM Landsat 

5 sensor (Martins et al., 2020). In the scope of water resource management, the 

combination of this data can be applied to assess water quality, as exemplified in the 

Paraíba do Norte River, Paraíba (Silva, 2019). 

In port areas, particularly in cases of oil spills, a lipophilic substance that affects the 

physical conditions of water, as occurred in the Port of Cabedelo, Paraíba, the use of 

bathymetric data plays a crucial role in evaluating physical and oceanographic 

conditions, including currents and waves (Frazão; Amaro, 2016). Additionally, this data 

finds application in research related to the geological processes of water bodies. 

Regarding studies and research associated with bathymetry, they can be applied in 

estuary channels, as observed in the Coreaú River, Ceará, for investigations on land 

use and occupation over decades (Colares, 2015). This approach is also useful in 

hydrodynamic studies in reservoirs, allowing estimates of flow velocity, residence time, 

and water column renewal rates, as demonstrated in Redenção, Ceará (França, 2021). 

4.3 NORTH REGION 

In this region, the application of bathymetric data has played a significant role in clear-

water rivers, such as in the lower Branco River, Acre, together with images obtained 

from the OLI/Landsat 8 sensor (Cremon et al., 2015). These data have also been used 

in comparative studies to analyze the bathymetric situation of the Madeira River in 

Porto Velho, Rondônia (Pinheiro et al., 2016), as well as in morphometric studies in 
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Lagoa Paraíso, Amazonas, aiming to provide previously unavailable morphometric 

information for future reference (Fulan et al., 2015). 

When it comes to the absence of data regarding a specific water body, the 

management and monitoring of situations such as erosions become challenging, as 

these erosions can lead to economic, cultural, and social losses, as evidenced in a 

study conducted in the Acará River, Pará (Fonseca et al., 2018). Therefore, the 

generation of bathymetric data associated with hydrodynamic data is essential for 

assessing the potential erosion risks in specific locations, as demonstrated in Cametá, 

Pará (Silva; Andrade, 2019). 

In addition to contributing to the prevention of erosions, this combination of data can 

be applied in planning and identifying the "best practices" for mitigating actions 

regarding marginal decomposition, as investigated on Mosqueiro Island, Pará (Lopes, 

2022). It is important to note that one of the main results of erosion in water bodies is 

sedimentation, and research on this phenomenon has already been conducted in the 

bed of the Paraná do Ramos River in Parintins, Amazonas (Ribeiro, 2018; Marques; 

Carvalho, 2019), and in the Portel and Marajó Bay hydrographic basin, Pará (Nobre, 

2014). 

Sedimentation in water bodies triggers modifications in the submerged relief, being 

influenced by the deposition of allochthonous materials in the channel of the water 

body, as documented in the Guajará Bay, Pará (Mendes; El-Robrini; Moraes, 2022). 

Regardless of the nature or origin of sedimentation, one of the significant concerns for 

water management bodies and riparian communities is the occurrence of floods, often 

caused by improper use and disorderly occupation of water body margins. 

The challenges related to floods, resulting from land use and occupation, have been 

the subject of studies and research employing bathymetric data, as exemplified in Lake 

Tefé and Xidarini Stream, Tefé, Amazonas (Silva, 2018). This aspect is one of the 

focus areas of basin committees in the state of Amapá (Silva Júnior et al., 2021), along 

with the management of navigability risks on the Negro River, Amazonas (Oliveira, 
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2019), and the assessment of social challenges faced by communities after floods, as 

well as their perception of this phenomenon. 

Regarding the study of floods, the previously analyzed and applied association was 

used in research conducted on both banks of the Guamá River, Belém, Pará (Sadeck 

et al., 2017), on the coast of the Surubim and Cipirá rivers, Itacoatiara (Souza, 2022), 

and at the confluence of the Negro and Solimões rivers, all in Amazonas (Lins, 2021). 

The objectives of these studies included the development of modeling to identify the 

effects of floods on communities and their cause-effect perception, as well as the 

behavior of the water flow in these regions. 

4.4 SOUTHEAST REGION 

In this region, bathymetric data has been applied in various areas, including flow 

quantification, as demonstrated in the municipality of Itabira, Minas Gerais, in the 

Cantagalo and Candidópolis streams, the latter being a water source for the 

municipality of Ribeira (Miranda, 2014). These studies indicated that the Cantagalo 

stream is the largest contributor, representing 23.37% of the municipality's water 

supply. Additionally, the use of bathymetric data is also associated with coral 

conservation in the Armação de Búzios Environmental Protection Area, Rio de Janeiro, 

aiming to generate bathymetric information for future uses (Santos, 2014). 

Another relevant application involved the production of the first bathymetric chart of the 

Edmundo Navarro de Andrade State Forest reservoir in Rio Claro, São Paulo, which 

included primary and secondary data (Cigagna; Bonotto; Sturaro, 2014). Bathymetric 

data has also been used to identify and locate contaminant sources in the Macaé River 

estuary, Rio de Janeiro (Parokin et al., 2015). It is important to note that such sources 

are numerous, especially in urban areas, due to diversified use and occupation of the 

land by architectural, industrial, livestock, and agricultural units, resulting in the 

generation of effluents and waste, including plastics, which compromise water quality. 

Water quality and land use, combined with bathymetric data, have been studied in the 

Ribeirão Vermelho River basin, Lavras, Minas Gerais (Menezes et al., 2016). 
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Additionally, these data can be employed in the analysis of hydro sedimentation in 

channels and in the identification of obstructions in water bodies, such as lagoons that 

communicate with the sea. Research in this direction has been conducted in Lagoa do 

Araruna, which connects with the Itajuru channel, Rio de Janeiro (Silva; Rosman, 

2016). 

In the same region, bathymetric data was used to determine three aspects of a 

reservoir of a Small Hydroelectric Power Plant (SHP), including the contour curve, 

area, and volume, in the case of the Pipoca SHP reservoir, in the Manhuaçu River 

basin, Minas Gerais (Minhomi; Brito; Azevedo, 2017). Subsequently, this bathymetric 

data was combined with geological, physical, and chemical data, along with substrate 

images, in two estuaries of the Itaguaré, Perequê-Mirim, and Guaratuba rivers, located 

in Bertioga, São Paulo. The aim was to characterize and compare these estuaries with 

the use of this associated data (Baraldo, 2018). Finally, bathymetric data also finds 

application in the study of water body sedimentation, allowing the investigation of the 

genesis of this phenomenon. 

In Japuíba Cove, located in Angra dos Reis, Rio de Janeiro (Vieira et al., 2020), a 

study was conducted using the association of bathymetric data that identified 

anthropogenic impacts, resulting in the silting of the Gamboa and Japuíba rivers. This 

phenomenon was caused by disordered use and inadequate land occupation, 

preceded by deforestation of the Permanent Preservation Area (PPA), especially in 

the mangrove area. This type of inadequate land use often leads to floods. In this 

context, the same association was employed in a study on the Piraquê-Açu River and 

the Demétrio Ribeiro Stream, to determine how they contribute to flooding in the center 

of the municipality of João Neiva, Espírito Santo (Guzzo, 2021). 

Another identified aspect is related to the deposition of dredged material from one 

water body into another. This association was applied in research in the Espírito Santo 

Continental Shelf, where the submerged relief was mapped, and geomorphological 

and ecological characterizations of the area were carried out (Lagedo et al., 2021). In 

another research, the same association was used to calculate volumes, depths 
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(maximum and average), and margin development indexes in the so-called Parque 

dos Lagos, in Frutal, Minas Gerais (Martins et al., 2022). 

Bathymetric data is also relevant in studies that assess variations in recreational areas, 

such as beaches, both in terms of shape and functioning dynamics. In a study 

conducted in Enseada, which encompasses two beaches, Meaípe and Maimbá, in the 

municipalities of Guarapari and Anchieta, Espírito Santo, the data indicated a 

considerable sedimentary deposition (approximately 4,103 m³) since 1981, resulting 

from the installation of a port area in the region (Vervloet; Prata, 2023). 

4.5 SOUTH REGION 

Geoecological methods play a fundamental role in obtaining bathymetric data, using 

altimetric data, such as those from the DTU10BAT satellite model. In the Pelotas basin, 

Rio Grande do Sul, this approach was complemented by gravimetric data from the 

EGM2008 geopotential model, aiming to study the shape structure of this basin (Gagg, 

2014). Furthermore, it was observed that this association extends to data from 

laboratory analyses, such as physical data on water quality, including turbidity, 

apparent color, total solids, and electrical conductivity, as well as reflectance generated 

by geotechnology, such as bands 1 to 5 of the Landsat 8 satellite, in the Igapó Lake, 

in Londrina, Paraná. These data were used to build linear regression models (Barros, 

2015). 

Although obtaining data through geotechnologies can be costly, in some research, 

topographic equipment, such as total station, tripod, prism, and stake, were used. This 

was done in a study at the Municipal Artificial Lake, built in 1978, in Cascavel, Paraná, 

with the aim of verifying the silting in this lake, which was confirmed (Detofol; Bortolini; 

Felipetto, 2017). Another approach to obtaining bathymetric data is consulting the 

archives of water supply companies. 

In a study conducted to correct surfaces according to the position of the thalweg in the 

Pirapó River, Maringá, Paraná, surface corrections were conducted based on the 

evaluation of the mean absolute error value and the mean square error value 
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(Bolonhez; Motta; Soares, 2019). These surface adjustments can contribute to flood 

mitigation and can be performed with interactive neo-cartography data and virtual 

information, as well as with remotely controlled unmanned boats, such as the Q boat's 

bathymetric data. 

These associations were employed in the study of environmental disasters caused by 

floods in Lages, Santa Catarina (Padilha, 2018). In the case of floods, a research was 

conducted in the Alto Vale do Itajaí, Santa Catarina, aiming at implementing a water 

resources management program that can be used to predict these floods (Forster, 

2019). In the context of management, it is also important to consider facultative ponds 

receiving treated effluents, which may accumulate sediments unevenly, as indicated 

in a study in Campo Mourão, Paraná (Garcia et al., 2020). 

Water resources management also includes the evaluation of water quality, which can 

be mathematically performed through a numerical model, such as Delft-3D. A study 

was conducted at Lagoa da Conceição, located in Florianópolis, Santa Catarina, with 

the aim of verifying the distribution and the physicochemical variables that affect water 

quality. One of the factors that compromised water quality was land use and occupation 

in the watershed (Silva, 2021). In the southern region, data indicated that previously 

studied and researched locations are undergoing new investigations. 

One of these locations is the Municipal Artificial Lake of Cascavel, which was the 

subject of research in 2017 to assess silting, which was confirmed. In 2022, a new 

study was conducted, focusing on land use and occupation and proposing mitigating 

measures. As a result, metals, such as Cadmium (Cd), which pose a potential risk to 

fauna and flora, were identified (Francesquini, 2022). 

5. FINAL CONSIDERATIONS 

The use of bathymetry and its related data, together or independently from innovative 

geotechnologies, has been observed in studies and research conducted in the five 

regions of Brazil over the last decade. In cases where these technologies were not 

associated with this data, topographic instruments were used to collect more specific 
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information. These studies have been dedicated to investigating the causes and 

developing control strategies for phenomena such as erosions, flooding, floods, 

inundations, and flash floods, whether in natural or artificial bodies of water, such as 

lagoons, lakes, and water resource reservoirs. 

There was almost unanimous concern for the conservation of aquatic biodiversity in all 

analyzed regions, especially in areas where there was siltation due to marginal erosion 

or the deposition of dredged materials. This scenario manifested, for example, on the 

Brazilian Continental Shelf, which served as a repository for this type of material. 

Siltation, whether from marginal erosion or dredging deposition, led to studies on the 

loss of depth of bodies of water and their navigability, affecting riparian communities 

and traditional communities that depend on artisanal fishing for subsistence and 

income. 

In the Southeast, South, and North regions, where bodies of water share geographical 

borders, research has shown integrative trends. This approach can enhance the 

implementation of containment or mitigation measures associated with bathymetric 

data. However, it is still important to highlight the need to pay attention to the 

conservation conditions of Permanent Preservation Areas (PPAs), which are often 

absent due to urban growth and land occupation. This absence can exacerbate erosion 

and siltation problems. 

It is expected that the data presented here and the selected references will be used as 

a subsidy for monitoring the use of bathymetric data in water and environmental 

management, aiming at preserving water quality and riparian forests. This, in turn, will 

contribute to improving buoyancy and navigability conditions, as well as maintaining 

Brazilian interregional waterways, preventing accidents, and minimizing anthropogenic 

disasters, such as flash floods and floods. 
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