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ABSTRACT

Croundwater plays a crucial role in supplying environmental
sustainability, particularly in regions subject to increasing anthropic
pressure. The study analyzed the hydrological and anthropogenic
controls in the variation of the water level in the Boa Vista Aquifer
(ABV), in the Cauamé River Hydrographic Basin (BHRC), Roraima,
Brazil. The equipped approach combined groundwater data (static
and dynamic levels) of 80 wells, obtained from the data bank of the
Underground Water Information System (SIAGAS, 1982-2014),
precipitation data from the National Institute of Meteorology (INMET,
1999-2024) and land use of the MapBiomas platform (1985-2022).
Linear regression models applied to evaluate the relationships
between the static level (NE), the dynamic level (ND) and the NE/ND
ratio and the predictive variables (latitude, longitude, altitude,
precipitation and time). The results reveal explanatory power (R? <
30%), reflecting the intrinsic complexity of the ABV system.
Precipitation has a statistically significant influence on dynamic
levels (p < 0.05), highlighting its role in groundwater recharge
processes. In contrast, spatial variations exhibit limited explanatory
capacity. A temporal analysis indicated a marginal decline in
dynamic water levels and a significant increase in the NE/ND ratio
over time. Since land use changes have not been incorporated into
statistical models, the expansion of agricultural and urban areas
suggests increasing pressure on groundwater. This work contributes
to a better understanding of groundwater dynamics in Amazonian
savanna environments and provides a basis for future research and
water resource management in the BHRC.

Keywords: Boa Vista Aquifer; Land Use; Groundwater Resources;

Multivariate Statistics.



RESUMO

As aguas subterraneas desempenham papel crucial no
abastecimento e na sustentabilidade ambiental, particularmente
em regides sujeitas a crescente pressao antropica. O estudo analisou
os controles hidrolégicos e antropogénicos na variacao do nivel
d'agua no Aquifero Boa Vista (ABV), na bacia hidrografica do rio
Cauamé (BHRC), Roraima, Brasil. A abordagem adotada, combinou
dados de aguas subterraneas (niveis estaticos e dinamicos) de 80
pocos, obtidos no banco de dados do Sistema de Informacdes de
Aguas Subterraneas (SIAGAS, 1982-2014), dados de precipitacdo do
Instituto Nacional de Meteorologia (INMET, 1999-2024) e do uso da
terra da plataforma MapBiomas (1985-2022). Modelos de regressao
linear foram aplicados para avaliar as relacdes entre os niveis estatico
(NE), nivel dindmico (ND) e a razdo NE/ND e as varidveis preditoras
(latitude, longitude, altitude, precipitacao e tempo). Os resultados
revelaram poder explicativo (R? < 30%), refletindo a complexidade
intrinseca do sistema ABV. A precipitagcao apresentou influéncia
estatisticamente significativa nos niveis dinamicos (p < 0,05),
destacando seu papel nos processos de recarga do aquifero. Em
contraste, as varidvelis espaciais exibiram capacidade explicativa
limitada. A analise temporal indicou um declinio marginal nos niveis
dindmicos d'dgua e um aumento significativo na razdo NE/ND ao
longo do tempo. Embora as mudancas no uso da terra nao tenham
sido incorporadas aos modelos estatisticos, a expansao das areas
agricolas e urbanas sugere uma crescente pressao sobre as aguas
subterraneas. Este trabalho contribui para uma melhor
compreensao da dinamica das aguas subterraneas em ambientes
de savana amazdnica e fornece uma base para pesquisas futuras e
gestao de recursos hidricos na BHRC.

Palavras-chave: Aquifero Boa Vista; Uso da Terra; Recursos Hidricos

Subterraneos; Estatistica Multivariada.



1. INTRODUCTION

Groundwater is a critical component of global water resources,
playing a fundamental role in urban and rural water supply, the
sustainability of agricultural production, and ecosystem services,
particularly in regions where surface water availability is limited or
highly variable due to climate variability and change (Jasechko et al,,
2024). As a strategic reserve, groundwater becomes especially
important during extreme events such as prolonged droughts
(Santos et al., 2018; 2022).

At the global scale, pressure on groundwater reservoirs has
intensified due to surface water degradation, pollution,
overexploitation through excessive pumping, and various
anthropogenic activities, posing significant challenges to current
and future water availability (Silva et al., 2021; Jasechko et al., 2024;
ODS, 2024; ANA, 2024; MapBiomas, 2024).

In Brazil, and particularly in Amazonian savanna regions, these
challenges are even more complex due to the region’s physical,

climatic, and socioeconomic characteristics.

Understanding the factors that influence groundwater level
variation in aquifers is essential for the sustainable management of
these resources, especially in a context of population growth, land-
use expansion, increasing water demand, and climate instability

(Brito et al., 2022).

However, the increasing exploitation of groundwater for urban, rural,
and agricultural uses has raised concerns regarding aquifer

depletion and contamination, particularly in developing regions



where monitoring and management mechanisms are still limited

(Wankler et al., 2022).

In recent decades, the intensification of anthropogenic pressures—
combined with climate variability—has significantly affected
groundwater systems worldwide (Jasechko et al, 2024). Excessive
extraction, land-use changes, and vegetation removal have altered
recharge processes and groundwater dynamics, leading to declining

water levels in many regions (Jasechko et al., 2024).

These challenges have reinforced the need for integrated
groundwater management strategies, as highlighted in
international policies focused on water security and sustainable
resource use (ANA, 2024). In this context, understanding the
interactions between hydrological processes and human activities is
essential to ensure long-term water availability, both in quantity and

quality (ODS, 2024).

Despite advances in groundwater research, there is still a limited
number of studies addressing these interactions in tropical savanna
regions, particularly in northern Brazil. The Cauamé River
Hydrographic Basin (BHRC), located in the municipalities of Alto
Alegre and Boa Vista (state of Roraima), represents a strategic case
study due to its growing socioeconomic importance and increasing
pressure on water resources. Groundwater in this basin, mainly
stored in the Boa Vista Aquifer, is widely used for public supply,
agriculture, and industrial activities. It is estimated that
approximately 70% of the population of Boa Vista depends on
groundwater extracted from tubular wells, highlighting the critical

role of this resource in regional water security (Wankler et al., 2022).



The region has experienced significant demographic growth in
recent decades, driven mainly by migration processes (IBGE, 2024),
which, combined with a 177% expansion (2022-2025) in areas
occupied by agricultural, livestock, and industrial activities, has
resulted in increased demand for groundwater (ANA, 2024,
MapBiomas, 2024a; SIAGAS, 2024). These changes have also led to
the progressive degradation of native savanna vegetation,
potentially affecting infiltration rates, recharge processes, and overall

aquifer dynamics (Carvalho et al.,, 2022; Eloy et al., 2023).

At the same time, extreme climate events associated with global
warming—such as severe droughts, floods, and heatwaves—have
become more frequent and intense in the Amazon region,
impacting ecosystem stability and groundwater availability (Salazar
et al, 2015; Eloy et al., 2023; Falcao; Souza, 2022; Sander et al., 2024).
Consequently, the relationship between land-use change and
groundwater behavior remains a key issue requiring further
investigation. Although previous studies have addressed aspects of
groundwater variability and land-use dynamics, there is still a lack of
integrative analyses that quantitatively assess the combined effects
of hydrological and anthropogenic variables on groundwater level
fluctuations over time in the Cauamé River Hydrographic Basin

(BHROQ).

Moreover, the implications of these interactions for groundwater
management and future sustainability scenarios remain
insufficiently explored. In this context, the present study seeks to
address the following research questions: (1) How do human
activities (urban and agricultural expansion) and climate variability
influence groundwater level fluctuations and availability in the

BHRC? (2) How do hydrological variables—such as precipitation,



infiltration, evapotranspiration, and surface runoff—affect
groundwater dynamics in the basin? (3) How have these factors

influenced changes in aquifer storage over time (1982-2014)?

To answer these questions, this study integrates hydrological and
anthropogenic variables to evaluate their influence on groundwater
level variation in the Boa Vista Aquifer. The analysis includes long-
term precipitation data obtained from the Boa Vista station,
provided by the National Institute of Meteorology (INMET, 2024),
covering the period from 1999 to 2024; land-use data from 1985 to
2022; groundwater level indicators (static and dynamic levels) and
their ratio as an indicator of system response to environmental
changes, obtained from the Groundwater Information System
(SIAGAS, 2024), considering the period from 1982 to 2014, which
encompasses significant socio-environmental transformations in the
region, including demographic expansion, agricultural
intensification, and institutional changes that may have influenced

groundwater dynamics.

Therefore, the objective of this study was to investigate the
hydrological and anthropogenic controls on groundwater level
variation in the Boa Vista Aquifer, within the Cauamé River
Hydrographic Basin, over the period from 1982 to 2014, contributing
to a better understanding of groundwater behavior in Amazonian
savanna environments and supporting future water resource

mManagement strategies.

2. THEORETICAL FRAMEWORK

2.1. Study Area Characterization



The Cauamé River Hydrographic Basin (BHRC) is located in the
north-northeastern portion of the state of Roraima, above the
Equator, within the geological domain of the Guiana Shield (Rels;
Alamy Filho, 2018; Galdino, 2018). The basin covers an area of
approximately 3,159 km?2 and includes the municipalities of Alto
Alegre and Boa Vista (the state capital), extending to the urban

perimeter of Boa Vista (Wankler et al., 2022).

The drainage network is highly diverse, consisting of approximately
1942 channels and a main river (the Cauamé River) with about 120
km in length. The region is accessible through several state
highways (RR-205, RR-319, RR-342, among others) and the federal
highway BR-174, which plays a fundamental role in regional
economic dynamics and land-use expansion (Galdino, 2018; Wankler
et al, 2022). Figure 1 shows the location of the Cauamé River
Hydrographic Basin (BHRC) along with its main state highways,
which are responsible for the transport of people, goods, fruits,
among others, while BR-174 is responsible for connecting Roraima'’s

electrical energy system to the national power grid.

Figure 1: Location of the Cauamé River Basin showing its road

network and the Cauamé River Hydrographic Basin (BHRC).
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Geologically, the basin is characterized by volcanic rocks of the
Apoteri Formation and sedimentary deposits of the Boa Vista
Formation, predominantly composed of unconsolidated sandy
materials (Wankler et al,, 2022). The relief ranges from flat to gently
undulating, with elevations between 60 and 400 m; however, more
than 70% of the basin lies at low elevations (60-90 m) with very
gentle slopes (~0.00276 m), favoring infiltration processes (Carvalho
et al, 2016; Oliveira et al, 2021). Geomorphologically, the area is
classified as a pediplain, with flat surfaces developed over

sedimentary substrates.

The regional climate is classified as Am (tropical monsoon) and
represents a hot and humid transitional zone, characterized by high
temperatures throughout the year (>20°C) and two well-defined
seasons. a rainy season (April-September) and a dry season
(October-March). The average annual precipitation ranges from
1,600 to 1,800 mm, with peak rainfall occurring between May and
July, and mean temperatures around 29°C (Araudjo et al, 2024
Sander et al., 2025). Figure 2 presents the total annual precipitation

(mm) for the region, obtained from the Boa Vista station and



provided by INMET (2024), covering the period from 1999 to 2024,
ensuring temporal consistency among the climatic datasets over a

long-term period.

Figure 2: Total annual precipitation (1999-2024).
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Source: adapted by the author from INMET (2024).

Analyzing the previous figure, a slight increasing trend in
precipitation can be observed over the years. The most critical year
in terms of climatic variability was 2005 (1,J00 mm), while the year

with the highest precipitation was 2006 (~2,400 mm).

The basin is located within the /avrado domain (Amazonian
savanna), characterized by a mosaic of grasslands, shrub vegetation,
and forest islands (Figure 3). Vegetation plays an important role in
regulating hydrological processes, particularly infiltration and
recharge of the Boa Vista Aquifer (BVA), due to deep root systems
adapted to seasonal water availability (Santos et al.,, 2022; Wankler et

al., 2022; Sander et al., 2024; 2025).

Figure 3: Savanna vegetation area and a soybean cultivation area.



Source: Authors (2025)

Land use and land cover data (Figure 4) were obtained from the
MapBiomas platform (2024) for the period from 1985 to 2022.
Although this dataset extends beyond the groundwater time series,
it was used to provide contextual support for long-term
anthropogenic changes in the basin. Temporal differences between

datasets are acknowledged and discussed as a limitation.

According to data from the MapBiomas platform (2024), the
replacement of native vegetation (savanna) by pasturelands,
agricultural areas, and urban expansion has driven significant
landscape transformations in the Cauameé River Basin (CRB), leading
to changes in the natural water balance. Analysis of Figure 4
indicates that savanna, which was the dominant land cover type in
the basin, accounted for 78.51% of the total area in 1985. By 2022, this
proportion had decreased to 69.99%, representing a reduction of

8.52% over the analyzed period (1985-2022). This decline reflects the



progressive conversion of native vegetation into anthropogenic land

uses.

Figure 4: Land use and land cover classes in the CRB (% of total area)

from 1985 to 2022.
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Source: adapted by the author from MapBiomas
(2024).

Similarly, natural forest areas also showed a reduction, decreasing
from 16.77% in 1985 to 12.44% in 2022, corresponding to a loss of
4.33% of the basin area. This reduction is associated with the
expansion of agricultural activities, particularly mechanized

cropping systems for grain production.

In contrast, pasture areas exhibited a substantial increase. In 1985,
pastures occupied only 0.41% of the basin; however, this value
increased continuously, reaching 6.17% in 2022, corresponding to an
expansion of 5.76% over the study period. This growth reflects the

intensification of livestock activities in the region.



Agricultural land use showed the most significant proportional
increase. In 1985, agricultural areas represented less than 0.02% of
the basin, whereas by 2022 this value had increased to 8.23%. This
expansion is mainly associated with the development of
mechanized agriculture, particularly irrigated soybean cultivation,
which has become one of the main drivers of land-use change in the

region.

Urban areas also expanded during the analyzed period, although on
a smaller scale compared to agricultural and pasture areas. The
urban area increased from 129% in 1985 to 193% in 2022,
representing a growth of 0.64%. This expansion is closely linked to
population growth, largely influenced by migration processes in
recent decades (IBGE, 2024; MapBiomas, 2024; 2024a; Eloy et al,
2023; Veras et al,, 2023).

Overall, these land-use changes demonstrate a clear trend of
anthropogenic pressure on the basin, characterized by the reduction
of native vegetation and the expansion of productive and urban
areas. Such transformations have important implications for
hydrological processes, particularly aquifer recharge, infiltration
capacity, and evapotranspiration dynamics, reinforcing the need for

integrated land and water management strategies.

Thus, the Cauamé River Hydrographic Basin (BHRC) can be
understood as a geographic space resulting from the dynamic
interaction between society and nature, continuously transformed
by human actions and natural processes. In this sense,
hydrogeological systems do not constitute isolated physical

elements but are part of a constantly reorganizing space, in which



land use and occupation directly influence infiltration processes and

water storage.

Therefore, understanding the interaction between anthropogenic
and natural factors is essential to identify patterns of groundwater
level variation and to propose mitigation strategies. This study is
justified by the need to produce updated scientific knowledge on
the mechanisms that regulate groundwater level fluctuations in the
BHRC. Such understanding is fundamental to guide public policies
and support technical decision-making in territorial planning,
ensuring the rational use of resources. Furthermore, this research
shows strong alignment with the United Nations 2030 Agenda,
directly contributing to Sustainable Development Goals (SDGs) 6
(Clean Water and Sanitation), 11 (Sustainable Cities and
Communities), 13 (Climate Action), 15 (Life on Land), and 17
(Partnerships for the Goals) (ODS, 2024).

3. METHODOLOGY

The methodological approach adopted in this study was exploratory
and qualitative in nature. The exploratory approach was carried out
through a systematic literature review, aiming to understand how
groundwater level variation in the aquifer relates to hydrogeological
parameters. In the quantitative approach, data were collected from
public sources to identify the hydrological characteristics that
influence groundwater level variation in the Cauamé River

Hydrographic Basin, Roraima.

Thus, the spatial dynamics of land use and land cover between 1985
and 2022 were analyzed using data from the MapBiomas platform

(2024), along with precipitation data from the Boa Vista



meteorological station (INMET, 2024) for the period 1999-2024. The
response variables—static water level (SWL), dynamic water level
(DWL), and the SWL/DWL ratio—were analyzed for the period 1982-
2014, based on a sample of 80 tubular wells registered in the
Groundwater Information System (SIAGAS, 2024). For data analysis
and interpretation, multivariate statistical methods were applied
using RStudio software (R Project, 2023), enabling the generation of

regression graphs.

3.1. Data Sources And Selection Criteria

This study adopted an integrative approach, combining hydrological
and anthropogenic variables. Groundwater data, including static
water level (SWL) and dynamic water level (DWL), were obtained
from the Groundwater Information System (SIAGAS, 1982-2014). A
total of 80 monitored tubular wells, registered in SIACAS and located
within the Cauamé River Hydrographic Basin (BHRC), were selected

for the analysis.

Figure 5: Tubular wells registered in SIAGAS within the BHRC and
selected for analysis, along with the drainage network and the

Cauamé River Hydrographic Basin (BHRC).
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The selection of wells followed the following criteria: (I) availability of
consistent historical records between 1982 and 2014, (II) complete
geographic information (latitude, longitude, and altitude); (ll)
presence of both static and dynamic water level measurements; and
(IV) spatial distribution covering both urban and rural areas of the
basin. Wells with incomplete records, inconsistent measurements, or

missing key variables were excluded to ensure data reliability.

3.2. Data Processing And GIS Analysis

Spatial data processing and map generation were carried out using
QGIS software (version 3.34.12). The geographic distribution of the 80
tubular wells, the drainage network, and the boundaries of the river
basin were mapped and analyzed. The groundwater dataset was
organized and preprocessed using Microsoft Excel, including: (a)
verification of missing values; (b) removal of inconsistent records;

and (c) standardization of units and variables.



The final dataset, including dependent and independent variables,

was then imported into RStudio (version 4.4.2) for statistical analysis.

3.3. Statistical Analysis

To evaluate the relationships between groundwater levels (static and
dynamic) in the 80 tubular wells (Table 1) and environmental
variables, multiple linear regression models were applied. The
dependent variables analyzed were: static water level (SWL),
dynamic water level (DWL), and the SWL/DWL ratio. The
independent variables included: Ilatitude, longitude, altitude,

precipitation, and time (year).

The general form of the model is expressed as:

SWL, DWL, or SWL/DWL Ratio = Bo + Bi(Lat) + B2(Long) + Bs(Alt) +
Bs(Prec) + Bs(Time) + g where [Bo is the intercept; Bi—Bs are the
regression coefficients; and € represents the error term. To evaluate
model performance, the coefficient of determination (R?) was used,
indicating the proportion of variance explained by the predictors. In
addition, diagnostic analyses were conducted to assess:. residual
distribution, multicollinearity among predictors, and the statistical

significance of coefficients (p < 0.05).

It is important to note that groundwater systems are inherently
complex, and relatively low R? values are expected due to the
influence of multiple unobserved variables (e.g., pumping rates, soil
properties, and aquifer characteristics). Therefore, results should be
interpreted with caution, emphasizing trends rather than

deterministic relationships.

Table 1: Summary of 15 regression models tested, with five predictor

combinations for each dependent variable.



Hydrological Characteristics R* (%) Predictor Coefficient P
Intercept -4.463.102 -
Latitude 7.226.101  0,0232
) L . Longitude -3916.10° 08414
Static Lewvel vs. Predictors 26 Altitude 1.068.100  0.5589
Precipitation 4272107 01938
Date -1.717.10F  0.8969
Intercept -2,650.107 -
Latitude 1.028.102 0.1676
) L ] Longitude -3.888.101  0.4034
Dynamic Level vs. Predictors 22 Altitude 2154100 06190
Precipitation 2.257.10  0.0049
Date -6.128.10%  0.0546
Intercept -1,498.10° -
Latitude 2.309.10°  0.0901
Static Level Ratio: Dynamic vs. 30 Longitude 7.496.102 09294
Predictors Altitude -4.189.10% 05936
Precipitation -1.134.10% 04247
Date 1.933.10°  0.0012

Source: adapted by the author from SIAGAS (2024).

3.4. Methodological Limitations

Some limitations should be acknowledged, such as: the absence of
direct data on groundwater extraction rates; limited integration of
models; and temporal

land-use variables into the statistical

mismatches between groundwater and land-use datasets.

Despite these limitations, the adopted approach provides a relevant
initial assessment of groundwater dynamics in the Cauamé River
Hydrographic Basin and establishes a foundation for more complex

modeling approaches in future studies.

4. RESULTS AND DISCUSSION

The results indicated that groundwater level variability in the

Cauamé River Hydrographic Basin (BHRC) is influenced by a
combination of hydrological and anthropogenic factors;, however,
the strength of these relationships varies and is generally moderate
to low. The coefficients of determination (R?) obtained (22-30%)
suggest that the selected variables explain only part of the observed

variability, indicating that groundwater dynamics in the study area



are controlled by multiple interacting processes that are not fully

captured by the models.

This behavior is consistent with previous studies in similar
hydrogeological contexts, where groundwater systems exhibit
complex responses due to the combined influence of climate
variability, land-use change, and subsurface heterogeneity (Tucci et
al., 2000; Tucci, 2009; Manzione et al,, 2020; 2021; Sander et al.,, 2024).
In tropical and savanna environments, such as northern Brazil,
groundwater recharge and storage are strongly influenced by
seasonal precipitation patterns, soil properties, and vegetation
dynamics, which may not be fully represented by simplified
statistical models (Salazar et al., 2015; Santos et al,, 2022; Jasechko et

al., 2024; Eloy et al,, 2023; MapBiomas, 2024, 2024a).

4.1. Spatial Distribution Of The Analyzed Wells

In Figure 6, the spatial distribution of the 80 analyzed tubular wells is
shown, plotted using geographic coordinates in decimal degrees of
latitude and longitude. The study area is located between 2.80 and
2.92° N latitude and -60.75 to -60.65° W longitude. The wells exhibit
a heterogeneous spatial distribution, with concentrations in two

distinct areas (urban and rural zones).

Figure 6: Spatial distribution of latitude (decimal degrees) versus
longitude (decimal degrees) of the 80 wells registered in SIAGAS
within the BHRC, during the period 1982-2014.
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The area with the highest concentration of wells is situated in a
highly permeable aquifer. This reservoir, which is part of the Boa
Vista Formation, is characterized by homogeneous, unconsolidated,
and uniform sandy sediments (Wankler et al, 2021; 2022). The
selected wells reach depths of up to 40 meters, within a savanna
landscape with elevations ranging from 60 to 80 meters above sea
level. Spatial statistical analysis of these data suggests positive
spatial dependence, where nearby wells tend to share similar
hydrogeological characteristics, such as stable groundwater levels

and homogeneous hydraulic conductivity (SIAGAS, 2024).

However, spatial variables such as latitude and longitude did not
show consistent statistical significance across the models. Although
some trends were observed, their explanatory power was limited,
indicating that spatial gradients alone are insufficient to explain
groundwater variability in the Cauamé River Hydrographic Basin
(BHRC). This suggests that local-scale factors, including land-use
practices and specific well characteristics, may play a more

significant role than regional spatial positioning.

4.2. Static Water Level Vs. Predictor Variables



The analysis of Figures 7A, 7B, and 7C, together with Figures 8A and
8B—which relate static water level (SWL) to the predictor variables
(latitude, longitude, altitude, precipitation, and time) — indicates
generally weak linear relationships between the dependent and
independent variables. For the static water level, the linear
regression model explains only 26% of the observed variance (R? =
0.26), indicating low explanatory power (Table 1). This result suggests
that additional variables not included in the model—such as
groundwater extraction rates, soil properties, and aquifer
characteristics—may play a more significant role in controlling

groundwater levels.

In the relationship between SWL and latitude (in decimal degrees), a
weak positive trend is observed, indicating a potential spatial
variation in groundwater levels. However, this relationship is not
statistically significant (p > 0.05) and should therefore be interpreted
with caution. As shown in Figure 7A, a slightly stronger alignment
between the variables can be observed within the depth range of 4
to 6 m; however, this pattern is not consistent across the entire

dataset.

Additionally, a decrease in well density is observed with increasing
latitude, which may influence the apparent spatial pattern. Although
there is a trend of variation in static water levels along the latitudinal
gradient, the lack of statistical significance limits the robustness of

this interpretation.

Figure 7 (A-C). Linear regression plots showing the relationship
between static water level (m) and the predictor variables—(A)
latitude, (B) longitude, and (C) altitude—based on a dataset of 80

wells obtained from the SIAGAS database. The analysis covers the



period from 1982 to 2014 in the Cauamé River Hydrographic Basin
(BHRC).
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Regarding the correlation between static water level and longitude
(Figure 7B), no clear or consistent relationship is observed. The
regression model shows low explanatory power (R? = 0.26), and the
associated p-values indicate non-significant relationships between
the variables (Table 1). This result suggests that longitudinal variation
does not play a significant role in explaining groundwater level

variability in the study area.

The static water level ranges from O to 14 m in depth, with most
wells concentrated between 2 and 7 m. A slight decrease in both
well density and static groundwater levels is observed with
decreasing longitude; however, as with latitude, this pattern lacks

statistical support and should not be overinterpreted.

As shown in Figure 7C, which relates static water level (m) to altitude
(m), no correlation is observed between the variables. Although the
correlation coefficient is positive (1.068 x 1071), the p-value (p =

0.5589) indicates a lack of statistical significance. The static water



level ranges from O to 14 m in depth, while altitude is predominantly

concentrated around 80 m.

Overall, the results indicate that spatial variables alone are
insufficient to explain the variability of static groundwater levels in
the BHRC, reinforcing the need to incorporate additional

hydrological and anthropogenic factors into the analysis.

Figure 8 (A-B): Linear regression plots showing the relationship
between static water level (m) and the predictor variables—(A)
precipitation and (B) time (years)—based on data from 80 wells
obtained from the SIAGAS database. The analysis covers the period
from 1982 to 2014 in the Cauamé River Hydrographic Basin (BHRC).
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Analyzing Figure 8A, which relates static water level (SWL) to
monthly precipitation (mm), no correlation is observed between the
variables. SWL ranges from O to 12 m in depth, while precipitation

varies between 0 and 400 mm per month.



The graph also reveals three distinct intervals with different patterns
of groundwater level variation: the first, within the precipitation
range of O to 100 mm, where groundwater levels show a wide
amplitude, ranging from O to 12 m in depth; the second, between
100 and 200 mm, where SWL exhibits a narrower range, from 1to 6
m in depth; and the third, with precipitation above 200 mm, where
SWL varies from 1 to 15 m, with the highest concentration occurring

between 3 and 8 m in depth.

The relationship between static water level (SWL) and time (years)
does not show statistical significance (p = 0.8969), indicating the
absence of a temporal trend in the dataset. The regression
coefficient is negative (-1.717 x 1078), but its magnitude is negligible

and not statistically significant (Table 1).

As illustrated in Figure 8B, SWL values range from O to 14 m in
depth, with maximum values observed in 1989 and 2007. Most wells
are concentrated within the depth interval of 1 to 7 m. Despite the
long temporal coverage (1982-2014), the distribution of values does
not indicate a consistent increase or decrease in static water levels

over time.

4.3. Dynamic Water Level Vs. Predictor Variables

The analysis of Figures 9A, 9B, and 9C, together with Figures T0A and
10B—which relate dynamic water level (DWL) to the predictor
variables (latitude, longitude, altitude, precipitation, and time) —
indicates generally weak linear relationships between the

dependent and independent variables.

The multiple linear regression model explains only 22% of the

observed variance in DWL (R? = 0.22), indicating low explanatory



power (Table 1). This suggests that additional variables not included
in the model—such as groundwater extraction rates, aquifer
properties, and soil characteristics—may exert a stronger influence

on dynamic groundwater levels.

Regarding the relationship between DWL and latitude (Figure 9A),
no statistically significant correlation was observed (p > 0.05). Most
wells are distributed within the latitude range of 2.80 to 2.92 decimal
degrees, with DWL values generally below 33 m. A concentration of
wells is observed between latitudes 2.82 and 2.86 (decimal degrees),
where DWL values (water depth levels) are predominantly around 20

m.

A slight decrease in both DWL and well density is observed with
increasing latitude; however, this pattern is not statistically
significant and should be interpreted with caution. Some outliers are

present, including wells with depths of 40 m and 50 m.

Figure 9 (A-C): Linear regression plots showing the relationship
between dynamic water level (m) and the predictor variables—(A)
latitude, (B) longitude, and (C) altitude—based on data from 80 wells
obtained from the SIAGAS database. The analysis covers the period
from 1982 to 2014 in the Cauamé River Hydrographic Basin (BHRC).
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Similarly, the relationship between DWL and longitude (Figure 9B)
does not show a statistically significant correlation (p > 0.05). Most
wells are concentrated within the longitude range of -60.75 to
-60.68 decimal degrees, where DWL values generally reach up to 28
m in depth. Although a slight decreasing trend in both DWL and
well density is observed with decreasing longitude, this pattern lacks
statistical support. Higher isolated values (up to 55 m) are observed

in a small number of wells, indicating local variability.

Regarding altitude (Figure 9C), no statistically significant
relationship was identified with dynamic water level (DWL) (p =
0.6190), despite a positive regression coefficient (2154 x 107). Most
wells are located at approximately 80 m of altitude, where DWL
values are typically below 30 m. A general decrease in both DWL and
well frequency is observed with increasing altitude; however, this
trend is weak and not statistically supported. A single well with a
DWL of 52 m represents a potential anomaly, possibly associated
with localized hydrogeological conditions, such as fractured zones in

the underlying bedrock.

Overall, although a slight downward trend is suggested, the results

do not provide robust statistical evidence of a consistent decline in



dynamic water levels during the analyzed period.

In contrast, the relationship between DWL and precipitation (Figure
10A) shows a statistically significant positive correlation (p = 0.0049),
although the strength of the relationship remains weak. The positive
coefficient (2.257 x 1072) indicates that higher precipitation levels are
associated with increases in dynamic water levels, reflecting the
influence of recharge processes. Most wells exhibit DWL values
(water depth levels) around 28 m, with slight increases under higher
precipitation conditions. Notably, within the precipitation range of
250-400 mm, some wells display higher DWL values (up to 40 m

and 60 m), suggesting localized responses to intense rainfall events.

The analysis of Figure 10B, which relates dynamic water level (DWL)
to time (years), indicates a slight negative trend over the period from
1982 to 2014. The regression coefficient is negative (-6.128 x 1074),
suggesting a slight decrease in DWL over time; however, this
relationship is only marginally significant (p = 0.0546) and should

therefore be interpreted with caution, as with the previous results.

Most wells show maximum dynamic water level (DWL) values of up
to 30 m, with the majority of observations concentrated at shallower
depths. The average DWL is approximately 8 m. A small number of
wells exhibit higher values, including depths of 40 m and 50 m
recorded in 2001 and 2008, respectively, which represent isolated

observations rather than a consistent temporal pattern.

Figure 10 (A-B): Linear regression plots showing the relationship
between dynamic water level (m) and the predictor variables—(A)

precipitation and (B) time (years)—based on data from 80 wells



obtained from the SIAGAS database. The analysis covers the period
from 1982 to 2014 in the Cauamé River Hydrographic Basin (BHRC).
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Source: adapted by the authors from SIACAS (2024).

Overall, the results indicate that, among the predictors analyzed,
precipitation is the only variable that shows a statistically significant
relationship with DWL. Spatial variables (latitude, longitude, and
altitude) and temporal variation exhibit limited explanatory power,
reinforcing the complexity of groundwater dynamics and the

influence of additional unmeasured factors.

4.4. Ratio Between Static And Dynamic Water Levels Vs.

Predictor Variables

The analysis of Figures 11A, 11B, and T1I1C, together with Figures 12A
and 12B—which relate the ratio between static and dynamic water
levels (SWL/DWL) to the predictor variables (latitude, longitude,
altitude, precipitation, and time) — indicates generally weak to
moderate relationships between the dependent and independent

variables.



The multiple linear regression model explains approximately 30% of
the observed variance (R? = 0.30), representing a modest explanatory
capacity (Table 1). Although this value is higher than those obtained
for static and dynamic water levels individually, it still indicates that a
substantial portion of the variability is controlled by factors not

included in the model.

Regarding spatial variables, no statistically significant relationships
were identified. The relationship between the SWL/DWL ratio and
latitude (Figure 11A) does not show a clear correlation, with values
ranging from 0.0 to 0.7 across a latitude range of 2.80 to 2.92 decimal
degrees. Most wells are concentrated between latitudes 2.82 and
2.85 decimal degrees, where SWL/DWL values are generally around
0.5. A slight decrease in both the ratio and well density is observed
with increasing latitude; however, this pattern lacks statistical

support.

Figure 11 (A-C): Linear regression plots showing the relationship
between the ratio of static to dynamic water levels (m) and the
spatial predictor variables—(A) latitude, (B) longitude, and (C)
altitude—based on data from 80 wells obtained from the SIAGAS
database. The analysis covers the period from 1982 to 2014 in the
Cauamé River Hydrographic Basin (BHRC).
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Similarly, the relationship between the SWL/DWL ratio and
longitude (Figure T11B) does not show a statistically significant
correlation. The ratio ranges from 0.0 to 0.7, with most wells
concentrated between -60.75 and -60.68 decimal degrees, where
values typically range from 0.1 to 0.5. Although a decrease in both
the ratio and well density is observed along the longitudinal

gradient, this trend lacks statistical significance.

Regarding altitude (Figure 11C), no statistically significant association
was observed with the SWL/DWL ratio. Most wells are located at
approximately 80 m of altitude, where the ratio is typically around
0.5. A reduction in well density is observed at higher elevations (82—
100 m), accompanied by a slight decrease in the ratio; however, this

pattern is weak and not statistically supported.

The relationship between the SWL/DWL ratio and precipitation
(Figure 12A) also does not show a statistically significant correlation.
Most wells exhibit values close to 0.5, with the maximum ratio
reaching approximately 0.7 under precipitation conditions ranging
from O to 400 mm. Small variations are observed across different

precipitation intervals;, however, no consistent pattern is identified.



Figure 12 (A-B). Linear regression plots showing the relationship
between the ratio of static to dynamic water levels (m) and the
predictor variables—(A) precipitation and (B) time (years)—based on
the same dataset of 80 wells from SIAGAS, covering the period from

1982 to 2014 in the Cauamé River Hydrographic Basin (BHRC).
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In contrast, the relationship between the SWL/DW.L ratio and time
(Figure 12B) shows a statistically significant positive trend (p =
0.0012). The regression coefficient (1.933 x 107%) indicates a gradual
increase in the ratio over the analyzed period (1982-2014). Most wells
present values around 0.5, with higher values (up to 0.8) observed in

more recent years (2008-2014).

This temporal increase may reflect changes in the aquifer system’s
response to groundwater extraction and recharge processes.
However, considering the moderate explanatory power of the model
and the absence of direct data on pumping rates and aquifer
properties, this interpretation should be regarded as indicative
rather than conclusive. Overall, the results suggest that temporal

variation plays a more relevant role in explaining changes in the



SWL/DWL ratio than spatial or climatic variables, although the
complexity of groundwater systems limits the robustness of these

inferences.

Thus, the results indicate that groundwater level variability in the
Cauamé River Basin (CRB) is controlled by multiple hydrological and
anthropogenic factors, exhibiting low to moderate statistical
relationships (R? between 22% and 30%). Precipitation proved to be
significant for dynamic water levels, confirming its role in aquifer
recharge. In contrast, spatial variables showed low influence,
indicating that local factors are more relevant. The ratio between
static and dynamic levels showed |limited explanatory capacity and
should be interpreted with caution as an indicator of system
resilience. The low R? values reflect the complexity of aquifer
systems, which are often influenced by unmeasured variables such
as pumping rates and soil properties. Although not directly
incorporated into the models, land use changes indicate increasing
anthropogenic pressure, particularly due to agricultural and urban

expansion.

Among the predictors analyzed, precipitation showed a statistically
significant relationship with dynamic water level (p < 0.05),
reinforcing its role as the main driver of short-term groundwater
fluctuations. This finding is consistent with expected hydrological
behavior, in which increased precipitation enhances infiltration and
contributes to aquifer recharge. However, the absence of strong
relationships between precipitation and static water level suggests
that long-term groundwater storage is influenced by additional
factors, such as aquifer properties and extraction rates, which were

not directly included in this study.



5. CONCLUSIONS

This study investigated the effects of hydrological and
anthropogenic variables on groundwater level variation in the
Cauamé River Hydrographic Basin (BHRC) over the period 1982 to
2014, based on publicly available datasets, including static and
dynamic groundwater levels (SIAGAS), precipitation (INMET), and

land use (MapBiomas).

The results show that the CRB experienced significant land use
changes between 1985 and 2022, characterized by a reduction in
native vegetation (natural savanna and forest) driven by the
expansion of agricultural, pasture, and urban areas. These
transformations reflect increasing anthropogenic pressure on the
basin and have important implications for hydrological processes,
particularly influencing groundwater recharge and the regulation of
the water balance. In this context, the findings highlight the need for
integrated water resource and land-use management strategies
aimed at reconciling economic development with environmental

sustainability.

Statistical analyses revealed limited explanatory power of the
regression models (R? < 0.30), indicating that the selected variables
explain only a small proportion of groundwater variability. Spatial
predictors (latitude, longitude, and altitude) did not show statistically
significant relationships with groundwater levels, suggesting that
spatial variation alone is insufficient to explain aquifer dynamics in

the study area.

Among the analyzed variables, precipitation was the only factor

significantly associated with dynamic water level (p = 0.0049),



confirming its role as a key driver of aquifer recharge. In contrast, the
temporal variable showed a marginally significant negative trend for
dynamic water levels (p = 0.0546), indicating a possible, though

inconclusive, decrease over time.

For the ratio between static and dynamic water levels, a statistically
significant positive temporal trend was identified (p = 0.0012),
suggesting changes in aquifer response over the analyzed period.
However, given the moderate explanatory capacity of the models
and the absence of key variables—such as groundwater extraction
rates and hydrogeological parameters—these results should be

interpreted with caution.

Overall, the findings indicate that groundwater dynamics in the
BHRC are influenced by a combination of climatic variability and
increasing anthropogenic pressure, although system complexity
limits the ability of simplified models to fully capture these

interactions.

Future research should incorporate additional variables, including
pumping rates, soil properties, and aquifer characteristics, as well as
more advanced statistical and spatial modeling approaches. Such
efforts are essential to improve the understanding of groundwater
behavior and to support more effective water resource

mManagement strategies in the region.

The results do not provide sufficient statistical support to robustly
characterize system resilience, highlighting the need for more
comprehensive indicators and datasets. The relatively moderate R?

values observed across all models do not necessarily invalidate the



results but rather reflect the intrinsic complexity of groundwater

systemes.

Regarding anthropogenic influences, although land use and land
cover changes were not directly incorporated into the statistical
models, their potential impact on groundwater dynamics is
supported by the literature. The expansion of agricultural activities,
vegetation removal, and urban growth in the Cauamé River
Hydrographic Basin (BHRC) may affect infiltration rates and
recharge processes. However, due to the lack of direct quantitative
integration, these relationships are discussed qualitatively and

should be further investigated in future studies.

The temporal scope of the analysis (1982-2014) encompasses a
period of significant socio-environmental transformations in the
region, including population growth, infrastructure development,
and agricultural expansion. These processes likely contributed to
increased groundwater demand and may have influenced the
observed trends in water levels. However, the absence of direct data
on groundwater extraction limits the ability to establish causal
relationships between human activities and groundwater level

decline.

From a methodological perspective, the use of multiple linear
regression provided a useful initial framework for evaluating
relationships between variables. However, given the non-linear and
spatially heterogeneous nature of groundwater systems, alternative
approaches—such as non-linear models, spatial statistics, or
integrated hydrological modeling—may provide more robust

insights in future research.



Finally, the conclusions of this study have important implications for
groundwater management in the Cauamé River Hydrographic
Basin. The observed sensitivity of groundwater levels to precipitation
highlights the system’s potential vulnherability to climatic variability.
In addition, increasing anthropogenic pressure in the region
underscores the need for improved monitoring, regulation of
groundwater extraction, and the integration of land-use planning

into water resource Management strategies.

REFERENCES

ARAUJO, F. W. MONTEIRO NETO, J. L. L; SANDER, C;
ALBUQUERQUE, A. A. de; VIANA, T. V. de A, VALERO, M. A. M.
Updated climate classification of Boa Vista, Roraima, Brazil. Nativa,
S. 1], v. 12 n 2 p 236240, 2024  DOI:
https://doi.org/10.31413/nat.v12i2.16202. Available at:
https://periodicoscientificos.ufmt.br/ojs/index.php/nativa/article/view/

16202. Accessed on: Sep. 19, 2025.

BRAZILIAN INSTITUTE OF GEOGRAPHY AND STATISTICS (IBGE).
IBGE  Cities: Boa Vista, Roraima. 2024. Available at:

https://cidades.ibge.gov.br/brasil/rr/boa-vista/panorama. Accessed on:
May 24, 2024.

BRITO, A. P, SILVA, N. C; TOMASELLA, J., FERREIRA, S. J. F,
MONTEIRO, M. T. F. Analysis of rainfall anomaly index and
precipitation trends for pluviometric stations in Central Amazonia.
Revista Brasileira de Meteorologia, v. 37, n. 1, p. 19-30, 2022. DOI:
https://doi.org/10.1590/0102-778637014521. Accessed on: May 19, 2025.

CARVALHO, T. M.; MAIA, R.; MORAIS, R. Analysis of metrics of non-

fluvial lacustrine systems in the lavrado, northeastern region of


https://doi.org/10.31413/nat.v12i2.16202
https://periodicoscientificos.ufmt.br/ojs/index.php/nativa/article/view/16202
https://periodicoscientificos.ufmt.br/ojs/index.php/nativa/article/view/16202
https://cidades.ibge.gov.br/brasil/rr/boa-vista/panorama
https://doi.org/10.1590/0102-778637014521

Roraima state. Revista Brasileira de Geomorfologia, v. 23, p. 1569-1582,
2022. DOI: https://doi.org/10.20502/rbg.v23i3.1983. Accessed on: jul. 25,
2023.

CARVALHO, T. M.; CARVALHO, C. M.; MORAIS, R. P. Physiography of
the landscape and biogeomorphological aspects of the lavrado,

Roraima, Brazil. Revista Brasileira de Geomorfologia, v. 17, n. 1, 2016.

DOI: https://doi.org/10.20502/rbg.v17i1.669. Accessed on: May 10, 2024.

ELOY, L.; SENRA, E. B.; SILVA, A. L. de. Soybean expansion in Roraima
and its impacts on Indigenous lands. In: RICARDO, F.; KLEIN, T
SANTOS, T. M. (eds.). Indigenous Peoples in Brazil: 2017-2022. Sao
Paulo: Instituto Socioambiental, 2023. p. 268-270.

FALCAO, M. T; SOUZA, R. O. Land occupation aspects in the
surroundings of the lgarapé Grande watershed - Boa Vista/RR, Brazil.

Ambiente: Gestao e Desenvolvimento, v. 15, n. 3, 2022. DOI:

https://doi.org/10.24979/ambientev15i3.1131. Accessed on: Jan. 8, 2024.

JASECHKO, S. et al. Rapid groundwater decline and some cases of
recovery in aquifers globally. Nature, v. 625, p. 715-721, 2024. DOI:
https://doi.org/10.1038/s41586-023-06879-8. Accessed on: Aug. 10,
2024.

CALDING, L. K. A. Roraima: From Colonization to Statehood (Volume
/. Boa Vista: UERR Publishing House, 2018. Available at:
https://fedicoes.uerr.edu.br/index.php/inicio/catalog/book/8. Accessed
on:Jan. 12, 2024.

MANZIONE, R. L. SILVA, C. de O. F.; PAES, C. O. Groundwater
recharge favorability modelling by diffuse logic paradigm. Aguas
Subterraneas, v. 35, n. 2, p. 1-9, 2021.


https://doi.org/10.20502/rbg.v23i3.1983
https://doi.org/10.20502/rbg.v17i1.669
https://doi.org/10.24979/ambiente.v15i3.1131
https://doi.org/10.1038/s41586-023-06879-8
https://edicoes.uerr.edu.br/index.php/inicio/catalog/book/8

MANZIONE, R. L; NAVA, A, SARTORI, M. M. P. Hybrid model of
groundwater level oscillation based on different environmental

variables. Revista Brasileira de Geografia Fisica, v. 13, n. 3, p. 1231-1247,

2020. DOI: https://doi.org/10.26848/rbgfv13.3.p1231-1247.

MAPBIOMAS. Collection 7 of Annual Land Use and Land Cover Maps
of Brazil (1985-2022). 2024. DOI:
https://doi.org/10.58053/MapBiomas/VJIIJCL. Accessed on: Jan. 18,
2024.

MAPBIOMAS. Collection 8 of the Annual Land Use and Land Cover
Map Series of Brazil. Sao Paulo: MapBiomas, 2024. DOI:
https://doi.org/10.58053/MapBiomas/VJIICL. Accessed on: jul. 9, 2024.

NATIONAL WATER AND BASIC SANITATION AGENCY (ANA). Water
Resources in Brazil 2024: Annual Report. Brasilia, DF: ANA, 2024. 154
D. Available at: https://Mww.snirh.gov.br/portal/centrais-de-
conteudos/conjuntura-dos-recursos-

hidricos/conjuntura2024_04122024.pdf. Accessed on: nov. 12, 2025.

NATIONAL INSTITUTE OF METEOROLOGY (INMET). National
Hydrometeorological Information System: Monthly Precipitation
Averages (1985-2023). Manaus: INMET, 2024. Available at:
https://portal.inmet.gov.br/. Accessed on: May 15, 2024

OLIVEIRA, T. G.; FRANCISCO, C. N.; BOHRER, C. B. A. Permanent
preservation areas (PPA) on hilltops in the state of Rio de Janeiro.
Ciéncia  Florestal, v. 31, n. 1, p. 491-514, 2021. DOIl:
https://doi.org/10.5902/1980509832492. Accessed on: Dec. 6, 2023.

REIS, A.; ALAMY FILHO, J. E. Development of a stochastic fracture

generator for modeling fractured aquifers. Aguas Subterrdneas, v. 32,


https://doi.org/10.26848/rbgf.v13.3.p1231-1247
https://doi.org/10.58053/MapBiomas/VJIJCL
https://doi.org/10.58053/MapBiomas/VJIJCL
https://www.snirh.gov.br/portal/centrais-de-conteudos/conjuntura-dos-recursos-hidricos/conjuntura2024_04122024.pdf
https://www.snirh.gov.br/portal/centrais-de-conteudos/conjuntura-dos-recursos-hidricos/conjuntura2024_04122024.pdf
https://www.snirh.gov.br/portal/centrais-de-conteudos/conjuntura-dos-recursos-hidricos/conjuntura2024_04122024.pdf
https://portal.inmet.gov.br/
https://doi.org/10.5902/1980509832492

n. 2, p. 181-190, 2018. DOI: https://doi.org/10.14295/rasv32i2.29106.
Accessed on: jan. 2, 2025.

R PROJECT. The R Project for Statistical Computing. 2023. Available
at: http://www.r-project.org/. Accessed on: May 12, 2024.

SALAZAR, A. et al. Impacts of land use and land cover change on the
regional climate of non-Amazonian South America. Global and
Planetary Change, V. 128, p. 103-119, 2015. DOI:
https://doi.org/10.1016/j.gloplacha.2015.02.009. Accessed on: jun. 15,
2024.

SUSTAINABLE DEVELOPMENT GOALS (SDGs). UN 2030 Agenda.
2024. Available at: https:/habitability.com.br/agenda-2030-da-onu-o-

que-e-e-quais-os-seus-objetivos/. Accessed on: jan. 5, 2024.

SANDER, C; WANKLER, F. L; ALVES DA SILVA, D.; ARAUJO, W. F.
Historical evolution of air temperature in the city of Boa Vista —
Roraima. Revista Geografica Académica, v. 19, n. 1, p. 23-38, 2025.
Available at: https://revista.ufrr.br/rga/article/view/8322. Accessed on:
Sep. 21, 2025.

SANDER, C. et al. Recent morphological evolution and controlling
factors in the middle course of the Branco River system, Roraima.
Acta Geografica, v. 18, n. 50, p. 22-46, 2024. DOIl:
https://doi.org/10.18227/2177-4307.acta.v18i50.8232.

SANTOS, P. A. S. D.,; WANKLER, F. L.; SANDER, C. Hydrogeology of the

Cauameé River Basin, RR. Sao Carlos: Rima Editorial, 2022.

SANTOS, N. B. C; SANTOS, R. H. G, SILVA, R. F. Application of
multivariate analysis and CONAMA Resolution 357/2005 for water


https://doi.org/10.14295/ras.v32i2.29106
http://www.r-project.org/
https://doi.org/10.1016/j.gloplacha.2015.02.009
https://habitability.com.br/agenda-2030-da-onu-o-que-e-e-quais-os-seus-objetivos/
https://habitability.com.br/agenda-2030-da-onu-o-que-e-e-quais-os-seus-objetivos/
https://revista.ufrr.br/rga/article/view/8322
https://doi.org/10.18227/2177-4307.acta.v18i50.8232

quality analysis. Revista Brasileira de Geografia Fisica, v. 11, n. 5, p.

1859-1875, 2018. DOI: https://doi.org/10.26848/rbgfv11.5.p1859-1875.

SIAGAS. Groundwater Information System. 2024. Available at:
https://siagasweb.sgb.gov.br/layout/. Accessed on: May 31, 2024

SILVA, F. L. da; FUSHITA, A. T, CUNHA-SANTINO, M. B.; BIANCHINI
JUNIOR, I.; VENEZIANI JUNIOR, J. C. T. Water resources management
and watershed management Iin Brazil. Revista Brasileira de
Geografia Fisica, v. 14, n. 3, p. 1626-1653, 2021. DOIl:
https://doi.org/10.26848/rbgfyv14.3.01626-1653.

TUCCI, C. E. M. (ed.). Hydrology: Science and Application. 2nd ed.
Porto Alegre: UFRGS Publishing, 2009.

TUCCI, C. E. M.; BELTRAME, L. F. Infiltration and storage in the soil. In:
TUCCI, C. E. M. (ed.). Hydrology: Science and Application. 2nd ed.
Porto Alegre: UFRGS Publishing, 2000. p. 335-372.

VERA, J. J. M,; TAVARES, S. S,; BEZERRA NETA, L. C. Spatial and
temporal dynamics of land cover changes in the Cauamé River
watershed. Mercator, V. 22, e22028, 2023. DOI:
https://doi.org/10.4215/rm2023.e22028.

WANKLER, F. L. et al. The Cauamé River Watershed. Sao Carlos: RiMa
Editorial, 2022.

WANKLER, F. L.; OLIVEIRA, R.; SANDER, C. Boa Vista aquifer system:
state of the art of knowledge and perspectives. Acta Geografica, v. 6,

n. 12, p. 21-39, 2021.



https://doi.org/10.26848/rbgf.v11.5.p1859-1875
https://siagasweb.sgb.gov.br/layout/
https://doi.org/10.26848/rbgf.v14.3.p1626-1653
https://doi.org/10.4215/rm2023.e22028

1 Doutora em Ciéncias Ambientais (Universidade Federal de Roraima
- PRONAT/UFRR), Mestre em Fisica (UFRR), Especializacdo em
Metodologia do Ensino Superior (UERR) e com Licenciatura em
Fisica (UFRR). Funcionaria publica, professora da Educacao Basica

do Estado de Roraima. E-mail: luzavilanova@yahoo.com.br. ORCID:
https://orcid.org/0009-0004-3918-190X.


mailto:luzavilanova@yahoo.com.br
https://orcid.org/0009-0004-3918-190X

