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ABSTRACT

Limited studies have assessed the effects of land
management practices on hydrologic processes and
agronomic responses in fully integrated stream-aquifer
systems, considering the whole picture: hydrology -
agroforestry systems - humans - biodiversity. As climate
change intensifies and urban vegetation is increasingly
altered, urban basins are experiencing more frequent and
severe flood events. Hydrodynamic models are vital for
understanding and managing these events, but they often
rely on hydrometric station data that can be both scarce
and inaccurate, especially during extreme weather. This
research focuses on how combining structural strategies
with non-structural approaches can improve flood
resilience and emergency response planning. The central
research question asks: How does culture influence flood
management systems (including hydrodynamic modeling)
and drainage-related challenges like waterlogging? A key
outcome of the study is the identification of a Knowledge
Management and Social Participation framework as a
useful tool for creating an effective flood management
plan using the HydroPol2D model. However, the
limitations of HydroPol2D, particularly its lack of
consideration for agricultural impacts on hydrology, lead
to the recommendation of using the SWAT+ model
alongside the GWFlow groundwater module to provide a
more integrated and robust hydrological evaluation.
RESUMO

Estudos limitados avaliaram os efeitos das prdticas de
gestdo do solo nos processos hidroldgicos e nas respostas
agrondémicas em sistemas integrados de rios e aquiferos,
considerando o panorama completo: hidrologia, sistemas
agroflorestais, seres humanos e biodiversidade. Com a
intensificagdio das mudangas climdticas e a crescente
alteragdo da vegetagdo urbana, as bacias hidrogrdficas
urbanas estéo sofrendo eventos de inundag¢Go mais
frequentes e severos. Os modelos hidrodindmicos sdo
vitais para a compreensdo e gestdo desses eventos, mas
muitas vezes dependem de dados de estagdes
hidrométricas que podem ser escassos e imprecisos,
especialmente durante eventos climdticos extremos. Esta
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pesquisa concentra-se em como a combinagdo de
estratégias estruturais com abordagens néo estruturais
pode melhorar a resiliéncia a inundagbées e o
planejamento de resposta a emergéncias. A questdo
central da pesquisa é: como a cultura influencia os
sistemas de gestdo de inundagbes (incluindo a
modelagem hidrodindmica) e os desafios relacionados a
drenagem, como o alagamento? Um resultado
fundamental do estudo é a identificagdo de uma estrutura
de Gestdo do Conhecimento e Participagdo Social como
uma ferramenta util para a criagéo de um plano eficaz de
gestdo de inundagdes utilizando o modelo HydroPol2D.
No entanto, as limitagbes do  HydroPol2D,
particularmente a falta de consideragéo dos impactos da
agricultura na hidrologia, levam a recomendagéo de usar
o modelo SWAT+ juntamente com o mddulo de dguas
subterréneas GWFlow para fornecer uma avaliagdo
hidroldégica mais integrada e robusta.

RESUMEN

Estudios limitados han evaluado los efectos de las
prdcticas de gestion del suelo en los procesos hidroldgicos
y las respuestas agrondmicas en sistemas de agua y
acuiferos totalmente integrados, considerando el
panorama completo: hidrologia - sistemas agroforestales
- humanos - biodiversidad. A medida que el cambio
climdtico se intensifica y la vegetacion urbana se altera
cada vez mds, las cuencas urbanas experimentan
inundaciones mds frecuentes y severas. Los modelos
hidrodindmicos son vitales para comprender y gestionar
estos eventos, pero a menudo dependen de datos de
estaciones hidrométricas que pueden ser escasos e
inexactos, especialmente durante condiciones climdticas
extremas. Esta investigacion se centra en como la
combinacion de estrategias estructurales con enfoques no
estructurales puede mejorar la resiliencia a las
inundaciones y la planificacion de la respuesta a
emergencias. La pregunta central de la investigacion es:
¢Como influye la cultura en los sistemas de gestion de
inundaciones (incluido el modelado hidrodindmico) y los
desafios relacionados con el drenaje, como el
anegamiento? Un resultado clave del estudio es la
identificacién de un marco de Gestion del Conocimiento y
Participacién Social como una herramienta util para crear
un plan eficaz de gestion de inundaciones utilizando el
modelo HydroPol2D. Sin embargo, las limitaciones de
HydroPol2D, en particular su falta de consideracion de los
impactos agricolas en la hidrologia, llevan a la
recomendacion de utilizar el modelo SWAT+ junto con el
modulo de aguas subterrdneas GWFlow para
proporcionar una evaluacion hidrolégica mds integrada y
robusta.
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INTRODUCTION
This study aims to demonstrate how the complementary use of the HydroPol2D and

SWAT+GWFlow models can enhance flood forecasting accuracy and improve flood impact
assessment. In addition, it seeks to highlight the influence of cultural factors on knowledge
production and the application of intelligence in flood management. By doing so, it
underscores the urgent need for improving communication and collaboration among
universities (knowledge producers), government agencies, private entities, and civil society.

Flooding is a persistent and escalating issue across Brazil, particularly in Rio Grande do Sul,
which has been identified by climate change models as one of the region’s most vulnerable to
severe future flood events. In Porto Alegre, recent floods in May 2024 revealed critical failures
in the city’s protection systems. While the infrastructure, comprised of pumps and floodgates,
is designed to mitigate flooding, its effectiveness depends on proper maintenance and
operation. In this event, the failure of a single floodgate and the vulnerability of the electrical
system, which was not designed to function under inundation conditions, led to a full
shutdown of the pumping system. The cascading failure significantly worsened the flooding
impacts. These operational shortcomings highlight the need for both robust infrastructure and
proactive emergency planning supported by accurate flood forecasting.

Forecasting models with a 1-2-day lead time can provide essential information to anticipate
flood impacts and support decision-making. Nonnemacher and Fan (2023) estimate that for
every RS1 invested in flood prevention systems, approximately R$40 in potential damage can
be avoided in Rio Grande do Sul. To be effective, flood forecasting systems require a dense
network of rain gauge stations, skilled monitoring teams, real-time modeling, and reliable
outputs. Beyond rainfall forecasts, predictions of water levels, street-level flood depths, and
impacts on urban infrastructure are crucial, especially for cities lacking comprehensive
protection systems like levees. In such contexts, early warnings and timely evacuation
protocols can significantly reduce losses.

An integrated strategy combining accurate monitoring and rapid forecasting is essential for
effective flood management. A recent technical note by Paiva et al. (2024), titled “Hydrological
Criteria for Adaptation to Climate Change: Extreme Rainfall and Floods in the Southern Region
of Brazil”, emphasizes that large-scale infrastructure projects must be able to withstand the
most extreme recorded floods, regardless of return period estimates. Traditionally, flood
infrastructure is designed based on return periods, 10 to 25 years for micro-drainage systems
and 50 to 100 years for macro-drainage systems. However, climate change and the alteration
of vegetation cover in urban basins are increasing both the frequency and intensity of flood
events, making these assumptions obsolete. The concept of "tolerable risk" in urban drainage
planning must be redefined under non-stationary climate conditions.

To address current and future flood risks, a comprehensive Urban Macro drainage Project is
urgently needed. This would involve hydrological and hydraulic studies of the four main rivers
flowing into Lake Guaiba and their influence on six critical pumping stations (EBABs) and dams,
including three located in Bento Gongalves. These studies would provide a foundation for
integrated watershed management, guiding both structural and non-structural interventions.

In May 2024, six of the eighteen dams in Rio Grande do Sul were in emergency condition, with
one experiencing partial failure. The Taquari-Antas River basin, with its steep topography,
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rapidly channels runoff during heavy rainfall, particularly in upstream areas, as seen in the May
event. According to the Institute of Hydraulic Research (IPH), rainfall totals exceeded 1,000
mm in some locations over two weeks, with some stations recording over 40% of the annual
average precipitation in that short period.

While small reservoirs along river courses can help manage runoff and reduce pollutant
concentrations affecting water treatment plants, they are not feasible for extreme events like
the May 2024 flood due to the sheer volume of water involved. In such cases, structural
measures may offer limited mitigation potential. Non-structural strategies, such as policy
changes, risk mapping, public awareness, and emergency planning, are often more viable and
cost-effective. However, when structural interventions are necessary, they must be based on
detailed technical and environmental studies to avoid unintended consequences.

Thus, this work is structured into four chapters:
Comparative Analysis of Hydrodynamic Models. Examines the capabilities and limitations of
HydroPol2D and SWAT+GWFlow for flood forecasting.

Literature Review. Provides an overview of the current state of hydrodynamic modeling and
its application in flood risk management.

Emergency Planning and Social Participation. Discusses the development of Standard
Emergency Plans and the role of collective governance and institutional organization.

Culture-Knowledge-Intelligence (CClI) Model. Proposes a new framework based on the
integration of cultural context, knowledge sharing, and intelligence systems to improve flood
resilience.

A Comparative Analysis of Hydrodynamic Models

According to Renné and Suares (2022), a hydrological model is defined as a mathematical
representation of the movement of water and its constituents across the Earth's surface and
subsurface. These models play a crucial role in simulating the water cycle and understanding
how water interacts with various components of the environment.

Hydrodynamic models solve fundamental fluid flow equations to predict flood behavior and
water movement under different scenarios. Unlike models limited to laminar flow,
hydrodynamic models are designed to simulate turbulent flows, which are typical in large
flood events. This makes them essential tools for analyzing and managing high-intensity
hydrological phenomena.

There is a strong interconnection between hydrological, biological, and ecological modeling,
as water transport affects and is affected by biological processes. For example, the presence
or absence of vegetation or microbial activity can significantly alter the quantity of nutrients
or sediments transported by water. Similarly, flow regimes influence aquatic habitats and
ecosystem structures.

Environmental hydrodynamic models are particularly valuable for planning and managing
natural water bodies. They provide insights into three key phenomena (Rossman, 2001):
Hydrodynamic Circulation. Analyzes changes in momentum (mass x velocity), leading to
variations in water levels and current patterns.

Water Quality. Tracks the transport of chemical and biological substances that affect water
quality parameters.
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Sedimentological Processes. Studies the erosion, transport, and deposition cycles of
sediments, influencing river morphology and dynamics (morphodynamics).

The primary goal of these models is to simulate the movement and transport of water and its
constituents, such as heat, salinity, nutrients, gases, and sediments, across time and space.
According to Stokes Oceanography (2023), the modeling process typically involves the
following ten steps: Build a conceptual model of the phenomenon; Gather relevant input
data; Define the numerical domain boundaries; Digitize coastlines or use digital elevation
models (DEMs) for river basins; Create a numerical grid to discretize the area for solving
conservation equations; Generate bathymetry (riverbed and reservoir depths); Define
simulation scenarios and boundary conditions; Configure and execute the model runs; and
Analyze simulation results. Iterate the process until results closely align with observed data,
then present findings.

In Brazil, one of the most widely used data sources for hydrological and hydrodynamic
modeling is the HidroWeb Portal, operated by the National Water Agency (ANA). It provides
access to historical series of river flows, bathymetric data, and other key parameters gathered
through the National Hydrometeorological Network (RHN). However, flow data alone are
insufficient. More comprehensive models require additional information, including soil
moisture conditions, topographic characteristics, land use and land cover data and Temporal
and spatial rainfall distribution. These additional layers significantly increase the complexity
of modeling but are essential for accurate flood forecasting.

In countries like the United States, high-resolution data and maps are available nationwide,
greatly facilitating model development. In contrast, Brazil still faces limitations. For instance,
smaller rivers often lack direct monitoring data in ANA’s network. In such cases, indirect
methods like area-proportional calculations from nearby watersheds or rainfall-runoff curve
analyses (regionalization techniques) are used to estimate flow rates. However, these
methods are unreliable for extreme events, where localized dynamics diverge significantly
from averages.

Getirana et al. (2012) emphasize that open water surface extent is heavily influenced by river
geometry and topography. While geometry determines whether a river will overflow,
topography defines the shape of the floodplain and therefore the extent of flooding for a given
overflow volume. Yet, both parameters are often affected by limitations in available input
data, which can compromise the accuracy of hydrodynamic simulations.

Errors in Digital Elevation Models (DEMs) remain a major source of uncertainty in modeling
the interactions between rivers and floodplains, commonly known as Varzea’s. Current
satellite-derived DEMs often lack the resolution and accuracy needed to represent floodplain
elevation profiles with sufficient precision. This poses significant challenges, especially when
modeling flood dynamics in flat, low-lying regions.

To address this limitation, the "floodplain burning" technique, which modifies elevation pixels
using river and floodplain map data, has been proposed as a method to better reflect actual
terrain features. This gradual adjustment of elevations improves model performance in many
cases. However, in extreme flood events, such simplified approaches may fail to capture the
full complexity of the hydrological behavior.

CCBY 4.0
DEED
Atbton 40

.......... BJPE | ISSN: 2447-5580 v.12 | n.5 | 2026 | p. 134-150



138 De Angelis. C. T.
According to Getirana et al. (2012), the extent of open water surfaces depends closely on both
river geometry and topography. While geometry influences whether river overflow will occur,
topography determines how floodwaters spread across the floodplain. Unfortunately,
limitations in input data, especially elevation data, can undermine the accuracy of such
models, particularly in the simulation of overflow and inundation areas.

Hydrological and Hydrodynamic Models for Flood and Water Quality Management
As noted by Gomes Jr. et al. (2023), hydrological, hydrodynamic, and pollutant transport

models are essential tools for decision-making in flood mitigation and water quality
management. A variety of models exist to quantify hydrodynamic processes across different
temporal and spatial scales.

At finer scales, such as urban watersheds and rapid response events, the WCA2D model
(Guidolin et al., 2016) applies a cellular automata approach to simulate surface runoff and
generate flood maps efficiently. This model offers high computational performance and low
memory requirements, enabling large-scale 2D simulations with minimal loss in accuracy,
particularly valuable for risk analysis involving multiple scenarios

The WCA2D model can also be integrated with the CADDIES 1D model (Austin et al., 2014),
which simulates sewer network behavior, resulting in a simplified yet effective approach for
urban drainage modeling. However, during large flood events, the impact of micro drainage
systems becomes negligible compared to the overwhelming volume of surface runoff and
precipitation.

Integrated Modeling Approaches
Gomes Junior et al. (2023) also emphasize the potential of the HydroPol2D model, which

advances flood modeling by enabling 2D simulations of both flood dynamics and water quality.
HydroPol2D incorporates key features such as: Simulation of floodplain momentum transfer;
Spatially distributed infiltration and evapotranspiration; Modeling of pollutant transport
and fate.

This integrated approach allows for a more comprehensive assessment of watershed
hydrological behavior, especially in scenarios involving both high runoff and contamination
risks. By combining flood prediction with water quality analysis, such models support more
effective, cross-disciplinary decision-making for river basin management and disaster
resilience.

The HEC-RAS software, developed by the United States Corps of Engineers, allows the
representation of two-dimensional flows based on the numerical solution of the shallow-
water equations. It represents the terms of inertia, pressure gradient and gravitational effects,
friction, turbulence, and Coriolis effects (a curve that water and air currents have in different
hemispheres). The major difficulty of the HEC-RAS model is its high computational cost for
simulating floods at high resolution. Details of the formulations and numerical schemes used
in the model (version 6.1.0) can be found in Brunner (2016).

A composite topographic map was produced by merging several databases. In the Amazon
River and the open-water areas of the floodplain, the topography estimated by Fassoni-
Andrade et al. (2020a) was used at a spatial resolution of 30 m (available at
data.mendeley.com/datasets/vn599y9szb/1). This mapping was created by digitizing nautical
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charts of rivers and using the Flood2Topo method (Fassoni-Andrade et al., 2020) via optical
satellite data (Gomes Junior et al., 2023).

Lago et al. (2024) evaluated the performance of the proposed model against a 3-m resolution
River Another disadvantage is that cGAN-Inflood cannot predict velocities, a critical parameter
for creating risk maps. Furthermore, cGAN-Flood was only trained on flood expansions.
Unfortunately, this limits its application to situations where data resolution varies or in
scenarios requiring more detailed flood forecasts. Even so, cGAN-Flood was 50 and 250 times
faster than WCA2D and HEC-RAS, respectively. However, cGAN-Flood has limitations, and
future research is needed to improve its applicability. The use of artificial intelligence tools
that typically lack deep learning about the hydrological behavior of river basins must be done
with caution, given the scarcity of large volumes of observed data.

Large-scale application of these techniques requires a scenario with extensive flood
monitoring data where it would be possible to train machine learning models with reliable
observations of river basin behavior. According to Fassoni-Andrade et al. (2023), in a study to
understand the dynamics of the complex hydrological systems of the Amazon and the flooding
of riverside communities, the HEC-RAS model uses an unstructured computational grid in
which the orientation and size of the cells can vary according to the topography, so that breaks
can be included to define the orientation of the faces of the computational cells. The
researchers add breaks considering a manual digitization of the topographic contours of the
riverbanks. In the floodplain areas, the isolines formed by the 90% and 60% flood frequency
thresholds from the flood frequency map prepared by Fassoni-Andrade et al. (2020) were
used.

Errors in topographic mapping, downstream boundary conditions, and the lack of
representation of hydrological processes in the floodplain, such as local infiltration,
precipitation, evaporation, and groundwater flow, can be sources of uncertainty in mapping
flood extent using the hydrodynamic model, especially during low-water periods. Some
modeling errors may be related to model input and validation data, such as remotely sensed
maps of water surface extent, and the lack of representation of hydrological processes, such
as local infiltration, precipitation, evaporation and groundwater flow (Fassoni-Andrade et
al., 2023).

Given the wide availability of models and numerical solutions, models capable of handling the
often-recurring lack of data in large basins could be a quick solution for flood forecasting. In
this sense, De Angelis and Gomes Jr. (2024) found that the HydroPol2D model can be a low-
cost solution for predicting the hydrological-hydraulic behavior of river basins, particularly for
estimating flood maps that contain water depths in streets, blocks, neighborhoods, canals,
and, consequently, throughout the entire river basin.

Furthermore, recent research uses the HydroPol2D model to assess the risk of human
entrapment, generating risk maps every 15 minutes that can be used to aid decision-making.
However, the quality of the models' results could be improved with more available data.
Currently, Rio Grande do Sul has 1,700 pluviometry stations (which measure rainfall in the
river basin) and fluviometric stations (which measure river level and flow), but only 25%
transmit data in real time. Only in this way can hydrodynamic models be fed, if they do not
have data provided by the population itself sent through videos and photos (De Angelis &
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Gomes Jr., 2024).

With ongoing climate change, most experts predict an increase in extreme weather events
(IPCC, 2014). Due to the impact of agriculture on hydrology, alternative models have emerged,
although only a few are designed to predict and control these effects. Le Li et al. (2021) provide
new insights into the complex, nonlinear interactions between hydrological processes and
environmental change. One widely adopted model is the Soil and Water Assessment Tool
(SWAT), developed by the United States Department of Agriculture (USDA). This model can
simulate the daily dynamics of sediment and nutrients in watersheds from the mesoscale to
the macroscale (Arnold et al., 1998).

The SWAT model is particularly valuable for identifying the key hydrological processes that
affect nitrate loads in study areas, especially during dry seasons. Key inputs for SWAT
modeling include a digital elevation modErrors in Digital Elevation Models (DEMs) remain a
major source of uncertainty in modeling the interactions between rivers and floodplains,
commonly known as Varzea’s. Current satellite-derived DEMs often lack the resolution and
accuracy needed to represent floodplain elevation profiles with sufficient precision. This poses
significant challenges, especially when modeling flood dynamics in flat, low-lying regions.

To address this limitation, the "floodplain burning" technique, which modifies elevation pixels
using river and floodplain map data, has been proposed as a method to better reflect actual
terrain features. This gradual adjustment of elevations improves model performance in many
cases. However, in extreme flood events, such simplified approaches may fail to capture the
full complexity of the hydrological behavior.

According to Getirana et al. (2012), the extent of open water surfaces depends closely on both
river geometry and topography. While geometry influences whether river overflow will occur,
topography determines how floodwaters spread across the floodplain. Unfortunately,
limitations in input data, especially elevation data, can undermine the accuracy of such
models, particularly in the simulation of overflow and inundation areas.

Emerging Trends: Al and Visualization Tools
A recent trend in flood modeling is the application of artificial intelligence (Al), especially for

rapid predictions where physically based hydrological-hydraulic models are too
computationally expensive. Lago et al. (2024) highlight the use of deep learning models (e.g.,
MAP), which show promising results for small urban catchments (areas under 500 hectares).
For larger catchments, however, traditional modeling methods (e.g., 1D hydrodynamic
models) are still recommended, despite the higher investment in data collection and model
development.

One such model is HydroHP-1D, which, as described by Gomes Jr. et al. (2023), supports both
steady-state and transient flow simulations in one-dimensional channels. Its outputs can be
visualized through animations, videos, and GIFs, resources increasingly used to communicate
risks and raise public awareness. An online repository of these visualizations is available in
Gomes Jr. (2024).

The visual communication of risk through media such as maps, videos, and animations is
becoming a key strategy for public engagement. One innovative example includes the
development of "serious games", which allow users, particularly those in at-risk areas, to
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interactively experience the impacts of hazardous events. In a notable case, Gomes Jr. (2024)
created a serious game simulating dam failure scenario, enabling users to understand the
height, force, and speed of incoming floodwaters. The tool has been applied to 21 dams,
including the Brumadinho and 14 de Julho Dam.

Integrated Modeling Approaches
Gomes Jr. et al. (2023) also emphasize the potential of the HydroPol2D model, which advances

flood modeling by enabling 2D simulations of both flood dynamics and water quality.
HydroPol2D incorporates key features such as: Simulation of floodplain momentum transfer;
Spatially distributed infiltration and evapotranspiration; Modeling of pollutant transport
and fate

This integrated approach allows for a more comprehensive assessment of watershed
hydrological behavior, especially in scenarios involving both high runoff and contamination
risks. By combining flood prediction with water quality analysis, such models support more
effective, cross-disciplinary decision-making for river basin management and disaster
resilience.el (DEM), land use maps, soil maps, daily meteorological data, water quality data,
and agricultural management practices.

The DEM used (ASMAT V2, 30 m resolution) was sourced from the USGS website
(http://www.usgs.gov) to delineate the watersheds (Le Li et al., 2021). Yimer et al. (2023)
found that agricultural drainage systems are essential for removing excess groundwater and

ensuring sufficient oxygen for crops. However, these drainage systems have environmental
and hydrological impacts, particularly by reducing groundwater volume and transporting
contaminants downstream. To better understand these impacts, researchers turned to
advanced modeling tools such as the SWAT+ model with the integrated groundwater module
(GWFlow).

Agricultural drainage can significantly deplete groundwater levels, adversely affecting
hydrological processes. Developing models with and without these drainage features provides
valuable insights into their effects on geohydrology. Future research should prioritize
measuring drainage flows and calibrating geohydrological models to better understand
groundwater and drainage dynamics. Such efforts can reduce uncertainties in predicting dry-
season streamflow and other components of the water balance. Quantifying drainage water
is essential to assessing its environmental impact.

The coupled SWAT+ GWFlow model proved more suitable than the stand-alone SWAT+ model
for these case studies (Arnold, 1998). Bailey et al. (2023) also developed an advanced GWFlow
module that is physically based and spatially integrated with SWAT+. This coupled model
simulates surface and subsurface water flow at catchment scales and explicitly incorporates
agricultural drainage into the model structure. The GWFlow module also allows model
calibration and validation using observed groundwater margin data and groundwater
discharge time series, increasing its reliability = for  hydrological studies
(https://www.dov.vlaanderen.be/) (Table 1).
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Table 1. Summarizes an evaluation of the hydrodynamic models studied in this work

Are not suitable for providing accurate elevation profiles of floodplains in addition to
problems with the required input data
WCA2D model integrated to in large flood events, the effect of micro drainage is reduced in relation to the large volumes

Digital Elevation Models - DEM

1D CADDIES model of precipitation and runoff generated
HEC-RAS The model's greatest difficulty is its high computational cost for simulating floods in high
resolution

Despite its advantages over the above models, it can underestimate the total flood volume
to be distributed (vt). Another disadvantage is that it cannot predict velocities, a critical
parameter for creating risk maps. It also limits its application in situations where data
resolution varies or in scenarios that require more detailed flood forecasts
It allows for a more integrated analysis of the hydrological behavior of river basins that

HydroPol2D model contribute to river runoff, but it does not consider agricultural data such as the amount of
water the soil can retain
the Soil and Water Assessment  This coupled model simulates surface and groundwater flow at the watershed scale and

cGAN-flood

(SWAT)+ model with the explicitly incorporates agricultural drainage into its structure. The GWFlow module also
integrated groundwater allows for calibration and validation of the model using observed groundwater margin data
module (GWFlow) and groundwater flow time series, increasing its reliability for hydrological studies

SWAT+ GwFlow allows for a more integrated analysis of the hydrological behavior of river
basins that contribute to river runoff. However, it does not consider agricultural data, such as
the amount of water the soil can retain. This coupled model simulates surface and
groundwater flow at the river basin scale and explicitly incorporates agricultural drainage into
its structure. The GWFlow module also allows model calibration and validation using observed
groundwater margin data and groundwater flow time series, increasing its reliability for
hydrological studies.

This has an implication for the general hydrological modeling community to pay close
attention to drained water as it affects the different water balance components and the
environment (Yimer et al.,, 2023). Agricultural water drainage can significantly lower
groundwater levels and affect catchment hydrology (Yimer et al., 2023a). In few words, SWAT
+ GWFlow model is the better representation of surface-groundwater interactions (Figure 1.
Predict catchment dynamics and assess the streamflow response).

Figure 1. Key hydrologic components for SWAT+ and GWFlow

Evapotranspiration
(SWAT)

Jil

IbgsIb 46
)y é
gadg 4

Precipitation (SWAT)

_I Water Table _l
gw ET Recharge
(gwflow) (SWAT)

Stream stage
y (SWAT)

Channel

(gwflow)
e

Tile drain (gwflow)

Groundwater
discharge
(gwflow) Stream seepage

ow) Saturated
Groundwater flow fl thickness
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Boundary flow |Head
(gwflow) h

Abbas et al. (2025). Orange arrows represent fluxes simulated by SWAT+ while blue arrows indicate those
simulated by GWFlow.
Important to notice that the model is calibrated for stream discharge at the catchment outlet,
and for both streamflow and groundwater head. The most important conclusions are:

1. The soil surface endures repeated instances of waterlogging; thus, drainage systems are
often applied (Oosterbaan, 1994).
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2. Parameters such as aquifer hydraulic conductivity, available water capacity, and percolation
coefficient are the primary drivers of groundwater boundary flow.

3. After the SWAT+ model was set up for all the catchments, the GWFlow inputs were
prepared using a Python script (https://swat.tamu.edu/). This starts with discretizing the
catchments into square-sized grid cells.

Rock Dust as a Bio-Dynamic Fertilizer
Carbon is no longer stored solely by trees but is instead absorbed and stored directly by the

soil. Therefore, properly managed ground rock intensifies the natural process through what is
called accelerated weathering, a process that benefits from Brazil's tropical climate, where
there are intense solar radiation and high rainfall. Accelerated weathering, therefore, occurs
when this natural process is technologically applied on a controlled and intensified scale to
capture carbon. Rather than waiting for minerals such as olivine, basalt, or serpentinite to
slowly react with atmospheric CO,, the technique seeks to increase the contact surface (by
crushing rocks), spread them over agricultural soils or coastal areas, and create favorable
conditions for the chemical reaction to occur more quickly. This approach is seen as a long-
term carbon removal solution, as it transforms CO; into stable minerals.

Bauwhede (2024) highlights that the definition of rock dust has evolved over time, with
varying interpretations among different authors. At present, the most widely accepted
definition refers to rock dust as a fine powder produced from rocks such as basalt, granite,
dolerite, and sandstone, which contain essential minerals and trace elements. This material,
typically graded below 200 mesh (75 um), is primarily used to improve soil quality and
enhance plant growth. Numerous studies have demonstrated its ability to stimulate microbial
activity in the soil, leading to improved plant growth, increased productivity, and better
nutrient cycling.

In addition to its primary benefits, rock dust has been shown to increase the cation exchange
capacity (Anda et al., 2015) and water-holding capacity of sandy soils (Kahnt et al., 1986).
However, some types of rock dust are either inefficient or contain potentially harmful
elements in high concentrations. Therefore, the effectiveness of applying ground rock
powders to tropical soils depends largely on the chemical and mineralogical composition of
the rocks, the soil's specific deficiencies, and the needs of the crops being cultivated (van
Straaten, 2017).

One of the main advantages of rock dust compared to chemical fertilizers is its suitability for
highly weathered tropical soils, where soluble fertilizers may be costly or scarce (Swoboda,
Doring & Hamer, 2022). In their analysis of 48 crop trials, Swoboda, Déring and Hamer (2022)
found that rock dust can serve as a viable alternative source of potassium (K) and a multi-
nutrient soil amendment for tropical soils, although its effectiveness in temperate climates
remains uncertain. The most promising results were seen with basalts and rocks containing
nepheline or glauconite. Basalt powder stands out due to its high magnesium (Mg) and iron
(Fe) silicates and basic pH, providing essential nutrients like phosphorus (P), potassium (K),
calcium (Ca), and micronutrients (Swoboda, Déring & Hamer, 2022).

Viana, Caetano and Pontes (2021) discuss a technique that combines intermediate amounts
of basalt powder with larger doses of cattle manure. This combination proved to be the most
effective method for improving soil fertility, although various other approaches are also used.
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Da Silva et al. (2017) emphasize that pairing rock powders with organic materials can enhance
biological activity, influencing the mineral weathering process. However, further research is
needed to understand how these materials interact with rock powders, particularly basalt.

Research by Nogueira et al. (2024) indicates that animal grazing plays a crucial role in
potassium recycling within ecosystems, with animal excreta contributing significantly to
potassium levels in the soil, which is essential for crop nutrition. Nevertheless, Nogueira et al.
(2024) note that rock dust is not a viable long-term solution for potassium supply due to its
low solubility. However, the addition of organic compounds can stimulate "bio-weathering"
processes, enhance the dissolution of rock dust and provide potassium to crops (Machado et
al., 2016; Basak et al., 2021).

Composting plays a key role in nitrogen cycling, impacting compost quality (Hoang et al.,
2022). Some researchers, however, present findings without adequate testing, such as lab
trials or field applications. Ramos et al. (2022) suggest that combining organic fertilizers with
rock dust can fulfill both macro and micronutrient needs at a significantly lower cost (<60%)
and with long-term soil fertility benefits. For example, corn and beans grown in basalt-
enriched soils yielded up to five times more than those without basalt dust (Conceicdo et al.,
2022).

Bauwhede et al. (2024) also report that rock dust can reduce nutrient leaching, providing a
slow, sustained nutrient release into the soil. However, nutrient release depends on rock
mineralogy, soil acidity, and testing methodologies. Grecco et al. (2016) stress that low
processing costs and the need for alternative fertilizers make rock dust a viable option,
although the nutrient release rate varies by rock type and weathering conditions.

Dos Santos et al. (2016) explain that rock dust has a slower nutrient release compared to
chemical fertilizers. While this slow release can be beneficial in some cases, it may also be a
disadvantage, as it requires larger quantities of material and extends the process.

Lopes-Assad et al. (2006) found that the fungus Aspergillus niger is effective in solubilizing
phosphate rocks, with increased acidity promoting higher potassium solubilization. However,
when treating alkaline ultramafic rocks with Aspergillus niger, the acidity decreased, reducing
potassium solubilization.

To counteract soil acidity, liming with calcium or magnesium carbonates (e.g., calcite and
dolomite) is commonly practiced. These minerals neutralize hydrogen ions and mitigate
aluminum toxicity in the soil (Goulding, 2016). The application of rock dust must be tailored
to the specific crop being grown. For example, lettuce, which has high nutrient demands in a
short period, may not benefit from basalt dust due to its low nutrient content.

Hanish et al. (2024) found that applying up to 100g of basalt powder did not significantly
increase lettuce yields, with yields from untreated soil being nearly four times smaller than
those with soluble fertilizers. Lettuce's short production cycle requires high doses of soluble
nutrients, which basalt dust cannot provide.

Guimaraes et al. (2020) found that banana orchards fertilized with mineral sources produced
higher yields than those using organic-mineral mixes. However, the latter improved soil
conditions, increasing phosphorus (P) and potassium (K) availability. Excessive potassium can
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lead to nutritional imbalances, which could reduce plant productivity. More research is
needed to refine banana fertilization strategies.

Viana, Caetano and Pontes (2021) advise caution in overestimating the effectiveness of rock
dust as a fertilizer in Brazil. Although rock dust holds potential, more research is needed to
assess its agronomic benefits, especially when combined with animal manure (Viana et al.,
2021).

Swoboda, Doéring and Hamer (2020) found that various modifications to rock powders can
significantly enhance the agronomic effectiveness of silicate rock powders (SRPs). Enhanced
weathering of SRPs has the potential to sequester large amounts of CO2 from the atmosphere,
while the addition of silicon (Si) can improve plants' resistance to a wide range of biotic and
abiotic stresses.

The specific type of Rock Dust (RD) used was shown to affect both growth improvements and
foliar nutrition, highlighting the importance of conducting a thorough soil and/or foliar
analysis to identify deficiencies before selecting the appropriate RD. Once these deficiencies
are identified, the RD can be chosen more effectively through a cost-efficient commercial soil
test. To assess the RD's effectiveness, we recommend conducting a lime-calibrated soil-RD
suspension test over one to two months, followed by the measurement of exchangeable
cations (eCEC) in the RD-treated soil (Ciesielski & Sterckeman, 1997; Van Der Bauwhede et al.,
2024). However, further research is needed to fully explore the use of SRPs in combination
with limestone, chemical fertilizers, or animal manure. Future studies should focus on the type
of rock, soil characteristics, crop requirements, and the application rate (Figure 2).
Figure 2. Factors Affecting the Use of Silicate Rock Powders (SRPs)
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Application amount
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Swoboda, Doring and Hamer (2022)
Studies have shown that different types of rock dust and application rates can lead to varying
results, primarily due to the diverse mineral compositions of the dust and the existing nutrient
profile of the soil (Ramezanian et al., 2015). In essence, the effectiveness of rock dust
applications is influenced by several key factors, including the soil's physical and chemical
properties, pollutant concentrations, crop species, regional climate conditions, microbial
presence, and the specific type of rock dust used along with its mineral content (Der
Bauwhede et al., 2024).

Bergmann and Holanda (2014) argue that when evaluating rocks for use as soil remineralizers,
a thorough investigation through petrographic analysis is crucial. This method allows for the
identification of mineral content, texture, crystallization order, grain size, and structural
integrity. Additionally, any materials introduced to the soil must meet strict guidelines to avoid
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the inclusion of harmful elements, such as toxic heavy metals, or substances that could cause
soil salinization or degrade the soil’s physical structure, such as sodium or quartz compounds.

The potential of rock dust in remediating contaminated soils has attracted increasing
attention, as it can both improve soil quality and support plant growth. This technique also
helps with waste management, as rock dust can be derived from discarded rocks, providing
an eco-friendly solution for soil restoration. While the potential is promising, there is still
limited research, and further studies are necessary to assess the broader applicability of rock
dust. A study found that after 120 days of treatment with rock dust, seed dry mass increased
by 21 + 9%, with no harmful elements being taken up from basalt rock dust (Der Bauwhede et
al., 2024).

Chakraborty, Singh, and Hazra (2023) observed that in multiple countries, powdered mine
waste (or spoils) has been used for soil remediation and remineralization (Hensel, 1894;
OldBeld, 1996; Dumitru et al., 1999; Jakubowski et al., 2013; Li & Dong, 2013; Ramos et al.,
2015; 2017; 2020; Basak et al., 2021; Burbano et al., 2022). This highlights the importance of
studying the physical, chemical, and biological properties of soils near coal mines and
evaluating overburden materials for potential soil remediation. Soil pollution is an increasingly
urgent issue, especially around coal mining regions, as documented by global research (Niu et
al., 2015; Masto et al., 2015; Maya et al., 2015; Pandey et al., 2016; Raj et al., 2017; Jiya et al.,
2019; Wang et al., 2019; Siddique et al., 2020; Khan et al., 2020; Fang et al., 2021).

One of the major advantages of rock dust is its ability to boost the soil’s potential for carbon
sequestration (Szmidt & Ferguson, 2004). Studies (Kohler et al., 2010; Renforth et al., 2011;
Manning et al., 2013; Rau et al., 2013) have explored how various silicate rock dusts can aid in
CO2 reduction through carbon sequestration. The main mechanism behind this process is the
weathering and precipitation of calcium (Ca) and magnesium (Mg) carbonates. Applying
powdered olivine or pulverized basalt rock dust to soils can speed up weathering, sequester
large amounts of CO2, and reduce the effects of acid rain (Schuiling & Krijgsman, 2006).
However, further research is necessary to determine the best methods, cost-efficiency, and
environmental impact for large-scale implementation of these strategies, especially in high
CO2-emitting countries like Brazil.

Swoboda, Déring and Hamer (2020) observed that specific modifications to silicate rock
powders (SRPs) can significantly improve their agronomic efficiency. Furthermore, enhanced
weathering of SRPs may contribute to atmospheric CO, sequestration, while the silicon
supplied through these amendments can bolster plant resilience to both biotic and abiotic
stressors.

Thus, more research is needed to understand the use of silicate rock powders (SRPs)
associated with limestone, or with a chemical fertilizer or with animal manure, and in
particular the importance of the type of rock related to the type of soil and crop, in addition
to the quantity

METHODOLOGY
The chosen methodology is a literature review and an exploratory analysis of the largest flood

in Rio Grande do Sul. Snyder (2019) emphasizes that the literature review as a research
method is more relevant than ever. Traditional literature reviews often lack thoroughness and
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rigor and are conducted ad hoc, rather than following a specific methodology. This work
conducts an integrative literature review. Integration occurs not only in the literature review
itself, where the intersection between these concepts is demonstrated through different
sources, but also through the research model, in which all constructs are present.

The Biodynamic-Hydrodynamic Model
Hydrodynamic models are used in flooding situations to predict water density near the

spillway and create an ideal flood discharge plan. As Angelis (2014) found, an emergency plan
depends on the variability in hydraulic and hydrological properties, since hydraulic indicators
are impacted by land use and, consequently, climate change. This work suggests the following
Communities of Practice for sharing knowledge and experiences to improve the decision-
making process: 1- Agriculture and Climate Change; 2- Hydrodynamic models and necessary
data; 3- Improved forecasting in cases of floods; 4- Emergency Plans and relationship with the
population; 5- Electrical structures of machine rooms based on this literature review, the
relationship model between the Biodynamic Agriculture model and the Hydrodynamic Model

is constructed (Figure 2).
Figure 2. Hydrodynamic model

%‘l}i&g}‘ CHANGE HYDROLOGICAL AND
KNOWLEDGE = b ¢
MANAGEMENT l e
HYDROLOGICAL AND
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MODELS
COMPARISON -
BETWEEN A
HYDRODYNAMIC
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Source: Author.

It is important to note that improvements in agricultural data have improved hydrological and
hydrodynamic data in this model, given their relationship with climate change and even
environmental impact.

RESULTS AND DISCUSSION
The main result of this literature review was to identify the HydroPol2D model as a low-cost

solution for predicting the hydrological-hydraulic behavior of Rio Grande do Sul's river basins,
specifically for estimating flood maps that contain water depths in streets, blocks,
neighborhoods, canals, and, consequently, throughout the entire river basin. And not only
that.

As we have seen, the HydroPol2D model can be used to assess the risk of human entrapment,
generating risk maps every 15 minutes that can be used to aid decision-making. However, this
work highlights the need for data from rainfall and fluviometric stations and suggests better
infrastructure for these stations, as well as the construction of new ones by the government.
It's important to note that the issue of cultural change is even more important than the
HydroPol2D model itself. This is because the use of palliative solutions was observed in both
the 2023 and 2024 floods, which worsened the situation, leaving 151 dead, more than 100
missing, and over 600 displaced.

It became clear that the University failed to communicate with the public, neither before the
tragedy to collect data to feed the hydrodynamic models, nor during the flood to explain the
path of the water and its causes and consequences, nor even post-flood to improve the
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university's forecasting capabilities, strategy, and action in partnership with public officials.
Weather warnings of impending heavy rains were issued about five days in advance. There
was no maintenance on existing flood protection structures, including dikes, floodgates, and
pumps, so much so that the system collapsed before reaching the 6-meter flood limit. As we
have seen, the flooded pumps were unable to pump water out of the city due to their inability
to handle excess water.

Clearly, there was also a lack of multidisciplinary teamwork to better manage urbanization
and soil waterproofing, particularly in communities living near flood zones. Without a
Knowledge Management and Organizational Intelligence plan, there was a lack of effective
communication by the government to educate the population on how to reduce risks and
respond in emergency situations.

CONCLUSION

The article presented two research models that feed off each other: the Culture-Knowledge-
Intelligence (CCl) model and the risk management model with social participation. The first
model demonstrates the importance of learning from other cultures, cultural intelligence,
given that the issue of floods is a global problem and therefore the need to exchange
knowledge and experiences with other countries, particularly Argentina.

The effects of climate change, coupled with the occupation of flood-prone areas, mean that
events like the one in May 2024 could become increasingly frequent. However, the current
mathematical capabilities of forecasting models allow for a reasonable forecast of the impact
of floods, on the order of a few days, and serve as a basis for emergency action plans. This
requires a survey of elevation, rainfall, bathymetry, and other data to serve as input for
forecasting models. States such as Santa Catarina and Pernambuco have such information.
These and other measures were suggested by researchers at the Institute of Hydraulic
Research in late 2023 after the November floods; however, they were not implemented by the
responsible public agencies. Researchers also report the government's responsibility for
maintaining the works (containment dikes and flood barriers).

Protection systems, especially in Porto Alegre, require intensive mobilization of trained
personnel for the correct operation of floodgates and engine rooms. Preserving public
awareness of the unprecedented impacts of the 2024 flood should not only serve as a warning
to the population but also result in adequate and frequent operation and maintenance of
protection systems.

Paiva et al. (2024) recommend that infrastructure projects and planning be adaptable and
flexible, facilitating or preventing their expansion (e.g., bridge widths, culvert sections, dam
and dike crest heights), thus enabling future increases in reference values, given the risk
associated with extreme hydrological events. Training teams responsible for managing
protection systems frequently, not only during flood events, should be a priority. This work
aims to seek guidelines for a solution without necessarily assigning blame.

The affected population suffers the most, as they must move from previously stable areas,
thus highlighting the importance of intelligence and its three pillars: 1. forecasting (the
responsibility of the hydrodynamic model), 2. strategy and action (the responsibility of the
emergency plan with social participation). As discussed in this paper, a better relationship
between universities and the government is needed, with public participation. This ensures
that those with knowledge and experience can access better hydrological data, not only rainfall
but also water levels throughout the city's infrastructure system, to inform their forecasting,
strategy, and action models. Furthermore, a standard state-wide emergency plan is needed
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that can be replicated throughout Brazil, considering the education of the population,

particularly those living along rivers and rivers.

REFERENCES

Aravjo. L. (2024). Emergéncia climatica traz
necessidade de mudanca em parametros de
risco de desastres. Jornal do Comércio. Retrieved
from
https://www.jornaldocomercio.com/cadernos/e
mpresas-e-negocios/2024/05/1155968-
emergencia-climatica-traz-necessidade-de-
mudanca-em-parametros-de-risco-de-
desastres.html

Arsenault, R., Breton-Dufour, M., Poulin, A.,
Dallaire, G., & Romero-Lopez, R. (2019).
Streamflow prediction in ungauged basins:
analysis of regionalization methods in a
hydrologically heterogeneous region of Mexico.
Hydrological Sciences Journal, 64(11), 1297-
1311.
https://doi.org/10.1080/02626667.2019.16397
16

Bao, Z., Zhang, J., Liu, J., Fu, G., Wang, G., He, R,,
Yan, X., Jin, J., & Liu, H. (2012). Comparison of
regionalization approaches based on regression
and similarity for predictions in ungauged
catchments under multiple hydro-climatic
conditions. Journal of Hydrology, 466-467, 37-
46.
https://doi.org/10.1016/j.jhydrol.2012.07.048

Brunner, G. W. (2016). HEC-RAS river analysis
system, 2D modeling users' manual. U.S. Army
Corps of Engineer, Institute for Water Resource,
Hydrologic Engineering Center.

Choo, C. W. (1996). The knowing organization:
How organizations use information to construct
meaning, create knowledge and make decisions.
International Journal of Information
Management, 16(5), 329-340.
https://doi.org/10.1016/0268-4012(96)00020-5

Davenport, T. H., & Prusak, L. (2000). Working
Knowledge, 2" ed., Harvard Business School
Press, Boston, MA.

Cutter, S. (1996). Social vulnerability to
environmental hazards. Progress in Human
Geography, 20(4), 529-539.
https://doi.org/10.1177/030913259602000407

De Angelis, C. T. (2024). Um modelo e plano de
emergéncia padronizado para as inundacgGes.
Jornal do  Comércio. Retrieved  from
https://www.jornaldocomercio.com/opiniao/20
24/07/1165074-um-modelo-e-plano-de-

CCBY 4.0
DEED
Atbton 40

......... BJPE | ISSN: 2447-5580

emergencia-padronizado-para-as-
inundacoes.html

De Angelis, C. T. (2023). Um plano de educacdo
ambiental baseado na educacdao infantil,
participacao social: um estudo de caso na Aldeia
Terere em Sidrolandia. Revista Ambientale.
Revista da  Universidade  Estadual de
Alagoas/UNEAL. Retrieved from
https://periodicosuneal.emnuvens.com.br/amb
ientale/article/view/535

De Angelis, C. T. & Gomes Jr.,, M. N. (2024). Uma
sugestdo de modelo hidrodinamico para prever
e gerir inundacGes. Jornal do Comeércio.
Retrieved from
https://www.jornaldocomercio.com/opiniao/20
24/07/1160994-uma-sugestao-de-modelo-
hidrodinamico-para-prever-e-gerir-
inundacoes.html

Do Lago, C., Brasil, J., Nobrega, M., Mendiondo,
E., & Giacomoni, M. (2024). Improving pluvial
flood mapping resolution of large coarse models
with deep learning. Hydrological Sciences
Journal, 69(5), 607-621.
https://doi.org/10.1080/02626667.2024.23292
68

Fassoni-Andrade, A. C., Paiva, R. C., Rudorff, C.
M., Barbosa, C. C., & Ledo, E. M. (2020). High-
resolution mapping of floodplain topography
from space: a case study in the Amazon. Remote
Sensing  of Environment, 251, 112065.
https://doi.org/10.1016/j.rse.2020.112065

Fassoni-Andrade, A. C., Durand, F., Azevedo A.,
Bertin, X., Santos, L. G., Khan, J. U,, Testut, L.,
Moreira, D. M. (2023). Seasonal to interannual
variability of the tide in the Amazon estuary.
Continental Shelf Research, 255, 104945.
https://doi.org/10.1016/j.csr.2023.104945

Getirana, A., Boone, A., Yamazaki, D., Decharme,
B., Papa, F, & Mognard, N. (2012). The
hydrological modeling and analysis platform
(HyMAP): evaluation in the Amazon basin.
Journal of Hydrometeorology, 13(6), 1641-1665.
https://doi.org/10.1175/JHM-D-12-021.1

Gomes Jr., M. N., Giacomoni, M. H., Richmond, F.
A, & Mendiondo, E. M. (2024). Global
optimization-based calibration algorithm for a
2D distributed hydrologic-hydrodynamic and
water quality model. Environmental Modelling &
Software, 179, 106128.
https://doi.org/10.1016/j.envsoft.2024.106128

v.12 | n.5 | 2026 | p. 134-150



150

Gomes Jr., M. N., Lago, C. A, Rapalo, L. M.,
Oliveira, P. T., Giacomoni, M. H., & Mendiondo, E.
M.  (2023). HydroPol2D - Distributed
hydrodynamic and water quality model:
challenges and opportunities in poorly gauged
catchments. Journal of Hydrology, 625, Part A.
129982.
https://doi.org/10.1016/j.jhydrol.2023.129982

Guidolin, M., Chen, A. S., Ghimire, B., Keedwell,
E. C., Djordjevic, S., & Savic, D. A. (2016). A
weighted cellular automata 2D inundation
model for rapid flood analysis. Environmental
Modelling &  Software, 84, 378-394.
https://doi.org/10.1016/j.envsoft.2016.07.008

Hu, D., Chen, Z,, Li, Z., & Zhu, Y. (2024). An
implicit 1D-2D deeply coupled hydrodynamic
model for shallow water flows, Journal of
Hydrology, 631, 130833.
https://doi.org/10.1016/j.jhydrol.2024.130833

Jillo, A. Y., Demissie, S. S., Viglione, A., Asfaw, D.
H., & Sivapalan, M. (2017). Characterization of
regional variability of seasonal water balance
within  Omo-Ghibe River Basin, Ethiopia.
Hydrological Sciences Journal, 62(8), 1200-1215.
https://doi.org/10.1080/02626667.2017.13134
19

Kroeber, A. L. (1949). The Concept of culture in
science. The Journal of General Education, Penn
State University Press, 3(3), 182-196. Retrieved
from

http://www.csun.edu/~rdavids/301fall08/301re
adings/Kroeber Concept of Culture in Scienc

e.pdf

Li, G., Zhu, H., Jian, H., Zha, W. J., Wang, J., Shu,
Z., Yao, S., & Han, H. (2023). A combined
hydrodynamic model and deep learning method
to predict water level in ungauged rivers, Journal
of Hydrology, 625, Part A, 130025.
https://doi.org/10.1016/j.jhydrol.2023.130025

Long, Y., Chen, W.,, Jiang, C., Huang, Z., Yan, S., &
Wen, X. (2023). Improving streamflow
simulation in Dongting Lake Basin by coupling
hydrological and hydrodynamic models and
considering water yields in data-scarce areas,
Journal of Hydrology: Regional Studies, 47,
101420.
https://doi.org/10.1016/j.ejrh.2023.101420

Silva, M. A. M. da., & Aradjo, U. F. (2019).
Aprendizagem-servico e fdéruns comunitarios:
articulacdes para a construcao da cidadania na
educacdao ambiental. Revista de Educacgdo

CCBY 4.0
DEED
Atbton 40

......... BJPE | ISSN: 2447-5580

De Angelis. C. T.

Ambiental. 24(1), 257-273.
https://doi.org/10.14295/ambeduc.v24i1.8157

Nonnemacher, L., & Fan, F. (2023). Andlise da
viabilidade econémica da previsdo de cheias no
Rio Grande do Sul. Revista de Gestdo de Agua da
América Latina, 20(e8), 1-15.
https://doi.org/10.21168/rega.v20e8

Paiva, R., Collischonn, W., Miranda, P., Petry, .,
Dornelles, F., Goldenfum, J., Fan, F., Ruhoff, A., &
Fagundes, H. (2024). Critérios hidroldgicos para
adaptacdo a mudanca climatica: chuvas e cheias
extremas na Regido Sul do Brasil. Relatério IPH-
UFRGS. 2024. Retrieved from
https://www.ufrgs.br/iph/wp-
content/uploads/2024/05/CriteriosAdaptacaoM
udancaClimaticaChuvasCheiasExtremasSul.pdf

Rennd, C. D., & Soares, J. V. (2022). Modelos
hidroldgicos para gestdo ambiental. Cursos INPE.
Retrieved from
http://www.dpi.inpe.br/geopro/modelagem/rel
atorio modelos hidrologicos.pdf

Rosman, P. C. C. (2001). Um sistema
computacional de hidrodindmica ambiental.
Capitulo 1 (pp 1-161) In Métodos numéricos em
recursos hidricos, 5. Editora ABRH e Fundag¢do
COPPETEC. Retrieved from
https://www.sisbahia.coppe.ufrj.br/

Rothberg, H. N., & Erickson, G. S. (2004). From
knowledge to intelligence: creating competitive
advantage in the next economy. Retrieved from
https://api.semanticscholar.org/CorpusID:1685
65029

Schein, E. H. (2010). Organizational culture and
leadership. 4. Edition. San Francisco: Jossey-
Bass Publishers. Retrieved from
https://ia800805.us.archive.org/9/items/Edgar
HScheinOrganizationalCultureAndLeadership/Ed
gar H Schein Organizational culture and lead

ership.pdf

Stokes Oceanografia. (2023). Estudos sobre
modelos  hidrodindmicos. Retrieved from
http://stokesoceanografia.com.br/2020/08/07/
modelos-hidrodinamicos1/

Yang, L., Zeng, S., Xia, J., Wang, Y., Huang, R., &
Chen, M. (2022). Effects of the Three Gorges
Dam on the downstream streamflow based on a
large-scale hydrological and hydrodynamics
coupled model. Journal of Hydrology: Regional
Studies, 40, 101039.
https://doi.org/10.1016/j.ejrh.2022.101039

v.12 | n.5 | 2026 | p. 134-150



