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Abstract

The May 2024 flood in Rio Grande do Sul reveals the Brazilian government’s reluctance to adopt a proactive approach to disaster
management. Porto Alegre’s City Council engaged the American firm Alvarez & Marsal, known for its work on Brumadinho
(Minas Gerais, Brazil) and Hurricane Katrina (US), yet no definitive flood prediction model has been implemented. Machine
houses are ill-equipped to function during floods, several rain stations remain inactive, and crucial infrastructure needs repairs
based on comprehensive flood studies. Communities near the river, particularly the Guaba Islands, are unprepared, lacking
environmental training and guidance on data-sharing with Federal University of Rio Grande do Sul - UFRGS researchers. City
Council reports incorrectly blame poor maintenance for the crisis, ignoring issues related to subpar materials and poor practices
by Municipal Department of Water and Sewage - DMAE technicians. Hydrodynamic models overlook the flood risks posed by
the anticipated rise in chemical fertilizer imports from 65% to 83% this year, according to MB Agribusiness. To bridge these
gaps, this study introduces the CKI (Culture-Knowledge-Intelligence) model to enhance communication between academia,
society, and government. Brazil's isolation due to its linguistic (only Portuguese language in a Spanish Speaking Continent) and
cultural insularity exacerbates its infrastructure challenges, highlighting the need for strategic knowledge management. The
chosen Hydropol2D forecast model is re-assessed for not considering the impact of agriculture on hydrology and complementary
models are presented, in particular the coupled SWAT+GWFlow model.
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1. Introduction

Brazil has the highest number of accidents involving cars,  tion of Reading Council Brazil Sul (2000), Brazilians read an
planes (129 accidents since 1915), boats, as well as dam and average of just one book per year. In contrast, Chileans,
bridge collapses. This is partly attributed to limited engage- Uruguayans, and Argentines read an average of four books
ment with reading despite the country’s wealth of natural  annually. The gap widens further when compared to more
resources. According to data from the International Associa-  developed countries, where the average is around 20 books
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per person per year.

Rio Grande do Sul, like all of Brazil, suffers a lot from
floods and flooding. Both effects can occur simultaneously. In
particular, climate change forecast models point to Rio
Grande do Sul as one of the Brazilian states that will suffer
most from major flood events in the future.

Regarding the failure of Porto Alegre's protection system,
if the operation and maintenance had been carried out, the
effects of the flood would have been minimized. The system
has several pumps and gates and the failure of just one of
them could mean the system collapses. In particular, in the
May 2024 event, one of the floodgates failed and the elec-
trical system in the engine room was not designed to work
flooded. In this case, to avoid the risk of electric shock, the
entire pumping system was turned off, causing a cascade
effect.

In addition to system maintenance and operation processes,
a flood forecast model is of great value for flood management.
It is possible, with a forecast horizon of 1-2 days, to predict
the impact of floods on cities with certain accuracy.

According to Nonnemacher and Fan [1], for every 1 real
spent on flood prevention systems, around R$40.00 can be
saved by reducing potential flood damage in Rio Grande do
Sul. For correct prevention, a system which has new rainfall
stations with adequate density, a monitoring, modeling and
results generation team.

At a forecasting level, it is necessary not only to forecast
precipitation, but also water level, depth in streets, blocks, and
the entire infrastructure system of cities. In cities that do not
have flood protection systems (i.e., dikes), forecasting and
warning, especially in time for travel, is essential for reducing
the impacts of floods. For this, accurate data from monitoring
stations and adequate and fast models are needed to predict
the effects of the flood. The joint action of adequate forecasts
and correct monitoring of protection structures is the ideal
strategy for flood management.

According to a technical note entitled “Hydrological crite-
ria for adaptation to climate change: Extreme rains and floods
in the Southern Region of Brazil” recently published by Paiva
et al. [2] large-scale infrastructure or planning projects, for
which Return Times of 50 years or more are usually adopted,
must be capable of overcoming the largest flood in history,
regardless of the estimated Return Time for this flood.

By definition, a return time (TR) is a time interval in years
that a flood event happens on average at least once. However,
with climate change and intense alteration of the vegetation
cover of urban basins, there is a tendency to increase the
intensity and frequency of flood events, which are the com-
bination of several factors such as (i) the initial humidity
condition of the basin, (ii) intensity and duration of the rain
event, (iii) spatial distribution of precipitation, among others.
This combination of highly non-linear effects converts pre-
cipitation into surface runoff, which moves along surfaces
until it meets rivers, which eventually overflow due to the
large and rapid volume that arrives at their beds.
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The urban planning of cities generally establishes tolerable
risks associated with these systems, so that microdrainage
systems (i.e., rainwater galleries, storm drains) are designed
for return times of the order of 10 to 25 years, while
macrodrainage works, that is, those associated with larger
magnitude rivers and canals are typically designed for return
times on the order of 50-100 years. With climate change, the
concept of tolerable risk for drainage projects must be re-
viewed due to the non-stationarity of rainfall. In other words,
a large Urban Macrodrainage Project is necessary to face
flooding incidents.

Conceptually speaking, it is clear that it is necessary to slow
down the flow speeds of the four rivers that flow over Lake
Guaba and then over the six EBABs (five in Gua a and one
in Jacu ¥, and also over the six dams (three in Bento Gon-
Glves). To this end, detailed studies on the hydrologi-
cal-hydraulic behavior of the basins of each of the rivers must
be prepared to serve as the basis for an integrated approach to
river basin planning, in particular for surface and groundwa-
ter.

There are eighteen dams in Rio Grande do Sul, and in May
2024 six are in an emergency situation, with an imminent risk
of failure, one of which has already partially broken. Due to
the high slope of the Taquari-Antas river basin, a large vol-
ume of runoff quickly reaches the dam complex, especially
when the rain is distributed more intensely at the head of the
basin, as was the case with this event in May 2024. According
to the note According to a technique recently published by the
Hydraulic Research Institute (IPH), some rain gauge stations
recorded rainfall accumulations greater than 1000 mm in two
weeks. In several seasons, the volume of precipitation in this
short period of time was greater than 40% of the volume
expected for the entire year.

Some flood discharge processes can be managed in small
reservoirs along the river. These reservoirs not only attenuate
runoff volumes, but also reduce the high concentration of
pollutants transported by runoff and, therefore, their impacts
on the operations of water treatment plants. However, in the
case of a large flood such as the one that occurred in May
2024, the solution of structural measures such as the use of
reservoirs is practically unfeasible given the large volume that
would be necessary to store to have minimum mitigation
effects. Non-structural measures may be the most coherent
path for the future and, in the particular case of structural
measures, detailed studies must be carried out to avoid pos-
sible damage and environmental impacts.

This work is divided into four chapters. The first section
provides a comparative analysis of hydrodynamic models.
Section two reviews the literature on hydrodynamic models.
Section 3 deals with the importance of Standard Emergency
Plans for Risk Management and Social Participation based on
GC and IO Practices. Section 4 finally presents the Culture —
Knowledge — Intelligence (CCI) models based on what was
exposed in the previous sections.
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2. Literature Review

2.1. A Comparative Analysis of Hydrodynamic
Models

According to Renndand Suares [3], a hydrological model
can be defined as a mathematical representation of the flow of
water and its constituents over some part of the Earth's surface
and/or subsurface. Hydrodynamic mathematical models that
solve fundamental flow equations can therefore be used to
predict flood behavior.

There is a close relationship between hydrological, bio-
logical and ecological modeling, as the transport of materials
through water is influenced by biological activities that can
increase or decrease the amount of these materials in the water,
and the water flow regime can affect different habitats.

Hydrodynamic models are built to discuss what happens
when fluids flow, without restricting them to fluids that flow
in a “laminar” way, but rather looking for those that flow in a
“turbulent” way, which is the case of large floods.

Environmental hydrodynamic models are essential tools for
managing and planning actions in natural bodies of water, as
they allow analyzing processes related to three phenomena of
interest [4]:

(i) Hydrodynamic Circulation: evaluates changes in Motion
Quantities (mass >speed), which generate variations in water
levels and currents;

(if) Water Quality: evaluates the transport of substances
that generate changes in water constituents and their quality;

(iii) Sedimentological Processes: evaluates the cycles of
erosion, transport and deposition of sediments that generate
the evolution of morphology, or morphodynamics.

The objective of the models is to compute movements,
transport, flows and flows of water and its constituents, such
as gases, salinity, nutrients, heat, sediments, etc.

According to Stokes Oceanography [5], the Modeling
process is divided into 10 steps: Assemble a conceptual model
of the phenomenon of interest; Search for input data; Define
the limits of the numerical domain; Digitize the coastline or,
in the case of river basins, use terrain elevation models; Build
the numerical grid that discretizes space into finite intervals
where the fundamental equations of conservation of mass and
energy are solved; Generate the bathymetry of rivers, canals,
and reservoirs; Define the simulation scenarios and model
boundary conditions; Assemble and configure the rounds;
Analyze the results; Repeat the process until the simulated
results are close to those observed and Present the results.

In Brazil, the most used data source in hydrologi-
cal-hydrodynamic studies is the HidroWeb Portal, which is a
tool that makes available all the information collected by the
National Hydrometeorological Network (RHN), all of which
is coordinated by the National Water Agency (ANA). Data
such as historical series of flows observed in rivers, bathym-
etry, among others, are freely available. However, these flow
observations are not the only input data that hydrologi-
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cal-hydrodynamic models need. Especially more complete
models that include the behavior of river basins, conditions on
soil moisture content, topographic properties and land use and
cover and data on the temporal and spatial distribution of
precipitation are necessary and make the modeling process
even more complex. complex. In countries like the United
States, complete series and maps, in high resolution, are freely
available throughout the country, which facilitates the con-
struction of flood prediction models.

Furthermore, the measured series for the desired river and
period will not always be available. Very small rivers are not
included in the ANA monitoring network. But it is often
possible to obtain such data indirectly through area propor-
tionality calculations of nearby river basins or from rain-
fall-runoff curves. These “regionalizations” serve to a certain
extent to determine more recurrent flows in rivers; however,
in extreme events this type of analysis is not applicable.

Getirana et al. [6] explain that open water surfaces depend
closely on the geometry and topography of rivers. Geometry
defines whether river overflow can occur and topography,
which prescribes the surface profile of the floodplain within
the scope domain, determines the flooded area given an
overflow volume of water. But both have limitations due to
problems with the necessary input data. Errors in Digital
Elevation Models — MDE remain one of the main sources of
uncertainty in modeling the interactions between rivers and
floodplains, commonly known as floodplains. Current satel-
lite-based DEMs are not suitable for providing accurate
floodplain elevation profiles. In particular, the “floodplain
burning” approach, which takes into account maps of rivers
and floodplains, can be an efficient way to gradually change
the elevations of high-resolution pixels in flooded areas.

Gomes Junior et al. [7] explain that hydrological, hydro-
dynamic and pollutant transport models are fundamental tools
for making decisions about mitigating floods and poor water
quality (Fan and Collischonn, 2014). In the literature there are
several models that help quantify hydrodynamic processes at
different temporal and spatial scales.

At the scale of rapid response events and urban watersheds,
the Weighted Cellular Automata 2D (WCA2D) model [8]
uses the cellular automata approach to distribute runoff and
estimate water surface inundation maps. Guidolin et al. (2016)
demonstrated that the WCA2D rapid flood analysis model
could be used to perform large-scale 2D flood simulations due
to its high computational performance and low memory re-
quirement with a minimal compromise in accuracy and a
significantly large number of simulations ( for example, for
risk analysis). This 2D model for land flood modeling is in-
tegrated with the 1D CADDIES model for sewer network
modeling developed by Austin et al. [9], to produce a fast and
simplified urban drainage model for urban flooding modeling.
However, in large flood events, the effect of microdrainage is
reduced in relation to the large volumes of precipitation and
runoff generated.

A recent trend is the use of artificial intelligence tools for
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rapid flood prediction, especially given the fact that physi-
cally based hydrological-hydraulic models have a high com-
putational cost. Lago et al. [10] highlight the deep learning
model (MAP) and state that this approach is more applicable
in drainage areas smaller than 500 ha and finally recommend
that channels that transport rainwater from larger areas should
be by an alternative method (e.g., 1D models). They also draw
attention to the fact that the construction of 1D hydrodynamic
models requires significant investment and data.

For Gomes Junior et al. [11] the HydroHP-1D model allows
you to simulate permanent and transient flow in
one-dimensional channels and the modeling results can be
visualized through videos and GIFs. Examples of this ap-
proach can be seen in an online repository, available in Gomes
Jr. [7]. The presentation of animations, videos and maps
where the affected population can increase their perception of
risk is a growing approach in the scientific community. Edu-
cational games called serious games are tools where users,
that is, those possibly affected by the harmful event, play a
serious game where the results of the game make the user
better understand the risks and impacts associated with a
given problem.

A recent approach to serious games is that developed in
Gomes Jr. [11]. The authors created a game that simulates a
dam collapse and allows users to understand the force of the
water that would reach the city, its height and speed. The
game was applied to 21 dams, including Brumadinho and the
14 de Julho dam. Gomes Junior et al. [7] also highlights the
HydroPol2D model that contributes to the field of hydrolog-
ical and hydrodynamic models, allowing 2D modeling of
floods and water quality with the simulation of floodplain
momentum transfer, spatially distributed infiltration and
evapotranspiration calculation, and simulation of transport
and destination of pollutants. These approaches allow for a
more integrated analysis of the hydrological behavior of river
basins that contribute to runoff in rivers.

The HEC-RAS software, developed by the United States of
America Corps of Engineers, allows the representation of
two-dimensional flows based on the numerical solution of
shallow water equations. It represents the terms of inertia,
pressure gradient and gravitational effects, friction, turbu-
lence and Coriolis effects (a curve that water and air currents
have in different hemispheres). The great difficulty of the
HEC-RAS model is its high computational cost to simulate
floods in high resolution. Details of the formulations and
numerical schemes used in the model (version 6.1.0) can be
found in Brunner [12]. A composite topographic map was
produced by merging multiple databases. In the Amazon
River and open water areas of the floodplain, the topography
estimated by Fassoni-Andrade [13] spatial resolution of 30 m
was used (available at da-
ta.mendeley.com/datasets/vn599y9szb/1). This mapping was
created by digitizing nautical charts of rivers and using the
Flood2Topo method [13] via optical satellite data [7].

Lago et al. [10] evaluated the performance of the proposed
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model in relation to a model from the River Analysis System
(RAS) of the Hydrological Engineering Center (HEC) with a
resolution of 3 m — HEC-RAS model — in seven river basins in
the cities of San Antonio and S& Paulo. The results indicate
that the MAP coupled with cGAN-InundaGg® improved the
accuracy of the flood map, first identifying wet cells and then
estimating the water depths, through the distribution of a flood
volume, sometimes underestimating the total volume to be be
distributed (vt). Another disadvantage is that cGAN- Flood
cannot predict speeds, a critical parameter for creating risk
maps. Also, cGAN- Flood was only trained on flood expan-
sion. Unfortunately, this restricts its application in situations
where data resolution varies or in scenarios that require 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 do not have deep learning about the hy-
drological behavior of river basins must be done with caution,
given the scarcity of a large volume of observed data.
Large-scale application of these techniques requires a sce-
nario of extensive flood monitoring data where it would be
possible to train machine learning models with reliable ob-
servations of watershed behavior.

According to Fassoni-Andrade et al. [13] in a study to un-
derstand the dynamics of the complex hydrological systems of
the Amazon and the flooding of riverside communities, the
HEC-RAS model uses an unstructured computational mesh in
which the orientation and size of 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 re-
searchers add breaks by considering a manual digitization of
the topographic contours of river banks. In floodplain areas,
isolines formed by the flood frequency thresholds of 90% and
60% of the flood frequency map prepared by Fas-
soni-Andrade et al. [13].

Errors in topographic mapping, the downstream boundary
condition, and the lack of representation of hydrological
processes in the floodplain, such as local infiltration, precip-
itation, evaporation, and groundwater flow, can be sources of
uncertainty in the model's mapping of flood extent. hydro-
dynamic, especially during low water periods. Part of the
modeling errors may be related to model input and validation
data, such as remote sensing maps of water surface extent, and
the lack of representation of hydrological processes, such as
local infiltration, precipitation, evaporation, and groundwater
flow [13].

According to Long et al. [10] their study improved flow
simulation by coupling hydrological and hydrodynamic
models. They constructed a hydrological model from the
Dongting Lake Basin water assessment tool (SWAT) to sim-
ulate the current flow in data-poor areas, which was further
coupled with the MIKE21 hydrodynamic system, a model
with additional boundary conditions, observing to the char-
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acteristic scales of the input data.

Long et al. [14] found that a widely used approach is re-
gionalization [15], which is a process of transferring hydro-
logical information from the measurement area to areas with
data scarcity ([16, 17]). Jillo et al. [18] applied a rain-
fall-runoff model to the runoff observation area, and ap-
proximately estimated the water production in the remaining
data-scarce area using the regionalization method, but the
results were not validated.

In the Amazon River and in the open water areas of the
floodplain, the topography estimated by Rio Grande do Sul
researcher Fassoni-Andrade et al. [13] spatial resolution of 30
m was used (available at da-
ta.mendeley.com/datasets/vn599y9szb/1). This mapping was
created by digitizing nautical charts of rivers and using the
Flood2Topo method [13]. Chinese researcher Yuannan Long
and colleagues coupled hydrological and hydrodynamic
models. The hydrological model was made using the Dong-
ting Lake Basin water assessment tool (SWAT) to simulate
the current flow in data-scarce areas and was further coupled
with the MIKE21 hydrodynamic system, a model with addi-
tional boundary conditions, observing to the characteristic
scales of the input data. It suggests reviewing operational
decisions such as the construction of dams at the catchment
site and new ETAs where existing ones operate above capac-
ity, which is the case.

Given the wide availability of models and numerical solu-
tions, models that are capable of dealing with the often re-
curring lack of data in large basins can be a quick solution for
flood forecasting. The HydroPol2D model, in this sense, can
be a low-cost solution for predicting the hydrologi-
cal-hydraulic behavior of river basins, in particular estimating
flood maps that contain water depths in streets, blocks,
neighborhoods, canals and, consequently, throughout the river
basin. Furthermore, recent research uses the HydroPol2D
model to assess the risk of people being dragged, generating
risk maps every 15 minutes that can be used to aid decision
making. However, the quality of the model output can be
improved with more data available. Currently, RS has 1,700
pluviometric stations (measure the rain that falls in the river
basin), fluviometric stations (measure the level and flow of
rivers) and only 25% transmit data in real time. Only in this
way can hydrodynamic models be fed, if they do not rely on
data provided by the population itself sent through videos and
photos.

With ongoing climate change, most experts predict an in-
crease in extreme weather events [19]. Due to agriculture's
impact on hydrology, alternative models have emerged,
though only a few are designed to predict and control these
effects. Le Lietal. [20] provide new insights into the complex
and nonlinear interactions between hydrological processes
and environmental changes. 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 daily sediment and nutrient dynamics across
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mesoscale to macroscale watersheds [21].

The SWAT model is particularly valuable for identifying
key hydrological processes affecting nitrate loads within
study areas, especially during dry seasons. Key input data for
SWAT modeling include a Digital Elevation Model (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 watersheds
[20].

Yimer et al. [22] (Arnold et al., 1998). found that agricul-
tural 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 have turned
to advanced modeling tools such as the SWAT+ model with
the integrated groundwater module (GWFlow). Agricultural
water 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 geo-hydrological models to better understand
groundwater and drainage dynamics. Such efforts could re-
duce uncertainties in predicting early dry-season water flow
and other water balance components. Quantifying drained
water is essential to assessing its environmental impact.

The coupled SWAT+GWFlow model has proven more
suitable than the standalone SWAT+ model for such case
studies [22]. Bailey et al. [23] further developed an advanced
GWFlow module that is physically based and spatially inte-
grated with SWAT+. This coupled model simulates surface
and subsurface water flow at catchment scales and explicitly
incorporates agricultural drainage into the model framework.

The GWFlow module also enables calibration and validation
of the model using observed groundwater head data and tem-
poral groundwater discharge series, enhancing its reliability for
hydrological studies (https://Aww.dov.vlaanderen.be/).

2.2. The Culture—-Knowledge-Intelligence (CCI)
Model

According to Kroeber [24], culture is a cumulative process,
resulting from all the historical experience of previous gen-
erations. This process limits or stimulates the individual's
creative action. Kroeber [24] agree that there is no correlation
between genetics and culture, for example, anyone born,
regardless of where they were born, absorbed the culture of
the place where they grew up.

Rothberg and Erickson [25] state that knowledge is socially
constructed through collaborative activities, but access to this
knowledge is not successful in decision making, as
knowledge without application is harmless. In short,
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knowledge is the basis of intelligence, and intelligence is
knowledge in action to solve problems.

Rothberg and Erickson [25] argue that knowledge is static
and, ultimately, only has value if people use it.

Choo [26] defines Intelligence as a continuous cycle of ac-
tivities that includes sensing the environment, developing
knowledge and creating meaning through interpretation, using
the memory of past experiences to act on the interpretations
developed.

Based on the previous theoretical foundations, the Cul-
ture-Knowledge-Intelligence (CCI) model is constructed,
which is shown in Figure 1.

The premises of the CCI model are:

(i) Culture is formed by beliefs, values, assumptions and
traditions of a society [27].

(if) The central argument is that, for education to be suc-
cessful in its tasks, the curriculum as its core must be re-
structured or reformulated around the four pillars of learning:
learning to know, learning to do, learning to live together and
learning to be [28].

(iii) The three pillars of intelligence are: prediction, strat-
egy and action [25].

Figure 1: The -culture-knowledge-intelligence model
(adapted from [26]).

The model CCI is based on three hypothesis (Table 1):

Beliefs
Values
Orientation

|  CULTURE |

Process

Prediction
Systems Strategy
People

Action
| KNOWLEDGE

| — ]

INTELLIGENCE I

Figure 1. CKI model (own elaboration).

Table 1. Premises of CKI model.

Hypotheses Sources

Cultural has a
positive impact on
Knowledge h
solve problems, is related to culture.
Cultural has a
positive impact on
intelligence

Knowledge has a
positive impact on

intelligence people use it (intelligence)

The CCI model showed the relationship between culture,
knowledge and intelligence. In the case of the Rio Grande do
Sul flood, it was very clear that the culture of lack of plan-
ning (immediacy) and lack of investment in improvements
that do not attract votes from the population had a strong
impact on knowledge, in particular tacit knowledge (prac-
tical experience difficult to articulate and then share and
therefore depends heavily on trust, engagement and social
identity), on the means to reduce the damage caused by
floods. Intelligence was also impacted by culture, as there
was great difficulty in transforming the experience of some
technicians and professor-researchers into concrete results
before and after the moment of greatest need: the flooding of
engine rooms and the passage of water over the dams. con-
tainment.

4- The transformation of tacit knowledge into explicit.
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Results

Leidner et al. [29], Deal and Kennedy [30] and Tweed and Lehman [31] suggest that the way in
which individuals perceive, organize and process information and the way in which they
communicate with others and the way in which understand, organize and generate knowledge and

SUPPORTED

Culture, more than genetics, determines behavior and determines its actions [24]
Umuteme et al. [32] posit that factors such as values, norms, beliefs and practices embedded in
organizational culture significantly shape the overall project environment and affect team dynamics.

SUPPORTED

Rothberg and Erickson [24] maintain that knowledge is static and, ultimately, only has value if

SUPPORTED

The importance of sharing tacit knowledge for practices to
reduce illiteracy.

It is important to understand how socialization facilitates
the search for tacit knowledge, from a perspective based on
Knowledge Management - KM activities [33]

Specifically, Gubbins & Dooley [34] consider social capi-
tal (the relational aspect rather than the cognitive and struc-
tural one) as an important precursor to tacit knowledge shar-
ing, which in turn influences an organization's innovation
capacity.

However, current research lacks empirical evidence sup-
porting the relationship between interpersonal trust and
knowledge acquisition [35].

Although tacit knowledge is individually owned, difficult
to articulate, imitate or replace [36], it can be shared by social
relationships, but depends on the following points:
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1) Ways in which types of relationships condition the flow
of information and learning in networks [37].

2) Knowledge transfer depends critically on trust [35] and
therefore it is necessary to understand what types of trust
are associated with the effectiveness of interpersonal
knowledge transfer, however research produces on this
topic produce inconclusive results [34].

3) There are phases prior to sharing, which are the basis for
initiating sharing (Lee & Han, 2024), including the
knowledge search phase [34].

Gubbins and Dooley [34] found that social identity is more
likely than trust to confer a greater sense of psychological
safety for seeking tacit knowledge in groups. Therefore, it is
essential to develop environments where individuals feel safe
to ask and share.

The great difficulty in understanding tacit knowledge and
transforming it into explicit knowledge is that people are very
afraid to share what they know, either out of fear, even more
so in times of pandemics and wars, or out of fear of losing
their position.

Duan et al. [38] state that a lot of knowledge is needed to
learn about the reasons and consequences why people hide
knowledge, Singh [39] recommended that future research
examine how different dimensions of knowledge hiding, such
as explicit and tacit knowledge hiding, influence organiza-
tional performance.

Overall, studies on the effect of hiding explicit and tacit
knowledge on a company's innovation have been largely
unexplored and this is very important for innovation, partic-
ularly in education, a topic full of challenges.

Shahzad, Chilba and Arslan [40] show that explicit
knowledge transfer has a great impact on innovation. A more
codified and formal presentation of knowledge has proven to
be an effective way of transferring knowledge and supports
the argument for using resources such as manuals and written
guides in the knowledge transfer process. However, tacit
knowledge transfer has not been found to have a significant
direct effect on innovation.

The need to transform the tacit knowledge of participants in
government social participation initiatives is therefore clear.
And also from public administrators and managers them-
selves. This study aims to examine the underlying process
through which the culture of the learning organization posi-
tively influences knowledge sharing to improve collective
knowledge collection and use with a focus on improving the
effectiveness of Brazilian public policies. To this end, it is
essential to facilitate the sharing of knowledge through
well-structured networks. Encouraging collaborative ap-
proaches and creating platforms for exchanging information
can improve network-based learning. Therefore, this study
suggests the integration of Knowledge Management and Or-
ganizational Intelligence practices.

Generating innovation based on tacit knowledge is a chal-
lenge [41] due to the lower accessibility and lack of codifica-
tion of this branch of knowledge.
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The issue of culture is a key point in this process of trans-
forming experience (tacit) into something written (explicit).

Lee and Han [42] highlight that learning organizational
culture is crucial for developing social capital within an or-
ganization. By promoting an environment that prioritizes
continuous learning and development, organizations can
promote adaptation, innovation and resilience [43]. When an
organization cultivates a learning culture, it inherently en-
courages an atmosphere of support and collaboration. In such
a culture, employees are more inclined to share knowledge,
ideas and feedback, building trust and mutual respect among
colleagues [44], placing special emphasis on the mediating
role of social capital between the learning organization's
culture and knowledge sharing [42].

Mohammed and Kamalanabhan [45] highlight that tacit
knowledge embedded in human minds in the form of
work-related ideas, know-how and experience is difficult to
codify and communicate. However, promoting a culture of
shared responsibility for problems and social interactions can
improve the tacit sharing of knowledge among employees.
Several organizations have invested in collaborative virtual
platforms considering their potential in promoting the sharing
of specialized knowledge, allowing interactions between
people.

Van Hounten [46] highlights that although personal
knowledge is difficult to share accurately, it can be shared in a
very appropriate and contextual way, using reflection and
stories in which metaphors and examples convey personal
knowledge. Such sharing can support others in their learning
and practice: developing and applying new knowledge, ideas
and techniques can help professionals change their behavior,
such as communication, which can improve performance and
practice. Therefore, the most direct answer would be: profes-
sionals can impact knowledge sharing and learning in the
workplace by interactively and reflectively sharing and dis-
cussing stories, reflections, analyzes and experiences with
others.

2.3. Knowledge Management and Communities
of Practice

Knowledge Management is an attempt by organizations to
capture, codify, organize and redistribute the organization's
tacit forms of knowledge and make them explicit [25]

The most effective practice of KM for creating a Hydro-
dinamic model is Communities of Practice — CoPs.

Three elements must be present in a CoP: domain, com-
munity and practice (a) Domain, a CoP presents an identity
defined by a shared set of interests, committed members who
share skills, learn from each other, stand out and are valued by
this collective competition, not just a club of friends; (b)
Community, participation in a one of the results of these
communities of practice is cultural change. At this point, it is
important to highlight three major challenges: (i) The creation
of a culture of knowledge exchange within and outside public
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administration for the co-creation and implementation of
policies, programs, projects and activities; (ii) Motivate and
facilitate concise and organized expression in online debate,
use specialized intelligent tools and systems to transform
information into knowledge (contextualization) and wisdom
(application). Recognition of the importance of the active
participation of citizens, the private sector and public officials
to create new knowledge, as well as intelligent systems and
experts to facilitate/guide collaboration and analyze this new
knowledge generated.

The issue of cultural change strongly benefits an Emer-
gency plan based on Knowledge Management practices
(Communities of Practice) and Organizational Intelligence
(analysis by experts in each thematic group).

Emergency plans must be based on the selection of proac-
tive measures, both structural (e.g. hydraulic engineering
works) and non-structural (e.g. public policies for transferring
knowledge to society), which will reduce the potential loss of
life and economic losses.

The US government's Flood Hazard Mapping and Dam
Failures (FEMA) HAZUS software allows mitigation
planners to use information about dam failures to estimate
potential damage and perform cost-benefit analyzes for the
highest population areas. vulnerable areas and then allows
the development of infrastructure projects and rezoning
efforts.

According to FEMA, 40% of companies do not reopen after
being hit by a catastrophe; another 25% end up closing activ-
ities within a year.

Angelo Fontana, president of CIC-VT and the Commercial
and Industrial Association of Encantado (Aci-E), believes that
a movement by society and governments is necessary to allow
the installation of companies in new industrial areas in the
region and in the state, which are less susceptible to disasters,
with the streamlining of bureaucracy relating to licenses,
registrations and other procedures that need to be in accord-
ance with legislation. Another issue raised is the need to desilt
the Taquari basin, a subject that has been discussed for forty
years.

The difference that emergency plans - resilience and dis-
aster mitigation - can make in the face of a climate and envi-
ronmental event of great magnitude can mean not only miti-
gating damage, but enabling the company to be a point of
support for the community of the population affected by ca-
tastrophes.

According to Rafael Goelzer, director of Market Relations
and also director at the Federation of Commercial Associa-
tions of Rio Grande do Sul (Federasul), resilience actions,
added to various initiatives to preserve the environment and
combat global warming, represent 20% of the company's
fixed expenses monthly, since the beginning.

Wendland et al. [47] found that synthetic materials can be
designed to increase the efficiency and sustainability of en-
ergy production, storage and use.

For example, advanced solar cells, batteries and efficient
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catalysts can help reduce current dependence on fossil fuels
and mitigate climate change.

With regard to transport, in particular public transport
which is responsible for a large emission of CO2, the pro-
duction costs of green (renewable) hydrogen are still much
higher than those of hydrogen obtained from fossil sources,
which emit greenhouse gases. stove. However, according to
studies and practices in this area, this cost tends to equal that
of fossil fuels in the short term.

Green hydrogen is produced by electrolysis, and electricity
comes from renewable energy sources, such as solar, wind,
hydraulic, geothermal, tidal, among others. Renewable hy-
drogen can also be produced using biogas (instead of natural
gas) or biochemical conversion of biomass, as long as it meets
sustainability requirements.

The costs, those related to production costs, are still much
higher than those of hydrogen obtained from fossil sources,
which emit greenhouse gases.

2.4. The Biodynamic — Hydrodynamic Model

Hydrodynamic models are used in cases of flooding and
flooding to predict the density of water near the spillway and
create an ideal flood discharge plan.

An emergency plan depends on variability in hydraulic and
hydrological properties, as hydraulic indicators are impacted
by land use and then climate change.

This work suggests the following Communities of Practice
for sharing knowledge and experiences to improve the deci-
sion-making process:

1) Agriculture and Climate Change

2) Hydrodynamic models and necessary data

3) Improved forecasting in cases of flooding

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 Hydro-
dynamic Model is constructed:

CULTURAL CHANGE
THROUGH
KNOWLEDGE
MANAGEMENT

HYDROLOGICAL AND
HYDRODYNAMIC
DATA

| COUPLING
HYDROLOGICAL AND

l HYDRODYNAMIC
MODELS

COMPARISON -
BETWEEN

ol

HYDRODYNAMIC
l‘.\l()l)I'ZLS

Figure 2. Hydrodynamic model (own elaboration).

It is important to note in this model that the improvement of
agricultural data has improved hydrological and hydrody-
namic data given the relationship with climate change and
even respect for the environment.


http://www.sciencepg.com/journal/hyd

Hydrology

http://www.sciencepg.com/journal/hyd

3. Conclusion

The article presented two research models that feed each
other back: the Culture-Knowledge-Intelligence (CCI) 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
flooding is a global problem and therefore the need to ex-
change knowledge and experiences with other countries, in
particular Argentina.

The effects of climate change, associated with the occupation
of flood areas, means that events like the one in May 2024 may
be increasingly frequent. However, the current mathematical
capacity of forecasting models allows, with a reasonable interval
of the order of a few days, to predict the impact of floods with
certain accuracy and serve as a basis for emergency action plans.
To do this, it is necessary to collect elevation, rainfall, bathyme-
try and other data that serve as input information for forecast
models. States such as Santa Catarina or Pernambuco have in-
formation of this type. These and other measures were suggested
by researchers from the Hydraulic Research Institute at the end
of 2023 after the November floods, however, they were not
followed by the responsible public bodies.

Researchers also report the government issue of mainte-

nance of works (containment dikes and anti-flooding barriers).

Protection systems, especially in Porto Alegre, require intense
mobilization of trained agents for the correct operation of
floodgates and engine rooms. Preserving people's memories
of the unprecedented impacts of the 2024 flood should not
only serve as a warning to the population but also present
itself in adequate and frequent actions for the operation and
maintenance of protection systems.

Paiva et al. (2024) recommend that infrastructure projects and
planning are adaptable and flexible, and that they facilitate or do
not make their expansion unfeasible (e.g. width of bridges, sec-
tions of culverts, crown height of dams and dikes), thus making it
possible to consider future increases in reference values, given a
certain risk associated with extreme hydrological events.

Training teams responsible for managing protection systems
frequently and not just during flood events must be a priority.
This work aims to seek guidelines for a solution without nec-
essarily finding anyone to blame. The affected population is the
one who suffers the most as they must move from previously
stable areas, and this brings the importance of intelligence and
its three pillars 1. prediction (responsibility of the hydrody-
namic model), 2. strategy and action (responsibility of the
emergency plan with social participation).

As discussed in this work, a better relationship between the
University and the government with the participation of the
population is necessary so that those with knowledge and
experience can have better hydrological data, not only on
rainfall, but also water levels throughout the cities' infra-
structure system in order to feed their prediction, strategy and
action models. Furthermore, a standard emergency plan is
needed for the entire State that can be replicated throughout
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Brazil, considering the education of the population, particu-
larly riverside and riverside populations.
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