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ABSTRACT

A simulation was carried out in the Santa Catarina River watershed, located in the State of
Nuevo Leon, Mexico, to study flood patterns and velocity maps during the occurrence of
Hurricane Alex in June-July 2010. To conduct this simulation, a two-dimensional model of the
Santa Catarina River Watershed was employed using the HEC-RAS software. The model was
driven by Multisensor grid precipitation data as input. Land cover and soil layers were utilized
in order to obtain various parameters within the watershed, such as Curve Number, Manning
Number, Abstraction Ratio, Infiltration Rate, and Percent of Impervious Land. The simulated
water levels were calibrated by comparing them with observed values at the Cadereyta
Hydrometric Station, which is located near the city of Monterrey. The utilization of the HEC-
RAS two-dimensional model combined with Multisensor grid precipitation demonstrates that
this particular model is easy to set up and is user-friendly. Moreover, the model exhibits stability
and possesses the ability to accurately simulate flood patterns and velocity maps within the
watershed.
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Modelando Alex Hurricane: simulacéo de mapa de inundacéao
aplicando grade de precipitacdo Multi-sensor, Monterrey, México

RESUMO

Foi realizada uma simulacdo na Bacia Hidrogréfica do Rio Santa Catarina, localizada no
Estado de Nuevo Leon, México, para estudar padrdes de inundacdo e mapas de velocidade
durante a ocorréncia do furacdo Alex em junho-julho de 2010. Modelo da Bacia Hidrogréafica
do Rio Santa Catarina foi empregado usando o software HEC-RAS. O modelo foi conduzido
por dados de precipitacdo da grade Multi-sensor como entrada. A Cobertura do Solo e as
Camadas de Solos foram utilizadas para obter varios parametros dentro da bacia hidrogréfica,
tais como numero de Curva, nimero de Manning, Taxa de Abstracdo, Taxa de Infiltracdo e
Porcentagem de Terra Impermeavel. Os niveis de agua simulados foram calibrados
comparando-os com os valores observados na Estacdo Hidrométrica Cadereyta, localizada
perto da cidade de Monterrey. A utilizagdo do modelo bidimensional HEC-RAS combinado
com a precipitacdo em grade Multi-sensor demonstra que este modelo especifico é facil de
configurar e facil de usar. Além disso, 0 modelo apresenta estabilidade e possui a capacidade
de simular com precisdo padrdes de inundacdo e mapas de velocidade dentro da bacia
hidrogréfica.
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1. INTRODUCTION

The Monterrey Metropolitan Area (MMA), situated in the State of Nuevo Leon, Mexico,
has a documented history of experiencing flooding, with records dating back to 1612 (Ferrifio-
Fierro et al., 2010; Fuentes-Mariles et al., 2014). Hurricanes have hit the area, experiencing
significant damages causing significant human and material losses, including Hurricanes
Beulah in 1967, Gilberto in 1988, Emily in 1995 and Alex in 2010. The most significant disaster
to date occurred in 1909, when a flood resulted in between four and six thousand fatalities and
more than 200 hectares impacted (Ferrifio-Fierro et al., 2010; Fuentes-Mariles et al., 2014). In
addition to the hydro-meteorological dangers, the MMA faces increased exposure to these
phenomena due to unregulated urban growth. The expansion of urban areas into vulnerable
zones has led to persistent flooding problems along the Santa Catarina River and its banks. The
rapid urbanization of Monterrey City exacerbates the issue by concentrating rainwater, as urban
surfaces with low permeability hinder water infiltration and accelerate surface runoff (Ferrifio-
Fierro et al., 2010; Fuentes-Mariles et al., 2014).

Pasch (2010) and Gonzalez-Aleman et al. (2018) stated that Hurricane Alex was a rare
event: the most intense tropical cyclone in the North Atlantic since 1938, recorded as a Category
2 hurricane. Hurricane Alex, which occurred in 2010, caused significant damage to bridges and
houses, and deaths were reported (Ferrifio-Fierro et al., 2010; Fuentes-Mariles et al., 2014).
The interaction between tropical moisture and orographic barriers in the Sierra Madre Oriental
caused widespread rainfall, with an accumulated precipitation of 890 mm recorded at La
Estanzuela Station in the MMA from June 28t" to July 2", 2010. Flash floods triggered by
Hurricane Alex caused 22 fatalities in the MMA and an estimated loss of US$2 billion
(Sanchez-Rodriguez and Cavazos, 2015).

After Alex Hurricane, Aguilar-Barajas et al. (2019) analyze the process of building
resilience to flash floods in the MMA. The study notes that the MMA resilience-building efforts
are conditioned by the nature of the hazard, which is infrequent but liable to cause significant
damages, and contingent upon the city's socioeconomic and institutional local context (Aguilar-
Barajas et al., 2019). This local context is embedded in a highly fragmented national water
governance architecture that lacks inter-institutional coordination, which has limited the city's
adaptive responses to flood hazards. Aguilar-Barajas et al. (2019) identifies several challenges
that the MMA faces, that include the need for sustained funding, political support, collaboration
and communication among stakeholders, and a more integrated and coordinated national water
governance architecture.

Ramirez-Serrato et al. (2016) conducted a study to assess the impact of the historical
changes in land use in the Santa Catarina River watershed. A two-dimensional hydraulic
modeling of the Santa Catarina River was conducted using a Digital Surface Model obtained
through a photogrammetric reconstruction technique of old aerial photographs from the 40s,
50s, and 70s of the MMA.. This study also involved hydrological modeling of precipitation data,
the projection of historical events such as the channelization of the Santa Catarina River in
1950, the possible effect of Hurricane Beulah in 1967, and other extraordinary events, showing
the change in floodplain coverage over time along the length of the Santa Catarina River.
Ramirez-Serrato et al. (2016) suggest that the channeling of the Santa Catarina River carried
out in past decades was beneficial. The findings also highlight the importance of considering
historical data when studying the impact of urbanization on the natural environment. Overall,
the study provides insights into the changes in the Santa Catarina River and its floodplain
coverage over time, and its implications for the city's infrastructure and urban planning
(Ramirez-Serrato et al., 2016).
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Cézares-Rodriguez (2017) conducted a study to find a flood mitigation strategy of the
Santa Catarina River watershed that was suggested by stakeholders during a participatory
workshop. The flood mitigation strategy is evaluated using two hydrological models: HEC-
HMS and tRIBS. The proposed strategy involved the construction of additional hydraulic
infrastructure alongside the existing flood controls in the Santa Catarina River watershed. To
evaluate the effectiveness of this strategy, three scenarios were simulated: 1) The impact of the
existing flood controls in the watershed; 2) Implementation of a large dam similar to the
Rompepicos Dam; and, 3) Addition of three small detention dams. The study encountered
several challenges, including limitations in model calibration due to the scarcity and uneven
temporal resolution of streamflow gauges. Additionally, the mountainous and steep terrain of
the watershed revealed that spatial variations, particularly changes in slope, played a significant
role in the complex hydrological processes of the Santa Catarina River watershed. Topographic
attributes were found to strongly influence the runoff mechanisms in the area.The results
indicated that the implementation of the Rompepicos Dam contributed to a reduction in the
flood peak at the watershed outlet by approximately 13.7-15% and, the justification for a costly
investment in a large structure designed specifically for extreme events can be attributed to the
presence of the MMA, which stands as one of the most critical cities in the country and a key
contributor to its economic development (Céazares-Rodriguez, 2017).

Since the late 20th century, there has been a focus on creating new systems and applications
to meet the demand for quantitative precipitation estimation. These involve multiple
overlapping remote sensing observations or radars, as well as Numerical Weather Predictions
(NWP) (Droegemeier et al., 2002; Kelleher et al., 2007). Currently, the National Oceanic and
Atmospheric Administration (NOAA, 2022) uses the Multi-Radar Multi-Sensor - Quantitative
Precipitation Estimation (MRMS-QPE) system of grid precipitation, which provides real-time,
multisensor precipitation estimates. This system uses a grid mesh of 1 km with a 5-minute time
step and has minimal time lag from the actual event. The MRMS-QPE grid precipitation has
been operational since 1997, when the NEXRAD network was deployed (Zhang et al., 2013;
NOAA, 2022; Kitzmiller et al., 2013) and is used to provide input to hydrologic models (Zhang
et al., 2013; NOAA, 2022; Kitzmiller et al., 2013). The lowa Environmental Mesonet (IEM,
2022) collects environmental data, including precipitation, solar radiation, and wind, from
cooperating members with observation networks and maintains an archive of the MRMS-QPE
Project for public use (IEM, 2022).

Flood hazard mapping is an essential tool for flood hazard and risk management analysis
(Mudashiru et al., 2021). The main tools used to assess inundation areas are hydraulic and
hydrologic models, which simulate flood events, identify vulnerable areas, and create flood
management plans (Mihu-Pintilie et al., 2019).

The United States Army Corps of Engineers (USACE) model River Analysis System
(HEC-RAS) is an essential tool for hydrologic modeling, hydraulic design, and water
management (Halwatura and Najim, 2013) and can be used for simulating major storm events
and flood maps (Garcia and Bedient, 2020; Pistocchi and Mazzoli, 2002; Beavers, 1994).
Researchers have applied one dimension HEC-RAS (1D) in various case studies, such as the
Fenton River in Connecticut (Stella, 2022), the Copper Slough Watershed in Illinois (Thakur et
al., 2017), and the San Antonio River Watershed in Texas (Knebl et al., 2005). Knebl et al.
(2005) demonstrated that HEC-RAS 1D is a very effective tool for hydrological forecasts of
flooding on a regional scale when coupled with the Next Generation Weather Radar
(NEXRAD) rainfall.

According to Vozinaki et al. (2017), the combination of one and two dimension HEC-RAS
(1D/2D) modeling is more effective than the HEC-RAS 1D model when high-resolution
topographic data is available. This approach allows channel flows to be represented in 1D and
overbank flows to be modeled in 2D (Dasallas et al., 2019). Brunner and Gibson (2005) also

BN Rev. Ambient. Agua vol. 18, €2911 - Taubaté 2023
IPABH?



4 Juan M. Stella

found HEC-RAS 2D to be a flexible model capable of handling complex hydraulic systems
with subcritical, supercritical, and mixed flow regimes. Additionally, the use of property tables
enables a more precise representation of terrain to achieve accurate results. Dasallas et al.
(2019) found that the HEC-RAS 2D model consistently outperformed both the HEC-RAS 1D
and HEC-RAS 1D/2D models. Ghimire et al. (2022) found that the HEC-RAS 1D model did
not provide as detailed 2D information for floodplain areas as the HEC-RAS 1D/2D model did.
On the other hand, the disadvantage of using the 2D model is that it requires substantial
computational time and a high resolution grid (Vozinaki et al., 2017).

This study proposes an alternative modeling approach to HEC-RAS 1D and 1D/2D by
utilizing a full HEC-RAS 2D grid model forced by MRMS-QPE grid precipitation during the
occurrence of Alex Hurricane during June-July 2010 in the State of Nuevo Leon, Northeast
Mexico. The Santa Catarina River Watershed was selected as the study area for model
development. The watershed has a hydrometric station located in the town of Cadereyta near
the city of Monterrey. The HEC-RAS 2D grid model was utilized to simulate flood and velocity
maps of the Santa Catarina River watershed, the simulated stages of the model were calibrated
against observed values at Cadereyta Hydrometric Station applying the evaluation coefficients
R-squared and Nash - Sutcliffe model of efficiency.

2. MATERIALS AND METHODS

2.1. Characteristics of the watersheds

The study area for this research (Figure 1) is the Santa Catarina River watershed, which is
part of the Bravo-Conchos Watershed located in the state of Nuevo Leon, Northeastern Mexico
bordering the USA and includes part of the MMA, capital of the state of Nuevo Leon.

02040 80 120 16Q ] [ Mexico State Borders 0 510 20 3 40 N [ ] Monterrey City
T R Y [ Sonta Cotaia Watershed M J\ — e

Kilometers
DEM (m)

Value
- High : 3527

Coahuila de Zaragoza

—
- Low: 310

San Luis Potosi

Figure 1. State of Nuevo Leon, Santa Catarina Watershed and Monterrey City.

The watershed has a drainage area of 1831 km? and a relief of 3260 m (Céazares-Rodriguez
et al., 2017). The Santa Catarina River Watershed has a subtropical semi-arid climate, with hot
summers and occasional frosts in some winters (Navar and Synnott, 2000). According to the
climatic classification of Képpen the MMA is in a semi-arid zone (BSh). The mean annual
temperature is 21.5°C with a mean annual precipitation of 602 mm, with most of the rainfall
occurring in between the months of August and September (Aguilar-Barajas et al., 2019). The
MMA has a population of approximately 4 million people spread mainly horizontally reaching
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an area of almost 900 km? in 2010 (Aguilar-Barajas et al., 2019).

Land Cover is dominated by Shrublands, secondary shrublands and mixed woodlands, Table 1
summarize Land Cover class and Soil class by percent of coverage (Cézares-Rodriguez et al.,
2017).

Table 1. Land cover and Soil by % of coverage.

Land Cover class Coverage (%) Soil class Coverage (%)
Shrublands 32.92 Lithosol 94.23%
Secondary shrublands 23.09 Regosol 1.07%

Mixed woodlands 20.83 Rendzina 0.76%

Human settlements 6.57 Xerosol 0.51%
Agriculture 3.88 Phacozem  0.48%
Grasslands 2.07 Castafiozem 0.44%

The Santa Catarina River is born in the upper part of the canyons of La Huasteca in the
Sierra Madre Oriental, downstream across the MMA with the Caldereyta Hydrometric Station
as the outlet of the watershed (Aguilar-Barajas et al., 2019).

The Rompepicos Dam, located at the Corral de las Palmas upstream of the MMA, was
completed by 2004 after planning stages in 1997 (Cazares-Rodriguez et al., 2017). The project
was authorized to provide flood protection for the MMA (Schrader and Balli, 2018). The
Rompepicos Dam has a gravity curtain with an elevation of 70 m and a maximum length of 240
m, with two outlets, a rectangular culvert of 6x6 m at the base of the dam with a capacity of
838 m?s, and a Creager spillway with a crest of 60 m and a capacity of 3376 m?/s at the
maximum design elevation (Céazares-Rodriguez et al., 2017).

2.2. HEC-RAS and MRMS-QPE precipitation datasets

Data for the application of HEC-RAS 2D models such as Digital Elevation Model (DEM)
with 1x1 m resolution and 0.10 m RMSE was obtained from the United States Geological
Service (USGS, 2022). Land Cover and Soil layers from the Instituto Nacional de Estadisticas
y Geografia (INEGI, 2015). Discharges and Stages with 1 hour time step and some missing
values of stages were obtained from the Comision Nacional del Agua (CONAGUA, 2015) at
Cadereyta Hydrometric Station # 24327. MRMS-QPE grid precipitation with 5 minutes time
step and 4000 m resolution was obtained from the IEM (2022) (Table 2).

Table 2. Data sources for DEM, land
cover, soil type discharges, stages, and
precipitation.

Data Data source

DEM (USGS, 2022)

Land cover  (INEGI, 2015)

Soil class (INEGI, 2015)
Precipitation (IEM, 2022)

Stages (CONAGUA, 2015)

2.3. Evaluation coefficient

During Alex Hurricane, the streamflow gauges that were available in the Santa Catarina
River watershed were either destroyed or not functioning properly (Cazares-Rodriguez, 2017),
thus limiting the available options for model calibration. During the event, only two hydrologic
observations were available. The continuous stages recorded at Cadereyta Hydrometric Station
by CONAGUA (2015) and a visually estimated maximum water level at Rompepicos Dam, 2.5
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m below the spillway (Cazares-Rodriguez, 2017). The observed stages of the Santa Catarina
River at Cadereyta Hydrometric Station were used to conduct the calibration of the HEC-RAS
2D model applying the evaluation coefficients R-squared (r?) and Nash - Sutcliffe (NS) model
of efficiency.

R-squared regression coefficient of determination (r?) is the most-used statistical process
to assess the degree of fit of a model; the value measures how much variation the trend line has,
given by Equation 1 (Akossou and Palm, 2013).

2 _ SCEp
" SCEtot 1)

Where:
SCEjp: means the sum of squares related to regression

SCEwt: the total sum of squares

The nearer r? is to 1, the better the trend line fits the data (Akossou and Palm, 2013).
Nash - Sutcliffe (NS) model of efficiency (Nash and Sutcliffe, 1970), given by Equation

Y ,(0;-S)?
NS=1-— —Z?=11(0i—5)2 2

Where:

Oi: Observed discharges

0: Mean of observed discharges
Si: Simulated discharges

n: Number of steps modeled

The closer the simulated NS is to 1, the more accurate the model is. If NS <0, it means
that the observed data mean is a better predictor than the simulated values (Stella, 2021).

3. RESULTS AND DISCUSSION

A HEC-RAS 2D model was designed for the Santa Catarina River watershed using a
500x500 m grid in the whole watershed, a 50x50 m grid along the mainstream of the Santa
Catrina River, a NAD27 Projection and 1 minute running time step. The spacing of the whole
grid (500x500 m) was chosen to represent floods in the rural upstream watershed and a grid of
50x50 m for a better representation of floods along the whole mainstream of the Santa Catarina
River was introduced as break lines.

Land Cover and Soils Layers were used as input to obtain Curve Number (CN), Manning
Number (Nm), Abstraction Ratio, Infiltration Rate and Percent of Impervious Land (% Imp.)
parameters, in the Santa Catarina River watershed.

Classification polygons were created in the Land Cover and Soils layers along the
mainstream of the Santa Catarina River with Nm and % Imp. as parameters to calibrate the
model against the observed stages at Cadereyta Hydrometric Station. The Santa Catarina River
watershed outlet is located at Cadereyta Hydrometric Station represented with a Normal Depth
= 0.0021 as Boundary condition. Initial conditions for the simulation were included as
interpolated results from a previous run, the chosen file was the final date/time of the plan, July
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5t 2010 at 23:00 PM.

A dam, a culvert and a spillway in the Rompepicos Dam and 39 Bridges are included in
the model. These hydraulic structures were located using Google Maps (Google Earth, 2022),
but buildings were not represented. Figure 2 shows HEC-RAS 2D model schematic of the Santa
Catarina River Watershed. Parameter layers CN, Mn, Abstraction Ratio, Infiltration Rate and
% Imp. in the 50x50 meter grid are represented as Border Conditions in the Figure 2.
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Figure 2. Schematic of the HEC-RAS 2D model.

The simulated stages of the model were calibrated against observed values at Cadereyta
Hydrometric Station from June 30", 2010 at 22:00 PM to July 5™, 2010 at 23:00 PM. Manning’s
number and Percent of Impervious Land obtained after the calibration were Nm = 0.02,
corresponding to pit and gravel and % Imp = 100%. Figure 3 shows the observed and simulated
stages after calibration of the HEC-RAS 2D model.

10
8 ——Simulated
_—
=
—
p—
m6 ——Observed
&h
w4
=
v
2
0
o oo oo o oo oo oo oo Qo oo
SSSSSS3TSSSTSTTSTSTTSTSSSSSS
Lon I o I o ST o I ! Y It I o B == T o I B T ot B e R Y+ B o I o Y ot I Y
C\]v—dov—dv—dv—dmoov—dv—d(‘\]v—dov—dv—dv—d(‘\]ov—dv—d(‘\]
ESgig8gggadegeageTtgeseeeTess
II[“;"IIII[‘T[“;"IIII[‘T"IIII[“;"III
D T T T s T R T T ST T T B
g—‘ — Y (oo oo T s o TR0l = =F = =r v\ O
Time

Figure 3. Observed and simulated stages at Cadereyta Hydrometric Station.
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The calibrated values of the observed peak stages were 9.0 m against the simulated of 8.5
m and the observed time to peak was July 2" at 20:00 PAM against the simulated July 3™ at
04:00 Am. Table 3 shows observed and simulated peak and time to peak stages obtained after
calibration at Cadereyta Hydrometric Station.

Table 3. Peak and time to peak stage.

Parameter Observed Simulated

Peak stage (m) 9.0 8.5
Time to peak  July 2" 20:00 PM  July 3™ at 04:00 AM

The calibrated values of the observed against the simulated stages have an r?> = 0.90 and
NS = 0.98. Table 4 summarizes the R-squared and Nash - Sutcliffe coefficients obtained after
calibration at Cadereyta Hydrometric Station.

Table 4. R-squared (r?)
and Nash - Sutcliffe
(NS) coefficients.

Coefficients Stages

r? 0.90
NS 0.98

Also, the visually estimated maximum water level behind Rompepicos Dam of 2.5 m was
used as reference to compare with the simulated maximum water level of 2.8 m below the crest.

Figure 4 shows the simulated Flood map of the Santa Catarina River corresponding to the
maximum inundation area obtained during July 2" at 02:00 PM.

0 5 10 20 30 40 N [ ] Monterrey City
Kilometers }\‘ ® Cadereyta Station
@® Rompepicos Dam
Depth (m)
ﬁ— High: 57.2

_Low:0.0

Figure 4. Flood map simulated.
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Figure 5 shows the simulated Velocity map of the Santa Catarina River watershed
corresponding to the maximum inundation area obtained during July 2" at 02:00 AM.

0 510 2 30 4 N [ ] Monterrey City
Kilometers ‘ \ @ Cadereyta Station

@® Rompepicos Dam
Velocity (m/s)
Value
G

-Low:00

Figure 5. Velocity map simulated.

Table 5, summarizes the simulated maximum flood area, stream water depth and stream
water velocity obtained during July 2" at 02:00 AM.

Table 5. Maximum simulated flood area,
water depth, velocity, peak flow, and

stage.
Parameter Value
Maximum flood area (Km?) 289.3
Maximum water depth (m) 57.2

Maximum water velocity (m/s) 5.2

Alex Hurricane was a single and unique event and due to its extreme nature; available
streamflow gauges were either destroyed or not operating during the hurricane, thus limiting
the available options for model calibration and validation. During the event, the only hydrologic
observations available were at Rompepicos Dam and the Cadereyta Hydrometric Station.

The resulting simulation achieved a simulated peak stage of 8.5 against an observed of 9.0
m, a r? of 0.90 and a NS coefficient of 0.98 at Cadereyta Hydrometric Station, showing that the
HEC-RAS 2D model has a high degree of accuracy after calibration. Due to the lack of data for
validation, the visually estimated maximum water level below the crest of 2.5 m at Rompepicos
Dam can be used as a confirmation point to compare with the maximum water level simulated
of 2.8 m.

The very high depths in the flood map are from 2 sources: a) The Rompepicos Dam
Reservoir with a 60 m spillway crest, was accumulating water during the event and, b) The La
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Huasteca very narrow canyons, upstream of the Santa Catarina River in the mountain zone,
creating high depths during the flood event.

The peak to time difference between observed and simulated stages at Cadereyta
Hydrometric Station was 8 hours, the temporal lag can be attributed to the uncertainties that
precipitation data had within. MRMS-QPE grid precipitation interpolation was designed for
USA users, with sensors taking data and interpolating inside USA borders. Due to the fact that
the MMA is near the USA border, the watershed is covered by MRMS-QPE grid precipitation
data, but probably the interpolated data obtained in the borders have a poor lag time quality
compared with the whole USA coverage. Besides the differences in current time between the
MMA and the source of MRMS-QPE grid precipitation data at the city of Ames in the State of
lowa, USA.

4. CONCLUSIONS

The primary objective of this study was to assess the performance of a HEC-RAS 2D
model, driven by MRMS-QPE grid precipitation, in simulating flood and velocity patterns
during an extreme flood event known as Alex Hurricane in the Santa Catarina River Watershed,
located in the State of Nuevo Leon, Mexico. The methodology and development of the flood
and velocity map model are presented in this manuscript. For the simulation of the Alex
Hurricane event, MRMS-QPE grid precipitation data was used as input to drive the HEC-RAS
2D model and simulate water levels, flood extents, and velocity maps within the Santa Catarina
River Watershed. The simulated water levels were calibrated by comparing them with observed
values at the Cadereyta Hydrometric Station. Additionally, the visually estimated maximum
water level below the crest at Rompepicos Dam served as a confirmation point. The calibration
of the model involved adjusting Manning's number and the Percent of Impervious land
parameters.

The process to design the HEC-RAS 2D model coupled with MRMS-QPE grid
precipitation is user friendly to set-up, shows stability and the capacity to simulate flood and
velocity maps along the whole Santa Catarina River Watershed with accuracy.

One of the significant challenges faced by hydrologic and hydraulic models when
simulating discharges and stages is the requirement for high-quality spatial data. The utilization
of precise data such as DEM and MRMS-QPE grid precipitation with high resolution is crucial
in achieving a high level of accuracy during the simulation process. However, the lack of
precise stage measurements during the event hinders the ability to achieve optimal results with
the HEC-RAS 2D model.

It should be noted that both DEM and MRMS-QPE data sources are from the United States,
but were used outside of U.S. borders due to their spatial coverage including the Santa Catarina
Watershed. Consequently, the temporal delay between observed and simulated peak stages can
be attributed to the uncertainties inherent in the precipitation and elevation data. An
improvement in hydrologic modeling accuracy can be achieved by obtaining such data from
sources within the countries where the events occur.

The effective integration of MRMS-QPE grid precipitation into the HEC-RAS 2D model
demonstrates the potential for generalizing this methodology to other intricate watersheds,
thereby maximizing the strengths of the 2-dimensional model. In future studies, various
scenarios can be simulated using this approach, including flood diversion, the construction of
new dams along the Santa Catarina River, and dam break and overtopping analyses of the
Rompepicos Dam. These simulations have the potential to provide valuable insights to
stakeholders and decision-makers in the Metropolitan Area. Such information can aid in making
informed decisions and developing strategies related to flood management and infrastructure
development within the watershed.
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