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Abstract: Understanding hydrological processes is vital for managing phenomena such as floods
and droughts and incorporating them into planning processes, as urbanization and the consequent
increase in impervious surfaces have reduced natural landscapes, negatively impacting water
infiltration and increasing surface runoff, which has led to more frequent urban floods. Recent
research highlights the growing need to develop hydrological solutions at increasingly specific
urban scales, emphasizing the importance of data collection, modeling, and micro-basin delineation,
which are crucial for analyzing runoff behavior, sediment transport, and water quality.
Topographical data is fundamental for hydrological analysis and can be collected through on-site
surveys using tools such as total stations and GPS. However, these methods can be costly and time-
consuming. Alternatively, remote sensing techniques, such as Digital Elevation Models (DEMs),
offer cost-effective and efficient ways to gather topographical information. DEMs, often combined
with Geographic Information Systems (GIS), represent elevation data and are widely available for
free from various global agencies. These tools are invaluable in hydrological studies, as they help to
model basin morphology and surface runoff patterns accurately. However, although there are
models with global coverage, their resolutions are only occasionally optimal for hydrographic
analysis. Additionally, some countries have regulatory agencies and institutions that generate
geographic information, including DEMs, from national to local scales.

Keywords: Unmanned Aerial Vehicles (UAVs); Hydrological processes; Urbanization; Basin
delineation; High-resolution DEM; Photogrammetry; GIS software; Topography

1. Introduction

In recent years, flooding in urban areas has become a serious problem worldwide, as
documented in recent studies [1-4]. Understanding hydrological processes and estimating the
associated variables are essential to evaluating phenomena such as floods, droughts, and
desertification. These issues are critical priorities in managing and administrating a given area. The
inclusion of these aspects in the political agenda leads to informed decision-making about study area
[5]. As noted in previous studies [6,7], the unplanned growth of urban areas has led to increased
impervious surfaces. This trend has reduced natural landscapes such as forests, bodies of water, and
crops, negatively impacting surface runoff speed and duration. In addition, the decrease in water
infiltration volume via soils hurts aquifers recharge and causes maximum flood volumes [8,9]. These
events have significant adverse effects on economic development, public health, and quality of life,
and they mainly affect developing countries [10]. Urbanization negatively impacts stormwater
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drainage systems, often leading to congestion, flash floods, and water quality deterioration.
Historically, urban waterways have been confined to narrow river corridors with channels lined by
concrete or other artificial materials. Additionally, waterways in or near urban areas are negatively
affected by solid pollutants carried in stormwater runoff [11].

The hydrological analysis of intra-urban basins has been of great importance in the disciplines
of hydrology [12—-15]. One of the most relevant components of urban hydrology is basin delineation,
including the surface runoff characteristics [16], and it is an indispensable factor for analyzing
hydrodynamic behavior, sediment transport, basin management, and quality of water [17].

Factors such as topography define the routes by which surface runoff moves throughout a basin,
making it a critical element that influences the hydrological response of the basin to precipitation
[18]. Topography must be analyzed to develop hydrological studies. Sometimes, this information is
obtained directly on-site (in situ) by carrying out topographic surveys and using specialized
equipment such as total station and GPS/GNSS equipment. However, the costs of carrying out these
procedures are usually relatively high. They may also present deficiencies in the land surface
definition [19].

Nowadays, there are indirect methods to obtain topographic information, such as remote
sensing techniques, which, for cases such as hydrological studies, basin morphologies, and
configuration of surface runoff within a basin, are usually very useful. [20]. A typical tool to use is a
Digital Elevation Model (DEM), which is comprised of raster files (files made up of pixels) that
mathematically and visually represents the elevation values concerning the mean sea level (msl) and
the earth as a whole. When used in combination with Geographic Information Systems (GIS), the
earth’s surface and the elements found on it are represented as closely as possible to reality [21].

At a global level, governmental and non-governmental agencies and institutions provide
various DEMs of various spatial resolutions, the acquisition of which is free of charge. Table 1
presents some of the available databases.

Table 1. DEM sources, resolutions and reference sites.

Source Resolution Consultation website
ASTER (Advanced Spaceborne

Thermal Emission and

15m https://asterweb.jpl.nasa.gov/index.as
Reflection Radiometer) P P 8 P
STRM (Stands Shuttle Radar
30m https://earthexplorer.usgs.gov
Topography Mission)
ALOS PALSAR 30m https://www.eorc.jaxa.jp/ALOS/a/en/index_e.htm
3DEP Im https://catalog.data.gov/dataset
Continuo de Elevaciones 15 https://www.inegi.org.mx/app/geo2/elevacionesmex
m
Mexicano (CEM)-INEGI /
https://www.inegi.org.mx/temas/relieve/continental
Relieve continental-INEGI 5m

/#Mapa

Although there are models with global coverage, their resolutions are only sometimes optimal
for hydrographic analysis. Additionally, some countries have regulatory agencies and institutions
that generate geographic information, including DEMs, at national and local scales.

In Mexico, the National Institute of Statistics and Geography (INEGI) is the Autonomous public
agency responsible for gathering and disseminating information on Mexico’s territory, resources,
population, and economy, which allows us to learn about the characteristics of the country and assist
in decision-making [21], It is also, the data source for DEMs, with a maximum resolution of 5 meters,
this allows for a more detailed representation of the Earth’s surface and its elements compared to
global-scale data sources.
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However, the resolutions may still need to be revised to delineate small basins precisely and
determine the runoff volume. For this reason, Mark et al.’s [22] study recommends using a DEM with
a resolution between 0.1 and 0.4 meters.

Several investigations have highlighted the importance of resolving DEMs. For example, Pérez
& Cohen [23], analyzed how the resolution of different DEMs (90m, 15m, 25cm, and 4cm) affects the
modeling of hydrological processes. The results revealed that the areas with more significant runoff
and sedimentation varied depending on the resolution of the DEM used in the modeling. However,
it was observed that DEMs with resolutions of 25cm and 4cm provided similar results in describing
a hydrological system. Consequently, for hydrological modeling purposes, it was concluded that
using a higher resolution DEM of 25cm did not significantly affect the results.

Likewise, Fleischmann et al.’s [24], carried out a study in the Itajai River basin in Brazil, which
covers approximately 15,000km?2. Their research demonstrated how it is possible to leverage
information from a high-resolution (1m) DEM to improve a basin’s hydrological and hydrodynamic
modeling compared to a conventional low-resolution (90m) DEM. They concluded that the 1m DEM
more accurately represented the behavior of the floodplains in the inertial flow propagation model.
However, they also suggested that it is unnecessary to use the high-resolution model throughout the
basin and instead propose the creation of a mixed DEM. In this approach, the high-resolution DEM
would be used only in the most critical channels where floodplains occur on their banks.

In recent years, high-resolution DEM has seen significant advancements, largely due to
photogrammetry and Unmanned Aerial Vehicles (UAVs), commonly known as drones. These
technologies have diverse applications, including upgrading, studying, monitoring, inspection, and
other activities in specific areas [25]. They also offer higher resolutions than satellite images [26].
Image capture with UAVs is particularly valuable for generating DEMs and has numerous
applications in cartography, orthophotography, agronomy, topography, architecture, and others,
noted that due to the precision of data obtained with UAVs, it has been classified as an appropriate
tool for water resources management [27].

Implementing new technologies utilizing DEM has significantly advanced the understanding of
the Earth’s surface. For this research, DEM is the primary source for delineating intra-urban micro-
basins [28]. Technologies that use the Global Positioning System (GPS), Global Navigation Satellite
System (GNSS), UAVs, and specialized software in photogrammetric restitution will allow
morphometric analyses of micro-basins [29], to be carried out more accurately than the DEM
available from various government sources and private sectors.

In Mexico, there are norms and regulations regarding DEMs [30] and methodologies for
hydrological calculations [31]. However, it is necessary to mention that the resolution or optimal tools
for the correct delimitation of an intra-urban basin must be regulated. Therefore, the goal of this
research is to compare different DEMs and tools to delineate an intra-urban basin by analyzing its
morphometric parameters. With the results obtained, considerations can be made so that decision-
makers consider updating and regulating these hydrological analyses.

2. Materials and Methods

This research consists of three main phases, as shown in Figure 1. In the first phase, flight
planning and the generation of the DEM were carried out. Subsequently, in the second phase, a DEM
with a resolution of 5m was obtained from the INEGI, which covers the surface of the study area. The
third phase concluded by carrying out the morphometric calculations of the micro-basins generated
using both models.
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Figure 1. Methodological procedure for the generation of micro-basins and calculation of
parameters.

2.1. Study Area

The study area is located in Mexicali, Baja California, mainly in the El Vidrio neighborhood, next
to the Rio Nuevo. This river crosses the city and also serves as a boulevard. This area covers
approximately 0.75 km2. Due to its proximity to the New River bed, it has the lowest elevations in
the city, even below MSL. Historically, this area has experienced flooding problems during rain
events.
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Figure 2. Location of the study area.

El Vidrio is located within the “Salton Sea” basin, a transboundary basin with the United States
and part of the Colorado River Delta. The city’s predominant climate is arid, with extreme
temperatures at different times of the year. The highest average temperatures occur in July and
August, just below 32 °C, and the monthly minimum ranges between 11 and 14 °C in January [32].

Regarding precipitation events, they present an annual total of 20 to 60mm, with September
recorded as the month with the highest millimeters of precipitation; on the contrary, May and June
present the lowest [32].

The study area is located entirely within the city, which, as a consequence, has paving in a large
amount of the roads, modifying their runoff coefficient (C), making the surface impermeable, without
allowing water to infiltrate into the ground and generating more significant surface runoff that would
cause problems for the population.
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2.2. DEM Generation

The generation of the DEM through the use of the UAV involves carrying out a series of steps,
such as planning and an autonomous flight plan, considering from the surface to be flown over to
meteorological conditions (temperature, wind speed, and others). Place physical marks called ground
control points (GCP) and obtain their coordinates using GPS/GNSS equipment to calibrate the DEM.
Operation of the UAV with the previous flight planning, verification of the characteristics of
obtaining images, overlap between them, and flight time, among others (the GCP marks must be
appreciated when obtaining images). Generate the DEM using the obtained images; the GCP
coordinates, and the specialized photogrammetric restitution software (for this study, the Agisoft
Metashape 1.6.0 software was used).

2.3. Generation of Surface Runoff Networks and Their Orders

Once the DEM is generated, it is exported in raster format and loaded into the three GIS software,
ArcGIS 10.5, GlobalMapper 21.1, and SAGA GIS 2.3.2 to generate surface runoff and micro-basins
layers, using the hydrological tools of each software. Strahler method was used for each runoff to
establish runoff orders. For this goal, a series of steps must be carried out, which vary between each
software; Figures 3, 4, and 5 describe the procedures to be carried out for each of them. This exact
procedure is carried out using the INEGI DEM.

Hydrology tool
Add DEM —— Stream link
- B
S @
341t | |
528 |
g:, g Stream order
E Fill DEM (Strahler) and
basins
Flow
Direction
Flow
Accumulation

Figure 3. Diagram of runoffs generation and micro-basins in the ArcGIS software.
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Figure 4. Diagram of runoffs generation and micro-basins in the GlobalMapper software.

Generate
- Add DEM — Analysis — watershed
(basins)

GlobalMapper
generation of
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Figure 5. Diagram of runoffs generation and micro-basins in the SAGA GIS software.

2.4. Estimation of Morphometric Parameters

As a result of generating the micro-basins in the study area using GIS software, vector polygons
(shapefile format) are created to represent their shape and dimensions, and therefore, using essential
GIS tools, some parameters can be estimated. Of these micro-basins, related to their shapes, such as:
Micro-basin Area (A)

Micro-basin Perimeter (P)
Basin Length (L)

Main channel length (Lc)
Main channel slope

SUEIR I .

According to Sri Harto [33], these parameters mainly influence the peak time, peak flow and
base time.

Additionally, with the abovementioned parameters, it is possible to estimate other parameters
that describe the hydrological behavior mentioned in Table 2.

Table 2. Parameters associated with the shape of the basin and its hydrological behavior.

Parameter Equation or description

Strahler’s method is a technique for the classification of streams
Stream order (Strahler) in basins. Smaller, headwater-bearing streams with no tributaries

are referred to as “first order”. When two first-order streams join
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to form a larger stream, they are called “second-order”, two
second-order streams join to form a “third order”, and so on.
Small incoming streams to a larger order stream do not change of

higher order do not change their order number.

Len077
Time of concentration (Kirpich) Tc = 0.066 <—)
VS
P
Kc =0282—
Compactness coefficient VA
(Gravelius)
Kf = 4
Form factor (Horton) Lz
VA
) ) R, = 1.128—
Elongation ratio L

3. Results and Discussions
3.1. DEM Generated by UAV
The UAV DEM was generated from the photogrammetric procedure using 1,275 high-resolution

photographs, integrating all point classifications. The procedure obtained maximum elevation values
of 24m above sea level and minimum elevation values of 7.5m below MSL (Figure 6).

Elevation (m)

25m

20m

Sm

Figure 6. DEM generated by UAV, plan view.
3.2. UAV-INEGI DEMs Comparison

A comparison is made between the DEMs concerning the spatial resolutions that each one
presents, in which the DEM generated by UAV and the photogrammetric process presents a better
resolution (0.13m/pix, Figure 7) compared to the model obtained from the INEGI databases (5m/pix,
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Figure 8). Consequently, there are some differences in elevations between the two models,
particularly in the maximum elevations, since the INEGI DEM has a maximum elevation of 14.2
meters above sea level. In contrast, the DEM generated by UAVs has a maximum elevation of 24
meters above sea level. These differences are due to the better resolution of the UAV DEM, which
detects elements such as power lines, treetops, and other existing elements, which are elements that
the resolution of the INEGI DEM cannot detect. However, these elements, such as treetops, do not

affect runoff generation since different software can omit specific pixels that generate errors in the
model’s definition.

Elevation (m)
142m ——
125m

100m

—_—
Om 125w 23S0m 3w SMm

Figure 7. INEGI DEM, resolution 5m.

Elevation (m)

—_————
U 125m 250m 375 m 00 m

Figure 8. UAV DEM, resolution 0.13m.

3.3. Generation of Runoff and Basin Layers

The generation of surface runoff in the study area is carried out based on the DEM generated by
UAV and a photogrammetric process against the INEGI DEM, using three different GIS software
(ArcGIS, GlobalMapper, and SAGA GIS) obtaining a total of 9 micro-basins generated by the three
software already mentioned (Table 3) and making a comparison of the results obtained as shown in
Figure 9 to Figure 14.
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Table 3. Runoffs and micro-basins generation results in the various software and DEM.

Number of micro-basins generated

Software UAV DEM INEGI
ArcGIS 2 2
GlobalMapper 1 2
SAGA GIS 1 1
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Figure 9. Runoffs and micro-basins generated by the UAV DEM and ArcGIS software.
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Figure 10. Runoffs and micro-basins generated by INEGI DEM and ArcGIS software.
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Figure 11. Runoffs and micro-basin generated by UAV DEM and GlobalMapper software.
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Figure 12. Runoffs and micro-basins generated by INEGI DEM and GlobalMapper software.
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Figure 13. Runoff and micro-basins generated by UAV DEM and SAGA GIS software.
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Figure 14. Runoff and micro-basin generated by INEGI DEM and SAGA GIS software.

3.4. Morphometric Parameters of the Micro-Basins

Once the micro-basins and runoffs were generated, the primary morphometric parameters, such
as the area, perimeters, and length of the micro-basins, were calculated using GIS software and the
essential tools of geometric calculations. The results are shown in Tables 4 and 5.

Table 4. Primary parameters of the micro-basins generated with GIS and UAV DEM softwares.

Length
. Average slope
of main
Length of micro-basin of main
Micro-basin Area (km2) Perimeter (Km) channel
(Km) channel (m/m)
(Km)
Micro-basin 1
DEM UAV
0.12 2.09 0.59 0.39 0.00304
ArcGIS
Micro-basin 2
DEM UAV 0.00881
0.25 3.87 1.02 1
ArcGIS
Micro-basin 1
DEM UAV
0.02 2.63 0.24 0.24 0.00209
GlobalMapper
Micro-basin 2
DEM UAV
GlobalMapper
Micro-basin 1
DEM UAV
0.32 6.88 1.2 0.97 0.00972
SAGA GIS

Micro-basin 2
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DEM UAV
SAGA GIS

Table 5. Primary parameters of the micro-basins generated with GIS and INEGI DEM software.

Length
. Average slope
of main
Length of micro-basin of main
Micro-basin Area (km2) Perimeter (Km) channel
(Km) channel (m/m)
(Km)
Micro-basin 1
DEM UAV
0.15 2.33 0.83 0.92 0.00776
ArcGIS
Micro-basin 2
DEM UAV
0.09 1.86 0.52 0.41 0.01155
ArcGIS
Micro-basin 1
DEM UAV
0.15 2.79 0.73 0.39 0.00177
GlobalMapper
Micro-basin 2
DEM UAV
0.09 2.21 0.48 0.34 0.01263
GlobalMapper
Micro-basin 1
DEM UAV 0.11 2.28 0.6 0.39 0.02035
SAGA GIS
Micro-basin 2
DEM UAV
SAGA GIS

Additionally, other morphometric parameters related to the shape of the micro-basins were
calculated, such as concentration times, compactness coefficient, Horton shape factor, and elongation
ratio, which allow these parameters to describe the hydrological behavior of the micro-basins.

3.5. Stream Order (Strahler)

Streams generated from the UAV DEM and photogrammetric process using the ArcGIS and
SAGA software has an order of 8. In contrast, those generated by the GlobalMapper software show
an order of 6.

Furthermore, the generation of runoff from the INEGI DEM shows very similar behaviors
between the ArcGIS and GlobalMapper software, with the difference that the runoff order through
ArcGIS is of order 3. At the same time, those generated by GlobalMapper are of order 4.

Stream order on its own may not be particularly useful. However, it can serve as an indicator
for other stream characteristics like the number of streams, slope, drainage area, and water discharge.
[34].


https://doi.org/10.20944/preprints202410.1177.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1177.v1

13

3.6. Time of Concentration

The lowest concentration time calculated with the two DEM and the three GIS software was 0.60
minutes; this value was presented in micro-basin 1 of the INEGI DEM and the SAGA GIS software.
This short duration is due to the relationship between both the average slope of the mainstream
(0.02035 m/m) as well as its length (0.39Km), showing a very steep slope in a relatively short distance,
allowing a flow in which the water that flows through the micro-basin reaches the point of exit or
discharge in a short period.

The highest concentration time was 1.69 minutes in micro-basin 1 of the UAV and ArcGIS
software-generated DEM. This concentration time is due to the average slope of the primary runoff
(0.00304m/m) and its length (0.39km), which indicates that it takes more time to drain the water from
the furthest points toward the exit or outlet points [35].

Table 6. Concentration time calculation.

Time of concentration (Tc)

UAV INEGI

Software Equation Micro-basin 1 Micro-basin 2 Micro-basin 1 Micro-basin 2
ArcGIS

1.25 1.71 1.69 0.78

Lc 0.77
GlobalMapper Tc = 0.066 ()
PP VS 0.99 1.54 0.65
SAGA GIS
1.61 0.60

3.7. Compactness Coefficient (Gravelius)

The lowest compactness factor calculated with the two DEM and the three GIS software was
1.70, which occurred in two micro-basins: micro-basin 1 of the DEM generated with UAV and the
ArcGIS software and micro-basin 1 of the DEM of the INEGI with the ArcGIS software. These basins
have an elongated to oblong rectangular shape and present lower concentrations of water volumes
in precipitation events.

The highest compactness factor calculated was 5.32, which occurred in micro-basin 1 of the DEM
generated by UAV and the GlobalMapper software, which, in comparison with micro-basins 1 and 2
generated with the INEGI DEM and the GlobalMapper software, do show changes. Significant in the
values (2.03 and 2.08 respectively), however, the compactness results of both models and using the
same software describe the micro-basins with a rectangular shape (since their values are more
significant than 1.75), indicating that they are elongated micro-basins and present lower
concentrations of water volumes [36].

Table 7. Compactness coefficient calculation.

Compactness coefficient calculation (Kc)

UAV INEGI

Software Equation Micro-basin 1 Micro-basin 2 Micro-basin 1 Micro-basin 2
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ArcGIS 1.70 2.18 1.70 1.75
GlobalMapper K 0.282 P 2.03 2.08
c=0282— . .
PP VA 5.32
SAGA GIS 3.43 1.94

3.8. Form Factor (Horton)

Regarding the calculation of the Horton shape factor, the results obtained were very similar
using the two DEM and the three GIS software, obtaining a maximum value of 0.39, present in micro-
basin 2 with the INEGI DEM and the GlobalMapper software, whose value indicates that the basin is
“neither elongated nor widened,” having a balance between discharge volumes in the main channel
and concentration volumes.

The minimum calculated value was 0.22, presented in micro-basin 1 of the INEGI DEM and
ArcGIS software and micro-basin 1 of the UAV DEM and the SAGA GIS software, this indicates that
these basins are elongated and present lower volumes of water because the main channel is longer
than the secondary channels, and the concentration times for precipitation events are different [37].

Table 8. Horton form factor calculation.

Form factor (Horton, Kf)

UAV INEGI
Software Equation Micro-basin1 Micro-basin 2 Micro-basin 1 Micro-basin 2
ArcGIS 0.34 0.22 0.33
0.24
GlobalMapper 0.28 0.39
0.35
A
Kf = L_2
SAGA GIS 0.22 0.31

3.9. Elongation Ratio

In the elongation ratio, very similar values were shown in all the generated basins, the maximum
value of which was 0.71, which was presented in micro-basin 2 of the INEGI DEM and the
GlobalMapper software, and the minimum value was 0.53, a value present in two micro-basins. In
micro-basin 2 of the DEM with UAV and the SAGA GIS software and micro-basin 1 of the DEM of
the INEGI and the ArcGIS software, however, the maximum value and the minimum value are within
the category of a flat basin with accidental portions, since this category is between the range of 0.5
and 0.8 [38].
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Table 9. Elongation ratio calculation.

Elongation radio (Re)

UAV INEGI
Software Equation Micro-basin  Micro-basin Micro-basin  Micro-basin
1 2 1 2
ArcGIS 0.66 0.55 0.53 0.65
GlobalMappe p _ 1 1,5Y4 0.66 0.60 071
; L
SAGA GIS 0.53 0.62

4. Conclusions and Recommendations

GIS software and hydrological tools facilitate the processing of the DEM in generating micro-
basins in the study area. GIS software such as ArcGIS, GlobalMapper, and SAGA GIS are viable
options for carrying out these studies; however, the results of this software are variable, especially in
the geometry of the micro-basins and their surface runoff.

That is why; despite obtaining viable results in each, the following recommendation is made for
the ideal scenario: ArcGIS software is the most suitable for large-scale hydrological projects. It obtains
results with greater precision, especially in the geometry of the generated basins. Additionally, it
shows an excellent capacity for processing spatial information. Otherwise, GlobalMapper software
meets the objectives of generating micro-basins and surface runoff with precision. However, it shows
some deficiencies in processing high-resolution raster information (DEM). Therefore, it is advisable
to use this software for medium and large projects. It has a low territorial extension. Finally, SAGA
GIS software is recommended for smaller-scale projects and academic-educational purposes since
this program showed problems in processing micro-basins and runoffs using both DEMs, even
showing issues in the software (not responding).

Concerning the DEM, the generated DEM’s resolution of 0.13cm/pix, compared to the INEGI
DEM’s horizontal resolution of 5m/pix and 1m/pix vertical resolution, allows for a better definition
of the existing elements on the Earth’s surface and the topography of the study area.

Organizations such as the National Water Commission (CONAGUA), the regulatory body for
the preservation and regulation of water in Mexico, need to specify the specialized software for
hydrological studies. Consequently, and as mentioned previously, differences may occur in the
results of said studies when different software is used for hydrological analysis.

In the singular case of the city of Mexicali, being a city that does not present significant variations
in elevations in its relief, it is of utmost importance to be able to identify the minimum changes in
elevation, a fundamental element to analyze the behavior of the basins, and therefore It is advisable
to carry out and generate high-resolution DEMs with UAVs, whose spatial resolutions are around
centimeter precision. On the contrary, when using free access DEMs such as those already mentioned,
whose spatial resolutions and precisions are lower compared to the DEMs generated by UAVs, they
can present results with less reliability when using hydrological tools. of GIS software, mainly in
calculations of expenses or flows.

Runoffs were define through a logical process based on previous knowledge of the study area
and the existence of a pumping station in the southeastern part. This station determines the direction
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of the runoff, which coincided with the location of the pumping station, which led us to establish that
the generation of the micro-basins would be determined by the discharge points of the different flows
that converge in the vicinity of the pumping station pumps water to the vault of the New River
applying Strahler’s method. Small runoffs generated outside the study area were discarded.

The study area of El Vidrio, one of the most prone areas to flooding during rain and
extraordinary events, has been the first area in which this work methodology has been applied,
obtaining better results than previous studies on this site.

The practical application of this methodology yields significant results for local authorities and
decision-makers. It provides crucial insights for urban flood management, urban development
planning, infrastructure project designs, and construction methods, thereby preventing physical and
socioeconomic vulnerabilities.

This research methodology’s adaptability is more comprehensive than a specific study area. It
can be applied anywhere such information is needed, with necessary adjustments based on site-
specific conditions. In urban hydrology, the results obtained can significantly influence water
management decision-making.
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