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Abstract: The calculation of peak discharge in non-instrumented basins requires including morphometric
parameters, which in turn depend on the map type used. This study analyses the impact of and variation in
peak discharges of the Caño Ricaurte basin, Colombia, based on three types of maps at different resolution
scales. The reference map used was the map made for the detailed designs of the channel analysed,
which was extracted from the Master Plan of the City. Additionally, maps from a 90 × 90 m digital
elevation model and contour lines extracted from Google Earth were used. The time of concentration
was determined by different equations (Kirpich, Témez, Bureau, and TR-55) using the mapping methods
described above, and the peak discharge was determined using rainfall-runoff models.
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1. Introduction

To determine the behaviour of hydrological natural disasters (floods) in lotic systems without
hydrometric stations, rainfall-runoff models are used, which begin by analysing the extreme rainfall
event and end with determining the peak runoff [1]. These floods represent a socioeconomic problem in
cities since they directly affect the population and the existing infrastructure. For this reason, a detailed study
of the morphometric parameters in non-instrumented basins is necessary for determining the maximum
rate of flow (peak discharge) that would provide reliability to the infrastructure designed.

One of the most important characteristics of urban watersheds is their low infiltration index and high
permeability coefficient, causing an increase in the peak discharge for infrastructure works. These flows
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depend on the morphometric characteristics of the basin, the management of rainfall data, and the correct
application of the regulations [2]. Several methodologies have been proposed to obtain peak discharge
using this type of model.

Geographic information tools and satellite imagery can be used to identify the morphometric parameters
of watersheds. Terrain elevation models have provided good approximations and consistent results for
obtaining these parameters, providing accurate data [3, 4].

The delimitation of a watershed and the determination of the morphometric parameters can vary
depending on the map scale. Different methodologies in the literature [5] have also been used to determine
the time of concentration. Therefore, methodologies regulated by current regulations should be chosen that
adequately adjust to the topographic conditions of the piped or channel system [6]. The calculation
of the time of concentration is one of the most important parameters for rainfall-runoff modelling.
Mudarishu et al. [5] evaluated the time of concentration of different urban sub-basins of Sungai Kerayong,
Kuala Lumpur, with small slopes and areas between 13.7 and 20.7 km2, where the authors evaluated the
hydrological response with measurements through rainfall data and compared the calculated values of the
times of concentration with the values observed in storms, showing that the times of concentration calculated
with the Gundlach, Carter, and NAASRA methods, presented similar values in comparison with observed
values. On the other hand, Sandoval and Aguilera [7] calculated the time of concentration of different basins
in Ecuador using the Kirpich, Témez, Chow, Giandotti, and Goroshkov equations to determine different
equations for the calculation of peak flow for watersheds without hydrological data. Bisantino et al. [8]
developed a hydrological model for a medium-sized watershed under semiarid conditions, where the
authors calibrated their model by applying a sensitivity analysis based on their current conditions and
assigning model parameters, with parameters such as the curve number being one of the determining factors
in the prediction of runoff peaks over the watershed. Ramos and Coronado-Hernández et al. [9] showed the
application of the Internet of Things in hydroelectric power stations for hydrological purposes. Gericke and
Smithers [10] performed a review of different equations for the estimation of time of concentration in South
African basins, in which the authors calculated the time of concentration of different basins by comparing
the distribution of time of concentration vs. area recommended in the study, filtering out equations that
over-estimate or under-estimate the time of concentration in these basins.

Drainage areas and time of concentration determined by digital elevation models (DEMs) and contour
lines from Google Earth can vary significantly, which generates different peak discharges [11–16].
Cartagena de Indias has a flat topography that contributes to flood problems, leading to annual human and
economic losses that affect 71% of the population [17]. The Caño Ricaurte basin is one of the largest urban
basins of Cartagena and has flooding problems in several sections, even during rainfall events with an
annual return period. This basin has problems related to unregulated and progressive urban growth and
invasion into retention and channelled areas, which causes flooding in the middle and lower sections of the
Ricaurte canal [18].

Under this framework, this work aims to identify and capture the most impactful morphometric
parameters for peak discharge at different return periods based on various maps created from DEM models
and contour lines generated from Google Earth Pro, using as ground truth the data calculated in the works
referenced by the Master Plan of Cartagena de Indias [16]. Different GIS tools such as ArcGIS 10.5, Web
GPS Visualizer, and Google Earth Pro and hydrological modelling in HEC-HMS 4.3 were applied. Results
can be used to understand the variation of peak flows associated with various return periods considering
not only different map types but also different formulations to compute the time of concentration in a
watershed.
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2. Methods and Materials

2.1. Methodology

2.1.1. Basin delimitation

In the initial phase, two methodologies were used to delimit the basin: the first one, using contour lines
extracted from Google Earth (GE), obtained from the GPS Visualizer web page; and the second one, using
the information of the 90x90 Digital Elevation Model (DEM) available from the United States Geological
Survey. Delimitation of the basin was performed using ArcGIS 10.5 for both methods. In addition, the
information on the Master Plan of the City of Cartagena was used to calculate the watershed delineation.

2.1.2. Time of concentration

Considering the importance of time of concentration in obtaining adequate rainfall-runoff model results,
the Kirpich, Bureau, Teméz, and NRCS (TR-55) methods were used to determine the importance of these
parameters (axial length, elevation difference, average slope, and maximum 24-hr rainfall associated to
a return period of 2 years). Kirpich developed an empirical equation based on background information
from seven (7) American rural watersheds [19], applicable to medium-sized watersheds, with considerable
slopes and designed for cultivated soils. With the equation developed by Kirpich, the time of concentration
Tc (in minutes) can be calculated as

Tc = 0.0195L0.77 ∗ S−0.385 , (1)

where L is the axial length of the channel (m); and S is the average slope of the channel (m/m).
Bureau developed an empirical equation based on background information from California mountain

basins [20], given by

Tc = 60 ∗ (0.871 ∗ L/∆H)0.385

60
, (2)

where ∆H is the elevation difference, in m.
The Teméz method was applied for basins of 1 km2 to 3000 km2 and applicable for time of concentrations

between 15 minutes and 24 hours [20]. With this method, the time of concentration can be calculated as

Tc = 0.30 ∗ ( L
Sm0.25 )

0.77 , (3)

where Sm is the average slope, in %.
Finally, the publication of the Technical Release 55 (TR-55) calculates the time of concentration as the

sum of several travel times in the drainage system. This methodology defines three travel times that are
identified in any basin:

• Sheet flow: this is flow over plane surfaces and generally occurs in the headwaters of streams. The
travel time for sheet flow Tt1 (in hours) can be calculated by

Tt1 =
0.002886(nL)0.8

(P2/1000)0.5 ∗ S0.4 , (4)

where L is flow length, in m; and P2 is the maximum 24-hr rainfall associated to a return period of
2 years, in mm.
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• Shallow concentrated flow: The travel time for shallow concentrated flow Tt2 (in hours) is given by

Tt2 =
Lg

3600V
, (5)

where Lg is flow length in m, and V is the average velocity in m/s, which can me calculated by

V = 6.91976
√

S , (6)

for paved surfaces, and by
V = 4.919

√
S , (7)

for unpaved surfaces.
• Open channel: To determine the average flow velocity (V) in the channels, Manning’s equation or the

flow profiles can be used, selecting the wetted perimeter for its determination [21]. The travel time for
open channel flow Tt3 (in hours) can be calculated as

Tt3 =
Lg

3600V
. (8)

2.1.3. Calculation of the curve number

The curve number was determined with the geographic information system of the environmental
observatory of Cartagena, using the images corresponding to the lithology and land use of the study area.
With the lithology corresponding to each soil and the soil groups classified by the Soil Conservation Service
(SCS), the group was assigned to each subbasin.

Similarly, for the runoff curve number (CN), the type of land assigned by the Land Use Plan (POT, in
Spanish) of Cartagena [22] and the equivalent number proposed for each use by Pérez [18] were taken into
account. The characteristics of the Curve Number did not vary in this research.

2.1.4. Rainfall

The data used for the analysis of the frequency of the 24-hour maximum rainfall were obtained from the
records available in the IDEAM, selecting the main synoptic station Rafael Núñez Airport because of its
proximity to the study basin and robustness of information. The 24-hr maximum rainfall values for return
periods of 5, 10, 25, 50, and 100 years were obtained from the publication by Gonzalez-Alvarez et al. [23],
which considers the effect of climate change using non-stationary functions. The 24-hr maximum rainfall
was reduced to a 3-h extreme rainfall based on the analysis of the pluviographic records of the station.
Similarly, the temporal distribution of the 3-hr rainfall was used [21]. The results of the publication were
used in this research.

2.1.5. Rainfall-runoff modelling

Rainfall-runoff modelling was performed using a semi-distributed model (by subbasins) using
HEC-HMS 4.3. For the modelling, the SCS methods were used to calculate the infiltration losses, the SCS
unit hydrograph, and the Muskingum Cunge model to make the transit through the channel sections, which
have been widely used to study the hydrological behaviour in these areas.

For the GE model in subbasins GE-1, GE-7, and GE-8, for the DEM model in subbasins DEM-1 and
DEM-8, and finally, in the Master Plan basin in the subbasins A1, A9, and A10, it is necessary to calculate
a new flood travel time, given that in the modelling in the programme, the main channels correspond to
flow travel.
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2.1.6. Statistical analysis

To compare the different methodologies, the delimitation of the drainage basin of the Drainage Master
Plan (MP) of Cartagena and the time of concentration determined by the methodology proposed by the
NRCS (TR-55) were used as reference information [21]. These values served as a reference to compare the
peak flow rates obtained with this methodology with those obtained from the delimitation of the basin with
the GE and DEM models and with the Kirpich, Témez, and Bureau equations for calculating the time of
concentration.

Figure 1 summarizes the used methodology in this research.

Figure 1. Methodology flowchart.

2.2. Case study

The Caño Ricaurte basin, located in Cartagena, Bolívar, Colombia, is one of the urban basins making
up this city. This basin drains to the Ciénaga de la Virgen (see Figure 2). The Caño Ricaurte is made up of
several sectors, among which are: El Socorro, Emiliano Alcalá, Blas de Lezo, San Fernando, Chiquinquirá,
Juan José Nieto, Las Gaviotas and the Ricaurte sector itself [24].

The morphometric parameters of the Caño Ricaurte basin were obtained based on the information
available from the District Valuation Office [25] of the District of Cartagena de Indias. These parameters
are presented in Table 1.

The time of concentration was determined for each of the reference subbasins of the study using the
available information from the District Valuation Office [25], whose results are shown in Table 2.
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Figure 2. Location of the Caño Ricaurte basin.

Parameter Value Units

Area (A) 7.46 km2

Perimeter (P) 22.09 km
axial length (L) 4.38 km
Basin width (B) 1.56 km
Length of the main channel (Lc) 5.60 km
Max. Height 65.00 m
Min. Height 4.00 m
Slope of the basin 0.90 %

Table 1. Morphometric parameters of the Caño Ricaurte basin [17].

Sub-basin Tc Kirpich (hour) Tc Bureau (hour) Tc Teméz (hour) TR-55 (hour)

A1 1.528 0.793 0.820 0.63
A10 0.353 0.391 0.234 0.13
A2 0.559 0.672 0.251 0.29
A3 0.441 0.364 0.275 0.42
A4 0.574 0.378 0.377 0.97
A5 0.617 0.394 0.379 1.00
A6 0.633 0.425 0.530 0.27
A7 0.609 0.504 0.403 0.29
A8 0.263 0.393 0.170 0.49
A9 0.252 0.314 0.143 0.11

Table 2. Time of concentration for the reference basin [17].



Transactions on Energy Systems and Engineering Applications, 4(2): 522, 2023 7 of 17

The correlation coefficient (R2) was used as a measure of goodness of fit, taking as reference points
those presented in Figure 3.

Figure 3. Location of the reference points over the area of the Caño Ricaurte basin in each model.

3. Analysis of Results

The delimitation obtained through the referenced points extracted from Google Earth Pro and processed
in ArcGIS 10.5 generates a basin with an area of 7.658 km2 and a perimeter of 15.26 km; a maximum
elevation of 50 m and a minimum of 2 m, where its main channel ends, whose length is 5.21 km. Nine
major subbasins drain over the main channel, which are named GE-1, GE-2, GE-3, GE-4, GE-5, GE-6,
GE-7, GE-8, and GE-9, as shown in Figure 4.

The time of concentration for the GE model using the Bureau equation gives as a result 1.26 hours,
for Kirpich 1.89 hours, and for Témez 1.05 hours, presenting on average a difference of 0.73 hours. The
morphometric parameters were calculated for the general basin model (see Table 3) and for each subbasin
(see Table 4); through these parameters, it was possible to calculate the Tc of each subbasin.

Parameter Value Units

Area (A) 7.6528 km2

Perimeter (P) 15.26 km
axial length (L) 5.013 km
Basin width (B) 1.53 km
Length of the main channel (Lc) 5.21 km
Max. 50 m
Min height 2 m
Slope of the basin 0.974 %

Table 3. Morphometric parameters of the GE model.
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Figure 4. Subbasins for the GE model, with their respective identification.

Time of concentration

Sub-basin
Area
(A)
km2

Perimeter
(P) km

Axial
length
(L) km

Length
of the
main
channel
(Lc)

Length
of branch
channels

Tc
Kirpich
(Hour)

Tc
Bureau
(Hour)

Tc
Teméz
(Hour)

Tc
NRCS
(TR-55)
(Hour)

GE-1 0.9098 4.34 1.43 1.43 1.547 0.819 0.665 0.507 0.22
GE-2 1.3466 4.94 2.064 1.92 2.145 0.796 0.638 0.478 0.23
GE-3 0.7738 4.23 1.814 1.66 1.66 0.11 0.08 0.107 0.73
GE-4 0.7776 3.824 1.163 0.939 1.031 0.567 0.418 0.407 0.52
GE-5 1.5937 5.64 2.49 2.29 2.29 0.72 0.67 0.565 1.00
GE-6 0.835 4.75 1.71 1.52 1.52 0.446 0.305 0.288 0.42
GE-7 0.4859 2.58 0.78 0.78 0.981 0.545 0.305 0.322 0.1
GE-8 0.6381 4.00 1.38 1.38 1.38 0.939 0.615 0.53 0.22
GE-9 0.2932 2.33 0.345 0.345 0.345 2.13 0.793 0.863 0.15

Table 4. Morphometric parameters and time of concentration for the subbasins of the GE model.

The delimitation obtained through the DEM and processed in ArcGIS 10.5 results in a basin with an
area of 5.71 km2 and a perimeter of 12.94 km; a maximum elevation of 56 m and a minimum of 2 m where
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its main channel ends, whose length is 5.21 km. Nine major subbasins drain over the main channel, which
are named DEM-1, DEM-2, DEM-3, DEM-4, DEM-5, DEM-6, DEM-7, DEM-8, and DEM-9 (as shown in
Figure 5).

Figure 5. Subbasins for the DEM model, with their respective identification.

The time of concentration for the DEM model using the Bureau equation yields 1.39 hours, for Kirpich
2.66 hours, and for Témez 1.04 hours, presenting on average a difference of 1.45 hours between each of the
equations. The morphometric parameters were calculated for the basin model in general (see Table 5) and
in turn for each of the established sub-basins (see Table 6); through these parameters, it was possible to
calculate the Tc of each of them.

From the results obtained, there are several differences that we found between the GE and DEM basin
models. In comparison to the DEM model, the GE model shows increases in the area (34%), perimeter
(15.2%) and width of the basin (51.8%). Regarding the main channel, the models have the same length,
which is the strongest current shown by the programme. Similar to the final height of each model, both are
2 m above sea level.

The variation in the results is due to the different errors that occur within each of the procedures in
the systems and each of the components of the cartographic files; errors due to defects in the DEM, from
georeferenced points in Google Earth Pro to the handling of these in ArcGIS 10.5.

Within the DEM model used, the vertical and horizontal accuracy depends on the place where it was
extracted and varies according to the roughness of the relief [16]. In the case of the contour lines, these
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Parameter Value Units

Area (A) 5.7139 km2
Perimeter (P) 12.9400 km
Axial length (L) 5.6714 km
Basin width (B) 1.0075 km
Length of the main channel (Lc) 5.2193 km
Maximum height 56.0000 m
Minimum height 2.0000 m
Slope of the basin 1.0320 %

Table 5. Morphometric parameters of the DEM model.

Time of concentration

Sub-basin
Area
(A)
km2

Perimeter
(P) km

Axial
length
(L) km

Length
of the
main
channel
(Lc)

Length of
currents

Tc
Kirpich
(Hour)

Tc
Bureau
(Hour)

Tc
Teméz
(Hour)

Tc
NRCS
(TR-55)
(Hour)

DEM-1 1.27 6.47 2.32 2.3 2.98 0.62 0.79 0.81 0.87
DEM-2 0.21 2.13 0.91 0.59 0.59 0.17 0.29 0.22 0.22
DEM-3 0.28 2.49 0.77 0.53 0.53 0.13 0.23 0.19 0.3
DEM-4 0.58 3.18 1.12 1.17 0.99 0.22 0.29 0.38 0.57
DEM-5 0.84 4.07 1.45 1.12 1.57 0.16 0.35 0.29 0.39
DEM-6 1.33 5.59 2.23 1.8 3.4 0.54 0.51 0.64 0.58
DEM-7 0.49 3.05 1.24 1.00 1.00 0.19 0.5 0.31 0.69
DEM-8 0.39 3.52 0.8 0.79 0.79 0.22 0.29 0.32 0.12
DEM-9 0.32 2.39 0.89 0.51 0.77 0.14 0.27 0.18 0.19

Table 6. Morphometric parameters and time of concentration for the sub-basins of the DEM model.

variations can be derived from the errors in the initial map; both models were processed in ArcGIS 10.5, yet
because they are different models and due to the errors mentioned above, there is a variation in the results.

Regarding the data provided by the Master Plan, the equivalent percentages of each of the results
obtained by the different models in comparison to the Master Plan are presented in Figure 6. The light
green colour represents the results of the GE (see label RGE in Figure 6) model and the dark green
colour represents those of the DEM (see label RDEM in Figure 6), while the orange line indicates the
100% representing the reference values. The morphometric parameters to be evaluated are the area (A),
perimeter (P), axial length (l), width of the basin (B), length of the main channel (lc), and slope of the
basin (s). It can be observed that, on average, the basin model closest to the reference basin is that of the
contour lines generated from Google Earth Pro (GE), at 98%. The DEM-derived basin model obtained is
approximately 90%.

The peak flow rates obtained for each of the return periods, with each time of concentration, show that
there are no significant deviations in the results from one to another. Observing the results of the flows for
each of the models presented in the previous chapter, in the DEM model for each sub-basin, the highest
flow values were obtained with the Kirpich equation. For the GE model, the highest flow values were
obtained with the NRCS equation (TR-55). In the case of the Master Plan, there was no trend evident with
any of the Tc equations.
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Figure 6. Comparison of the morphometric parameters of the models with the reference basin.

When analyzing the maximum water flow calculated for each model using the different equations of Tc
(see Figure 7), the following can be observed:

Figure 7. Flood hydrographs for a 5-year return period, with each Tc equation for each basin model
resulting from each map type (GE, DEM and PM, Master Plan): (a) Hydrograph using the Kirpich Tc with
each map type; (b) Hydrograph using Bureau’s Tc with each map type; (c) Hydrograph using the NRCS
(TR-55) Tc with each map type; (d) Hydrograph using Témez’s Tc with each map type.
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• Using the Kirpich equation (see Table 7), the DEM basin model has a higher peak flow value and a
shorter time to peak compared to the other models at different times of concentration. The GE basin
model and the Master Plan show similar behaviour in most of the return periods and the peak flow
reached.

Map type Return period (years)

5 10 25 50 100
GE 81.1 98.6 124.1 147.1 178
Master Plan 80.9 97.7 119.9 164.3 184.1
DEM 83.7 86.4 126.9 148.6 177.5

Table 7. Peak flow rates associated with different return periods (m3/s), Kirpich Tc equation.

• Using the Bureau equation, the DEM basin model has the lowest values in the different return periods
compared to the GE basin model and Master Plan (as shown in Table 8).

Map type Return period (years)

5 10 25 50 100
GE 86.8 106.5 133.1 156.8 188.4
Master Plan 91.6 112.1 139.2 162.9 184.1
DEM 83 99.7 121.8 141 168.5

Table 8. Peak flow rates associated with different return periods (m3/s), Bureau Tc equation.

• Using NRCS (TR-55) equation, the DEM basin model has the lowest flow values in the different return
periods compared to the other models, which are more similar to each other (see Table 9). The time to
peak for the basin in the different models using NRCS (TR-55) is the same, 60 minutes.

Map type Return period (years)

5 10 25 50 100
GE 90.7 101.2 138.1 155 184.8
Master Plan 88.2 107.5 133.4 156 184.1
DEM 80.5 97.2 119.2 138.5 168.2

Table 9. Peak flow rates associated with different return periods (m3/s), NRCS (TR-55) Tc equation.

• Using Témez’s equation, the DEM model has the lowest values for peak flow rates for each return
period, and the GE basin model and Master Plan share more similar values compared to the peak flow
(see Table 10).

Thus, the basin model that best fits the flow rates obtained from the different Tc equations for the
Master Plan is the GE model, taking into account the outflow of the basin. When analysing the data of the
Master Plan model (reference basin) vs. the data of the GE and DEM models, we subsequently determine
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Map type Return period (years)

5 10 25 50 100
GE 90.3 110.3 137.3 164.2 193.1
Master Plan 93.9 114.1 141 164.4 192.9
DEM 82.2 98.7 120.6 139.7 165.2

Table 10. Peak flow rates associated with different return periods (m3/s), Témez Tc equation.

the model that best fits the reference basin. This was carried out taking into account the coefficient of
determination (R2), as shown in Tables 11, 12, and 13.

Equation Return period (years)

5 10 25 50 100
Kirpich 0.986 0.985 0.987 0.988 0.989
Bureau 0.988 0.987 0.988 0.990 0.992
Témez 0.987 0.988 0.990 0.988 0.985
TR-55 0.986 0.988 0.986 0.987 0.987

Table 11. Determination of R2 of the GE model for return periods of 5, 10, 25, 50 and 100 years.

Equation Return period (years)

5 10 25 50 100
Kirpich 0.981 0.980 0.983 0.985 0.986
Bureau 0.985 0.986 0.990 0.989 0.988
Témez 0.985 0.987 0.987 0.988 0.986
TR-55 0.984 0.987 0.990 0.991 0.992

Table 12. Determination of R2 of the DEM model for return periods of 5, 10, 25, 50 and 100 years.

Equation Return period (years)

5 10 25 50 100
Kirpich 0.973 0.966 0.953 0.946 0.946
Bureau 0.993 0.990 0.988 0.987 0.988
Témez 0.996 0.994 0.993 0.993 0.990

Table 13. Determination of R2 of the Master Plan basin model for return periods of 5, 10, 25, 50 and 100
years.

• Both models have high goodness of fit; however, the model that best fit according to the reference line
for the calculation of the peak flow rate obtained for the basin model of the Master Plan, taking into
account the NRCS (TR-55) time of concentration was the GE model, as it presented highly significant
goodness of fit values for all evaluated return periods.

• For the GE and DEM models, among the calculated flows, the one with the greatest impact is that
obtained by the Bureau Tc and TR-55 Tc, respectively.

• For the basin model of the Master Plan, on average, the flows with fits as good as that obtained by
NRCS (TR-55) are those obtained by the Témez equation.
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• The results of the flows for the basin model of the Master Plan with each of the equations (Témez,
Bureau, Kirpich) vs. the reference flow have highly significant goodness of fit (see Figure 8). This
implies that the equations used can be applicable based on the reference and that the differences
between the models studied are due to the variation of the morphometric parameters.

Figure 8. Qestimated vs. Qre f erence for return periods of 5, 25 and 100 years for the GE basin model: (a)
Kirpich equation for a return period of 5 years; (b) Kirpich equation for a return period of 25 years; (c)
Kirpich equation for a return period of 100 years; (d) Bureau equation for a return period of 5 years; (e)
Bureau equation for a return period of 25 years; (f) Bureau equation for a return period of 100 years;
(g) Teméz equation for a return period of 5 years; (h) Teméz equation for a return period of 25 years; (i)
Teméz equation for a return period of 100 years; (j) Equation of TR-55 for a return period of 5 years; (k)
Equation of NRCS (TR-55) for a return period of 25 years; and (i) Equation of TR-55 for a return period
of 100 years.
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4. Conclusions

From the basin delimitation process using different maps derived from a DEM, contour lines exported
from Google Earth, and taking into account the reference data of the Master Plan of the city, we found a
difference between the morphometric parameters obtained between each of them. Differences are due to
the accuracy and management of each of the models. Each DEM contains an accuracy that depends on the
area and the roughness of relief while the contour lines are derived from the starting map, and subsequently
ArcGIS 10.5 also introduces errors in the system. These errors are unavoidable because these models
are a simplification of reality and do not take into account any decisions made by engineers, such as the
minimum elevation, which, since it is a basin that flows into a body of water that is at sea level, should
be considered zero and not as shown by the programme (2 m.a.s.l.) to obtain flow rates more in line with
their characteristics. Taking into account the outflow of the basin, when analysing the flow behaviour in
each model, it was observed that the GE model and the Master Plan in each return period and with each Tc
equation are similar, unlike the DEM model, which has higher or lower flow values compared to GE and
Master Plan.

The comparison between a reference flow obtained through equation TR-55 for the data of the master
plan against the flows obtained by the different equations that estimate Tc in each of the study models
demonstrated the correlational behaviour between them. The statistical analysis allowed making a better
selection of the basin and the time of concentration that best fits the reference model. Among the study
models, the one with the best goodness fit compared to the reference was the GE basin, and the flows of
best fit were those obtained by the Bureau equation.

Likewise, the variation in the morphometric parameters of each of the model, such as the slopes and
lengths (axial length and length of the main channel), directly affects the equations used. The flows obtained
from the model parameters using the different equations do not vary much because they depend largely on
the same parameters, and the difference is due to the origin and construction of each equation. Thus, the
flow rates obtained and their variability in the different models are directly related to the established area,
the characteristics of the slopes, the flow travel and the rainfall event.
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