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Abstract: Specific algorithms are developed to solve the equations that define the physical dimensions
under various conditions. In this sense, the storm index method was incorporated for the variable
precipitation intensity, expanding the number of rainfall stations with the intensity duration frequency
(IDF) curves from 9 to 31 within the considered territory (the Biobio Region of Central Chile). Likewise,
the infiltration values and runoff coefficients necessary for calculating the dimensions of the trenches
were obtained using the Python programming language. The results show that an open-source
Python solution allows high reliability and efficiency based on the tests developed. For this reason,
this prototype is expected to add new mathematical expressions that may arise to better account for
an efficient design of soil and water conservation works or infiltration trenches. In this way, it is
concluded that it is possible to develop simulation models for the efficient design of trenches based
on well-defined and limited theoretical modeling, adding to computer language tools. This allows
for a virtuous synergy that can help address efficient public policies to conserve soil and water in
Chile and elsewhere.

Keywords: software; design; water conservation; erosion control; aquifer recharge

1. Introduction

One of the main environmental problems in Chile corresponds to soil erosion, mainly
that caused by water (water erosion) [1–3]. In this framework, government programs
have been carried out for the recovery of degraded soils for both agricultural and forestry
use, through water and soil conservation works [4,5]. One of the most applied water
and soil conservation works are infiltration trenches (Figure 1), which are flat channels
built on slopes aimed to capture water and soil that run off, reducing surface erosion
processes and enhancing water infiltration into the soil [6,7]. They are built transversely
to the slope and can have a trapezoidal, quadrangular, or rectangular sections [8]. As
Cantonati et al. [9] and García-Colin et al. [10] highlight, technical elements based on
the site’s characteristics and the climatic and edaphic environment are involved in their
design, which determines the specific dimensions in a framework of water efficiency for
each place considering the territorial singularities of the various areas where they can be
built. Thus, the main technical elements are the depth of the rainfall in a given period
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and the soil conditions reflected in terms of infiltration capacity and the runoff that it can
generate [11,12]. However, this approach specificity means that there are difficulties in its
design, mainly due to the availability of required information. In this sense, the government
programs for the recovery of degraded soils in Chile define the dimensions of the trenches,
requiring a minimum of 25 cm at the base and 40 cm in height for a large portion of the
territory [13], minimizing in situ singularities of precipitation and soil infiltration.
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Generally speaking, in order to study the interaction of hydrogeodynamic and hy-
drogeothermal regimes, it is necessary to identify the qualitative certainty of the dynamic
structure of the underground flow under conditions of spatial heterogeneity of the tempera-
ture field, i.e., to study thermocolmatation processes and their influence on the performance
of water intake structures. Along with this, it is necessary to conduct full-scale and ex-
perimental studies in natural conditions to determine the characteristics of infiltration
water intakes and develop methods for determining their main parameters, considering
operation in harsh climatic and complex environmental conditions [14]. However, a fun-
damental element for the design of hydraulic works is the intensity duration frequency
(IDF) curves, which provide the maximum annual intensity for a given duration and return
period [15–17]. These curves provide valuable information for designing and planning
hydrological and hydraulic infrastructures, water resource management, and risk assess-
ment associated with intense rainfall events [18,19]. In this way, IDF curves represent a
fundamental aspect of hydrology when estimating extreme rainfall events [20,21].

With technological advances, various specialized tools and software have been devel-
oped to generate and analyze IDF curves [17,22]. These programs typically incorporate
advanced algorithms, climate databases, and hydrological modeling techniques to estimate
precipitation intensities accurately [23]. As pointed out by Herman et al. [24], there are
commercial and open-source solutions for the generation of IDF curves, tools that depend
on the quality of their inputs, underlying assumptions, and the precision of the models
used, in addition to the specific needs of the study and the characteristics of the area of
interest. Considering the above, this work presents an open-source Python application of
already validated models and accurate and current data for a region of central Chile, an
area undergoing extreme water scarcity [25,26].
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Python is an open-source programming language that makes writing and maintaining
code easier due to its straightforward and readable syntax [27]. Python libraries and
frameworks are widely available for various purposes such as PyGames for video game
development, Django for web development, and TensorFlow for machine learning [28]. This
integration and extensive capability makes Python a preferred choice for multidisciplinary
projects that require robust and scalable solutions. The open-source nature of Python fosters
an active community of developers, resulting in regular updates, technical support, and
a wide range of educational resources [29]. Thus, we applied Python’s advantages to the
development of infiltration trench design.

Several authors have focused their studies on automating the design of infiltration
trenches. For example, Wang et al. [30] developed a hybrid model integrating cost–benefit
analyses with a stochastic approach for urban areas in Beijing (China), providing a use-
ful tool for metropolitan water management, while Rowe et al. [31] also focused on the
cost-effectiveness of infiltration trench design in urban areas of Ontario (Canada). More-
over, Campisano et al. [32] mathematically simplified the design of infiltration trenches
based on rainfall–runoff process models for urban areas, while and Nieć et al. [33] fo-
cused on seepage models. Finally, Creaco and Franchini [34] developed a dimensionless
mathematical procedure for the design of infiltration trenches. Despite the above, the
creation of a software specifically used for the design of infiltration trenches is, to the
best of our knowledge and based on scientific publications, a novel approach. Based on
the above, this study presents the development and application of a computational tool
to facilitate the design of infiltration trenches based on hydrological engineering criteria
to be applied in central Chile, based on already existing equations and local knowledge.
This software seeks to automate the design process of infiltration trenches considering
territorial singularities such as precipitation intensity and infiltration rates, facilitating the
implementation of these structures in restoration programs for degraded environments as
well as water conservation.

2. Methodology
2.1. Study Area

The study area is located in the Biobío Region, covering the southern limit of the central
zone of Chile, between 36◦26′ and 38◦29′ [35]. It has an area of 37,069 km2. Its climate is
mainly Mediterranean, with longitudinal variations and rainfall concentrated in winter
months (Figure 2). From the geomorphological point of view, the traditional units of the
Chilean topography are distinguished, such as the Andes mountain range, the intermediate
depression, the Coastal mountain range, and the coastal plains [36]. These variations in
climate and geomorphology translate into a variation in rainfall in the territory [37], which
raises the need for computer tools to use and analyze rainfall records.

The area has 9 manual stations and 22 automated rainfall stations (Figure 2), which
were used to estimate the IDF curves for the open-source solution under evaluation.
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2.2. Design of Infiltration Trenches

Differently from other hydraulic structures such as dams, the design of infiltration
trenches does not require advanced tools such as satellite imagery or geographic infor-
mation systems. The basic principle for an efficient design of infiltration trenches is that
they must be capable of capturing all of the surface runoff generated upstream of the
trenches during storm events [11,39]. In other words, the volume of water contributed by
the catchment area must be less than or equal to the volume captured by the trench, as
illustrated in Figures 3 and 4. Equations (1) and (2) represent the mathematical expression
of the previous statement [11].

Ve ≤ Vo + Vi (1)

Ve = I ∗ Ai ∗ e (2)
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As Pizarro-Tapia et al. [11] describe, Ve is the runoff volume (m3) from a given rainfall
depth based on the contributing area (m); Vo is the collected volume within the structure
(m3); Vi is the infiltrated volume (m3); I is the maximum rainfall intensity for one hour with
a specific return period (mh−1); Ai is the drainage area (m2); and e is the runoff coefficient.
This work assumes that the dimensions of the infiltration trenches are previously defined,
so the unknown variable to be calculated is the horizontal distance (dh, m) between trench
lines. Then, from the described equations and solving and reducing terms, mathematical
expressions are obtained (see [11]) to define the dh for trenches with trapezoidal section
(Equation (3)), rectangular section (Equation (4)), and quadrangular section (Equation (5)).

dht =
b ∗ (h + Vin) + h2tgα

I ∗ e
(3)

dhr =
b ∗ (h + Vin)

I ∗ e
(4)

dhc =
b2 + b ∗ Vin

I ∗ e
(5)

where dht is the horizontal distance between trapezoidal trench rows (m); dhr is the hori-
zontal distance between rectangular trench rows (m); dhc is the horizontal distance between
square trench rows (m); b is the trench’s base (m); h is the trench’s height (m); α is the slope
angle (◦); and Vin is the infiltration rate (m s−1).

A limitation of this mathematical hydrological analysis is that it only considers the
liquid flow and not the solid flow (sediments). This determines that these types of works
must be periodically maintained so that they do not become filled with sediments, which
leads to collapses. Thus, the dimensions reached by the respective equations will be able to
respond to the physical reality of the place.

2.2.1. Design Rainfall

The IDF curves developed for the Biobío Region [40] were used to obtain the design
rainfall. This study incorporated nine automatic rain gauges (stations with continuous
recordings). The storm index tables corresponding to each station were also used (see [16]).
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In the territory under study, there are also 22 manual rain gauges (see Figure 2), that is,
stations with one record every 24 h, in which the storm index (IT) method was used [16,40].
This method allows the construction of IDF curves based on maximum intensity informa-
tion in 24 h. To do this, it is assumed that each rainfall station can be associated with a
rainfall station with similar behavior in terms of maximum 24 h intensities [16].

2.2.2. Infiltration Rate

The infiltration rate is defined as the velocity with which water penetrates the soil,
generally expressed in mm h−1 or cm h−1, and depends on the soil’s physical properties
and its moisture content [41,42]. For this work, tabulated values from Horton’s method
were used for different types of soil and types of vegetation cover [43] (see Table 1).

Table 1. Maximum average infiltration capacity according to the soil and vegetation present using
Horton’s method [43].

Floor Little Vegetation (cm h−1) Dense Vegetation (cm h−1)

Dry sandy 12.7 25.4
Silty dry 7.6 15.2
Clayey dry 2.5 5.0
Sandy wet 4.2 8.5
Silty wet 2.5 5.0
Clayey humid 0.8 3.6

2.2.3. Runoff Coefficient

The runoff coefficient is defined as the proportion of rainfall that generates surface
runoff [44]. The magnitude of the runoff coefficient varies between 0 and 1 and depends on
factors such as storm intensity, soil and vegetation cover characteristics, slope, and basin
area [45,46]. These estimates respond to empirical frameworks developed in Chile [47],
which have been tested in various water and soil conservation projects, experimentally.
However, their application is low, a consequence that requires new technical knowledge
for those who work in these areas, as is the case of IDF curves and water infiltration into
the soil. Hence, it is important to input these estimates into a mathematical simulator,
which allows them to be operationalized, with a view to their widespread use in various
areas within the national territory and even in other countries. For the design of infiltration
trenches, it is preferable to use values close to 1 (0.8 or 0.9) as runoff coefficient to avoid
unfavorable situations [48].

2.3. Python Application

The simulator was built based on the Python language, an open-source, freely accessible,
and very versatile programming language, with the aim being to create a web and desktop
software application [49,50]. Python has an extensive publicly available library. For the app’s
graphical development, PyQT5 was used, which is a binding of the QT graphical library
for the Python programming language [51]. PyQT5 allows the quick and easy creation of
graphical interfaces with Python. As previously mentioned, the readability of the Python
code makes it an easy task to create graphical interfaces. For instance, the classic ‘Hello
World!’ example in Python is simply written as ‘print(“Hello World! \n”);’ (note that it
contains only one line of coding).

Another of the libraries that was used in this study for the development of the simula-
tor application is OpenPyXL [52]. This Python library is used to read/write Excel 2010 files
with the xlsx/xlsm/xltx/xltm extensions. It was born from the lack of an existing library to
natively read/write the Office Open XLM format from Python. This library can be used
in the PyCharm program Community Edition 2022.1.3 [53]. Using this module allows the
designer to control Excel without opening the application. It is used to perform Excel tasks
like reading data from an Excel file, writing data to the Excel file, drawing some charts,
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accessing the Excel sheet, changing the name of the sheet, modifying (adding and deleting)
data in the Excel sheet, formatting and designing the sheet, and any other related task.

Once intensity information was available for the different areas of the Biobio region,
with infiltration data and runoff coefficients, it was now possible to build a simulator to
design infiltration trenches [11,54]. The resulting simulator was a desktop application
developed in Python. The computer expression is established based on the algorithms
proposed by the mathematical design of infiltration trenches. A parameter input module
was considered, and two cases were differentiated: a standard section, independent of
the shape of the trench section, and the second specific to the type of trenches considered.
Table 2 shows the input variables for the program based on the kind of trench considered.

Table 2. Input variables for the program according to the shape of the infiltration trench.

Input Variables Trapezoidal Trench Rectangular Trench Square Trench

Common variables
Intensity (m h−1) x x x
Runoff coefficient x x x
Infiltration speed (m h−1) x x x
Trench base (m) x x x

Specific variables
Height (m) x x
Slope angle (◦) x

Finally, the open-source solution was validated by means of the mean absolute er-
ror (MAE, Equation (6)) between the horizontal distances calculated by the open-source
solution and those obtained using an Excel spreadsheet.

MAE =
1
n

n

∑
i=1

|yi − ŷi| (6)

where y is the horizontal distance (dh) calculated in the Excel spreadsheet; ŷ is the estimated
dh in the open-source solution; and n is the number of observations. In addition, the time
taken to estimate the dh was evaluated using both methods, for various types of trenches.

3. Results

The main result of this study is the open-source solution. To show its operation, a case
analysis was carried out for the “Quilaco” rainfall station. Figure 5 shows the precipitation
intensities and IDF curves created for this station. In this tab, the user can select the
duration and return period, thus obtaining the intensity of precipitation for the area where
the trenches will be designed.

In addition, the open-source solution provides tabulated values to estimate the infil-
tration rates based on the previously mentioned Horton’s formula (Figure 6). In this tab,
the user can obtain the infiltration rate by entering the type of soil and vegetation in the
area. Additionally, if the user has measured or estimated infiltration values, these can be
included in the software or modified (Figure 7), in order to calculate dh.

In the common elements tab, it is also possible to modify the rainfall intensity (I in
mh−1), the runoff coefficient (e, although it is recommended to leave high values as a safety
factor), and the base (b in m) used for trench design. In the case of trapezoidal trenches, the
trench’s cross-sectional angle must be included in the Trapezoidal Infiltration Trenches tab
(Figure 7).

The open-source solution was validated to corroborate that the estimates made coin-
cide with the traditional method, using a calculation spreadsheet (Excel). For this, 40 cases
were considered and MAE was estimated, with no differences found in the estimates
(MAE = 0). It is important to note that the open-source solution is an automation of the
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method used in the Excel spreadsheet, and therefore, the MAE must be 0 (i.e., the results
should be the same).
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Figure 7. Input variables of common elements to be used in the design of the different types of trenches.
Precipitation intensity values come from the Quilaco station (I); the runoff coefficient (e) is close to
1 (recommendation by Pizarro et al. [48]); the base was made according to values recommended
by Carrasco et al. [55]. Likewise, the tabs Trapezoidal Infiltration Trenches, Rectangular Infiltration
Trenches, and Square Infiltration Trenches estimate dh using equations 3, 4, and 5, respectively.

The performance of the open-source solution was assessed in comparison with the
traditional design method. One criterion used was the feasibility of using both tools
(execution), another was the execution time, and a third was the precision of the results.
In the first criterion, it was considered that the probability that a user has a spreadsheet
application is 100%, but not everyone has Python to run this software. However, a self-
executing version can be created to improve access to the program. In the case of the
second criterion, the software is between 107 and 200% faster than the traditional method
(Table 3). Considering the criterion related to the precision of the obtained results, there
is no difference between the two tools. Table 3 summarizes the comparison based on the
defined criteria.

Table 3. Software efficiency analysis compared to calculation on an electronic spreadsheet.

Criterion/Type of Trench Execution Time (%) * Precision

Trapezoidal 150 1
Rectangular 107 1
Square 200 1

* Percentage value when comparing the time of the traditional method versus the open-source solution.

As an example, the results of the open-source solution are presented in three condi-
tions for the Biobío region, namely, (a) coastal (Carriel Sur), (b) intermediate depression
(Los Ángeles), and (c) foothills (Quilaco), represented by their respective rainfall stations.
For this, the dimensions of the trenches recommended by the Degraded Soil Recovery
Program [19] were entered, and the horizontal distance between the rows of infiltration
trenches was estimated for each situation (Table 4).

Table 4. Calculation of the design parameters for infiltration trenches on the three analyzed stations.

Variable Carriel Sur Quilaco Los Ángeles

I (mm h−1) 28.9 19.1 19.8
Infiltration velocity
(mm h−1) 44.1 44.1 44.1

Base (cm) 35 35 35
Height (cm) 40 40 40
Distance dh (m) 7.1 10.8 10.4
Volume (m3 ha−1) 238.5 157.5 163.5

The results of this test show that for higher rainfall intensities, the software decreases
the spacing between the trenches. That is, the software optimizes the layout of the trenches
based on the rainfall and infiltration information of the study area (i.e., the distance between
the infiltration trenches is optimal when considering the volume precipitated in the rainfall
area). Nevertheless, the variation in parameters is wide depending on what mathematical
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expressions allow for each case. In reality, however, this variation is limited, meaning that
it is not possible to think in practical terms about trenches with height or base dimensions
greater than one meter (they are normally much smaller, for cost limitations).

4. Discussion

The results from the open-source solution are the same as those obtained from the
traditional method. However, the open-source solution minimizes human error, since it
automates solving equations, achieving reliable results equivalent to the traditionally used
method. Likewise, the open-source solution increases efficiency in the design of infiltration
trenches, allowing one worker to design up to three trapezoidal trenches at the same time
it takes to create one using the traditional method. The open-source solution can also be
used with the storm index, thus estimating the horizontal distance in areas devoid of rain
intensity information.

Finally, the validation of the model was a success; it was carried out by contrasting
the computing efficiency and precision of obtained software solution’s results versus the
use of an Excel spreadsheet for the design of various infiltration trenches. There were no
significant differences, but in terms of computing time, our application was more efficient.
Our software application was developed in consideration of user requirements.

The use of infiltration trenches for soil and water conservation, as well as favoring the
infiltration of water into the soil, has a very ancient origin [56]. However, in Chile, their
construction has always obeyed previously defined values that do not incorporate aspects
of hydrologic precision to reduce costs, on the one hand, and to make the process of water
infiltration into the soil more efficient, on the other. In this sense, the methodology used
by the open-source solution for the design of infiltration trenches, by equating the volume
of the stormwater area with the volume captured by the structures, allows the estimation
of the optimal horizontal distance between trenches so that their capacity is not exceeded.
Furthermore, by using runoff coefficient values close to unity, an additional safety factor is
generated [48].

At a global level, there are other techniques to design infiltration trenches such as
the method used by Pruski et al. [57]. Although this technique is easy and quick to apply,
it requires having precipitation intensity values and inputs and knowledge of the curve
number methodology for its application. Another way to estimate the dh between trenches
was used by Chinchilla-Ureña et al. [58], defining the distance based on the surface runoff
calculated with the curve number; although this way of calculating the distance is simple to
apply, not using the precipitation intensity for the design of the trenches represents a risk for
overflows to occur. Moreover, Flores Villanelo [59] implemented three trench design models
in his doctoral thesis, programming the models in Matlab to simplify their application.
However, since they are programmed in Matlab, their application is limited since the
license is prohibitive for most consultants and requires knowledge of Matlab language. The
application presented herein is programmed in Python and self-contained, can be widely
distributed and free of charge; thus, it allows the technology to be democratized, especially
in consultancies focused on the restoration of degraded soils as well as water conservation.

The open-source solution provided, which assumes the conceptual and mathematical
frameworks already described, and makes them freely available, in a powerful computer
language that reduces processing times and ensures dimensions based on hydrological
science. This is important in a country where precipitation falls in winter and large volumes
of water are used during summer [60]. Therefore, promoting the infiltration of water into
the soil to recharge the aquifers and use them as natural reservoirs is an objective that
must be achieved and done so in areas where infiltration trenches are a very appropriate
tool [61,62]. However, resources must be used in the most efficient way possible, and this
software points to a need for rational use and strengthening nature-based solutions.

Using hydrology software enables the simplifying of calculations for modeling hydro-
logical processes in watersheds [63], thus yielding reliable results for watershed manage-
ment [64]. However, to the authors’ knowledge, no specific open-source software packages
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are available to address the design of infiltration trenches. One Excel spreadsheet, CUBHIC
2.0 [65], and an online platform developed by the Engineering Standards for Water and
Soil Center (EIAS) at the University of Talca were found. However, the latter has been
discontinued and is offline. Although there are paid software applications for designing
works (e.g., DC-infilt, MicroDrainage, Flores Villanelo, 2016 [59]), their licenses are expen-
sive, limiting their use. This restriction on access to software for trench design prevents
their overcrowding, and for this reason, spreadsheets or simply calculators are still used to
estimate the spacing between trenches. However, the use of these tools is prone to error,
since the formulas must be entered manually, increasing the possibility of a typing error,
and if the formula was not built considering future modifications (i.e., intensity values,
base, height, and infiltration were left fixed in the formulas), the formula must be modified,
increasing the possibility of errors.

In this context, this open-source solution simplifies the trench design process. The
above allows structures to be designed that, on the one hand, capture the volume of surface
runoff during storms and, on the other hand, reduce costs and implementation time, a
derivative that optimizes the spacing between the trenches. Additionally, while being
open-sourced, it can be easily updated and avoids the risk of going offline, as is the case
with the EIAS platform.

Despite all the above, a limitation of the proposed software is that it only has the
IDF curves of the Biobío region, making its application and use specific to the local area.
However, the code will be published so that it can be updated to different regions or
countries in the future.

5. Conclusions

The simulator obtained based on the Python language has shown high flexibility and
efficiency, so this prototype is expected to be used recurrently. New mathematical expres-
sions can be added to better account for an efficient design of soil and water conservation
works such as infiltration trenches.

In conclusion, it is possible to develop simulation models for the efficient design of in-
filtration trenches based on well-defined and limited theoretical modeling and considering
computer language tools available in a broad spectrum, in a virtuous conjunction that can
help address efficient public policies to conserve soil and water.

The construction of this software and its application recommendations makes it possi-
ble to fill the gaps in knowledge, on the one hand, and tends toward greater economic and
structural efficiency of the resources, pointing to the reduction in erosive processes and the
recharge of aquifers, on the other hand. In this framework, the software represents a great
step toward facilitating the efficient design of infiltration trenches.

However, in the future, more specific parametric values should be established for
the various territories, especially those related to the infiltration of water into the soil,
given that in a country such as Chile this is a value that differs in only meters due to soils
with high textural variability and composition, which conditions the infiltration rate over
close distances.

Finally, it is recommended that this simulation model be extended to works with vari-
ous design characteristics and based on other considerations such as including vegetation
variables that could guide the afforestation of these areas, expanding the framework of
action from hydrotechnics to biotechnics. Similarly, and needless to say, it is recommended
for this valuable experience to be replicated in other parts of Chile and the world.
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33. Nieć, J.; Błażejewski, R.; Zawadzki, P.; Kozłowski, M. Comparison of Seepage Models Applied to Design of Trapezoidal Infiltration
Trenches and Basins. J. Irrig. Drain Eng. 2021, 147, 05021001. [CrossRef]

34. Creaco, E.; Franchini, M. A Dimensionless Procedure for the Design of Infiltration Trenches. J. Am. Water Work. Assoc. 2012, 104,
E501–E509. [CrossRef]

35. Biblioteca del Congreso Nacional Región Del Biobío. Available online: https://www.bcn.cl/siit/nuestropais/region8 (accessed
on 8 March 2024).

36. Sernageomin Mapa Geológico de Chile. Servicio Nacional de Geología y Minería. 2003. Available online: https://tiendadigital.
sernageomin.cl/es/geologia-basica/3271-mapa-geologico-de-chile-version-digital.html (accessed on 15 March 2024).

37. Araya-Osses, D.; Casanueva, A.; Román-Figueroa, C.; Uribe, J.M.; Paneque, M. Climate Change Projections of Temperature and
Precipitation in Chile Based on Statistical Downscaling. Clim. Dyn. 2020, 54, 4309–4330. [CrossRef]

38. Sarricolea, P.; Herrera-Ossandon, M.; Meseguer-Ruiz, Ó. Climatic Regionalisation of Continental Chile. J. Maps 2017, 13, 66–73.
[CrossRef]

39. Palazzo, E.; Wang, S. Landscape Design for Flood Adaptation from 20 Years of Constructed Ecologies in China. Sustainability
2022, 14, 4511. [CrossRef]

40. Unesco. Curvas Intensidad Duración Frecuencia para las Regiones Metropolitana, Maule y Biobío. Intensidades desde 15 Minutos a 24
Horas; Documento Técnico del PHI-LAC; PHI-LAC: Montevideo, Uruguay, 2013; ISBN 978-92-9089-189-5.

41. Amami, R.; Ibrahimi, K.; Sher, F.; Milham, P.; Ghazouani, H.; Chehaibi, S.; Hussain, Z.; Iqbal, H.M.N. Impacts of Different Tillage
Practices on Soil Water Infiltration for Sustainable Agriculture. Sustainability 2021, 13, 3155. [CrossRef]

42. Cleophas, F.; Isidore, F.; Musta, B.; Mohd Ali, B.N.; Mahali, M.; Zahari, N.Z.; Bidin, K. Effect of Soil Physical Properties on Soil
Infiltration Rates. J. Phys. Conf. Ser. 2022, 2314, 012020. [CrossRef]

43. Cao, Y.Z.; Coote, D.R.; Rees, H.W.; Wang, C.; Chow, T.L. Effects of Intensive Potato Production on Soil Quality and Yield at a
Benchmark Site in New Brunswick. Soil Tillage Res. 1994, 29, 23–34. [CrossRef]

44. Miao, C.; Zheng, H.; Jiao, J.; Feng, X.; Duan, Q.; Mpofu, E. The Changing Relationship Between Rainfall and Surface Runoff on
the Loess Plateau, China. JGR Atmos. 2020, 125, e2019JD032053. [CrossRef]

45. Lapides, D.A.; Sytsma, A.; Thompson, S. Implications of Distinct Methodological Interpretations and Runoff Coefficient Usage
for Rational Method Predictions. J. Am. Water Resour. Assoc. 2021, 57, 859–874. [CrossRef]

46. Ardekani, A.A.; Sabzevari, T.; Haghighi, A.T.; Petroselli, A. Separation of Surface Flow from Subsurface Flow in Catchments
Using Runoff Coefficient. Acta Geophys. 2021, 69, 2363–2376. [CrossRef]

47. Labra Oyanedel, F.; González González, M.V.; Gacitúa Arias, S.E.; Montenegro Rojas, J.; Villalobos Volpi, E.L.; Gómez, A. Manual
Para La Implementación de Obras de Conservación de Suelos y Cosecha de Aguas Lluvias En Alhué. Predio de La Comunidad
Agrícola Villa Alhué; INFOR, Santiago, Chile, 2018; ISBN 978-956-318-145-6.

48. Pizarro, R.; Sangüesa, C.; Fernández, P.; Rubilar, R.; Balocchi, F.; Ibáñez, A. Evaluación de La Erosión Hídrica Bajo Diferentes
Coberturas Boscosas a Través de La Captura de Sedimentos En La Zona Centro Sur de Chile. Aqua-LAC 2023, 15, 1–12. [CrossRef]

49. Van Rossum, G.; Drake, F. The Python Language Reference; Python Software Foundation: Amsterdam, The Netherlands, 2012.
50. Vidal-Silva, C.; Barriga, N.A.; Ortega-Cordero, F.; Gonzalez-Lopez, J.; Jimenez-Quintana, C.; Pezoa-Fuentes, C.; Veas-Gonzalez, I.

Developing Computing Competencies Without Restrictions. IEEE Access 2022, 10, 106568–106580. [CrossRef]
51. Qt Group. Qt Designer Manual. Available online: https://doc.qt.io/qt-5/qtdesigner-manual.html (accessed on 8 March 2024).
52. Gazoni, E.; Clark, C. Openpyxl—A Python Library to Read/Write Excel 2010 Xlsx/Xlsm Files. 2023. Available online: https:

//openpyxl.readthedocs.io/en/stable/ (accessed on 15 March 2024).

https://doi.org/10.1029/2019WR025502
https://doi.org/10.1002/joc.6219
https://doi.org/10.1016/j.scitotenv.2023.167723
https://doi.org/10.1371/journal.pcbi.1009481
https://www.ncbi.nlm.nih.gov/pubmed/34762641
https://doi.org/10.1039/D3EW00963G
https://doi.org/10.1061/JSWBAY.0000951
https://doi.org/10.2166/wst.2011.170
https://www.ncbi.nlm.nih.gov/pubmed/22214092
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001538
https://doi.org/10.5942/jawwa.2012.104.0124
https://www.bcn.cl/siit/nuestropais/region8
https://tiendadigital.sernageomin.cl/es/geologia-basica/3271-mapa-geologico-de-chile-version-digital.html
https://tiendadigital.sernageomin.cl/es/geologia-basica/3271-mapa-geologico-de-chile-version-digital.html
https://doi.org/10.1007/s00382-020-05231-4
https://doi.org/10.1080/17445647.2016.1259592
https://doi.org/10.3390/su14084511
https://doi.org/10.3390/su13063155
https://doi.org/10.1088/1742-6596/2314/1/012020
https://doi.org/10.1016/0167-1987(94)90099-X
https://doi.org/10.1029/2019JD032053
https://doi.org/10.1111/1752-1688.12949
https://doi.org/10.1007/s11600-021-00667-6
https://doi.org/10.29104/phi-aqualac/2023-v15-1-01
https://doi.org/10.1109/ACCESS.2022.3211973
https://doc.qt.io/qt-5/qtdesigner-manual.html
https://openpyxl.readthedocs.io/en/stable/
https://openpyxl.readthedocs.io/en/stable/


Sustainability 2024, 16, 5645 14 of 14

53. JetBrains PyCharm. The Python IDE for Data Science and Web Development. Available online: https://www.jetbrains.com/
pycharm/ (accessed on 15 March 2024).

54. Flores-Villanelo, J.P. Diseño de zanjas de infiltración en zonas no aforadas usando SIG. Tecnol. Cienc. Agua 2012, III, 27–39.
55. Carrasco, J.; Squella, F.; Riquelme, J.; Hirzel, J.; Uribe, H. Técnicas de Conservación de Suelos, Agua, y Vegetación En Territorios

Degradados; Actas INIA; Instituto de Investigaciones Agropecuarias: Rengo, Chile, 2012.
56. Mays, L.W. A Brief History of Water Technology During Antiquity: Before the Romans. In Ancient Water Technologies; Mays, L.,

Ed.; Springe: Dordrecht, The Netherlands, 2010; pp. 1–28. ISBN 978-90-481-8631-0.
57. Pruski, F.F.; Ferreira, P.A.; Ramos, M.M.; Cecon, P.R. Model to Design Level Terraces. J. Irrig. Drain Eng. 1997, 123, 8–12. [CrossRef]
58. Chinchilla-Ureña, M.; Guzmán-Arias, I.; Watson-Hernández, F.; Vargas-Meneses, C. Diseño de Dos Propuestas de Obras de

Conservación de Suelos Para Mitigar Daños En Un Terreno Con Problemas de Erosión Tipo Cárcava, Zona de Los Santos, Costa
Rica. Rev. Tecnol. Marcha 2023, 36, 124–136. [CrossRef]

59. Flores Villanelo, J.P. Diseño de Zanjas de Infiltración para Eventos Extremos de Precipitación. Ph.D. Thesis, Universidad de
Córdoba, Córdoba, España, 2016.

60. UNESCO. Antecedentes de La Relación Masa Forestal y Disponibilidad Hídrica En Chile; Documentos Técnicos PHI-VIII; UNESCO:
Montevideo, Uruguay, 2019.

61. Heilweil, V.M.; Watt, D.E. Trench Infiltration for Managed Aquifer Recharge to Permeable Bedrock. Hydrol. Process. 2011, 25,
141–151. [CrossRef]

62. Castro, J.O.C.; Aguilar, R.L. Las zanjas de infiltración en el aprovechamiento de agua en el sector rural de Manabí. Dominio Cienc.
2021, 7, 2281–2303.

63. Amorim, L.F.; Magalhães, A.A.B.; Scarati Martins, J.R.; Duarte, B.P.D.S.; Nogueira, F.F. Hydrological Modeling Using Distributed
Rainfall Data to Represent the Flow in Urban Watersheds. RBRH 2022, 27, e30. [CrossRef]

64. Rodríguez Miranda, J.P.; Bolaños Castro, S.J.; García Ubaque, C.A. Software Engineering as a Vehicle for Water Resources
Environmental Planning. Tecnura 2014, 18, 150–159. [CrossRef]

65. Ochoa-Tocachi, B.F.; Adriazola, J.E.C.; Bonnesoeur, V.; Román-Dañobeytia, F.; Gammie, G. CUBHIC 2.0: Presentación de Metodología;
Negrapata S.A.C.: Lima, Peru, 2022. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.jetbrains.com/pycharm/
https://www.jetbrains.com/pycharm/
https://doi.org/10.1061/(ASCE)0733-9437(1997)123:1(8)
https://doi.org/10.18845/tm.v36i4.6376
https://doi.org/10.1002/hyp.7833
https://doi.org/10.1590/2318-0331.272220220060
https://doi.org/10.14483/udistrital.jour.tecnura.2014.DSE1.a13
https://doi.org/10.13140/RG.2.2.28308.78721

	Introduction 
	Methodology 
	Study Area 
	Design of Infiltration Trenches 
	Design Rainfall 
	Infiltration Rate 
	Runoff Coefficient 

	Python Application 

	Results 
	Discussion 
	Conclusions 
	References

