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Abstract: Urbanization has produced various social, environmental, and hydrological impacts,
such as reduced biodiversity, increased urban temperatures, ecosystem degradation, air and water
pollution, changes to hydrological processes, groundwater recharge alterations, increased prevalence
of floods, vegetation removal, and potential increases in unstable soils. Finding solutions to mitigate
the impacts of urbanization is of vital importance in the development and planning of cities, and
particularly so for developing countries. One strategy gaining momentum is the use of green roofs
and larger green areas (greater green cover under trees, with the purpose of increasing the permeable
area) for runoff control. In this study, a simulation was carried out using the i-Tree Hydro software
that involved the urban basin in the Fontibon area of Bogota, Colombia, with the aim of observing
the hydrological benefits of trees, green areas, and permeable zones. Five scenarios were proposed in
which green roof coverage was implemented (20% and 50% increases in green areas in Scenarios 1
and 2), coverage under existing trees was enhanced (50% and 100% increase in Scenarios 4 and 5),
and finally a complete removal of green zones in Fontibén was simulated (Scenario 3). The town
is relatively susceptible to a reduction in its existing green areas, with an increase in total flow of
more than 50% for one scenario considered. Thus, an increase in the permeable coverage under trees
(50% and 100% increased coverage under existing trees) provided the best strategy for mitigating the
impacts of urbanization by reducing the total, maximum, and average impervious flow by 3%, 4%,
and 8%, respectively. Finally, an increase in permeable zones corresponding to plants was proposed
via the implementation of green roofs. However, this strategy showed a response to the reduction in
the lowest total flow at 1%.

Keywords: Runoff; green roof; i-Tree hydro; Bogota; green areas

1. Introduction

More people currently live in urban areas than in rural ones [1]; by 2014, 54% of the world
population were living in urban areas and it is projected that by 2050 66% of the population will live in
this type of zone [2]. Rapid growth and poor planning of cities has created numerous environmental,
social, and landscape impacts, such as biodiversity loss, ecosystem degradation, natural resource
pollution, an increased prevalence of floods, decreased area of natural resources, increased demand
for water, elimination of vegetation layers, increased extent of unstable soils, decreased groundwater
recharge, and various human health effects [3-8].

The alteration of hydrological processes is of great concern since these can considerably modify
the water balance [9], reduce evapotranspiration [10], affect groundwater recharge [11], alter hydraulic
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runoff processes [12], cause surface water quality and runoff degradation [13], and increase the peak
during precipitation events [14], which can cause the overflow of storm drains or combined sewers [15].
Flows in urban basins may exceed those in less urbanized or non-urbanized basins by between 30%
and 100% [16].

Permeable zones and green structures in urban environments are fundamental components of the
design and planning for sustainable cities. Various investigations have determined the role that these
structures play in mitigating heat island effects, pollutant removal from air and runoff water, their
influence on the carbon cycle, and greenhouse gas reduction [17,18]. Vegetation cover is necessary
to avoid oversaturating the processes taking place within a water system (e.g., infiltration, runoff,
evapotranspiration). Urban green areas are also used as a strategy to prevent flooding since they
increase the permeable surface within basins [19,20], on the other hand, some research has shown
that the green roof help to reduce the annual runoff volume by 40% and peak discharge by 15% [21].
The World Health Organization has therefore established as an objective that at least nine square
meters of green space are available per inhabitant, which would reduce runoff rates and decrease the
maximum water flow levels; in contemporary Latin American cities an average of only 3.5 square
meters of green space is available per inhabitant [22]. Finally, other benefits found to arise from the
adoption and implementation of green areas in urban spaces include the better physical condition
of inhabitants, improvements to the health and wellbeing of the people who live and work in these
spaces, purification of the air and the water, filtering of wind and noise, and stabilization of the
microclimate [23].

Models and tools that integrate different components of the spatial and temporal dynamics of
the urban water cycle can aid in deciphering the complexity associated with long-term planning [24].
The i-Tree hydro software application is one of these tools. i-Tree is a semi-distributed physical model
based on rainfall runoff that combines concepts of urban and forest hydrology [25]. This model
takes into account processes previously carried out in an OBJect-oriented TOPographic-based
(OBJTOP) model [25] (Figure 1) and simulates the hydrological processes of precipitation, interception,
evaporation, infiltration, and runoff using data inputs that include near-surface weather, land surface
elevation, and land cover along with parameters characterizing the channel, soil, and vegetation [26].
Potential evapotranspiration is calculated using a modified Penman—-Monteith equation [27] and the
water balance is simulated based on mechanical equations and the topographic index [28]. The model
functions to quantify and assess the structure of urban forests and effects associated with them, such as
pollution removal, carbon dioxide capture, greenhouse gas emissions avoided by the implementation
of green structures or tree cover, energy savings, and pluvial runoff water reduction [29].

Factors important for flood generation include poor city planning, climate change, accelerated
population growth, and the spread of impervious areas. These global problems are present in Bogota,
Colombia, where surface runoff and poor flood control have generated several areas that are vulnerable
to flooding. One specific area in Bogota is the town of Fontibon [30]. According to the European
Commission, a green structure is recognized as infrastructure providing an intelligent solution to
the challenges of today [31]. Regardless of their type and structure, green structures form a set of
spaces with specific uses and different biological functions, meant to allow multipurpose uses for both
outdoor recreational and landscape integration of buildings or building ensembles [32]. This research
presents the results of five simulations of runoff flows in the town of Fontibon, Bogota, with either
increased or reduced numbers of impermeable areas.

2. Materials and Methods

2.1. Location

Fontibon is located in the northwestern part of Bogotd, and has a total area of 3325.88 hectares,
corresponding to 3.9% of Bogotd’s total urban area. Of the total area, 91.78% is urban land and
8.22% is expanding soils, which are areas where conditions are very good for further urbanization
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during the period for which the Bogota Distrito Capital (D.C) Land Use Plan is valid. Considering
the demand for new housing and environmental protection areas, in 2010, the population of Fontibén
had a greater number of women (52.6%) than men (47.4%), and the age structure was 51% adult
(167,521 individuals), 25% youth (82,041), 15% children (50,713), and 9% older adults (29,881) [33].
The average annual temperature is 14.5 °C and average annual rainfall is 794 mm, with April-June
and October-November rainy periods, and periods with less rain and a predominance of dry weather
during December—January and July—August [34]. The land-use of Fontibon is divided into six areas
of activity: 24.7% is non-residential land designated as land for the location of the services necessary
for urban life and to ensure recreation and relaxation of the population and El Dorado airport; 20.5%
is residential land; 20.9% is integral urban land intended for urban projects that combine residential,
commercial, and service, industrial, and non-residential areas (development of mixed projects); 19% is
used for industrial purposes; 10.3% is used for commercial and service purposes; and 4.6% is protected
land [35]. For this investigation, the zonal planning units (ZPU) encompassing the El Dorado Airport,
Fontibon, and Fontibén San Pablo with 1,027, 148,156, and 35,589 inhabitants in 2015, respectively,
were selected as areas of study for two reasons. First these areas have the fewest parks and green areas
per inhabitant (0.25, 1.65, and 2.16 m?2 per inhabitant, respectively) [36], and second, because of the
constant flooding from stormwater drainage systems in these areas. These areas are shown in Figure 1.
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Figure 1. Zonal planning units (ZPU) used in this work.

In Figure 1 we can see the three ZPU as the administrative units selected for research as described
above. In the upper part the gray color indicates impermeable areas throughout the study area,
which cover most of the area selected for the investigation. On the other hand, in the model it is
necessary to enter the permeable zones, which are divided into trees, shrubs, herbaceous, and water
bodies, as can be observed in the lower part of Figure 1 in the three ZPU selected (which differ with a
combination of blue colors). This permeable cover was digitized by means of a Geographic Information
System (GIS) with the orthophoto of Bogota DC as Web Map Service (WMS) data provided by the
Special Administrative Unit of the Cadastral District (IDECA). Finally, the soil cover is calculated by
subtracting from the total area of the three zones the sum of each permeable and impermeable area
described above. Lastly, it is emphasized that Figure 1 does not provide any information regarding the
land-use in the study area.

2.2. i-Tree Hydro

i-Tree Hydro is a software application developed by the United States Department of Agriculture
(USDA) Forest Service, which enables comparative analysis of different land cover scenarios and their
hydrological impacts at various scales [37]. i-Tree is parameterized with several sets of data, of which
the following are predominant: soil cover percentage, digital elevation model (DEM), meteorology, and
hourly flow data. These data are used to calibrate the model by comparing the simulated flow in the
basin with real flow data. This tool simulates the hydrological processes of precipitation, interception,
evapotranspiration, infiltration, and runoff [26], and was developed to replace runoff models based
on a curve number with hydrological model-based processes. The i-Tree Hydro application therefore
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represents the latest generation of computational development in this area. The i-tree process is shown
in Figure 2.

TOPMODEL OBJTOP UFORE i-Tree Hydro

Figure 2. Development of i-Tree Hydro. TOPMODEL: TOPography based hydrological MODEL;
OBJTOP: OBJect-oriented programming TOPMODEL; UFORE; Urban Forest Effects Model.

TOPMODEL (TOPography based hydrological MODEL) is a semi-distributed model that
represents a simplified version of hydrological response spatial variability in which topography is
spatially considered [38]. The present version of OBJTOP (OBJect-oriented programming TOPMODEL)
is a rainfall-runoff model that incorporates and extends the hydrologic concepts developed in the
original TOPMODEL [39]. OBJTOP is designed to represent heterogeneity in topography, soil, and
rainfall, which all cause spatial differences in runoff [40]. The Urban Forest Effects Model, UFORE,
was developed to help managers to quantify urban forest structure and its functions. This model
was designed to use standardized data from randomly located plots, local hourly air pollution, and
meteorological data to quantify the urban forest structure and numerous urban forest effects for cities
across the world [41]. UFORE is designed for municipal land cover managers and researchers, with
algorithms selected, modified, or developed for minimal data input requirements such that most urban
areas are able to readily apply the model [42].

Models like SWAT (Soil and Water Assessment Tool) account for very specific hydrological aspects
that help to manage a resource and assess impacts [43], but are limited with respect to processes such as
infiltration since they only take into account the curve number, without considering the interception of
vegetation and the contribution of evapotranspiration [44]. Other models, such as TR-55, present very
simplified procedures for estimating runoff and maximum discharge in small urban watersheds [45,46].
On the other hand, programs or programming language such as FORTRAN, developed in the late
1970s [47], and SWMM, a tool that simulates both the quantity and the quality of water evacuated
in urban sewage systems [48], require numerous input parameters, but do not provide an adequate
simulation of vegetation influences [42]. Each model is differentiated by a series of unique attributes,
mainly in their potential applications, temporal resolution, scale, catchment and drainage network
representation, runoff generation, flow routing, pollutant range, water transport and treatment, user
interface, and model integration [49]. Given these considerations, the i-Tree hydro program was
selected as a tool for estimating the hydrological benefits of green areas in this study since it takes into
account both hydrological and climatological parameters.

Results of the i-Tree model are useful for reporting on urban forest management, urban planning,
and design to improve water quality and reduce the risk of flooding. Further, the results indicate
how various management practices affect water quality. The precipitation input data can be altered
in order to simulate storms of various intensities. The model can assess how management practices
affect the responses of local currents to storms. It can inform the community, and more specifically, the
entities responsible for planning and urban design, to help improve water quality and reduce the risk
of flooding [50].

Results obtained with i-Tree hydro by different authors around the world are presented in Table 1.
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Table 1. Case studies using the i-Tree Hydro software.

Author Country Type of Application
ORI BUH MPGA COR PUH EIS RC BMP CWS EEUA EGE QWTI SPD FS
[51] USA X
[52] Ttaly X X X
[53] USA X X X X
[26] USA X X
[42] USA X X X
[54] USA X X X X
[55] Netherlands X X X X
[56] USA X X X X
[57] USA X X X X X
[58] USA X X X X

QRI: quantification of rainfall intercepted, BUH: balance of the urban hydrological cycle, MPGA: model for the planning of green areas, CQR: change in the quality of rainwater in urban
environments, PUH: pollutants in urban hydrological cycle, EIS: environmental impacts on surface water, RC: rainwater contamination, BMP: best management practices, CWS: chemical
water simulation, EEUA: evaluation of the effects of urban areas, EGE: evaluation of green structures, QWTI: quantification of water—tree interaction, SPD: simulation of peaks in the storm
discharge rate, FS: flow simulation.
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2.3. Input Data

The input variables used, their sources, and their units are listed in Table 2. Geographic
information was obtained from the IDECA using a 2017 reference map for Bogota that represents the
impermeable areas in the Fucha basin, and shows the shapes of platforms, roadways, cycle paths,
construction, and bridges. Digitalization of the permeable zones coverage was carried out with the
help of an orthophotograph of Bogota from 2014.

Table 2. Model input data.

Variable Unit Source Observation

A resolution of 30 m in a study
area delimited using ArcGis
Measured Measured using ArcGis

Digital elevation model (DEM) - NASA website

Area km

Percentage coverage of trees, shrubs, grass, . .

. ; - . # Measured Measured using ArcGis
bodies of water, soil, and impervious areas

3.8 for trees, 2 for shrubs and

Leaf area index (LAI) m2m—2 Literature 1.2 for pastures [31,32].
Daily flow (m? s™1) in the Fucha River ft3 s~ Measured Hydrological station

Percent coverage of shrubs and evergreens % Literature [59,60]

Wind speed Miles h~! Measured Weather station

Cloudiness Octas Measured Weather station

Air temperature Degrees Fahrenheit Measured Weather station

Dew point temperature Degrees Fahrenheit Measured Weather station

Atmospheric pressure at the study location Millibar Measured Weather station

Adjustment of altimetry by pressure and altitude Inches Measured Weather station

Atmospheric pressure at sea level Millibar Measured Weather station

Maximum temperature Degrees Fahrenheit Measured Weather station

Maximum temperature Degrees Fahrenheit Measured Weather station

Precipitation Inches Measured Weather station

Hourly climatological data for the years 2000-2016 from the APTO EL DORADO station (code
21205790, latitude 4° 42/, longitude 74° 09/, elevation of 2547 m a.s.l.) were obtained from the Institute
of Hydrology, Meteorology, and Environmental Studies (IDEAM). Data units were converted (from the
International System of units to English units) and the data was formatted according to the archives
standard of the National Climatic Data Center (NCDC) of the United States so that it conformed with
the i-Tree Hydro software. Hydrological data (average daily flows of the Fucha river) were obtained
from the ESP Sewerage and Sanitation Company of Bogota ESP (hereinafter EAAB) and daily flow data
from the Fontibén-Rio Fucha station (item 20822 (L-017), latitude 4° 40', longitude 74° 09', elevation of
2,585 m a.s.l.). Hydrologic data were obtained for the years 2000-2007 since these were all that was
available from the Water Supply and Sewerage Company of Bogota (EAB for its acronym in Spanish).

Data for 2000-2005 was used for calibration. i-Tree Hydro software based on UFORE-Hydro is
designed for municipal land cover managers and researchers, with algorithms selected, modified, or
developed for minimal data input requirements such that most urban areas would be able to readily
apply the model. Land cover inputs into the model can take any spatial dimensions. Meteorological
data for the model can be entered at any regular timestep (hourly data for this research were used).
UFORE-Hydro provides an option for automated calibration of the observed discharge using the
Parameter ESTimation (PEST) routines of Doherty, which, based on user preferences, are called either
a gradient-based or genetic algorithm-based calibration procedure. Outputs at each timestep include
canopy interception, impervious depression storage, infiltration, evapotranspiration, surface (pervious
and impervious) and subsurface runoff, and channel discharge [42]. For validation, it uses temporality
data from 2006 to 2007.

2.4. Scenarios

Five scenarios were proposed with respect to the base scenario for the three ZPU selected for
research (Table 3).
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Table 3. Description of scenarios.

Scenario

Strategy

Description

1 Increase green space 20%

Increase plant coverage by 20% as a strategy promoting
green roofs, resulting in codification of ground cover from
an area of 0.22 km? to 0.26 km? plant coverage, and from
15.72 km? to 15.68 km? of impermeable coverage.

2 Increase green space 50%

Following the analysis of incorporating green roofs as a
measure to reduce the number of impermeable areas in the
town of Fontibon, a proposal was made to increase shrub
cover by 50%, from 0.22 km? to 0.33 km?, and from 15.72
km? to 15.61 km? of impermeable areas.

3 Fontibon area without green zones

A proposal was made to analyze the dynamics of the water
resources in the Fontibon area for a total loss of green zones,
assuming a hypothetical case in which urbanization
increases in an uncontrolled way, completely covering
pocket parks, small gardens, vacant land, and any other
permeable zone.

4 Increase tree cover 50%

The coding was performed with 75% permeable area under
trees and 25% impervious area. The current codification of
the existing green areas in the Fontibén locality was not
altered, only the area under the trees.

5 Increase tree cover 100%

The permeable coverage under trees was increased by 100%
without changing the conditions of land use in the area.

The proposed land cover distribution descriptions of Fontibon for the five scenarios and the
baseline condition are provided in Table 4. For scenarios 4 and 5, the base land cover conditions
were not changed, only the coverage under the trees was modified to increase the permeable area as
described in Table 3. The total area was 33.28 km?.

Table 4. Description of land cover in the five scenarios.

. Base Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Land Cover in

Fontibon Area o Area o Area o Area o Area o Area o
(km?) ’ (km?) o kmd) " km?» 7 md  C md) 7

Tree cover 1.57 4.7 1.57 4.7 1.57 4.7 0 0 1.57 4.7 1.57 4.7
Shrub cover 0.22 0.7 0.26 0.8 0.33 1.0 0 0 0.22 0.7 0.22 0.7
Herbaceous cover 0.24 0.7 0.24 0.7 0.24 0.7 0 0 0.24 0.7 0.24 0.7
Water cover 0.69 2.1 0.69 2.1 0.69 2.1 0.69 2.1 0.69 2.1 0.69 2.1
Soil cover 14.84 44.6 14.84 446 1484 446 0 0 14.84 446 14.84 446
Impervious over 15.72 47.2 15.68  47.1 15.61 469 3259 979 15.72 472 15.72 472

3. Results and Discussion

Figures 3-5 show the different flow changes in the two-year period resulting from each of the

proposed scenarios.

In Figure 3, it is observed how the baseflow increases in scenarios 1, 2, 4, and 5, which is associated
with flows in groundwater, and an inversely proportional relationship with the reduction in significant
volumes for runoff flows in permeable and impervious zones is shown in Figures 4 and 5, where the
most relevant impact was generated by the increase in permeable coverage under existing trees in the

study area for scenario 5.
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Figure 3. Change in the baseflow in each of the proposed scenarios.
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Figure 4. Change in the pervious flow in each of the proposed scenarios.
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Figure 5. Change in the impervious flow in each of the proposed scenarios.

3.1. Scenario 1

The predicted total flow (baseflow plus pervious flow plus impervious flow) decreased by 0.0192%
over seven years with respect to the base-current scenario. With respect to underground flow, an
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increase of 26,244 m® was observed, representing a contribution of 0.2%. For the permeable and
impermeable flow, the changes observed were not significant.

3.2. Scenario 2

In Scenario 2, the predicted total flow decreased by 30,082 m3, equivalent to 0.057% with respect
to the base-current scenario. A 1.24 m® h~! decrease was observed in the predicted maximum flow,
which would help to alleviate the flow generated by strong precipitation events. In the permeable
zones, an 11,391 m3 reduction in the predicted flow and a 78,782 m? increase in the underground flow
were observed. Permeable zones increased, favoring infiltration. However, due to the baseline scarcity
of green areas in the town of Fontibon, the 50% increase in plant cover did not result in the best strategy
for mitigating urbanization impacts. Finally the two scenarios, 1 and 2, in which the percentage of
permeable and impermeable coverage under trees corresponded to 50% for each, were considered.

3.3. Scenario 3

In Scenario 3, total flow increased by more than 53%, representing 28,456,934 m> and
demonstrating the vulnerability of the Fontibon region to loss of green areas. The predicted maximum
flow increased by 51% with respect to the base-current scenario.

3.4. Scenario 4

A reduction in the total flow of 3,960 m® was observed in Scenario 4. This was equivalent to
0.008% of the total flow observed in the base-current scenario. The maximum flow decreased by
2.75m3 h~1. The impact of Scenario 4 was more sizable for the underground flow, which increased
by 310,013 m? (2.2 % with respect to the base-current scenario) and led to substantial groundwater
recharge and infiltration increases within the town. Also of note, the impervious flow declined by
287,002 m>.

3.5. Scenario 5

Finally, in Scenario 5 the total predicted maximum flow was reduced by 529 m3 h~l.
The underground flow increased by 610,951 m> with respect to the base-current scenario, and the
average and maximum underground flows also increased with respect to the base-current scenario.
The most sizeable flow reductions were observed for the impervious flow, which was reduced by 3%,
4%, and 8% for total flow, maximum flow, and median flow, respectively.

The total number of simulated peaks in the impermeable zones was greater in the base-current
scenario than in Scenario 5, where a reduction in the amount of flow greater than 1200 m® h~! was
attributable to the implementation of this strategy. The positive peaks indicate that the flow predictions
were greater in Scenario 5 than in the base scenario.

Regarding the difficulties of the research, the absence of hourly hydrological data is highlighted,
so it was necessary to use a data record for every 6 hours (the same record every 6 hours for each hour
in the input file was used) which reduces the precision of the model. On the other hand, the Leaf area
index (LAI) was not measured in-situ, but values described in bibliography related to the topic for
urban specimens were used.

The benefits of increasing the green areas in the town of Fontibén are obvious from the
hydrological point of view. There was an increase in the permeable zones under existing trees
in the scenarios with an improved town. It is very important to encourage the implementation of
strategies that increase tree cover so that coverage under trees is always more than 75% permeable.
For Scenarios 1 and 2, a much smaller impact than in Scenarios 4 and 5 was observed, due to the fact
that currently the zones occupied by trees are much larger than the areas proposed in Scenarios 1 and
2. However, this impact is significant for the reduction in water volumes in impermeable areas, so a
combination of these two strategies (implementation of green areas and an increase in the area under
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the current trees in the locality) would have a significant impact on stress water generated in intense
precipitation events.

On the other hand, since the 1960s, the large cities of Latin America have been characterized by
a process of industrialization, implemented by companies in the largest cities [61]. This factor has a
significant influence on the growth of the urban population [62] as well as planning, and the applicable
legislation, has focused on this facet of growth [63]. Fontibon's susceptibility to green area reductions
is evident, as was observed in Scenario 3 (taking into account that it is one of the towns with the lowest
green coverage indices in Bogotd [36]) and it is therefore necessary to increase green zones and to
potentiate the existing zones as proposed in Scenarios 4 and 5, in order to reduce risks, since flows
in urban basins may exceed those in less urbanized or non-urbanized basins by between 30% and
100% [16]. Another important factor to analyze is the transport of urban pollutants, as waterproof
surfaces with a material of low roughness and associated with intense rainfall greatly favor the increase
in the rate of transport of pollutants [64]. This has a detrimental impact on the quality of runoff water;
due to non-point sources, contaminants such as solids, metals and nutrients are washed away [65].
Besides promoting the creation of new green areas through implementing strategies that do not slow
the city’s growth, buildings with permeable roofs (green roofs) will also lead to improved hydrological
performance. Additionally slowing the loss of existing green areas is necessary. Taking into account
the background of emergencies and disasters related to water and poor management of rainwater
that have arisen in the city, future enhancement and expansion of green areas is urgently needed,
implementing planning and environmental management initiatives at the urban level, which should
focus on addressing issues of proper management of the relationship between internal urban systems
and the quality of life of their inhabitants [66].

4. Conclusions

The implementation of strategies that reduce the impacts of large-scale urbanization, for example
waterproofing of the soil, which considerably affect the natural dynamics of the hydrological cycle,
is vitally important for improving residents” quality of life. Useful strategies will reduce peak flows
in terms of both maximum and total flow resulting from intense rainfall, and increase the flow into
groundwater resulting from increased infiltration and flow into permeable zones. Scenarios 1 and
2 simulated here produced just these results. According to reports in the literature, the strategies
simulated here also improve the air quality, improve the quality of runoff water, and reduce the
air temperature.

The vulnerability of Fontibon to green area reduction is highlighted in Scenario 3. With a reduced
green area, the total and maximum runoff flows both increased by more than 50%. Despite the fact that
the increase in green areas is not significant, a decrease in the number of these has a relatively large
impact. The best strategy for mitigating the impact of urbanization was achieved using permeable
coverage under trees. This strategy (Scenario 5) substantially increased the flow of groundwater and
decreased the flow on impermeable areas. When planning green spaces in an area, the incorporation of
these zones, and especially of arboreal zones, should be implemented with 100% permeable coverage
underneath them in order to optimize the hydrological benefits.

Finally, no previous studies were found that implemented i-Tree in Latin America, so this is its first
application as a tool for administration and urban development in cities in developing Latin American
countries. The i-Tree tool is especially useful for quantifying the benefits of trees and permeable zones
since it is straightforward to investigate different scenarios, such as the implementation of projects that
significantly reduce the percentage of permeable zones in urban environments or the response of a
specific area to intense rainfall.
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Funding: This research received no external funding.
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