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ABSTRACT

The objective of this research is to analyse urban growth in Pasto using a predictive model in order to 
identify expansion patterns and anticipate future scenarios. The study responds to the need to manage rapid 
urban change in the city, which has gone from being mainly agricultural to urban in the last two decades. 
Through the analysis of urban data, it seeks to facilitate planning and informed decision-making, promoting 
sustainability and organised development.
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RESUMEN

El objetivo de esta investigación es analizar el crecimiento urbano en Pasto mediante un modelo predictivo, 
con el fin de identificar patrones de expansión y anticipar escenarios futuros. El estudio responde a la 
necesidad de gestionar el rápido cambio urbano en la ciudad, que ha pasado de ser mayormente agrícola a 
urbano en las últimas dos décadas. A través del análisis de datos urbanísticos, se busca facilitar la planificación 
y toma de decisiones informadas, promoviendo la sostenibilidad y el desarrollo organizado.

Palabras clave: Crecimiento Urbano; Modelo Predictivo; Repositorio Urbanístico; Analítica de Datos; 
Aplicación Web; Proyectos Residenciales.

INTRODUCTION
Currently, the disorganized expansion of both formal and informal housing growth in the city of Pasto has 

generated an urban landscape marked by significant densification in the peripheries and rural areas.(1,2,3,4,5) This 
reality poses substantial challenges for the city’s territorial planning and management, manifesting itself as 
an evident transition from an agricultural to an urban environment, especially noticeable between the years 
2000 and 2022. The implementation of occupation models in this period has caused a profound structural 
transformation in the urban-territorial configuration of Pasto.(6,7,8,9,10) This change is clearly manifested in the 
complexity of the urban morphology, where peripheral points converge towards a compact footprint.(11,12,13,14,15) 
The predominant focus on peripheral areas as a solution for urban development highlights the urgent need to 
address the challenges arising from territorial expansion and cohesion in the city.(16,17,18,19,20)

Over more than two decades, numerous urban simulation and modeling studies, from the contributions of 
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Tobler, Couclelis, Takeyama, and White and Engelen to more contemporary research by Feng, Liu, and Batty 
and Feng and Tong, have highlighted the functionality of these approaches. However, the current dispersion of 
the information systems of the city of Pasto in various sources, some outdated or not purified, has generated 
information inconsistent with the reality of the city. Likewise, the available data exhibit an intrinsic dynamic in 
constant evolution, undergoing transformations closely linked to the urban growth processes in the expansion 
areas.(21,22,23,24,24,25) The lack of reliable and easily accessible sources complicates the task of establishing direct 
and precise relationships with updated and timely data. The complications inherent in the use of and access to 
information act as barriers that restrict the smooth and functional transmission of the corresponding repository.
(26,27,28,29,30) Therefore, the research proposal entitled “Analysis of urban growth in the expansion zones of Pasto 
2000-2022: implications of the compact territorial model proposed by the land use plans in urban planning, by 
means of a predictive model”.(31,32,33,34,35) The research is in process of execution, in which research processes of 
great relevance have been obtained, highlighting the development of quality software products.(36,37,38,39,40) Thus 
highlighting the development of a web portal as a consultation tool, which was presented at the III International 
Meeting of Semilleros of CESMAG University, obtaining recognition by the evaluators as an outstanding work for 
its innovation in the field of architecture and systems engineering.(41,42,43)

With the above, several factors to improve have been identified; therefore, the initiative of developing 
an interactive web page arises applying innovative technologies such as predictive models,(44,45,46) which are 
supported by artificial intelligence, allowing to highlight the urban growth in the city of Pasto.(47,48,49) Likewise, 
its free use and easy access and understanding of the information will be its main attraction.(50,51,52) This 
approach will not only include the consolidation of validated data, but also its visualization through interactive 
software that aims to collect reliable data and present the information in an accessible way, providing users 
with a detailed understanding of the evolution of urban growth in Pasto.

The ongoing research seeks to identify and analyze in detail the transition of Pasto from an agricultural to an 
urban environment, recognizing the complexity and implications that this change has had on the configuration of 
the city over time. It seeks to comprehensively examine how this phenomenon has left a significant mark on the 
urban-territorial structure, influencing the planning and development of the city. The research process delves 
into the emerging morphology, highlighting the key elements that have contributed to the transformation, from 
the occupation models implemented to the dynamics of formal and informal growth.

Problem statement
With the enactment of Law No. 388 of 1997, which is established as the main regulation in territorial planning, 

Colombia began a new stage in the planning and management of cities and urban centers in the country. However, 
these regulations are effective only if the hierarchy and preponderance of urban land compared to other types 
of land is understood. In other words, planning focuses on the materialization, densification and development 
of the urban space we know as cities. From another perspective, a lack of optimal management tools for the 
development of rural and suburban areas, whose vocation is specifically focused on rural, agricultural and 
tourism activities, is identified.(53,54,55)

Currently, information systems are available to preserve data and variables related to urban development 
patterns in Pasto. However, this information comes from various sources and, in some cases, has not been subject 
to updating, cleaning or modification, resulting in the presence of data inconsistent with the real situation in 
the city. In addition, it is crucial to highlight that this information does not remain static, but experiences a 
constant dynamism and evolution in parallel to the urban growth processes in the expansion areas of Pasto. 
The lack of reliable sources available for direct consultation by users makes it difficult to access updated and 
timely data. In the context of a city like Pasto, characterized by the management of multiple repositories 
stored in various sources, the use of information becomes more complex hindering access to it. Considering 
data analytics and the collection of information in an accurate and concise manner becomes a fundamental 
reference to achieve an effective development and understanding of the situation during the periods 2000 and 
2022. “Pasto is one of the cities in Colombia that has undergone a process of transit from an agricultural to 
an urban landscape. This fact became more evident with the occupation models implemented between 2000 
and 2022, a topic that was addressed by experts in the program OGU, of Radio UNAL”. Considering the above 
quote as a reference, which evidences the significant transition that Pasto has experienced over the years, it 
is imperative to conduct an analysis and information gathering to determine the factors that have contributed 
to this process of change and growth.

How has the city of Pasto experienced its urban growth between 2000 and 2022, evaluated through dynamic 
scenarios and supported by a predictive model?

General Objectives
To determine interactive scenarios of urban growth in the city of Pasto through a predictive model, supported 

by a software product.
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METHOD
Paradigm

The research focuses on the positivist paradigm based on replicability, which involves the predictive model 
fed by a reliable data source collected during the research. A fundamental characteristic of this paradigm is 
causality, due to the fact that the research process emphasizes on identifying the cause, which is urban growth, 
and its effects, which correspond to changes in the dynamic scenarios of the city of Pasto.

Approach
The research approach aims at creating a software product that allows the identification of urban growth 

in the city of Pasto. For this purpose, a quantitative approach is taken into account, which is characterized by 
the study of a matrix resulting in an information repository containing more than 30 000 urban data. This data 
will be the driving force for the predictive model to be fed. From the analysis of this data, the quantitative 
approach allows us to identify which sectors of Pasto have experienced greater urban growth, as well as to 
determine which types of constructions have been more constant between 2000 and 2022. The importance 
of this analysis lies in the fact that, by identifying patterns and trends, the model will be able to make 
informed projections about the future of urban development in the city, allowing the information obtained to 
be effectively visualized in the software product developed.

Method
Since this research encompasses both quantitative and qualitative aspects, it can be classified as a mixed 

research. In this sense, various methods are employed, including documentary research in combination with 
field research, which in turn is broken down into surveys, observation and data analysis.

For the implementation of the predictive model, the validation, evaluation and analysis of the results, 
aspects that were contemplated during the data collection stage, are considered essential.

Type of research
The research is exploratory, given the complexity of analyzing dynamic scenarios in the framework of urban 

growth in the city of Pasto and the possibility of having a limited history of previous research. It is proposed to 
start with an exploratory research that allows an in-depth analysis of the dynamics of urban growth in Pasto, 
identifying key and relevant factors that allow the correct study of such dynamics.

Once an adequate level of understanding of the dynamics of urban growth in Pasto has been reached, we 
proceed to an experimental type of research. In this phase, the predictive model is developed and validated 
using previously processed data. In addition, we evaluate how various key factors influence urban growth.

Research design
The research adopts the quasi-experimental design, which allows the manipulation of specific independent 

variables, such as urban policies or urban planning, important to analyze their impact on urban growth in Pasto. 
This design facilitates the application of controlled interventions, followed by the evaluation of their effects on 
the dynamics of urban growth in the aforementioned city.

In this context, study groups representing different urban scenarios or conditions are defined. Key variables 
related to urban growth are manipulated to observe how they influence both the predictive model and the 
results obtained.

This design enables a more controlled and structured approach capable of analyzing the dynamics of urban 
growth in the city of Pasto, facilitating the evaluation and validation of the predictive model supported by the 
developed software.

Population
The target population of this research focuses on urban growth in the city of Pasto, addressing aspects 

related to buildings, condominiums, residential complexes and housing in general.

Sample
The sample covers the period between the years 2000 and 2022. During this interval, an exhaustive analysis 

was carried out focused on the study and evaluation of urban growth with respect to the multiple urban 
variables obtained in the research process.

Data collection techniques
The first phase focused on conducting a survey of people who have knowledge in the area of housing 

construction in the city of Pasto in the periods 2000-2022, in order to identify the residential projects that have 
been built and developed over the years, as well as each characteristic that identifies each residential project. 
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Likewise, a thorough research in virtual sources was carried out to identify several key factors needed for the 
study of the urban growth of the city.

Validity of the collection techniques
The techniques to be employed are based on the synergy between urban growth and technology. The 

creation and implementation of a survey represents the primary phase to determine the areas of the city of 
Pasto that should be analyzed in order to subsequently work on them and collect the necessary information for 
the implementation of a predictive model defined by urban variables, which include relevant information for 
training and development. The analysis of the paper supports the feasibility of the study and the integration 
of urban growth and technology, with the purpose of offering a perspective on how to identify urban growth in 
the city of Pasto.

Reliability of the collection techniques
The reliability of the information is based on the analysis of the information and its coherence with the 

context and the questions posed in the survey. To achieve this, a detailed explanation of the purpose and aim of 
the survey or the topics to be covered will be provided, either in visual or face-to-face format. This will ensure 
that the respondent can provide valid and accurate information. Similarly, in data collection through virtual 
tools, comparative filters will be applied using various sources of information to identify patterns of consistency 
that validate the reliability and validity of the information provided.
 
Data collection instruments

In the data collection process, advanced technological tools and various online sources will be used. These 
tools will include platforms such as Google, Google Scholar, Google Maps and Google Earth, which will allow 
obtaining geospatial data (study variables: longitude and latitude of residences located in Pasto), maps and 
satellite views to visualize the urban environment of Pasto and track its evolution over time. Likewise, home price 
information pages and websites that offer visual resources to identify what the city of Pasto was like before the 
year 2000 will be explored, together with the Instituto Geográfico Agustín Codazzi (IGAC) as a primary source to 
guarantee the reliability of the information. These sources will be crucial for the development and population 
of an information matrix with valid and accurate data to support the analysis of urban growth in the city.

Additionally, the surveys that will be carried out in the city of Pasto, aim to collect essential information for 
the research process, allowing to analyze and study the urban growth of the city, focusing also on the variables 
of study of the research:

•	 Name of the Project (Residence, Building or Complex): where it is sought to obtain specific 
information on the denomination of the residence, building or housing complex located in a certain area. 
Seeking to understand how these spaces are identified and differentiated within the city.

•	 Type of Housing (Morphology): allowing to know in detail the morphology of the dwellings, that 
is, if they are multi-family or single-family. This classification will help to understand the predominant 
residential structure in the city of Pasto, providing valuable information on architectural diversity.

•	 Housing Stratum: allowing to identify the stratum to which each residence, building or residential 
complex belongs. This variable is crucial to analyze the socioeconomic distribution in the city, making it 
possible to understand the diversity of strata present.

•	 Housing Size: in this section, we intend to obtain information about the dimensions of the 
dwellings, expressed in square meters. This will make it possible to understand the variability in the 
size of residences or buildings in the area, providing valuable insights into the distribution of residential 
space.

Only a few items obtained through the previous surveys were recorded in the repository, while the majority 
were collected through an exhaustive documentary review. Reliable sources on websites, analysis through 
Google Maps and the support of confidential and valuable information provided by EMPOPASTO were used, 
which allowed complementing and validating the information in a comprehensive manner.

RESULTS
The creation of an urban data repository in the city of Pasto has been fundamental for the analysis of urban 

growth between 2000 and 2022. This repository compiles detailed information on residential projects, including 
location, housing characteristics and risk contexts, serving as an essential tool for urban planners and local 
authorities in the identification of expansion patterns and evaluation of urban policies.

To efficiently manage this information, an intuitive web application was developed, allowing users to access 
relevant data and visualize the results of a predictive model. This model, designed to analyze urban growth, 
uses machine learning techniques and has been validated with metrics such as the coefficient of determination 
(R²) and the mean square error (MSE), demonstrating its effectiveness in forecasting future trends.

 Gentrification. 2025; 3:93  4 

ISSN: 3046-4137

https://doi.org/10.62486/gen202593


The integration between the web application and the predictive model is facilitated by an API developed 
with Flask, which allows data to be sent and predictions to be obtained in real time. Each of these components 
has been developed following the following specific methodologies:

•	 Data Warehousing for the creation and structuring of the data repository.
•	 Scrum for the development of the web application, allowing an agile and adaptive approach. 
•	 CRISP-DM for the development of the predictive model, ensuring a rigorous analysis based on 

historical data.

This combination of methodologies and tools established a robust framework for the planning and sustainable 
development of Pasto, fulfilling each of the specific objectives of the research.

Creation of an urban data repository
After arduous work and meticulous information gathering, a data repository was compiled that groups all 

the residential projects built in the city of Pasto between 2000 and 2022. This repository, now complete and 
well documented, represents an invaluable source for any entity interested in the study and analysis of urban 
growth in the region.

The repository contains an extensive collection of geospatial data representing residential projects built 
between the years 2000 and 2022, which also includes information or urban characteristics such as: The risk 
or threat zone, main ecological structure, number of housing units, housing type (morphology), housing type 
(subsidy), housing stratum, housing size, housing price, year of construction, population density (hab/Hec), 
facilities (m), location of the residential project (Longitude), location of the residential project (Latitude). This 
resource provides a detailed view of Pasto’s urban growth between 2000 and 2022, serving as a key tool for 
urban planners, academics and authorities to identify expansion patterns and evaluate policies. In addition, it 
supports strategic decisions on sustainable development and infrastructure improvement, and is also valuable 
for real estate companies and builders in understanding the residential market.

In the context of the creation of the urban repository, the Data Warehousing Methodology was chosen as the 
most appropriate to carry out an effective process. This methodology is structured in the following key phases:

Data Collection
•	 Source Identification: in this phase, it was determined which data and sources were needed to 

enrich the urban repository. Data collection was carried out from various sources, including documentary 
review and obtaining geospatial information using Google Maps and Google Earth. In addition, Empopasto 
contributed by providing urbanistic information relevant to the research, which was fundamental for the 
construction of the data repository.

•	 Data Extraction: where the data collection process was carried out from the identified sources.

Data Transformation
•	 Data Cleaning: phase focused on eliminating duplicate data, correcting errors and standardizing 

formats.
•	 Standardization: key stage to ensure that the data follows a consistent and structured format 

necessary for its understanding.

Data warehousing
•	 Database Design: where the database structure was defined, considering the tables that could be 

used as well as the relationships between them.
•	 Data Loading: process of inserting the transformed and debugged data into the repository as such, 

to be manipulated by the web application for its management and by the predictive model to make 
predictions.

Documentation and metadata
•	 Metadata creation: phase where the process of documenting the source, format and context of the 

data was carried out to facilitate its use and understanding.
•	 Use Guides: a useful guide was developed to understand the structure and characteristics of the 

data and the urban planning repository.
 
Maintenance and updating

•	 Regular updating: stage where a schedule and the necessary structure for the incorporation of new 
data in the repository were established.

•	 Quality Monitoring: phase focused on the periodic review of data quality.
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Accessibility and updating
•	 User Interface: an interface was created in the web application to facilitate data access and 

consultation, also guaranteeing the correct management and security of the data.

Figure 1. Interface of the web application that allows the management of the urban planning repository

•	 Visualization tools: stage where statistical graphs and a Dashboard were implemented to analyze 
and visualize the data interactively.

Figure 2. Interface of the web application where it allows the visualization of statistical graphs by neighborhood (1 
neighborhood only)

Figure 3. Interface of the web application where it allows the visualization of statistical graphs comparing all the 
neighborhoods of the city
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Validation in the collection of information for the urban planning repository: support from Empopasto
Data collection for the urban planning repository is a fundamental process that relies on the truthful and 

accurate information provided by Empopasto. Empopasto’s experience and commitment to data quality ensures 
that the information collected is not only reliable, but also accurately reflects the characteristics and needs 
of the urban environment. This contribution becomes an essential pillar for the development of the research 
process, ensuring that future decisions are based on solid and relevant evidence.

Information validated and provided by Empopasto:

Source: EMPOPASTO
Figure 4. Projection of a point in google earth working risk or threat zone

Source: EMPOPASTO
Figure 5. Classification of risk zones according to an identifying color

By placing a point on the map and assigning it a specific color, a risk zone corresponding to that residential 
project is identified. This action allows a clear and precise selection of the affected area, facilitating the 
diligence of the value in the “risk_zone” column of the repository. Thus, an efficient management of the 
information is guaranteed, allowing a deeper analysis of the associated risks in the city of Pasto.

Source: EMPOPASTO
Figure 6. Projection of a point in google earth working main ecological structure
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Source: EMPOPASTO
Figure 7. Classification of ecological structures according to an identifying color

By placing a point on the map and assigning it a specific color, a zone is established with respect to the 
ecological structure for that residential project. This action allows a precise selection of the area in question, 
facilitating the diligence of the value in the “ecological_structure” column of the repository. In this way, a clear 
organization of the information is ensured, which contributes to a better understanding and analysis of the 
ecological elements present in the territory.

Source: EMPOPASTO
Figure 8. Projection of a point in google earth working stratum

Source: EMPOPASTO
Figure 9. Classification of Pasto strata according to an identifying color
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By placing a point on the map and assigning it a specific color, the stratum for that point or residential 
project is defined. This action allows for the precise selection of the corresponding area, facilitating the 
diligence of the value in the “housing_stratum” column of the repository. Thus, a clear categorization of the 
information is guaranteed, which contributes to a deeper analysis of the socioeconomic characteristics of the 
population in the territory.

Source: EMPOPASTO
Figure 10. Projection of a point in google earth working equipments

Source: EMPOPASTO
Figure 11. Classification of facilities (in meters) according to an identifying color

By placing a point on the map and assigning it a specific color corresponding to the equipment zone, the 
equipment value (in meters) for that point is determined. This process ensures that the information collected 
is accurate and adequately reflects the availability of services in the selected area. This action allows for the 
precise selection of the corresponding space, facilitating the diligence of the value in the “equipment” column 
of the repository. In this way, a clear organization of the information is ensured, allowing a more complete 
analysis of the availability and distribution of services and resources in the territory.

Source: EMPOPASTO
Figure 12. Projection of a point in google earth working density
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Source: EMPOPASTO
Figure 13. Classification of densities (hab/Hec) according to an identifying color

By locating a point on the map and assigning it a specific color related to population density, the concentration 
of inhabitants in that area and the density value for that point are clearly defined. This action allows the 
corresponding value to be accurately recorded in the “population_density” column of the repository. This 
ensures that the information accurately reflects the demographic distribution, facilitating a deeper analysis of 
the social and urban dynamics of the territory.

Validation of the collection by means of a survey of an expert in construction
Validation of the data collection through the survey of a construction expert is a crucial step to ensure the 

quality and relevance of the information obtained. By consulting a professional with experience in the sector, 
the aim is to corroborate the accuracy of the data collected and to obtain valuable perspectives that enrich the 
analysis. This validation not only reinforces the credibility of the research, but also ensures that the decisions 
and recommendations derived from the study are based on technical and practical knowledge. To view the 
interview uploaded to YouTube click on the link (Link Video), (Access to the interview script).

Answers obtained during the interview
Block 1: Professional Experience and Urban Growth
1. Could you start by telling me a little about your professional experience in the area of construction and 
installation in Pasto?

The expert is an electrical technician with extensive experience in construction, and has had the opportunity 
to closely observe the progress of Pasto’s construction and society throughout his career.

2. From your experience, how would you describe the urban growth of the city of Pasto since 2000?
Describe the urban growth in Pasto as accelerated, driven largely by population growth and migratory 

factors. Urban expansion has been remarkable compared to previous years, and the city has had to adapt 
quickly to this pressure.

3. What do you think are the main factors that have driven this growth?
Among the factors mentioned are migratory displacement (including the impact of Venezuelan immigration), 

regional internal displacement, and the search for better economic opportunities in Pasto, especially by 
inhabitants of rural areas.

4. What would you say are the sectors or neighborhoods of the city that have grown the most in the last 20 
years?

The expert points out several key areas:
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•	 Surroundings of the San Pedro Hospital and the areas near the stadium.
•	 Southeastern areas, including sectors such as Santa Monica.
•	 Commune 10, including sectors such as Nuevo Sol, Nueva Aranda and San Diego, which have 

experienced significant growth in construction.

Block 2: Neighborhoods, Residential Complexes and Development in Pasto
1. Can you tell me about the development of neighborhoods, residential complexes or condominiums in Pasto 
since 2000?

The expert validates the classification work that has been done in terms of residential complexes and 
condominiums. He emphasizes that the use of advanced technology and software has allowed for a detailed 
and accurate analysis of housing development.

2. Could you confirm if the classification of housing, complexes and buildings that we have worked on 
corresponds correctly to constructions after the year 2000?

Yes, the expert confirms that the classification of dwellings, complexes and buildings is appropriate and 
accurately reflects the characteristics of constructions built after 2000.

He emphasizes that a thorough analysis has been carried out, supported by advanced technological tools 
and specialized software, which allow validating the accuracy of the classification and the data collected. In 
addition, he mentions that the process has considered the evolution in the typology of buildings, which allows 
the analysis to be adjusted to the specific characteristics of new urban developments in Pasto and helps to 
better visualize the differences in housing growth in the city. This combination of technology and a detailed 
approach ensures that the data accurately represent recent urban development in Pasto.

3. From your experience, have you noticed any significant changes in the type of housing or residential 
complexes being built in Pasto since 2000 compared to before?

There has been a notable change in housing. There is a diversification of socioeconomic strata in new 
constructions, adapting to market demands, where there are differences in middle, low and high strata, and 
the proliferation of commercial and residential buildings.

4. Do you consider that the data we have used accurately reflect the urban growth in Pasto after 2000?
Yes, I consider that the data reflect the growth well, observable in the amount of new constructions for both 

housing and commerce in the city.

5. Do you think that the city of Pasto will tend to grow more in buildings, complexes or condominiums?
The expert anticipates a growth in horizontal property due to the limitation of available land. He mentions 

that previously larger houses predominated, but nowadays new constructions are oriented towards more 
compact horizontal buildings and developments.
 
Development of an optimal web application with quality standards

After an intensive period of development and testing, a web application was successfully created that meets 
high quality standards and is capable of managing information related to users, roles, user permissions, reports 
and residential projects. The application, in addition to its management functions, allows displaying the results 
of the predictions made by the predictive model, created to analyze the urban growth of the city of Pasto.

The web application was designed to be intuitive and easy to use, allowing registered users to access key 
information in a secure and efficient manner. Among its functionalities, in order to fulfill objective 2 of the 
research are:

1.	 Visualize the information of the urban planning repository and topics related to urban growth 
(home page).

2.	 Access to the system through user authentication.
3.	 Assigning roles within the system.
4.	 User management within the system.
5.	 Management of each user’s personal information.
6.	 Manage the urban repository.
7.	 Visualize the information of the urban planning repository.
8.	 Develop and interact with a Chat Bot in the web application.
9.	 Implement an API.
10.	Send relevant information to make urban growth predictions.
11.	Saving the predictions made by the predictive model.
12.	Search for the predictions made by the predictive model.
13.	Visualize the predictions made by the predictive model.
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For the development of the web application, the Scrum methodology was used, implementing a total of 
four sprints. During this process, a product backlog was created to organize the user stories, which allowed 
structuring and prioritizing the tasks effectively. This organization facilitated the agile development of the 
application, ensuring that objectives were met and functionalities were delivered continuously.

Planning Sprints 1,2,3,4

Figura 14. Start and End Dates Sprints 1,2,3,4

Product Backlog developed
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Figura 15. Product Backlog of Sprints 1, 2, 3, 4

In addition, to facilitate the sending of information from the web application to the predictive model, it was 
necessary to create a connection bridge. For this reason, an API was developed to enable this communication 
effectively.

Development and implementation of a functional API
An API (Application Programming Interface) has been successfully implemented using Flask that acts as a 

connection between the predictive model and the web application. This API allows sending data from the web 
application to the predictive model, providing a mechanism for users to send urban information through forms 
in the web application to subsequently receive the predictions of the predictive model and thus visualize them 
in the web application.
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API Features
•	 Interaction with the Predictive Model: the API can load the predictive model from the web 

application storage or operating system storage and thus make predictions based on the data it receives 
from the web application. This allows users to get real-time results.

•	 Inter-Application Communication: the API uses Flask to create an endpoint that the web 
application can use to send data. This endpoint is designed to be secure and efficient, allowing seamless 
communication between the web application and the model.

•	 Forms Integration: the web application has two forms that allow users to send information from 
the web application to the model. First, there is a form where a specific year can be entered to make 
the respective urban growth prediction.

The information provided by users is sent to the API, where the prediction is generated using a predictive 
model. This prediction is displayed in a graph representing the projected urban growth and the annual variation 
from 2022 to a specific year. In addition, a statistical graph is stored in the “images” folder of the web 
application, which illustrates the actual growth, the model’s prediction in relation to the actual growth, and 
a comparison between the two, as well as the growth prediction from 2022 to the year entered by the users.

Secondly, there is a form where you can enter certain information related to different urban variables and 
thus make predictions to identify areas with higher or lower urban growth evaluated from a growth index.

The information provided is sent to the API, where the model makes the prediction based on the data 
entered, including type of housing, number of dwellings, morphology, price, population density, type of subsidy, 
longitude and latitude. These data, sent from the web application, are analyzed by the model to generate a 
prediction. As a result, a geospatial point is created on an interactive map that represents a growth index based 
on the urbanistic variables entered. This provides an overview of the areas of Pasto with the highest and lowest 
urban growth.

•	 Response and Error Handling: the API is configured to handle responses properly and report errors 
if something goes wrong. This ensures that users get clear and useful responses when interacting with 
the web application.

Development and implementation of the UrbanPredictor (ChatBot) assistant tool
UrbanPredictor is a chatbot designed to improve the user experience in the JMM URBAN VISION web 

application, facilitating the sending of data to the API in an efficient way. This assistant has several functions 
that allow to optimize the interaction and the collection of relevant information for urban prediction.

1.	 Sending Prediction Data by years:
•	 Select Option 1: sending data to make a prediction of urban growth in a given year.
•	 Fill in the prediction ID.
•	 Fill in the prediction year.

2.	 Sending of forecast data by zones:
•	 Select Option 2: sending data to make a prediction of urban growth by zones in the city of 

Pasto.
•	 Fill in the project code.
•	 Fill in the type of housing.
•	 Completion of the morphology.
•	 Completion of the housing subsidy.
•	 Completion of the size of the dwelling.
•	 Completion of the price of the house.
•	 Fill out the population density.
•	 Fill in the longitude and latitude of the residential project.

Test Cases for the Web Application, API and ChatBot
Extensive test cases were conducted for the web application, the API and the chatbot, ensuring that all 

functions operate as expected. These test cases allowed verifying that each of the functionalities described 
in the user stories and in the Product Backlog are correctly implemented, thus guaranteeing the quality and 
efficiency of the system. This process not only validates the correct functioning of the tools, but also ensures 
an optimal experience for the end user, (Access to test cases).

Validation in the use of the web application by experts.
For the validation of the web application, a survey process was carried out in order to evaluate its 

functionality. The surveys highlighted aspects such as comprehension and ease of use, as well as the appreciation 
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of the design, colors, interfaces and typography. Also, the performance of the application was inquired about, 
evaluating if it was agile and fast for the respondents, who are experts in the area of computer science and 
have studied or are studying careers related to this discipline.

Results obtained from the surveys

Figure 16. Pie chart of the respondents’ level of studies

Figure 17. Pie chart of respondents’ years of experience in the use of applications in general

Figure 18. Pie chart of the level of comfort in using new technologies by respondents
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Figure 19. Pie chart of respondents’ preference of communication channel for receiving support

Figure 20. Pie chart to identify the main motivation in the use of the web application by the respondents

Figure 21. Pie chart to identify the likelihood that respondents will acquire new knowledge regarding urban growth
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Figure 22. Respondents’ rating of the overall design of the web application

Figure 23. Bar chart rating the level of attractiveness of the colors of the web application by respondents

Figure 24. Rating of the level of attractiveness of the buttons and options menu by the respondents
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Figure 25. Rating of the level of attractiveness of the colors of the web application interfaces

Figure 26. Rating of the colors of the web application with respect to whether they are pleasing or not to the eye

Figure 27. Rating of the typography of the web application by the respondents
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Figure 28. Determination of the readability of the typography of the web application

Figure 29. Rating of the user-friendliness of the web application

Figure 30. Rating of the level of understanding of the functionality of the web application

Development of an efficient predictive model
After a rigorous and successful development process, the creation of a predictive model capable of making 

predictions on the urban growth of the city of Pasto for the period 2000-2022, as well as for future scenarios, 
was completed. This model was built with the additional purpose of finding patterns and trends in the data 
collected, thus making it possible to foresee the possible urban development of the city in the coming years.

The model is based on a robust set of historical data on    residential projects, land use, infrastructure and 
other key factors related to urban growth in Pasto. Using advanced machine learning techniques and statistical 
analysis, the model was trained to identify significant relationships between these variables. This provides a basis 
for predicting the urban growth of the city in the coming years, as well as the areas with more or less growth.
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The effectiveness of the model was tested using metrics such as the coefficient of determination (R²) 
and the mean square error (MSE), which indicate the model’s performance with respect to the data and the 
accuracy of its predictions, respectively. During the evaluation process, the model achieved an R² of 0,96 and 
MSE of 0,003, demonstrating a strong correlation between the model’s predictions and the actual data. The 
MSE remained within an acceptable range, indicating that the prediction errors were low and that the model 
could be effectively generalized to future data, furthermore, in the cross validation process good results were 
obtained, with an R² coefficient of 0,94 and an MSE of 0,004 demonstrating an efficient performance of the 
model with new urban data of the city of Pasto.

For the development of the predictive model, the CRISP-DM (Cross- Industry Standard Process for Data Mining) 
methodology was used as a reference framework. This methodology provided a structured and systematic 
approach covering all phases of the process, from business understanding and data preparation to modeling 
and evaluation. By following the CRISP-DM steps, it ensured that each stage of development was rigorous and 
aligned with the project objectives, thus facilitating the generation of a robust and effective predictive model.

Breakdown of the phases or stages considered for the development of the predictive model:
1.	 Business Understanding

•	 Research Objectives.
a)	 General objective: to determine interactive scenarios of urban growth in the city of 

Pasto by means of a software product supported by a predictive model.
b)	 Specific objectives:

-	 Generate an information repository of interactive urban growth scenarios in the 
city of Pasto.

-	 To develop a software that allows managing the information of the different 
dynamic scenarios of urban growth in the city of Pasto, as well as the information 
obtained during the research process.

-	 Apply the predictive model using data analytics as a simulation module in the 
software product.

simulation module in the software product.

•	 Definition of the objectives of the model and the problem to be solved.
a)	 Analyze and predict the urban growth of the city of Pasto in general.
b)	 Analyze and predict urban growth by zones of the city of Pasto.
c)	 Definition of the problem question: How has the urban growth of the city of Pasto 

evolved between 2000 and 2022, evaluated by means of dynamic scenarios and a predictive 
model supported by a software product?

Note: the creation of the predictive model seeks to solve specific objective 3 of the research.

2.	 Data Understanding
•	 Selection of data collection techniques.
•	 Collection of necessary and relevant urban data for the predictive model.
•	 Exploration and analysis of the data to obtain information on its quality, structure and 

content.
•	 Identification of problems or limitations in the data, such as missing values or inconsistencies.

Figure 31. Headings of the urban repository grouped by neighborhoods
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3.	 Data Preparation
•	 Cleaning and preprocessing of the data to make them suitable for analysis.
•	 Transformation of the data as needed, applying MinMaxScaler() as the scaling process, in 

addition to Flatten for the data flattening process.
•	 Creation of training and test data sets.

Figure 32. Cleaning of null values from the urban repository

Figure 33. Scaling of data from the urban planning repository.

Figure 34. Flattening of the target variable

Figure 35. Separation of the urban planning repository data into training and test data

4.	 Modeling
•	 Selection of the appropriate machine learning techniques and algorithm for modeling.
•	 Training of the model and adjustment of the hyperparameters to improve its performance.
•	 Validation of the model using the test data set.

Figure 36. Comparison of regression machine learning models
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Note: before the creation of the model, a comparison of different machine learning models was performed 
to select the most suitable one for the current research. This process was carried out by comparing their r2 
and MSE coefficients as shown in figure 36, so that the closer r2 (coefficient of determination) is to 1 and MSE 
(average of the squared differences between the predicted and actual values) is the lowest possible value, the 
better model will be identified. Therefore; DesicionTreeRegressor () is the best fit to the above conditions.

Figure 37. Creation of the model (regression decision tree)

Figure 38. Training of the model (regression decision tree)

Figure 39. Model validation (regression decision tree)

5.	 Evaluation
•	 Evaluation of the model’s performance by verifying whether it meets the business objectives.
•	 Performing additional tests to ensure that the model is robust and generalizable.
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Figure 40. Cross-validation of the model’s MSE (regression decision tree)

Figure 41. Cross-validation of the model’s r2 (regression decision tree)

6.	 Deployment
•	 Deployment of the model in a runtime environment.
•	 Review of the entire prediction process to ensure that the model is suitable for deployment.
•	 Interpretation of the model results.

Figure 42. Server where the model is executed (regression decision tree)

7.	 Support of a teacher expert in artificial intelligence for the development of the model
•	 The expert teacher Héctor Andrés Mora Paz has extensive experience in the field of 

artificial intelligence and machine learning, supported by his experience in data analysis projects 
and development of predictive models. His knowledge in advanced AI methodologies has been 
fundamental to guide the creation of the model, providing accurate strategies and key optimizations 
to improve the accuracy and efficiency of the predictions.

•	 It is important to consider the expert faculty member’s resume, where he details his 
professional experience and achievements in the area of artificial intelligence supporting his 
research support (Link resume).
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Figure 43. Graph of actual urban growth and predicted urban growth generated by the predictive model

Additional research and achievements
Throughout the development process of the project, it has obtained important recognitions in regional 

expositions, highlighting the participation in the Cesmag University and in research seedbeds. The project has 
also participated in national and international congresses, such as the Safaris Tech International Congress. 
Among the outstanding achievements is a first place in the call for research projects in 2022. In addition, 
second place was achieved in the Regional Seedbed Conference, thus qualifying for participation in Ibarra, 
Ecuador, as well as third place in the National Seedbed Congress held at the Cesmag University. Likewise, two 
research articles have been developed documenting the development of the project, (Access to certifications 
and achievements), (Access to developed articles).

Installation, requirements and configuration manuals for the web application, api, chat bot and predictive 
model:

•	 User manual.
•	 Installation manual.
•	 Cataloging sheet.
•	 Technical document of requirements.

Analysis of results
The analysis of dynamic scenarios related to the urban growth of the city of Pasto has been carried out through 

the study of several urban variables. These variables, which provide a comprehensive framework for understanding 
the dynamics of development in different areas, will be represented through statistical graphs, which will 
allow to effectively visualize the trends and relationships between the factors that influence urban growth.

Breakdown of urbanistic variables and tabular and/or statistical results
Project Name: identification of each residential project, fundamental to reference and analyze the number 

of records referring to projects built between the years 2000 and 2022.
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Table 1. Total number of residential projects in the city of Pasto

Total number of residential projects built 
between 2000 and 2022

17 047

The above table presents the total number of projects to be analyzed, also considering the urban variables 
obtained during the research process. This approach allows for a comprehensive study of the urban growth of 
the city of Pasto between 2000 and 2022. It is worth mentioning that this value is obtained through the query 
“SELECT count(`project_name`) FROM `locations`;” in the urbanistic repository managed in phpmyadmin and 
executed in port 80 of the apache server.

Housing Type: characterization referring to the architecture of housing, such as residences, buildings, 
complexes, which helps to understand the diversity in the housing supply and its effect on the development of 
different areas.

Figure 44. Comparison of Residences, Buildings and Complexes in Pasto

The graph shows a comparison in the total number of residential projects, buildings and complexes. Noting 
that residences have a significantly higher number of projects, followed by complexes and then buildings, the 
analysis of this distribution could focus on various aspects of urban growth, considering how different types of 
constructions impact urban development.

In conjunction, considering urban growth, the most appropriate architecture could be a mixed approach 
between residential complexes and buildings. This is due to the following factors:

•	 Space Optimization: buildings (with 432 projects) occupy less floor space for the same amount of 
people compared to single-family residences. This allows for greater population density and optimizes 
land use, reducing the horizontal expansion of the city. Residential complexes (3367 projects) allow 
maintaining a low-rise environment, but with the advantage of grouping several dwellings, creating mini-
communities and improving land use efficiency compared to single-family residences. 

•	 Sustainability and Environmental Preservation: a mixed approach, favoring clusters and buildings 
in urban areas, can help reduce uncontrolled urban sprawl into rural or ecological reserve areas. This is 
key to sustainability, as it reduces the need for new transportation, water and energy infrastructure in 
areas far from the urban center.

•	 Access to Infrastructure and Services: by having higher population density in less space, as in the 
case of buildings and complexes, the city can concentrate and improve public services (transportation, 
education, health) in a smaller area, which reduces costs and improves access to infrastructure.

•	 Flexibility and Adaptability to Growth: residential clusters offer a middle ground: they allow a 
certain level of density without giving up a low-rise design, more suitable in neighborhoods or areas where 
infrastructure does not yet support tall buildings. In areas with high demand and good infrastructure, 
high-rise buildings would be the optimal choice, maximizing the capacity of the area without the need 
for horizontal expansion. Thus, using phpmyadmin and the query, “SELECT DISTINCT(`id_neighborhood`) 
FROM `locations` where `housing_type`=’Building’ ORDER BY `locations`.`id_neighborhood` ASC;” we 
get the list of neighborhoods that meet the first condition where the residential project is a building. 
Now; to know which are the neighborhoods or projects that belong to a set we perform the following 
query “SELECT DISTINCT(`id_neighborhood`) FROM `locations` where `house_type`=’Set’ ORDER BY 
`locations`.`id_neighborhood` ASC;”, thus obtaining the neighborhoods that meet the second condition. 
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Now to be clear about the neighborhoods that have had an impact on their urban growth, considering the 
type of housing of each project we have:

•	 First, we have the list of all the neighborhoods with their respective id that have been obtained 
during the research.

•	 Secondly, we have the lists of the neighborhoods obtained in the previous consultations considering 
the type of housing variable.

Risk or Hazard Zone: evaluation of areas susceptible to natural disasters, essential to identify limitations in 
urban growth and plan safely.

Figure 45. Number of projects considering their risk zone

The graph shows the number of projects classified by their exposure to different risk zones: projects without 
risk zone, landslide hazard, mining collapse, and flood hazard. The final analysis for urban growth considering 
these data could focus on the following aspects:

•	 Prioritization of Safe Zones: with an overwhelming number of projects (14 688) that are not at 
risk, it is clear that most of the constructions are in safe zones. This is positive for urban development, 
as projects in low-risk areas tend to be more sustainable and require fewer interventions to mitigate 
environmental risks.

•	 Zoning and Land Use Policy Consideration: areas at risk of landslide, mining collapse, or flooding 
represent a small fraction of projects, but it is important that these areas have strict regulations. 
Zoning policies should prohibit or restrict construction in high-risk areas to avoid future damage and high 
mitigation costs.

•	 Mitigation Infrastructure Planning: for projects in risk zones (especially the 1142 threatened by 
mining and 1057 by flooding), urban growth should integrate mitigation infrastructure (retaining walls, 
adequate drainage, among others). Construction in these areas should include detailed assessments to 
reduce the impact of potential disasters.

•	 Environmental Protection and Sustainable Development: avoiding urban expansion in at-risk areas 
promotes more sustainable and less invasive urban development, conserving natural areas and minimizing 
the modification of sensitive ecosystems.

•	 Incentives for Relocation or Redevelopment of Projects: areas with significant risks, such as mining 
or landslides, could benefit from incentives to relocate existing projects or retrofit them with safety 
improvements. This reduces risk exposure and improves the city’s resilience to potential disasters.

Now to be clear about the neighborhoods that have had an impact on their urban growth, considering the 
risk zone of each project we have: using phpmyadmin and the query, “select DISTINCT(`id_neighborhood`) 
from locations where `risk_zone`=’No Risk’ ORDER BY `locations`.`id_neighborhood` ASC;” we obtain the list 
of neighborhoods that meet the condition where residential projects have not been built in an area with any 
type of natural risk, allowing us to identify the neighborhoods that have had a positive urban growth.

•	 In the first place, we have the list of all the neighborhoods with their respective id that have been 
obtained during the research.
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•	 Secondly, there is a list of the neighborhoods obtained through the consultations, considering also 
the risk zone variable.

Main Ecological Structure: identification of natural elements that sustain the ecosystem, vital to ensure that 
urban development does not compromise biodiversity.

Figure 46. Number of projects considering their ecological structure

The graph shows the number of residential projects classified according to their ecological structure. Most 
of these projects (15 335) are in areas without ecological structure, while a much smaller number are in areas 
with ecological characteristics such as protective forest areas, agricultural areas, drainage (single or double), 
and natural hazards.

Here are the key points for urban growth analysis:
•	 Predominance of Areas without Ecological Structure: the high number of projects in zones without 

ecological structure indicates that urban expansion has occurred mostly in areas that do not have 
significant ecological value. This may facilitate construction without environmental constraints, but 
could also indicate a loss of balance in the urban-ecological relationship of the city.

•	 Opportunity Green Infrastructure and Sustainable Development: since very few projects are 
developed in areas with forest or agricultural protection, urban growth could benefit from integrating 
green infrastructure in these areas. This could include the creation of ecological corridors, green spaces 
and buffer areas that promote a healthier urban environment with less environmental impact.

•	 Mitigation of Environmental Risks in Natural Areas: only 254 projects are in natural hazard areas 
and 570 in agro-silvopastoral zones. This suggests that, although there is a presence of projects in 
sensitive areas, the number is low. Nevertheless, construction in these areas should be carefully planned 
so as not to alter ecosystems, reduce risks and conserve natural resources.

•	 Consideration of Drainage Structures: the small number of projects with drainage (single or double) 
suggests a possible lack of drainage infrastructure in new construction. Urban growth should ensure that 
future projects in areas susceptible to flooding include adequate drainage systems to avoid erosion and 
water accumulation problems.

•	 Protection of Forest and Agricultural Areas: with only 396 projects in protective forest areas and 6 
in agricultural areas, it appears that urban growth has not severely impacted these areas. However, this 
also reflects the need to implement stricter conservation policies to protect the remaining ecosystems 
and avoid urbanization of these areas in the future.

Thus, considering an urban growth with a sustainable approach and focusing on maintaining a balance 
between expansion and ecological conservation, the neighborhoods that present protective forest areas or 
agricultural areas are obtained respectively: in the first instance, by performing the following query in the urban 
repository; “SELECT DISTINCT(`id_barrio`) FROM `locations` WHERE `ecological_structure`=`Protective forest 
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areas`;” , similarly you have the following query; “SELECT DISTINCT(`id_neighborhood`) FROM `locations` 
WHERE`ecological_structure`=`agricultural areas`;”

•	 First, we have the list of all the neighborhoods with their respective ids that have been obtained 
during the research.

•	 Secondly, we have the lists of the neighborhoods obtained during the previous queries taking into 
account the ecological structure variable.

Number of dwellings: total number of housing units, which allows us to analyze the capacity of each area to 
accommodate population and its growth.

Table 2. Number of housing units in Pasto’s residential projects

Total number of dwellings considering each 
residential project

27 653

The above table showing the total number of dwellings is a key component in the study of urban growth, 
as it provides essential data for analysis, planning and informed decision making, the value shown is obtained 
through the query; “SELECT sum(`number_dwellings`) FROM `locations`;”, in the urban repository.

Housing Type (Morphology): characteristic focused on the design and shape of the buildings, where they can 
be categorized as single-family, two-family, and multi-family.

Figure 47. Number of projects considering their morphology

For sustainable and efficient urban growth, the most suitable residential morphology types would be multi-
family and two-family projects. Here we explain why these types are beneficial in the context of urban growth:

Multifamily Projects (Apartment Buildings):
•	 Land Use Efficiency: multifamily projects allow a large number of units to be concentrated in a 

smaller space, which reduces horizontal sprawl and land consumption.
•	 Shared infrastructure and services: by being in a single building or complex, infrastructure (water, 

electricity, transportation, etc.) can be distributed more economically and efficiently.
•	 Reduced urban costs: by concentrating more people in smaller areas, governments can reduce costs 

in the construction and maintenance of infrastructure such as roads, lighting, and sanitation systems. 
Environmental sustainability: multifamily housing buildings reduce the ecological footprint by limiting 
land and energy use, promoting a compact city model. Two-Family Projects (Duplex or Townhouses).

•	 Medium Density: two-family projects allow for intermediate density, providing more private space 
than a multi-family building, but being more efficient in land use than single-family.

•	 Design flexibility: townhouses or duplexes can accommodate different family needs, allowing for 
more affordable housing without the need for large tracts of land.

•	 Cost-sharing: in many areas, two-family projects share walls and other elements, which reduces 
construction costs and makes more efficient use of resources. Thus, for sustainable urban growth, 
multifamily projects should be prioritized in central areas or areas with good connectivity, and two-family 
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projects in peripheral areas or in neighborhoods requiring medium density. This approach optimizes land 
use, reduces expansion costs, and supports greener and more efficient urbanization.

To obtain the residential projects that meet the above conditions, the following queries have been 
performed; to obtain the neighborhoods with multifamily projects: “SELECT DISTINCT(`id_neighborhood`) 
FROM `locations` where`morphology_type`=’Multifamily’;”; now to obtain the neighborhoods with two-family 
projects we have: “SELECT DISTINCT(`id_neighborhood`) FROM `locations` where`morphology_type`=’Two-
family’;”.

•	 En first, you have the list of all the neighborhoods with their respective ids that have been obtained 
during the research.

•	 En secondly, we have the list of the neighborhoods obtained in the previous queries considering 
the morphology variable.

Housing Type (Subsidy): classification of housing according to government subsidies and monetary value 
(COP) of each residential project, which impact housing affordability and may alter market dynamics in certain 
areas.

Figure 48. Number of projects considering their type of subsidy

The graph shows that most of the projects are for social interest housing (VIS), while a smaller proportion 
corresponds to commercial or non-SIV housing. Based on this information, and considering the definitions of VIS 
and non VIS:

•	 Boosting access to housing: the focus on SIV housing suggests that urban growth is oriented towards 
accessibility and support for sectors of the population with fewer resources. This is positive for inclusive 
urban growth, as it allows more people to access cost-regulated housing.

•	 Sustainability and urban density: SIVs tend to promote efficient urban land occupation rather than 
encouraging the horizontal sprawl that characterizes higher-cost single-family or commercial housing. 
This is key to sustainable urbanization, as it helps to concentrate the population in consolidated urban 
areas.

•	 Infrastructure and service challenges: given the high number of SIV projects, it is necessary for 
cities to invest in infrastructure and services (transportation, education, health, etc.) in the areas where 
these projects are developed, in order to guarantee the quality of life of their inhabitants and avoid 
saturation of resources.

•	 Balance in urban development: although SIVs are important for social inclusion, it is also necessary 
to balance them with non-SIV housing to diversify urban areas, which can attract investment and promote 
a socioeconomic mix that benefits the city’s development. In this way, for urban growth driven by an 
inclusive strategy, social interest projects should be prioritized as an appropriate approach to improve 
access to housing and can be sustainable if accompanied by investments in infrastructure and public 
services.

To obtain the residential projects that meet the above conditions, the following queries have been 
performed; to obtain the neighborhoods with social interest projects: “SELECT DISTINCT(`id_neighborhood`) 
FROM `locations` where `subsidy_type`=’Social interest’,”.
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•	 First, we have the list of all the neighborhoods with their respective id that have been obtained 
during the investigation.

•	 Secondly, we have the lists of the neighborhoods obtained from the previous query considering the 
variable Type of housing according to the subsidy. 

Housing stratum: socioeconomic level associated to each housing unit, which allows understanding the 
demographic profile and the needs of the residents.

Table 3. Number of projects considering 
their socioeconomic stratum

Stratum Number of projects

Stratum 0 2465

Stratum 1 5513

Stratum 2 5378

Stratum 3 3033

Stratum 4 531

Stratum 5 102

Stratum 6 25

Figure 49. Pie chart of the number of projects considering socioeconomic stratum

The previous graph and tabular data shows the distribution of residential projects according to socioeconomic 
stratum, indicating how urban growth is being configured according to this factor. In terms of urban growth, 
the analysis would be as follows:

•	 Focus on low and middle strata: the largest number of projects is concentrated in strata 1, 2 and 
3. This indicates a focus on the development of affordable housing for low and middle income sectors of 
the population. This type of distribution promotes inclusive urban growth, allowing people of different 
socioeconomic levels to access housing in urban areas.

•	 Inequality in distribution by high strata: the high strata (strata 5 and 6) have a lower representation 
compared to the lower strata. This suggests a lower investment in areas for high-income sectors, which 
could indicate an urban orientation towards covering basic needs and promoting housing equity. However, 
this lack of projects in the upper strata could also limit social and economic diversity in certain areas.

•	 Boosting densification: projects in the lower and middle sectors are generally concentrated in more 
densely populated or expanding areas, which can promote greater densification in already developed 
urban areas. This is beneficial for more efficient land use and facilitates the provision of basic services 
and infrastructure.
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•	 Challenges for infrastructure and services: the concentration of projects in the lower and middle 
strata implies the need for adequate and sufficient infrastructure in the areas where these projects 
are developed, such as transportation, education and health, to avoid overloading urban resources and 
ensure an adequate quality of life.

•	 Promoting social cohesion: by facilitating access to housing for the lower and middle sectors, 
urban growth can promote greater social cohesion, integrating different sectors of society into the urban 
fabric and avoiding the exclusion of certain groups from urban areas.

In this way, the focus on low- and middle-sector projects contributes to inclusive and accessible urban 
growth. However, it is important to maintain the balance between strata and improve infrastructure in these 
areas to support sustainable growth and improve the quality of life of their inhabitants.

To obtain the residential projects that meet the above conditions, the following queries have been performed; 
to obtain the neighborhoods with projects that present stratum 1: “SELECT DISTINCT(`id_neighborhood`) FROM 
`locations` WHEREhousing_stratum`=’1’;”, for neighborhoods with projects that present stratum 2: “SELECT 
DISTINCT(`id_barrio`) FROM `locations` WHERE `estrato_vivienda`=’2’;”, for neighborhoods with projects 
that have stratum 3: “SELECT DISTINCT(`id_barrio`) FROM`locations` WHERE `estrato_vivienda`=’3’;”.

•	 First, you have the list of all the neighborhoods with their respective id that have been obtained 
during the investigation.

•	 Secondly, you have the list of the neighborhoods that were obtained from the previous queries 
where the variable stratum has been considered.

Housing Size (m²): living area, important to evaluate the quality of life and the efficient use of space in 
each area.

Figure 50. Comparison of minimum value of housing size in (m2) vs. maximum value of housing size in (m2)

Housing Price: acquisition cost, which influences demand and may reflect real estate market trends in 
different areas.

Table 4. Minimum, maximum and average value of Pasto’s housing prices (COP)

Minimum value of housing prices in Pasto (COP) $ 100 000 000

Maximum value of housing prices in Pasto (COP) $ 950 000 000

Average home price in Pasto (COP) $ 278 573 062,71

Minimum Value
•	 SQL query: “SELECT MIN(precio_vivienda) FROM locations;”
•	 Definition: the lowest price of housing in Pasto, determined at $100 000 000.
•	 Research Utility: identification of Market Segments which allows detecting the most affordable 

housing segment, essential to evaluate the supply of housing aimed at the low-income population.
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•	 Affordability Analysis: informs on the availability of affordable housing options and supports the 
development of policies to promote access to low-cost housing.

Maximum Value
•	 SQL query: “SELECT MAX(housing_price) FROM locations;”
•	 Definition: the highest price of housing in Pasto, set at $950 000 000.
•	 Research Utility: luxury Niche Detection allowing to identify the luxury housing segment, allowing 

to analyze how this sector impacts urban growth.
•	 Investment Guidance: provides key data for investors interested in luxury projects, helping to 

define investment opportunities in the real estate market.

Average Value
•	 SQL query: “SELECT AVG(housing_price) FROM locations;”
•	 Definition:	 the price average of of the homes at Pasto, calculated at $4 748 835 000 000.
•	 Research Utility: general evaluation of the market allowing to give a broad view of the cost of 

housing, fundamental to understand the price dynamics in Pasto. 
•	 Project Planning: facilitates the development of projects aligned with the average price and the 

purchasing capacity of the population, optimizing the housing supply.
•	 Public Policy: helps policy makers to understand the market, allowing the creation of strategies to 

improve equity in access to housing.

Start Year: date of construction of the projects, relevant to identify growth patterns over time and their 
relationship with urban development.

Table 5. Oldest, current and average year of housing 
construction

Oldest year of housing construction housing 
(2000-2022)

2003

Most current year of housing construction 
(2000-2022) 2003 housing construction (2000-
2022)

2022

From the previous graph, the maximum year of housing construction can be determined, which is obtained 
by consulting the database with the following query: “SELECT max(start_year) FROM locations;”. This year is 
relevant for the research project, since it marks the limit of the research process. The urban data collection 
covered from 2002 to 2022, thus respecting this range. In addition, the minimum year recorded is 2003, 
obtained through the query: “SELECT min(start_year) FROM locations;”. This value also fits the minimum limit 
of the research range, since 2003 is between 2000 and 2022.

In addition, by focusing on urban planning, a significant impact on the urban growth of a city is generated. 
For urban planners and decision-makers, this analysis provides information on the periods in which concentrated 
construction efforts have been concentrated. This information is valuable, as it can guide future investments 
in infrastructure and public services.

Population Density (inhab/Hec): number of inhabitants per hectare, which helps to analyze the demographic 
pressure on the development of different areas.

Table 6. Minimum and maximum value of population density

Minimum value of population density in a 
given area or zone of Pasto (inhab/Hec)

33 inhab/Hec

Maximum value of population density in a 
given area or zone of Pasto (hab/Hec)

247 inhab/Hec

From the previous statistical table, the minimum and maximum values of population density for the city 
of Pasto are obtained through the queries respectively; “SELECT min(`population_density`) FROM `locations` 
where `population_density`!=0;” and “SELECT max(`population_density`) FROM `locations`; highlighting a 
variation between them indicating a diversity in the occupation of the territory and in the distribution of the 
population. This variation in population density has several implications for urban growth:

•	 Planning and Development.
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•	 High density areas may require more intensive urban planning, with investments in infrastructure, 
transportation and public services to serve a larger population.

•	 Expansion Zones
•	 Areas with low density could be seen as potential areas for future growth, which could guide 

decisions on where to focus development and investment.
•	 Sustainability
•	 Variability in density can also influence the sustainability of urban growth. High-density areas 

should be carefully managed to avoid problems such as congestion, pollution, and lack of adequate 
services.

Facilities (m): services and facilities available in each area, which are crucial in determining the quality of 
life and attraction of new residents.

Table 7. Minimum and maximum value of facilities

Minimum value of facilities present in the city of Pasto 0 m

Maximum value of facilities present in the city of Pasto 200 m

From the table above, it can be inferred that if a residential project has a low value in facilities, it will be 
closer to an urban facility, such as a park, hospital, school, among others. On the other hand, if a residential 
project has a high equipment value, this indicates that it is farther away from these facilities, which could 
hinder the quality of life of its residents.

Location of the Residence (Longitude and Latitude): geographic coordinates that allow mapping and analyzing 
how the projects are distributed in the territory of Pasto.

Figure 51. Interface of the web application where the residential projects of the city of Pasto are visualized grouped by 
neighborhoods and communes

Predictive analysis over a range of years:
Figure 52 shows the predicted urban growth trend from 2022 (Bar 1) as a starting point, until 2027, which 

would be the year entered by the user, where the predictive model makes the respective prediction by obtaining 
this information from the web application, allowing it to be visualized in the system in the same way. Thus, it 
can be said that the predicted urban growth is obtained by the model from the urban variables with which it 
was trained.
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Figure 52. Graph of predicted urban growth

Figure 53. Graph of the annual difference of predicted urban growth

The above graph shows the annual difference of the predicted urban growth of each year with respect to 
the previous one, thus showing the difference value for each year, thus obtaining an overview of the years that 
grow more or less according to the previous year.

It should be noted that the prediction values are generated by the predictive model and are sent back to 
the web application through the api, as shown in the following figure.
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Figure 54. Workflow of the web application, Chat Bot and the predictive model

Figure 55. Tabular data of the annual difference for each year

The predicted urban growth and annual difference values generated by the predictive model are tabulated 
by the model itself and then categorized. For the determination of the categorization levels, the following is 
considered:

Classification of levels according to percentiles:
Formula to consider: P=(k*n)/100

•	 Low predicted urban growth: categorized as “Low Growth” where it is assigned the color red, 
considering it also with 25 % according to the percentile.

•	 Stable predicted urban growth: categorized as “Medium Growth” where it is assigned the color 
orange, considering it also with 50 % according to the percentile. 

•	 High predicted urban growth: categorized as “High Growth” where it is assigned the color red, 
considering it also with 75 % according to the percentile.

•	 It should be noted that the white color represents the starting point of the prediction value.

Predictive analysis by city zones

Figure 56. Map of predicted urban growth considering the Type of housing of residential projects
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Figure 57. Levels of horizontal or vertical growth of residential projects

The above graphs highlight the concentration of points in seven zones of the city, where each zone corresponds 
to a neighborhood. This concentration is represented by an identifying color that highlights the level of growth, 
either vertical or horizontal, of each area. The methods used to obtain these levels are explained below:

To define the levels, a query was performed in the repository using the following instruction: “SELECT 
`home_type`, `prediction`, `neighborhood_id` FROM `predictions` GROUP BY `neighborhood_id` ORDER BY 
`predictions`.`prediction` ASC;”, This query sets the levels based on the value of the prediction, which in this 
case represents the predicted urban growth. In addition, it is related to the most predominant projects in each 
neighborhood, considering the type of housing. Thus, it is evident that the type of housing directly influences 
the predicted urban growth, as illustrated in the figure below.

Figure 58. sql query comparing housing type with predicted urban growth value

Figure 59. Map of predicted urban growth considering the morphology of residential projects
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In the previous figure, it can be observed that neighborhoods with predominance of Residence type dwellings 
present the lowest predicted values. In contrast, the complexes show slightly higher prediction values compared 
to the residences. On the other hand, buildings present the highest prediction values. It is important to note that 
the prediction values for residences, buildings and clusters may vary, since the model was trained with multiple 
variables. For example, in the neighborhoods identified with IDs 263 and 228, the prediction value changes 
due to another variable: the stratum. However, in this case, we are specifically comparing the predicted urban 
growth (prediction column) with the type of housing. Finally, predicted urban growth can be analyzed according 
to horizontal or vertical growth in the following way; if, for example, buildings have a higher predicted growth, 
this could indicate a tendency towards verticalization in certain areas. On the other hand, if residences have a 
high prediction, it may reflect a more horizontal development.

Figure 60. Levels of predicted urban growth considering the morphology of residential projects

The above graphs highlight the concentration of points in seven zones of the city, each representing a 
neighborhood. This grouping is visualized through a range of colors that identifies and highlights the level of 
predicted urban growth, either total stagnation or exponential, in each area.

To define the levels, a query was performed in the repository using the following instruction: “SELECT 
`morphology`, `prediction`, `neighborhood_id` FROM `predictions` GROUP BY `neighborhood_id` ORDER BY 
`predictions`.`prediction` ASC;”, This query sets the levels based on the value of the prediction, which in 
this case represents the predicted urban growth. In addition, it is related to the most predominant projects in 
each neighborhood, considering the morphology of the dwellings. Thus, it is evident that morphology directly 
influences the predicted urban growth, as illustrated in the figure below.

Figure 61. sql query comparing the morphology with the predicted urban growth value

In the figure above, it can be seen that neighborhoods with predominantly Unifamilair type housing 
have the lowest predicted values. In contrast, projects with Multifamily morphology show higher prediction 
values compared to single-family. It should be noted that the prediction values for single-family, two-family 
and multifamily projects may vary, since the model was trained with multiple variables. For example, in 
the neighborhoods identified with IDs 263 and 228, the prediction value changes due to another variable: 
strata. However, in this case, we are specifically comparing predicted urban growth (prediction column) with 
morphology. Finally, predicted urban growth can be analyzed according to horizontal or vertical growth in the 
following way; if multi-family morphology shows higher predicted growth, it could imply that areas are looking 
to increase population density by residential buildings instead of single-family dwellings.
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Figure 62. Map of predicted urban growth considering the stratum of residential projects

Figure 63. Levels of predicted urban growth considering the stratum of residential projects

The above graphs highlight the concentration of points in seven zones of the city, each representing a 
neighborhood. This grouping is visualized through a range of colors that identifies and highlights the level of 
predicted urban growth with respect to the housing stratum.

•	 Predicted Affordable Urban Growth: high prediction of predicted urban growth in low strata areas 
(0,1,2,3).

•	 Balanced Predicted Urban Growth: moderate predicted urban growth in middle strata areas (4).
•	 Exclusive Predicted Urban Growth: characterized by high predicted growth in high strata areas 

(5,6).

To define the levels, a query was performed in the repository using the following instruction: “SELECT 
`strata`, `prediction`, `neighborhood_id` FROM `predictions` GROUP BY `neighborhood_id` ORDER BY 
`predictions`.`prediction` ASC”, This query sets the levels based on the value of the prediction, which in this 
case represents the predicted urban growth. In addition, it relates to the stratum of residential projects. Thus, 
it is evident that the stratum directly influences the predicted urban growth, as illustrated in the figure below.

Figure 64. sql query comparing the stratum with the predicted urban growth value

In the figure above, it can be seen that neighborhoods with predominantly housing in strata 0, 1, 2 and 3 
present a rather low predicted value. In contrast, the variation in prediction starts from stratum 4 onwards. 
In addition, stratum 5 is the most influential in the prediction value of the model. Finally, the predicted urban 
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growth can be analyzed according to strata in the following way; if the lowest strata show a high urban growth 
prediction, it could reflect efforts in affordable housing policies. On the other hand, if the higher strata have 
higher predictions, this suggests urban growth in more exclusive areas.

The present research has satisfactorily fulfilled the hypothesis: “It is possible to determine the interactive 
scenarios of urban growth in the city of Pasto through a predictive model, supported by a software product”. 
Throughout the development of the study, different dynamic urban growth scenarios were generated and 
evaluated, which were validated by experts in the area, ensuring the robustness and reliability of the results 
obtained.

The results presented have been thoroughly analyzed, demonstrating that the predictive model implemented 
is not only capable of reflecting the current realities of urban growth in Pasto, but also of anticipating future 
development scenarios. This analysis has been carried out by adequately fulfilling the specific objectives of 
the research, such as the creation of a repository of relevant information and the development of an intuitive 
software that manages this information effectively.

The approach adopted in this study provides a valuable tool for urban planners and decision makers, 
facilitating urban planning based on accurate data and interactive simulations. In this way, it contributes to 
the sustainable development of the city, ensuring that the decisions made are aligned with the needs and 
expectations of the community. Finally, the work carried out not only meets the proposed objectives, but 
also establishes a solid foundation for future research in the field of urban growth, promoting a proactive and 
evidence-based approach to the management of urban development in Pasto.
 
CONCLUSIONS

The determination of interactive scenarios has provided a better understanding of the dynamics of urban 
growth in Pasto. By integrating a predictive model supported by specialized software, the visualization of 
possible future scenarios has been facilitated, providing urban planners and decision makers with a valuable 
tool to anticipate and manage growth effectively. This proactive approach helps to plan urban development in 
a sustainable manner, considering various variables that affect the city.

The creation of an information repository has been instrumental in consolidating data related to urban 
growth scenarios. This repository not only compiles historical information, but also includes projections based 
on the predictive model, which facilitates a comprehensive analysis of development trends. In addition, this 
resource becomes an essential tool for researchers and planners, allowing them to access relevant and up-to-
date data to support informed decision making.

The development of specialized software for managing information on dynamic urban growth scenarios has 
been a significant advance in research. This software allows organizing, analyzing and visualizing data in an 
intuitive way, facilitating interaction with the information. By integrating the information collected during the 
research process, it ensures that users can easily access relevant data and perform comparative analysis, which 
improves the ability to respond to the challenges of urban growth in Pasto.

Predictive modeling using data analytics has proven to be effective as a simulation tool in the software, 
allowing the impact of various variables on urban growth to be evaluated. This approach facilitates a detailed 
analysis that supports decision making, allowing urban planners to consider multiple scenarios and outcomes in 
their sustainable development plans.
 
RECOMMENDATIONS
Expand the Repository Database

It is recommended that the information repository be expanded to include additional data, such as historical 
records of urban policies, addition of new urban planning variables, case studies of past interventions, and 
updated demographic data. This expansion will provide a richer context for future analyses and allow for a 
better understanding of the factors that have influenced urban growth over time.

Develop Advanced Functionalities in the Software
To improve the management of information on dynamic urban growth scenarios, it is suggested to implement 

advanced functionalities in the developed software. This may include more sophisticated simulation tools, 
additional predictive analysis capabilities, and options for users to generate customized reports that align with 
their specific needs in urban planning.

Perform Long-Term Simulations
It is recommended that long-term simulations be conducted using the predictive model to assess the impact 

of different urban policies on growth in Pasto. These simulations will help decision makers visualize the potential 
consequences of their strategies over time, allowing for proactive adjustments in urban planning.
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Encourage the Use of Sustainable Growth Models
It is suggested that future studies incorporate sustainable development principles into urban growth models. 

When evaluating dynamic scenarios, sustainability indicators such as efficient use of resources, protection of 
green areas and social equity can be included, which will contribute to a more responsible and balanced urban 
development.
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