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Abstract  

This study develops a geospatial analysis of car theft that occurred in the city of 
Cartagena de Indias, Colombia. In defining crime profiles, theft was analyzed in the five 
modalities considered to have a high impact on the generation of citizens’ perception of 
security, namely, motor vehicles, motorcycles, residences, commercial establishments, 
and financial institutions, in 2015 and 2016. The data used are from the annual crime 
report of the Colombian National Police. As a result, seven geographic profiles of car theft 
were identified, generating characterized crime patterns visualized geographically.
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I.	 Introduction

This study defines geographic profiles of vehicle theft in Cartagena using the data mining (DM) technique. 
The stated objective is to analyze and describe the geospatial patterns and trends identified in car thefts 
that occurred in the city in 2015 and 2016, considering the records obtained from the Colombian government 
website for the publication of public data, www.datos.gov.co. The study is focused on the perception of 
Cartagena as a highly recognized tourist city, which means that the increase of these types of criminal acts 
not only affect the city’s good image as a world-class tourist destination but also affect the well-being of the 
native population, who are exposed daily to the risks associated with citizen insecurity.

This study proposes a replicable and comparable model, which serves as a source of information and 
is the basis for future research to analyze security in other cities. In addition, the study seeks to generate 
knowledge among citizens through the geographical presentation of the results. Accordingly, the above will 
establish a visual approach as an implementation of experience, considering concepts and their represen-
tation as indivisible (Fontalvo-Herrera et al., 2018).

The first part of the article provides a general overview of theft at the global and local levels to contex-
tualize the city of Cartagena with respect to other cities in the world. Subsequently, the problem is stated 
with the respective research objectives. Then, the methodology is explained, detailing each of the steps 
carried out during the study. Next, different studies that have used the DM technique to analyze large data-
bases on criminality are described, serving as sources of information for the present study’s development 
(Fajardo Pascagaza, 2016; Ripoll, 2015; Soto, 2017). The approach to the research methodology is then stated, 
which refers to implementing the DM technique as a viable solution to analyze the behavior of car thefts. 
Finally, the analysis of results presents the conclusions observed and obtained through the geospatial map 
and the clusters derived from the research.

II.	 Global context

Thefts constitute a major security issue worldwide due to their high frequency and social impact, reaching 
the point of becoming one of the greatest social concerns since thefts impact not only on the population’s 
assets but also the social capital, well-being, and trust of citizens. In this regard, violence in Latin America is 
positioned among the top five causes of death of the population, being the leading cause of death in Brazil, 
Colombia, Venezuela, El Salvador, and Mexico (Güitron & Guerrero, 2017).

The increase in theft worldwide is significant, and according to official indicators, 28 million families in 
Latin America are subject to theft or robbery every year, equivalent to 54 families being robbed per minute 
(Londoño & Guerrero, 1999). From this, the following findings regarding Latin America stand out: the problem 
of robberies has spread, and the use of violence has increased significantly.

Thus, markets for stolen goods have developed, and a percentage of thefts are not reported by the vic-
tims (Félix, Ponce, Hernández, & Llamas, 2015). As a result, theft has become an everyday occurrence globa-
lly owing to its high frequency. An alarming aspect is the use of firearms or bladed weapons to carry out ro-
bberies, which, in some situations, can lead to injuries and, in the worst circumstances, homicides. In other 
circumstances, Argentina has a high rate of firearm intimidation in robberies, above 70%, whereas countries 
such as Chile and El Salvador do not exceed 40%. Half of the known robberies committed in Argentina were 
carried out with violence, 39% in Mexico, 37% in Chile, 30% in Peru and Brazil, and 12% in El Salvador (Cubel, 
2016). However, in Nicaragua, according to a study conducted by the Institute for Strategic Studies and Pu-
blic Policy (IEEPP), robberies top the list of security problems, at a rate of 63.7% , making robberies to homes 
and businesses a primary problem. According to the Ministry of the Interior, along with the United Nations, 
the participation of young people between 18 and 25 years old in criminal activities is notorious: they are 
arrested for 54% of robberies with force and 67.5% of robberies with intimidation (Gutiérrez, 2013).

Spain has the third highest number of robberies in commercial establishments in the European Union, 
with figures higher than 10% of the EU average in robberies of commercial establishments and individuals. 
Losses caused by theft in this country exceed 2.4 billion euros (Ripollés, 2006). For its part, in the year of 
study, Guatemala had a high level of crime; in addition to being classified as an extreme risk region along 
with Mexico and Central America, crime cost it some 200 billion USD due to thefts and people killed because 
of the lack of security (Abullarade, 2016).

Another country worth highlighting is Brazil, where, according to the Public Safety Institute of Rio de 
Janeiro, there has been an increase in the number of street robberies and assaults, which rose by 23.7%, up 
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to  38,461 cases between January and April 2016. In addition, a growth of 19.7% was recorded in the number 
of vehicle thefts, up to  13,074 cases (Dammert & Arias, 2007). These statistics lead to the interpretation that 
the analyses related to the theft records have not been effective in creating policies and plans to prevent 
this global phenomenon because the indicators show significant upward trends; therefore, tools are requi-
red to make operational decisions for improving citizen security.

III.	 Local context

Cartagena is a historic city characterized by its colonial streets, full of magic and color. This has positioned 
it as a privileged destination for tourism, culture, world-class business events, and foreign investment.

According to the Ministry of Commerce, Industry, and Tourism, from January to May 2016, the tourism 
sector in the city of Cartagena recorded the arrival of 161,156 passengers owing to the entry of 109 cruise 
ships, 12.37% higher than the same period in the previous year. In addition, the number of travelers who 
reported Bolivar as their main destination grew from 131,008 to 162,423, making it the department with the 
second highest tourism demand in the country by non-residents after the city of Bogotá. Nevertheless, the 
city continues to struggle for progress and sustainable development, which has been obstructed by the 
daily criminal acts committed; such acts do not generate an adequate perception of security for the establi-
shment and prosperity of local and foreign investment.

This is why reducing these acts should be a priority for local authorities, particularly considering that 
thefts sometimes not only generate material damage but also escalate to homicides, which are caused 
mostly by the resistance that is put up by the inhabitants to safeguard their personal property.

IV.	 Methodology

This research article presents a method for characterizing theft-related crimes in the city of Cartagena, 
supported by the development of DM techniques. This study employs primary information provided by the 
government. The central development of the study is based on an unsupervised data learning model, im-
plementing principal component analysis techniques and the clustering method using the data obtained. 
The study focused on developing two stages: reducing the dimensions of the variables studied and creating 
theft scenarios. The dimension reduction process creates a set of new uncorrelated variables, allowing 
for a visual interpretation of the results. Moreover, as a further contribution, a method for characterizing 
thefts was provided to identify characteristics associated with the respective weights of each variable by 
the group found.

This study has a quantitative approach and uses data collection to test a hypothesis based on numerical 
measurement and statistical data analysis to establish behavior patterns and test theories (Oates, 2005). 
We seek to use this type of research to objectively explain and predict the social problems related to car 
thefts in Cartagena in 2015 and 2016, searching for consistency and causal relationships within the data.

In addition, the purpose of the present research is to analyze a social problem from a quantitative point 
of view, implementing the inductive method for the study and conducting an analysis of the database pro-
vided by the government. Therefore, the starting point is a theory or approach to the problem based on the 
observation of data on the criminal acts that have occurred in the city to subsequently establish proposals 
through the inferences obtained from the data, which will ultimately be validated. To this end, the DM tech-
nique will be implemented, allowing us to extract substantial information from the dataset to transform it 
into an understandable structure.

Crime characterization methodology

Problem analysis: This phase aims to comprehensively examine the problem in question, which refers to 
various types of thefts in Cartagena in 2015 and 2016. Thus, the initial procedure was to obtain information 
on the problem, identify the occurrences in detail, and determine their possible causes. For this reason, a 
study of the global and local contexts and the city’s current situation in terms of theft-related crime levels 
was carried out.

From this, it became clear that although there are records on the different types of crimes in Carta-
gena that entail criminality, the population does not always effectively report situations that affect them 
and represent a threat to their security to the authorities, creating operational restrictions for the proper 
functioning of the police force to ensure security and a high quality of life in the city. In addition, after a 
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document review, it was found that several types of theft, such as motorcycle and cell phone theft, have 
increased year over year.

Data: The data used for this study were provided by a Colombian government database dedicated exclu-
sively to providing this information for research, developing applications, and creating visualizations and 
stories. Thus, we focused on searching for records related to crimes, specifically in four modalities: thefts, 
theft of automobiles, theft from residences, theft of motorcycles, and theft from businesses , focusing on 
2015 and 2016. It should be noted that this study is limited to the data obtained from the government, which 
only represent reported crimes without considering cases with no formal record of occurrence.

Data purging: At this stage, a systematic process is implemented to clean the data to be processed for 
the research to ensure that there are no errors and that the data are accurate.

It should be noted that all the above steps are focused on ensuring appropriate management and data 
analysis, with the objective of representing reality with accurate and consistent information by detecting 
and correcting incorrect data in a timely manner in order to characterize the patterns of car thefts more 
precisely.

Clustering: This stage is characterized by grouping a set of data without using predefined classes based 
on the similarities in the attribute values of the different data items. Unlike classification, this association is 
performed unsupervised since the classes of the training dataset are not known beforehand.

Modeling: To create the code, the R Studio programming language is used as a tool for processing and 
analyzing the data in this study by generating reports supported by graphs. 

Knowledge generation: Based on the analysis and conclusions drawn from the research, geographic pro-
files of vehicle thefts are created, representing crime trends in a structured manner.

Literature review

Several studies have proposed concepts related to the classification, analysis, and strategies for analyzing 
problems associated with crime in urban environments. In the works analyzed in this study, the different 
lines of thought can be categorized according to the methodological approach used. These conceptual lines 
are as follows.

Table 1 shows conceptual developments based on geospatial analysis techniques: these studies analyze 
the determining factors in the occurrence of criminal acts using spatial variables that are associated with 
the place of occurrence of the acts.

Table 1. Summary of Geospatial Crime Investigations

Investigation What did it study? Technique

Geographical analysis of crime and crime maps 

(Vázquez González & Soto Urpina, 2013)

A tool to analyze urban crime based on 

digital mapping was presented, analyzing the 

geographical aspects of crime and identifying 

configurations and trends in data.

Digital cartography

Vehicle theft and its spatial relationship with 

the sociodemographic context in three central 

delegations of Mexico City (Sánchez Salinas & 

Fuentes Flores, 2016)

The spatial patterns of vehicle theft crime in 

Mexico City were analyzed, finding four variables, 

namely, nonresidential land use, population 

density, female-headed households, and 

concentration of young population, as factors 

influencing vehicle theft.

Multiple linear regression model 

and exploratory spatial data 

analysis, specifically the Moran 

index

Modeling and prediction of crime hotspots 

based on probabilistic models (Flores Arias, 

2014)

An empirical method to automatically generate 

spatial probabilistic risk functions and a 

mechanism for characterizing the temporal 

evolution of crime hotspots

Probabilistic models
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Model to characterize crime in Bogotá, applying 

spatial data mining techniques (Peña Suárez, 

2017)

A model to characterize crime behavior by applying 

spatial data mining techniques to find trends and 

behavioral variations in the data

Spatial data mining

Crime prediction using hidden Markov models 

(Obrecht Ihl, 2014)

How to prevent and analyze crime based on 

situational forecasting using the characteristics 

of the place and circumstances surrounding the 

occurrence of a crime to explain the observed 

patterns

Markov models

Generation of the crime map of the municipality 

of Zipaquirá using geostatistical and GIS tools 

(Rodríguez Rojas, 2017)

Crime in the municipality of Zipaquirá was analyzed 

by applying geostatistical and spatial analysis 

techniques, generating crime maps, and showing 

the spatial relationships of the variables.

Geostatistical tools

Source: created by the authors

Table 2. Summary of Statistical Research on Crime

Article What did it study? Technique

Analysis of the perception of theft from people 

between 2012 and 2015 in Bogotá (Rojas López 

& Ramírez, 2017)

A quantitative analysis of citizens’ perception of theft 

from persons in Bogotá was conducted in 2012 and 2015, 

analyzing the number of times that an individual was a 

victim of theft.

Logit–probit model

Crime and economic activity in Mexico (Félix et 

al., 2015)

The relationship between crime and economic activity 

in Mexico was explored by calculating cointegration and 

common cycle equations to assess whether the series 

shares  a trend.

Econometrics and time 

series

Security/insecurity assessment. An exploratory 

study in an urban community (Sani & Nunes, 

2016)

An exploratory study was developed for a community with 

high crime rates in Porto using a questionnaire.
Questionnaire

Determination of the places with the highest 

incidence of crime and violence in the 

Metropolitan District of Quito based on spatial 

statistical techniques (Vizuete Galeas, 2013)

Delimitation of the criminal phenomenon in time, space, 

and crime typologies that afflict the city of Quito to 

determine the so-called “hot spots” of crime

Kriging, a form of 

Bayesian inference

Source: made by the authors

By contrast, Table 2 shows conceptual developments based on statistical analysis: these studies inte-
grate case analysis methodologies and surveys to provide insights on the factors associated with determi-
ning causal relationships for the occurrence of criminal events.

V.	 Results

Car theft profiles

In the hierarchical cluster analysis, the partitioning around medoids or PAM algorithm was implemented, 
where a central observation of the data is related to the object that minimizes the sum of the average dissi-
milarity between members of the same group (De-La-Hoz, De-La-Hoz, & Fontalvo, 2019). The representative 
members of each cluster were obtained based on the medoids. Consequently, the analysis of the geospatial 
plane in two dimensions made it possible to determine crime profiles through characteristic vehicle theft 
zones (ZCHV) (see Figure 1), as described below.
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Figure 1. Geographic cluster of automobile theft

ZCHV 1 represents the access zone to the city through the road that connects the city of Barranquilla. The 
analysis shows that during the study period, there were eight vehicle thefts, all using firearms and carried 
out between 10 pm and 6 am. Regarding the type of stolen goods, five were pickup trucks and three were 
vehicles.

ZCHV 2 represents the area of the city’s historical center, where some of the most visited emblematic 
sites by tourists are located. There were 91 thefts, where master keys (79%) comprised the main tool used 
for committing the crime, and alternative tools such as scopolamine (9%) were also dominant. No specific 
pattern was identified in the time slot variable; however, 61% of the thefts occurred between 6 pm and 5 am. 
It is important to clarify that motorcycles are prohibited in this zone, which explains why 93% of the thefts 
involve motor vehicles.

ZCHV 3 represents the hotel zone in the coastal sector of the city, where large hotel chains are located, 
and is one of the areas with the highest value per square meter in the city. There were 61 thefts in this zone, 
and master keys (88%) were again the main tool used for committing the crime. The analysis of the days of 
occurrence shows that 73% of the thefts took place on weekends and 69% of the stolen vehicles correspon-
ded to models older than 2013. This zone has a 24-hour restriction on motorcycles.

ZCHV 4 represents the area that is adjacent to the Ciénaga de la Virgen sector, which is characterized 
mainly as residential area of strata 2 and 3 . There were 44 vehicle thefts in this area during the study pe-
riod, with firearms being the most used theft tool (65%), followed by bladed weapons (20%). Of the 44 thefts 
committed, 40 involved motorcycles.

ZCHV 5 represents the public market area of the city, which is characterized by the intensive presence of 
businesses in general, congested traffic due to trespassing on public roads, and the logistical work of cargo 
vehicles, including neighborhoods such as Santa Lucia, La Esperanza, El Prado, Calamares, Zaragocilla, Esca-
llón Villa, Chinquinquirá, and Las Gaviotas, among other neighboring sectors. It is the area with the highest 
incidence of vehicle theft: 284 in total. Of these, 60% corresponded to motorcycles, 23% to automobiles, and 
17% to trucks. The area’s specific characteristics include the high use of firearms (61%) as well as blunt and 
sharp objects (27%). An important fact to note is the high frequency of events on weekdays.

ZCHV 6 represents the border area with the municipality of Turbaco, a sector dominated by industrial 
and logistic warehouses in the Ternera sector, with a high concentration of second- and third-class housing. 
In this area, the incidence of robberies is low and 100% of the robberies involve motorcycles under the in-
timidation of firearms.

ZCHV 7 represents a densely populated sector of the city, characterized by subnormal neighborhoods 
with little infrastructure for public roads, transportation, and urban furniture. This is the area with the se-
cond highest number of thefts, 65% of which involve motorcycles, with knife and knife intimidation being 
the most frequent mode of theft.
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VI.	 Conclusion

As the study was being conducted, we were able to identify key variables that affect the perception of se-
curity in the city, such as the time of day, specific area of the robbery, day of the week, and type of weapon 
used.

Through a variety of approaches, we provide the scientific community with a framework for studying a 
city’s vehicle theft problem using DM. In the operational aspects, the results obtained support for a sophis-
ticated interpretation of the theft problem in Cartagena by presenting the crime clusters in the form of cha-
racteristic vehicle theft zones or ZCHVs, based on which strategic and operational planning processes can 
be developed in consideration of the specific characteristics of each zone, the stolen object, the weapon 
used to execute the theft, and other aspects.

The above framework is proposed in the first instance for the generation of informative reports to opti-
mize the use of security resources, recognizing that such resources are scarce in Colombian cities. 
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