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ABSTRACT 

 Colombia’s status as the largest cocaine producer in the world has prompted its 

government’s strategies to combat drug trafficking. One of these strategies is to seize 

cocaine in the Colombian jurisdictional territory. The unintended consequences of this 

strategy on crime rates, particularly homicides, remain uncertain. Web scraping methods 

and big data tools were used to gather and construct a time series dataset on cocaine 

seizures from three distinct websites, while the homicides dataset was supplied by the 

Colombian Ministry of Defense (MDN). This study aims to investigate, from a 

quantitative standpoint, whether there is a link between cocaine seizures and homicides in 

the Colombian Pacific region, utilizing an exploratory data analysis (EDA) method and 

machine learning techniques. The study recognizes the constraints of the sample size and 

opts to reveal valuable insights through data analysis and modeling instead. Despite the 

constraints, two models were developed to partially explicate the significance of this 

correlation. The study’s findings provide value for policymakers, military personnel, 

government officials, and academics, offering essential perspectives to devise improved 

policies and strategies to mitigate drug trafficking in the Colombian Pacific region 

without exacerbating homicide rates. Future research endeavors could consider 

expanding the sample size of the cocaine seizure time-series dataset to conduct a more 

robust correlation analysis. 
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EXECUTIVE SUMMARY 

Cocaine consumption affects both the individual’s health and their surroundings. 

The use of cocaine has stimulating and addictive properties that affects the brain’s limbic 

system (Nestler, 2005), similarly or more intensely than alcohol (Nutt et al., 2007), with 

its detrimental impacts extending beyond personal health to societal welfare (Wood et al., 

1996). The proliferation of cocaine use in North America and Europe from the 1970s 

onwards resulted in the creation of various organizations aimed at gathering and 

evaluating information about cocaine’s influence on public health and society, from 

different perspectives. 

One of the perspectives to consider involves the relationship between cocaine and 

crime, which is the specific focus of this study. After analyzing a comprehensive 

collection of academic researches that investigated the multifaceted relationships between 

these two variables, there were two studies that found associations between cocaine 

seizures and homicides. While an examination of cocaine seizures in Jamaica uncovered 

a reverse relationship between seizures amounts and homicide rates (UNODC, 2012), 

Miron (2001) identified a direct connection. Furthermore, Millán-Quijano (2020) asserted 

that drug trafficking leads to a rise in homicides in Colombian areas linked to the illegal 

trade. The results of these investigations present a paradoxical situation and raise 

questions about the potential variations in the relationship between cocaine seizures and 

homicide rates in diverse geographical contexts. 

Given this context, this research centers on addressing the identified knowledge 

gap concerning the influence of cocaine seizures in the Pacific area on homicides in the 

Colombian Pacific region, driven by its unique geographical and social conditions. The 

Colombian Pacific region’s isolation, challenging terrain, and limited law enforcement 

presence have made it a significant corridor for drug trafficking (Salazar, 2010) and 

illegal armed group activities (Aschner & Montero, 2021). The inhabitants of the region 

face underdevelopment, poverty, and socio-political challenges (Galvis-Aponte et al., 

2017), propelled by illegal activities such as drug trafficking (Guzmán & Sánchez, 2021). 

The Colombian Pacific region is the primary global producer of coca bushes UNODC-
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SIMCI (2022) and exhibits a higher homicide rates compared to the rest of the country 

(Álvarez & González, 2012). 

To explore the relationship between cocaine seizures and homicides in the 

Colombian Pacific region, this thesis proposes a quantitative approach, employing a 

correlational design (Creswell, 2012). Although causal claims are not possible due to the 

limitations of the correlational design (Asamoah, 2014), the research seeks to provide 

insights between the variables. To achieve this purpose, data analysis and modeling 

processes imply the use of big data tools, advanced regression methods, and machine 

learning techniques. 

To undertake the analysis and modeling of the variables, two datasets were 

necessary. The first dataset encompasses information concerning cocaine seizures in both 

the Pacific sea and land environments. To construct this dataset, big data tools were 

employed to extract news about cocaine seizures from three specific websites. A 

comprehensive procedure was carried out to select an appropriate web scraping tool, 

considering technical, ethical, and legal aspects. Most of the scraped data was derived 

from news articles published between 2012 and 2022, thereby defining the research’s 

temporal scope. After scrapping, this data was stored in Hadoop and underwent 

processing in Hive, followed by a subsequent filtering procedure using Excel. On the 

other hand, the second dataset contains data about homicide rates in the Colombian 

Pacific region from 2012 to 2022. This dataset was provided by the Colombian Ministry 

of Defense (MDN) (MDN-ODHDN, 2023). 

After exploring different combinations between the dependent and independent 

variables, two distinct alternative hypotheses were formulated based on the outcomes of 

regression analysis. The two findings suggest that large cocaine seizures in the Pacific 

area have an influence on the emergence of a high-intensity homicide rate in the 

Colombian Pacific region, becoming evident two and six days after the seizures, 

respectively. 

A new filtering, exploring, and modeling procedure was done on these two 

alternative hypotheses to fit better models. Using the graph builder tool in JMP, a hands-
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on exploration was conducted to redefine the cocaine seizures limits for both datasets 

derived from the alternative hypotheses. Enhancing the precision of these two models 

involved applying a least squares analysis, excluding outliers, to minimize disparities and 

uncover the optimal alignment between the variables. At the end two improved models 

were obtained and used for profiling, simulation, and prediction purposes. 

For the first model, the statistical examination results in a high significant p-value 

<0.0001. Furthermore, the cubic fit model results demonstrate its effectiveness by 

accounting for 80% of the variability in homicide rates exceeding eight within the 

Colombian Pacific region. This variability is attributed to instances of cocaine seizures 

surpassing 750 kg, which occur in the Pacific area two days prior. 

Regarding the second model, the statistical examination results in a high 

significant p-value <0.0011. Also, this cubic model applied demonstrates its effectiveness 

by accounting for 52% of the variability in homicide rates exceeding nine within the 

Colombian Pacific region. This variability is attributed to instances of cocaine seizures 

surpassing 545 kg, which occur in the Pacific area six days before. 

These results suggest that large cocaine seizures in the Pacific area might have an 

influence in the homicide rates in the Colombian Pacific region. Hence, there is a need to 

balance anti-drug trafficking strategies to achieve immediate benefits while avoiding 

unintentional escalation of violence in Colombia. Persistent oversight of these strategies 

and vigilant scrutiny of homicide rates within their operational domains hold significant 

importance. Short-term successes should encourage coca growers to engage in sustained 

government programs for lasting results, requiring consistent commitment regardless of 

political changes. 

Although the limitations of the models stem from difficulties in obtaining 

comprehensive international cocaine seizure data due to technical, ethical, and legal 

constraints, authorities struggling with cocaine trafficking issues should undertake future 

research on this correlation. In doing that, international collaboration is vital, but efforts 

must be carefully designed to avoid unintended consequences. Future research could 

expand sample sizes, analyze the impact of interdiction efforts on homicide rates in 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

xx 

bordering territories, or consider qualitative studies to validate findings and gain deeper 

insights from the real-world situation in the Colombian Pacific region. 
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I. INTRODUCTION 

A. BACKGROUND 

Since 1997, Colombia has been the largest cocaine producer in the world 

(Rincón-Ruiz & Kallis, 2013). Recently, the U.S. Department of State estimated a global 

coca cultivation to be around 358,100 hectares, with Colombia as the main producer, at 

65%, approximately (U.S. Department of State [DOS], 2021). The last United Nations’ 

(UN) report on coca bush cultivation in Colombia estimated 204,000 hectares in 2021, up 

43% from the year before (United Nations Office on Drugs and Crime [UNODC], 2023). 

In 2016, the Colombian government and the Revolutionary Armed Forces-

People’s Army (FARC-EP) came to a consensus to resolve their internal conflict. As part 

of this agreement, both parties pledged to address problems associated with narcotics 

(Gobierno de la República de Colombia, 2016). Consequently, the Colombian 

government enacted the program for the substitution of illicit crops (PNIS), involving 

affected communities in collaborative plans (Ministerio del Interior de la República de 

Colombia, 2017). This approach is in line with the concept of establishing a viable 

government in the impacted territories, which is seen as a more effective long-term 

solution (Isacson, 2018). 

Nevertheless, PNIS’ report No. 24 recorded only 37,941 hectares of coca crops 

voluntarily eradicated as of July 2022 (UNODC, 2022a). The government is making slow 

progress in implementing the voluntary crop substitution strategy, yet new coca crops are 

proliferating (UNODC, 2022b). Furthermore, there has been a notable increase of 481% 

in the number of murders of social leaders who participated in substitution programs and 

actively opposed the expansion of illicit crops (Marín Llanes, 2022). This disparity calls 

attention to whether other strategies such as intensifying drug interdiction efforts, 

apprehending drug lords, blocking financial flows, or even implementing forced 

eradication, should be reinforced to diminish cocaine production. Although the 

government has implemented different law enforcement strategies, forced eradication 

might not be effective either due to the balloon effect (Dávalos & Morales, 2022). 
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Additionally, Castro (2017) claimed that the State was weak in most of the 

Colombian territory, leaving control to illegal armed groups. This seems to be 

particularly true in the Colombian Pacific region, where criminal activity is significantly 

elevated, with 29% of the municipalities experiencing a persistent high rate of homicides, 

particularly in the Valle department (Álvarez & González, 2012). The Colombian Pacific 

is a region isolated by the Western Ranges, with a complex river network and a wide 

coastline. Apart from its distinctive geographical conditions, the prevalence of high 

illiteracy rates, inadequate infrastructure, and limited formal job opportunities have 

fueled the increase in illegal activities, plunging the region into a cycle of poverty, 

violence, marginalization, and inequality (Galvis-Aponte et al., 2017) (Aschner & 

Montero, 2021). 

Indeed, the Pacific Ocean is still considered a high flow volume cocaine 

smuggling route from Colombia to the U.S. (UNODC, 2023). Besides, the Colombian 

Pacific region holds the top position in terms of coca bush cultivation, making a 

substantial contribution of 44%, mainly in the Nariño department (UNODC-Integrated 

Illicit Crop Monitoring System [SIMCI], 2022). Consequently, this has led also to a rise 

in violence in Ecuador, as local gangs engage in fierce competition to secure their 

position within the criminal drug distribution network (Charles, 2022). 

For now, the Colombian government has stated their intention of protecting coca 

bush producers and continuing the voluntary crop substitution process, while increasing 

intelligence capabilities and drug interdiction operations (Semana, 2022). In that sense, 

Guerrero Castro (2017) asserted on how the human and technical intelligence resources 

of the Colombian Navy (ARC) have helped increase the success of maritime drug 

interdiction operations. Also, Morselli and Petit (2007) revealed how intelligence 

gathering could be used to disrupt drug trafficking networks and understand their ability 

to reorganize after a seize-but-do-not-arrest strategy. 

Although the unprecedent cocaine seizures during the last years in Colombia 

(LLC, 2023), Europe (LLC, 2022), and even West Africa (SyndiGate Media, 2022) has 

prevented the arrival of cocaine in the black market, it is crucial to recognize that these 

seizures could also result in a higher level of criminality. Disruptions to drug trafficking 
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networks by law enforcement may provoke retaliatory actions and collateral damage 

(LSE IDEAS, The London School of Economics and Political Science, 2014). While the 

increase in intelligence capabilities seems to be wise, interdiction operations in regions 

like the Colombian Pacific, where illegal armed groups maintain a firm grip on the 

cocaine trade, could potentially lead to a surge in homicides (Godoy, 2018). 

In conclusion, the continuing presence of illegal armed groups, added to the 

unsatisfied needs of the population, have shaped the Colombian Pacific region as the 

ideal scenario for the production and distribution of cocaine. Also, the flourishing illegal 

cocaine business in this area has allowed authorities to seize more cocaine than any other 

region in Colombia. High level of seizures raises doubts about its potential correlation 

with the high annual homicide rates, suggesting a possible retaliatory response by drug 

trafficking networks following law enforcement disruptions. Therefore, this study has a 

limited scope, focusing solely on the examination of the issue in the Colombian Pacific 

region, due to its distinctive socio-geographical circumstances that separate it from other 

regions of the country. 

B. STATEMENT OF THE PROBLEM 

The problem is that it is not clear how cocaine seizures influence/correlate with 

criminality when the cocaine trafficking logistic chain is broken. If the correlation is 

positive, homicides rate would increase as authorities seize more cocaine. This might be a 

problem, because the government’s actions to stop cocaine trafficking could 

inadvertently affect crime rate. 

As an example, visualize what is happening with homicides in the Colombian 

Pacific after the ARC seizes 1 ton of cocaine on the sea. Also, picture what is happening 

when the police seize 100 kg of cocaine in a municipality. Are homicides increasing 

because of the action of the authorities in these areas? 

C. RELEVANCE OF STUDY FOR AUDIENCES 

Different audiences can benefit from this study, such as policymakers, military, 

government, and academics. Certainly, policymakers could use the link between cocaine 
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seizures and homicides to create better public policies. Likewise, military personnel 

could use it to plan strategies against cocaine trafficking while monitoring related crime. 

Additionally, government officials could implement policies and control the strategies, 

balancing the impact on homicides. Finally, academics and researchers could build upon 

this study, identify additional variables, generate new hypothesis, refer to the 

methodological process, or collaborate in the future. The collaboration can comprise from 

the verification process to the exchange of information for future studies in this field. 

D. PURPOSE OF THE STUDY 

The purpose of this study is to investigate if there is a correlation between cocaine 

seizures and homicides in the Colombian Pacific region. Studying this correlation can 

give insight into the effectiveness of the strategies against cocaine trafficking. Also, 

investigating this correlation could elicit new variables for shaping a more optimal set of 

policies in the future. 

E. RESEARCH QUESTION 

Do cocaine seizures in the Pacific cocaine trafficking flow influence/correlate 

with crime in the Colombian Pacific region? 
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II. REVIEW OF THE LITERATURE 

A. THE COCAINE PROBLEM 

Cocaine is an illicit drug known for its addictive nature and stimulating effects. 

Researchers have made significant progress in unraveling the process on the limbic 

system of the brain by which cocaine induces intoxication, cravings, and increased 

susceptibility to relapse (Nestler, 2005). Nutt, King, Saulsbury, and Blakemore (2007) 

classified cocaine as a class A drug, implying that the dependence, physical and social 

harm scores assigned by independent experts and psychiatrists were equal to or greater 

than those attributed to alcohol. The significant impact of cocaine extends beyond the 

individuals’ health, negatively affecting the public health system and distorting the 

society (Wood, Mendelson, & Mello, 1996). 

The use of cocaine has had rapid proliferation in North America and Europe since 

the 1970s. As a result, some institutions have emerged to evaluate and track the 

consequences of cocaine use on public health systems. During the 1980s, the U.S. 

Federal Drug Abuse Warning Network (D.A.W.N.) commenced its efforts to gather data 

related to cocaine, relying on statistics provided by medical facilities (National Institute 

on Drug Abuse, 1986). Later in the 1990s, the Canadian Community Epidemiology 

Network on Drug Use (CCENDU) was established to monitor drug use in major cities 

across Canada (Poulin, Fralick, Whunot, el-Guebaly, Kennedy, Bernstein, Boivin, & 

Rinehart, 1998). 

Also, in the 1990s, the European Union created the European Monitoring Centre 

for Drugs and Drug Addiction (EMCDDA) to gather and analyze information about 

drugs, addiction, and their consequences (European Monitoring Centre for Drugs and 

Drug Addiction, 1993). In contrast to the conventional perspective, the UN founded the 

Office on Drugs and Crime, which plays a crucial role in gathering global data on drug 

cultivation, trafficking, use, and treatment (UNODC, 1997). Likewise, the Australian 

Institute of Criminology implemented the Drug Use Monitoring in Australia (DUMA) 

program in 1999. This initiative focused on collecting data on drug use from police 
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detainees throughout the country, aiming to establish connections between drug use and 

criminal activities (Australian Institute of Criminology, 1999). 

B. THE COCAINE AND CRIME RELATION 

Various studies have exposed the relationship between cocaine and crime. 

Desimone (2001) analyzed the correlation between cocaine prices and criminality in 

major cities across the U.S. during the 1980s and 1990s. The study elicited that higher 

cocaine prices corresponded to a reduction in demand and therefore crime. On this same 

path, Ferdinand, Blüm, and Verhulst (2001) found a strong association between 

delinquent behavior and drug use in male young adulthood. Another study in the U.S. 

found that the cocaine crack market emergence and the prevalence of firearms in African 

American communities could explain why the rate of homicides among black males was 

ten times higher than among white males (Evans, Garthwaite, & Moore, 2018). Also, 

Farber (2019) described how crack cocaine trade, dominated mostly by African 

Americans, generated a gang violence in U.S. during the 1980s and 1990s. These studies 

have shown a correlation between cocaine and crime in the U.S. 

Other studies have shown the diverse dimensions of cocaine trafficking in Europe. 

Paoli, Greenfield, and Zoutendijk (2013) proposed a framework to analyze the challenges 

posed by cocaine trafficking in Belgium. This framework demonstrated significant 

associations of harm affecting individuals, institutions, and the environment. In contrast, 

Terenghi (2020) observed that the Italian cocaine market operates on trust-based 

interconnections among various entities such as families, ethnic groups, and work 

environments, reducing business risks and levels of violence when conflicts arise within 

the criminal network. This differs from the study conducted by Grassi and Sánchez-

García (2021), which described a connection between cocaine and violence as portrayed 

in specific Italian rap lyrics, serving as a testimony to the experiences of marginalized 

communities. 

Furthermore, cocaine use and its implications are examined in studies from the 

United Kingdom and Australia. In the United Kingdom (UK), a study on cocaine user-

dealers concluded that these individuals found in the small trafficking a way to sustain 
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their consumption dependency instead of committing crimes to get money to buy drugs 

(Moyle & Coomber, 2015). Also in the UK, another research found that detainees testing 

positive for cocaine re-involved in minor crimes as prostitution and shoplifting (Pierce et 

al., 2015). Moving to Australia, an analysis of different data identified a correlation 

between the predominant increase in cocaine consumption with a rise in cocaine seizures, 

arrests, and related hospitalizations from 2003 to 2019 (Man et al., 2021). 

Moreover, thorough investigations have shed light on the involvement of different 

states and regions in cocaine trafficking activities, emphasizing the reinforcement and 

expansion of distribution networks. For instance, Anastasijevic (2010) pointed out how 

cocaine trafficking was part of the organized crime in the Western Balkans countries 

during the first decade of this century, delaying their integration process into the 

European Union. Going south, Wehrey and Boukhars (2013) exposed the critical 

situation in Sahel and Sahara region after al-Qaeda in the Islamist Maghreb (AQIM) took 

control over Mali in 2012, organized crime and converted Mali in a cocaine hub for 

distribution towards Europe (p. 1-8). Besides, McCarthy-Jones (2018) advised about the 

emerging cocaine trafficking in the Indian Ocean region and the implications for 

Australia. In short, drug trafficking is no longer an isolated activity but a main component 

of organized crime (Reuter, 2014). 

The dynamics of cocaine trafficking in Latin America reveal varying impacts of 

security policies and drug production on crime and violence. Ursin (2014) found that 

strong security policies reduced cocaine supply while crime remains on Brazilian streets. 

In contrast, Pfrimer and Motta (2021), based on cartography and literature review, 

demonstrated that there is a correlation between drug production and armed violence in 

Brazil. In Bolivia, since 2006, the presence of influential agricultural unions closely 

aligned with the government and their efforts to safeguard the interests of coca farmers in 

the Chapare region have effectively prevented the occurrence of high levels of violence 

that are commonly found in other drug-trafficking affected areas (Arias & Grisaffi, 

2021). Nevertheless, in an attempt to gain control over cocaine trafficking routes, 

Brazilian criminal gangs have brought violence to the border regions of Bolivia (Ford, 

2022). 
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Coca production and its associated challenges vary significantly across different 

countries in Latin America. For example, unlike Bolivia, where coca production is 

concentrated in the Yungas and Chapare regions, Peru has a minimum of 14 coca-

growing valleys that are not well interconnected (Castillo Gallardo & Durand Guevara, 

2008). On top of that, the main coca-growing areas in Peru were controlled by the 

insurgent group Sendero Luminoso, which deepened the society’s criminal stigma 

towards coca growers (Durand-Ochoa, 2012; Morales, 2017). A similar situation but 

more complex was portrayed by Holmes, Amin Gutiérrez de Piñeres, and Curtin (2009) 

in Colombia, where guerrilla and paramilitary groups linked to cocaine trafficking 

plunged the country into a period of pervasive violence (p. 3-7). 

The illegal cocaine trade serves as a concrete example of the resilience of a 

criminal network. Despite the dismantling of major Colombian cartels in the 1990s and 

the implementation of stringent security measures that significantly reduced cocaine 

production to historic lows in Colombia during the early 2000s (Thoumi, 2014), the trade 

persisted as smugglers adapted by fragmenting control into smaller trafficking groups 

(Echandía, 2013; Zuleta, 2022). These groups managed to sustain the business by 

assuming control of production and shifting the power dynamics to the Mexican cartels 

(Medel & Thoumi, 2014), who are now driving a new era of violence (Abi-Habib, Lopez, 

& Cegarra, 2022). 

Also, some studies explained how force eradication policies such as aerial 

fumigation with glyphosates in Colombia failed because of the balloon effect (Rincón-

Ruiz et al., 2022). The balloon effect refers to the phenomenon where the authorities’ 

actions in eradicating coca crops in one area led to the displacement of crime and 

cultivation to other regions. Likewise, Toth and Mitchell (2018) argued how drug 

interdiction programs are ineffective as drug traffickers adapted by shifting their 

operations in time, space, and methodology to access consumer marketplaces. 

Overall, the strategies employed by drug traffickers align with the dynamics 

explored by Duijn, Kashirin, and Sloot (2014) concerning the resilience of criminal 

cannabis networks after facing disruptions. This study revealed that despite the removal 
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of multiple actors, the impact on criminal activities was negligible, and surprisingly, the 

efficiency of the criminal network actually improved. 

As per the UNODC, high volumes of cocaine flows persisted from Colombia, 

Peru, and Bolivia to Mexico, North America, Brazil, and Europe (UNODC, 2023) while 

moderate quantities have begun to make their way to Africa (SyndiGate Media, 2022), 

the Middle East (Matta Colorado, 2022a), and Oceania (Matta Colorado, 2022b). 

Additionally, the UNODC’s findings between 2014 and 2019 indicated that while the 

number of cocaine seizures increased, cocaine production also rose, despite the notable 

efforts of global authorities (UNODC, 2021). 

Other comprehensive studies have examined the associations between cocaine use 

and crime on a global scale. For example, Aziani (2020) provided evidence that 

fluctuations in the cocaine market value between 1998 and 2013 had a direct correlation 

with the intensity of violence in each of the 126 countries assessed. On the other hand, 

Jeynes (2022) carried out a meta-analysis of 75 studies that explored the potential 

association between drug consumption and academic and behavioral issues. The research 

findings suggested that drug use could be linked to challenges in academic performance 

and behavioral problems, as well as to violent behaviors towards others. 

Perhaps, the study conducted by Miron (2001) is the most relevant research to the 

purpose of this thesis. His investigation highlighted violence as a prevalent way of 

resolving conflicts in the black market, holding that drug prohibition could increase it. 

This study also suggested a strong significance between cocaine base seizures and 

homicide rates between 1993 and 1996 in 66 countries, calling for further research using 

time-series data. In contrast, a case of study in Jamaica illustrated that between 2000 and 

2011, as authorities seized less cocaine, the number of homicides increased (UNODC, 

2012). 

C. IDENTIFICATION OF COCAINE AND CRIME FACTORS 

Upon reviewing the available literature concerning the issue addressed in this 

thesis, it was evident that various factors related to cocaine have an impact on crime, as 

illustrated in Figure 1.  
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Figure 1. Cocaine factors associated to crime factors in literature review 

The first cocaine factor, consumption, was found to have a positive relationship 

with delinquent behavior (Ferdinand et al., 2001; Jeynes, 2022), minor crimes (Pierce et 

al., 2015), and homicides (Man et al., 2021). The second factor, involving cocaine trade 

and firearms, showed a positive relationship with homicides (Evans et al., 2018; Farber, 

2019; Grassi & Sánchez-García, 2021). Third, variations in prices were associated with 

an increase in criminality (Aziani, 2020), while high prices could reduce it (Desimone, 

2001). 

An intriguing fourth factor emerged when examining cases where the cocaine 

consumer also acted as a dealer, revealing a reduction in criminality within their area of 

influence (Moyle & Coomber, 2015). Similar findings were observed by Terenghi (2020) 

in Italy’s cocaine networks based on trust, as well as in Bolivia where the government 

legalized coca crops (Arias & Grisaffi, 2021). Alternatively, Paoli et al. (2013) presented 

a framework that established the connection between cocaine trade and the resulting harm 

to individuals, institutions, and the environment. 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

11 

From the perspective of cocaine trafficking, there was evidence highlighting how 

law enforcement efforts could mitigate cocaine trafficking (Ursin, 2014). Furthermore, 

there was compelling evidence to support the conclusion that it fostered organized crime 

(Anastasijevic, 2010; Wehrey & Boukhars, 2013; Reuter, 2014; McCarthy-Jones, 2018), 

and, in certain instances, led to the formation of illegal armed groups (Thoumi, 2014; 

Charles, 2022; Ford, 2022). This armed violence contributed to the escalation of 

homicides rates in Colombia and Mexico (Holmes et al., 2009; Medel & Thoumi, 2014; 

Abi-Habib et al., 2022). 

However, evidence suggests that while certain law enforcement strategies may 

show initial success, they eventually worsen the situation. For instance, force eradication 

has successfully reduced cocaine production in the targeted areas (Thoumi, 2014). 

Unfortunately, these strategies have also led to the balloon effect, resulting in the 

displacement of criminal activities to other regions (Dávalos & Morales, 2022). Likewise, 

the seizure of cocaine displaces cocaine trafficking activities (Toth & Mitchell, 2018) and 

has been shown to incentivize an increase in production (UNODC, 2021). Also, it was 

shown how cocaine production contributed to the strengthening of illegal armed groups 

in countries like Colombia, Mexico, and Peru (Holmes et al., 2009; Durand-Ochoa, 2012; 

Medel & Thoumi, 2014; Morales, 2017; Pfrimer & Motta, 2021) and increased the 

homicide rates in Colombia (Zuleta, 2022). 

Withal, studies on the correlation between cocaine seizures and homicide rates 

yielded contradictory results. While a research investigation on cocaine seizures in 

Jamaica revealed an inverse correlation between the amount of seizures and homicides 

rates (UNODC, 2012), Miron (2001) found a direct relationship. Also, Millán-Quijano 

(2020) claimed that drug trafficking increases homicides in Colombian territories 

associated to the illicit business. The outcomes of these studies are paradoxical and 

prompt inquiries about how the connection between cocaine seizures and homicides rate 

might vary across different regions. 
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D. COLOMBIAN PACIFIC REGION 

The divergent outcomes of these studies serve as a compelling rationale for 

narrowing the focus of this research to the Colombian Pacific region. The Colombian 

Pacific is a geographically distinct region, enclosed by the formidable barrier of the 

Western Ranges, which contributes to its relative isolation from the rest of Colombia. 

This isolation has given rise to a unique and diverse landscape, characterized by a 

complex river network and a vast, pristine coastline along the Pacific Ocean. 

The Colombian Pacific is known to be a significant corridor for drug trafficking, 

with cocaine often being transported through rivers to reach coastal areas for further 

distribution (Salazar, 2010). The vast and dense rainforests, as well as the limited 

presence of law enforcement in some remote areas (Castro, 2017), create opportunities 

for illegal armed groups to use the territories for their illicit operations (Aschner & 

Montero, 2021). The region’s challenging geographical features continue to pose 

challenges for law enforcement and counter-narcotics efforts. 

Moreover, the inhabitants of the Colombian Pacific region have remained trapped 

in a state of underdevelopment. The low-income levels, elevated illiteracy rates, lack of 

infrastructure, and prevalence of illicit economic activities in the region has indeed acted 

as a significant barrier to social advancement (Galvis-Aponte et al., 2017). As well, 

Guzmán and Sánchez (2021) described how the centralism of power and the 

counterculture fostered by drug trafficking have significantly contributed to pushing the 

population of the Colombian Pacific region into a state of illegality. These factors 

collectively created a poverty trap that impedes the progress and development of the 

region and its population. (Galvis-Aponte et al., 2017). 

Due to these specific socio-geographical conditions, the Colombian Pacific region 

has emerged as the primary producer of coca bushes not only in Colombia but also 

globally. According to the UNODC-SIMCI (2022) report in 2021, the Pacific region held 

the highest position among all regions in Colombia with the largest area dedicated to coca 

crops. It contributed 44% of the national total, amounting to 83,266 hectares. Once more, 

from an international standpoint, Colombia retained its position as the top coca bush 
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producer in the world in 2021, with a total of 204,300 hectares out of 296,600 hectares, 

representing around 69% of the global production (UNODC, 2023). 

Furthermore, according to Hinestroza, Sánchez, Aidar, and Palloni (2021) life 

expectancy on the Colombian Pacific region is significantly lower compared to the rest of 

the country. This disparity in life expectancy might be indicative of armed group 

confrontations and the prevailing criminal activity within the region. On this regard, 

Álvarez and González (2012) concluded that the Colombian Pacific region is 

characterized as a violence cluster, exhibiting a persistent high rate of homicides in 

around 29% of its municipalities in 2000, 2003, and from 2005 to 2010. 

The definition of crime might be wide-ranging and ambiguous, but it 

encompasses any activity connected to organized crime. A comprehensive definition of 

organized crime, as Paoli and Vander Beken (2014) proposed, is a transnational, dynamic 

structure engaged in illegal and profitable enterprises that infiltrate various government 

and societal institutions. This illegal penetration leads to the generation of a wide array of 

other criminal activities. In that sense, the UNODC (2008) has identified different kinds 

of crime associated with the illegal drug business, including gang violence, money 

laundering, corruption, kidnapping, and human trafficking. 

Though, for the scope of this thesis, the focus will be on the homicide rate in the 

Colombian Pacific region between 2012 and 2022. Although homicide is not an exclusive 

measure of crime, it serves as a reliable indicator, as it is less influenced by 

inconsistencies in law enforcement definitions (Fox, 2000). Additionally, the Observatory 

for Human Rights and National Defense (ODHDN), under the MDN, diligently 

monitored homicide counts, encompassing various categories that aid in facilitating 

investigative efforts. The homicide counts experience minimal underreporting and 

contain detailed information regarding the date, location, modality, and victim 

characteristics (Ministerio de Defensa Nacional [MDN]-Observatorio de Derechos 

Humanos y Defensa Nacional [ODHDN], 2023). 
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E. DEFICIENCIES IN LITERATURE 

Literature evidenced some interesting relationships between law enforcement 

strategies and crime. For instance, research has revealed that the efforts of authorities can 

either lessen the impact of cocaine trafficking (Ursin, 2014), or lead to its relocation 

(Toth & Mitchell, 2018). Additionally, studies have shown that different kinds of law 

enforcement interventions can result in the displacement (Dávalos & Morales, 2022), 

reduction (Thoumi, 2014), or even escalation (UNODC, 2021) of cocaine production. 

In turn, these shifts in cocaine production and trafficking have contributed to the 

growth of organized crime on a global scale (Anastasijevic, 2010; Wehrey & Boukhars, 

2013; Reuter, 2014; McCarthy-Jones, 2018) , as well as an increase in armed violence 

within the countries where the drug is produced (Holmes et al., 2009; Durand-Ochoa, 

2012; Medel & Thoumi, 2014; Morales, 2017; Pfrimer & Motta, 2021; Charles, 2022; 

Ford, 2022; Thoumi, 2014). The emergence of illegal armed groups has significantly 

escalated the homicide rates, particularly in countries like Colombia and Mexico (Holmes 

et al., 2009; Medel & Thoumi, 2014; Zuleta, 2022). 

Certainly, these literary sources afford us a glimpse into how the actions of 

authorities, in line with government policies, disrupted the cocaine logistics, which in 

turn triggered a multitude of criminal activities. Notably, among these studies, only the 

investigations conducted by Miron (2001) and the UNODC (2012) specifically focused 

on the relationship between cocaine seizures (independent variable) and homicides 

(dependent variable), which are the main focus of the current thesis. Still, both studies 

arrived at contrasting findings. 

The reasons for the disparities in conclusions could be attributed to various 

factors, such as differences in location, methodologies, data sources, sample sizes, time 

periods analyzed, and the specific contexts in which the studies were conducted. The 

disparities in findings underscore the importance of further research and analysis to gain 

a more comprehensive understanding of the dynamics between cocaine seizures and 

homicides. 
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For example, Miron’s research in 2001 was broad, analyzing 66 countries to 

investigate the factors contributing to violence, considering drug prohibition and gun 

control in each nation. The study utilized cross-sectional data from the period between 

1993 and 1996 to examine these relationships (Miron, 2001). 

Conversely, the UNODC’s study conducted in 2012 centered exclusively in 

Jamaica, relying on data from various U.S. agencies and governmental sources to 

estimate the levels of cocaine seizures and murders on the island between 2000 and 2011. 

This study provided historical insights into the return of Jamaican drug traffickers in the 

early 2000s and the successful measures implemented to curtail drug trafficking to 

Europe via air in 2002. Because of these actions, the study explained an upsurge in 

homicides on the streets of Jamaica (UNODC, 2012). 

Hence, there is an important research gap in the existing literature when it comes 

to understanding how the cocaine seizures in the Pacific region influence the occurrence 

of homicides in the Colombian Pacific municipalities between 2012 and 2022. To fill this 

research gap, this study aims to use web scraping techniques to collect relevant news 

articles about cocaine seizures at sea and within the Colombian Pacific municipalities 

from available online sources. Furthermore, for data on homicides, the study will rely on 

the dataset made available by the ODHDN (MDN-ODHDN, 2023). Also, this study will 

implement Miron’s suggestion of using a time-series dataset to explore the relationship 

between the variables of interest (Miron, 2001). 

F. PHILOSOPHICAL WORLDVIEW 

This is a correlation analysis following a postpositivism worldview (Phillips & 

Burbules, 2000 p. 1-26). The goal is to find whether the cocaine seizure law enforcement 

strategy is correlating with the homicides rate in the Colombian Pacific region. To find 

out or verify a priori assumptions of the relationships between the variables, it would be 

necessary to establish operational definitions for each variable, specify the measurement 

scale, and identify the instruments required to obtain the results. 

Even though this study lacks an empirical nature, the act of filtering the 

information retrieved through web scraping and the homicide database available (MDN-
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ODHDN, 2023) does correspond to a reductionist procedure. Besides, during the 

exploratory data analysis, maintaining objectivity is crucial to ensure a valid and reliable 

process that can be replicated consistently once the study is concluded. Overall, the 

probabilistic determination, reductionism, and theory verification implicit in this thesis 

are postpositivist assumptions that are particularly applicable to quantitative research 

methods (Creswell, 2014 p. 6-8). 
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III. METHODS 

A. TYPE OF RESEARCH DESIGN 

This thesis pertains to a quantitative study. According to Creswell (2014) a 

quantitative study should have a design that directs the investigation (p. 11-12). 

Furthermore, within the realm of quantitative studies, a correlational design, is employed 

to investigate the degree of association between two or more variables (Creswell, 2012). 

This quantitative study follows a correlational design to conduct an EDA of cocaine 

seizures and homicides datasets. 

However, in a correlational design, controlling the independent variable is not 

feasible. As a consequence, it is not possible to establish a causal relationship but rather a 

correlational explanation (Cowls & Schroeder, 2015). Yet, the correlational design is 

known to have two inherent issues: directionality and third variable. The first problem 

refers to the possibility that the relationship between the variables may be inverse. The 

second problem suggests that there might be a third variable influencing and explaining 

the correlation observed between the variables under analysis (Asamoah, 2014). 

Considering these problems, the research will involve applying various advanced 

regression techniques to develop a model that explains the association between cocaine 

seizures and homicides in the Colombian Pacific region. However, due to the 

correlational design’s limitations, the study does not claim any causal between the 

variables but aims to elicit subtle insights through data analysis and modeling. 

B. DATA COLLECTION AND PROCESSING INSTRUMENTS 

This thesis comprises the use of two distinct datasets. The first dataset contains 

information on cocaine seizures in the Pacific influence area, including sea and land. 

Gathering this data would require web scraping from various websites to access news 

related to cocaine seizures resulting from interdictions by navies in the Pacific Sea over 

the past decade. On the other hand, the second dataset pertains to homicides in the 

municipalities of the Colombian Pacific region and has been provided by the ODHDN 

(MDN-ODHDN, 2023). 
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This study used specific hardware and software setup. The hardware consisted of 

a personal Lenovo IdeaPad Gaming 3 15ACH6 laptop featuring an AMD Ryzen 5 5600H 

processor, a Radeon Graphics 3301MHz processor, 8GB of Random Access Memory 

(RAM), and a 500GB Solid-State Disk (SSD). The software tools were divided into three 

groups: an internet web browser, big data tools, and statistical data tools. All these 

applications were running on the Microsoft Windows 11 Home operating system (OS). 

Figure 2 shows a comprehensive overview of the hardware and software versions used in 

the study. 

 
Figure 2. Data collection and processing instruments 

C. INTERNET WEB BROWSER 

In this study, the Internet web browser Microsoft Edge was utilized. Within 

Microsoft Edge, three specific URLs were accessed for the research purposes: (a) ARC 

news website (ARC, 2022b), (b) PONAL news website (PONAL, 2023a), and (c) USCG 

external news website (Bright Mountain Media, 2022). All search queries were 

conducted using the search engine present on each respective website. 

1. Big Data Tools 

This study made use of five big data tools. The initial one was Octoparse 

(Octopus Data Inc., 2023), employed as a web scraper to crawl websites and extract 
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information. The second software utilized was VMware Workstation (VMware, Inc., 

2023), which served to virtualize the Cloudera Training virtual machine (VM). Within 

this virtual machine, the last three software pieces were installed, facilitating the 

operation of Hadoop and Hive applications on the CentOS operating system. The 

VMware Workstation used in the study was licensed by NPS, while the Cloudera 

Training VM was provided during the Big Data Management, Architecture, and 

Applications course at NPS. 

Choosing Octoparse as the web scraping tool was a challenging endeavor. It 

involved a systematic process of exploration, testing, and decision-making. Throughout 

this process, various technical, legal, and ethical aspects were considered. Below is a 

comprehensive account of the process undertaken to make this selection. 

2. Web Scraping Tools 

a. Conceptual definition 

Every day, the internet experiences a heightened level of dynamism because of 

the consistent and enthusiastic generation of websites and web pages. According to 

Bitkoska (2022) approximately 252,000 new websites were generated daily in 2022, 

while Verisign (2022) reported an estimate of 115,555 new websites per day during the 

second quarter of that year. Considering that each website likely contains one web page 

with an average size of 2MB (Kang, 2022), the Internet’s growth could be projected to 

exceed 231GB per day. 

This continuous influx of new data added to the Internet presents challenges in 

obtaining reliable and valuable information for analysis and decision-making. As pointed 

out by Van Meter (2020), the growing availability of data on the Internet may lead to a 

higher amount of disinformation, which can be misleading (Shabani & Sokhn, 2018; 

Shao et al., 2018; Zollo & Quattrociocchi, 2018; Di Sotto & Viviani, 2022). To tackle 

this issue, one potential solution involves the development of software designed to 

identify fake news on the Internet (Martens et al., 2018; Guess et al., 2019; Barua et al., 

2019; Gaglani et al., 2020; Meddeb et al., 2022). 
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Another approach is to explore how users establish trust in websites, where 

factors such as service quality become significant in choosing retail websites, for 

example (Caruana and Ramaseshan, 2015). Likewise, for online news media, the quality 

of information plays a critical role in the selection process (Simanjuntak et al., 2022). By 

understanding the factors that influence user trust, it is feasible to enhance the user 

experience and improve the reliability of information amidst the vast and ever-growing 

volume of data on the Internet. 

Having a trustable data source on the Internet is the initial and crucial step 

preceding the extraction and transformation of information. This idea has been present 

since the introduction of the Knowledge Discovery Database (KDD) model, which first 

phase involved carefully selecting data relevant to the topic of interest (Jaiswal and Patel, 

2015). This principle remains relevant in the web scraping process proposed by Krotov 

and Silva (2018). In their approach, the first phase consisted in conducting a thorough 

analysis of the website’s structure to ensure the data extracted is reliable and appropriate 

for the intended purpose. 

Web scraping is consistently defined across various sources. The consensus 

among various researchers is that “web scraping is a technique used to extract data from 

websites and transform unstructured data into structured data” (Sirisuriya, 2015; 

Singrodia et al., 2019; Diouf et al., 2019). Zhao (2017) and Krotov and Silva (2018), 

similarly define web scraping as a method for gathering data and organizing it in a 

structured system to facilitate analysis. A web scraping tool comprises the use of a 

crawler and a scraper. A crawler is a program configured to navigate and download data 

from the Internet, while a scraper is a program to extract and transform the information of 

interest in structured data (Landers et al., 2016). 

There are various web scraping techniques. In the study by Sirisuriya (2015) 

described some techniques from the fundamental “copy and paste” through more 

advanced methods. These included text wrapping, computer vision web page analysis, 

Hypertext Transfer Protocol (HTTP) programming, semantic annotation recognition, 

Hyper Text Markup Language (HTML) parsing, Document Object Model (DOM) 

parsing, vertical aggregation platforms, and web scraping software. Plus, Diouf et al. 
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(2019), included mimicry, weight measurement, differential, and machine learning 

approaches. On the other hand, Singrodia et al. (2019), named some other techniques 

such as syntactic web scraping, semantic web scraping, and computer vision web page 

analysis. 

From all the techniques, the web scraping software was considered the simplest 

technique to implement (Sirisuriya, 2015). There are various options available in the 

market, including commercial and open-source. Diouf et al. (2019) classified these 

scrapers into two categories: ready-made tools and libraries for programming languages. 

The ready-made tools consist of web browser extensions and applications that users can 

readily employ for web scraping tasks. On the other hand, libraries developed for specific 

programming languages, such as Python (e.g., Beautiful Soup), Java (e.g., JSoup), and 

Node.js (e.g., Cheerio), can be configured for web scraping. Additionally, there are also 

frameworks, which serve as templates for creating new web scraping applications (Diouf 

et al., 2019). 

b. Areas of application 

Web scraping tools have gained popularity and are now being applied in various 

fields. For instance, Mendels et al. (2015) used Jsoup to retrieve data from different 

multilingual websites to build interpolated language models for low resources languages 

to improve speech recognition and keyword search technologies. Singrodia et al. (2019) 

mentioned data mining, research, marketing, company competition, and data combination 

as typical areas of web scraping usage. 

Web scrapers have been used also in different contexts. Krotov and Tennyson 

(2018) used a web scraper developed in the “R” programming language along with the 

Rvest and eXtensible Business Reporting Language (XBRL) packages to extract financial 

data from different websites for educational purposes. Similarly, Mackey et al. (2020) 

mined information about COVID-19 from Instagram using a web scraper developed in 

Python to detect and prevent misinformation during the pandemic. Lastly, Ponmaniraj et 

al. (2020) scraped Uniform Resource Locations (URL) from seeded web pages to test 

their reliability and freshness aimed at cybersecurity implementations. 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

22 

Another typical application for web scraping is data mining from on-line news 

websites serving various purposes. As a case in point, News One used web scraping to 

gather the latest news from over 100 national and international news sources 

(Sundaramoorthy et al., 2017). In another example, Ertam (2018) employed a web 

scraping machine learning approach to extract information from a Turkish news agency, 

creating a repository of data. Similarly, ProCircle used web scraping to extract 

promotions from news websites and social media (Junjoewong et al., 2018). Moreover, 

Maududie et al. (2018) and Sarr et al. (2018) independently applied web scraping to 

structure the information from Indian and Senegalese news websites, respectively. did a 

similar application over 15 Senegalese news websites. Also, Pande et al. (2022) used web 

scraping implementing Natural Language Processing (NLP) to clean the text from news 

gathered from websites to later detect their fakeness. 

Numerous research studies have demonstrated the utilization of web scraping 

tools for gathering data on drug-related subjects. For example, Giommoni and Gundur 

(2018) used a web scraper to collect data from the website www.priceofweed.com, for 

their analysis of the cannabis market in the UK. A similar study conducted by Maybir and 

Chapman (2021) used a web scraping software, Scrape-Storm, to analyze the ecstasy’s 

market trends. The EMCDDA also leveraged web scrapers with a machine learning 

approach to collect information from the internet for its projects eDrugTrends and 

CASSANDRA (Raubenheimer and Barratt, 2018). The U.S. National Institute of Health 

and National Institute on Drug Abuse (NIH/NIDA) supported the use of a similar 

technology in the eDarkTrends project to gather information from the dark net 

(Raubenheimer and Barratt, 2018). Plus, Li et al. (2019) went further building a web 

scraper in Python to characterize drug dealers on Instagram. Their research was extended 

to achieve an unsupervised machine learning approach model to scrape drug dealing 

comments from Instagram too (Shah et al., 2022). 

Upon examining various domains where web scraping tools were applied, it 

becomes evident that one common practice is data mining digital news websites and 

extracting information from open sources to investigate illicit drug-related subjects. The 

successful application of web scraping techniques in previous studies, where data was 
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mined from digital news websites and gathered from open sources, serves as validation 

for its convenience as a valuable tool in collecting data on cocaine seizures for the current 

study. 

c. Legal and ethical considerations 

The use of web scraping tools can be limited by technical and legal factors. These 

might include the intricacy of the selected web scraping tool, legal restrictions set by 

website owners, and adherence to ethical principles during data collection from open 

sources on the Internet. An instance illustrating this challenge is attempting to use a web 

scraping tool on a website that explicitly forbids such activity. 

Snell and Menaldo (2016) acknowledged the existence of a gray area in the legal 

domain. They identified five legal situations associated with web scraping: (a) copyright 

infringement, understood as an intellectual property violation as addressed in the Digital 

Millennium Copyright Act of 1998 (U.S. Copyright Office, 1998); (b) breach of contract, 

understood as the terms of use specified by the website owner (Dreyer & Stockton, 

2013); (c) violation of the Computer Fraud and Abuse Act (CFAA), understood as the 

illegal use of the data scraped (Krotov & Silva, 2018), or the re-incidence in accessing to 

the website after the reception of a cease and desist letter (Snell & Menaldo, 2016); (d) 

trespass to chattels, understood as an unauthorized activity and consequent damage of the 

website’s owner property (Goldman, 2013); and (e) hot news misappropriation, 

understood as the attribution of breaking news produced by other agencies (Snell & 

Menaldo, 2016). 

There are some studies concerning the ethical field. Krotov and Silva (2018) 

identified three implications for the web scraping activity: (a) the unintended revelation 

of protected personal information (PPI) during the web scraping process; (b) the 

revelation of industrial secrets from organizations during the web scraping process (Ives 

& Krotov, 2006); and (c) the possibility of bypassing the commercial activity that 

supports the profit of the website owner during the web scraping activity (Hirschey, 

2014). Figure 3 summarizes the ethical considerations and legal constraints. 
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Figure 3. Ethical considerations and legal constraints of web scraping 

Regarding the legal factors, Snell and Menaldo (2016) concluded that a website 

owner can improve the protection against web scraping activities in different ways: (a) 

addressing and forcing the recognition of the prohibition or limitation in using these 

technologies in the website’s terms of service/use; (b) implementing technological tools 

to avoid the use of the website by a machine; (c) protecting access to the website; and (d) 

managing the website content use through registers, licenses, or authorizations. 

Regarding the technological tools to avoid the use of the website by a machine, Zhao 

(2017) identified three major procedures: (a) HTML headers identification; (b) Internet 

Protocol (IP) reputation analysis; and (c) pattern behavior analysis. 

In contrast, Krotov and Silva (2018) proposed a survey for the web scraping user 

before starting the activity to be sure that: (a) web scraping is allowed; (b) there are not 

copyrights on the website data; (c) the project is for legal and genuine purposes; (d) the 

activity will not damage any website owner’s property; (e) the extracted data will not 

reveal any personal private information nor any organizational secret; and (f) web 

scraping will not affect the organization’s profit for extracting data instead of accessing 

the website content. 

Although the legal and ethical suggestions about the use of web scraping tools, 

the absence of a well-defined legal and ethical framework could present a challenge for 

the web scraping user. Taking all these factors into account can impact an individual’s 
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decision-making when it comes to using a web scraping tool for data collection. Some 

individuals may opt not to collect information due to the tool’s complexity, concerns 

about potential legal violations, or adherence to ethical principles that discourage such 

actions. 

This individual’s dilemma might be related to the Theory of Planned Behavior 

(TPB) (Ajzen, 1991) and the Theory of Reasoned Action (TRA) (Ajzen & Fishbein, 

1975). The beliefs and evaluations explored in the TRA appear to align with the 

individual’s personal ethical considerations, while the subjective norm aligns with 

collective ethical considerations (Vallerand et al., 1992). Both factors play a significant 

role in shaping the individual’s behavioral intentions as depicted in Figure 4. 

ABILITY

MOTIVES

Attitude 
toward the 

behavior

Subjective 
norm

Perceived 
behavioral 

control

Intention Behavior

 
Figure 4. Theory of Planned Behavior. Source: Ajzen (1991). 

Thus, the individual’s ethical alignment with their organization might play a 

crucial role in determining their intended behavior. Despite the subjective norm 

influencing their behavior, the individual might choose to act based on their own beliefs, 

even if their attitude toward the behavior is negative. However, it is essential to note that 

mere alignment with ethical beliefs and external influences is not sufficient. The 

individual’s ability to perform the behavior is equally vital, as it directly impacts the 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

26 

likelihood of the intended behavior. Figure 5 depicts these new elements added to the 

TPB as a proposal to describe the user’s behavior flow when scrapping open websites. 
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Difficulty level 
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available

Intention Behavior

Legal 
constraints

 
Figure 5. User’s behavior flow when scraping open websites 

Finally, formal collective and individual ethical guidelines will not be established 

for this thesis given that the open web encompasses websites accessible through standard 

browsers like Firefox, Chrome, or Edge. The websites targeted by this study must be in 

the open web domain without involving actions that bypass commercial activities, 

disclose PPI, or reveal trade secrets. Thus, web scraping the open web will be inherently 

regarded as both individually and collectively ethical by default. 

d. Identification of web scraping tools 

To identify the tools for web scraping used in previous researches, an exhaustive 

review of the literature related to this topic has been done. Table 1 shows a concise 

overview of reliable web scraping tools sourced from multiple academic papers 
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(Sirisuriya, 2015; Mendels et al., 2015; Milev, 2017; Zhao, 2017; Singrodia et al., 2019; 

Maybir and Chapman, 2021), including JMP1 too. 

Table 1. Identified commercial and open-source web scraping tools. 

No. Tool 
Category 

Trajectory URL Commercial Open-
source 

1 80legs X  2009-2022 https://80legs.com/ 

2 Beautiful Soup  X 2004-2022 https://www.crummy.com/software/
BeautifulSoup/ 

3 Dexi.io X  2015-2022 https://www.dexi.io/ 
4 Easy Web Extract X  2010-2019 http://www.webextract.net/ 
5 Fminer X  2009-2015 http://www.fminer.com/ 
6 Helium Scraper X  2010-2022 https://www.heliumscraper.com/ 
7 Heritrix  X 2004-2022 https://heritrix.readthedocs.io/en/latest/ 
8 Import.io X  2012-2022 https://www.import.io/ 
9 JMP X  1989-2022 https://www.jmp.com/en_us/home.html 

10 jsoup  X 2009-2022 https://jsoup.org/ 
11 Mozenda X  2008-2022 https://www.mozenda.com/ 
12 Nutch  X 2004-2022 https://nutch.apache.org/ 
13 Octoparse X  2016-2022 https://www.octoparse.com/ 
14 Out Wit Hub X  2007-2020 https://www.outwit.com/ 
15 Parse Hub X  2013-2022 https://www.parsehub.com/ 
16 Pyquery  X 2013-2020 https://pypi.org/project/pyquery/ 
17 Scrape Storm X  2019-2021 https://www.scrapestorm.com/ 

18 Scrapinghub 
Zyte (Splash)a  X 2007-2022 https://www.zyte.com/ 

19 Screen-scraper X  2002-2020 https://www.screen-scraper.com/ 
20 Selenium  X 2004-2022 https://www.selenium.dev/ 
21 Spinn3r X  2005-2007 https://www.spinn3r.com/ 
22 urllib2  X 1990-2020 https://docs.python.org/2/library/urllib2.html 

23 

Visual Web Ripper 
Content Grabberb 

Sequentum 
Enterpriseb 

X  2014-2022 https://www.contentgrabber.com/ 

24 Visual Scraper X  ?d http://www.visualscraper.com/ 

25 Web Content 
Extractor X  2004-2022 https://www.newprosoft.com/ 

26 Web Scraper X  2017-2022 https://webscraper.io/ 

27 Webhose.io 
Webz.ioc X  2016-2022 https://webz.io/ 

28 Web Sundew X  2005-2022 https://websundew.io/ 
29 Zyte (Scrapy)  X 2008-2022 https://scrapy.org/ 
a Scrapinghub evolved to Splash, an open-source project maintained by Zyte. 
b Visual Web Ripper evolved to Content Grabber, and this in turn evolved to a commercial low-
code web data extraction software called Sequentum Enterprise. 
c Webhose.io evolved to Webz.io, a commercial software to transform web data into structured 
data feeds. 
d Visual Scraper website is down. It was not possible to determine software trajectory in the 
market. 

 
1 JMP is a computer program for statistical analysis. 
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Upon identifying 29 web scraping tools, a filtering process was initiated based on 

their respective track records. Apart from Visual Scraper, which was discarded due to the 

unavailability of its website, the final year of support served as a determining factor to 

assess the obsolescence of each tool. Table 2 shows the available commercial tools, 

introducing a new attribute (modality of service), while Table 3 shows the available 

open-source tools, incorporating a new attribute (programming languages). These 

attributes were crucial for proceeding to the next filter phase. 

Table 2. Available commercial web scraping tools. 

No. Tool Trajectory Modality of service 
Application Extension Data collection Web Application 

1 80legsa 2009-2022    X 
2 Dexi.iob 2015-2022    X 
3 Helium Scraper 2010-2022 X    
4 Import.io 2012-2022   X  
5 JMP 1989-2022 X    
6 Mozendab 2008-2022    X 
7 Octoparse 2016-2022 X    
8 Parse Hub 2013-2022 X    
9 Scrape Storm 2019-2022 X    
10 Sequentum Enterprisec 2014-2022 X    
11 Web Content Extractor 2004-2022  X   
12 Web Scraper 2017-2022 X    
13 Webz.io 2016-2022   X  
14 Web Sundew 2005-2022 X    
a 80legs requires credit card information to access the web application. This alternative was 
discarded. 
b Dexi.io and Mozenda.io are similar web scraping web applications developed by Dexi. For this 
study, Dexi will be tested. 
c The price for an annual subscription to the “Starter” version of the Sequentum Enterprise tool is 
$15,000. This price is out of budget; therefore, this alternative was discarded. 

 

The available commercial web scraping tools were categorized into four 

modalities of service: (a) application, which refers to a desktop executable program 

compatible with operating systems like Windows 10/11; (b) extension, a small program 

running in the Chrome web browser (Google Developers, 2021); (c) data collection, a 

service where customers provide data requirements, and the company offers a quote for a 

customized solution; and (d) web application, an executable program accessible through a 

web browser and hosted on a remote server. Apart from 80 legs, Mozenda, and 
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Sequentum Enterprise (refer to Table 2 footnotes), the data collection options Import.io 

and Webz.io were excluded because a customized solution was unrealistic for the scope 

of this thesis. 

Table 3. Available open-source web scraping tools. 

No. Tool Trajectory Programming language 
Java Python 

1 Beautiful Soup 2004-2022  X 
2 Heritrix 2004-2022 X  
3 jsoup 2009-2022 X  
4 Nutch 2004-2022 X  
5 Zyte (Splash)a 2007-2022 X  
6 Selenium 2004-2022 X  
7 Zyte (Scrapy)a 2008-2022  X 

a Zyte is the company supporting the maintenance for Splash and Scrapy in two different 
programming languages. 

 

The two programming languages used to collect data on the web with the 

identified open-source tools were Java and Python. The main difference between each 

open-source tool lies in how to manage a specific library, which still requires some 

programming knowledge in the Java or Python languages. Considering the author’s 

coding skills in Python, only one Python web scrapping tool out of the two available was 

tested for this study. Scrapy (Zyte, 2022) was chosen over Beautiful Soup (Richardson, 

2022) due to its better documentation, tutorials, and support on the Windows operating 

system. 

Following an evaluation of the pricing information for each remaining 

commercial option listed in Table 2, Table 4 shows an overview of the final web scraping 

tools, both commercial and open-source options, selected for testing. 
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Table 4. Commercial and open-source web scraping tools for testing. 

No. Tool Version Price information 
USD Periodicity 

1 Dexi.io Intro Quotation Annual subscription 
2 Helium Scraper Basic $     99.00 One-time fee 
3 JMP Pro 16 Free license in NPS One-time fee 
4 Octoparse Standard $     89.00 Monthly subscription 
5 Parsehub Standard $   189.00 Monthly subscription 
6 Scrape Storm Professional $    49.99 Monthly subscription 
7 Web Content Extractor Unique $     70.00 One-time fee 
8 Web Scrapera Professional $   100.00 Monthly subscription 
9 Web Sundew Standard $  399.00 One-time fee 

10 Scrapy (Python) 2.7.1 Free One-time fee 
a Web Scraper is a commercial extension for Chrome web browser. 

 

e. Websites to scrape 

Following the procedure to comply with legal constraints when scraping open 

websites, three websites were chosen. All align with the characteristics of the open web 

domain. The first website was the ARC news portal (Armada de Colombia [ARC], 2022). 

The second website was the open United States Coast Guard (USCG) news website, 

supported by Bright Mountain Media (2022). The third website was the Colombian 

Police (PONAL) news portal (Policía Nacional de Colombia [PONAL], 2023a). 

Appendixes A, B, and C provide the detailed terms of use, copyright, privacy, and access 

policies for all websites, respectively. 

For the purpose of testing, the ARC and USCG news websites were selected. Web 

scraping tools were utilized, using the websites’ search engines, to find related news 

articles based on two search queries: (a) a search of the word cocaína in the ARC news 

portal (ARC, 2022); and (b) a search of the word cocaine in USCG (Bright Mountain 

Media, 2022). Appendixes D and E contain the anatomy of the ARC and USCG news 

websites at the first and second levels of scraping, respectively. For both cases, the 

scraping areas of interest to test were the titles, dates, and news content. 

Both news websites presented different complexities during the scraping process. 

The ARC news website required a more complex crawling solution due to the presence of 

two-page iterations in both the first and second scraping levels. In contrast, the USCG 

news website case was simpler as it only involved one page iteration at the first scraping 
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level. To move from the first to the second level on the ARC website, it was necessary to 

extract the URLs of the titles to access and extract the corresponding news content. 

The structure of both websites posed unique challenges when extracting the 

required information. For instance, each search webpage on the ARC news website had 

ten titles and dates, while the USCG search webpage had nine titles and dates. On the 

ARC news website, it was essential to extract dates in the first level of scraping because 

in certain cases, the date information was not accessible at the second scraping level. 

Although the chosen web scraping tools were tested on both websites, variations 

in the results might occur due to variation in the testing conditions. Some of the web 

scraping tools were installed on virtual machines at the Naval Postgraduate School (NPS) 

servers, while others were installed on a personal laptop. As a result, minor discrepancies 

in time calculations arose due to network delays and disparities in computer processing 

capabilities. 

f. Testing of web scraping tools 

Before conducting the web scraping tool testing, it was crucial to establish the 

essential and additional features to evaluate the performance of each tool. The mandatory 

features are: (a) automatic scraping; (b) automatic crawling; and (c) deep scraping. Partial 

or complete failing of the mandatory features resulted in the tool’s rejection. The optional 

features were: (a) level of complexity; (b) implementation time; (c) scraping time; (d) 

human behavior capabilities; (e) language fidelity; and (f) NPS network accessibility. 

To establish a measurement, operationalization of the mandatory features is 

necessary. For example, for the automatic scraping feature, it means that the tool can 

systematically extract all titles, dates, and news content in a well-organized and logical 

manner from both websites. The automatic crawling feature implied that the tool could 

navigate to each web page indexed on the search page and effectively handle page 

iteration issues at the first scraping level. The scraping depth feature indicated that the 

tool could address the page iteration problem at the second scraping level and 

successfully extract the entire news content. 
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A similar process was undertaken for the optional features. The level of 

complexity was categorized into two groups: (a) code for open-source tools; and (b) 

graphic user interface (GUI) for commercial tools. Each category was further divided into 

three subcategories: easy, medium, and high. The easy subcategory scored three points 

when the total implementation time was 200 minutes or less. The medium subcategory 

scored two points when the total implementation time was between 200 and 400 minutes, 

inclusive. Lastly, the high subcategory scored one point when the total implementation 

time exceeded 400 minutes. 

Moreover, the operationalization of total implementation and scraping times is 

required. Total implementation time encompassed the minutes spent attending tutorials 

and implementing the scraping solution for both news websites. On the other hand, 

scraping time referred to the minutes spent by the tool while scraping 100 web pages on 

the ARC news website and an additional 100 web pages on the USCG news website. 

The human behavior capabilities operationalization involved three functions. 

Firstly, the assessment of IP address rotation, indicating the tool’s ability to automatically 

change the IP for each new web page query, emulating different clients’ actions on the 

server side, scored one point if present and zero if not. Secondly, the CAPTCHA solution 

was evaluated, scoring one point if the tool successfully solved CAPTCHA programs and 

zero if not. A sub-categorization of CAPTCHA solution was performed, with manual 

solution scoring one-point, partial solution (capable of solving image puzzles 

automatically) scoring two points, and automatic solution scoring three points. Lastly, 

tools equipped with a configurable fixed delay in milliseconds before scraping each web 

page received one point, while others scored zero. 

Considering that the websites for this research were in Spanish or English, a 

language fidelity capability for each language was included. The Spanish language 

fidelity was divided into three subcategories: (a) low; (b) medium; and (c) high. A tool is 

classified in the low subcategory scored one point when the results showed HTML 

coding traces and weird codes to Spanish accents and/or punctuation. For medium 

subcategory, it scored two points when the results showed HTML coding traces or weird 

codes to Spanish accents and/or punctuation. Finally, for high subcategory, the tool 
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scored three points when the results were legible and sharp. The subcategorization for 

English was similar, with the exception that no accents were considered for the 

assessment. 

The last capability, NPS network accessibility, is concerned with whether the web 

scraping tool is blocked by the NPS servers. If the tool was not blocked, it scored one 

point; otherwise, it scored zero. If the tool was not blocked, it received one point; 

otherwise, it received zero. This feature was crucial in determining the required resource 

for the thesis, whether a virtual machine or a personal laptop. 

Table 5 summarizes the final scores and times for the 10 web scraping tools 

tested, while Appendix F contains detailed information about the implementation and 

assessment results for each web scraping tool. 

Table 5. Web scraping tools: Final scores and times assessment. 

No. Tool Mandatory 
features Final score Implementation time 

[min] 
Scraping time 

[min] 
1 Dexi.io NO 10 454.73 22.15 
2 Helium Scraper NO 15 188.70 14.47 
3 JMP NO 6 30.00 83.33 
4 Octoparse YES 14 183.30 35.50 
5 Parsehub YES 13 101.77 44.18 
6 Scrape Storm YES 11 357.30 25.42 
7 Web Content Extractor NO 12 135.73 26.95 
8 Web Scrapera NO 10 324.77 85.06 
9 Web Sundew NO 9 450.00 16.98 
10 Scrapy (Python) NO 5 540.00 0.99 

 

g. Selection of web scraping tool 

After conducting the web scraping tool testing, certain limitations were identified. 

For commercial alternatives, a common limitation was the lack of an intuitive GUI, and 

in some cases, there was insufficient detailed tutorials and documentation to achieve 

successful web scraping results, especially when dealing with the ARC news website 

where customized commands were needed to address the page iteration problem at the 

second scraping level. Another minor limitation worth mentioning was the occurrence of 

semantic issues during the extraction process, particularly for the Spanish language. 
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On the other hand, for open-source web scraping tools, the primary limitation was 

the complexity in the implementation process, as it required certain knowledge in Java or 

Python programming languages to accomplish effective scraping of the websites. 

In conclusion, among the ten web scraping tools tested, only three commercial 

tools (Octoparse, Parsehub, and Scrape Storm) fulfilled the mandatory criteria and were 

deemed suitable for use in this research. These three tools achieved final scores of 14, 13, 

and 11 points, respectively. Scrape Storm had the highest implementation time but the 

lowest scraping time on both websites, while Parsehub had the lowest implementation 

time but the highest scraping time. Octoparse appeared to be the most balanced option. 

However, both Octoparse and Scrape Storm websites were blocked by the NPS firewall. 

Thus, Octoparse installed on a personal laptop was chosen as the web scraping tool to 

collect cocaine seizures data for this study. 

3. Statistical Data Tools 

The last tools used in this study were the statistical data tools. Firstly, Microsoft 

Excel was used to parse, organize, and conduct preliminary statistic tests on datasets. 

Subsequently, JMP was employed for EDA. Wherein various polynomial regression 

techniques were applied to determine the final regression models. 

D. DATA PROCESSING 

Figure 6 outlines seven data processing phases for this study. The process began 

with web searches, followed by web scraping using Octoparse. After ingestion of 

structured data into Hadoop, extract, transform, and load (ETL) processes were 

implemented to store a preliminary dataset for cocaine seizures in the Hive warehouse. 

This draft file and the homicides’ dataset were combined and processed in Excel using 

formulas and filters to create synchronized datasets. JMP (JMP Statistical Discovery 

LLC, 2023c) was then used for EDA to derive final regression models. 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

35 

 
Figure 6. Data processing 

Using the Microsoft Edge web browser, the searching phase started using the 

websites’ search engines to find related news articles, based on three specified search 

queries: (a) a search of the word cocaína in the ARC news portal (ARC, 2022); (b) a 

search of the word cocaína in the PONAL news portal (PONAL, 2023a); and (b) a search 

of the word cocaine in USCG (Bright Mountain Media, 2022). Each search query yielded 

a list of URLs containing relevant news articles with the respective keywords. At the 

same time, each list of URLs was linked to an exclusive URL for individual reference 

and access. 

The exclusive URL served as a requirement to generate a task in Octoparse. Upon 

task creation, Octoparse semi-automatically recognized the website fields (clicking) in 

both the initial and subsequent scraping levels. To achieve this, a workflow was 

implemented to crawl each URL from the list, followed by an ETL process, which 

converted the data from HTML into a table format with customized fields. This resulting 

table was then exported to an Excel file. For comprehensive information about the 

exclusive URL, automatic field detection, and the Octoparse workflows for each news 

website, please refer to Appendix G. 

Once the structured data was ready, the next step involved ingesting and storing it 

into the Hadoop Distributed File System (HDFS). HDFS is a fundamental component 

within the Hadoop ecosystem, known for handling Big Data. This filesystem can store 
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files in the order of Peta Bytes (PB), working under the concept of the write-once/read-

many-times pattern. One of its advantages is its compatibility with commodity hardware, 

leading to cost-effective implementations and allowing for a greater number of nodes to 

enhance redundancy in the system (White, 2015, p. 43-54). The data extracted from each 

website using Octoparse is enclosed in an Excel file located in Appendix H. 

After storing the data in the HDFS, Hive was utilized to conduct another ETL 

process to obtain the desired information regarding cocaine seizures. To do that, Hive 

allows users to perform queries through a Command-Line Interface (CLI), a web 

interface, or a server infrastructure using Structured Query Language (SQL) alike syntax. 

The commands go to the Hive’s execution engine to submit mapping and reducing jobs 

for the batch query processor known as MapReduce. MapReduce executes the jobs using 

the data available in the HDFS and the metadata, organized in tables, in a metastore 

denominated Hive warehouse (White, 2015, p. 471–480). The three Hive scripts used for 

ETL of cocaine seizures information can be found in Appendix I, while the draft cocaine 

seizure datasets are included in Appendix J. 

Once the draft cocaine seizures data was brought into Excel, several filters and 

operations were implemented. The resulting outcome, as illustrated in Figure 7, 

represents the step-by-step procedure carried out on each cocaine seizures dataset, 

ultimately culminating in the creation of the Pacific cocaine seizures dataset spanning 

from 2012 to 2022, with daily records. 
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Figure 7. Filters and processing on the dataset for cocaine seizures in Excel 

A detailed inspection of the day of the interdiction occurrence in the Pacific 

cocaine seizures dataset was of utmost importance, as it served as the starting point for 

assessing its influence on homicides in the Colombia Pacific region over the course of 

one to seven days following the event. 

On the other hand, the dataset for homicides in Colombia underwent a more 

straightforward processing approach. Utilizing the Excel file provided by ODHDN 

(MDN-ODHDN, 2023), direct filtering and processing were carried out without the need 
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for employing big data tools. The resulting product, depicted in Figure 8, showcases the 

detailed sequence of operations performed on the dataset for homicides. This ultimately 

led to the development of the Colombian Pacific homicides’ dataset, from 2012 to 2022, 

with daily records. The respective Excel workbooks containing the various filters and 

processes applied to both the cocaine seizures and homicides datasets can be found in 

Appendix K. 

 
Figure 8. Filters and processing on the datasets for homicides in Excel 

Although the initial number of records in the homicides’ dataset was 4000, the 

resulting sample size for the time series data turned out to be smaller. For the purpose of 

this study, only seven time series datasets could be created, each containing a sample size 

of 308 records. This constraint was a direct result of the sample size limitations imposed 
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by the final cocaine seizures dataset. On top of that, during the EDA performed in JMP, 

this sample size was drastically reduced to less than 100 records due to the application of 

additional filters. 

The limited size of this sample may not be sufficient to confidently assert a 

correlation between cocaine seizures and homicides in the Colombian Pacific region. To 

establish a reliable correlation, a sample size of around 250 records would be required 

(Schönbrodt & Perugini, 2013). However, the study conducted by MacCallum, Widaman, 

Zhang, and Hong (1999) concluded that specific rules of thumb for sample size were not 

of great importance when it comes to factor analysis. Instead, they suggested that even 

with smaller sample sizes, exploratory studies, such as the one presented here, can still be 

sufficient and meaningful in providing valuable insights and initial findings. 

Taking this into consideration, an EDA was conducted in JMP using the seven 

available time series datasets. A digital version of these datasets can be found in 

Appendix L. Furthermore, Chapter IV of the present study gives a comprehensive 

overview of both the preliminary and final results of the EDA. This chapter provides 

descriptions of the analysis process, offering constructive comprehensions and 

preliminary outcomes of the relationships between cocaine seizures and homicides in the 

Colombian Pacific region. 
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IV. RESULTS 

A. TIME-SERIES DATASETS 

The data is contained in seven time-series sets, each containing 308 records with 

nine columns. The initial four columns pertain to cocaine seizure information, while the 

remaining five columns hold data on homicides. The variation across datasets lies in a 

single column, representing the day of homicides occurrence. In the first dataset, 

homicides are evaluated one day after the seizure; in the second dataset, two days after; 

and so on until the last dataset, which assesses homicides seven days after the seizure. 

The descriptions of datasets and columns can be found in Figure 9. 

 
Figure 9. Time-series datasets description 

The time and quantity of cocaine seizures are the crucial pieces of information 

found in the first two columns of the dataset. The first column of the dataset represents 

the date when authorities conducted operations that resulted in cocaine seizures in the 

Pacific. In this column, a value of “1” corresponds to 1st January 2012, and subsequent 

numbers represent consecutive dates following that day. The second column reflects the 

total quantity of cocaine seized in kilograms on each respective day mentioned in the first 

column. 

The following two columns contain nominal data for location and the size of 

cocaine seized. The third column specifies the category for seizure location, using “Sea” 

to represent the Pacific Ocean and “Land” for any department in the Colombian Pacific 
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region. Column four embodies the seizures intervals; there are three intervals that 

represents the size of the cocaine seizures: “Small” represents any seizures that involves 

less than 601.3kg of cocaine, “Average” represents the interval for the seizures between 

601.3kg and 901.3kg of cocaine, and “Large” for seizure quantities exceeding 901.3kg of 

cocaine. This categorization is shown in Figure 10 from the histogram related in 

Appendix K. 

 
Figure 10. Cocaine seizures in the Pacific 2012–2022 histogram 

The information related to homicides begins from column five, which is 

particularly crucial since it has a daily variation from one to seven days across all 

datasets. For example, in the first dataset, this column represents the day immediately 

following the cocaine seizure in the Pacific, while in the seventh dataset, it represents 

seven days after the seizure. In the first case, the primary objective is to assess the impact 

of cocaine seizures on the homicides rate in the Colombian Pacific region on the day 

right after the seizure. In the second scenario, the focus changes to evaluating this impact 

after a seven-day period following the seizure. For the intervening cases, the evaluation 

similarly shifts to corresponding days after the occurrence of the cocaine seizure. 

Column six pertains to the rate of homicides, whereas column seven is related to 

the location of these incidents. The sixth column shows the overall count of homicides 

documented in the Colombian Pacific region for the specified date indicated in column 

five. Conversely, the seventh column specifies the departments where these homicides 
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were recorded. It is essential to note that the sixth column offers quantitative data for 

analysis, while column seven furnishes nominal data regarding the location. 

Figure 11 shows column eight, which contains information about the homicide 

modalities. From the original dataset, seven modalities were recognized as closely 

associated with homicides resulting from illegal cocaine businesses in Colombia. The 

most prevalent modality on the list is the “hit man” with 26,471 instances, followed by 

organized crime-related homicides with 662 occurrences, organized crime confrontations 

with 210 cases, and terrorism with 109 incidents. The three remaining modalities of 

beheading, dismemberment, and strangulation (B+D+S), were merged into a single 

category, resulting in a total of 253 cases. 

 
Figure 11. Homicides modalities 

The “hit man” modality has been related to cocaine trafficking activities in 

Colombia. Originally, it was associated with cocaine business during the war declared by 

the drug traffickers against the Colombian government in the 1980s, where they offered a 

reward of $2,000 for each police officer killed (Pardo, 2000). Later, during the 1990s, 

paramilitary groups adopted the same modality to target anyone connected to Pablo 

Escobar (Polit Dueñas, 2013, p. 90). As indicated by the numbers, the “hit man” modality 

stands out as the most prevalent method of homicide in the Colombian Pacific region. 

Moreover, drug cartels in Mexico have also adopted and continued to utilize this 

modality (Durán-Martínez, 2015; Wainwright, 2016, p. 106, 109). 
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Organized crime-related homicides in Colombia mainly originate from drug 

trafficking. According to Mejía and Restrepo (2008), guerrillas and paramilitary groups 

became drug producers and traffickers, resulting in a significant increase in their financial 

resources, which, in turn, escalated the internal conflict in Colombia (Cotte Poveda, 

2012). González Peña and Dorussen (2021) provided additional support to this 

observation by finding that the homicide rate did not increase in the municipalities where 

FARC ex-combatants demobilized. This implies that the funding for illegal armed groups 

comes from the drug trade, and when they exit this business, the propensity for homicide 

decreases in their influential areas. 

Confrontations between organized crime refer to homicides that occur when two 

illegal groups engage in combat with each other. For example, during the COVID-19 

pandemic, there were reports of clashes between the Clan del Golfo and the Ejército de 

Liberación Nacional (ELN) guerrillas as they struggled for control of territories to carry 

out illicit activities in Chocó, which were left open after the demobilization of the FARC 

(Gillies & Hume, 2022). 

Regarding terrorism, this refers to the homicides caused by terrorist groups. 

Gonzalez, Sierra, and Fajardo (2019) affirmed that terrorism in Colombia has both 

political and narcotraffic objectives. For instance, this narcoterrorism included methods 

as bombings (Zapata, 2003) and selective assassinations of government officials 

advocating stringent anti-drug policies in Colombia, with the aim of instilling fear and 

terror among the population (Tarapues, 2012). 

The merged category B+D+S includes the homicides due to beheading, 

dismemberment, and strangulation. Phillips (2015) supported the recognition of 

dismemberment as a brutal practice connected to the armed conflict in Colombia. Also, 

Fajardo Cely (2014) compiled documented cases where evidence indicated the utilization 

of diverse violent methods to torture and kill individuals during the Colombian armed 

conflict, such as beheading, dismemberment, decapitation, evisceration, incineration, 

castration, impaling, and the use of acid (p. 55). As mentioned earlier, the Colombian 

armed conflict is closely interlinked with the problem of drug trafficking. 
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Finally, in column nine, the severity of the homicide rate is sorted into three 

groups: “Low” for rates less than five, “Medium” for rates ranging between five and nine, 

and “High” for rates greater than nine. This classification was derived from the histogram 

detailed in Appendix K and it is shown in Figure 12. 

 
Figure 12. Homicides rate in the Colombian Pacific region 2012–2022 

histogram 

All the information regarding homicides was recorded based on data gathered by 

the MDN-ODHDN (2023). Table 6 summarizes the level of measurement corresponding 

to each variable. 

Table 6. Level of measurement for time-series datasets variables 

Column Group Classification Variable Level of 
measurement Reference unit/category 

1 
Cocaine 
Seizures Independent 

Day Interval # 
2 Q_kg Ratio kg 
3 Sea_Land Nominal Sea or Land 
4 Size Ordinal Small, Average, or Large 
5 

Homicides Dependent 

Day + n (n ∈ [1,7]) Interval # 
6 Homicides Ratio # 
7 H_Location Nominal Cauca, Choco, Narino, or Valle 

8 Modality Nominal 
Hit man, organized crime, organized 
crime confrontations, terrorism, or 
B+D+S 

9 Intensity Ordinal Low, Medium, or High 
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B. DATASETS TIME FRAMES 

After filtering the data, each time-series dataset contains only 308 records. 

Although the datasets still conserve records between 2012 and 2022, the distribution of 

records across individual years is uneven. This might be a limitation to the study, as data 

might not capture the trends between cocaine seizures and homicides in the Colombian 

Pacific region for some years. The distribution of records per year for the datasets is 

presented in Table 7. 

Table 7. Records per year for time-series datasets 

Year Number of records 

2012 3 
2013 22 
2014 17 
2015 50 
2016 54 
2017 60 
2018 53 
2019 13 
2020 12 
2021 17 
2022 7 

 

Additionally, Table 8 illustrates the time spans covered by the datasets, 

showcasing the starting and concluding dates for each one. This delineation of initial and 

final dates, coupled with the record distribution showcased in Table 7, shows the 

consistency of the time intervals covered by the gathered and filtered data. Again, the 

scope of this study is constrained to the period between 2012 and 2022 as a result of the 

data obtained through web scraping from the ARC news website. The ARC website 

started the publication of seizure-related news in 2012, and any records preceding this 

timeframe are not accessible at its online platform. 
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Table 8. Datasets time frames 

Reference Day Day+1 Day+2 Day+3 Day+4 Day+5 Day+6 Day+7 

Initial day 264 265 266 267 268 269 270 271 
Initial date (MM/
DD/YY) 9/20/12 9/21/12 9/22/12 9/23/12 9/24/12 9/25/12 9/26/12 9/27/12 

Final day 4000 4001 4002 4003 4004 4005 4006 4007 
Final date (MM/
DD/YY) 12/13/22 12/14/22 12/15/22 12/16/22 12/17/22 12/18/22 12/19/22 12/20/22 

 

C. EXPLORATORY DATA ANALYSIS 

Following with the process, these seven comprehensive datasets were imported 

into JMP to proceed with the analysis of correlations and trends between cocaine seizures 

and homicides in the Colombian Pacific region. By using graph builder functionality was 

used to compare all the independent and dependent variables (JMP Statistical Discovery 

LLC [JMP], 2023), identified in Table 6. 

The resulting scatter graphs offer the option to select various types of elements 

(JMP Statistical Discovery LLC, 2023b). For exploration purposes, points and line of fit 

options were chosen. The chosen fitting approach was polynomial, encompassing linear, 

quadratic, or cubic degree regressions. Given the variables combinations and the 

polynomial degree options, a comprehensive exploration of regression models were 

tested for the best fit. 

The metrics that were used to study statistical significance of the regression 

models are as follows. A 95% confidence interval was applied. The Root Mean Square 

Error (RMSE), R-square value (R2), F test value, and probability value [p-value] for each 

of the regressors was extensively studied. Amon these metrics, only the p-value and R2 

were considered for the initial phase of the exploration. 

Prior to assessing each regression, a null and an alternate hypotheses were 

identified. In this investigation, the null hypothesis (H0) is that the occurrences of 

cocaine seizures in the Pacific area do not have an impact on the homicide rate in the 

Colombian Pacific region; the alternative hypothesis (H1) is that the cocaine seizures in 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

48 

the Pacific region do have an impact on the homicide rate in the Colombian Pacific 

region. 

In this context, the p-value test indicates the degree of statistical significance of 

the regressors (independent variables). As a result, a significant p-value means to accept 

H1 and reject the null (Keller, 2012, p. 369). The p-value that is less than 0.01 indicates 

high significance, between 0.01 and 0.05 is significant, whereas other values indicate 

there is not significant relation between the independent and dependent variables, hence 

H1 is rejected (Keller, 2012, p. 371). R2 represents the proportion of variability in the 

dependent variable that can be explained by changing the independent variable, with an 

interpretation of 1 denoting an absolute 100% correlation between the two variables 

(Keller, 2012, p. 139). 

Following the application of the designated fitting parameters, information 

conforming to the chosen variable categories is extracted, creating new sub-datasets. 

Subsequently, JMP uses machine learning techniques to learn from the available data by 

recognizing patterns for each regression alternative. Upon executing all potential 

regressions, seven models with significant statistical evidence for H1 have been 

discerned. Table 9 provides an overview of these results, outlining the polynomial 

regression level, sample size, p-value, and R2. Detailed information regarding these seven 

findings can be found in Appendix M. 
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Table 9. Findings on polynomial regressions 

# Finding Degree Sample 
size p-value R2 

1 
Cocaine seizures on the Colombian Pacific Sea 
correlates with low-intensity rate of homicides in 
the Colombian Pacific Region a day after. 

Linear 47/308 0.0277 0.103 

2 

Large cocaine seizures in the Colombian Pacific 
Region correlates and might be associated to the 
rate of homicides in the Colombian Pacific 
Region two days after. 

Cubic 92/308 
Low 0.0398 
Med 0.0144 
High <0.001 

Low 0.279 
Med 0.196 
High 0.958 

 
Cocaine seizures in the Colombian Pacific Land 
correlates with high-intensity rate of homicides in 
the Colombian Pacific Region two days after. 

Linear 25/308 0.0421 0.168 

4 

Large and average cocaine seizures in the 
Colombian Pacific Region correlates and might 
be associated to the high-intensity rate of 
homicides in the Colombian Pacific Region six 
days after. 

Cubic 26/308 Avg 0.0491 
Large 0.0099 

Avg 0.606 
Large 0.664 

5 

Large cocaine seizures in the Colombian Pacific 
Region correlates with the hit man homicides 
modality in the Colombian Pacific Region seven 
days after. 

Cubic 82/308 0.0109 0.133 

6 
Cocaine seizures on the Colombian Pacific Sea 
correlates with high-intensity rate of homicides in 
the Colombian Pacific Region seven days after. 

Cubic 18/308 0.0221 0.486 

7 

Large cocaine seizures in the Colombian Pacific 
Region correlates with low and high-intensity rate 
of homicides in the Colombian Pacific Region 
seven days after. 

Quadratic 25/308 Low 0.0491 
High 0.0099 

Low 0.212 
High 0.930 

 

Figure 13 provides a preliminary overview of the alternative hypotheses derived 

from regression analysis. This analysis considered the correlation of the data across 

various categories of cocaine seizure sizes in the Pacific and their impact on the homicide 

intensity in the Colombian Pacific region. The bold arrows indicate a robust correlation, 

backed by high significance with p-values below 0.01. Meanwhile, the thin arrows 

represent significant correlations supported by p-values under 0.05. Notably, findings 2 

and 4 suggest that significant large cocaine seizures in the Pacific have an influence on 

the emergence of a high-intensity homicide rate in the Colombian Pacific region, 

manifesting two and six days after the seizures. 
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Figure 13. Alternative hypothesis from findings 2 and 4 

D. FURTHER ANALYSIS 

To further explain the relation between the independent and dependent variables, 

an improved approach was followed. The first step involves a fitting through the JMP 

graph builder fitting tools. This step allows to filter data and capture different behaviors 

that vary in different time intervals. The second step is to conduct a-least-squares 

regression analysis to examine, identify, and exclude (if necessary) data points with high 

impact on the model fit. The third step aimed at identifying the most suitable continuous 

distribution for the values of the independent variable, enabling the determination of 

distribution parameters. Lastly, a profiler is suggested for each model to simulate, predict, 

and visually illustrate how changes in the range of cocaine seizures and the classification 

of sea/land areas influence the homicide rate in the Colombian Pacific region. This 

procedure is shown in Figure 14. 

 
Figure 14. Filtering, exploring, and modeling procedure in JMP 

Based on the outcomes derived from the DSD+D+2.Large-Intensity and the 

DSD+D+6.Size-Intensity datasets, which are contained in Appendix M, a graph builder 
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fitting technique was applied to create new datasets denominated DSD+D+2-subset and 

DSD+D+6-subset, respectively. This filtering procedure involved the elimination of 

categories and a hands-on exploration of data point boundaries to achieve a better p-value 

and R2 value. These new datasets are provided in Appendix N. 

To improve the accuracy of these two models, a least squares analysis was used to 

reduce discrepancies and discover the best match between the independent variable 

(cocaine seizures) and the dependent variable (homicides). Additionally, this method, 

along with an emphasis on the leverage effect, aids in examining influential datapoints 

and identifying instances of extreme values within the independent variable that could 

potentially impact the model’s fit. After excluding the outliers, another least squares 

analysis was conducted, resulting in an improved model. Figure 15 shows the parameters 

specified to fit the model. 

 
Figure 15. Standard least squares parameters 

Although the least squares process employs identical parameters for both sub-sets 

of data, the outcomes diverge. For the continuous distribution comparison and the 

profiling processes, the parameters and corresponding results are different for each case. 
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E. DSD+D+2-SUBSET 

1. Graph Builder Fitting and Least Squares Analysis 

The filtering resulted in a subset, consisting of 23 data points out of the original 

308 (approximately 7.46% of the total), reveals a correlation between cocaine seizures 

and the incidence of homicides in the Colombian Pacific region. The regression analysis 

yields a significant p-value of 0.0285. Furthermore, the applied cubic model effectively 

accounts for 37.2% of the variance in the homicide rates above eight within the 

Colombian Pacific region, attributed to cocaine seizures exceeding 750 kg occurring in 

the Pacific two days before. Also, the RMSE of the model suggests an average prediction 

deviation of around 2.81 homicides per day. Notably, all instances correspond to the “hit 

man” modality, while two align with the B+D+S modality, and one relates to 

confrontations between organized crime. On the other hand, at least 16 instances of 

cocaine seizures took place at sea. Figure 16 shows the DSD+D+2-subset polynomial 

regression result. 

 
Figure 16. DSD+D+2-subset polynomial regression result 

The actual by predicted plot, shown in Figure 16, indicates that majority of the 

data points are within the confidence interval. However, there are some outliers in the 

sample. To further analyze the outliers in the model, a row diagnosis of the studentized 

residuals was conducted. Figure 17 illustrates that 21 out of the 23 data points fall within 

the 95% confidence level’s concurrent boundaries (red lines) and the individual limits 
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(green lines). The remaining two data points (specifically, rows 10 and 23 of the subset) 

lie beyond these boundaries. 

 
Figure 17. Studentized residuals plot for DSD+D+2-subset 

After removing the outliers, another least squares model was conducted. The 

result of the polynomial regression is shown in Figure 18. In this scenario, the exclusion 

of outliers has a negative effect on the model’s significance. Although the studentized 

residuals plot exhibits no data points exceeding the 95% confidence level, the actual by 

predicted plot suggests a lack of statistical significance, with a p-value surpassing 0.05 

and lowered the R2 below 0.3. 

 
Figure 18. DSD+D+2-subset without outliers’ regression result and 

studentized residuals 
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Through an iterative exploration, it was found that the model experiences 

significant improvement by excluding the outlier associated with row 10 and including 

the nominal variable Sea_Land. The statistical examination results in a high significant p-

value <0.0001. Furthermore, the cubic fit model results demonstrate its effectiveness by 

accounting for 80% of the variability in homicide rates exceeding eight within the 

Colombian Pacific region. This variability is attributed to instances of cocaine seizures 

surpassing 750 kg, which occur in the Pacific two days prior. Also, the RMSE of the 

model suggests an average prediction deviation of around 1.78 homicides per day. The 

results of the polynomial regression are shown in Figure 19. 

 
Figure 19. DSD+D+2-subset without outlier (row 10) regression result and 

studentized residuals 

In this analysis, retaining the outlier associated with row 23, improves the model’s 

significance. Consequently, the model shown in Figure 19 was chosen as “Subset 1” for 

the purposes of continuous distribution comparison. 

2. Continuous Distribution Comparison 

Considering the independent variable values of the Subset 1, corresponding to 

cocaine seizures, a new EDA took place. An exploration of possible distribution that can 

capture the cocaine seizures data was based on two criteria, which are the Akaike 

Information Criterion applicable to small samples (AICc) (Sugiura, 1978) and the 

Bayesian Information Criterion (BIC) (Schwarz, 1978) was conducted. Figure 20 
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illustrates the best fit with the lowest AICc and BIC values. For this case, the best 

continuous distribution was the lognormal. 

 
Figure 20. DSD+D+2-subset without outlier (row 10) lognormal distribution 

The lognormal distribution is often used to model data exhibiting a positively 

skewed pattern, where the majority of values are concentrated on the lower end of the 

distribution (Crow & Shimizu, 1987). The parameters used to describe the fitted 

lognormal distribution were the location (μ=7.126) and scale (σ=0.316). Finding the best 

distribution was critical to identify the parameters for profiling, simulating, and 

prediction analysis. 

3. Profiling, Simulating, and Prediction Analysis 

JMP prediction profiler enables simulation and the visualization of interaction 

among the independent and dependent variables (homicides) in the Colombian Pacific 

region. This analysis was conducted by adjusting two variables: the quantity of seized 

cocaine (Q_kg) and the Sea_Land category. The lognormal distribution parameters for 

the former should remain consistent to accurately reflect the data in “Subset 1.” 

Similarly, the occurrence probability derived from the information in “Subset 1” should 

be maintained for the latter. In addition, using the simulation tool allows the reproduction 

of diverse scenarios and prediction of varying outcomes. Figure 21 shows the prediction 

profiler and simulator created using data from “Subset 1,” identified as “Model 1.” As 

can be seen in the lower left quadrant in Figure 21, for larger seizures, Q_kg and 

Sea_Land variables interact. 
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Figure 21. Model 1: Prediction profiler and simulator for Subset 1 

In the simulator, a random noise can be configured and smeared to the simulation. 

Again, this standard deviation value matches with the RSME showcased in Figure 19. 

The number of runs correspond to additional parameters to perform a Monte Carlo 

simulation. All the parameters in the prediction profiler and the simulator can change to 

estimate different outcomes. Additionally, as the input parameters vary, different 

outcomes can be saved in a new table to create an output collection corresponding to the 

simulation results of different scenarios. Figure 22 shows the interaction profiles obtained 

with the parameters specified in Figure 21. 
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Figure 22. Interaction profiles for Model 1 

In Figure 22, quadrants A and B show the outcomes for Model 1. In quadrant A is 

possible to interact with the Sea_Land categories within the specified range. For example, 

when Land category is selected at the lower limit (red line), it indicates that if 753 kg of 

cocaine were seized in Pacific land, there would be an estimated average of eight 

homicides in the Colombian Pacific region two days later. Following up with Land 

category until the upper limit (blue line) will depict the correlation between the cocaine 

seize in Pacific land and the homicides in the Colombian Pacific region two days later. 

This pattern is mirrored by the red curve shown in quadrant B of Figure 22. A similar 

scenario applies for Sea (blue curve) and Land/Sea (green curve) categories. 

Regarding Model 1, the Sea category exerts a more significant influence on the 

rate of homicides. The graphical representation in quadrant B, indicated by the blue 

curve, shows an average of two more homicides than the red curve and three more 

homicides than the green curve. This suggests that when cocaine above 753 kg is seized 

in the Pacific sea, there would be an average of two additional homicides in the 

Colombian Pacific region two days later compared with the case of seizures in the Pacific 

land. All subsets and models discussed in this section are enclosed in Appendix O. 
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F. DSD+D+6-SUBSET 

1. Graph Builder Fitting and Least Squares Analysis 

The DSD+D+6-subset, comprising 31 samples out of a total of 308 (representing 

10.06%), shows a significant correlation between cocaine seizures and homicides. This is 

a statistically significant result with a p-value of 0.011. This cubic fit model explains 33% 

of the variation in the rate of homicides above nine in the Colombian Pacific region due 

to cocaine seizures above 545 kg occurred in the Pacific six days before. The RMSE of 

the model suggests, on average, that the predictions are off by approximately 1.61 

homicides per day. In this analysis, all instances correspond to the “hit man” modality, 

with four associated with B+D+S, two linked to organized crime confrontations, another 

two tied to organized crime, and two more connected to the terrorism modality. 

Conversely, 13 instances of cocaine seizures took place at sea, while the others occurred 

on land. Figure 23 shows the DSD+D+6-subset polynomial regression result. 

 
Figure 23. DSD+D+6-subset polynomial regression result 

The actual by predicted plot shows the significance of the analysis as the 

confidence curve crosses the horizontal line. However, there are some outliers in the 

sample. To highlight the outliers in the model, a row diagnosis of the studentized 

residuals was applied. Figure 24 illustrates the fact that 29 out of the 31 data points fall 

within the 95% confidence level’s concurrent boundaries (red lines) and the individual 
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limits (green lines). The remaining two data points (specifically, rows 13 and 17 of the 

subset) lie beyond these boundaries. 

 
Figure 24. Studentized residuals plot for DSD+D+6-subset 

Through an exploration analysis, it was found that the model improves 

significantly by excluding the outliers associated with rows 13 and 17, also including the 

nominal variable Sea_Land. The statistical examination results in a high significant p-

value of less than 0.0011. Furthermore, the cubic model applied demonstrates its 

effectiveness by accounting for 52% of the variability in homicide rates exceeding nine 

within the Colombian Pacific region. This variability is attributed to instances of cocaine 

seizures surpassing 545 kg, which occur in the Pacific six days before. Also, the RMSE 

of the model suggests an average prediction deviation of around 1.06 homicides per day. 

The findings of the polynomial regression analysis are shown in Figure 25. This model 

was chosen as “Subset 2” for the purposes of continuous distribution comparison. 
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Figure 25. DSD+D+6-subset without outliers’ regression result and 

studentized residuals 

2. Continuous Distribution Comparison 

Considering the independent variable values of the Subset 2, corresponding to 

cocaine seizures, another EDA was conducted. An exploration of possible distribution 

that can capture the cocaine seizures data was based on two criteria, which are the Akaike 

Information Criterion applicable to small samples [AICc] (Sugiura, 1978) and the 

Bayesian Information Criterion [BIC] (Schwarz, 1978) was conducted. Figure 26 

illustrates the best fit distribution with the lowest AICc and BIC values. For this case, the 

best continuous distribution was the Johnson Sb (Slifker & Shapiro, 1980). 

 
Figure 26. DSD+D+6-subset without outliers Johnson Sb distribution 

The Johnson Sb distribution is useful when working with data that exhibit 

skewness and kurtosis (Jones, 2004). The parameters of the fit that are used to describe 

the fitted Johnson Sb distribution were the kurtois shape (γ=0.677), skewness shape 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



 

61 

(δ=0.525), lower bound location (θ=527.75) and scale (σ=1649.34). Finding the best 

continuous distribution was necessary to identify the parameters for profiling, simulating, 

and predicting purposes. 

3. Profiling, Simulating, and Prediction Analysis 

JMP prediction profiler enables simulation and the visualization of interaction 

among the independent and dependent variables (homicides) in the Colombian Pacific 

region. This analysis was conducted by adjusting two variables: the quantity of seized 

cocaine (Q_kg) and the Sea_Land category. The Johnson Sb distribution parameters for 

the former should remain consistent to accurately reflect the data in “Subset 2.” 

Similarly, the occurrence probability derived from the information in “Subset 2” should 

be maintained for the latter. However, employing a simulator allows the reproduction of 

diverse scenarios and prediction of varying outcomes. Figure 27 shows the prediction 

profiler and simulator created using data from “Subset 2,” identified as “Model 2.” As 

can be seen in the lower left quadrant in Figure 27, for larger seizures, Q_kg and 

Sea_Land variables interact. 

 
Figure 27. Model 2: Prediction profiler and simulator for Subset 2 
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Note also, that in the simulator responses’ options, a random noise can be 

configured. Again, this standard deviation value matches with the RSME showcased in 

Figure 25. The number of runs correspond to additional parameters to perform a Monte 

Carlo simulation. All the parameters in the prediction profiler and the simulator can 

change to estimate different outcomes. Additionally, as the input parameters vary, 

different outcomes can be saved in a new table to create an output collection 

corresponding to the simulation results of different scenarios. Figure 28 shows the 

interaction profiles obtained with the parameters specified in Figure 27. 

 
Figure 28. Interaction profiles for Model 2 

In Figure 28, quadrants A and B show the outcomes for Model 2. In quadrant A is 

possible to interact with the Sea_Land categories within the specified range. Similarly, 

when Land category is selected at the lower limit (red line), it indicates that if 546 kg of 

cocaine were seized in Pacific land, there would be an estimated average of eleven 

homicides in the Colombian Pacific region six days later. Following up with Land 

category until the upper limit (blue line) will depict the correlation between the cocaine 

seize in Pacific land and the homicides in the Colombian Pacific region six days later. 
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This pattern is mirrored by the red curve shown in quadrant B of Figure 22. A similar 

scenario applies for Sea (blue curve) category. 

Regarding Model 2, the Sea category exerts a more significant influence on the 

rate of homicides. The graphical representation in quadrant B, indicated by the blue 

curve, shows an average of one more homicide than the red curve. This suggests that 

when cocaine above 546 kg is seized in the Pacific sea, there would be an average of one 

additional homicides in the Colombian Pacific region six days later compared with the 

case of seizures in the Pacific land. All subsets and models discussed in this section are 

enclosed in Appendix P. 
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V. DISCUSSION 

Given the studies conducted by Miron (2001) and UNODC (2012), the collection 

and utilization of time series data led to results that were more closely aligned with 

Miron’s findings. The findings of this study showed a connection between cocaine 

seizures and homicides. Model 1 captures the correlation between cocaine seizures 

exceeding 750 kg in the Pacific area (both sea and land) and the homicide rate (above 

eight) in the Colombian Pacific region with two days lag time. Similarly, Model 2 

captures how cocaine seizures greater than 545 kg in the Pacific area impact the homicide 

rate (higher than nine) in the Colombian Pacific region six days later. 

Although Model 1 might seem deceiving because it included an outlier data point 

to improve its significance, this situation improved in Model 2, as it provides more 

reliable outcomes concerning the relation among variables. The relation between the 

cubic fit models that underpin Model 2 more accurately captures the nature of the 

variables; this is primarily due to the presence of more data points. Also, Model 2 

demonstrates a more logical progression of R2 values. The explanation for the variation in 

the homicides rate (higher than nine) in the Colombian Pacific region due to cocaine 

above 545 kg seized in the Pacific area, with six days lag time, exhibited a gradual rise 

from 33% to 52% after excluding outliers. 

Nevertheless, a critical drawback applicable to both models pertains to the sample 

size. While the sample size may not provide definitive conclusions about the relationship 

between cocaine seizures and homicides in the Colombian Pacific region, the EDA 

conducted in this thesis enables the identification of mathematical models that align with 

the available data. Accordingly, even though a linear correlation between the variables is 

not significant, the seizures of cocaine hydrochloride through both maritime and 

terrestrial means in the Pacific area appears to be a factor that influenced homicide rates 

in the Colombian Pacific region from 2013 to 2021 for Model 1, and from 2012 to 2022 

for Model 2. 
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For this reason, it is crucial to strike a balance in implementing diverse strategies 

against drug trafficking to achieve short-term results while ensuring they do not foster 

violence within Colombian territory. To achieve this goal, it will be crucial to maintain 

continuous monitoring of the factors inherent in each strategy and to closely observe the 

homicide rate in the areas where these strategies are implemented. The positive outcomes 

yielded by law enforcement efforts in the short term should encourage coca growers to 

willingly participate in government programs. To ensure tangible and enduring results in 

the medium and long term, there must be an unwavering commitment to these programs, 

regardless of the government in power. 

Another inherent constraint of the models relates to the data collection process. 

Taking into account the technical, legal, and ethical restrictions associated with this 

endeavor, gaining access to information regarding cocaine seizures from the relevant 

authorities of countries within the Pacific region, actively engaged in combating drug 

trafficking, has proven unattainable. In the absence of this broader international 

viewpoint, the analysis can only address the correlation between these variables within 

the confines of the Colombian context. Timely data collection efforts can resolve the lag 

time problem in the data and hence ameliorate both the time series analysis and 

regression analysis. 

Although the Colombian government’s efforts in combating drugs play a crucial 

role in addressing this issue, it is vital to maintain consistent support from the 

international community. Collaborative strategies involving numerous nations and 

institutions, as seen in the Naval Campaigns Orion (Ortega, 2022), must persist, but with 

careful consideration to avoid situations such as the balloon effect (Dávalos & Morales, 

2022), or provoking retaliatory actions and unintended harm in the territories impacted by 

the strategies (LSE IDEAS, 2014). 

A recommendation for future research is that it would be beneficial to increase the 

sample size by accessing databases from the authorities of various nations that conduct 

maritime and land interdiction in the Pacific region. Additionally, it could investigate the 

impact of these interdiction efforts on the homicide rate in the territories that border the 

Pacific Ocean. Moreover, a research group with greater resources could consider 
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obtaining official information from state entities’ websites using web scraping 

techniques, following all the necessary legal and ethical procedures for such data 

collection. 

Another viable research alternative is to utilize the existing data in the models to 

design a qualitative study. This study should encompass the validation of all the data 

available in each model to confirm whether the narrative of each case aligns with the 

reality implicitly developed in the results presented here. By conducting a thorough 

qualitative analysis, researchers might gain deeper insights into the accuracy and 

coherence of the findings and their alignment with real-world situations in the Colombian 

Pacific region. 
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APPENDIX A. ARC NEWS WEBSITE LEGAL CONSTRAINTS 

The terms of use, copyright, privacy, and access policies are not explicitly 

indicated on this website as consulted on January 14, 2023. In turn, there were two 

guidelines regarding the information security policy (ARC, 2022a). As of this date, any 

of the guidelines indicated any restrictions on the usage of robots, spiders, scripts, or 

automated tools to extract or collect data from the content. 

As per legal regulations (Congreso de la República de Colombia, 2014), the 

information present in the ARC news portal is classified as public information regarding 

copyrights. This classification is due to the absence of any indications that would 

categorize it as classified or reserved (ARC, 2022a). 

Concerning privacy matters, the author of the thesis recognized and agreed to 

abide by the policies established in accordance with the Habeas Data law and the 

regulation of managing information contained in personal databases (Congreso de la 

República de Colombia, 2008), as well as the law for the protection of personal data 

(Congreso de la República de Colombia, 2012). 

Finally, this thesis does not disclose any information beyond what is publicly 

available from the ARC. Moreover, the data extracted from the ARC news portal is solely 

intended for personal academic purposes and is not being used for any commercial 

endeavors. 
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APPENDIX B. USCG NEWS WEBSITE LEGAL CONSTRAINTS 

The terms of use for this website were consulted by the thesis’ author on January 

14, 2023 (Bright Mountain Media, 2023b). As of this date, the website owner had not 

implemented any restrictions on the usage of robots, spiders, scripts, or automated tools 

to extract or collect data from the content. Furthermore, such restrictions were not among 

the 15 points outlined in their prohibited conduct guidelines. 

Regarding copyrights, all the news that were gathered through scraping belonged 

to the USCG. Upon reviewing the privacy and security policy of the USCG news 

website, it stated that the information provided was intended as a public service 

(Department of Homeland Security [DSH], 2023). 

With regards to privacy, the author of the thesis acknowledged and accepted the 

policies set forth by the website owner concerning the collection of PII, the use of 

cookies, and the storage of user information. Additionally, they acknowledged 

compliance with the California Consumer Privacy Act. (Bright Mountain Media, 2023a). 

Ultimately, this thesis does not reveal any information beyond what is already 

provided by the USCG as a public service. Furthermore, the information extracted from 

the USCG is strictly intended for personal academic purposes and is not being utilized for 

any commercial use.  
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APPENDIX C. PONAL NEWS WEBSITE LEGAL CONSTRAINTS 

As of January 20, 2023, the terms of use stated on this website, as provided by the 

PONAL (2023b), do not contain restrictions on the utilization of robots, spiders, scripts, 

or automated tools for the purpose of extracting or collecting data from the content. 

In terms of copyrights, the institution adheres to the open data policy established 

by the Ministry of Technology and Information in Colombia (Ministerio de Tecnologías 

de la Información y las Comunicaciones [MINTIC], 2021). This policy defines open data 

as public information presented in formats that enable its use and reuse under an open 

license, without any legal restrictions on its utilization. 

Regarding privacy concerns, the author of the thesis acknowledges and accepts 

the disclosure of individual information collected by the PONAL in compliance with its 

privacy policy when visiting its news website (PONAL, 2015). 

Finally, this thesis does not disclose any information beyond what is publicly 

available from the PONAL. Moreover, the data extracted from the PONAL news portal is 

solely intended for personal academic purposes and is not being used for any commercial 

endeavors.  
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APPENDIX D. ARC NEWS WEBSITE ANATOMY 

 

Figure 29. ARC website first scraping level  
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Figure 30. ARC website second scraping level with pagination 

 
Figure 31. ARC website second scraping level  
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APPENDIX E. USCG NEWS WEBSITE ANATOMY 

 
Figure 32. USCG website first scraping level  
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Figure 33. Second scraping level
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APPENDIX F. WEB SCRAPING TOOLS ASSESSMENTS 
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APPENDIX G. OCTOPARSE TASKS DETAILS 

A. TASK 1: ARC NEWS WEBSITE

 
Figure 34. Exclusive URL for ARC 

website 

 
Figure 35. ARC semi-automatic field 

detection 

 
Figure 36. Workflow for the 

ARC website 
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B. TASK 2: PONAL NEWS WEBSITE 

 
Figure 37. Exclusive URL for PONAL 

website 

 
Figure 38. PONAL semi-automatic field 

detection 
 

Figure 39. Workflow for the 
PONAL website 
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C. TASK 3: USCG NEWS WEBSITE

 
Figure 40. Exclusive URL for USCG 

website 

 
Figure 41. USCG semi-automatic field 

detection 
 

Figure 42. Workflow for the 
USCG website
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APPENDIX H. EXCEL FILE WITH SCRAPED DATA FOR 
COCAINE SEIZURES DATASET 

Refer to the “Supplementals” section. 
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APPENDIX I. HIVE SCRIPTS FOR COCAINE SEIZURES DATASET 

A. HIVE SCRIPT FOR DATA SCRAPED FROM ARC NEWS WEBSITE 

--IS4205-VM 

--Local directory is /home/training/thesis/1.1-Colombia-Sea 

--Ingestion of the scraped data 1.1-Colombia-Sea.csv (1484 records) from the local directory to 

the HDFS URI (Uniform Resource Identifier) hdfs://localhost/user/training/ 

$ hadoop fs -put 1.1-Colombia-Sea.csv /user/training/ 

 

--Execute Hive 

$ hive 

> set hive.cli.print.header=true; 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 11_colombia_sea; 

--Create a new table structure in Hive's warehouse 

> CREATE TABLE 11_colombia_sea (texto STRING); 

--Load data from the 1.1-Colombia-Sea.csv file in HDFS to the table 11_colombia_sea Hive's 

warehouse 

> LOAD DATA INPATH '1.1-Colombia-Sea.csv' INTO TABLE 11_colombia_sea; 

> SELECT * FROM 11_colombia_sea LIMIT 2; 

> SELECT COUNT(*) FROM 11_colombia_sea; 

--Result 1484 
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--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 11_colombia_sea_location; 

--Create table with locations from 11_colombia_sea 

> CREATE TABLE 11_colombia_sea_location AS SELECT REGEXP_REPLACE(texto, 

"\\�", "\\z") AS texto FROM 11_colombia_sea; 

> CREATE TABLE 11_colombia_sea_location_final AS SELECT 

REGEXP_EXTRACT(LOWER(texto), '(mar caribe)', 0) AS caribe, 

REGEXP_EXTRACT(LOWER(texto), '(urabz)', 0) AS uraba, 

REGEXP_EXTRACT(LOWER(texto), '(paczfico)', 0) AS pacifico, 

REGEXP_EXTRACT(LOWER(texto), '(cauca)', 0) AS cauca, 

REGEXP_EXTRACT(LOWER(texto), '(valle)', 0) AS valle, 

REGEXP_EXTRACT(LOWER(texto), '(chocz)', 0) AS choco, 

REGEXP_EXTRACT(LOWER(texto), '(narizo)', 0) AS narino FROM 

11_colombia_sea_location; 

> SELECT * FROM 11_colombia_sea_location_final LIMIT 10; 

> SELECT COUNT(*) FROM 11_colombia_sea_location_final; 

--Result 1484 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 11_fecha_subtexto_tm; 

--Create table in tm from 11_colombia_sea 

> CREATE TABLE 11_fecha_subtexto_tm AS SELECT 

REGEXP_EXTRACT(texto,'(\\d{2}\\/\\d{2}\\/\\w+)',1) AS fecha, 

SPLIT(REVERSE(TRIM(SUBSTRING(texto,1,INSTR(texto,'tonelada')-1)))," ") AS subtexto 

FROM 11_colombia_sea; 

> SELECT * FROM 11_fecha_subtexto_tm LIMIT 2; 
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> SELECT COUNT(*) FROM 11_fecha_subtexto_tm; 

--Result 1484 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 11_fecha_cantidad_tm; 

--Create table from 11_fecha_subtexto_tm 

> CREATE TABLE 11_fecha_cantidad_tm AS SELECT SUBSTRING(fecha,7,4) AS year, 

SUBSTRING(fecha,1,2) AS month, SUBSTRING(fecha,4,2) AS day, REVERSE(subtexto[0]) 

AS cantidad FROM 11_fecha_subtexto_tm; 

> SELECT * FROM 11_fecha_cantidad_tm LIMIT 20; 

> SELECT COUNT(*) FROM 11_fecha_cantidad_tm; 

--Result 1484 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 11_fecha_subtexto_kg; 

--Create table in kg from 11_colombia_sea 

> CREATE TABLE 11_fecha_subtexto_kg AS SELECT 

REGEXP_EXTRACT(texto,'(\\d{2}\\/\\d{2}\\/\\w+)',1) AS fecha, 

SPLIT(REVERSE(TRIM(SUBSTRING(texto,1,INSTR(texto,'kilo')-1)))," ") AS subtexto FROM 

11_colombia_sea; 

> SELECT * FROM 11_fecha_subtexto_kg LIMIT 2; 

> SELECT COUNT(*) FROM 11_fecha_subtexto_kg; 

--Result 1484 

--Create table from 11_fecha_subtexto_kg 
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> CREATE TABLE 11_fecha_cantidad_kg AS SELECT SUBSTRING(fecha,7,4) AS year, 

SUBSTRING(fecha,1,2) AS month, SUBSTRING(fecha,4,2) AS day, REVERSE(subtexto[0]) 

AS cantidad FROM 11_fecha_subtexto_kg; 

> SELECT * FROM 11_fecha_cantidad_kg LIMIT 20; 

> SELECT COUNT(*) FROM 11_fecha_cantidad_kg; 

--Result 1484 

 

--Exporting files 

$ hadoop fs -cat /user/hive/warehouse/11_colombia_sea_location_final/000000_0 > 

11_colombia_sea_location.txt 

$ hadoop fs -cat /user/hive/warehouse/11_fecha_cantidad_kg/000000_0 > 

11_colombia_sea_fecha_cantidad_kg.txt$ hadoop fs -cat 

/user/hive/warehouse/11_fecha_cantidad_tm/000000_0 > 

11_colombia_sea_fecha_cantidad_tm.txt 
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B. HIVE SCRIPT FOR DATA SCRAPED FROM PONAL NEWS WEBSITE 

--IS4205-VM 

--Local directory is /home/training/thesis/1.2-Colombia-Urban 

--Ingestion of the scraped data 1.2-Colombia-Urban.csv (414 records) from the local directory to 

the HDFS URI (Uniform Resource Identifier) hdfs://localhost/user/training/ 

$ hadoop fs -put 1.2-Colombia-Urban.csv /user/training/ 

 

--Execute Hive 

$ hive 

> set hive.cli.print.header=true; 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 12_colombia_urban; 

--Create a new table structure in Hive's warehouse 

> CREATE TABLE 12_colombia_urban (title STRING, url STRING, place STRING, fecha 

STRING, texto STRING) row format delimited fields terminated BY “,”; 

--Load data from the 1.2-Colombia-Urban.csv file in HDFS to the table 12_colombia_urban 

Hive's warehouse 

> LOAD DATA INPATH '1.2-Colombia-Urban.csv' INTO TABLE 12_colombia_urban; 

> SELECT * FROM 12_colombia_urban LIMIT 2; 

> SELECT COUNT(*) FROM 12_colombia_urban; 

--Result 414 

 

--Discard the possibility of having a same name table in Hive's warehouse 
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> DROP TABLE IF EXISTS 12_colombia_urban_place_date; 

--Create table with locations and dates from 12_colombia_urban 

> CREATE TABLE 12_colombia_urban_place_date AS SELECT REGEXP_EXTRACT(place,' 

(.*\\;)',1) AS place, REGEXP_EXTRACT(fecha,'(\\d{2})',1) AS day, 

REGEXP_EXTRACT(fecha, 'de (.*\\ )de',1) AS month, 

REGEXP_EXTRACT(fecha,'(\\d{4})',1) AS year FROM 12_colombia_urban; 

> SELECT * FROM 12_colombia_urban_place_date LIMIT 10; 

> SELECT COUNT(*) FROM 12_colombia_urban_place_date; 

--Result 414 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 12_urban_subtexto_tm; 

--Create table in tm from 12_colombia_urban 

> CREATE TABLE 12_urban_subtexto_tm AS SELECT 

SPLIT(REVERSE(TRIM(SUBSTRING(title,1,INSTR(title,'ton'))))," ") AS subtexto FROM 

12_colombia_urban; 

> SELECT * FROM 12_urban_subtexto_tm LIMIT 50; 

> SELECT COUNT(*) FROM 12_urban_subtexto_tm; 

--Result 414 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 12_urban_cantidad_tm; 

--Create table from 12_urban_subtexto_tm 

> CREATE TABLE 12_urban_cantidad_tm AS SELECT REVERSE(subtexto[0]) AS unit, 

REVERSE(subtexto[1]) AS qty FROM 12_urban_subtexto_tm; 
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> SELECT * FROM 12_urban_cantidad_tm LIMIT 50; 

> SELECT COUNT(*) FROM 12_urban_cantidad_tm; 

--Result 414 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 12_urban_subtexto_kg; 

--Create table in kg from 12_colombia_urban 

> CREATE TABLE 12_urban_subtexto_kg AS SELECT 

SPLIT(REVERSE(TRIM(SUBSTRING(title,1,INSTR(title,'gramo'))))," ") AS subtexto FROM 

12_colombia_urban; 

> SELECT * FROM 12_urban_subtexto_kg LIMIT 20; 

> SELECT COUNT(*) FROM 12_urban_subtexto_kg; 

--Result 414 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 12_urban_cantidad_kg; 

--Create table from 12_urban_subtexto_kg 

> CREATE TABLE 12_urban_cantidad_kg AS SELECT REVERSE(subtexto[0]) AS unit, 

REVERSE(subtexto[1]) AS qty FROM 12_urban_subtexto_kg; 

> SELECT * FROM 12_urban_cantidad_kg LIMIT 20; 

> SELECT COUNT(*) FROM 12_urban_cantidad_kg; 

--Result 414 

 

--Exporting files 
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$ hadoop fs -cat /user/hive/warehouse/12_colombia_urban_place_date/000000_0 > 

12_colombia_urban_pd.txt 

$ hadoop fs -cat /user/hive/warehouse/12_urban_cantidad_kg/000000_0 > 

12_colombia_urban_kg.txt 

$ hadoop fs -cat /user/hive/warehouse/12_urban_cantidad_tm/000000_0 > 

12_colombia_urban_tm.txt 
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C. HIVE SCRIPT FOR DATA SCRAPED FROM USCG NEWS WEBSITE 

--IS4205-VM 

--Local directory is /home/training/thesis/1.4-US-Sea 

--Ingestion of the scraped data 1.4-US-Sea.csv (1 header +175 records = 176) from the local 

directory to the HDFS URI (Uniform Resource Identifier) hdfs://localhost/user/training/ 

$ hadoop fs -put 1.4-US-Sea.csv /user/training/ 

 

--Execute Hive 

$ hive 

> set hive.cli.print.header=true; 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 14_us_sea; 

--Create a new table structure in Hive's warehouse 

> CREATE TABLE 14_us_sea (title STRING, url STRING, image STRING, fecha STRING, 

place STRING, texto STRING) ROW FORMAT DELIMITED FIELDS TERMINATED BY ","; 

--Load data from the 1.4-US-Sea.csv file in HDFS to the table 14_us_sea Hive's warehouse 

> LOAD DATA INPATH '1.4-US-Sea.csv' INTO TABLE 14_us_sea; 

> SELECT * FROM 14_us_sea LIMIT 2; 

> SELECT COUNT(*) FROM 14_us_sea; 

--Result 176 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 14_us_sea_place_date; 
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--Create table with locations and dates from 12_colombia_urban 

> CREATE TABLE 14_us_sea_place_date AS SELECT 

REGEXP_EXTRACT(fecha,'(\\w{3,5})',1) AS month, REGEXP_EXTRACT(fecha,'(\\d{2})',1) 

AS day, REGEXP_EXTRACT(fecha,'(\\d{4})',1) AS year , 

REGEXP_EXTRACT(place,'(Pacific)',1) AS place FROM 14_us_sea; 

> SELECT * FROM 14_us_sea_place_date LIMIT 10; 

> SELECT COUNT(*) FROM 14_us_sea_place_date; 

--Result 176 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 14_ussea_subtexto_tm; 

--Create table in tm from 14_us_sea 

> CREATE TABLE 14_ussea_subtexto_tm AS SELECT 

SPLIT(REVERSE(TRIM(REGEXP_EXTRACT(texto,'(^.*) metric',1)))," ") AS subtexto FROM 

14_us_sea; 

> SELECT * FROM 14_ussea_subtexto_tm; 

> SELECT COUNT(*) FROM 14_ussea_subtexto_tm; 

--Result 176 

 

--Discard the possibility of having a same name table in Hive's warehouse 

> DROP TABLE IF EXISTS 14_ussea_cantidad_tm; 

--Create table from 14_ussea_subtexto_tm 

> CREATE TABLE 14_ussea_cantidad_tm AS SELECT REVERSE(subtexto[0]) AS qty 

FROM 14_ussea_subtexto_tm; 

> SELECT * FROM 14_ussea_cantidad_tm; 
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> SELECT COUNT(*) FROM 14_ussea_cantidad_tm; 

--Result 176 

 

--Exporting files 

$ hadoop fs -cat /user/hive/warehouse/14_us_sea_place_date/000000_0 > 14_us_sea_pd.txt 

$ hadoop fs -cat /user/hive/warehouse/14_ussea_cantidad_tm/000000_0 > 14_us_sea_tm.txt 
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APPENDIX J. EXCEL FILE WITH ETL DATA FROM HIVE FOR 
COCAINE SEIZURES DATASET 

Refer to the “Supplementals” section. 
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APPENDIX K. EXCEL FILES WITH FILTERS AND PROCESSES 
FOR COCAINE SEIZURES AND HOMICIDES DATASET 

Refer to the “Supplementals” section. 
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APPENDIX L. TIME SERIES DATASETS 

Refer to the “Supplementals” section. 
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APPENDIX M. FINDINGS ON POLYNOMIAL REGRESSIONS 

A. FINDING 1 
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A significant correlation found between cocaine seizures on the Pacific Ocean and the 

rate of low-intensity homicides in the Colombian Pacific region (less than 5 homicides per day), 

supported by a low p-value of 0.02 and a sample size of 47 out of 308 records available 

(15.25%). 

Nonetheless, this simple linear model only accounts for 10.3% of the variance (R2) in the 

homicide rate within the Colombian Pacific region, attributed to the cocaine seizures on the 

Pacific Ocean from the preceding day. The RMSE indicates an average prediction error of 

roughly 0.83 homicides per day. 

Also, considering most cocaine seizures were reported hours after the incident, as 

indicated by the gathered online data, an analogous association between land and sea/land 

categories was expected. Therefore, despite the correlation, it is not possible to generalize this 

relationship as indicative of causation. 

B. FINDING 2 
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This second finding has a sample size of 92 out of 308 (29.87%). The absolute 

distribution of samples for each homicide intensity rate category is as follows: 29 out of 308 

(9.41%) for low, 52 out of 308 (16.88%) for medium, and 11 out of 308 (3.5%) for high. The 

relative distribution of samples for each homicide intensity rate category is 29 out of 92 

(31.52%) for low, 52 out of 92 (54.34%) for medium, and 11 out of 92 (11.95%) for high. 

The p-values below 0.05 for both the low and medium categories of homicide intensity 

rates indicate noteworthy statistical support for linking large cocaine seizures with the homicide 

rate in the Colombian Pacific region. Moreover, the p-value below 0.001 for the high homicide 

rate category adds even greater support to this hypothesis. 

This cubic model accounts for 27.9% of the variability in the low-intensity category (< 5 

homicides/day), 19.6% of the variability in the medium-intensity category (4 < homicides/day < 

10), and a significant 95.8% of the variability in the high-intensity category (> 9 homicides/day) 

of homicides in the Colombian Pacific region attributed to large cocaine seizures (> 901.3 kg) 

occurring two days prior. 

Additionally, the RMSE values for the model indicate that, on average, the predictions 

deviate by around 0.79 homicides/day for the low-intensity rate, 1.3 homicides/day for the 

medium-intensity rate, and 1.07 homicides/day for the high-intensity rate of homicides in the 

Colombian Pacific region. 

The three cubic equations serve to illustrate the relationship between cocaine seizures and 

homicides in the Colombian Pacific region. As such, this discovery holds the potential to be a 

strong candidate for establishing a causal link between the variables under investigation. 
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C. FINDING 3 

 

 
 

A significant correlation was found between cocaine seizures on the Colombian Pacific 

land and the high-intensity rate of homicides in the Colombian Pacific region (more than 9 
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homicides/day). This association was supported by a low p-value (0.04) and was observed in a 

sample of 25 out of 308 instances (approximately 8.11%). 

However, this linear model only explains 16.8% of the variation in the homicide rate 

within the Colombian Pacific region. This variance is attributed to the cocaine seizures from the 

preceding two days in the Pacific Ocean. Moreover, the RMSE of the model indicates an average 

prediction error of roughly 1.87 homicides per day. 

Given that most cocaine seizures were typically reported hours after the actual incident, 

as indicated by the data collected from online sources, it was anticipated that a comparable 

connection between sea and sea/land categories would exist. Consequently, despite the observed 

correlation, it is important to note that this relationship cannot be generalized to imply causation. 
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D. FINDING 4 

 

 
 

With a sample size of 26 out of 308 instances (8.44%), a p-value of less than 0.05 

indicates a robust statistical significance between the occurrence of substantial cocaine seizures 

(> 901.3 kg) and moderate-sized seizures (601.3 kg to 901.3 kg) and the subsequent high-
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intensity homicide rate in the Colombian Pacific region six days later. The absolute distribution 

of the cocaine seizure sizes in the sample is as follows: 12 out of 308 instances (3.89%) for 

average-sized seizures and 14 out of 308 instances (4.54%) for large seizures. The relative 

distribution of the cocaine seizure sizes within the sample is 12 out of 26 instances (46.15%) for 

average-sized seizures and 14 out of 26 instances (53.84%) for large seizures. 

The first cubic model explains 60.6% of the variance, whereas the second model explains 

66.4% of the variance in the high-intensity (more than 9 homicides per day) homicide rate in the 

Colombian Pacific region. These variations are attributed to the occurrences of average and large 

cocaine seizures that took place in the Pacific six days prior. Also, the RMSE of the models 

indicates that, on average, the predictions deviate by approximately 1.31 and 1.45 homicides per 

day for the high-intensity homicide rate in the Colombian Pacific region. 

The two cubic equations could potentially illustrate the linkage between cocaine seizures 

and homicides in the Colombian Pacific region. Consequently, this discovery holds promise as a 

compelling candidate to establish a causal relationship between the variables under scrutiny. 
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E. FINDING 5 

 

 
 

Based on a sample size of 82 out of 308 instances (26.62%), a p-value of 0.0109 indicates 

a strong statistical significance between the occurrence of large cocaine seizures (> 901.3 kg) 

and the occurrence of hitman-related homicides in the Colombian Pacific region seven days later. 

However, this cubic model only explains 13.3% of the variability in the hitman-related 

homicides modality within the Colombian Pacific region, attributed to the occurrence of large 

cocaine seizures that took place in the Pacific seven days before. Also, the RMSE of the model 
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indicates that, on average, the predictions deviate by approximately 2.75 homicides per day for 

the hitman modality of homicides in the Colombian Pacific region. 

While the cubic equation may reveal a potential link between cocaine seizures and 

homicides in the Colombian Pacific region seven days later, it is important to note that this 

relationship should not be extended to imply causation. 
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F. FINDING 6 

 

 
 

A significant correlation was found between cocaine seizures on the Pacific Ocean and 

the high-intensity rate of homicides in the Colombian Pacific region (more than 9 homicides per 

day), with a p-value (0.02) and a sample of 18 out of 308 (5.84%). 
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The cubic model explains 48.6% of the variance in the homicide rate within the 

Colombian Pacific region, attributable to the cocaine seizures that occurred in the Pacific Ocean 

over the preceding seven days. Moreover, the RMSE of the model indicates an average 

prediction error of roughly 2.49 homicides per day. 

Although the cubic equation could show a connection between cocaine seizures and 

homicides in the Colombian Pacific region seven days after, this relationship cannot be 

generalized to show causality because the behavior is not consistent in the land and sea/land 

categories. 

G. FINDING 7 

 
 

A significant correlation was found between cocaine seizures in the Pacific region and 

both the low-intensity (< 5 homicides/day) and high-intensity (> 9 homicides/day) rates of 

homicides in the Colombian Pacific region. This correlation is supported by a small p-value (< 

0.05) and is based on a sample size of 25 out of 308 instances (approximately 8.11%). 
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The absolute distribution within the sample for the homicide intensity rates is as follows: 

18 out of 308 instances (5.84%) for the low-intensity category and 7 out of 308 instances 

(2.27%) for the high-intensity category. The relative distribution within the sample for the 

homicide intensity rates is 18 out of 25 instances (72%) for the low-intensity category and 7 out 

of 25 instances (28%) for the high-intensity category. 

The quadratic model explains 21.2% of the variation in the low-intensity homicide rate 

and a substantial 93% of the variance in the high-intensity homicide rate within the Colombian 

Pacific region. These variances are attributed to the occurrence of large cocaine seizures (> 901.3 

kg) in the Pacific over the preceding seven days. Additionally, the RMSE of the model indicates 

an average prediction error of around 1 homicide per day for the low-intensity rate and 1.25 

homicides per day for the high-intensity rate of homicides in the region. 

While the quadratic equation might demonstrate an association between cocaine seizures 

and homicides in the Colombian Pacific Region occurring seven days later, it is important to 

emphasize that this connection should not be extended to imply a causal relationship. This is 

because there is not consistent evidence of the same effect in the medium-intensity homicide 

rate. 
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APPENDIX N. GRAPH BUILDER FITTING SUBSETS 

Refer to the “Supplementals” section. 
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APPENDIX O. DSD+S+2-SUBSET MODELS 

Refer to the “Supplementals” section. 
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APPENDIX P. DSD+S+6-SUBSET MODELS 

Refer to the “Supplementals” section. 
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SUPPLEMENTALS 

To access the supplemental material(s) listed here, contact the Dudley Knox 

Library or visit the thesis pages in the library’s Calhoun database.  

 

APPENDIX H SUPPLEMENTALS 

 

1. Supplemental 1_Appendix_H-1.1-Colombia-Sea 

Data scraped from ARC news website using Octoparse. 

 

2. Supplemental 2_Appendix_H-1.2-Colombia-Urban 

Data scraped from PONAL news website using Octoparse. 

 

3. Supplemental 3_Appendix_H-1.4-US-Sea 

Data scraped from USCG news website using Octoparse. 

 

APPENDIX J SUPPLEMENTALS 

 

1. Supplemental 4_Appendix_J-1.1-Colombia-ARC-Hive 

ARC ETL data from Hive for cocaine seizures dataset. 

 

2. Supplemental 5_Appendix_J-1.2-Colombia-PONAL-Hive 

PONAL ETL data from Hive for cocaine seizures dataset. 

 

3. Supplemental 6_Appendix_J-1.4-US-USCG-Hive 

USCG ETL data from Hive for cocaine seizures dataset. 
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APPENDIX K SUPPLEMENTALS 

 

1. Supplemental 7_Appendix_K-1.1-Colombia-ARC-Excel 

ARC filtered data for cocaine seizures dataset. 

 

2. Supplemental 8_Appendix_K-1.2-Colombia-PONAL-Excel 

PONAL filtered data for cocaine seizures dataset. 

 

3. Supplemental 9_Appendix_K-1.4-US-USCG-Excel 

USCG filtered data for cocaine seizures dataset. 

 

4. Supplemental 10_Appendix_K-Pacific cocaine seizures dataset 

Pacific cocaine seizures dataset. 

 

5. Supplemental 11_Appendix_K-Colombian Pacific homicides dataset 

Colombian Pacific region homicides dataset. 

 

APPENDIX L SUPPLEMENTALS 

 

1. Supplemental 12_Appendix_L-Cocaine seizures and homicides dataset 

Cocaine seizures and homicides time-series dataset. 

 

 

2. Supplemental 13_Appendix_L-DSD+D+1 

Cocaine seizures and next day homicides time-series dataset. 
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3. Supplemental 14_Appendix_L-DSD+D+2 

Cocaine seizures and next two days homicides time-series dataset. 

 

4. Supplemental 15_Appendix_L-DSD+D+3 

Cocaine seizures and next three days homicides time-series dataset. 

 

5. Supplemental 16_Appendix_L-DSD+D+4 

Cocaine seizures and next four days homicides time-series dataset. 

 

6. Supplemental 17_Appendix_L-DSD+D+5 

Cocaine seizures and next five days homicides time-series dataset. 

 

7. Supplemental 18_Appendix_L-DSD+D+6 

Cocaine seizures and next six days homicides time-series dataset. 

 

8. Supplemental 19_Appendix_L-DSD+D+7 

Cocaine seizures and next seven days homicides time-series dataset. 

 

APPENDIX M SUPPLEMENTALS 

 

1. Supplemental 20_Appendix_M-DSD+D+1.Sea-Intensity 

Cocaine seizures and next day homicides time-series dataset findings on 

sea and intensity categories. 
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2. Supplemental 21_Appendix_M-DSD+D+2.Land-Intensity 

Cocaine seizures and next two days homicides time-series dataset findings 

on land and intensity categories. 

 

3. Supplemental 22_Appendix_M-DSD+D+2.Large-Intensity 

Cocaine seizures and next two days homicides time-series dataset findings 

on large and intensity categories. 

 

4. Supplemental 23_Appendix_M-DSD+D+6.Size-Intensity 

Cocaine seizures and next six days homicides time-series dataset findings 

on size and intensity categories. 

 

5. Supplemental 24_Appendix_M-DSD+D+7.Large-Intensity 

Cocaine seizures and next seven days homicides time-series dataset 

findings on large and intensity categories. 

 

6. Supplemental 25_Appendix_M-DSD+D+7.Sea-Intensity 

Cocaine seizures and next seven days homicides time-series dataset 

findings on sea and intensity categories. 

 

7. Supplemental 26_Appendix_M-DSD+D+7.Size-Hitman 

Cocaine seizures and next seven days homicides time-series dataset 

findings on size and hitman categories. 
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APPENDIX N SUPPLEMENTALS 

 

1. Supplemental 27_Appendix_N-DSD+D+2 subset 

Cocaine seizures and next two days homicides time-series subset. 

 

2. Supplemental 28_Appendix_N-DSD+D+2 subset 

Cocaine seizures and next two days homicides time-series subset graph 

builder regression. 

 

3. Supplemental 29_Appendix_N-DSD+D+6 subset 

Cocaine seizures and next six days homicides time-series subset. 

 

4. Supplemental 30_Appendix_N-DSD+D+6 subset 

Cocaine seizures and next six days homicides time-series subset graph 

builder regression. 

 

APPENDIX O SUPPLEMENTALS 

 

1. Supplemental 31_Appendix_O-DSD+D+2 subset-Fit Least Squares 

Cocaine seizures and next two days homicides time-series subset least 

squares fitting. 

 

2. Supplemental 32_App._O-DSD+D+2 subset-Fit Least Squares no outliers 

Cocaine seizures and next two days homicides time-series subset least 

squares fitting excluding outliers. 
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3. Supplemental 33_Appendix_O-DSD+D+2 subset-Fit Least Squares no 

row 10 

Cocaine seizures and next two days homicides time-series subset least 

squares fitting excluding data point in row 10. 

 

4. Supplemental 34_App._O-DSD+D+2 subset no row 10-Distribution of 

Q_kg 

Continuous distribution for cocaine seizures time-series subset excluding 

data point in row 10. 

 

5. Supplemental 35_Appendix_O-DSD+D+2 subset (no row 10) simulation 

Simulation results table for cocaine seizures and next two days homicides 

time-series excluding data point in row 10. 

 

APPENDIX P SUPPLEMENTALS 

 

1. Supplemental 36_Appendix_P-DSD+D+6 subset-Fit Least Squares 

Cocaine seizures and next six days homicides time-series subset least 

squares fitting. 

 

2. Supplemental 37_App._P-DSD+D+6 subset-Fit Least Squares no outliers 

Cocaine seizures and next six days homicides time-series subset least 

squares fitting excluding outliers. 
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3. Supplemental 38_Ap._P-DSD+D+6 subset no outliers-Distribution Q_kg 

Continuous distribution for cocaine seizures time-series subset excludng 

outliers. 

 

4. Supplemental 39_Appendix_P-DSD+D+6 subset (no outliers) simulation 

Simulation results table for cocaine seizures and next six days homicides 

time-series excluding outliers. 
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