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Abstract

A method is presented to identify and determine groups with risk sectors due to
the greater occurrence of traffic accidents in urban areas as an integral compo-
nent in road safety management. The methodology was framed in Spatial Analy-
sis with geographic statistics based on Exploratory Data Analysis (AED), Kernel
Density Estimation (KDE), and the application of correlation and geoprocessing
techniques. The accident data collected between 2015 and 2018 from the urban
area of Tunja, Boyacd, Colombia, were the basis for the study of the distribution of
events, characterization of clusters, occurrence dynamics and pattern modeling.
The definition and delimitation of risks depended on the dispersion or grouping
(Hotspots) found with weighted Kernel together with the socio-spatial interrela-
tion of underlying processes due to the territorial dynamics of the sector. The re-
sults reveal patterns of events in concentration foci with different levels of risk,
in which land uses of opposite characteristics coexist according to their activities
[commercial and residential], socioeconomic sectors of low strata with a mixture
of arterial road network that by its functionality mobilizes high vehicular and pe-
destrian flows. Although the analysis is limited to a case study, the findings show
a promising perspective in road safety by delimiting risk sites for traffic accidents
through the incidence of territorial variables.

Key words: Spatial Analysis; Exploratory Data Analysis-EDA; Concentration, weighted
kernel clustering; Determination of risks due to traffic accidents
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Resumen

Se presenta un método para identificar y determinar agrupaciones con sectores de riesgo por
mayor ocurrencia de accidentes de transito en areas urbanas como un componente integral en
la gestion de seguridad vial. La metodologia se enmarcé en el Analisis Espacial con estadistica
geografica fundamentada sobre el Analisis Exploratorio de Datos (AED), la estimaciéon Densi-
dad Kernel (KDE), y la aplicacién de técnicas de correlacion y geoprocesamiento. Los datos de
accidentes recopilados entre 2015 a 2018 de la zona urbana de Tunja, Boyacd, Colombia, fueron
la base para el estudio de la distribuciéon de eventos, caracterizacion de agrupaciones, dinamica
de ocurrencia y la modelacion de patrones. La definicion y delimitacion de riesgos dependié de
la dispersion o agrupamiento (Hotspots) hallados con Kernel ponderado junto con la interrela-
cidén socioespacial de procesos subyacentes por la dinamica territorial del sector. Los resultados
revelan patrones de eventos en focos de concentracion con diferentes niveles de riesgo, en el que
coexisten usos de suelo de caracteristicas opuestas de acuerdo con sus actividades [comercial y
residencial], sectores socioecondmicos de estratos bajos con mezcla de red vial arterial que por su
funcionalidad moviliza altos flujos vehiculares y peatonales. A pesar de que el analisis se limita a
un estudio de caso, los hallazgos muestran una perspectiva prometedora en seguridad vial al de-
limitar sitios de riesgo por accidentes de trafico a través de la incidencia de variables territoriales.

Palabras clave: Analisis Espacial; Analisis Exploratorio de Datos-AED; Agrupamiento Kernel ponderado;
Riesgos por accidentes de Trafico.

1. Introduction

The planning and operation of traffic in urban centers includes road safety by government ad-
ministrations. Over the last decade, for socioeconomic and public health reasons, this has be-
come a priority requiring the attention, allocation, and intervention of sufficient resources in
the sectors identified as at risk for the occurrence of traffic accidents (TA). Road safety programs
should support research with a spatio-temporal analysis of the distribution on how events occur
in these sectors. Statistics including damages and deaths and/or injuries are of great interest since
they represent high social and economic costs for the population. Spatial analysis refers to the
spatio-temporal research carried out to understand the dynamics of incidents in the occurrence
of events with the objective of building representative profiles of risks based on reliable data.
Spatial analysis makes it possible to identify and define, qualify and quantify the characteristics
of how accidents happen and the probability of their trend (increasing or decreasing). This is
determined using risk profiles and measuring the associated impact or damage since the results
support the planning and operation of transport and traffic in cities.

Spatio-temporal analysis concerns the investigation of the structure of TAs, groupings, and es-
pecially the repetitive nature of traffic accidents in urban areas that characterizes it as a risky
sector (Ouni, & Belloumi, 2018). These factors combined with its repetitive dynamics (including
elements, factors, and variables), determines its predictability, especially when events due to their
frequency (location and time) generate an impact on risk perception and prevention within com-
munities during everyday life. The creation of TA risk profiles that occur over an area requires
the creation of methods (Rueda et al., 2019) that include the structuring of processes aimed at
determining visible and understandable patterns as a representation of a geographic profile. This
information can then be input into a Geographic Information System (GIS) to facilitate the inter-
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vention of territorial variables under significant statistical correlations that differs when classical
quantitative statistical procedures used, which seen as periodic data.

Over the last five years in Colombia, 83% of registered accidents have been concentrated in urban
areas, and the remaining 17% in rural areas. This confirms that communities in urban areas must
establish conditions for the prevention or mitigation of risks of traffic accidents (National Road
Safety Agency-ANSYV, 2019). Figures revealed by the National Road Safety Observatory show that
in the period from 2015 to 2018, road accidents represented the second leading cause of death
among young people (under 24 years of age) and vulnerable users such as pedestrians, cyclists,
and motorcyclists. As result of these statistics, the Decade of Action for Road Safety plan and the
implementation of the Sustainable Development Goals (SDG), a goal of reducing the death rate
to 8.35 per 100,000 inhabitants by 2030 has been set (DNP-CONPES 3918). This is a challenge
as the current death rate is approximately 13.7 per 100,000 inhabitants for 2017 (Forensis, 2017),
and lowering this rate will be difficult in order to fulfill the global objective.

Tunja, as the case study city, is located in the Cundiboyacense plateau, central region of Colombia
(5°31'56.95” N, 73° 21'41.71” W). Its configuration, like the road network, extends longitudinally
over the department of Boyacd. This road network is classified according to its functionality and
capacity as arterial, collector, pedestrian and internal. It consists of an area of 121.5 km2, which
is 87% urban (POT, 2014). In the last ten years it has undergone spatial processes with transfor-
mation of uses, land occupation with distribution of equipment, road infrastructure and vehicle
fleet, and densification of various areas of the city. This has caused changes in the dynamics of the
activity within the system that affects a growth in mobility, generating conflicts that increase the
exposure to risk for TA to occur, hence the justification for this study.

Accepting the guidelines that promote the safe system approach is ordered in the world report
on the situation of road safety published by the WHO (2018), which specifies a management and
investment framework that includes practical procedures with profile designs aimed at achieve
greater effectiveness in the transfer and visualization of knowledge aimed at populations in urban
areas, hence the importance of conducting rigorous studies to determine the spatio-temporal
interrelationships that, due to their visible attribute, facilitate the understanding of how events
occur on the territory.

The research is an applied type developed under the epistemological framework of Transporta-
tion Geography, based on Spatial Analysis and Exploratory Data Analysis-EDA. Its main objec-
tive was to find patterns of occurrence of traffic accidents on sectors of the urban area of an inter-
mediate type of city such as Tunja-Colombia (IDB, 2015), and which, due to their frequency of
occurrence, constitute critical and risky. The framework involves investigating the concentrations
and groups that are formed together with the interrelation of elements and factors that affect and
characterizes them as risky so that they continue to occur and that makes it possible to generate
a methodical, systematic space-time structure that facilitates knowledge of the phenomenon as a
programmatic strategy. comprehensive road safety management. Its geographical, spatial, territo-
rial component conceives its treatment with the support of Geographic Information Systems-GIS
(Shafabakhsh et al., 2017; Dereli & Erdogan, 2017; Kuo et al., 2013; Mohaymany et al., 2013;
Lassarre, 2012)

Since 1989, Legendre and Fortin in Maestre (et al., 2008), expressed that “within a generic frame-
work, spatial analysis encompasses a set of techniques aimed at qualitatively and quantitatively
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analyzing spatial data explicitly grouped in their location ”. In 1995, Bailey and Gattrel, defined
spatial analysis as the quantitative study of phenomena that are located in space, hence the spec-
trum is open to validation when approached from a thematic perspective (Raghad and Hussein,
2020; Kuo et al.,, 2013; Shafabakhsh et al., 2017). The study refers to the generation of processes
applying a series of statistical and mathematical techniques for the analysis of geographical data
distributed in the territory using GIS and based on the spatial relationships of the entities con-
tained in the thematic layers of a database.

The method begins with the planning and development phase of the process for the selection
of information sources, collection, ordering and structuring of data matrices, which includes
evaluating them with the objective of having reliable, validated and statistically significant data
to address geospatial analysis. and that they reflect the magnitude and characteristics of the phe-
nomenon (PAHO, 2010). The second phase corresponds to the Spatial Analysis that refers to
the investigation of the distribution of the events that occur in the urban territory, an objective
established as the challenge that leads to the clarification of the context of the variables that affect
the occurrence of the TAs.

The study and analysis of the distribution of events gives way to the definition of clusters and
concentrations, Hotspots (Briz-Redéna et al., 2019; Thakali et al., 2015; Kundakci and Tuydes-Ya-
man, 2014; Cheng and Washington, 2008; Xiao-Qin et al., 2007; Griebe, 2003). These events are
repetitive in their occurrence at the same locations or with relatively short distances between one
and another and have similar severity, type, and class resulting from the underlying dynamics
studied in the territory. The repetitive nature determines the establishment of patterns of occur-
rence within urban areas where the application of geospatial methods supported its definition
and delimitation. An analysis of significant groupings (Nearest Neighbors, VCM) and Kernel
density estimation (KDE) calculated based on sectors, sections, and intersections of the road net-
work. The repetitive groupings and concentrations of events weighted according to severity, type
and class, as they constitute the reason for the existence of a permanent risk. Subsequently, these
elements are analyzed structurally and in a scalar way using geographic units with a predomi-
nance of territory and functionality of the environments (Mazurek, 2018; Lorda et al., 2005), in
order to determine the indicator appropriate to limit analysis of problem imbalances

The results are evaluated from a spatial pattern of distribution that reveals the levels of risk based
on the grouping of events with incidence of the interrelation of variables such as land use, stratifi-
cation, and road network that, due to their functionality, prioritize mobility with less accessibility.
Likewise, as a support tool for institutions and organizations, the design of a type of scheme is
presented that contains the synthesis of results, especially of detected risks; tool for local obser-
vatories, with the aim of facilitating communication and transfer of information to the commu-
nities. The investigation mainly uses the comprehensive database of TA from the Tunja Traffic
Directorate-DITT, the Traffic Police-DITRA and the National Institute of Legal Medicine and
Forensic Sciences-INMLCE, as well as data from the Office Planning Advisor established through
the Territorial Ordering Plans (POT) of the city under study.

2. Methodology

Part of the investigative value of the methodology is declared on the basis of the Spatial Analysis
referring to the quantitative and qualitative development established on the Exploratory Data
Analysis — EDA, the analysis of correlations and the geospatial modeling under densities, geosta-
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tistical groupings (Wang et al., 2020; Dallerba and Chen. 2020; Saffet, 2009; Wise et al., 1999), all
focused on finding and generating knowledge about elements and strategies that allow achieving
the objective of defining risk sectors of the urban area where TAs occur repetitively, defined on
the validation of territorial patterns.

2.1. Selection of sources of information and databases

The development of the research based on the Spatial Analysis required structuring a methodical
process of evaluation and reduction, both generalities and particularities of the occurrence of the
events. This process first led to the selection of suitable sources to obtain the information; These
sources correspond to the institutions with functions of road safety and urban planning of the
territory in Colombia. For the selection, the elements that prevailed were, the performance of
the function of operation in mobility, road safety, the competence in capture, the collection and
storage of traffic accident data (function regulated and controlled by state institutions) and the
competence in land use plans.

According to the institutions that have the competence to collect and capture the data attribut-
able to the occurrence of accidents in the urban area of the case study city (Tunja-Colombia), it
is highlighted that the selected ones have different competences in the capture and collection of
TA. The events of only material damage are raised by the local transit institution (DITT), with
the support of the regional traffic police (DITRA; when the accident registers deaths and injuries,
it is the regional one of the National Institute of Legal Medicine and Forensic Sciences (INML-
CF) , with logistical support from DITRA and DITT Data are available from the local Planning
Advisory Office, which guides urban development through the Land Use Plans (POT) of the city
under study There is a state entity (ANSV ), rector of road safety in Colombia that collects with
its National Road Safety Observatory (ONSV), the total number of TA records throughout the
country, but in the development of its function they present technological difficulties for the same
collection and transmission of data to other entities and thus achieve the effective state unifica-
tion of the databases; therefore, in the country, among the greatest limitations for TA statistics
and investigations are, the non-existence of a unified database structure among all the institutions
that perform the function, and the lack of sufficient logistics, technique, and training to efficiently
achieve the highest quality standards in the studies.

The second step required greater rigor to obtain the conversion of field data to representative data
with a pattern. This consisted of the treatment and structuring of the information under the EDA
(Figure 1), to achieve sufficient conditions oriented to its geostatistical application and thus reli-
ably reveal the results outlined in the objectives. The selected analysis period was 2015 to 2018.

The EDA is statistically validated on four principles: the treatment of data towards the structuring
of statistically significant bases, the Spatial Analysis of descriptive and exploratory events, and
the development of geospatial modeling, which aimed to achieve the objectives in the definition
of risk sectors and their transfer for purposes of planning, design, and safe operation of traffic,
directed towards the prevention and control of the occurrence of TA on urban sectors.
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Figure 1. Base method Exploratory Data Analysis — EDA
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The databases were treated and structured as matrices where their fields became the variables or
attributes of each event (TA record). The homogenization of the data from the period 2015 to
2018, initially required “Unifying” the databases of the selected institutions, under quantitative
and qualitative review of place, time and number of accidents, deaths, and injuries according to
the competence of each institution, verification that determined to make corrections for repeti-
tion of events between institutions. Then the “Contrast” the names of the variables and categories
of the general and unified base of TA, with the names of the variables and categories established
in the Police Report of TA (IPAT), to determine the correspondence with the normative criterion
and State regulated by the Ministry of Transportation (MINTRANSPORTE, 2012). This regu-
lation applies to the entire country and is the basis for decisions in the trial of civil or criminal
responsibilities when involved in an TA.

The analysis of frequencies on the variables of the general unified and contrasted base was car-
ried out under filtrations. This procedure detected errors in categories (fields), due to excess and
defect of data and due to differences in the types of formats within the same variable and in the
different years of the analysis period, also errors were found in records, the result of failures that
they are made in the processes of transcription and incorporation of data in the database, correc-
tions that are made through rigorous filtrations with the ease that the accessibility, flexibility and
management of the already unified database should provide.

The “Completeness”; It was based on establishing how complete each of the variables selected and
established in the fields of the general database are filled out, a correction that is also achieved
through the comparison of the bases of the three competent institutions in capturing informa-
tion. (DITT, DITRA and INMLCEF). Likewise, the restitution of data is carried out from the “Con-
sistency” value that the variable presents during the action of review, unification and in the his-
torical behavior that the attributes have had within the same events, knowledge that is acquired
by consultations and inspection on the sectors where the accidents have occurred to recover the
missing data. The development of the processes described leads to obtaining a structured and
homogenized matrix, the basis for space-time analysis, the definition of risk sectors and their
representativeness and significance.
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2.2. Spatio-temporal Analysis

The focus is on identifying, quantifying, and characterizing the distribution of accidents over the
urban area. During the first analysis, establishing distribution in order to spatialize the events to
determine the level of correlation and the significance of their grouping on the sectors, neighbor-
hoods, and road network (intersections and sections) as well as establish a pattern of occurrence
is vital. Spatialization requires georeferencing by visualizing the distribution of events over the
territory. This phase helps in the detection of location errors, which is generated by a detailed
verification of the IPAT and/or the sector of occurrence.

Establishing the significant groupings in the distribution in order to demonstrate a representative
pattern requires the geostatistical treatment of the data to determine the delimitation of its level
of risk. It has also led to the exploration of training on the influence of socio-spatial and temporal
factors. Among the bounded geostatistical principles is the Average Nearest Neighbor (Kuo et al.,
2013) and Kernel Density, KDE (Shafabakhsh et al., 2017; Thakali et al, 2015; Xie and Yan, 2008;
Silverman, 1986).

Average Nearest Neighbor is an index based on the average distance from each event to the near-
est neighbor event; it is, used to check if the TAs are clustered significantly. It returns a general
value that represents the concentration ratio of all events and is defined (Equation 1), by:

-4 ™M

0.5 *M

Where ANN is the average distance between the closest event, d is the average random distance,
A is the area of the study, and #» is the number of events within the study area. If ANN is less
than 1 and the observed average distance is less than the expected average distance, the charac-
ter of the events is grouped. The ANN value is only interpreted as significant when the Z-score
is significant (large or small enough and within the significant normal curve area), otherwise if
the Z-score is not significant, the ANN value is not grouped, and they are random events in the
location of their occurrence.

ANN =

Ol Qu

KDE transforms the distribution of the “events” into a discrete point in a continuous scan surface.
Based on the quotient between two types of values that include TA in their significant grouping,
and the reference surface. Then with the support of the GIS, traces a bandwidth (circumference
radius), from the center of a master cell until the surface is raised according to the weighted
kernel value (gravity value and type of TA), tracking the number of events inside (Figure 2), a
statistical principle originally proposed by Rosenblatt (1956). The estimation is based on Tukey’s
Biweight or the Quartic Kernel function (Silverman, 1986), (Equation 2):

K(u)= 5—2(1-@% forus1 Where: u=(x-X.)/h )

Where x is point at which the density is estimated, is the amplitude of the band (interval, radius
in circumference of 500 to 600m), X, value of the variable in the case of i = 1, ..., n., and K(u) is
the function of the weighted Kernel.

KDE is estimated from the distribution of the total georeferenced events that occurred in each
of the years during the analysis in which the spatial variability of the concentration pattern of
investigated events is inferred (Ouni & Belloumi, 2018; Pulugurtha, 2007). This vision is both
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punctual and precise on the constant and repetitive occurrence year after year. The delimitation
that defines the critical and risk sectors (Raghad and Hussein, 2020; Mohaymany et al., 2013;
Afshin et al., 2013) of the studied urban area.

Figure 2. Principles of Kernel analysis, applied in TA in Bogota D.C.
Kernel K3

stnel K2

Traffic Accident event

Bandwidth h2

Location 2

Study area / Kernel K1

Location 1 EVENTOS ACCIDENTES
Bandwidth /1 - BE TRAFICO-2011 Bogoti . €

Source: KDE, adapted from Sabel (et al., 2005), and Kernel TA in Bogota D.C. (Cerquera, 2015).

2.3. Socio-spatial dynamics in risk-generating interrelationships.

The territory is made up of articulated structures that make up dynamic systems due to the un-
derlying interrelationships of physical and socioeconomic variables. The environment that con-
stitutes the perceptible part of this set of underlying relationships, involving social and economic
actors, are the source of information detected as resources, potentialities, impacts, conflicts and
risks; problems that guide the approach of management guidelines in the planning of any urban
area. On the other hand, the territory has different functions in each sector and at different times,
however, in each of these one function predominates according to the socioeconomic, cultural
and political decisions of the group that occupies it, that appropriates and uses it. in its potenti-
alities; they are the key to determining the causality of TA-type conflicts. result of that dynamic.

These configuration and function characteristics are the basis of the study, since it allows it to be
divided into tangible sectors or geographical units that (Lorda, et al., 2005; et al., 2018; Mena et
al., 2018; Saadat et al., 2019), constitute a construction from the theoretical base to the empirical,
even more, with the support of cartography as a means to use information from the geographical
environment and convert it into new knowledge with a practical purpose. Thus, the identifica-
tion, delimitation and characterization of the geographical units is accepted as the appropriate
instrument to delimit the problem of the occurrence that generates risks due to TA, approached
from the analysis of the socioeconomic interrelationships, their conflicts and imbalances result-
ing from the underlying dynamics of the sector. The main difficulty in establishing geographic
units was defining their limits along with their resolution scales due to the permanent changes
they undergo due to the acceleration and deceleration of the same underlying processes. The de-
limitation required knowledge of the area to identify and define the incident variables, due to the
large number of main components that can make it up in its context as a territory.

Within the framework of an initial methodological theoretical construction and for the delimi-
tation in the study, the principles of socio-spatial interrelationships proposed on two structural
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elements are taken: the human, based on the behavior of individuals under a territorial socioeco-
nomic status; and the physical, based on the set of functional circulation variables that operate in
the area. Of these structural elements, three geographical units prevail (Figure 3), over the urban
and socioeconomic area (POT, 2014) : the Homogeneous Zone [ZH_], established as the main
unit of the urban area, defined as an area subject to development in its functional urbanization
with similar characteristics in the socioeconomic (POT, 2014), which involves type variables such
as land use, population density and in which their interrelation affects and fixes the dynamics
of the underlying spatial processes that may be incident in the risks of TAs. The neighborhood
[B_], geographically conceived as the second territorial unit that makes up the homogeneous
zones, endowed with its own characteristics with priority socioeconomic activities based on its
stratification and road network that allow it some functional autonomy under safe coexistence
(Tapia et al., 2009), this determines that it stands out in the conformation of a distinctive profile
with functionality and appropriation of significant risk-generating social relationships and the
Arterial and Collector road network [Art and Collect road network], as a geographical, physical
unit that Due to their functional classification of mobility (speeds) and accessibility, they support
the largest vehicular and pedestrian flows, and where their interrelation with the field of human
activities and their impedances characterize a component that generates risk.

Figure 3. Method, delimitation of Geographical Units for risk analysis in TA.
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Each of these units comprise geospatial functions that, through their interrelation, determine
the causal and risk problems of the occurrence of TAs. Likewise, in order to achieve a better
transmission and a greater understanding, by the population exposed to the risks by AT, the for-
mulation of schemes is proposed (which presents results in synthesis such as that of Figure 3),
aimed at forming local observatories of institutions that exercise control and planning of traffic
and road safety.

The existence of the interrelationships between the socioeconomic variables extracted from their
predominant structural elements, such as ZH_ and B_ (as geographical units delimited for anal-
ysis), and the physical, operational variables faced on the critical sectors of TA occurrence, is
validated. through stepwise and hierarchical multiple regression analysis, which with its results
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(significant statistical indices), shows that both the area is a pattern or model in the generation of
conflicts and risk for the occurrence of TA. Table 1 presents the territorial and operational vari-
ables that underlie as structural elements of the sectors determined as critical of the correspond-
ing ZH_ and B_ that they comprise. Likewise, the main significance indices that validate the
power of correlation, explanation of occurrence and generalization of the interrelated variables
that statistically prove the existence of a pattern (model) of TA incidence are identified.

Table 1. Operational and socioeconomic variables extracted from structural elements in ZH_ and
B_, with indices of statistical significance that validate their interrelationship and incidence in the
occurrence of AT.

ST Gef)graphlcal Variable(Un) Class - Name
elements Unit
Dependent: Variable to be predicted through a repetitive, significant pattern
AccidentsNo.
Independent:
Socioeconomic: | Homogeneous LandUse(km?2) Land Use (Area): 1.Free Lots; 2.Residential; 3.Government or
Human Behavior | Zone [ZH_] institutional education; 4.Mixed; 5. Parks, squares, green or
Foundation sports areas; 6.Commercial; 7. Services; 8.Industry
DensPob(Hbtes/km2) | No. Hbtes por area
Neighborhood Stratum(km2) Stratum (Area): 1.Very Low; 2.Low 3.Medium 4.Medium High;
[B_] 5.High; 6.Very High
Physical Art and Colect Independent: Speed
Operational road network Speed(Km/h)
Flow(Veh/h)) Volumen (Flow)
RedCarril(km) Lane lenght: Local; Collector; Arterial
indices de significancia:
D-W - Durbin Watson: Generalization Power of Correlated Data to Predict
R2 - Prediction value of the variables as a whole
F(Anova) - Factor predictor
P: Significance of value F(Anova)
f2 : Statistical Power Effect Size: Value or power explanation of variables in the occurrence of TAevents
VIF and Tolerance: Collinearity or Multicollinearity: Existence or not of high correlations between factors of the model

3. Results

3.1. Spatial and temporal analysis. Structuring databases Distribution and groups.

The structuring and purification of the databases required the “Unification” and “Contrast” pro-
cesses, in which missing location and vital data (deaths and/or injuries) were identified in 47%
with respect to the data registered in the IPAT and INMLCF reports. The process to correct this
deficiency required crossing the data between entities, DITT, DITRA and INMLCE, as well as
carrying out direct restitution processes from the sites of occurrence and health centers in order
to achieve 92% of the “Completeness” of the initial information of the base. The duplication of
records was another of the errors detected which gave rise to the phase of verifying through the
number of IPAT and INMLCEF reports, an action that served to verify the “Consistency” of the
data through contrast tests between the basis and the same reports. With the processes developed,
a 96% data purification of the base was achieved, made up of 39 variables considered essential for
the analyzes and that represented a significant population size available for the study.
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The analyzes of the absolute and relative results of the TA in the study period 2015 to 2018 (Table
2), show a trend of constant occurrence with minimal differences between one year and another;
the year 2016 marks some difference, in total accidents and in accidents with injuries and deaths
[975, 287 and 11], in relation to the other years of the period [2015, 2017 and 2018] (Figure 4).

Table 2. Traffic accidents (TA), analysis period in Tunja

Year 2015 2016 2017 2018
Total TA 796 975 833 817
Total TA with injuries 171 287 192 228
Total TA with deaths 9 11 8 8
Total TA with just property damage 616 677 633 581
Total TA x 100.000 hab. 422.5 507.8 426.2 409.9
Population 188 395 191987 195 440 199 297
DEATHS Deaths among men 19 18 14 14
Deaths among men x 100.000 hab. 21.09 19.59 14.94 14.64
Deaths among women 6 5 4 3
Deaths among women. x 100.000 hab. 6.11 5.00 3.93 2.9
Total deaths among men and women 25 23 18 17
Deaths among men and women x 100.000 hab. 13.27 11.98 9.21 8.53
INJURIES Injuries among men 141 150 122 135
Injuries among men x 100.000 hab. 156.48 163.21 130.16 141.21
Injuries among women 96 89 95 100
Injuries among women x 100.000 hab. 97.69 88.98 93.31 96.51
Total injuries among men and women 237 239 217 235
Injuries among men and women x 100.000 hab. 123.45 124.53 110.98 117.96
Total deaths and injuries among men and women 262 262 235 252
Deaths and injuries x 100.000 hab., men and women 136.72 136.51 120.18 126.49

Source: Created using data from DITT, DITRA, and INMLCF.

In mortality and morbidity, the trend is similar, with minimal differences between 2015 and 2018,
but 2016 marks a majority, and it is men who are more involved due to their greater participation
in driving, but it is observed that women presents involvement with a growing trend. In summa-
ry, it is highlighted that there is a state between repetitive growth and decrease in the study period
(Figure 4).

In relation to gender and age of those involved in TAs in the period, it is men who present a great-
er pattern of involvement [89%, 91%, and 88%]. Furthermore, in each of the age ranges (Figure
5), the population between 20 and 30 years of age predominate. The age groups of women mark
some differences between the years, constituting the range of ages between 30 to 40 the most in-
volved with an important participation of those between 20 to 30 years of age.
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Figure 4. Comparative TA analysis period
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Figure 5. Gender and age groups involved in TA
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The temporal dynamics (Figure 6), reveals the detailed analysis of the behavior of the hourly
occurrence of a day [Thursday]. It is representative of the study period, identified based on the
behavioral trends and with the variability associated with the dynamics of the total of events
[determination coeflicients (R2), between 0.78 and 0.85, which result from significant adjust-
ment with actual behavior]. Early in the morning until 4:30 AM, the trend appears with low but
constant frequencies. Then it grows until 7:00 AM, where it behaves constant but high [11:00
AM to 5:00 PM], reaching frequencies up to 32 accidents, then decreasing until 10:30 pm before
returning to a constant low behavior in the early hours of the morning [frequencies between 2 to
5 events]. This trend is repetitive, which is why it constitutes the base pattern for setting planning
and prevention strategies with technical and systematic processes aimed at officials and users
who intervene in the mobility of urban areas
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Figure 6. Risk pattern for time of day per TA, representative day
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The determination of the concentrations and groupings of events for critically high-risk sectors
as result of TA frames their representativeness and level of significance. Using the geostatistics of
grouping, correlation (Flahaut et al., 2003), and density value times for the repetitive frequency
in the analysis period. The results in Table 3 indicate that the events occur under a repetitive
grouped distribution pattern with characteristics of proximity and density weighted by severity
[deaths and injuries], significance, and prioritizing hit-and-run accidents to assess the vulnera-
bility of the sectors involved.

Table 3. Geostatistical validity, definition of the clustering pattern and TA concentration, period of

Resumen promedio de vecinos més cercanos

Relacidn de vecing més cercane: 0257028
puntafe z: -40.252276
valar p: 0.000000

(Rangom)

Dado e puntaje z de 40.2522756109, existe una probabllidad de menos del 1% de que este
patrén agrupado podiia ser el resuitado de una probablligad aleatorta.

Resumen promedio de vecinos mas cercanos

analysis
Period Average Distance ANN Z-score | p
Patter Observed(m):119.1 .25703 | -40.252 | 0.001 There is a probability
Period Esperad.(m): 463.57 of less than 1% that this
clustered pattern is random
in nature
2015 Observed(m):86.2 34619 | -34.048 | 0.001 There is a probability
Esperad.(m).: 249.01 of less than 1% that this
clustered pattern is random
in nature
2016 Observed(m):120.7 .28932 | -39.271 | 0.001 There is a probability
Espected.(m).: of less than 1% that this
434.72 clustered pattern is random
in nature
2017 Observed(m):107.4 37673 | -37.324 | 0.001 There is a probability
Espected(m): 347.78 of less than 1% that this
clustered pattern is random
in nature
2018 Observed(m):99.9 .32753 | -32.432 | 0.001 There is a probability
Espected(m): 297.57 of less than 1% that this
clustered pattern is random
in nature

Distancia media observada:  119.1345 metros
Distancia media esperada: 463.5075 metros

Source: own elaboration

The representative pattern of the period shows foci of significant concentration (clustering),
with an observed mean distance of 119.1 m, less than the expected mean distance of 463.6, with
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Z-score [-40.252276] and p [.001], as well as the other years of the analysis period, groupings that
demarcate the sectors designated as critical with characteristics that determine the existence of a
structure with underlying processes in its concentration dynamics.

The KDE analyzes (Figure 7, Northern and Southern zone of the urban area in the study), de-
termine the delimitation of the risk area in the sectors with high concentration (clustering).
These are dense sectors that are repetitive in their occurrence within the analysis period, and
that presented the following ranges of density in their indices by area and severity: Low [.00001
to0 .00012], Medium [.00013 to .00040] and High [.0041 to .00223], are also identified as critical.
The result is twenty (20) sectors with the greatest grouping and density, between stretches and
intersections, which respond to being critical and which impact 3.7% of the total urban area [4.5
km?2], with 65% of intersections located on four main arterial connectivity sections (from south
to north and from east to west and vice versa), which support the largest vehicular flows in the
city [Av Norte, Av Oriental, Av Maldonado and Av Colén], and where 89% of the traffic occurs.
the TA with 77% of deaths and injuries. These critical sectors must be a priority for intervention
in development and mobility plans.

Figure 7. Critical sector patterns with clusters and weighted density in TAs, Northern and Southern
zones during the analysis period
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The definition of the critical sectors (clustering) was the basis for the analysis of the dynam-
ics of the underlying geospatial processes that characterized the risk states that trigger TA. This
risk dynamic is configured on consolidated areas of the city: historical, educational, institutional,
commercial, and residential [treated as geographical units], which in their functionality include
important mobility axes, arterials and collectors, where flows of traffic are regularly mixed. pedes-
trians with light and heavy vehicles that affect not only road safety, but also the fluidity, transfer,
and integration of the urban-regional mobility system.
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3.2. Risk-generating interrelationship dynamics in geographic units.

The determination of the imbalances of the socio-spatial interrelationships that triggers the risks
for the occurrence of TA required a detailed analysis, an analysis that guided the definition of the
variables and elements that intervene and affect the underlying dynamics of the critical or risk
sector). The process approach was structured and developed as a Principal Components Analysis
to identify representative risks across sectors. The analysis of the three geographical units extract-
ed, in their potentialities, limitations and imbalances revealed the interrelationships and correla-
tions between variables involved, generators of conflicts as determinants in the causal problems
and risks of the occurrence of TAs.

Figure 8 shows the synthesis of the imbalances detected by the interrelationships of the three geo-
graphical units together with their variables and elements that generate conflicts and therefore
risks, rooted in the urban planning of the city of analysis. One of the main ones detected is the
non-compliance with urban and socio-economic regulations determined in the mix of uses (with
opposite types of activities carried out by residents and transit population), in the area, as well as
the loss of appropriation and identity of the neighbourhoods, the non-homogeneity in the walls
of platforms and buildings and the mixture of layouts in the designs of the physical infrastructure
of sidewalks and roads.

Figure 8. Underlying dynamics in risk incidence. Multilayer network model graphical representation
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The ZH_, presented as a predominant, representative, and critical unit, prevails: the mixture of
Commercial use [6, short trips with dynamics of active and high mobility activities, especially pe-
destrian], with Residential use [2, imposes short trips with dynamics of passive mobility activities
and behavior]. Likewise, the existence of some vacant lots determines a low density of population
and housing, which has affected a lack of delimitation of the neighborhoods, generating a loss of
integration and identity, a condition that has resulted in a low appropriation for the management
and implementation of urban projects that motivate a growing development in the socioeconom-
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ic dynamics of its residents. The prevailing socioeconomic condition is low, stratum level 2 and in
some sectors in 3, which respond to neighborhoods with deficiencies in services, in physical ac-
cessibility and where low-income families reside with fewer possibilities of accessing permanent
education on behaviors in Mobility. The Rv_ Arterial Road network of high mobility (speed),
with poor design in accessibility and connectivity for users, where there are no traffic network
links to manage the speed transition, which produces untimely decelerations that trigger TA; the
capacity and service of the pedestrian circulation network is deficient, which affects road signs,
regulations, prevention, and information), it is deficient and insufficient.

The demonstration and statistical validation of the existence of interrelation, correlation be-
tween territorial variables (social, physical, and operational), generator of conflicts (previously
described), and therefore risks for the occurrence of TAs, is carried out through multiple linear
regression by Steps and Hierarchical. The results in Table 4 present the variables together with the
indices of significance, statistical power and effect size, selected as the most appropriate to declare
the incident relationship for the occurrence of TAs and which in turn validate the existence of a
TA prediction incidence model.

Table 4. Interrelation models of variables that predict the occurrence of TA. Statistical validation

Modelos F(Anova) PSig.F) |[R2 |AR2 |B sor g 1B |2 Colnealidad
MODEL1 6.36(1.49) .015 121 .097 64.558 554 | 138

Speed(Km/h) 704 279 | .339 1 1
MODEL2 65.417(2.48) .001 732 | .720 -9.776 1 2.731

Speed(Km/h) 475 157 | 229 981 1.020
ArtCarril(km) .024 .002 .793 .981 1.020
MODEL3 235.966(3.47) | .001 938 | .934 20.814 1 15.129

Speed(km/h) 454 076 | .219 980 | 1.020
ArtCarril(km) .010 .002 .320 0475 2.106
LandUse6(km2) 322.663 | 25.865 | .657 478 2.093
MODEL4 173.301(4.46) | .001 939 |.933 21.114 1 15.393

Speed(Km/h) 453 077 | .218 971 1.029
ArtCarril(km) .010 .002 .318 458 2.185
LandUse6(km2) 324.208 | 28.066 | .660 414 2.413
Stratum2(km2) -5.563 36.813 | .006 .852 1.173
MODEL5 154.59(5.45) .001 945 | 939 17.567 1 17.181

Speed(Km/h) 322 091 |.155 632 | 1.582
Art/Lane(km) .010 .002 317 458 2.185
LandUse6(km2) 324.305 | 26.681 | .660 414 2.413
Stratum2(km2 3.449 35.192 | .004 .843 1.187
landUse2(km2) 146.865 | 60.462 | .107 .633 1.580
MODEL6 133.42(6.44) .001 948 | .941 6.078 1 18.230

Speed(Km/h) 331 090 |.159 630 | 1.588
ArtCarril(km) .009 .002 .286 .397 2.520
LandUse6(km2) 337.909 | 27.652 | .688 .374 2.676
Stratum2(km2) 13.090 35.175 | .014 817 1.224
landUse2(km2) 150.273 | 59.543 | .109 .632 1.582
Flow(Veh/h) 001 001 | .060 800 | 1.250
D_W (1.871)
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Error Colinealidad
stand | P CAERE Tolerancia VIF

Accidents_No = 6.078+.331*Speed(Km/h)+ .009*ArtCarril(km)+ 337.9*LandUse6(km?2)+
13.09* Stratum2(km2)+ 150.2*landUse2(km2)+ .001* Flow(Veh/h)

Modelos F(Anova) P(Sig_F) | R2 AR2 | B

Source: own elaboration

The results validate the representativeness of the incident variables in the risks for the TA, when
the set of variables [model 6] are interrelated, since it predicts 94.8% of the occurrence. The anal-
ysis also shows that the interrelationship of the operational variables speed and flow, by them-
selves, present a value of explanation of the occurrence from low to medium [effect size {2=.138];
where with the incorporation of the variables [land uses 6 and 2, stratification 2 and arterial road
network], the explanatory power of the occurrence increases to a high statistical level [effect size
£2=18.23], (Faul et al., 2009). Likewise, the multicollinearity indicators VIF (Variance Inflation
Factor) [>10] and the tolerance values [<.20] indicate that there are no high correlations between
the factors of the model, and finally the Durbin Watson indicator [1.871 ], located within the
established range [1.5 to 2.5], allows a generalization of the data for its prediction. It is noted that
population density was excluded from all relationships.

4. Discussion

Similar to the WHO report (2018), this study points out the great differences between low and
middle-income countries with respect to high-income ones, in terms of quality and coverage in
the collection and transfer of data on TA. This is contrasted with the current study which found
a lack of quality in important databases where there are significant gaps in records, consistency,
and homogenization of entry fields. The problem is not only in Colombia, but in several coun-
tries as confirmed by studies on the analysis of TA databases of 46 countries in the world (Chen,
2020; Ashar et al., 2017; & Mandacaru et al., 2017; Haagsma et al., 2016; Zhao, 2009). Deficiencies
were found in the records of location and type of victims. This is problamatic since TA research
requires reliable data to determine the scope of the problem, provide solutions, and permanently
evaluate the effectiveness of intervention measures.

Drivers between the ages of 20 and 40 are involved in the majority of traffic accidents. According
to gender, men are involved in 89% of accidents and more often it is younger people between 20
and 30 years old which is similar to other research results from other countries (Johnsson et al.,
2018; Olszewski et al., 2018; Cioca & Ivascu, 2017; Cheng et al., 2015; Kar et al., 2016; Cerquera,
2015b; Blazquez and Celis, 2012; Lassarre, 2012). Women have shown to be involved in a stable
to increasing amount of TA.

Estimating the effect size responds to the magnitude of the differences found in the study with
the standardized ranges and statistical power. This should express the degree of validity of the
research findings which is important and increasingly becoming a requirement for ethical and
technical reasons (Murphy et al., 2014; Kelley & Preacher, 2012; Hedges & Rhoads, 2010; Murphy
etal., 2014; Cohen, 1988). It is unethical to carry out studies without sufficient rigor to determine
with a greater approximation the effect of the incidence of territorial variables in the occurrence
of TA. Likewise the use of inappropriate techniques due to the expenditure of unnecessary re-
sources when recruiting more personnel than required to verify the objectives of the study is also
a problem.
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Although the results of the current study are consolidated with the studies of Blazquez and Celis,
(2012), Cerquera (2015b), in Bogota D.C. It is necessary to deepen and consolidate the knowl-
edge of the variables of the underlying dynamics of the territory that impact the problem. The
density of inhabitants, dwellings by area, and population make it difficult to define sectors as
risky. Likewise the continual mix of commercial and residential land use related to reduced social
conditions (strata 2 and/or 3) and the intervention of the arterial road network result in sectors
with the highest occurrence of TA. The results of the statistical correlations suggest that circu-
lating flows (demand that circulates through the arterial and collector road network) should be
studied in in high-risk sectors.

From the current research cycle, the behavior of users as a factor that produces accidents (Olsze-
wski et al., 2018; Pérez and Cerquera, 2017; Laureshyn et al., 2017) is directly related to the appro-
priation of the territory. This reduces the influence of the randomness of human error through
the forgiving effect of the factors related to each other and under the grouped Kernel character,
which has shown its ability to limit TAs in risky sectors.

5. Conclusions

There are twenty (20) sectors between arcs and intersections defined by having a high concentra-
tion of TA, constantly, repetitively during each of the years of the analysis period. Their statistical
correlation values were significant, which were determined with a great approximation to consid-
er them as critical risks for users who circulate through the corresponding urban sectors. Acting
on this information requires increasing the priority in risk prevention and mitigation policies.
This would only represent an intervention of 3.7% of the urban area and result in a 67% decrease
in TA of the case study city.

The pattern of repetitive character of the critical sectors of permanent risk of occurrence reveals
the representativeness of territorial and operational variables that, interrelated, affect the occur-
rence of TAs. The mixtures of Commercial and Residential uses, the low socioeconomic level
(stratum 2), with high incidence, and the operational variables volume, speed, and arterial road
network with little incidence if they are related to the territorial variables land use and stratifica-
tion. The model showed that population density is not incident in the occurrence of accidents.
The results of the underlying dynamics together with those of spatial distribution and represen-
tativeness in the concentration and occurrence of TA, define with greater certainty the specificity
and particularity of the risks that appear by sector that can be declared as critical, but with the
particularity of know the variables to influence to clean up their road insecurity.

Bibliography

o Afshin, S.M.; Matin, Shahri & Babak, Mirbagheri. (2013). GIS-based method for detecting high-crash-risk road
segments using network kernel density estimation, Geo-spatial Information Science; 16(2), p.113-119. https://do
i:10.1080/10095020.2013.766396

o AGENCIA NACIONAL DE SEGURIDAD VIAL-ANSV. (2019). Sistemas de informacion. Observatorio Nacio-
nal de Seguridad Vial, ONSV. Mintransporte, Colombia. En https://ansv.gov.co/observatorio/indexb31b.htm-
[2op=Documentacion&id=49

o Ashar, Ahmed; Ahmad, EM.S. & Ahmad, S.Y. (2017). Errors in accident data, its types, causes and methods of
rectification analysis of the literatura. Accident Analysis & Prevention; 130, pp.3-21. https://doi.org/10.1016/j.
aap.2017.07.018Get rights and content

‘ Creative Commons Reconocimiento-No Comercial 3.0 e-ISSN 2340-0129


https://creativecommons.org/licenses/by-nc/3.0/es/
https://doi.org/10.1080/10095020.2013.766396
https://ansv.gov.co/observatorio/indexb31b.html?op=Documentacion&id=49
https://ansv.gov.co/observatorio/indexb31b.html?op=Documentacion&id=49
https://biblio.uptc.edu.co:2057/science/journal/00014575
https://doi.org/10.1016/j.aap.2017.07.018
https://doi.org/10.1016/j.aap.2017.07.018
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0001457517302531&orderBeanReset=true

CERQUERA, E A. et al. (2023). Spatial Analysis with Weighted Kernel Groupings to Determine Risk Sectors...
Cuadernos Geogrdficos 62(1), 50-70 68

o Bailey, T.C. & Gatrell, A.C. (1995). Interactive spatial data analysis. Addison Wesley Longman Limited, Harlow,
England.

o BID. (2015). Las ciudades intermedias con mayor potencial en Colombia. Un sistema de identificacién. Banco
Interamericano de Desarrollo. https://publications.iadb.org/publications/spanish/document/Las-ciudades-inter-
medias-con-mayor-potencial-en-Colombia-Un-sistema-de-identificaci%C3%B3n.pdf

o Blazquez, C.A. & Celis, M..S. (2012). A spatial and temporal analysis of child pedestrian crashes in Santiago, Chile.
Accident Analysis & Prevention; 50, pp.304-311

o Briz-Redéna, Alvaro, Martinez-Ruiz, Francisco & Montes, Francisco. (2019). Identification of differential risk
hotspots for collision and vehicle type in a directed linear network. Accident Analysis & Prevention; 132-105278,
pp-1-11. https://doi.org/10.1016/j.aap.2019.105278

« Cioca, L.I. & Ivascu, L. (2017). Risk Indicators and Road Accident Analysis for the Period 2012-2016. Sustainabil-
ity; 9, p.p.1530.https://doi.org/10.3390/su9091530

o Cheng, W. & Washington, S. (2008). New criteria for evaluating methods of identifying hotspots. Transportation
Research Board; 2083. Washington, D.C., pp.76-85. https://d0i:10.3141/2083-09

o Cheng, A.S.K; Liu, PY. & Tulliani, N. (2015). Relationship between driving-violation behaviours and risk percep-
tion in motorcycle accidents. Hong Kong. Journal of Occupational Therapy; 25, pp.32-38.

o Cerquera-Escobar, EA. (2015%). Analisis espacial de la accidentalidad vial urbana : método de investigaciéon con
SIG. Coleccion Investig. Uptc. ISBN: 9789586602099. Tunja. Colombia

o Cerquera-Escobar, EA. (2015b). Modelo patrén de evaluacion de la accidentalidad vial en dreas urbanas de Bo-
gota (Colombia). Carreteras; 202(3), pp.45-62, Madrid-Espaia.

o Hedges, L.V. & Rhoads, C. (2010). Statistical Power Analysis. International Encyclopedia of Education (Third
Edition); Elsevier; p.436-443. https://doi.org/10.1016/B978-0-08-044894-7.01356-7.

o Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. (2nd ed.), Lawrence Erlbaum Associates.
Hillsdale Publishers. NJ: ISBN 0-8058-0283-5. http://www.utstat.toronto.edu/~brunner/oldclass/378f16/read-
ings/CohenPower.pdf.

o Dallerba, S. & Chen, Z. (2020). Exploratory Spatial Data Analysis. Ed: Audrey Kobayashi. International Encyclope-
dia of Human Geography (Second Edition). Elsevier; pp.357-365. ISBN:9780081022962. https://doi.org/10.1016/
B978-0-08-102295-5.10541-4.

o Dereli, M.A. & Erdogan, Saffet. (2017). A new model for determining the traffic accident black spots using GIS-aid-
ed spatial statistical methods. Transportation Research Part A; 103, pp.106-117. http://dx.doi.org/10.1016/j.
tra.2017.05.031

o DNP. (2018). Documento Compes 3918. Estrategia para la implementacién de los objetivos de desarrollo
sostenible (ODS) en Colombia. Departamento Nacional de Planeacién. https://colaboracion.dnp.gov.co/CDT/
Conpes/Econ%C3%B3micos/3918.pdf

o Faul, F; Erdfelder, E.; Buchner, A. & Lang, A.G. (2009). Statistical power analyses using G*Power 3.1: Tests for
correlation and regression analyses. Behavior Research Methods; 41, pp.1149-1160. http://dx.doi.org/10.3758/
BRM.41.4.1149.

o Flahaut, B.; Mouchart. M.; San Martin, E. & Thomas, L. (2003). The local spatial autocorrelation and the kernel
method for identifying black zones, A comparative approach. Accident Analysis & Prevention; 35(6), pp.991-
1004. https://doi.org/10.1016/S0001-4575(02)00107-0

o Haagsma, ].A; Graetz, N.; Bolliger, I.; Naghavi, M.; Higashi, H.; Mullany, E.C.; Abera, S.E; Abraham, J.P,; Adofo,
K.; Alsharif, UE.A.; Ammar, W,; Antonio, C.A.T.; Barrero, L.H.; Bekele, T. et al. (2016). The global burden of in-
jury: incidence, mortality, disability-adjusted life years and time trends from the Global Burden of Disease study
2013. Injury & Prevention; 22, pp.3-18. http://dx.doi.org/10.1136/injuryprev-2015-041616.

o INMLCE. (2016,2017,2018). Forensis. Datos para la vida. Instituto Nacional de Medicina Legal y Ciencias Forens-
es. https://www.medicinalegal.gov.co/cifras-estadisticas/forensis

o Johnsson, C.; Laureshyn, A. & DeCeunynck, T. (2018). In search of surrogate safety indicators for vulnerable road
users: a review of surrogate safety indicators. Transport Reviews; pp.1-21. https://doi.org/10.1080/01441647.201
8.1442888.

o Kar, Sonali; Das, S.C.; Tiwari, A.; Pharveen, Irfana. (2016). Pattern of Road Traffic Accidents in Bhubaneswar,
Odisha. Clinica epidemiology and global health; 4(6), pp.115-119. http://dx.doi.org/10.1016/j.cegh.2015.07.003

‘ Creative Commons Reconocimiento-No Comercial 3.0 e-ISSN 2340-0129


https://creativecommons.org/licenses/by-nc/3.0/es/
https://publications.iadb.org/publications/spanish/document/Las-ciudades-intermedias-con-mayor-potencial-en-Colombia-Un-sistema-de-identificaci%C3%B3n.pdf
https://publications.iadb.org/publications/spanish/document/Las-ciudades-intermedias-con-mayor-potencial-en-Colombia-Un-sistema-de-identificaci%C3%B3n.pdf
https://doi.org/10.3390/su9091530
https://biblio.uptc.edu.co:2057/science/referenceworks/9780080448947
https://biblio.uptc.edu.co:2057/science/referenceworks/9780080448947
https://biblio.uptc.edu.co:2147/10.1016/B978-0-08-044894-7.01356-7
http://www.utstat.toronto.edu/~brunner/oldclass/378f16/readings/CohenPower.pdf
http://www.utstat.toronto.edu/~brunner/oldclass/378f16/readings/CohenPower.pdf
https://doi.org/10.1016/B978-0-08-102295-5.10541-4
https://doi.org/10.1016/B978-0-08-102295-5.10541-4
https://colaboracion.dnp.gov.co/CDT/Conpes/Econ%C3%B3micos/3918.pdf
https://colaboracion.dnp.gov.co/CDT/Conpes/Econ%C3%B3micos/3918.pdf
https://biblio.uptc.edu.co:2147/10.1016/S0001-4575(02)00107-0
https://www.medicinalegal.gov.co/cifras-estadisticas/forensis
https://doi.org/10.1080/01441647.2018.1442888
https://doi.org/10.1080/01441647.2018.1442888

CERQUERA, E A. et al. (2023). Spatial Analysis with Weighted Kernel Groupings to Determine Risk Sectors...
Cuadernos Geogrdficos 62(1), 50-70 69

o Kelley, K., & Preacher, K. J. (2012). On effect size. Psychological Methods; 17(2), p.137-152. https://doi.
org/10.1037/20028086

« Kundakci, E. & Tuydes-Yaman, H. (2014). Understanding the distribution of traffic accident hotspots in Ankara,
Turkey, p.17. TRB 93rd Annual meeting conference, pp.12-16.Washington.

o Kuo, PE; Lord, D. & Walden, T.D. (2013). Using geographical information systems to effectively organize police
patrol routes by grouping hotspots of crash and crime data. Journal of Transport Geography; 30 pp.138-148.
https://doi.org/10.1016/j.jtrange0.2013.04.006

o Lassarre, Sylvain; Bonnet, Emmanuel; Bodin, Franck; Papadimitriou, Eleonora; Yannis, George & Golias, John.
(2012). A GIS-based methodology for identifying pedestrians’ crossing patterns. Computers, Environment and
Urban Systems; p.321-330.

o Lorda, M.A; Campos, M.M.; Bréndolo, M. y Espejo, N. (2005). Procesos e interacciones en el espacio geografico.
Unidades geoespaciales en el suroeste bonaerense: escenarios posibles para experiencias de ensefianza-aprendiza-
je. Anais do X Encontro de Gedgrafos da América Latina, marzo, Universidade de Sao Paulo.

o Maestre, ET.; Escudero, A. y Bonet, A. (2008). Introduccion al Analisis Espacial de datos en ecologia y ciencias
ambientales: Métodos y aplicaciones. Universidad Rey Juan Carlos, Editorial Dykinson S.L., Madrid, Espaia.
849pp. ISBN 978-84-9849-308-5. Citando a Legendre, P, Fortin M.J. 1989. Spatial pattern and ecological analysis.
Vegetation; 80, pp.107-138.

o Mandacarua, PM.P; Andrade, A.L.; Souza-Rochad, M.; Pinheiro-Aguiard, F; Nogueirae, M.S.M.; Girodof, A.M;
Galas-Pedrosag, A.A.; Alves-de-Oliveirah, V.L.; Malheiros-Alvesi, M.M.; Paixdof, L.M.M.; Carvalho-Maltaj, D.C.;
Alves-Silvac, M.M.; De-Morais-Neto, O.L. (2017). Qualifying information on deaths and serious injuries caused
by road traffic in five Brazilian capitals using record linkage Accident Analysis and Prevention; 106, pp.392-398.
http://dx.doi.org/10.1016/j.aap.2017.06.018

o Mazurek, Hubert. (2018). El espacio o la organizacién de las localizaciones. Cap. 2, In: Espacio y territorio: Instru-
mentos metodoldgicos de investigacion social. Marseille: Ed. IRD ISBN: 9782709925723. https://doi.org/10.4000/
books.irdeditions.17840

o Mena, D.V; Gutiérrez, J.A. & Jaraiz, EJ. (2018). Metodologia para la clasificacion y caracterizacion de unidades
territoriales homogéneas: El caso de los paises de Centroamérica. Cuadernos Geograficos 57(2), 261-282. http://
dx.doi.org/10.30827/cuadgeo.v57i2.6043

o MINTRANSPORTE. (2012). Por la cual se adopta el nuevo informe policial de accidentes de transito (IPAT),
manual de diligenciamiento, se dictan otras disposiciones. http://legal legis.com.co/document/Index?obra=leg-
col&document=legcol_d1a2e67f64080098e0430a0101510098

o Mohaymany, A.S.; Shahri, M. & Mirbagheri, B. (2013). GIS-based method for detecting high-crash-risk road seg-
ments using network kernel density estimation. Geospatial Information Science; 16 (2), pp.113-119.

o Murphy, K.R., Myors, B., & Wolach, A.H. (2014). Statistical power analysis: A simple and general mod-
el for traditional and modern hypothesis tests. 4th Edition. ISBN:9781315773155. Routledge. https://doi.
org/10.4324/9781315773155

o Olszewski, Piotr; Szagala, Piotr; Rabczenko, Daniel & Zielinska, Anna. (2019). Investigating safety of vulner-
able road users in selected EU countries. Journal of Safety Research; 68, pp. 49-57. https://doi.org/10.1016/j.
js1.2018.12.001.

o Ouni, Fedy & Belloumi, Mounir. (2018). Spatio-temporal pattern of vulnerable road user’s collisions hot spots
and related risk factors for injury severity in Tunisia. Transportation Research Part F; 56, pp.477-495. https://doi.
org/10.1016/j.trf.2018.05.003

o Pérez-Buitrago, G. y Cerquera-Escobar, EA. (2017). Analisis y evaluacién del factor humano en los trabajos de au-
ditorias e inspecciones de seguridad vial urbana en Colombia. Revista Carreteras, 215(3), pp.61-73, Madrid-Es-
pafa.

o POT. (2014). Plan de Ordenamiento Territorial. Alcaldia de Tunja. Acuerdo 0014. Boyaca, Colombia.

o Pulugurtha, S.S; Krishnakumar, V.K. & Nambisan, S.S. (2007). New methods to identify and rank high pedestrian
crash zones: An illustration, Accident Analysis & Prevention; 39, No. 4, 2007, pp.800-811.

o Raghad, Z.A. Majeed & Hussein, A.E. (2020). Spatial Analyses of Traffic Conflicts to Assess Safety at Signalised.
Intersections IOP Conf. Ser.: Materials. Science Engineerin; 671012092, pp.1-13. https://iopscience.iop.org/articl
€/10.1088/1757-899X/671/1/012092

o Rosenblatt, M. (1956). Remarks on sorne nonparametric estimates of a density function, Annals of Mathematical
Statistics; 27, pp.832-837.

‘ Creative Commons Reconocimiento-No Comercial 3.0 e-ISSN 2340-0129


https://creativecommons.org/licenses/by-nc/3.0/es/
https://psycnet.apa.org/doi/10.1037/a0028086
https://psycnet.apa.org/doi/10.1037/a0028086
https://www.sciencedirect.com/science/journal/09666923
https://doi.org/10.1016/j.jtrangeo.2013.04.006
https://doi.org/10.4000/books.irdeditions.17840
https://doi.org/10.4000/books.irdeditions.17840
http://legal.legis.com.co/document/Index?obra=legcol&document=legcol_d1a2e67f64080098e0430a0101510098
http://legal.legis.com.co/document/Index?obra=legcol&document=legcol_d1a2e67f64080098e0430a0101510098
https://doi.org/10.4324/9781315773155
https://doi.org/10.4324/9781315773155
https://www.aecarretera.com/servicios/publicaciones/revista-carreteras/revista215/2833-analisis-y-evaluacion-del-factor-humano-en-los-trabajos-de-auditorias-e-inspecciones-de-seguridad-vial-urbana-en-colombia
https://www.aecarretera.com/servicios/publicaciones/revista-carreteras/revista215/2833-analisis-y-evaluacion-del-factor-humano-en-los-trabajos-de-auditorias-e-inspecciones-de-seguridad-vial-urbana-en-colombia
https://iopscience.iop.org/article/10.1088/1757-899X/671/1/012092
https://iopscience.iop.org/article/10.1088/1757-899X/671/1/012092

CERQUERA, E A. et al. (2023). Spatial Analysis with Weighted Kernel Groupings to Determine Risk Sectors...
Cuadernos Geogrdficos 62(1), 50-70 70

o Rueda-Villar, O., Cerquera-Escobar, EA. & Pérez-Buitrago, G. (2019). Vulnerable Road Users, Prioritization of
Urban Sectors with High Accident Rates. Review and Evaluation Of Methods. Ing. Solidaria, 15 (3), pp.1-26.
https://doi.org/10.16925/2357-6014.2019.03.04

o Saadat, Soheil; Rahmani, Khaled; Moradi, Ali; Zaini, Salah & Darabi, Fatemeh. (2019). Spatial analysis of driving
accidents leading to deaths related to motorcyclists in Tehran. Chinese Journal of Traumatology; 22, p.148-154.
https://doi.org/10.1016/j.cjtee.2018.12.006

o Sabel, C.E.; Kingham, S.; Nicholson, A. & Bartiel, P. (2005). Road Traffic Accident Simulation Modelling-A Kernel
Estimation Approach. 17th Annual Colloquium of the Spatial Information Research Centre University of Otago,
Dunedin, New Zealand November 24th-25th.

o Saffet, Erdogan. (2009). Explorative spatial analysis of traffic accident statistics and road mortality among the
provinces of Turkey. Journal of Safety Research; 40. pp.341-351

o Silverman, B.W. (1986). Density estimation for statistics and data analysis. New York: Chapman and Hall.

o Shafabakhsh, G.A.; Famili, A. & Bahadori S. (2017). GIS-based spatial analysis of urban traffic accidents: Case
study in Mashhad, Iran. Journal of Traffic and Transportation Engineering (English Edition); 4(3):pp.290-299
http://dx.doi.org/10.1016/j.jtte.2017.05.005

o Tapia, Z.R.; Lange, V.C. & Larenas, S.J. (2009). Factores de deterioro del habitat residencial y de vulnerabilidad so-
cial en la conformacion de barrios precarios: breve revision de algunos programas de barrios en Chile y en region.
Cuaderno trabajo vol. N°1. Santiago, Chile; pp.47-93. ISBN 978-956-19-0656-3.

o Thakali, L.; Kwon T.J. & Fu, L. (2015). Identification of crash hotspots using kernel density estimation and kriging
methods: a comparison. Journal Modern Transportation; 23(2) pp.93-106. https://doi.org/10.1007/s40534-015-
0068-0

» Wang, Kaifeng; Zhao, Xikang; Peng, Biyu & Zeng, Yunmin. (2020). Spatio-temporal pattern and driving factors of
municipal solid waste generation in China: New evidence from exploratory spatial data analysis and dynamic spa-
tial models. Journal of Cleaner Production; pp.1-11. https://doi.org/10.1016/j.jclepro.2020.121794 0959-6526/.

« WHO. (2018). Global Status Report on Road Safety. ISBN 978-92-4-156568-4. Geneva. https://www.who.int/vio-
lence_injury_prevention/road_safety_status/2018/en/

 Xiao, Qin; Ghazan, K. & Noyce, D.A. (2007). A Spatial Statistical Approach to Identifying Snow Crash-Prone
Locations, p.20. TRB 86th Annual meeting compendium of papers CD-Rom.

o Xie, Z. & Yan, J. (2008). Kernel density estimation of traffic accidents in a network space. Computers, Environ-
ment and Urban Systems; 32(5) pp.396-406. https://doi:10.1016/j.compenvurbsys.2008.05.001

o Zhao, S. (2009). Road accidents in China. IATSS Research; 33, pp.125-127. https://doi.org/10.1016/S0386-
1112(14)60251-X

Agradecimientos

A alumnos de pregrado y posgrado del Grupo de Investigacion GIDOT de la UPTC por el apoyo logistico en tomas
de informacién con reduccién y estructuracion de bases de datos.

Contribucion de autorias

Cada uno de los autores contribuyé con las tematicas de su dominio y aplicacién investigativa que se requirieron
para el desarrollo del trabajo y a la vez en los anélisis.

Financiacion

No ha existido financiacion.

Conflicto de intereses

Los autores de este trabajo de investigacion declaran que no existe ningtin tipo de conflicto de intereses.

‘ Creative Commons Reconocimiento-No Comercial 3.0 e-ISSN 2340-0129


https://creativecommons.org/licenses/by-nc/3.0/es/
file:///Users/bertawilhelmicano/OneDrive/motu/rev_cuadgeo/62(1)/documentos/javascript:void(0)
file:///Users/bertawilhelmicano/OneDrive/motu/rev_cuadgeo/62(1)/documentos/javascript:void(0)
https://doi.org/10.16925/2357-6014.2019.03.04
https://biblio.uptc.edu.co:2057/science/article/pii/S0022437509000772
https://biblio.uptc.edu.co:2057/science/article/pii/S0022437509000772
https://biblio.uptc.edu.co:2057/science/journal/20957564
https://biblio.uptc.edu.co:2057/science/article/pii/S0959652620318412
https://biblio.uptc.edu.co:2057/science/article/pii/S0959652620318412
https://biblio.uptc.edu.co:2057/science/article/pii/S0959652620318412
https://biblio.uptc.edu.co:2057/science/journal/09596526
https://www.who.int/violence_injury_prevention/road_safety_status/2018/en/
https://www.who.int/violence_injury_prevention/road_safety_status/2018/en/
https://doi.org/10.1016/S0386-1112(14)60251-X
https://doi.org/10.1016/S0386-1112(14)60251-X

	_Hlk107157760
	_Hlk107165526

