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2 Vulnerable Road Users, Prioritization of Urban Sectors with High Accident Rates

Abstract

Introduction: This article presents a review and analysis of studies that concern research made into “Road
infrastructure design models to improve road safety for vulnerable users, prioritizing the high accident zones
in Bogota D.C."

Objective: To understand the interrelationship between the vulnerable road users, natural surrounding fac-
tors and buildings, based on the determination of the most representative variables for the analysis using

Geographic Information Systems (GIS), applied to the prioritization of areas with high accident rates.

Methodology: It is based on identifying, through review, the known and unknown updated and important results

about accident investigations with regards to vulnerable road users.

Results: The use of multivariable correlation — analysis of groupings that are treated with GIS - to identify the
main factors associated with the seriousness of traffic accidents related to vulnerable road users, allows for the

generation of road infrastructure designs that reduce the risk, based on areas of high frequency of occurrence.

Conclusions: The multi-criteria analysis and Geographic Information Systems (GIS), allow for the prioritization
of areas with high accident rates not only through the evaluation of the quantity of accidents but also by the

evaluation of their conditions, by which causal factors of greater influence are identified.

Originality: Development of infrastructure plans that reduce the risk of vulnerable road users being struck by
a vehicle.

Limitations: The methodology is only applied to urban areas where there is a pre-existing history of accidents.

Key words: vulnerable transit users, pedestrians, cyclists, road infrastructure design, users' behavior, road ac-
cident model of occurrence.

Resumen

Introduccidn: este articulo presenta una revision y andlisis de estudios concernientes a la investigacion rea-
lizada "Modelos de disefio de infraestructura vial para mejorar la seguridad vial para usuarios vulnerables,
priorizando las zonas de altos accidentes en Bogota".

Objetivo: comprender la interrelacién entre los usuarios vulnerables de la carretera, los factores naturales cir-
cundantes y los edificios, a partir de la determinacion de las variables mas representativas para el andlisis,
utilizando los Sistemas de Informacion Geografica (SIG), aplicados a la priorizacion de areas con altas tasas
de accidentes.

Metodologia: se identifica, a través de la revision, los resultados actualizados, destacados, conocidos y des-
conocidos sobre las investigaciones de accidentes con respecto a los usuarios vulnerables de la carretera.

Resultados: el uso de correlacion multivariable (analisis de agrupaciones tratadas con SIG) para identificar
los principales factores asociados con la gravedad de los accidentes de transito relacionados con usuarios
vulnerables de la carretera, permite la generacion de disefos de infraestructura vial que reducen el riesgo, con
base en areas de alta frecuencia de ocurrencia.

Conclusiones: el analisis multicriterio y los Sistemas de Informacién Geogréfica (SIG) permiten priorizar areas
con altas tasas de accidentes, no solo a través de la evaluacion de la cantidad de accidentes sino también a
través de la evaluacion de sus condiciones, asi se identifican los factores causales de mayor influencia.

Originalidad: desarrollo de planes de infraestructura que reducen el riesgo de que los usuarios vulnerables de

la carretera sean golpeados por un vehiculo.

Limitaciones: la metodologia solo se aplica a areas urbanas donde hay un historial de accidentes preexistente.

Palabras clave: usuarios de transito vulnerables, peatones, ciclistas, disefio de infraestructura vial, comporta-
miento de los usuarios, modelo de ocurrencia de accidentes de transito.
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Resumo

Introdugdo: este artigo apresenta uma revisao e uma analise de estudos relacionados a pesquisa “Modelos de
design de infraestrutura viaria para aumentar a seguranca viaria para usuarios vulneraveis, com prioridade as
areas de maior acidentalidade em Bogota".

Objetivo: entender a inter-relagdo entre usudrios vulneraveis das vias, fatores naturais do entorno e edifi-
cagoes, com base na determinagao das varidveis mais representativas para a andlise a partir de Sistemas de

Informacao Geografica (SIG), aplicada a priorizagao de areas com altas taxas de acidentalidade.

Metodologia: esta baseada em identificar, por meio de revisao, os resultados importantes e atualizados, con-

hecidos e desconhecidos, das pesquisas sobre acidentes com respeito a usuarios vulneraveis das vias.

Resultados: o uso de correlagao multivariavel — andlise de grupos que sao tratados com SIG — para identificar
os principais fatores associados com a seriedade dos acidentes de transito relacionados aos usuarios vul-
neraveis permite a geragao de designs de infraestrutura viaria que reduz o risco, baseado em areas com alta

frequéncia de ocorréncia.

Conclusées: a analise mdltipla de critérios e o Sistema de Informagao Geogréfica (SIG) permitem a priorizagao
de areas com altas taxas de acidentes nao somente por meio da avaliagao da quantidade de acidentes, mas

também pela avaliagédo das condigdes, nas quais sao identificados fatores casuais de grande influéncia.

Originalidade: desenvolvimento de planos de infraestrutura que reduzem o risco de usudrios vulneraveis serem

atingidos por um veiculo.

LimitagGes: a metodologia se aplica apenas para areas urbanas onde existe um historico prévio de acidentes.

Key words:

1. INTRODUCTION

The World Health Organization (WHO), in its reports about global road safety (2013
and 2015)[1][2], affirms that half of the deaths due to traffic accidents correspond
to the so-called "vulnerable users of public roads” (pedestrians, cyclists and motor-
cyclists). This is confirmed by the Country Profiles report data (2015)[3], that when
structured for comparison (Table 1), express the impact that accidents have on pe-
destrians, cyclists and motorcyclists; For example, more than 50% of the fatalities
involve individuals that acheive low and middle class economic incomes. Likewise, it
is evident that 90% of the deaths due to traffic accidents are generated in the low and
middle class economic income countries, even though 54% of the total vehicles in the
world are concentrated in these countries. In high-income countries, the percentage
of total deaths and of vulnerable users, according to the number of vehicles, does not
even reach 1% on average, such is the case of Sweden, the United Kingdom, Japan,
Italy, Spain and the United States. Meanwhile, in developing economies such as Brazil,
Paraguay, and Ecuador, high death rates of both total road users and vulnerable road
users are commonplace.
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4 Vulnerable Road Users, Prioritization of Urban Sectors with High Accident Rates

Table 1. Total number of road deaths and deaths of vulnerable road users due
to traffic accidents in countries with high economic development and developing
countries, year 2013.

Country Total Deaths according to the category of vulnerable user Total Deaths of Total
numbeer number of  vulnerable deaths
of registered users according
estimated vehicles according to
deaths due toreistered registered
to transit vehicle (%) (%)
(who) Pedestrian Pedestrian Cyclist Cyclist Motor  Motor
(%) (%) cyclist  cyclist
(%)
Argentina 5,619 10% 562 2% 112 No No Data 23,120,241 0.3% 2.4%
Data
Bolivia 2,476 32% 792 1% 25 10% 248 1,206,743 8.8% 20.5%
Brasil 46,935 20% 9387 3% 1408 28% 13142 81,600,729 2.9% 5.8%
Chile 2,179 39% 850 8% 174 7% 153 4,263,084 2.8% 5.1%
Colombia 8,107 29% 2351 5% 405 44% 3567 9,734,565 6.5% 8.3%
Ecuador 3,164 30% 949 1% 32 % 221 1,721,206 7.0% 18.4%
Paraguay 1,408 21% 296 1% 14 54% 760 1,227,469 8.7% 11.5%
Perd 4,234 24% 1016 1% 42 1% 42 4,264,114 2.6% 9.9%
Uruguay 567 15% 85 3% 17 53% 301 1,991,836 2.0% 2.8%
Germany 3,540 17% 602 11% 389 19% 673 52,391,000 0.3% 0.7%
Australia 1,252 13% 163 4% 50 18% 225 17,180,596 0.3% 0.7%
Spain 1,730 26% 450 4% 69 21% 363 32,616,105 0.3% 0.5%
France 3,268 14% 458 5% 163 24% 784 42,792,103 0.3% 0.8%
Italy 3,721 16% 595 % 260 26% 967 51,269,218 0.4% 0.7%
Japan 5971 36% 2150 14% 836 17% 1015 91,377,312 0.4% 0.7%
U.K. 1,827 23% 420 6% 110 19% 347 35,582,650 0.2% 0.5%
Sweden 272 16% 44 5% 14 17% 46 5,755,952 0.2% 0.5%
USA. 34,064 14% 4769 2% 681 15% 5110 265,043,362 0.4% 1.3%

Source: Structuring data extracted from WHO (2015) and Country Profiles (2015).

The problem of road accidents in Colombia arises predominantly in urban
spaces; 90% of accidents occur in urban areas and the remaining 10% in rural areas.
More than 60% of the events occur in the three main cities, Bogotd, Medellin and Cali,
close to 30% in urban areas of intermediate size and the remaining 10 % occur on the
national road network. With regards to researching the urban area of Bogota D.C., the
problem of road safety means finding most or all of the variables and characteris-
tics that may be presented in the occurrence of traffic accidents in a Latin American
metropolis; a condition that determines results with a high representative character
(Cerquera 2013) [4].

According to the National Traffic Code (Mintransporte, 2002) [5], a pedestrian is
a user who moves on foot on a road and the cyclist is the driver of a bicycle or tricycle,
this type of displacement is conditioned by their own efforts. In the context of road
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safety they are categorized under the concept of vulnerable user. This term refers to all
people who, because of the means of transportation or because of their physical char-
acteristics, age or health, have a greater risk of suffering injuries in a traffic accident.

The accident rate on the roads in the urban area of Bogota is a constant prob-
lem, with 11 % to 13% of the total annual accident rate being incidents involving vul-
nerable road users. This is partly due to factors such as the physical state of the road
infrastructure, the behavior of users and the operational conditions of traffic, as well as
the growth of the population and the total number of vehicles; all factors that increase
the exposure to risk.

The objective of this article is to present a synthesis of the section that concerns
the review and analysis of several of the main studies of accidents of vulnerable users
that have been developed in several countries and that concern the research of "Road
infrastructure design models to improve the road safety of vulnerable users, based
on the prioritization of areas of high accident rate in Bogota DC", in order to guide the
understanding of the interrelationships between the internal factors of the vulnerable
users involved and the factors of the natural environment and the urban surroundings.

According to a report from the District Department of Mobility of Bogota D.C.
(Week, 2016) [5] [6], between 2011 and 2015, bicycle use increased by 30 % from
441135 to 575,356 daily journeys. The city has a network of 376 kilometers of cycle
paths, which have helped with mobility, the environment and the economy of the users
but this data, compared with the data of deaths of cyclists by traffic accidents — that
has increased by 16 % — suggest that in the city, despite the promotion of sustainable
transport, there is evidence that there are security failures for the so-called group of
vulnerable users .

The database that underpins the investigation is the accident rate for 'acci-
dents involving vulnerable road users' of the Mobility Secretariat, SDM, in the years
2014, 2015 and 2016, with 9,409 records that comprise 99% of the total population of
occurrences of accidents in Bogota in the three years analysis. It is considered that
this data set provides an adequate level of representation to perform an exhaustive
review of the subject.

2. METHODOLOGY

The method is framed by the objective; to identify through the revision of the updated
and important results, known and unknown, about accident investigations related to
vulnerable road users, with special relevance in the interrelations of the character-
istics and physical conditions of the road infrastructure along with other variables,
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6 Vulnerable Road Users, Prioritization of Urban Sectors with High Accident Rates

in Spatial Analysis studies. These are standard models that identify and predict the
areas of high occurrence of traffic accidents, as well as grouping methods for their
prioritization, in user behavior and on the design and operation methods, which affect
the occurrence of accidents of vulnerable users. Studies that guide the development
to validate the research hypothesis. Figure 1 presents the synthesis of the method
followed for the review of the topics.

Method

Review and analysis of studies and research on the accident rate of vulnerable users.
Hypothesis: The road accident rate of vulnerable users is related to the characteristics
and physical conditions of the road infrastructure, the behavior of users and the operatio-
nal conditions of traffic, characteristics defined in a model, design and operation, which
affects their priority for its intervention with design and planning objectives

¥

Sources of information: Databases of Science Direct, DOAJ, IEEE Xplore Digital
Library. Scielo Scopus

Review techniques: extensive and exhaustive review of the topics, from which an
important number of documents were selected that address contents related to:
Road Safety of vulnerable road users.

v v v v

Revision:

Revision: Revision: Revision:

Spatial Analysis:
Grouping, Density that
identifies areas of high
occurrence. Correlation,
Pattern models that
identify occurrence.

Variable interrelation
of users' behavior in
road infrastructure
its Systems.
Interaction models

Interrelation of users
with the operational
variables.

Mobility, characteris-
tics speed, volume.

Secure infrastructu-
res Interrelation Land
Use, - Stratification
Variables of behavior
of users on road
infrastructure

|

!

'

|

The updated knowledge on processes, methodological approaches on the subject of
investigation. Review of the methods and analysis of the statistics and geostatistics
that validate the models, processes and methods and the types of evidence.
Updated knowledge in the determination of elements, factors and variables that
interrelated affect the accident rate of vulnerable users

Figure 1. Method and synthesis of the review process
Source: own work

2.1. Review Structure - delimitation of the context

“Road safety should be conceived as a social system, characterized in a holistic way
(Pico, Gonzélez and Norefia, 2011) [7], which includes a variety of activities or pro-
cesses in which different actors interact with each other in physical environments,

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 15, no. 3 /2019 / Bogota D.C., Colombia

Universidad Cooperativa de Colombia



Omar Rueda-Villar, Flor Cerquera-Escobar, Gonzalo Pérez-Buitrago 7

through the use of motorized or non-motorized means of transport. Ideally, this social
system must have a dynamic, free of conflicts and contradictions, since its purpose
is the prevalence of people's lives, in addition to the optimal maintenance of the in-
frastructure”. According to: Nazif, J. Ignacio; Rojas, D.; Sanchez, R. J. and Velasco
E. Alvaro (2006) [8], "Traffic safety is the process of preservation of life, health and
people's property, through the harmonization of coexistence in transport activities". It
involves the life and health of road users as the fundamental aspect in safety, hence
the importance of having good traffic management, well maintained road infrastruc-
ture and an adequate segregation of it.

Cerquera (2015) [9], in his research on Bogotéa DC, stated: "If we look at the
probable causes of accidents that cause deaths and injuries, we can see that there
is a certain population that is more vulnerable such as pedestrians, being the most
exposed inits surroundings, to vehicular flows, with the highest percentage of deaths
and injuries. In the country in general, the pedestrian population generally belongs
to the communities' least prepared to intervene and interrelate with the other flows
and with its surroundings; pedestrians are not aware of their representation in cir-
culation, they are not considered flows that must comply and abide to the rules for
their operation and control that will allow them to advance with due security before
other flows". He also demonstrated that accidents are not random and their space
and time distribution is related to factors that are not only physical-geographical
but also socio-economical that manifest differentially in the territory and with a
multi-causal character.

In the prioritization of high frequency areas, geographic information systems
(GIS) are essential as a support in the determination of accident occurrence models
due to the fact that with its application it facilitates the multicriteria analysis, to spa-
tialize and visualize cartographically the attributes of the most frequent and critical
areas and sectors of occurrence and through its systemic algorithms allows the geo-
statistical treatment of the different variables aimed at obtaining results that define the
pattern of occurrence. Hence the importance of prioritization with the support of GIS;
these identified sectors are highly representative within urban areas.

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 15, no. 3 /2019 / Bogotda D.C., Colombia
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3. DEVELOPMENT

3.1. Spatial Analysis Studies: Standard models that
identify and predict the sectors of high occurrence of
traffic accidents for their prioritization

Investigating the pattern or model of incidence in the occurrence of accidents means
marking the spatio-temporal regularities in the areas and regions under study, these
regularities associate changes and exposure to an intrinsic risk. Through a geospatial
analysis it is possible to show the nature of the problem and the way in which tra-
ditional solutions may or may not reduce the level of risk of an accident (Whitelegg,
1987) [10], this implies that while traffic accidents occur, there is a clear imperative
that's required to perform the spatial analysis in its occurrence, this is a full identifier
of prioritization.

In the search for suitable solutions that aim to reduce the accidents of vulner-
able road users, it is the analysis of the accidents involving vulnerable road users in
the urban area that will serve as the guide to the recognition of the causes of these
as well as the use of systems of georeferencing that allow for the analysis of priori-
tization of critical zones or sectors using multicriteria evaluations that contribute to
the identification of the road safety deficiencies of the urban areas of the cities. The
identification of these zones and sectors, prioritized by their representativeness, will
allow for the continuation of this analysis in determining the variables and parame-
ters that determine a standard pattern of occurrence of accidents of vulnerable users
(Cerquera, 2015). [9]

Likewise, Cerquera in his research significantly determines that the occurrence
of traffic accidents has a territorial and temporal component that are strongly related
to the physical and socioeconomical characteristics of the analyzed space; a funda-
mental state that visualizes the interrelation between variables to achieve significant
predictions of occurrence of accidents to be able to influence their prevention. From
there, it menetions that the knowledge of road safety investigations with applications
in GIS are widely used to geocode the location, find trends and accident patterns so
as to develop maps that visualize the interrelationships and systematize the queries
of the attributes that support the locations, which in turn support and describe distri-
bution patterns and multivariate analyzes in their spatiality (Levine et al., 1995 part |
and 1995 part II) [11] [12].

Lord, D., Washington, S. P, Ivan, J. N. (2005) [13], provide guidance on how
to appropriate accident data for modeling. First, the accident analysis must use the
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theoretical principles and a basic understanding of the process, where it is initially
shown that the fundamental process follows a Bernoulli test with unequal probability
of independent events (Poisson). It examines the evolution of the statistical models
that are applied and present how well they approach the accident process. In addition,
they demonstrate that under certain (fairly common) circumstances, the selection
of time / space scales for analysis, including a selected set of explanatory variables
and / or heterogeneity effects not observed in regression counting models, or the
application of small area statistical methods (observations with low exposure), is fairly
applicable for data sets with a preponderance of zeros (low exposure).

In the prioritization of sectors with higher accident rate, references should be
oriented on the degree of concentration; through spatialization , where the fluctuation
of dynamics are shown in response to changing traffic flow patterns, as shown by
Affum and Taylor (1995) [14], Austin (et al., 1997) [15], with Kim and Levine (1996) [16]
and Miller (1999) [17] in their studies of grouping analysis. Other researchers such
as Pulugurtha (et al.,, 2007) [18] and Cerquera (2015) [19], used important algorithms
in GIS for the analysis. They used the concept of ‘cell' or ‘grid' based on the density
calculation analysis — the concentration of collisions to detect the high frequency
points —. For this they used the Kernel Density.

Other results from the investigation of Cerquera (2015) [19], using the Kernel
Density methodology, determined that in the urban area of Bogota DC, over a period
of five years, that twelve (12) sections and thirty-nine (39) intersections, emerged as
the areas that consistently and repetitively, produced the majority of traffic accidents
(Figure 2) in contrast to the initial analysis currently developed. Several of these sites
continue to suffer high occurrences (Figure 3). This analysis is based on the detection
of hot spots, the determination of greater spatial statistical delimitation of sectors, due
to its sophisticated mathematical algorithm. In contrast, Greibe (2003) [9] [20], used
general linear modeling techniques to relate accident frequencies with explanatory
variables and Cerquera (2015) [19], using multicriteria analysis in high-risk areas uses
a weighted correlation, identifying variables, though interrelationship models using
geographic weighted regressions GWR, with high significance value, that could predict
the expected number of accidents at intersections and stretches of urban areas.
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Figure 2. Intersections and Hot Spot streches in run overs (2007-2011) in Bogota D.C
Source: Cerquera, 2015 [19].
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Figure 3. Intersections and streches with high frequence of run over accidents
(2012-2014) in Bogota D.C

Source: Rueda and Cerquera (investigation on development).
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Builes, L., and Lotero, L. (2013) [21], used GIS to make an overlay of information
layers that allowed them to perform a multicriteria (multivariate) prioritization of zones
and thus define by which of these to start the intervention of the dependent variable (in
this investigation number of accidents). The most critical areas are those that exceed
the national normative ranges in the explanatory variables, referring to: land use, also
involving population densities and series of morbidity and mortality rates. Bocarejo
(2011) [22], analyzed the characteristics of fatal accidents that occurred in Bogota,
using the K-means algorithm, demonstrating the potential of grouping techniques to
identify the specific combinations of the elements that are most affected. The results
show that two pairs of interactions characterize the majority of fatal road accidents:
public transport and pedestrians, public transport-motorcycle.

3.2. Studies on secure infrastructure

The safety of vulnerable users on urban roads is partly related to the design of these.
Efforts of organizations such as the World Resources Institute that provide a vision
of road safety through urban road design to achieve sustainable cities through the
document " Safer cities through design” (Welle et al, 2016) [23], expose experienc-
es of cities that have dared to make changes in the distribution and management
of vehicular flows in order to improve the safety of vulnerable users. Some of these
countermeasures modify the widths and length of straight sections of vehicular roads
or introduce physical elements: speed reducers, pavement extensions, roundabouts,
mini roundabouts, intersections and overpasses. It also suggests that cities imple-
ment segregation of flows, improved connectivity and visible road signs, in order to
achieve pedestrian and cyclist-friendly streets.

Harry Dupree (1987) [24], understanding the importance of urban design for
road safety, developed a document that describes the logical sequence to be em-
ployed when implementing a new city. The document includes introductory chapters
that provide historical background on the establishment of urban center planning and
development of urban transport. Other chapters focus on the master plans, transport
plans and the main road network of different cities through a series of illustrative case
studies whilst other chapters describe the impacts and responses of ttransportation
in residential, commercial and industrial land uses. The last chapters focus on public
transport, pedestrian movements, cycling, and parking within cities.

The statistical properties of four regression models, two conventional linear
regression models and two Poisson regression models, are investigated (Miaou, SP,
Lum, H., 1993) [25], in terms of their ability to model relationships between accidents
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12 Vulnerable Road Users, Prioritization of Urban Sectors with High Accident Rates

and the geometric design of roads. The study identifies the possible limitations of
these models in relation to their assumed underlined distribution, estimating the pro-
cedures of the functional form of the accident rate and sensitivity to short stretches of
road. The treatment of vehicle exposure and traffic conditions, and the uncertainties of
the data due to sampling and non-sampling errors are also analyzed. It is shown that
the conventional linear regression models lack the distributive property to adequately
describe accident events of aleatory, discrete, non-negative and typically sporadic
vehicles on the road (Miaou, 1994) [26]. As a result, these models are not appropriate
for making probabilistic statements about vehicle accidents, and the test statistics
derived from these models are questionable.

Tripodi, A. (et al., 2012) [27], worked on the SaferBrain project, where the result
is the analysis of the different behaviors of road users for the populations of India and
Brazil in accident situations. The system analyzed the road infrastructure giving a cor-
rective approach to the causes of accidents involving vulnerable users (pedestrians
and cyclists), as well as giving a preventive focus on new infrastructure.

Ruth Sims (et al., 2011) [28], conducted another study, within the same project,
where the objective was to increase the level of safety of the entire road system and
its components, focusing on vulnerable users of these and contributing in the reduc-
tion of the number of deaths and severity of injuries caused by traffic accidents in
emerging economies. This involved analyzing local requirements, and evaluating the
transferability of European measures, tools and methodologies adapted to emerg-
ing economies, elaborating recommendations, guidelines and tools for the design of
safe road infrastructures for vulnerable users under pilot projects and the training of
policyholders.

Constanza Martinez (2016) [29], wrote an article that shows five (5) strategies
proposed by the National Association of City Transportation Officials (NACTO). These
describe different types of elements that can be implemented in different types of
intersections of a city in order to improve the mobility and safety of pedestrians and
cyclists. The flve NACTO proposals seek the appropriate segregation of the circulation
atintersections and the reduction in the speed of drivers. For this they propose various
modifications to the road surroundings, such as the implementation of pedestrian
islands, clear and striking demarcation of transit areas for separation of the circula-
tion, eliminating car turns (left or right), using fences at corners, elevated pedestrian
crossings and elevated intersections.
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3.3 Vulnerable users by their behavior in the cities

Since 1975, G.M. Mackay [30], published a rigorous study in which he considered that
the most vulnerable users of the road were pedestrians, cyclists and motorcyclists.
He carried out an analysis of fatalities and serious injuries for each type of vulnera-
ble user according to their age, finding out that the ages in which the majority of the
victims were: pedestrians from 2 to 22 years old and over 60 years of age reaching
a maximum at ages 7 to 8, cyclists from 5 to 20 years with a maximum at age 15,
motorcyclists from 16 to 30 with a maximum at age 16. For some of the causes of
accidents, Norton (2007) [31] and Mackay, point to jaywalking emphasizing on the
segregation of the circulation of: cars, pedestrians and cyclists, with an insufficiency
of lighting as a dominant factor in accidents of pedestrians and cyclists. In another
report, he presents the analysis of the types of collisions that may occur and de-
scribes what happens to pedestrians and cyclists at the time of being run over by a
car. Observing whether the speed is high or low, he found that 60 % of serious and
fatal injuries arose from the initial impact of high-speed automobiles.

He also deduced that pedestrians predominantly make errors by omission
when they intervene on the road, since they do so without any kind of visual evalu-
ation and prior cognitive recognition. UPCommons [32] (Factors causing accidents)
evaluates the behavior of road users as one of the causes of accidents due to the fact
that humans are prone to distraction.

V.P. Sisiopiku, D AkIN (2003) [33], conducted a survey on an urban boulevard,
located adjacent to the campus of Michigan State University, East Lansing, MI, United
States, in order to identify the preferences of pedestrians when crossing the street.
This study demonstrated that 41 % of pedestrians cross the street in inconvenient
places, which means that 59 % of pedestrians cross the street in the designated area.
Rolla Almodfer, Shengwu Xiong, Zhixiang Fang, Xiangzhen Kong, Senwen Zheng (2016)
[34] investigated, with probabilistic processes, the relationship between pedestrian
waiting time and pedestrian-vehicle conflicts, dividing conflicts into: serious, minor
or potential. The results showed that a waiting time of less than 3 seconds, causes
881 situations of conflict between pedestrians and vehicles, and that for times of 30
seconds, the number of serious conflicts decreases (from 194 to 9), which allows us
to perceive that patience when crossing the road is appropriate and useful for safety.

Scott A. Bennet, Nikolaos Yiannakoulias, (2015) [35], identified traffic character-
istics in pedestrians under the age of 14 when crossing an intersection or being in the
middle of the street. It was estimated that to avoid accidents involving children going
to school, routes must be proposed in which the number of intersections along the
way are reduced. Zohreh Asadi-Shekari, Mehdi Moeinaddini, Muhammad Zaly Shah

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 15, no. 3 /2019 / Bogotda D.C., Colombia
Universidad Cooperativa de Colombia



14 Vulnerable Road Users, Prioritization of Urban Sectors with High Accident Rates

(2015) [36], conceptualize the pedestrian safety index (PSI), to evaluate pedestrian
safety on several urban streets. By inspecting pedestrian facilities, a points system
method is proposed to compare existing conditions to a standard. This allows for the
identification of possible improvements and in this way, designers can use these re-
sults in the implementation of safe routes for pedestrians. Zheng, Chase, Elefteriadou,
Schroeder, Sisiopiku V. (2015) [37], analyzed the behavior of pedestrians when cross-
ing the street in forbidden areas and the drivers' reactions, which proved that the bad
habits of pedestrians of not crossings safely and the eagerness of drivers to move
faster, are two of the main problems that produce accidents on the roads.

In accordance with the above, the District Department of Mobility of Bogota
D.C. (Mayor's Office of Bogotd, 2016) [38], in its publication: Bogota invites its citizens
to contribute with their ideas to improve child mobility, pointing out that “in the capital,
children under the age of 13 make close to 739,000 daily trips, mainly to and from their
schools.”, and in the Global Guide for the design of safer streets and communities
(2014) [39], it tells us that traffic collisions are the leading cause of death of young
people between the ages of 15 to 29 years old, and the second worldwide cause of
death for children from age 5 to 14; worrying figures that are a guide to the measures
that are being taken for the safety of children and young people.

In the analysis of accident rates for pedestrians and cyclists in their nocturnal
displacements, Richard D. Blomberg, Allen Hale, David F. Preusser (1986) [40], con-
ducted a field experiment to determine the amount of improvement in the visibility
of pedestrians and cyclists who travel at night using various retroreflective materials
and lights, in order to measure the distances of detection and recognition. Once the
tests were carried out, it was determined that: light colored clothes do not improve the
safety of pedestrians and cyclists; The best method to be detected and recognized is
by using a flashlight. Additionally, putting on a vest or reflective strips is not as effective
as the flashlight but is better than wearing a white shirt.

Alcohol in pedestrians is another factor. Studies by Haddon et al, (1961) [41],
Solheim (1964), in which blood samples were taken from fatally injured users and
examined to see how many of them had liquor in their system, significant values were
found. Being drunk according to Internet Point and Insurance Reduction Program
(2016) [42], implies that various functions of the organism lose control, resulting in
reduced reflexes, vision and the ability to make decisions; which is indispensable when
driving or crossing the street. Other affecting factors according to the UPCommons
[32], are mainly, the eagerness to circulate, the mood and distraction by publicity.
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3.4. Vulnerable users due to deficiency in the transit
operation
Accidents on the road are not only due to factors such as the poor conditions of
the design and construction of the road infrastructure, but also due to the operating
conditions of the traffic control devices. In 2015, the Pedagogical and Technological
University of Colombia, in agreement with the District Department of Mobility of
Bogota DC, performed an analysis on Road Safety Inspections and Audits in the ur-
ban area,(Cerquera, Pérez and Guio, 2015) [43]. One of the most frequent findings
demarcated as high-risk for accidents involving cyclists and pedestrians, were the
intersections operated with traffic lights in which one of its traffic light phases (with
turns of vehicles allowed to the right) came into conflict with pedestrian circulation
time. This infers that having a coordinated distribution of time in pedestrian traffic
lights reduces the risk of run over accidents at the intersections, as this ensures that
slower pedestrians cross the street in a safe and prudent time.

Another key to safer operation is the segregation of the circulation of vulner-
able road users. This approach is conceived in the service of humanity since 1975
according to Mackay's (1975) [ 30], yet these days it is still not a priority in the urban
design of most of the main Colombian cities. Bogota D.C. and other capital cities, due
to their constant growth, still show weaknesses in urban planning because they do
not observe nor delimit the space requirements for the segregation of the different
traffic flows.

In 2015, Xiaobao Yang, Mei Huan Mohamed Abdel-Aty Yichuan Peng, Ziyou
Gao [44] conducted an analysis of the behavior of cyclists and motorcyclists during
the waiting time at a traffic light. The study was carried out at some intersections in
Beijing China, with a total sample of 2322 cyclists, 1144 conventional cyclists and 1178
electronic cyclists, who were approaching the intersections during periods of red light.
The waiting duration was treated as a continuous aleatory variable T, with a cumu-
lative distribution function. In the study of the cyclists, it is noticed that the selected
individuals prepare to make the crossing hastily during the red time due to the long
waiting periods. Some cases did not reach 49 seconds and 21% of the sample made
the crossing without waiting. It was found that motorcyclists are more impatient than
conventional drivers, like male drivers in relation to female drivers. Users tend to wait
longer if fewer of them venture out to cross, showing the incidence and impact that
their actions have on other people.

Peng Chen (2015) [45] related factors of urban surroundings and accidents of
cyclists with cars. In this, a random effects Poisson-lognormal model was used along
with a Hierarchical Bayesian estimate, for which variables were used such as: number
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of displacements by bicycle in relation to the total number of displacements, the zonal
average of speed limits, the average gradients by zones, the tree density in the streets
and parking signs. Recommendations were obtained that allow for the reduction of
collisions between cyclists and drivers, among which there is the reduction of the
regular speed limit, driving behaviors in areas of mixed use of the street and building
bike lanes separated from motorized traffic.

Tarek Sayed, Mohamed H. Zaki, Jarvis Autey (2013) [46], developed a diagnostic
approach to automated security for the assessment of vehicle-cyclist conflicts, using
videos for continuous observations at the entrance of the Burrard Bridge in Vancouver,
British Columbia. Traffic conflicts were detected and classified according to the time
of collision. It also records the violations to the traffic signals by the vehicles. With the
previous information, a diagnosis is obtained which allows for the perception of the
problem and thereby generate possible countermeasures. The main one of these was
to improve the road signs and use higher performance signals.

Roshandeh, A, Li, Z., Zhang, S., Levinson, H., & Lu, X. (2016) [47] simultaneously
evaluated the global impacts of vehicle and pedestrian accidents caused by the opti-
mization and synchronization of traffic lights in the dense networks of urban streets.
An empirical Bayesian analysis method was introduced to estimate the safety impacts
of traffic light optimization at an intersection in a network of urban streets in terms of
vehicle collisions with pedestrians at intersections, as well as individual and multiple
vehicle collisions in segments of the street. The results show that the vehicle with
pedestrian collisions at the intersections are reduced to different degrees and types
of severity of accidents. These indicate that the optimization of intersection signal
synchronization in dense urban street networks have a potential to improve traffic
mobility, vehicle and pedestrian safety at intersections, and the safety of vehicles in
the segments of the road.

Peng Chen, Chaozhong Wu, Shunying Zhu (2016) [48]; Agliero & Jovanis (2009)
[49], performed a spatial statistical approach that offered the possibility of capturing
spatial autocorrelation under precisely estimated parameters that were in-turn relat-
ed to the Poisson-lognormal conditional autoregressive model and the multivariate
Poisson Bayesian logistic model. The investigations explain the interaction between
vehicles and pedestrians in pedestrian crossings and half block crossings. The ob-
jective of the model is to describe the perception and judgment of pedestrians and
drivers when crossing the street, for which it handles parameters with which users
must comply when traveling on the road. The spatial statistical approach offers the
possibility of capturing spatial autocorrelation with precisely estimated parameters.
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Jamroz, K., etal. (2014) [50], test a road safety system equipped with road safety
management, road safety inspections and road safety audit tools. It was designed to
improve the designs of the roads and provide a treatment (ex-post), which improves
the safety conditions of constant users. It suggested that if these tools are applied
correctly it could reduce the risks of death and injury of users of the roads.

Gomaa Mohamed, Nicolas Saunier, Luis F. Miranda Moreno, Satish V. Ukkusuri
(2013) [51], conducted an analysis that shows how the segmentation of accident da-
tabases help to better understand the complex relationship between the results of
the severity of the injury and the contribution of the constructed geometric surround-
ings and sociodemographic factors. Using the same methodology for two different
databases, various techniques were tested. Within the New York databases, a latent
class with an ordered probit method provides the best results. However, for Montreal it
found that pedestrian age, type of location, age of the driver, type of vehicle, K-means
with a multinomial logit model is more appropriate. Among other results, the driver's
alcoholic behavior, the lighting conditions and various characteristics of the urban
surroundings influence the probability of fatal accidents.

3.5. Synthesis modeling methods for the analysis of
accident data

Table 2 presents the synthesis of the specific methods applied in the investigations
that have been reviewed and that were used for the analysis and to deal with accident
frequency data.

4. DISCUSSION

The bibliographical review revealed that the problem of safety for vulnerable road us-
ers, is not as recent (of the XXI century) as you might believe. The problems began
when the first cars appeared on the roads in the 20s. Back then, the responsibility
in case of a crash would not have corresponded to the driver, but to the pedestrian
[31]. Since then, especially in the urban areas of cities, it has been determined that
the problem is not in the lack of the formulation of strategies, because there are a
significant number of studies dealing with the subject, but that it lies in a deficiency of
multi-causal, multivariable interrelation analysis. A study to highlight is that of Harry
Dupree (1987) [24], who did an excellent analysis, formulating different approaches
and spaces with the levels of representation.
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The safety of vulnerable road users includes different factors that involve the in-
frastructure of public spaces, the interaction of users before it, the segregation of roads,
the behavior of users before other users and society. The identification of the factors
that cause road accidents have taken on strength and importance. Organizations such
as the WHO [1], [2] have warned about the problem and have generated strategies for
local governments aimed at the mitigation of these and that require great efforts to
reduce the threat of accidents in cities [38].

The Bayesiano method is one of the most widely used method in accident fre-
quency models. This estimation method has been gaining popularity due to advances
in computer systems (Gilks et al., 1996) [52]. The Bayesiano model has the advantage
of being able to handle very complex algorithms, especially those that do not have
easily calculated plausibility functions. Thus, it can be deduced that using the Markov
Chain Monte Carlo (MCMC) methods, an estimation model based on the appropriate
sampling for Bayesiano models can be managed.

Table 2. Summary of the research reviewed and its model used to analyze acci-
dent data.

Type of model

Some considerations of the model Some reviewed investigations
and method

Poisson Most basic model; easy to estimate Miaou, S. P., Lum H., 1993; Miaou, S.
P (1994); Lord, D., Washington, S.p.,
Ivan, J.N. (2005); Chen, P. (2015);Peng
Chen,Chaozhong Wu, Shunying Zhu
(2016);Aguero-Vlaverde and Jovanis,
(2008)

Since the dependent variable is a whole non-ne-
gative number, in the majority of the most recent
knowledge in the field the Poisson regression
model has been used as a starting point.

It has been found that its application is proble-
matic because it cannot handle over and low
dispersion.

Negative Binomial/ Easy to estimate and may account for over Miaou, S. P(1994); Lord, D., Washing-
Poisson-gamma dispersion. The negative binomial model (or ton, S.P, Ivan, J. N. (2005)
Poisson-gamma) is an extension of the Poisson
model to overcome possible excess dispersion in
the data.

The model assumes that the Poisson parameter
follows a Gamma probability distribution. The re-
sults of the model in a closed-form equation and
the mathematics to manipulate the relationship
between the average and the structures of the
bonding is relatively simple.

Itis one of the most used models in the analysis
of accident frequency, however, the model has
its limitations, especially in its inability to handle
the low dispersion of data, and presents some
problems of dispersion estimation parameters.

(continda)
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Type of model
and method

Some considerations of the model

Some reviewed investigations

Poisson-lognormal

More flexible than Poisson-Gamma when handling
excess dispersion.

Recently, some researchers have proposed using
the Poisson-lognormal model as an alternative to
the negative binomial / Possion-Gamma model
to prototype accident data. This is very similar to
the negative binomial / Poisson-Gamma model,
where only the terms of the Gamma change distri-
buted by the Lognormal.

Miaou et al., (2003); Lord and
Miranda-Moreno, (2008); Chen, P.
(2015);Peng Chen, Chaozhong Wu,
Shunying Zhu (2016); Aguero-Valver-
de and Jovanis, (2008)

Observations-co-
rrelation-indices.
Experimental
Evaluation

Handles temporal and spatial correlation.

There may be reasons to expect a correlation
between observations. This correlation could
arise from spatial considerations (data from the
same geographical region can share unobserved
effects), temporal considerations (where data
collected from the same observation unit during
successive periods could be shared in their unob-
served effects) or a combination of the two.

Almodfer, R, Xiong, S., Fang, Z.,
Kong, X., & Zheng, S. (2015): vi. Ben-
net, S., & Preusser., D. (1986); Greibe.,
P (2003); Peng Chen, Chaozhong Wu,
Shunying Zhu (2016); Gomaa, M.,
Saunier, N., Miranda, L., & Ukkusuri,
S. (2013); Haddon, W., Valien, P., Mc-
Carroll, J.R., & Umberger, C.J. (1961);
Jamroz, K., et al. (2014); Mackay, G.
(1975); Ruth, S. (etal., 2011); Sayed,
T., Zaki, M., & Autey, J. (2013); Zheng
Y., etal. (2015); Sisiopiku, V., & Akin,
D. (2003).

Bivariate / multiva-
riate, Spatial analy-
sis correlation. GIS
application.

You can model different types of accidents in a
simultaneous way; functional form more flexible
than generalized estimation equation models (you
can use non-linear functions)

Cerquera (2013); Cerquera, E.F.A
(2015); Builes, L., y Lotero, L. (2013):
Affum, J.K,, &M.A.

P. Taylor (1995); Austin, K., Tight,

M. and Kirby, H. (1997); Gomaa, M.,
Sunier., N., Miranda, L., &Ukkusuri, S.
(2013); xix. Greibe, P. (2003); Levine,
N., Kim, E. K. and Nitz, H.l. (1995);
Kim, E.K.,& Levine, N. (1996);Miller,
(1999); Pulugurtha,S.S., Krishnaku-
marV.K & Nambisan, S.S (2007); Si-
siopiku, V., & Akin, D. (2003); Bocarejo
J,Diaz C. (2011).

Bayes parame-
ter estimation
methods

The Bayesiano method is one of the most widely
used method for accident frequency models.

This estimation method has gained popularity
due to advances in computer systems. (Gilks etal.,
1996).

The Bayesiano model has the advantage of being
able to handle very complex methods, especially
those that do not have easily calculable plausibi-
lity functions.

Using Markoy Chain Monte Carlo (MCMC)
methods, an estimation model based on the
sampling that is suitable for Bayesiano models
can be managed. It can handle complex forms of
functional models.

Chen, P. (2015); Peng Chen,
Chaozhong Wu, Shunying Zhu
(2016); Roshandeh, A, Li, Z., Zhang,
S., Levinson; H., & Lu, Valverde and
Jovanis, (2008)

Source: own work
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5. CONCLUSION

The studies and analyses reviewed here show, in their generality, the frequency of
accidents with an approach to the problems in terms of the attributes of their occur-
rence. To address these problems, innovative methodological approaches have been
introduced to try to improve the level of representativeness of the results. In recent
years in particular, this current of innovative procedures and methods has introduced
some very important statistical approaches that validate with high levels of certainty
the variables that affect the occurrence of accidents; models of aleatory probabilis-
tic parameters of Lognormal, Poisson and Bayes type estimates. Equally important
are the grouping and spatial analysis that are then treated with high correlation re-
gression models and geostatistics to identify the main factors associated with the
severity of vulnerable users. In addition, the methods of observation are later used to
achieve correlation and analysis with simulations to generate deductions under the
Experimental Evaluation. There are also others that when applied, are very promising
to improve the understanding of the factors that affect the frequency of accidents.

The complexity in the use of these methods requires special training and
knowledge in statistical and geospatial analysis which often prevent the application
in the practice of these mathematical methods. Additionally, these approaches, are
generally combined with spatial tools such as Geographic Information Systems (GIS),
and visually display the results, representing an innovative research approach. These
methodologies have been hardly used by the administrations of the Colombian cities,
unaware of the rational and appropriate application of these.

Research on the clustering regression approach involve a multi-criteria anal-
ysis approach that include a wide range of factors; urban surroundings, a geometric
design, the interrelationships between vehicles and vulnerable users, studies that sup-
port traffic engineering, planners and those who take decisions; all aimed at solving
the factors related to accident injuries.

Results of the studies and investigations generally point out the mixture of the
different flows in the circulation and the road user as the most recurrent in the acci-
dents due to their behavior. Human beings are prone to distractions which are incident
factors that cause accidents. Likewise, they infer that pedestrian predominantly make
errors by omission when they use the road, since they do so without any kind of visual
evaluation and prior cognitive recognition.

According to the review, it was observed that the integration of GIS, along with
multicriteria analysis, is key in the identification of high accident rate zones. They
allow for the processing of large amounts of data (Big-data under geodatabases),
facilitating its visualization by means of dense images, in a scaled (pixelated) format,
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established with high levels of significance and representativeness due to their values
of standard deviation and which in turn can address the urban design criteria for the
most vulnerable users of the road.
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