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Abstract. The article discusses the interface between the influence of the urban climate and the traffic
accident, there are as reference the results of the research carried out for the Araraquara case, SP, Brazil.
Initially presented a brief analysis of urban mobility, geoprocessing (GIS) and the climatic importance in

relation to urban sustainability. The article analyzes the urban climate of Araraquara, especially with regard to
solar radiation on city streets and green areas. It was based on the premise that there is a correlation between
the urban microclimates and the variables related to the traffic accident. Thus, a georeferenced mapping of the
urban geometry was carried out by associating the climatic variables such as solar radiation, temperature and
humidity of the air, to three parameters related to the traffic accident were chosen from the a) traffic accident

with victim, b) without victim and ¢) motorcycle. At the end, the article proposes how the results found can

reduce traffic accident and contribute to urban planning

1 Introduction

The United Nations has coordinated global efforts for the
Action for Traffic Safety 2011-2020, in which
governments around the world are committed to take
new measures to prevent traffic accidents, which kill
about 1.3 million people per year. [15] In May 2012, the
UN General Assembly, through a resolution, reinforced
a request for Member States and other interested actors
to engage in the actions of the Decade. [15]

In Brazil, an effort has been made through the Sdo Paulo
Movement of Traffic Safety (Infosiga) - a government
program of the State of S3o Paulo (SP), which aims to
reduce by the half the number of traffic deaths until 2020
- registered a decrease of 4 , 8% in fatalities due to
accidents throughout all the State, in the first quarter of
2017. The data reinforce the reduction trend already
verified throughout the year 2016, when there was a
decrease of 5.6% compared to 2015. (SP_19 / 04/2017)
[16] According to Infosiga-SP, there was a decrease of
4.8% compared to the first quarter of 2016. Men and
young people lead the statistics.

One of the factors that contributed to the reduction of
traffic accidents were urban mobility interventions. The
relationship between traffic accidents and urban mobility
is an attribute of cities and refers to the ease of
movement of people and goods in urban space defined
from transportation planning to urban planning,
highlighting the aspects of the built environment in
search of the quality of life of the city. Urban
interventions should consider the diversity of urban
design and density of land use, distance to the transport
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system and accessible destinations, or dimensions of the
environment built as density, linked to good transport
systems with the aim of promoting sustainable mobility.
Subject that receives more attention and special interest
from all government authorities.

However, there is a large gap - of knowledge and
understanding - between environmental behavior and
climate dynamics (radiation, rainfall, heat emission,
influence on air circulation) that are responsible for the
movement of vehicles and pedestrians on city streets.
[11][14].

Cities that consider the policies related to the integration
between mobility and urban sustainability ensure greater
efficiency and dynamism of urban functions, with
greater and better circulation of people and goods. This
is reflected in the valorization of the public space, in the
sustainability and in the development of the city,
reconciling the environmental, social and economic
dimensions. [7]

In this research was studied a methodology of
environmental evaluation of traffic accident for urban
areas, it was tried to identify the places and their
respective factors and generate greater accident
occurrence with the use of a geoprocessing tool QGIS;
allows the identification of spatialisation of accidents
and the generation of products, such as thematic maps
produced, which are very important tools, making it
possible to investigate the causes and make decisions to
prevent future occurrences.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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From these traffic accident maps constructed with the
QGIS, it was identified the climatic parameters,
responsible for the increase in the number of traffic
accidents. It allows reflecting on the various dimensions
of sustainability as well as highlighting the importance
of environmental assessment in the urban climate and
also considering the social and economic aspects related
to the prevention of the number of traffic accident
occurrences.

1.1 Urban Mobility, GIS and Climatology

1.1.1 Urban Mobility and Traffic Accidents

According to the Ministry of Cities [8], urban mobility is
defined as an attribute of cities that refers to the
ownership of displacements of people and goods in
urban space. The urban displacement is carried out
through vehicles, roads, sidewalks and involves all the
infrastructure that enables people to come and go.
According to what a certain area develops, there must be
adequate means and infrastructure that promote the
sufficient displacement of goods and people [9].

Urban mobility plans for Brazilian cities can be carried
out using tools for diagnosis and guidance. One of these
tools is Federal Law No. 12,587 / 2012, known as the
"Mobility Law" [8]. This law regulates the management
of mobility policy in Brazilian cities. According to this
law, it is possible to define principles and guidelines
compatible with the concepts of sustainable urban
mobility, making mandatory the elaboration of an Urban
Mobility Plan, integrated and compatible with the
respective master plans or inserted therein, for
approximately 3,065 municipalities (more than 55% of
all Brazilian municipalities). The law also establishes the
need for a systematic evaluation, revision and updating
of the Mobility Plans, making it essential as a tool to
evaluate and control the mobility conditions in the
municipalities.

Public agencies are aware of the problems faced by most
Brazilian cities about urban mobility that suffer from (1)
indiscriminate use of cars, (2) increased congestion, (3)
energy consumption and noise generated in the
transportation sector, (4) urban climate .

In this way, the data of the indicators of the planning of
the road system must be adjusted, considering the
knowledge of the technical team that carries out the
study, to better reflect the local conditions. In this
respect, the planner's view of the city's urban network
will allow the detection of road systems that develop
particular dynamics with the interurban space that are
influenced by climatic conditions, which when not
observed cause accidents or trampling of people and / or
animals . Traffic accidents like any harmful event that
involves the vehicle, the road, the man currently causes a
large amount of lives to be lost annually.

1.1.2 Geographic Information System (GIS)

The term Geographic Information System (GIS) and its
synonym Geographic Information System used in North

America is often applied to geographically oriented
computing technology, integrated systems used in
substantive applications, and more recently a new
discipline that is generating great interest worldwide. [3]
Every day, in different parts of the world, people ask
questions like these: Climatologist: "How has the hole in
the ozone layer changed in the last 10 years"? Planner:
"How has the distribution of urban and rural population
changed between the last two censuses"? [4] All these
questions and many others similar to them are related to
patterns and geographic processes on the Earth's surface.
As professionals in these fields know very well,
answering these questions requires access to geographic
information that is characterized by its multidimensional
nature. (X, y, z coordinates and time), its large volume
and high processing cost. The architectural design of a
building may present geographical problems, such as in
disaster management, but only on a very detailed or local
scale. The information required for the provision of the
building is also local - the size and shape of the plot, the
vertical and underground extension of the building, the
slope of the building and its accessibility using normal
and emergency infrastructures. The global spread of the
SARS epidemic in 2003 from avian influenza in 2004
was a much broader and more widespread problem
involving information on entire national populations and
global transport patterns. Data, information, evidence,
knowledge, wisdom, compose an information systems
which help us manage what we know, facilitating
organization and storage, access and retrieval,
manipulation and synthesis and the application of
knowledge to problem solving. [4]

The GIS solves an old problem of general scientific
knowledge with specific information resulting in a
practical value to both. In this research the geographic
problems of traffic accidents with / without victim and
motorcycle are verified. Facts that occur in many parts of
Brazil and other countries.

Geographically Brazil is formed by tropical regions,
where is common the abrupt climatic changes caused by
the displacement of air masses, that is, the entrance of
frontal systems that alter the perception of the sensation
of thermal comfort by the individual.

In order to demonstrate this fact, it was investigated the
mapping of traffic accidents, classified in occurrences
with and without victim and motorcycle from pre-
defined symbols in the urban configuration of the city of
Araraquara and identifying through the meteorological
station of INPE and the Secretariat Security through the
Civil Defense and the Urban Mobility Coordination
through the action of the Traffic Agents.

1.1.3 Climatological importance related to urban
sustainability

» The influence of climatology on the behavior of
the inhabitants of a city.
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The current climatic problems are due to environmental
factors, the individual identifies the effects of
atmospheric environments which, in turn, depend on age,
social group, culture and experiences among other
factors. This study evaluated the perception of the
weather and climate conditions of the inhabitants of the
medium size city of Araraquara, SP. It is important to
emphasize that this city is located in Brazil, known as a
country with tropical climate, presents diverse climatic
characteristics in its various regions.

The behavior of the inhabitant of the city is influenced
by the human thermal comfort also depends on socio-
cultural factors, that is, the patterns of thermal comfort
vary according to the adaptation of the individual to his
environment. For example, people living in hot climate
regions in Brazil are more adapted to heat and are less
cold tolerant; and the same happens with those who live
in colder regions, which are less heat tolerant and more
adapted to the cold. [11]

» How weather factors can influence urban
mobility.

The climatology will influence the habits of the human
being, in the form of the building or in the urban climate,
as well as in the local culture. Today, there is a growing
public interest in the quality of urban spaces in cities,
which contributes to the quality of life of the population.
Thus, knowledge of climatic factors such as visible solar
radiation, relative air temperature and humidity,
atmospheric pressure, winds, cloudiness, precipitation
and favors the occurrence of islands of heat, fog, dust
domus and thermal inversion. These factors influence the
characteristics of the site, such as morphology, presence
of vegetation, bodies of water, which makes it essential
to develop urban guidelines that aim at better climatic
conditions in cities. Mainly due to the intense growth of
urban areas, on rural areas, they demonstrate the
environmental problems that most impact the territories.
[14].

There is an interrelation between climatic parameters
and the special organization of cities. The heat
exchanges between the body and its environment are
influenced by external meteorological parameters such
as temperature, humidity, air velocity, radiation directly
affect the behavior of the human being allowing or not
the dissipation of excess heat from the body. The
external climatic factors also influence the feeding of the
local population, the type of clothing, the behavior of the
people, the pathologies, the air pollution, etc.

The researchers studied the cylinder models represented
by the human body were Fanger, (1970), Gagge et al.
(1971), Wyndham; Atkins apud Hwang; Kong (1977)
and Ferreira (1997). They all incorporate basic
characteristics such as heat transfer between blood and
tissue, conduction in the tissues, respiration, convection,
radiation and evaporation. By means of simplified
models such as these, it is possible to evaluate global
conditions of thermal comfort, to perform studies on the
physiology of the human body, as well as to evaluate the
effect of wvariation of thermal properties and

physiological parameters on the results of the human
body thermal model.

In this aspect, several researches on the sensation of
human thermal comfort and the climatic conditions in
tropical climate; however, there is a lack of
investigations into the pre-frontal inputs that alter the
individual's perception and the thermal behavior of the
materials. The climate causes significant variations in
human metabolism. With the entry of air mass (pre-
frontal) the change of the heat transfer in the human
body and in the model of the thermal system of the
human body occurs. This is because external climatic
factors also influence the perception of the individual
due to the pre-frontal inputs. A pre-frontal is the day of
air mass advance, when there is overheating and greater
air dryness, or atmospheric pressure drop, or change in
the direction of prevailing winds, among other changes,
such as cloudiness, which also changes. This advance of
air mass occurs in two stages: 1) Pre, which corresponds
to the Pre-F: foreshadow and advance, and 2) Post-
Frontal in Post-F: domain and transition and at that
moment begins the tropicalization of the Polar mass. As
an example, on a winter day, air may enter a hot mass,
and individuals begin to feel warmth and some
individuals report that feeling of malaise [11], then a
repeated rain occurs and then the temperature returns to
normalize. This factor can also occur during the summer.
Such factors affect urban mobility as the driver
experiences drowsiness and malaise when driving
mainly on the roads and with the sudden rain traffic
accidents occur due to the traffic of the wvehicles.
According to reports of insurance companies [11] by car
the days of pre-frontal corresponds to the days where
there are higher incidences of traffic accidents and
consequently assistance to the insured.

» The importance of using qgis tool to identify
locations where climatic influences can cause
traffic accidents.

Quantum GIS (QGIS) is a software for Geographic
Information Systems (GIS) in the most diverse formats.
This system was used for the development of a thematic
map of traffic accidents occurred in the year 2016, 2017
and 2018, in the city of Araraquara - SP. This solution
begins with the extraction of accident data provided by
the 13th Battalion of the Military Police of the State of
Sdo Paulo - SP and the inclusion of this data in a
database in PostgreSQL; then the georeferencing is
performed in the urban configuration of Araraquara in
PostGIS, and finally the thematic map is created through
Quantum GIS.

Traffic accidents occur at a multiplicity of causes.
The literature addresses this question in different ways;
however, in general, the factors associated with an
accident can be met in up to three major categories. a)
Factors related to man; b) Factors related to the type of
vehicle; c¢) Factors related to the environment (including
traffic and road design). [14]
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Environmental and road factors include visual

obstructions, slippery roads (wet, snowy, etc.), transient
hazards (road works, objects on the road), and road
design problems [8]. According to Chagas (2011) [9], it
determines some other factors, including damaged
pavement, inadequate or erased road signs, adverse
climatic conditions, etc. The QGIS software allows the
production of maps showing the spatial distribution of
accidents in the city, neighborhoods and roads most
affected from the data obtained in the report card.
In this research were produced in the QGIS maps
showing the spatial distribution of accidents in the city,
the neighborhoods and the most affected roads in the
city, and from these, it was identified the accidents
occurred in the year, in the neighborhoods and roads
with higher incidence. The products generated are
demonstrated in the form of thematic maps and can thus
investigate causes and decision making to prevent future
occurrences.

For Gold (1998), the identification of the causes of
accidents is a requirement for the adoption of preventive
measures that reduce their incidence and severity.
However, for this, it is fundamental to spatialize the
occurrences, identifying the sites with the highest
accident rate to investigate the causes and apply actions
locally, allowing the prevention of new occurrences,
which would represent both social and economic gain.
According to Zanotelli and Coutinho (2003, apud
Bernardino, 2007), spatial representation provides a
synthetic and analytical reading of the phenomenon and,
through association and comparison between the
different places, it is possible to understand the causes of
socio-spatial differentiation of events.

1.2 Objectives and justifications

The objective is to verify the correlation between the
urban microclimates and the variables related to the
traffic accident. Thus, a georeferenced mapping of the
urban geometry was carried out associating the climatic
variables such as solar radiation, temperature and
humidity of the air, to three parameters related to the
traffic accident, chosen from the a) traffic accident with
victim, b) without victim and c¢) motorcycle.

2 Methodological Summary

a) In alignment with the objectives of the
discussion work on the interface of the
influence of the urban climate, traffic accidents
occur within the reality of Brazilian urban
mobility. Identifying the functioning of the
relation between the configuration of the cities
space and the climatic relations that surround
them. A multidisciplinary approach is possible

through  special  georeferenced  analysis,
involving several areas of knowledge. We
identified facilities and restrictions of its
applicability, the development of the applied
study was divided into two major phases:

b) a) Data collection with the Bulletins of
Occurrence of the 13th Battalion of the Military
Police of the State of Sao Paulo on traffic
accidents occurred with / without victim and
motorcycle in the years 2016-2018

¢) b) Information on the weather conditions of the
city of Araraquara;

d) c) Identification of traffic accidents with the
georeferenced tool of QGIS software verifying
the streets and avenues in the distribution of
movements in the urban road network.

3 Discussions and Results
a) Data collection in Figure 1 and 2

Figure 1 shows the total number of traffic accidents
with victims that occurred during the months of
2016, 2017 and 2018. It is noted that there are
several factors that influence traffic accidents, but
when it is observed under the weather aspect as in
Fig. 3, frontal system input, it is observed that in the
months of June, July and August, where there is a
greater occurrence of frontal precock, it coincides
with a greater number of traffic accidents with
victims. This occurs due to the strong heat that
occurs three days before and after there is a very
strong rain that influences the driver's thermal
metabolism and comfort. This same fact occurs with
Fig. 2, where in the months of June, July and August
there is a greater accident with motorcycle victims.

b) Information on the weather conditions of the
city of Araraquara; Figure 3 and 5.

In the item, a special analysis of the traffic accidents
with / without victim and motorcycle was carried
out in the mapping of the city of Araraquara from
the years 2016, 2017 and 2018. It can be observed
that Maria Antonia Camargo de Oliveira Avenue
and the central region present greater number of
traffic accidents. In this map, also, presents a layer
of air temperature and traffic accidents and in the
places it is verified where there is a higher
temperature; there is a greater number of traffic
accidents.



E3S Web of Conferences 111, 02070 (2019) https://doi.org/10.1051/e3sconf/201911102070

CLIMA 2019
g 90
S 80
= 70
S 60 53 5248 49
o 50 43
S 40
g 30 19
= 10
20 . I
& & :\o“‘ & &
o« Qsﬁ‘ & A v‘“’% & %&"‘@ &
Month of the Year 2016,2017 e 2018
Fig. 1. Traffic Accident With Vitim 2016 2017 and 2018
3400 38
=350 323
p 2?6
- 73 282 278
§3OO . ) 241
g 250 177 0 y
‘S 200
£ 150
=
g 100
=
Z 50
0
January February March April June Tuly August September October NovemberDecember
Months of the Year 2016- 2017- 2018
Fig. 2. Traffic Accident No Vitim 2016_2017 and 2018
“ 50
=
£ 40
S
g 30 24
S 20 14 '8
= 9
%]
=2 10 5 5 4 56
e b |I |
g 0 II || || I
& S S SR & 5
é’ﬁ@@@ IS S s%" a&" oy &9 S
W <2 qfi\ o ‘@ stf“
Months of year 2016,2017e2018
Fig. 3. Traffic Accident with Motorcycle 2016, 2017 and 2018
3
=
&
£ 2
74}
g
s 1
0
S & Q> ) & &
EHE N & &S
A <@ Y* Q‘?“ o &
=2 S

Moth

Fig. 4. Frontal System 2016, 2017 and 2018



E3S Web of Conferences 111, 02070 (2019) https://doi.org/10.1051/e3sconf/201911102070
CLIMA 2019

a) Identification of traffic accidents with the
georeferenced tool of QGIS software verifying
the streets and avenues in the distribution of
movements in the urban road network. Figure 4,
5 and 6.
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Fig. 5. Kernel Density Map

The present study showed that the QGIS software is a
tool that allows the formation of thematic maps of spatial
analysis in the field of urban mobility, allowing the
design of an urban space in the field of sustainability.
The analysis of the traffic accident data already allows
us to know a little about the city's traffic reality and in
this work it was possible to identify the areas, mainly the
neighborhoods and the roads, where these are more
recurrent the influences of the climatic conditions cause
accidents of transit on days where there is abrupt climate
change, such as rainfall. The spatialisation of accidents
and the generation of products from there, as thematic
maps are tools of great importance to act in a targeted
way, making possible causes investigation and decision-
making. The criteria used for the distribution of the
Fig. 6. Air temperature map according to the largest number of climatic variables, according to the meteorological
vehicle accidents forecast, showed that the climatic behavior was made
taking into account the atmospheric dynamics, based on
the displacements of the prefrontal and its relations with

the tropical masses in the seasons.

The result of the work shows that the data on
traffic accidents are part of a theoretical and
methodological proposal to support and justify the work
of urban mobility and urban climatology, it and can be
named Climate Urban Transport System (C.U.T.S.). The
map of Figure 6 shows the map of air temperature
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according to the largest number of accidents with
vehicles, which allows to study the thermal comfort and
treat the thermodynamic components of the climate in an
integrated way. Air quality analysis can also be
performed by verifying the number of vehicles
circulating in the city and raising air conditions in the
urban environment. The meteorological impact caused
by the entrance of pre-frontal reaches climatic
phenomena like rains and elevated temperatures that
alter the perception of the individual when reaching high
intensities, showing by the presented data that they are
able to compromise the physical and social integrity of
the city and disrupting the city's transportation system.
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The QGIS software also allows identifying the heat
islands. When identified, it allows the joint of the space-
time representation of the city's atmosphere. By
identifying the heat islands, the air temperature and the
entrance of frontal systems came to be the main climatic
element explored in the work. Defining the behavior of
the changes provided in the balance of abrupt changes of
the climate and to the complete of the urban site of the
city of Araraquara - SP, constrasting the close
relationship with the type of land use and occupation.
The identification of the climatic situation of the city
related to the number of occurrences of traffic accidents
with / without victim and motorcycle allows the public
agency to identify the points of greatest conflict of traffic
accident located in the city. It allows proposing decision-
making in order to avoid traffic accidents, such as the
engineering sector, to carry out traffic engineering
projects, to improve city signaling, deployment and time
control of traffic lights, street bump, and other
occasional transport measures. As well as working with

traffic education advertising, alert for drivers and
pedestrians about when the frontal system inputs to the
individual to be aware and thus be taking preventive
measures to avoid traffic accidents. This work focuses
on the city and, in the future, is expected to encompass
all of the country's highways, due to the ease of allowing
these changes.
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