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Resumo

Os acidentes de transito em areas urbanas conduzem a reducdo da qualidade de vida e a desigualdade
social nas cidades, especialmente nos paises em desenvolvimento. O crescimento da malha urbana,
assim como, a densidade populacional raramente é acompanhada pelo desenvolvimento ou
dimensionamento da infraestrutura rodoviaria.

E um facto que o nimero e a gravidade dos acidentes rodoviarios em Portugal tém vindo a diminuir
ao longo dos ultimos trinta anos, o que permitiu aproximarmos da média Europeia, apesar destes
factos a situacdo continua a ser preocupante.

Apesar da adocgdo de programas como o Programa de Seguranca Rodoviaria da Comissdo Europeia ou,
numa base nacional, o PENSE 2020 - Plano Estratégico Nacional para a Seguranca Rodoviaria os
numeros de acidentes de viagdo com vitimas no distrito de Lisboa continuam a ser mais elevados do
que a média europeia.

Desta forma e para efeitos deste trabalho realizamos uma analise de dados exploratdria (AED) aos
dados dos incidentes de transito registados no sistema de gestdo de ocorréncias do Regimento
de Sapadores Bombeiros de Lisboa e a os dados de acidentes rodovidrios reportados a ANSR pelas
forcas de seguranca (GNR e PSP) através do Boletim Estatistico de Acidentes de Viacdo (BEAV) e
ocorridos no concelho de Lisboa entre 2010 e 2020 por forma a identificar a existéncia de Pontos
Negros nas vias de Lisboa e quais os fatores mais significantes e contribuintes que permitam explicar
a sua existéncia.

Os dados relativos aos acidentes rodovidrios foram também georreferenciados para capitalizar a sua
existéncia espacial e, consequentemente, compreender melhor os padrdes espaciais existentes e os
fatores de risco.

Posteriormente através do recurso ArcGIS Pro aplicaram-se os algoritmos das ferramentas Densidade
de Kernel e Hot Spot Analysis (Getis-Ord Gi*), identificando a existéncia dos pontos negros, e que
fatores humanos, ambientais e circunstanciais tém influéncia na gravidade dos acidentes e que
algumas varidveis de exposicdo foram consideradas importantes na explicagdo da ocorréncia dos
mesmos, sendo a validade do contelddo garantida através de uma comissdo de especialistas.
Pretende-se, assim, contribuir para a identificacdo das zonas de concentragao de acidentes da cidade
de Lisboa (hotspots), tendo em conta as suas condi¢des influenciadoras. Potenciando a seguranga

rodovidria no municipio.

Palavras-chave: Acidentes Rodovidrios, Pontos Negros, GIS, Analise de dados
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Abstract

Traffic accidents in urban areas lead to reduced quality of life and social inequality in cities, specially in
third world countries. The growth of the urban mesh and the population density is seldom
accompanied by the development or sizing of the road infrastructure.

It is a fact that the number and severity of road accidents in Portugal have been decreasing over the
last thirty years, bringing us closer to the European average. However, despite these facts, the situation
remains worrying.

Despite the adoption of programs such as the European Commission Road Safety Program and the
recent EU Road Safety Policy Framework 2021-2030 or, on a national basis, the PENSE 2020 - National
Strategic Plan for Road Safety the number of road accidents with victims in the district of Lisbon is still
higher than the European average.

Thus, and for this dissertation, we conducted an exploratory data analysis (EDA) on the combined data
of traffic incidents recorded in the occurrence management system of the Lisbon Fire Brigade
Regiment (RSB) and the road accidents reported to ANSR by the security forces (GNR and PSP) through
the Statistical Bulletin of Traffic Accidents (BEAV). Furthermore, with data from occurrences in the
Municipality of Lisbon between 2010 and 2020, to identify the existence of Black Spots in Lisbon's
roads and which are the most significant and contributing factors to explain their existence.

The data on road accidents were also georeferenced to capitalize their spatial existence and,
consequently, better understand the existing spatial patterns and risk factors.

Subsequently, through the use of the ArcGIS Pro we apply the algorithms of the Kernel Density and
Hot Spot Analysis (Getis-Ord Gi*) tools, identifying the existence of the black spots, and that human,
environmental and circumstantial factors have an influence on the severity of accidents, being the

content validity guaranteed through an expert committee.

This way, our research goal is to contribute to identify accident concentration areas in the city of Lisbon

(hotspots), considering their influencing conditions.

Keywords: Road Accidents, Black Spots, GIS, Data Analysis
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Glossary

Accident with victims - An occurrence on the public highway involving at least one vehicle registered
by the official entities, resulting in victims or material damage. Accidents with victims can be

fatal/deadly, severe, or light depending on the victims' injuries' severity.
Categorical variable - A statistical variable measured on a nominal scale.

Dead or Fatal Victim (30 days) - Victim with injuries resulting from the accident whose death occurs

within 30 days of the accident.

Death or fatality (local) - A victim of an accident who dies either at the accident scene or on the way

to the Hospital.
Driver - Person in charge of a vehicle on the public highway.

Fatal accident - Accident with at least one fatal victim regardless of the injury severity of any other

involved persons.

Minor Accident - An accident resulting in at least one minor injury and in which no fatalities, deaths,

or serious injuries are registered.

Passenger - A person assigned to a vehicle on the public highway which is not a driver.
Pedestrian - Person on foot. A person pushing or holding a bicycle.

Road victim - A human being who suffers bodily harm as a result of a road accident.

Serious accident - An accident resulting in at least one seriously injured person, with no death.

Seriously Injured - Victim of an accident whose body injuries result in a period of hospitalization of

more than 24 hours.
Slightly Injured - Victim of an accident who is not considered seriously injured.

Some of the definitions in this glossary have been adapted from [1][2][3]



Page left intentionally blank



Index

Yol g o) N Y] [=To F=d 3 o Y=Y oY £ SR SPR iii
RESUMIO ..ttt e e v

FA o1y - Lot A PP PPTOPSTPPROPR vii
(€] (o TY- PSPPI ix

T Te =) T T PR P TP P PO PRRPPPTOURRRTRPON Xi

[ o B S T TR Xiv
LISt OF TaBIES ...ttt st sttt et e bt e s b st et e b e b e nree Xvi
Yo 0101/ o £ PP PPPPPPPPPPPRE XVii

(O 7 o I = 2 R 1
INEFOTUCTION ...ttt ettt et e sttt e s abe e st e e e be e e sabeeesabeesabeesbeeesabeeeaneeennneas 1
1.1.  Motivation and Framework..........ooiiiiiiiiie e 1

1.2.  Goals and Research QUESIONS .......c.ccecueeiiieriienierecrt ettt s 5

1.3, DOCUMENT STFUCTUIE c..oeiiiiiiiii ittt 7

O S V=1 d o T Yo o1l -V RS 7
1.4.1. Project development methodology .......cccuvviiieeie i 7
CHAPTER 2. s e e e s e e s s s s s s e s e s s s e s e s s s e e s s e s e s e s s s s s s s s s s s s s nnsnsnsnses 11
LIterature REVIEW .....ccoiviiiiiiiiiiiiiiiciic e 11
2.1 The Approach Followed for the Literature ReVIEW .......cc.ceeevcuiieeiiciiee e, 11
2.1.1 GIODAI IMOFANS | ettt st s st e e e s e 19

2.1.2 Kernel density estimator for road accident analysis ......ccccceeecviiiieeeeeiccccciiieeee, 21

2.1.3 Hotspot Analysis (Getis-Ord Gi*)......c.ueeiecieieiiiee e e e 22

(01 )T o =1 S SRR SP 25
BUSINESS UNAEIrSTANAING ...cceiviiieiiiiee ettt ettt e et e e e e rtee e e e sate e e s e atae e e sataeeeenbaeeeentaeeesnnees 25
3.1 The Road Traffic Accident Definition.........ccooeeiieiieniiiieeeeeee e 25
3.1.1 The Causes of a Road Traffic ACCIdeNt .......cocveeiiiiieiiiniieeeeeeeee 26

3.1.2 Factors Contributing to a Road Traffic Accident .......cccceeeviiivccciieeeee e, 26

3.1.3 Human Factors: Personality and Behavior .........cccoecvveiiiciiiee e 27

3.14 VENICUIAr FACLOIS c..uveeeiieeeiieee ettt ettt st ettt e e e e e 28

3.15 ENVironmental FaCtors .......oociiiieiieiieeeeeeee et 28

3.2 Emergency Management and Safety in the City of Lisbon .........ccccccoviiiiiiiiicincenee, 29
3.21 The Lisbon Fire Brigade Regiment (RSB) .......ccueeeeiiiieeeciiee et 31

3.2.2 @] o= =1 f o] o 13 31

Xi



3.2.3 Operational Response to Road Traffic Accidents........cccovveeeeeeeiiiiiineeeeee e, 32

3.3 The City Of LISDON ...vviiiieeee e e aae s 33
(01 0T o) 1 O S PSSP 45
Data Understanding and Data Preparation........cc.uveeeeee ettt e e e nnvrnee e e 45
411 Collect INitial DAta ...ccocveeeeieeeee e e 45
4.2 DESCIIDE DAtA .eeiueeieiiieeiiie ettt et st st s e e s e e ree e 47
4.2.1 Lisbon Fire Brigade Regiment Incident Command System (GO) .........cceeevveeeennene. 48

4.2.2 ANSR - Data of Accidents Registered in the Statistical Bulletin of Traffic Accidents

48

4.2.3 Weather Data from The Portuguese Institute for Sea and Atmosphere .........ccuee.... 49
4.2.4 Data from WINAGUIU ......eeiiiiiiiieiee ettt et e et sbe e e s e snee e 49
4.2.5 Data from TOMTOM co..eeiiiriieiie ettt s st re e s s 49
4.2.6 Data from the Open Weather Map ........ccociiiiiiiiiic e vae e 50
4.3 Verify Data QUATITY ...ceeecuiiee ettt e e e e e e e e e arae e e e aaaee s 50
4.4 DN I e ¢ =T ok | - | o] o H 50
44.1 Lisbon Fire Brigade Regiment and ANSR Datasets ......cccccccueeevvcriereiniiieeeesiieeeennnne 51
4.4.2 Weather Data from The Portuguese Institute for Sea and Atmosphere .............. 52
4.5 ClEAN DALA .eevvieieeriieiie ettt sttt st ettt st et r e e b 53
4.6 CONSTIUCE DAta....eiiiiiiiiiiie e 53
4.7 ) a=T=d =) (=T D | - [OOSR PPPPPTPPPR 54
4.8 FOrmat Data....cccooiiiiiiiiiii e 58
4.9 OB DAta ..eeuieeeiieiiiie ettt ettt ettt st e sab e s bt e e st e e s b e e e ab e e sabeeebeeesabeeebeeenee 58
CHAPTER 5.ttt et et ettt e bt e s bt e s bt e sae e st e e b e e b e e bt e s bt e smtesmeeemseenne e reenneens 59
Data ViSUAIIZATION .eoueeeiieiiectiet ettt st st st b e sae e st s bt e b e neennee 59
5.1 Descriptive Analysis of Road Traffic Accidents in Lisbon Municipality ........c.ccveeeeneee. 59
5.11 ACCidents iN LISDON ...coueiiiiieeece e e 59
5.1.2 Distribution of RTAs by Fire Station Areas of Responsibility (AORS) .......c.cccceeuveeeennee. 73
5.2 HOESPOt ANGIYSIS ceeiieiiiiiiiiiiee e e e e sbae e e e s abe e e e s abee e e e nees 75
5.2.1 BienNial ANAIYSIS ..ccocueiieeiciiiie et 76
5.2.2 SEASONAI ANGIYSIS...uuiiiiiiiiiiiiciitiee e e e e e e e e e e e s e e e e e e e nnraraees 83
5.2.3 L0-YEAr ANGIYSIS cooeeieiiieeiee ettt e e e e e e e e s e e et e e e e e e s b aneaeee s 84
5.2.4 Getis Ord Gi* ANALISYS ..uveeiiiiiie ettt ettt e eetr e e e et e e e e areea e 85
5.2.5 Hotspot Identification and Characterization..........ccccceeeeeeeciiiieeeeec e, 87

5.3 The Validation of the Results by EXPerts........cceucuiiiiiiiiieieriee et 101



5.3.1 EXPEIt PANEL ...t s e e e 102

5.3.2 Expert content evaluation ProCess.....ccccuieiiciieeiiciiee et 103
CHAPTER B ...ttt ettt ettt et b e sh e s et e st e bt e bt e e bt e sae e sme e et e e b e e beesbeesanesaneeaneenne 105
CoNClUSIONS & FULUIE WOIK...ccoiiiiiiieeiieeee et s s e e e 105
6.1 CONCIUSIONS ...ttt ettt ettt st e st e st e st e e be e e s b e e s ne e e smreesneeesnreesaneeeas 105

6.2 FUBUPE WOTK ..ttt ettt ettt et sttt e et e sabe e e ne e e sabeeesareesaneeens 108
RETEIEINCES ... ettt sttt et b e b e s b e s hee st e ear e e b e bt e nee st eanes 111
FAY o] 01T o Lol =TSP PPPRR 120
Appendix A — Boletim Estatistico de Acidentes de Viagdo (BEAV) .....ccceeeeeevveeeecieeececieee e, 122
Appendix B — Database SampPle...... .. 124
Appendix C— Experts examination fOrm.......cccoooviiiiiiie e 126

Xiii



List of Figures

Image 1 - Registered vehicles in the world, per capita [4]....ceeeieciiei e 1
Image 2 - Top 10 of the Leading causes of, 2004 and 2030 compared [6] .....ccceeecvveeeecciveeeeeciieee e 2
Image 3 - Downward trend in the number of road traffic fatalities in the EU [8] .....ccceeeeveiiiiieeieeennnnns 2
Image 4 - Trend in road fatality numbers per million inhabitants by country [8].....ccccocceviviiiiiiiiinnnnnns 3
Image 5 - Phases of our CRISP-DM Process Model, adapted from [17] and [21] ....ccceeevveeeeciieeeecciieeeene 8
Image 6 - Generic tasks and outputs of the CRISP-DM reference model, adapted from[17] and [21] . 9
Image 7 - PRISMA Diagram of this DiSSErtation ........ccccuiieiiiiiiiiiiiiie e eciree e e 12
Image 8 - VOS Viewer keywords Visualization ..........ceeeiiioicciiiiiie ettt e e e 13
IMAgE 9 - ArCGIS Pro INTEITACE ..ii ittt e s e s s ara e e s s abeeeesnraeeas 16
Image 10 - Spatial characteristics of accident hotspots (a). monsoon and b). non-monsoon period) 19
Image 11 - Normal Distribution of Global Moran’s | [58] .......ueeeeiiiiiiiiiiieeee e 20
Image 12 - Contributing factors to Vehicle Crashes.........ooviviiiiciiiiicciiee e 27
Image 13 - Lisbon Fire Brigade Firehouses JUurisdiction..........cc.ceevciieiiiciiie e 32
IMage 14 - Lishon CiVil PariShes.......ccueuiiiiieie ettt e e e e e e et e e e e s e e e s nntaraeeeeeeeenanns 34
Image 15 - Lisbon HipSOMEtriC Chart ........oiiiiiiiiiiiiie ettt et e s e e s ra e e e sneae s 35
Image 16 - Lisbon flood vuINerability Map .......ooeiciiie e 36
Image 17 - Lisbon Metropolitan Ar€a ........eececiccciiiiieee e et e e e e e s s b e e e e e e e e e snnbareeeeeeeeenanns 37
Image 18 - Commuter traffic flows on Lisbon entry / exit Points ......cccceeveevieciecie e, 38
Image 19 - Lisbon road network hierarchy ... 40
Image 20 - Lisbon civil pariches road density.........cccceeeiieccciiiiiiece e e e e 41
Image 21 - Lisbon traffic density chart - MOINING .....ccoocuiiiiiiiiie e 42
Image 22 - Lisbon traffic density chart - AfLErNOON .....c.veiiiiiiii e 43
IMAEE 23 - Data SOUICES ..ottt ittt e et et e e s e e e eae b e s s e e eeeeeesaaseseeeeaeesssannsnns 47
Image 24 - Duplicated typologies on RSBs incident command SysteM.........ccccccvvriveeeeeeeniiiineeeeeeeeeeans 48
Image 25 — RTA classifiCation UPAate........ccocciiiiiiiiiie ettt e e e e e e e aeaee s 51
Image 26 - CRISP-DM flow applied to the data.......cccceeiiecciiiiieec e 54
Image 27 — Yearly trends in RTA in Lisbon Municipality .......ccveeiviiiiiiiiiii e 60
Image 28 - Trends in deaths resulting from RTA (24h and 30 days) .....cccceeeeeiieeecciieeeccieee e, 61
Image 29 - Trends in serious injured resulting from RTA ........oooiiii e 61
Image 30 - RTAs distribution by MONTN......cocciiiiieece e e 62
Image 31 - RTAS distribUtion DY SEASON ....ciiiiiiiiiiiiiieec e e e e e st e e e e e e e e s sarreeeeeeeeeenanns 63
Image 32 - RTAs distribution by day of the WEEeK.......c.cei i 63
Image 33 - RTAs injury type separated by time SegMENT ........cevvviiiiiiiciiie e 64
Image 34 - RTAs accordingly his tYPOIOZY ...coeoiieeiiiiiieie e e e e e e e e 65
Image 35 - Top 10 roads - Pedestrian collisions by injure type........cccovveeeeee e 66
Image 36 - RTAs distribution by Civil PariShes...........oiicciiiiiiciiie e 67
Image 37 - RTAs distribution by VENICIE TYPE .....eeeeiiieeeie e e 68
Image 38 - Drivers with valid driving license by sex and age Sroup.......ccccceeeeeecciiieeeeeeee e e 68
Image 39 - Distribution of RTAs by weather conditions............ccoocviiiiiciii e, 69
Image 40 - Distribution of RTAs by weather factors, lighting conditions and road surface ................. 70

Image 41 - RTAs distribution in rainy conditions by surface grip......cccceveeiviiieeicciiee e, 71


file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137441
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137442
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137443
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137445
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137447
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137449
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137450
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137451
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137452
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137453
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137454
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137455
file:///C:/Users/joaom/OneDrive/Ambiente%20de%20Trabalho/Reviewed_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon.docx%23_Toc81137463

Image 42 - RTAs distribution by wind conditions..........cccueeiiiiiiiiiiiiie e 72

Image 43 - Analysis of causes of an RTA on the top 15 streets with more accidents...........ccceeeeuneeen. 72
Image 44 - RTAs distribution by Fire Station Jurisdiction ..o, 73
Image 45 - RTAs with extrication operations distribution by fire station jurisdiction ..........c..ccccuu.... 74
Image 46 - Vehicle-pedestrian collision distribution by fire station jurisdiction ..........cccccceeviiveeennnen. 75
Image 47 - Spatial Autocorrelation Report Biennial analysis......cccoovccvviiieieiii e 76
Image 48 - KDE analysis Biennial analysis 2010-2011 .......cccccvuiieiiiiieeeiiiieeeeiireeecreeeesrreeessveeeessavnees 78
Image 49 - KDE analysis Biennial analysis 2011-2012 ........ccccoveiieiiiieeeecieeeeccieeeeecreeeeeireeeessareeeessaeaee s 79
Image 50 - KDE analysis Biennial analysis 2014-2015 ........ccccvueiiriiiiieeiiiiieesirieeesneeeesenreesssneeeessnsnees 80
Image 51 - KDE analysis Biennial analysis 2016-2017 ........cccccuveiiiiiieeeeiiiieeesiireeeesneeeesineeeessnvneeessnsnees 81
Image 52 - KDE analysis Biennial analysis 2018-2019 ........cccccviiiiiiiiieeeiiieeeccieeeeeveeeeeireeeeeveeeeeavaee s 82
Image 53 - KDE analysis seasonal analysis 2010-2019 ........ccccveeiiiiieeiniiieeerieeeessreeeeseeeessveeeessvnees 83
Image 54 - Spatial Autocorrelation Report - Decade analySiS.......cccveeeciieeeiiiieeeniiee e 84
Image 55 - KDE analysis decade analysis 2010-2019 ........ccoccuiiiiiiiiieeeiiieeeereeeeecvee e ere e e e e nreeeesvaee s 85
Image 56 - Hotspot analysis (Getis-Ord Gi*) decade analysis 2010-2019.........ccceceveeeecveeeeecreeeeeennnen. 86
Image 57 - Lisbon Road traffic Accidents Hotspots and problematic roadways.......cccccoceeevivveeennnnnn. 87
Image 58 - Av. Eusébio de Silva Ferreira Hotspot localization .........cccccouveeeeciiieecciieeeeceee e, 89
Image 59 - Av. General Norton de Matos Hotspot localization ........ccccvveeiviiieeiiciiie e, 90
Image 60 - Av. Marechal Craveiro Lopes Hotspot localization.........cccccuveeivciiieicciiieecceeeeecee e, 91
Image 61 - Av. de Berlim Hotspot [0Calization .........coeeeiieiiiiieec e 92
Image 62 - Av. Almirante Reis Hotspot 10Calization .........ccovciiiiiiiiiiiiiiiie e 93
Image 63 - Av. da Republica Hotspot 10Calization ........ccuveviiciieiiiiiiie e 94
Image 64 - Eixo Norte-Sul Hotspot 10Calization.........eeeiieciiiiiiei e 95
Image 65 - Hotspot located in @ flood-prone area........ccuueeivciieiiciiiie st 96
Image 66 - Av. 24 de Julho Hotspot 10calization ..........ccceeiiiciiiiiciiiie e 97
Image 67 - Av. da India HOtSPOt [0CAlIZAtION .......c.c.iieeceieieececeeeeee ettt 98
Image 68 - 25 de Abril Bridge Access Hotspot [0Calization ..........ccooviiiiiiiieiie e 99
Image 69 - Av. Infante Dom Henrique Hotspot localization..........cccceeeeciiieeeicieeececeee e 100
Image 70 - A5 HotSpot 10CaliZation ........ueeeieiii i e e e e e e e e e e e e eanns 101

XV



List of Tables

Table 1 - Summary of Hotspot definitions found in literature, adapted from [19] [20],[21] ............... 14
Table 2 - Average Annual Daily Traffic of the entry points of Lisbon (both ways).........cccecvveiiiinnnens 39
Table 3 - Number of license plates with valid insurance registered in the Lisbon municipality -

Portuguese Insurance and Pension Funds Supervisory Authority 2021 .......ccccccevevieeerciieeesciiee e, 39
Table 4 - Time intervals for TomTom data at WeeKdays .........ccocuveeiiiiiiie i 49
Table 5 - Time intervals for TomTom data at WeeKends..........coccuviiiiiiiiii i 50
Table 6 - FUZZY LOOKUP RESUILS ....vviiiiiiiiee ettt sttt st e sttt e e st e e esata e e e sentae e e ssntaeeessaseeeaeans 52
Table 7 - Calculation of the gravity Indicator and annual Severity Index values ..........cccccceeeeeeennnneen. 54
Table 8 - RTAs Lisbon 2010_2019_Db data SChEMA.......coivviiiiiiiiiiee et e e s e e s e 55
Table 9 - Characteristics of the eXpert PANEl .........oee i 102
Table 10 - Experts first interaction reSUIS ..........vvviiiii i 103
Table 11 - Experts second interaction reSUILS ........ueiiiciiiiiiciiie e 104

Table 12 - Experts third interaction reSUILS........ccuiii it e e 104



Acronyms

AADT - Annual Average Daily Traffic

ANSR - National Road Safety Authority

BEAV - Road Accidents Statistics Bulletin

CRISP-DM (Cross Industry Standard Process for Data Mining)

CVI- Content Validity Index

CVR - Content Validity Ratio

DGV - General Direction of Traffic

ENSR - National Road Safety Strategy

GIS - Geographic Information System

GNR - National Republican Guard

GPS - Global Positioning System

IMTT - Mobility and Land Transport Institute

ISCTE-IUL - University Institute of Lisbon

I-CVI - Item Content Validity Index

PSP - Public Security Police

WHO — World Health Organization

ZAA - Accident Accumulation Zones

XVii



Page left intentionally blank



CHAPTER 1

Introduction

1.1. Motivation and Framework

Recent decades have witnessed a significant increase in the motorization rate worldwide (image 1).
Associated with urban expansion caused by population growth and migration to large urban centres
in recent decades, this increase has led to increased Road Traffic Accidents (RTA) in urban areas. This
urban growth requires continuous improvement in the capacity and dimensioning of road networks,
which, as a rule, hardly ever happens. This situation puts the safety of the most vulnerable users
(pedestrians, cyclists, and drivers of two-wheeled motor vehicles) at risk. Consequently, RTA is the

leading cause of death and /or disability worldwide.
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Image 1 - Registered vehicles in the world, per capita [4]

According to the World Health Organization’s (WHO) global report on the state of road safety [5],
there are more than 1.35 million traffic fatalities annually due to RTAs. For every fatality in a road
accident, more than five people, approximately, end up seriously injured (20-50 million) with
irreversible consequences for their lives. Severely injured people are often costlier to society because

of the need for rehabilitation and long-term care.

The same document states that road accidents were, in 2018, the eighth leading cause of death
for all age groups. In the 5 to 29 age group (children and young adults), they are the leading cause of
death. Moreover, the same study predicted that this will be the fifth leading cause of death in 2030

(image 2).
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The implementation of several concerted intervention strategies at the Level of the 27 EU Member
States (Local, National, and European) made it possible to reduce the number of road fatalities by 43%
between 2001 and 2010 and 21% between 2010 and 2018. However, despite the efforts of the
authorities, about 22.800 deaths were recorded in RTAs in 2019 [6],[7]. Although the underlying trend
is downward (image 3), progress has slowed in most countries since 2013, and the EU target of halving
the number of road fatalities by 2020 (compared to the 2010 baseline scenario) may not be achieved.
According to data from the European Commission, 2020 was an exception in that the number of
fatalities decrease significantly due to the measures taken to combat the pandemic (lockdown), but

even that significant decrease was not be enough to reach the target [8].
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60000

51400
50000

40000

30000
-
22800
-

20000

10000

0 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: - CARE (EU road accidents database) EU road fatalities «= == == EU2020 target

Image 3 - Downward trend in the number of road traffic fatalities in the EU [8]

The human and social cost caused by mobility is high and unsustainable. In financial terms, the

annual burden of RTAs in the EU is €280 billion, or about 2% of the GDP, according to a recent report
[9].



At a national level, measures have been implemented to minimize this problem and reduce the
number of fatalities. These measures have had positive results. Between 2000 and 2018, Portugal
reduced the number of deaths per million inhabitants by 58%, ranking 11th on the list of countries that
have reduced the number of deaths the most, although four percentage spots above the EU28 average

(-26%).
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Image 4 - Trend in road fatality numbers per million inhabitants by country [8]

Data published by the Portuguese National Road Safety Authority (ANSR) [10], for the period from
1995 to 2019, showed that investments in infrastructure and safer vehicles, associated with integrated
road safety policies, were decisive in saving 26.000 lives and avoiding 187.000 serious injuries. In
addition to the lives saved, the economic savings were 4.5 times greater than what would have been
spent if the investment had not taken place.

In this context, one might think that fatalities are gradually becoming a less serious problem
worldwide. However, despite the decrease in the number of casualties and accidents, RTAs are still a
worrisome problem due to the increase in the number of vehicles. According to accident data
published by the Portuguese National Road Safety Authority, the number of road accidents inside cities

is higher than the country, but the severity index is higher in the latter.




Recognizing this problem, both European and national organisations responsible for road
prevention and safety have committed to developing and implementing prevention and driver
awareness programs. These activities are part of the creation and implementation of programs such
as the European Commission's Road Safety Programme (Towards a European road safety area: policy
orientations on road safety 2011-2020) [11] and the recent EU Road Safety Policy Framework 2021-
2030 [12]. At the national level, they include the PENSE 2020 - National Strategic Plan for Road Safety
[13] and the still-developing National Road Safety Strategy 2021-2030 — Vision Zero 2030.

According to the final document, this "intends to continue to address, during its term/validity
period, national indicators of the European average and, in the medium term, of the countries with
the best historical performance in these indicators" based on the following strategic objectives: i.
Improve road safety management; ii. Increase insurance safety; iii. To have safer infrastructures; iv. To
have safer vehicles; v. To improve assistance and support to victims.

As mentioned above, Portugal has had great success in reducing road fatalities by implementing
road prevention policies at a national level. As the number of incidents decreased, new and ambitious
goals were set that required the strict participation of all municipalities, which allowed for greater
precision in the implementation of national policies. In this process, guidelines were made to prepare
Municipal Road Safety Plans under the National Safety Strategy (NRSS) so that each municipality could

identify its role in achieving the national goals.

The new road safety policy is essentially focused on a specific territorial region, the municipality.
Therefore, the research for this dissertation focused on the need identified by the Mobility Division of
the Municipality of Lisbon with the goal of identifying the road accidents incidence spots and their
correlation with other factors. Referred to in the literature as “hotspots”, these spots were identified

at the municipal level, and a proposal for their correction was developed.

The proposed measures are part of the calming traffic methodology, which reduces accident
indicators by lowering traffic speeds and controlling traffic flows. One of the significant difficulties of
the bodies responsible for road safety in Portugal and the rest of the world is knowing where and how
to implement appropriate road prevention measures to reduce accidents. In this case, computer tools,
GIS, and spatial analysis are particularly relevant for the present work. This research addresses a
current, critical topic for emergency managers and provides a technical asset for mobility managers in

Portugal.



1.2. Goals and Research Questions

The main research goal of this dissertation is to identify the road traffic accident-prone zones
(hotspots) in the Lisbon municipality and correlate them with their influencing factors. This
investigation responded to challenge number 51 from the Lisboa Inteligente—LxDatalab project! [14].

This challenge from Lisboa Inteligente aims to give the municipality authorities the necessary data
to improve the city’s traffic planning and management by implementing steps to limit the number of

accidents and victims in these locations.

With this motivation, it is established as main objectives for the present study:
e To perform a spatial-temporal statistical analysis of road accidents with victims in the
Municipality of Lisbon;
e To identify the roads with a higher occurrence of road accidents with victims.
e Characterization of the roads and areas identified as problematic.
e Temporal Analysis (Biennial and Seasonal) of the identified hotspots
e I|dentification of the RTAs Hotspots and the pinpointing of their causal factors.
e Creation of digital artifacts (images and shapefiles) with the Hotspots locations in the

municipality.

To achieve this purpose, a spatial-temporal multivariable analysis of the road traffic accident (with
victims) between 2010 and 2019 in the Lisbon council municipality was conducted. Geographic
Information Systems (GIS) combined with spatial and statistical analysis algorithms and tools were
used to identify the presence and location of hotspots and their relation with diverse factors (human,

environmental and vehicular) that contribute to their existence or activation.

L A collaboration between Lisbon City Council (CML) and several universities and research institutions, including
ISCTE-IUL, whose mission is to create analysis and visualization solutions supported by Big Data to improve the
planning, management, and identification of Lisbon’s emergencies.



Geographic Information Systems (GIS) allows researchers to use various computational methods
and tools to combine geographic data, statistical data, and mapping data to identify the spatial
characteristics of a hotspot [15]. According to Filipe Ferreira Esteves [16], "GIS is computational tools
that allow the integration and manipulation of different types of information, especially suitable for
spatial variables of global, regional or local nature. They are a decision support system that involves
integrating georeferenced data in a problem-oriented environment, particularly those where the
spatial component is strongly present". ldentifying these critical spots through GIS is especially
relevant, as it makes it possible to understand the causes and factors associated with accidents,

allowing consistent decisions by the city council’s mobility department.

For that, it is essential to identify the existence of a pattern of spatial clusters in the accident data,
using the following two spatial analysis algorithms:

Kernel density estimation (KDE), which is a technique for interpolating and analysing spatial
patterns of spots. From a set of known spots, it identifies the intensity with which a given variable
occurs in space. It is ideal for formulating explanations and illustrating conclusions and is an easily
understandable statistical method for non-mathematicians. With GIS, it is possible to visualize the

concentration of processes and describe process changes at the local level.

Hot spot analysis in a neighborhood context, which is based on the Getis-Ord Gi* statistical
calculation, presents the high (hotspot) and low (cold spot) clustering values, resulting in the z-score
(the number of standard deviations from the mean of an information spot) and p-value (the probability
of obtaining the observed results of a test, assuming the null hypothesis is correct). An area with a high
p-value is not necessarily a statistically significant hotspot. A spot must have a high value and be
"surrounded" by other spots with equally high values to be a statistically significant hotspot. The local
sum of a location and its neighbours is compared proportionally to the sum of all the spots. When the
local sum is quite different from the expected local sum, and if this difference is too large, a statistically

significant z-value occurs.



1.3. Document Structure

After defining the objectives, this dissertation consists of six chapters, each of which reflects a different

step of the research process.

The present chapter provides an overview of the research theme, aims, methodology applied, and
a summary of the organization.

Chapter 2 - Literature Review: This chapter explores the theoretical framework necessary for the
development of this dissertation.

Chapter 3 — Business Understanding: This chapter introduces the CRISP-DM Methodology. It
explains RTAs, the city of Lisbon's emergency system, and the territory characteristics based on the
author's 20 years of professional experience in the National Authority for Emergency and Civil
Protection.

Chapter 4 — Data Understanding and Data Preparation: This chapter is devoted to the Data
Understanding and Data Preparation Phases of the CRISP-DM methodology. It describes the data
gathering and treatment procedures.

Chapter 5 — Data Visualization: This chapter analyses the data presented by the data visualisation
artifacts that have been created to provide the necessary support to CML decision-makers. It also
contains the content validation analysis provided by the Expert Committee.

Chapter 6 — Conclusions: The study's conclusions, as well as recommendations, research

limitations, and a proposal for further work are presented in the sixth and final chapter.

1.4. Methodology

1.4.1. Project development methodology

Data analysis is the process of using tools, techniques, and methods to examine in-depth data to
identify meaningful information that can be applied to make decisions or solve problems. According
to a simplified view, preparation, preprocessing, analysis, and post-processing are the four main

phases of a data analysis project.



We tried to follow best practices during the dissertation development to increase the chances of
success. There are various implementation methodologies in a data extraction project (information).
One of the most widely used methodologies used in this dissertation is the framework considered by
Colin Shearer [16] as a standard for implementing data mining projects, i.e., CRISP-DM (Cross-Industry
Standard Process for Data Mining).

The life cycle of this framework has six continuous and interactive, non-sequential phases.
Although this is a data mining cycle, CRISP-DM allows feedback on any phase as new data is added to
the process.

To adapt this methodology to the dissertation, we redesigned the CRISP-DM life cycle (image 6)
from the one proposed by Ana Oliveira et al. [17]. In addition, we shifted the approach toward a more
targeted data visualization, considering all the attention applied to the data, the data fusion, and the

Visualization of the results.

In that sense, the new adapted framework phases are:

S

Business
Understanding

S
A =
Data
” Understanding

0-0
Decision
Support

—0
(©
Data
Visualization

Data Fusion

Image 5 - Phases of our altered CRISP-DM Process Model, adapted from [17] and [21]

Phases of CRISP-DM

1. Business understanding — This phase consists of identifying the aim and requirements of the
challenge proposed by challenge number 51 from the Lisboa Inteligente—LxDatalab project
[14]. After this assessment, the entire literature review process (theoretical framework) on the

universe of road accidents was initiated. At this stage, after the proper framework on the



subject, the strategy for approaching the research questions defined by the challenge under

analysis is also defined.
Data understanding — Phase for acquiring the necessary data, describe and explore its quality.

Data preparation — Phase of data preparation and cleaning (Data Featuring; Inconsistencies;

Duplicates; Outliers; Missing Data, etc.).

Data Fusion — In this phase, the ETL is created, all the data sources (accidents, weather, traffic)

are aggregated in a unique dataset.

Data Visualization — Phase where all the digital artifacts are created to depict the temporal and
spatial data, as well the artifacts with identification of the hotspot’s areas are produced to

support the CML requirements.

Decision Support — The authorities receive the statistical analysis of road accidents with victims
in the municipality and the digital artifacts produced with the pinpoint locations of the city's
hotspots and the identification of the underlying factors that induce or influence their
existence. This way, they will have data contributing to the decision-making process regarding

the safety measures to be applied to mobility in Lisbon.
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Image 6 - Generic tasks and outputs of the CRISP-DM reference model, adapted from[17] and [21]
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CHAPTER 2

Literature Review

2.1 The Approach Followed for the Literature Review

To achieve the proposed objectives and answer the research objectives mentioned earlier, the author
opted for a hybrid approach and combined two methodologies to conduct the systematic literature
review. The PRISMA Statement - Preferred Reporting Items for Systematic Reviews and Meta-Analyses,
whose objective is to ensure that systematic reviews (SR) and meta-analyses are done in a thorough,
clear, and precise manner; and, complementarily, the snowball sampling methodology (non-
probabilistic sampling using reference chains), a technique that searches for new sources of
information based on the references used by the documents that scientifically support this
dissertation.

Therefore, the systematic search was done in three academic search engines: Scopus?, Biblioteca
do Conhecimento Online® , and Web of Science®. The first is the primary source of the articles
consulted.

The time interval considered for these articles was the publication date between 2010 and 2020.

The location of the articles needed for this dissertation was made through different combinations
of groups of keywords. Through them, the existing contents in the respective databases were extracted

and filtered:
1. ("Road Traffic Accidents" AND "analysis" AND Portugal AND spatial pattern );
2. (RTA AND accident AND mapping AND spatiotemporal analysis );
3. (Trafficaccident AND GIS, AND Kernel density estimator AND KDE+ OR "Getis-Ord Gi*");
4. (“Lisbon” AND “RTA” AND "GIS";
5. ("KDE" AND "KDE+") AND ( hot spot analysis );
6. (Lisboa AND Acidentes de transito);
7. (human factors AND road accidents).

The results obtained were filtered according to a rationale applied to the Covidence® systematic

literature review tool, consisting of three steps:

2 https://www.scopus.com/

3 https://www.b-on.pt/

4 https://www.webofknowledge.com/
> https://app.covidence.org/
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1. Eligibility Criteria — at this stage, the results are approved or rejected according to the

following criteria:
i) Language (only articles written in English or Portuguese are accepted);
ii) Date of publication of the article between 2010 and 2021;

iii) Scientific literature exclusively from scientific articles or reviews, apart from grey
literature from the Lisbon City Council, the National Road Safety Authority, and
the European Commission. These, for being intervention plans, technical
documentation (e.g., Municipal Emergency Plan of the Civil Protection of Lisbon)
and reports, cannot be published in the scientific community; and the article The
CRISP-DM Model: The New Blueprint for Data Mining, for not meeting the

publication date criterion.
iv) The topic is relevant to this dissertation.
2. Reading the article abstract;
3. Reading the full article.

After analyzing and filtering the results, the following values (image 7) were obtained:
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Image 7 - PRISMA Diagram of this Dissertation
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Then, VOSviewer® was selected to create visualizations of the keyword groups (Image 8) used by
the authors of the studies chosen for this dissertation.
The map visibly highlights the term "GIS" as the central concept of the links and relationships

established, followed by the term "Road Safety", traffic accidents, and Hotspots.

Injury geverity traffic aceidents spatial analysis
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Image 8 - VOS Viewer keywords Visualization

A critical component of reducing road traffic accidents is analysing the locations of the incidents.
This is founded on the recognition that a road traffic accident by definition has a geographical
component, as it occurs in a specific area. Additionally, road traffic accidents do not occur at random.
They are prone to congregate in particular locations for reasons that can be explained by a variety of
circumstances referred to as “influencing factors.” These clusters, or concentrations of RTAs, which
are usually referred to in the literature as “hotspots”, are described as “every spot that has a higher

number of accidents than other similar spots due to local risk factors”[18].

This notion refers to the concept that hotspots are prone areas where the geometry and the traffic
design (e.g., congested intersections, sharp curves, inefficient vertical signalization, etc.) play a
significant role in accidents, which can be reduced if the influencing factors are identified and corrected

by the authorities.

6 https://www.vosviewer.com/
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There is no universally accepted and precise definition of accident hotspots [19] as definitions

differ among and are adapted to suit each country's features and governmental goals. Rune Elvik

compiled hotspot definitions in European countries [20] in order to demonstrate the differences.

According to the literature review and the comparison of approaches for defining hotspots (Table

1), no European country has fully adopted an identical methodology for determining hotspots. Applied

methods of identification, each with distinct strengths and weaknesses in their field of application, are

beneficial in locating hotspots. In view of the above, this dissertation uses the hotspot definition

provided by the Portuguese National Road Safety Authority (ANSR): "A stretch of road with a maximum

length of 200 meters, in which there were at least five accidents with victims in the year under review"

[10].

Table 1 - Summary of Hotspot definitions found in literature, adapted from [20] [21],[22]

Country RTA Hotspot Definition

Austria Three or more similar accidents with injuries within three years period and a risk
coefficient of at least 0.8
Belgium Three or more severe accidents within 100 meters stretch of road over the period of 1

year

Czech Republic

Three or more accidents with injuries within 250 meters stretch of road over the period
of 1 year, or, 3 similar accidents in the period of 3 years, or, 5 similar accidents in the
period of 1 year.

England More than Twelve accidents within 300 meters stretch of road over the period of 3
years

Germany Three accidents within 300 meters stretch of road over the period of 1 year, or, 5
accidents over the period of 3 year

Hungary Three or more accidents within 100 meters stretch of road over the period of 3 year

Netherlands

Five accidents on a single location over the period of 3 year, or, 10 accidents over the
period of 5 year

Norway Four or more severe accidents within 100 meters stretch of road over the period of 1
year

Portugal Five or more severe accidents within 200 meters stretch of road over the period of 1
year and indicators with severity up to 20 in one year of the analysis.

Spain The country lacks consistency in its definition of the concept. The method for

calculating Hotspots differs per administrative division, e.g.:

Andalucia - Five or more severe accidents within 1000 meters stretch of road over the
period of 1 year, or, three accidents with injured victims (at least 1 deceased) in the last
three years;

Valencia — Three or more accidents within 200 meters stretch of road over the period of
3 year

14



The academic world has used different statistical models to try to classify hotspots. This topic
gained momentum in the last quarter of the 20th century, specifically in the late 1970s. Gaussian
regression, Multivariate Poisson regression, and negative binomial models were applied in several
studies, taking into account the randomness of events in space and time [23][24]. The results of the
mentioned models were incorrect because they considered the spatial characteristics of an RTA as
constant for a given period, which S. Lakshmi [15] described as occurring "when the assumption that
mean and variance must be equal is violated. When the accident data are overdispersed (variance
exceeds mean) or under-dispersed (mean exceeds variance), it will lead to erroneous inference with
the parameters which determine the crash frequency." The identification of a hotspot requires a much
more detailed analysis of the causes and factors —e.g., the severity of the crash, the road conditions,
the vehicle conditions, and the weather factors present/existing when the incident occurred

[19][25][26]. This issue is developed in detail in chapter 3, "Business Understanding".

Nowadays, researchers are combining GIS and spatial analysis techniques to examine the spatial
distribution and spatial dependence of RTA events in a two-dimensional (2D) planar space, utilising
global indices such as Global Moran's | (spatial autocorrelation), Getis-Ord G and Getis-Ord G*, which
enable investigators to identify statistically significant hot spots, cold spots and spatial outliers.
Moreover, local indices such as KDE and Local Anselin Moran can be used to identify the spatial

locations of RTA clusters.

Geographic Information Systems (GIS) have established themselves as a critical and powerful tool
for spatial data analysis over time due to their multiple features and uses. These systems enable the
storage, modelling, analysis, and visualisation of georeferenced data (image 9). Spatial data analysis is

the study
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of spatially referenced phenomena using approaches that attempt to describe and explain why specific

events occur in particular locations.

=

Image 9 - ArcGlIS Pro Interface

Numerous studies and scientific discoveries have resulted from the application of GIS
technologies, including crime studies [27], Cancer Epidemiology [28]-[31], Zika virus incidence [32],
and COVID-19 [33]-[37]. In the case of the current study, GIS has been applied to explore the locations

characterized by a high occurrence of road traffic accidents [38]—[42], know as hotspots [43].

These studies could only be carried out properly due to the massification of GPS in cars and mobile
devices (smartphones). The access to accurate geolocation data and incident reports appropriately
formatted for statistical and spatial analysis provided researchers with previously unattainable
reliability levels in survey results [44]. The classic method for RTA geolocation was the mileage pile,
which is the combination of the road name and the hectometric demarcation (EU) or Highway location
marker (US) to reference the location of the accident. However, this method was highly fallible due to
road construction processes, subcontracting, overlapping roads, and changes in nomenclature or
classification of the infrastructure [45], which often led to incorrect location identification, introducing
systematic and random errors into the analysis.

These conclusions are supported by geographic analysis of existing data and research, such as
those shown below. These studies are primarily dependent on the sort of data used and the study's

objective.
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In the Portuguese city of Vila Real, Inés Franco [21] evaluated three different methods for
identifying hazardous road locations (HRL): the NNH clustering algorithm, the KDE algorithm, and the
Point Density algorithm.

Luis Ramos [46] recurred to a Visual Analytics approach for the dynamic identification of black

spots of road traffic accidents in Portugal

Khanh Giang Le, Pei Liu & Liang-Tay Lin [38] used a combination of KDE and COMAP techniques
(comprehensive mitigation assessment process) to identify RTA hotspots. Both analyses determined
relatively similar hotspots, but the ranking of some hotspots was quite different due to the integration
of the severity index. In this evaluation, Khanh Giang Le proves that in addition to accident frequency,
accident severity level is also essential because it helps to highlight the accidents that involve

significant damage.

Kaygsz et al. [47] conducted spatiotemporal analysis of traffic accidents on Turkish motorways.
Due to data quality, only the South Anatolian Motorway was numerically investigated. Both the KDE
and Network KDE techniques were used to identify hotspots, which mainly occurred during the
summer. The most common accident types in the study region were rear-ended collisions, stationary

object collisions, and run-offs.

Using accident data from Pennsylvania between 1996 and 2000, Aguero-Valverde and Paul P.
Jovanis [48] approximated the annual frequency of accidents in the United States at the county level
according to hierarchical models. Sociodemographic data, weather conditions, transportation
infrastructure, and journey time were among the elements considered. They discovered that
parameters such as low poverty, age range (specifically, 0 to 24 and over 64 years of age), road length

and traffic flow density contribute to an increased likelihood of road accidents.

Ayodeji E. lyanda [49] used a smoothing method to predict two years of road accident events
based on previous historic RTA in all 36 states and the federal territory of Nigeria. This study employed
Moran's |, a spatial autocorrelation statistic, to determine the degree of randomness of RTA severity
among the 36 states. It also used Anselin's local indicator of spatial association (LISA), which provides
a statistic for each location with an assessment of significance and establishes a proportional
relationship between the sum of the local statistics and a corresponding global statistic. According to
the findings, the northern portion of Nigeria has the highest RTA severity compared to the southern
states. Local research suggests that these clusters in the northern part of Nigeria did not happen by

chance; the geographic patterns are considerably clustered.
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Kernel density estimation is a widely used and well-established spatial technique for estimating
crash intensity and identifying hotspots [19],[50],[51],[52],[53]. This method converts a collection of
point events into a continuous surface that indicates their density and enables researchers to examine
the variance in the mean value of the event under study over the study area — i.e., how events are

distributed in space.

Saffet Erdogan et al. [51] investigated accident hotspots and identified unsafe zones on highways
in the Turkish city of Afyon. KDE and repeatability analysis were applied to analyse the data. Both
assessments identified nearly identical locations as hot spots. The majority of them were around
junction points, crossroads and access routes to villages and towns. They also discovered that the
number of accidents increases in the summer and winter, particularly in August and December.
Weekends had higher frequencies as well. Furthermore, they found that the majority of deadly

accidents occurred after midnight.

Tessa Anderson [19] recommends utilizing GIS and KDE to examine regional patterns, such as

injury crash hotspots, and then merging the data with clustering techniques.

Prasannakumar et al. [54] studied 1468 accidents that were reported to the police in
Thiruvananthapuram, India, in 2008. Unlike many other work reports, these provided each event's
coordinates. To conduct the investigation, researchers compared the spatial autocorrelation methods

of Moran's |, Getis-Ord Gi** statistical index and KDE (Image 10).

18



Giscrontaia
N = B 1
f L 1 e
/) kum‘r;\b-—-,/—\'s g\ \E
L] KU
\ el oo N

4 < 3 Tt 1
\ 0 SR ;

ok

A = Places \ ‘ : 3
A Pactatonr Recd A ’”““‘”’)
O C [ Sdy area \ Wz

Hotspots Kernel Density \ A

P High

v K G

(\,\ 0 125 25 5Km ’O

Image 10 - Spatial characteristics of accident hotspots (a). monsoon and b). non-monsoon period) [54]

When the Getis-Ord Gi* and KDEs were applied, the Moran | revealed that the data tend to cluster
in specific time zones [54]. Furthermore, using methods such as the Moran |, hotspot analysis and KDE,
Aghajani et al. [55] discovered a significant relationship between accident density, topography and
rainfall maps — i.e., more mountainous regions and locations with higher rainfall have a higher
accident density. Of the studies described above, few suggest accident prevention strategies. Instead,

they focus only on the process of discovering hotspots and providing a descriptive analysis.

In this dissertation, Global Moran's | was used to evaluate the data for spatial autocorrelation.
Then we used the Kernel Density Estimator to identify accident hotspots because it is a widely used
method that is simple to apply and implement and produces visually appealing results [56] similar to
those obtained by the authors mentioned above. Moreover, when combined with hot spot analysis

(Getis-Ord Gi*), it allows for identifying problematic hotspots in Lisbon's road network.

2.1.1 Global Moran’s |

Global Moran's | is a widely used spatial autocorrelation indicator. The initial measure on spatial
autocorrelation for Road traffic accidents in this study was Global Moran's I. We used Global Moran's
| to identify whether the spatial output pattern is clustered, scattered, or random and concentration
levels [54]. The null hypothesis states that the feature values are distributed randomly throughout the
research region. Moran's Index values vary from -1 to 1, with a value near +1.0 indicating clustering, a
value near -1.0 indicating dispersion [57], and a value of "0" indicating perfect geographic randomness

[58].
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The p-value is a probability that indicates whether the observed values were generated by random
processes or by other geographical activities. When the essential z-score values are 1.655 at a 90%
confidence level and the p-value is more than 0.10 (> 0.10), the null hypothesis can be accepted. The
null hypothesis can be rejected when the crucial z-score values are more significant than 1.65 at a 90%
confidence level, and the p-value is less than 0.10 (0.10). This is because significant clustering exists
beyond this region [59]. In the tails of the normal distribution, very high (+2.58) or very low (-2.58) z-
scores are discovered, which are associated with very small p-values (0.01) and represent clustering or
dispersion at a 99 percent confidence level (Image 11). Substantial hotspots (shades of red in Image
3.2) are indicated by high z-scores linked with small p-values, whereas significant cold spots (shades of

blue in Image 11) are indicated by low z-scores coupled with small p-values [59].
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Image 11 - Normal Distribution of Global Moran’s | [59]

The Spatial Autocorrelation tool was performed for each iteration with distance criteria defined
by the ArcGIS Incremental Spatial Autocorrelation. The direct distance between two points was utilized
to determine the locational proximity of data events, whereas the inverse distance weighting approach
was employed to determine the locational proximity of neighboring points. Because each data point is
analyzed in terms of its neighbors, determined by a distance threshold, it is important to pick a distance
threshold that maximizes spatial autocorrelation[54]. The Global Moran I-Index is calculated using the

following equation:

(1)

Equation 1 - Global Moran’s index equation
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Where | is the Moran's | statistics, N is the number of observations, Xi is the value of variable at location i, Xjis the

value of a variable at location j, and wij is the weight that determines the relationship between i and j.

2.1.2 Kernel density estimator for road accident analysis

One of the most popular techniques for identifying hotspots is spatial point pattern analysis, and there
are several methods for doing so [19]. These can be divided into two categories [60]: first-order
methods, which measure the variation of the process's mean value, such as quadrant counting or KDE,
and second-order methods, which examine the spatial dependence of points and use functions to
explain this level of spatial dependence.

As previously stated, KDE is the most widely used non-parametric statistical method for smoothing
data because it is simple to understand and implement. It uses a kernel, K(x), centred in the estimation
location (Xi), to calculate the density value of a set of point events (n) in a given area, interpolating
them and generating a continuous, more or less smooth surface. The kernel is a weighted function that
can be Gaussian, quadratic or conic in nature. In other words, the function counts the number of points
within a region of influence, weighting them according to their distance from the location of interest;

the bandwidth h determines the region of influence.

Equation 1 expresses the Kernel density function f

(2)

n

0= > ()

i=1

Equation 2 - Kernel function

The chosen values for the kernel and the bandwidth are two parameters that can influence
the final result. However, according to several authors, including Wand and Jones [61], the final
result is relatively unaffected by the type of kernel used. The bandwidth is the most crucial
parameter and has the most significant impact on the final result. It determines the smoothness of
the surface produced; bands that are too small produce non-smooth results, while bands that are
too wide produce the opposite effect. Because it varies with the study area and data and sometimes
requires a subjective judgment when applied, there is no universal formula for determining this

parameter.
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This dissertation applied the KDE method in ArcGIS PRO 2.8 [59] with the Spatial Analyst
extension. After testing several bandwidths, a bandwidth of 500 meters was chosen. The hotspots
covered a large portion of the study area with larger bands, making it impossible to pinpoint hotspot
concentration locations on specific roads. In comparison, only a few hotspots were identified with

smaller bands, resulting in an uneven surface that required multiple attempts to achieve [62].

2.1.3 Hotspot Analysis (Getis-Ord Gi*)

The Getis-Ord Gi* are a group of statistics with several properties that make them appealing for
quantifying dependence in a geographically distributed variable, particularly when combined with
Anseli Moran's | [63].

The Getis-Ord Gi* analyze evidence of spatial patterns, according to is creators, Getis and Ord [64],
“deepen the knowledge of the process that give rise to spatial dependence and enhance detection of

local pockets of dependence that may not be detected when using the global statistic”.

The Getis-Ord Gi* statistical computation is used in this dissertation to determine where the
spatial clusters (hotspots) of road accidents with victims occur in the study area. In addition to
identifying these clusters, the algorithm uses the z-score and p-value values to determine where the

highest/lowest values for spatial clusters occur.

The Getis-Ord Gi* spatial cluster analysis analyses the characteristics of each occurrence of road
accidents with victims, accessing each record in a neighborhood context and looking for the distance
that ensures that each record (accident) has at least one neighbor. A high-value occurrence does not
necessarily imply a hot zone.

To be statistically significant, it must have a high value and be surrounded by additional high-value
occurrences.

The sum of a given characteristic, [incidence], with its neighbors is proportionally compared to the
sum of all attributes. When the local sum differs significantly from what is predicted, and this

difference is not a random outcome, a z-score with statistical significance is produced.
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Equation 3 - Getis-Ord Gi*

where: Gi* is the spatial autocorrelation statistic of an event i over n events. The term, xj is the attribute value for

feature j, wi,j is the spatial weight between feature i and j, n is equal to the total number of features.

Once calculated, t the determined value is a z-score, and the greater the score, the stronger the
clustering of high values (hot spot). When the z-score number is negative (low-value), more cold spot

values are clustered.
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CHAPTER 3

Business Understanding

As mentioned in the introductory chapter, the first phase of the CRISP-DM focuses on identifying and
assimilating the problem that needs to be solved. In order to do so, it is necessary to understand the
whole universe related to the phenomenon under study — in this case, Road Traffic Accidents (RTAs).
Consequently, in this chapter, the physical characteristics of Lisbon, the road network and the

regulation of emergency management in the municipality of Lisbon are described.

This explanatory approach to the city of Lisbon's characteristics and its emergency system is is the
author's contribution to knowledge based on 20 years of accumulated professional experience in the
National Authority for Emergency and Civil Protection Service. It creates the basis for comprehending
the issues and identifying the most significant factors in the municipality that contribute to the RTAs
that will be used later in the “Data” chapter. This survey is of utmost importance since it might

influence or even modify the final results.

Before addressing the characteristics of Lisbon, it is crucial to understand the phenomenon of

Road Traffic Accidents and their causes.
3.1 The Road Traffic Accident Definition

The Portuguese National Road Safety Authority (ANSR) defines a road accident as "an occurrence on
or from the public highway involving at least one vehicle, known to the supervising entities (GNR and

PSP), and resulting in victims and/or material damage" [10].

As a result, an accident is defined as an unforeseeable or unplanned event that causes moral,
property or personal harm. Depending on the type of damage, the accident may also be classified as
an "accident with victims", in which at least one person is injured; a "fatal accident", in which at least
one person is killed (on the spot or within 30 days); and a "seriously injured accident", in which at least
one person is seriously injured (individual bodily injury requiring more than 24 hours of hospitalization,

but where no death occurs).
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3.1.1 The Causes of a Road Traffic Accident

A traffic accident rarely occurs due to a single common cause (factor) [20]. Pedro Oliveira, in a study
conducted for the Associacdo de Cidaddos Auto-Mobilizados (ACA-M) [65], stated that " Contrary to
what is being advocated, speed is not a cause of accidents, but rather an accident-causing factor, like
rain, the bends in a road, alcohol, or disrespect for the Highway Code. Although road safety campaigns
traditionally focus on the slogan "speed kills", the truth is that speed promotes conceivable mistakes
on the part of the driver or on the other dynamic elements that make up the road infrastructure, such
as third party vehicles, pedestrians, and various objects. Despite initial difficulties due to a lack of
credible statistical data, which inevitably led to methodological errors and bias in the results, the causal
factors that contribute to a traffic accident have been studied by several academics over the past few

decades.

The advent of the practice of security agents registering RTAs allowed researchers to detect the
relationship between one or more factors that implicitly or explicitly may contribute to an RTA to a
greater or lesser extent [21]. In this way, accidents started to be understood as multicausal, meaning
that they tend to occur when the conjunction of one or more variables are present that can act
independently or in conjunction with one another (driver, road and road environment, and vehicle)
and can be evident (traffic, weather conditions, infrastructure properties and vehicle properties) or

latent (human perception, decision making, psychological and cognitive state) [26][66][67][68].

Thus, an RTA is a series of events that result in a system failure or breakdown, and it is rarely the
result of a single cause. An RTA is an unusual or out-of-the-ordinary occurrence for the average road

user. If appropriate and timely evasive actions disrupt the causal chain, the incident can be avoided.

3.1.2 Factors Contributing to a Road Traffic Accident

Driving entails operating a vehicle in a highly dynamic road environment and interacting closely with
other road users. As previously stated, RTAs are typically caused by the convergence of factors closely
related to the three elements of the road system: the road user, the vehicle and the road environment.
For the purposes of this dissertation, these factors will be referred to as human, vehicular, and

environmental factors, in that order.
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Human factors are cited in the Highway Safety Manual (HSM), published by the American
Association of State Highway Transportation Officials (AASHTO), as probable causes in more than 90%
of RTAs.

Human Factors

+ Age and experience
Inattention and distractions
Vision and acuity

Expectancy

Driving strategy

Evasive maneuvers

Influence of alcohol and drugs

34%

Environmental Factors

¢ Distractions inside the vehicle
» Road design, inadequate signing
* Visual obstructions and barriers Medical impairment

+ Traffic light sequence Attitude to traffic regulations and
* Surface contaminants & irregularities Vehicle controls

« Lightning, visibility and conspicuity | 3%

Vehicle Factors

* Manufacturing defects and failure
* Braking, suspension systems

¢ Blind zone

Enviromental

Image 12 - Contributing factors to Vehicle Crashes

3.1.3 Human Factors: Personality and Behavior

Human factors, including vehicle drivers and pedestrians, are often cited as the primary cause of road

accidents. Many reasons can be identified for attributing RTA blame to humans.

The term "man/driver" includes a variety of variables that may contribute to the incidence of an

accident, including the following:

e Perception and information processing;

e Driver perception;

e Time required for response;

e Individual distinctions;

e Mobile Phone Use;

e Exhaustion;

e Alcohol and substance abuse;

e Neuropsychological, medical, and psychiatric disorders.

e Age and experience
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e [nattention and distractions

e Driving strategy

e Attitude to traffic regulations and controls

According to scientific research, "The normal inclination is for the driver to match his driving speed
to the conditions dictated by the route's geometry. Drivers adjust their speed to the road's geometry
when they are unaware of such risk-prone features in specific locations"[69]. In this manner, drivers
retain the authority to choose the actions they exhibit on public roads, even though they are mindful

of legal requirements.

3.1.4 Vehicular Factors

All vehicle-related characteristics, deficiencies and defects, as well as related motorist interactions and
responses that cause an RTA or worsen the severity of a vehicle impact, are considered vehicular

factors.

The term "vehicular factors" includes a variety of variables that may contribute to the incidence of

an accident, including the following:

e Manufacturing defects and failure
e Braking, suspension systems

e Mechanical Defects

e Loss of Vehicle Control

e Vehicle blind zones

3.1.5 Environmental Factors

Environmental factors include elements found both inside and outside the vehicle and the roadway
and its surroundings. Distractions in the vehicle, such as navigational aids, internal radio, air
conditioning, window and mirror adjustments and conversations or arguments with passengers and
small children can all affect a driver's response. According to studies [70], loud music can impair a
driver's reaction time and performance in the same way that noise does. It is also common to drive
while distracted by a cell phone. The roadway environment encompasses both the roadway and the
surrounding environment, including weather and darkness.

The term "environmental factors" includes a variety of variables that may contribute to the

incidence of an accident, including the following:
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e Distractions inside the vehicle

e Road design, inadequate signing

e Visual obstructions and barriers

e Traffic light sequence

e Surface contaminants & irregularities

e Lightning, visibility, and conspicuity

Dynamic conditions that change quickly and suddenly are common in road traffic systems. Human
factors, vehicular factors and environmental factors all play a role in traffic incidents. In a traffic crash,
we assess the road user's skills and shortcomings, experiences with other road users, cars and the
environment. Human vision, awareness, judgment and efficiency will all remain essential aspects of

driving before self-driving cars become the standard on our roads.

3.2 Emergency Management and Safety in the City of Lisbon

Moored at the mouth of the Tagus, the city of Lisbon is one of the oldest cities in the Western world.
Its geographical position in a Euro-Atlantic context has made Lisbon a space of geostrategic relevance,
defining the contours, from very early on, for the city to become the capital of Portugal. As a city,
Lisbon is the Tagus, the Atlantic, the climate, the relief and its historical past. Lisbon is also its industry,
commerce, demography, urbanism, technology, knowledge, culture, transport and communication
routes. Thus, the city is a complete combination of natural and anthropic factors [71], which, together,
potentiate a constellation of dangers associated with existing vulnerabilities, transforming them into
natural focuses of risk [71].

Our inability to act directly on all potentially dangerous processes (some of which are very
unpredictable and, for this very reason, more dangerous) encourages us to reduce vulnerability. The
most recent conceptual model concerning risk identified three determining factors for the reduction
of vulnerability: i) exposure of the population, ii) awareness of the population, and iii) the response of
society [72]. Given these factors and the scope of this dissertation, a city is also safety and,
consequently, prevention, protection and rescue. The relief component of the response capacity
depends on a list of exceedingly complex factors. The technical and technological aspects, which are
substantially different from season to season, necessarily intersect with the nature and dynamics of a

city, which are also volatile from season to season.
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In Portugal, the government is responsible for the protection and assistance of its citizens. The
Portuguese legal system regulates this obligation through Law no. 27/2006, later rectified by the
Organic Law 1/2011 and Law 80/2015, which ratifies the Civil Protection Basic Law (LBPC). According
to article 1 no. 1 of the LBPC, "civil protection" is defined as "the activity undertaken by the state,
autonomous regions, and local governments, citizens, and all public and private entities with the goal
of preventing collective risks associated with a severe accident or catastrophe situations, mitigating

their effects, and protecting and assisting people and property in danger."

According to Law 80/2015, which modifies and upgrades Law no. 27/2006, Portugal's civil
protection system comprises four tiers: national, regional, district and municipal. Due to the objective
and purposes of this dissertation, we will only discuss the last one (the municipal level). The municipal
level's importance in the current structure of the civil protection system is reflected in the principle of
subsidiarity, as stated in Article 5 paragraph d) of Law no. 27/2006, which establishes that the higher
level of the civil protection subsystem shall intervene only if and to the extent that the civil protection
objectives cannot be met by the civil protection subsystem immediately below, given the magnitude
and seriousness of the occurrences. According to Manuel Jodo Ribeiro [28], Municipal Civil Protection
Services (SMPC) serve as the foundation and support for the national civil protection system. He argues
that the responsibility for the initial response in the event of significant accidents or disasters belongs
to the municipal level, thereby adhering to the subsidiarity principle. In this context, SMPCs play a
critical role in the current national system, as their existence and effectiveness are critical for the
conduct of all civil protection activities, regardless of whether their level of operation is municipal,
district, regional or national. Concerning the Lisbon SMPC’s mission, it is clearly stated in article 10 of
Law n? 65/2007 that these structures have the authority to ensure the proper operation of all
municipal civil protection organisms, as well as to centralise, treat and disseminate all information
received regarding municipal civil protection. The competencies are defined in three dimensions:

planning and operations, prevention and safety, and public information.
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The Lisbon Municipal Civil Protection Service was established in 1985 and recently converted into
a department by order no. 5347/2015, published in the Diario da Republica (Official Gazette), second
series, No. 98 - May 21, 2015. It is one of the Municipal Services of the Municipality of Lisbon, alongside
the Fire Brigade Regiment and the Municipal Police, that ensures the safety and security of people and
property in the city of Lisbon. In terms of dependency, Article 9 of Law 65/2007 of November 12 clearly
states that the mayor of the city is the political authority and directs the SMPC. Additionally, this legal
diploma defines the figure of the Municipal Operational Commander (COM), which previously lacked
a counterpart in the Civil Protection system, as the operational command structure of the National
Authority for Emergency and Civil Protection (ANEPC) contemplated only the national operational
commander and district operational commanders. Consequently, the COM, which is hierarchically and
functionally subordinate to the mayor, was created. In the case of the Lisbon municipality and others
with a professional Fire Brigade Regiment (RSB), the Commander in Chief is nominated to the position

by the aggregation.

3.2.1 The Lisbon Fire Brigade Regiment (RSB)

According to the Civil Protection Fundamental Law, firefighters are the first responders in emergencies
and other incidents posing a danger to life, property or the environment. Technically and operationally,
this duty falls to the Fire Brigade Regiment (RSB) in Lisbon. Therefore, it is important to emphasise the
RSB's mission as an organization under examination. The RSB's primary goal is to ensure the protection
of people and property in the city of Lisbon through a continuous program of prevention, preparation
and rescue in the event of a major accident or disaster. Moreover, the RSB relies on interoperability
with Lisbon's Municipal Civil Protection Services, which engages in certain measures and monitors their

resolution to mitigate consequences, to carry out its work.

3.2.2 Operations

As previously mentioned, all operational activities are focused on protecting and assisting citizens
within the context of the RSB’s mission. If necessary, it’s possible that its mission can be extended to
include other areas in order to support other emergency agencies (or by the request of the National

Authority for Emergency and Civil Protection).
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The regiment's organizational structure consists of approximately 867 professionals (the staff
establishment plan can accommodate up to 1112 operational personnel) divided into 11 intervention
zones based on the geographical area of operation, the population density, and the ability of the fire
brigade vehicles to arrive at the theatre of operations (incident area) in less than six minutes. This
rationale is due to the need for firefighters to arrive at the site of a fire before the occurrence of a
flashover, which is the form of fire that occurs rapidly and is characterized by an increase in the rate
of fire growth and development. This is typically a transition from a fire at a single source to a fire that
consumes all other combustible materials in the area without coming into direct contact with the
flames. During and after a flashover, the primary form of heat transfer is radiation. The regiment is
divided into six companies, each with two firehouses (HQ and Station), for a total of 11 firehouses (3
battalions, six operational companies, one special intervention company, one company for command

and services) and a fire academy.

Lisbon Fire Brigade (RSB) Firehouses
Jurisdiction
Roads
[ Fire Department Companies jurisdiction

©  Fire Department headquarters

5 Kilometers
)

Image 13 - Lisbon Fire Brigade Firehouses Jurisdiction

3.2.3 Operational Response to Road Traffic Accidents

Each of the companies mentioned above is responsible for ensuring the relief of the area assigned to
it, thus enabling greater effectiveness in combating occurrences and greater proximity to citizens. All
of these firehouses are duly equipped with various combat means. In the field of accidents, the vehicles

designed for specific operations include the Rescue and Tactical Assistance Vehicles (VSAT) and the
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Urban Fire Fighting Vehicle (VUCI). The two existing VSAT are strategically positioned (on each extreme
of the city) to arrive as soon as possible to an occurrence and hold the specific equipment that supports
(the most complicated) extrication operations. The VUCI is the primary vehicle of the RSB for
intervention in traffic accidents. In addition to all of the equipment necessary to extinguish an ignition,
this vehicle is equipped with the proper material for extrication operations. The crew of this vehicle
includes 6 members, one of whom is a certified Ambulance Rescue Team Leader (medical emergency
technician) (TAS) and Automatic External Defibrillation (AED), who can perform the first assessment of
the victims and, if necessary, intervention until the arrival of vehicles (and specialized teams) from the

National Institute of Medical Emergency (INEM).

3.3 The City of Lisbon

Lisbon is a city vulnerable to several risk situations due to "its geographical and social, economic and
political characteristics, for its importance as a capital" [73]. Thus, in order to ensure a proper
theoretical framework within the scope of this work, it is important to outline Lisbon’s relevant
characteristics. This will allow us to establish if any relationships exist between these characteristics

and the road traffic accidents that happen daily.

The Municipal Emergency Plan for the city of Lisbon is a benchmark of excellence regarding civil
protection activity that, ultimately, all civil protection agents consult for information on their specific
missions, which supports better coordination [74]. This strategic document identifies a variety of risk

situations, including the one that is the focus of this dissertation: serious traffic accidents.

Thus, and always taking into consideration the objectives we propose to achieve with this

dissertation, we have chosen to highlight the following as they impact RTAs:
e Altimetry and Hypsometry;
e C(Climate;

e Road infrastructure

The Municipality of Lisbon is central to the Metropolitan Area of Lisbon (AML) and is the capital
of Portugal. Geographically, it is located on the right bank of the Tagus River, near its mouth, at 38242’
30,5" North latitude and 92 Greenwich longitude 02. It is bounded on the south and east by the Tagus
River. To the west, it borders the Municipality of Oeiras, and to the north, the municipalities of Loures,

Amadora, and Odivelas.
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Image 14 - Lisbon Civil Parishes

The Municipality of Lisbon has a total area of 84 Km2 and is currently divided (image 14) into 24
administrative divisions (civil parishes).

As regards the Territorial Units for Statistics (NUTS), the Municipality of Lisbon is part of the Lisbon
and Tagus Valley Region (NUTS II) and the sub-region of Greater Lisbon [75].

The territory of the city of Lisbon is fundamentally characterised by areas with an altitude below
100m; the major exception is the Serra de Monsanto with an altitude of 230m (at its highest point).
The difference between altimetric quotas in Lisbon occurs between sea level and the quota of 230m,
as is visible on the altimetric map (image 15). The areas that are part of the entire riverside zone and
lower valleys have heights, in general, lower than 30m, while the slopes have heights of approximately
70m. The central zone of the Serra de Monsanto reaches heights above 150m; however, it is mostly
characterised by areas in the order of 70 to 100m [33]. In the northern area of the county, we highlight
the area of Ameixoeira and Aeroporto, where, as in the Serra de Monsanto, sporadically, it could
reaches heights of 150 to 220m. It is also worth mentioning Telheiras and Carnide because they are
mostly composed of areas between 100 and 150m, returning to register identical values only in the

area of Campolide [76].
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Image 15 - Lisbon Hipsometric Chart

The altimetric characteristics of the city of Lisbon are directly related to its particular
circumstances, the Tagus Valley, its riverside margin, the Monsanto mountain range, and the plateau
area. The first two deserve special mention, as they have lower elevations, which favors the circulation
and accumulation of water [73].

The slopes are steeper in the areas next to the main water lines of the city, in particular Vale de
Alcantara and Vale de Chelas, to the south and east, respectively. Of the valleys mentioned, Vale de
Alcantara is the deepest, with the largest area of steep slopes (between 30% and 40%), which also
includes the southeast slope of the Serra de Monsanto. The hillside areas usually have slopes of 25%.

The main valleys of Lisbon flow into the Tagus estuary. They are in Alcantara, Chelas, Avenida da
Liberdade, Arroios, Marvila and Olivais. To the east, along the bank, valleys define hills with relatively
steep and varied slopes. The Serra de Monsanto, as Lisbon's volcanic complex, stands out to the west
and dominates the landscape. To the north, extensive plateau areas, where most of the terrain is steep,
predominate [76]. The possibility of slope movements is related to several factors: the geological

nature of the formations, geomorphology, and the presence or circulation of water. [74]
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For emergency planning purposes, the following elements are considered to be possible climatic
triggers: concentrated precipitation, strong winds, cold and heat waves [73]. In general, the city of
Lisbon has a Mediterranean climate with a hot and dry summer. The average temperature is 162C. The
lowest figures are registered in December, January and February (average values of 102C), and the
highest occur July through September (average values between 202C and 252C). Precipitation occurs
mainly between October and April, with annual average annual precipitation values between 650mm
and 760 mm. The highest figures happen from November to February (with 160mm), and the lowest
are in July and August (with values between 3 and 7 mm) [73].

Precipitation is of special importance because, according to a study of the European Environment
Agency, Lisbon is the "fourth most waterproof city in Europe”, and it favours the occurrence of rapid
floods. The most susceptible areas "are the coastal areas, with valleys, low elevations, slight slopes
and/or wetlands that in the past have been covered by main watercourses"[73], as can be seen in the
flood risk map for the city of Lisbon (Image 16). Flooding "can occur when there is intense, sudden, or
prolonged precipitation. This situation is aggravated when it coincides with the peak of the high tide

and, even more, with the influence of the Storm surge phenomenon"[73].
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Image 16 - Lisbon flood vulnerability map
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Beyond this generic characterization, Lisbon "is sometimes influenced by unpredictable weather,
which causes exceptional conditions (...)". Among them, it is important to highlight the following due
to their impact: "(...) Extreme figures of minimum (...) or maximum temperature (...) values above 402
C (...) High values of rainfall in short periods (...) Strong and very strong wind and gusts with very high
speeds (...)" [73] These are all contributing factors to the occurrence of road accidents that will be
addressed later.

Taking the road network and its characteristics into consideration is fundamental. After all, the
city of Lisbon, with its high road traffic flows, especially during rush hours, registers a high number of
traffic accidents. They are largely the consequence of roads that allow high speeds, even though they
are poorly maintained or designed, in addition to unfavourable weather conditions [73].

In the national context, Lisbon is an urban center where daily population flows in and out of the
‘region' are more intense. This flow is known as commuter traffic (traffic caused by commuters to and
from work). According to the 2011 Census [77], the car is the most used means of transportation
between home and work or home and school. In fact, "about 62% of the population, who commutes
daily to carry out their activities, choose to use the car, as a driver or passenger"[77].

In a survey conducted by the National Institute of Statistics (2017) on the mobility and
functionality of the territory of the Lisbon Metropolitan Area (LMA), we can see that in the first decades
of the twenty-first century, there was an apparent increase in the metropolitan population, currently
with 2.8 million residents, and an emptying of the urban centers, which led to a dispersion of residents

throughout the territory of the LMA.

Metropolitan municipalities
Lisbon metropolitan municipalitie
s Lisbon metropolitan area Limits

Image 17 - Lisbon Metropolitan Area
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This phenomenon has led to a significant increase in commuter traffic, which is corroborated by
the values of the average annual daily traffic (AADT)” from the Institute for Mobility and Transport
(IMT), showing the commuter traffic flows in the Lisbon Metropolitan Area (Image 18) and
demonstrating the strong relationship between the municipality of Lisbon and the other 17
metropolitan municipalities that make up the Greater Lisbon area (Alcochete, Almada, Amadora,
Barreiro, Cascais, Loures, Mafra, Moita, Montijo, Odivelas, Oeiras, Palmela, Seixal, Sesimbra, Setubal,

Sintra and Vila Franca de Xira).

Monitored traffic on lisbon's entry/exit points
Average annual daily traffic in 2019 - 675 754 vehicles (both ways, every day)

629 Entry point Bridge V. Gama (A12) +4'I76,90I43%,§1
é_e Entry point North (A1)

E% West entry point (A8) -

6_9 Entry point Odivelas / Loures (IC22) 68 638 =
o

69 Entry point Sintra (IC19) +13,45%

E% Entry point Cascais (AS)
_9 Entry point bridge 25 Abril (A2)

¢ —> Entry point Amadora (A16/IC16)

106 483
+17,42%

5 Kilometers
1

140 628
S,\\ -5,83%

Image 18 - Commuter traffic flows on Lisbon entry / exit points

Every working day (weekdays), an average of 301,000 vehicles (table 1) enter the main accesses

of the City of Lisbon, in addition to the 367,000 vehicles that reside in the municipality (Table 2).

7 AADT - the entire volume of traffic that a road receives in both directions over the course of a year, divided by
the number of days in the year.
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Table 2 - Average Annual Daily Traffic of the entry points of Lisbon (both ways)

93 099 91 564 89784 90 007 93315 95 294 97 159 97 168 99 821 93 099

Al - North 7,22%
60 341 54 967 53443 54 306 55628 59308 62304 65318 68 638 60 341
A12 - Vasco da Gama Bridge 13,75%
34768 14 564 12214 11510 12223 13 863 15 697 17351 19234 20482
A16/IC16 - Amadora -69,75%
143 406 138937 136 263 135514 138475 140730 143 481 143 109 140 628 143 406
A2 - 25 Abril Bridge -5,83%
129532 121726 125947 128 746 131521 116 291 133 683 134 329 134 891 129532
AS5 - Cascais -1,98%
45178 44 002 48 094 48 683 50 891 52571 54 859 55962 56 898 45178
A8 - West 25,94%
90 683 87915 88 745 88 345 105 055 73562 64752 84719 106 483 90 683
IC19 - Sintra 17,42%
41291 36790 45267 41042 39761 31533 46 191 47 175 47913 41291
1C22 - Odivelas / Loures 16,04%
649 099 618 094 533 148 599 053 469 479 628 509 584 986 619 780 647 014 675 754 4,11%
Total

Table 3 - Number of license plates with valid insurance registered in the Lisbon municipality - Portuguese Insurance and
Pension Funds Supervisory Authority 2021

Moped 4 660 4 449 4344 4279 4511 4400 4258 3314 3587 3486
Light 313277 305019 301203 301467 291709 323741 333019 323875 329059 331956
Motorbikes 13 008 13111 13 369 13014 13 409 15766 17 046 21777 23975 25 945

Heavy 3180 1860 1693 1520 1567 11581 6642 5156 6083 5575
total 337305 326 299 322302 321800 312763 355488 360 965 354122 362704 366 962

Between 06:00 and 20:00, there are theoretically 631,000 vehicles circulating on the 1790 km of
roads in the city, which inevitably increases the number of road accidents. Based on this evidence, the
emergency plan for the city of Lisbon states that the road network is of decisive importance to reduce
the number of accidents. The different characteristics of the city of Lisbon’s road network allow it to
be classified hierarchically as a municipal and supralocal network (image 19), enabling daily access to

Lisbon in different ways.
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Hierarchy of road network - Lisbon

mem | st Level - Structuring Network

2nd Level - Main Distribution Network

3rd Level - Secondary Dist. Network

4th and 5th Level - Local Distribution and
Local Access Network

5 Kilometers

Image 19 - Lisbon road network hierarchy

According to the PME [73], "the road network should be ordered according to the functions
and characteristics of the roads in:

= 1% Level - Structuring Network — ensures the connections within the municipalities and their
transposition, in addition to long-distance travel within the city of Lisbon;

= 2" |evel - Main Distribution Network — ensures the distribution of the largest internal traffic
flows within the Municipality, as well as the medium routes and the access to the structuring
network;

= 3" |evel - Secondary Distribution Network — comprised of internal routes, ensuring the
proximity distribution, besides guiding the traffic to the superior routes;

= 4™ Level - Local Distribution Network (proximity network) — the structuring roads of the
neighbourhoods, with some flow capacity, but where the main element is the pedestrian;

» 5™ |evel - Local Access Network (neighbourhood network) — ensures road access to buildings,
with privileged conditions for pedestrian circulation (...)". Between the various axes [28, pp.
96] "(...) that serve the city, the highlight is given to the main access corridors, namely:

e - (Cascais (IC15 and EN6/ Avenida Marginal);
e -Sintra/ Amadora (IC19 and EN117);
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- Amadora/ Loures (IC22/ Radial de Odivelas);

- West (IC1/ A8);

- North (IP1/A1, EN10 and IC2/ Variant to EN10);

- Vasco da Gama Bridge (I1C13/ A12);

- 25 de Abril Bridge (IP2/ A2)".

The municipality of Lisbon’s road network consists of 24,057 road segments totaling 1790 km in
length, divided between 15t and 2" levels (340Km, 32%) and 3™, 4" and 5™ levels (730 Km, 68%).
By analysing the distribution of these roads across the 24 civil parishes of Lisbon, we can determine

their density and assess those that may be at a higher risk of accidents due to higher road density.

Lisbon Parishes - Road Density

Km - Number of Km of roads existent in the Perish
p - Density (Km of roads x Area of the Perish

- Perishes with high p Levels

Perishes with low p Levels

5 Kilometers
|

Image 20 - Lisbon civil pariches road density

After analysing the results expressed in image 20, it is clear that the civil parishes of Avenidas
Novas and Areeiro have the highest road density. On the other end of the spectrum, Beato and Belém

have the lowest density.

41



Three essential elements define a traffic stream: flow, speed. and density [78] A road network
segment is said to be overloaded when it receives more traffic than it can accommodate. A saturation
level of more than 90/100%, for example, implies a restricted and erratic traffic flow — i.e., the volume
exceeds the artery's capacity, resulting in queues and waves of stop-and-go traffic. The images below
(Image 21 and Image 22) represent the city of Lisbon’s saturation level during rush hours (morning
06:00-10:00 and afternoon 17:00-20:00). The sections with saturation levels greater than 90%

(sections exceeding their theoretical capacity) are shaded in black.

Lisbon traffic density chart - Morning Rush (06:00 - 10:00)

Roadway saturation level
<70%
— < |00%

M ¢ 5 5 Kilometers
e Dl R SR

Image 21 - Lisbon traffic density chart - Morning
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Lisbon traffic density chart - Afternoon rush hour Rush (17:00 - 20:00)

Roadway saturation level

< 507
<70%

— <909

— < |00%
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I/\7 [ /"' j \-
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3
J
5 )
A

0

5 Kilometers

T + t + 1

Image 22 - Lisbon traffic density chart - Afternoon

These results show that during morning rush hour, when traffic is most congested, there are a

greater number of saturated roadways, which coincides substantially with radioconcentric penetration

and distribution movements in the city center. The most congested routes in the Lisbon network are

readily visible in both of the peak travel windows studied. In terms of the

traffic load on Lisbon's road

network during these time periods, the busiest axes with the highest demand has values of up to 1,650

PCU® per hour and per direction.

The zones identified by their high level of congestion reveal that the congestion produced by the

density of vehicles is more representative at the times under consideration and prevalent mainly on

three stretches of the Segunda Circular (near the Airport, on the Campo Grande Viaduct stretch and

near the exit of the Benfica radial), in the city centre on the Avenida das For¢as Armadas, Avenida dos

Estados unidos da América, Avenida Calouste Gulbenkian, Avenida

Liberdade, Avenida de Berna, Avenida da India and Avenida 24 de Julho.

da Republica, Avenida da

& To deal with the heterogeneity in a mixed traffic environment, the Passenger Car Unit (PCU) is a relative

weightage factor provided to the traffic volume of individual vehicle categories.
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CHAPTER 4

Data Understanding and Data Preparation

4.1 Data Understanding

The CRISP-DM methodology's [79] data understanding phase is vital for achieving the goal and
anticipating the emergence of unforeseen challenges in the following steps. It is composed of four
distinct tasks: "Collect Initial Data," "Describe Data," "Explore Data," and "Verify Data Quality"[80].
This process entails gathering data, exploring it using visualization and analysis techniques,
determining its quality, and finding relevant features to answer the research questions.

The ultimate goal of road accident analysis is to reduce the number and severity of accidents and
casualties. To achieve this goal, high-quality, reliable, and accurate data must exist to understand
which factors directly influence road accidents and the injuries that result from them.

4.1.1 Collect Initial Data

This subchapter addresses the collecting initial data task of the data understanding phase of the CRISP-
DM methodology. The data acquisition process allows researchers to obtain the necessary information
to achieve the objective defined in the research/process.

For this dissertation, the data provided by CML in the scope of challenge number 51 -
"Identification of road accidents incidence points and their correlation with other factors" - did not
fulfill the requirements for a correct statistical analysis. The records only included the year 2018, which
is insufficient to identify hotspots accurately. The academy recommends that the ideal period for data
collection when conducting a study on road accidents should be between 5 and 10 consecutive years
since this interval represents a compromise between the number of years required for the sample to
be considered statistically significant and the number of years necessary to ensure that the situation
under study is not outdated.

Given the above situation, and after due coordination and consent from the supervisors of this
dissertation, the necessary contacts to acquire the data required for this dissertation were made.
These contacts included the Commander of the Lisbon Fire Brigade, Lieutenant Colonel Tiago Lopes,
who received an official data request for 10 years of data through email from ISCTE-IUL. After the
request was approved, the RSB asked Dr. Ulisses Pinto of the Information Systems Department of the
Planning and Strategic Projects Division of CML to provide the dataset, and the file was delivered in
Microsoft Excel Open XML Spreadsheet (.xlsx) format. The dataset provided was full of critical
operational information but lacked the necessary fields for correct analysis — e.g., pavement

conditions data and atmospheric data.
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The next step was to request the data about meteorological conditions with an emphasis on the
precipitation for the interval being analysed from Dr. Nuno Miguel Moreira of IPMA's Numerical
Weather Forecast, Weather Watch and Earth Observation Division (DivMV). The data were delivered
in comma-separated values (.CSV) format after a favourable order from the Institute, and they
contained the atmospheric conditions data for 2 points of Lisbon city: The Main Automatic Station (n2
535 - EMA 1), located at the Instituto Geofisico D. Luis (Lat. 38,71907778 Lon. -9,14972222 Elevation
77 m), and the Main Automatic Station (n2 579 - EMA |) Gago Coutinho, located near the Lisbon Airport
(Lat. 38,76620278 Lon. -9,12749444 Elevation 104 m).

In order to have a complete dataset and obtain the missing data, we asked the owner of Windguru
website (windguru.cz), Mr. Vaclav Hornik, for the historical wind information and acquired the
historical hourly precipitation observations from the Open Weather Map History API [81], both files
were delivered in comma-separated values (.CSV) format.

Having obtained the atmospheric data, it was necessary to complete the missing information to
clearly understand why and when accidents occur in Lisbon. For that purpose, we contacted Dr. Ana
Coroado, from the Safety Data Collection and Analysis Enforcement Unit of the ANSR, in order to obtain
data from the Reports of the Statistical Bulletin of Traffic Accidents, the BEAV (Appendix A), which "is
a statistical notation instrument filled in by the supervising entities (GNR and PSP) whenever they are
aware of the occurrence of a traffic accident, to collect elements that allow depicting it as accurately
as possible" [82]. To this end, ISCTE-IUL signed a protocol with ANSR that allowed and will allow future
access to data from this National Authority. The files were delivered in Microsoft Excel Open XML
Spreadsheet (.xlsx) format.

Although we had obtained all this data, we had not yet answered several questions that are
essential to developing a full understanding of the traffic accidents in Lisbon: What is the volume of
traffic on Lisbon’s roads? How many vehicles are there in Lisbon, and what is the weight of commuter
traffic? For that purpose, we asked Eng. Isabel Botelho from the Information Systems Services
Department of the Institute for Mobility and Transport (IMT) for the average annual daily traffic (AADT)

data. After approval, the dataset was submitted in comma-separated values (.CSV) format.
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Since it was not possible to obtain the traffic volume data from the Gertrude traffic regulation
system (a system of 1600 traffic sensors installed under the pavements of Lisbon's roads that allows
the CML to manage the traffic light network and enable real-time analysis®), we needed to search for
an alternative. The answer was TomTom Historical Traffic Stats [83], a website that provides
anonymously collected data from TomTom's in-car navigation devices, smartphones and commercial
fleets, allowing us to analyze the historical location data and traffic insights on road network speed,

trip duration, and sample size on the road network.

Image 23 intends to demonstrate the several data sources utilized in this dissertation

Y ~ IPMA

. &
e, €0, G, &S
(A >

s, €

n." WINDGURU vingg
' Kourly Wind Data PRO @&
< 3

TomTom OpenWeather

Image 23 - Data Sources

4.2 Describe Data

The CRISP-DM methodology identifies descriptive data analysis as one of the tasks required for data
comprehension. The purpose of this step is to find problems in the quality and relevancy of the data.
This is a critical stage in determining whether the acquired data contains all of the necessary
information to solve the identified problem and deciding if the process can move forward to the

information extraction step. This task includes identifying the data collection method, examining the

% This system is being replaced by the new Lisbon Intelligent Mobility System (SIM.Lx)
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data format and size (number of observations and attributes) and conducting a preliminary analysis of
the data using descriptive statistics through the use of IBM SPSS software to understand its
distribution. This approach to the data allowed us to define a strategy for cleaning and the steps
necessary to merge the data from the various sources. It was also possible to identify the existing

problems in the datasets, which will be described separately below.

4.2.1 Lisbon Fire Brigade Regiment Incident Command System (GO)

The dataset included 157,214 emergency occurrences from all classifications and families performed
by the RSB during the period under analysis. For this initial approach, a query with the SQL
subcommand (GET DATA command) in IBM SPSS was created in order to select just the occurrences
related to the three natures associated with an RTA — namely, accidents involving vehicles, accidents
involving extrication operations and accidents involving pedestrians, which returned a total of 10,097
records. The first problem identified was related to an unintentional database update in 2019 that
created a new nomenclature for the accident classification, which resulted in six typologies instead of

the three correct ones (image 24).

1943025 112 018 25/11/2018 15:32:00 -9,16396947651384 38,717195733242 Rua Ferreira Borges 2101 - Acidentes - Rodovidrios - Atropelamento
478 727 042 019 27/04/2019 15:11:00 9,16 118316798757 [38,772737323243  Alameda das Linhas de Torres 2101 -> Acidentes -> Rodovidrios -> Atropelamento
3802012019 02/01/2019 17:52:00 -9,11295117174941 38, 7567506385503 Avenida Dr. Augusto de Castro (antiga Avenida Central da Malha | de Chelas) 2102 - Acidentes - Rodoviaries - Com viaturas
156 309 022 019) 09/02/2019 22:18:00 -9,14471905971368 '38,7078568103783 Rua de Séo Paulo 2102 -» Acidentes -» Rodovidrios > Com viaturas
110 323 012 019 23/01/2019 02:06:00-9,11725272312503 38, 7482624927774 Avenida do Santo Condestavel (antiga Avenida Principal de Chelas) 2103 - Acidentes - Rodovidrios - C/ Encarcerados
127 201 022 019 01/02/20139 12:35:00 -9,17963266925816 '38,7235103528674 Estrada da Pimenteira 2103 -> Acidentes -> Rodovidrios > C/ Encarcerados

Image 24 - Duplicated typologies on RSBs incident command system
It was also found that the data relating to occurrences had less information available for analysis,
since georeferencing of events was only possible after September 2012 due to lack of latitude and
longitude coordinates before that time. Also, the street names in the database records were quite
disparate — e.g., the same street could be described as "Avenida", "Av." or "Av", and some records

included the street and police number.

4.2.2 ANSR - Data of Accidents Registered in the Statistical Bulletin of Traffic Accidents

The dataset was composed of 42,691 accident records. As previously defined, this dissertation is only
researching accidents that produced victims (Deaths, Serious Injured, Light Injured). Thus, the first task
applied to the data was, again, a query with the SQL subcommand (GET DATA command) in IBM SPSS
to select just those accidents that corresponded to this criterion. As a result, a total of 22,725 records

were obtained. As with the RSB data, the years 2010 and 2011 (6,323 records) did not contain

10'year in which the RSB emergency vehicles were equipped with the georeferencing module
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geographic information to allow for their georeferencing, and the same problems related to street

names were present.

4.2.3 Weather Data from The Portuguese Institute for Sea and Atmosphere

The records contained in the dataset showed several inconsistencies, particularly concerning the
recording of wind speed and direction (absences) and precipitation. Several precipitation records had
avalue of “-990” (value expressed in mm/hour), which was identified initially as a natural phenomenon
known as negative rainfall'!, but was later clarified by IPMA specialists as a weather station code error

(sensor not working).

4.2.4 Data from WindGuru
The records included in the dataset contained 87,829 lines of hourly wind information speed and

direction. Very few missing data were encountered.

4.2.5 Data from TomTom

As a commercial service, TomTom’s data is only available through a contract. It was not possible to
obtain data for the whole period under analysis due to the financial burden that this acquisition
represented, so it was decided to limit the acquisition to a period of one year (2019; organized in
monthly datasets subdivided into weekdays and weekend data). Tables 4 and 5 contain the values
obtained through the TomTom probes (GPS, smartphones and commercial fleets) for the seven daily
periods defined for this dissertation. Due to the cost to obtain the data for a 10-year span, it was
assumed for the purposes of this dissertation that the values obtained are sufficiently representative

of the dynamics of Lisbon traffic. So, the data results were applied to the full extent of the dataset.

Table 4 - Time intervals for TomTom data at weekdays

Weekdays

Mon 06:00-10:00 Mon 10:00-12:00 Mon 12:00-14:00 Mon 14:00-17:00 Mon 17:00-20:00 Mon 20:00-00:00 Mon 00:00-06:00

Tue 06:00-10:00 Tue 10:00-12:00 Tue 12:00-14:00 Tue 14:00-17:00 Tue 17:00-20:00 Tue 20:00-00:00 Tue 00:00-06:00
2
% Wed 06:00-10:00 Wed 10:00-12:00 Wed 12:00-14:00 Wed 14:00-17:00 Wed 17:00-20:00 Wed 20:00-00:00 Wed 00:00-06:00
E
=

Thu 06:00-10:00 Thu 10:00-12:00 Thu 12:00-14:00 Thu 14:00-17:00 Thu 17:00-20:00 Thu 20:00-00:00 Thu 00:00-06:00

Fri 06:00-10:00 Fri 10:00-12:00 Fri 12:00-14:00 Fri 14:00-17:00 Fri 17:00-20:00 Fri 20:00-00:00 Fri 00:00-06:00

11 Negative rainfall — “occurs when a particular area experiences more atmospheric evaporation than water
downpour over a period of time. The phenomenon usually occurs when temperatures are unusually high, and
precipitation is unusually low for the season”[99].

49



Table 5 - Time intervals for TomTom data at weekends

Weekends
g Sat 06:00-10:00 Sat 10:00-12:00 Sat 12:00-14:00 Sat 14:00-17:00 Sat 17:00-20:00 Sat 20:00-00:00 Sat 00:00-06:00
2
= Sun 06:00-10:00 Sun 10:00-12:00 Sun 12:00-14:00 Sun 14:00-17:00 Sun 17:00-20:00 Sun 20:00-00:00 Sun 00:00-06:00

4.2.6 Data from the Open Weather Map
The records included in the dataset contained 87,829 lines of hourly weather information. Very few

missing data were encountered.

4.3 Verify Data Quality

This procedure's data quality analysis findings indicated substantial flaws that required a significant
amount of effort to resolve. Therefore, in this dissertation, the tasks of exploring the data and verifying
the data’s quality were completed virtually concurrently with the data preparation step, which is
entirely acceptable according to the CRISP-DM methodology, a "highly iterative, creative process with

many parallel activities" [80].

4.4 Data Preparation

The data preparation phase consists of five distinct processes (select data, clean data, construct data,
integrate data, and format data) that culminate in the creation of the final dataset(s) that will be
utilised for modeling or the project's critical analysis activity [79]. This phase is also the most time-

demanding data mining process, accounting for up to 50% or 70% of overall project time [84].

The first step in building the ETL that will enable the final dataset to be created is to define which
tables and columns are necessary (previously identified in the preceding phase) and which may be
discarded during the data preparation process. Three different criteria were utilised to pick the data
for the dissertation final dataset, as indicated by Peter Chapman [80]: relevance to the study purpose,
quality and technical constraints. This way, several columns of the different datasets were eliminated
to obtain only the necessary data and avoid wasting time in the data cleaning phase. After this step,
we started the correction phase of the problems previously identified in the datasets. As we applied
practically the same processes to both files and shared characteristics between them (RSB and ANSR),

they will be described together.

50



4.4.1 Lisbon Fire Brigade Regiment and ANSR Datasets

The first step performed on the RSB data was to normalise the duplication of categories. To this end,
the six pre-existent categories were standardised by applying the codes of the occurrences’
classification table established by the Permanent Operational Standard 3101/2009 of ANEPC
(2001;2002;2103).

AGRUPAMENTOS_POR_CATEGORIAS OCB_NAT OCO_CAT OCO SUBCAT 1 OCO_SUBCAT 2

Acidentes Rodoviarios 2101 Acidentes Rodovidrios Atropelamento
Acidentes Rodoviarios 2102 Acidentes Rodoviarios Com viaturas
Acidentes Rodoviarios 2103 Acidentes Rodovidrios C/ Encarcerados

Image 25 — RTA classification update

Once this nonconformity was overcome, the focus was centred on correcting the lack of
georeferencing data in both files; the RSB file contained only georeferenced information after
September 2012'? and the ANSR file only from 1 January 2012. To perform the address geocoding
process (obtain latitude and longitude coordinates through the address), it was necessary to normalise
the addresses contained in the RSB and ANSR files since the street names in the databases’ records
were quite disparate — e.g., the same street prefix could be described as "Avenida", "Av." or "Av", and

some records included the street and police number in the same column.

To this end, the street numbers were extracted, and a comparison of those addresses with the
addresses present in the CML road network database was performed. This process was achieved
through the Excel plug-in, Fuzzy Look Up, which allows for the comparison of strings (Table 6) by
assigning a percentage of similarity between the strings. Thus, each record needed to be checked to
determine whether the correspondence was correct or not. It was necessary to make corrections

manually in some cases.

12 year in which the RSB emergency vehicles were equipped with the georeferencing module.
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Table 6 - Fuzzy LookUp Results

0oco_ID 0COo_SIG Street name CML Similarity
153018394 Rua Alfandega Rua Alfandega 100%
15502076 Rua Azedo Gneco Rua Azedo Gneco 100%
652917 Rua da Rosa Rua da Rosa 100%
18353255 Rua Jacinto Nunes Rua Jacinto Nunes 100%
1153564 Rua Morais Soares Rua Morais Soares 100%
2354135 Calcada Carriche Calcada de Carriche 95%
24554196 Rua Amoreiras Rua das Amoreiras 93%
3304342 Av Eusébio da Silva Ferreira Avenida Eusébio da Silva 86%
Ferreira
10204462 Av. General Norton de Matos Avenida General Norton de 86%
Matos
22354707 Av2 Defensores Chaves Avenida Defensores de Chaves 62%
2304711 Rua de S. Caetano Rua de Sdo Caetano 62%
24464722 R. Conselheiro Vaz Rua Conselheiro Lopo Vaz 56%

Once the nomenclature was standardised, it was possible to proceed with the georeferencing of
the missing data in the datasets using the online application Geocode (https://geocode.localfocus.nl/),
which uses a key API from Google that allows for the conversion of addresses into coordinates. The
address entered had to correspond with an existing address in Google's database, and the format of
the address entered had to include the name of the street, parish, district and country. As a result of
this process, the missing georeferences in the dataset were obtained (372 registries in the RSB file and
183 in the ANSR). Where it was not possible to identify the police number, the centre of the road was
assumed as the point of the accident. A final correction was made to adjust the incident time to the
nearest hour (pandas.Series.dt.round) in order to normalise the file and facilitate its future joining with

other files.

4.4.2 Weather Data from The Portuguese Institute for Sea and Atmosphere

The atmospheric data provided by IPMA were composed of 28 columns and 87,829 lines with the
hourly record (00:00 - 23:00) of the atmospheric conditions of 2 points in Lisbon: the Main Automatic
Station (n2 535 - EMA |), located in the Instituto Geofisico D. Luis (Lat. 38,71907778 Lon. -9,14972222
Elevation 77 m), and the Main Automatic Station (n2 579 - EMA |) Gago Coutinho, located near the
Lisbon Airport (Lat. 38,76620278 Lon. -9,12749444 Elevation 104 m). To correct the (-990) error and
have a complete meteorological data set, we replaced the missing data in the IPMA file with the

existing data from the donor tables.
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4.5 Clean Data

Data cleaning is time-consuming and labour-intensive, especially when numerous data cleaning
processes are required to remove large amounts of data from various data sources, as in this particular
case. For this analysis, Python was chosen to clean the data, and the following libraries were used:
“pandas [85]”; “NumPy [86]” and “datacleaner [87]” 3 The intended result of this process was to build
a high-quality dataset. As a result, we carried out the following data cleaning operations (DCO) in order
to improve the quality of the dataset: detect and fill missing values, standardize values from the fields,
detect the use of special characters, clean the duplicate records and remove irrelevant data (columns)

and white spaces.

4.6 Construct Data

The feature engineering phase of the CRISP-DM framework is addressed in this task; new
characteristics are established or built for the dataset depending on the needs stated in the "describe
data" task.

The final dataset contained 78 attributes — eight of which were the following derived attributes
(new data created by aggregating or calculating fields from existing columns): Year, Month, Day,
Period_Day, Weekday, Weekdays, Season, Group Age — and two generated records: the first
calculated through the ANSR equation (4) for the Gravity Indicator (Gl), and the other through the
ANSR Severity Index (5).

(4)
GI=100xF+10x Sk + 3 x SP

Gl = Gravity Indicator; F = Fatalities at 30 days; SI® = Serious injuries and SI> = Slight injuries.

(5)

six = 100
X=Nav”

Six =Severity Index for the year n; NF = number of fatalities for the year n; and NAV = Number of Accidents with

Victims for the year n.

13 The pandas and NumPy libraries were used for the data cleaning process, and the datacleaner library was
used to address the encoding of the categorical variables of the datasets.
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Table 7 - Calculation of the gravity Indicator and annual Severity Index values

e 4 es 30 Da 0 e ounded
2010 16 27 107 2919 12527 0,99 1 2734
2011 18 29 89 2579 11527 1,29 1,3 2256
2012 19 19 73 2599 10427 0,85 0,9 2233
2013 10 18 91 2663 10699 0,78 0,8 2296
2014 9 9 91 2754 10072 0,38 0,4 2370
2015 12 12 94 2963 11029 0,47 0,5 2544
2016 9 12 59 3150 11240 0,44 0,4 2697
2017 16 18 76 3276 12388 0,64 0,6 2813
2018 10 30 61 3327 13591 1,07 11 2813
2019 2 8 31 3326 11088 0,84 0,8 950

4.7

Integrate Data

In this phase of CRISP-DM, we proceed to the ETL construction; all data sources are combined in a

single database, enabling analysis. To make the treatments applied to the data in the data

understanding, data preparation and integrate data phases explicit, a graphic workflow (image 26) was

created to promote quick reading and comprehension.
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The integration process was addressed in three stages:

1. A single dataset (Lisbon Accidents data.csv) was created in Python from the aggregation

(joined by the Datetime field) of the two files containing the accident data (RSB and ANSR). A
search for duplicates was executed in the Trifacta software [88] with the following criteria: XY
location, Datetime and number of victims. The duplicate entries were eliminated.

A single dataset (Lisbon Weather data.csv) was created in Python from the aggregation (joined
by the Datetime field) of the three files containing the weather data (IPMA, WINDGURU and
Open weather).

Several datasets (Lisbon Accidents data, Lisbon weather data and TomTom Traffic Data) were
merged according to the Datetime field, resulting in a single data file containing all of the
relevant information for the dissertation. It is composed of 97 columns and 22,714 lines (each
corresponding to a single accident that produced injuries in those involved), and it is structured

as follows:

Table 8 - RTAs Lisbon 2010_2019_Db data schema

Column Name Data Type Description

Accident_ID Original The accident id

Date_Time Featured Date and hour of the accident

Year Featured Year of accident occurrence

Month Featured Month of accident occurrence

Day Featured Day of accident occurrence

Day_Section Featured Time of day when the accident occurred (Early morning; Morning Rush
Hour; Morning; Lunch Rush Hour; Afternoon; Afternoon Rush Hour; Night)

Weekday Featured Day of the week when the accident occurred

Weekdays Featured Weekday or Weekend

Season Featured Season in which the accident occurred

Street Original Name of the street on which the accident occurred

Latitude Original Latitude where the accident occurred

Longitude Original Longitude where the accident occurred

Roadway_Type_ID Original ID for the type of Roadway (IP, IC, AE, EN)

Roadway_Type Original Roadway type (IP, IC, AE, EN, Street)

Parish Original Civil parish where the accident occurred

Location Original Identification of whether the accident occurred inside or outside the
localities
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Nature Original Nature of the Accident:
- Hit-and-run accident, Animal hit-and-run accident
- Pedestrian collision
- Collision
- Hit-and-run collision
- Collision with other situations
- Collision with vehicle or obstacle in the lane
- Head-on collision
- Side collision with another moving vehicle
- Rear-end collision with another moving vehicle
- Crash with a rollover
- Collision with immobilized vehicle or obstacle
- Crash with a restraint device
- Crash with runaway
- Crash with side restraint in place
- Crash without restraint device
- Simple crash
Injuries Original Severity of injuries (Slight injuries, Serious injuries, Death)
Sex Original Gender of the driver (Male-Female)
Driver_Age Original Driver age
Group_Age Featured Driver group age (<20; 20-29; 30-39; 40-49; 50-59; 60-64; 65-69; 70-74;
74-79; 80-84; 85-90; 90+)
Number_serious_injured Original Number of persons suffering severe injuries as a result of the RTA
Number_slightly_injured Original Number of persons suffering slight injuries as a result of the RTA
Number_Dead Original Number of persons deceased until 30 days after the accident as a result
of the RTA™
Gl Featured Calculated Gravity Indicator
Sl Featured Calculated Severity Index
At_Factors Original Atmospheric conditions present at the time of the accident
Luminosity Original Existing light conditions present at the time of the accident:
e  Daylight
e At night with street lights
e At night without street lights
e  Dawn or twilight
e  Sunglare
Surface_cond Original Contains the adherence conditions at the time of the RTA:

e  With water accumulated in the lane
e  Wet pavement
e  Dry and clean pavement

. Ice

e  With gravel or sand
e  With mud

e  With oil

e  Ona wetroad surface

14 Mortal victim at 30 days is any person who dies at the place of the traffic accident or as a consequence of it up

to 30 days after the occurrence — e.g., a seriously injured person who dies 5 days after the accident. This concept

is used for road accident statistics purposes. In Portugal, it is regulated by law through Order 27808/20009.
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Driver_Action Original Manoeuvre performed in response to the RTA
Cause_of_accident Original Identified cause of the accident
Vehicle_Category Original Class of the vehicle
Vehicle_Age Original Age of the vehicle
Roadway_specs Original Technical characteristics of the roadway
Roadway_st_of_cons Original Conservation state of the roadway
Roadway_Int Original Type of intersection where the RTA occurred:
e Atlunction
e Atcrossroads
o NOT DEFINED
e On adeceleration lane
e Qutside of intersection
e On connecting branch - driveway
e On connecting branch - exit
e At traffic circle
e On acceleration lane
e Ondeceleration lane
e  QOutside the intersection
e Ataroundabout
Obstacles Original If there were any obstacles on the roadway
Directions Original The direction of the road in which the accident occurred:
e On the increasing direction of mileage
e On the decreasing direction of mileage
Traffic_signs Original If there were traffic signs on location and is type
Traffic_lights Original If there were traffic lights at the accident location and, if so, the
condition of the traffic lights
Pavement_type Original Constitution of the roadway pavement
Roadway_geometryl Original Geometry of the section of the roadway where the RTS occurred:
e  Curve
e  Strait
e N/A
Roadway_geometry2 Original e Atlevel
e  With inclination
e Onaslope
Roadway_geometry3 Original e  Paved roadside
e  Unpaved roadside
e  No roadside edge or impracticable
Roadway_geometry4 Original e On parking lot
e  On the roadway
e  On the sidewalk
e  On the roadside
FRC Original Functional road class of this segment, ranging from the motorway (0) to
destination road (8)
SpeedLimit Original Speed limit (kph)
AvgSp Original Average arithmetic speed for this time period (kph)
HvgSp Original Average harmonic speed for this time period (kph)
MedSp Original Median speed for this time period (kph)
Air_Temp Original Air temperature [2C]
Thermal_sen Original Accounts for the human perception of temperature
T_min Original Minimum temperature at the moment
T_max Original Maximum temperature at the moment
WW_H Featured Weather warnings — High Temperature
WW_L Featured Weather warnings — Low Temperature
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At_pressure Original Atmospheric pressure, hPa
Rel_hum Original Relative humidity [%] - The amount of moisture in the air in comparison
to the amount of moisture the air can "hold" at that temperature
Wind speed Original Wind speed in Kph
Wind Classification Original IPMAs classification for wind conditions
Beaufort Featured Beaufort Scale Wind intensity - The Beaufort Scale is an empirical
measure that relates wind speed to observed conditions at sea or on
land [89]:
0. Calm
1. Lightair
2. Light breeze
3. Gentle breeze
4. Moderate breeze
5. Fresh breeze
6. Strong breeze
7. Neargale
8. Gale
9. Strong gale3
10. Storm
11. Violent storm
12. Hurricane
Wind_Direction Original Wind direction in degrees
Wind_Direction_card Featured Wind direction, cardinal points
Max_WG Original Maximum value of wind gust in Kph
Precipitationlh Original Rain volume for the last hour, mm
Precipitation _Class_1 Featured IPMAs classification for precipitation conditions at 1 hour
Precipitation3h Original Rain accumulated volume for the last 3 hours, mm
Ww_p Featured Weather warnings — precipitation
Cloud cover Original Cloudiness, %
weather_main Original Group of weather parameters (Rain, Snow, Extreme, etc.)
weather_description Original Weather condition within the group

4.8 Format Data

All the data format processes were executed in Trifactal® and produced a final dataset named

RTAs_Lisbon_2010 2019 db.csv

4.9 Other Data

The collaboration between ISCTE-IUL and the Lisbon municipality included the provision of additional
geographic and cartographic data (Shape Files), such as the urban area limit; road network
classification, limits and centerlines; land use characterization; civil parish limits; firehouse locations;

road network speed limits; altimetry and flood vulnerability; road slope; horizontal and vertical

signalling. However, not all of the information available was used.

15 https://www.trifacta.com/




CHAPTER 5

Data Visualization

The fifth phase of our adaptation of the CRISP-DM framework is dedicated to analysing the data
extracted from the dataset. First, the statistical data of the dataset was analysed using IBM’s SPSS
(Statistical Package for Social Sciences) software, which is the most widely used software for
guantitative data analysis, and Tableau, which is the leading data visualization tool in the business
intelligence industry. Second, existing hotspots in the municipality of Lisbon and the causal factors for

their existence were identified.

5.1 Descriptive Analysis of Road Traffic Accidents in Lisbon Municipality

As mentioned earlier, the increasing number of traffic accidents is a challenge for transport
infrastructures because of health issues, which are critical, and because of the financial burden, they
pose to society. This descriptive study of road accidents and their causal factors is an essential
contribution to the safety analysis of the organizations responsible for vehicular mobility, as it supports
them in adopting appropriate preventive measures to reduce the number of accidents and the severity
of their consequences. The present data analysis covers the years 2010 to 2019 and assesses the

22,725 road accident records that recorded injuries in the municipality of Lisbon.

5.1.1 Accidents in Lisbon
The analysis of the annual accident rate (image 27) shows a decrease in the year 2012 and a growing
trend in the number of accidents until 2017, plateauing from this year until 2019. It would be standard

practice to estimate that these values would hold steady and not experience significant growth in
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relation to annual trends. However, this prediction was complicated by the enormous decrease

experienced in 2020 due to the COVID-19 pandemic.

Yearly trends in RTA in Lisbon Municipality

Forecast indicator
W Actual
Estimate

Number of RTAs

Year

Image 27 — Yearly trends in RTA in Lisbon Municipality

As it is possible to observe, there has been a marked decrease in road fatalities in the last two
years of our research. Image 28 shows two lines, a yellow one representing the number of Deaths/Fatal
Victims at 24 hours, in other words, all the victims whose death occurs at the place of the accident or
during the journey to the health unit, and a red line that represents the number of Dead/Fatal Victim

at 30 days, which is all the victims whose death occurs at the place of the accident or during the period

of 30 days after its occurrence.
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The definition of 30-day fatality enables Portugal's mortality statistics to be compared to other

countries, allowing for greater clarity when comparing mortality figures between countries. This

statistical count of fatalities covers those who died on the scene or on their way to the hospital, as well

as those who occurred within 30 days of the accident. As it is the official concept for accounting for

victims, this is the value applied to all statistics and calculations made in this dissertation.

Trends in Deaths 24h and 30 Days

Deaths 24h

Year

Image 28 - Trends in deaths resulting from RTA (24h and 30 days)

Measure Names

M severity Index
Deaths 24h

| Deaths 30 Days

Value

As with the mortality curve, the number of victims with serious injuries (Image 29) has shown a

downward trend, which is thought to be due to increased enforcement measures.
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Image 29 - Trends in serious injured resulting from RTA
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Regarding the monthly distribution (image 30), we can observe that, historically, the months of
October and November present the highest number of accidents. In contrast, the month of August
features an accentuated reduction (approximately 800 accidents), primarily due to the exodus of the

population from Lisbon to take holidays (traditionally held at this time of year).

RTAs distribution by month
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Image 30 - RTAs distribution by month

Regarding seasonal accidents (image 31), data analysis shows that most accidents occur in the
autumn, which was already expected due to the weight of October and November and is thought to
be related to the resumption of the working period after summer holidays. Similarly, because Lisboans
are away from the city during the summer, when the end of the school year traditionally marks the
beginning of the holiday periods, the naturally lower flow of cars in the city results in fewer road

accidents.
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In terms of weekly accident distribution (image 32), we can observe that Fridays are

Image 31 - RTAs distribution by season

particularly prone to traffic accidents involving victims; additionally, the number of serious injuries and
fatalities reaches its peak on this day of the week, particularly during the night and early morning hours
Friday and Saturday. When we segment the data by age group, we can see that the vast majority of

victims are between the ages of 20 and 29 and that speeding was the primary cause of these accidents.

RTAs distribution by day of the week

N Death trend line

Image 32 - RTAs distribution by day of the week
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As previously mentioned, in order to structure the research from a temporal point of view, the 24

hours of the day were divided into the following seven time segments (image 33):

1.

Dawn - Covers the time from 00:00 to 06:00 and is characterised by little traffic density. During
this period, there is an increase in average speeds of vehicles in circulation.

Morning Rush - Between 06:00 and 06:00, this period is characterised by a high traffic density
due to the amount of commuter. This period ranks third in terms of daily accidents.

Morning - The time from 10:00 to 12:00 is characterised by an increase in average traffic
speeds due to the decrease of traffic density.

Lunch Rush - Covers the time from 12:00 to 14:00 and is characterised by an increase in traffic
density due to workers leaving their workplace to go to lunch. During this period, there is a
decrease in traffic speeds, particularly in downtown Lisbon.

Afternoon - Covers the time from 14:00 to 17:00 and, as in the morning period, is characterized
by an increase in average traffic speeds due to the decrease in traffic density. During this
period, the second highest number of accidents is registered.

Afternoon Rush - The period from 17:00 to 20:00 is characterised by a high traffic density due
to the return of commuter traffic to the satellite municipalities of the Lisbon Metropolitan
Area. This is the daily period during which the highest number of accidents with victims are
registered.

Night - Covers the time from 20:00 to 00:00 and is the third daily period during which an

increase in average traffic speeds is again registered due to a decrease in traffic density.
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Image 33 - RTAs injury type separated by time segment
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An analysis of the RTA by accident category (image 34) shows that pedestrian collisions are
undoubtedly the most common type of road accident (with victims) in the municipality, which is to be
expected because a collision between a vehicle and a pedestrian will inevitably cause extensive
damage to the latter, Evidence of this is that pedestrian collisions are the category that generates the
highest number of severe injuries and deaths on the roads in the city of Lisbon.

Accidents with victims according to the category of accident
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Image 34 - RTAs accordingly his typology

Avenida 24 de Julho is the one with the highest number of injuries to pedestrians in the three
classes (image 35) under consideration (slight injuries, serious injuries, and deaths), followed by
Avenida Almirante Reis, Avenida da Republica and Avenida Infante Dom Henrique. Regarding the
second most frequent type of accident, collision, we can see that the Avenida General Norton de Matos
(second ring road) has the highest number of occurrences, followed by the stretch of the A5 near the
Viaduct Eduardo Pacheco, Avenida Infante Dom Henrique, Eixo Norte Sul, Avenida da Republica and

Avenida Marechal Craveiro Lopes.
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Top 10 of roadways by Pedestrian collision

Image 35 - Top 10 roads - Pedestrian collisions by injure type

Injury (Pedestrians)
W Death

M Serious injured
M Slightly injured

160

140

120

100

Count

(2}
o

B
o

n
o

o
Reis

Avenida Almirante
Avenida Fontes
Pereira de Melo
Avenida Infante

Dom Henrique
Avenida Liberdade
Avenida Reptiblica

Campo Grande

Estrada Benfica
Estrada de Benfica
Rua Morais Soares

)
=
3
2
@
o
<
N
©
B
c
]
>
<

As this analysis focuses on Lisbon, we attempted to determine which civil parishes had the most
significant number of accidents. According to Image 36, the parish with the highest incidence of
accidents throughout the observation period was Santa Maria dos Olivais. Despite being one of the
parishes with the highest density of roads, it has the most accidents. It is also possible to observe in
the image 35 that Avenidas Novas and Areeiro are in eighth and twenty-second place in the number

of casualties.
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Image 36 - RTAs distribution by civil parishes
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The study of the data identified that the vast majority of accidents are suffered/caused by light
vehicles (image 37), and the second place belongs to motorbikes with a cylinder capacity not exceeding
125 cm3. This data reveals a trend that is gaining strength since 2009. On August 13, there was a
legislative change that allowed holders of a driving license category B and over 25 years of age to drive
motorbikes with cylinder capacity up to 125cc, This authorization produced a significant increase of
this type of motorbike in circulation on the streets of Lisbon, which in turn caused an increase in
accidents in this category, and it is expected that in the coming years this growth trend will be even
more significant due to the appearance and growth of home delivery companies (125% compared to
2019, motivated by the pandemic and the restrictions imposed) that make use of this same means of

transport.
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Vehicles involved in accidents with victims
I 25015

Vehicle Type
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Image 37 - RTAs distribution by vehicle type

With regard to the age bracket of those involved in a road accident with victims (image 38) we see
that the 30 to 39 age bracket is the most affected, followed by the 20 to 29 age bracket,
proportionately male drivers are much more likely to be involved in an accident than female drivers,
in our research 18054 males were involved in a RTA vs 6018 females.

Drivers with a valid driving licence by age group and gender
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Image 38 - Drivers with valid driving license by sex and age group
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When we examine the atmospheric factors (image 39), we can see that the vast majority of
accidents (82,9%) occur in good weather, accidents with registered precipitation account for only 16,9
percent of our records, and the remaining categories of weather conditions, such as fog, wind, snow,

and hail, have no expression (0,3%), so we chose to exclude them from this analysis.

Weather Factors

82.9%

16,8%

7 1 21 7

Good Weather Rain Hazel Snow Fog Strong Wind

Image 39 - Distribution of RTAs by weather conditions

Correlating the RTAs with the two statistically significant atmospheric factors (image 40), good
weather, and rain, with the road maintenance conditions, we can see that the general state of
maintenance of the roads in Lisbon is in good condition, the number of RTAs occurring with pavement
signs in poor condition corresponds to only 0.02% of the general total, so we can assume that the

pavement conditions on the roads in Lisbon are generally good.

Relating the previous factors with the lighting factor, we can see that the vast majority of incidents
(68%) occurred in broad daylight, 28% in night conditions with lighting, 3% during dawn and dusk
periods, and 1% for the remaining lighting conditions (Night without lighting, and dawn). These values

differ little when comparing RTAs occurring in good weather and those occurring with precipitation.
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Contagem distints de Numers
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Image 40 - Distribution of RTAs by weather factors, lighting conditions and road surface

Making a selection of the accidents that occurred in situations of precipitation with the conditions
of road surface adherence (image 41), we can observe that only thirty-one episodes of aquaplaning
were registered in the city of Lisbon during the period under analysis, except for two incidents, the

location of these RTAs coincides with the areas identified in Image 16 as extremely prone to flooding.

Regarding the accidents recorded as having occurred with wet soil conditions (when precipitation
was not yet enough to wash the oils and mud from the floor), we found an average value of
precipitation in the order of 0,6 mm/h. Another conclusion that we were able to identify is that the
number of these occurrences is contrary to what would be expected much lower than the number of
accidents that took place with precipitation values above 3.4 mm/h, which may indicate that drivers,
knowing that the road is slippery, observe more carefully and pay more attention to the speed at which

they move.
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RTAs distribution in rainy conditions by surface grip
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Image 41 - RTAs distribution in rainy conditions by surface grip

The analysis of the influence of the factor "wind" on the RTAs proved fruitless (image 42). The
wind regime in Lisbon at the surface is dominated by a strong flow coming from the north "northerly"
this regime is strongly related to the Azores anticyclone and is predominant during the summer
months, in winter, or in situations of bad weather it is observed a rotation of the dominant winds to
the south-southeast quadrants. This pattern is perfectly identifiable in our study, and no outliers or
patterns were identified that could justify an increase of RTAs due to a specific value of gust or wind

azimuth.
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Image 42 - RTAs distribution by wind conditions
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An examination of the records of the causes (contributing factors) attributed by enforcement
authorities, excluding occurrences where no causal factor can be identified (image 43), reveals that
the vast majority of accidents are caused by speeding, followed by irregular maneuvers, disregard for
vertical signs, and disrespect for traffic lights. This analysis validates the previously defended thesis
that human factors are the primary cause of road accidents.

Top 15 Roadways x Cause of accident
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Image 43 - Analysis of causes of an RTA on the top 15 streets with more accidents
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5.1.2 Distribution of RTAs by Fire Station Areas of Responsibility (AoRs)

Since this is a statistical analysis of road accidents in the city of Lisbon, which intends to contribute
with data for the improvement of mobility and safety in the municipality, we could not fail to analyze
the distribution of the three classes of road accidents that more means and personnel commit, namely

RTAs, vehicle-pedestrian collisions, and accidents with trapped victims.

In this way, it is possible to observe that the RSB headquarters with more interventions of the road
accidents typology (image 44) is the Benfica headquarters (5th company), followed by the Defensores
de Chaves headquarters (4th company). The Defensores de Chaves headquarters, due to its proximity
to the city center, is the one with more occurrences of this type of accident. Following and sharing the
logic of proximity to the city center, we have the axis created by the headquarters of Benfica, Dom

Carlos I, and Alvalade.

Lisbon's distribution of RTA by fire station
jurisdiction
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Image 44 - RTAs distribution by Fire Station Jurisdiction
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Regarding incidents with incarcerated persons (image 45), the headquarters with the highest
number of incidents is the Benfica barracks, mainly due to its location within the area of responsibility
of the Eixo Norte-Sul (the road with the highest number of records of this type), Avenida General
Norton de Matos and Calgcada de Carriche. In the second place the Defensores de Chaves fire station
responsible for the occurrences in Avenida Jodo XXI, Avenida da Republica, and Avenida General
Correia Barreto, then the Monsanto fire station with interventions at the end of the Eixo Norte-Sul, in

the access of the Highway A5, Avenida das Descobertas and the entrance of Avenida da Ponte.

Lisbon’s distribution of RTA with vehicle
extrication by fire station jurisdiction
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Image 45 - RTAs with extrication operations distribution by fire station jurisdiction

Regarding the class of road accidents that produce more victims - the vehicle-pedestrian collisions
(image 46), we can see that the Defensores de Chaves headquarters is the one that rescue more victims
due to its centrality and proximity to the streets and avenues that register more incidents, namely
Avenida da Republica, Avenida Almirante Reis, Avenida Fontes Pereira de Melo, Rua da Escola
Politécnica and Rua Melo Gouveia. Then we have the Headquarters of the 1st Company - Dom Carlos
| with many occurrences on Avenida 24 de Julho and the Headquarters of the 5th Company, Benfica,

with occurrences on Benfica Road, Avenida do Uruguai, Laranjeiras Road, and Avenida Lusiada.
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Lisbon’s distribution of vehicle—pedestrian
collision by fire station jurisdiction
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Image 46 - Vehicle-pedestrian collision distribution by fire station jurisdiction

5.2 Hotspot Analysis

Using a GIS-assisted technique (ArcGIS Pro) to identify accident hotspots within the Lisbon municipality
area will aid in the identification of contributing causes and will assist the city council and its

departments in implementing mitigation measures to make driving safe in these areas.

As stated in Chapter 3, Kernel Density Estimation (KDE) and Getis-Ord Gi* hotspot analysis were
used to identify hotspots of road traffic accidents with victims in the Lisbon city area based on the

location and characteristics of the road accident.

Using Kernel density analysis and Getis-Ord Gi* hotspots analysis, different densities and levels of
confidence were determined for each year's data. The different maps produced by the Kernel density
analysis and Getis-Ord Gi* hotspots analysis are displayed below for each biennium from 2010 to 2019,
as weall for the decade. Several hotspot areas occurred in the study area consistently throughout the

study period.
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The data were checked for spatial autocorrelation using Global Moran's before performing KDE
and Getis-Ord Gi* hotspot analysis to ensure that the data contained spatial clustering required for
hotspot analysis. The ANSR definitions (5 victims, 200 meters) of a hotspot were aggregated and used

to determine an appropriate search radius distance for KDE and Getis-Ord Gi*.

5.2.1 Biennial Analysis

In order to obtain the parameters required to proceed with the hotspot analysis, the data for the
biennium were selected in ArcGis Pro 2.8 using a SQL Query that allowed us to select only the road
accidents with victims for the years in review (2010-2011; 2012-2013; 2014-2015;2016-2017 and 2018-
2019), after which the five biennia were subjected each one to the Moran | calculation to assess the

existence of clusters of RTAs.

The inverse distance and the Euclidean distance method were introduced to conceptualize spatial
relationships; no threshold was used. The results!® obtained demonstrate a strong cluster Padron of
accidents, with a positive Moran's Index of 0.99, a Z-score of 65, and a P-value of 0.0001, giving us less
than 1% likelihood for the clustering pattern result of random chance. Thus, we can reject the null

hypothesis.

Moran’s Index: 0,997540
z-score: 65,207291
p-value: 0,000000

Significance Level Critical Value
(p-value) (z-score)
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Image 47 - Spatial Autocorrelation Report Biennial analysis

16 Since the results of the five analisys give similar results - less than 1% likelihood for the clustering pattern
result of random chance, we just discust in the text the first result (2010-2011).
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The next step after identifying spatial clustering of road traffic accidents in 2010 and 2011 was to
conduct a Kernel Density Estimation (KDE) in ArcGis 2.8 utilizing the tool spatial analyst tool. Tessa
Anderson [19] identifies cell size and search radius (bandwidth) as the two most important elements
influencing the KDE technique. According to several experts, the bandwidth is the most critical
parameter for determining the best density surface [90]. As a result, the selection of bandwidth will
have a considerable impact on the outcome of the hotspots. Specifically, the smaller the bandwidth,

the smaller the hotspots.

The value of bandwidth will influence the smoothness of the density surface. The smoother the

density surface, the larger the bandwidth. As a result, it is critical to select an ideal bandwidth.

To determine the desired bandwidth, we used Ito Fumiya's study [91], which suggests making
incremental 50-meter jumps until the hotspot plot reaches the equilibrium, i.e., larger bands, hotspots
cover a large portion of the study area, making it challenging to identify hotspot concentration points
on specific roads correctly. In comparison, only a few hotspots are identified with smaller bands,

resulting in a rough surface. In our case, we reached a balance in the bandwidth of 250 meters.

2010 -2011

The Kernel Density Estimation (KDE) analysis presents for the biennium 2010-2011 (image 48) an
accumulation of hotspots in Avenida de Berlin, Avenida Infante Dom Henrique, Avenida Marechal
Craveiro Lopes, Avenida General Norton de Matos and Avenida Eusébio da Silva Ferreira.

The Eixo Norte-Sul, A5, IC19, Avenida da Ponte and Avenida de Ceuta also have concentrations of

hotspots.
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Image 48 - KDE analysis Biennial analysis 2010-2011

2012 -2013

The 2012-2013 (image 49)period presents the first outlier of this analysis to the 2010-2019
decade, as it is possible to observe a marked decrease in the number of hotspots of accidents with
victims. Not only are there fewer accidents, but traditionally prone areas are not active (with hotspots),
as is the case of downtown Lisbon, the city's entry points and in the 1st and 2nd Level roads, with only
a few small concentrations identified in the Eixo Norte-Sul, Avenida da Republica, Avenida Marechal
Craveiro Lopes near Campo Grande, Avenida Marechal Gomes da Costa, Avenida de Berlim and
Avenida Infante Dom Henrique. But what justifies this decrease? Situating ourselves in the year under
consideration (2012) and analyzing the records contained in the INRIX report [84] [85], Portugal
presented a drop in traffic hours of 50% in relation to 2011, and - 18% in 2013, all motivated by the
economic crisis that began on 6 April 2011 with the official request for aid to the troika, which caused
the colossal recession that we all experience, another detail that may justify this decrease is the
unemployment rate that at the time was 17.5%, much of this experienced in the large capitals such as

Lisbon and Porto.
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Lisbon’s Kernel Density 2012 - 2013
with Severity Index
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Image 49 - KDE analysis Biennial analysis 2011-2012

2014-2015

The years 2014 and 2015 (image 50) were years of economic recovery. In the second quarter of

2013, the economy emerged from a ten-quarter stretch of a technical recession and resumed growth.

GDP rebounded by 2% in nine months, thanks partly to austerity relief brought about by the

resumption of pensioners and government servant's allowances. The employment also began to

respond favourably.

As observable data from this study proves this statement, the growth in the number of accidents

with victims is consistent with the increase in the number of vehicles circulating in the city, observing

the activation of hotspots in the city centre (Avenida da Republica, Praga Marques do Pombal, Avenida

Fontes Pereira de Melo, Avenida da Liberdade, and downtown area), main access roads (Av. de Ceuta,

Eixo Norte-Sul, Viaduct Eng. Eduardo Pacheco, IC19, A5, Avenida da Ponte, and Segunda Circular) and

in the riverside area (Avenida Ribeira das Naus, Avenida da India, and 24 de Julho).
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Lisbon’s Kernel Density 2014 - 2015
with Severity Index
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Image 50 - KDE analysis Biennial analysis 2014-2015

2016-2017

The 2016-2017 Biennium (image 51) was very similar to the 2014 and 2015 figures, with little

variation in relation to the hotspots of traffic accidents with victims, and it is already possible to identify

a pattern of location of the hotspots in the city.
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Lisbon’s Kernel Density 2016 - 2017
with Severity Index
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Image 51 - KDE analysis Biennial analysis 2016-2017
2018-2019

The 2018-2019 biennium (image 52) presents the second outlier in our data. There is a marked

decrease in the number and location of hotspots, particularly in the city centre, the spots that were

previously spread across the 3rd Level, 4th Level, and 5th Level roads are practically non-existent, If in

2012-2013 the economic crisis justified the reduction in traffic and consequently the reduction in

accidents with victims, the current biennium cannot justify the same, Portugal is in total economic

growth, according to the Tourism of Portugal [92] Lisbon is one of the European cities with the highest

demand, registering numbers in the order of 7.5 million tourists only in 2018. To understand this

phenomenon, we asked the Lisbon Municipal Civil Protection and the Lisbon Municipal Police what

could justify this decrease? The conclusion we reached is both surprising and revealing. Once again,

explaining the thesis defended in this dissertation that human factors are undoubtedly the most

significant contributor to a road accident with victims.
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In 2019, the Lisbon Municipal Police (PML), in addition to the 21 fixed speed cameras, started to
control the speed with mobile speed cameras strategically placed in areas where the speed limit is 30
km/h (4th Level and 5th Level roads) such as residential areas or schools. The control of mobile speed
control in the municipality allowed PML to record a record number of offenses, with a total of 61,540
severe infractions, ten times more than in 2015 (6842). This data and the study of the average speeds
recorded by TomTom showed that drivers adjusted their speed to the limit imposed by law mainly on

the roads mentioned above, resulting in a clear decrease in road accidents.

Lisbon’s Kernel Density 2018 - 2019
with Severity Index
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Image 52 - KDE analysis Biennial analysis 2018-2019
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5.2.2 Seasonal Analysis

The temporal study of the kernel density for the seasons of the year of accidents with victims (image
53) allows us to identify that in spring, there is a lower concentration of hotspots in the outlying areas
of the city in comparison with the other seasons of the year, being observable that it is the city centre,
as well as downtown Pombal that concentrates the accidents, an example of this being Avenida da
Republica, Avenida Fontes Pereira de Melo, and Avenida Liberdade. In summer, there is an increase in
the incidence and frequency of incidents in the central area of the city, in the area of the Eixo Norte-
Sul, accesses to the 25 de Abril, General Norton de Matos Avenue with the Benfica Road and at the
end of the A5 towards the Duarte Pacheco viaduct at the exit to the Bridge. The aforementioned roads
continue to be hotspots throughout the autumn and winter. However, there are a greater accident
concentration on the outskirts of Lisbon, specifically along with Avenida General Norton de Matos and
the Eixo Norte-Sul, with the highest concentration of accidents in the area that overlaps Avenida

Engenheiro Duarte Pacheco.
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Image 53 - KDE analysis seasonal analysis 2010-2019
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5.2.3 10-Year Analysis

In order to be able to perform an assessment and identification of the hotspots of traffic accidents
with victims existing in the area of the municipality of Lisbon that reflects the real problems without
suffering the influences or deviations that may exist in spatio-temporal analyses of lower temporal
amplitude, we performed, as in the biannual analyses, the KDE analysis of all road accidents with
victims that fulfilled the ANSR hotspot cluster requirement (5 victims, 200 meters). The results
obtained demonstrate a strong cluster pattern of accidents, with a positive Moran's Index (image 54)
of 0.99, a Z-score of 200, and a P-value of 0.0001, giving us less than 1% likelihood for the clustering

pattern result of random chance. Thus, we can reject the null hypothesis.

Significance Level Critical Value
(p-value) (z-score)

Moran's Index: 0,998138
z-score: 200,328714 =
p-value: 0,000000
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Given the z-score of 200.328714, there is a less than 1% likelihood that this clustered pattern
could be the result of random chance.

Image 54 - Spatial Autocorrelation Report - Decade analysis
As the hotspots locations (image 55) will be subject to confirmation of statistical significance

through Hotspot Analysis (Getis-Ord Gi*) we will only identify the effective Lisbon hotspots locations

in the next subchapter.
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Image 55 - KDE analysis decade analysis 2010-2019

5.2.4 Getis Ord Gi* Analisys

The previous analysis (KDE) permitted the identification of the RTAs hotspots. However, as previously
stated, the KDE technique lacks an evaluation of the statistical significance of the discovered hotspots.
As aresult, it's critical to look into the statistical significance of the hotspot and identify the most prone
regions with statistical significance. According to many researchers, it is preferable if the statistical
value of the discovered hotspot is determined objectively and proactively [51]. Our statistically
significant evaluation procedure began with the null hypothesis: "accidents in a roadway segment
occurred at random." As previously stated, we initially used spatial autocorrelation global Moran’s |
test to verify the statistical testing for the null hypothesis and determine whether RTAs points were
organized in clusters of identical values. Accordingly to Prasannakumar [54], this is a required step

before performing the Hotspot Analysis (Getis-Ord Gi*) on ArcGIS PRO.
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In this way and for the identification of hotspots of road accidents with victims in the municipality
of Lisbon, the Hotspot Analysis Getis-Ord Gi* (image 56) was applied to our database, presenting a
clustering of high values (hot spots) with a confidence level of 99% for the following locations: Avenida
Dom Jodo Il, Eixo Norte-Sul, Avenida General Norton de Matos, Avenida Marechal Craveiro Lopes,
Avenida Eusébio da Silva Ferreira, Itinerario Complementar 17, Estrada de Monsanto, A5, Acesso
Avenida da Ponte, Ponte 25 de Abril, Avenida Vinte e Quatro de Julho, Campo dos Martires da Patria,

Rua Joagquim Antdnio de Aguiar, Tunel Marqués.

At a 95% confidence interval were identified as statistically hotspots: Avenida Fontes Pereira de
Melo, Rua Sousa Lopes, Avenida da Republica, Avenida Alvaro Pais, Avenida General Rogadas, Avenida

Mouzinho de Albuquerque, Avenida de Brasilia, Avenida Infante Dom Henrique e Avenida da India.
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Image 56 - Hotspot analysis (Getis-Ord Gi*) decade analysis 2010-2019
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5.2.5 Hotspot Identification and Characterization

After the identification of the location of statistically significant hotspots performed by the Hotspot
Analysis Getis-Ord Gi* algorithm, the results were analyzed, and a selection of the most active hotspots
was arranged by the number of accidents and severity of victims was made, as well the identification
of the problematic roads (image 57). If Lisbon Municipality had already applied the Municipal Road

Safety Index (ISRM) we could compare this classification with the one calculated by CML.

Lisbon Road Traffic Accidents Hotspots

O Hotspot

== Problematic Roadways

5 Kilometers
|

Image 57 - Lisbon Road traffic Accidents Hotspots and problematic roadways identification

Segunda Circular

The data shows that the Segunda Circular is the most problematic roadway in this study.

It comprises three avenues (Avenida General Norton de Matos, Avenida Marechal Craveiro Lopes,
and Avenida Eusébio da Silva Ferreira, the late only exist from 2015, before that there were just two
avenues), is 10 kilometers long and is the primary distributor of internal traffic in the city of Lisbon.

To better understand the analysis, the Segunda Circular was segmented by its constituent

avenues, and the Hotspots were identified and characterized accordingly.
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Av. Eusébio de Silva Ferreira

This section of the Segunda Circular between IC 19 and Estrada da Luz has 3,7 Km in
extension. It is a 2nd Level Roadway (Main Distribution Network). The speed limit is 80Km/h
and registered one fatality, one serious injury, and 156 minor injuries during the time frame of
this study. Regarding pedestrian collisions, this stretch recorded 10 (ten) Pedestrian collisions
and 199 road traffic accidents.

The identified hotspot (image 58) is located westbound at the final stretch of Av. Eusébio
de Silva Ferreira (Segunda Circular) between the exit to benfica / buraca, just after the Escola
Superior de Comunicagdo and the access to the IC19 / IC17 and AS.

The most common accident typology on the hotspot is skidding, followed by rear-end
collision with another moving vehicle, and Crash with a rollover.

The visible rise in accidents (skidding) in this hotspot when there is an episode of
precipitation is manifest. 41% of the records analyzed for this location occurred on rainy days.
This data becomes especially significant when we consider that in Lisbon, during our analysis,
there were on average only 100 days of precipitation per year and that these conditions (rain)
only correspond to 17% of the RTAs cases in our study.

The most common factor for the accidents in this location is the excessive speed for the
existing conditions followed by disrespect for the safety distances.

Regarding the time distribution, we observe that most accidents occur at night, followed
by lunchtime rush and morning rush in good weather conditions. With precipitation
conditions, the most frequent period is during the morning rush and dawn.

Given the above, we believe that the leading causes for the existence of this hotspot are
undoubtedly the human factors that, combined with atmospheric conditions, potentiate the
occurrence of RTA in this location. As a suggestion and extending the concept to the rest of
the Segunda Circular, we believe that the reduction of speed from 80km/h to 50 km/h
combined with the existence of average speed cameras (located near the airport, Campo
Grande viaduct, and after the exit to Benfica Buraca) would drastically reduce the number of

accidents on this roadway.
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Image 58 - Av. Eusébio de Silva Ferreira Hotspot localization

Av. General Norton de Matos

This section of the Segunda Circular between Estrada da Luz and Campo Grande viaduct has 1,4
Km in extension. It is a 2nd Level Roadway (Main Distribution Network). The speed limit is 80Km/h and
registered five fatalities, 15 serious injuries, and 338 minor injuries during the time frame of this study.
Regarding pedestrian collisions, this stretch recorded 12 Pedestrian collisions and 673 road traffic
accidents ( in fact, from the three avenues that compose the Segunda Circular, this stretch is the one
with most cases of crashes, pedestrian collisions, and rear-end collisions).

The identified hotspot (image 59) is located just after the campo grande viaduct, near José de
Alvalade Stadium.

The most common accident typology on the hotspot is rear-ended collision with another moving
vehicle.

In terms of meteoroldgical influence, 74% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by disrespect for the safety distances.

Regarding the time distribution, we observe that most accidents occur during the morning rush,
followed by the afternoon and afternoon rush.

The majority of the Pedestrian collisions occurred at night, dawn, and morning rush.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.
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Image 59 - Av. General Norton de Matos Hotspot localization

Av. Marechal Craveiro Lopes

This section of the Segunda Circular between Campo Grande Viaduct and Prior Velho has 4,3Km
in extension. It is a 2nd Level Roadway (Main Distribution Network). The speed limit is 80Km/h and
registered seven fatalities, ten serious injuries, and 261 minor injuries during the time frame of this
study. Regarding pedestrian collisions, this stretch recorded 2 Pedestrian collisions and 352 road traffic
accidents.

The identified hotspot (image 60) is located just after the viaduct above the rotunda do relogio.

The most common accident typology on the hotspot is rear-ended collision with another moving
vehicle, multiple vehicle collision, and Crash with a rollover.

In terms of meteoroldgical influence, 69% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by disrespect for the safety distances.

Regarding the time distribution, we observe that most accidents occur during the afternoon rush,
followed by the afternoon and morning rush.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.
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Image 60 - Av. Marechal Craveiro Lopes Hotspot localization

Avenida de Berlim

The Avenida de Berlim iniciates in the crossroads with Avenida Dom Jodo Il and Avenida do Pacifico
and finishes near the airport has 3Km in extension. It is a 3rd Level Roadway (Secondary Distribution
Network). The speed limit is 50Km/h and registered two severe injuries and 144 minor injuries during
the time frame of this study. Regarding pedestrian collisions, this roadway recorded 60 Pedestrian
collisions and 302 road traffic accidents.

The identified hotspot (image 61) is located in the junction with Avenida Cidade do Porto.

The most common accident typology on the hotspot is a Pedestrian collision and a side collision
with another moving vehicle.

In terms of meteoroldgical influence, 75% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by the disregard for vertical signs and disregarding for traffic lights signals.

Regarding the time distribution, we observe that most accidents occur during the afternoon rush,
followed by the morning rush.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.
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Image 61 - Av. de Berlim Hotspot localization

Avenida Almirante Reis

The Avenida Almirante Reis initiates in Palma street and finishes near the Francisco sa Carneiro
square. It is a 3rd Level Roadway (Secondary Distribution Network). The speed limit is 50Km/h and
registered six severe injuries and 92 minor injuries during the time frame of this study. Regarding
pedestrian collisions, this roadway recorded 104 pedestrian collisions and 275 road traffic accidents.

The identified hotspot (image 62) is located at the crossroads with Angola street.

The most common accident typology on the hotspot is a Pedestrian collision and a side collision
with another moving vehicle.

In terms of meteoroldgical influence, 87% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by the disregard for vertical signs and disregarding for traffic lights signals.

Regarding the time distribution, we observe that most accidents occur during the night, followed
by the afternoon rush.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.
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Image 62 - Av. Almirante Reis Hotspot localization

Avenida da Republica

The Avenida da Republica initiates in Campo Grande and finishes near the Duque de Saldanha
square. It is a 3rd Level Roadway (Secondary Distribution Network). The speed limit is 50Km/h, and as
1.5 Km in length, and registered two deaths, six severe injuries, and 139 minor injuries during the time
frame of this study. Regarding pedestrian collisions, this roadway recorded 113 pedestrian collisions
and 392 road traffic accidents.

The identified hotspot (image 63) is located at the crossroads of Avenida Elias Garcia.

The most common accident typology on the hotspot is a Pedestrian collision and a side collision
with another moving vehicle.

In terms of meteorological influence, 84% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by the disregard for vertical signs.

Regarding the time distribution, we observe that most accidents occur during the afternoon rush,
followed by the morning rush.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.
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Image 63 - Av. da Republica Hotspot localization

Eixo Norte Sul

Eixo Norte-Sul (IP7) is a highway that connects the north and the south of the city, initiates in the
bridge 25 de Abril, and finishes near Tunnel of Grilo (between the connections with A8, A1, and A12).
It is a 1st Level Roadway (Structuring Network). The speed limit is 90Km/h, but in some stretches is
70Km/h has 9.5 Km in length and registered three deaths, ten severe injuries, and 602 minor injuries
during the time frame of this study. Regarding pedestrian collisions, this roadway does not record any

pedestrian collisions and registers 1013 road traffic accidents.
The identified hotspots (image 64) are located in 3 different places through the IP7: The first one

is located near Campolide in the access to the IP7 from the radial de Benfica. The second one is in

Duarte Pacheco viaduct, and the third one is near Lumiar.
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Image 64 - Eixo Norte-Sul Hotspot localization

The most common accident typology is the crashes whit a retaining device and rear-ends collisions
with another vehicle.

In terms of meteoroldgical influence, only 57% of the RTAs occurred in good weather conditions—
the great majority of RTAs occurring in precipitation conditions (< 1.2mm/h) were located in the
second hotspot, the area of Duarte Pacheco viaduct, just after the exit to Belem. Analyzing the flood

vulnerability map (image 66), we can perceive why there are so many accidents in this area.
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Image 65 - Hotspot located in a flood-prone area

followed by the afternoon.

The most common factor for the accidents on the three locations is the excessive speed for the
existing conditions followed by the failure to observe safety distances.
Regarding the time distribution, we observe that most accidents occur during the morning rush,

Given the above, we believe that the leading causes for the existence of these hotspots, in

particular, the second one are a mix of human factors due to the speeding and environmental ones
(roadway with poor drainage and weather conditions).
Avenida 24 de Julho

The Avenida 24 de Julho initiates in Cais do Sodré Train station and finishes near the Museu do

Oriente. It is a 4" Level Local Distribution Network (proximity network). The speed limit is 50Km/h, as

collisions and 363 road traffic accidents.

3 Km in length, and registered three deaths, three severe injuries, and 109 minor injuries during the
time frame of this study. Regarding pedestrian collisions, this roadway recorded 165 pedestrian

sodré train station, the second one in the junction near Jardim de Santos.
other situations.

The identified hotspots (image 66) are located at the eastern part of the roadway near Cais do

The most common accident typology on the hotspot is a Pedestrian collision and a collision with
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In terms of meteoroldgical influence, 89% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by irregular maneuvering.

Regarding the time distribution, we observe that most accidents (including the Pedestrian
collisions) occur during the afternoon rush, followed by dawn.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.

Image 66 - Av. 24 de Julho Hotspot localization

Avenida das Indias

The Avenida das Indias initiates near the Museu do Oriente and finishes near Alges. It is a 4™ Level
Local Distribution Network (proximity network). The speed limit is 50Km/h, as 5 Km in length, and
registered eight deaths, twenty-seven severe injuries, and 126 minor injuries during the time frame of
this study. Regarding pedestrian collisions, this roadway recorded 21 pedestrian collisions and 267
road traffic accidents.

The identified hotspot (image 67) is located near Museu dos Coches.

The most common accident typology on the hotspot is rear-ended collision and Collision with

other situations.
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In terms of meteoroldgical influence, 85% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by disregarding traffic light signals.

Regarding the time distribution, we observe that most accidents occur during the morning rush,
followed by the afternoon rush.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.

Image 67 - Av. da india Hotspot localization

Ponte 25 de Abril

The access to the 25 Abril bridge is located near Alvito. It is a 2nd Level Roadway (Main Distribution
Network). The speed limit is 80Km/h, as 0.5 Km in length, and registered one death, three severe
injuries, and 107 minor injuries during the time frame of this study in a total of 234 road traffic
accidents.

The identified hotspot (image 68) is located near Alvito.

The most common accident typology on the hotspot is Crash with side restraint in place and
Collision with other situations.

In terms of meteoroldgical influence, 71% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions

followed by irregular maneuver.
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Regarding the time distribution, we observe that most accidents occur during the afternoon rush,
followed by the morning rush.
Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.

Image 68 - 25 de Abril Bridge Access Hotspot localization

Avenida Infante Dom Henrique

The Avenida Infante Dom Henrique initiates in José Queiros square and finishes near the Praca do
Comercio square. It is a 2nd Level Roadway (Main Distribution Network). The speed limit is 50Km/h,
with 12Km in length is the biggest avenue of Lisbon and registered seven deaths, 73 severe injuries,
and 812 minor injuries during the time frame of this study. Regarding pedestrian collisions, this
roadway recorded 75 pedestrian collisions and 642 road traffic accidents.

The identified hotspot (image 69) is located at the crossroads of Avenida de Berlim.

The most common accident typology on the hotspot is a side collision with another moving
vehicle.

In terms of meteoroldgical influence, 81% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by the disregard for traffic light signals.

Regarding the time distribution, we observe that most accidents occur during the morning rush,

followed by the afternoon rush.
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Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.

Image 69 - Av. Infante Dom Henrique Hotspot localization

A5

Highway A5 (A5) is a highway that connects Cascais to Lisbon, initiates in Duarte Pacheco Viaduct,
and finishes near Cascais. It is a 1st Level Roadway (Structuring Network). The speed limit is 120Km/h,
has 25 Km in length, seven of which are inside the Lisbon Municipality, and registered six deaths, ten
severe injuries, and 426 minor injuries during the time frame of this study. Regarding pedestrian
collisions, this roadway records two pedestrian collisions and registers 446 road traffic accidents.

The identified hotspots (image 70) are located in 3 different places through the A5: The first one
is located near Duarte Pacheco viaduct. The second one is at the exit to A2, and the third one is near
the Monsanto exit.

The most common accident typology on the hotspots is rear-ended collision and simple crash.

In terms of meteoroldgical influence, 74% of the RTAs occurred with good weather. The most
common factor for the accidents in this location is the excessive speed for the existing conditions
followed by irregular maneuvering.

Regarding the time distribution, we observe that most accidents occur during the afternoon rush,
followed by night.

Given the above, we believe that the leading causes for the existence of this hotspot are

undoubtedly human factors.
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Image 70 - A5 Hotspot localization

5.3 The Validation of the Results by Experts

Although expert validation is subject to biases, it is nevertheless a valid method of verification. Given
that content validity is critical to ensuring an assessment's overall validity, a systematic approach to
content validation should be taken based on evidence and best practices, in that way for the
confirmation of the artifacts created in this dissertation. The approach adopted was adapted from the
framework proposed by Muhamad Yusoff [93] to calculate the Content Validity Ratio (CVR) and

Content Validity Index (CVI) of the expert's opinion.

CVI: The Item-CVI method can be used to calculate CVI, which is the most extensively documented

strategy for content validity in instrument development (I-CVI) [94].

I-CVI is calculated by dividing the number of experts who gave each item a rating of "extremely
relevant" by the total number of experts. Values vary from 0 to 1; if I-CVI is greater than 0.79, the item
is important; between 0.70 and 0.79, the item requires modifications; and less than 0.70, the item is

not approved. [94].
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I-CVI: has been determined as the number of “very relevant” (or 3-4) expert ratings for each

guestion divided by the total number of experts on the panel.

(6)

[ — (VI = Number of raters giving a rating of 3 our 4

Total number of raters

CVR: was calculated for each question's importance, with a higher value (between 1 and -1) indicating

greater agreement among expert panel members.

(7)

CVR =

- N(%)]

Where n=number of experts who indicated “essential” for a question, and N=total number of

raters in the calculation.

5.3.1 Expert panel
Experts in the expert panel were defined as individuals who worked in civil protection, GIS experts,

and Road Safety Experts.

Table 9 - Characteristics of the expert panel

Characteristics of the expert panel, N =4

Gender 2 Female, 2 Males

Academic Disciplines (some with more than one degree) 1 Geography and Science, 1 Civil Protection, 1 Education; 1
Science

Position 1 National Focal Point of Copernicus Emergency Management

Service — GIS specialist - ANEPC; 1 Deputy National Operations —
ANEPC; 1 Road Safety Observatory Division - technical officer —
ANSR; 1 Senior IT specialist - ANEPC

General work experience On average, 35 years

Assessment instruments/process documentation 4 experts

Theoretical knowledge about:

GIS 3 experts
Spatial Analysis 2 experts
Road traffic accidents 2 experts
Statistics 3 experts
Civil Protection 3 experts
Road safety 2 experts
Local and regional authorities 2 experts
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5.3.2 Expert content evaluation process

The expert evaluation process was carried out in three interactions/phases:

The first interaction consisted of one-on-one discussions with specialists, during which the problem
and objectives were identified, the dissertation guidelines were presented, and discussed the best
approaches to the theme in question. This iteration's evaluation was carried out to confirm that our
artefacts were suitable for their intended use, as described by the objective statements presented in

Chapter 1, Table 10 shows the results of the evaluations.

Table 10 - Experts first interaction results

Content

Criteria Objective Statement Validity

Ratio

The Identification of the location of RTAs hotspots is
Efficiency efficient to assist the process of decision support of CML's 0,5

civil protection and mobility officers

Consistency with the The research responds totally to the needs identified in

municipality's needs challenge 51

The proposed solution provides the level of detail required
Detail level 1
for the decision support process

Methodologies for The solution complies with the latest methods in the

determining hotspots literature for hotspot determination

The solution is an added value for the reduction of traffic
Utility 1
accidents with victims in the city of Lisbon

Does the solution have practical applicability in the field of

Applicabilit 0,5
pplicability road safety and civil protection? ’

Consistency Is the solution consistent throughout its analysis? 1
The results of the study can be applied to other contexts or
Transferability 1
areas?

The methodology and processes employed in the study
Dependability allow external researchers to follow the same method used 1

by the researcher?

Content Validity Index !

The second interaction consisted of several one-on-one discussions with three specialists, the civil
protection expert, the Road safety expert and the GIS specialist, and were focused on resolving all of

the issues raised in the previous iteration's review, and to validate the options taken.
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Table 11 - Experts second interaction results

Criteria

Objective Statement

Content
Validity

Ratio

The Identification of the location of RTAs hotspots is efficient
Efficiency to assist the process of decision support of CML's civil 0,5
protection and mobility officers
Consistency with the The research responds totally to the needs identified in q
municipality's needs challenge 51
The proposed solution provides the level of detail required
Detail level 1
for the decision support process
Methodologies for The solution complies with the latest methods in the q
determining hotspots literature for hotspot determination
The solution is an added value for the reduction of traffic
Utility 1
accidents with victims in the city of Lisbon
Does the solution have practical applicability in the field of a
Applicability road safety and civil protection?
Consistency Is the solution consistent throughout its analysis? 1
The results of the study can be applied to other contexts or
Transferability 1
areas?
The methodology and processes employed in the study allow
Dependability external researchers to follow the same method used by the 1
researcher?
Content Validity Index “

The third phase consisted of a form sent to the experts so that, after analyzing the findings of this

dissertation, they could assess various factors concerning it. Once the experts have completed

providing scores on all items, they submitted online their responses to the researcher (a form template

is presented in Appendix C).

Table 12 - Experts third interaction results

Content
Criteria Objective Statement Validity
Ratio
The Identification of the location of RTAs hotspots is efficient
Efficiency to assist the process of decision support of CML's civil 1
protection and mobility officers
Consistency with the The research responds totally to the needs identified in
municipality's needs challenge 51 !
The proposed solution provides the level of detail required
Detail level 1
for the decision support process
Methodologies for The solution complies with the latest methods in the
determining hotspots literature for hotspot determination !
The solution is an added value for the reduction of traffic
Utility 1
accidents with victims in the city of Lisbon
Does the solution have practical applicability in the field of
Applicability road safety and civil protection? !
Consistency Is the solution consistent throughout its analysis? 1
The results of the study can be applied to other contexts or
Transferability areas? 1
The methodology and processes employed in the study allow
Dependability external researchers to follow the same method used by the 1
researcher?
Content Validity Index !]
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CHAPTER 6

Conclusions & Future Work

6.1 Conclusions

The object of this dissertation was derived from a real need of a municipality taking into account the
need of knowledge extraction from available data of the Lisbon City Council Mobility Office, translated
into a project (number 51) of LXDatalLab. This initiative involves the municipality and the academy
searching for solutions through data analysis for real city problems. This challenge required the
identification of areas prone to traffic accidents (hotspots) in the municipality of Lisbon and their
causes.

The Lisboa Inteligente challenge aims to give the municipal authorities responsible for mobility
and the management of Protection and Rescue. The necessary information to improve the planning
and management of the city's traffic, allowing the identification and implementation of mitigating

measures that limit the number of accidents and victims in these accident hotspots.

We had no doubts in accepting the challenge since, by profession and training, Civil Protection has

been the fruit of my dedication for more than 20 years.

Thus, and to achieve the objective now materialized, a multivariable space-time analysis of the
road accidents that occurred between 2010 and 2019 was carried out to identify the location of its
hotspots—the path took until the presented result was not easy. Several methodologies were tested
and discarded, several meetings with experts and advisors were necessary to define the most
appropriate methodology for this dissertation. Several months of time and dedication were invested

in providing the municipality with an artifact that could help correct failures and ultimately save lives.

The work began with a collection of data provided by CML to ISCTE-IUL, which included a database
dump of Fire Brigade Regiment (RSB) occurrences for the year 2019 and some shapefiles with
geographical data of the municipality, namely the slopes values traffic lights, intersections, and
altimetry. It seemed from the beginning and after analyzing the data provided that it fell short of the
real needs for an investigation of this nature. Thus began a meticulous process to gather the necessary

data to allow a robust and efficient analysis.
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We identified in the literature that an ideal period for data collection when conducting a study on
road accidents should be between 5 and 10 consecutive years since this interval represents a
compromise between the number of years required to have a reasonable sample of seasonal patterns

and still be in the processable range.

So the first task was to request from the Fire Brigade Regiment the data necessary for the analysis
(10 years of data), and why the RSB? Because the Regiment is responsible for responding to all road

accidents in the municipality, and ultimately will be the potential beneficiary of this study.

After receiving this data, we realized that essential fields for our investigation were still missing,
namely the causes of the accident, the drivers' profile, and the weather conditions at the time of the

incident.

In this way, we started contacts with ANSR and IPMA to obtain the necessary data. From these
contacts was born a cooperation protocol between ISCTE and ANSR which we are very proud of

because it will allow other students to access a precious source of information.

After a new analysis, we realized that it was still not possible to measure the volume of traffic on

the Lisbon roads at the time of the incident. IMTT and TomTom were essential to get this answer.

Once the necessary data was gathered, we began to prepare it, a Herculean task, cleaning and
preparing data from 6 different sources with georeferenced information and in different formats,
carrying out the whole process of feature engineering for the transformation and construction of
derived data, etc. This phase is guaranteed to occupy 60% to 70% of the time invested by the student

in this study.

After this step and having a new dataset that gave us the necessary data for the study, we began
the task of statistical data analysis, identifying patterns and deviations, and the search for a justification

for some of the results that proved challenging.

Once this phase was finished, we proceeded to all the processing and geographic analysis work

using ArcGIS PRO version 2.8 and the applicability of spatial autocorrelation algorithms, namely the

Kernel density estimation, the Moran | index and the Hotspot analysis Getis-Ord Gi*.
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The results allowed us to identify twelve streets considered problematic and the location of
fourteen hotspots of traffic accidents in the municipality. Its analysis allows us to state that the major
contributing factor to traffic accidents in the city of Lisbon is the human factor. The vast majority, if
not the totality of the causes of RTAs in the places under consideration, are due to excessive speed or

disrespect of traffic signs and traffic signals.

We have seen that environmental factors (weather) have little influence on road traffic accidents
in the study area, with the exception of two cases identified, namely in an area prone to flooding
located in the North-South axis, near the Duarte Pacheco viaduct and in the Segunda Circular at the
end of Avenida Eusébio de Silva Ferreira, near the exit to the IC19. With the exception of these factors,

we were unable to identify any other factors that could potentiate a traffic accident.

We identified that the vast majority of accidents were Pedestian collisions, a truly worrying fact
that caused nearly 7000 victims in the period under review. We learned that the most serious accidents
occur on Friday night and continue into Saturday morning. The age group most prone to an RTA is
between 30 and 39, but the age group between 20 and 29 is the one with the most serious accidents,

and that, statistically, men have more accidents than women.

As the product is a digital artifact, an output, and not a framework, it had to be validated, so the
whole process was gradually accompanied by a panel of 4 experts from various branches related to

the project's scope. There were several iterations made, as well as changes/corrections suggested.

To formalize this support, three iterations of formal evaluation were carried out to ensure the

validity and usefulness of the results.

The first interaction consisted of one-on-one discussions with specialists, during which the
problem and objectives were identified, the dissertation guidelines were presented, and discussed the
best approaches to the theme in question. This iteration's evaluation was carried out to confirm that
our artifacts were suitable for their intended use, some specialists appointed the question of the
applicability of this analysis in the real world i.e. what the real impact this analysis will have, changes

will be made? And the efficiency of the chosen method (algorithm used for the analysis).

The second interaction consisted of several one-on-one discussions with three specialists, the civil
protection expert, the Road safety expert and the GIS specialist, and were focused on resolving all of

the issues raised in the previous iteration's review, and to validate the options taken.
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In the third and final interaction the experts analyzed all the results produced as well the digital
artifacts and assess the various factors concerning it. Once the experts have completed providing

scores on all items, they submitted the final evaluation online to the researcher.

Road accidents are a complex subject, with several variables that must be linked for the
occurrence of a road traffic accident. This was undoubtedly my greatest difficulty, having to search for
alternatives and sources of data as despair as TomTom or the data of the number of cars with insurance
in the municipality of Lisbon. In the same way, this study is also difficult because the inexistence of an
integrated database where a researcher can access all the data necessary for his investigation makes

the whole process slow and costly.

6.2 Future Work

As this dissertation has shown, most road accidents with victims occur due to human error,
distraction, use of mobile phones, overconfidence, alcohol, tiredness, etc. Of these, we note that

speeding is undoubtedly the most significant contributor to road accidents.

Driving is a complex task that necessitates more than just knowledge of and compliance to the
Highway Code. It necessarily requires special attention to the vehicle being driven and what is
happening outside of it, i.e., to the road infrastructure (the road and its signposting, third-party
vehicles, pedestrians, and weather conditions). Driving is thus an exercise including the dynamics of
the vehicle itself in constant engagement with the dynamics of the others, each of which is permeable

to the effect of the various factors.

Thus, we suggest a holistic approach that addresses all of the risk factors associated with RTAs,

the proposed approach consists of 5 vectors:
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Municipal Road Safety Plan: The elaboration of a Municipal Road Safety Plan (PMSR)
adapted to the reality of the Municipality of Lisbon that aims at reducing fatalities and
reducing the severity of their consequences and that promotes effective measures to
encourage drivers and pedestrians to comply with safety rules, to reduce their exposure
to the risk of accidents, with particular focus on the following areas as stipulated by ANSR
[95]: Civic, school and professional education; Driving education and exams; Driver
behavior; Vehicle safety; Driver and vehicle supervision; Improvement of infrastructures;
Improvement in the rescue and support to victims; Safety studies; Cooperation and
coordination of entities and Communication. At the time of writing, the Municipality of
Lisbon still did not have a PMSR, there being only a working group proposal dated 2018
[96].

Effective Enforcement - More punitive policies for speeding. Reinforcement of the number
of mobile radars of the Lisbon Municipal Police which significantly reduced the number of
accidents with victims during 2019, as previously analyzed in chapter 5.2.1; The
introduction of variable speed radars on the Lisbon roads most prone to severe accidents,
as is the case of the Segunda Circular. The increase in enforcement actions (alcohol) by
the Municipal Police and Public Security Police near nightlife areas and main access roads,

particularly on Friday nights and Saturday mornings (dawn).

A safer pedestrian policy - The improvement of safety conditions for pedestrians and other
vulnerable users. Lisbon has been improving these conditions a lot in this area. However,
there is still a long way to go. We must continue along this path by continuously improving
the pedestrian infrastructure, increasing visibility, and building pedestrian bridges over

the busiest roads and those where the most pedestrian collisions are registered.

Education for risk - a commitment to improving the education and training of our drivers,
the improvement and expansion of programs similar to the road safety education program
- Safety starts with you [97] that encourages young people to adopt civic behavior as

pedestrians, passengers, and drivers.

Data Support - Reliable data to identify the problems and help decision-makers regarding

the policy to be applied.

109



Concerning this dissertation and in order to correct the problems faced during the data survey process
and in order to have a consistent database capable of satisfying the needs of point 5 of the holistic
proposal presented, it is essential to develop a set of recommendations to fill the information gaps

identified during the said data survey process:

1. Changes to the way of processing the statistical bulletin of road accidents, which are being
adopted, will allow for the densification of data and a greater understanding of them, which
until now did not exist, i.e., the existence of integration between IPMA and ANSR, so that when
the accident is entered in ANSR's database, the meteorological values for that date, time and

location are automatically added to the BEAV.

2. The integration between ANSR and the georeferenced data of the recent e-segurnet!’
application from the Portuguese Insurers Association [98] will allow the coordinates of the
accident to be compared with those recorded by the security forces and registered in the

BEAV.

3. The causes of the accident could also be analyzed, i.e., densification of the data identifying the
cause of the crash: were the drivers under the influence of alcohol? Was the reason for the
distraction of the accident because they were on their mobile phones? Why was the
pedestrian hit by a car? Was he or she wearing headphones or on a mobile phone? These and
other questions would allow researchers, in the future, to develop more detailed studies

according to the reality of road accidents with victims in the municipality of Lisbon.

17 The e-SEGURNET application facilitates the participation and communication of a motor accident to your
insurer. Created by the insurers, this application is an alternative to the traditional friendly declaration (DAAA).
It also allows you to keep your data and that of your vehicles easily accessible. The geolocation, use of photos
and help in filling out the form make it easier to report when the accident happens.
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Instrumento de notagdo registado no LN.E., sob o n.2 10111, vélido até
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D1 CATEGORIA/CLASSE
I VEICULOS A, BeC
ABC
1 000 Velocipede
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5 0O O O Motociclo cilindrada < 125¢c
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A Se for automovel ligeiro ou pesado, indicar o fipo:

ABC
1 O OO Passageiros

2 O 0O O Mercadorias
3000 Misto

4 00O Trator

5 000 Veieulo especial. Qual?




H ABC
1 00O 0O Sem semireboque/reboque
2 0 OO Com semireboque/reboque

D2 TIPO DE SERVICO
ABC
1 0O OO Particular
2 000 Piblico

D3 ANO DE MATRICULA
A| [ |B| [

D4 INSPECAO PERIODICA
ABC
1 00 O O Nao obrigatéria
2000 Vdlida
30 0O Sem validade

D5 CERTIFICADO ADR
I Preencher apenas no caso de transporte de mercadorias perigosas
ABC
1000 velid
2 000 Sem validode
30 OO Inexistente
A MATERIA/OBJETO PERIGOSO TRANSPORTADO II‘

D6 CARGA/LOTACAO/PNEUS
N CARGA/LOTACAO
ABC
1000 Sem carga
2 O O O Com excesso de carga
30 00O Carga bem acondicionada
4 [0 OO Carga mal acondicionada
50 0O Com lotagdo excedida
A PNEUS
ABC
1 000 Sem deficiéncia
2000 Com deficiéncia
Bl TACOGRAFO
ABC
1 00 0O Sem tacdgrafo ou desativado
2000 Comtacégrafo

D7 SEGURO
ABC
1000 Com seguro
2 000 Sem seguro
3000 lsento

\|C|\\\|

E - CONDUTORES INTERVENIENTES

E1 CARACTERISTICAS DA HABILITACAO DE CONDUCAO
IA LICENCA/CARTA DE CONDUCAO
ABC
1 00 0O Com licenga/carta adequada ao veiculo
2 0 00O Com licenga/carta ndo adequada ao veiculo
3 0O 00 Emsituagdo de instrugdo/exame
4 [0 OO Caducada/suspensa
5 0 00O Sem licenca/carta
6 O O O Néo necessaria ao veiculo que conduz
IEA PAIS DE EMISSAO
ABC
1000 Portugal
2. 000 Ovtrols)
EH ANO DA HABILTACAO

Relativamente ao veiculo que conduzia

Al sl
A CERTIFICADO ADR
ABC
1 00O Valido
2000 Sem validade
3000 Inexistente

£2 CONDK:GES PSiCO/ FiSICAS
Il CONTROLO DO NIVEL DE ALCOOLEMIA
ABC
1 OO O Submetido ao teste de alcoolemia
Néo submetido por
2 O OO Doenga
3 [ OO Lesdo ou morte decorrente do acidente
4 [ O O Condutor ndo contactado na altura do acidente
5000 fuga
6 100 Recusa
7 OO 0O Outra

A| \ |B| \ |C| |

\|C|\\\|

A TAXA DE ALCOOLEMIA

A | 7| | B | 7|
A OUTROS FATORES
ABC
1 OO O Normal
2 O O Droga por despistagem
3 00 0O Sono/sonoléncia
4 [0 O Distragdo
5 [0 O O Doenca sibita
6 00O 0O Fadiga
I8 TEMPO DE CONDUCAO CONTINUADA
ABC
1 00 O O Menos de 1 hora
2 OO0 Delad horas
3 00O De 3 ab horas
4 [ O Mais de 5 horas
5000 Ignorada

E3 ACOES E MANOBRAS ANTES DO ACIDENTE
Il ABC

1 00O nicio de marcha

2 O 0O O Saida de parqueamento ou rua particular

3 000 Em marcha normal

4 [0 O O Ulrapassagem pela esquerda

5 00O O Ulrapassagem pela direita

6 00 00 O Mudanga de direcdo para a esquerda

7 O O O Mudanga de direcdo para a direita

8 O 0O O Marcha atras

9 O O O Circulagdo em senfido oposto ao estabelecido

10 O 00 O Travagem brusca

11 O 0O O Parado ou estacionado

12 00 0 O Inversdo do sentido de marcha

13 O 0O O Trénsito em filas paralelas

14 00 O O Mudanga de via de frénsito para a esquerda

15 [0 [ [0 Mudanga de via de trénsito para a direita

16 OO O O Desvio brusco/saida de fila de transito

17 O 0O O Atravessando a via

A ESQUEMA |I| (Ver esquema em anexo)

E4 INFORMACAO COMPLEMENTAR A ACOES
E MANOBRAS
ABC
1 00 O O Desrespeito da sinalizagdo vertical
2 O O O Desrespeito das marcas rodovidrios
3 O 00 [ Desrespeito da sinalizagdo semaférica
4 O 0O O Manobra irregular
5 00O Velocidade excessiva para as condicdes existentes
6 [ [ O Nao sinalizagdo da manobra
7 O O O Desrespeito das distéincias de seguranca
8 O O O Circulagdo afastada da berma ou passeio
9 OO O Rebentomento pneumético
10 O O O Queda de carga ou objeto
11 OO O Falha mecénica do veiculo
12 00 O O Auséncia de luzes quando obrigatérias
13 00 O O Obstéculo imprevisto na faixa de rodagem
14 OO O O Abertura de porta
15 00 O Encandeamento
16 O O O Néo identificada

| el |

E5 ACESSORIOS DE SEGURANCA
ABC
1 O 0O O Capacete
2 00O Cinto de seguranga
3 00O Sem uso de cinto/capacete
4 OO lsenfo

F - CONSEQUENCIAS DO ACIDENTE

FI CONDUTORES VITIMAS i
I GRAU DE GRAVIDADE DAS LESOES
ABC
1 OO0 Morto
2 00O O Ferido grave
3000 Ferido leve

F2 PASSAGEIROS VITIMAS
Veiculo A Veiculo B Veiculo €
N SEXO
abcd
1 OOO4d
2 0OO4d

rstu
OO0 Masculino
OO0 Feminino

ijlm
| {
| {

A DADE
a b i i r s
CJ00 | LT | 0O
¢ d | m t U
N[ I O N P I
BA POSICAO NO VEICULO
abed|ijImjrstu
| 0000 | 0000 | 0000 A frente
2 0000 | 0000 | 0000 A refaguarde

3 0000 | 0000 | 0004 Desconhecido
I8 USO DE ACESSORIOS DE SEGURANCA

abced|ijImlrstu
| 0000| 0000|0000 C/ capacete/cinto seguranga
2 0000 |0000| 0000 C/ sistema refencdo de criancas
3 0000 |0000(0000 S/ vso copqcete/cinto seguranga
4 0000|0000 |0000 S/ sistema refencdo de criancas
A GRAU DE GRAVIDADE DAS LESOES
abcd|ijlIm|rstu

| OO0O0O | OO0O0O | OOO8 Morto

2 0000 | 0000 | OO0 Ferido grave
3 0000 | 0000 | OO00 Ferido leve
4 0000 | 0Oo0O0 | ooOa leso

F3 PEOES VITIMAS
1. Na(e!
abecd
1 O0O0OO Masculino
2 OO0 Feminino
B obcd
1 OO0 Pedo isolado
2 OO0 Pedes em grupo
3 OO0 Conduzindo & mdo velocipedes, carros de criangas ou
de deficientes fisicos
4 OO0 Deslocando-se sobre patins, trofinefes ou outros
EH IDADE
0 [0 [0 O
I8 CONDICOES PSICO-FISICAS
abecd
1 0000 Sem restricoes
2 OO0 Com visdo deficiente
3 O0O0O0 Com audicdo deficiente
4 OO0 Com deficigncia motora
Influenciada pelo dlcool

a b 3 d

5|I\||I\||I\||I\|
HH AGOES
abecd
1 OO0 A sair ou entrar num veiculo
2 OO0 Surgindo inesperadamente na faixa de rodagem de
frés de um obstaculo
3 OO0 Em plena faixa de rodagem
4 OO0 Em trabalhos na via
5 OO0 Atravessando fora da passagem de pedes, o menos
de 50 m de uma passagem
6 OO Atravessando fora da passagem de pedes a mais
de 50 m de uma passagem ou quando ndo exista
passagem
7 OOOO Atravessando em passagen sinalizada
8 OOOO Afravessando em passagem sinalizada com desres-
peito da sinalizagdo semaférica
9 OO Em ilhéu ou refigio na via
10 OO Transitando pela direita da faixa de rodagem
11 OO Transitando pela esquerda da faixa de rodagem
12 OO0 Transitando pela berma ou passeio
A UTIIZACAO DE MATERIAL REFLETOR

abcd
1 OO0 Sim

20000 Nao
GRAVIDADE DAS LESOES

abcd
1 OO0 Morto

2 O0O0O Ferido grave
3 OO0 Ferido leve

DAA__ /|
Nimero de boletins utilizados neste acidente |_A__|

Nome

(Posto)
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Accident_ID

Date_Time

Year Month

Day

Day_Section

WEELGEY

Weekdays

Page 1

Season

Street

Latitude

Longitude

Roadway_Type_ID

Roadway_Type

20191651938 02/01/2019 18:00 2019 Jan 2 Afternoon Rush Hour  Wednesday Weekdays Winter Avenida Marechal Craveiro Lopes 38,759862 -9,153388 2 Street
20191649654 03/01/2019 18:00 2019 Jan 3 Afternoon Rush Hour  Thursday Weekdays Winter Avenida da Liberdade 38,718295 -9,144548 2 Street
20191656727 04/01/2019 10:00 2019 Jan 4 Morning Friday Weekdays Winter Avenida General Norton de Matos 38,759576 -9,154869 2 Street
20191654467 04/01/2019 20:00 2019 Jan 4 Night Friday Weekdays Winter Avenida General Correia Barreto 38,73683 -9,168621 2 Street
20191794374 06/01/2019 11:00 2019 Jan 6 Morning Sunday Weekend Winter Avenida da india 38,703009 -9,173179 2 Street
20191651891 07/01/201917:00 2019 Jan 7 Afternoon Rush Hour  Monday Weekdays Winter Avenida Almirante Gago Coutinho 38,744264 -9,132014 2 Street
20191654379 09/01/201901:00 2019 Jan 9 Early morning Wednesday Weekdays Winter Avenida da Republica 38,74071 -9,146273 2 Street
20191657679 11/01/201905:00 2019 Jan 11 Early morning Friday Weekdays Winter Avenida Almirante Reis 38,735304 -9,133985 2 Street
20191655925 11/01/2019 16:00 2019 Jan 11 Afternoon Friday Weekdays Winter Avenida de Ceuta 38,718678 -9,174791 2 Street
20191654477 12/01/2019 15:00 2019 Jan 12 Afternoon Saturday Weekend Winter Avenida da Republica 38,74071 -9,146273 2 Street
20191656499 14/01/2019 22:00 2019 Jan 14 Night Monday Weekdays Winter Avenida Marechal Craveiro Lopes 38,759862 -9,153388 2 Street
20191656769 16/01/2019 19:00 2019 Jan 16 Afternoon Rush Hour  Wednesday Weekdays Winter Avenida da Republica 38,74071 -9,146273 2 Street
20191656785 18/01/2019 08:00 2019 Jan 18 Morning Rush Hour Friday Weekdays Winter Avenida da india 38,703009 -9,173179 2 Street
20191657868 18/01/2019 08:00 2019 Jan 18 Morning Rush Hour Friday Weekdays Winter Avenida General Correia Barreto 38,73683 -9,168621 2 Street
20191657775 19/01/2019 10:00 2019 Jan 19 Morning Saturday Weekend Winter Avenida Marechal Craveiro Lopes 38,759862 -9,153388 2 Street
20191659447 19/01/201923:00 2019 Jan 19 Night Saturday Weekend Winter Avenida da Republica 38,74071 -9,146273 2 Street
20191657239 21/01/2019 09:00 2019 Jan 21 Morning Rush Hour Monday Weekdays Winter Avenida Marechal Craveiro Lopes 38,759862 -9,153388 2 Street
20191658438 21/01/201917:00 2019 Jan 21 Afternoon Rush Hour  Monday Weekdays Winter Avenida Marechal Craveiro Lopes 38,759862 -9,153388 2 Street
20191658427 23/01/2019 16:00 2019 Jan 23 Afternoon Wednesday Weekdays Winter Avenida da Liberdade 38,719087 -9,145237 2 Street
20191658344 27/01/2019 13:00 2019 Jan 27 Lunch Rush Hour Sunday Weekend Winter Avenida Almirante Reis 38,735304 -9,133985 2 Street
20191659427 28/01/2019 11:00 2019 Jan 28 Morning Monday Weekdays Winter Avenida Almirante Reis 38,735304 -9,133985 2 Street
20191659429 28/01/2019 14:00 2019 Jan 28 Afternoon Monday Weekdays Winter Avenida Marechal Francisco da Costa Gomes 38,737368 -9,126179 2 Street
20191659425 29/01/2019 18:00 2019 Jan 29 Afternoon Rush Hour  Tuesday Weekdays Winter Avenida da Republica 38,74071 -9,146273 2 Street
20191659710 30/01/201912:00 2019 Jan 30 Lunch Rush Hour Wednesday Weekdays Winter Avenida Almirante Reis 38,735304 -9,133985 2 Street
20191659558 31/01/2019 00:00 2019 Jan 31 Early morning Thursday Weekdays Winter Avenida Almirante Reis 38,735304 -9,133985 2 Street
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Location

Nature

Injuries

Driver_Age

Group_Age

Number_serious_injured

Number_slightly_injured

Number_Dead

Alvalade Within Locations  Rear-end collision with another moving vehicle Slightly injured  Female 53 50-59 0 1 0 11088 3,28
Santo Antdnio Within Locations  Rear-end collision with another moving vehicle Slightly injured  Female 38 30-39 0 1 0 11088 1,17
Lumiar Within Locations  Side collision with another moving vehicle Slightly injured  Male 53 50-59 0 1 0 11088 2,79
Benfica Within Locations  Rear-end collision with another moving vehicle Slightly injured  Male 59 50-59 0 1 0 11088 2,79
Belém Within Locations  Rear-end collision with another moving vehicle Slightly injured  Male 48 40-49 0 1 0 11088 1,38
Alvalade Within Locations  Side collision with another moving vehicle Slightly injured  Male 33 30-39 0 1 0 11088 0,78
Arroios Within Locations  Side collision with another moving vehicle Slightly injured ~ Male 45 40-49 0 5 0 11088 1,3
Arroios Within Locations  Side collision with another moving vehicle Slightly injured  Male 74 70-74 0 1 0 11088 1,39
Alcantara Within Locations  Crash in chain Slightly injured  Female 63 60-64 0 2 0 11088 1,87
Avenidas Novas  Within Locations  Pedestrian collision Slightly injured  Female 44 40-49 0 1 0 11088 1,3
Lumiar Within Locations  Crash in chain Slightly injured ~ Male 30 30-39 0 1 0 11088 3,28
Avenidas Novas  Within Locations  Collision with other situations Slightly injured  Male 38 30-39 0 1 0 11088 1,3
Belém Within Locations  Crash in chain Slightly injured  Female 30 30-39 0 1 0 11088 1,38
Benfica Within Locations  Crash with a restraint device Slightly injured  Male 27 20-29 0 1 0 11088 0,66
Lumiar Within Locations  Side collision with another moving vehicle Slightly injured  Female 47 40-49 0 2 0 11088 3,28
Avenidas Novas  Within Locations  Collision with other situations Slightly injured  Male 42 40-49 0 7 0 11088 1,3
Alvalade Within Locations  Crash in chain Slightly injured  Male 76 74-79 0 1 0 11088 3,28
Alvalade Within Locations  Crash with a restraint device Slightly injured  Male 68 65-69 0 1 0 11088 3,28
Santo Anténio Within Locations  Collision with other situations Slightly injured  Male 26 20-29 0 1 0 11088 1,17
Arroios Within Locations  Collision with vehicle or obstacle in the lane Slightly injured  Male 34 30-39 0 1 0 11088 1,39
Arroios Within Locations  Side collision with another moving vehicle Slightly injured  Male 44 40-49 0 1 0 11088 1,39
Penha de Franca  Within Locations Rear-end collision with another moving vehicle Slightly injured  Female 38 30-39 0 1 0 11088 0,7
Avenidas Novas  Within Locations  Collision with other situations Slightly injured ~ Male 86 85-89 0 1 0 11088 1,3
Arroios Within Locations  Rear-end collision with another moving vehicle Slightly injured  Male 70 70-74 0 2 0 11088 1,39
Arroios Within Locations  Rear-end collision with another moving vehicle Slightly injured  Male 27 20-29 0 1 0 11088 1,39
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At_Factors

Luminosity

Surface_cond

Driver_Action

Page 3

Cause_of_accident

Vehicle_Category

Vehicle_Age

Roadway_specs

Good Weather

Night, with illumination

Dry and clean pavement

In Normal Operation

Unidentified

Light Vehicle

14 Other lane

Good Weather

Night, with illumination

Dry and clean pavement

Normal driving

Excessive speed for the existing conditions

Light Vehicle

19 Road without separator

Good weather

In broad daylight

Dry and clean pavement

Sharp detour/leaving a traffic queue

Non-respect of safety distances

Light Vehicle

7 Road without separator

Good weather

Night, with illumination

Dry and clean pavement

Normal operation

Not identified

Light Vehicle

14 Other lane

Good weather

In broad daylight

Dry and clean pavement

Normal operation

Not Identified

Light Vehicle

19 Road without separator

Good Weather

Night, with illumination

Dry and clean pavement

Travel Start

Not identified

Motorcycle <= 125cc

11 Road without separator

Good Weather

Night, with illumination

Dry and clean pavement

Normal Operation

Not identified

Light Vehicle

3 Road without separator

Good Weather

Night, with illumination

Dry and clean pavement

Normal Operation

Non-respect of traffic signalization

Light Vehicle

2 Other lane

Good Weather

In broad daylight

Dry and clean pavement

Stopped or parked

Not identified

Light Vehicle

9 Other lane

Good Weather

Broad daylight

Dry and clean pavement

Normal operation

Traffic signalization disrespect

Light Vehicle

19 Other lane

Good Weather

Night, with illumination

Dry and clean pavement

Normal operation

Not identified

Light Vehicle

4 Other track

Good Weather

Night, with illumination

Dry and clean pavement

Normal operation

Not identified

Motorcycle > 125cc

3 Other track

Good Weather

In broad daylight

Dry and clean pavement

Normal operation

Not identified

Light Vehicle

5 Road without separator

Good weather

Broad daylight

Dry and clean pavement

Normal operation

Excessive speed for the existing conditions

Motorcycle <= 125cc

2 Other lane

Rain Broad daylight Wet pavement Normal operation Not identified Light Vehicle 18 Other track
Good weather  Night, with illumination Dry and clean pavement Changing traffic lane to the right Not identified Light Vehicle 4 Other track
Good weather Broad daylight Dry and clean pavement Normal operation Not Identified Light Vehicle 3 Other track
Good weather  Broad daylight Dry and clean pavement Normal operation Not Identified Light Vehicle 9 Other track
Good weather Broad daylight Dry and clean pavement Normal operation Not Identified Light Vehicle 21 Road without separator
Good weather  Broad daylight Dry and clean pavement Normal operation Excessive speed for the existing conditions Light Vehicle 11 Other lane
Good Weather Broad daylight Dry and clean pavement Exiting a parking lot or private road Irregular maneuver Light Vehicle 9 Other track
Good weather  Broad daylight Dry and clean pavement Normal operation Not Identified Bicycle NULL Other track
Rain Night, with lighting Wet pavement Normal operation Not Identified Light Vehicle 13 Other track
Rain Broad daylight Wet pavement Normal operation Excessive speed for the existing conditions Light Vehicle 17 Other track
Rain Night, with illumination Wet pavement Normal operation Not identified Mopped NULL Other route
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Roadway_st_of cons

Roadway_lInt

Obstacles

Directions

Page 4

Traffic_signs

Traffic_lights

Pavement_type

Roadway_geometryl

Roadway_geometry2

In good condition Outside the intersection Non-existent In decreasing order of mileage Other Nonexistent Bituminous Straight On a slope

In good condition At junction Non-existent NOT SET NOT DEFINED Functioning normally  Bituminous Straight With inclination
In fair condition At junction Non-existent NOT SET Others Functioning normally  Bituminous Straight At level

In fair condition Outside the intersection Non-existent Mileage increasing Others Not available Bituminous Straight Break-even

In fair condition Outside the intersection Nonexistent NOT SET Others None Bituminous Straight Break-even

In fair condition NOT DEFINED Nonexistent NOT SET Others Working normally Bituminous Curve Break-even

In fair condition At a junction Nonexistent NOT SET NOT DEFINED Working normally Bituminous Straight At break-even
In fair condition At a junction Nonexistent NOT SET Others Working normally Bituminous Straight With steep inclines
In fair condition Outside Intersection Nonexistent Mileage decreasing Others None Bituminous Straight At break-even
In fair condition Outside Intersection Nonexistent Mileage increasing Others Working normally Bituminous Straight break-even

In fair condition Outside Intersection Correctly signposted  Mileage decreasing Others None Bituminous Straight Break-even

In fair condition Intersection Non-existent NOT SET Others Working normally Bituminous Straight Break-even

In fair condition Outside Intersection Non-existent NOT SET Other Not available Bituminous Straight Break-even

In fair condition Outside Intersection Non-existent Mileage increasing Other Non-existent Bituminous Straight Lows

In fair condition Outside Intersection Non-existent Mileage increasing Other None Bituminous Straight Lows

In good condition At intersection Non-existent Mileage decreasing Other Functioning normally  Bituminous Straight Lows

In good condition At Junction Nonexistent Mileage increasing Others Nonexistent Bituminous Straight Lows

In fair condition Outside of the intersection Nonexistent Mileage decreasing NOT DEFINED Nonexistent Bituminous Straight break-even

In fair condition Outside the intersection Nonexistent NOT SET Others Normally functioning  Bituminous Straight With steep inclines
In fair condition At intersection Correctly signposted  Mileage decreasing Crosswalk Working normally Bituminous Straight At levels

In fair condition Outside of the intersection Non-existent In the downward direction of the mileage NOT DEFINED Working normally Bituminous Straight At tilt

In fair condition Outside the intersection Non-existent Mileage decreasing Other None Bituminous Straight At tilt

In fair condition Intersection Non-existent Mileage increasing Pedestrian crossing  Working normally Bituminous Straight At level

In fair condition Intersection Non-existent Mileage decreasing Other Working normally Bituminous Straight At tilt

In fair condition Outside Intersection Nonexistent Increasing the mileage Others Working normally Bituminous Straight At level
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Roadway_geometry3

Roadway_geometry4

SpeedLimit

AvgSp

HvgSp

MedSp

Page 5

Thermal_sen

WW_H

WW._L

At_pressure

Wind speed

Paved berm On the roadway 2 80 67,79 65,69 63,51 15 13 13 18 NULL NULL 1020 29 22
No shoulder or impassable On the roadway 4 50 29,22 19,55 23,74 16 15 15 17 NULL NULL 1017 28 22
Paved berm On the roadway 5 50 28,03 29,09 27,43 15 14 13 17 NULL NULL 1017 28 20
Unpaved berm On the roadway 4 80 78,7 79,8 71,29 13 13 11 15 NULL NULL 1015 28 19
No berm or impassable On the roadway 3 50 64,01 64,88 61,7 12 12 11 14 NULL NULL 1018 27 19
Paved berm On the roadway 4 50 47,13 37,91 39,32 11 10 10 13 NULL NULL 1018 26 19
Paved berm On the roadway 4 50 57,03 53,07 45,6 11 9 9 12 NULL NULL 1022 26 18
No berm or impassable On the roadway 4 50 51,39 42,44 47,3 10 8 9 11 NULL NULL 1022 26 17
Paved berm On the roadway 4 50 47,49 44,28 41,5 14 11 12 16 NULL NULL 1026 26 20
No berm or impassable On the roadway 4 50 35,63 28,29 26,19 11 8 10 13 NULL NULL 1027 15 9
Paved roadside On the roadway 4 80 78,2 79,27 76,64 9 6 8 11 NULL NULL 1026 14 9
No berm or impassable On the roadway 4 50 13,66 8,69 9,43 9 6 8 11 NULL NULL 1025 14 9
No berm or impassible On the roadway 3 50 66,3 66,74 63,94 12 8 10 14 NULL NULL 1024 14 9
Paved berm On the roadway 4 80 83,06 86,16 84,13 13 11 12 15 NULL NULL 1032 11 9
Paved berm On the roadway 2 80 68,5 68,02 60,74 12 10 11 13 NULL NULL 1031 10 8
Paved berm On the roadway 5 50 43,1 43,57 38,84 11 9 10 14 NULL NULL 1031 10 7
Paved berm On the roadway 2 80 59,1 58,88 47,21 10 7 7 13 NULL NULL 1022 10 8
Paved berm On the roadway 2 80 60,09 58,22 57,81 13 11 12 16 NULL NULL 1011 96 9
No berm or impassable On the roadway 4 50 25,43 16,2 17,43 9 6 7 12 NULL NULL 1029 97 10
Paved roadside On the roadway 4 50 31,9 32,18 29,4 9 6 8 12 NULL NULL 1029 98 11
No berm or impassable On the roadway 4 50 32,9 32,83 30,47 11 8 9 13 NULL NULL 1021 75 11
Paved roadside On the roadway 4 50 37,34 26,56 22,4 11 7 8 13 NULL NULL 1021 77 5
No berm or impassable On the roadway 4 50 16,65 10,86 10,87 14 9 13 15 NULL NULL 1015 96 5
Paved berm On the roadway 4 50 39,5 37,29 28,09 13 13 13 15 NULL NULL 1015 98 11
Paved berm On the roadway 4 50 48,99 36,68 47,9 13 9 12 14 NULL NULL 1011 96 9
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Wind Classification

Beaufort

Wind_Direction

Wind_Direction_card

Precipitationlh

Page 6

Precipitation _Class_1

Precipitation3h

WW_P

Cloud cover

weather_main

weather_description

Moderate wind Gentle breeze 15 N 51 NULL NULL NULL NULL 1 the sky is clear scattered clouds
Moderate wind Gentle breeze 360 N 43 NULL NULL NULL NULL 0 mist scattered clouds
Moderate wind Gentle breeze 360 N 43 NULL NULL NULL NULL 0 fog sky is clear

Fair wind Light breeze 360 N 43 NULL NULL NULL NULL 0 mist sky is clear
Moderate wind Gentle breeze 15 N 41 NULL NULL NULL NULL 0 the sky is clear scattered clouds
Moderate wind Gentle breeze 80 E 39 NULL NULL NULL NULL 0 mist scattered clouds
Moderate wind Gentle breeze 80 E 39 NULL NULL NULL NULL 0 mist sky is clear
Moderate wind Gentle breeze 10N 38 NULL NULL NULL NULL 2 the sky is clear broken clouds
Moderate wind Gentle breeze 10 N 38 NULL NULL NULL NULL 1 the sky is clear scattered clouds
Light wind Light breeze 359 N 29 NULL NULL NULL NULL 2 the sky is clear scattered clouds
Light wind Light breeze 3N 29 NULL NULL NULL NULL 0 the sky is clear sky is clear

Light wind Light breeze 3N 29 NULL NULL NULL NULL 1 the sky is clear sky is clear

Light wind Light breeze 3N 29 NULL NULL NULL NULL 1 the sky is clear sky is clear
Weak wind Light air 310 NW 28 NULL NULL NULL NULL 0 the sky is clear sky is clear
Weak wind Light air 1N 28 NULL NULL NULL NULL 0 the sky is clear moderate rain
Weak wind Light air 354 N 26 NULL NULL NULL NULL 0 the sky is clear sky is clear
Weak wind Light air 1N 23 NULL NULL NULL NULL 0 the sky is clear sky is clear
Moderate wind Gentle breeze 80 E 39 NULL NULL NULL NULL 0 sky is clear sky is clear
Moderate wind Gentle breeze 125 SE 19 NULL NULL NULL NULL 38 Cloudy scattered clouds
Moderate wind Gentle breeze 131 SE 20 NULL NULL NULL NULL 5 clear sky is clear

Light wind Light breeze 169 S 12 NULL NULL NULL NULL 99 cloud overcast clouds
Light wind Light breeze 168 S 11 NULL NULL NULL NULL 100 Cloudiness overcast clouds
Light wind Light breeze 272 W 12 3.5 Moderate NULL NULL 100 Rain moderate rain
Light wind Light breeze 250 W 13 2.68 Moderate NULL NULL 40 Rain light rain

Weak wind Light air 311 NW 11 0.6 Moderate NULL NULL 100 Rain light rain
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19/07/2021 Experts first interaction

Experts first interaction

*Qbrigatério

1. Is this research is efficient? *
Marcar apenas uma oval.

Yes

No

2. The ldentification of the location of RTAs hotspots is efficient to assist the
process of decision support of CML's civil protection and mobility officers *

Marcar apenas uma oval.

Not Definitely

3. Theresearch respond to the CML needs? *
Marcar apenas uma oval.

Yes

No

4. Theresearch respond totaly to the needs identified in challenge 51 *

Marcar apenas uma oval.

Not Definitely

https://docs.google.com/forms/d/1JtNmeAOcywGbO2McGuqOkTMifntUFQvTxmMAg-txkKk/edit 1/5



19/07/2021 Experts first interaction

5. The Detail level of the research is suitable *

Marcar apenas uma oval.

Yes

No

6. The proposed solution provides the level of detail required for the decision
support process *

Marcar apenas uma oval.

Not Definitely

7. The applied methodologies for determining the hotspots are the correct ones? *
Marcar apenas uma oval.

Yes

No

8. The solution complies with the latest methods in the literature for hotspot
determination *

Marcar apenas uma oval.

Not Definitely

https://docs.google.com/forms/d/1JtNmeAOcywGbO2McGuqOkTMifntUFQvTxmMAg-txkKk/edit

2/5



19/07/2021

Experts first interaction

9. The analysis carried out is useful (Utility)? *

Marcar apenas uma oval.

Yes

No

10. The solution is an added value for the reduction of traffic accidents with victims

in the city of Lisbon *

Marcar apenas uma oval.

Not

11. The solution has applicability? *
Marcar apenas uma oval.

Yes

No

Definitely

12. The solution has practical applicability in the field on road safety and civil

protection? *

Marcar apenas uma oval.

Not

Definitely

https://docs.google.com/forms/d/1JtNmeAOcywGbO2McGuqOkTMifntUFQvTxmMAg-txkKk/edit
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19/07/2021 Experts first interaction
13. The solution is consistent? *
Marcar apenas uma oval.

Yes

No

14. The solution is consistent throughout its analysis? *

Marcar apenas uma oval.

Not Definiely

15. The solution is transferable (Transferability)? *
Marcar apenas uma oval.

Yes

No

16. The results of the study can be applied to other contexts or areas? *

Marcar apenas uma oval.

Not Definitely

17. The solution is reproducible in academia? *
Marcar apenas uma oval.

Yes

No

https://docs.google.com/forms/d/1JtNmeAOcywGbO2McGuqOkTMifntUFQvTxmMAg-txkKk/edit 4/5
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18. The methodology and processes employed in the study allow external
researchers to follow the same method used by the researcher? *

Marcar apenas uma oval.

Not Definitely

Este contetido nao foi criado nem apravado pela Google.

https://docs.google.com/forms/d/1JtNmeAOcywGbO2McGuqOkTMifntUFQvTxmMAg-txkKk/edit

5/5



	ista_capa_mestrado
	Final_A_data-driven_approach_to_road_accidents_in_the_municipality_of_Lisbon
	Appendix A – Boletim Estatístico de Acidentes de Viação (BEAV)
	Appendix B – Database Sample
	Appendix C – Experts examination form



