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ABSTRACT

The average pedestrian fatalities in the Commortivexd|Puerto Rico over the last decade represeitt Gflall
crash fatalities. This trend is similar to the Maitfaz Metropolitan area with 29% of fatalities dgrithe same
period. The objective of this study is to charaetempedestrian crash fatalities in the Mayagliea aed its
surrounding 8 municipalities. A database was depeddousing the Puerto Rico Police Department stisthe
important pertinent findings associated with thisdg showed that the city of Mayagiliez has the Hhghe
frequency of pedestrian fatal crashes of the regim 42%, of which 68% were male and 32% femaie] 44%
were over 60 years. Pedestrian fatalities peakshaere between 6:00 PM to 9:00 PM with approxatyad4%.
Municipality and road segments cross tabulationwstib that 26% of the pedestrian fatalities were tieda
between kms 154 to 156 on PR-2 Corridor in Mdygwith the highest concentration of public residén
housing, elementary and high schools and governsenices on this eight lane urban arterial. Th@rmoanity
was divided with a pedestrian bridge constructegdr@pmately 50 years ago which is seldom used kg th
residents.

Keywords: Pedestrian, Crash, Fatalities, Puerto Rico, Mayague

1. INTRODUCTION

Pedestrian fatalities are a mayor concern to gonem officials of the Highway Traffic Safety Commiisn of
Puerto Rico, the Department of Transportation andli® Works and the Police Department of the
Commonwealth of Puerto Rico and to all families aesidents of the island. Recent statistics at bmtal and
national level has placed our island in the highestestrian fatality rates in the United Statehwi71 per
100,000 populations. During the last decade, pddastatalities represent an average of 31% offathlities
which is almost 300% as compared to the natiogakré of 11% in the United States.

Based upon this alarming pedestrian fatality dtates research study was conducted as part of thighd D.

Eisenhower Fellowship Program for Hispanic Sentimglitutions funded by the Federal Highway Admirdasbn

with assistance data from the Bureau of HighwaydPaiscribed to the Puerto Rico Police Departmeik the
data of the Highway Safety Commission. This pitody concentrated on the Mayagtiez Metropolitanaregind
its 9 municipalities. The goal of this study wasidentify hazardous pedestrian locations based wgporent
geometric and operational characteristics that ¢ement the randomness associated with pedestRaaestrian
fatalities affects emotionally the family and framnof the victim and creates a comprehensive ccash of 4
millions dollars per fatality crash depending ugbe productivity years that this victim cannot puod to our
society and the mental damages and suffering waifdcts the future family relations at both homeveasrk

(HSM, 2010).
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2. OBJECTIVES

The main objective is to characterize the pedesitiash data of the southwest part of the islandbrder to
achieve the objective the Bureau of Highway Patealribed to the Puerto Rico Police Department wasacted
and they provided all the fatal crash records miggrall types of fatal crashes between the perad2007 to
February of 2013.

Other specific objectives of this investigation edo create a database using the information gadhier the
Police Department, developed a comparison betwesntd Rico and the United States with general crash
information, generate a general characterizatioalldlpes of crash fatalities of the southwest phithe island,
identify characteristics of the pedestrian crasalitees on the southwest part of the island, andlly identifying
high frequency pedestrian crash segments in afgpexad of the region.

3. METHODOLOGY

The first task performed in the development of 8tigdy, was a review of literature regarding petkass crash
studies in Puerto Rico, various articles regardisglestrian crashes and the law and regulationsy appl
pedestrians in the Commonwealth of Puerto Rico. 3éeond task was reviewing all the fatal crash rasco
regarding all types of fatal crashes between th®ge of 2007 up to February of 2013 of the 9 mipailities
from the region of Mayaguez. The third task wagdther general information regarding fatal crashd2uerto
Rico on the Traffic Safety Commission website, fhatality Analysis Reporting System (FARS) and the
information regarding pedestrian crashes in theddnbtates published by the National Highway TcaBafety
Administration (NHTSA).

The statistical analysis was performed to compeashcdata between Puerto Rico and the United Stdtdgpes
of crash data in the region of Mayaguez and finaitgtistical analysis for different elements conoey
pedestrian crash data in the region. Figure Hlmachart with a summary of the methodology faststudy.
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Hazardous Road Segment Locations on the Southwestern Region of Puerto Rico

Figure 1: Methodology of the Study
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4. RELATED LITERATURE

4.1 RELATED STUDIES AND ARTICLES OF PEDESTRIANS IN PUERT O RICO

The transportation area of the Department of GEwigineering of the University of Puerto Rico at Mgyez has
conducted two master of sciences thesis regardedggirians. One of the investigations was reggrdin
pedestrian behavior on intersections and the aheluated pedestrians crash data in urban highwiay2004,
Lynnette Alicea submitted a thesis called “Analysigl Evaluation of Crashes Involving PedestrianBugrto
Rico” (Alicea, 2004). The objective of this pattiar investigation was to characterize pedestiashes in the
urban highways of the island. To accomplish theecije Alicea obtained crashes database involving
pedestrians, they performed inspections of specifash sites and did a statistical analysis to evmmlata
between Puerto Rico and Unites States.

For this research study, Alicea evaluated data fooewious years including 1997, 1998 and 2002 fdatabases
provided by the Accident Analysis Office of the Regnent of Public Works of Puerto Rico and FARSasé&d

on the results of the statistical analysis thisestigation concluded that male pedestrian are ttinegs more
susceptible than woman, that young pedestrians Oofy&ars or younger are more susceptible than older
pedestrians to be involved on traffic crashes,rglgedestrians are more likely to be killed thanes age groups,
the peak hours of pedestrians crashes are fromFVD 10:00 PM.

On February of 2013 the local newspaper reportatittie pedestrian infrastructure in the island deteriorated
and that of the total crash fatalities 30% involyestiestrians. (Cortés, 2013) This article repotted in many
intersections around the island the pedestriafiictsagnals were vandalized, the paint of the nearlpedestrian
crosswalks were deteriorated and that many sideswadkl poor pavement condition. Another articléhimsame
newspaper reported the poor condition of footbridge the island. (Rivera, 2013) The Department of
Transportation and Public Works reported that m iland there are approximately 106 pedestriashgbs and
half of them are deteriorated and in need of rditatidon or reconstruction. Another issue is thany of them
do not comply with the American with Disability AGADA) since they do not have ramps for disablegersis

4.2 VEHICLES AND TRAFFIC LAW OF THE COMMONWEALTH OF PUERTO RICO

The Vehicles and Traffic Law of the CommonwealtiPokerto Rico (Law #22) was approved on January0602
This law basically covers regulations regardingaalbects of vehicles and traffic issues. Chaptecides the
regulations concerning pedestrians. This chaptetagts three sections including the basic rules,dtties of
pedestrians while crossing a public road and ttieslof vehicle drivers toward pedestrians.

In terms of the basic rules it dictates that alligsrians shall obey traffic signals including pdan traffic
signals. In terms of the duties of the pedestrnahie crossing a public road, if they cross outaofintersection,
they shall give way to all the vehicles at all tim&Vhen crossing intersections they shall use tlagked
crosswalks provided and cross the street whendbtegtrian traffic signal is green. Finally it sélyat pedestrians
shall use sidewalks when provided and if not predithey should walk on the left edge of the ro@ihfatraffic.
Pedestrians walking reckless and that not follogvrérgulations can be punish by a fine of $50.08.pedestrian
cause a traffic crash can be punish by a $5000@0 fi

In terms of the drivers duties toward pedestrimmsintersections where there are not traffic lighttalled they
have to yield by reducing speed or stopping to peglestrian crossing the street. Finally, driverallstake
precautions to not run over pedestrians. If anyheke regulations are violated, drivers are liabla fine of
$50.00.

5. PEDESTRIAN CRASH ANALYSIS

5.1 PEDESTRIAN CRASH DATA IN PUERTO RICO AND THE UNITED STATES

The pedestrian crash data is collected by the BuodaHighway Patrol attached to the Puerto Ricoideol
Department. The data is collected on a monthgrsband it contains statistics on crash fatalitigsnonth, day
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of the week, time, region, municipality, age andhdgr of the victim and the type of victim. The Baweof
Highway Patrol shares the data collected with thaffiE Safety Commission ascribed to the Departmznt
Transportation and Public Works. Table 1 summarites data collected in the Traffic Safety Commissio
website and the information regarding pedestriasius in the United States published by the NHTSA.

Table 1: Total Crash Fatalities and Pedestrian Fatities in PR and USA

Puerto Rico United States
Year Total Pedestgan t Total Pedestgan t
Fatalities | Fatalities %/(o: )e n Fatalities | Fatalities (?g/(;)e n
2002 | 519 177 34 43,005 4,851 11
2003 | 495 150 30 42,884 4,774 11
2004 | 495 162 33 42,836 4,675 11
2005 | 457 134 29 43,510 4,892 11
2006 | 508 140 28 42,708 4,795 11
2007 | 452 145 32 41,259 4,699 11
2008 | 406 130 32 37,423 4,414 12
2009 | 365 109 30 33,883 4,092 12
2010 | 340 101 30 32,885 4,280 13
2011 | 361 111 31 - - -
Total 4,398 1,359 31% 360,393 41,472 11%

In Puerto Rico, the average pedestrian fataliiegbe last 10 years represent 31% of the totall acfash fatalities
versus 11% in the United States. This statistioukh arouse government concern in terms of prizinigy
pedestrians while planning. The 111 pedestrianitiagreported in Puerto Rico in 2011 were anéase of 9.9%
from 2010. The 4,280 pedestrian fatalities repometie Unites States in 2010 were an increaseG8b4rom the
2009.

Figure 2 is a comparison of a four point movingrage of the pedestrian crash fatalities in Pueito Bnd in the
United States. On the positive side, both set ¢ dhows a decrease in the pedestrian fatalitibe. Uhited
States graph has the steepest slope with a sloi@ bf3 compare to Puerto Rico that has a slop8. of
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Figure 2: Comparison of Four Point Moving Average o Pedestrian Fatalities in PR and USA
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Figure 3 represents a histogram with the statds miire pedestrian crash fatalities per 100,000 latipas in the
United States in the year of 2010. This informatizas reported by the NHTSA using pedestrian cratdlifies
of the year 2010. Puerto Rico has the highestxind®.71 followed by the state of Florida with imdex of 2.58
and Delaware with an index of 2.45.
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Figure 3: Pedestrian Crash Fatalities per 100,000dpulation in the United States (2010)

Specific information regarding crashes in PuertocoRwas obtained in the Accident Analysis Office tbé
Department of Public Works of Puerto Rico. Thiticef is in charge of collecting all the crash rap@rovided
by the Police Department and developed a databébetlve information gathered from them. The offltas
complete crash database from 2002 to 2006 andrisvgoto complete the database for the years 20008 and
20009.

As part of this research, database with recenthcirdermation of the region of Mayagiez that repras the
southwest region of the island of Puerto Rico waxgetbped. The reviewed process of all the crastearts of
the fatally and severe injured from the period @2 through 2012 of all crash types including p&dess lasted
for two weeks. Using the crashes reports a datatomghe region of Mayaglez was created. The nestian
includes a brief analysis of the crash fatalitiethe region.

5.2 CRASH ANALYSIS IN THE MAYAGUEZ REGION

The Traffic Division of the Bureau of Highway Pdti® the entity in charge of monitoring the prirgigoads in
the different police regions of the island. Theywd trained and specialized police personal thas ¢go the scene
of the crash and gathers the information usingaadstrdized police crash report (PPR-93). This statized
police report was developed in January of 1988 ianmovides a total of 112 elements of data of tinash
evaluated.

The crash report is divided in four main parts.e Tinst section describes the exact location, date, day of the
week, municipality, and the event related the sih and the type of collision. The second seadtiescribes the
vehicles involved in the collision, name of theveri, address, gender, age and personal informeglated to the
driver, type of vehicle, usage of the vehicle, natbal defect of the vehicle (if applies) and otigeneral

information about the vehicles. The third secti@satibes personal information related to the ijuse fatally

wounded in the crash and the last section invavestailed written description and a schematicrawihg of the
crash site. Additional, the report had blanks fmecfic generic codes that are provided withingbetions of the
report. The Region of Mayaguez of the Traffic Dieisconsists of 9 municipalities of the southwesgfion of the
island. The municipalities are Afasco, Cabo RbBjarmigueros, Lajas, Las Marias, Maricao, Mayag&shana
Grande and San German.

The region has recorded crash records which indluelerash report of the fatal crashes and sonwdsof the
severe injured. The total fatal crash reportseneeid were approximately 170. Table 2 summarizescthsh
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fatalities data of the region from the period of020through February of 2013, according to the fuoilay
classification consisting of drivers, passengedegérian, cyclist, motorcyclist and other.

Table 2: Total Crash Fatalities in the Mayagliez Regn

Year _ Classificatit_)n of the Fatalities . Totql_s
Driver | Passenger| Pedestrian| Cyclist | Motorcyclist | Other | Fatalities
2007 12 6 5 0 3 0 26
2008 8 5 12 2 3 0 30
2009 11 4 11 4 3 1 34
2010 9 3 4 1 3 0 20
2011 12 4 6 0 6 2 30
2012 8 4 10 2 2 0 26
2013 1 1 2 0 0 0 4
Totals 61 27 50 9 20 3 170

During last 6 years, there have been a total ofgetple killed on traffic crashes on the regione Vkar with the
highest number of fatal crashes was 2009. Theeptages of the classification of fatalities weré&436f the
killed in a crash were drivers, 29% were pedestid% were passengers, 12% were motorcyclistswbé
cyclists and 2% were classified as others. Therstlelassification in the table 2 represent a paggeof a
motorcycle and two horse riders that were usingrtaal. The 29% percent of the pedestrians Kilhethis
region is consistent with the pattern of the tpedestrians killed in the island which is approxeha30%.

Table 3: Total Crash Fatalities in the Region by Muicipality

Municipality
Year Afasco (I;?)?c()) Hormigueros | Lajas M;iZs Maricao | Mayagiiez g?::g: Ge:Sr?nnén
2007 4 4 1 3 1 0 10 1 2
2008 4 5 5 1 0 0 8 2 5
2009 3 11 0 3 0 0 13 3 1
2010 2 6 3 0 1 0 4 2 2
2011 5 3 4 3 1 0 11 1 2
2012 3 5 0 4 0 2 9 1 2
2013 0 3 0 0 0 0 1 0 0
Totals 21 37 13 14 3 2 56 10 14

Table 3 represents the municipalities and the tatahber of fatal crashes that occurred betweerpéneds of
2007 through February 2013. The municipality of sigiyez had almost 33% of the crash fatalities fadidy
Cabo Rojo with 22%, Afasco with 12%, Lajas, with,83&n German with 8%, Hormigueros with 8%, Sabana
Grande with 6%, and Las Marias with 2% and Marwdtb 1%.

5.3 FEDESTRIAN CRASH ANALYSIS IN THE MAYAGUEZ REGION

The Traffic Division of the Bureau of Highway Pdtitas reported 50 pedestrian fatalities from theopeof
2007 through February of 2013. Table 4 has a susnofathe municipalities of the region, the popuatiof the
municipalities reported by the 2010 census anddta pedestrian crash fatalities for each munidipaeported
for that period. The Municipality of Mayaglez ha2P4 of the pedestrian fatalities.
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Table 4: Total Pedestrian Crash Fatalities in the Rgion by Municipality

Municipality |Population | Total Pedestrian| Percentage
Fatalities (%)
Afasco 29,261 4 8
Cabo Rojo 50,197 14 28
Hormigueros | 17,250 3 6
Lajas 25,753 3 6
Las Marias 9,881 1 2
Mayaguez 89,080 21 42
Sabana Grande25,265 2 4
San German | 35,527 2 4
Total 282,214 50 100%

The crash report has information related to the aagk gender of the victims. Figure 4 shows therimftion
related to the gender and group age of the pededttalities. In terms of gender, 68% of theimistwere male
and 32% were female. The pedestrian fatalitiesgagap dictates that almost 44% of the victims waver 60
years old.

Pedestrian Gender

Pedestrian Group Age

More than 76 vears
70 to 73 years
60 to 69 years
30 to 3% years
40 to 49 years
30 to 39 years
20 to 29 years

Age

16 to 19 years
6 to 13 years
0to 3 years |B

Percentage (%)

Figure 4: Pedestrian Fatal Crashes — Demographicd the Victims

Another important aspect of pedestrian crash faalis the frequency distribution in terms of thenth and day
of the week of the crash incident. Figure 5 sunmea the information related to month and dayhefweek of
the occurrence of the pedestrian crash. In tefnmamth, the highest frequency corresponded tontbath of
July with 16% followed by November with 12%. Thational explanation of the incidence of pedestsan’
crashes during those months might be associatddtigt fact that Puerto Rico has many holidays dutimose
months.

In terms of the day of the week, Friday has thénéxsg frequency reported with 30%. Of the pedesitiashes
that were reported on Friday, 60% were after 7 RFMuing nighttime and 40% were before 7 PM. Durthg

weekend which includes Friday night, Saturday amdd8y the frequency was almost 46% of the pedaedisial

crashes.
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Figure 5: Pedestrian Fatal Crashes — Month and Dagf the Week of Crash Occurrence

Figure 6 shows the distribution of number of pedeastfatalities per hour of the day. Specificallyshows that
the top frequency observed was during 7:00 to 880with 16% of the total pedestrian fatalities. fehare two
peak hours, one on early morning (12:00 AM to 4A00) with 24% of the total pedestrian fatalities ahé other
from the periods of 5:00 PM to 9:00 PM with 38%tloé total pedestrian fatalities. Importantly, 0882 of the
crashes occurred during daytime and 78% occurradgloighttime.
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Figure 6: Pedestrian Fatal Crashes by Time of the & between the periods of 2007 to February 2013

The crash report provides special information eglato pedestrians crash sites. The report has roadgd
elements whose purpose is to make easier the faghtbering information on the scene of a crashdedo
elements such weather condition, illumination acadhene and maneuver of the pedestrians beforzahle were
reviewed. Narratives with the description of thastr site were also revised.

Figure 7 shows the distribution of pedestrian ma&aesiprior to motor — vehicle pedestrian crasheshie period

of 2007 through February of 2013. The highest ferqy of pedestrian maneuver is crossing outside an
intersection with 32%, followed by walking againsiffic with 24% and walking in favor of traffic i 15%.
Pedestrian behavior contributes to the fatalitiesalise, as this histogram shows, 32% of the pedsgided to
cross the street outside an intersection or indasegment of a road which is not a safe.
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Figure 7: Pedestrian Maneuvers before Motor — Vehie Pedestrian Crashes

Figure 8 shows the distribution of probable causfesiotor vehicle — pedestrian crashes obtained fRatice
Crash Reports and narratives descriptions pref@areide investigative officer. The highest frequentyprobable
causes of crashes is the inadequate or absenb@mhation on site with 43%.
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Figure 8: Probable Causes of Motor - Vehicle Pedasan Crashes

Finally in order to identify a high frequency segmef road or highway, a cross tabulation betwee@mnioipality
and roads was performed and it showed that 26%eopedestrian fatalities were located on the PR2idbr in

the Municipality of Mayagez. The PR-2 Corridor is classified as an urbaarialtwith an average daily traffic
between 50,000 to 80,000 vehicles per day. A ctabslation between road and kilometer showed tat
highest incidence of pedestrian crashes were batwhe kilometers 154 to 156 (from the bypass to the
Duscombe Street Intersection) on the mentionedidorwith a frequency of 62% (8 out of 13 crashefsjhe
total pedestrian crashes of that particular road.

Observational studies performed on the segmentdetwilometers 154 to 155 showed that on the iettiens
the medians does not provide refuge to store peéalest that the pedestrian walking interval prodigeas of 12
seconds which were not adequate for a 6 lanestywlugurning lanes that represent a approximatelye@s. In
terms of pedestrian behavior, residents of thosenmanities do not perceive the risks involving chogsthe
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corridor and the humidity combined with the effadsociated with carrying packages avert pedestfians
using the pedestrian bridge located on the midesect

6. CONCLUSIONS

In Puerto Rico pedestrian’s fatality are almoseéhtimes higher than in the United States (31%uget2%) and
also has the highest index (2.71) of pedestriashcfatalities per 100,000 populations in the Uni&altes. In the
last 6 years, there have been a total of 170 pekippgal on a crash site on the region of MayaguEze
percentages of the classification of fatalitiesen@8% of the killed in a crash were drivers, 29%engedestrians,
16% were passengers, 12% were motorcyclists, 5% wylists and 2% were classified as others. Ttyedfi
Mayaguez has the highest frequency of pedestriah ¢eashes with a total of 42%. In terms of genafethe
pedestrian crash victims, 68% of the victims weedenand 32% were female. The pedestrian fatabtigsgroup
dictates that almost 44% of the victims were ov@yéars old.

In terms of monthly fatalities, the highest freqegrorresponded to the month of July with 16% fold by
November with 12%. During the weekend which inelsidFrriday night, Saturday and Sunday the frequerasy
almost 46% of the total pedestrian fatal crashé@he peak hours for pedestrian fatalities are @dunighttime
between 6:00 PM to 9:00 PM with approximately 34fthe total pedestrian fatalities. Importantly, py&P% of
the crashes occurred during daytime (from 6:00 AN6:00 PM) and 78% occurred during nighttime (frérl
PM to 5:59 AM). Finally, the cross tab analysiswhd that 26% of the pedestrian fatalities weretietan the
PR-2 Corridor with the highest occurrence of cradbetween the kilometers 154 and 156.
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