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Abstract

To date there are no clear or uniform standards for a method to measure pedestrian crash rates and compare it against a statewide average. In
this paper, a novel methodology to measure pedestrian crash rates along roadways and intersections is presented. The main objective is to identify
critical pedestrian crash locations that are operating above its corresponding statewide average. It was crucial to address the pedestrian-vehicular
conflict as the State of Florida currently tops the list in the “Dangerous by Design” report as having the highest four pedestrian incident locations in
the Country. The main challenge was to identify a practical and accurate exposure measure. In most cases, the exposure measure is either a surrogate
or impractical. The proposed approach focuses on the potential conflict between pedestrians and motor vehicles expressed in the amount of walking
while at risk of being involved in a vehicle crash. The main parameters used in calculating pedestrian crash rates along roadways and intersections
included roadway, pedestrian volume and crash data. The pilot studies conducted for the roadways and intersections revealed several critical safety
locations within District 5 when compared to the developed statewide average rates which required further investigation to identify main causes
and emphasize mitigation improvements. It is recommended that an annual statewide pedestrian count program be initiated for the intersections as

well as roadways which would increase the sample size and help in validating the assumptions provided in this study.
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Introduction

Pedestrian safety has become more predominant for govern-
mental agencies to address and prioritize. With the transition to
the mobility of people, to date there are no clear or uniform stan-
dards for a method to measure pedestrian incidents against a state-
wide average. However, the Florida Department of Transportation

(FDOT) has developed vehicular crash rates that resulted in hy-
pothesis that geometric and traffic characteristics influence vehi-
cle incidents and corresponding crash rates. Therefore, research is
needed to evaluate / identify crash rates for pedestrians that would
result in the ability to identify locations within regions for higher
than or above a statewide average on pedestrian crash rates.
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Between 2006 and 2009, pedestrian fatalities in the United
States declined from 4795 to 4109. However, the downward trend
had halted and there were 4302 pedestrian deaths in 2010, increas-
ing to 4457 in 2011 and 4743 in 2012 [1]. Recently, the 7,388 pe-
destrian fatalities in 2021 represented approximately 13-percent
increase from 6,565 pedestrian fatalities in 2020 [2]. Although
pedestrian deaths were two percent lower in 2021 than in 1975,
they have increased 80 percent since reaching their lowest point
in 20009. It is the highest since 1981, when 7,837 pedestrians died
in traffic crashes. The state of Florida has consistently ranked as
one of the worst states in terms of pedestrian crashes, injuries and
fatalities according to the National Highway Traffic Safety data [2].
Ernst (2021) also indicated that four metro areas in Florida (Or-
lando-Kissimmee, Tampa-St. Petersburg-Clearwater, Jacksonville,
Miami-Fort Lauderdale-Pompano) were considered the most dan-
gerous for pedestrians among all the United States [3]. Therefore,
pedestrian safety is of particular concern to Florida. Several studies
used several methods and surrogate measures to estimate pedes-
trian crashes. In general, population, pedestrian volumes, time and
distance are examples of the most studied surrogate measures for
pedestrian exposure. The methods used in estimating pedestri-
an hot spot crash locations included density methods, clustering
methods and other GIS-related methods. However, the main chal-
lenge in analyzing pedestrian crashes is to identify a practical and
correct exposure measure as in the case with vehicular crashes. In
most cases, the exposure measure is either unavailable, unpractical
or can be obtained at a great cost. In this paper, statewide averages
for pedestrian crash rates were quantified to identify critical pedes-
trian crash locations, thus evaluating locations that are operating
beyond statewide averages and therefore emphasizing mitigation
improvements.

Literature Review

There have been numerous studies that were devoted to inves-
tigating and evaluating pedestrian safety at the national level as
well as Statewide and local levels. Several studies also attempted to
identify significant factors related to pedestrian crashes. The main
factors discussed in this section include environmental factors,
roadway characteristics factors, human factors, and vehicle char-
acteristics factors.

Ernstetal. (2021) in the “dangerous by design” national report
conducted for the Transportation for America examined the pe-
destrian fatalities for each state from 2011 to 2021 to identify the
common thread on the roads. Using ten years of pedestrian fatality
data, they used a Pedestrian Danger Index (PDI) to rank the coun-
try’s largest metropolitan areas according to their relative risk to
walkers. The analysis concluded that Orlando tops the list of most
dangerous places due to its high pedestrian fatality rate of 3 per
100,000 people, followed by Tampa, Jacksonville and Miami areas
[3]. Chang (2008) utilized the Fatality Analysis Reporting System
(FARS) to analyze the trends in pedestrian fatalities and identify
the probability of different contributing factors [4]. He found that
26% of pedestrian crashes occurred from 3 p.m. to 6 p.m. in Chi-
cago, which was the period with most occurrences. However, NHT-
SA found that 24.7% percent of pedestrian deaths were between 6
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p.m. and 9 p.m. which was the highest number of pedestrian deaths
during the whole day. Weather and lighting condition factors were
also of common concern. Clifton (2009) and Mohamed et al. (2013)
showed that poor lighting conditions lead to increase the likelihood
of pedestrian injuries [5,6]. However, weather was not a signifi-
cant factor in Dai (2012) findings [7]. Ukkusuri et al. showed that a
greater fraction of residential land use decreased pedestrian crash-
es compared to the industrial, commercial and open land use types
in New York City [8]. They also found that more pedestrian crash-
es were associated with larger road width. Other similar studies
concluded that low density residential areas were more dangerous
than compact areas [9,10].

Lee and Abdel-Aty (2005) used four years of vehicle-pedestri-
an crashes data from 1999 to 2002 in Florida to identify roadway
characteristics that were correlated with high pedestrian crashes
using a log-linear model [11]. They found that undivided roads with
a greater number of lanes were more dangerous than divided roads
with fewer lanes. Hanson (2013) also studied roadway characteris-
tics which included the presence of sidewalks, buffers between the
road and the sidewalk, number of travel lanes and presence of me-
dians, traffic control at intersections, and posted speed limits with
a database of pedestrian casualties [12]. The results showed that
lack of buffers between the road and the sidewalk and higher speed
limits were found to be associated with higher pedestrian severe
causalities and fatality rates. Chidester and Isenberg (2001) de-
veloped the Pedestrian Crash Data Study (PCDS) in 1994. The data
were collected through on-scene crash investigations (or within 24
hours) of pedestrian crashes using two techniques, video camera
recording and contour gauge, to collect 521 pedestrian crashes
at six sites which were selected from around the nation [13]. The
study concluded that 68% of the involved vehicles were passenger
cars and 32% were other light vehicles, including light trucks, vans,
and utility vehicles.

Brustman (1999) utilized two main databases to analyze pe-
destrian and bicyclist crash rates [14]. One was “Hospitalizations
Due to Bicyclist and Pedestrian Injuries” from the Department of
Health (DOH), which was more reflective of the actual injury situ-
ation. The other was “Summary of Bicycle and Pedestrian Crashes
on State Highways” from the Department of Transportation (DOT),
which looked for clusters of crashes on state highway routes. They
found that municipal streets had a higher probability of crashes in-
volving a pedestrian compared to state roads, county roads, town
roads and limited access highways. Thomas et al. (2009) used five
years of state crash data and the perception data from 400 inter-
cept survey respondents to identify the general trends in character-
istics of people and the high-risk locations in North Carolina [15].
They used kernel density analysis method through GIS to identify
high risk locations and exploited Ripley’s K-function test to decide
whether crashes were clustered randomly. An age-specific study of
death rates due to pedestrian-car crashes in the city of Montreal
was conducted in which the inner city was compared to the
outer parts of the cities in four contiguous areas. They found that
the rates are highest in downtown and decrease progressively in the
outlying areas [16]. Dumbaugh et al. (2012) mainly focused on the
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relationship between the built environment and pedestrian crashes
in Texas [17]. Negative binomial regression models were fitted to
the data and it was concluded that the environmental factors asso-
ciated with a vehicle-pedestrian crash were a combination of traffic
conflicts and the vehicle speed. Dewey et al. (2003) pointed
out why pedestrian fatality rates in Florida were higher than other
states [18]. A multivariate regression model was used to analyze
specific factors that could relate to the pedestrian fatality, including
environmental factors and crash locations. They found that Flori-
da residents walk more often in places that are exposed to traffic
compared to other U.S. residents because of warm winters and the
natural timing of summer and winter sunlight. Besides, there were
millions of tourists visiting Florida every year, which led to more
exposure to traffic. In another FDOT pedestrian safety study, Allu-
ri et al. (2013) analyzed 6434 pedestrian crashes on roads during
2008-2010 in Florida [19]. A mixed logit model was developed to
identify factors contributing to pedestrian injury severity at sig-
nalized and non-signalized locations. Several countermeasures at
both non-signalized and signalized locations were suggested to
reduce pedestrian crash frequency and severity. Abou-Senna et al.
(2016-2022) investigated reasons attributing to pedestrian crashes
in Central Florida using categorical principal component analysis
(CATPCA) and identified several parameters including sidewalk
gaps that ends abruptly along roadway segments [20-24].

Based on the literature review and previous studies, it can be
seen that majority of the exposure measures used are either in an
aggregate form and not accurate enough to represent a clear pic-
ture of the safety situation, or not practical enough to collect the
data needed or do not indicate an overall level of the transportation
activity. Very few studies in previous research that incorporated
the product of P x V (pedestrian and vehicular traffic) as a mea-
sure of exposure. Others included the pedestrian miles travelled.
The proposed approach focuses on the level of pedestrian activity
and the potential conflict between pedestrians and motor vehicles
expressed in the amount of walking while at risk of being involved
in a motor vehicle crash. Majority of the pedestrian-vehicle crashes
occur while crossing the street whereas insignificant percentage
of crashes occur while walking along the street. Therefore, it is be-
lieved that the pedestrian miles crossed (PMC) parameter is more
representative of the risks associated with pedestrian exposure.
Furthermore, since the exposure measure should directly reflect
the amount of walking in areas
hicular traffic volume is another significant factor that should be in-
cluded in the equation. Based on that, the three (3) main significant
parameters that were used in the exposure measure calculations in
this paper are:

shared with vehicles, the ve-

a.  Pedestrian traffic
b.  Distance crossed
c. Vehicular traffic

The proposed methodology in this paper is considered de-
tailed, practical and provide a broad depiction of the main factors
that directly contribute to pedestrian crashes.
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Methodology

The methodology was designed to arrive at the statewide aver-
ages for pedestrian crash rates involving two types of analy-
ses: roadways and intersections. Statewide roadway characteristic
inventory (RCI) data was collected from the GIS layers and classi-
fied according to their functional classification, area type and num-
ber of lanes as well as their annual average daily traffic (AADT) and
total lengths. Intersection data was classified according to sever-
al parameters including their total entering traffic, total crossing
distance, total daily pedestrians and type of control. Furthermore,
the total statewide number of crashes over the 5-year period (June
2016 to May 2021) was identified for all the roadways and intersec-
tions. In addition to the intersection GIS data, sample intersection
data was collected based on a pilot study within the nine [9] coun-
ties of FDOT District Five. The purpose of the pilot study is to iden-
tify the critical pedestrian safety locations within the district and
correlate this against safety locations based on statewide averages.
The methodology is summarized into the following steps:

A. Roadways:
i. Identify statewide roadway categories and characteristics
ii. Assemble statewide pedestrian crashes along roadways

iili. Develop statewide average pedestrian crash rates along road-
ways

iv. Determine critical segment locations within District 5
B. Intersections:
i. Identify statewide intersections and characteristics

ii.

=1

Identify pedestrian crashes at signalized intersections
iii. Pilot study for District 5 intersections

iv. Estimation of intersection pedestrian volume

v. Intersection classification

vi. Establish statewide average pedestrian crash rates at intersec-
tions

vii. Determine critical hotspot locations within District 5
Pedestrian Crash Rates for Roadways
Identify Statewide Roadway Categories and Characteristics

FDOT roadway GIS layers were spatially joined to categorize
the roadways according to their
type, AADT, number of lanes and total lengths. Functional classifi-
cation layer included 7 different roadway classes; Principal Arteri-
al-Interstate, Principal Arterial-Expressway, Principal Arteri-
al-Other, Minor Arterial Major Collector, Minor Collector and Local
roads Area type included 2 types (urban and rural). The number of
lanes layer included 12 categories and was further split based on
the roadway side value for divided and undivided roadways. A total
of 135 different categories resulted from these combinations (83
for divided and 52 for undivided). The last 5-year AADT data (2016-
2021) was then overlaid on top of the roadway categories and the

functional classification, area
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average AADT values were calculated for each roadway type. The
total length for each roadway category was also calculated. The to-
tal length of the undivided roadways was about 29,400 miles while
the divided roadways length was about 15,400 miles.

Assemble Statewide Pedestrian Crashes along Roadways

The GIS layer from Signal Four Analytics database for the most
recent 5-year period (June 2016-May 2021) was utilized to identify
statewide pedestrian crashes along the roadways [25]. The state-
wide data showed a total of 35,287 pedestrian related crashes. The
crash layer was spatially joined with the roadways layer and a 15
feet buffer was used to identify the crashes that occurred specifi-
cally on the roadway segments. A total of 14,451 pedestrian related
crashes were located along roadways involving the state highway
system. There were 9,552 pedestrian crashes on the divided road-
ways while 4,899 crashes on the undivided roadways.

Develop Statewide Average Pedestrian Crash Rates along
Roadways

The exposure measure used to calculate pedestrian crash rates
along the roadways included the total length in miles, total number
of crashes and the AADT for each roadway category over the 5-year
study period. The average number of daily pedestrians for each
roadway category is not applicable in this case due to the fact that
pedestrians are less confined to paths of travel than motor vehi-
cles and they often travel in closely spaced groups in specific areas.
There will be numerous locations along the roadway with no pe-
destrians or no designated crossings except at intersections or mid-
blocks which are addressed in the intersections’ section. Therefore,

it is difficult to define an average number of pedestrians that are
always using a 2-lane urban major arterial or 4-lane rural minor
collector and generalize it statewide for the entire roadway type.
Reliable data is necessary for measuring trends in facility use and
for putting crash data into context. Accordingly, the equation used
in calculating average pedestrian crash rates along roadways is: 4

#PC, *10°

APCR =
5%365% L, * ADT,

(1)
Where:

APCR = Average Pedestrian Crash Rate per 100 million vehicle
miles.

#PC, = Number of Pedestrian Crashes over 5-year period
L, = total length of the roadway category
ADT, = Average daily traffic for the roadway category

Using the above formula, statewide averages for pedestrian
crash rates along roadways were established. Tables 1a & 1b sum-
marize all the divided and undivided roadway data respectively, ex-
posure measure and average crash rate for each category. It should
be noted that few roadway categories had total lengths of less than
one mile and others exhibited zero pedestrian crashes. Therefore,
these categories were eliminated from the database. The analysis
resulted in a total of 70 different roadway categories with 70 differ-
ent statewide average rates. The divided roadways had 45 catego-
ries while the undivided roadways had 25 categories.

Table 1a: Statewide Average Pedestrian Crash Rates for Divided Roadways.

Divided Roadway Category 5-YR Number of Ped Crashes | 5-YR AADT | Total Length (mile) Rittit;‘::(ﬁ)grl\?l?M
2-Lane - Divided Local - URBAN 89 7443 108.04 6.064
2-Lane - Divided Major Collector - RURAL 5 4380 78.5 19.922
2-Lane - Divided Major Collector - URBAN 967 9647 1153.97 4.76
2-Lane - Divided Minor Arterial - RURAL 15 4051 114.29 44.382
2-Lane - Divided Minor Arterial - URBAN 511 13124 575.79 3.705
2-Lane - Divided Minor Collector (Fed Aid) - URBAN 152 8289 239.61 4.193
2-Lane - Divided Principal Arterial-Other - RURAL 31 9118 152.42 30.558
2-Lane - Divided Principal Arterial-Other - URBAN 199 14652 228.05 3.263
3-Lane - Divided Local - URBAN 3 7367 10.14 3.667
3-Lane - Divided Major Collector - URBAN 108 11173 101.66 5.21
3-Lane - Divided Minor Arterial - URBAN 68 16686 73.03 3.058
3-Lane - Divided Minor Collector (Fed Aid) - URBAN 17 11320 14.05 5.857
3-Lane - Divided Principal Arterial-Other - RURAL 2 8071 102.99 8.24
3-Lane - Divided Principal Arterial-Other - URBAN 21 16482 35.89 1.945
4-Lane - Divided Local - RURAL 1 3850 12.03 29.58
4-Lane - Divided Local - URBAN 49 20295 73.45 1.801
4-Lane - Divided Major Collector - RURAL 2 10025 116.64 5.858
4-Lane - Divided Major Collector - URBAN 748 15434 1089.63 2.437
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4-Lane - Divided Minor Arterial - RURAL 4 7451 101.66 9.042
4-Lane - Divided Minor Arterial - URBAN 2043 23835 1858.32 2.527
4-Lane - Divided Minor Collector (Fed Aid) - URBAN 92 13185 187.98 2.034
4-Lane-Divided Principal Arterial-Expressway- RURAL 4 29706 350.22 0.658
4-Lane-Divided Principal Art-Fwy and Expwy-URBAN 77 49155 519.58 0.165
4-Lane - Divided Principal Arterial-Interstate - RURAL 8 37999 762.82 0.378
4-Lane - Divided Principal Arterial-Interstate - URBAN 10 51122 508.62 0.527
4-Lane - Divided Principal Arterial-Other - RURAL 30 10755 1264.34 3.022
4-Lane - Divided Principal Arterial-Other - URBAN 1382 28393 2308.33 1.155
5-Lane - Divided Major Collector - URBAN 15 19333 10.14 4.192
5-Lane - Divided Minor Arterial - URBAN 81 30298 66.05 2.218
5-Lane-Divided Principal Art-Fwy and Expwy- URBAN 1 28250 21.27 0.456
5-Lane - Divided Principal Arterial-Interstate - URBAN 5 92502 18.03 0.164
5-Lane - Divided Principal Arterial-Other - URBAN 81 41642 65.92 1.617
6-Lane - Divided Local - URBAN 10 38853 191 7.372
6-Lane - Divided Major Collector - URBAN 60 30640 35.1 3.057
6-Lane - Divided Minor Arterial - URBAN 371 34409 308.23 1.917
6-Lane - Divided Minor Collector (Fed Aid) - URBAN 10 19248 2.14 13.309
6-Lane-Divided Principal Art-Fwy and Expwy- URBAN 42 96328 136.53 0.175
6-Lane - Divided Principal Arterial-Interstate - RURAL 7 48554 520.98 0.379
6-Lane - Divided Principal Arterial-Other - URBAN 1154 45934 910.85 1.511
7-Lane-Divided Principal Art-Fwy and Expwy- URBAN 6 80900 22.37 0.182
7-Lane - Divided Principal Arterial-Interstate - URBAN 7 183571 28.2 1.852
7-Lane - Divided Principal Arterial-Other - URBAN 37 51604 23.4 1.679
8-Lane-Divided Principal Art-Fwy and Expwy- URBAN 6 138421 39.42 1.506
8-Lane - Divided Principal Arterial-Other - URBAN 57 49186 46.29 1.372
9-Lane - Divided Principal Arterial-Interstate - URBAN 2 110250 7.21 0.344
Table 1b: Statewide Average Pedestrian Crash Rates for Undivided Roadways.
Undivided Roadway Category 5-YR Number of Ped Crashes 5-YR AADT Length (mile) Stat;‘::(;%gr;leRate
1-Lane - Undivided Major Collector - URBAN 5 5500 16.92 2.944
1-Lane - Undivided lh;ll;r};(XNCOIIector (Fed Aid) - 5 6240 565 7776
1-Lane - Undivided Prilr;;ils)al Arterial-Other - UR- 1 33000 531 1.565
2-Lane - Undivided Local - RURAL 39 7017 4203.49 1.811
2-Lane - Undivided Local - URBAN 260 5207 1443.28 1.896
2-Lane - Undivided Major Collector - RURAL 79 3131 5231.34 6.608
2-Lane - Undivided Major Collector - URBAN 1464 6664 5273.38 2.283
2-Lane - Undivided Minor Arterial - RURAL 69 5342 2578.46 6.862
2-Lane - Undivided Minor Arterial - URBAN 470 10758 1688.91 1.417
2-Lane - Undivided Minor Collector - RURAL 55 2439 4087.43 7.559
2-Lane - Undivided lh;ll;r};(XNCollector (Fed Aid) - 349 5009 18131 2106
2-Lane - Undivided P_rgllgg)sll\IArt—Frwy and Expwy 1 5925 22 2102
2-Lane - Undivided Prigzifal Arterial-Other - RU- 77 7153 1740.54 8.473
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2-Lane - Undivided Principal Arterial-Other - UR- 160 12705 730.2 0.945
BAN
3-Lane - Undivided Local - URBAN 3 7300 2.73 13.727
3-Lane - Undivided Major Collector - URBAN 75 9620 49.77 8.583
3-Lane - Undivided Minor Arterial - URBAN 102 11590 54.61 8.83
3-Lane - Undivided Minor Collector (Fed Aid) -
URBAN 5 3867 5.08 13.945
3-Lane - Undivided Principal Arterial-Other - UR- 164 19348 63.4 7325
BAN
4-Lane - Undivided Local - RURAL 1 14400 2.35 40.48
4-Lane - Undivided Local - URBAN 5 5981 4.9 9.354
4-Lane - Undivided Major Collector - RURAL 1 10267 3.49 38.23
4-Lane - Undivided Major Collector - URBAN 132 9782 111.8 6.614
4-Lane - Undivided Minor Arterial - URBAN 337 16457 115.43 9.721
4-Lane - Undivided Minor Collector (Fed Aid) -
URBAN 18 11285 13.1 6.673
4-Lane - Undivided PrlEr;/ilIEI)al Arterial-Other - UR- 160 20184 46.89 9265

Area Type Adjustment Factor (ATAF)

From the analysis, it was found that the statewide average rates
for rural roads exhibited very low values especially when com-
pared with the urban rates. This could be attributed to the effect
of averaging over the entire state and also due to the fact that rural
roadway categories have very different characteristics compared to
urban roadways. They were less than the urban categories but have
longer lengths since they connect between urban areas and usually
have less AADT volumes than urban roads and with extremely low
number of pedestrian crashes. In order to account for the pedestri-
ans at risk on rural roads, an Area Type Adjustment Factor (ATAF)
was considered in the exposure measure for the rural areas. The
analysis showed that out of the 21,434 miles of rural roads only 431
pedestrian crashes were recorded over the 5-year period. On the
other hand, there were 12,233 pedestrian crashes recorded on the
23,145 miles of urban roads. Therefore, an ATAF of 0.04 was calcu-
lated by dividing the rural crashes per mile over the urban ones, to
adjust for the pedestrians at risk in rural areas when compared to
urban areas. Accordingly, the statewide average rates were revised
to include the ATAF for rural roads as shown on Tables 1a & 1b.
Other criteria were also required to disqualify segments with ex-
tremely low number of pedestrian crashes over the 5-year period.
Therefore, the analysis was revised to include a minimum threshold
of 5 crashes over the 5-year period to be considered in the anal-
ysis and compared to the statewide averages. Hence, the revised
equation used to calculate average pedestrian crash rates along the
roadways is:

#PC; *1 0°

APCR =
5%365% L, * ADT, * ATAF

(2)
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Where ATAF is (1) for urban roads and (0.04) for rural roads.
Determine Critical Segment Locations within District 5

A random sample of 10 segments located within FDOT district
5 jurisdiction were selected to identify critical safety concerns
along these facilities and whether they are considered high crash
locations. This should be determined by comparing the actual pe-
destrian crash rates to the developed statewide averages. As shown
in Table 2, the sample included different roadway types and catego-
ries from Central Florida Counties (Orange, Osceola, Seminole and
Lake Counties). Roadway segment data included the length mea-
sured from aerial maps as well as the average daily traffic over the
5-year period between 2016 and 2020 based on the latest FDOT
traffic data. The 5-year pedestrian crash data was obtained from
Signal 4 Analytics database from June 2016 till May 2021. The re-
sults showed that majority of the urban roadway segments with-
in District 5 sample have the actual pedestrian crash rates great-
er than their corresponding statewide averages which qualifies
them to be considered hazardous segments. It should be noted
also that, although the number of crashes on some roadway seg-
ments seemed low, they exceeded the statewide average rate based
on their exposure measure which takes into consideration traffic
volume and length of the roadway segment. Since the length of the
roadway segment plays a major role in the exposure measure, it is
recommended to consider the maximum length of the studied seg-
ment that corresponds to the number of crashes. For example, if the
studied roadway segment is two miles and has four crashes, then
the analyst should consider the maximum length of this roadway
segment that contains those four crashes by extending the segment
from both sides just before the next crash, excluding the crashes at
the intersections within 250 feet radius.
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Pedestrian Crash Rate for Intersections
Identify Statewide Intersections and Characteristics

Several FDOT intersection GIS layers were utilized in order to
gather all the relevant information associated with each intersec-
tion. The intersection layer included all types of intersections such
as signalized and unsignalized. Furthermore, the GIS Traffic Signal
Locations feature class layer provided spatial information on lo-
cations of traffic signals in the RCI database. The signal locations
layers included 5 types of signalized intersections as follows: Flash-
ing Beacon, Standard Traffic Signal, Mid-block Pedestrian Control,
Emergency Signal and School Signal.

Identify Pedestrian Crashes at Signalized Intersections

To identify statewide pedestrian crashes that are related to sig-
nalized intersections, a 250 feet buffer radius was created around
each of the signalized intersections. The GIS layer for Pedestrian
crashes was spatially intersected with the 250° buffer to isolate
pedestrian crashes located at signalized intersections (within 250
feet) from those located along the roadway segments. Data associ-
ated with the resulting pedestrian crashes at signalized intersection
was then extracted and exported to a spreadsheet. Due to the over-
lapped traffic signal buffers at adjacent signalized intersections that
are spaced less than 500 feet apart, some crashes associated with
more than one signalized intersection were duplicated. Therefore,
those duplicated crashes were eliminated from the analysis. A total
of 6,684 statewide pedestrian crashes were located within the sig-
nalized intersections area of influence. Out of the 10,500 signalized
intersections in the State of Florida, 3,492 signalized intersections
experienced one or more pedestrian crash during the five-year

study period. Crashes ranged from 1 to 20 crashes per intersection.
Pilot Study for District 5 Intersections

A pilot study was necessary to collect intersection specific data.
FDOT District 5 was selected for this purpose out of the 6 districts
in Florida due to its relatively high number of crashes compared to
other districts. A sample of 52 intersections located within FDOT
district 5 jurisdiction were selected to represent sufficient param-
eter variations to be utilized in the statewide analysis. The process
for selecting these intersections is explained in the following sec-
tions.

a. Selection criteria

The FDOT GIS intersections layer within District 5 and the pe-
destrian crash layer were spatially joined. Based on the dataset, a
total of 2,166 crashes were located within 250 feet diameter sur-
rounding the intersections for the 5-year period between June 1st,
2016, and May 31st, 2021. The intersections were further divided
into 2 categories (urban intersections and rural intersections).
There were 1,760 crashes within the vicinity of urban intersections
and 406 crashes within the vicinity of rural intersections. It was
found that more than 85% of the rural intersections have only one
crash while 90% of the urban intersections have crashes ranging
from 1 to 5.

b. Sample Size

A reasonable statistical sample size should include more than
30 intersections; therefore 52 intersections were randomly select-
ed using the random number generator. About third of the intersec-
tions were selected to be in rural areas (15 intersections). The re-
maining intersections were in urban areas (37 intersections).

( M
Intersection 10
Location of Distric 5
in Florida £z
|
 oscrous |
Emnml—#m
| e Florida Department of Transportation & UCF @
FIGURE 1: Candidate intersection locations within District 5.
k J
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c. Sample Refinement

Since the sample size was randomly selected, therefore visual
inspection of the selected intersections was necessary to ensure
proper locations and correct number of crashes within the vicinity
of the intersection. The visual inspection utilized the Signal 4 Ana-
lytics crash database [20]. The selected sample was further refined
to include major intersections at appropriate locations with rea-
sonable number of crashes that would trigger a reasonable amount
of pedestrian activity. The intersections were then plotted on Dis-
trict 5 map to ensure an appropriate distribution. The selected in-
tersections were distributed over 7 Counties out of the 9 Counties
within District 5 as shown on Figure 1.

d. Data Collection

The 52 intersections were videotaped for 24 to 48 hours. Then
the following data was extracted from viewing and analyzing the
recorded tapes in increments of 15 minutes:

i.  Number of daily vehicles at each directional approach (ADT)
ii. Number of daily pedestrians crossing each directional ap-
proach (ADP)

In addition, distances crossed (DC) at each directional approach

was measured from the aerial maps.
e. Pedestrian Crash Rates

As explained earlier, three (3) main significant parameters
were required to calculate the exposure measure:

i.  Average Daily Pedestrian traffic (ADP)
ii. Distance Crossed (DC)
iii. Average Daily Vehicular traffic (ADT)

The following formula is used to calculate the actual pedestrian
crash rate at intersections:

#PC, *5280%10°
5%365% " ADP*DC, * ADT,

APCR =

(3)

Where: (3)
APCR = Actual Pedestrian Crash Rate
#PC, = Number of Pedestrian Crashes over 5-year period

Z; ADP, * DC, * ADT, = Sum of cross product of the average
daily pedestrians * distance crossed in feet * average daily traffic for
each directional approach (1 to 8).

It was more appropriate to use the sum of the product of the
pedestrian miles crossed (PMC) and entering volume (ADT) for
each entering and departing approach separately instead of using
the cross product of the aggregate sum of each parameter along all
approaches as depicted on Figures 2a & 2b. The above parameters
were extracted from the sample intersections and pedestrian crash
rates per million pedestrian miles crossed per entering vehicle
(MPMC/EV) was calculated for each intersection as shown in Table
3.

-

I—— | — —i—

AT

LI

Figure 2a: Pedestrian exposure at eight (8) intersection crossings.

T
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Figure 2b: Pedestrian exposure at two (2) midblock crossings.
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Estimation of Intersection Pedestrian Volume

In order to arrive at the statewide averages for the intersec-
tions, the 3 main parameters mentioned above are required. Since
statewide pedestrian counts at each intersection are not available
and not feasible to collect, it needs to be estimated from existing
data. Estimating the intersection pedestrian volume using the col-
lected sample data was one of the most challenging tasks of this
methodology. The 52 sample intersections, where pedestrian count
data were collected, were utilized for this analysis. Several attempts
were performed to find correlations between pedestrian volumes
and intersection data, i.e., distance crossed in feet and daily traffic
volume. It was also essential to include population size
around each intersection due to its known correlation to the mag-
nitude of pedestrian volume. Population size around each of the
statewide intersection within a quarter mile (0.25) distance were
obtained using the census population block GIS layer and included
in the statistical analysis.

Statistical Analysis

JMP statistical model (version 16), a module from SAS soft-
ware, was used in this investigation. The 3 independent variables
ADT, distance crossed (DIST), and population (POP). The response
variable was the pedestrian volume (ADP). Preliminary analysis
was conducted for the 52 intersections of sample data using JMP’s
forward stepwise regression approach with all main effects and
interactions as candidate effects according to the effect hierarchy
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principle. Stepwise regression is a very basic way of handling vari-
able inclusion issues. An initial model was developed but the fit was
poor due to the presence of 5 data points that were considered out-
liers. Therefore, they were eliminated from the dataset. Differ-
ent data transformations were applied to the parameters and the
highest correlation was found between the Distance (DIST), square
root of the daily traffic volume (SQRTADT), natural logarithm of
Population (LNPOP) and the natural logarithm of pedestrian vol-
ume (LNADP). This improved form of the model included the 3 sig-
nificant main effect parameters along with other 2 two-way factor
interaction terms with an adjusted coefficient of determination
(R2) of 72.08% which means that 72% of the data were

explained by the model:

Ln(ADP)=a1+a2 Ln(POP)+a3 sqrt(ADT)-a4
Ln(POP)*sqrt(ADT)-a5 DIST+ae DIST*sqrt (ADT) (4)

The model results and the prediction profiles for the significant
factors selected by the model are displayed on Figure 3 showing
the actual values of the response variable (Ln ADP). The prediction
profilers are dynamic and interactive. A separate prediction equa-
tion for each dependent variable is fitted to the observed responses
on the respective dependent variable. The developed model was
applied to the statewide data where pedestrian volumes were es-
timated using the AADT at each approach, total distance crossed
as well as the population size surrounding each intersection within
0.25-mile radius.
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Intersection Classification

The 3 main parameters required to calculate the exposure mea-
sure at intersections are now available especially after applying the
above model for estimating pedestrian volume. The next step in the
process demanded the classification of the intersections based on
these 3 parameters. The sample intersection data was used to ex-
amine distributions of total crossed distances as well as the total
daily number of pedestrians at each intersection. Based on the total
distance crossed for all the approaches, Intersections were classi-
fied as:

i. Intersections with total crossing distance less than 200 ft (11
intersections)

ii. Intersections with total crossing distance between 200 ft and
300 ft (17 Int)

iii. Intersections with total crossing distance between 300 ft and
400 ft (17 Int)

iv. Intersections with total crossing distance greater than 400 ft

(7).

This classification provided similar number of intersections
at each crossed distance category as shown in parenthesis from
the pilot intersection data. Similarly, intersections were classified
based on the total daily number of pedestrians crossing the
intersection approaches to provide similar number of intersections
at each pedestrian category as shown in parenthesis from the pilot
intersection data:

a. Intersections with total daily pedestrians less than 100 pedes-
trians per day (16 Int)

b. Intersections with total daily pedestrians between 100 and
300 pedestrians per day (17)

c. Intersections with total daily pedestrians more than 300 pe-
destrians per day (19 Int)

On the other hand, statewide total daily number of vehicles at
every intersection in the State of Florida was obtained from the data
associated with the traffic monitoring sites along with the AADT
GIS layer as explained earlier. The distribution of the total number
of vehicles for all approaches was examined for the 3,492 intersec-

tion that experienced crashes. The following classification based
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on the total daily number of vehicles provided similar number of
intersections at each AADT category as shown in parenthesis from
the statewide intersection data:

a. Intersections with total AADT less than 20,000 vehicles per
day (836 Int)

b. Intersections with total AADT between 20,000 and 30,000 veh
per day (827 Int)

c. Intersections with total AADT between 30,000 and 40,000 veh
per day (772 Int)

d. Intersections with total AADT between 40,000 and 50,000 veh
per day (537 Int)

e. Intersections with total AADT more than 50,000 vehicles per
day (518 Int)

Based on the above classifications, there existed 5*4*3 = 60 dif-

Table 4: Statewide Averages for Pedestrian Crash Rates at Intersections.

ferent combinations for average values for crash rates at the inter-
sections.

Establish Statewide Average Pedestrian Crash Rates at In-
tersections

The same methodology for calculating the exposure measure
for the sample intersections was used to calculate the exposure
measure at all the statewide intersections using the 3 main pa-
rameters; AADT at each approach, distance crossed and the esti-
mated daily pedestrians. Based on the intersection classifications
and combinations of the different ranges, the statewide averages
for pedestrian crash rates at intersections were established. It was
found that 47 different averages out of the 60 were generated. The
remaining averages for the 13 combinations were not found in the
database. Table 4 summarizes the developed statewide averages
for the intersection crash rates.

No Intersection Classification & Ranges Statewide Average Rate per MPMC/EV
1 < 20,000 vpd & < 100 ped & < 200 ft Average 6.822
2 < 20,000 vpd & < 100 ped & 200 - 300 ft Average 3.371
3 < 20,000 vpd & < 100 ped & 300 - 400 ft Average 1.808
4 <20,000 vpd & < 100 ped & > 400 ft Average
5 < 20,000 vpd & 100 - 300 ped & < 200 ft Average 2.682
6 < 20,000 vpd & 100 - 300 ped & 200 - 300 ft Average 0.726
7 < 20,000 vpd & 100 - 300 ped & 300 - 400 ft Average
8 < 20,000 vpd & 100 - 300 ped & > 400 ft Average
9 < 20,000 vpd & > 300 ped & < 200 ft Average 0.196
10 < 20,000 vpd & > 300 ped & 200 - 300 ft Average 0.174
11 < 20,000 vpd & > 300 ped & 300 - 400 ft Average
12 < 20,000 vpd & > 300 ped & > 400 ft Average
1 20,000 - 30,000 vpd & < 100 ped & < 200 ft Average 5.578
2 20,000 - 30,000 vpd & < 100 ped & 200 - 300 ft Average 1.693
3 20,000 - 30,000 vpd & < 100 ped & 300 - 400 ft Average 2.104
4 20,000 - 30,000 vpd & < 100 ped & > 400 ft Average
5 20,000 - 30,000 vpd & 100 - 300 ped & < 200 ft Average 0.948
6 20,000 - 30,000 vpd & 100 - 300 ped & 200 - 300 ft Average 0.673
7 20,000 - 30,000 vpd & 100 - 300 ped & 300 - 400 ft Average 0.653
8 20,000 - 30,000 vpd & 100 - 300 ped & > 400 ft Average
9 20,000 - 30,000 vpd & > 300 ped & < 200 ft Average 0.159
10 20,000 - 30,000 vpd & > 300 ped & 200 - 300 ft Average 0.129
11 20,000 - 30,000 vpd & > 300 ped & 300 - 400 ft Average 0.139
12 20,000 - 30,000 vpd & > 300 ped & > 400 ft Average
1 30,000 - 40,000 vpd & < 100 ped & < 200 ft Average 1.88
2 30,000 - 40,000 vpd & < 100 ped & 200 - 300 ft Average 1.469
3 30,000 - 40,000 vpd & < 100 ped & 300 - 400 ft Average 1.212
4 30,000 - 40,000 vpd & < 100 ped & > 400 ft Average 1.165
5 30,000 - 40,000 vpd & 100 - 300 ped & < 200 ft Average 0.433
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6 30,000 - 40,000 vpd & 100 - 300 ped & 200 - 300 ft Average 0.457
7 30,000 - 40,000 vpd & 100 - 300 ped & 300 - 400 ft Average 0.424
8 30,000 - 40,000 vpd & 100 - 300 ped & > 400 ft Average
9 30,000 - 40,000 vpd & > 300 ped & < 200 ft Average 0.106
10 30,000 - 40,000 vpd & > 300 ped & 200 - 300 ft Average 0.118
11 30,000 - 40,000 vpd & > 300 ped & 300 - 400 ft Average
12 30,000 - 40,000 vpd & > 300 ped & > 400 ft Average
1 > 50,000 vpd & < 100 ped & < 200 ft Average 2.322
2 > 50,000 vpd & < 100 ped & 200 - 300 ft Average 0.62
3 > 50,000 vpd & < 100 ped & 300 - 400 ft Average 0.582
4 > 50,000 vpd & < 100 ped & > 400 ft Average 0.387
5 > 50,000 vpd & 100 - 300 ped & < 200 ft Average 0.213
6 > 50,000 vpd & 100 - 300 ped & 200 - 300 ft Average 0.154
7 > 50,000 vpd & 100 - 300 ped & 300 - 400 ft Average 0.195
8 > 50,000 vpd & 100 - 300 ped & > 400 ft Average 0.167
9 > 50,000 vpd & > 300 ped & < 200 ft Average 0.055
10 > 50,000 vpd & > 300 ped & 200 - 300 ft Average 0.051
11 > 50,000 vpd & > 300 ped & 300 - 400 ft Average 0.05
12 > 50,000 vpd & > 300 ped & > 400 ft Average 0.053
Notes:

Vpd: Total entering vehicles per day at the intersection (AADT for all approaches/2)

Ped: Total pedestrian counts for all intersection approaches

Ft: Total crossing distance for all intersection approaches

Determine Critical Hotspot Locations within District 5

The final step in the process included the application of the de-
veloped statewide average rates to the sample data for the purpose
of identifying critical hotspot locations within District 5. As can
be seen in Table 5, the 52-sample intersection actual crash rates
based on the data collected from the field were compared against
the statewide average rates. The data showed several intersections
with extremely low number of pedestrian crashes over the 5-year
period. In order to disqualify intersections with extremely low
crash occurrences over the 5-year period, other criteria were re-
quired. At minimum, 5 crashes over the 5-year period are required
to qualify for the analysis. Therefore, the analysis was revised to
include the minimum threshold of 5 crashes over the 5-year period
which was compared to the statewide averages. The results showed
that few of the intersections within the urban boundary of District 5
triggered safety concerns as critical locations which require further
investigation to identify main causes and emphasize mitigation im-
provements.

Conclusions & Recommendations

To date there are no clear or uniform standards for a method to
measure pedestrian incidents against a statewide average. In this
study, statewide averages for pedestrian crash rates along the road-
ways as well as the intersections were quantified. The main objec-
tive is to identify critical pedestrian crash locations, thus evaluating
locations that are operating beyond or above statewide averages,
identifying main causes and developing a prioritization tool to em-
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phasize mitigation improvements. It was crucial to address the pe-
destrian-vehicular conflict as the State of Florida currently tops the
list in the “Dangerous by Design” report as having the highest four
(4) pedestrianincident locations in the Country. The main challenge
in analyzing pedestrian crashes is to identify a practical and correct
exposure measure. In most cases, the exposure measure is either
unavailable or can be obtained at a greater cost. The methods and
procedures explained in this paper are considered detailed, practi-
cal and provide a broad depiction of the main factors that directly
contribute to pedestrian crashes. The main parameters used in cal-
culating pedestrian crash rates along the different roadway catego-
ries which combine the functional classification, number of lanes
and area type together were the AADT and the total length of the
roadway category. Conversely, the main parameters used for com-
puting pedestrian crash rates for the different intersection classi-
fications were the daily pedestrian volumes, distance crossed and
the AADT in addition to the number of pedestrian crashes either
along the studied roadways or intersections. The pilot studies con-
ducted for the roadways and intersections revealed several critical
safety  locations within District 5 when compared to the devel-
oped statewide average rates which require further investigation to
identify main causes and emphasize mitigation improvements. It is
recommended that an annual statewide pedestrian count program
be initiated for the intersections as well as roadways which would
increase the sample size and help in validating the assumptions
provided in this study. The purpose and duration of data collection
are essential pieces of information for determining the appropriate
data.
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