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Executive Summary

The increasing auto travel and its adverse environmental impaetteldan the past decade to

the serious consideration and implementation of travel demand management strategies (for
example enhancing existing public transportation services, building new services such as light
rail transit, and improving nemotorized infrastructure such as bicycle lanes and sidewalk). The
main objective of theseemand managemesirategies is to encouradestefficient use of
transportation resources by influencing travel behaVi@vel demand managemesttategies

offer flexible solutions that can be tailored to meet the specific requirements of a particular urban
region. Travel demand models offer aniigt frameworks to evaluate the effectiveness of the
aforementionednanagemendtrategies. The history of demand modelingplanning projects at
various levelgsuch as local, regionair state level) rabeen dominated by the traditional travel
demandmnodeling approach referred to as the fstap or the tripbased approacls part of the
research effort, the emphasis wasthe emphasis is on employing the tbigsed approach to

study the benefits of investments on public transit andmotorized tansportation irthe

Central Floridaregion.

Travel demand modeling approaches employing traditionabaged methods are geared
predominantly toward autoriented mobility analysis. Wittheg r owi ng emphasi s i n
urban regions on neautomobility i public transit, pedestriaand bicyclist modes it is useful
to develop methods that accommodate the potential adoption -@futomodes within the
mobility planning process. Within the current literature, the-besefit analysis of public
transit, pedestrigrand bicycle infrastructure investments on amto mobility has rarely been
guantified. Toward this end, the research emgdian existing regional model framework to
study multtmodal mobility for the Central Floridagion (District5). Specifically, the study
effort provides frameworks to understand transit and aaro modes demand atalidentify
policies to alleviate auteelated travel burden while enhancing rearto mobility. The analysis

is focused on four major components;luding (1) mobility componerit demand analysis for
norrmotorists road user groups, (2) safety componeairal level crash frequency and severity
analysis for normotorists road user groups, (3) ridership analiysiansit demand analysis for
Lynx andSunRail systemsand (4) cosbenefit analysi§ costbenefit analysis for SunRalil
commuter rail systenThesecomponentsvere examined and the associated modet®
estimated for thetudyarea defined bythe Central Florida Regional Planning Mod&krsion

6.0 CFRPM 6.0).

In terms ofthe mobility componentye investigatd nonrmotorist demand at a zonal level by

using aggregate trip information based on origin and destination locations of trips. Specifically,
we developdfour nonmotorist demand models: (p@destrian generator modebased on

zoral level pedestrian origin deman@) pedestrian attractor modilbased on zaad level

pedestrian destination demaui@) bicycle generator modélbased on za level bicycle origin
demangl (4) bicycle attractor modél based on zaad level bicycle destination demanthese
aggregate level demand models examine critical factors contributing-tmotonist generators

and attractors at a zonal lev€he autcome of thesstudies can be used to devise medium or
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long-term areawide planning and investment policies in order to encourage and promete non
motorized activitiesFor examining the safety compongwe estimate both crash frequency
and crash severity models in @nstanding nomotorist safety factors. In terms tbie crash
frequency model, we estimaltevo models(1) zoral level crash count model for examining
pedestrianmotor vehicle crash occurrencesd(2) zoral level crash count model for examining
bicycle’ motor vehicle crash occurrenc&iith regards téhe crash severity model, we estimate
four different sets of model¢l) disaggregatéevel crash severity model for examining
pedestrian crash injury severity outcom@3 disaggregatdevel crashseverity model for
examining bicycle crash injury severity outcom@ zoral level crash severity model for
examining pedestrian crash injury severity by proportiand (4) zoal level crash severity
model for examining bicycle crash injury severigygroportionsOutcomes othesemodels,
specificallyzoral level models, can be used to devise safetyscious decision support tools to
facilitatea proactive approach in assessing mediand longterm policybased
countermeasures.

With regards tdheridership component, iaur research effort, we investigdteansit demand

for the coverage area of Lynx aBdinRailnetwork systemsf the Greater Orlandoegion We
estimate and present four different sets of ridership modeisthe Lynx networksystemi (1)

stop level average weekday boarding bus ridership analysis, and (2) stop level average weekday
alighting bus ridership analysiand for the SunRailnetwork systeni (3) daily boarding rail
ridership analysis, and (4) daily alighting radership analysigzinally, we perforneda
comprehensiveostbenefit analysigor the existing 3dmile SunRail system\With regards tdhe

cost component, the factors we consadi#ncluded (1) capital costs and (2) operation and
maintenance costs. In terms of the benefit component, the factors we ceshsideded (1)
personal automobile cost savings, (2) crash cost savings, (3) parking cost savings, (4) energy
conservation savgs, and (5) assessed property value incréagéher, to ensure model

prediction performance accuracy, the proposed madetsvalidated for the base year empirical
data prior to deploying them for forecastifighe model estimation and validation exeesigire

also augmented by demonstratthg implication of the estimated modéls conductingpolicy
analysis forseveralscenariogor each component

Theoutcomes of the research effort inclymbelestrian and bicycligtoral level origin-

destinationand total demanthbles transitdemandor current and future puicl transit

investment scenarios, countermeasures to improve safe mobility fonotonists road user

group andanticipated benefits dhe SunRail commuter rail systemhe overall framewrk
proposed and demonstrated in this research effort provides policy makers a blueprint to begin
incorporatingnon-auto mode choicalternatives within the traditional travel demand framework.
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CHAPTER I: INTRODUCTION

1.1BACKGROUND STATEMENT

In the United States (8.), a significant number of individuals depend on the auto mode of
transportation. This dependency on the auto mode can be attributed to high auto ownership
affordability, inadequate public transportation facilities (in many cities), and excess suburban
land use developments. For instance, the 208%nal Household Travel SurveMIdTS) data

shows that about 91% tife U.S. households owned at least one motor vehicle in 2009
(compared to about 80% in the early 1970s; see Pucher and Renne, 2003). Th®shigh au
dependency, in turn, results in high auto travel demand on highways. At the same time, the
ability to build additional infrastructure is limited by high capital costs;estdte constraints

and environmeia considerations. The net result has been titaffic congestion levels in
metropolitan areas ahe U.S. have risen substantially over the past decade (see Schrank and
Lomax, 2005). The increase in traffic congestion levels not only causes increased travel delays
and impacts stress levels of drnigebut also adversely affects the environment as a result of
rising air pollution and greenhouse gas emissions. In fact, in many urban regions, the quantity of
emissions is very close to the threshold or beyond the threshold of the Environmental Rrotectio
Agency (EPA) conformity levels. Of course, these mebdarce emissions in the environment
also contribute to global warming (Greene and Shafer, 2003).

The increasing auto travel, and its adverse environmental impacts, has led, in the past decade, to
the serious consideration and implementation of travel demand management strategies (for
example, enhancing existing public transportation services, building new services such as light
rail transit, and improving nemotorized infrastructure such as bieythnes and sidewalk). The
main objective of theseemand managemesirategies is to encourage the efficient use of
transportation resources by influencing travel behaVi@vel demand managemesttategies

offer flexible solutions that can be tailoredmeet the specific requirements of a particular urban
region. Travel demand models offer analytical frameworks to evaluate the effectiveness of the
aforementionednanagemerdtrategies. The history of demand modeling for various planning
level projectsguch as local, regional or state level) have been dominated by the traditional travel
demand modeling approach referred to as thedstep approach or the trlpased approach. As

part of the research effort, the emphagis on employing the tripased aproach to study the
benefits of investments on public transit and-nawtorized transportation in Central Florida

region.

1.2RESEARCH CONTEXT

Travel demand modeling approaches employing traditionabaged methods are geared
predominantly towardavtor i ent ed mobi |l ity analysis. With
urban regions on neauto mobilityi public transit, pedestriaand bicyclist modes it is useful

to develop methods that accommodate the potential adoption -@utomodes within the

mobility planning process. Within the current literature, the-besiefit analysis of public

transit, pedestrian and bicycle infrastructure investments omuonmobility has rarely been
guantified. Toward this end,idresearch empla@adan existing regioal model framework to



study multtmodal mobility for the Central Florida region (District 5). The maxelpredict the
tendency fotransit anchon-auto mode choice by individual citizens, and the resulting increase
in mobility, based on the level of treihand noAmotorized investments to help improve travel
forecasting accuracy. Further, to ensure model prediction performance accuracy, the proposed
modelswasvalidated for the base year empirical data prior to deploying them for forecasting.

1.2.1Project Objective(s)

The research is geared towards enhancing the urban transportation infrastructure to increase non
auto mobilityand to improve transit ridershipphe current research providesmeworksto

understand transit and naoito modes demanaa@ identifying policies talleviate auto related

travel burden while enhancing nanaito mobility. The specific objectives of the research are
described below:

Objective 1: Non-motorized Mobility Analysis - The research asfocusedon examining

current pedestrian and bicyclist mobility trends and identify urban neighborhoods appropriate for
pedestrian and bicyclist travel investments. The reseaasstalgo examing the potential

increase in bicycling and pedestrian mobility assallteof changes to land use and urban density,
and infrastructure investments (such as separated bicycle lanes, cycle tracks, customized
signalization for bicyclists).

Objective 2: Non-motorized SafetyAnalysis - With increased adoption of pedestrian and
bicyclist travel, it is likely that the number of conflicts between vehicle anenmuinrized road
users increase. The proposed research effissuggestd and evaluatépro-active solutions to
prevent such increased conflicts and resulting consequences

Objective 3: Public Transit Mobility Analysis - The research teamasstuded current transit
mobility profiles for the various transit systems in GweaterOrlandoRegionand develop a
guantitative framework to undertake scenario analysis of ftitaneit mobility patterns.

ExpectedResearchOutcomesi The research outcomes of the proposed framewask
1. Pedestrian and bicyclist O/D tables similar to ITE trip rates
2. Transit ridership for current and future public transit investment scenarios
3. ldentification of noAmotorized infrastructure improvements to improve safe mobility
4. Identification of anticipated benefits of SunRaimmuter rail system

The study area along with the reseazohceptframework is shown in Figure-1L
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CHAPTER II: LI TERATURE REVIEW

2.1INTRODUCTION

In the Central Florida regionthetfipas ed model empl oyed is | abel e
Regi onal Pl anni nAgis épedtedlfor d traditienBl Migaged approach, the
CFRPMmodeling framework is predominantly focused on auto mode and public transit. The
modeling approach does not consider the-marorized mode in detail. However, wigheater
emphasis on improving mobility in the Florida regithvere is growing awarenesscaeffort to
enhance nomotorized (pedestrian and bicyclist) mobility. To evaluate the effectiveness of these
strategies it is useful to develop methods that accommodate the potential adoption of non
motorized modes within the mobility planning processthiad extent, the curreshaptehas

two objectives. First, the report focuses on reviewing the travel demand modeling frameworks
for five urban regions of the Udhd compare that with the CFRPM approach. The literature
reviewwasenablefor the researcteam to propose potential updates to the CFRPM on
incorporating pedestrian, bicyclist and public transit modes effectively in the planning model.
Specifically, it providd insight on understanding how land use and accessibility attributes can be
better inorporated in the model framework for analyzing fmatorized and public transit
alternatives within existing modeling framework. Secondctiagpterprovides a review of cost
benefit analysis conducted for public transit and-mmtorized mode investmeniBhe review
wereallowedfor the identification of different dimensions of the CFRPM model to be targeted

in undertaking the cost benefit analysis.

The remaininghaptelis organized as follows: The next section desstibe review of model
frameworks from multiple citieselected The subsequent section focuses on the review of cost
benefit analysis studie$he final section describes summary of the chapter.

2.2 REVIEW OF URBAN TRANSPORTATION MODELING FRAMEWORKS

The pupose of the literature review is to identify the frantorized and public transit

components of the travel demand modeling for different urban regions in the US.dnabisy

we provide an overview of the four regional planning models along withvireiew of

CFRPM to provide an overview of the statiethe-art efforts for modeling transport demand.
Further, we identify and discuss different rotorized and transit components explored in

these models with specific focus on comparing and contrasiasg components with the

CFRPM model components. For each model component, we provide recommendations on how
to enhance the CFRPM framework for accommodatingmotorized and public transit

alternatives.

2.2.1 Overview of Different Travel Demand Models

The broad area of travel demand modeling approaches can be classified into two major groups:
(2) trip based modeling approaches and (2) activity based modeling approaches (also includes
tour based models). The traditional tbpsed models focus on indivial trips and employ a
sequential approach of statistical planning with the following four stegsgeneration, trip



distribution, mode choice and trip assignment. On the other hand, activity based models are
focused on individual level activity parpation resulting in computationally intensive yet
behaviorally rich frameworks. In the US, both approaches are widely applied. Unlike the trip
based model, the basic element of activity travel pattern is a tour. The models is more
disaggregate in nature@mmodating for a finer resolution for demographics, space and time
dimensions. While activitpased models are likely to improve sensitivity to policy changes;
developing these models are expensive, time consuming and technically skill intensive.
Therefae, to date, trigpased model with various enhancement of-&taep approach still remain
the most commonly employed framework for transportation planning in urban metropolitan
regions. Further, as the CFRPM model is alaged modethe literature revaw is also

primarily focused on tripased approaches.

For the purpose of the review, we have selected five regional planning models developed for
Atlanta, Tampa Bay, San Diego, Northern New Jersey and North Florida to compare and

contrast with the CFRM model. An overview of these models providing details of the modeling
approach, base year and modeling components is presented ir2-Ialfieom Table-1, we can

see that the common forecasting package employed across the frameworks is the CUBE Voyager
framework (also used in CFRPM). In terms of modeling approach, we can see thas&tp

method with traditional foustep platform is used for modeling travel demand in most regions

(four out of five along with CFRPM). The table also indicates the poesef activity based

model developed for North Florida region (Jacksonville, FL).

With respect to modeling components, from Tdble we can see that the traditional fetep

modeling process is enhanced with different supplemental model stepsciliseims of these
enhancements have evolved with new transportation planning needs for different regions and are
inspired by advanced computational and forecasting techniques. On the other hand, the activity
based model for North Florida region employsiadamentally different structure for travel

demand modeling with focus on individual level than on the zonal level.

2.2.2Comparison of Different Modeling Steps

As activity based models are fundamentally different, a comparison with CFRPM would not be
very useful. Hence, the comparison of different travel demand models is restricted only to the

trip based model identified in Tak?el. Further, as we discussedoirevious section, the

conventional fowstep modeling approach has been enhanced with different supplemental
modeling steps. However, these enhancements are not uniform across different regions. Hence, it
is beyond the scope of this report to compare tli@ageus enhancements with steps in CFRPM.
Therefore, to keep the discussion relevant to CFRPM, we compare and contrast the basic four
steps (trip generation, trip distribution, mode choice and trip assignment)-basda demand

models with an emphasis normotorized and transit components.



Table 2-1: Overview of Selected Travel Demand Models for Different Regions

Area

Model

Modeling tool

Modeling
approach

Base year

Modeling components

Central Florida
(Flemming 2010;
CFRPMv5.6, 2012)

Central Florida
Regional Planning
Model

CUBE Voyager

Trip-based

2005

1 External trips

1 Trip generation

1 Highway network

1 Highway path

1 Trip distribution

9 Transit network

1 Mode choice

9 Highway assignment
9 Transit assignment

Atlanta (ARC, 2011)

AtlantaRegional
Commission (ARC)
travel demand
model

ALOGIT

Trip-based

2005

1 Trip generation

9 Trip distribution

1 Mode choice

9 External/internal model

9 Commercial vehicle and truck mode
9 Airport passenger model

9 Assignment model

9 Networks

Tampa Bay (TBRPM
v7.0, 2010)

Tampa Bay
Regional Planning
Model (TBRPM)

CUBE Voyager, TP+ for
transit modeling

Trip-based

2006

9 External trips

9 Trip generation

9 Highway Network and Path
9 Trip distribution

1 Transit network

9 Transit path

1 Mode choice

1 Highway assignment

9 Transit assignment




Table 2-1 (Continued): Overview of Selected Travel Demand Models for Different Regions

Modeling

Area Model Modeling tool approach Base year Modeling components
1 Trip generation
1 Path building and skimming
San Diedo San Diego Regional 1 Trip distribution
9 Travel Demand TransCAD, Arcinfo Trip-based 2008 1 Mode choice
(SANDAG, 2011)
Model 1 Truck model
1 Highway assignment
1 Transit assignment
9 Trip generation
North Jersey 1 Trip distribution
Northern New Jersey| Regional - 1 Mode choice
(NJRTME, 2008) Transportation CUBE Voyager Trip-based 2000 1 Time of day trip allocation
Model 1 Highway assignment
1 Transit assignment
9 Population synthesis
1 Usual location choice model
1 Usual school location suimodel
9 Auto ownership model
North Florida gg:nzier? StMZedg(]elﬁnal % Bgiﬁﬂz[tnedrgtgofgir Destination
(NERPM-AB v.1.0, 9 ’ DaySim, Cube Voyager | Activity-based 2010 y

2015)

Activity-Based
(NERPM-AB)

Choice
9 Tour Mode Choice
9 Time-of-Day Choice Model
1 Highway assignment
9 Auxiliary Demand
9 Transit assignment




2.2.2.1Trip Generation

A summary of trip generation component of the selected travel demand models are presented in
Table2-2. The information provided in Tab®2 include unit of geography, flow unit of daily

trip, explanatory variables employed ang fourpose. From Tab22 we can see that for all
models, trips are aggregated at spatial geography unit of Traffic Analysis Zone (TAZ). In terms
of flow unit, the estimated number of trips is considered by mode (both motorized and non
motorized mode) inlamodels other than the models for Central Florida and Tampa Bay.
Further, the model for San Diego also considered transit trips separately from motorized trips.
With respect to trip purpose, it is evident from Tab2 that CFRPM considers the fewest

number of trip purposes compared to other demand models presented. Fror2 T aidecan

also see that CFRPM employs only the zonal characteristics in trip generation. Unlike other
models, household attributes, roadway characteristics or accessibility eseague not

explored.

RecommendationRecommendations from the review of trip generation step that are relevant to
the CFRPM model enhancements are summarized below.
U Trip generation can be enhanced by considering exogenous variables such as household
atrributes, roadway characteristics and accessibility measures (relevantriiwtuized
and transit modes). This will allow trip generation to be sensitive temainrized and
transit infrastructure changes.
U Different trip purposes exhibit different setingty to non-motorized and transit
infrastructure. Hence, considering additional trip purposes in the CFRPM framework
would enhance the trip generation resolution.

2.2.2.2Trip Distribution

A summary of trip distribution step for the selected demand models are presented from the
perspective of methodology, impedance variables, input and output of trip distribution step in
Table2-3. In terms of methodology, from Tal2e3 we can see that Grige model is employed

for trip distribution step in all of our selected travel demand models. Due to the simple
formulation of Gravity model, it is easy to estimate and calibrate. The term impedance is a
measure of the cost of travel between two zoned Y¥gpect to impedance variables, it is

evident from Tabl&-3 that the models for Central Florida and Tampa Bay have considered
levelof-service variables (time, distance and cost) related to auto mode only to calculate
impedance measures for the inputhia trip distribution step. Composite impedance measures
(combination of impedance measures for both motorized andotorized modes) are not

explored in the models for these areas. From the input column of Z8blee can see thah
generalthe irput for trip distribution step include trip production and attraction by zones,
impedances and friction factors. In order to adjust trip distribution patterns of zones, some of the
models (Tampa Bay, San Diego, and Northern New Jersey) have alsofastnt kalso known

as balancing factor). Howeverfactor might interfere with future travel prediction ability of
demand models, and hence are recommended to be employed cautiously. In general, the output
of trip distribution step is productieattraction pnal trips by purpose.



Table 2-2: Trip Generation

Unit of Flow unit of daily . :
Area geography trip Explanatory variables Trip purpose
Population classified by single family anailti-family,
dwelling units classified by single family and meflimily, | Homebased work
number of apartments, mobile homes, recreational | Homebased shopping
Central Florida TAZ Person trip vehicle spaces, hotel/motel/timeshares, number of | Homebased social recreationa
employees by type, and school Homebased other
location/enrollment totals, external trips, spattigd Non-homebased
generator
Household (HH) size, HH income group, number of Home based work .
. ; . Home based shopping
Person trip workers, number of childremumber of autos, highway
. . : . . S Home based grade school
Atlanta TAZ including walking | accessibility measure, transit accessibility measure, der 4 :
L2 . i . .| Home basedniversity
and bicycling trips | of household, distance access measure, transit accessil
total employment, employment class Home based other
' Norrhome based
Home based work
Home based shopping
Home based strategic
Population, dwelling units, vacancy rates, lifestyle by ay Home based other
ownership, and hotel/motel units, employment, schoo| Home based school
Tampa Bay TAZ Vehicle trips enrollment, trucks, and parking costs, average auto | Non-home based work

occupancies by tripnd type, area type, retired householg
working households without children, working householg
external trips

Norrhome based other
Light truck

Heavy truck

Taxi

Airport
College/University




Table 2-2 (Continued): Trip Generation

Unit of Flow unit of daily . .
Area geography trip Explanatory variables Trip purpose
Person trips Home based work
includin Home based college
aing . . . Home based shopping
automobiles, light | Dwelling unit by structure type, population by age categq Home based other
. duty trucks, land use acres by land use type, employment by land
San Diego TAZ . . . : : Work based other
taxicabs, type, unique generator trips, external trips, trip rates, Otherother
motorcycles, public regional control variables
. . - Serve passenger
transits, bicycling g
’ Visitor
and walking : :
Regional airport
Homebased Work Direct
Homebased Work Strategic
Person trips Life Cycle, income, househokize, number of workers, are HomebasedShop
Northern New including motorized| type, population/employment density, intersection/netw Homebased Other .
TAZ ' ' Homebased University

Jersey

and nomamotorized
modes

density, pedestrian restrictive network, availability of aut
to the traveler, street network connectivity

Work-based Other
Non-Home NonWork
Airport

Truck trip

10




Table 2-3: Trip Distribution

Area Methodology Impedance variables Input Output
. . - Trip productions and attractions byAZ, travel . .
In-vehicle traveltime, prohibited| . : : . : ! Productionattraction
Central Florida | Gravity model | movementspenalized movementy impedance is .traveI t|mdaerm|.r!al time and ltoII oS Zonal trip tables
toll cost. toll service time are also considered as additional travel impedal bY DUIDOSE
' trip length frequencyrepresented by friction factgrs y purp
Productionattraction

Transit travel time, auto travel tim

Composite impedance (auto and transit),

zonal trip tables
by purpose and by marki

Atlanta Gravity model p_roqluctlon and attraction by zone and trip purpc groups (combination o
friction factar .
car ownership an(
income)
Tra\_/el time, turn_penalﬂes, tol Highway impedance (auto), trip production a Productionattraction
. equivalent time, an( : . g .
Tampa Bay Gravity model . ; attraction by zone and trip purpose, friction facter| zonal trip tables
acceleration/deceleration del
. ) ; . factor by purpose
time, terminal time, parkingost
Auto impedances (travel timg
travel distance, toll cost)transit
|mpedances_ (numt_)er_ of transfe Trip production and ataction by zone and tri . .
cash fare, first wait time, transfs o .. | Productionattraction
. . . . . | purpose, composite impedances (auto, transit .
San Diego Gravity model | wait time, transfer walk time, in . o zonal trip tables
. . . nonmotorized) for peak and effeak conditions
vehicle travel time, main mod| .. . . by purpose
S . friction factors, Balancing factor for zones
indicator), nommotorized mode
impedance (travel distanc
elevation, walkability factor)
Auto travel time, toll cost, in
vehicle travel time (irvehicle and| Composite impedance (auto and transit), Productionattraction

Northern New
Jersey

Gravity model

drive access) for transit, cof-
vehicle time (walk and wait) fo
transit, transit fare, park and rig
cost

zonal trip ends (productions and attians), friction
factors, and The specific zotezone adjustmen
factor (kfactor)

zonal trip tables
by purpose and incom
group combination

11



Recommendation®ecommendations from the review of trip distribution step that are relevant
to the CFRPM model enhancements are summarized below.
i Enhance the impedance computation by allowing for transit andnodorized
components thus developing a mutodal impedarne measure for CFRPM model. The
improved measure will enhance the sensitivity of the model to proposed transit and non
motorized infrastructure changes.

2.2.2.3Mode Choice

A summary of mode choice step for the selected travel demand nwpedsentedn Table2-4.

The information provided in Tab24 includes modes considered, modeling framework,
explanatory variablesnd output of mode choice step. With respect to mode considered, it is
evident from Tabl@-4 that normotorized modes (pedestrian andycle) are considered in the
mode choice models for San Diego and North New Jersey only. However, auto (reflecting
occupancy levels) and transit (reflecting transit access mode and transit ride mode) modes are
considered in all models. In terms of modglframework, mode choice models are estimated by
usinganested logit model in all regional models considered in our literature review.

From Table2-4, it is evident that levabf-service variables (travel time, travel distarened

travel cost for available modes) d@he most commonly used explanatory variables in developing
mode choice models. Trip maker attributes, household characteristicsisendriables,

roadway network characteristj@nd infrastructure for transign-motorist are rarely

considered. For example, household and transit infrastructure characteristics are considered in
the model for Atlanta, while lardse variables are considered in the model for San Diego. In
general, the output difie mode choice stepf atravel demand model & set ofpersontrip tables

by available mode and trip purposes explored. However, mode choice trgpeaiahédso

guantified by different time periods (peak andpéak periods) in the models for different areas
(Central Floida and San Diego). Quantifying mode choice separately by different time periods
reflects the quality of service provided by different available modes across different time periods.

Recommendation®ecommendations from the review of mode choice step that are relevant to
the CFRPM model enhancements are summarized below.
U Inthe CFRPM model choice model, nootorized alternatives should be added. In order
to retain the existing structure of the framoek, the addition of nomotorized modes
can be undertakeonly for specific zonal pairs. To elaboratenal pairs which are
within the walkingdistance need to be consider8dnilarly, for adding bicycling mode,
only zonal pairs within bicycling distae need be considered. The incremental process
will allow us to retain the original mode choice model with minor modifications to
enhance the CFRPM framework.
U The mode choice model can be further enhanced by considering individual and hibusehol
sociademographics, roadway network characteristics, transit infrastryataeion
motorized accessibility measures.
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Table 2-4: Mode Choice

Area Modes considered el Explanatory variables Output
framework
9 Drive alone
1 2 person shared ride
1 3 + shared ride Transit walk time, highway terminal timg
1 Walk to transit transit auto access timéransit run time, . .
. . ; : . . ; Mode choice for two time
Central | T Park and ride Nested logit | highway runtime, transit wait time, transit :
. . : . . periods (peak and offeak
Florida | § Kiss and ride model transfer time transit number of transfer .
. . . hours) and trip purposes
1 Local bus transit fare highway auto operating cost
1| Express bus highway parking cost$1OV time difference
9 Urban ralil
1 Commuter rail
9 Drive alone
9 2 person shared ride
9 3 person shared ride
9 4+ person shared ride Auto ownership, number of workers | Mode choice by trip purpos
Atlanta 1 Walk to transit Nested logit | household, initial wait time, walime, drive and market groups
9 Drive to transit model time, invehicle time, transfer time, block p (combination of car
 Non-premium trips square mile ownership and income)
9 Premium trips
1 Park and ride
1 Kiss and ride
1 Drive Alone _ Transit system station mformz_atlon,_ highw:
Tampa { Share Ride Nested logit | toll plaza characteristics, terminal time, we Mode choice by trib bUrDoS
Bay T i model time, terminal time, interzonal time, driy y trip purp
T Transit cost, drive distance, drive time
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Table 2-4 (Continued). Mode Choice

Area

Modes considered

Modeling
framework

Explanatory variables

Output

San
Diego

9 Drive alone nortoll trip

1 Drive alone toll trip

9 Two person sharedde nonrtoll non-high
occupancy vehicle (HOV) trip

9 Two person sharedde nontoll HOV trip

9 Two person sharedde toll HOV trip

9 3+ person sharedde nontoll nonrHOV
trip

9 3+ person sharedde nonrtoll HOV trip

1 3+ person sharedde toll HOV trip

1 Bicycle trip

9 Pedestrian trip

1 Walk to transit

9 Drive to transit

1 Drop off at transit station

9 Local bus

9 Express bus

9 BRT/rapid bus

9 Light rail/street car

1 Commuter rail

Nested logit
model

Trip distance, auto travel time, transit tray
time, highway tolls, nommotorized distance
transit fares, auto operating cost, parking ct
terminal time, transit transfer time, wait tim
land use density, employment density|
intersection density

Mode choice for two time
periods (peak and offeak
hours), three income level
(low income, middle incomg
and high income) and six
trip purposes

Northern
New
Jersey

1 Drive alone

9 2 person shared ride
9 3 person shareqide

9 4+ person shared ride
1 Walk to transit

9 Drive to transit

1 Rail

9 PATH system

1 Bus

1 Ferry

1 LRT

1 LDF

Nested logit
model

In-vehicle travel time for auto and trans
walk time, bike time, drive access time, dri
cost, transit fare, transit distance, use
subway, distance between different trar
mode

Mode choice by trip purpos
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2.2.2.4Trip Assignment

A summary of trip assignment across the models is presented inZFabléne information

provided in Tabl&-5 include step componentapdel structure, input and output of trip
assignment. From Tabke5, we can see that for all regions (other than Atlathés step

includes two components: highway and transit assignment components. User equilibrium
assignment process is mostly usetthéo than San Diegddr trip assignmentThe output from

the assignment process is the daily traffic volume associated with highway assignment process
and daily ridership of transit from transit assignment process. The current research effort is
primarily geared towards the first three steps of the trip based model and hence we do not intend
to modify the CFRPM trip assignment framework. We provide recommendations for future
research consideration.

RecommendationRecommendations from the review of tagsignment step that are relevant
to the CFRPM model enhancements are summarized below.
U The trip assignment step of CFRPM might be improved by employing multiple class

assignment algorithm based on generalized cost.

Table 2-5: Trip Assignment

Area Components | Model structure Input Output
nghway Userequilibrium | Vehicle trips, volume . .
. assignment : ; . Daily traffic volume
Central Florida . assignment delay function, highway : . .
Transit Daily boardings of transit
. process network
assignment
Vehicle trips by mode
Highway Staf_“?'afd volume delay function| Daily traffic volumeby
Atlanta 5 equilibrium . "
assignment : value of time factors| facility types
technique )
highway network
nghway Equilibrium Trip  table, highway| Daily traffic volume
assignment . .
Tampa Bay . assignment network attributes, trans| Peak and ofpeakhour
Transit . : .
. procedure network attributes boardings of transit
assignment
Highway . Vehicle trips betweer Daily and peak hour traffig
: Multi-modal .
. assignment . zones, highway network,| volume
San Diego . multi-class ) .
Transit . volumedelay function,| Daily and peak hour
. assignment : ; .
assignment traffic counts boardings of transit
nghway Userequilibrium Vehicle _ trips betweer Daily traffic volume
Northern New assignment . zones, highway network, :
. assignment . Weekday boardings of
Jersey Transit volumedelay function, ;
. process ) transit
assignment traffic counts
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2.3 REVIEW OF COST-BENEFIT ANALYSIS STUDIES

Given the limited financial resources for urban transportation planning organizations it is
important to quantitatively analyze the impacts of transportation investments in an effort to
maximize the resource allocation efficiency across different transport needse@efit analysis

(CBA) is considered to be one of the most appropriate to@sgaluating transportation policies

and projects (Litman, 2001). A comprehensive CBA would allow analysts to predict several direct
and/or indirect impacts of improvements in existing system or proposed new infrastructures. In
terms of investments for traport infrastructure; spending money for pedestrian, bicycle and

transit infrastructures are often a low priority compared with investments on roads, improvements
to traffic flow and other government expenditure. However, more recently investments in
pedesrian, bicycle and transit infrastructures have gained traction from transport authorities as a
measure of reducing negative externalities of increasing private auto mode usage. To be sure,
increasing walking and bicycling will also provide health bené&dithe urban residents. A
comprehensive CBA of public transit and Armotorized mode investments would assist the

pl anners and policy makers to evaluate the HfAr e
evidence to justify allocation of more funding forproving/building pedestrian, bicycle and

public transit infrastructures. The current research report focuses on reviewing existing literature
of CBA for pedestrian, bicycle and transit infrastructure investments. The literature review will
enable the eearch team to identify several factors that are generally considered in different
components of CBA and thus aid in developing a template for CBA for the Central Florida
region.The purpose of the literature review is to identify several factors thgeaezally

considered as cost and benefit components of CBA for pedestrian, bicycle and public transit
infrastructure investments. Hence we focus our review on relevant studies that evaluated cost
and/or benefit components for rarotorized and public traitsnodes of transport.

2.3.1Non-motorized CBA

In terms of normotorized modes, most of the earlier studies were focused on bicycle
infrastructure investments evaluations. Very few studies have focused on investments on
pedestrian infrastructuiavestments. Litman (2013) presented a comprehensive method for
evaluating cost and benefits of nomotorized transport modes. The author argued that the benefit
components of nemotorized mode should include: user benefits, option values (value of
available transport options), equity benefits, physical fithess and health, vehicle savings, reduced
chauffeuring burdens, congestion reduction, barrier effects, roadway cost savings, parking cost
savings, traffic safety impacts, security impacts, energy coaisang, pollution reductions, land

use impacts and economic developments. On the other hand, the cost component should include:
facility cost, vehicle traffic impacts, equipment cost and user travel time cost. The author
concluded that conventional econarevaluation studies usually tend to undermine active
transport, thus a comprehensive economic evaluation would provide true benefits of this mode,
which would further encourage more investments for improving and promoting active transport.

Krizec (2007) evaluated the economic benefits of bicycle facilities. Guided by 25 previous

studies, the study documented six core benefits, belonging to direct (mobility, health and safety)

and indirect (decreased externalities, liveability and fiscalgtitsnof municipal and regional
bicycle facilities. Got schi (2011) performed ¢
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bicycle infrastructures in terms of health benefits and fuel savings. They found thattestefit

ratios for health care arfdel savings are between 3.8 and 1.2 to 1, respectively. Seelensminde
(2004) presented CBA of walking and bicycling track networks of three Norwegian cities
(Hokksund, Hamar and Trondheim). In the benefit component, the author considered the benefits
of reduced insecurity, safety, health cost, cost of transport, noise, pollution and parking cost.
Capital, maintenance and tax costs were considered in cost component of the study. The study
found that the benefits of investments in walking and cycling netwsikisleast 46 times the

costs. Some of the studies have also evaluated CBA for a specific investment project. For
instance, Korve and Niemeier (2002) developed a CBA framework for an added bicycle phase at
an existing signalized intersection. The compuséncluded in the analysis were construction

cost, operating cost, delay, safety, vehicle capacity and emission. From the evaluation, the authors
argued that benefits associated with bicycle safety due to improved bicycle infrastructure
outweigh all conislered costs.

2.3.2Public Transit Cost-Benefit Analysis

Several studies have evaluated CBA in terms of transit infrastructure investments. Weisbrod et al
(2014) performed an economic impact analysis of public transportation investments. From the
long tem impact analysis, the study concluded that increased transit investments have potential
for significant economic gain as well as societal benefits. They showed that a programme of
enhanced public transit investment over twenty years will lead to amggcie income that is
equivalent to approximately 50,000 additional jobs per $1 billion invested. Litman (2004)
provided a framework for evaluating CBA of a particular transit service or improvements. The
author pointed out that the conventional transpealuation model is usually developed based on
financial cost to government, vehicle operating cost, travel speed, crash risk and project
construction environmental impacts. These studies overlook many benefits factors; such as
downstream congestion impapharking cost, environmental impacts, strategic land use impact,
equity impact, public health and transportation diversity value.

Godavarthy et al. (2014) have documented and quantified benefits of small urban and rural transit
systems in the US by enmling CBA. The authors categorized transit benefits in three

components: transit cost savings benefits (vehicle ownership and operation expenses,
chauffeuring cost savings, taxi trip cost savings, travel time cost savings, crash cost savings and
emission ost savings), lowcost mobility benefits and economic impact benefits. Cost component
included capital, operation and maintenance costs. From the extensive analysis results, the authors
concluded that the benefits (benefitst ratio greater than 1) proeid by transit services in rural

and small urban areas are greater than the costs of these services. With respect to rail transit
system, Gordon and Kolesar (2011), in an effort to perform CBA for rail transit system in modern
American cities, also considst nonuser benefit in the benefits component other than

conventional benefit measures. The fuser benefits included was number of auto trips avoided

by any newto-transit passengers. Based on the analysis, the authors found that rail transit system
into modern American cities cannot be justified on economic ground even after accounting for
nonuser benefits in the assessments.
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Bus Rapid Transit (BRT) has emerged as an attractive public transit system to enhance level of
accessibility, mobility andystem capacity. Some of the studies have conducted CBA for BRT
system as well. An@Ison and Mahendra (2011) discussed a methodology of CBA for evaluating
the potential benefits of converting a mixed traffic lane to an exclusive BRT lane at a corridor,
local and regional level. The costs quantified in the analysis were capital cost, operation and
maintenance costs. The benefits component included change in crash cost, travel time change
cost, travel cost savings, emission and noise reduction costs amdtisdicial benefits (land
development impacts, savings in parking costs, accessibility impacts and system reliability
impacts). From the analysis of a hypothetical project, the authors showed that converting an
arterial traffic lane for BRT can result ingitive net benefits if the arterial has high person
throughput and relatively high pproject transit mode share. Blonn et al. (2006) analyzed costs
and benefits of implementing a BRT system in the greater Madison metropolitan area. The
analysis was conttted by considering several costs (raising local revenue, capital cost,
operations and maintenance costs) and benefits (reduced travel time, reduced vehicle user cost,
reduced emission and reduced crash cost). Based on the CBA, the authors concluded that
implementing a BRT system in the greater Madison metropolitan area would return negative net
benefits and hence would not be justified to implement on efficiency grounds.

2.33 Directions for CFRPM Based CostBenefit Analysis

CBA is an essential component that can assist decision makers to implement the most efficient
solutions for travel demand management. In order to evaluate the implications of several
alternative solutions, it is important to consider all the costs anditsdiaetors entailed by the
project. To that extent, in this section we identify and present several factors, in light of the
literature review, that might be considered for CFRPM b&#&8 for pedestrian, bicycle and

public transit investments. A list tfie proposed benefits and costs factors along with the measure
definition andgeneration mechanism is presented in Take Phe dimensions identified in

Table 26 will be adopted fo€CBA in Chapter IX
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Table 2-6: Benefits and Costs Factors for CFRPMBased CostBenefit Analysis

Factors

Auto user benefits

Non-motorized user
benefits

Traffic Safety
Benefits

Transit ridership

Increased property
value

Physical Fithess and
Health

Capital costs
Operation costs

Maintenance costs

’ Measure definition

BENEFIT COMPONENT S
Reduced expenditures on motorized travel, vehicle
ownership and operation cost saviiigacludes

congestion reduction, gas and energy savings and
pollution reduction

Increased adoption of nemotorized mode
Reduced nomotorized crashates

Increase in transit revenue

Effects of walking, cycling and transit infrastructure
improvements on nearkproperty values

Increase in physical activity and the consequent heal
benefits

COST COMPONENTS
Costs ofinfrastructure improvement

Costs of fuel and employer salaries of transit agencie
Incremental costs to users of shoes and bicycles

Travel time unit costs for differemhodes

‘ Generation Mechanism

CFRPM Mode choice and
Traffic Assignment

CFRPM Mode choice
model

Estimated using models
developed in future tasks

Estimated using models
developed in future tasks

Predefined values for
different landuse type

Estimated using models
developed in future tasks

To be obtained from FDOT
To be obtained from FDOT

To be obtained from FDOT

24 SUMMARY

This chapter summarized the modeling procedutaefravel demand modeling frameworks for
foururban regions of the Ushd comparethat with the CFRPM approackor the purpose of

the review, we selectdive regional planning models developed for Atlanta, Tampa Bay, San
Diego, Northern New Jersey and North Florida to compare and contrast with the CFRPM model.
Based on the review, we provided recommendations for potential updates to the CFRPM in terms
of trip generation, trip distribution, mode choice and trip assignment steps of travel demand
model. Further, in this chapter, we afgovided a review of cosbenefit analysis conducted for
public transit and nomotorized mode investmen®ased on the regw, we identified and
documentediifferent dimensions of the CFRPM model to be targeted in undertaking the cost
benefit analysis.
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CHAPTER Il I: DATA ASSEMBLY

3.1INTRODUCTION

The research of evaluating muttiodal mobility for the Central Florida region (Districtvigs
targeted towardpredicing the tendency for auto vsonauto mode choice by individual citizens,
and the resulting increase in mobiliby employing an exigtg regional model framework and
based on the level of transit and nootorized investments. The objective of the stwdg to

update the District 5 travel forecasting framework. Incorporatingaudo mode accessibility

within the travel demand forecasgi process involves acquiring and compiling data from multiple
sources. Thishapterdocuments the data compilation and data preparation procedures along with
summary statistics for attributes tlzaeused by analysts at different stages of analysis in
evaluating the multmodal investments on promoting integrated travel mobility in Central
Florida.

Thechaptersummarizes several sociodemographic, socioeconamicbuilt environment
characteristics. These attributes serve as indicators of overallliehatiour and travel demand

of acommunity. In order to represent the supply sidtefransportation network in terms of

auto and public transit modes, several attributes representing transportation infrastructure, traffic
characteristicsand transit facilitiesvere also compped. For identifying public transit demand,

public transit ridership data is also collected and documented. Finally, to evaluate the demand of
nonrauto (pedestrian and bicycle) modes, to examine the effectivenadsaniced nomotorized
mobility, and to identify safetyelated issugof nonmotorists, we also compiled a number of
attributes representing pedestrian and bicycle facilities, pedestrian,@nuhtyash records of
pedestriamand bicycls for the study eea. Thechaptercontains a detailed description of the data
sources and methodologies to calculate each of the aforementioned attributes.

The remaider of thechapteris organized as follow3 he next section describes the data along
with the study a¥a. The subsequent section focuses on data compilation procedures followed by
data descriptioand summary of the chapter

3.2STUDY AREA

The study area includéise TAZ defined for Central Florida Regional Planning Model version 6.0
(CFRPM 6.0). CFRPM 6.0 includegotal of 5,350 TAZs; among thesé,747 TAZs are internal
zonesand 603 TAZs are external zon&se loundary of the study area encompasses nine
countiegBrevard, Flagler, Lake, Marion, Orange, Osceola, Seminole, SuantéMolusia)

within FDOT District 5, PolkCountywithin FDOT District 1, and part of Indian Rive€ountyin
FDOT District 4. Further, the component of public transit ridership evaluafitime research

effort is mainly focused on the coverage arebyoix and SunRail network systems/nx is a

public bus system that is operated in the city of Orlando with the connection between Orange,
Seminole, and Osceola counties along with limitegliserin Polk County. The bus transit system
serves approximately 2,500 square miles with a population more than 1.8 million. SunRail, a
commuter rail system, started its service in greater Orlandiday 1, 2014. It comprises 31 miles
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of rail line along wih 12activestations that connect Volusia and OraQgeinties TheCounty
boundaries along with the TAZ outlines, SunRail station, SunRajldim#L_ynx bus route of the
study arearepresented in Figurg-2.
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Figure 3-2: Study Area Along with County Boundaries

3.3DATA COMPILATION

For different levels of analysis, we have assembled variables from eight broad categories:
Sociodemographic characteristics, Socioeconomic characteristics, Built environment, Transit
attributes Bicycle attributes, Pedestrian attributes, Transportation infrastructure and Traffic
characteristics. These variables are collected from different data sources including: 2010 US
census data, 20 American Community Survey (ACS), Flda Geographic Dataibrary

(FGDL), Florida Department of Transportation (FDOLynx, SunRail management and Signal
Four Analytics (S4A). Tabl8-7 represents the list of these variables along with the data sources.
In the following section, we present the description oféhesiables.
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Table 3-7;: Candidate Variables List

Variables Descriptions

Data Source

Sociodemographic Characteristics

Total population

CFRPM 6.0

Total population by gender

2010 US Census

Total population by age

2010 USCensus

Total population by race

2010 US Census

Total number of HH CFRPM 6.0
HH by family structure CFRPM 6.0
Total number of owner/tenure occupied HH 2010 US Census
HH year built 2010ACS
Socioeconomic Characteristics
HHs by poverty status 2010ACS
Population by educational attainment 2010 ACS
Number of commuters by commute mode 2010 ACS
Population by school enrollment 2010 ACS
Population by poverty status 2010 ACS
Population by income level 2010 ACS
Number of HH by vehiclewnership CFRPM 6.0
Number of Jobs CFRPM 6.0
Jobs by Employment Type CFRPM 6.0
Built Environment
General land use types FGDL
Urban area FGDL
Number of law enforcement offices FGDL
Number of hospitals FDOT
Number of restaurants FDOT
Number of shopping center FDOT
Number of Night Clubs, Bars, and Cocktail Lounges FGDL
Number of park and recreational center FDOT
Number of educational institution FDOT
Transit Attributes
Number of bus stops Lynx
Length of bus route Lynx
Presence of bus stop shelter Lynx
Bus ridership Lynx

SunRail station

ArcGiS online

SunRail line

ArcGiS online

SunRail ridership

FDOT and SunRail Management

Bicycle Attributes

Bike lane length FGDL
Bike slots FGDL
Bicycle crash records S4A
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Table 3-7 (Continued): Candidate Variables List

Variables Descriptions | Data Source
Pedestrian Attributes
Sidewalk barrier length FDOT
Sidewalk width and separation feature FGDL
Pedestrian count FDOT
Pedestrian crash records S4A
Transport Infrastructure
Major Highways length FDOT
Secondary Highways Length FDOT
Streets/Local road length FDOT
Rail road length FDOT
Number of intersections FDOT
Inside shoulder type FDOT
Inside shoulder width FDOT
Median type FDOT
Median width FDOT
Outside shoulder type FDOT
Outside shoulder width FDOT
Road surface width FDOT
Rail crossing FDOT
Number of traffic signals FDOT
Number of transportation hubs FDOT
Number of lanes FDOT
Traffic Characteristics
Average speed limit FDOT
Access control type FDOT
AADT FDOT
Truck AADT FDOT

3.3.1 Sociodemographic Characteristics

Sociodemographic characteristics includes total population, total population by gender, total
population by age, total population by race, total number of households (HH), HH structure, total
number of owner/tenure occupied HH and HH built year. The safitog¢al population, total

HHs and HH by family structure variables is collected from CFRPM 6.0 input files, which are
available at the TAZ level. Other variables, within this broad category, are compiled from 2010
US census and010ACS databases and arxemputed at th&AZ level.

3.3.2 Socioeconomic Characteristics

Socioeconomic characteristics includes HHs by poverty status, population by educational
attainment, number of commuters by commute mode, population by school enroliment,
population by poveytstatus, population by income level, number of HH by vehicle ownership,
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number of jobs and jobs by employment type. Amon these variables, HH by vehicle ownership,
number of jobs and jobs by employment type are collected from CFRPM 6.0 TAZ level data; rest
of the variables are gathered fro@1DACS database at tHAZ level.

3.33 Built Environment

The variables that are compiled within built environment category includes general land use
types, number of law enforcement offices, number of hospitataper of restaurants, number of
shopping center, number of educational institution, number of night clubs/bars/cocktail lounges
and number of park/recreational center. These variables are gathered in Geographical Information
System (GIS) shape file formatour of the variables (general land use types, urban area, number
of law enforcement offices and number of night clubs/bars/cocktail lounges) within built
environmentategory are downloaded fronGBL database and the rest are gathered from

FDOT.

3.3.4 Transit Attributes

The variables within broad category representing transit attributes include number of bus stops,
length of bus route, presence of bus stop shelter, SunRail station, SunRail line, bus ridership and
SunRail ridership. All the transit irdstructure variables are downloaded as GIS shape file either
from Lynx website or from ArcGis online. The ridership data are collected iy system and
FDOT/SunRail management for bus and SunRail ridership, respectively.

3.3.5 Bicycle Attributes

Bike attributes include bike lane length, bike slots and bicycle crash records. Tioesaiion

are downloaded from@®DL database system in GIS shape file format. Bicycle crash records are
collected from S4A crash database.

3.3.6 Pedestrian Attributes

The \ariables that are compiled within pedestrian attributes category include sidewalk barrier
length, sidewalk width and separation feature, pedestrian count and pedestrian crash records.
Sidewalk barrier length and sidewalk width/separation feate gathed from FDOT and

FGDL databases, respectively in shape file format. The source of the pedestrian count data is the
FDOT field data collection for the year 1999 through 2013. Further, pedestrian crash data is
compiled for S4A database.

3.3.7 Transport Infr astructure

The variables within broad category representing transport infrastructure include major highways
length, secondary highways length, streets/local road length, rail road length, number of
intersections, inside shoulder type, inside shoulder widddian type, median width, outside
shoulder type, outside shoulder width, road surface width, rail crossing, number of traffic signals,
number of transportation hubs and number of lanes. All these variables are collected from FDOT
in GIS shape file forma
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3.3.8 Traffic Characteristics

The last broad category of variables representing traffic characteristics iavkrdge speed
limit, access control typ@nnual average daily traffidéADT) and tuck AADT. These variables
are collected from FDOT ishape file format.

3.4. DATA DESCRIPTION

The level of analysis of multhodal mobility evaluation can be classified in three groups: (1)
individual level (for example pedestrian, bicyeled ca)y (2) micralevel (for example

intersection, bus stop, ratation) and (3) macrlevel (for example TAZ, census block). The
variables that are compiled from different sources, as preserettiion3.3, are further

processed for different level of analysd® be sure, the major focus of this research eféooni
planning level analysis (mactevel representing zonesi this section, we present the data
preparation and summary statistics. Specifically, we have presented the data preparation and
summary statistics for base year, for neighbourhood attribaté$or bus ridership. Further, we
have also presented the summary statistics of SunRail ridership, pedestrian count and
pedestrian/bicycle crash data. In the following sections we have presented the data preparation
summary statistics for these components

3.4.1Sociodemographic and Socioeconom{characteristics

34.1.1Data Preparation

2010 is considered as base year for this research puiesefore, to reflect the base year
demographic and economic characteristics of the analysis zone, the sociodemographic and
socioeconomic characteristics are generated for the year 2010. These attributes are compiled from
input file of CFRPM 6.0 model, véne the variables are available at the TAZ level. Fi§tBe

represents the TAZs of the study area.

3.4.1.2Summary Statistics

Summary characteristics sbciodemographic and socioeconomic characteristics for 4,747 TAZs
are presented in Table& In Tabk 38 we have presented the minimum, maximum and mean
values for different attributes.

3.42 Neighborhood Attributes

3.4.2.1Data Preparation

With respect to transportation planning, a neighbourhood is usually characteriaed loge

diversity, design bthe built environment, access to destinatiguesilestrian facilities, bicycle

facilities and transportation infrastructures. To that extent, the research team has also generated
several variables reflecting built environment, pedestrian attributes|detyabutes,

transportation infrastructure and traffic characteristics. We have generated these variables for each
zone by using ArcGis tool and the attributes are further aggregated at the zonal level to reflect
density, diversity and destination attrtbs of zones related to travel behaviour. The attributes are
computed for all 4,747 TAZs.
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Figure 3-3: Traffic Analysis Zones (TAZ)

Table 3-8: Summary Characteristics for Sociodemographic andSocioeconomic

Characteristics

Variables Minimum Maximum Mean
Sociodemographic Characteristics
Single family HH 0.000 5,763.000 | 310.699
Multifamily HH 0.000 4,990.000 | 120.685
Single family population 0.000 15,701.000| 724.142
Multifamily population 0.000 12,248.000| 206.946
Hotel/motel units 0.000 10,597.000| 44.538
Total population in hotel/motel 0.000 22521.000| 90.715
Socioeconomic Characteristics
Proportion of Single family HH with O car ownership 0.000 50.000 4,994
Proportion of Singléamily HH with 1 car ownership 0.000 98.000 40.982
Proportion of Single family HH with 2 and more car ownershig 0.000 100.000 49.307
Proportion of Multifamily HH with O car ownership 0.000 57.000 7.202
Proportion of Multifamily HH with 1 car ownership 0.000 100.000 42.730
Proportion of Multifamily HH with 2 and more car ownership 0.000 100.000 44.433
Industrial employment 0.000 6,500.000 63.631
Commercial employment 0.000 5,781.000 | 114.994
Service employment 0.000 17,905.000| 274.377
Totalemployment 0.000 20,401.000| 453.002
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3.4.2.2Summary Statistics

Summary characteristics néighbourhood attributes for 4,747 TAZs are presented in Tehle 3

In presenting neighbourhood characteristics, we have categorized variables as built environment,
bicycle attributes, pedestrian attributes, transportation infrastructures and traffic characteristics.
We have also generated transit attributes (specifialiLynx and SunRail systems), however,

those are presented in separate sections ofhjster

Table 3-9: Summary Statistics for Neighbourhood Characteristics

Variables Minimum Maximum Mean

Built Environment
TAZ area(sq.Km) 0.011 441.100 6.080
Urban area (sq.Km) 0.000 19.720 1.157
Land use area acreage with zoned for agriculture (sg.Km) 0.000 111.301 0.281
Land use area agriculture (sq.Km) 0.000 333.545 2.244
Land use area industrial (sq.Km) 0.000 2.501 0.038
Land use area institutional (sq.Km) 0.000 4.743 0.035
Land use area mining (sgq.Km) 0.000 61.300 0.080
Land use area other land use (sg.Km) 0.000 126.100 0.593
Land use area public or semipublic (sq.Km) 0.000 157.732 0.803
Land use area recreatiorfaf].Km) 0.000 74.042 0.172
Land use area residential in meter sq 0.000 13.640 0.654
Land use area retail/office (sq.Km) 0.000 2.980 0.088
Land use area vacant nogsidential (sq.Km) 0.000 240.803 0.340
Land use area water (sg.Km) 0.000 7.720 0.025
Land use area vacant residential (sq.Km) 0.000 40.603 0.306
Parking lots and mobile home sale slots area (sq.Km) 0.000 2.444 0.020
Count of Law enforcement office 0.000 3.000 0.055
Count of night club, bar and cocktail lounge 0.000 12.000 0.101
Parkinglots and mobile home sale slots count from parcel 0.000 94.000 0.596
Transportation hub 0.000 9.000 0.059
Hospital 0.000 4.000 0.020
Educational institution 0.000 9.000 0.346
Count of park and recreational location 0.000 19.000 0.334
Count ofrestaurants 0.000 39.000 1.620
Count of shopping center 0.000 109.000 2.297

Bicycle Attributes
Length of bike lane (Km) 0.000 23.440 0.232
Colored bike lane length (Km) 0.000 0.372 0.000
Designated bike lane length (Km) 0.000 23.440 0.230
Undesignated bike lane length (Km) 0.000 3.480 0.002
Composite road side bike lane length (Km) 0.000 6.437 0.004
Left road side bike lane length (Km) 0.000 11.720 0.114
Right road side bike lane length (Km) 0.000 11.720 0.114
Count of bike slots 0.000 19.000 0.300
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Table 3-9 (Continued): Summary Statistics for Neighbourhood Characteristics

Variables Minimum Maximum Mean

Pedestrian Attributes
Length of sidewalk (Km) 0.000 21.418 0.953
Average width of sidewalk (Km) 0.000 0.035 0.003
,(Agrt;r)agemstance of sidewalk from the outer edge of pavemen! 0.000 0.097 0.006
Composite: length of sidewalk by side of the road (Km) 0.000 7.056 0.084
Left: length of sidewalk by side of the road (Km) 0.000 11.492 0.444
Right: length of sidewalk by sid# the road (Km) 0.000 10.709 0.425
Length of sidewalk with no barrier (Km) 0.000 21.304 0.665
Length of sidewalk with Ostreet parking lane (Km) 0.000 2.489 0.015
I(_E][:]g)]th of sidewalk with Row of trees, planters, utility poles, et 0.000 5 654 0.039
I(.;:}g)]th of sidewalk with Guardrail/traffic railing barrier/swale 0.000 5495 0.103

Transport Infrastructure
Length of divided roadways (Km) 0.000 41.194 1.100
Length of Principal Arterialnterstate RURAL roadways (Km) 0.000 8.850 0.036
I(.;:}g)]th of Principal ArteriaExpressway RURAL roadways 0.000 37.849 0.035
Length of Principal ArteriaDther- RURAL roadways (Km) 0.000 33.233 0.174
Length of Minor Arteriak RURAL roadways (Km) 0.000 17.267 0.081
Length of Major Collector RURAL roadways (Km) 0.000 26.585 0.220
Length of Minor Collector RURAL roadways (Km) 0.000 16.227 0.170
Length of Local RURAL roadways (Km) 0.000 21.376 0.084
Length of Principal Arterialnterstatee URBAN roadways (Km) 0.000 6.577 0.071
Ir_oe:c?\;tvr;;zir:ﬁ;pal ArteriatFreeway and ExpresswayRBAN 0.000 5715 0.076
Length of Principal ArteriaDther- URBAN roadways (Km) 0.000 8.478 0.389
Length of Minor Arteriak URBAN roadways (Km) 0.000 10.042 0.338
Length of Major Collector URBAN roadways (Km) 0.000 13.217 0.605
Length of Minor Collector (Fed Aid) URBAN roadways (Km) 0.000 18.182 0.260
Length of Local URBA roadways (Km) 0.000 5.386 0.082
Length of rail line (Km) 0.000 38.893 0.282
Number of intersections 0.000 107.000 9.801
Flashing Beacon count 0.000 2.000 0.008
Traffic signal count 0.000 7.000 0.376
Mid-block pedestrian control count 0.000 1.000 0.003
Emergency signal count 0.000 1.000 0.005
School signal count 0.000 1.000 0.001
Other type of signal count 0.000 5.000 0.063
Average surface width of roadway (ft) 0.000 55.250 20.116
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Table 3-9 (Continued): Summary Statistics for Neighbourhood Characteristics

Variables Minimum Maximum Mean

Traffic Characteristics
Average maximum speed (miles/hour) 0.000 70.000 36.535
Length of full controlled road (Km) 0.000 37.849 0.219
Length of partial controlled road (Km) 0.000 3.537 0.009
Length of no control road (Km) 0.000 45.800 2.376
Vehicle miles travelled (per 1000) 0.000 819.101 23.666
Truck vehicle milegravelled (per 1000) 0.000 101.887 2.082

3.4.3Bus Ridership Data

3.4.3.1 Data Preparation

As of January 2016, thereere atotal of 4,401 activedLynx bus stops. Figure-8 presents the

location of these bus stopBus ridershipyvasexaminedn order to identify the demand of bus
transit at stop level and to evaluate the influence of SunRail on bus ridership. Towards that end,
we prepare@ dataset athe stop level.

3.4.3.2Summary Statistics

For our analysis, average daily weekdiaarding and alighting ridership datameconsidered
from 2013 to 2016 fothefollowing eleven time period$1) May through August 20132)
September through December 20@3, January through April 20144) May through August
2014,(5) September throgh December 20146) January through April 201%7) May through
August 2015(8) September through December 200 ,January through April 201§10) May
through August 2016, and1) September through December 20I6e number of bus stops
consideredor analysis include 3,444 stopsThe final sample consestlof 37,884 records (3,444
stops x 11 quarters). The average daily-$teel boarding (alightingyvas around 18.84 (18.70)
with a minimum of 0 (0) and maximum of 6,135 (5,943). A summary ofybtestlevel

ridership (boarding andighting) were provided in Table-30. The standard deviatiomas large
as the ridership igaried widelyacross different bus stops in our analygie have also
calculatecheadwaydor differentbusstops from the helwvay data of each bus route. The main
sourcether o ut e 0 s was inehythxweehsite Frequency distribution of stops across different
headway categories is presented in Figbe
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Table 3-10: Summary Statistics for Lynx Bus Ridership (August 2013 to April 2015)
Boardin Alighti
Time- 2 Sl
iod Quarter Name Standard Standard
perio Mean . Mean .
Deviation Deviation

1 August13 19.91 140.54 19.63 132.67
2 Decemberl3 19.17 135.70 19.04 129.16
3 April-14 19.03 142.17 18.88 137.42
4 Augustl14 19.66 144.18 19.50 136.68
5 Decemberl4 18.51 132.80 18.45 128.70
6 April-15 18.81 138.54 18.89 133.20
7 August15 18.79 138.63 18.77 132.55
8 Decemberl5 18.55 131.09 18.43 129.42
9 April-16 17.84 127.10 17.83 126.67
10 August16 18.64 131.77 18.50 130.15
11 Decemberl6 18.29 129.38 17.84 124.80
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Figure 3-5: Distribution of Headway
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34.4SunRail Ridership Data

34.4.1Data Preparation

SunRail, a commuter rail systera in operation since May, 2014 greaterOrlanda SunRail
comprisef 31-mile rail length along witHL.2 activestations.The location of SunRail stations
alongwith the rail route is presented in Figu8®. For the study, SunRail ridership data is

collected from FDOT and SunRail management. We have monthly ridership data from July 2014
through June 2015. Also, we have gaitlership data from November 2014 to October 2015
across different stations.
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Figure 3-6: SunRail Line and Station Location

3.4.4.2 Summary Statistics

For analysis, we have compiled SunRail monthly ridership data for twelve months from July 2014
through June 2015 and daily ridership data for twelve monthsNavember2014 through

October 2015Table3-11 offers summary statistics of monthly SunRaileriship forSouthbound
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(Debary to Sand Lake RopdndNorthboundSand Lake Road to Debargirections across

different monthsFrom Table 311, we can see that monthly mean ridership between two bounds
does not vary much across different months. Howeliertidership along Southbound direction

is higher than Northbound direction for all months. Overall, highest ridership is observed for July
2014 followed by March 2015 along Southbound direction.

In Figure3-7 and3-8, we present some temporal characteristics from the daily SunRail ridership
data. Figures-7 represents the variation of ridership for different time periods across twelve
months. The time periods considered &g i Peak(5 to 8 am)PM - Peak(3 pm to 6pm)and
Off-Peak periods. From FiguBe7 we can see that total ridership has decreased after July 2015.
Overall, PMPeak period ridership is higher than AR&ak and OfPeak period ridership. Figure
3-8 offers SunRail ridership for different day of westross twelve months. From Figld8-§ we

can observe that overall Friday has the highest ridership for most of the months. For 2014,
Thursday has the lowest ridership compared to otheotiayeek. On the other hand, for 2015,
Monday has the lowest rideiphin 6 months compared to other dafyweek.
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Table 3-11. Monthly SunRail Ridership from July 2014 through June 2015

BOUNDS SOUTHBOUND: Debary to Sand Lake Road NORTHBOUND: Sand Lake Road to Debary

Months N | Minimum [ Maximum Sum Mean Sg?gﬁéﬂ Minimum | Maximum Sum Mean Sg?g?é?}
July 2014 12 0 12,750.00 | 47,107.00( 3,925.58| 3,716.16 0 12,150.00 | 44,859.00| 3,738.25| 3,925.92
August_2014 12 0 10,225.00 | 38,601.00( 3,216.75| 2,980.10 0 9,702.00 | 37,524.00( 3,127.00( 3,176.12
September_2014{ 12 0 7,964.00 | 32,383.00| 2,698.58| 2,370.48 0 7,932.00 | 31,508.00( 2,625.67| 2,675.32
October_2014 12 0 9,120.00 | 38,099.00( 3,174.92| 2,752.62 0 9,206.00 | 36,026.00( 3,002.17| 3,030.30
November_2014| 12 0 7,267.00 | 30,600.00| 2,550.00| 2,176.99 0 7,556.00 | 29,907.00( 2,492.25( 2,526.99
December_2014| 12 0 9,797.00 | 40,512.00| 3,376.00| 3,002.53 0 9,523.00 | 39,346.00( 3,278.83| 3,486.83
January_2015 12 0 9,346.00 | 38,367.00( 3,197.25| 2,780.94 0 9,204.00 | 37,450.00( 3,120.83| 3,273.87
February 2015 | 12 0 8,798.00 | 35,830.00( 2,985.83| 2,606.61 0 8,521.00 | 35,393.00( 2,949.42( 3,001.92
March_2015 12 0 10,861.00 | 45,494.00( 3,791.17| 3,260.48 0 10,358.00 | 43,401.00| 3,616.75( 3,679.24
April_2015 12 0 9,854.00 | 42,666.00( 3,555.50| 2,978.70 0 9,172.00 | 40,352.00| 3,362.67| 3,381.24
May 2015 12 0 8,675.00 | 36,856.00( 3,071.33| 2,555.52 0 8,689.00 | 35,872.00( 2,989.33| 2,969.72
June_2015 12 0 10,032.00 | 43,092.00( 3,591.00| 3,038.65 0 10,499.00 | 41,485.00| 3,457.08| 3,448.99
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3.4.5Pedestrian CountData

3.4.5.1Data Preparation
For analysis of pedestrian activity, we compiled pedestrian count data from 726 intersections of

Orange and Seminole counties. The source of the pedestrian count data is FDOT field data
collection from the year 1999 through 2013. Fig8s&represents thimtersection locations of
pedestrian count data that has been compiled by the research team.
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Flgure 3—9 Intersectlon Locations of Pedestrian Count Data

3.4.5.2Summary Statistics

Among 726 intersection896 intersections are in OrangGeuntyand the rest are in Seminole
county. Table8-12 offers summary characteristics of pedestrian count data for the recorded
intersections. Further, FiguBe10represents the distribution of pedestrian counts. Fronré&gju
10we can see that among 726 intersections, 252 intersections have zero pedestrian counts.

Table 3-12: Pedestrian Count Data for 726 Intersections

N Minimum Maximum Sum Mean Standard Deviation

Pedestrian Count 726 0 599 404,68 55.74 64.655
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3.4.6Pedestrianand Bicycle Crash Data

3.4.6.1Data Preparation

For increasing the adoption of active transportation, theraéed to reduce the kiso pedestrian

and bicycle crashem roadwaysTo that extent, we will also examine the risk of pedestrian and
bicycle crashes in order to evaluate the safety situation, which would allow us to identify effective
countermeasures in reducing the riskhefse crashes. Therefore, we also collected pedestrian and
bicycle crash datbor theyear 201Qbase year)The pedestrian and bicycle crash records are
collected and compiled from Florida Department of Transportation&(&Rash Analysis
ReportingSystem and Signal Four Analytics (S4A) databases. Florida Department of
Transportation CAB and S4A are long and short forms of crash reports in the State of Florida,
respectively. The long form crash report inclutiesr resolution ofnjury severity level ocrash

related to criminal activities (such as-hitdrun or Driving Under Influence). Crash data records
from short and long form databases are compiled in order to have complete information on road
crashes and hencedsmpiled for the purpose of analgdror this report, we have summarized

the pedestrian and bicycle crashes for the year 2010 to reflect the base year situation in terms of
nonrmotorized safety. The location of pedestrian and bicycle crashes of the year 2010 for the
study area is shown Figure3-11. Further, we also presented the spatial distribution of fatal,

injury and norinjury crashes fothenorrmotorized road user group in Figusd.2.
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3.4.6.2Summary Statistics

For this report, we have aggregated the pedestrian and bicycle crash records at the TAZ level.
During 2010, total 2,050 number of pedestrian and bicycle crashes were recorded for the study
area. Among these crashes, pedestrian was involved in 1,145 mfroleshes and 910 crashes
were recorded as bicycle involved crashes. These crashes resulted in 103 fatalities and 1,839
injuries to noAmotorized road user groups. 9.6% and 1.3% of thesenutarized involved

crashes were recorded to be alcohol and telaged, respectively. Tab813 offers the summary
characteristics of these crashes for the year 2010. From FaB|eve can see that overall the

mean number of pedestrian crashes is higher than bicycle crashes at the zonal level.

Table 3-13: Summary Characteristics of Pedestrian and Bicycle Crashes for the Year 2010

Road User Number of Zones Minimum Maximum Mean
Pedestrian crash 0.000 7.000 0.252
4747
Bicycle crash 0.000 6.000 0.193
3.5SUMMARY

Thechaptersummarized data that will used by the researat teadifferent stages of analysis of

the multirmodal mobility study fothe Central FlorideRegion The data compiled was presented

as eight broad categories: Sociodemographic characteriicmeconomic characteristics, Built
environment, Transit attributes, Bicycle attributes, Pedestrian attributes, Transportation
infrastructure and Traffic characteristics. Further, we presented the data preparation and summary
statistics for base ye&2010), for neighbourhood attributes and for bus ridership data. We also
presented the summary statistics for SunRail ridership, pedestrian count and pedestrian/bicycle
crash data.
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CHAPTER IV : BASE YEAR MOBILITY ANALYSIS

4.1 INTRODUCTION

The objectve of thischaptelis to document and present the base year mobility analysis in
evaluating the benefits of muitnodal investments on promoting travel mobility fioe Central
FloridaRegion In current research effort, we presented base year mobility analysis for motorists
and noamotorists road user groupsparately. The mobility component analysisnmtoristroad

user group (auto and public transit) is presented based on CFRPM versispegiically, we

present the model estimation procedures and model results for trip generation, trip distribution
and mode choice components in an effort to understand the base year mobility treads of Central
Florida Region for the motorist road userwgpoFurther, the mobility component analysis for
norrmotorists road user group, including pedestrian and bicyclist, is presented based on aggregate
level demand analysiSpecifically, we investigate nemotorists demand at a zonal level by

using aggregateip information based on origin and destination locations of trips. Specifically,

we develop four ne-motoristsdemand models: (Bedestrian generator moddbased on zonal

level pedestrian origin demand, 2&destrian attractor modebased on zondé¢vel pedestrian
destination demand, (Bjicycle generator modé&l based on zonal level bicycle origin demand,

(4) Bicycle attractor model based on zonal leveicycle destination demand. The demand model
would allow us to identify number of nanotorids at a zonal level. These models are estimated
for the study are defed by CFRPM 6.0 are2010 is considered as the base year.

The remaininghapter is organized &sllows: The next section describes the base year mobility
for motorist road user groufphe subsequent section focuses on basenyebitity analysisfor
the noamotorist road user grouphe final section describes summary of the chapter

4.2 BASE YEAR MOBILITY

Travel demand modeling (TDM) is an important analytical tool to support and developaluyg
transportation plans. The overall methodology for TDM comprises of two broad components: (1)
developing base year mobility models and (2) forecasting futurel tlamand trends. For
developing a tripased fowsstep TDM, an initial step is the development of base year mobility
models. Mobility trends for base year is usually estimated for eatdp4 (trip generation, trip
distribution, modal split and trip aggsiment) by using demographic and economic data from
existing source and travel behaviour of the corresponding basdryearrent research effort, we
presented base year mobility analysis for motorists andnaiaorists road user groupsparately.
The nobility component analysis for motorized road user group (auto and public transit) is
presented based on CFRPM version 6.0. The mobility component analysis-footmists road
user group, including pedestrian and bicyclist, is presented based on &gyfgegilademand
analysis.

4.2.1 Mobility Analysis for Motori st Road Users
In terms of modeling approach, CFRPM model is developed based -trasad method with
traditional fourstep platform. CFRPM version 6.0 (CFRPM 6.0) is the most recent version of
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TDM for Central Florida available to the research team. The CFRPM 6.0 matieloped by

using CUBE Voyager forecasting package. The base year for CFRPM 6.0 is 2010. The research
team has familiarized themselves with model estimation procedures of CFRPM 6.0 for the base
year. Thissectiondocuments the model estimation proceduand model results for trip

generation, trip distribution and mode choice components in an effort to understand the base year
mobility treads of Central Florida region. To be sure, the input and output of these components
are same as presented in CFRPMdeveloped by FDOTLo be sure, the existing CFRPM

modeling framework is predominantly focusedroatorized road user group includiagto mode

and public transinode

4.2.1.1Trip Generation

Trip Generation is the second step in the CFRPM model fetidvy External trips step. This step
determines the number of trip productions and trip attractions within each TAZ. Trip generation

for each TAZ is based on cross classification tables and a function of socioeconomic data such as
household and employmeiiitconverts socioeconomic data into persop productions and

attractions, by trip purpose, and by TAlheinput datasets of trip generation step are: trip

production variables (Zdata 1), trip attraction variables (Zdata 2), special generators JZuata 3
externalto-internal (El) trip percentage by external station (Zdata 4). The CUBE interface of

input file component for trip generatiomodel is shown in Figure-43.

Trip Generation

| JVOLZDATAB1
| 4 VOLZDATA3B2

" ¢ T O-ARATES VOLPANDADBI
VOL NHBRATES 4
1

VOL SCHOOL
B> 1VOL STP60

Main Application

Figure 4-13. CUBE Interface of Input Files for Trip Generation Process

Trip production variables considered are: population classified by single family anefamilj,
dwelling units classified by single family and m«fdimily, percent of vacant and seasonal
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dwelling units and hotel/motel classified by population and dwelling units. Further, trip attraction
variables considered are: employment classified by commercial, service and industrial; and school
enrollment for kindergarten to 12th and college. Trigppses analyzed are: hothased work

(HBW), homebased shopping (HBSH), hoAbased social recreational (HBSR), hebased

other (HBO), norhomebased (NHB), light truck (LTK), heavy truck (HTK), taxi and external
to-internal (EI) trip purposes. The summaeport for production and attraction of trip generation
process by trip purpose and counties are shown in FHgiddelow.

Trip Generation Summary Report 3
CFRPM STANDARD TRIP GENERATION SUMMARY
Trip Seminole | Orange Osceola Lake Volusia Brevard Marion | Sumter Flagler Polk Indian Total
Purpose River
PRODUCTIONS
HEW 229 520 602,530 152,400 127551 230,946 256,388 | 133,551 29 602 4413 453787 23874( 2,293,280
HESH 127,214 511,033 106,428| 85838 145,832 145,452 83,825 26,659 32,634 173,698 15,138| 1,456,751
HESR 99613 430,320 200,703 65141 190,182 90,978 57,209 16,432 24,309 166,693 11,256 1,376,234
HBO 342230 1,049,852 263,985 | 223442 363,442 394,730 224308 63051 30,743 473,116  39,010( 3,523,414
MHE 472436 1,721,728 202,685| 257,134 438179 453,222 | 243964 57934 535,398 438,600 33,303 4456584
LTK 122,856 422 399 101,426| 79,662 175,301 180,571 36,871 23929 22 361 106,012 11,278 1,313,466
HTK 30,514 103,362 18,833 20,236 24143 35,620 2171 6,291 3,796 31,413 3,698 300427
TAX] 1,495 4964 1,145 985 1,632 1,821 1,014 285 246 905 151 14,646
El 0 0 20,547 0 4,034 i} 90,429 45720 59,290 199,400 59,216 479,686
TOTAL 1425975 4567189 1,068,152 5862989 1,583,741 1,571,780 943392 270,906 323913| 2,099,624 196924 15214,588
ATTRACTIONS

HEW 163,505 816,455 69,708 124970 185,746 254,087 | 140017 32587 34,793 380,233 18,156 2,220,269
HESH 91,311 605,115 42175 80,518 155,131 144,979 24076 19,191 21,415 170,041 10,921 1,424,873
HESR 97,766 611,900 59,858 90,574 190,721 109,144 898N 29903 19,965 204,988 6,150 1,510,801
HBO 315,314 1171213 136,876| 210,534 388,242 386,689 | 221,580 42922 63,266 4358,285| 25268 3402,199
MHE 457,475 1,701,325 211,936| 271943 435,710 495,259 | 237289 55,896 36,545 434,759 | 33,849 4,468,995
LTK 122 656 422 899 101,426| 79662 175,301 160,571 36,871 23928 22 861 106,012 11,278 1,313,466
HTK 30,514 103,862 18,833 20,236 24,143 35,620 21721 6,291 3,796 31413 3,693 300,427
TAX] 1,493 4964 1,145 935 1,632 1,821 1,014 288 246 905 151 14,646
El 12,675 25,518 23,330 25,985 34,755 22134 97058 39582 786,921 927,755| 45505 2,041,219
TOTAL 1,293,012 5,463,256 665,288 | 905413 1,5953582( 1,611,314 999453 253,589 1,009,205 2,745401| 154976 16,696,896

Figure 4-14: Trip Generation Summary Report

4.2.1.2Trip Distribution

Another important module in tHeFRPM 6.0 model chain is trip distribution. The trip

distribution step involves the conversion of productions and attractions by zone to person trip
tables. This trip distribution is based on the gravity model that assesses the attractiveness of two
TAZs based on the number of productions and attractions in those zones as well as the relative
generalized cost between them. The major input to the trip distribution module is a series of
friction factor tables for each trip purpose. The CUBE interface of epditoutput file

components for trip distribution process is shown in Figutb.4

Overall, trip distribution process is performed by using the criteria: using Gravity model, by
performing preliminary mode choice and trip assignment, using friction aataf finally by
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using both congested and uncongested trip length distribution. Congested average trip lengths by
trip purpose, an excerpt from trip distribution process outputs, for the CFRPM 6.0 is presented in
the Tabled-14.
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Figure 4-15. CUBE Interface of Input and Output Files for Trip Distribution Process

Table 4-14: Average Congested Trip Length by Trip Purpose

Trip Purpose | Total Trips | Trip-Minutes | Average Minutes | Trip-Miles | Average Miles
HEW 2293252| 66,053,517 28.803 | 31,376,158 13.682
HBSH 1456719 30,632,488 21.028 | 14,089 549 9672
HESR 1,376,295 38,177,560 27.739 | 18,185,659 13.213
HEO 3523399 76,214,003 21.631| 34,993 990 9.932
MHE 4457355 94,247 916 21.144 | 41,078,060 9.216
LTK 1,313,458 | 25,314,110 19.273 | 11,062,457 8.422
HTK 300,381| 5,667,444 18.868| 2,451.779 8.162
TaXI 14 582 279,790 19187 119902 3223
IE 479,686 | 16,060,732 33.482 | 10,896,036 22715

4.2.1.3 Mode Choice

Mode choice model estimates the probability of using availablges for travelling between

each pair of zones. The mode choice model is based on nested logit structures and the modes
considered are: driv@one, 2 person shared ride, hared ride, walk to transit, park and ride,

kiss and ride, local bus and premitransits. Mode choice models are developed for three trip
purposes (HBW, HBO and NHB) and for two different time periods (peak and off peak periods).
The CUBE interface of input and output file components for mode choice model is shown in
Figure4-16.

Table 4-15 presents an example of output from mode choice component representing the highway
person trips, highway vehicle trips, total transit trips and the total person trips for each
metropolitan planning organization (MPO)/transportation planning orgiamiz(TPO) in the

CFRPM 6.0 study area for the HBW trip purpose.
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Mode choice run for 3 purposes and PK/OP periods
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Figure 4-16:

Table 4-15: HBW Highway Trips Summary

Highway Person Trips Highway Vehicle Trips Total
Urban Area | Drive Shared | Shared Ride | Person Drive Shared Shared | Vehicle | Auto | Transit | Person
Alone Ride 2 3+ Total Alone Ride 2 Ride 3+ Total Occ. | Trips Trips

METROPLAM | 2,148352| 1,302,712 653,357 | 4,105431| 2,149,352 §54,082 193,576 2,997,011 1.370 24,510 4,129,941
VolusiaFlagler| 400,956 238,543 166,783| 806,287 | 400,956 120,220 49363 570,539| 1.413 4166 810,453
Brevard 393,925 223,539 130,388 746,152 393925 112,399 38,658 544,982 1.373 1,503 749,654
OcalaMaricn 194,431 115,228 62,253 371,912 194,431 57,842 18,441 270,714 1.374 488 372,400
Lake/Sumter 246,015 151,320 81133| 4T8468| 245015 76,012 24017 346,043| 1.383 505 478,973
Total 3,384,679| 2,031,647 1,093924| 6,510,250| 3,384,679 1,020,554  324,055| 4,729,289| 41.377| 31,171| 6,541,421

4.22 Mobility Analysis for Non-motorist Road Users

As is evident, the existing CFRPM modeling framework is predominantly focused on auto mode
and public transimnode The modeling approach does not considermotorized modes in

detail. However, with growingmphasis on improving mobility in Florida region there is
increasing awareness and targeted efforts to enhanemotonized (pedestrian and bicyclist)
mobility. To evaluate the effectiveness of these strategies, it is useful to develop methods that
accomnodate the potential adoption of rorotorized modes within the mobility planning

process.

In order to assess the benefit of investments inmotorized infrastructure, it is important to
evaluate and document demand of-meotorized road users. Analysiften develop nomotorist
demand model at different local lesgsuch as regional level, corridor or safea leveland
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household/individual level. Among these models, amslgse widely conducted to evaluate nhon
motoristtravel at a zonal level. Sewathigh resolution modeling frameworks, such as activity

based or trifpased approach, could be pued for evaluating planning level nanotorists

demand. However, it is worthwhile to mention here that high resolution disaggregate level data of
nonmotorist activityarestill unavailable or available only for few locations at a corridor level.
Extrapolating planning level nemotorist demand from few corridor level exposure data would
require several assumptions along vathigher level of computationalipden.Another approach

to generating planning level nanotorist demand model is to estimate origastination (OD)

demand at an aggregate level.

The aggregate level demand models examine critical factors contributing-toatonst

generators and a#ictors at a zonal level. Outcosw these studies can be used to devise
mediumandlongterm areawide planning and investment policies in order to encourage and
promote normotorized activities. Moreover, these models can be used as a tool for evaluating
norrmotorized transportation pilot projects. To that extent, in our current study, we investigate
nonrmotorist demand at a zonal level by using aggregate trip information based on origin and
destination locations of trips. Specifically, we develdfour nonrmotorist demand models: (1)
Pedestrian generator moddbased on zonal level pedestrian origin demandR€@lestrian

attractor modei based on zonal level pedestrian destination demanBjd#3le generator model

i based on zonal level bicycle gm demand, (4Bicycle attractor modél based on zonal level
bicycle destination demand. The demand model &thys to identifythenumber of non

motorist at a zonal level. These modetse estimated for the study am@efined by CFRPM 6.0

area by using trip records from 2009 National Household Travel Survey (NHTS) database. In the
following section, we have presented and discussed estimation results of these models along with
data compilation procedures.

4.2.2.1Data Source

For developing nomotorists demand modelthe data is sourced from 2009 NHTS database
conducted in the US. The database provides useful information onbbased trip making. It
includes information on modes taken by trip makers for each ipgpurpose, trip location along
with trip makerds characteristics Thelk@@sehol d
NHTS collected detailed information on more than oriiion trips undertaken by 320,000
individuals from 150,000 households gded from all ovethe countryThe 2009 NHTS
database from FDOT with adihs allowed us to identify trips which were recorded for the
Central FlorideRegion In the 2009 NHTS, there weBe749householdsurveyed irthe Central
Florida region. It included total of5,090individualsand22,359trips. Among these tripavalk
and bike trips were 8.8 % and 1.3 %, respectively. In the current study contéxtowmrate
Npetrtsronp Wasidgired io NHTS databaken order to extrapolate representative
number of trips for the whole Centifdorida region.

4.2.2.2Empirical Analysis

Non-motorists travel demand models are estimated at zonal level based on information of trip
origin and destination. Specifically, we estimate four different mo{tEl$?edestrian generator
model, (2) Pedestrian attractor mqd@8l) Bicycle generator motand(4) Bicycle attractor
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model In generator models, we examine daily zonal trip origin count (total number of trip
originated at zones) to identify critical factors that are likely to generatenotorists origin

demand. On the other hand, in attractmdels, we examine daily zonal trip destination count

(total number of trip ended at zones) to identify critical factors that are likely to generate non
motorists destination demand. In the current research effort, we formatatezstimateThe

HNB mockls are estimated at the TAZ level for CFRPM 6.0 area employing a comprehensive set
of exogenous variables. Based on the model results we identify important exogenous variables
that influence pedestrian and bicy€® demand

4.2.2.3Model Framework

In our current research effothhe nonmotorists OD demands are examined by using Hurdle count
regression approach. The Romtorists demands are represented as total number -ohotamists

trips originated and destined to a zone. Thus, the demands anegative integer values.

Naturally, these integer counts can be examined by employing count regression approaches, such
as Poisson and Negative Binomial (NB) regression approaches. However, for the zonal level non
motorists trip counts, in more than 84% TAZsve zero trip records. The traditional count

models Poisson and NB modgldo not account fosuchoverrepresentation of zero

observations in the data. Hurdle momdlypically used in the presence of such excess zeroes.
Cameron and Trivedi (1998) presented these models as finite mixture models with a degenerate
distribution and probability mass concentrated at zeroes. Hurdle approach is generally used for
modeling exess sampling zeroes. It is usually interpreted as a two part model (Heilbron, 1994):
the first part is a binary response structure modeling the probability of crossing the hurdle of
zeroes for the response and the second part is drmacated formulatio modeled in the form of
standard count models (Poisson or NB). Thus the protyaéxpression for Hurdle mode&an be
expressed as:

" d) T[

Qw P L , (1)
—U W w Tt
p Q

where,(be the index for TAZ'Q phlot8 h) andw be the index for nemotorists (pedestrian
and bicycle) trips occurring daily in a TARIn equation 15 is the probability of zero trip count
and is modeled as a binary logit model as follows:

Qwht
P Quwht

)

where,t is a vector of attributes afdis a conformable parameter vector to be estimatech

in equation 1 can be presented as Poisson and NB expressions in forming Hurdle Poisson (HP)
and HNB regression models, respectively. Given the set up as preselatphtion 1, the
probabilitydistribution for Poisson can be written as:
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0 w0 ——FHf = 3)

where’ is the expected number of daily trips Amotorists are making in TAXQWe can

express as a function of explanatorykiable » by using a logink function as!

O ws» QN » ,wherd is avector of parameters to be estimated. However, one of the
most restrictive assumptions of Poisson regression, often being violated, is that the conditional
mean is equal to the conditional variance of the dependent variable.

The variance assumptiaf Poisson regression is relaxed in NB by adding a Gamma distributed
disturbance term to Poisson distributed count data (Jang, 2005). Given the above setup, the NB
probability expression for:.can be written as:

3w | P P (4)
30 P3| p I’ p I

0 odt §

where, Qis the Gamma function andis the NB dispersion parameter. Finally, the weighted
log-likelihood function for the Hurdle count model can be written as:

& & & T
”"n ”n IZ A “ - 5
LL U ||—pp —0 @ @ w ©)

The daily trip weight at the zonal level is generated by using the following formulation:

0 B (6)

where,QQ phlot8 O represents the index for trip. The reader would note that in computing
the weighting factor we divided the yearly trip factor, as obtained from NHTS data, by 365 in
order to convert the yearly trip rate to a daily trip rate. Substitutiodi—;gi by equations 3

and 4 into equation 5 results in HP and HNB models, respectively

4.2.2.4Data Description

The nonmotorists demand model is focusedmammotorists M demand at the TAZ level. With
respect to origin and destination demand, we examine daily zonal trip origin count and daily zonal
trip destination count, respectiveljable4-16 offers summary characteristics of these daily trip
counts for pedestrian aticycle trip activities based on their trip origin and trip destination along
with the number of zones with samlearacteristics. From Tablel®, we can see that number
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of zones with pedestrian demand is much higher than the number of zones with téyeind.
Locations of zong with pedestrian and bicycleD0demand are shown in Figu4el?.

Table 4-16: Summary Characteristics for Trip Counts

Sample characteristics Frequency (percentage)

Total number of zones 4,747
Zoneswith zero pedestrian origin trip counts 4,007 (84.4011)
Zones with pedestrian origin trip counts 740 (15.589)
Zones with zero pedestrian destination trip counts 4,010 (15.53)
Zones with pedestrian destination trip counts 737 (84.47)
Zones with zerobicycle origin trip counts 4,574 (3.64)
Zones with bicycle origin trip counts 173 (96.36)
Zones with zero bicycle destination trip counts 4,581 (3.50)
Zones with bicycle destination trip counts 166 (96.50)

Zonal (weighted)

Variable names Definition — :
Minimum Maximum Mean

Dependentvariables

Pedestrian origin trip thgl daily pedestrian trip 0.000 39.232.010 265.450
count origin demand at a zone

Pedestrian destination Total daily pedestrian trip

trip count destination demand at a zone 0.000 39,232.010 261.696

Total daily bicycle trip origin

demand at a zone 0.000 7,012.434 35.022

Bicycle origin trip count

Bicycle destination trip Total daily bicycle trip
count destination demand at a zone 0.000 7,012.434 34.937

In addition to therip counts the explanatory attributes considered in the empirical study are also
aggregated at the TAZ level accordingly. For the empirical analysis, the selected explanatory
variables can be grouped irftur broad categories: sociodemographic charesties, roadway

and trafficattributes built environmenand land use characteristics. The sociodemographic
characteristics are compiled frame n s u s Thgarfiine data@rsd American Community
Survey database. Moreover, roadway and traffic attribbtel,environment and land use
characteristics are obtained frét®DL andFDOT data repository. Tablk-17 offers a summary

of the sample characteristics of the exogenous variables and the definition of variables considered
for final model estimation alanwith the zonal minimum, maximum and averdgegenerating

the driver demand (as presented in T@ble), we add drive production and drive attraction at a
zonal level, which were output from trip generation step of CFRPM model.
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Figure 4-17: Zones with Pedestrian and Bicycle @ Demand
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Table 417: Summary Characteristics for Exogenous Variables

- — Zonal
Variable names Definition = :
Minimum | Maximum | Mean
Built environment
Numbgr of Total number of educational center of TAZ 0 5 0.275
educational center
Numbfar of Total number of financial center of TAZ 0 17 0.586
financial center
Number of park
and recreational Total number of park and recreational center of T 0 20 0.245
center
Number qf Total number of commercial center of TAZ 0 4 0.087
commercial center
Number of
entertainment Total number of entertainment center of TAZ 0 3 0.017
center
Number of Total number of restaurant of TAZ 0 36 1.335
restaurant
Numbc_er of Total number of shopping center of TAZ 0 78 1.492
shopping center
mjtr)nber of transit Total number of transit hub of TAZ 0 11 0.051
Land-use characteristics
Institutional area | Ln (Institutional area in a TAZ in acre) -16.417 7.071 0.785
Residentiahrea Ln (Residential area in a TAZ in acre) -12.427 8.014 3.596
Industrial area Ln (Industrial area in a TAZ in acre) -12.943 6.709 0.671
Recreational area | Ln (Recreational area in a TAZ in acre) -13.946 10.04 0.388
Retail/Office area | Ln (Office/Retailarea in a TAZ in acre) -17.312 6.611 1.744
Urban area Ln (Urban area in a TAZ in acre) -9.275 8.491 4.291
Land use mix =——— , where'Gis the
Land-use mix category of laneuse,n is the proportion of the 0 0.929 0.35496
developed land area devoted to a specific-lasel
0 is the number of landse categories in a TAZ

4.2.2.5Model specification and Overall Measures of Fit

The empirical analysis of nemotorist demand involvehe estimation of model using two
different econometric frameworks: HP and HNB. Prior to discussing the estimation results, we
compare the performance of these models in this section. To compare the performance of
estimated models, Bayesian informatioitezion (BIC) and Akaike information criterion (AIC)
measures are used. These measures can be computed as follows:

606 cil +1 M1

o (7)
000 ¢+ ¢l |
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whered & is the loglikelihood value at convergenog,is the number of parameters ands

the number of observations. The model with the lower BIC and AIC values is the preferred
model. The computed BIC and AIC values along with thdilagdihood at the convergence and
number of parameters estimated for all the models are presenteden-&bThe BIC (AIC)
values for the final specifications of the HP and HNB models clearly indicates that HNB model
shows superior fit compared to the HP models for all four models. Therefore, in explaining the
effect of exogenous variable, we will restrzirselves to the discussion of the HNB models.

Table 4-18: Fit Measuresof the Estimated Demand Models

Mol | e | o netasnes | baamas | EIC
Pedestrian Generator | HP -933160.513 16 1,866456.470| 1,866353.026
Model HNB -845920.147 17 1,691,984.204| 1,691,874.294
Pedestrian Attractor | HP -924530.467 21 1,849238.705| 1,849102.934
Model HNB -835125.469 22 1,670437.174| 1,670294.938
Bicycle Generator HP -113462.794 15 227,052.567 | 226955.588
Model HNB -112,380.003 16 224895.451 | 224792.007
Bicycle Attractor HP -109786.243 21 219750.256 | 219614.485
Model HNB -109,381.323 22 218948.883 | 218806.647

4.2.2.6Pedestrian Trip Demand Models

Table 419 presents the estimation results of the pedestrian generator and attractor models. The
pedestrian generator model results are presentbé #md and 3rd columns of Tablel® and
pedestrian attractor model results are presentdtedth and 5th columnsf Table 419. In the

Hurdle model, the positive (negative) coefficient in the probabilistic component corresponds to
increased (decreased) propensity of zero trip events. On the other hand, the positive (negative)
coefficient in the count component okthlurdle model corresponds to increased (decreased) non
zero trip count events. The final specification of the model was based on removing the
statistically insignificant variables in a systematic process based on statistical significance (90%
significanceevel) and intuitive coefficient effect. In estimating the models, several functional
forms and variable specificatiomgere explored. The functional form that provided the best result
was used for the final model specifications and, in Takl®,4he vaiable definitions are

presented based on these final functional osfrvariables. The effects of exogenous variables in
model specifications for both pedestrian generator and attractor models are discussed in this
section by variable groups.

Probabilistic Component: In the probabilistic component, lauge mix, urban areand number

of householdsvere found to be significant in both pedestrian generator and attractor models. As
expected, these variablegre positively correlated with the grensity of norzero pedestrian
demand. As these variables seras surrogates for pedestrian activityvés expected that TAZs
with higher levels of these variablegre likely to be associated with pedestrian generator and
attractor.
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Count Component:

Sociodemographic characteristic8Vith respect to sociodemographic characteristics, from Table
4-19, we can see thahe proportion of 65+ aged populatioves positively associated with
pedestrian generator, indicating that TAZs vethigher number of population aged 65+ have
higher pedestrian origin demand.

Roadway and Traffic AttributeZones with higher average speed limit of roadways are likely to
generate less pedestrian origin demand. Annual average daily traffic (AADT) tsvabga
associated with both pedestrian demand components, indicating lower pedestrian activities in the
zones with higher vehicular traffic. From Tabld4 we can see that zones with a higher
proportion of arterial roads are likely to have a higher le¥@ledestrian activities, both in terms

of pedestrian activity generation and attraction. A higher proportion of roadways with 3 or more
lanes is negatively associated with zonal level pedestrian activities. As expected, zones with
higher sidewalk lengthre likely to have a higher level of pedestrian activitiesth generation

and attraction. Drive demand is found to have significant influence in both pedestrian generator
and attractor models. Surprisingly, the drive demand variable has positive t@sadid both
pedestrian generation and attraction, perhaps is indicating activity exposures for both motorists
and nonmotorists road user groups.

Table 4-19:; Estimation Results of Pedestrian Demand Models

Pedestrian generator | Pedestrian attractor
Variable name model model
Estimates | t-stat | Estimates | t-stat
Probabilistic component
Constant 2.346 55.583 2.319 54.791
Landuse mix 0.605 8.131 0.539 7.197
Urban area 0.224 37.317 0.215 35.192
Number of Household 0.212 27.328 0.228 29.526
Count component
Constant | 0255 | -24579| -0.496 | -49.782
Sociodemographic characteristics
Proportion of 65+ aged population | 0805 | 62.270 | - | -
Roadway and traffic attributes
Average zonal speed -0.008 -59.578 -- -
AADT -0.035 -31.384 -0.047 -40.972
Proportion of arterial road 0.320 53.059 0.256 44.021
Proportion of 3 and more lane road -0.321 -32.745 -0.425 -40.344
Length of sidewalk 0.048 48.219 0.030 31.874
Drive demand per population 0.011 5.849 0.024 11.165
Built environment
Number of business center - -- 0.148 10.100
Number of entertainment center - -- 0.193 14.342
Number of financial center - -- 0.018 15.344
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Table 4-20 (continued): Estimation Results of Pedestrian Demand Models

Number of park and recreational center - -- 0.099 38.022
Number of restaurant - -- -0.023 -28.174
Number of shopping center - -- 0.032 46.317
Number of transit hub - -- -0.056 -10.579
Land-use characteristics

Industrial area -0.029 -22.716 -0.055 -41.630
Recreational area 0.070 70.345 0.043 39.171
Residential area 0.064 50.883 0.070 52.586
Retail/office area 0.047 36.634 0.034 22.899
Institutional area 0.127 110.639 0.148 124.294
Overdispersionparameter 0.916 116.460 0.826 110.499
Log-Likelihood Value -845901.159 -835059.011

Built EnvironmentBuilt environment attributes are considered only in pedestrian attractor

models as these attributes are more likely to attract pedestrians. With respect to built environment,
we find thathigher numbers of business centers, entertainment centers, financial centers,
park/recreational centers and restaurants are positively associated with pedestrian attraction
demand. On the other hand, higher numbers of shopping centers and transit fabsdaiebe
negatively associated with pedestrian destination demand at the zonal level.

Landuse Characteristicd-and-use characteristics are found to have significant influence in both
pedestrian generator and attractor demand models. Among diffeneise categories, industrial

area is found to be negatively associated with both pedestrian origin and destination demands. All
other landuse categories (recreational, residential, retail/office and institutional area) are likely to
generate higher leleof pedestrian demands.

4.2.2.7Bicycle Trip Demand Model

Table4-20 presents the estimation results of the bicycle generator and attractor models. The
bicycle generator model results are presented in 2nd and 3rd columns od-R@laied bicycle
attractor model results are presented in 4th and 5th columns of4F20lén Hurdle model, the
positive (negative) coefficient in the probabilistic component corresponds to increased
(decreased) propensity of zero trip events. On the otrat, the positive (negative) coefficient in
the count component of the Hurdle model corresponds to increased (decreassatpriap

count events. The final specification of the model was based on removing the statistically
insignificant variables in aystematic process based on statistical significance (90% significance
level) and intuitive coefficient effect. In estimating the models, several functional forms and
variable specifications are explored. The functional form that provided the best resel i®r

the final model specifications and, in TaBk20, the variable definitions are presented based on
these final functional form of variables. The effects of exogenous variables in model
specifications for both bicycle generator and attractor nsaatel discussed in this section by
variable groups.
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Probabilistic Component: In the probabilistic component, lange mix, urban area and number

of households are found to be significant in both bicycle generator and attractor models. As
expected, theseariables are positively correlated with the propensity ofzeno bicycle

demand. As these variables serve as surrogates for bicycle activity, it is expected that TAZs with
higher levels of these variables are likely to be associated with bicycle gersatattractor.

Table 4-21: Estimation Results ofBicycle Demand Models

Bicycle generator Bicycle attractor
Variable Name model model
Estimates | t-stat | Estimates | t-stat
PROBABILISTIC COMPONENT
Constant -0.197 -3.641 -0.341 -6.240
Land-use mix 0.597 8.182 0.721 9.840
Urban area 0.305 38.231 0.300 36.626
Number of household 0.286 25.058 0.304 26.490
COUNT COMPONENT

Constant | 2755 | -59.179 | -1.444 | -40.014
Sociodemographic characteristics
Proportion of 65+ aged population | 0545 | -12.618 | - | -
Roadway and traffic attributes
AADT -0.034 -10.234 - -
Proportion of arterial road 0.108 7.779 0.054 4.250
Proportion of 3 and more lane road -0.732 -33.463 -1.260 -56.179
Length of sidewalk 0.055 17.816 0.046 14.894
Drive demand per population 0.103 13.549 -0.168 -21.049
Built environment
Number of commercial center - - -0.394 -27.211
Number of educational center - - 0.119 22.598
Number of entertainment center - - 2.888 22.876
Number of financial center - - -0.149 -43.853
Number of park and recreational center - - 0.337 53.979
Number of restaurant - - 0.236 74.553
Number of shopping center - - -0.101 -37.045
Number of transit hub - - 0.329 27.745
Land-use characteristics
Industrial area 0.097 33.236 0.045 14.692
Recreational area 0.008 3.313 -0.054 -21.718
Residential area 0.491 73.216 0.297 53.479
Retail/office area -0.145 -42.512 -0.164 -42.773
Institutional area 0.036 10.899 0.037 11.206
Overdispersionparameter 3.112 26.604 5.223 21.465
Log-likelihood Value -112288.861 -109152.043
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Count Component:

Sociodemographic characteristida/ith respect to sociodemographic characteristics, ffaive
4-20we can see that proportion of 65+ aged population is negatively associated with bicycle
generator, indicating that TAZs with a higher number of population aged 65+ have lower bicycle
origin demand.

Roadway and Traffic Attribute®&XADT is negatively assoated with bicycle generator demand
component, indicating lower bicycle origin demand in the zones with higher vehicular traffic.
From Table4-20, we can see that zones with a higher proportion of arterial roads are likely to
have higher level of zonddvel bicycle activities, both in terms of bicycle activity generation and
attraction. A higher proportion of roadways with 3 or more lanes is negatively associated with
zonatlevel bicycle activities. Zones with higher sidewalk lengths are likely to havehievels

of bicycle activities both generation and attraction, perhaps indicating that in Central Florida
bicyclists use sidewalks as well as roads for biking. Drive demand has a positive impact on
bicycle origin demand, but the variable is negatiasgociated with bicycle destination demand.

Built EnvironmentBuilt environment attributes are considered only in bicycle attractor models as
these attributes are more likely to attract bicyclists. With respect to built environment, we find

that highemumbers of education centers, entertainment centers, park/recreational centers,
restaurants and transit hubs are positively associated with bicycle attraction demand. On the other
hand, higher numbers of commercial centers, financial centers and shoppieig @re found to

be negatively associated with bicycle destination demand at the zonal level.

Land-use characteristicd-and-use characteristics are found to have significant influence in both
bicycle generator and attractor demand models. Anddfeyent landuse categories, industrial,
residential and institutional area are found to be positive associated with both bicycle origin and
destination demands. Retail/office and institutional area is likely to generate lower levels of
bicycle demandskecreational area has a positive impact on bicycle generation, while the variable
has negative impact in bicycle attraction model.

4.2.28 Non-motorists Exposure Matrices

In evaluating normotorist exposure, we also generate different ztaval trip exposure matrices

with the number of daily trip origins and daily trip destinations at the zonal level for both the
pedestrian and bicycle modes. Specificallyeedifferentzonatlevel exposure matrices are
generated: 1frip origin demand matrices) &ip destination demand matrices and&al trip

demand matrices. These matrices are generated for pedestrian and bicycle modes separately for
the 4,747 TAZs in the area defd by the Central Florida region. The procedure for generating
these matrices along with the summary reports are discussed in this section.

Trip origin demand matrices: Zonatlevel trip origin demand matrices are computed by using
predictions from nomotorist generator models, which are further used to generate the trip origin
matrices for the pedestrian and bicycle trip modes. Thus, the dimensions of the generated trip

55



origin demand matrices arefy T X p with origin trip counts across different rovilghe origin
demand matrices are generated for the pedestrian and bicycle modes separately.

Trip destination demand matrices: Zonaklevel trip destination demand matrices are computed
by using predictions from nemotorist attractor models, which are fiethused to generate the

trip destination matrices for the pedestrian and bicycle trip modes. Thus, the dimension of the
generated trip destination demand matrices®jet X p with destination trip counts across
different rows. The destination demand ntas are generated for the pedestrian and bicycle
modes separately.

Total trip demand matrices: Finally, zonallevel total trip demand matrices are generated by
combining the trip origin and destination demand matrices across different zones (total trip
demand = trip origin demand + trip destination demand). Thus, the dimensions of the generated
total trip demand matrices arefx T X p Wwith total trip counts across different rows. The total

trip demand matrices are generated for the pedestrian and biuydés separately.

Summary report: For representation purposes, the summary report for trip origin, destination
and total trip demands are presented at the county level. In4-2lileve present the countgvel

trip origin, trip destination and total trip demand matrices for the pedestrian and bicycle modes.
From Table 421, we can see that the Orar@aguntyhas the highest total demand for both
pedestrian and bicyclist group.

Table 4-22: Trip Demand Matricesby County Level

Pedestrian Bicycle
No. of . - Trip . Trip Trip .
County TAZs Trip origin destination Uil origin destination VeIl i
demand demand demand
demand demand demand
Brevard 692 154,936.5 149804.8 304741.3 | 21,663.5 23,172.9 44,836.4
Flagler 141 26,241.4 23,153.6 49,395.1 2,940.3 2,634.0 5,574.3
gi?/';n 37 12,066.7 11,826.1 23,892.9 1,735.2 999.4 2,734.7
Lake 350 67,309.2 66,545.8 133855.2 | 10,784.2 9,977.6 20,761.9
Marion 422 95,199.8 89,602.9 184802.8 5,238.2 4,226.2 9,464.5
Orange 781 348163.9 355169.8 703333.7 | 57,661.9 64,084.7 121,746.7
Osceola 250 67,651.6 65,181.7 132833.3 4,026.1 3,875.6 7,901.7
Polk 621 185959.9 195543.4 381503.4 | 10,931.1 10,687.6 21,618.8
Seminole 230 75,690.1 79,212.1 154902.3 | 12179.3 11,558.8 23,738.2
Sumter 147 32,272.7 26,598.9 58,871.6 553.0 817.9 1,370.9
Volusia 1076 18,9987.7 174,051.2 364,038.8 | 37,957.9 39,924.8 77,882.8
Total 4,747 | 1,255480.0 1,2366910 24921710 | 165671.4 171,960.0 337,631.3
4.3 SUMMARY

The chapter summarized base year mobility trends for Central Florida. Specifically, we presented
base year mobility analysis for motorists and-naotorists road user groups separately. The
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mobility component analysis fonotorist road user group (auto and public transit) was presented
based on CFRPM version 6.0. Further, the mobility component analysis fonatonists road

user group, including pedestriand bicyclist, was presented based on aggregate level demand
analysis.We investigate nomimotorists demand at a zonal level by using aggregate trip
information based on origin and destination locations of trips. We develop founotonists
demand models: (1) Pedestrian generator model, (2) Pedestrian attractor 3)dlel;dle

generator modefnd(4) Bicycle attractor model hese model were estimated by using HNB
model framework. Based on the predictions from these demand models, we also generated zonal
level demand matrices for pedestrian and bicyclists, separatedygenerated demand matrices
will be used as exposure measures in exploring zonal levahotorists safety for Central

Florida Region.
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CHAPTER V: BASE YEAR NON-MOTORISTS SAFETY ANALYSIS

5.1INTRODUCTION

Among the different modes tfansportation, active forms such as walking and bicycling are the
most sustainable, leaving the lowest carbon footprint on the environment. These modes also
contribute to improving the physical health of rootorists. However, nemotorist safety is a

global health concermand Floridas no exception. The safety risk posed to active transportation
users in Florida is exacerbated compared to active transportation users in the US. While the
national average for pedestrian (bicyclist) fatalities per 100p0@@lation is 1.50 (2.35), the
corresponding number for the state of Florida is 2.56 (6.80), which present a clear picture of the
challenge faced in Florida. For increasing the adoption of active transportation, there is a need to
reduce the risk to pedesins and bicyclists on roadways. Any effort to reduce the social burden
of these crashes and enhance-matorists safety would necessitate the examination of factors
that contribute significantly to crash likelihood and/or injury severity in the e¥entimsh and

the implementation of policies that enhance safety for pedestrians and bicyclists. An important
tool for identifying and evaluating road safety policies is forecasting and policy evaluation which
are predominantly devised through evidebesed and datariven safety analysis.

Traditionally, the transportation safety analysis by using crash records has evolved along two
major streams: crash frequency (CF) analysis and crash severity (CS) analysis. Crash frequency
or crash prediction analysis focused on identifying attributes that result in traffic crashes and
propose effective countermeasure to improve the roadway design and operational attributes (see
Lord and Mannering2010) for a review of these studies). The crash frequency modeys stud
aggregate information; such as total number of crashes at an intersection or at a spatial
aggregation level (zone or tract level) and are developed by usirgasimspecific data. On the

other hand, crash severity analysis is focused on examiningesrasts, identifying factors that
impact the crash outcome and providing recommendations to reduce the consequences in the
unfortunate event (injuries and fatalities) of a traffic crash (see Savolainen et al. (2011) and
Yasmin et al. (2013) for a reviewllhe crash severity models are developed by using detailed
postcrash data and are quite disaggregate in nature because these consider every crash as a record
for model development. In evaluating impact of a safety measure, CF analysis forecasts the
changean crash occurrences, whereas CS analysis forecasts the change in crash consequences
(injuries and fatalities).

To that extent, in this research effort, we estinbath crash frequency and crash severity models

in understanding nemotorists safety factors. In terms of crash frequency model, we estimate two
models:(1) zonatlevel crash count model for examining pedesimaator vehicle crash
occurrencesand(2) zonatlevel crash count model for examining bicyetetor vehicle crash
occurrencesWith regards to crash severity model, we estimatediiarent sets of model$1)
disaggregatdevel crash severity model for examining pedestrian crash injury seeeritpmes

(2) disaggregatéevel crash severity model for examining bicycle crash injury severity outcomes
(3) zonallevel crash severity model for examining pedestrian crash injury severity by proportions
and (4) zonalevel crash severity model for er@ning bicycle crash injury severity by
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proportions.The objective of this chapter is to document and present the basegpenotorists
safety trends analysis in evaluating the benefits of rmuiilal investments on promoting travel
mobility for CentralFlorida. These models are estimated for the study area defined by CFRPM
6.0 by using crash records of the base year 2010. In the following sections, we present the
outcomes of these models.

The remaininghaptelis organized as follows: The next secti@scribes therash frequency
analysis The subsequent section focuseslsaggregatdevel followed by zonalevel crash
severityanalysis The final section describes summary of the chapter

5.2 CRASH FREQUENCY ANALYSIS

A regional or zonal level safeptanning tool can be devised by using mdenel study and

hence are useful not only for the planners but also for the deos&ars. Therefore, it is

important to investigate zonkavel pedestrian and bicycle crashes to identify critical factors and
propose implications to facilitate proactive safegnscious planning. In this current research

effort, we formulate and estimate count models for examining pedestrian and bicycle crash risks.
The count models are estimated at the TAZ level for CFRPMréDeanploying a

comprehensive set of exogenous variables. Based on the model results we identify important
exogenous variables that influence pedestrian and bicycle crash counts. The NB model, which
offers a closed form expression while relaxing the meaiance equality constraint of Poisson
regression, serves as the workhorse for crash count modeling. Therefore, crash count models for
examining pedestrian and bicycle crash events are developed in this study by using NB modeling
approach.

5.2.1Model Framework

The focus of our study is to model pedestrian crash frequency and bicycle crash frequency at
zonal level by employing NB modeling framework. The econometric framework for the NB
model is presented in this section.

Let ‘(be the index for TAZ'Q pliof8 f  and«: be the index for crashes occurring over a
period of time in a TAZ . The NB probability expression for random variablean be written
as:

. P

3 0w =

6 g h - - - @
3 W p3|—p|— P

where, Dis the Gamma function, is the NB dispersion parameter ands the expected
number of crashes occurring in TADver a given period of time. We can expregas a
function of explanatory variables:: by using a logink function asH; [ «.ge: pgeo e |
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where i is a vector of parameters to be estimated. Finally, théiketjhood function for the NB
model can be written as:

00 aé i (2)

The parameters to be estimated in the model of equation 2 aret) . The paramiers are
estimated using maximum likelihood approaches.

5.2.2Dependent Variable andData Description

The crash frequency analysis is focused on pedestrian and bicycle crashes at the TAZ level for
4,747 TAZs in the area defined by the CFRPM 6.0 areahisaresearch effortwe have

examined the pedestrian and bicycle crash count events for the year 2010 to reflect the base year
situation in terms of nemotorized safety. For the year 2010, 1,474 (with 0, 9 and 0.31 zonal
minimum, maximum and average, respectively) and 1(@ith 0, 8 and 0.21 zonal minimum,
maximum and average, respectively) crashes were reported involving pedestrians and bicycles,
respectively. Spatial representation of these crashes at the zonal level is shown i&E&jure

S Y S

Bicycle Crash

Pedestrian Crash it
V. e o % L&
1 ~ iy 1 > ¥ =R
AR Zado - Yain
Wz 5 : A PRl el ?
- A X o s A il
A { )

o 10 2 40 Mies ;i 0 10 2 40 Mies

Figure 5-18 Total Number of Pedestrian andBicycle Crashes for theY ear 2010

In addition to the crash database, the explanatory attributes considered in the empirical study are
also aggregated at the TAZ level accordingly. To reflecb&se year characteristics of the

analysis zone, all attributes are generated for the year 2010. For the empirical analysis, the
selected explanatory variables can be grouped into five broad categories: sociodemographic
characteristics, roadwand trafficattributes built environmentland use characteristics and
exposuraneasures. Tabe 22 offers a summary of the sample characteristics of the exogenous
variables and the definition of variables considered for final model estimation along with the
zonal mnimum, maximum and average.
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Table 523 SampleCharacteristics for Crash Frequency M odels

Variable name

Zonal

Description

Minimum IMaximum | Mean

Sociodemographic characteristics

Population density | Total number of Population dfAZ/ Area of TAZ in 0.000 19.956 2.366
acre

Proportion of Total number of people above 65 years old of TAI  0.000 0.899 0.182

people aged 65+ Total number of Population of TAZ

Roadway and traffic attributes

Traffic signal Total number of Traffisignal in TAZ 0.000 8.000 0.379

density

Proportion of Total length of arterial road of TAZ/Total roadway| 0.000 1.000 0.459

arterial road length of TAZ

Proportion of local | Total length of local road of TAZ/Total roadway 0.000 1.000 0.040

road length of TAZ

Length of sidewalk | Total sidewalk length in meter of TAZ 0.000 36.346 0.280

Length of bike lane | Total bike lane length in meter of TAZ 0.000 58.525 0.421

Length of bus lane | Total bus lane length in kilometer of TAZ 0.000 31.161 0.888

AADT Total AnnualAverage Daily Traffic (AADT) of 0.000 27.550 0.931
TAZ/10000

Truck AADT Total Truck AADT of TAZ/10000 0.000 2.747 0.083

Drive Demand per | Ln of [(Total drive demand/total number of family)]  0.000 21.055 3.353

family +1),ina TAZ

Built environment

Numberof Total number of commercial center of TAZ 0.000 4.000 0.087

commercial center

Number of financial| Total number of financial center of TAZ 0.000 17.000 0.586

center

Number of Total number of educational center of TAZ 0.000 5.000 0.275

educational center

Number of transit | Total number of transit hub of TAZ 0.000 11.000 0.051

hub

Number of Total number of restaurant of TAZ 0.000 36.000 1.335

restaurant

Number of park and Total number of park and recreational center of T|  0.000 20.000 0.245

recreational center

Number of hospital | Total number of hospital of TAZ 0.000 2.000 0.017

Land-use characteristics

Urban area Ln (Urban area in a TAZ in acre) -9.275 8.491 4.291

Residential area Ln (Residential area in a TAZ in acre) -12.427 8.014 3.596

Recreational area | Ln (Recreational area in a TAZ in acre) -13.946 10.040 0.388

Land-use mix Landusemix=fx k ( Pk (I nPk)) ) 0.000 0.929 0.355

the category of landse, p is the proportion of the
developed land area devoted to a specific-ase]

N isthe number of landise categories in a TAZ
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Table 522 (Continued)} Sample characteristics for crash frequency models
Zonal
Minimum IMaximum | Mean

Variable name Description

Exposure measures

Total pedestrian trip Total pedestrian daily trip demand in a TAZ/(Total 0.000 948.164 | 0.321
demand per number of household in a TAZ*100)

household

Total bicycle trip Ln(Total bicycle daily trip demand in a TAZ) 0.000 9.549 0.259
demand

5.2.3Estimation Results

In this research effort, we estimate two different NB models: one model for pedestrian crash

count events at the zonal level and another model for bicycle crash count events at the zonal level.
Table5-23 presents the estimation results of the NB models. The pedestrian crash count model
results are presented in 2nd and 3rd columns of BB and the bicycle crash count model

results are presented in the 4th and 5th columns. The effects of exogemahievar model
specifications for both pedestrian and bicycle crash count models are discussed in this section by
variable groups.

In NB models, the positive (negative) coefficient corresponds to increased (decreased) crash risk.
The final specificatioof the model was based on removing the statistically insignificant variables
in a systematic process based on statistical significance (90% significance level) and intuitive
coefficient effect. In estimating the models, several functional forms and lessadcifications

are explored. The functional form that provided the best result is used for the final model
specifications and, in Tab&23, the variable definitions are presented based on these final
functional forms of variables.

Sociodemographic diracteristics:With respect to sociodemographic characteristics, the
estimates indicate that both pedestrian and bicycle crashes are positively associated with
population density. At theasne time, the results in Tal#e23 indicate a reduced crash propiéns
for both pedestrians and bicyclists with a higher proportion of population aged 65 and over.

Roadway and traffic attributesSeveral roadway and traffic attributes are found to be significant
determinants of pedestrian and bicycle crashes at thelegehlThe results associated with

traffic signal density reveal that an increase in traffic signal density in a zone increases the
likelihood of both pedestrian and bicycle crashes. A higher proportion of arterial road results in
higher pedestrian anddyicle crash risks. At the same time, a higher proportion of local roads is
found to have negative impact on bicycle crash risk. From b8 we can see that the

likelihood of a pedestrian crash is higher in the zone with a higher sidewalk lengtdsdt is
surprising to note that TAZs with higher bicycle lane lengths have an increased likelihood of
bicycle crashes. The result for length of zeleakl bus lanes reveals an increasing likelihood of
bicycle crash. An increase in zonal AADT increasesilt@ihood of both pedestrian and bicycle
crashes at the TAZ level. The result in the bicycle crash model suggests that zones with higher
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truck AADT have a decreased likelihood of bicycle crasAsexpected, drive demand has
positive impact on crash rigih both group of nemotorists.

Table 5-24: Estimation Resultsof Negative Binomial Models

. Pedestrian Bike
Variable name X X

Estimates t-stat Estimates t-stat
Constant -3.881 -18.914 -4.437 -19.595
Sociodemographic characteristics
Population density 0.152 12.318 0.144 10.940
Proportion of people aged 65+ -1.432 -4.375 -0.962 -2.971
Roadway and traffic attributes
Traffic signal density 0.196 5.493 0.131 3.612
Proportion of arterial road 0.327 3.742 0.338 3.574
Proportion oflocal road -0.855 -2.352
Length of sidewalk 0.023 1.949
Length of bike lane 0.015 1.666
Length of bus lane 0.079 4512
AADT 0.035 2.401 0.081 2.077
Truck AADT - -0.932 -2.256
Drive demand per family 0.175 6.439 0.139 4.975
Built environment
Number of commercial center 0.159 1.663
Number of financial center 0.060 3.174
Number of transit hub 0.242 5.252
Number of restaurant 0.071 7.672 0.042 4.245
Number of park and recreatioradnter 0.122 3.161
Number of hospital 0.271 2.697
Land-use characteristics
Urban area 0.126 4.898 0.167 5.603
Residential area 0.105 4512 0.129 5.062
Recreational area -0.044 -1.967
Lancd-use mix 0.677 3.965 0.583 3.084
Exposure measures
Total pedestrian trip demand per househo -0.406 -1.787
Total bicycle trip demand 0.041 2.022
Overdispersion parameter 0.955 9.158 0.641 5.642
Log-likelihood Value -2912.379 -2278.062

Built environment: With respect to built environment, the estimation results of the pedestrian
crash risk model reveal that a higher number of educational centers, transit hubs, restaurants and
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parks/recreational centers results in a higher pedestrian crash risk at tHevangrom the
results of the bicycle crash risk models, we can see that bicycle crash risk is positively associated
with a higher number of commercial centers, financial centers, restaurants and hospitals.

Land-use characteristicsSeveral lanelse claracteristics are found to be significant

determinants of pedestrian and bicycle crash risks. Pedestrian and bicycle crash risks increase
with increasing urbanized and residential areas. In the bicycle crash risk model, recreational area
is found to decrese the likelihood of zondével bicycle crash risk. TAZs with higher lande

mix have increased propensity for both pedestrian and bicycle crashes.

Exposure measuresfhe nonmotorist exposure measures generated from Chapter 4 are used in
evaluating zoal-level pedestrian and bicycle crash risk. Specifically, we use the total daily trip
demand of pedestrians and bicyclists as exogenous variables in pedestrian and bicycle crash risk
models, respectively. We consider different functional forms of pedestnid bicycle exposure
measures in estimating NB models and the functional form that provides the best fit is considered
in the final specifications. With respect to the pedestrian crash risk model, pedestrian exposure
measures with any of the functionalins are not found to be significant at a 90% confidence

level. However, pedestrian trip demand per household at a zonal level provides the best data fit
and hence is considered in our final pedestrian crash risk model. From T2iled can see that
ahigher number of pedestrians per household decreases the risk of pedestoanehicle

crashes. With respect to bicycle crash risk model, bicycle exposure measures are found to have a
significant impact on zondével bicyclemotor vehicle crash risk.ne estimation result of

exposure measure in the bicycle crash risk model reveals that a higher bicyclist trip demand at a
zonal level increases the risk of bicycle crashes.

5.3 DISAGGREGATE-LEVEL CRASH SEVERITY ANALYSIS

In this current research efforteWormulate and estimatiksaggregatdéevel severity models for
examining pedestrian and bicycle crash severity outcoheelse sure, the unit of analysis of the
disaggregatéevel models are each crash involving at least onenmatorists.Based on the

model results we identify critical exogenous variables that influence pedestrian and bicycle crash
severity outcomes.

In general, a number of earlier studies have employed the logistic regression model (for example
see Sze and Wong, 2007) to identify the contributing factors efrragorists crash severity
outcomes. In traffic crash reporting, injury severity is typicaligracterized as an ordered

variable (for example: no injury, minor injury, serious injury and fatal injury). It is no surprise

that the most commonly employed statistical framework in modeling crash injury severity is the
ordered outcome models (ordetedit or probit) (Yasmin et al., 2014). Researchers have also
employed unordered choice models to study injury severity due to additional flexibility offered by
these frameworks. Specifically, the unordered systems allow for the estimation of alternative
specific variable impacts while the ordered systems impose-dinaational impact of the

exogenous variable on injury severity alternatives. The most prevalent unordered outcome
structure considered is the multinomial logit model (Tay et al. 2011). Howéeeunordered
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model does not recognize the inherent ordering of the crash severity outcome and therefore, it
neglects vital information present in the data. Therefore, crash severity models for examining
pedestrian and bicycle crash severity outcomeslaveloped by using ordered logit (OL)
modeling approach in current research effort.

5.3.1 Model Framework

The focus of our study is to model pedestrian crash severity and bicycle crash severity outcomes
by employing OL modeling framework. The econoneetramework for the OL model is

presented in this section.

In the traditional ordered outcome model, the discrete injury severity lavelare assumed to
be associated with an underlying continuous latent varia@le This latent variable is typically
specified as the following linear function:

W L -, for'Q plthB 8 8N (3)

where,
0Q pltB 8 8 M) represents the pedestrian/bicyclist
L s a vector of exogenous variables (excluding a constant)
Ais a vector of unknown parameters to be estimated
- is the random disturbance term assumed to be standard logistic

Let'QQ pltiB 8 8 h) denotes the injury severity levels ahdepresents the thresholds
associated with these severity levels. Thedenownt s are assumed to partition the propensity
intow p intervals. The unobservable latent variablés related to the observable ordinal
variablew by thet with a response mechanism of the following form:

©w AN @ t,for’Q pltiB 8 8 ho (4)

In order to ensure the walkefined intervals and natural ordering of observed severity, the
thresholds are assumed to be ascending in order, sudhthdt 888 1 wheret

b andt b. Given these relationships across the different parameters, the resulting
probability expressions for individuabnd alternativé for the ordered logit model take the
following form:

“ Dicd @ Qf ot Ot a)) (5)

where 8 represents the standard logistic cumulative distribution function. Finally, the log
likelihood function for the OL model can be written as:
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00 a€"Q (6)

The parameters are estimated using maximum likelihood approaches.

5.3.2 DataDescription

Pedestrian and bicycle crash data of CFRPM 6.0 area were extracted fileldOMeCARS

database for the year 2010. For severity analysis, we did not consider short form crash report of
Florida in the current study context. The short form report has feggliegate level crash

information and therefore are less informative for developing disaggregate level severity models.
Moreover, the outcome of pedestrian and bicycle crashes is likely to be severe since these groups
of road users are unshielded and utgnted. Therefore, examining the outcome variables
representing pedestrian and bicycle crash severity by using long form crash records only are
likely to result in unbiased estimates.

The crash database is compiled of total 3,418 number of crashesngwvatieast one nen

motorist. These crashes involve 2,063 pedestrians and has a record of 1,355 number of crashes
involving bicycle. The severity of road crashes is identified, in the road safety literature, to be
influenced by a multitude of factors. Aarclingly, a number of crastelated factors were

compiled from this database in order to explore the variables that might influence the pedestrian
and bicycle crash severity outcomes.

5.3.3 Sample Formation and Description

Thedisaggregatéevel componendf severity analysis fgpedestrian and bicyclist injury severity
outcomess developed fothe area defined by CFRPM 6.0 model. The final datasets, after
removing records with missing information for essential attributes, consisted of 1,466 pedestrian
and 971 bicycle crash records. The distributions of pedestrian injury severity (upper row panel of
Table 524) and bicycle injury severity (lower row panel of Tablg4 for the final model

estimation samples are presented in Takld.9-rom the distributin of Table 524, it is quite

evident that the chance of a pedestrian being fatally injured was recorded to be substantially
higher (11.7%) than bicyclists (0.4%) in the event of crashes for the year 2010. However,
pedestrian was recorded to evade possibtenorincapacitating injuries more than bicyclist
whenever he/she involved in a crash on roadways.

For the empirical analysis, we selected variables that can be grouped into six broad categories:
vehicle characteristics, roadway characteristics, environmental characteristics, operational
characteristics, nemotorists characteristics and driver charasties. For pedestrian severity
modelsyvehicle characteristiosonsidered include vehicle type and vehicle usagdway
characteristiceonsidered include roadway locati@mvironmental characteristicensidered

include day of week, light condition and time of cragberation attributesonsidered include
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traffic control devicepedestrian characteristisxlude pedestrian age and alcohol/drug

impairment of pedestrian; finallgriver characteristiceclude driver age group. For bicycle

severity modelsyehicle characteristiosonsidered include vehicle ugeadway characteristics
considered include roadway location, influence area and road surfaceriypenmental
characteristicsonsidered incide light condition and weather condition; finallyi cy cl i st 0's
characteristicenclude biker age group. Takie25 and Tables-26 offer a summary of the sample
characteristics of the exogenous factors in the estimation dataset for pedestrian crashes and
bicycle crashes, respectively.

Table 5-25: Distributions of Pedestrian and Bicycle Injury Severity

. Pedestrian Bicycle
Severity outcomes
Frequency Percent Frequency Percent
No Injury 91 6.2 95 9.8
Possible Injury 329 22.4 303 31.2
Norrincapacitating injury 550 37.5 445 45.8
Incapacitating injury 324 22.1 124 12.8
Fatal 172 11.7 4 0.4
Total 1,466 100.0 971 100.0

Table 5-26: Summary Statistics of Explanatory Variables for Pedestrian Crashes

Variable Name | Variable Description | Percentage
Vehicle Characteristics
Vehicle type
Truck, Tractor and bus | Truck, Tractor and bus 8.9
Automobile Automobile 37.9

Van, Bike, Motorbike, mopped, slow movinghicles, Level | 53.2

Other Vehicles Terrene vehicletc.

Vehicle use
Public School Bus Public School Bus 0.3
Private Transportation | Private Transportation 524
Cargo van, law enforcement, ambulance, fire, rescue, milit 47.3
Other Uses

dump, concrete mixer etc.

Roadway Characteristics
Roadway location

Median On the median 1.6
On Road On the road 89.8
Shoulder On shoulder 4.3
Not on road Outside roadway 3.8
Turn Lane On turning lanes 0.5
Environmental Characteristics
Day of week
Weekend During the weekends (Saturd&ynday) 19.8
Weekdays During the weekdays (Mondakriday) 80.2
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Table 5-25 (Continued} Summary Statistics of Explanatory Variables for Pedestrian

Crashes
Variable Name | Variable Description | Percentage
Light condition
Dark (No street light) | Dark period with no street light 18.6
Daylight Daylight 47.5
Dark (Street light) Dark period with street light 27.7
Dusk Dusk 2.9
Dawn Dawn 3.2
Time of crash
PM Peak Time of day (4 pr6 pm) 10.2
AM Peak Time of day (7 ar® am) 9.2
Off peak Time of day (9 amt pm) 80.6
Operational Attributes
Traffic control device
Speed control sign Speed control sign 40.6
Special speed zone Special speed zone 0.9
No control No control 27.2
Traffic signal Traffic light control system 21.9
Stop sign Stop sign control system 7.2
School zone School zone (Special zone) 0.8
No passing Zone No pedestrian passing zone 0.5
Railroad signal Railroad crossing/passing signal 0.7
Pedestrian Characteristics
Pedestrian age
Senior pedestrian Pedestrian age (>65 years old) 8.0
Child pedestrian Pedestrian age (<18 years old) 23.9
Adult pedestrian Pedestrian age (14 years old) 68.1
Alcohol/drugs impairment of pedestrian
Involvement Pedestrian impaired by in alcohol/drugs 82.9
No involvement Pedestrian not impaired by alcohol/drugs 17.1
Driver Characteristics
Driver Age group
Teenage driver Driver age (1519 years old) 6.6
Adult driver Driver age (2664 years old) 82.9
Senior Driver Senior Driver (<65 years old) 10.4
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Table 5-27. Summary Statistics ofExplanatory Variables for Bicycle Crashes

Variable Name Variable Description Percentage
Vehicle Characteristics
Vehicle Use
Public Transportation Public Transportation 87.6
Other uses Other uses (school bus, law enforcement, military, Ce 12.4
van, PT)
Roadway Characteristics
Roadway location
On road On the road 85.5
Shoulder On the Shoulder 4.0
Not on Road Not on Road 9.3
Median Median of road 1.2
Influence area
Not at intersection Not at intersection/Bridge 14.4
Influenced byintersection Influenced by intersection 8.0
Driveway access Driveway access 19.3
Intersection Intersection 57.5
Exit ramp Exit Ramp 0.8
Road Surface Type
Blacktop Blacktop road surface 91.9
Concrete Concrete road surface 5.7
Other road surface Brick/dirt/gravel/slag/stone road surface 2.5
Environmental Characteristics
Light condition
Dark (No street light) Dark period with no street light 4.3
Dark (Street Light) Dark period with street light 11.4
Daylight Daylight 80.2
Dusk Dusk 2.9
Dawn Dawn 1.1
Weather Condition
Clear Clear weather 82.8
Cloudy Cloudy weather 16.0
Rain Rainy weather 1.2
Bicyclistés characteristics
Biker Age Group
Children bike rider Biker age < 18 year 16.5
Adult bike rider Biker age 184 year 78.4
Seniorbike rider Biker age > 64 year 5.1

5.3.4Estimation Results

We estimated two different OL models: one model for pedestrian crash injury severity outcome
and another model for bicycle crash injury severity outcome. Eapleand Tables-28 present

the estimation results of the OL models of pedestrian and bicycle crash injury severity outcomes,
respectively. The effects of exogenous variables in model specifications for pedestrian and
bicycle crash severity models are discussed in the foilpgections.
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In OL models, the positive (negative) coefficient corresponds to increased (decreased) likelihood
of severe crash severity outcome. The final specification of the model was based on removing the
statistically insignificant variables in agtgmatic process based on statistical significance (95%
significance level) and intuitive coefficient effect.

5.3.4.1 Pedestrian Crash Severity Model
Table5-27 presents the OL model results for pedestrian crash injury severity outcomes for base
year 2010.

Vehicle Characteristicd/ehicle type and vehicle use are two vehicle characteristics variables that
are found to be significant determinants of pedestmniasicinjury severity outcomes. The results
presented in Tablg-27 indicate that truck, tractor and bus results in severe pedestrian crashes
compared to crashes with automobile and other vehicles. The result may be attributed to heavy
vehicular mass of tak, tractor and bus. The likelihood of severe pedestrian crash outcome is
lower if the vehicle use is related to public school bus relative to private and other vehicular use
categories.

Roadway Characteristic¥he results of pedestrian crash injury seéyeutcomes indicate that
roadway location affects the injury sustained by a pedestrian in a crash. In particular, crashes on
median results in more severe crashes compared to the other roadway location.

Environmental CharacteristicSeveral environmeal characteristics considered are found to be
significant determinants of pedestrian crash injury severity outcomes. As is expected, we find that
pedestrians are less likely to evade higher severity during weekend relative to crashes during
weekdays. Dayght is negatively associated with pedestrian crash injury severity propensity
indicating lower likelihood of severity outcome during daylight compared to crashes during other
period of the day. With respect to time of day, crashes during PM peak periedses the

likelihood of severe pedestrian injury compared to AM peak and off peak periods.

Pedestrian CharacteristiCEhe relevance of pedestrian age has long been recognized as an
important contributory factor in pedestrian crash severity studies. The model results reveal a
reduction in the risk propensity for child pedestrian group compared to the adult group perhaps
because these pedestrian groups are more physically fit compared to other pedestrians. On the
other hand, it is found that senior pedestrians are associated with the higher likelihood of severe
crashes compared to the adult pedestrian groups. Older padestight be physically weak and
they may be medically unfit with problems related to hearing, vision and contrast sensitivity. As
is expected, the model result related to alcohol/drug impairment indicates higher injury severity
outcome if the pedestriaase impaired by alcohol/drug while involved in crash.
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Driver Characteristic3iVith respect to the driver characteristics, driver age is found to affect
pedestrian crash severity outcome. Pedestrians are likely to sustain serious injury when the driver
of the motor vehicle is a teenager relative to adult or senior driver groups.

Table 5-28. OL Model Estimates of Pedestrian Injury Severity Outcomes

Variable Name Estimates t-stat
Threshold no injury and possible injury -2.856 -19.901
Threshold possible injury and namcapacitating injury -0.918 -8.619
i'l;]?;?;hold between neincapacitating injury and incapacitating 0.865 8.124
Threshold between incapacitating injury and fatal injury 2.394 18.904

Vehicle Characteristics
Vehicle type (Base: Automobile and other vehicles)

Truck, Tractor & Bus | 0.370 | 2.378
Vehicle use (Base: Private transportation and other uses)
Public School Bus | -3.697 | -3.177

Roadway Characteristics
Roadway location (Base: Location other than median)
Median | 1.132 | 3.011
Environmental Characteristics
Day of week(Base: Weekdays)

Weekends | 0.284 | 2.351
Light Condition (Base: Nowlaylight)

Daylight | -0.799 | -7.045
Time of crash (Base: AM peak and off peak)

PM Peak | 0.621 | 3.785

Operational Attributes

Traffic control devicgBase: All other traffic control device)
Speed control sign 0.416 3.971
Special speed zone -1.742 -3.620

Pedestrian Characteristics

Pedestrian age (Base: Adult Pedestrian)

Senior pedestrian 0.704 3.928

Child pedestrian -0.282 -2.351
Alcohol/drugs impairment of pedestri@®ase: No involvement)

Involvement | 1.161 | 7.613

Driver Characteristics
Driver Age group (Base: Adult and senior driver)

Teenage Driver 0.541 ‘ 2.82
Number of Observations 1466
Log likelihood at zero -2359.94
Log likelihood at constant -2141.39
Log likelihood at convergence -2003.01

5.3.4.2Bicycle Crash Severity Model
Table5-28 presents the OL model results for bicycle crash injury severity outcomes for base year
2010.
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Table 5-29: OL Model Estimates of Bicycle Injury Severity Outcomes

Variable Name Estimates t-stat
Threshold no injury and possible injury -0.860 -2.067
Threshold possible injury and namcapacitating injury 1.093 2.621
;I;]?L:S;hold)etween nofincapacitating injury and incapacitating 3.456 8.089
Threshold between incapacitating injury and fatal injury 7.081 10.854
Vehicle Characteristics
Vehicle use (Base: Other uses)

Private transportation 0.633 3.372
Roadway Characteristics
Roadway location (Base: Roadway location other than shoulder)

Shoulder | 1.023 3.288
Influence ared¢Base: Not at intersection, intersection and exit ramp)

Influenced by intersection -0.548 -2.477

Driveway Access -0.719 -4.430
Roadsurface Type (base: Other road surface type)

Blacktop 1.421 3.966

Concrete 1.521 3.528
Environmental Characteristics
Light Condition (Base: Other than dark non street light condition)

Dark (No street light) | 0.685 | 2.355
Weather Condition (Base: Clouayd rainy)

Clear | -0.347 | -2.148
Bicyclistbés characteristics
Biker Age group (base: Adult and old biker)

Teenage biker -0.390 -2.436
Number of Observations 971
Log likelihood at zero -1562.76
Log likelihood at constant -1198.07
Log likelihood at convergence -1162.65

Vehicle Characteristic§he only vehicle characteristics influencing pedestrian crash injury
severity outcome is the vehicle use variable. The indicator variable representing private
transportation is likely to increase the likelihood of severe bicycle injury compared to other

vehicle usage.

Roadway CharacteristicSeveral roadway characteristics considered are found to be significant
determinants of bicycle crash severity outcomes. Among roadway characteristics, the indicator

variable shoulder reveals positive association Witlycle crash injury severity outcome

propensity relative to other roadway location. In terms of roadway influence area, intersection
influence area and driveway access are likely to result in higher crash severity outcomes relative
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to other roadway inflence area. From Tab$e28, we can also see that bicycle crashes on
blacktop and concrete road surface are likely to result in higher crash severity compared to bike
crashes on other road surfaces.

Environmental Characteristickighting and weatheronditions are environmental characteristics
variables that are found to significantly affect bicycle crash injury severity outcomes. From
bicycle crash severity model, we find that crashes occurring in the absence of artificial
illumination (streedights) during dark periods increases the likelihood of severe bicycle injury
compared to other lighting conditions. Problems associated with darkness dimebbuld be
attributed to poor visual conditions, higher vehicular speed, fatigue and/or posgiemze. As
expected, the propensity of severe bicycle crash is lower for clear weather condition relative to
cloudy and rainy weather conditions.

BicyclistésWChhraespecsttosthe bicyclistds che
affect bicycle crash severity outcome. Teenager bicyclists are likely to evade serious injury

relative to adult or senior biker groups, perhaps indicating higher physical fithess of this group of
bikers.

54 ZONAL -LEVEL CRASH SEVERITY ANALYSIS

Crash count datare often compiled by injury severity outcomes (for example: no injury, minor
injury, major injury and fatal injury crashes). Given the consequences of road traffic crashes, it is
important to examine crash frequency by severity level as it would gigyificant role in

model implications. To that extent, we can develop independent crash prediction models for
different injury severity levels. However, for the same observation record, crash frequencies by
different severity levels are likely to be dedent. Therefore, it might be beneficial to evaluate

the impact of exogenous variables in a framework that directly relates a single exogenous variable
to all severity count variables simultaneousky,, a framework where the observed propensities

for crashes are examined by severity level directly. To that extent, in this current research effort,
as opposed to modeling the number of crashes, we adopt a fractional split modeling approach to
study the fraction of crashes by each severity level at a TAZ Igpecifically, we formulate and
estimate ordered probit fractional split (OPFS) models for examining pedestrian and bicycle crash
proportions by severity levels. The fractional split models are estimated at the TAZ level for the
CFRPM 6.0 area employirgcomprehensive set of exogenous variables. Based on the model
results, we identify important exogenous variables that influence pedestrian and bicycle crash
severity proportions.

5.4.1 Model Framework

The formulation for the OPFS model for modeling the proportion of crashes by severity is
presented in this section. The reader would note that conventional maximum likelihood
approaches are not suited for factional proportion models. Hence, we resquasikelihood
approach. See Yasmin et al. (2016) for detailed description of the modeling approach. Yasmin et
al. (2016) developed the ordered outcome fractional split model that allows the analysis of
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proportion for variables with multiple alternativehile also recognizing the inherent ordering in
the severity outcomes.

5.4.2 Model Structure
Let g (g = 1, 2, ¢é, Q) be an index to represer
represent severity category. The latent propensity equaticeverity category at thethy zone:

o | a (7)

This latent propensitgd is mapped to the actual severity category propotiorby the”

thresholdsJ(/0 =" Pand’« =" ). & is an (L x 1) column vector of attributes (not including a
constant) that influences the propensity associated with severity cat€gisya corresponding
(L x 1)-column vector of mean effects. is an idiosyncratic random error term assumed to be
identically and independently standard normal distributed across zones q.

Model Estimation
The model cannot be estimated using conventional Maximum likelihood approaches. Hence we
resort to quasiikelihood based approach for our methodology. The paem&i be estimated in

the Equation?) are@ , and”’ thresholds. To estimate the parameter vector, we assume that

K
E(Yq | Z) =Hg(@y),0¢ H, €L H,, =1 )
k=1

I_|q'<in our model takes the ordered probit probabill%*ﬁ form for severity category k defined
as

P :{Gb’k - acilij' Gb’k-l' ajz, ” 9)
The proposed model ensures that the proportion for each severity category is between 0 and 1

(including the limits). Then, the quaskelihood function, for a given value oqq vector may be
written for site g as:

Lq(a,y):(li){G[vk-aézq]-G[yk_l-a(;zq]}w (10)
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where G(.) is the cumulative distribution of the standard normal distributior(lj‘&nid the
proportion of crashes in severity category k. The model estimation is undertaken using routines
programmed in Gauss matrix programming language.

5.4.3 Dependent Vaiable and Data Description

The crash proportion analysis is focused on pedestrian and bicycle crashes at the TAZ level.
There are 4,747 TAZs in the area defined by CFRPM 6.0 model. Foeskach effort, we have
examined the pedestrian and bicycle crash count by severity levels for the year 2010 to reflect the
base year situation in terms of nomtorized safety. These crash records are collected and
compiled from Signal Four Analytics (S4A) databases.tke year 2010, 1,541 and 984 crashes
were reported involving pedestrian and bicycle, respectively. These crashes are classified by
injury severity levels as fatal, incapacitating, Aanoapacitating, possible injury, and property
damage only crashes. tation of zones with fatal pedestrian and bicycle crashes are shown in
Figure5-19. In the case of five severity levels the dependent variable in this research effort is
represented as proportions (number of specific crash level/total number of all ceastoiows:

(1) proportion of property damage only crashes, (2) proportion of minor injury crashes, (3)
proportion of norAincapacitating injury crashes, (4) proportion of incapacitating injury crashes
and (5) proportion of fatal crashes. The dependemdbla proportions and sample size for
pedestrian and bicycle crashes are presented in &8leFrom the Table we can observe that
fatal crash proportion is higher for pedestrian than bicycle involved crashes.
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Figure 5-19: Zones with Fatal Pedestrian and Bicycle Crashes for the Year 2010
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Table 5-30: Severity Proportions

Crash severity levels Pedestrian Bicycle
Sample 949 719
Proportion of property damage only crashes 0.113 0.115
Proportion of minor injury crashes 0.237 0.320
Proportion of non-incapacitating injury crashes 0.382 0.407
Proportion of incapacitating injury crashes 0.183 0.141
Proportion of fatal crashes 0.085 0.017

In addition to the crash database, the explanatory attributes considered in the empirical study are
also aggregated at the TAZ level accordingly. To reflect the base year characteristics of the
analysis zone, all attributes are generated for the year E0.the empirical analysis, the

selected explanatory variables can be grouped into four broad categories: sociodemographic
characteristics, roadway and traffic attributes, built environment characteristics and land use
characteristics. Tabk-30 offers asummary of the sample characteristics of the exogenous
variables and the definition of variables considered for final model estimation along with the
zonal minimum, maximum and average.
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Table 5-31: Summary Characteristics for Zonal-level Crash Severity Models

Pedestrian Bike
Variable name Description Zonal Zonal

Minimum | Maximum | Mean | Minimum | Maximum | Mean
Sociodemographic Characteristics
Population density Total number of population of TAZ/ Area of TAZ in 0.000 19.956 | 3.362 0.000 19.956 3.622

acres
Proportion of people Total number of population of TAZ who are 22 to 2 0.000 0.373 0.111 - - -
aged 22 to 29 years old / Total number of population of TAZ
Roadway and Traffic Attributes
Number of flashing Total number of flashing beacons of TAZ - - - 0.000 1.000 0.006
beacorsigns
Number of school Total number of school signals of TAZ - - - 0.000 1.000 0.003
signals
Availability of bike lanes| Availability of bike lanes in TAZ - - - 0.000 1.000 0.058
VMT Vehiclemiles traveled = Total road length in miles{  0.000 17.052 | 0.430 - - -
Average annual daily traffic / 200000

Drive Demand Total drive demand in a TAZ/10000 0.000 13.901 1.129 0.009 9.941 1.064
Egn’;r?gemt”d per #”A[gfi"i" drive demand/totdiousing unitin a 0.000 13.610 | 3.089| 0.000 11.730 | 3.070
Built Environment
Number of commercial | Total number of commercial centers of TAZ 0.000 3.000 0.113 - - -
centers
Number of hospitals Total number of hospitals of TAZ - - - 0.000 2.000 0.033
Number of parks and Total number of parks and recreational centers of - - - 0.000 7.000 0.307
recreational centers TAZ
Land-use Characteristics
Urban area Ln (Urban area in a TAZ in acres) -6.254 8.384 5.236 -4.661 8.384 5.328
Residential area Ln (Residential area in a TAZ in acres) - - - -9.052 7.647 4.070
Exposure measures
Total pedestrian trip Total pedestrian daily trip demand in a TAZ/(Total 0.000 1.316 0.021 - - -
demand per household | number of households in a TAZ*100)
Total bicycle trip Total bicycle daily trip demand in a TAZ/Total - - - 0.000 134.686 | 0.498
demand per household | number of households in a TAZ
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5.3.4Estimation Results

In this research effort, we estimate two different OPFS models: one model for pedestrian crash
severity proportions at the zonal level and another model for bicycle crash severity proportions at
the zonal level. TablB-31 presents the estimation resulfstee OPFS models. The pedestrian
crash severity proportion results are presented in 2nd and 3rd columns d5-Balaled bicycle

crash severity proportion model component 4th and 5th columns of 3-8ldn OPFS models,

the positive (negative) coeffimt corresponds to increased (decreased) proportion for severe
injury categories. The final specification of the model was based on removing the statistically
insignificant variables in a systematic process based on statistical significance and intuitive
coefficient effect. In estimating the models, several functional forms and variable specifications
are explored. The functional form that provided the best result is used for the final model
specifications. The effects of exogenous variables in model géicihs for both pedestrian and
bicycle crash severity proportion models are discussed in this section by variable groups.

Table 5-32: Estimation Results of Ordered Probit Fraction Split Models

) Pedestrian Bike
Variable name - :

Estimates t-stat Estimates t-stat
Threshold 1 -1.694 -12.917 -1.578 -6.172
Threshold 2 -0.856 -6.659 -0.523 -2.072
Threshold 3 0.160 1.245 0.671 2.643
Threshold 4 0.930 7.048 1.828 6.735
Sociodemographic Characteristics
Population Density -0.022 -1.947 -0.035 -2.155
Proportion of people aged 22 to 29 -1.158 -1.649
Roadway and Traffic Attributes
Number of flashing beacon sign 0.922 2.309
Number of school signal 0.354 2471
Availability of bike lane -0.285 -1.777
VMT 0.053 1.774
Drive demand -0.021 -0.664
Drive demand per housing unit -0.030 -0.661
Built Environment
Number of commercial center -0.145 -1.890
Number of hospital -0.181 -1.698
Number of park andecreational center 0.136 2.715
Land-use Characteristics
Urban area -0.043 -2.164 -0.072 -1.954
Residential area 0.056 1.844
Exposure Measures
Total pedestrian trip demand per househol( -1.046 -2.702
Total bicycle trip demanger household --- -0.004 -0.952
Log-likelihood Value -1386.527 -937.993
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Sociodemographic CharacteristicyVith respect to sociodemographic characteristics, the
estimates indicate that population density results in lower likelihood of severe crash proportions
for both pedestrian and bicycle crashes. Proportion-@®gears old group of population has
negatie impact on proportion of pedestrian crash severity outcomes implying a reduced
likelihood of more severe pedestrian crashes.

Roadway and Traffic AttributesThe result associated with zonal level proportion of collector
road reflects higher probabilitf severe bicycle crash proportions. The OPFS model results for
bicycle reveal higher proportion of severe crash outcomes for zones with higher number of flash
beacon sign and higher number of school signal. With respect to traffic attributes, higher heavy
vehicle traffic volume (Truck AADT) is positively associated with more severe crash proportions
in pedestrian crash proportion model. As is expected, availability of bike lane is found to reduce
the likelihood of less severe bicycle crash proportidmiike, crash frequency models, drive
demand has negative impact on the likelihood of severe crash proportions for both models.

Built Environment: The crash proportion model for pedestrian involved crashes reveal that the
pedestrian crash proportion of severe crashes is lower in TAZs with higher number of commercial
center. Higher number of hospitals associated with lower likelihood of severeooasiition in

OLFS model for bicycle. At the same time, the OLFS model results reveal that higher number of
park and recreational center increases the possibility of higher proportions of severe bicycle crash
outcomes.

Land-use CharacteristicsFrom bothpedestrian and bicycle models, we find titet possibility

of more severe crashes decreases with increasing share of urbanized area of a TAZ. Residential
area is found to be a significant determinant of bicycle crash proportion by severity outcomes.
The estimate for residential area has a positive coefficient suggesting that proportion of severe
bicycle crashes increases with increasing zonal level residential area.

5.5SUMMARY

Thechaptersummarized base year safety trends of the rmuatilal mobility study for Central
Florida.Base year safety analysis was focused on crash frequency and crash severity analysis of
pedestrian and bicycle involved crashes. Specifically, we estimated crashhmlels for

examining pedestrian and bicycle crash count events by using the Negative Binomial model,
while the disaggregate level severity outcomes of pedestrian and bicycle crashes were examined
using the ordered logit model. We also estimated zlemel crash severity models for examining
pedestrian and bicyclist crash injury severity by proportmngsing ordered probit fractional

split model It is worthwhile to mention here thdid disaggregatkevel crash severity analysis
wasfocused on examing crash eventdhesemodels cannot be directly employed to incorporate
safety considerations in the transportation planning proGesthe other handhe outcomes of
aggregatdevel crash count models, specifically matagel models, can be used to devise safety
conscious decision support tools to facilitate proactive approach in assessing haeailomg

term policybased countermeasures. Moreover, tloé plays an important role in safety
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implications of land use planning initiatives and alternate netptankning initiatives. Therefore,
for further analysis, we focus @ggregatdevel crash count modetsd aggregate level crash
count by severity mode as these amaore feasible for planninlgvel policy analysis and
identifying planninglevel policy measures.
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CHAPTER VI: BASE YEAR PUBLIC TRANSIT RIDERSHIP ANALYSIS

6.1 INTRODUCTION

The objective of thighaptelis to document and present the base year transit ridership analysis in
evaluating the benefits of multnodal investments on promoting travel mobility for Central

Florida. The component of public transit ridership evaluation of the research effort ig main
focused on the coverage ared_ghx andSunRailnetwork systems for the greater Orlando area.
Thechapteralso presents and identifies the catchment ar8aioRailstations for the potential
customers. For developing different models and measurésefproject, the research team has
considered 2010 as the base year. However, the team has access to the bus ridership data from
August2013 toDecember2016; whereas th&unRailridership data is available frodanuary

2015 to October2015. Therefore, thigansit ridership analysis is focused on these available
ridership information rather than ridership data of the year 2010.

With respect to transit ridership analysis, in this research effort, we estimate and present four
different sets of ridership mets: for Lynx network systeni (1) stop level average weekday
boarding bus ridership analysis, and (2) stop level average weekday alighting bus ridership
analysis; finally for SunRailnetwork systeni (3) daily boarding rail ridership analysis, and (4)

daily alighting rail ridership analysis. It is worthwhile to mention here that one of the major focus
of the proposed bus ridership research effort is to evaluate the influence of recently inaugurated
commut er rSanR&aib siymst@rm aindo on bus ridership whi
exogenous variables. We have presented the data compilation procedures, model estimation
procedures and outcome of these models. In terr8simiRailcatchment aga, we identify

catchment area of rail stations for four different modes; specifically for walk, bike, bus transit and
drive mode.

The remainingf the chapteis organized as follows: The next section provides an overview of
the public transit system$he subsequent section focuses on transit ridership analysis and
catchment area identification 8tinRailfollowed by thesummarysection.

6.2 AN OVERVIEW OF PUBLIC TRANSIT SYSTEM

The component of public transit ridership evaluation of the research effort is mainly focused on
the coverage area bf/nx andSunRailnetwork systems. Figu&20 represents the study area
along withLynx bus route, bus stops, SunRail line and Saih&ation locations.
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Figure 6-20: Public Transit System (LYNX and SUNRAIL) of Greater Orlando

6.3 RIDERSHIP ANALYSIS OF PUBLIC TRANSIT

The consequences of the increased dependence on automobile mode are traffic congestion,
increased air pollution and greenhouse gas (GHG) emissions. Policy makers are considering
several alternatives to counter the negative externalities of this pershit¢ wkependence. The
development of an efficient multhodal public transportation system is often the most considered
solution. Many urban regions, across different parts of North America, are considering
investments in public transportation alternatigash as bus, light rail, commuter rail, and metro.

The main public transit system serving the Orlando metropolitan regionligrikdransit system

and a most recent addition to the transit networkuigR&ilwhich is a commuter rail service.

Policy makes and stakeholders are encouraging communities to take advantage of the momentum
of these improvements in transportation sector in reducing reliance on private automobiles and to
adopt more sustainable mode choice. A critical component of devising stadégies to incur

modal shift is to identify critical factors contributing to transit ridership. To that extent, in this
research effort, we estimate four different sets of ridership mddelsynx network systenii (1)

stop level average weekday baaglbus ridership analysis, and (2) stop level average weekday
alighting bus ridership analysis; finalfigr SunRailnetwork systeni (3) daily boarding rail

ridership analysis, and (4) daily alighting rail ridership analysis. A specific emphasis of bus
ridership analysis is to identify the effect®dnRailon bus ridership. Therefore, we aksualyze
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and identify the bus routes and bus stops which are likely to be within influence area of rail
stations. In the following sections we have presented tlaecdatpilation procedures, model
estimation procedures and outcome of these ridership models followed by proximity analysis for
Lynx bus andSunRailsystems.

6.4 PROXIMITY ANALYSIS FOR LYNX AND SUNRAIL SYSTEMS

As the specific emphasis of the study effort isSomRailimpact, we generated a variable that
identifies bus stops and bus routes that are affect&libRail or in other words are within the
influence area of SunRaNVhile there is likely to be a systelevel effect, it is more realistic to
consider the impact @unRailon stop level ridership based on connectivity as well as proximity
from SunRailstations. For this purpose, we perform proximity analyslsyak and SunRail
systems by using system sclule and ArcGIS tool. We identified specific bus routes that
intersect or pass through tBenRailsystemand defined those @snnector bus routes. Of the 77
bus routes operated lhynx, we found that 60 routes are within tBenRailinfluence zone (i.e.
pass througlsunRai). These routes account for 3,321 out of the 3,745 stops considered in our
analysis, which we defined aennector bus stop3he locations of these connector bus stops
from different rail stations identified aremhin in Figure6-21. To allow connector stops closer to
SunRailto have a stronger impact on ridership we computed distance to the Seeriesil

station from each connector bus stop that is affecte®libjRail This will allow us to test for
impact ofSurRail using distance decay functions.
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6.5RIDERSHIP ANALYSIS FOR LYNX NETWORK SYSTEM

The main public transit system serving the Orlando metropolitan regionligriRdransit

system. The system has several services, including fixed route Bus, LYMMO, Xpress Bus,
Vanpool, FastLinkAccess Lynx NeighborLink and KnighLynx. Among these services, fixed
route bus provide service seven days a week including holidagsyEkem has 77 daily routes.
In 2015, more than 26 million ridership were reported for these fixed route bus services. In our
current research effort, the bus ridership analysis is focused on only fixed route bus service
systems. For simplicity, we wilefer fixed route bus ridership as bus ridership in the following
sections. The yearly bus ridership for five fiscal years is shown in FégRPeFrom Figures-22,
we can see that overall yearly ridership was increasing until year 2013, while totdlipiders
declined almost by 4% from 2014 to 2015 (Metroplan Orlando, 2016).
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27,000,000
26,500,000
26,000,000
25,500,000 J
25,000,000

2010/11 2011/12 2012/13 2013/14 2014/15

Number of Passengers

Fiscal Year

Figure 6-22: Total Bus Ridership Trend

This figure clearly highlights that it is imperative to understand the choice of such system in order
to maintain and attract a significant ridership level. It is important to identify critical factors
contributing to bus ridership to devise transit service deployment, enhancement and investment
policies. To that extent, in this current study effort, we fdateuand estimate bus ridership

models. Specifically, we estimate two bus ridership model: (1) stop level average weekday
boarding bus ridership model, and (2) stop level average weekday alighting bus ridership model.
Based on the model results we idenimfyportant exogenous variables that influence bus boarding
and alighting at stop level. The major focus of the proposed research effort is to identify critical
factors contributing to bus ridership (boarding and alighting). In doing so, we also evatuate th
influence of recently i 8aRilgurat ©d| aochmubaer buai
while controlling for host of other exogenous variables. We estimate these models by using
Grouped Ordered Log(tGROL) models.
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6.5.1 Model Framework

Thefocus of our study is to model stop level average weekday boarding and alighting of bus by
employing GROL modeling framework. The econometric framework for the GROL model is
presented in this section.

Let g (g = 1, 2, é, Q) thieorm:, iaamdce x jt o( jredprl,s et
represent the number of boarding or alighting across different time period. Then, the equation
system for modeling boarding/alighting may be written as follows:

] e aAv -MB Qo 6" T 1)

In equation 19° is the latent (continuous) propensity for boarding/alighting of observation g.

This latent propensit§* is mapped to the actual grouped ridership category j by theesholds,

in the usual orderetesponse modeling framework. In our case, we consider J = 13 and thus the
values are as followsb, 5, 10, 20, 30, 40, 5 @,isa6natrixoff 0, 80,
attributes that influence the boardingghting (including a constant); is the corresponding

vector of mean coefficients. Furth®r is a vector of attributes specific to observatipand

ridership alternativ&andd is the vector of corresponding képecific coefficients: is an

idiosyncratic random error term assumed independently logistic distributed across choice

occasions with variangé . In current study the variance vector is parameterized as follows:

)4 QwR = 2

where,: is a set of exogenous variables (including a constant) associated with obseyvation
andP is the corresponding vector of parameters to be estimated. The parameterization allows for
the variance to be different across observations accommodating fasicetdasticity. Thus, the
probability expression for the ridership category can be written as:

T w a a
0O r—2 "7 5 * -7 3)

wherex (.) is the cumulative standard logistic distribution. Finally, thelikg/ihood function for
the GROL model can be written as:

1, 1106 )

The parameters are estimated using maximum likelihood approaches.
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6.5.2 Data Description

Bus ridership is examined in order to identify the demand of bus transit at stop level across
different time periods and to evaluate the influenc8wiRail on bus ridership. For the purpose
of our analysisaverage daily weekday boarding and alightinigrship data was considered from
2013 to 2016 for following eleven (11) time periods: May through August 2013, September
through December 2013, January through April 2014, May through August 2014, September
through December 2014, January through April 2048y through August 2015, September
through December 2015, January through April 2016, May through August 2016, and September
through December 2018&he ridership information was processed for allthéme periods and
analyzed to ensure data availaitind accuracylhe final sample consists of 37,884 records
(3,444 stops x 11 quarters). The average daily stop level boarding (alighting) is around 18.84
(18.70) with a minimum of 0 (0) and maximum of 6,135 (5,948g ridership data was
augmented witlstop level headway, route length as well as route to stop correspondelgexfor
across the Hime periods. The station location coordinates were obtainedSrorRail website.

From 3444 stops we randomly selected80number of stops for model estation purposes

and the rest 644tops are considered for model validation purposes. Thus, our model estimation
sample includes informatidnom 2,800 stops for 1time periods Z,800*11 = 3,800 records).

We consider thirteen categories for analysienstlip and these categories are: Bin 1 = 0~5; Bin 2
= >5~10; Bin 3 = >10~20, Bin 4 = >20~30, Bin 5 = >30~40, Bin 6 = >40~50, Bin 7 = >50~60,
Bin 8 = >60~70, Bin 9 = >70~80, Bin 10 = >80~90, Bin 11 = >90~100, Bin 12 =>100~120 and
Bin 13 = 120+ ridership. Aummary of the records included in different bins for boarding and
alighting is presented in Tabte32.

Table 6-33: Summary Statistics of Lynx Bus Ridership for Different Bins

. i Boarding Alighting
Categories Bins
Frequency Percentage Frequency Percentage
1 Bin 1 =0~5 15544 50.468 16182 52.539
2 Bin 2 =5~10 5306 17.227 5315 17.256
3 Bin 3 =>10~20 4433 14.393 4224 13.714
4 Bin 4 = >20~30 1906 6.188 1594 5.175
5 Bin 5 = >30~40 982 3.188 888 2.883
6 Bin 6 = >40~50 683 2.218 581 1.886
7 Bin 7 = >50~60 383 1.244 468 1.519
8 Bin 8 = >60~70 298 0.968 302 0.981
9 Bin 9 = >70~80 231 0.750 218 0.708
10 Bin 10 = >80~90 158 0.513 157 0.510
11 Bin 11 = >90~100 108 0.351 113 0.367
12 Bin 12 =>100~120 190 0.617 182 0.591
13 Bin 13 = 120+ 578 1.877 576 1.870
Total 30,800 100.000 30,800 100.000
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The number of bus stops and bus route length was calculated by using Lynx GIS shapefiles. For
the analysis and creating exogenous variables, we have considered several buffer distances
(800m, 600m, and 400m) for each bus stop. The exogenous attributelecEther our study can

be divided into four broadategories: (15top level attributegheadway number of bus stopbus

route lengtrand presence of shelle(2) Transportationnfrastructuregsecondary highway
length,local roadway lengthrail roadlength sidewalkiength and bike route length(3) Built
environment and land use attribu{isd use categories, land use mix and distance from Central
Business District (CBD) (4) Sociodemographic and socioeconomic variafilesome, vehicle
ownership, and age and gender distributenm) (5)SunRail and-# construction effectd and

use mix is defined as-———— , Where k is the category of lande, is the proportion of

the developed land area devoted specific landisek, N is the number of landse categories

in a buffer. In our study, six land use types were considered including residential, commercial,
industrial, institutional, public land and recreational land use. The value of this indgs fapm

zero to one zero (no mix) corresponds to a homogenous area characterized by single land use
type and one to a perfectly heterogeneous e descriptive statistics of exogenous variables
are presented in Tabe33.

The final specification afhe model development was based on removing the statistically
insignificant variables in a systematic process based on statistical confidence (95% confidence
level). The specification process was also guided by prior research and parsimony considerations.
In estimating the models, several functional forms and variable specifications are explored. The
functional form that provided the best result is used for the final model specifications. In
determining the appropriate buffer sizes, each variable forfarkuite was systematically

introduced (starting from 800m to 400m buffer size) and the buffer variable that offered the best
fit was considered in the final specificatidle considered GROL model for boarding and

alighting ridership separately. In Talle€33, the variable definitions are presented based on these
final functional forms of variables.

6.5.3 Estimation Results

In this research effort, we estimate two different GROL models: one model for stop level average
weekday alighting ridership and another model for stop level average weekday boarding
ridership. Tablés-34 presents the estimation results of the GROL modéis.alighting ridership

model results are presented in 2nd and 3rd columns of B&lsl@nd the boarding ridership

model components are presented in 4th and 5th columns of&abldn GROL models, the

positive (negative) coefficient corresponds ta@ased (decreased) ridership propensities. The
effects of exogenous variables in model specifications for both alighting and boarding models are
discussed in this section by variable groups.
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Table 6-34: Summary Statisicsfor Lynx Ridership Analysis

Variable Name Variable Description Percentage Minimum | Maximum Mean
Stop level attributes
Dummy for headway category 1 Headway 0~15 minutes 9.094% - - -
Dummy for headway category 2 Headway 15~30 minutes 37.688% - - -
Dummy for headway category 3 Headway >30 minutes 53.218% - - -
Number of bus stop (800m buffer) No of bus stop within 800m buffer of a stop/10 - 0.100 9.300 1.727
Number of bus stop (600m buffer) No of bus stop within 600m buffer of a stop/10 - 0.100 6.300 1.142
Number of bus stop (400m buffer) No of bus stop within 400m buffer of a stop/10 - 0.100 3.400 0.650
Bus route length in a 800m buffer Bus route length in kilometers (Bus route length in 80( - 0.000 8.710 0.878
buffer/10
Bus routdength in a 600m buffer Bus route) length in kilometers (Bus route length in 60( - 0.105 5.984 0.516
buffer/10
Bus route length in a 400m buffer Bus route) length in kilometers (Bus route length in 40( - 0.048 4.169 0.276
buffer/10)
Presence ofhelter in bus stop (1 =Yesand 0 =No) 22.750% - - -
Transportation infrastructures
Side walk length in an@m buffer Side walk length in kilometers - 0.000 20.234 2.884
Side walk length in an@®m buffer Side walk length in kilometers - 0.000 14.280 1.845
Side walk length in an@Dm buffer Side walk length in kilometers - 0.000 7.557 0.985
Bike Lane Length (800m buffer) Bike Lane length in km in 800m buffer within bus stop| - 0.000 9.100 0.458
Bike Lane Length (600m buffer) Bike Lane length in knn 600m buffer within bus stop | - 0.000 5.198 0.297
Bike Lane Length (400m buffer) Bike Lane length in km in 400m buffer within bus stop| - 0.000 3.224 0.166
Secondary highway lengtB@Om buffer) | Secondary highway length in 800 m buffer / 10 - 0.000 4.278 0.964
Secondary highway length@m buffer) | Secondary highway length in 600 m buffer / 10 - 0.000 2.910 0.622
Secondary highway lengtd@Om buffer) | Secondary highway length in 400 m buffer / 10 - 0.000 1.709 0.333
Local road length in aB0O0Om buffer Local road length in 800 m buffer / 10 - 0.000 6.048 2.138
Local road length in aB00m buffer Local road length in 600 m buffer / 10 - 0.000 3.611 1.304
Local road length in ad00m buffer Local road length in 400 m buffer / 10 - 0.000 1.850 0.613
Rail road length in aB00m buffer Rail road length in kilometers - 0.000 6.312 0.301
Rail road length in aB00m buffer Rail road length in kilometers - 0.000 4.908 0.178
Rail road length in ad00m buffer Rail road length in kilometers - 0.000 2.336 0.087
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Table 6-33 (Continued) Summary Statisticsfor Lynx Ridership Analysis

Variable Name

[ Variable Description

(Percentage Minimum [Maximum [ Mean

Built environment and land use attributes

Industrial area (800m buffer) Proportion of the industrial arealrdustrial/Total area | - 0.000 0.738 0.054

Industrial area (600m buffer) Proportion of the industrial area = Industrial/Total areg - 0.000 0.657 0.054

Industrial area (400m buffer) Proportion of the industrial area = Industrial/Total areg - 0.000 0.842 0.054

Institutional area (800m buffer) Proportion of the Institutional area = Institutional /Tota - 0.000 0.720 0.041
area

Institutional area (600m buffer) Proportion of the Institutional area = Institutional /Tota - 0.000 0.790 0.043
area

Institutional area (400m buffer) Proportion of the Institutional area = Institutional /Tota| - 0.000 0.871 0.042
area

Residential area (800m buffer) Proportion of the Residential area = Residential /Total| - 0.000 0.992 0.443
area

Residential area (600buffer) Proportion of the Residential area = Residential /Total| - 0.000 0.998 0.435
area

Residential area (400m buffer) Proportion of the Residential area = Residential /Total| - 0.000 0.992 0.438
area

Recreational area (800m buffer) Proportion of thdRecreational area = Recreational /Tot] - 0.000 0.557 0.012
area

Recreational area (600m buffer) Proportion of the Recreational area = Recreational /Tq - 0.000 0.604 0.010
area

Recreational area (400m buffer) Proportion of the Recreational are&ecreational /Total | - 0.000 0.641 0.010
area

Office area (800m buffer) Proportion of the office area = Office/Total area - 0.000 0.957 0.171

Office area (600m buffer) Proportion of the office area = Office/Total area - 0.000 0.983 0.190

Office area400m buffer) Proportion of the office area = Office/Total area - 0.000 1.000 0.184

Land use mix (800 m buffer) Land use mix is defined as: B , where kis the| - 0.000 0.926 0.304

Land use mix (600 m buffer) category of landise | is the proportion of the - 0.000 0.947 0.510

Land use mix (400 m buffer) developed land area devoted to a specificHasek, N is | - 0.000 0.939 0.462
the number of landise categories in a buffer.

Central business district (CBD) distancq (Central business area distance in km from bus stop)/| - 0.003 5.058 1.183
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Table 6-33 (Continued) Summary Statisticsfor Lynx Ridership Analysis

Variable Name [ Variable Description ( Percentage Minimum [ Maximum [ Mean

Sociodemographic and Socioeconomic variables
Zero vehicle in HH Percentage of zero vehicle HH 6.087% - - -
One vehicle in HH Percentage of one vehicle HH 34.116% - - -
Two or more vehicle in HH Percentage of two or more vehicle HH 59.798% - - -
Low income (<34k) Percentage of Low income H{434k) 43.688% - - -
Medium income (35k~99k) Percentage of Medium income HB5k~99k) 43.202% - - -
High income (>100k) Percentage of High income HH (>100k) 13.111% - - -
Household Owner Percentage of Hidwner 49.942% - - -
Household rent Percentage of HH renter 50.058% - - -
SunRail and I-4 construction effects
Distance Decay Functidior Interaction term oflistance decay function for SunRail | - 0.000 31.703 0.234
SunRaifSunRail operation period (summation of inverse distance of SunRail stations frg

all bus stops which are within the influence area of

SunRail stationsand SunRail operation perigiflay

through August 2014, September through December

2014, Januy through April 2015)
Sops withinl-4 construction zone Area 1 Stops within ared influence area of4 construction 8.200% - - -
(5 mile buffer) zonewithin 5 mile buffer area

92




Table 6-35: Lynx Ridership Analysis Results

Variable Name . Alighting _ Boarding

Estimates t-stat Estimates t-stat

Constant 13.730 -05.767 -30.581 -9.89

Stop Level Attributes

Headway(Base: Category 1) -47.508 -36.217 -52.435 -36.521

Dummy for headway category 2

Dummy for headway catego8y -75.633 -50.556 -81.743 -49.287

No of Bus stop in a

800 m buffer -4.378 -10.759 -4.347 -9.806

Presence of shelter in bus stop 19.491 24.595 33.580 36.807

Bus route Length inra

800 m buffer -2.549 -5.761 -3.559 -7.568

Transportation Infrastructures

Side walk length in@

400 m buffer 2.515 7.278 2.299 6.116

Secondary road length ima

800 m buffer 8.329 13.642 6.231 9.476

Localroad length ina

800 m buffer 4913 10.268 4.599 8.511

Built environment and land use attributes

Landuse nix in a

600 m buffer 5.013 2.278 11.298 4.523

Landuseareatype in an 800m buffer

Institutional area 20.841 4.198 - -

Residential area - - 21.956 9.627

Office area 38.824 14.971 44.218 12.830

Recreational area -83.009 -9.877 -71.547 -7.771

Central business district (CBD) distance -2.660 -5.166 -2.380 -4.190

Sociodemographic and socioeconomic variables

Zero vehicle in HH 77.481 13.544 69.074 10.930

Household rent 30.402 17.118 34.790 17.785

SunRail and I-4 construction effects

Dlstang:e Decgy Functidior SunRaitSunRail 5140 -8.210 -5 029 7593

operation period

Sops within 44 construction zone Area 1 6.811 5.835 8.602 6.752

Stop Level Attributes

As is expected, headway at the stop level has a significant influence on ridership. We observe
that with increasing headway boarding and alighting are likely to reduce. The result highlights
how transit frequency directly affects ridership. The resultadonber of Lynx bus stops

indicates thathe ridership is likely to reduce with increased number of bus stibipsn an800

m bufferarea of a stoprhisis possibly a result of competition across the stops for the same
ridership population. By prioritizop of which bus stop should stay (considering high ridership,
locations, etc.), Transit center can improve the ridership at that loc@tiercoefficient for
presence of shelter at the bus stop has a positive impact on the rifl@r$ioih boarding and
alighting. By having shelters iabus stop, passengers can wait longer ame also ican
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protect passengers from adverse weather condBiesiroute length in the buffer has a negative
impact on ridership for both alightireappndboarding.

Transportaton Infrastructures

Transportation infrastructure offered quite complex effects on total ridership.variable
indicatingsidewalk lengthn a 400m bufferareaof a stopis foundto have a positive impact on
both alightingandboarding Along with the sidewalk, secondary highwaaydlocal roadengthin
800m buffer are ab increasing the ridership.

Built environment and land use attributes

Built environmentand land use attribut@sdicate significant influence on bus ridership at the stop
level. The landisemix variablewithin 600 m bufferareaof a stopincreased the bus ridership for

both alighting and boarding.While an increase in proportion of institutional area is positively
associated with number of alighting, an increase in proportion of residential area contributes to
higher likelihoodof boarding. Howeverheproportionof office areasignificantly increase the bus
ridershipfor bothboarding and alightingOn the othehand,increasegroportionof recreatioal

area within an 800m buffer of a stopikely to decreasbus ridership. The distance from the CBD
variable highlights how ridership reduces as the distance from CBD increases.

Sociodemographic and Socioeconoiviaiables

The sociodemographic and socioeconomic variamessignificant effect ohus ridershipZero
vehicle ownership variable has positive impact on ridership compofidm@sncreased share of
the household renters is likely to increase the bus ridership.

SunRail and-# Construction Effect

To identify the influence of SunRail system while controlling for all other attributes over lynx
bus systemwe have considered thdistance decay function as (stops affected by SunRail/the
distance from SunRaiand have significant impact on bus ridership. If the distance increase
from SunRail then the ridership bynx bus is likely to decrease. The construction-4ffor

Area 1(Atraction areagnlsohas significant effect obynx bus ridership. The bus s®within 5
miles bufferarea ofl-4 attractiorzone specific to Area 1 has positive impact on ridership
components

6.6 RIDERSHIP ANALYSIS FOR SUNRAIL NETWORK SYSTEM

SunRailhaspotential to alter some travel patterns in the region, specifically it provides more

viable transit options for Central Florida residents who live along-#heohstruction corridor

Moreover it has potential for improving overall liveability, property values, tramghted

development and in turn reducing overall carbon footfirimhich is the focus of building a

smart <city. For exampl e, i thatSusRailhas gieldedsente 1 n  a
substantial positive property value impacts in the form of property tax increases (FDOT, 2017).

A glimpse ofSunRailsystem usage by bicyclist for the year 2015 is presented in FEgi8e
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Figure 6-23: Total Number of Bicycle Boarding in SUNRAIL

From Figure €3 it is evident that the system has potential in developing an integrated and more
sustainable transport network. However, the success of any transpart systéracting
travelersdepends on its connectivity and accessibility including other built environment
attributes. Therefore, it is imperative to identify critical factors contributirgutoRailridership

to promote a more sustainable and traosgnted development. To that extent, in our current
research effort, we formulate and estinatmRailridership models. Specifically, we estimate

two ridership model: (1) daily boarding ridership moaeld (2) daily alighting ridership model.
Based on the model results we identify critical exogenous variables that influence rail boarding
and alighting which is important to devise service deployment, enhancement and investment
policies. We estimate thesnodels by using linear regression models.

6.6.1 Model Framework

The focus of our study is to model average daily boarding and alightignétailby employing
linear regression (LR) modeling approach. The econometric framework for the LR model is
presated in this section.

Let'QQ plglot8 M)  be an index to represent weekdays, iand  tiplti8 RY be an index
to represent the number of boarding or alighting. Then, the equation system for modeling
boarding/alighting may be written as follows:

w ea -, forQ phktB 88N (5)

where,QQ plti8 8 8 ii represents the observatiowsjs a vector of exogenous variables,
is a vector of unknown parameters to be estimated (including a constant)prmal distributed
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error term. Least square estimation technique

method, is used for estimating the regression model parameters as defined in &quation

6.6.2 Data Description

In our study, the rail ridership analysis is foed®on the 12 active statiofRhase one)lhe main

data source of SunRail daily ridership is the SunRail authority. For the purpose of our analysis,
we have compiled stop level daily boarding and alighting ridership data for ten months from
January 2015 t@ctober 2015. The daily ridership data includes weekdays only as SunRail did
not operate during weekends during the data collection period. This ridership data is processed
and analyzed to ensure data availability and accuracy. A summary of the systendérship
(boarding and alighting) is provided in Tali5. The average daily boarding (alighting) across
the 10month periods range from 124.26 (134.09) to 451.17 (512.18). It is interesting to observe
that the two end stations (Sand Lake and Debary Stations) have the highest difference in daily
boarding and ajjhting values relative to other stations. Theni@nth, 12 station data provided

us 2,496 observations. Out of 2,496 observations, 2,124 observations were randomly selected for
model estimation and remaining 372 observations were set aside for modeioralida

6.6.3 Variable Considered

For the empirical analysis, the explanatory variables can be grouped into three broad categories:
temporal and seasonal variables, transportation infrastructure, land use variables,
sociodemographic variables, and weatratables. The data at the station level was generated

by creating a buffer around the rail station using ArcGIS. However, the influence buffer size area
may vary across different variables (see Chakour & Eluru, 2016). To accommodate for such an
effect ontransit ridership, we have computed attributes of different variables by using 1500m,
1250m, 1000m, 750m, and 500m buffer sizes around each station. Temporal and seasonal
variables considered include day of week and month of the year. Transportatidruictinas

variables considered include local roadway length, number of bus stops, and presence of free
parking facilities at stations. Land use variables considered include number of commercial
centers, number of educational centers, number of financitdrseand land use mix.
Sociodemographic variables considered include number of households with zero, one and two
vehicle ownership level. Sociodemographic variables are computed within the influence area of
Sunrail stations at census tract level. Finallgather variables considered include temperature,
average wind speed and rainfall.
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Table 6-36: Summary Statistics for SunRail Average Daily Ridership (January 2015 to

October 2015)
Boarding Alighting

Station Name Mean Star]dgrd Mean Sta’?d"?“d

Deviation Deviation
Sand Lake Station (SLR) 451.168 82.127 512.178 111.112
Amtrak Station (ARTRAK) 124.260 20.507 134.091 16.969
Church Street Station (CSS) 393.135 79.184 400.962 96.775
Lynx Central Station (LCS) 403.769 35.282 377.813 34.610
Florida Hospital (FLHS) 201.976 26.562 224.168 29.862
Winter Park Station (WPS) 411.707 205.107 443.433 203.524
Maitland Station (MLS) 180.962 27.084 183.697 23.986
Altamonte Springs station (ATSS 244.163 40.788 251.135 35.830
LongwoodStation (LWS) 240.909 36.959 227.024 29.418
Lake Mary Station (LMS) 337.005 55.139 312.221 51.052
Sanford Station (SFS) 258.952 45.735 235.202 38.199
Debary Station (DBS) 445.178 90.608 391.260 93.938

Table6-36 offers a summary of the sample characteristics of the exogenous factors used in the
estimation data set. Tab¥e36 represents the definition of variables considered for final model
estimation along with the minimum, maximum and average values of therexegvariables.

The final specification of the model development was based on removing the statistically
insignificant variables in a systematic process based on statistical confidence (95% confidence
level). The specification process was also guidedrloy pesearch and parsimony

considerations. In estimating the models, several functional forms and variable specifications are
explored. The functional form that provided the best result is used for the final model
specifications. For determining the appriate buffer sizes, each variable for a buffer size was
systematically introduced (starting from 1500m to 500m buffer size) and the buffer variable that
offered the best fit was considered in the final specification.
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Table 6-37: Descriptive Statistics of Exogenous Variablefor SunRail Ridership

Variable Name | variable Description | Minimum [ Maximum | Mean
Temporal and Seasonal Variables
Day of week
Monday Rail ridership on Monday 0.000 1.000 0.190
Friday Rail ridership on Friday 0.000 1.000 0.206
Month of the Year 2015
January Rail ridership on January 2015 0.000 1.000 0.094
February Rail ridership on February 2015 0.000 1.000 0.095
March Rail ridership on March 2015 0.000 1.000 0.109
April Rail ridership on April 2015 0.000 1.000 0.105
May Rail ridership on May 2015 0.000 1.000 0.095
June Rail ridership on June 2015 0.000 1.000 0.106
July Rail ridership on July 2015 0.000 1.000 0.111
August Rail ridership on August 2015 0.000 1.000 0.103
Transportation Infrastructures
Local roadway length in a| Local roadway length in kilometers
1,500-m buffer 16.113 141.443 | 77.956
Number of bus stops in a | Number of Lynx bus stop in,300-m buffer
1,500-m buffer from SunRail station 0.000 205.000 | 55.667
Free Parking Facility Free Parking Facility (Yes and No) 0.000 1.000 0.667
Land Use Patterns
Number of Commercial Number of Commercial centers in Q0
centersin a m buffer
1,500-m buffer 0.000 6.000 2.750
Number of Educational Number of Educational centers in #00-m
centersin a buffer
1,500-m buffer 0.000 11.000 4.250
Number of Financial Number of Financial centers in z600-m
centersin a buffer
1,500-m buffer 0.000 55.000 17.833
Land Use mix in a fi L a-use mix = —E=E""8 o Wi e
1,500-m buffer ) med
is the category of landse ==is the
proportion of the developed land area 0.263 0.811 0.638
devoted to a specific lanase 2 is the
number of lanelse categories
Sociodemographic Variables
Vehicle Ownershipp No Vehicle Ownership number of HH with No 1326
vehicle Vehicle in the influence area of station 52.000 ,4532.000 '250'
census tract level
Vehicle Ownershipp One | Vehicle Ownershipi number of HH with 5495
vehicle One Vehicle in the influence area of stati 734.000 | 15139.000 5333 '
at census tract level
Vehicle Ownership Two | Vehicle Ownership Number of HH with 4898
vehicles Two Vehicles in the influence area of 2,000.000 | 9,189.000 667 '
station at census tract level
Weather Variables
A_verage Temperature in | Average Ter_nperature in air at 2 m height 4.889 30.204 23929
air degree Celsius
Average Wind speed in ai A\_/erage wind speed in air at 10 m height 2892 12.040 5566
miles per hour
Rainfall Sum of rainfall at 2 m in inches 0.000 1.577 0.132
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Temporal and Seasonal Variables

The day of the week variables offer interesting results. Specifically, the result indicates that
boarding and alighting are likely to be lower on Mondays while on Fridays an opposite trend is
observed. The higher ridership value on Friday is possibly iassdavith transit being adopted

for cultural, sports and social activities (such as Orlando Lions football games or restaurants) in
downtown Orlando with limited parking. To accommodate for seasonal variation in ridership we
also consider the month varlabWe considered the months of September and October as the
base for the month variable. We find that, compared to the base months, the month of March is
associated with highest positive impact on boarding and alighting. It is also observed that the
asso@tion of various months with boarding and alighting are very similar.

Transportation Infrastructures

Several transportation infrastructure variables for various buffer sizes were considered in the
model. Local highway length for a 1500m buffer area around rail stations presents a significant
negative impact on boarding and alighting. On the other hamthewof bus stops within

1500m buffer variable highlights the symbiotic influence of bus transit on rail ridership. For both
boarding and alighting, increase in number of bus stops is associated with higher ridership. The
result while encouraging is alsogsibly indicative of presence of higher number of bus stops
near the rail station. Finally, the availability of free parking space at SunRail stations also
significantly affects both boarding and alighting ridership. The parking facilities have
significartly higher impact on alighting relative to boarding.

Land Use Variables

Land use variables including presence of commercial centers, educational centers and financial
centers within 1500 m distance from SunRail station have significant influence ahipddrhe
presence of higher commercial centers in 1500m buffer surrounding the station positively
influences boarding and alighting. The number of commercial centers variable impact varies
substantially across the stations as evidenced by the signsteauatard deviation parameters for
both boarding and alighting models. The presence of financial centers affects boarding positively
while having no impact on alighting. SunRail stations are located near downtown Orlando and
provide access to commercial @nthncial hubs of Orlando city. In these locations, availability

of parking spaces, cost of parking, and traffic congestion encourage the adoption of SunRail. On
the other hand, the presence of education centers around rail stations reduces rail. fidhership
result is quite intriguing.

Sociodemographic Variables

Several socioeconomic variables were tested in the boarding and alighting models. Of these
variables only one variable offered a statistically significant impact. The number of households
with access to no vehicles in the influence area around the stharensus tract level is
negatively associated with boarding and alighting. While the result is counterintuitive on first
glance, it is possible that the result is a surrogate for lower job participation in these
neighborhoods. The result warrants mogeaded analysis.
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Table 6-38: SunRail Ridership Model Estimation Results

Variable Name Boarding Ridership Alighting Ridership
Coefficient | t-stat Coefficient | t-stat
Constant 410.053 20.191 | 228.535 8.818

Temporal and SeasonaVariables
Day of week (Base: Tuesday, Wednesday, Thursday)

Monday -21.058 -3.978 -22.072 -3.492
Friday 48.155 11.852 | 48.004 10.604
Season/Month of the Year (Base: September, October

January 51.085 5.908 61.701 6.111
February 48.283 4.248 53.774 4.305
March 69.643 10.948 | 74.101 9.798
April 40.127 5.655 44.357 5.125
May 23.001 2.670 24.675 2.660
June 43.559 4.368 41.215 4.078
July 48.178 6.392 46.287 5.135
August 26.462 3.803 28.013 3.246

Transportation Infrastructures
Localroadway length in a

1500 m buffer -7.189 -38.125 | -6.948 -36.956
Number of bus stop in a

1500 m buffer 9.587 22.573 10.096 23.146
Free Parking Facility 18.315 2.210 91.194 10.437

Land Use Patterns
Number of Commercial centers in a

1500 m buffer 50.317 13.918 68.541 16.568
StandardDeviation 1.869 25.513 2.068 31.388
Number of Educational centers in a

1500 m buffer -46.088 -10.034 | -38.291 -14.896
Number of Financial centers in a

1500 m buffer 5.442 5.924 -- --

Land Use mix in a

1500 m buffer 347.969 20.089 538.002 29.858
Sociodemographic Variables

Vehicle Ownership No vehicle -0.307 -18.523 | -0.326 -21.788
Weather Variables

Average Temperature in air 1.753 2.813 1.844 2.257
Average Wind speed in air -3.924 -3.603 -3.832 -3.036
Rainfall -27.756 -4.028 -25.528 -2.962

Weather Variables

We also account for the impact of weather variables on ridership. While we cannot control
weather patterns, these variables are included in the model to ensure that the impact of other
attributes is accurately determined. The average temperature vandib&ges that with higher
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temperature, boarding and alighting are likely to be higher. On the other hand, higher average
wind speed is associated with lower boarding and alighting. The wind speed might be an
indicator for possible wind gusts from hurricane the Orlando region. Finally, rain occurrence
discourages rail usage as indicated by the negative coefficient in boarding and alighting
components. The result is expected for any public transit alternative.

6.7 CATCHMENT AREA OF SUNRAIL STATIONS

One of the most effective approach for increasing public transit ridership is to improve multimodal
accessibility to the public transit systems. However, accessibility to a public transit facility are
mode specific. For instance, people will walk to agrestation if the station is within a reasonable
walking distance from the trip origin. A transit bus rider can have an option to transfer to a
commuter railway if there are supporting bus connections around the rail station. Therefore, it is
important tadentify mode specific catchment area for a specific transit facility in order to promote
and target an integrated and multimodal transportation network. To that extent, in our current
research effort, we have identified catchment are&wiRail stationsfor different modes;
specifically for walk, bike, bus transit and drive mode. A catchment area can be defined based on
different attributes; such as land use, built environment, roadway characteristics and mode specific
characteristics. In our study, wave defined catchment areaRiinRailstations based on mode
specific characteristics including a reasonable travel distance and speed.

6.7.1 Catchment Area ofSunRail Stations for Walk Mode

For defining catchment area 8finRailfor walk mode, we assume that a person will usually walk

up to 10 minutes with a speed of 3 mph to access a transit facility. Based on this assumption, the
catchment area of rail station will be a haliie buffer around the station for walk mode. It is
worthwhile to mention here that the most commonly defined catchment area for walking in the US
is considered to be a half mile circular buffer area surrounding the station as it is de facto standard
for the planning of Transit Oriented Developments (TODAnmerica (Guerra et al., 2@} Figure

6-24 shows the catchment area for walk mode. Transit authority may target to improve the
walkable environment of the community with the catchment area shown in Bigdre order to

provide a more walk supportiveatrsit system.
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Legend

Lynx Bus Route

) Half-mile (0.5 miles) buffer

Figure 6-24: Catchment Area of SUNRAIL Stations for Walk Mode

6.7.2 Catchment Area ofSunRail Stations for Bike Mode

Transit agencies are motivating bicyclist to use transit as a connector by implementing several
station/stop level bike friendly facilities (such as bike lane, bike racks, bike parking and bike slot
facilities) and in turn to increase transit ridershipddmng so, it is important to identify the target

area to attract cyclist towards transit. In existing literature, there are evidence that cyclists travel a
generalized distance of 2 to 3 miles in a relatively flat terrain to access transit (Adjei, 204, F

and Rivasplata, 2014). It is also observed that cyclist ride with an average speed of 10 mph for
about 18 minutes to access transit (Bergman et al., 2011). Based on these studies, we assume a 3
mile buffer area aroun8unRailstation as catchment aréa bike mode. Figuré-25 shows the
catchment area for bike mode. Transit authority may target to improve the bike infrastructures
(such as bike lane) of the community with the catchment area shown in Bigtre order to
provide a more bike supportive transit system.
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Figure 6-25: Catchment Area of SunRail Stations for Bike Mode

6.7.3 Catchment Area ofSunRail Stations for Transit Mode

Coordinated operation among different transit systems are crucial to increasing overall transit
ridership. In doing so, it is important to identify connections among different transit systems within
influence area of other transit systems. To that exteoyr study we compute the catchment area

of rail for Lynx fixed-route bus system. For defining catchment area for bus mode, we assume that
average speed of bus transit operation is 20 mph; and people will generally ride bus up to 30
minutes to access Fand vice versa. Based on this assumption, we consider a 10 mile buffer area
around rail station as catchment area for bus transit mode. Further within this buffer area, we
identify the bus stops that provide supporting connections to different statf@msonnector bus

stops for identified connector bus routes (as presented in sécfipare considered for this
purpose. Figure-26 shows the catchment area for bus transit mode along with the bus stops
locations for connector bus routes. The bus stwpkin the buffer area are considered as
supporting bus stops.
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Legend
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Figure 6-26: Catchment Area of SUNRAIL Stations for Transit Mode

Transit authority may consider following recommendations for the transit system within the
catchment area shown in Figur@®to provide a more coordinated transit system.

U Coordinated ticketing and connections.

U Walk/bike friendly space in between connecting stops to rail stations.

U Safe access to ralil station from bus stops.

U Real timeinformation of transit systems.

6.7.4Catchment Area of SunRail Stations for Drive Mode

One of the major focuses of implementing, enhancing and investing in transit system is to divert
people from private automobile based travel towards more sustainable travel options. To that
extent, itis important to identify the target population to deaisd implement target based policies

in promoting greener transportation options. Park/Kiss and ride is the most common coordination
system between transit and drive modes. Typically park/Kiss and ride mode requires the parking
facilities, waiting areas#mches and/or restrooms in transit facilities. Among 12 SUNRAIL
stations, 8 stations have free parking facilities and the rest of the stations have paid parking
facilities. Moreover, these stations have facilities for waiting at station, restrooms andgvend

104



machines. Presence of these facilities at rail stations provide evidence that the commuter rail
system has potential to attract more driving population to ride the rail. In our study, in defining
the catchment area of rail stations for drive modegcworesider speed limits of local, secondary
highway and major highway around rail stations. We assume that these roadway systems have
speed limits of 30, 45 and 55 mph, respectively. In order to compute an average speed limit of
drive mode to rail stationsye use the computed roadway lengths in 1500m buffer area for these
road categories. By using the roadway length for different road groups we computed an average
access speed limit for drive mode which is computed as 37 mph. Further, we assume that people
are willing to drive up to 15 minutes from their trip origin to access SUNRAIL. Based on this
assumption, we consider a 9 mile buffer area around rail station as catchment area for drive mode.
Figure 6-27 shows the catchment area for drive mode. Transkicaily may target to provide
incentives, in terms of parking cost or parking facilities or transit ride cost, to the community
within the catchment area shown in Figas27 to provide a more drive supportive transit system.

Legend

Lynx Bus Route
D 9 miles buffer for Car

I 1 4 1
|||||||||

Figure 6-27: Catchment Area of SUNRAIL Stations for Drive Mode
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6.8 SUMMARY

The chaptersummarized transit ridership analysis results and catchment area identification
methods forSunRail stations of the mukmodal mobility study for Central Florida. The
component of public transit ridership evaluation of the research effort were mainly focused on the
coverage area ofylnx and SinRail network systems for th@reaterOrlando area. With regct to

transit ridership analysis, in this research effort, we estimated and presented four different sets of
ridership models: folLynx network systemi (1) stop level average weekday boarding bus
ridership analysis, and (2) stop level average weekdgiytizg bus ridership analysis; finally, for
SunRailnetwork system (3) daily boarding rail ridership analysis, and (4) daily alighting ralil
ridership analysisLynx ridership models were estimated by using grouped ordered logit model
framework.SunRailridership models were estimated by using linear regression based approach.
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CHAPTER VII: VALIDATION OF THE ESTIMATED MOD ELS

7.1 INTRODUCTION

In evaluating the benefits of multhodal investments on promoting travel mobility, the research
team has developed different models for investigating mobility, safety and transit ridership
trends for the Central Florida Regidfith respect to mobility amponent, we estimated
pedestrian generator, pedestrian attractor, bicycle generator and bicycle attractor model. We
estimatedour differentzonatlevel modelsi including twozonal level crash count modelad

two zonallevel crash count by severity legélin evaluating the safety situation of pedestrian
and bicyclists for Central Florida. Finally, two bus ridership and two SunRail ridership models
were estimated with regards to transit ridership componlends effort to assess the predictive
performance of these estimated models for different components, several validation exercises are
undertaken. The objective of thibapteris to document and present these validation results.

The remaininghaptelis organized as follows: The next section provides discussion on the
validation results of the mobility componeiithe subsequent section focusakdation exercise
results from safety component followed by validation results of ridership compdihetinal
section describes summary of the chapter

7.2 MOBILITY COMPONENT

With respect to mobility componente presented motorists demand component based on
CFRPM 6.0 and hence the validation exercise is not evaluated for this road user group. On the
other hand, for nemotorists road user groupe developdfour nonmotorists demand models:

(1) Pedestrian gerstor model based on zonal level pedestrian origin demand, (2) Pedestrian
attractor model based on zonal level pedestrian destination demand, (3) Bicycle generator
modeli based on zonal level bicycle origin demand, (4) Bicycle attractor nidaidedon

zonal level bicycle destination demaiithe estimation results of these models were presented
and discussed i@hapterV. In this section we present the validation exercise results for these
estimateddlemandmodelsfor nornrmotorists road user group

7.2.1 Validation Results of Mobility Component

In order to demonstrate the predictive performance of the estimated models, a validation
experiment is also carried out. The most common approach of performing validation exercise for
aggregate level model is evaluate the ksample predictive measures. To evaluate the in

sample goodnesd-fit measures, we computed the predicted count events for both zero and non
zero events and compared those with the observed values. These measures are presented in Table
7-38 below. From Tabl&-38 we can see that the error between observed and predicted values

are marginal and hence, we can argue that the predictive performance of the estimated models

are reasonable for all four estimated demand models.

107



Table 7-39: Predictive Performance Evaluation

Models Events Observed Predicted HICAET
Error
Total Zones with zero trip count 4,007.00 4,006.80 0.005
Ziﬂifgt'g:‘m del Total number of zonal trips 1,260090.60 | 1,255479.90 0.366
Average zonal trips 265.45 264.48 0.365
Total Zones with zero trip count 4,010.00 4,010.49 -0.012
m%%slma” AIractor | +oial number of zonal trips 1,242270.50 | 1,236690.70 0.449
Average zonal trips 261.70 260.52 0.451
Total Zones with zero trip count 4,574.00 4573.82 0.004
,\Bﬂi%gle Generator | 441 number of zonal trips 16624845 | 165671.36 0.347
Average zonal trips 35.02 34.90 0.343
Total Zones with zero trip count 4,581.00 4581.18 -0.004
Eﬂigﬁg'le Attractor Total number of zonal trips 165845.77 | 171959.97 -3.687
Average zonal trips 34.94 36.22 -3.663

7.3SAFETY COMPONENT

With respect to safety componewe estimatd four different sets of aggregalievel models: (1)
zonallevel crash count model for examining pedestnmator vehicle crash occurrences, (2)
zonatlevel crash count model for examining bicyatetor vehicle crash occurrences (3) zenal
level crash seves model for examining pedestrian crash injury severity by proportions and (4)
zonatlevel crash severity model for examining bicycle crash injury severity by propofrfioes.
estimation results of these models were presented and discu€depierV. In this section we
present the validation exercise results for these estirdatedndnodels.

7.3.1 Validation Results ofCrash Count Models

In order to demonstrate the predictive performance of the estimated crash count models, a
validation experimens also carried out. The most common approach to performing a validation
exercise for an aggregatevel model is to evaluate the-gample predictive measures. To

evaluate the isample goodnesst-fit measures, we employ different fit measures that are

widely used in statistical analysis. For crash frequency models, we compute mean prediction bias
(MPB) and mean absolute deviation (MAD). These fit measures quantify the error associated
with model predictions, and the model with lower fit measures prewadéer predictions of the
observed data. These measures are computed as:
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(1)

where,w andw are the predicted and obserwedues for eventf(be the index foevent
"Q plgloB h) ) and¢ is the number oévents.

Table7-39 presents the values for these measures for NB models for pedestrian and bicycle

crash count models. Further, we also compared the predictive performance of NB models by
comparing the observed and predictive countssaaddferent count events, which are presented
in Figure7-28. From Tabler-39 and Figurer-28, we can argue that the resulting fit measures for
comparing the
are overall reamable with less error in predictions.
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Table 7-40: Predictive Performance Evaluation
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Mean crash
Models Observed Predicted MPB MAD
Pedestrian 0.31 0.33 -0.81 11.44
Bicycle 0.21 0.22 -0.28 6.41
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Figure 7-28: Crash Count Model Predictions
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7.3.2 Validation Exercise of Crash Proportion Models

In order to demonstrate the predictive performance of the estimated crash proportion models, a
validation experiment is also carried out. Thest common approach to perform a validation
exercise for an aggregatevel model is to evaluate the-#ample predictive measures. For crash
proportion models, we compute mean absolute percentage error (MAPE) and root mean square
error (RMSE). These fiheasures quantify the error associated with model predictions, and the
model with lower fit measures provides better predictions of the observed data. These measures
are computed as:
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Qp Q
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where,w andw are the predicted and obserwedues for eventf(be the index foevent
"Q plgloB ) ) and¢ is the number oévents.

Table7-40 presents the values for these measures for the OPFS models for the pedestrian and
bicycle crash models. From Taliel0, we can argue that the resulting fit measures for
comparing the predictive perfor mandoenancdsear | vy
are overall reasonable with less error in predictions.

Table 7-41: Predictive Performance Evaluation

Mean proportion
Models . - MAPE RMSE
Severity Levels Observed | Predicted

Proportion of property damage ordyashes 0.113 0.113
Proportion of minor injury crashes 0.237 0.237

Pedestrian [Proportion of nofincapacitating injury crashq 0.382 0.381 0.003 0.526
Proportion of incapacitating injury crashes 0.183 0.184
Proportion of fatal crashes 0.085 0.084
Proportion of property damage only crashes 0.115 0.115
Proportion of minor injury crashes 0.320 0.320

Bicycle [Proportion of norincapacitating injury crashg 0.407 0.407 0.005 | 0.2912
Proportion of incapacitating injury crashes 0.141 0.141
Proportion of fatal crashes 0.017 0.017
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7.4RIDERSHIP COMPONENT

With respect to ridership components, we evaluated ridership for two main public transit systems
serving the Orlando metropolitan regiduynx bus transit system arg@unRailcommuter rail

system. Specifically, we estimated four different sets of ridership modelsyrigmetwork

systemi (1) stop level average weekday boarding bus ridership analysis, and (2) stop level
average weekday alighting bus ridership analysis; finfdr SunRailnetwork systeni (3) daily
boarding rail ridership analysis, and (4) daily alighting rail ridership analysis. The estimation
results of these models were presented and discus&dpter VI In this section we present

the validation exerse results for these estimated models.

7.4.1Validation Exercise ofLynx Ridership Models

Lynx bus ridership was examined in order to identify the demand of bus transit at stop level
across different time periods and to evaluate the influenSemRailon bus ridershipThe
validation sampl®f Lynx ridershipincludes information fron644 stops forl1 time periods
(64411 = 7,084 records). By using this holdut sample, a validation experiment is carried out
in order to ensure that the statistical resoii&ined from the estimated boarding and alighting
models are not a manifestation of over fitting to data.

In order to explore the predictive performance of the estimated ordered group response models of
riderships, we compute and compare the obseamddredictive riderships across different

ridership categories considered in our models estimati@compute the predictive leg

likelihood from our model and compared it with the-ldglihood at constant. Finally we

compute MAPE and RMSEpresented irrquation 2) Results of these fit measures are presented

in Table4l. From Tabletlwe can see that the predictive dlikglihoods for both boarding and
alighting models are significantly better than theligglihoods at constant. Further from the
computed RMSE and MAPE measure we can say that the validation exercise indicates
satisfatory performance of the proposed model.

Table 7-42: Predictive Performance Evaluation

Fit measures Boarding Alighting
Log-likelihood at constant -2,227.501 -2,282.542
Predictive logrlikelihood -2,094.691 -2,044.660
MAPE 0.685 0.434
RMSE 13.234 17.358

7.4.2Validation Exercise of SunRail Ridership Models

SunRailridership were examined in order to identify the daily demand of the commuter rail. A
sample of 372 records was sampled out for the purposdidationanalysis. Byusing this

hold-out sample, a validation experiment is carried out in order to ensure that the statistical
results obtained from the estimated boarding and alighting models are not a manifestation of over
fitting to data. For testing the predictive penf@nce of the model, we computeotdifferent fit
measuresMAPE and MAD, along with the observed and predicted means. These fit measures
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guantify the error associated with model predictions and the model with lower fit measures
provides better predictiortf the observed data. Estimation results of thesasures are

presented in Table 4From table we can argue that the predictive performance of the estimated
models are good give the smaller range of the errors as we can see from different fit measures.

Table 7-43: Predictive Performance Evaluation for SUNRAIL Ridership

Mean ridership
Models MAPE MAD
Observed Predicted
Boarding 309.422 316.530 0.241 67.136
Alighting 308.195 306.686 0.270 81.143
7.5 SUMMARY

The report summarized validation exercise results for mobility, safety and ridership components
of the multtmodal mobility study for Central Florid&or validation exercise, we have estimated
several measures which are commonly used in evaluating predgetformance of the discrete
choice/outcome models. From the validation analysis results, we found that all of our estimated
models, in terms of mobility, safety and ridership components, provided reasonably good
predictions and hence we can argue thatestimated modes are valid for predicting different
policy measures.
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CHAPTER VIII: POLICY ANALYSIS

8.1 INTRODUCTION

The objective of thighapteris to present and document the policy scenario analysis based on
non-motorists mobility safety modelsindtransit ridership analysggresented in ChaptlV, V

and VI.In terms of normotorists mobility, we developed and presented aggregate level demand
models by considering nemotorists exposure as the dependent variable. Subsequently, we
developed different models for investigating frantorists safety both in terms of crash
frequency and crash severity for the Central Florida Retjicterms of rideship analysis, the
public transit component is mainly focused on the coverage atgawfndSunRailnetwork
systems for the greater Orlando region. In this chapter, @presentdand discussdthe

policy analysis by using the estimates from the el models from different components.
this chapter, we also presentlescriptive analysis on impact ef kexpansion projedb

understand the impact of the expansion project ewsitradership

The remaining document is organized as follows: fidgwd section focuses on policy scenario
analysis fomobility and safety components. The next section focuses on policy scenario
analysis folLynx system. The subsequent section focuses on policy scenario analysis for
SunRailsystem followed by a descriptive analysis on impactdbtkpansion project on transit
ridership.Finally, we present theummary of the chapter

8.2 MOBILITY AND SAFETY COMPONENTS

The parameter effects of exogenous variables in demand and safetg dmwdel directly

provide the magnitude of the effects on zeeakl normotorist demand and crash risks (both in

terms of frequency and proportions of severity) and therefore cannot be directly employed for

policy scenario analysis. For policy scenamalgsis, we compute aggregdtee v e | Ael astic
ef fectsodo of exogenous variables both in the d
and crash severity by proportions) (see work by Eluru and Bhat, 2007 for a discussion on the
methodology for compitg elasticities). We investigate the effect as a percentage change in the
expected total zonal demand, total zonal crash counts and total proportions by severity levels to

the change in exogenous variables for the study region. In the current study, coatesrform

policy analysis for different scenarios as follows:

U Scenario 110% reduction in drive demand for thvalk activityzones.

Scenario 25% reduction in drive demand for thike activity zones

U Scenario 310% reduction in drive demand and 10% reduction in traffic volume for
thewalk activity zones.

U Scenario 45% reduction in drive demand and 5% reduction in traffic volume for the
bike activityzones.

U Scenario 550% reduction in drive demand with 2 mileaffer area of different
central business district (CBD).

c:
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U Scenario 615% reduction in drive demand with 4 miles buffer area of different
central business district (CBD).

U Scenario 75% reduction in drive demand with 6 miles buffer area of differentadentr

business district (CBD).

Scenario 850% increase in existing sidewalk length.

Scenario 915% reduction in zonal average maximum speed.

Scenario 1025% reduction in zonal average maximum speed.

Scenario 1115% reduction in zonal proportion of 3+lamad.

Scenario 1225% reduction in zonal proportion of 3+lane road.

i I i i

These scenarios are evaluated for all zones and for both the pedestrian and bicycle groups of road
users separatelin identifying the walk activity zones, we consider those zones windie

activities were observed from NHTS dataset as walk activity zone. Moreover, the zones which
are within the 2mile buffer area of observed walk activity zones are also considered within the
group of walk activity zones. In identifying the bike actnvzibnes, we consider those zones

where bike activities were observed from NHTS dataset as bike activity zone. Moreover, the
zones which are within therile buffer area of observed bike activity zones are also considered
within the group of bike activitzonesMoreover, we also evaluate Scenafpo$and7 for the

zones within 2 (foScenario § 4 (for Scenari®) and 6 (for Scenarid) miles of buffer area for
multiple CBDs in the Central Florida region, including Orlando, Sanford, Lakelandpianss,

Deland, Ocala, Melbourne, Palm Bay, Leesburg, Daytona Beach and Port Orange. In evaluating
each scenario, we perform policy scenario analysis for three different components:

1. Component 1Policy analysis for nomotorist demand Evaluate change in totdemand
due to the change considered in the scenario.

2. Component 2Policy analysis for nomotorist crash frequencyEvaluate the change in
total crash frequencies considering the change in the scenario and the change in demand
from Component 1 accordingly

3. Component 3Policy analysis for nomotorist crash severity proportiongkvaluate the
change in total crash proportions by severity considering the change in the scenario and the
change in demand from Component 1 accordingly.

By performing policy sceario analysis for these three components, we ensure that the updated
demand matrices for each scenario are produced and employed in developing exposure measures
for nonmotorized travel as well as vehicular volumes on roadways. With these new exposure
measires, the safety models arertan to generate estimates of scendiased crash and severity

rates and the change in safety situation. A comparison across scenarios would allow us to

identify beneficial changes to the existing infrastructure for imprornormgmotorized road user

safety. The spatial representation of the considered CBD locations is shown in8F2§uie

the following sections, we describe the results from these policy scenario matrices for all three
components.
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Figure 8-29: Considered Central Business Distric{CBD) Locations

8.2.1 Policy Analysis for NonMotorist Demand

Policy scenario analysis for nanotorist travel demand is presented in this section. The change

in total demand is evaluated across all scenarios for the pedestrian and bicycle groups of road
users separately. Tlemputed elasticities for total changadiemand are presented in TaBle

433. The numbers in TabR43 may beinterpreted as the percentage change in the expected

total zonal demand per day due to the change in exogenous variable. The following observations
can be made based on the elastidityats presented in Tab&43.

First, decreasindriver orvehicular traffic volumdas positive impact on pedestrian demand,
however, it is less likely to obtain higher bike volume by restricting or reducing vehicular
demandSecond, increasing sidewdhcilities is likely to attract more nemotorists. Third, the
reduction in speed has a greater impact on increasing pedestrian demand. However, for bicycles,
the variable has no impact, as it was found insignificant in bicycle demand models. Fourth, a
restriction in the number of traffic lanes is likely to have a similar impact; as we can see from
Table8-43, it increases nemotorist demand.

From the policy scenario analysis, it is quite clear that providing more wakkiagbicycle
friendly facilities is likely to encourage more people to use-mmtorized modes. Thus, we can
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argue that restricting lanes, reducing speed and reducing/restricting vehicular volume in a certain
zone would increase nanotorist volume.

Table 8-44: Elasticity Effects for Non-Motorist Total Zonal Demand

Scenarios Zones Pedestrian Bicycle
1 All zones 0.83 -3.847
Walk activity zones 1.028 -10.586
All zones 0.711 -3.671
2 Bike activity zones -0.122 -2.588
All zones 0.219 -4.004
3 Walk activity zones 0.417 -2.659
All zones 0.428 -3.751
4 Bike activity zones -0.436 -2.664
All zones 0.735 -3.674
5 Zones within 2 miles buffer of 24.636 -60.154
CBD
All zones 0.697 -3.45
6 Zones within 4 miles buffer of 90,907 26.395
CBD
All zones 0.661 -3.282
7 éangs within 6 miles buffer of 4472 12.314
8 All zones -0.802 -4.081
9 All zones -2.139 -3.506
10 All zones -4.061 -3.506
11 All zones 0.037 -4.699
12 All zones -0.36 -5.567

8.2.2 Policy Analysis for NonMotorist Crash Frequency

Policy scenario analysis for nanotorist crash frequency is presented in this section. The change
in total crash frequency is evaluated across all scenarios for the pedestrian and bicycle groups of
road users separately. The computed elasticities fdrctudiage in crash frequency are presented

in Table8-44. To be sure, in evaluating the change in each scenario, the corresponding change in
nonrmotorist demand (as presented in Sec8@1l) is also incorporated for evaluating elasticity
effects for normotorist crash frequency. The numbers in Tabl may be interpreted as the
percentage change in the expected total zonal crashes per year due to the change in exogenous
variable. The following observations can be made based on the elasticity effestsqulés

Table8-44.

First, decreasing drive demand alone or along with traffic demand is likely to reduce pedestrian
crashes, but is likely to increase bicycle crashes. Secoo@dageng vehicular traffic volume

near CBD locations is likely to reduce pstiian crashes, with a greater impact within the
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vicinity of the CBD. However, bicycle crashes are likelyrtcrease (other than for 2 miles
radius) Third, the scenario of sidewalk length shows that providing walking facilities has the
potential to impove pedestrian safety. On the other hand, bicycle crashes are likely to be high
for increasing sidewalk lengthperhaps indicating greater exposufeurth reduction in speed
and restrictions in traffic lanes decrease pedestrian crashes. On the otheestaictions in

traffic lanes increase bicycle crashes by about 4%.

Table 8-45: Elasticity Effects for Non-Motorists Crash Frequency

Scenarios Study region Number of zones Pedestrian Bicycle
] All zones 4,747 -2.127 2.889
Scenario 1 —
Walk activity zones 4,168 -2.202 2.840
) All zones 4,747 -1.244 3.618
Scenario 2 - —
Bike activity zones 4,091 -1.328 3.530
) All zones 4,747 -2.877 1.355
Scenario 3 —
Walk activity zones 4,168 -2.986 1.242
) All zones 4,747 -1.597 2.867
Scenario 4 - —
Bike activity zones 4,091 -1.713 2.721
All zones 4,747 -2.418 2.549
Scenario 5 ithi i
Zones within 2 miles buffer 203 12443 -5 285
of CBD
All zones 4,747 -1.369 3.475
Scenario 6 ithi i
Zones within 4 miles buffer 1,375 3,634 1735
of CBD
All zones 4,747 -0.894 3.897
Scenario 7 ithi ;
Zones within 6 miles buffer 1,985 1558 3346
of CBD
Scenario 8 All zones 4,747 0.558 4.301
Scenario 9 All zones 4,747 -0.477 0.000
Scenario 10 All zones 4,747 -0.486 0.000
Scenario 11 All zones 4,747 -0.469 4.301
Scenario 12 All zones 4,747 -0.473 4.323

8.2.3Policy Analysis for NontMotorist Crash Severity Proportions
Policy scenario analysis for nanotorist crash severity proportions is presented in this section.
The change in total crash severity proportions is evaluated across all scenarios for the pedestrian
and bicycle groups of road users separately. The complasticities for total change in crash
frequency are presented in TaBld5. To be sure, in evaluating the change in each scenario, the
corresponding change in nomotorist demand (as presented in Sec8idh]) is also
incorporated for evaluating elasty effects for normotorist crash severity proportions.

Table 8-46: Elasticity Effects for Non-motorists Crash Severity Proportions

PEDESTRIAN
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Scenarios Study region l;lfu ;Z)?gs o C B A K
_ All zones 4747 | 2205 | 0.009 | -0.271 | -0.495 | -0.689
seenanto L My alk activity Zones 4168 | 2.303 | 0.007 | -0.288 | -0.529 | -0.740
, All zones 4747 | 2431 | 0096 | 0292 | -0.611 | -0.890
Seenano 2 I eie activity Zones 4091 | 2416 | 0.064 | -0.289 | -0.603 | -0.890
, All zones 4747 | 2223 | 0015 | 0273 | -0.503 | -0.701
Scenario 3 M alk activity Zones 4168 | 2322 | 0.012 | 0291 | -0.537 | -0.752
_ All zones 4747 | 2440 | 0099 | 0293 | -0.614 | -0.895
Scenario 4 Bike activity Zones 4,091 2.425 0.066 | -0.290 | -0.607 | -0.896
All zones 4747 | 2261 | 0037 | 0275 | -0.528 | -0.752
ScenarioS | Zones with 2miles buffer | 4 7.228 | -1.212 | -0.928 | -0.796 | -0.827
of CBD
All zones 4747 2.431 0.096 | -0.292 | -0.610 | -0.891
Scenario 6 | Zones with 4miles buffer | ) 300 | 4379 | 0327 | -0520 | -0.828 | -1.226
of CBD :
All zones 4747 | 2534 | 0.136 | -0.301 | -0.663 | -0.983
Scenario 7| Zones with 6miles buffer |y goc | 3401 | 0057 | -0412 | -0.820 | -1.269
of CBD :
Scenario 8 All zones 4747 2.742 0.192 -0.327 | -0.748 | -1.118
Scenario9 | All zones 4747 | 2721 | 0193 | 0324 | -0.746 | -1.113
Scenario 10 | All zones 4747 | 2777 | 0204 | 0332 | -0.765 | -1.141
Scenario 11 | All zones 4747 | 2.665 | 0.181 | -0.316 | -0.726 | -1.085
Scenario 12 All zones 4747 2.682 0.185 | -0.319 | -0.732 | -1.092
BICYCLE
Scenarios Study region IC\’I;J ;?)t:gs o C B A K
_ All zones 4747 | -0325 | -0.162| 0.075 | 0.343 | 0.606
scenario L M alk activity Zones 4168 | -0.330 | -0.165| 0.077 | 0.358 | 0.653
_ All zones 4747 | -0074 | -0071| 0.018 | 0138 | 0.268
Scenano 2 e activity Zones 4091 | -0.078 | -0.075| 0.019 | 0.148 | 0.201
_ All zones 4747 | -0.324 | -0.162| 0.075 | 0343 | 0.606
Scenanio 3\ alk activity Zones 4168 | -0.330 | -0.165| 0.077 | 0.358 | 0.653
) All zones 4,747 -0.074 | -0.071| 0.018 0.138 0.268
Scenario 4 Bike activity Zones 4,091 -0.078 | -0.075 | 0.019 0.148 | 0.291
All zones 4747 | -0577 | -0.234| 0.138 | 0507 | 0.798
Scenario 5 Zones with 2miles buffer | 703 | -3.008 | -1.061| 0782 | 2737 | 4778
0

Table 845 (Continued) Elasticity Effects for Non-motorists Crash Severity Proportions

BICYCLE

118



Scenarios Study region l(;lfu ;Z)?gs o C B A K

All zones 4747 | -0.149 | -0.093| 0037 | 0.187 | 0.330
Scenario 6 gfogeBSDWith amiles buffer | 4 375 | 9711 | 0255 | 0174 | 0626 | 1.111

All zones 4747 | 0016 | -0.036| -0.002 | 0.057 | 0.120
Scenario 7 gfogeBSDWith Gmiles buffer | 4 985 | 0237 | -0.082 | 0.059 | 0204 | 0.365
Scenario8 | All zones 4747 | 0156 | 0.011 | -0.034 | -0.048 | -0.047
Scenario9 | All zones 4747 | 0.000 | 0.000 | 0000 | 0000 | 0.000
Scenario 10 | All zones 4747 | 0.000 | 0.000 | 0000 | 0.000 | 0.000
Scenario 11 | All zones 4747 | 0152 | 0011 | -0.033 | -0.047 | -0.046
Scenario 12 | All zones 4747 | 0152 | 0011 | -0.033 | -0.048 | -0.048

O=property damage only, C=minor injury, B=ndncapacitating injury A=incapacitating injury, K=fatal

The numbers in Tablg 45 may be interpreted as the percentage change in the expected total
zonal crash severity proportion across different severity levels due to the change in exogenous
variable. The following observations can be made based on the elasticity effects presented in
Table8-45. First, decreasing drive demand alone or along with traffic volume is likely to reduce
pedestrian crash severity but is likely to increase bike severity. Se@mmdasding vehicular

traffic volume near CBD locations is likely to redymedestancrash severity, with greater

impact within the vicinity of the CBD. However, the impact onlifeycle modeseverity ouis

higher Third, the decrease in pedestrian fatal crash severity proportions is about 1% for
increasing sidewalk length, reducinmeged and restricting traffic lanes. The contributions of

these measures on bicycle crash severity are less pronounced relative to pedestrian modes.

It is a weltknown fact that nomotorist safety tends to decrease with increasingmotorist
exposure, ad only after a certain level of exposure (when traffic becomes familiar with the
higher number of nomotorists) does the safety tend to increase. From our policy analysis, we
can see that nemotoristfriendly infrastructure has a mixed effect on fraptorist safety.
Therefore, it is imperative that policy implications for improving smeotorist safety be

identified by considering all known exogenous elements in identifying the appropriate tools. In
general, restricting vehicular volume in a targeted zema&ld improve normotorist safety.

8.3RIDERSHIP COMPONENTS

With respect to transit ridership analysis, in our research effort, we estimated and presented four
different sets of ridership models: foynx network systeni (1) stop level average weekday
boarding bus ridership analysis, and (2) stop level average weekday alighting bus ridership
analysis; folSunRailnetwork systeni (3) daily boarding rail ridership analysis, and (4) daily
alighting rail ricership analysis. It is worthwhile to mention here that, a specific emphasis of bus
ridership analysis was to identify the effectSainRailon bus ridership. Transit demand models
were developed by considering attributes from temporal and seasonal sati@isportation
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infrastructures, land use variables, sociodemographic variables, and weather variables. In this
section we present the policy scenario analysis for the transit ridership component based on the
estimated demand models for bagnx andSunRail transit systems.

8.3.1 Policy Analysis forLynx System

Policy scenario analysis fauynx transit demand is presented in this sectioterms of bus
ridership we estimate two different GROL models: one model for stop level average weekday
alighting ridership and another model for stop level average weekday boarding ridership.
order to highlight the effect of various attributes over time on boarding and alighting ipgdersh
an elasticity analysis is also conducted (see Eluru and Bhatf@0@discussion on the
methodology for computing elasticitie¥).e investigate the change in ridership, due to the
change in selected independent variallesur analysis, ridershig categorized into 13 bins:
Bin 1 = OF0;BinBi= 016202 Binr4 =2030, Bin 5 = 3640, Bin 6 = 4850, Bin 7 =
50-60, Bin 8 = 6670, Bin 9 = 7680, Bin 10 = 8090, Bin 11 = 96100, Bin 12 = 10a.20 and

Bin 13=>120In our policy analysisye mmpute the change in ridership (both boarding and
alighting) for changén headway, sidewalk, bus route length, number of bus stops, land use mix,
percentage of zero vehicle household (HH) and stops with shelter for the thirteen ridership
categoriesin the current study context, we perform policy analysis for different scenarios as
follows:

Scenario 110% increase in sidewalk length in 400m buffer of stops.

Scenarid?: 25% increase in sidewalk length in 400m buffer of stops.

Scenarid3: 10% increase ibus route length within 800m buffer of stops.

Scenaridd: 25% increase in bus route length within 800m buffer of stops.

Scenario 5Improving headway to 230 minutes for the stops with headway greater
than 30 minutes.

Scenarids: Improving headway to Issthan 15 minutes for the stops with headway
15-30 minutes.

Scenario/: 10% increase in landse mix in 600m buffer of stops.

Scenarid: 25% increase in landse mix in 600m buffer of stops.

Scenarid®: Providing shelter in 18% of the stops where at prietheere is no shelter.
Scenario 1010% increase in percentage of household (HH) at a Census Tract level.
Scenario 1125% increase in percentage of household (HH) at a Census Tract level.

c: [t ent N e et ]

cCcCcc

The results for the elasticity analysis are presented in Badile
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Table 847: Policy Analysis ofLynx

BOARDING
Scenarios Bins (Percentage)
1 2 3 4 5 6 7 8 9 10 11 12 13

Sidewalk

1 -0.75 0.22 0.74 1.08 1.22 1.35 1.48 1.60 1.72 1.85 1.98 2.15 2.45

2 -0.30 0.09 | 0.30 0.43 0.49 0.54 0.59 0.64 0.68 0.73 0.78 0.85 0.97
Bus route length

3 0.40 -0.11 | -0.37 -0.57 -0.66 -0.75 -0.83 -0.91 -1.00 -1.08 -1.16 -1.26 -1.43

4 1.01 -0.27 | -0.95 -1.43 -1.65 -1.86 -2.06 -2.27 -2.47 -2.66 -2.85 -3.10 -3.52
Headway

5 -16.93 | -13.42 | 6.59 30.06 42.67 | 54.94 66.16 75.84 83.74 89.90 94.50 98.87 103.60

6 -20.06 | -39.22 | 2.84 47.27 69.82 | 91.12 | 110.10 | 126.07 | 138.84 | 148.57 | 155.71 | 162.30 | 169.04
Land-use mix

7 -0.76 0.36 0.82 1.07 1.17 1.25 1.33 141 1.49 1.57 1.66 1.77 1.96

8 -1.91 0.89 | 2.03 2.69 2.93 3.15 3.35 3.55 3.75 3.97 4.19 4.48 4.98
Shelter

9 -7.49 -1.56 5.52 11.37 1424 | 17.21 20.27 23.38 26.41 29.26 31.81 34.80 39.18
Percentage of zero vehicle HH

10 -0.55 0.18 0.56 0.79 0.89 0.98 1.06 1.16 1.25 1.36 1.46 1.62 1.89

11 -1.38 0.41 1.37 1.98 2.23 2.46 2.69 2.92 3.17 3.44 3.72 4.12 4.85
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Table 846 (Continued): Policy Analysis ofLynx

ALIGHTING
Scenarios Bins (Percentage)
1 2 3 4 5 6 7 8 9 10 11 12 13

Sidewalk

1 -0.36 0.07 0.32 0.48 0.56 0.63 0.70 0.77 0.84 0.92 0.99 1.08 1.22

2 -0.91 0.15 0.78 1.21 1.40 1.57 1.75 1.93 2.12 231 2.50 2.73 3.09
Bus route length

3 0.32 -0.04 | -0.25 -0.40 -0.48 -0.56 -0.65 -0.74 -0.83 -0.92 -1.00 -1.09 -1.24

4 0.79 -0.10 | -0.62 -1.01 -1.21 -1.41 -1.63 -1.85 -2.07 -2.27 -2.47 -2.70 -3.05
Headway

5 -16.34 | -15.46 | 2.44 26.38 40.61 | 54.39 | 66.64 76.67 84.35 89.87 93.66 96.84 99.61

6 -18.41 | -41.32 | -2.75 41.36 65.52 | 88.03 | 107.40 | 122.84 | 134.36 | 142.46 | 147.89 | 152.28 | 155.79
Land-use mix

7 -0.38 0.14 0.37 0.50 0.56 0.60 0.64 0.69 0.73 0.78 0.82 0.87 0.94

8 -0.95 0.34 0.92 1.26 1.39 151 1.62 1.73 1.84 1.95 2.05 2.18 2.36
Shelter

9 -4.75 -0.99 2.93 6.21 7.94 9.80 11.80 13.93 16.09 18.15 20.04 22.30 25.64
Percentage of zero vehicle HH

10 -0.69 0.12 0.60 0.93 1.07 1.20 1.33 1.46 1.60 1.74 1.89 2.07 2.37

11 -1.72 0.25 1.48 2.32 2.68 3.02 3.36 3.70 4.06 4.44 4.82 5.32 6.14
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These results bydershipcategory can be translated into simple ridership numbers in a
straightforward manner (if neede®everal observations can be made from the results presented
in Table8-46. First, headwaysnd shelteare the most important variables in terms of high
ridership categories. These results indicate that ridership is more sensitive to transit attributes and
endorse the need to invest in improving transit infrastructure and service in order to encourage
transit usageSecondthe effect of higher percentage of Mith zero personal vehickerther

indicates that reduced accessibility to private automobileases transit usagehird, as is

evident from Tabl&-46, higher laneuse mix also has a substantial contribution in increasing
transit ridership providing credence to the rationale that dense urban environments contribute to
a positive impact on ridergh Finally, more pedestrian friendly environment also have potential

in increasing transit ridershipased on our findings to increase the ridership, services related to
public transit (improvement of headway aattition of sheltejsshould beconsidered.

8.3.2 Policy Analysis forSunRail System

Policy scenario analysis f@unRailtransit demand is presented in this sectintierms of rail

ridership we estimate two differentlinear regressiomodels: one model fatationlevel daily

weekday boarding and one model for station level daily weekday aligiRiaigjridershipwas
examined in order to identify the daily demand of the commuter\iédl.compute aggregate

l evel Afel asticity effectso of exogenous varia
boarding and alighting ridership for chandessome selected exogenous variables. We consider
the number of bus stops, land use mix dredrtumber of commercial centers in 1500 m buffer
around the SunRail stations for this purpose. In calculating the expected average predicted daily
ridership, we increase the value of these variable by 10% and 25%. The computed ridership due
to the changenithese variables are shown in Fig8r80 along with the observed daily ridership.

Several observations can be made from Fig86. First, increased number of bus stops in 1500

m buffer have higher impaoh increasing the ridershgt almost every SuRail station The
highestimpactis observed aAMTRAK, Church Street and Lynx Central stationse$aresults

indicate that in the downtown area, the ridership is sensitive to bus stops around SunRail station;
thus supporting investments on transit iafracture for encouraging an integrated transit system.
Secondgthe effect of land use mix indicates that improving the mix of land use patterns has
positive impact on ridership. The lande mix variable has almost similar impact across all
stationsFindly, increasing the number of the commercial centers also considerably increases the
ridership. However, there was no impact on ridership for SFS and DBS stations as expected
because the original variables were 0 for these stations (an increase by gerdeatanot result

in an increase). The elasticity analysis conducted provides an illustration on how the proposed
model can be applied for policy evaluation for SunRail ridership.
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Figure 8-30: Policy Analysis ofSunRail
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8.4IMPACT OF | -4 CONSTRUCTION ON BUS RIDERSHIP

In order to understand the impact ef tonstruction on transit ridership, we apgform a
descriptive analysis. Thedl ultimate improvement project is focused on a 21 mile stretcid of |
and the project began in March 2015.

The travellers using the corridor for their daily trips are likely to face congestion due te the on
going conguction project. The authorities are encouraging travellers to use public transit to
avoid construction related delay. In this research effort, we perform a descriptive analysis to
understand the impact of the construction project on overall public tnaaspn ridership. To
understand the impact c#ll expansion project, we assume that the buffer area within 1, 2 and 3
mile of the construction zone will be highly, moderately and marginally impacted respectively.
The impact area of4 expansion along Wi SunRailline, SunRailstations and bustops are
presented in Figure-81.

In order to understand the impact of the expansion project on bus ridership, we consider ridership
records from May 2013 to April 2015 as before construction period; while May 2015 to

December 2016 as after construction period. We have compared the aahagedership for

before and after period for the different influence areas. These results are presenteddn Table

47. From TableB-47, we can see that the average daily ridership of the stops within the influence
areas (1, 2 and 3 miles buffer arda@ye decreased after May 2015 relative to the before
construction period. The percent reduction is lower within the 1 mile buffer area compared to 2
and 3 mile buffer areas. While it is expected that more people might choose transit as an alternate
optionto avoid construction related delay, it is also important to realize that the overall bus
ridership has decreased after 2014 as presented in Bi@ard he reduction in bus ridership is
probably reflective of improving economic conditions in the Cefti@ida region.

To consider this overall trend of ridership reduction, we have also computed the percentage
change in ridership of stops outside the buffer area. From Bafilgit is evident that after May
2015, ridership has also decreased for stopside +4 expansion influence area. However, the
reduction in ridership within the influence area of the construction zone is lower than the stops
outside the influence area. Moreover, some of the change in bus ridership within the influence
area might battributed to the new transit infrastructure additiddunRail Therefore, we can
argue that-4 expansion project has an overall positive impadtyox ridership even though the
bus ridership at a stop level has seen an overall reduction after 2014.
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Table 848. Expansion Project and Change in Ridership

Average daily

Change in average daily

Study period ridership (Percentage)
Boarding Alighting Boarding Alighting
After (May 2015 to December 2016) 19.73 19.80 407 417
Before (May 2013 to April 2015) 20.56 20.67
Influence area
Inside 1mile buffer area
After (May 2015 to December 2016) 34.52 33.95 271 269
Before (May 2013 toApril 2015) 35.48 34.86
Outside 1mile buffer area
After (May 2015 to December 2016) 15.31 15.58 496 516
Before (May 2013 to April 2015) 16.11 16.43
Inside 2mile buffer area
After (May 2015 to December 2016) 27.50 27.18 334 289
Before (May 2013 to April 2015) 28.45 27.98
Outside 2mile buffer area
After (May 2015 to December 2016) 15.01 15.33 486 550
Before (May 2013 to April 2015) 15.78 16.23
Inside 3mile buffer area
After (May 2015 to December 2016) 25.42 25.27
Before (May 2013 to April 2015) 26.23 26.06 ~3.08 ~3.03
Outside 3mile buffer area
After (May 2015 to December 2016) 14.34 14.64 568 =98
Before (May 2013 to April 2015) 15.21 15.57

22.00

21.00

20.00

19.00

18.00

Percentage

17.00

16.00

15.00
2013

m Average daily boarding

2014

Year
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Figure 8-32 Average DailyLYNX Ridership
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85 SUMMARY

The report summarized forecasting exercise regaitsonmotorists mobility and safety

components along wittorecastingexercise result®r transit ridership components of the multi

modal mobility study for Central Florid&Vith respect to policy scenario analysis, we considered

12 hypothetical scenarios and evaluated the impact of change in variables on mobility and safety
(both frequency and severity) components of-nmtorized road user group. Furthetwe

considered 11 an@l hypothetical scenarios faynx andSunRailsystems, respectively, and

evaluated the impact of change in ridership for both systems separately. Based on our findings to
increase the ridership, services related to public transit (improvement of headistyetter)

and dense community building should be considered.
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CHAPTER IX: COST-BENEFIT ANALYSIS

9.1 INTRODUCTION

The objective of thighapteris to document and present the doshefit analysi§CBA) of the

recently added SunRail transit system in Orlando. Transit systems are an integral part of the
development of a community. But comprehensive benefits of these systems often are not
estimated or remain unmeasured. Though the capital cost of degetoppansit system is

significantly higher, total benefits accrued from a transit system operation in the long run is

likely to surpass the higher investment cost. CBA is considered to be one of the most appropriate
tools in evaluating net benefits of arisportation system (Litman, 2001). With the focus of
encouraging more people to use sustainable transportation alternatives, FDOT is constructing a
new, 17.2mile extension to the existing dtile SunRail commuter rail. A comprehensive CBA

of the existingoperational SunRail system would assist planners and policy makers to evaluate
the fAreal 0o benefit of these investments and p
for improving/building transit infrastructures. To that extent, in this rekesifort, we present

and discuss CBA result for the existing®dle SunRail system.

The remaininghapters organized as follows: The next section focuses on components-of cost
benefit analysis for SunRail system. The subsequent section focusesresut of cosbenefit
analysis. Finally, we present teemmary of the chapter

9.2COST-BENEFIT ANALYSIS FOR SUNRAIL

SunRail is in operation since May, 2014 in greater Orlando. The existing operational SunRail
system comprises of 3tile rail length éong with 12 active stationsSand Lake Station,

Amtrak Station, Church Street Station, Lynx Central Station, Florida Hospital Station, Winter
Park Station, Maitland Station, Altamonte Spriigtgtion, Longwood Station, Lake Mary
Station, Sanford Staticend Debary Station. In this research effort, we focus on this existing
SunRail system for the CBA. We projected cost and benefit for 30 years (from 2014 to 2044)
considering 2014 as base year.

9.2.1Factors Considered

The potential cosbenefit components of SunRail is identified based on literature review and the
components identified in Task 1. With regards to cost component, the factors we consider
included: (1) capital costs and (2) operation and maintenance looisns of the benefit
component, the factors we consider included: (1) personal automobile cost savings, (2) crash cost
savings, (3) parking cost savings, (4) energy conservation savings, and (5) assessed property
value increase. In the current study teom, we assume that SunRail trips has an impact on
personal automobile mode only. However, SunRail could have potential impact on individuals
using other modes including bus, walk or bike. However, in computing benefits, we assume that
SunRail trip wouldhave negligible effect on other modes since we did not have information on
actual modal shifts that may have induced by SunRail.
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9.2.2Demand Attributes

Transit demand attributes (such as ridership, passenger miles travelled, frequencies, headway
etc.) déermine the magnitude of benefits from any transit investments as these attributes
represents the demand and efficiency of the system. Therefore, the first step of CBA is to
identify these demand attributes. In this research effort, we compute the fzeteft as

function of daily ridership, passenger miles travelled and train frequency. In this section, we
describe the procedure for computing these attributes.

Daily Ridership

For the purpose of identifying average daily ridership of SunRail at a systemwe have

compiled stop level daily boarding and alighting ridership data for ten months from January 2015
to October 2015. The daily ridership data includes weekdays only as SunRail did not operate
during weekends over the data collection periocc TBmonth, 12 station data provided us

2,496 observations. A summary of the system level ridership (boarding and alighting) is
provided in Tabl®-48. From Table 948, we can see that the average daily sydtaral

ridership isalmost 3,700Therefore, fo the current study, we consider an average daily ridership

of 3,700 at a systetievel for computation of benefit factors.

Table 9-49: Summary Statistics for SunRail Average Daily Ridership (January 2015 to

October 2015)
. Mean
Station Name Boarding Alighting
Sand Lake Station 451.168 82.127
Amtrak Station 124.260 20.507
Church Street Station 393.135 79.184
Lynx Central Station 403.769 35.282
Florida Hospial 201.976 26.562
Winter Park Station 411.707 205.107
Maitland Station 180.962 27.084
Altamonte Springs station 244.163 40.788
Longwood Station 240.909 36.959
Lake Mary Station 337.005 55.139
Sanford Station 258.952 45.735
Debary Station 445.178 90.608
Total 3,693.183= 3,700 3,693.183= 3,700

Passenger Miles Travelled

For the purposef identifying passenger miles travellers, we selected station level ridership for a
random day. From the stégvel daily ridership information including boarding and alighting,

we computed the train occupancy between stations. The occupancy andatsti#bion distance

was employed to generate person level mileage on the system. #hle®esents the

passenger miles travelled computation details. From Ta#fe @e can see that on an average a
passenger travelled about 16.57 miles by using SlinRai typical weekday. Therefore, we

have considered 17 miles as average passenger miles travelled for computation of benefit factors.
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Table 9-50: Passenger Miles Travelled Calculation$or SunRail

SOUTHBOUND
Number of passenger Tf?ta| %assengedr
No. Stations Distasnt(;(taiforgrpms”t:;i)on \ ) . bnggfgédfg?;:r?ce
Boarded Alighted Remained boarded from station to
station)
1 DeBary Station 1-2 5 451 0 451 2,255.00
2 Sanford Station 2-3 4.5 253 15 689 3,100.50
3 Lake Mary Station 34 5.5 331 18 1,002 5,511.00
4 Longwood Station 4-5 3 207 39 1,170 3,510.00
5 Altamonte Springs Station 5-6 167 72 1,265 3,795.00
6 Maitland Station 6-7 35 129 42 1,352 4,732.00
7 Winter Park Station 7-8 25 152 266 1,238 3,095.00
8 Florida Hospital Station 89 2.3 70 157 1,151 2,647.30
9 Lynx Central Station 9-10 0.7 64 322 893 625.10
10 | Church Street Station 1011 1.2 46 299 640 768.00
11 AMTRAK Station 11-12 57 13 118 535 3,049.50
12 Sand Lake Road Station --- 0 535
Total Southbound 1,883 1,883 33,088.40
NORTHBOUND
Number of passenger Tﬁtéﬂ %assengedr
No. | Stations Dista;;ei;rno(rpn ﬁ;it)ion o ; : brgla?gédfljr?:[g]r?ce
Boarded Alighted Remained boarded from station to
station)
1 Sand Lake Station 1-2 5.7 395 0 395 2,251.50
2 Amtrak Station 2-3 1.2 109 13 491 589.20
3 Church Street Station 34 0.7 326 41 776 543.20
4 Lynx Central Station 4-5 2.3 343 62 1,057 2,431.10
5 Florida Hospital 5-6 25 139 86 1,110 2,775.00
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Table 9-49 (Continued} Passenger Miles Travelled Calculation$or SunRail

NORTHBOUND

Number of passenger Total passenger

Distance from station to e amEnEd

No. | Stations station (miles) : ) boarded*Distance

Boarded Alighted Remained boarded from station to
station)
6 Winter Park Station 6-7 3.5 243 175 1,178 4,123.00
7 Maitland Station 7-8 3 48 153 1,073 3,219.00
8 Altamonte Springs station 89 3 92 177 988 2,964.00
9 Longwood Station 9-10 55 41 203 826 4,543.00
10 | Lake Mary Station 1011 4.5 17 314 529 2,380.50
11 | Sanford Station 11-12 5 10 235 304 1,520.00
12 | Debary Station 0 304

Total Northbound 1,763 1,763 27,339.50

Total Passenger miles travelled

33,088.40+ 27,339.50= 60,427.90

Average passenger miles travelled

60,427.90(1,883+1,763) = 16.57
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Train frequency

We identify train frequency based on SunRail train frequency operation. The frequency of
SunRail is 18 in each direction, therefore, we consider train frequency as 36 per day
(representindpoth direction run) for computation of benefit factors.

9.3COST FACTORS

In our current study, we consider two cost factors: (1) capital costs, and (2) operation and
maintenance costs. Capital costs include costs for planning, design and constructing the
infrastructure for SunRail operation along with costs for buying the trains. Operation and
maintenance costs include compensation cost of train operators, operation and maintenance
personnel, electricity bills, buying replacement parts, supplies from x&eadd other regular
operation cost. For the current research purposes, we consider SunRail capital costs as $615
million (FDOT, 2016; 201[). In terms of operation and maintenance costs, we consider it as
$34.4 million for the base year (sourced froaylor and Paramore, 2016, 2Q1For 30 year

cost projection, we assume an increase rate of 2.8% per year in computing operation and
maintenance cost.

9.4BENEFIT FACTORS

9.4.1Personal Automobile Cost Savings

Personal automobile cost (PAC) savings refeithe cost saving to riders due to the shift from
personal automobile to transit mode. There are marginal costs associated with driving a personal
vehicle in terms of fuel usage, depreciation, insurance, maintenance, parking cost and vehicle
ownership cas By shifting from driving to transit, travellers are likely to reduce their annual
transportation costs related to owning and operating a personal vehicle. In fact, Litman (2004)
computed the savings to be $1,300 per household in cities with estaléisheghsit system.

Thus, there is likely to be cost savings for train riders from reduced personal automobile usage.
For our current research purpose, we assume PAC savings to be $0.65 pemiéh(@AA,

2013). The value is identified by assumingttlaavehicle is driven approximately 15,000 miles

per year and the cost includes operating (gas, maintenance, and tires) and ownership (insurance,
depreciation, license, registration, taxes, and finance charge) components of driving personal
automobile. Fuher, in identifying PAC savings per person, we assume that the average
occupancy of a vehicle is 1.6/NHTS, 2017%. According to NHTS 2009, average vehicle
occupancy rate for commuter trips were 1.13 while in Florida, the rate is greater Asaa 2.

result, for our analysis, we used 1.67 as the vehicle occupancy fHicts,. the PAC cost

savings is computed for a person as AS . Table9-50 provides our estimates of per
year PAC savings of SunRail.
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Table 9-51: Personal Autonobile Cost Savings

Cost catedo Unit cost Average train-miles travelled | Personal automobile cost
gory ($/rider -miles) (mileskider -day) savings ($fider -day)
Personal
automobile cost EU P X > P X
savings P& X P& X
AT "CHAET T THTERT © T THHT i°H f- 8., . z oz Ah h 8
o HH" 8

Note: vz v ¢representd days otheweek and 52 weeks operation period of SunRail per year

9.4.2Crash Cost Savings

In general, public transportation has better safety record per unit of travel relative to passenger
vehicle. As documented by Litman (201djashrate of commuter rail from road traffic crashes

is 0.43 per billion passenger nsjavhile the crash rate fgrassenger vehicle is 7.28. The value
clearly signify the benefit of transit mode in terms of road safety. In our current research effort,
we compute the crash cost savings of SunRail by subtracting SunRail crash cost from the
automobile crash cost for s to reflect the net benefit of replacing automobile trips with transit
mode. For computing crash cost savings, we assume crash cost of automobile as $0.10 per
vehicle mile and crash cost of SunRail as ($0.258 (external risk)+0.05*occupant(internal risk))
per vehicle mileTable 951 provides our estimates of per year crash cost savings of SunRalil
(following Litman, 201).

Table 9-52: Crash Cost Savings

Cost cateqo Unit cost Average train-miles travelled Automobile crash cost

gory ($/rider -miles) (mileskider -day) ($lrider -day)
Automobile crash ™® T P 1

cost — P X P X
P X P® X
AT IHET 1T § T HAL R 1|A— 8., . z z A h 8

0 "HH"l 8
Cost category Train -miles (per day) External cost Internal cost ($/day)
($/day)

SunRail crash cost CFoQ TR Vo F O @ TBIFPROXTT
AT IPHTT AHiHME I 8 2 2 2 8 z z z z A h 8
AT THTHMHE WH T 4 A h 8 A h 8 Ah 8

f & HH
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9.4.3Emission Cost Savings

One of the major benefits of transit over automobile is emission reduction benefits (Gallivan et

al., 2015). Aubmobile and bus are likely to emit carbon monoxide, nitrogen dioxide, car dioxide

and hydrocarbon in air. On the other hand, light rail is likely to produce 99% less hydrocarbons

and carbon monoxide emissions per mile relative to that of automobile (G20@:t). In our

current study, we use air pollution cost as $0.08 per vehicle mile (Blonn et al., 2006), reflecting

the fact that SunRail is located in urban area and the rail system also generates some air

emissions. Thus, we compute emission costsavings fAchange i n automobil
travell ed*emi ssion cost p852pravides ounestimateseofperi | e t
year emission cost saving of SunRail.

Table 9-53: Emission Cost Savings

Cost category Qnit cos_:t Average_Irain'-miIes travelled Emissio_n cost savings
($/rider-miles) (milesfkider -day) ($/rider -day)
Emission cost T8y 8Ly
savings o R PX oy P X
AT 7IHE T THETITHT G T 4 8 . . z z A h 8
5 8

¥average vehicle occupancy is considered as 1.67

9.4.4Parking Cost Savings

Parking personal automobiles are often associated with cost of parking spaces and time spent to
find the space. Unlike automobile mode, transit mode does not have parking cost associated with
it (except park and ride option). In our current study, we cdenparking cost savings for trip to
reflect the net benefit of replacing automobile trips with transit mode. For computing cost
savings, we assume parking cost of automobile as $0.36 per vehicle mile (following Litman,
2018). Table9-53 provides estimatesf per year parking cost savings of SunRail.

Table 9-54. Parking Cost Savings

Cost catedo Unit cost Average train-miles travelled Parking cost savings
gory ($/rider -miles) (milesfider -day) ($irider -day)
Parking cost & @ 0 X ™ @
savings P& R 0B X P X
n T oy o [/ non e Y&y o T 'iAn 8 I =
_Z z z z
AT "THHTTT THI HHIIIEhHH"I 3 Ah h 8

¥average vehicle occupancy is considered as 1.67
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9.4.5Energy Conservation Savings

Transit mode can provide significant energy efficiency. Shapiro et al. (2002) found that an
average automobile consumes about double the energy per passdagrmvel relative to
transit mode. In our current research effort, we use energy consenzatingssas $0.03 per
vehicle miles (following Litman, 2018). Tab®54 provides estimates of per year energy
conservation cost savings of SunRail.

Table 9-55. Energy Conservation Savings

Cost catedo Unit cost Average train-miles travelled Energy conservation
gory ($/rider -miles) (mileskider -month) savings ($fider -month)
(I:Egrfsrg)r/vation T8t 0 P X T8t S P X
savings P L PB X
AT 7LHE "H "HTHD "L HT T M T 4 8 . . z oz A h 8
o "HH" T8

¥average vehicle occupancy is considered as 1.67

9.4.6Assessed Property Value Increase

Development of transit infrastructure increases overall accessibility which in turn is likely to
increase land values around transit stops/stations. Moreover, higher accessibility attributable to
transit development is likely to attract more economic agraekent, higher active transportation
friendly environment, more activities, higher density and mixeel community development.

Clearly, there are positive impacts of transit development on land use value. In our current study,
we also consider the chanigeland use values surrounding the SunRail stations as one of the
elements in benefit computation. In calculating the land use values, we consider assessed
property value or just value as a surrogate measure of direct land use value. Just value (land just
value, building value and special feature value) of a property includes: present cash value; use;
location; quantity or size; cost; replacement value of improvements; condition; income from
property; and net proceeds if the property is sold. The net ploeggial the value of the

property minus 15% of the true market value. This accounts for the cost of selling the property.
In the following sections, we refés theassessed property value as property value for simplicity.

To capture the change in propyevalue, we collected and compiled parcel level data from
Department of Revenue (DOR) for 2011 to 2016. The data has tax information of each parcel
along with parcel boundaries from the Florida Department of Revenue's tax database. Each
parcel polygon (Rael ID) has information on property/feature value, land value, land area in
square feet, owner name, owner address, physical address, physical zip code, building details and
land use type. From the land use categories of parcel data, we have conskd@agdrdand use
categories for identifying the impact of SunRail on property value change. The considered land
use categories are: (1) Single family residential, (2) Multiple family residential, (3) Institutional,
(4) Industrial, (5) Recreational and @gtail/Office area. For our current research, we assume
thatonemile buffer area around each SunRail station is the influence area of SunRail for
property value impact computation. We labeled the parcels within the SunRail influence area as
A Cas e Prarthese tasegparcels, we computed property value by six land use types
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identified. To be sure, we have computed property value for case parcels from six years from
2011 to 2016. 2011 to 2013 period is considered to understand the change in property val
before SunRail operation period, while 2014 to 2016 period shows the change in property value
reflecting after SunRail operation period. Fig@¥83 and Figure 84 represent the spatial

distribution of land use categories and property values for 2&fare) and 2016 (after) within

the SunRail influence area. From spatial representations, we can see that even though there are
not much visible changes in land use categories from 2011 to 2016, the property values, on the
contrary, have changed signifitgnafter SunRail has become operational.
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Year 2011 Year 2016

Figure 9-33: Land Use Types within SunRail InfluenceArea for 2011 and 2016
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