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Abstract

Microscopic traffic simulation (MTS) is a cost-effectivppaoach for the evaluation of traffic
conditions in urban highways networks. In MTS models, traffic aehtlaat is entered into the network
is specified by one or several Origin-Destination (O-D) io@$t A major challenge in the application
of MTS for large urban networks is the specification of the @rices. This dissertation proposes a
methodology that may be used to transform a O-D matrix fror@ngportation planning model (which
is based on Traffic Analysis Zone, or TAZ, and is readily ablglainto a O-D matrix for a MTS model

(which is traffic zone based, requires a higher resolution and larger ma#jx si

The main concepts of the methodology are the discrete choice appfobowed by path
analysis in a geographic information system. The discreteenoodel predicts a driver’s route choice
preference based on the socioeconomic and trip characteristies drfiver. The path analysis matches
the driver’s route choice preference to an access point alongnastreet at the boundary of the TAZ.
By applying the concept to every parcel in a TAZ, the volume antkptge splits of all the access
points at the boundary of the TAZ is then estimated, from whichrthieedd number of access points are
selected to form the traffic zones and zone connectors for thenhdli®l. Once the traffic zones of all
the TAZs have been identified, the trips generated from and atirémteach TAZ are proportioned
among the traffic zones. The gravity model is applied to perfopndistribution analysis to produce

the O-D matrix for the MTS model.

The proposed methodology has been developed based on a primarily rdsidentithin the
City of El Paso, Texas. The morning peak hour home based trips byadievers in the residential

parcels in this TAZ have been predicted. The volume splits batak the access points have been

Vi



validated against field traffic counts. To methodology was tipphet to a network with five TAZs to

demonstrate its use to construct a O-D matrix for MTS of a relatively lnegeork.

This research contributes to the application of MTS models to latkgen networks by adapting
the O-D matrix from transportation planning models, saving the dratys to construct a O-D from
scratch. The methodology is flexible enough to be transferrethés metropolitan areas and also able

to forecast O-D matrices for future years.
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Chapter 1: Introduction

1.1 Background and Motivation

A detailed analysis of large transportation networks is usaaftyplicated, time consuming, and
costly. It is also not easy to perform sensitivity analysisccount for uncertainties in the system.
Under these circumstances, Microscopic Traffic Simulation (MTB)vides a cost-effective
methodology (Hordous, et al., 2008). Microscopic traffic simulation iarelysis methodology that
uses a computer model involving the detailed movement of every vehicle as theycnosgeashighway

network. Figure 1.1 shows a typical MTS in progress where vehicle are moving thnmaghreetwork.

Figure 1.1 Microscopic simulation traffic using PARAMICS

In MTS models, the movement of vehicles is based on car-folloangane changing theories

(Dowling, et al., 2004). The characteristics of vehicles and dribehsvior are assigned in a stochastic



way to each vehicle as they enter the network (Seung, 2006). Thenetiorbiof the movement (car
following and lane changing) theories and the characterizatioradf eehicle help to create, in a
microscopic level of detail, a realistic network scenario witfiedint vehicle types and driving
behavior. In this way, MTS models are used as computer experimamtker to save time, budget and

yet obtain acceptable results (FHWA , 2003).

It has been mentioned that MTS is a cost-effective methodologthéoevaluation of traffic
conditions in urban highways networks. The evaluations may be usedk® decisions on how to
manage existing roadway networks, to optimize current operatiotrarnsportation facilities, and to
predict potential outcomes for highway design alternatives. Téwwaay of the results obtained from
the MTS models depends on the quality of the model (in represahtngad geometry and traffic
control), parameter calibration and input data. That is, the motgate input data, the more accurate

will be the simulated results.

In a MTS model, vehicles are released from traffic zonesnfor the entry links) to travel
through the main network to reach other traffic zones (or destinatis).l Figure 1.2 shows a portion
of a relatively large MTS network with several traffic zondsach traffic zone is connected to the
network by a connector or link. The traffic demand is speciiyedne or several Origin-Destination (O-
D) matrices in which the rows represent the origin zones lamdctdlumns represent the destination
zones. The O-D matrices are usually obtained from one of the two sources: traffic count or

Transportation Planning Model (TPM).



Figure 1.2 Traffic zones in a microscopic traffic simulation model

The traffic count method relies on the data obtained from volume counters in the(btle®t$o
derive an O-D matrix. This methodology typically employs amative process that uses the data from
the volume counters to update an initial O-D matrix to produce a nBwr@trix (Abrahamsson, 1998).
The new matrix is constructed from the initial O-D matrix the estimation algorithm modifies the
trips produced from and attracted to the zones and also redistribatégps between the O-D zones
using the so-called proportional factors. The proportional factetsiraturn, estimated using one of
two trip assignments techniques: proportional assignment (shortb$tgoat equilibrium assignment
(Ortuzar, et al., 2011) (Abrahamsson, 1998). The advantages of this t@fint approach are the
relatively fast and lower cost of data acquisition compared to canduumusehold surveys. However
the main disadvantage is that there is no way to validate thmaesi O-D matrix. Another
disadvantage is that this method is based on existing traffic counts, andrénérisf difficult to forecast

the O-D matrices for future years in order for the MTS models to sinfulatre scenarios.



Transportation planning model is a set of methodology used by platmdosecast travel
demand in a road network. The methodology first involves defining hameoge economic activity
zones (called Traffic Analysis Zones or TAZs) in the cityheThumber of residents per TAZ is
suggested to be greater than 1,200 but less than 3,000 and less than 15¢@0@ipsr§Cambridge
Systematics, 2007). In addition, the minimum number of employed resicdeB00 per TAZ or the
minimum number of employees (at commercial establishmen®&)dsper TAZ (U.S. Department of
Transportation, 2011). The zoning exercise is followed by an inventory study about land usgigropul
and road network characteristics supplemented by a field survey tostamdethe trip making behavior
among road users. Trips from each TAZ originate and terminate in one poi@pifesents the centroid
of all the activities within a TAZ. Vehicles are assumeddnnect from this point to the main network
through links called centroid connectors. The number of centroid connecssll because each of
them typically carries 10,000 to 15,000 vehicles per day (Cambridgensatics, 2007). Figure 1.3
shows several TAZs bounded by the green lines where the galgararea within the dash lines is
showed in Figure 1.2. Comparing Figures 1.2 and 1.3, it can be observdeth&ZAs in Figure 1.3

are larger than the traffic zones in Figure 1.2.

___________

Figure 1.3 Traffic analysis zones in a transportation planning model



In the TPM, the forecasted inventory is entered into a so-calledstep Urban Transportation
Planning System (UTPS) procedure, also known simply as the foupistegdure. The four steps are
trip generation, trip distribution, mode choice and traffic assignrf@nuzar, et al., 2011). An O-D
matrix is derived at the end of the trip distribution or mode chstiep. The advantages of using the
TPM are (1) it is possible to validate the estimated O-Drirnédly comparing it against the TAZ's
inventory data; (2) the consideration of socioeconomic factors mB&g makes it possible to forecast
the O-D matrix in future years. Usually the O-D matrixhe base year is calibrated or validated with
household survey data in the TAZs. The economic forecast modalalidnrated independently using
historical data. The disadvantages of this TPM method are if$usa@lata is only updated once every
ten years, and (2) the incompatibility between the sizeefAZs in a TPM and the traffic zones of a
MTS model. The O-D matrix obtained from the TPM representgipgethat begin from or end in each
of the TAZs. The TAZ in a TPM is usually larger than thefitafones in a MTS model. In fact, there
are usually several traffic zones in a TAZ, each connected trgffic zone connector to the road
network (as illustrated in Figures 1.2 and 1.3). This complicatesahsfer of the TAZ's trip origins
and trips ends to the entering and exit links (traffic zone conngctespectively, in the microscopic

traffic network.

Popular MTS software such as PARAMICS (Quadstone, 2009), VISSIW,(R007) and
AIMSUN (TSS, 2006), employ traffic zones and zone connectors to ingutleg similar to the
example as shown in Figure 1.2. On the other hand, the TPMs (irathe assignment step) assign
vehicles to the network through TAZ centroids connected to much feedss (such as the example
shown in Figure 1.3). This difference creates an incompatibilitlye size of the O-D matrices and the

values of the matrix elements between the TPM and the MTSIrforvdbe same coverage area, city or



region. Among the MTS software, VISSIM may be the exception ftosproblem because it has the
capability to share the same O-D matrix with its pardlleM called VISUM, developed by the same
company (PTV, 2006). However, in this case, both VISSIM and VISUMtrave exactly the same

TAZs and traffic zones.

1.2 Problem Description

In the past ten years there have been advances in TPM. There have also beslvanoss and
improvements in MTS software. However, far less attentiorbbas paid to the incompatibility in the
network coding when transferring the O-D data between the TPMdvdi® models. This lack of
attention is because, until recently, almost all users (exxdptv researches and original software
developers) use MTS programs to model small networks (due to tiasobr hardware limitation to
process the numerous events in a detailed MTS model of a largerkletwNevertheless, increased
computer memory and speed has enabled a desktop computer to perforforMal &latively large
network in real-time. The availability of an accurate Gratrix that represents traffic demand in a
MTS model is becoming a limitation that prevents the wide spreadfuMTS model for large urban

networks.

In U.S., cities with population of at least 50,000 must have a TPMe(edeveloped or
maintained by the metropolitan planning organization or the deparwhdrdnsportation) (USDOT,
2009). Therefore, it is important to devise a methodology that cororaransfers the O-D matrix of a
TPM into an O-D matrix for large scale microscopic traSimulation purpose. The methodology
should semi-automatically or automatically convert an O-D mé&wix a TPM (which is TAZ based) to

be used in a MTS model (which is traffic zone based). The CaDiges of MTS and TPM have



different sizes when covering the same network. The O-Difabm a TPM is smaller since it is
developed from TAZ data while the O-D matrix for a MTS modelarger in size given that it is
generated for more traffic zones which are smaller in thize the TAZs. The transferred data would
provide new opportunities for planners as well as traffic engineeperform MTS in larger urban
networks for more accurate analysis of urban transportation pl@hsrefore, the objective of this
research is to develop a methodology to convert the O-D matriesmed from TPMs into O-D

matrices for MTS models.

Transportation planning model provides, as a final result, the tradfione in all the links in a
road network. The link volume is based on the distribution of trips ketwlee TAZs. This trip
distribution data is summarized into a table called O-D makhe. O-D matrix for a TPM is denoted as
O-D, (with the subscript p stands for planning). T, matrix is an arrangement representing the

trips between all the TAZs. In tl@-D, matrix the rows correspond to the origin TAZs=(1,2,..., n)

and the columns correspond to the destination TAZs1(2,..., n) of the trips. In Figure 1.40P and
Djprepresent the total trips that are generated in TAahd ended in TAZ, respectively. The

superscriptp in OP and DP denotes the planning O-D matrix. In tfeD, matrix, 0P and DP
q i p q J

correspond to the row total and column total, respectively. The melirentT,” represents the

number of trips between the TAZ&nd the TAZ. In other words:

n
2. Tif =bf [1.1]
i=1

n

2T =0° [1.2]

=1



Trips between an O-D pair are assumed to begin at the centroid afdZend at the centroid
of TAZj. The centroid is considered as the center of activities in a TAZ. Trips thatamehand in the

same TAZ are excluded from the O-D matrix (Beimborn, et al., 2006).

0-D,

Size nxn

Figure 1.4 Notations of trips in a transportation planning model

On the other hand, MTS models estimate the traffic conditions itwarkein a higher level of
detail. The O-D matrix for a MTS modeD{D,, with the subscript m denoting MTS) represents the
trips among the traffic zones. These traffic zones load thelgshito the network and receive vehicles
that exit the network through zone connectors. The zone connectors miaybd as the collectors or
minor streets located inside a TAZ. Each connector relegsedian of the total TAZ traffic into the
road network and collects a portion of the vehicles arriving at th&, Through the main street

surrounding the TAZ. In this way, a TAZ can have several traffic zonesgureFl.5, TAZ is divided

into several traffic zonea = 1,2,..,Z while TAZj is divided into several traffic zones-1, 2, ..., z.
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Figure 1.5 Relationships between trips between traffic analysis zoneafficdznes

An elementT;” in theO-D, matrix is decomposed into several eleméfitsin theO-Dm matrix.

Note that the total trips in the modeled area are preserved i©EDandO-Dy,, such that:

Zi

Zj
22 =T [1.3]

a=1b=1

The problem indentified in this dissertation is the lack of syate methodology to convert a

O-Dm matrix to aO-Dp matrix, or to discomposeT” into t7, . The convertedd-Dn matrix could

provide new opportunities to planners as well as to traffic engirteeuse MTS models in order to

produce more accurate analysis.



1.3 Research Objective

The objective of this research is to develop a methodology to con@Bgamatrix to aO-Dp,
matrix. A major assumption is that tkeD, matrix for the time period of simulation (e.g., morning

peak hour) has been obtained from a TPM.

The solution approach is based on the following proposed steps:

() Proportion the traffic demand in each TAZ into its traffic zonessuine that this TAZ is divided

into a=12,...,7 traffic zones. From the TPM, this TAZ generates a total numbgips OP and

attracted the total number of trips” . Furthermore, assume that each traffic zone geneuﬁa?es
trips and attractediir:trips. The problem in this step is to proportiof intooir:, a=12...,z and

D intodir:, a=12,...,z . The proportional factor will be derived based on the estimated mumbe

of trips produced and attracted to each traffic zone, within the. TAiZe number and locations of
the traffic zones will be selected based on the estimadéfet tvolume that will use each potential

traffic zone. The estimation of traffic volume will be basedl@discrete choice approach. With
the trips produced and attracted proportions, dfe and D,” will be split into oiT and dir:,
respectively.

(2) Trip distribution. The trip distribution is to connect the trips betwteaffic zonesa=12,..., z and

b=1,2,..,z. .

;- The oP and D" will be split into oiT and dir: by means of the gravity model.

Although in the TPM, trip distribution have been applied in the procedsriiing theO-D, matrix,
once the TAZs have subdivided into traffic zones, each traffic zaire(g@b) has a different

interzonal distance or impedance. This distance is an impatament in the gravity model
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because if represents the cost value that will define thetattlaess between an origin-destination

traffic zones pairs. At the end of this step, @®,, is said to be estimated.

1.4 Contributions

This research will provide the methodology to be employed in theftranation of aO-D,
matrix to aO-Dy, matrix. ThisO-D,, matrix conversion methodology will allow MTS to be used for
networks as large as TPM’s. The availability@D, will enable MTS to be performed with greater

network coverage.

The methodology will provide the benefit of saving the analystsfgignt amount of time to

construct ar©-D,, matrix from scratch, e.g. conduct household surveyor.

As part of the methodology developed in this research, the following findingssereted:
(1) The process to locate traffic zones and zone connectors in a TAZ.
(2) Discrete choice model for driver’s route choice preference wheimglbetween his/her home and
access points to the main streets.

(3) The process of allocating a TAZ'’s traffic demand among the traffic zones.

1.5 Scope and Limitations

The methodology is based on the following assumptions:

(1) The O-D, matrix for the analysis period (hour) of interest has been provided;

(2) The hour of interest is the morning peak hour on a weekday;

11



(3) The TAZs selected for the methodology development are primarily residenties;
(4) Shortest route by distance is the same as the shortest rougedlytime due the lack of congestion

and uniform speed limit in the TAZ.

1.6 Organization of Dissertation

This dissertation comprises eight chapters and is organized as follows:

e Chapter 1 introduces the background, problem statement, objective, comsbugcope and
limitations of this research.

e Chapter 2 comprises a summary of the literature reviewed andttodls used in the order to
propose the method to conver®aD, matrix to aO-Dn,, matrix.

e Chapter 3 describes the research methodology adopted for this dissertation.

e Chapter 4 documents the efforts to gather the data necessary for thislhresea

e Chapter 5 provides the information related to the development of thretdistoice model to be
used in the selection of the access points (intersections at the boahdach TAZ) that forms the
traffic zones and zone connectors.

e Chapter 6 describes the methodology to select the traffic zoneas®dconnectors in the MTS
model.

e Chapter 7 demonstrates the application of the methodology to a grdZeffor use in a MTS
model. This chapter includes the conversiora$f and D,” into o andd;"

e Chapter 8 presents the conclusions and recommendations resulting of th@hresear

12



Chapter 2: Literature Review

2.1 Microscopic Traffic Simulation

Microscopic traffic simulation models simulate the behavior ofviddial vehicles within a
predefined road network. They are used to estimate the tkelyges in traffic patterns in the network
resulting from changes to traffic flow patterns, physical impmosats, and etc (Krogscheepers, et al.,
2001). Microscopic traffic simulation models represent each vetrate(such as car, bus, truck and

bicycle) with their own behavioral characteristics.

Microscopic traffic simulations move the vehicle units based on thestecal behavior of
vehicles/drivers. The models generate pseudo-random numbers itoopdeduce stochastic behaviors
in the model (Margison, et al., 2009). This differs from macroscogifict simulation models, which
are based on fluid-flow theory and assumes that traffic behi&ees fluid. This fluid-flow assumption
averts the possibility of evaluating in detail the outcome ofestraffic phenomena like delays, queues,

intersections etc, where stochastic car/diver behavior is one of the maibutorg factors.

In recent years, MTS models have become one of the standrddwlegies for the evaluation
of road traffic management and control systems. This is dueetdigh fidelity in the modeling of
dynamic traffic flow of complex intersections, incidents, managee&d, work zones, corridors with

coordinated signals, and etc.

Today, there are different software tools in the market thatige the environment to create

MTS models. In this section, two of the most popular (and probablywihermost popular) MTS
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software, PARAMICS and VISSIM, are reviewed due the consistefdrpgence trends in their results

(Park, et al., 2004).

PARAMICS (Parallel Microscopic simulator) is a suite off81tools. The different modules
within the suite are Modeller, Processor, Analyser, Estimatorsigber, Converter, Monitor,
Programmer and Urban Analytical Framework (UAF) (Quadstone, 20@ARAMICS Modeller is the
main module where the network is built and simulated. The netwudtste in PARAMCIS is based
on nodes (intersections) and links. Links that are interfaced wiffictzones are called connectors.
Vehicles are loaded from traffic zones into the road networktheaconnectors, and travel to other
traffic zones. Once the vehicles are loaded into the network, rinete choice behavior to the
respective destinations may follow the all-or-nothing, stochasti@rdic feedback, or a combination of
these assignment techniques as specified by the users.afficedemands are specified in several O-D
matrices, one for each class of vehicles (cars, trucks, busedcandrigure 2.1 shows a screen shot of

PARAMICS Modeller when the simulation is being executed.

14



Figure 2.1 Screen shot of PARAMICS Modeller performing simulation

VISSIM is a MTS software developed by PTV AG in GermaRy\{, 2007). In VISSIM, the
network is represented by links and link connectors. Instead of nsdes to connect the links (in this
case vehicles are allow to make different turning movemermisatle), vehicles travel from one link to
another via one-directional link connectors. Therefore, in VISSIMpnt@nsection is modeled by several
link connectors. Like most other MTS models, VISSIM uses “emiky ko load vehicles from traffic
zones into the network. Users may specify the vehicle pathsHamgercent splits between the paths)
between every O-D pair. Therefore, the network’s traffic atehs may be prescribed in O-D matrices.
Figure 2.2 shows a screen shot of VISSIM graphical user inéerfideen the simulation is being

executed.
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Figure 2.2 Screen shot of VISSIM performing simulation

The developer of VISSIM and the corresponding TPM named VISUM designed both
VISUM and VISSSIM to share the same O-D matrices. Thiansi¢hat no conversion &f-D, matrix
into O-Dy, matrix is necessary. TH@-D, matrix only needs to be exported from VISUM to VISSIM
(Nokel, 2007). However, this also imposes a condition that both VIS&iWISUM must share the

same traffic zones or TAZS.

2.2 Origin-Destination Matrix for Microscopic Traffic Simulation

Microscopic traffic simulation models attempt to replicate titadfic pattern in a very high
resolution — at vehicle level. One key element to success in mgdslithe accuracy of the travel
demand data. In MTS, travel demand specifies the flow of \e=hibkt cross the area modeled between
all the O-D pairs. The feeding of traffic into the networKr@n traffic zones through entry links or

zone connectors. Usually, each entry link is associated wiffiea zone. Once the vehicles are loaded
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into the network, the vehicles need their respective destinations tsthélyacan travel through the
network. This origin-destination pattern is defined by the O-DrimmaThe O-D matrix comprises a
tabular arrangement where the destination traffic zonesraegad in columns and the origin traffic
zones are in rows. Cells in the tabular arrangement corresptralttgps between different O-D traffic
zones. There are different methods of specifying the path chosanvélyicle from its origin traffic
zone to its destination traffic zone: shortest path (assign thelegho the respective shortest paths),
stochastic (splits the vehicles between alternate routes imgswamdom variations in the perceived
travel time on each route), or dynamic feedback (vehicles updateutes as traffic condition changes,

or at specified intervals). (Caltrans, 2002) (FHWA , 2003) (Krogscheepels,2604).

As mentioned, there is a difference in the O-D matricewdmt TPM and MTS. Th®-D,
matrix relates the trips among TAZs considering the travemlie between centroids of each TAZ pair.
The O-D, matrix represents the trips among traffic zones, and thendestaetween each traffic zone
pair is calculated from the connectors associated with tHectraines. The concept of traffic zones is
implemented in MTS because MTS models are initially developeahdtyze street networks covering
smaller areas than TPMs. The MTS models are used to evsaltede networks at a relatively shorter
period (e.g. peak hour) when the data can easily be obtained froneltheT® use MTS to evaluate
larger-scale street networks, the model needs a much langeseta which is costly and difficult to
obtain. Therefore, current practice of using large-scale Wi68els employs alternatives to gather the
O-Dy, matrix into the network. The most frequently used methodolotheisombination of a sedd-

Dmn matrix and traffic counts. This methodology is called O-D Estion and has the advantage of
updating the see@-D,, matrix, which is obtained from a prior planning process, usingatiestltraffic

count data. However, the disadvantage is the need of ®sBgdnatrix (FHWA , 2003).
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The O-D Estimation process predicts @AD,,, matrix from traffic volumes in links on the
network. This is the reverse process of traffic assignmentevthertraffic is assigned to the network
based on an O-D matrix. The O-D Estimation process sedmh®sD matrix that assigns traffic in the
network within reasonable accuracy using traffic counts. In thig e estimation process consists of
an iterative procedure that assigns a proportion of the trips eéetieaffic zone pairs through a route,
and then compares the total link volume obtained from all traffic pairs with the total observed
traffic volume in the link. The iteration procedure requires an ugddateual traffic counts in selected
links on the network and usually a s€@eD,, matrix. The see®-D,, matrix provides the pattern of
trips between traffic zones pairs. If a s€@eD,, matrix is not available, the intersection turning
movement data can be used to derive the &, matrix, but the data collection and derivation

process requires high costs and long time (Ortuzar, et al., 2011) (Caltrans, 2002).

2.3 Origin-Destination Matrix for Transportation Planning

One of the purposes of transportation planning is to forecast thec tvalfime in a street
network. Travel demand, which represents the number of trips betiféerent TAZs, are specified in
one or several O-D matrices. The process of obtaining the r@abBices is through two main
methodologies: empirical and analytical. The first one is basdéwusehold surveys. The second one
applies indirect ways to obtain the O-D matrix. The analytitethod involves a series of activities.
The first activity is zoning, where the urban area is dividenl aimogeneous zones depending on land
use pattern. The second activity consists of collection of socioeto@aowh land use data. Finally, the
third activity is the application of the first two or three stepshe four-step UTPS procedure. The
UTPS procedure consists of four steps: trip generation, trip distmijuthode choice and traffic

assignment. The O-D matrix is obtained at the end of trip distribution or mode choice.
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2.3.1 Traffic analysis zones

Traffic analysis zones (TAZs) are small geographic atleaishave homogenous characteristics,
such as socioeconomic and land use attributes. The purpose of dividieg dan lbe studied into TAZs
is to estimate the generation and attraction of trips from similards@davithin each TAZ. These TAZ's
cover areas from 0.25 mfléo one milé or even bigger with smaller areas in high population (resident
or commercial) density areas and larger areas in ruraicths(Cambridge Systematics, 2007). Other
criteria to define the boundaries of the TAZ's are natural boteslauch as major roads, rivers, airports
boundaries, military zones, parks, etc. (TMIP, 2007). Figure 2.3 shoWwd#ie in the urban area of

El Paso Texas as defined by El Paso Metropolitan Planning Organization.

2.3.2 Trip generation models

Trip generation describes the number and type of trips produced frattramted to a TAZ.

Results of trips generation can be measured in vehicle-tripsreon-trips. A trip is assumed as a single

one-way movement from one TAZ to another TAZ (ITE, 2004).
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Figure 2.3 Traffic analysis zones in the El Paso travel demand model

For home-based work trips, different methods are employed to estinpet produced from and
attracted to each TAZ. Trips produced are predicted with the ST8@cioeconomic variables such as
household income, auto ownership, workers per household, residential density, and dstaceatral
business district (CBD) (Meyer, et al.,, 2001). The variables wmually recommended after a

multivariable regression analysis. Trips attracted to a & determined by the trip purpose in a

similar manner.
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2.3.4 Trip distribution

After estimating the total trips produced from and attractedatth TAZ, the next step is to

perform trip distribution analysis. The distribution process lihlsttip productionsO” from TAZ i to
the trip attractionsDjP to TAZj to obtain the number of trips between all the TAZs. The end product of

the trip distribution isT; .

The trips are normally represented im & n matrix, wheren is the number of TAZs in the
network. Thatisi=1, 2, ...,n; j=1, 2, ...,n. The rows in the matrix indicate the origin TAZs while the
columns in the matrix represent the destination TAZs. The amnagng is known as O-D matrix (TRB,
1998). Each matrix cell represents the number of trips from iTRZTAZ j. To obtain these values a
model is applied in order to distribute the trips produced by eachtdABelf and to the rest of the
TAZs according with their attractiveness. Many models Hasen proposed to distribute the trips

between the TAZs. The most frequently used is the gravityemothis model assumes that the trips

between two TAZs is directly related to activities in thesees (represented by trip productiofi and
trip attractionsD) and inversely related to the physical separation betweerottes Ortuzar, et al.,

2011). A typical gravity model is (Meyer, et al., 2001):
DRk

n

z AR K

T, =0P [2.1]

where:

T,”= Number of trips from TAZ to TAZ]

O." = Total number of trips produced from TAZ
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D} = Total number of trips attracted to TAZ

Fi = Friction factor between TAZsand;]

Kij = Optional adjustment factor for trip interchanges between TAAs]

The friction factor is an inverse function of the disutilityn@, distance, or cost) expressed as

generalized cost which may take the following function:
F =e’ [2.2]
where

cj = Generalize cost of travel between TAZsd]

£ = Calibration parameter

The adjustment factdf; is employed to match the outputs of the gravity model with theo@unts

obtain in the household survey.

2.4 Discrete Choice Models

Discrete choice models mimic a user’s selection from amdigta set of distinct alternatives.
In transportation, these models allow planners to represent diffdéeision making processes. Among
the different decisions are to make or not to make a tripjrtteeto make the trip, the destination, the

path, the mode of transportation to use, and other transportation user’s choices.
The probability of a user selecting an alternative is basdts @itractiveness to the user or the

sum of the weighted attributes. This weighted sum is caliéty.utThe higher the utility the higher

probability the alternative is being selected.

22



The utility function is represented by a linear equation that combisedifferent attributes
values or socioeconomic characteristics of the user or thectf@stcs of the alternative. The
attributes are identified as variables. Each attribute lthement weight that represents the relative
importance of the attribute to the users. Because the attritatestaepresent at all the influences in
the utility equation, an error term is added in the equation.€efioe term is represented laywhich
corresponds to all the unobserved influences such as driver’'s idicsgscrdn this way, the utility
expression is represented by (Cascetta, 2009):

U, =B:X, +¢&n [2.3]
where
Ui, = Utility or dependent variable provided by alternatite a drivem
B, = Row vector of estimable parameters obtained from choice survey foaéiter
corresponding to driver

X;, = Column vector of measured attribute value for alternativedrivern

&, = Not measureable or unobserved attributes known as residual which is assumed
randomly
From the Equation [2.3] the deterministic component can be written as:
Vin =BiXi, [2.4]
Then the utility is express as the addition of two elements:

Uin =\/in +gin [25]

Once the utility value of all the alternatives for driveis obtained, the next step of the discrete

choice modeling process is to obtain the probability that the drivell select each of the alternatives.

The probability of driven choosing alternativeis (Washington, et al., 2011):
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[2.6]

The coefficient§}; are estimated by means of the method of maximum likelihoodh(M&tsn, et al.,

2011).

There are different types of discrete choice models. Eachmofhis a different assumption on
the probability distribution function of,. Logit model is one of the most commonly used discrete
choice models. The logit model has different variants accotdinige driver’'s choice structure. The
remaining parts of this subsection describe the MultiNomialitL@BINL) model, the Nested

(hierarchical) Logit Model (MLM) and the Mixed Logit Model (MLM).
2.4.1 Multinomial logit model

The MNL model considers that each residual value is independentemttally distributed
extreme value and has a Gumbel distribution (Cascetta, 2009). Batfesl distribution, the probability
of a usemn choosing an alternativas expressed as (Washington, et al., 2011):

eBinXin

P=—_
n zeﬁjnxjn
i

[2.6]

One-tailed t-test is used to evaluate the approximate significance @irtdmgiersflj,) of the
MNL model. Also, the log-likelihood ratio test is employed to evaluate the mdaelteBt compared

the log-likelihood valuel(L) of the estimation with zero parameter values in the restricted nfhplel (
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and unrestricted modeB,(). The expression is a statistic which follows a Chi-squgre @istribution

(Washington, et al., 2011):

z?=-2[LL(B,)-LL(B,)] [2.7]

Other measurement to evaluate the model is the McFaddematistic. Theo” is a scalar

measure which varies between 0 and 1. The ideal vapfels The calculation follows

LL(B,)

2 _q_LL(B.) 2.8]

Finally, marginal effect is used to evaluate the variabl@paict in the utility equation. The
marginal effect represents the change in probability of one alternaekate/e to a rate (a unit) increment
in a variable. The formula is expressed as follows (Hensher, et al., 2005):

A [2.9]
NG &

where M XF; is the marginal effect of probability of alternativ®;, due to a unit change My, the value

of attributek for alternativa. The higher the marginal effect value, the higher significance or effect of

the variable in changing the probability of the outcome.

2.4.2 Nested logit model

The NLM can group in a nest structure the utilities of alternatthat are suspected to have

share unobserved;() values. The restriction of residual independence applies onllitg etjuations
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in the same nest group. The probability expression is structured bgditienal and conditional cases

that form the decision tree of the model. The expressions are as follows:

eﬁixin+¢||-3n
TS g, [2.10]
j
] eﬁknxjn
F’n(kll):—z S [2.11]
i
LS, = LN{Zeﬁ”‘X’“} [2.12]
j

where

P (k |i)= conditional probability of alternatiiegiven the alternativie
LS, = log-sum or inclusive value

¢,= parameter associated with the inclusive valuej, 6.

2.4.3 Mixed logit model

This MLM considers random variation of certain paeters (i.e. 5 is a random variable that
follows a certain distribution across observatiorls) this way, the coefficient$y, have a mixed

distribution. This model, at difference of MNL maddallows that coefficient values vary across

observations. The probably expression representghteel average of probabilities of the MNL model.

The weights are determined by the probability dgrfsinction f(Bm |BV), wherepn, is the mean anfl,

the variance of the coefficient (Washington, et2011). The probability expression is as follows:

P, :JZT f(B.n B, )b [2.13]
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2.5 Geographic Information Systems

Geographic Information Systems (GIS) is a compomai suite consists of different tools to
capture, edit, store query, analyze, share an@grggospatial data. The geospatial data is mdnage
vector and raster formats. Vector data repressmtinuous features and raster data representslspat
variation among the features. The vector comppsasts, lines and polygons whereas the raster is
represented by a grid of cells. Both formats nmesbased on a coordinate system in order to prifject
data on a geospatial plane. GIS has the abilitynahaging data associated with features in the
geospatial database. This allows data to be comlimeerform evaluation and analysis. Among the
GIS functions related to this research are the @giog, allocation and query of data from land use.
Geocoding is transformation of spatial referencath duch as ZIP codes, parcels and address logation
into a &,y) coordinate system. Allocation is the study o#tsd distribution of objects across the
network. Finally data query is a process to obspiecific information from different data sourcests

as socioeconomic data (Chang, 2008).

2.5.1 ArcGIS

Components in a GIS software suite may be develbgeadifferent companies. However, one of
the software most widely used is ArcGIS which iseleped by ESRI, Inc (Nag, et al., 2007) (Coyle,
2011). ArcGIS suite allows users to work with geqdpic data through a pre-established set of tools.
The suite consists of ArcMap, ArcCatalog and Arolbox (ESRI, 2011). Arc Map is an application to
create and analyze maps, to make feature selectaslis and manipulate data. ArcCatalog is an

application to manage the GIS information. FinaflycToolbox is an application that comprises tdols
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develop different operations such as feature oyeféature selection and analysis, topology prangss

and data conversion.

In addition with these three applications, ther® ssme software extensions for ArcGIS to add

functionality or to provide specific uses. Someeasions are Network Analyst and Business Analyst.

2.5.2 Business Analyst

This is an extension of ArcGIS that provides analysols and a database for marketing and
business decision making. The data library is tgatlgearly and encloses more than 5000 variables of
demographic, lifestyle segmentation, spending, iass, tapestry segmentation groups, aerial images
and street network. The data is provided by differ@ompanies: demographic is by ESRI, business
locations by InfoUSA, shopping centers by directofynajor malls (DMM), national street network by

TeleAtlas, address geocoder by ESRI and aerialenydny GlobeXplorer (Hincy, 2008).

The data is provided to users in by reports thatdease the information of user-defined

geographic groups such as state, Zip code and piaclps or customized areas such TAZs. Due to the

availability to extract socioeconomic data from tiplated database, Business Analyst is used in this

research.

2.5.3 Network Analyst

This software extension provides the analysis afvaks in a network spatial base. Network

analyst employs a geometric network dataset tooparfroute problems. The solution is based on

28



network restrictions, such as barriers and heightrictions and attributes such as speed, trawved, ti
street hierarchy. Among the spatial analysis fonstare drive-time analysis, shortest path, serarea
definition, optimum route, closest facility, travdirections and location-allocation. (ESRI, 2010)

(Ormsby, et al., 1999).

2.6 Existing Approaches to Divide Traffic Analysis Zones

Some transportation planners have tried to use ktb8els as a tool to evaluate with higher
level of detail the current and future scenariosrivan highway networks. One limitation of using #
as a planning tool is the mismatch betweerQHe,, matrix and thé-D, matrix. One of the first steps
to develop ar©O-D,, matrix is the matching of traffic loading zonesvieen TPM and MTS models. To
ensure a match these is a need to find a way tdi\ddb each TAZ into several and smaller traffic

zones. The following authors have suggested metiwopsrform the subdivision.

Shull and Cain (1999) have proposed a TAZ subdikisipproach to solve the trip assignment
problem when the land use within a TAZ is differantd their trip loading into the main network from
different parts of the TAZ is not uniform. The betque is called Multi-Point Assignment (MPA). It
creates connection nodes on links around the TAZlIsad traffic from part of the TAZ into the main
network. The location and number of the connectiodes is defined by the user. The trips per
connector node to be loaded into the main netwogkcalculated from population density and retail
activity. Unfortunately, this approach is limitenl describing the general idea. Shull and Cain 9199
did not discuss the methodology in detail, sucthariteria of selecting and defining connectiodes

and the calculation of trip loading factors.
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Sun and Cooney (2007) have provided an approachasito Shull & Cain (1999). They
propose to increase the number of zones to redhgcdistance between TAZ centroids and the links in
the network and then obtain a more precise traffisignment through the network. The increment of
zones is the result of a TAZ's subdivision. Eachdsusion, again, has its own centroid connectbine
number of centroid connectors and their locatiorsaéso decided manually by the user. The TAZtrip
are proportioned equally among the connectors srlesre are data that indicates a more accurate

factor.

Another author with the same objective is Horow201), who proposed the subdivision of a
TAZ around links that create a TAZ's boundary. Th&Z is subdivided into service areas (similar to
traffic zones) by polygons. The polygons are @edity means of bisecting the area bounded by street
inside the TAZ. Each service area consists ofioteesection. The size of the service area ofTtA&
is measured using the GIS raster methods (grichgeraent). The TAZ trips are proportioned into the

service areas and loaded into the network thronghntersections.

Friedericht and Galster (2009) proposed three nuistho select traffic zone centroids. The first
method divides the TAZ into similar subdivisionslabtains their centroids. The second method select
the TAZ internal nodes with higher link density.in&lly the third method selects the traffic node

connectors that are equidistant from the TAZ cedtro

Finally, Mann (2001) developed software to creaibzenes from a TAZ arrangement. The
software, called B-Node, has the function to creatge connectors from each TAZ. Zone connectors
are the result of the subdivision process. Thyg@os have been offered in the creation of subzone

land activity, equal weights or the reciprocallué travel time from the centroid. Once the subgane

30



obtained, the traffic connectors (new subdivisiptis¢ trip table and its assignment are calculatid.

other detail is provided.

2.7 Summary

This chapter presented the theories and currentoapipes related to the methodologies to
convert aO-D, matrix into aO-Dy, matrix. Some authors have proposed in separage mathods to
subdivide the TAZs. The methodologies are basedemmetric approaches and/or focus on improving
the results of traffic assignment in TPMs. Thesethods are not focused on the demographic,
socioeconomic or trip patterns within a TAZ. Somethodologies and tools that have the potential to
be used in converting@-D, matrix into aO-D,, matrix are also reviewed in this chapter. Basethe
assessments, a research methodology is proposdthpter 3 to develop a new method to convédt a

D, matrix into aO-Dy, matrix.
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Chapter 3: Research Methodology

3.1 Introduction

This chapter presents the methodology followedhis dissertation in order to propose a method

to convert 80-Dp matrix into aO-Dy,, matrix to be used in MTS models.

3.2 Methodology

The methodological framework of this research irs0f five tasks. Each task may further be

divided into different subtasks. The flow chart tbe methodology is shown in Figure 3.1. The

description of the methodology is mentioned inghbsections below.

3.2.1 Literature review

Literatures that cover the concepts related toréssarch namely MTS, O-D matrices, TAZ, the

two steps of UTPS modeling (trip distribution andda choice), discrete choice models and GIS were

reviewed in this task. This task also includeéaaw of existing approaches to subdivide TAZs.

3.2.2 Establish area of study and data collection

A TAZ in the City of El Paso, Texas, was selectedider to assist in the development of the

method proposed in this research. Data from th& FAlected was collected from different public
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agencies. Among the information collected wasaamnomic data, parcels data, TPM, and network

geometry and traffic data.
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Two data collection efforts were conducted in tigddf The first one was the traffic count of
vehicle volume in the area. This process consistiedl) automatic counts using pneumatic tube
recorders; and (2) manually traffic counts at iseetions. The purpose of the traffic count wasitiain
the different volume of vehicles entering and exjtiof the area of study through the different
intersections. The second data collection exemmsesisted of questionnaire survey to gather dever
demographic and route choice information. The gsepof the questionnaire survey was to obtain data
to develop a discrete choice model to be used t@roboute choice preferences of drivers livinghe

TAZ.

3.2.3 Develop discrete choice model

A discrete choice model was developed to calcutaeprobabilities of drivers using different
routes that lead to access points to the maintsteegrounding a TAZ. The model evaluated drivers’

route choice preferences based on their differ@ibeconomic characteristics and other attributes.

3.2.4 Determine traffic zone and traffic connectors

The limited number of traffic zone and zone conoextvere selected from among the access
points along the main streets surrounding a TAZhis task used GIS tools, specifically Network
Analyst and Business Analyst, combined with therdite choice approach developed in the previous
task. The zone connector selection process cedsit five subtasks, (1) creation of the network
dataset; (2) determination of the route choicegresgfce driver in each parcel; (3) calculation affit

volume at each access points; (4) selection ofrdféc zones and zone connectors from the avaalabl
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access points; and (4) estimate the percentageneodplits among the zone connectors for the divisio

of theO-D, matrix into theO-D,, matrix.

3.2.5 Conversion of matrix

The final step the proposed method is to illusttedes the methodology could be applied to a

TPM with multiple TAZs to derive th®-Dy, matrix.
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CHAPTER 4: DATA COLLECTION

This chapter described the data collection effod #he data collected in this research. The data
collection process is shown in the flow diagrantigure 4.1. It has two main parts: (1) selectibaro
area of study and (2) data collection/survey. i8ec#.1 presents the TAZ selection process while

Section 4.2 focuses on the data collection proeedur

| Propose Area of study |

Meet selection
criteria?
Data affordable

Feasibility to make traffic counts
Residential land use

I
1  Establish area of studv _l

e { _____ Diverse street classification
Diverse types of intersection’s control
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| Traffic Count | Driver Intersection Data previously processed
Choice Survev provided by agencies/

organizations
‘Manually
Socio-economic

-
v

Transportation

b Pt Decisi E Inbut u:u Predifined Planning
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—— —_——— — N ="" » Parcels and
Landuse

Figure 4.1 Flow chart of data collection
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4.1 Area of Study

In order to evaluate the different route choiceian that a driver has when he/she travel

between his/her home (parcel) and the interseeidhe boundary of the TAZ (the access points), an

area of study (TAZ) was selected. The selectiorgs® consisted of evaluating different TAZs within

the City of El Paso. The selection was based offolfeving criteria:

The TAZs must be selected from the TAZs used irElieaso travel demand model.

The land use within the TAZs is predominantly resitfl.

Each TAZ must contain common types of intersectiontrol at its access points: traffic signals,
two-way stop and four-way stop.

Majority of the residential parcels must have nplétiroutes between each parcel with the access

points along the main streets.

4.2 Description of Area of Study Selected

Among the different potential TAZs, an area locatethe west side of the City of El Paso was

selected. This TAZ is surrounded by four mainsettreResler, Westwind, Escondido and Belvidere.

Figure 4.2 shows the location of this TAZ withiretity of El Paso. This is a residential area vaith

street pattern considered as “Loops and Lollipops™Suburban Hills” street arrangement which

represents the majority of the residential areashén City of El Paso. The TAZ's street network

includes connecting streets and curl-de-sacs. cbheections (access roads) to the four surrounding

main streets have different types of intersectiontol. Figure 4.3 shows the different types of

intersection control in the area of study.
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The TAZ contains 111farcel: which are classified as single houses {lp&arcels), multifamily
(9 parcels), commercial (}2arcel:), church (1 parcel), elementary schoobélce), vacant (5 parcels)

and channel (11 parcels). Figur8 dhows the land uses and street pattefiiise TAZ

Figure 4.. Location of selected TAZ
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Figure 4.3 Intersectiois and street network of tHeA\Z of study

4.3 Data Collection

Data collections consisteof two stages: (1) requesting dateom public agencies and

organizations an(R) collecting data in the fiel

4.3.1 Data previously processed

The data collected in this stawas the data previously processedbbplic organizations or/and
agencies. This data includ&ds files (street network shapefiles, parcels sfiggeand etc), the travel

demand model of the El Pabtetropolitan Plannin Organization, and the hour@®-D, matrix.
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4.3.2 Field data collection

The second stage, data collected in the field,ey@d traffic volume and driver’s route choice.
Traffic counts were obtained by automatic tube ¢exsnand manual count. The driver's route choice

data was gathered through a questionnaire survey.

Tube counters

This subtask was to obtain the volume counts asacpoints, i.e., the intersections that connect
the neighborhoods within the TAZs with the surrangdmain streets. Twenty five tube counters were
installed in the TAZ of study. The tube countemrsvinstalled in the approach of each access street
inside the TAZ (see Figure 4.4). After a countpegiod of 72 hrs, the data of the two traffic direxs
(entering and going out the TAZ) were extractedlétect the morning peak hour and the traffic flow
consistency during the three weekdays. Figuresddbvs the process of installation of the tube caunt
Note that, because of the limited counters avadlable 25 counting locations did not have the sdate

for the 72 hour counting period. The counts wesaglenbetween 4/27/2010 and 6/2/2010.

From the data it was determined that the mornirak p@ur in the neighborhood was from 7:00

a.m. to 8:00 a.m. Also, the hourly patterns at ghme locations on different days were consistent.

Figure 4.5 shows, as an example, the daily voluragl@s on different weekdays at one location.
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Other issues identified from the traffic countsadaias the relatively high volume of traffic in
some streets. One particular case was the saemisd the elementary school. Traffic in the stree
around the elementary school was heavy betweena/md0and 8:00 a.m. because the school started at
7:45 a.m. As many parents were dropping of thhildeen, movement counts at the intersections
around the school impact area were made so astéstdbe behavior of drivers using the streets to
reach/leave the school. The movement count dataled that a big number of vehicles used the

neighborhood streets as a “through fare” to acttesschool from outside the TAZ.

In order to perform the case study (described iap@dr 8), traffic data was also collected from
the streets surrounding the TAZ of study. The maérturning count data was collected at five
signalized intersections along the main streetssghaound the TAZ of study. Figure 4.6 indicaties

location of these intersections.
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Figure 4.7 shows the volume of vehicles enterirdjlaaving all the access points connecting the

neighborhoods with the main streets. This figus® ahows the intersections where movement counts

were made.
RS Y ;
| | ¥
)\ o
| {
@ @ . ‘C;:" 36 (5%)
C::,. 1E (3%
IIIII IG:} ul. @ T Cﬂr |
o O=O @ a7
: gl & 4|2
I“I-::.Ii?}ﬁ C::? 13
) 4 = 1T . ,:::} 12 |
Leﬂ“nd 7 ! G Lt I 'I'::.;' H 1%
]:? Vehicle Flow [units, % I ..
ntersection Move -=w||'. 37 f?. r .
F

Figure 4.7 Average volume of traffic leaving the TAZ in theming peak hour

4.4 Questionnaire Survey

This survey concerns with how residents in a nesghdod choose the routes to the access

points when they leave or come home, i.e., how thexel between their parcels and the main streets

that are surrounding the TAZ. In this survey, thain streets are the streets that form the TAZ

boundary.
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4.4.1 Survey design

The target population of the survey was dividedwo groups: subjects who lived within the
TAZ of study and those who reside out of the TAZ inuthe City of El Paso. These subjects possessed

valid driver licenses and were more than 18 yelats o

The potential participants were approach personaeitiier in their residence in the TAZ, or at
public areas (e.g., outside shopping malls). Thweye offered the options of fill out the forms
themselves or be interviewed by surveyors. Duebitiegual population of the City of El Paso, the

survey was conducted in English and Spanish in th&lguestionnaire as well as in the interviews.

A pilot survey was conducted with a sample sizéd®@fpersons. From the results of this pilot
survey, the questions and language were improviéee final questionnaire contained 16 questions in
two pages. The questions (and answers) were @teacto gather information in four main areas. The

guestionnaire in both languages is included in Aplpe

The first few questions of the survey concernedhwidcioeconomic data. Here, the purpose was
to obtain participant’s gender, age, householdrrechighest education, ZIP code, household size and
number of vehicles in the household. The partidipanswered the multiple-choice questions accgrdin

to the ranges provided in the forms in order tdgmotheir privacy.

The second part of the survey covered the mormipdhabits. Because the TAZ of study lacks

commercial attractions such as offices or stotesppeared (from the pilot survey) that severatesgs

made round trips to and back from gyms, daycaresetc. In order to capture this behavior, questio
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were added about the trip characteristics: timagihg, times returning, purpose of the trips anchber

of stops in the neighborhood.

The third segment covered in the questionnairerefased to the route choice. The aim of this
segment was to assess the preferences of survigipaants with regards to the type of intersection
control or other factors that could inference theinte choice between their homes and access points
The questions were further grouped into three caieg; Driver who base their decisions on the type
intersection controlltersection, drivers not influenced by type of intersectiaontol but by other
factors (Not Intersectioly and finally drivers without an alternate routecbnnect with the main street
network (No Multiple); for example, whose who live near a main strééte participant was limited to
select onlyintersection No Intersectionor No Multiple If a participant selectebhtersection he/she
was further asked to specify the type of intersectie/she prefers: traffic signal, two-way stoptoapn
or four-way stop control. If the participant ansee@No Intersectionhe/she was asked to select one of
the following route choice criteria: shortest robtedistance, minimize the number of stops andsturn

avoid pedestrian zones or drive through wider ttree

The last part of the questionnaire comprised twestjans. The first one was the name of the
street that the participant used most frequentthémorning on weekday to access the main sfféet.
reason of this question was to visualize in a nipdifferent locations of the intersections andrthe
frequency of use. The answer to this questioneseta check against the route choice preference as
stated by the participant. The second questiontivasdeal intersection control. This question was

included in order to provide information for futuesidential development projects.
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4.4.2 Results of questionnaire survey

A total of 1,133 El Paso residents participatedhis survey, of which 484 participants (43%)
said they decided on their routes based on thedjp@ersection control, 429 participants (38%édis
other factors that have nothing to do with the tgpéntersection control, and finally, 218 partiaigs

(19%) answered that they have no multiple routetmect to the main street.

Among the drivers who choodatersection the percentage splits between the four types of

intersection control are presented in the FiguBe 4.
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40%
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Intersection control

Figure 4.8 Preference distribution of drivers who chose keetion

For those participants who select their routesfdmyors other than intersection control, the

distribution of the factors are shown in Figure.4.9
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The socioeconomic attributes of the participants summarized in the Table 4.1. This first
column of the table lists the socioeconomic attebthe second column lists the attribute categaiel
the third column indicates the total number of ceses per category per question. Then, three group
of results are presented based on the driver'ssrohbice preferences. The first group of columns
identifies proportions of participants who answaersection Not IntersectiorandNo Multiple The
second group of columns shows the breakdowns ¢icipants who answerekhtersection The third
group of columns contains the breakdowns amongé#ntcipants who said they selected their routes
based on factors other than the type of interseaantrol (Not Intersectiop In the second and third
groups, the percentages of the different choicesarh row summed to a total of 100%. Values in

parenthesis correspond to the total number of resgm

Some results observed in Table 4.1 are summarizéallaws:

e Gender. Females participated more in the survé9o}5Females are also more likely to choose
their routes by the type of intersection contra@mpared to males (23.8% compared to 18.6%).
More than half the males and females who said siedgcted their routes by the type of intersection
control preferred traffic signals; with the femafesgtably higher at 59%. Among the drivers who did
not select the routes by the type of intersectidot (ntersectiolp at least 52% selected the routes by

shortest distance, with males notably higher &2%9.
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Table 4.1 Results of questionnaire survey: denpigcadata

Total Preference Distribution Intersection Preference Not Intersection Preference
Total Drive
Attribute Category . Not . Traffic 2Way Shorter | Minimize Avoid Through
Response |Intersection ) No Choice ) 4 Way Stop Other ) . ) Other
Intersection lights Stop Distance stops Pedestrians| Wider
Streets
Male 44.0% (486) | 18.6% (205) | 16.1% (178)| 9.3% (103) | 50% (99) | 20.2% (40) [27.3% (54)] 2.55 (5) |59.9% (106)] 19.8% (35) | 14.1% (25) | 0.0% (0) | 6.2% (11)
Gend
eNYT | Female 56.0% (618) | 23.8% (263) | 22.1% (244) | 10.1% (111)]59.8% (155)| 18.5% (48) | 20.8% (54)| 0.8% (2) |52.1% (124)] 20.6% (49) | 22.3% (53) | 0.8% (2) | 4.2% (10)
<25yrs 17.2% (193)] 7.1% (80) 7.0% (79) | 3.0% (34) | 53.8% (42) | 20.5% (16) | 24.4% (19)| 1.3%(1) | 61.5% (48) | 17.9% (14) | 17.9% (14) | 1.3% (1) | 1.3% (1)
2510 34 yrs 24.0% (270) | 10.0% (112) | 9.3% (104) | 4.8% (54) | 47.2% (51) | 20.4% (22) |31.5% (34)| 0.9% (1) | 52.5% (53) | 18.8% (19) | 24.8% (25) | 0.0% (0) | 4% (4)
Age |35t049yrs 26.0% (292) | 10.4% (117) | 10.9% (123)| 4.5% (51) | 54.3% (63)| 19% (22) [25.9% (30)] 0.9(1) |52.5% (64) | 19.7% (24) | 18.9% (23) | 0.0% (0) | 9% (11)
50to 64 yrs 22.8% (257) | 11.4% (128) [ 6.9% (77) | 4.6% (52) | 55.2% (63) | 19.2% (22) | 22.4% (28)| 7% (3) | 57.9% (44) | 25.0% (19) | 14.5% (11) | 0.0% (0) | 2.6% (2)
65 & older 10.0% (113)| 4.0% (45) 3.7% (42) | 2.3% (26) | 79.1% (34)| 14.0% (6) | 7.0% (3) 0% (0) | 56.1% (23) | 14.6% (6) | 19.5% (8) 2.4% (1) | 7.3% (3)
<$20,000 15.3% (167)| 6.5% (71) 5.7% (62) | 3.1% (34) | 55.4% (36) | 20.0% (13) |23.1% (15)| 1.5% (1) | 59.7% (37) | 21.0% (13) | 17.7% (11 0.0% (0) | 1.6% (1)

$20,000-$39,999 | 28.7% (313) | 12.0% (131) | 10.8% (118) | 5.9% (640 | 56.9% (74) | 21.5% (28) | 20.8% (27,
$40,000 - $69,999 | 32.8% (358) | 14.1% (154) | 12.2% (133) | 6.5% (71) | 55.0% (83) | 17.9% (27) | 26.5% (40,

0.8% (1) | 46.1% (53) | 21.7% (25) | 29.6% (34
0.7% (1) | 55.0% (72) | 20.6% (27) | 15.3% (20

) )
) )| 0.9% (1) | 1.7% (2)
) )| 0.8% (1) | 8.4% (11)
) )

Income {2 000-$89,000 | 13.6% (151)| 6.0% (66) | 5.4% (59) | 2.4% (26) | 49.2% (32) | 20.0% (13) |30.8% (20)| 0.0% (0) | 54.2% (32) | 22.0% (13) | 16.9% (10) | 0.0% (©) | 6.8% (@)
$90,000-$150,000 | 8.0% (87) | 3.4% @7) | 3.1% (34) | 1.5% (16) [55.6% (20)| 16.7% (6) | 22.2% (8) | 5.6% (@) | 69.7 23) | 15.2% (5) | 12.1% (@) | 0.0% (©) | 3.0% (1)
over $150,000 15% (16) | 05% 6) | 05% () | 05% (5) | 66.7% @) | 0.0% (0) | 16.7% (1) | 16.7% (1) | 100.0% @) | 0.0% (©) | 0.0% © | 0.0% (©) | 0.0% (©)
High school 28.0% (311) | 11.4% (126) | 11.4% (127)| 5.1% (57) | 56.6% (69) | 24.6% (30) | 17.2% (21)| 1.6% (2) | 51.6% (64) | 27.4% (34) | 16.9% (21) | 0.8% (1) | 3.2% (@)

| community cotiegy| 26.4% (203) | 11.9% (132) | 9.4% (104) | 5.1% (57) | 51.6% (66) | 18.8% (24) [28.9% (37)| 0.8% (1) | 57.8% (59) | 19.6% (20) | 19.6% (20) | 0.0% (0) | 2.9% (3)

Education |\, 1ergraduate | 36.8% (409)| 15.9% (176) | 14.3% (159) | 6.79 (74) |57.0% 998)| 16.3% (28) | 26.29% (45)| 0.6% (1) | 53.5% (85) | 16.49% (26) | 23.9% (38) | 0.6% (1) | 5.7% ()

Graduate 8.8% (98) | 3.9% (43) | 2.9% (32) | 2.1% (23) | 55.8% (24)| 16.3% (7) | 20.9% (9) | 7.0% (3) | 72.0% (22) | 12.9% (@) | 3.2% (1) | 0.0% (©) | 12.9% (@)

1 5.4% (61) | 2.6% (290 | L1.7% (19) | 1.2% (13) | 70.4% (19)| 18.5% (5) | 11.1% (3) | 0.0% (0) | 55.6% (10) | 22.2% (@) | 11.1% (2) | 0.0% (0) | 1L.1% ()

2 18.4% (206) | 7.4% (83) | 6.8% (76) | 4.2% (47) | 72.0% (59)| 11.0% (9) |14.6% (12)| 2.4% (2) | 56.8% (42) | 16.2% (12) | 18.9% (14) | 1.4% (1) | 6.8% (6)

3 19.5% (219) | 9.19% (102) | 7.1% (80) | 3.3% (37) | 57.6% (57) | 17.2% (17) | 23.29% (23)| 2.0% (2) | 60.8% (48) | 19.0% (15) | 13.9% (1) | 1.3% ) | 5.15 @)

4 20.9% (336) | 11.7% (131) | 13.19% (147) | 5.2% (58) | 52.8% (67) | 17.3% (22) [29.9% (38)] 0% (0) | 52.1% (75) | 22.29 (32) | 21.5% (31) | 0.0% (0) | 4.2% (6)

Familiy 5 19.7% (221) | 9.2% (103) | 7% (78) | 3.6% (40) | 42.2% (43) | 28.4% (29) |28.4% (29)| 1% (1) | 57.7% (@5) | 19.2% (15) | 20.5% (16) | 0.0% (0) | 2.6% (2)
Size 6 45% (50) | 1.7% @9) | 1.5% (17) | 1.2% (14) | 52.6% (10)| 31.6% (6) | 10.5% (2) | 5.3% (1) | 47.1% (8) | 11.8% @) | 29.4% (5) | 0.0% (0) | 11.8% @
7 1.3% (15) | 04% () | 0.4% () | 0.4% () | 40.0% @) | 20.0% (1) | 20.0% (1) | 20.0% (1) | 60.0% (3) | 40.0% (1) | 0.0% ©) | 0.0% (©) | 0.0% (©)

3 0.9% (10) | 03% @) | 03% @) | 04% @) | e66.7% @ | 0.0%©) |33.3% )| 0.0%© | 66.7% @ | 0.0%©) | 33.3% @) | 0.0%© | 0.0% (0

9 03% @) | 02%@ | 01%6@ | 0%© | 0.0%(© | 50.0%@) |50.0%@]| 0.0%@© [100.0% @)| 0.0%© | 0.0%© | 0.0%© | 0.0%(©)

10 or more 01% 1) | 01%© | 00%© | 0%© | 0.0%© | 0.0%@© | 1200% @ | 0.0%© | 0.0%© | 0.0%© | 0.0%© | 0.0%© | 0.0% @)

1 16.9% (190)| 7.9% (89) | 5.3% (60) | 3.7% (41) | 56.8% (50)| 22.7% (20) | 20.5% (18)| 0.0% (0) | 58.6% (34) | 24.1% (14) | 13.85(8) | 0.0% (0) | 3.4% (2)

Household 2 50.0% (561) | 22.29% (249) | 18.8% (211) | 9.0% (101) [56.0% (136)] 16.9% (41) | 25.5% (62)| 1.6% (4) |54.5% (115)| 17.5%(37) | 22.3% (47) | 0.9% (2) | 4.7% (10)

Vehides 3 24.7% (277)| 9.7% (109) | 10.0% (112)| 5.0% (56) | 53.8% (57) | 18.9% (20) | 25.5% (27)| 1.9% (2) | 57.4% (62) | 17.6% (19) | 17.6% (19) | 0.0% (0) | 7.4% (8)

4ormore 8.4% (94) | 2.9% (32) | 3.7% (42) | 1.8% (20) | 51.6% (16)| 25.8% (8) | 19.4% (6) | 3.2% (1) | 53.79% (22) [ 29.3% (12) | 143.6% (6) | 0.0% (0) | 2.4% %)

e Age. The age group with the most responses isuh&y was participants between 35 and 49 years
old. Across all the age groups, the most prefeiaetbr in route selection was based on the type of
intersection control (except for the group betwdBrand 49 years old). Traffic signal was the most
preferred intersection option for this group ofvdrs. Among the factors not belonging to the

intersection type, the most frequently selecteibopt/as shortest distance.

e Income. From the six annual income categories,ctitegory of $40,000 to $69,900 had more
responses in the survey (32.8%). Among the incgmeps,Intersectionwas the highest option
selected as the route choice factors with exceptfotihe annual income group of over $150,000

(that had a uniform distribution among the choicesyr those who selected their routes by type of
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intersection control, traffic signal was the mosefprred type of control across the age groups
(49.2% to 66.7%). Among all the respondents whao ey selected their routes not by the type of

intersection control, more than 55% used shortssimmte as the criterion.

e Education. Four education levels were offered asvars in the survey. Undergraduate degree has
the highest frequency of returns (36.8%). Agaorpss the education levels, traffic signal is the
most preferred type of intersection control, andrist distance is the most frequently used factors

not related to intersection control type in routeice decisions.

e Family size. The survey showed that a family oksit four has the highest frequency (29.9%).
There are more drivers in this household categb8yl00) that selected the routes based on other

factors than the intersection type (11.7%)
e Household Vehicles. Fifty percent of the particifgacame from households that have two vehicles.
Again, traffic signal and shortest distance aretite most frequently selected intersection type and

non-intersection factors, respectively, in theirteochoice decisions.

The characteristics of the morning trips are shawthe Table 4.2. This table follows similar

format as in Table 4.1.
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Table 4.2 Results of questionnaire survey: mortipghabits

R Total Preference Distribution Intersection Preference Not Intersection Preference

. lesponse .

Attribute Catego Not Traffic 2Wa Shorter | Minimize Avoid Drive
gory Total Intersection R No Choice ) 4 Way Stop Y Other ) . . Other

Intersection lights Stop Distance stops  |P Through
Work 71.9% (813)] 19.1% (365) | 15.0% (287) | 8.4% (161) [53.5% (192)] 18.7% (67) | 27.0% (97)] 0.8% (3) |56.4% (159)] 21.3% (60) | 17.7% (50) | 0.0% (0) | 4.6% (13)
Purpose otthe | 45.5% (515)|  12% (228) 10.0% (191) 5% (96) |48.9% (108)| 18.6% (41) |32.1% (71)] 0.5% (1) | 51.0% (98) | 21.9% (42) | 20.3% (390 | 0.5% (1) | 6.3% (12)
Weekday Trip | s, 50ing / Grocery | 31.5% (356)|  8.4% (161) 6.6% (126) | 3.6% (69) |55.3% (88) | 16.4% (26) | 25.8% (41)| 2.5% (4) | 50.4% (61) | 21.5% (26) | 22.3% (27) | 0.8% (1) | 5.0% (6)
“""L;‘i"‘;')m"e Gym 11.9% (135)|  2.3% (44) 2.9% (55) 1.9% (36) | 48.8% (21) | 23.3% (7) |25.6% (11)| 2.3% (1) | 54.5% (30) | 21.8% (12) | 20.0% (11) [ 0.0% (0) | 3.6% (2)
Other 7.8% (88) 2.0% (38) 1.8% (34) | 0.8% (16) |70.3% (26)| 18.9% (7) | 5.4% (2) | 5.4% (2) | 56.3% (18) | 25.0% (8) | 15.6% (5) | 3.1% (1) | 0.0% (0)
Stopinthe [No Stop 29..5% (334)| 10.0% (113) | 12.6% (143) | 6.9% (78) | 57.9% (66) | 17.5% (20) | 22.8% (26)| 1.85 (2) | 58.9% (83) | 14.2% (20) | 18.4% (26) | 0.0% (0) | 8.5% (12)
Neighborhood |Stop 70.5% (797)| 32.8% (371) | 25.3% (286) |12.4% (140)[54.5% (195)| 19.6% (70) | 24.6% (88)| 1.4% (5) |53.7% (151)| 22.8% (64) | 19.9% (84) | 0.7% 92) | 3.2% (9)
Gas station 79.5% (627)| 22.8% (301) | 16.3% (215) | 8.4% (111) |50.2% (146)| 21.0% (61) | 27.1% (79)| 1.7% (5) |54.0% (114)| 24.2% (51) | 18.0% (38) | 0.9% (2) | 2.8% (6)
Coffee shop 18.0% (142)|  5.28% (69) 3.7% (49) | 1.8% (24) | 59.1% (39) | 16.7% (11) [19.7% (13)| 4.5% (3) | 52.1% (25) | 16.7% (8) | 20.8% (10) [ 2.1% (1) | 8.3% (4)
Stop Locations |n,y care 9.5% (75) 2.9% (38) 2.1% (28) 0.7% (9) |56.4% (22)| 20.5% (8) | 20.5% (8) | 2.6%(1) |53.8% (14) | 19.2% (5) | 23.1% (6) | 0.0% (0) | 3.8% (1)
“""Lep::‘:"';“e Grocery store 45.1% (356) | 13.6% (180) 9.4% (124) | 3.9% (52) |56.3% (99) | 20.5% (36) | 21.6% (38)| 1.75 (3) | 44.6% (54) | 28.9% (35) | 23.1% (28) | 0.8% (1) | 2.5% (3)
Restaurant 11.5% (@1) | 4.2% (55) 17% (22) 1.1% (14) | 43.4% (23) | 26.4% (14) |24.5% (13)| 5.7% (3) | 45.5% (10) | 18.2% (4) | 22.7% (5) | 0.0% (0) | 13.6% (3)
Other 3.9% (31) 1.0% (13) 0.9% (12) 0.5% (6) | 53.8% (7) | 30.8% (4) | 0.0% (0) | 15.4% (2) | 33.3% (4) | 50.0% (6) | 8.3% (1) | 0.0% (0) | 8.3% (12)
0 4.8% (54) 2.0% (23) 1.8% (20) | 1.0% (11) | 56.6% (13) | 26.1% (6) | 13.0% (3) | 4.3% (1) | 61.1% (11) | 11.1% (2) | 5.6% (1) | 5.6% (1) | 16.7% (3)
Times Leaving | 1 40.3% (456)| 15.7% (178) | 16.9% (191) | 7.7% (87) |53.7% (94) | 20.6% (36) [24.0% (42)| 1.7% (3) [55.3% (104)| 19.7% (37) | 19.1% (36) | 0.5% (1) | 5.3% (10)
"’:\esmea‘”_"g'" 2 32.7% (370) | 15.7% (177) | 11.2% (127) | 5.8% (66) |49.7% (86) | 19.79% (34) | 30.1% (52)| 0.6% (1) | 58.1% (72) | 18.5% (23) | 18.5% (23) | 0.0% (0) | 4.8% (6)
the Morning 3 10.2% (115)  3.4% (39) 43% (49) | 2.4% (27) | 76.9% (30)| 15.4% (6) | 7.7% (3) | 0.0% (0) | 42.95 (21) | 28.6% (14) | 28.6% (14) | 0.0% (0) | 0.0% (0)
Aor more 12% (136) | 5.9% (67) 3.79% (42) | 2.4% (27) | 61.3% (38) | 12.9% (8) [22.6% (14)| 3.2% (2) | 60.5% (26) | 18.6% (8) | 16.3% (7) | 0.0% (V) | 4.7% (2)
0 38.3% (433)| 14.7% (166) | 17.0% (192) | 6.6% (75) | 56.6% (90) | 19.1% (31) |24.1% (39)| 1.2% (2) |57.4% (108)| 19.1% (36) | 16.5% (31) | 1.1% (2) | 5.9% (11)
) 1 28.4% (321)| 13.1% (148) 9.5% (108) | 5.7% (65) | 51.4% (76) | 24.3% (36) [22.3% (33)| 2.0% (3) | 55.8% (58) | 16.3% (17) | 21.2% (22) | 0.0% (0) | 6.7% (7)
1?’"95 Returning 5 19.5% (220)|  8.8% (100) 6.7% (76) | 3.9% (44) |56.3% (54) | 12.5% (12) [31.3% (30)| 0.0% (0) | 51.9% (40) | 26.0% (20) | 13.0% (3) | 0.0% (©) | 1.3% (1)
in the Morning 3 4.9% (55) 1.7% (19) 21% (24) | 1.1% (12) | 73.7% (14) | 15.8% (3) | 10.5% 2) | 0.0% (0) | 56.5% (13) | 26.1% (6) | 28.6% (14) | 0.0% (0) | 4.3% (V)
40r more 9.0% (102) | 4.5% (51) 2.6% (29) | 1.9% (22) |57.4% (27)| 17.0% (8) [21.3% (10)| 4.3% (2) | 50.0% (15) | 16.7% (5) | 30.0% (9) | 0.0% (0) | 3.3% (1)

The observed trip characteristics are discuss#tkifollowing paragraphs:
e During this survey, participant could select mdrant one trip purpose for trips that leave home in a
typical weekday morning. The trip purposes, in dasmg order, were work (71.9%), followed by

school (45.55), shopping/grocery (31.5%), gym (3d).@nd others (7.8%).

e Stop in the neighborhood. Seventy five percenthef participants stopped in the neighborhood in
their morning trips. For trips that include atdea stop in the neighborhood, the most frequently
selected route choice factor is shortest distantlee 29.5% respondents who did not make a stop in

the neighborhood had traffic signals as their nfresfuently cited factor in route choice decisions.

e Stop locations. Among the reasons to make a stdpemeighborhood, gas stations received the

highest frequency (79%) followed by grocery stetg8%), coffee shop (18.0%), restaurant (11.5%),

and day care (9.5%).
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e Times leaving in the morning. The number of trigkein by a survey participant in an average
morning is: 4.8% did not make any trip, 40.8% o, 82.7% two trips; 10.2% three trips and

12.0% four trips or more.

e Times returning in the morning. Thirty eight percenh the respondents (38.3%) did not leave

home or leave home without return in the morniAgother 28.4% return to home once.

e Ideal intersection control. Table 4.3 shows th&riiution of responses for the last question
which asked the participant to state the idealrsetetion control. Drivers selected the traffic
signal options were the highest proportion (48.68#)pwed by four-way stop sign and then
two-way stop control (65%). This distribution isnsistent with the results of the earlier cross

tabulation.

Table 4.3 Results of questionnaire survey: ide@rsection control

Total Preference Distribution | ion Preference Not Intersection Preference
Drive
N Response . L. .
Attribute Range R Not . Traffic 2Way Shorter | Minimize Avoid Through
Total Intersection R No Choice ) 4 Way Stop Other ) o . ) Other
Intersection lights Stop Distance stops |P Wider
Streets
deat Traffic Lights 48.6% (542)| 21.2% (236) | 17.2% (192) ]10.2% (114)[75.1% (175)|13.3% (31) |9.4% (22) |2.1% (5) |55.3% (104)|18.1% (34) |21.3% (40) |L.1% (2) |4.35 (8)
o eea 2-WAY STOP 20.2% (225)|  9.4% (105) 7.4% (82) | 3.4% (38) [24%.0% (2410.0% (10) |65.0% (65)|1.0% (1) |53.8% (43) |22.5% (18) |23.85 (19) [0.0% (0) [0.0% ()
':tef'sec""" 4\WAY STOP 22.1% (246)|  8.8% (98) 10.0% (111) | 3.3% (37) |47.4% (45) |36.8% (35) |15.8% (15)]0.0% (0) |54.5% (60) [16.45 (18) [17.3% (19) [0.0% (0) |11.8% (13)
reference | poundabout 9.1% (102) | 3.4% (98) 3.6% (40) | 2.2% (24) |42.1% (16) |28.9% (11) [26.3% (10)[2.6% (1) [55.3% (231)|19.9% (83) [19.4% (81) |0.5% (2 |5.0% (21)
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4.5 Summary

This chapter has described the data collectiontsffoade as part of this research. A TAZ in the
west side of the City of El Paso, Texas had betttss as the TAZ to collect data and developed the

methodology to convert@-D, matrix to aO-D, matrix.

The GIS layers for the demographic and parcel deteel demand model of the El Paso region,
and other relevant electronic data had been celletbm public agencies and organizations. Traffic
counts using automated tube counters were perfoen28 locations within and at the boundary of the

TAZ. Manual turning counts had also been perforatathajor intersections surrounding the TAZ.

A questionnaire survey was conducted for the ressdie the TAZ as well as drivers in the City
of El Paso. A total of 1130 participants respontiethe survey. The survey collected the demodcaph
profiles of the respondents and more importantéy férctors that influence their route choice between
their homes to the main streets access pointsediabndary of their TAZs. The questionnaire survey

data will be used to develop a discrete choice netieh is described in Chapter 5 of this dissétat
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Chapter 5: Discrete Choice Modeling

5.1 Introduction

This chapter describes the estimation of a discotigice model to predict route choice
preferences of drivers when they travel from honeethe access points (i.e., intersections along the

main streets that bound the TAZ).

For years discrete choice models have been utili@aesimic real life behavior, especially in
transportation planning. From the context of tieisearch some of the most recent works have focused
on the influence of specific traffic control suck @affic signal, the effects of mode of transpiota
and the choice effects under intelligent transpionasystems. For example, Shenpei et al. (2008)
evaluated the influence of traffic signal delaydiver’s behavior path, Wan et al. (2011) estimaded
NLM to model the impact of land use and traffica@se supply on the commuting travel mode choice,
and Xu et al. (2010) developed a MNL to model rocheice behavior under the provision of travel

information.

Under this premise, a logit based modeling apprasaahosen to analyze drivers’ route choice
preferences when make up the paths from homescesa@oints. The model’s attributes are based on
socioeconomic characteristics and morning trip tisabf the drivers. The data was obtained from a

guestionnaire survey described in Chapter 4.
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5.2 Discrete Choice Modeling Approach

A logit based modeling approach is selected touwapthe intersection preferences of drivers.
Intersection preferences are based on the socioetormcharacteristics and driving habits of the ers/
The preference is obtained as the driver's prolighit select a specific access point to enter éaama
street at the boundary of the TAZ. In this worksiissumed that a resident of a TAZ is well infedm
of the various paths, street characteristics aftidrconditions. Choices among the different raléive

paths to travel from or to his/her parcel (homeh®access points are based on his/her own eariteri

The factors that influence a driver's decision ée safety, which is provided by intersection
traffic control (traffic signal, four-way stop cant and two-way stop control); (2) comfort by tréag
through wide streets or streets with low frequettcyield to pedestrians who are crossing stre@js; (
the number of stops and turns; and (4) distancedwel time) between the driver’s parcel with thain
street. This research assumes that the routd AZawith the shortest distance is the same asdheer
with the fastest travel time because of the lowagk of congestion (the free-flow speed is uniform

within a TAZ).

Three different sub-models were developed to tryajature the decision process of a driver. The
reason three sub-models were estimated insteagkeasdhat there were limitations due data avditgbi
and the number of observations being too few. Thdels estimated were two nested logit models, and
a mixed logit model (see Chapter 2 for descripfiorisigure 5.1 illustrates the conceptual structfre
the model, which embeds three sub-models. The (fiighest) level is a binary decision where the
driver decide from two choices (1) he/she has ntiiphel routes to access the main strebls Multiple

or, (2) he/she has multiple routes to access the steeets Multiple). If the driver has multiple route
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choices, he/she then makes a decision on the tmged on (1) the type of intersection control
(Intersection or, (2) the factor that is not related to intets® control Not Intersectioh If the
driver's choice islntersection the next decision is modeled by a MLM model witinee choices of
intersection control consisting of a traffic signf@ur-way stop or two-way stop. If the driver’soitdes

to base his/her route by a factor other than iatgisn control ot Intersectioly the next decision is
modeled by a NLM with two branches consisting shartest distance and the avoidance of pedestrians.
Under the shortest distance option, there are twrerbranches, the shortest route, or minimize stops
and turns. Driving through wider streets and otlieo were discarded due the low frequency of drive
preferences. The description and results of eacthe®fthree sub-models are described with more

detailed in the subsequent sub-sections in thigteha

Dirver Choice Model

Meighborhood
(Block or sub-zone drver)
Nested - G
l.ﬂg“’ — P Multiple Boutes
Model O Bultiple ! P
Routes o] o
= sl
Preference
Intersection Preference
A Mot Intersection
Mixed k] /
ot = 2 Bl | 1 . Shiort
Logitmodel ol ] gk 2] Nested Logit distance
PLIGR ] PLAE
v Moaodel —
Traffic  2Way  gways .
Light  Stop  Stop L] At sliiE]
Shorter Minmmize Avoid
Raouite stops Pedestnians
ETums

Figure 5.1Structure of discrete choice model in the City bPBSo
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5.2.1 Data

A driver intersection choice survey was describadGhapter 4. This survey collected
demographic, morning trip patterns and route chpiegerence data from 1130 respondent throughout

the City of El Paso.

5.2.2 Explanatory variables

The explanatory variables, obtained from the surtkst were used to develop the different
models are described in Table 5.1. The dependeigbles that were created for the model estimation
are included in Table 5.2. The selection critefigthe variables to be considered in each utilityded
were restricted to t-statistics of between >1.28-4r28 (i.e., 0.20 level of significance). The iden of

0.20 level of significance is due to data avaiiapil
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Table 5.1 Explanatory variables in discrete choncelel

Variable Description

Gender 1 - male, 0 —female

Age 1-lessthan 25,2 —-25t034, 3-35t049,4 -50to 64, 5 - 65 or older

Hinc Annual household income, 1 — less $20k, 2 — $70k to $89k, 3 — $20k to $39k, 4 — $90k to
$150k, 5 — $40k to $69k, 6 — greater than $150k

Educ Highest education, 1 — high school, 2-some college, 3 — college graduate t4gragoate

ZIP Zip code, 1to 24 (see actual survey for which zone)

Hsize Household size, 1 to 10

Hveh Number of household vehicles - 1, 2, 3, 4 or more

Leave How many times they leave home in a weekday — 1, 2, 3, 4 or more

Retunr How many times they return home in a weekday — 1, 2, 3, 4 or more
Work Binary variable indicating if 1 — work, 0 — Otherwise.
School Binary variable indicating if 1 — school, 0 — Otherwise.

Shop Binary variable indicating if 1 — shop, 0 — Otherwise.

Gym Binary variable indicating if 1 — gym, 0 — Otherwise.
Otherl Binary variable indicating if 1 — other, 0 — Otherwise.
Stop Binary variable indicating if 1 — stop, 0 — Otherwise.
Gas Binary variable indicating if 1 — gas, 0 — Otherwise.

Coffee Binary variable indicating if 1 — coffee, 0 — Otherwise.
Daycare Binary variable indicating if 1 — daycare, 0 — Otherwise.
Grocstor Binary variable indicating if 1 — grocery store, 0 — Otherwise.
Rest Binary variable indicating if 1 — restaurant, 0 — Otherwise.
Other2 Binary variable indicating if 1 — other, 0 — Otherwise.

IntPref Preferred intersection control in neighborhood, 1- traffic sign&;way stop, 3 - 4-way
stop, 4 — roundabout
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Table 5.2 Dependent variables in discrete choicdah

Variable  Description

Multiple When choosing your route in the neighborhood streets between your home and the main
street, which of the following BEST describe your route choice criteria

1 — No multiple routes, 2 — Intersections, 3 - Not Intersection

Inters When choosing your route in the neighborhood streets between your home and the main
street, which of the following best describe your route choice criteria?
1 — traffic signal, 2 — 2-way stop, 3 — 4-way stop

Streets When choosing your route in the neighborhood streets between your home and the main
street, which of the following best describe your route choice critedaghbrtest path, 2 —
minimize stops & turns, 3- avoid pedestrians, 4 — wide streets

Inter — binary
TralL Binary variable indicating if 1 — traffic signal, 0 — Otherwise.
TwoS Binary variable indicating if 1 — 2-way stop, 0 — Otherwise.
FurS Binary variable indicating if 1 — 4-way stop, 0 — Otherwise.
Not intersection - binary
Shrt Binary variable indicating if 1 — shortest path, 0 — Otherwise.
MinST Binary variable indicating if 1 — minimize stops and turns, 0 — Otiserw
AvPed Binary variable indicating if 1 — avoid pedestrians, 0 — Otherwise.
WideS Binary variable indicating if 1 — wide streets, 0 — Otherwise.

5.3 No Multiple or Multiple Routes Decision Model

The first branch of the model structuMu(tiple or No Multiple) was evaluated using a NLM as
the sub-model. During the survey some drivers ssdddo Multipleassuming that they were consistent
with their routes during weekdays. Because of #mslIA violation could be present with the otleo
options: Intersectionand Not Intersection In order to avoid this problem, a NLM was progodo
evaluate these choices. This NLM is denoted as NLUKIthe nested model the first branch contaies th
No Multiple and Multiple choices. Below théultiple choices, the choices dfitersectionand Not

Intersectionchoices were evaluated. This tree is illustratetthé upper section of Figure 5.1.
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5.3.1 Methodology

The NLM1 was estimated due to possible IIA violatio The dependent variables in the first
branch wereNo MultipleandMultiple. No Multiplerepresents the driver is without choice of routes
access the main streetMultiple means the driver has choices to decide amongrelifferoute
alternatives to connect from his/her home with #iteess points to the main streets. The second
branchs, under th&lultiple choice, has two dependent variablegersectionand Not Intersection
Intersection represents the option that the dnprefers to access the main street based on theofype
intersection control at the access poimMi®t Intersectionis the alternative that the driver does not

consider the type of intersection control when aiog his/her access point.

During the modeling process, variables were crefited the survey data set. The method of
maximum likelihood was applied to solve for the fliceents of the utility functions. The estimated
coefficients were tested for their significancerbgans of the t-statistics. These variables areritdes!

in Tables 5.3, 5.4, 5.5 and 5.6.

Table 5.3 Independent variables created\foMultiple

Independent Variable Description

Hsize4 Driver with household size of four

leave4 Driver who leaves home four or more times
Rest Driver who regularly stops at restaurant
Hinc6 Driver with annual household income >$150k
IntPref4 Driver ideally prefers roundabouts

60



Table 5.4 Independent variables fiotersection

Independent Variable Description

Hsize4 Driver with household size of four

School Driver who has school as destination
Daycare Driver who regularly stops at day care
Age34 Driver from 35 to 64 years old

Leav3 Driver who leaves home three or more times

Table 5.5 Independent variables ot Intersection

Independent Variable Description

leaved Driver who leaves home four or more times
Rest Driver who regularly stops at restaurant
HighS Driver with high school education level

Table 5.6 Independent variable Multiple

Independent Variable Description

Retnl Driver returning home one time in the morning

Hsize6 Driver with household size of six

Intl Driver ideally prefers traffic light

Grocstor Driver who regularly stops at grocery store
5.3.2 Results

The results of the NLM1 estimation are presentethis section. The selection criteria of the
variables included in the utility functions consibtof t-statistic >1.28 or <-1.28, which corresponal

0.20 level of significance. Table 5.7 shows thecdptive statistics of all the independent variable

61



Table 5.8 lists all the independent variables wiithir estimated coefficients, t-statistics and nraig

effects.

Table 5.7 Descriptive statistics for independemrtables in NLM1
Variable Description of Variable Mean  Standard Deviation
Hsize4d Driver with household size of four 0.299 0.458
leave4 Driver who leaves home four or more times 0.104 0.306
Rest Driver who regularly stops at restaurant 0.077 0.267
Hinc6 Driver who regularly stops to put gas 0.014 0.116
IntPref4 Driver who ideally preferred roundabouts 0.092 0.289
School Driver who has school as destination 0.455 0.498
Daycare Driver who regularly stops at day care 0.066 0.249
Age34 Driver from 35 to 64 years old 0.481 0..500
Leav3 Driver who leaves home three or more times 0.329 0.470
HighS Driver with high school education level 0.276 0.447
Retnl Driver returning home one time in the morning 0.282 0.450
Hsize6 Driver with household size of six 0.042 0.202
Intl Driver ideally prefers traffic signals 0.480 0.500
Grocstor Driver who regularly stops at grocery store 0.317 0.466
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Table 5.8 Estimation results for NLM1

Variable Description of Variable Coefficient t-Stat EI}/;Z::?;“@))
No Multiple
Hsize4 Drivers with household size of four -0.5033 -2.632 -71.774
Leave4 Driver who leaves home four or more times 0.4512 1.372 6.968
Rest Driver who regularly stops at restaurant -0.6214 -1.813 -9.597
Hinc6 Driver with annual household income >$150k 0.8481 1.505 13.097
IntPref4 Driver ideally prefer roundabouts 0.4700 1.753 7.258
I ntersection
Hsize4 Driver with household size of four -0.4602 -3.143 -8.835
School Driver who has school as destination 0.1794 1.613 3.444
Daycare Driver who regularly stops at day care 0.3259 1.454 6.258
Age34 Driver from 35 to 64 years old 0.2183 2.173 4.192
Leav3 Driver who leaves home three or more times 0.3275 2.650 6.287
Not | ntersection
Leave4d Driver who leaves home four or more times 0.4135 1.782 7.938
Rest Driver who regularly stops at restaurant -0.9470 -3.389 -18.181
HighS Driver with high school education level 0.1887 1.507 3.622
Multiple
Retnl Driver returning home one time in the morning 0.4221 2.543
Hsize6 Driver with household size of six -0.5974 -1.759
Intl Driver ideally prefers traffic signals -0.3274 -1.996
Grocstor Driver who regularly stops at grocery store 0.5093 2.791
Number of observations 1103
Number of parameters
log-likelihood at zero -1377.977
log-likelihood at convergence -1128.317
Va 499.3182
Vi 0.1811
o adjusted 0.1744
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In order to justify the initial assumption of utilng the NLM (i.e., IIA violation)t* statistic and
¢ parameter were obtained. Thieandp values were estimated by LIMDEP to be equal to @0énd
1.487 respectively. For the statistic it was calculated using Equation [5.1]:

oo B-1 _1487-1 o (5.1]
SE(B) 0.2044

Thet* value is significantly greater than 1.28. This nmeethat the NLML1 is suitable to be used with this
group of choices. Also thg, was between 0 and 1 which means that the NLM1 hasight model
structure to use. Thg value was 499.3182 with 18 degrees of freedoris drresponds to grvalue

of about 0.0001% (essentially 0%). The McFadgewas 0.1811 and the adjusigdbecame 0.1744. A
p° value between 0 and 1 suggest certainty of theeindthe o values obtained implied that the NLM

fit well with the analysis of this branch.

5.3.3 Interpretation of results

The interpretation of the coefficients indicateattdrivers with household size of four are less
likely to consider multiple routes and are alscslékely to select the routes based on the type of
intersection control. The marginal effects indésathat a unit increment in the number of driveith w
four members in the household, the driver’s praitgitnf selectingNo Multiple choice will reduce by

7.774%. Similarly fointersectionchoice it will decrease by 8.835%.

In the case of drivers leaving his/her house nibam 4 times in the morning, they share the
preference among the choicl® Multiple (#=0.4512) and\ot Intersection($=0.4135). A possible
reason is that they may not have the choice tatsglan more than one signalized intersection fos t
TAZ. The marginal effect indicates that a unit gment in drivers leaving home four times will

increase the probability ®fo Multiple choice by 6.968%.
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Drivers who stop during his/her route in a restatrare less attracted tdo Multiple (5=-
0.6214) andNot Intersection($=-0.947). This may indicate that these driversfgiréo select their

routes based on the type of intersection. Actumliyit increment of drivers stopping in restausamil

decrease the probability biio Multiple by 9.59%.

For drivers with annual household income highent8450k, were more likely to selebio
Multiple routes choices#=0.8481). Presumably their parcels have limiteckeas as result of higher
privacy. This variable has one of the largest nmalgeffects, a unit increment of 1% of annual
household income higher than $150k will contribiat@n increase the probability Nb Multiple choice

by 13.09%.

Drivers who ideally prefer roundabouts in theipt@re more likely to selediio Multiple
(5=0.4700). This group shows interest in a changeadfic control in the TAZ. The change is for &y
of intersection control that could reduce delaye Tharginal effect shows that installing a roundabou

will contribute to the probability of its use by258%.

Driver who heading to schools are more likely taroect to the main street based on the type of
intersection controlf=.1794). This is probably capturing some safetyceon with regard to dropping
children off at schools. The marginal effect iradés that an increase in one school trip will inseethe
probability of Intersectionchoice by 3.444%. This situation is similar tav@rs who regularly stop at
day care centerg’£0.3259). In this case, an additional trip stogdmday cares will contribute with a

probability of usdntersectionchoice by 6.258%.
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Age is a high contributor to the use of accesstpomth traffic control. Drivers from 35 to 64
years old have preference by its uge(.2183). One unit increment of drivers with tage range will
contribute to an increase in the probabilityirtersectionby 4.192%. Thidntersectionpreference may

be explained by the improved safety that the ietgrsn controls provide.

Drivers who leave home three or more times are tikely to select access points by the type of
intersection control4=0.3275). The marginal effect points out that adita@hal driver with this kind of

trip frequency will increase the probability lotersectionchoice by 6.287%.

Drivers with high school education level are nderasted to select their routes Ipyersection
(5=0.1887 forNot Intersectioh This may suggest that drivers with a lower lefeeducation are not as
concern with safety issue. The marginal effectesgnts an increment of 3.622% in the probability o

No Multiplechoice with an additional driver with high scheodlucation level.

5.4 Intersection Control Type Decision Model

The second sub-model is for the drivers who bae# thute choice decisions on the type of

intersection controllitersection). The choice probability among the three typesmtdrsection control

was modeled by a MLM.

5.4.1 Methodology

The MLM was chosen to estimate the probabilitieat th driver prefer the three types of

intersection control: traffic signal, two-way stapd four-way stop. Considering as separately, uging
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MNL model will cause an IIA problem. This model sveelected because dependency between two or

more variables may exist

The choice set consisted of traffic signal, two-wstgp, four-way stop. The model was

formulated with LIMDEP using Equations [2.3] to §2. The independent variables used in this model

are illustrated in Tables 5.9, 5.10 and 5.11 shbelow.

Table 5.9 Independent variables created for traffjnal

Independent Variable Description

Tlone Constant

Leave4d Driver who leaves home four or more times
Gender Male

Gas Driver who regularly stops to put gas during trip
Age5 Driver with 65 or older years old

Hsizeb5 Driver living in home of five

Coffee Driver who regularly stops at coffee shop

Table 5.10 Independent variable created for tvay-stop

Independent Variable Description
Rest Driver who regularly stops at restaurant
Return2 Driver returning home two times in the morning

Table 5.11 Independent variable created for feay-stop

Independent Variable Description

Leaved Driver leaving home four times in the morning
HigS Driver with high school education level

Ageb Driver with 65 or older years old
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5.4.2 Results

After running the MLM using LIMDEP (Greene, 200Tetdescriptive statistics and the coefficients
(p) of the utility equations were obtained using thethod of maximum likelihood. Table 5.12 shows
the descriptive statistics of the variables and&atl3 shows the estimated parameter values. jhe

value of 160.78 with 15 degrees of freedom givpsralue of 0.01% (essentially 0%).

Table 5.12 Descriptive statistics for variablesdusn MLM

Variable Description of Variable Mean [S)g?:;(;ﬂ
Leaved Driver who leaves home four or more times 838. 0.277
Gender Male r 0.415 0.493
Gas Driver who regularly stops to put gas durimg tr 0.615 0.486
Ageb Driver with 65 or older years old 0.924 0.289
Hsize5 Driver living in home of five 0.217 0.412
Coffee Driver who regularly stops at coffee shop

Rest Driver who regularly stops at restaurant 0D.1 0.309
Return2 Driver returning home two times in the niogn  0.311 0.463
HigS Driver with high school education level 0.258 0.438
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Table 5.13 Estimation results for MLM

Variable Description of Variable Coefficient t-Stat E'}Afggéngk)
Traffic signal
Llone Constant 0.957 0.255
Leaved Driver who leaves home four or more times 1.831 1.613 1.02
Gender Male (004‘32%?':* (223(;;3 -1.88
Gas D_river who regularly stop® put gas durin  -0.5137* -1.25 312

trip (0.4101)**  (1.832)

Ageb5 Driver with 65 or older years old 1.777 1.499 1.20
Hsizeb5 Driver living in home of five -1.194 -2.455 -2.93
coffee Driver who regularly stops at coffee shop 986. 1.495 1.13
Two-way stop
TWone Constant -0.838 -3.916
Rest Driver who regularly stops at restaurant 0.71 1.706 1.11
Return? rl?]roi\rlﬁirnrgeturning home two times in the 0.660 2 248 292
Four-way stop
Leaves rag¥§{nlgaving home four times in the .1.084 _1.459 .058
HigS Driver with high school education level -0.797 -2.489 -2.31
Ageb5 Driver with 65 or older years old -1.029 -K38 -0.46
Number of observations 465
Number o parameters 15
Log-Likelihood at Zero -510.8547
Log-Likelihood at Convergence -430.4644
7° 160.78

* Mean of random variable
*k Standard deviation of random variable
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5.4.3 Interpretation of results

Two variables were found to be random and had fsxgnit values for their assumed distribution:
Gender and Gas. The parameters of the probab#itgity functionf(B;|¢@) of these variables are (-
0.3694, 0.4427) for Gender and (-0.5137, 0.4104 pfiver who use to stop in gas stations beforg the
leave the neighborhood (TAZ). For Gender, thesdgriunction suggests that 20.2% of males tend to
select the intersection with traffic signals. I tcase of Gas, the density function suggest8thd8%
of the drivers are likely to take intersection withffic signals to access the main streets adtresu
his/her detour to gas stations. Usually gas statime located at intersections controlled by taffi

signals.

The Leav4 variable coefficient indicates that drsvare more likely to use an intersection with
traffic signals =1.831) if they leave home a minimum of four tinme®ne morning than using a four-
way stop intersectiong?€-1.084). The marginal effect value exemplifieattthe probability of using a
signalized intersection will increase by 1.02%hié thumber of drivers leaving homes four times i th
morning increase by a unit, while the probabilifyselecting a four-way stop sign will decrease by -
0.58%. A possible reason is that these drivershammemakers or retired seniors who prefer safer

intersections and are in no hurry to arrive tortdestinations.

For the Age variable the statistics show that dgv& and older are more likely to go through
intersections with traffic signalgs€1.777). This may be due to the fact that sincg tre older they

seek safer intersections which are controlled gypas. An additional driver older than 65 yeard ol
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will increase the probability of use of signalizetersections by 1.20% and the selection of a foay-

stop by 0.46%.

The bigger the household size, the less likelydheer will select a route that consists of a
signalized intersection. This is especially triuthe house hold size is fivg£-1.194). This is because
these drivers may need to drop off the rest ofhinesehold members, especially children, to differen
schools, which may not have a signalized intersealong the route. The marginal effect indicaled
a unit increment in the number of drivers with fgnaf five will decrease the selection of intersens

with traffic signals by 2.93%.

The more drivers buy coffee in the morning, the ernlikely they are to pass through a signalized
intersection £=0.986). These drivers probably stop at gas staticcorners of signalized intersections.
A unit increment of trips to coffee stores will ¢obute to an increase in the probability of usargy

intersection with traffic signals by 1.13%.

If drivers on his/her route need to stop at a tegstat, two-way stop intersection choice is most
frequently used/4=0.714) due to some of the neighborhood restautseitg) located closer to this type
of intersection. The increment of one restauramtlies an increment of use four-way stop intersecti

by 1.11%.

Drivers are more likely to go through a two-wagpsintersection £=0.660) if they decide to
return home twice. This may be capturing someedibehavior concerning minimize route impedance.
Increment of a driver returning home two times ke tmorning represents an increment in the

probability of the use of two-way stop control irgection by 2.92%.
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Drivers with a high school education level are &s3 likely to access the mains streets through
four-way stop intersections. This may be due &f#itt that they perceive having longer delayoat-f
way stops compared to other types of intersectioraddition, these drivers at this education leualy
have less concern about safety and accident cbst.effect of a unit increase of drivers with high

school education level causes a reduction in tbhbghility of use four-way stop intersections byl2a

5.5 Not Intersection Factors Decision Model

The NLM was used to model the data related withcti@ce ofNot IntersectionThe reason was
because there was IIA violation between shortet pad minimum stops and turns. The estimated

model is denoted as NLM2.

5.5.1 Methodology

The NLM2 was formulated to represent the choicéNof Intersectiorbecause IIA violations
were suspected to be present in the options: mmirstops and turns, and shortest path. The routes
selected based on these choices were correlatbd. mbdel was formulated with LIMDEP using the

Equations [2.10], [2.11] and [2.12].

The initially choice set was: shortest path, mumimstops and turns, avoid pedestrians, wide

streets and others. After estimation, the chowiele street and other were omitted from the data se

because they did not have enough observations.fuifleer facilitate the modeling process and to
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acquire a more accurate model, variables were extefatr each utility equation. These variables are

listed in Tables 5.14, 5.15, 5.16 and 5.17 showovhe

Table 5.14 Independent variables for shortest path

Independent Variable Description

Hveh3 Driver with three vehicles

Leave4d Driver who leaves home four or more times

School Driver using school as their main morning trip

Other2 Driver who regularly stops at "other" locations durirg tri

Table 5.15 Independent variable for minimum stapd turns

Independent Variable Description
Hveh2 Driver with two vehicles
Grocstor Driver who regularly stops at the grocery store

Table 5.16 Independent variable for avoid pedassri

Independent Variable Description

AVPone Constant

Hinc2 Driver with annual household income $70k to $89k
POSTC Driver with education graduate education

IntPref4 Driver ideally prefers roundabouts

Gas Driver who regularly stops to put gas
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Table 5.17 Independent variable for shortest degtan

Independent Variable Description
Coffee Driver who regularly stops at coffee shop
Gender Male

5.5.2 Results

The variables chosen for the NLM2 had to meettistia of greater than 1.00 or less than -1.00
in order to be considered as significant and bkided in the model. Table 5.18 shows the desggpti
statistics of the independent variables and Tabl® Shows the independent variables with their
coefficients ff) and estimation results for the shortest distammaach and all three utility functions,

namely shortest route, minimum stops and turns aandls pedestrians.

In order to validate the initial assumption of thee of NLM2,t* statistic andp, parameter were
calculated by LIMDEP ¢, andp values were estimated to be 0.7743 and 0.1108ctsply. For the*
statistic, it was calculated using Equation [5.2].

¢ _ B-1_01108-1_ .o (5.2]
SE(p) 03863
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Table 5.18 Descriptive statistics for variablesdusn NLM2

Variable Description of Variable Mean gg?gg‘éﬂ
Coffee Driver who regularly stops at coffee shop 0.108 0.310
Gender Male 0.417 0.493
Hveh3 Driver with three vehicles 0.251 0.433
Leave4d Driver who leaves home four or more times 0.123 0.329
School Driver using school as their main morning trip 0.447 0.497
Other2 Driver who regularly stops at "other" locations 0.027 0.164
HVeh2 Driver with two vehicles 0.497 0.500
GROC Driver who regularly stops at the grocery store 0.291 0.454
Hinc2 Driver with annual household income $70k to $89k 0.278 0.448
POSTC Driver with graduate education 0.067 0.251
Int4 Driver ideally prefers roundabouts 0.100 0.300
Gas Driver who regularly stops to put gas 0.510 0.500

The ¢, value was between 0 and 1 which means that thisteasight model structure to use.

Thet* statistic was found to be significant from onenhefiefore the NLM2 is the correct form to fit this
data. They? statistic of 275.7059 with 14 degrees of freedatis§es a 0.01 level of significance. The

McFaddeny® is 0.277 which lies between Oand 1, meaning teatNLM2 fits the data of this branch.
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Table 5.19 Estimation results for NLM2

Variable Description of Variable Coefficient t-Stat gfaegi?;: )
Shortest Distance branch
Coffee Driver who regularly stop at coffee shop -0.273 -0.674
Gender Male 0.582 0.274
Shortest Route
SPone Shortest distance constant 1.196 4.203
Hveh3 Driver with three vehicles 0.687 1.879 10.46
Leave4 Driver who leaves home four or more times -0.539 -1.264 -8.20
School Driver using school as their main morning trip -0.348 -1.289 -5.28
Other? dDLTrYr?gr; \;\;iriljo regularly stops at "other" locations .1.846 -2 648 -28.09
Minimize Stop and Turns
HVeh2 Driver with two vehicles -0.518 -1.655 -7.47
Groc Driver who regularly stops at the grocery store 0.884 3.013 12.77
Avoid Pedestrians
AVPone Constant -0.948 -1.627
Hinc2 Driver with annual household income $70k 89  0.793 2.892 11.94
POSTC Driver with graduate education -1.750 -1.691 -26.37
Int4 Driver ideally prefers roundabouts -1.284 -2.060 -19.35
Gas Driver who regularly stop to put gas -0.384 -1.430 -5.78
Number of observations 398
Number of parameters 14
log-likelihood at zero -496.2934
log-likelihood at convergence -358.4404
7 275.7059
Voi 0.277
©° Adjusted 0.263
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5.5.3 Interpretation of results

The interpretation of thee parameters is as follodvslriver stopping at a coffee store is less
likely to travel by route with the shortest distan@=-0.273). Males are more likely to drive to the
access points that has the shortest distafic6.§82). This behavior is probably due to the rsale

aggressiveness and impatience over female.

Drivers with three vehicles in the household showeelde more likely to choose the shortest path
(5=0.687). The marginal effect indicates that a umtrement of families with three vehicles will

increase the probability of drivers selecting thertest route by 10.46%

Drivers leaving home four or more times during th@ning are less likely to choose the shortest
distance £=-0.539). This situation could apply to driverstth@aake multiple trips and are tend to want
to save travel time. The marginal effect indicatest a unit increment will decrease the probabibity

selecting the shortest route by 8.20%.

Drivers with final destination at school or makéaet stopping during his/her trip are less likely
to choose the shortest path. The reason coulthdiebecause the detours to their destinations make
them impossible to select shortest distance pdthe. marginal effect value indicates that for a unit
increment of driver with destination at schools astdpping for other reasons, the probability of

selecting the shortest route will be reduced bg 3@2and 28.09 % respectively.
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Drivers with two vehicles were less likely to take routes with minimum stops and turps(
0.518). One unit increment of drivers with two mdds in the household will decrease the probabilit

of them using this choice by 7.47%.

Driver who regularly stops at the grocery storesrgumorning trips are more likely to take
routes with minimum stops and turn$=0.844). A possible explanation is that driverendagroceries
shopping in the morning usually are in a hurrydeestime to arrive at their destinations. The nrabi
effects indicates that a unit increment of driv&pping at grocery store will increase the prolitsiof

drivers avoiding turns and stops by 12.7%.

Drivers with annual household income from $70689k were more likely not to drive though
streets with pedestriang<0.793). Assuming that these drivers are consilere middle class, their
houses are located close to parks and facilitiesrevipedestrians used to visit. Then, these drivers
cannot easily avoid pedestrians during his/her hbased trips. The marginal effect shows that & uni
increment of middle class drivers (household) mitiur a probability increment of traffic trying tovoid

pedestrians by 11.94%

Drivers with graduate education were less likelychmose a route that avoids pedestrigirs (
1.750). A possible reason is that their decisionstiee locations of home parcels already take this

pedestrian friendly factor into consideration

Drivers who ideally prefer roundabouts to conneithwthe main streets are less likely to choose
the avoid pedestrians routg=1.284). A possible reason is that roundabou¢s more pedestrian

friendly, and therefore these drivers expect pe@dest to present at roundabouts

78



Finally, commuters who stop to refuel gasolinelass likely to avoid pedestriang<-0.384).

5.6 Summary

The three logit sub-models have been fitted toddi@a collected. The following observations
have been summarized:

(1) Intersectionis widely preferred by females, drivers older tlhyears old and drivers stopping in
gas stations and coffee stores. This is probabdytdisafety concerns and store locations.

(2) Traffic signal control is preferred by drivers aldbean 64 years old and also by females.

(3) Two-way stop control is only preferred by driverfiovstop at restaurants and return two times
during the morning.

(4) Four way stop intersection is attractive only bywelr who go to grocery stores in the morning.
Drivers leaving home four times in the morning,hwitigh school level, or older than 65 years old
are less likely to use this type of intersection.

(5) Shortest route is preferred by males or drivers titee vehicles in the household.

(6) Drivers with graduate studies or drivers stoppinggas stations tend not to avoid pedestrians.

Middle income drivers are more likely take a rowt@void encountering pedestrians.

The estimated discrete choice model (which consiefethree sub-models) is used in the next

chapter to select traffic zones and zone connetois TAZ.
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Chapter 6: Selection of Traffic Zones and Connecta

6.1 Introduction

This chapter describes and demonstrates the prooesslect traffic connectors and allocate
traffic volume that originated from the TAZ to tlwennectors for implementation in a MTS model.
This process involves the application of the digciEhoice approach covered in Chapter 5, combined

with path analysis using the ArcGIS Network Analtgsil.

As mentioned in Chapter 2, ti@@-D, matrix represents trips between the centroidsliofha

TAZs (the components of this matrix ‘|l'§P), while theO-D,, matrix represents the trips among the

traffic zones (the components of this matrixTs). The O-Dn matrix has a larger dimension than the

O-D, matrix.

In order to create a MTS model that uses trafimdnd data from the corresponding TPM, it is

necessary to discompo3g into t”, . The method described in this chapter assumesitaver starts

a trip from his/her home (parcel) during the mognipeak hour, and based on his/her route choice
preference, travel to his/her preferred accesstgoitersection) to turn into a main street. Insth
chapter, the main streets are the streets thatdoauhAZ. Access points are intersections along the
main street that enable drivers to turn from theZTidto the main streets. A few representative s€ce
points will be selected using the procedure dennatest in this chapter for implementation in a MTS

model. Traffic zones are the areas representingrifherigins or destinations in a MTS that are triex
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the selected access points. Traffic zone conrgaborzone connectors, are links in a MTS that fben

traffic zones with their access points.

6.2 Methodology

The methodology to select the traffic zones ancezmmnectors consists of nine tasks. The flow

chart of the methodology is shown in Figure 6.1heTdescription of each task is described in the

subsections below.

6.2.1 TAZ selection

The first task is to select a TAZ.

6.2.2 Data collection

The second task is to collect data to be employdde TAZ's network analysis. This data must

being geospatial vector format (i.e., shapefil€he necessary data includes the TAZ's parcels and |

use, network geometry, types of traffic controtrad intersections within and surrounding the TAd an

field traffic count.
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Figure 6.1 Flow chart for selection of traffic zopand zone connectors

6.2.3 GIS network coding

This task covers the different processes to inpeitgieospatial vector data into a network dataset.
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The network dataset is a digital network that cetssiof edges, intersections and turns elements
interconnected to model the paths of vehicles. fAémvork dataset is used as a platform to evaluate

driver's route choice from each parcel to the aldé access points. The network’s geospatial vector



data was edited to provide attributes to evalulag different route choice criteria. These necessary

attributes are link speed, link travel time an@athierarchy.

6.2.4 Calculate route choice preference

The discrete choice model, obtained in Chaptes tilized to estimate the route choice of each
driver who lives in the TAZ. The model relies de tsocioeconomic data provided by ArcGIS Business
Analyst tool (reviewed in Section 2.7.2), suppletedrby the data obtained from the driver route ohoi

survey (the questionnaire survey described in @Gnaft

6.2.5 Assign route choice preference to parcel

Once the route choice preference of the drivexaich parcel is determined, this data is coded in

the parcel centroid’s geospatial vector. The getapgectors are then added to the network dataset.

6.2.6 Select parcel's access point

For each parcel, path analysis is carried outrtd fihe preferred access point for the driver (that
is, intersection at the boundary of the TAZ at vahtbe driver will use to access the main street,
according to his/her route choice preference). fileferred access point is selected such thatdtie p
cost between the parcel and the access point isnized. Because each route choice preference has a
different way of calculating path cost, the patlalgsis for different route choice preferences are

performed separately, each in one GIS layer.
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6.2.7 Obtain traffic volume for each access point

In this step, it is assumed that each residenéiedgd in the TAZ will generate one vehicular trip
in a weekday morning, and all the vehicles (driybiesse selected their preferred access pointstdthk
number of trips (parcels) within the TAZ that uses access point is the sum of all the drivers who
preferred the access point using the differenteratibice criteria. Based on the total volume diicles
at the access points, the volume splits (in pey@nbng the access points are then calculatedtofale
volume split along each main street is then obthimesumming the splits of all the access poiragl
the same street. This gives the percentages abthlenumber of trips departing from the TAZ thali

head towards the main street in the different tivas.

6.2.8 Validation

The methodology is validated by comparing the estdah splits of total number of trips (that is

discharged from the TAZ) among the main streetsiresg the splits obtained from the traffic countada

6.2.9 Propose minimum traffic zones and traffic connectors

Once the volume splits that are discharged fronT#2 to the main streets have been validated,
the next step of the methodology is to define tkstlaccess points (along the main streets) to be
designated as traffic zones, assign zone conneatatsallocate the volume splits among the traffic
zones. If all the access points are selected]litegult in a largeD-D,, matrix, making the MTS model

too computationally intensive. To avoid this sitoa, a few traffic zones and zone connectors shoul
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be selected for a TAZ. Each traffic zone is cat®@ by a zone connector to a selected access point

The following selection criteria are recommended:

(1) There should be at least one traffic zone @@k connector) per main street.

(2) The access point with the highest volume splgach main street should be selected.

(3) There should be at least one traffic zone (@mk connector) between two signalized intersestio
even if the two signalized intersections are altmg same main street. The purpose of this is to
spread the volume between the approaches of thaligigd intersections.

(4) There should be at least two traffic zonesl (@one connectors) if the main street on one didieeo
TAZ is long.

(5) There should be at least one traffic zone pragent a sub-division and a zone connector toexinn
this sub-division which is isolated by a geographiieature (e.g., channel) from the rest of the
TAZ.

The traffic zones and zone connectors load vehtolése main streets in a MTS model. Therefore, th

locations of the traffic connectors must to reabbnarecise enough to represent the way vehicles ar

loaded into the main network.

6.3 Discrete Choice Application

This section describes the application of the psegomethodology described in Section 6.2 to

select traffic zones, zone connectors and to akoealume splits among the selected connectors for

TAZ.
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6.3.1 TAZ selection

The TAZ selected was located in the Westside df ©f EL Paso. Section 4.2 has the

description of this area.

6.3.2 Data collection

The parcel layer and street layer (center linehef 4treet network) of the City of El Paso was
obtained in the vector format. In order to workhnilhe specific TAZ, the information of both geosalat
vector layers were extracted from the City of Eé®area. The information provided by the parceh dat
included land use classification of the parcelgufé 6.2 shows the land use of the parcels witién t

TAZ.
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Figure 6.2 Land use of the parcels within thedtett TAZ
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6.3.3 GIS network coding

In order to create a GIS network data set, theqasing of geospatial vectors (shapefile) was
executed in a geodatabase. This process consisteddng data to the attributes. Link speed, link
travel time, link length, and link hierarchy werdgdad as attributes for each link. Speed was unifarm
the entire street network within the TAZ. The déféink speed was 30 mph. The speed of links around
a school was reduced to 15mph. Link travel time easulated from the link length and the link speed
Link hierarchy was a necessary parameter to satigheof-way of intersection approaches in order t
calculate the turn delay. An approach that hasripyiat an intersection was given a higher hidrgrc
(e.g., hierarchy 2) than an approach from whichcles have to stop or yield (e.g., hierarchy 3puFre
6.3 illustrates the link hierarchy of the TAZ netko For each parcel to have at least a connedéd p
to an access point to a main street, links weree@dis driveways that connect the centroid of each
parcel to the nearest neighborhood street withenTithZ. These “driveway” links had a speed of 5 mph

and the lowest hierarchy (hierarchy 5).
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Figure 6.3 Street hierarchy of the TAZ

The delay (in seconds) of vehicles when passingtansection with a specific turning direction

is shown in the Table 6.1. The values are provigeNetwork Analyst.
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Table 6.1 Turn and intersection crossing delagnffiNetwork Analyst)

Direction Description Delay
(seconds

Straight From Local to Local Across No Roads 0
Straight From Local to Local Across Local Roads 2
Straight From Local to Local Across secundary amBry Roads 15
Straight From Local To Secondary Road 3
Straight From Secondary To Local Road 3
Straight From Secondary To Secondary Road across asRo 0
Straight From secondary To secondary Road acrossl Reads 0.5
Straight From Secondary To Secondary Road Acreossn8axy or Primary Road 5
Reverse From Local To Local Road 3
Reverse From Local To Secondary Road 15
Reverse From Secondary To Local Road 5
Reverse From Secondary To Secondary Road 5
Right Turn  From Local To Local road 2
Right Turn  From Local To Secondary Road 3
Right Turn  From Secondary To Local Road 2
Right Turn  From Secondary To Secondary Road 3
Left Turn ~ From Local To Local road 2
Left Turn  From Local To Secondary Road 10
Left Turn ~ From Secondary To Local Road 5
Left Turn  From Secondary To Secondary Road 8

6.3.4 Calculate route choice preference

The parcels with single family homes and multi fitenihomes were next selected and their
attributes transferred to a spreadsheet so agitoads the route choice preference for drivers depa
from each parcel. Each parcel was assumed to draelriver making one trip with one route choice
preference. The estimation of route choice pref@econsisted of the following tasks. The firseon
was to obtain the discrete distributions of thei@@mnomic attributes and driver preferences. The
socioeconomic attributes were extracted from thesimgss Analyst tool which contained parameters
such as gender, age, income, education, houseizeldasid vehicles per household. Figure 6.5 shows
the discrete distributions of these attributesami®d from the Business Analyst tool for the seléct

TAZ. In the absence of an alternate data sourter @ttributes that significantly contributed teet
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driver’s route choice preferences followed theribstions in the survey data which has been desdrib

in Chapter 4. Figure 6.6 shows the discrete tistions of the attributes obtained from the survey.

For each parcel, the value of each attribute wadammly generated from its discrete distribution.
The randomly generated attributes were enteredtivgaliscrete choice model (described in Chapter 5)
to calculate the probability of each route choitteraative. Once the probability of all the altatines
had been obtained, another random number whicowell the uniform distribution between 0 and 1
was generated. This uniform random variate waspewed against the cumulative probabilities of the
route choice alternatives in order to make a fdedision on the route choice preference (of theddri

who left the parcel).
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Figure 6.5 Discrete distributions of socioeconoaticibutes
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Figure 6.6 Discrete distributions of driver trigtferns

6.3.5 Assign route choice preference to parcel

Once the route choice preference of the drivexagh parcel had been defined, the preference
was entered through a joint attribute table inte garcel centroid’s geospatial vector. The parcel
centroid’s geospatial vector was subsequently addethe network dataset. Figure 6.7 shows the

geospatial vector including the route choice peiee assigned to each parcel.
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Figure 6.7 Parcel centroids including the drivarte choice preference

6.3.6 Assign each parcel’s access point

For each parcel, path analysis was carried to migterthe access point the driver will use to

access the main street. One access point alongndire street was selected such that the path sost i

minimized. Cost represents the impedance thatdiieer, according with his/her route choice

preference, tries to avoid.
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Prior to the execution of the path analysis, thedaate access points along the main streets

were indentified and numbered. These 25 intersestawe shown in Figure 6.8.

Figure 6.8 Access points to the TAZ
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Since there are several route choice preferenoegqath analysis based on the different criterion

was performed in separate GIS layers. The firt paalysis was for parcels that had no alterraiger

(No Multiple). The centroids of the parcels without an altermaute to the main street were selected as

the trip origins. It is important to remark thatrohg the survey, some participants chose NosViultiple

option under his/her assumption that, even if thegee multiple paths, he/she would not even comside

other path for all the trips. This is why some p#sadnside the TAZ have this route choice prefeeenc

(based on the participants’ answers). The patlarie was used as the sole criteria to selectcitesa

point that is associated with the parcel in comsitien. Figure 6.9 shows the trips connecting the@s

with Not Multipleroute and the selected access points.
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Figure 6.9 Access points for parcels with No Mal#ichoice
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Figure 6.10 shows the parcels that have traffinaigs the route choice preference and the
allocated signalized intersection as their acceg#.p Note that, in this TAZ, there is only oneadable
signalized intersection. If there are multiplensitized intersections, the intersection nearedi(ttie

shortest path distance) to each parcel will bectede

—_—=

Legend

O Candidate
A Chosen
& Traffic Signal

Metiwork

0.1 005 0O 0.1 Miles
I N .

Figure 6.10 Access point for parcels with trafiigrnal as the route choice preference
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The next route choice preference analyzed was teyp-watop control intersections. The
destinations (access points) were the intersectiatis this type of control and the origins were the
parcels with two-way stops intersection assignethasoute choice criteria. Each parcel was linteed
one of the available two-way stop control intergets by the shortest distance. The access point

assignments are shown in Figure 6.11.
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Figure 6.11 Access points for parcels with two-wtyp control as the route choice preference
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Figure 6.12 shows the allocation of parcels tortbarest four-way stop control access points by

distance.
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Figure 6.12 Access points for parcels with fourngtop control as the route choice preference
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Figure 6.13 shows the parcels at which the drivessd shortest path as the route choice
preference. All the 25 intersections were congideas access points. The distributions of thes trip

based on the shortest distance are shown in theefig
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Figure 6.13 Access points for parcels with shopeash as the route choice preference

99



Other preferences not based on the type of intéosecontrol was minimum number of stops
and turns. The path cost that was used to evalh@&epreference was the path travel time, which
embedded street hierarchy to approximate inteseckelay. Figure 6.14 shows the results obtained fo

this route choice preference.
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Figure 6.14 Access points for parcels with minimstops and turns the route choice preference
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The path analysis for avoid pedestrian preferemase performed assuming all 25 intersections
were access points. The neighborhood streets peitlestrian presence were assigned a lower speed
limit of 15 mph to artificial increase the link ¢co§he path cost employed was the path travel time.

Figure 6.15 shows the resulting parcel-access ppaiins.
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Figure 6.15 Access points for parcels with avadegstrians as the route choice preference

6.3.7 Obtain traffic volume for each access point

Table 6.2 shows the results of summing the totatbwer of trips at each access points (from all
the route choice preferences) and the correspondihgne splits in percent. Figure 6.16 shows the

trips between all the parcels within the TAZ anditipreferred access points.

101



Table 6.2 Total volume of each access point

Main Streets Belvidere Westwinc Escondid: Resle
Intersection ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 |20 21 22 23 24 25
Intersection Type 2WS 2WS 4WS 2WS 2WS 2WS 2WS 4WS 2WS 2WS 2WS 2WS 2WS 2WS 2W$ 2WBVEWS 2W§ 2WS 2WS TL 2WS 2WS
Traffic Light 203
2WS 1 1 3 1 1 5 o 0 3 o0 O 1 1 @ O 5 1 P 1 4 2 0
4WS 20 34
Shorter Path 2 7 9 0 3 6 11 B 0 i 7 7 2 2 7 (0 2 11 4 |17 4 2 10 6 1
Minimize Stops and Turns o 7 4 3 2 3 12 |1 1 0 18 6 1 2 2|3 2 4 10|11 4 O B O
Avoid Pedestrians 0O 2 0 0 2 0 0 ¢ o o o o o 2 o0 o o0 32 5 0 2 1 o0
No Muttiple 6 41 15 14 11 19 36 17 O 10 58 14 8 19 17 |4 13 28 27 |8 39 9 28 12
Total Modeled Volume 9 58 48 20 19 29 64 46 1 11 86 27 11 26 27| § 48 45 1171 53 16 253 34 13
Percentage 1% 5% 4% 2% 2% 3% 6% 4% 0.1% 1% 8% 2% 1% 2% 2%| 1% 2% 4% 8% 5% 1% 23% 3% 1%
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Figure 6.16 Access points of all the parcels
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6.3.8 Validation

The validation of the access points and their va@gplits consisted of comparing the allocated

splits against field traffic counts of vehiclestthae leaving the TAZ, along each main street.

Table 6.3 shows the volume splits that were asdignethe 25 access points and the splits
obtained from the traffic counts. Figure 6.17 shdhe correlation between both assigned and actual
splits. The data provides an R-square value of @&Bich indicates a high correlation between the

estimated splits and the splits obtained from ittle ata.

Table 6.3 Validation of access point volume splits

Main Streets Belvidere Westwind Escondido Resler
Intersection ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 |20 21 22 23 24 25
Intersection Type 2WS 2WS 4WS 2WS 2WS 2WS 2WS 4\WS 2WS 2WS 2WS 2WS 2WS 2WS 2W$ 2WSRVERWS 2W§S 2WS 2WS TL 2WS 2WS
Total Modeled Volume 9 58 48 20 19 29 64 44 1 11 8 27 11 26 27 |8 17 48 45 |117 53 16 253 34 13
Percentage 1% 5% 4% 2% 2% 3% 6% 4% 01% 1% 8% 2% 1% 2% 2%| 1% 2% 4% 1% 5% 1% 23% 3% 1%
Modeled Vechicles Volume

Connecting to The Main Street (%) 27% 18% 21% 34%

Traffic Count Volumes

Total Traffic Count Volume 30 43 21 15 14 6 40 48 36 18 36 7 3 1® 8|14 41 27 8] 19 10 152 5 21
Percentage 4% 6% 3% 2% 2% 1% 6% 7% 5% 2% 5% 1% 0.4% 2% 2%| 1% 2% 6% 2% 3% 1% 21% 1% 3%
Traffic Count Vechicle Volume 30% 18% 23% 29%

Connecting to The Main Street (%)

During a MTS, it is important that the correct volel of vehicles be loaded from the TAZ to the
surrounding main streets. Therefore, this validattso compares the percentage of the TAZ volume
that was loaded to each of the main streets agyurd-6.18. The bar chart shows a much closedimatc
between the estimated volume split and the acpldlthat were loaded form the TAZ to each of the

four main streets surrounding the TAZ.
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Figure 6.17 Correlation between the estimated aqoesit splits with actual splits measured in tcaff
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Figure 6.18 Comparison of volume splits loaded the®omain streets

6.3.9 Propose minimum traffic connectors location

In this step, limited number of access points surding the TAZ was selected to build the
traffic zone and zone connectors, based on therierimentioned in Section 6.2.9. The access points
selected were intersections 4, 11, 20 and 23. Tasg percentage volume splits of 27%, 18%, 21%
and 34% respectively. Figure 6.19 shows the saleatcess points to locate the traffic connectods a

traffic zones to be used in MTS model.
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Figure 6.19 Selected access points to build traffnes and zone connectors

6.4 Summary

In this chapter, a methodology combining drivedsite choice preference and path analysis is

presented as a new and systematic approach tedbénocation of traffic zones and zone connectors

and estimate the volume splits among the seledrészand connectors.

The methodology demonstrated in this chapter reiethe discrete choice approach to model

driver’'s route choice preference (that was devalapeChapter 5). ArcGIS Network Analyst was used

to processed data in the subsequent steps. eEhis show that, the volume splits that were assig
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to the assess points, as well as the main straatsuading the TAZ, closely matched with the splits

obtained from the field traffic counts.



Chapter 7: Estimation of Origin-Destination matrix for Microscopic Traffic

Simulation

7.1 Introduction

This chapter describes the application of the nuilugy proposed in Chapter 6 to conve@®-a
Dp matrix into aO-Dy, matrix. This is accomplished by a case studyaforetwork consisting of five
adjoining TAZs. It is assumed thatGD, matrix from a TPM, which consists of five TAZs, Ibe

converted into a correspondi@yD,, matrix for MTS using PARAMICS.

7.2 Description of Area

The TAZs selected for this case study are locatedral the TAZ used in Chapter 6. Figure 7.1
shows the location of the TAZs and the main stréetsform the boundaries between these TAZs. The
TAZs are labeled TAZ Central, TAZ North, TAZ SouthAZ East and TAZ West respectively. These
TAZ are part of the TAZs in the travel demand modséd by the ElI Paso Metropolitan Planning

Organization.
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Figure 7.1 Location of area of study

7.3 Data Collection

Similar to what is described in Chapter 6, paregld centerlines of the street network of the five
TAZs were obtained in vector format. Parcel’s lars# classification was obtained in a vector file.
Street hierarchies and types of intersection comisve obtained from the field. Figure 7.2 shows t

parcels and land use of the TAZs.
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Figure 7.2 Parcels and land use in the area dy/stu

The socioeconomic attributes of the populatiomiivin the area were extracted from Business
Analyst. The attributes included gender, age, nimgoeducation, household size and vehicles per
household. Figure 7.3 shows the discrete disiohatof the attributes separated by each TAZ (TAZ
North, TAZ South, TAZ East and TAZ West). The sadonomic attributes of TAZ Central has

already been shown in Figure 6.5.
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Figure 7.3 Discrete distributions of socioeconoaticibutes of TAZ North, TAZ South, TAZ East and
TAZ West

TheO-D, matrix for the weekday morning peak hour (7:00.d018:00 a.m.) was obtained from

the Texas Transportation Institute El Paso Office.
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7.4 Network Coding

Attributes were added to the geospatial vectoth®fTAZs. The attributes added were related
to link and parcel information, such parcel cemtydink speed, link travel time, link length andkKi

hierarchy.

7.5 Calculation and Assignment of Route Choice Preference

The discrete choice model estimated in Chapter $ applied to all the parcels in TAZ North,

TAZ South, TAZ East and TAZ West, similar to themmar described in Chapter 6. Each parcel is

linked to a preferred access point at the boundéanys TAZ. Assuming that each residential parcel

generated one trip in the morning, the total teaffolume at each access point was obtained, folowe

by the volume splits between the access pointsdlang to a TAZ.

7.6 Selection of Zone Connectors

For each TAZ, traffic zones and zone connectorewetected according to the guidelines and

steps mentioned Sections 6.3.6 to 6.3.9.

7.6.1 TAZ Central

The location of traffic zones and zone connectois ortion of volume of this TAZ had been

determined in Section 6.3.9. However, in ordecreate theD-Dy,. the identification and total trips

produced and attracted were established. TablshbWvs the analysis of the layers, the accessoint
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selected to allocate the traffic zones and zone@cors, the volume splits and trips to be loadethf

this TAZ into the main streets. The traffic zoneere identified as C1, C2, C3 and C4 respectivaly,

Figure 7.4.

LAYER

Table 7.1 Access point volume for TAZ Central

Main Streets Belvidere Westwinc Escondid Resle

Intersection ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Intersection Type 2WS 2WS 4WS 2WS 2WS 2WS 2WS 4WS 2WS 2WS 2WS 2WS 2WS 2WS 2WS 2WSIVERWS 2WS 2WS 2WS TL 2WS 2WS
Traffic Light 203

2Ws 1 1 3 1 1 5 0 0O 3 0 O 1 1 0 0 5 1 1 1 4 2 0
4WS 20 34

Shorter Path 2 7 9 0 3 6 11 3 0 1 7 7 2 2 7 0 2 11 4 |17 4 2 10 6 1
Minimize Stops and Turns o 7 4 3 2 3 12 11 1 0 18 6 1 2 213 2 4 10|11 4 D B O
Avoid Pedestrians 0O 2 0 0 2 o0 0 1 0 o o o o 2 O 1 o O 3 |2 5 0 2 1 o
No Muttiple 6 41 15 14 11 19 36 0 10 58 14 8 19 17 |4 13 28 27 (8 39 9 29 12
Modeled Volumes

Total Modeled Volume 9 58 48 20 19 29 64 46 1 11 8 27 11 26 27| § 48 45 117 53 16 253 34 13
Percentage 1% 5% 4% 2% 2% 3% 6% 4% 0.1% 1% 8% 2% 1% 2% 2%| 1% 2% 4% ¥4 5260 1% 23% 3% 1%
Modeled. Vechicles V(_)Iume 27% 18% 21% 34%

Connecting to The Main Stre

Vehicles Produced (47 TPM) 23 16 18 30

Total vehicles per traffic zone 23 16 18 30

Vehicles Attracted (47 TPM) 23 16 18 30

Total vehicles per traffic zone 23 16 18 30

Traffic Zone ID C4 C1l C2 C3
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Figure 7.4 Locations of traffic zones and tratfannectors for TAZ Central
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7.6.2 TAZ North

TAZ North, delimited by the main streets WestwiBeJlvidere, Resler and Redd, had a total of
26 access points. Five traffic zones and zone exors (access points 2, 16, 17, 20 and 24) were
chosen and identified as N1, N2, N3, N4 and NSotenftheO-D,, matrix. Table 7.2 shows the access
points, traffic zones and zone connector selectedlso shows the volume splits, and trips produayg

each traffic zone. Figure 7.5 shows the locatmingccess points, traffic zones and zone connetiors

this TAZ.
Table 7.2 Access point volume for TAZ North

Street Westwind Belvidere Resler Reed
Intersection ID 1 2 3 4 5 6 7 8|9 10 11 12 13 14 15 16 17 18 19|20 21 22|23 24 25 26
Intersection Type 2WS 4WS 2WS 2WS 2WS 2WS 2WS 2WS| 2WS 2WS 2WS 2WS 2WS 2WS 2WS 4WS 2WS 2WS 2WS|2WS 2WS 2WS|2WS 2WS 2WS 2WS
Traffic Light
2Ws 10 42 11 15 13 9 0| 0 4 8 22 10 29 34 48 35 10 37 0 0| 0 O 0 0

« 4WS 20 23

% Shorter Path 4 12 2 2 5 7 2 o)1 1 1 O 2 2 2 6 8 8 4]11 0 0,0 2 0 1
Minimize Stops and Turns 5 11 2 6 4 4 0 0 0 4 5 0 5 3 9 7 10 7 0 0 2 0 0 0
Avoid Pedestrians 1 2 0 0 0 2 0 0 0 0 3 0 4 2 5 2 0 0 3 0 0 0 0 0 0
No Multiple 13 3 14 11 9 14 10 O0f0 1 6 12 12 8 10 37 33 23 28|28 9 9] 9 10 4 8
TOTAL 33 8 60 30 33 40 21 O 1 6 22 39 24 48 51 8 98 76 498 9 9111 12 4 9
Percentage 4% 9% 6% 3% 4% 4% 2% 0% | 0% 1% 2% 4% 3% 5% 5% 9% 11% 8% 5% 9% 1% 1% | 1% [ 1% 0.4% 1%
% Vehicles connecting to Main
Street 32% 53% 11% 4%
Vehicles Produced (47TDM) 15 25 5 2
Volume per link selected 32% 29% 24% 11% 4%
Total vehicles per traffic zone 15 14 11 5 2
Vehicles Attracted (47 TDM) 15 25 5 2
Volume per link selected 32% 29% 24% 11% 4%
Total vehicles per traffic zone 15 14 11 5 2
Traffic Zone ID N1 N2 N3 N4 N5
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Figure 7.5 Locations of traffic zones and traffanoectors of TAZ North
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7.6.3 TAZ South

This TAZ had 13 access points with Escondido, WestwCloudview and Resler as the main
streets. Due the lack of 4-way stops access panvers with this preference were assigned tawoe
way stop access points during path analysis stefmtal of four traffic zones and four traffic coactors
(access points 5, 8, 10 and 12) were chosen. durdarkaffic zones were identified as S1, S2, S3%44d
respectively to form th©®-D,, matrix later. Table 7.3 shows the access poweltcted to allocate the
traffic zones and traffic connectors, the volumkitsand trips produced at the traffic zones. Fegu.6

shows the access points of all the parcels wit#i# South.

Table 7.3 Access point volume for TAZ South

Main Street Escondido Westwind Cloudview Resler
Intersection ID 1 2 3 4 5 6 7 8 9 10 1 12 13
Intersection Type 2WS 2WS 2WS 2WS 2WS 2WS [ 2WS 2WS 2WS 2WS 2WS  TL 2WS
Traffic Light 89
2WS 0 1 3 6 1 6 4 5 6 9 2 0
o« 4WS
% Shorter Path 5 1 5 2 6 4 2 3 6 4 2
Minimize Stops and Turns 3 0 3 6 5 4 0 2 6 3
Avoid Pedestrians 0 1 0 0 2 0 0 2 0 1 2
No Multiple 21 6 14 19 40 9 14 26 20 23 18 14 35
TOTAL 29 9 25 33 54 23|20 38 38 44 29 109 48
Percentage 6% 2% 5% 7% 11% 5% | 4% 8% 8% 9% 6% | 22% 10%
% \{ehlcles connecting to the link 35% 19% 9% 37%
Main stret
Vehicles Produced (47 TPM) 16 9 4 18
Total vehicles per traffic zone 16 9 4 18
Vehicles Attracted (47 TPM) 16 9 4 18
Total vehicles per traffic zone 16 9 4 18
Traffic Zone ID S4 S1 S2 S3
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Figure 7.6 Access points of all the parcels for T&alth

7.6.4 TAZ East

TAZ East has 15 access points. The main streetswsuling this TAZ are Belvidere/Bandolero
and Westwind. Three access points (intersectioirisa®d 12) were selected to build traffic zoned an
traffic connectors. The traffic zones were ideatifas E1, E2 and E3 respectively. Table 7.4 shibers
volume splits and access points selected to aHoited traffic zones and zone connectors. Figufe 7.

shows the locations of the access points, the |saiftat are attracted to each access point, traffines

and zone connectors for TAZ East.
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Table 7.4 Access point volume for TAZ East

Main Street Belvidere/Bandolero Escondido Westwind

Intersection ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Intersection Type 2WS 4WS 2WS 4WS 2WS 2WS 2WS 2WS 2WS 2WS 2WS 2WS 2WS 2WS 2WsS
Traffic Light 97

2WsS 27 51 13 17 28 4 5 9 2 14 3 8 7
4Ws 21 22

Shorter Path 11 17 11 12 5 6 16 2 3 11 4 5 4 1 3
Minimize Stops and Turns 8 4 10 7 6 7 6 2 0 12 1 4 1 3
Avoid Pedestrians 6 0 4 2 0 0 2 1 0 1 0 1 0 0
No Multiple 53 50 61 62 19 60 77 8 13 24 6 27 14 10 14
TOTAL 105 92 137 105 43 90 129 17 21 57 13 148 25 20 27
Percentage 10% 9% 13% 10% 4% 9% 13% 2% 2% 6% 1% [14% 2% 2% 3%
% Vehicles connecting to Main 56% 13% 329%

Street

Vehicles Produced (42TPM) 23 5 13

Total vehicles per traffic zone 23 5 13

Vehicles Attracted( 42 TpM) 23 5 13

Total vehicles per traffic zone 23 5 13

Traffic Zone ID El E2 E3

W= E

=

— Ay oid Pedestrian
s MinStop&Tums
= Shortest Path
e A WGy St OD
2 \WayStop&TrafficSignal
e N Multiple

03 015 1] 0.3 Miles

Figure 7.7 Location of traffic zones and traffimoectors of TAZ East



7.6.5 TAZ West

This TAZ had 15 access points along with the mé&ieess named Belvidere, Resler and Mesa.
The access point to Mesa was discarded as theendisidparcels have no direct connection to thisima
street. Four access points were selected alongd@e¢ and Resler as traffic zones and connectors.
The locations of the selected access points 23 Antl 8 are shown in Figure 7.8. These access$spoin
were labeled as W1, W2, W3 and W4 respectively Esgere 7.8). Table 7.5 shows the calculation of

volume splits before and after the traffic zonestbn.

Table 7.5 Access point volume for TAZ West

Street Resler Belvidere
Intersection ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Intersection Type 2WS  TL  2WS 2WS 2WS 2WS 2WS|2WS 2WS 2WS 2WS 2WS 4WS 2WS 2WS
Traffic Light 150
2WS 10 4 6 10 2 11| 18 6 1 3 8 0 0

o« 4WS 41

% Shorter Path 1 2 7 5 12 9 8|9 4 4 4 3 2 3 2
Minimize Stops and Turns 6 2 6 1 13 7 171 11 11 4 5 4 0 1 5
Avoid Pedestrians 2 0 0 1 2 3 1 4 1 3 1 1 2 0 0
No Multiple 16 12 16 15 29 31 42| 85 20 17 14 18 13 17 20
TOTAL 35 166 33 28 66 52 79127 42 29 27 34 58 21 27
Percentage 1% 20% 4% 3% 8% 6% 10%|15% 5% 4% 3% 4% 7% 3% 3%
Street 56% 44%
Vehicles Produced (112 TDM) 62 50
Volume per link selected 32% 24% 27% 17%
Total vehicles per traffic zone 36 27 31 19
Vehicles Attracted (112 TDM) 62 50
Volume per link selected 32% 24% 27% 17%
Total vehicles per traffic zone 36 27 31 19
Traffic Zone ID W1 W2 W3 W4
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Figure 7.8 Location of traffic zones and traffanoectors of TAZ West
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7.7 Estimation of Origin-Destination Matrix for Microscopic Traffic Simul ation

The area of study has a total of 20 traffic zon€serefore, th®-Dy, is a 20x20 matrix. Figure

7.9 shows the traffic zones, zone connectors and sti@ets as coded in the PARAMICS MTS model.

Figure 7.9 Traffic zones and traffic connectorshia area of study

As mentioned, the total trips produced by each TAY’) and attracted to each TAZD()

during the morning peak hour have been provided@d®as Transportation Institute El Paso Office. The
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traffic generated by and attracted to each traftine, 0{2 and dir: respectively, are calculated based

on the volume splits as determined in Tables 7.1.40 After obtaining theoir;1 and dir: for all traffic

zones, the gravity mode (Equation [2.1]) was apptee perform trip distribution analysis to solve fo

t". . The travel times between traffic zones were iabthalong the shortest paths, using the assumed

free-flow speeds and intersection turning delaysen, the friction factors among the different ficaf
zones were calculated and finally #®eD,, matrix was obtained. The estimat®eD,, matrix is shown

in Table 7.6. Note that there is no trip betweaffit zones that belong to the same TAZ.

Table 7.6 Estimate@-D,, matrix for the area of study

Destination

W1|W2|W3|W4| Cl1|C2|C3(C4|S1|S2(S3|S4|E1|E2|E3|N1|N2|N3|N4|N5| Total
w1 0 0 0 0 2 3 6 | 4 1 1 3 3 2 1 2 2 2 2 1 0 35
W2 0 0 0 0 2 3 4 3 1 1 3 3 0 1 2 1 1 1 1 0 27
W3 0 0 0 0 2 3 5 4 1 1 3 2 2 1 2 2 2 2 1 0 33
w4 0 0 0 0 1 2 3 2 1 0 2 1 1 0 1 1 1 1 1 0 18
C1 2 1 1 1 0 0 0 0 1 0 1 1 2 0 1 1 1 1 0 0 14
Cc2 3 2 2 1 0 0 0 0 1 0 1 2 1 0 1 1 1 1 0 0 17
Cc3 6 3 4 2 0 0 0 0 1 0 2 2 2 0 1 1 2 1 1 0 28
Cc4 4 2 3 2 0 0 0 0 1 0 1 1 2 0 1 2 2 1 1 0 23
S1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 10
-§D S2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
5 S3 3 2 2 1 1 1 2 1 0 0 0 0 1 0 1 1 1 1 0 0 18
S4 2 2 1 1 1 1 2 1 0 0 0 0 1 0 1 1 1 1 0 0 16
E1l 3 2 2 1 2 1 3 2 1 0 1 1 0 0 0 1 1 1 0 0 22
E2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
E3 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 1 1 1 0 0 13
N1 2 1 1 1 1 1 2 2 1 0 1 1 1 0 1 0 0 0 0 0 16
N2 2 1 2 1 1 1 2 2 0 0 1 1 1 0 1 0 0 0 0 0 16
N3 2 1 1 1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 12
N4 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3
N5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total [ 34 [ 19122 (14|16 | 19|33 | 24| 10| 3 |21 (20| 18| 3 | 16| 15|16 | 14| 6 0
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7.8 Summary

In this chapter, the application of the methodolpgyposed to convert@-D, matrix into aO-
D matrix has been applied to an area which consiktive TAZs. The method consists of (1)
discomposing each TAZ's trip production and tripradtion into the traffic zones’ trip productiondan
trip attraction, respectively; and (2) applying tiravity model to solve for the trip interchangesvieen

traffic zones. The estimat&€d D, matrix is ready to be used as an input into a Midslel.
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

This research has developed a methodology and degrated the feasibility the proposed
methodology to convert a transportation planninigiotdestination matrix @-Dy) into a microscopic

traffic simulation origin-destination matriX>¢D,,). This was the objective of this dissertation.

The methodology consists of estimating a discratsoce model to predict drivers’ route choice
preferences from residential parcels to the maegessurrounding the TAZ. The discrete choice rhode
uses a driver’s socioeconomic and trip charactesists inputs, so as to predict the route choiteri.

By combining the route choice criteria with a pathalysis in GIS, the volume splits (percent
distribution) of trips from the all residential gats in a TAZ to the access points along the maeets
surrounding the TAZ can be estimated. A set oflglimes have been proposed to select the limited
number of traffic zones (each is connected to anreieet by a zone connector) from among the access
points, based on the volume splits and network g#igm The home based trips that are generated in a
TAZ is then split among the selected traffic zosesh that the total number of trips is conservéte
above procedure has selected traffic zones, zameectors and estimated the number of trips produced
by each traffic zone. A similar procedure may leeealoped to estimate the number trips attracted to
each traffic zone. Finally, this dissertation ltksnonstrated that, with the trip productions amgl tr
attractions of all the traffic zones, the gravitgdael may be applied to perform trip distributiorabsis

to obtain theD-Dy,.
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The discrete choice model was estimated using &ét@ glathered from a questionnaire survey.
The survey collected demographic profiles, factarsoute choices and trip characteristics of dsver
when they travel from their homes to the main s$tegethe boundary of the TAZ. From the data
gathered in the City of El Paso, the discrete chonodel consists of three sub-models: one MLM and
two NLMs. The questionnaire developed in this elisgion may be applied to other metropolitan greas
from which the data gathered may be developeddisttrete choice models of different or structures o
structure sub-models. The estimated discrete ehomodel can then be combined with the
socioeconomic data of the TAZ (readily availabletme GIS Business Analyst) to predict the route

choice preferences of drivers.

Based on the three logit sub-models that have bted to the data collected in the City of El

Paso, the following observations may be concludeaterning drivers’ route choices from their homes

to the mains streets:

e Females, drivers older than 64 years old and dvig@pping at gas stations and coffee stores prefer
to select their routes by the type of intersectiontrol. This is probably due to safety concerng an
store locations.

o Traffic signal control is preferred by drivers aldban 64 years old and also by females.

o Two-way stop control is only preferred by driverbavstop at restaurants and return two
times during the morning.

o Four way stop intersection is attractive only byvelr who go to grocery stores in the
morning. Drivers leaving home four times in the mng, with high school level, or older
than 65 years old are less likely to use this tyfjpatersection.

e Shortest route is preferred by males or drivers witee vehicles in the household.
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e Drivers with graduate degrees or drivers stoppih@as stations tend not to avoid pedestrians.

Middle income drivers are more likely take a rowt@void encountering pedestrians.

The path analysis in GIS Network Analyst employsetwork dataset of geospatial vectors maps
(parcels, land use, center street lines). This atethf analysis is also transferable across differen

metropolitan areas.

8.2 RecommendedVethodology

The methodology developed in this dissertatiorummarized in the following 11 steps. Flow
chart of the methodology is shown in Figure 8.1e @escription of each step is described below:
1. Selection of area to be modeled in MTS.
The area is TAZ based, which may consist of a fetmindreds of TAZ.
2. Data collection.
e Conduct questionnaire surveys.
e Collect GIS parcel, land use and network center layers of the area to be modeled by
MTS.
e Obtain field traffic count data in selected TAZs.
3. Development of a discrete choice model.
Estimate the discrete choice model from the datfaegad in the questionnaire survey.
4. Prediction of route choice preference.
Apply the discrete choice model estimated in Stejp 8ach residential parcel within the
modeled area. The output of this step is the roltece preference of all the drivers within

the area (assuming one driver-trip per residepaatel).



5. GIS network coding.

e Create the street network using the street cenéegieospatial vectors and edit the
driveways.

e Add street hierarchy, free-flow speed and free-ftoavel time to each link.
¢ Identify access points for each TAZ.

6. Location of parcel's access point.
For each parcel in the area, perform path analgsaentify the access points using the route
choice preference predicted in Step 4 and accestspdentified in Step 5.

7. Estimation of access point volume.
Obtain the total traffic volume of each access paid convert it into the percent split of the
TAZ's volume.

8. Selection of traffic zones and zone connectors.
For each TAZ, select traffic zones and zone commgediased on the volume splits obtained
in Step 7 and the TAZ's network geometry. Eaclific&one is connected by one zone
connector to a main street.

9. Estimation of volume splits among traffic zones.
e Reallocate the traffic from the access points ¢oslected traffic zone.
e Recalculate the volume splits among the trafficeson

10. Proportion of trip productions and trip attractions

Divide each TAZ's trip production@®) and trip attraction D} ) into its traffic zones’ trip
production (") and trip attractiond]" ), using the volume splits estimated in Step 9.

11.Trip distribution estimation to obtai@-Dp,.

e Estimate the travel times between all traffic zomethe modeled area.
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e Apply the gravity model to calculate trips betweaffic zones (", ).

I Select Area of Study |

Data collection

Geometric & Parcels centroid & land use Demographic and driver M
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I Obtain O-D,, I
I

s L2zhrene <> ouen [ oo [0
Figure 8.1 Flow chart of methodology

8.3 Contributions

The methodology developed in this research endBlES to be applied to large networks. This
will enable planners in transportation agenciepdédenents of transportation, metropolitan planning

organizations) and consultants to perform microgcapmalysis of large networks with future traffic
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scenarios or with intelligent transportation systenplementations. This methodology will save the
analysts significant amount of time to constru@-®,, matrix from scratch, e.g. conduction household
survey or estimate it from traffic count data. Amr advantage of creating tReD,, matrix based on

the TPM is that future traffic demand may be estadafrom land use, demographic and economic

forecasts.

8.4 Limitations

This research has only considered TAZs which cow$igrimarily residential parcels. The trips

generated from or attracted to commercial landnase not been considered.

In GIS land use layer, parcels with single-familydamultifamily residents have only one
centroid. In this research, it has been assuhmdetaich single-family parcel generated one petr§ion-
Although the number of multifamily parcels in th&4 of study is small, it has been assumed that each

multifamily parcel generated only one person-trip.

The discrete choice model is based on the drivear®wvers on his/her morning weekday trips.
The model validation was performed for the morrpegk hour (7:00 a.m. to 8:00 a.m.). Therefore the

methodology applies to the morning peak hour witbrfie based work” and “home based others” trips.

Finally, it is assumed that tt@-D, matrix for the morning peak hour. Most of the M$have

O-Dp matrix for 24-hour traffic demand. The 24-h@wxD, matrix must be converted to morning peak

hourO-D, matrix before this methodology can be applied.
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8.5 Further Research

Based on the limitations and difficulties encouetem this research, some directions of future

research to improve and complement the methoddogyisted here.

A potential area of future research is to defireway to reflect multiple person-trips generated
by a multifamily parcel. This will be importantaf TAZ has significant number of multifamily family
parcels. A possible way to implement this ideatassubdivide a multifamily parcel into the

corresponding units of single-family parcels.

Another important direction of future research asconsider multiple person-trips per single-
family parcel. The survey questionnaire and diecehoice model may be modified to estimate the
number of morning person-trips generated by eadmsdiwld based on number of vehicles per

household, house size, and etc.

An improvement of the geocoding process could leeatitomatic process of editing driveways
that connect the parcel centroids with the neighbod street’s centerline. This task, needed tuigeo
the correct parcel-access point path through tieank, was initially edited by address management
tool. However the location of the driveways was$ pecise at all and required considerable manual
editing work. The development of a more precisgematic editing tool will save considerable amount

of time for a large network.
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Finally, a non-residential TAZ (such as TAZ withrparily industrial, commercial, schools etc.)
would provide the possibility of complementing therent residential-based methodology developed in

this research.
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Access point

Intersection

Main street

Multiple

No Multiple

Not Intersection

Route choice
preference

Traffic Analysis

Zone (TAZ)

Traffic
connector

Traffic zone
connector

Traffic zone

Volume split

Glossary

An intersection along a main stregt@boundary of a TAZ from which a vehicle
from a particular parcel within the TAZ will usetd leave the TAZ.

The factor a driver used to decide his/her rousds/éen his/her parcel to the main
street(s). The available factors are relatededype of intersection control:
traffic signals, two-way stop control, or four-wsipp control.

The street that forms part of the bampof a TAZ.

A scenario in which a driver has more than oneadoitchoose from when
traveling between his/her parcel to the main sfsg¢et

A scenario in which a driver has only one route mitraveling between his/her
parcel to the main street.

The factor a driver used to decide his/her rousts/éen his/her parcel to the main
street(s). The available factors are shortesaitst, minimize stops and turns,
avoid pedestrians, or wider street. They not rdl&dethe type of intersection
control.

The criteria a driver uses to select the routeawee from his/her parcel to the
access point when leaving the TAZ.

A term used in transportation planning models &cdbe an area, bounded by
main streets, in which the land use is homogenegusty is usually divided into
many TAZs.

Also known as traffic zone connector. A term usethicroscopic traffic
simulations to describe a local road that connadtaffic zone with an access
point. Usually a connector is used to load andoeive traffic between a traffic
zone and an access point.

See traffic connector.

A term used in microscopic traffic silations to describe an area that generate
and/or attract traffic from the network. UsuallffAZ in a transportation planning
model is divided into several traffic zones.

The percent of the total traffic volarfrom a TAZ that will use a traffic
connector.
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Section A: About yourself

1. Please indicate your gender: O Male O Female
2. Please indicate your age range:
O <25yrs O 25to 34 yrs O 35to 49 yrs [0 50 to 64 yrs [ 65 & older
3 What is your approximate annual household income?
O Under $20,000 O $20,000 - $39,999 O $40,000 - $69,999
O $70,000 - $89,000 O $90,000 - $150,000 O over $150,000
4. Please indicate your highest education completed:
O High school O Community college/ O Undergraduate/ 0O Graduate/ PhD degree
associate degree bachelor degree
5 ZIP Code 6. What is your household 7. Number of household vehicles?
[CL— (family) size? 01 a2 03 0O4ormore
Section B: Your route choice habits in M©ORNING (6 a.m. to 10 a.m.)
8. How many times do ydeavehome in a typical weekday in the morning?
Oo 01 O 2 O 3 O 4 or more
9. How many times do yoeturn home in a typical weekday in the morning?
0o 01 02 03 O 4 or more
10. What is(are) thpurpose(s) of your morning trips in an average weekday? (You may select more thar
answer)
O Work O School O Shopping/ grocery O Gym O Others:
11. Do youstop byany locatiorin your neighborhood on the way from/to home?
O No. Please proceed to Question 12.
0 Yes. Please proceed to Question 11a.
11a. | regularly stop at the following locations: (You may select more thameneig
[ Gas station 0 Coffee shop U Day care [ Grocery store
[0 Restaurant [ Others:
12. When driving from home to the main street (for examples, Mesa, Resleddse| Escondido, Westwind)

do you have multiple routes to choose from?
O I haveno choice— there is only one access point from my home to the main street. Pleasedio
Question 15.

O Yes, | have multiple routes to choose from, and | decide the route basedypetbkintersectionto
the main street. Please proceed to Question 14.

O Yes, | have multiple routes to choose from, and | decide the N&@ifebased on the type of
intersection to the main street BUT on other factors. Please proceed to Question 13.

one
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13.  When choosing your route in the neighborhood streets between your home and theetaimhsth of the
following bestdescribe your route choice criteria? (Please seldgtoneanswer). Please proceed to
guestion 15.

O I choose the shortest route by distance; that is, | drive to the neagestation that allows me to turn
into the main street.

O | minimize the number of stops and turns.

OO0 I avoid school zone, park or area with pedestrians.

OO | drive through wider streets.

O Others:

14. When choosing your route in the neighborhood streets between your home and theetawhsth of the
following bestdescribe your route choice criteria? (Please seld@gtoneanswer). Please proceed to
guestion 15.

O Idrive to the intersection that hiaaffic lights to turn into the main street.

O Idrive to the intersection that has Stop signs in all the direcdewsy st control)

[0 | drive to the intersection that has Stop sign at the minor street, no st@ #ig main streeR{way
stop control)

O Others

15. Which are thestreetsthat comprise thantersection that you use more frequently in weekdays to conne
to the main street driving from your house in the morning?

and
16. What kind of intersection contratould you prefer in your neighborhood? (Please salatyt oneanswer)

Traffic signals or traffic lights

Stop sign at the minor street, no stop sign at the main street (2-wapstap)c
Stop signs in all the directions (4-way stop control)

Roundabout

oonoo

Thank you!

The figure below illustrates the survey questioRtease feel free to ask the surveyor any quesgionsnay have.
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Seccién A: Acerca de Usted

1. Género: 0 Masculino 0 Femenino
2. Edad:
O <25yrs OO0 25to 34 yrs 0 35to 49 yrs 0 50to 64 yrs O 65 & older
3 Ingresos anuales aproximados en su hogar:
O Under $20,000 O $20,000 - $39,999 O $40,000 - $69,999
O $70,000 - $89,000 O $90,000 - $150,000 O over $150,000
4. Maximo grado de estudios:
0 High school O Escuela Tecnica/ O Licenciatura/ O Postgrado/ Graduate
Community college bachelor degree
5. CddigoPostal 6. ¢ Cuantos miembrog 7. ¢Cuantos vehiculos hay en su hogar?
(Z1P) hay en su hogar? 01 0o 03 0040 mas
799
Seccién B: Sus habitos para escoger su ruta pdARANA (6 a.m. a 10 a.m.)
8. ¢ Cuéantas veceslede su casa por lasafianasen un dia ente semana?
oo 01 a2 O 3 O 4 omas
9. ¢ Cuéntas vecesgresaa su casa por laafianaen un dia entresemana?
oo 01 O 2 O 3 O 4 omas
10. ¢ Cudl es el propdsito de su viaje emddianaen un dia normal entre semana?
(seleccione una o mas opciones)
O Trabajo O Escuela [ Shopping/ grocery [ Gimnasio [ Otros:
11. ¢Se detiene en algun lugentro de su vecindariocuando sale o regresa a su casa?
O No. Por favor proceda a la pregunta 12.
O Si. Por favor proceda a la pregunta 11a.
1la. regularmente me detengo en las siguientes lugares (Puede selecciomaasina
O Gasolinera O Coffee shop O Guarderia O Grocery store
O Restaurant O Others:
12 ¢Cuando maneja saliendo de su casa usted cuentar@mrutas para tomar las avenidas principales?

(Por ejemplo: Mesa, Resler, Belvidere, Escondido, Westwind)
O No tengo opcién- solo hay una ruta de mi casa a la calle principal. Pooceldgpregunta 15.

O Si, tengo mdltiples rutas para escoger y decido la ruta paaa #ieég calle principal de acuerdo con

tipo de interseccién. Proceda con la pregunta 14.

O Si, tengo multiples rutas para escoger y decido la ruta para lliegealte principal tomando en
cuenta las calles del vecindario. Proceda con la pregunta 13.




Cuando escoge su ruta entre las calles de su vecindario para moversasdeada calle principal, z,Cue}iI

de

13.
de las siguientes opciones es la que mas toma en cuenta? (Selecciana splidn). Proceda con la
pregunta 15.
O Selecciono la ruta més corta, esto es, manejo a la intersecciércatle faincipal mas cercana des
mi casa.
[0 Selecciono la ruta con menos altos y vueltas.
[0 Evito zonas escolares, parques o zonas donde puede haber gente caminando.
[0 Selecciono la ruta a través de calles amplias.
O Otro:
14.  Cuando maneja entre las calles de su vecindario para llegalla fariacipal, ¢ Cual de las siguientes
opciones es la que mas toma en cuenta? (Seleccione solo una opcion). Protegeegunta 15.
[0 Manejo a la interseccion que tiene semaforo para incorporarme & lpraadipal.
0 Manejo a la interseccion que tiene solo alto en la calle menor ydgugdaltipal no tiene alto
O Manejo a la interseccion que tiene cuatro altos
O Otros:
15. ¢Qué tipo de sefalamiemngreferiria en su vecindario? (Seleccione solo una opcion).
O Semaforos
OO Un alto, carros de la calle principal no se detiene y solo se detsede la calle menor (alto de 2-

O O

vias)
Cuatro altos
Glorieta

Gracias!

@

Siur STOP)

d01S
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