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EXECUTIVE SUMMARY

The purpose of this study was to test the feasibility of developing a
multinemial logit mode-split model for urban areas with 200,600 population
or more. - The logit model was designed for the purpose of providing nmode-
split information for wmore than two modes. The wmodelling process was
accomplished by adapting an aggregate data base to the Urban Transportation
Planning System (UTPS) computer program ULOGIT to calibrate a set of loyit
models. One of the major objectives in this study was to utilize available
information to develop the models and aveid the collection of new household
(disaggregate) data.

A number of logit models were calibrated and evaluated in this study
using the Flint metropolitan area (Genesee County, Michigan) as a case
study. The modelling approach was initially tested for a two-mode example
(auto/transit), in which four models were calibrated. Upon the comrpletion
of this task, more complex medels were developed to provide node split
information between five modes representing various levels of automobile
occupancy and transit. These mpdes were:

@ Automobile - drive alone

® Automobile -~ one passenger

@ Automobile - two passengers

@ Automobile - three or more passengers

@ Transit - bus service

A total of five multi-modal Togit models were calibrated and evaluat-
ed, three for work-trip purposes and two for nonwork purposes.

The calibration of the logit nmde?é was accomplished using a fraction
of the total trips. The acceptance and rejection of these models were
based on two sets of criteria: (1) statistical reports produced by the

ULOGIT program, and {2) application of the model on the 100% sample of the
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trips. The statistical tests produced by ULOGIf were used primarily to
reject "unacceptable" models. The comparison of the model results {using a
100% sample of trips) to the observed mode-split was made to determine the
acceptability of the models. Comparisons between the "estimated" and the
observed trip tables on a trip interchange basis were accomplished by com-
paring the Trip Length Frequency curves for the model results and observed
data.

Two models were analyzed to investigate their sensitivity to changes
in transportation system characteristics. A majority of the sensitivity
tests provided results which were consistent with expected behavioral reac-
tions to transportation system impacts. However, in some instances, the
sensitivity results indicated & need to improve the nodel formuiations.

The results of the study indicate that the development of multi-nomial
lTogit mode-split models (for more than two modes) is feasible using aggre-
gate data. The study indicates that the poténtia] of applying this
approach in other urban areas is quite high, although further calibration
and validation efforts are needed before a more wide-spread application is
warranted.  Specifically, more effort should be directed towards "fine-
tuning" the (dis)utility equations to improve the models' ﬁredictive capa-
bilities. Furthermore, additional data should be collected with the
objective of further validation of high-occupancy uode models.  Studies
shdu]d also -be directed towards investigating “penalties" associated with
using high-occupancy modes, as well as determining optimal sampiing rates
for calibration purpeses which would take into account the trade-offs

/

between the predictive guality of the model and the associated computer

costs for larger sample sizes,
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1, INTRGDUCTION

Urban transportation planning can be defined as the process of devel-
oping,  testing, monitoring and evaluating short-range and long-range trans-
portation alternatives which are soundly conceived in order to meet the
goals and objectives of the urban compunity. Travel demanc forecasting
constitutes the most critical element of the planning process and repre-
sents the greatest challenge to transportation planners. The importance of
deriving a realistic set of travel demand estimates for the planning hori-
zon lies in the fact that these demand data define the framework within
which all alternatives are to be developed. The plan to be finally imple-
mented over the planning horizon, must be "adequate" for the projected
travel needs and demands.

The development of a reliable multi-modal travel demand model as a
part of the traﬁsportation planning process for urban areas with a popula-
tion of 200,000 or more is a goal of the Michigan Department of Transporta-
tion (MDOT). A major element of such demand models is the process of allo-
cating travel amongst various modes, commonly referred to as the "mode-
split" process. In the past, efforts have been uade by the MDOT to develop
general travel demand models based upon the use of diversion curves to
determine modal splitl,  These models, however, can "“handie" only two
travel modes at a time (e.g., auto and transit) and are, thus, relatively

insensitive to changes in travel demanc as a result of diverse auto occu-

1. Example: "Flint Area Transit Study: Testing of Short Range and Long
Range Transit Alternatives using the UTPS Transit System Model",
Department of Civil Engineering, Wayne State University, 1980.



pancy levels. In addition, to "fit" these diversion curve models to a spe-
cific study area, a significant amount of manpower is required each time a
study area is to be evaluated. Finally, these models require further di-
versity in their application in order to provide travel demand tests and
evaluations for a greater number and type of transporfation strategies, as

required for many transportation planning programs.

1.1 Study Needs

The MDOT has recognized the need to develop travel demand model capa-
bilities in order to provide an effective means of testing and evaluating
various transportation strategies (e.g; transit and ridesharing programs}
for urban areas containing a population of 200,000 or more. These models,
when fully developed, will be useful not only for testing the demand conse-
guences of alterhate transportation strategies, but also for evaluating the
energy and ajr guality effects of these actions. It has become necessary
to develop new demand choice models, using available software such as the
UTPS package, that can be utilized to test the demand consequences of vari-
ous alternate transportation strategies. The most desirable attributes of
such a modelling approach are:

1. The model must be nulti-nomial in nature and should have the

capability to perform mode split between more than two niodes,

2. The model should require a smaller data base, or less of a date
collection effort than the diversion curve technique for calibra-
tion purposes,

3. The model should be more responsive to the needs and characteris-

tics of smaller urbanized areas and it should lend itself to use



for predictive purposes without a lengthy and fnvo?ved process of
calibration,

4. The model should be sensitive to changes in transportation system
attributes as well as trip maker characteristics, and

5. The model should lend itself for use in determining the energy,
air quality, and other impacts of various transportation strate-

gies.

1.2 OQrganization of the Report

The MDOT retained the services of Goodell-Grivas, Inc, to investigate
the feasibility of an alternative demand modelling approach that would
address the needs of urban areas over 200,000 population. This report des-
cribes the procedures used to develop and test a multi-nomial logit model
utilizing the UTPS computer package. The report 1is organized in the
following sections:
1. Introduction and organizaticn of the report.
2. Purpose and scope of the study, including a discussion on the
ULOGIT model and the use of aggregate vs. disaggregate data base.

3. -Procedure for utilizing the ULOGIT model in the Togit nodelling
process. This section includes a general discussion on prepara-
tion of the data inputs, development of the calibration file,
selection of the independent and dependent variables, development
of the (dis)utility equations and the use of the (dis)utility
equations to perform mode split.

4, Description of the area characteristics of Genesee County which

was used as a case study site, and a discussion on the data base

used in the case study.



Development of the ({dis)utility equations for the bimodal model
(auto and transit) and for the wsulti-modal (transit and four auto
occupancy levels) applications, and a discussion of the various
tests used to evaluate the (dis)utility expressions.

A discussion of the modelling and calibration results for the
bimodal example (auto/transit split).

A discussion of the modelling and calibration results for the
multi-modal models developed for work and nonwork trip purposes.

Results of the sensitivity analysis on the developed Tlogit

models.

Conclusions and recommendations for further study.
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PURPOSE AND SCOPE OF STUDY

The purpose of this project is to test the feasibility of developing a
multi-nomial, multi-modal logit travel demand model for wurban areas with
populations of 200,000 or more. Once such a model is developed in complete
form, it can be used to provide an effective means of testing and evaluat-
ing various transportation strategies (i.e., line-haul transit, carpooling,
express bus systems, etc. )}, as well as evaluating the energy and air quali-
ty impacts of those actions.

The multi-nomial logit models resulting from this study were developed
using the UYLOGIT computer program from the Urban Transportation Planning
System (UTPS) modelliing package. The UTPS modelling package is a collec-
tion of IBM System/360-370 computer programs for use in planning wulti-
modal transportation systems, UTPS was developed by and is mainteined
under sponsorship of the Urban Mass Transportation Administration (UMTA)
and the Federal Highway Administration (FHWA) of the U.S. Departrent of
Transportation. The UTPS computer package consist of 21 independent compu-
ter programs in which one prograni creates or reads the input or output of

another., * The ULOGIT model, as documented in the UTPS package, cali-
brates the mnode choice and demand estimation formula in a linear logit
form. ULOGIT in itself does not compute the allocation of trips into dif-
ferent mwodes, but develops the necessary calibration factors in the form of
(dis)utility equations that can be used to generate multi-modal travel
estimates comparable with the observed data. The model internally uses the
concept of maximum likelihood to calibrate the (dis)utility equations and
provides the best fit to a set of observed travel data through the use of a

nuiber of independent variables.



An important elenent of this study relates to the Controversy of uti-
lizing aggregate vs. disagyregate data for calibrating the logit model,
Traditionally, logit models are oriented to the use of a household data
base (disaggregate), as the argument has been made that mode choice deci-
sions are typically made at the household level and as such these decisions
do not reflect zenal (aggregate) characteristics. However, most node
choice analyses have traditionally used zonal data, primarily based upon
time and cost considerations. Therefore, a major thrust of this study was
to investigate the use of zonal Gata, in the most meaningful way for logit
purposes, without any significant loss of accuracy.

Another inportant objective of the study was to determine the sensiti-
vity of the model to changes in the transportation system characteristics.
The travel demand nodel developed in this study was tested using various
changes 1in transit level of service, fare, fuel price changes, etc. to

determine how sensitive the model is to these changes.

2.1 The Logit Approach

A logit mode-split model 1is essentially a process for allocating
travel among a number of available modes (systems), based upon factors such
as: the relative attractiveness of the system, the sccio-economic charac-
teristics of the users and land use characteristics at the trip destina-
tion, etc. For example, as travel time by ftransit between two locations
increases, transit travel becomes less attractive. Similarly, as parking
becones nmore expensive and less available {particularly in CBD areas}, the

attractiveness of transit is likely to increase.



A logit-model attewpts to incorporate mode-choice decisions through

the use of a set of mathematical formulations using various explanatory
variables (cost,time, etc.) that may conceivably affect such traveler
decisions. Equations are developed to reflect actual travel characteris-
tics, based upon the relative composite attractiveness {(dis)utility of each
mode compared to other avaialble nodes. Mathematical formulations describ-
ing this process are described in detail in Section 3 of this report.
ULOGIT 1is essentially a calibration program that can be wused to

develop different (dis)utility equations for mode-split purposes for a set
of independent explanatory variables. ULOGIT also provides a series of
statistical tests to provide a "goodness of fit" between the model output
and the observed data. When the model 1is successfully calibrated, the
{dis)utility parameters can be used along with necessary travel and network
data to calculate the allocation of trips between the different modes. The
final demand estimation can be accomplished through the use of the UMODEL
or UMATRIX models from the UTPS package.

The designation of the logit approach for travel demand purposes was
based on the following considerations:

® The nodel should accurately predict mode choice for various trans-

portation strategies, |
@ The model should not reguire extensive data collection efforts.
® The model will be developed using existing data on a zonal (agyre-
gated) level.
@ The mnmodel framework could be adaptable to any wurban area over

200,000 population.



® The model should be sensitive to changes in transportation system
attributes as well as to trip-maker characteristics (i.e., changes
in transit operating strategies, fare structures, fuel prices,
socio-economic characteristics, population distribution, etc.).

® The model should lend itself to use for determining the energy, air

guality and other impacts of various transportation strategies,

2.2 Aggregate Versus Disaggregate Data Base

One of the important attributes of this study is the use of data
agyregated on a zonal }evé1, és described earlier. Recent wmwodelling
efforts utilizing the logit approach have concentrated on using disaggre-
gate data (household level) as contrasted to aggregate (zonal} data to
describe trip-maker characteristics. While the use of household level data
definitely has significant merits, the non-availability of such data
generally poses a serious constraint to the use of this model.

Disaggregate travel demand models have been c¢ited as being a nore de-
sirable neans of describing the relative importance of explanatory varia-
bles (those variables used in mode selection). Therefore, disagyregate
models are more suitable for analyzing and forecasting wode choice behavi-
or. In particularl:

® Disaggregate choice models are data efficient and require signifi-

cantly less observations to calibrate than do models aggregéted at a
zonal level. This is particularly important for areas where transit
trips represent a small proportion of the total traps

@ Disaggregate choice models are less sensitive to variaticns caused

by unidentified locational parameters. This is because in the samp-

1 yLOGIT User's Guide, U.S. DOT, UMTA, FHWA, July 7, 1977.
8



ling process, individual observations are selected from the entire
study area (in disaggregate models) which tends to cancel ocut some
of the unidentified Tocational parameters which are incorporated on
a zqna1 level analysis. Om the other hand, zonal trip data may ex-
hibit Tocational biases based on the makeup of the zones and the
connection éf the zone centroids to the network.

@® Disaggregate choice models are highly sensitive to the variation in
all variables. Some studies indicate that a significant variation
in travel and socio-economic variables is lost when individual char-
acteristics are aggregated on a zonal level. If zones were strict-
ly homogeneous in land wuse and trip-maker characteristics,
variability would not be a major concern. Although homegeneity is a
prime concern in defining each zone in a study area, there is always
some variation within a zone.

® Disagyregate models are nore consistent with theories of travel de-

mand behavior,

However, one of the nmajor objectives of this study was to develop a
demand choice forecasting model which would require data bases readily
available for most agencies. Since many planning agencies choose tu work
with aggregate data, data is usually available on a zonal Jevel. Thus, the
emphasis of the study was to adapt aggregate or zonal data for use in the
Togit model. The model developed in the study also used socio-economic
and land use data converted from census reports into traffic ahaiysis

zones. This data, along with zonal interchange data (travel time,



cost, etc.) was appended to zonal frip tables to significantly reduce the

cost and time expenditures in the mocelling effort.

2.3 The Logit Application

The nodels developed in this study were evaluated utilizing the Flint
metropolitan area (Jocated in Genesee County, Michigan) as a case study.
The Flint aresa was selected for the study area because it is -a typical
urban area within the State of Michigan. The area has an existing viable
data base, and a transit system has been in operation in the area for a
nunber of years, with existiﬁg ridership and operational data. Two model-
ling efforts were made:

1. Develop a demand choice model between two modes;

@& Autoriobile
® Transit {bus services)

2. Develop demand choice models, between five modes;

& Automobile - drive alone

® Automobile

one passenger

@ Autonmobile

1

two passengers

@& Automobile

Three or more passengers

@ Transit

Separate models for the five mode case were made for work and non-

work trip purposes. The moaelling effort only related to the use of home

based trips.
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3., PROCEDURE FGR UTILIZING THE ULOGIT MODELLING PROCESS

This section describes the logit model and the framewcrk used by the
Consultant to develop (dis)utility equations using the UTPS computer pro-
gram ULCGIT.

The nulti-nomial logit model used in this study can be expressed

das:

EXP{-U(i-j/m))

pi-3/m) = = _
25 XP(—U(1~3/m)) (A)
Where: i
P{i-j/m} = Proportion of total person trips from zone i to zone j

using mode m,

N = Total number of travel nodes {m). The modes are nun-
bered consecutively 1 through N.
Further,
U(i-j/m) = (dis)utility value of a trip from i te J using node m
= Fo(i-3/m) + Fe(i-d/m) + Fg(i-j/m) (B)
Where:
Fe{i-j/m} = A function of the cost of making the tr1p _ (C)
from i to J by mode m.
Fi(i-j/m} = A function of the time (or distance) involved (D}
in making the trip from i to J by node m.
Fg(i=j/m) = A function of the socio-econcmic character- (E)

jstics of the trip maker or land use charac-
teristics associated with trips from i to J by
mode i
The functions C and D can be regarded as a travel imnpedance or resist-
/
ance function. Function £ can be regarded as an inmpedance or resistance

function associated with travel by a particular mode. It should also be

noted that the P{i-j/m) value calculated by equation A would be a number

11



between zero and unity, depending upon the relative (dis)utility of the
trip for the given mode. The more attractive a given mode is (as reflected
by the corresponding impedance Functions C, D, and E), the smaller the
cumulative disutility value as derived from equation B. A smaller value of

disutility would have the effect of apportioning more trips into the node.

Further, it can be shown that:

= pP(i-j/m) = 1,00 (F)
m=1

Equation (F) simply signifies that the sum of all the percentages of trips
allocated among N modes for a given zonal interchange will be 100,
Each of the three (dis)utility functions can be developed as a linear

combination of relevant variables, each variable being adjusted by a co-

efficient as follows:

Where:
F{i-j/m) = Impedance Function (time, cost, distance, etc.) for

trips from i to J using mode

X; = Individual elements within the impedance function
(e.g., in-vehicle time, waiting time, out-of-pocket
cost, parking cost, etc. ).

°<i = Coefficients to be derived as a part of the model
calibration.

12



The multi-nomial logit model, described above, was utilized in this
study. The four principle steps involved in the logit modelling process is
shown in Figure 1. These steps include: Data preparation, Developing of a
calibration file (using UMODEL), Developing and eva]uating.the (dis)jutility
equations (using ULOGIT} and performing mode split (using UMODEL or
UMATRIX). The selection of this particular approach for the development of
the Togit model by the Consultant was based upon the Consultant's past
experience with the UTPS computer package, the knowledge about the date
base and its limitations, and the features of the computer system which was
utiltized in this study. A mbre detai]ed overview of the process used 1in
the ULOGIT Modelling Process is shown in Figure 2. The principal UTPS
computer programs used in this study were UMODEL and ULOGIT. However, a
majority of the work done with UMODEL (building file calibration and mode
split) could have also been completed using UMATRIX. Other UTPS packages
used in this study include UMCCN, UMATRIX, and UFMIR.

A general description of each major step of the logit modelling pro-
cess {as used in the study) is provided in the following sections.

F

3.1 Step 1: Data Preparation

The first step is to prepare the data to be used in the calibration
file development (Figure 2). Three types of data are used:

1. Observed trip data

2. Trip interchange impedance data

3. Zonal socio-economic and land use data

13



STEP
1.

DESCRIPTION

DATA PREPARATION

BUILD CALIBRATION
FILE

DEVELOP DISUTILITY
EQUATIONS

PERFORM MODAL SPLIT

Figure 1.

UTPS COMPUTER
PACKAGE

(UMODEL /UMATRIX)

(ULOGIT)

(UMODEL /MATRIX)

The primary steps in logit modelling process.
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Figure 2 - Overview of the ULOGIT Modelling Process
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Figure 2 {(Continued)
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As described earlier, this study involved the deveTOpment of a travel
demand model using data aggregated on a zonal level. The ULOGIT computer
program and the logit approach is ideally designed to use disaggregate
data, therefore, some modifications were made to the aggregate data bases,
particularly the observed trip data to lend itself for use for ULOGIT pur-
poses. The following discussion summarizes what each type of data shiould

consist of, how 1t is obtaired, and how it will be used.

3.1,1 Observed Trip Data: The observed trip data used in this study

consisted of individual, mode specific trip tables. For example, 1if a
travel demand model is to be developed for five modes, five trip tabies
would be needed, one for each mode. The sum of the five mode specific trip
tables would be the total person trip table.

In preparing the trip data to be used for calibration purposes, the
observed trips should be coded on a household ievel (i.e., disaggregate
trips). The trip tables provided by MDOT, however, were aggregated on a
zonal basis which consisted of a numerical value representing the total
number of trips for each zone pair in the study area. To obtain a dis-
aggregafe format (i.e. one trip per record), the zonal trip tables were
converted into the format of a household trip file so ihat each record in
the file contained a single trip. For example, instead of having a total
of 32 trips {on a single data file record) between origin zone A and
destination zone B for a zonal interchange, the file should be converted teo
show 32 separate trip records for travel between zones A and B, one trip
per record. This task can be accomplished through the use of a number of

FORTRAN statements.
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The observed trip tables {converted to a single trip per record) are
used in the ULOGIT program to develop mode-specific (dis)utility equations
describing travel in an area. They are used to "calibrate" the (dis)utili-
ty equations so that the final set of equations will provide an estimated
trip interchange value and wmode split which will provfde a desirable match
with the observed data. This is done within the ULOGIT program using the
maximum 1ikelihood concept. It typically involves a large number of compu-
tations that requires the use of substantial computer time. Computer costs
for the ULOGIT program is a direct function of the number of data points
(observed trips), the number of equations (modes) and the length of the
equations (number of independent variables). To minimize computer costs, a
fraction or a sample of the total number of observed trips (1 - 20% depend-
ing on the number of trip records and number of zones) is normally used in
the calibration process. This sample should be randomly selected and
should use & similar distribution of trips between modes as the total
observed data. For example, in a two mode case where the observed mode
split is 90% auto and 10% transit ridership, the sample of trips used for
calibration should contain the same 90-10 split between auto and transit
modes.

Ideally when the trip data is a "true" household data base, a small
number of trip records may be used to provide a representative reliable
sampie. However, in instances where aggregate data base serves as the basis
of information, a larger number of trip records must be used to attain the
same level of reliability in the results. If too many trip records are
used, computer costs will increase significantly. Caution should be exer-
cised in selecting a minimum sample size, particularly where one mode may

represent a very small percentage of the total trips. This is the case in
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the Flint metropolitan area where transit trips représent approximately

0.8% of the work trips and 0.4% of the nonwork trips. Selection of a sinall
sample (percentage-wise) can result in a small number of trips being used
to calibrate the (dis)utility equation for the respective mode. This can
produce some inaccuracy in the model, As such, to obtain a reliable (dis)-
utility equation for transit trips in an area like Flint, a larger sample
of observed trips is required for calibration.

Once the trip tables are converted into the proper format {with each
trip record associated to a particular mode) and a sample of the total

trips has been obtained, the sample trip data can be used to develop the

calibration file (Step 2).

3.1.2 Trip Interchange lImpedance Data: Trip interchange impedance
data refers to & time, distance, or cost variable associated with travel
between zones. This data is usually in the form of transit or highway skim
trees. The highway skim tree data in this study was obtained from the MDUT.
Highway skim trees n%y also be obtained from the UTPS program URCAD. Tran-
sit skim trees used in this study were output from the UTPS program UPSUM.

The skim trees may be modified to show a travel time ratio comparing
travel time of two modes between zone pairs such as {travel time for tran-
sit)/(travel time by auto). Distance skim trees may be used tc develop the
put-of-pocket travel cost for the automobile modes. For example, a varia-
ble defined as [ (Trip Length) x (Cost per Mile) + Parking Costs]/[Number of
Vehicle Occupants] utilizes the distance skim trees for this purpose. Skim
trees may also be factored or modified to show other types of variables

such as trip interchange density variables. An example of this variable is

LOG1glTi5 x Dij x Ai x Ajl where Tij is the nuiber of
trips between zone i and Jj, Djj is the travel distance (miles) between

zone 1 and J, Aj is the size of zone i (acres) and Aj is the size of
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zone j (acres). This particular variable can be useful in describing the
(dis)utility of carpoecling.
The trip interchange data, along with the observed trip data and the

zonal data were used to develop the calibration file.

3.1.3 Zonal Socic-Fconomic and Land Use Data: Socio-economic data

included the zonal characteristics of income, household size (number of
persons), automobile availability, zone size (acreage), population, Tland
uses, parking costs, etc. Socio-economic and land use data were obtainec
in part from census reports and other data bases and grouped into traffic
analysis zones.

Zonal averages of these characteristics constitutes an aggregate data
base. Zonal averaging of socio-economic characteristics of the trip-maker
is a shortcoming in the modelling process. 1t would be preferable to know
the income and other characteristics of each traveler along with the match-
ing of the trip-makers characteristics to the selection of a particular
mode. This information would provide greater detail about the decision
making criteria of the traveler. Zonal averaging of data not only removes
the watching of socio-economic variables of a particular individual to his/
her node of travel, but it also removes a considerable amount of variance
in a variable.

In the 9aTibration file, the zonal data is associated to & particular
trip end. For exanmple, parking costs should be associated with the desti-
nation zone of a trip, since these costs are incurfed at the end of the
trip. Simitarly, household income data should be associated with the
origin zone of a trip since household income conceivably can affect riode
choice decisions. The assignment of a variable to a trip end is done when

the calibration file is developed {Step 2).
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In certain cases, a number of zonal variables (socio-economic and land

use) may be combined to “create a new composite variable. For example,
zonal population, may be divided by zonal land area to create a density
measure, (i.e., population per unit area). The identification of such new
variables is a commion and useful practice in most modelling exercises. The
practice of selective weighting of variables to increase or decrease the
trip producing characteristics of a zone through the use of adjustment
factors can be accomplished to describe certain characteristics of the
study area.

It is generally advisable to assemble a large number of variables at
this stage for possible use in the development of the (disjutility
equations. However, the selection of variables should be made based upon
perceived (or intuitive) causal relationships with the decision making
process for node choice. For example, variables such as income and automnio-
bile availability have been shown to have a significant impact on mode
choice. Other variables such as zone size (acreage), may not always have
an impact on mode choice and would be less desirable to use.

Variables which are difficult to predict should be avoided. For exam-
ple, resident Tlabor force in a zone may be very difficult to predict be-
cause of the uncertainty of future economic conditions and the increasing
numbers of women entering the work force. Therefore, this variable may be
undesirable to use even though it may provide a decent "fit" to the ob-
served trip data. The final selection of variables should relate to the
transportation strategies to be tested. That is, if new transft system
alternatives are to be evaluated, variables such as travel time by transit

should be used.

21



3.2 Step 2: Building Calibration File

The calibration file is constructed using the UTPS program UMODEL
(Figure 2). The calibration file consists of a matrix in which the rows
correspond to observed trip records (one trip per record) and the columns
correspond to variables. These variables include mode choice (dependent
variable), travel times, costs, sccio-economic and zonal description
variables ({independent variables) to provide {dis}utility information
regarding the trip.

The calibration file provides a specificaticn of variable names,
units, and all possible variables which may be used in the ULOGIT runs. An
example of a calibration file setup is shown in Appendix 2.

The dependent variable relates to the mode of travel and assumes a
binary form. Each trip record in the calibration file is asscciated with
one and only one riode, and that node has to be identified with "0" or "1%
For example, in a three mode situation where columns i, j, and k in the
calibration file are associated with the auto mode, carpool mode, and tran-

sit mode respectively, only three possibilities can exist.

Columns in the Calibration File

A3k

Auto riode 1 0 0

. Carpool mode 0 1 0
Transit mode 0 0 1

In this mahner, each trip is assigned to a mode and a trip can never be

/
assigned to lore than one mode.

3.3 Step 3: Developing (Bis)utility Equations

This step involves using the UTPS computer program ULOGIT to develop

coefficients for user developed (dis)utility equations. The input to the
22



ULOGIT program is the calibration file developed in the previous step
(Figure 2),. When wusing the ULOGIT program, a disutility equation is
developed for each mode (dependent variable) from the observed characteris-
tics of the trip makers {independent variables) as specified in the cali~
bration file. For each dependent variable, an equation is formulated
consisting of independent variables, coefficients and bias coefficients.
The independent variables are travel impedance or socio-economic variables
associated with each trip as input 1into the calibration file. The
coefficients are weights given to the independent variabies and the bias
coefficients are constants {which may or may not be used} and act as
intercepts or "global" adjustments to the (dis)utility equations. Bias
coefficients are usually included in an equation to explain "unknown" or
unmeasurable characteristics of a moede such as privacy or convenience.
This type of coefficient may alsc be used in lieu of several minor
variables (which only have a small impact on the characteristics of a node

in composite form} or to simply form a better fit of the equation.

An example formulation for a three mode case is as follows:l

Mode Coefficients Variables
Auto Users = Time Coef * Auto Time
+ Cost Coef * Auto Cost
+ Auto Bias
Pool Users = Time Coef * Pool Time
+ Cost Coef * Pool Cost
+ Poot Bias
Transit User = Time Coef * Transit Time
+ Cost Coef * Transit Cost

INOTE: This exalpie formulation is used for illustrative purposes to show
the use of ULOGIT and is not used as a model in the study.
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In this example, three (dis)utility equations are being calibrated for

three modes (dependent variables) using a combination of independent varia~

bles, coefficients and bias coefficients.
The dependent variables are:
® Auto Users
@ Pool Usersl
® Transit Users
The independent variables are:
@ Auto Tine
® Auto Cost
® Pool Time
@ Pool Cost
@ Transit Time
@ Transit Cost
The coefficients are:
@ Time Coef
@ Cost Coef
The bias coefficient are:
® Auto Bias

@ Pocl Bias

The usér is required to input the form of the

equation, select the

independent variables from the calibration file and arrange the variables,

coefficients and bias coefficients in a manner which will logically explain
/

mode choice. The ULOGIT program calibrates the disutility eguation to the

observed trips uéing the principle of maximum likelihood. The output of

INOTE:  The "Pool Users" mode can be further broken down into additional
niodes indicating various auto occupancy levels.
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the ULOGIT program are values of coefficients and bias coefficients for
the estimation formulas (Figure 3). ULOGIT also outputs various measures

describing the quality of the calibration effort (see Section 5.3).

Figure 3. Final Coefficient Values

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:.
CCBEFFTCIENT T R INAL T USTANDARD TS T ERADTENT T UOWER TURPER”
NO. MNAME VALUE ERROR RATIO (IF BND.) B8BOUND BOUND
17 TitE COEF THI03TE T 0. 00887 0T 6.0 5.0
2 COST COEF ©.0028 0.0041 0.67 0.0 5.0
3 _AUTO BIAS 20,2615 0.22%14 -4.148
4 PGOL BIAS 0.5198 0.2205 2.38

Initial estimates of the coefficients and bias coefficients may be
input by the programmer, otherwise those coefficients are assumed to be
zero by the program. The coefficients may also be bounded by an upper
and/or lower value.

For the three-mode example shown above, the disutility of each mode is

as follows:

H
i

EXP{0.276 * Auto Time+.0028 * Auto Cost-.2615) = EXP(U{(1})

EXP(U(2))

Auto Users

It
i

Pool Users = EXP(,0276 * Pool Time+.0028 * Pool Cost+.5198)

Transit Users = EXP(.0276 * Transit Time+.0028 * Transit Cost) = EXP(U{3))

To find the utilities of each mode, the signs of the coefficients and

bias coefficients should be reversed,
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Ih specifying (dis)utility equations, appropriate care must be exer-
cised to avoid nonunique coefficients that might seriously disrupt the
calibration effort, The nonunigqueness may occur due to the following
conditions (among others):

® Fach (dis)utility equation contains a bias coefficient and the bias
coefficients are all different.

@® The same variable is included in all (dis}utility expressions. This
is unacceptable even if the variable is factored by a different
coefficient in each equation.

® Two bias coefficients-occur in the same (dis)utility equation but

neither occurs in any other.

To avoid these problems, the user should carefully read the ULOGIT Calibra=-
tion Program documentation and the ULOGIT User's Guide.

Once a calibration has been completed, the (dis)utility expressions
must be thoroughly checked for Jogic and statistical reliability. ULOGIT
produces a series of reports to help accomplish this task. These reports
are described in Section 5.3 and in the ULOGIT User's Guide.

IT the reports indicate that the (dis)utility equations are not valid,
a new set of expressions must be defined and the calibration process nmust
be repeated. If the reports produced by ULOGIT indicate an acceptable set
of equaticns, one further test nust be conducted to accept the equations.
Since the {dis)utility equations were developed on a 1% - 20% sample of the
total person trips, there is a need to test the equations on the entire
trip table. This step is completed using UMODEL {or UMATRIX)} through the

development of an "esﬁimated“ trip table. If the estimated trip table can

26



be shown to match the observed trip table, the calibration process is com-
plete and testing of various transportation strategies can begin.

If however, the estimated trip table does not acceptably match the
observed trip table, further calibration is necessary. Such a situation
may arise, even after the calibration results might apparently indicate an
acceptable (dis)utility equation. In other words, the calibration process
is not complete until after the wodel has been applied fo the total trip
table and the mode split has been favorably matched with the observed mode
split. A poor match between the estimated and observed trip table may be
due to an insufficient sample size, a nonrandom or improperly selected
sample, 1inadequate equation specification,‘ problems with certain data
elements or other related problems. If sampling or data variables are
considered td be a problem, the deficiencies should be corrected and a new
calibration file should be developed. If a poor match is caused due to
improper (dis)utility expressions, new equations'shou1d be formulated and
calibrated, Some disparity between cbserved and estimated trip fables can
be corrected by applying adjustment factors to  the ({(disjutility
expressions. For example, in the three node case if it is determined that
transit is always under-predicted at all zones by a facter of 10%, than the
utility of transit travel can be increased appropriately to "fine tune" the
model. If there is a problem of under-prediction or over-prediction at a

few selected zones, then zonal adjustment factors may be applied to rectify

this,

3.4 Step 4: - Utilizing the (Dis)utility Equations to Perform Modal Split

This step uses UMODEL to apply the calibrated (dis)utility equations
to various transportation alternatives and trip tables (Figure 2j. Trans=

portation strategies which can be evaluated using UTPS include new transit
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operating strategies, adding new bus lines, revising transit fares, cost
changes, ridesharing, park and ride lots, etc. The transportation strate-
gies to be tested must impact the variables which are in the (dis)utility
expressions. If, for example, a cost variable is not in the {(dis)utility

expression, then a transportation strategy which only impacts cost (such as

a transit fare increase) can not be tested.

The probability of selecting a mode is based on the relative utility
of using a mode. The ULOGIT model provides linear equations in the form of
disutility as described earlier in this chapter. Therefore, the signs of
the coefficients must be reversed to perform mode-split in UMODEL. To
illustrate this, suppose for the three mode situation discussed in Section
3.3 that the disutilities of using modes 1, 2, and 3 are EXP(U(1)),
EXP(U(2)), and EXP{U(3)), respectively. Then the probability that a rider

will choose mode 1 based on the utility of using that mode is:

EXP{-U(1))

EXP(-U(1)) + EXP{~-U(2)) + EXP{-U(3))
The total number of people using mode 1 to travel from zone i to j is:

Tiig = P{L)45 *TPTiy

—
—
—
L)
i

= the nurber of trips using mode 1 between zones i and j
P(1)ij = probability of using mode 1 to travel between zones i and
J {(based on the utility of the mode)

TPTjj = total number of persens traveliny from zone 1 to ]

The allocation of trips to each mode (automobile, carpool, and trans-
it) for travel between &1l zone pairs can be accomplished similarly.
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4, CASE STUDY: Genesee Couniy Area

The Flint metropolitan area (Genesee County, Michigan) was used as a
test site to illustrate the use of the ULOGIT modelling process. The Flint
area was selected because it is representative of most urbanized areas
within the State of Michigan, it has a viable data base, and because of the
existence of a transit system which has been in operat%on for a number of
years. The emphasis on this phase of the study was to use the Flini area
as a denonstration site and not to select a particular model which will be
used in a planning study for the area. As such, a number of different
models were calibrated and tested for the purpose of evaluating the logit

modelling process.

4.1 Descriptien of the Study Area

The Flint metropolitan area used in this study encompasses Genesee
County, Michigan. The urbanized area not only includes the City of Flint
but also includes the Cities of Burton, Mount Morris, Davison, Grand Blanc,
Swartz Creek, Flushing and several unincoporated areas as shown in Figure &

The 1970 and 1980 population for the urbanized areas in Genesee County
are given in Table 1. The urbanized area had a population of 33U,178 per-
sons in 1970. An in-house study conducted by the Genesee County Metropoli-
tan Planning Commission indicates a 1.6% decrease in the 1950 urbanized
population to 324,703, The majority of the urban population decrease is
expected to occur within the City of Flint while population increases are
expected in outlying urban areas such as, Davison Township, Grand Blanc

Township, Grand Blanc City, Flint Township, the City of Swartz Creek, etc.
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Figure 4 -~ Genesee County Urbanized Area {Shaded Portion
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1

Note:

Table 1 - Genesee County Urbanized Population Data

Percent 1980
Population 1970 Projected
Within Urbanized § Urbanized Percent
Governmental Urbanized Area Area Change
Unit Area ! Pogulation!l Population?| 1970-80
Flint City 100 193,317 166,739 -13.7
Flushing City 100 7,190 7,764 ~+8.0
Grand Blanc City 100 5,132 6,815 +32.8
Mt. Morris City 100 3,772 3,489 -7.5
Swartz Creek City 100 4,928 6,353 +28.9
Burton 97 31,660 33,921 +7.1
Davison Township 30 2,480 3,695 +50.0
Flint Township 86 25,758 34,058 +32.2
Flushing Township 21 1.480 1,907 +28.9
Genesee Township 85 21,675 21,281 -1.8
Grand Blanc Town. 60 11,593 16,652 +43.8
Mt. Morris Town. 66 19,393 19,769 +1.9
Mundy Township 11 903 1,166 +29.1
Thetford Township 14 847 1,094 +29.2
Totals 330,128 324,703 -1.6

2ijections: Genesee County Metropolitan Planning Commission; May, 1977

iEstimates prepared by ICF, Inc., based bn "1970 Block Statistics, Flint Urbanized Area", U.S. Bureau of Census

The urbanized area does not correspond to the entire Genesee County study area




As a result, the population for the entire county has remained relatively
unchanged since 1970. The distribution of population has changed slightly
with a shift of people away from the ceniral city to the suburban and rural
areas.

The general distribution of land uses in the Flint area is shown in
Table 2. The city itself has several large automobile manufacturing com-
plexes, making it one of the largest employment centers in the State.
Industrial land use constitutes a major land activity within the urban
area.

Travel within the Flint urbanized area presently represents an exten-
sive utilization of the private automobile. Public transit has been in
existence in the Flint area since 1961, except for a short period of time
during 1971 when the Flint Mass Transit Authority was being formed. The
current average daily ridership on the transit system is approximately
9,200 person trips, which represenis a very small fraction of the total
daily travel in the Flint area. A 1974 transit study by ICFl, Inc. found
Flint to be similar to other urban areas of its size in its need for trans-
it services. |

The transit system which existed in 1978 was used in this study as the
base transit network. The transit service, as provided by the system is
designed primarily to serve the Central Business District {CBD). The base
transit system consists of 12 radial routes which converge on a central
transfer point in downtown Flint. The 1978 system configuration is dis-

played in Figure 5,

""" Five Year Mass Transit Development Plan Ffor Flint, Michigan"
(Draft), November 11, 1974, ICF, Inc., 1828 L Street KW, Suite 709,
Washington, D.C. 20023.
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Table 2 -~ 1975 Land Use Characteristics for the
Genesee County Urbanized Area

et

Residential Non-Residential
Vacant
1&2 Multi- Retail/ Cultural/ : And
City Total Family Family Other Industrial Commercial Recreation Other Misc.
Fiint 21,171 6,960 368 | 169 1,506 2,165 1,065 1,327 7,611
Burton 14,805 3,616 44 28 196 714 614 425 9,168
Fiushing 2,303 940 18 16 6 68 101 79 1,075
Grand Blanc 2,175 | 660 34 9 57 66 6 - 503 840
| Mt. Morris 629 340 8 0 0 23 1 58 189
Swartz Creek 2,620 538 41 0 94. 93 41 g4 1,718
Balance of : '
Urban Area* 207,164 28,681 806 1084 654 4,927 2,408 2,725 165,878
Total 250,867 41,735 1,319 1306 2,513 8,056 4,246 5,211 186,481

* Includes total area of townships even though only portions of some townships are in the Flint urbanized area.
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Transit service operates for a period of approximately 11 hours, of
which 6 hours are peak period operation {a.m. and p.m. peak pericds) and 5
hours are off-peak operation. Headways for peak and off-peak service are

Tisted in Table 3.

4.2 Data Base

A1l data used in this study was provided by the Michigan Department of
Transportation (MDOT) for the Flint metropolitan area with the exception of
the Transit Trip Table and network which was obtained from the Civil Engi-
neering Department at Wayne State University (as developed in past model-
ling studies for the Flint area). The following is a summary of the data

types and sources used in this study include:

® Auto occupancy trip tables based on trip purpose {work, ponwork) and
number of occupants in the vehicle (drive alone, one passenger, two
passengers, and three or more passengers) were provided by MDOT and
represented 1966 travel data. This trip data was the most recent
data available for the City of Flint and was based on an
origin-destination study performed by MDOT in 1966.

@ Highway skim trees based on travel time and travel distance were

provided by MDOT for the 1978 highway network.

@ Transit irip tables and the transit network and skim trees, were

provided by the Civil Engineering Department at Wayne State Univer-
sity. The trip tables do not represent actual or observed {rip data
but were calibrated from matching line Tloadings as output from the
UTPS module ULGAD to observed line loadings of the 1978 Flint tran-

sit system, 1

T “Flint Area Transit Study: The Testing of Short-range and Long-range
Alternatives Using the UTPS Modelling System", Department of Civil
Engineering, Wayne State University, 1980.
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Table 3= Operating Headways For Flint Transit Routes

(1978)
Peak Qff~Peak
Route Headway Headway
No. Route (Minutes) (Minutes)
4 Civic Park 20 30
5 Dupont Street 20 30
2 . Detroit Street 20 30
1 N. Saginaw 20 - 30
6 Lewis=-Selby 20 30
7 Franklin 20 30
10 Richfield 20 30
9 Lapeer 20 30
8 S. Saginaw 20 30
11 Fenton Road 60 60
3 Genesee Valley 20 30
12 Beecher-Corunna 20 30
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@ Socio-Economic and land use data was obtained from MDOT, some of

which was taken from 1970 census data and other items represented

estimated* 1975 data for the study area. Various data elements

included:

Average zonal income

- Parking and unparking times

- Zonal employment

- Zonal population

- Zone size and land use

- Number of dwelling unitslﬁn a zone
- Auto ownership

- Land use data

—‘Parking costs

- Others

Some of the data elements such as income and automobile availability
were taken from 1970 data. Other data items such as population, zonal
employment, number of dwelling units and land use are from the year 1975.
In addition, 1966 auto occupancy trip tables and 1978 transit tfip tables
and skim trees were used. Ideally, all of the data should have been taken
from 'the same time period. Since all of the data items were not available
for the same time period, the best available data was used. In many cases
it was assumed that the data items would be sufficiently representative of
existing conditions in the study year. By using existing data, significant
delays and costs fo? collecting new data were avoided.

The practice of using data from different years was considered accept-

able in this study for the following reasons:

*1975 estimates made by the Genesee (ounty Metropolitan Planning
Commission. 37



Population and land uses were considered relatively stable over

the past 10-15 years. It was further assumed that travel patterns

and vehicle occupancy levels have also remained relatively

unchanged from 1966 levels,

This study was designed to be a demonstration of the modelling
process and not & planning study which will result in the recom-
mendation of a new transportation strategy or system implerenta-

tion.

It was recognized that problems with the data base may affect the

predictive capability of the model itself. The possible occurrence of this

problem was anticipated and carefully analyzed to avoid rejecting a valid

model,
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5,

DEVELOPING LOGIT EQUATIONS

Two modelling efforts were conducted in this study. The first effort
was to develop mode split model for two modes, auto and transit. The
second modelling effort was to develop mode split between five modes,
transit and auto at four occupancy levels. The déscription of each {dis)-

utility formulation is described below.

5.1 Auto-Transit Mode Split Model

This model was used as an example and to compare with past modelling
efforts which utilized the diversion curve technique for mode split. The
observed trip table and skim trees for both modes were based upon 1978

data. The existing mode split for 1978 was:

Auto Trips = 1,054,605 (99.4%)
Transit Trips = 6,468 ( .6%)
Total Trips 1,061,073 {100%)

Because of the small percentage of transit trips, a large number of trip
records (21,220) were used for calibration purposes. These 21,220 trip
records represented 2% sample of the totel trips of which 21,892 (99.4% of
the sample) were auto trips and 128 (.6% of the sample} were transit trips.
The use of over 20,000 trip records should generally be avoided because of
hiéh conpufing costs, but was neéessitated in this case because of the
extremely small percentage of transit trips.

Four different (dis)utility formulations were calibrated to the sample

;

of observed trips. Variables used to describe (dis)utility included land

use, income, population per acre, travel time ratio, travel cost, etc.
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Attempts were made to utilize variables and formulations which are used as
mode selection criteria, or which describe transportation system attri-
butes. The two-mode models are summarized in Appendix 5.

Of the four models calibrated on the sample of trips; one was selected
to be tested on a total person trip table. The results for the auto trans-

it mode split nodels are given in Section 6.1.

5.2 Five Mode Example

The main thrust of the study was to develop a multi-nomial logit model
for various automobile Occupancy levels along with transit. As such, a

five mode example was developed and calibrated. The modes included:

@& Automobile

brive alone

@ Automobile

One passenger

® Automgbile

Two passengers

® Automobile

Three or more passengers

@ Transit

Separate models were forrmulated for work and nonwork trip purposes.
The automobile occupancy trip tables (for work and nonwork trip purposes)
were based on 1966 travel surveys in the Flint wmetropolitan area. The
transit trip tables were bhased on the 1978 Flint fransit system developed
from past wodelling studies conducted at Wayne State University in 1979.
The use of a data base from two different time periods within the same
modeiling exercise s generaily énadvisib]e. However, there were twa
factors that should be duly considered in Jjustifying the use of such data
based. They are:

1) It has been assumed that during the past 10-15 years relatively

minor changes in auto occupancy levels have occurred in the study
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area. Furthmore, the 1966 transit ridership was not expected to

be greatly different from the 1978 data.
2) The purpose of the study was to test the feasibility of using the
logit approach for demand estimation, and not necessarily to

develop actual demand estimates for planning purposes.

The transit trip tables obtained for this study were based on peak and
off-peak transit service and were not associated with work or nonwork trip
purposes. For the purposes of this study, the following conversion was

made based on observed characteristics made for the Flint transi{ systes:

Peak Transit Trips (3,741 trips)

30% Work Trips

0% Nonwork Trips

Off-Peak Transit Trips (2,727 trips)

22% Work Trips

78% Nomwork Trips
The trip tables were revised to show the following:

Transit Work Trips = 1,721 trips

Transit Nonwork Trips = 4,747 trips

The observed trips for the work trip tables were distributed between
the five nodes as ;hown in Tabie 4. There were a total of 203,347 work
trips, a majority of which were by the "drive alone" mode (86.4%). Transit

represented only ,8% of the total work trips. A 5% sample was randomiy
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Table 4. Ubserved Trip Distribution and Sample Size For Work Trips

Observed % of Sampled

Mode Trips Total Trips
Auto - Drive alone 175,690 86.4 8,784
Auto - One passenger 18,934 9.3 946
Auto - Two passengers 4,395 2.2 219
Auto - Three or more passengers 2,607 1.3 130
Transit 1,721 .8 86
Total 203,347 -- 10,165

Table 5, Observed Trip Distributicn and Sample Size For Nonwork Trips

Observed % of Sampled

Mode Trips Total Trips
Aute - Drive alcne 438,087 36,2 5,841
Auto - One passenger 367,304 32.1 | 4,897
Auto = Two passengers 152,085 13.3 2,027
Auto - Three or nwore passengers 183,002 16.0 2,440
Transit 4,747 .4 63
Total . 1,145,225 - 15,268
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selected for calibration purposes, using a total of 10,165 trip records.
Trip length frequency curves for each mode are given in Appendix l.

Three models were formulated to show the {(dis)utility of travel for
work trips using the five modes. Each of these models represent different
combinations of the impedance and zonal variables that were selectively
identified from the calibration file. The models are discussed and evalu-
ated in Section 7.1 of the report. The work models are summarized in
Appendix b,

The observed trips for nonwork trip purposes were distributed between
the five rmodes as shown in Table 5. There were 1,145,225 nonwork trips
which s approximately 5.6 tines the number of work trips. The nmost common
modes used were "drive alone" (38.2% of the nonwork trips) and “automcbile
- one passenger" (32.1% of the nonwork trips). Unlike work trips, the
nunber of "three or more passencer" auto trips 16.0%) was larger than the
"two passenger" auto trips (13.3%) for nonwork purposes. The transit mode
represented .4% of the total nonwork trips. A 1.3% sample of trips was
randomly selected for calibration purposes, using a total of 15,266 trip
records. Trip length frequency curves for each niode are provided in
Appendix 1. Two nodels were formulated to show the (dis)utilities for the
five modes. The models are discussed and evaluated in Section 7.3 of the

report. The nonwork models are shown in Appendix 5.

5.3 Tests to Evaluate Logit Formulationsl

As described earlier, the technique of maximum likelihcod is used te

develop linear (dis)utility equations for each mode being analyzed when a

I materials presented in this section are a adopted from the draft publi-
cation "ULOGIT User's Guide” published by UMTA.
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set of independent variables 1is specified. Unlike the regression tech-
nique, however, there is no unique and direct means of determining the best
model from amongst a set of candidate Jlogit models developed. The ULOGIT
program produces a varjety of statistical measures concerning the signifi-
cance of the coefficients and the "goodness of fit" of the model. But it
is important to point out that the user should not rely too heavily on the
statistical tests to identify the "best" model. These tests are designed
more for eliminating unacceptable nodels, rather than making objective

comparisons among the models or choosing the best one. The best ULOGIT

model should not be identified based on the highest statistics alone. Sig-

nificant emphasis should be placed on factors such as reasonableness, and

an intuitive understanding of causal factors that might determine mode

choice.
A total of seven tests as output by ULOGIT that should be used in
interpreting the results, rejecting the unacceptable models and choosing

the acceptable ones are described below.

5.3.1 Correlation Between Variables: Report 2 of the ULOGIT Output
presents a statistical summary cof all the independent variables used in the
model along with a correlation matrix. The correlation matrix should be
used in deciding which variables should not be used in the same composite
(dis)utility equation, as explanatory variables with a high degree of
correlation should not be used together. Implicit in the formulation of
linear equations common to disaggregate models is the assumption that the
variables are independent. While it is virtually impossible tc have uncor-
related variables, the use of the highly correlated variables in the same

(dis)utility equation should be avoided.  Within the sawme calibration
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exercise, the use of correlated variables in different (disjutility expres-

sions {for different modes) is permissible. A sample copy of Report 2 is

enclosed.

Table 6 - Sample Copy of ULOGIT Report 2

VARIABLE

i AUTO TIME

4 POOQL COST

6 TRANSIT C€OST

1
277 0.4614

3 0.9889 0O,
4 ©0.4614 1.
5 " 0.6182 1 ©O.
& ©0.6BO2 O©.

UL

STAT I ST11CAL SUMMARY

2 TAuto casTTTTTT

L3 PRAL TIME

MEAN CDEV. L VALUE O VALUE  UNITS
T 16.76  6.60  46.51  4.00 MINS
40.34 31.07 i60.90 TYUE0 T CENT
21.76 6.60 51,51 9,00  MINS
17.54 13.51 69.96 1.00 CENT
6046 7 AR R e RS
33.31 ‘5-ﬂ’_HMMJ?QLQQNHMMH§QAQQWNQENEH,

2

4614
0000
2105
3889

AHNDEPENDENT MARIABLES

. THE VARTABLES USED FOR CALIBRATION ARE: o

STANDARD LARGEST SMALLEST

CORRELATION MATRIX GF INDEPENDENT vaArRIABLES: W77 o

3

0.4614
0C.6182
C.6808

4 N L LT 5 e ke e B LR

G aqpE T
0:.3889 0.5364

b.3.2 Test of (Dis)utility Coefficients: Report 3 of ULUGIT Output

provides a series of statistical tests that are considered extrenely valua-

ble in interpreting the test results. The signs of the coefficients under
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the “final value" column in Report 3 are reversed from how they should be
used in the application of the logit formulation in UMODEL (mode-split).
Typically, the impedance variables (e.g., travel, time, cost, distance) are
expected to have a positive sign in ULOGIT Report 3. A sanple copy of the

Report 3 1is enclosed herewith.

Table 7 - Sample Copy of ULOGIT Report 3

FINAL COEFFICIENT VALUES

L L L LT SeIP P

THE RESULYS OF THE COEFFICIENT CALIBRATION ARE:

CEOEFFICIEANT TTTTURINAL T STANDARD TS GRADTENT LOWER  UPPER
NG . NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND
1 TIME COEF 0.0278 0.0068 4.07 0.0 5.0
2 COSY COEF 0.0028 0.0041 0.67 0.0 5.0
3 AUTO BIAS -0.2615 0.22%4 -1.48
4 pOOL BIAS 0.5198 0.2205 .36

FHE INITIAL VALUE OF THE LOGLIKELTHOOD WAS -0 438448 03,
THE FINAL VALUE WAS -0.38295f 03 AFTER 3 I1TERATIONS.

BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.39354E 03,
..JHE LARGEST LOGLIKELIHDOD FOR THESE DATA AND ANY MODEL 0.0 e

TEST OF EQUAL PROBABTLITY HYPOTHESIS IS  113.0
. WITH 4 DEGREES OF FREEDOM.

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS  21.20
WITH 2 DEGREES OF FREEDOM,

PSEUDO R-SQUARE = _ 429

MATRIX DF APPROXIMATE CORRELATION COEFFICIENTS
. FOR COEFFICIENTS NOT AT BOUNDS: e o
COEF. 1 2 3

2 70.077

3 ' 0.793 -0.11§

4 0.608 0.317 0.743
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5.3.3 T-Test of Coefficients: The values in the "T-Ratio" column in

Report 3 are designed to indicate if the variable in question has a mean-
ingful role in the (dis)uti}fty eguation. The test seeks to determine if
the coefficient is not significantly different from zero, where the null

hypothesis is:
HO: @ = 0 (@ = coefficient}

The null hypothesis is tested against the alternative hypothes Hl: @ = 0O,
making this a two-tail test. If the hypothesis is accepted, the conclusion
is that the variable is not making a significant contribution in explaining
part of the varjation in the observed data. The rejection of the hypothe-

sis would indicate otherwise namely: the contribution of this variable is

significant. In testing the hypothesis, the "t" value is calculated as:

Final Value of Coefficient
teal =

Standard Error
If teg1 exceeds "t" critical, the null hypothesis is to be re-
jected. The critical "t" value is obtained from standard "t tables at an
acceptable level of confidence appropriate for the number.of degrees of
freedom (df}. The (df) in this case equals the difference between the
number of observations and the number of parameters used in the model, At
95% confidance level, for degrees of freedom exceeding 120, the criticatl

"t" value is +1.96.

5.3.4 Test of Equal Probability Hypothesis: The null hypothesis

tested here can be stated as:

HO: A1l modes have the same probability of being chosen, and that
probability is equal to 1/(# of niodes).
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Report 3 also prints out the value of Log-Likelihood {LL) for the data with
the initial and final model coefficients. From the LL values, the quantity

“CHI™ 1s calculated as:

CHI = 2*(L1-L0)

L = Final value of the log-likelihood function (pertaining to the
fitted model) :

L0 = Initial value of the log-likelihood function (pertaining to the
assumption that all modes have the same probability of being
chosen).

In order to test the hypothesis outlined, the user should compare the
value of CHI with a Chi-Square statistic of the appropriate degrees of
freedom at a specified confidence level. The associated degrees of freedom
js equal to the nunber of coefficients in the fitted model. If the value
of CHI is greater than that obtained from the Chi-Square distribution, the
nutl hypothesis HO is to be rejected. The fitted model is conéidered
better than the equal shares model: i.e,, the effects due to the coeffi-
cients are to be regarded as significant.

It should be noted that this is a relatively "weak" test for unodel
signifiqance and can only reject extremely poor models. Unless the nodel
specification is totally erroneous or the model contains only irrelevant

explanatory variables, it will typically be found acceptable by this sta-

tistical tests.

5.3.5 Test of Prior Probability Hypothesis: The null hypothesis

tested here can be stated as:

HO: The prebability that a mode is chosen is proportional to the total
nunber of users, in all observations, selecting the mode.
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In Report 3, the value of the log-Tikelihood is printed by including
pure alternative effects and by allowing the choice probabilities to equal

the actual proportion of users observed selecting each mode. The guantity

"CHI" is calculated as:

CHI = 2*%{L1-L0)
Where:

L1 = Finat value of the Jlog~likelihcod function (pertaining to the
fitted model)

LO = Value of the log-likelihood function including the effects of the
pure alternatives (pertaining to the prior-probability or "market
share" model)}

In order to test the hypOthesis, the value of CHI calculated is com-
pared with a Chi-Square statistic for the appropriate degree of freedom at
a specified confidence level. The associated degrees of freedom is equal
to the number of coefficients in the fitted model excluding the bias
coefficients. If the value of CHI is greater than that obtained from the
CHI-Square distribution, the null hypothesis is to be rejected. It can
then be concluded that the fitted model is better than the prior probabili-
ty model: i.e., the probability that a mode is chosen is not proportiona]
to the number of users observed selecting the mode.

This test, like the previous one, is also a relatively weak test for
model significance. However, it is more stringent than the equal share
Tikelihood ratio test since the prior probabilities contain more informa-

tion than the equal shares. Past experience shows that models developed

from large samples {over 150) will rarely fail both tests.

5.3.6 Pseudo R-Squared Test: The value Pseudo R-Square is also

presented in Report 3. Pseudo R-Square is often referred to as the Likeli-

hood Ratio Index, is computed as follows:

49



Pseudo R-Squared = 1 - (L1/L0)

Where:
L1 = Final value of the log-1ikelihood function,
L0 = Initial value of the log~likelihood function.

The value of Pseudo R-Square should lie between 0 and 1. The pseudo
R-square statistic provides & gross measure of how well the model fits the
data compared to other disaggregate mode choice models. In the past, typi-
cal mode choice models with three to five alternatives have been calibrated
with pseudo R-Squared in the rangé of 0.2 - 0,4. Although a high value of
Pseudo R-Square is desirable, models should not be selected on the basis of

the highest pseudo R-Square value alone.

5.3.7 Observed vs. Estimated Totals: Report 4, as output from

ULOGIT, is a contingency table that can be used to test the null hypothe-

sis, HO,

HO: The data is fitted well, i.e., the observed demand indeed comes
from a populatien having the estimated choice probabilities.

The testing of this hypothesis 1is accomplished by computing Chi-

Squared statistics as:

SUM {(EST (A,0) - OBS (A,D))2 * /EST{A,0): A=l,-cwe- JNA
0=15""""3N0)s
Where:

NA = Number of alternatives (modes)
NO = Nuwber of observation
0BS(A,0) = W{0) * X{A,0)

EST(A,0)=W(C) * P{A,0) * SUM(X(A1,0): Al=l,=vrw- .# of alternatives.
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X(A,0) = Value of the dependent variable corresponding to alternative
A, at observation 0,

P(A,0) = Probability that alternative A is chosen at observation g,
based on the calibrated model, and

(0) = Weight associated with observation 0, or unity if no weight
is specified.

The associated degrees of freedom V, is computed as:

Vo= (NO-1)*(NA-1)

The value of Chi-Squared calculated as printed in Report 4 can be
compared to a Chi-Square statistic from a distribution with V degrees of
freedom at a specified confidence level. The acceptance or the rejection

of the hypothesis is accomplished following the same set of rules described

above. A copy of Report 4 is attached.

Table 8 - Sample Copy of ULOGIT Report 4

2HAAR TG O 1§31 ULOGET REFORY & PAGE 5

0BSERVED ¥ 5 . ESTIMATETPD V AL UES

THE OBSERVED VS, ESTIMATED NUMBER FOR EACH ALTERNATIVE
AT EACH OBSERVATION 15

AUTO USERS T poobl USERSTTTTTTTTTT T UTUYRANSIT usER T

0BS. OBSERVED ESTIMATED OBSERVED ESTIMATED OBSERVED ESTIMATED
1 1.00 "0.5% o6 0247 ‘0.0 "0.19

2 1.00 0.53 0.0 0.22 0.0 0.25

3 0.0 0.63 . 1.00 0.27 . 0.0 .B.10

4 i.00 0.62 c.0 .28 0.0 O 11

5 i.00 0.58 0.0 0.24 0.0 0.48

6 1.00 0.56 LB-.9 0.23 0.0 .21

7 0.6 0.55 0.0 0.23 1.00 0.21%
397 1.00 0.63 0.0 0.27 0.0 0.10
398 0.0 .54 0.0 0,24 - 1.00 0.23
' 399 1.00 " D.65% .8 TH23 0.0 6.22
400 0.0 0.5% 0.0 0.22 .00 0.27

CHI-SQUARED FOR ALL ENTRIES IN PRECEDING REPORT 0.B26869E 03
NUMBER OF CASES WITH FEWER THAN 3 PREDICTED 15 1200,




In addition to the above seven tests a nunber of other reports and
diagrams are printed or a part of the ULOGIT output. These include scatter
diagrams for all alternatives, comparison between observed vs. estimated
totals, compound {dis)utility difference plots and a table of elasticities.
These are not discussed in this report. A complete discussion of these
results is available in the publication entitled "ULOGIT User's Guide" pub-

lished by the UMTA.



6. ULOGIT RESULTS FOR THE TWO-MODE MODELS

Using the procedure described in Section 3, a number of logit models
were formulated and calibrated for the bimodal and multi-modal situations.
This section of the report describes the formulation of each of the
models, and presents a discussion on the statistical tests output by
ULOGIT for each model. To assess the effectiveness of the models in
representing the observed trip characteristics for the study area, the
following factors were reviewed:

® The application of the variables in explaining trip characteris-

tics, |

@ The significance of variables in explaining the trip characteris-

tics,
® The comparison of "observed" versus “estimated" trips by mode, and

® Other statistics used in correlating the variables and trip charac-

teristics.

The application of the variables in explaining the trip character-
istics can be shown by the sign of the coefficients. The sign of fhe
coefficient associated with each variable identifies the "disutility" or
“utility" of the variable in explaining the trip characteristics. For
exanple, the variable "highway travel time" can be used to explain the
trip characteristics of the automobile wmode. If the coefficient for
"highway travel time" is output as a positive value, the variable repre-
sents a “"disutility” (since a "positive" variable is setup as a disutili-

ty in ULOGIT} in explaining the characteristics of automobile trips.
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Therefére, as travel time increases, the disutility of travel increases,
which is logical. [If the coefficient corresponding to travel time is out-
put as a negative value, it would be interpreted as having a utility. In
other words, as travel time increases the utility of the auto trips in-
creases. Situations where utility might increase with increases in travel
time should be considered illogical.

In addition, comparisons are made between the observed trip tables

and the estimated trip tables as output by the models to further evaluate

the "goodness of fit" of the developed equations.

6.1 Description of the Two-Mode Logit Models

.

A set of four models were formulated and calibrated to explain the
trip characteristics for the bimodal situation. These models did not dis-
tinguish between a trip purpose (i.e., work and nonwork) and the nodels
were related to home based trips. The results of two models are presented
in this Section, and the ULOGIT reports describing the specification,
calibration and statistical summaries of all four models can be found in
Appendix 3. A summary of the two mode models is provided in Appendix 5.

The variables used to define trip characteristics of each node were
obtained from the calibration file. These variables were selected for use
based on the anticipated effect on the trip-making characteristics for
each mode., A Tlist of variables and variable names from the calibration
file is shown in Table 9, A description of these variables is provided in
Appendix 4.

MODEL 1

The formulation for this model is shown in Table 10, The first col-

umn of Table 10 indicates the mode as follows:

54



Table 9 - List of Variables in the Calibration Flle for
the Two-Mode Models

dasmm - e m e e ———— domm—ee - + b o v o e e +
{VAR ID #|VARIABLE NAME Junits | [vAR ID #|VARIABLE NAME JuNITS |}
T T e S IIIIITIIITIITRn oI FemmennTndo oo omeTTIIl SIITIIITIITYoooonoos *
]zoNE UNEER IIIIITED IITh L RTnTonnis : 167 :
foro e ——— B e e e Frmmmm - +
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A MODE = Automobiie Mode
TRNS MODE = Transit mode (bus service)

Table 10 - Formula Specification for Model 1

Mode Coefficient Variable
A MODE o oE A2 % LANDUSE
LA MODE e - LN
+ A BIAS
E H i i e e i
+ B1 = INPENT
+ C1 _* POP PER ACRE

Travel time for both modes is used to describe the characteristics of
transit trips by using the variable TTRW (weighted travel time for tran-
sit/weighted travel time by automobile). Other variables used in this
model were basically socio-economic and ﬁand use variables which include:

income (INPENT}, employment (EMPLY}, population density (POP PER ACRE) anc
Tand use (LANDUSE).

Values for the variables used in the model, along with the correla-

tion matrix of independent variables are shown in Table 11.
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Table 11 - Statistical Summary of Independent Variables

THE VARTARLUES USED FoR CAUTEBRATION ARE:

YARIABLE oo DTANDARD | LARGEST  SMALLEST .
NG NAHE BEV. VALUE VALUE TUNTTS

2 EMPLY . 26.59 169.52 0.0 EMP/ 100

3 TTRW [ K - DI & AN To D < BN B B T (Y71} { VA
B INPENT e 80880002 5.00 . 1.00 PENTILE

5 POP PER ACRE 12.77 20.28 299 .11 Q.C POP/ACRE

A 2 B oo e
-0.1843 ’
0.4458 -0.0820
e 0:1829  0.0229 Q.344% o
-0.3808  0.03827 -0 2EETY T 0. 0062

@i A

The variables were obtained from the calibration file (Table 9) which
was developed in an earlier step. It should be noted that a travel time
ratio of 10 (TTRW=10) denotes an unconnected zone pair for the transit
mode.

From the ULOGIT calibration process, the final values of the coeffic-

jents were calculated as shown in Table 12.
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Table 12 - Final Coefficient Values and Other Statistics for Model 1

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

BRI CTENT T T NAL T S ANDARD Y Y T ERAD T ENT T UOWER TTUBBER T
NO. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND

A LY 0163477088

2 B1 O. 1881 0.0798 2.35

3.¢61 0.0212  0.0051% L

4 TAZ -0.3778 0. 2141777198 ' ’

5 B2 0.0100 ©.0024 4.16

6 A BIAS 0.4714 0.3868 1,22

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.14709E 05,
WHILE THE FINAL VALUE WAS -0, 63663E O3 AFTERTY ITERATIDNS

THE LOGLIKELIHOOD WITH ALL ZERQO CDEFFICIENTS IS -0.14709E 05,
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.787178E 03
THE LARGEST LOGLIKELIHOOD FUOR THESE DATA AND ANY MODEL 0.0

TEST OF EQUAL PROBABTLITY HYPOTHESTS T8 028 14E 705
WITH 6 DEGREES OF FREEDOM,

FEST OF ALTERNATIVE DEPENDENT PROBABTUTTY HYPDTHESIS IS 2863
WITH 5 DEGREES OF FREEDOM,

-ﬁg-EAL—j‘D—ob-vv-ﬁ::s-ﬁU-An—ﬁAVE-v—-;-----.---9-55.—7...---------u---uofﬂ .~4"'--—----l“~~~~|.‘...-—-'-----‘---Ali\\’lioha»—-—---—-'--'--—----l--‘

The final values for the coefficients in Table 12 are in terss of &
disutility. To find the utility of a mode reverse the signs of the coef-
ficients. A review of the application of the variables 1in explaining

travel characteristics reveals the following:

® The LANDUSE variable represents a "utility". This variable is

coded as follows:

Urban Land Uses
Suburban Land Uses
Rural Land Uses

[FS RS
]
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Therefore, there is a higher utility associated with using the auto nmode

in urbanized areas.

® The variable EMPLY represents a "disutility"”. As the employment in
an arearincreases, the number of trips by the auto mode decreases.

@® Similarly, the TTRW factor represents a "disutility". As the
weighted travel time ratio (transit/auto} increases, the'trips by
the transit mode decreases.

® The INPENT factor aiso represents a "disutility”. An increase in
the income of a group will result in less trip-making by the
transit node.

® Finally, the POP PER ACRE factor is a "disutility" factor. As it

increases, the trips by transit will decrease.

These factors generally agree with general transportation planning-
reilated considerations.

A review of the significance of factors is perfornmed by utitizing the

"T-ratic". The T-ratios are given in Table 12. Values of 1.96 are used
to represent the 95.0% confidence level in the variables. These ratios
show the significance of all variables except LANDUSE and the A BIAS
factor.

These two variables represents an insignificant factor in explaining
auto trip-making characteristics. They could be excluded from the equa-
tion and an alternate variable may be_se]ected to improve the modelling
capabilities. The exclusion of the LANDUSE variable or the A BIAS factor
would result in slight change in trip-making characteristics for each moae

as predicted by the model.
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A comparison of the observed vs. estimated trips is provided in Table

13,

Table 13 -~ Comparison of Observed vs. Estimated Trips for Model 1

TU8TD.T T CORR. T CORR. wnoLT
ALTERNATIVE  DBSERVED ESTIMATED RESIDUAL COEF, RATIO CELLS
R B e e T e W
_TRNS_MODE 128.0 145.9 -1.520  0.010 0.010 18

By a general comparison, Table 13 indicates a reliable match of the
auto and transit mode data. However, this test is nhot considered a con-
clusive statistical test since the comparison is conducted on only a 2%
sample of the total person trip table. An appropriate comparison would be
to use 100% of the observed trips to identify the degree of likeness to
the model results.

Other statistics relating to the model indicate:

® The "pseudo R-square" value {(Table 12) for this model is 0.957
which represents a highly acceptable fit to the data.

® The "standardized residual" (Table 13}, indicates the number
of standard deviatiens that the observed and estimated trips
by mode differ., A higher value will dencte a hore significant
difference. The standard residual for the transit rode indi-
cates an acceptable comparison exists. For the autc rode, a
lower confidence level in the match of the results exists.

@ The "correlation coefficient" and the "correlation ratio", as
defined for this model (Table 13) indicate an acceptable com-

parison of resuits,
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Overall, this model presents a reasonable representation of the ob-
served trip data. some inaccuracies may result from the use of certain

variables and the sample size used for the transit mode.

MODEL 2

The formulation for Model 2 is shown in Table 14,

Table 14 ~ Formula Specification for Model 2

, Mode Coefficient _Variable
A MODE = A2 » bWy cosT
’ ) + B2 * TNPENT
+ A BIAS
T — A ,k S -
+ B * RETAIL WHOLESALE ACRES
............................................................. * 6 *.POP PER ACRE

Model 2 utilizes the travel time for both modes (TTRW) as well as
travel cost for the automobile mode (HWY COST) to explain travel charac-
teristics. Other variables used include Income (INPENT), land use {RETAIL
WHOLESALE ACRES) and population density (POP PER ACRE). - The varjables
used 15 this nmodel were taken from the calibration file listing shown in
Table 9.

Values for the variables used in tﬁe model, along with the correla-

tion matrix of independent variables is shown in Table 15,
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Table 15 - Statistical Summary of Independent Variables

- TYHE VARTABUES USED FOR CALTERATION ARE:
VARIABLE STANDARD  LARGEST SMALLEST

NG NAME MEAN TREV.TTTTTVALGE T VALUE TTUNTTS T

SALE ACRES :
5 POP PER ACRE 12.77 20.28 299. 11 0.0 POP/ACRE

2
3 . )
L4 0.0833  0.0798 0.0887
B0, 0078 T 0.0063 T -0.2867  -0.3%32

The final values of the coefficients as calculated from the ULOGIT

calibration process are shown in Table 16.
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Table 16 - Final Coefficient Values and other Statistics for Model 2

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

COEFFICIENT FINAL  STANDARD T~ GRADIENT TLOWER UPPER
NO. NAME VALUE ERROR RATIO (IF BND.) BQUND BOUND
...... T B o LTI
2 Bt 0.0059 c.0021  2.81
3.8 SIS SOOI L0 - X OO
4R 1.5765 0137378 39
5 B2 0.1629 0.0742  2.18
6. .A BIAS 21.8388 0.3188 o811

THE INITIAL VALUE OF THE LOGLIKELIHOOQD WAS -0.14708E 05,
WHILE THE FINAL VALUE WAS -0.65161E O3 AFTER '8 ITERATIONS.

JHE LOGLIKEELIHOOD WITH ALL ZERO COEFFICIENTS 15 -0, 14708E 05,
WHITE BY INCLUDING PURE ALTERNATIVE EFFECTS 1T 1% -0 78178 03,
THE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0

CYEST OF EQUALT PROBABILITY HYPOTHESTS 1§70 28 ig o5
WITH 6 DEGREES OF FREEDOM,

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESTIS Is 760.3
WITH 5 DEGREES OF FREEDOM,

"PSEUDG R-SQUARE = Ugsé T

A review of the application of the variables 1in explaining travel

characteristics reveals the following:

e The weighted travel time ratio variable (Transit/Auto) represents a
"disutility". The number of transit trips will decrease as transit
travel times increases. |

@ The land use variable represents a "disutility" for transit trips.
The more acres of Retail/Wholesale land use 1in a zone, the fewer
trips by transit.

@ The POP PER ACRE factor represents a "disutility". The greater the
population density, the fewer number of transit trips.

e The HWY COST variable associated with automobile travel represents
a "disutility". Higher travel costs will decrease the number of

automobile trips.
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. The Income factor, INPENT, associated with the auto mode represents
a "disutility". Higher income groups will tend to use automobile

to a greater extent.

Two factors produce unexpected results, RETAIL WHOLESALE ACRES and
POP PER ACRE. However, using a variable such as the number of retail
acres in a zone may be a poor variable to use and may provide misleading
results. Population density variables may also be poor variables to use
to describe trip characteristics in some instances. Although transit
lines are planned to serve the heaviest populated trip interchanges, there
may be instances where transit wi]l‘not serve heavily populated areas.
This 1is especially true 1in areas where transit service 1is ‘“under-
developed". Therefore, during calibration, a density variable may not
always provide adequate results.

A review of the significance of factors is performed by utilizing the

T-ratio. The T-ratios for iModel 2 are give in Table 16. Values of 1.96
are used to represent the 95% confidence level in the variables. These
T-ratios show that of all variables are significant in explaining travel
characteristics.

A comparison of Observed vs. Estimated Trips is provided in Table

17.

Table 17 - Comparison of Observed vs. Estimated Trips for Model 2.

: STOTTCORR T TEORR N

ALTERNATIVE  OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS
R B T T e T BT E e T
JTRNS MOOE e 328001882 08.083 0.007 0.016 .23
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A general comparison of observed and estimated trips in Table 17

indicates a very good match for automobile trips and a moderate

over-estimation for the transit trips.
Other statistics relating to the model includes:
® The "pseudo R-square" value (Table 16) for this model is 0.956
which represents a highly acceptable fit to the data.
® The "standard residual" (Table 17) for the transit mode repre-
sents an adequate comparison between observed and estimated
trips. A lower confidence Tevel in the match of the results
exists for the auto mode.
® The "correlation coefficient” and the "correlation ratic" as
defined for this model (Table 17} indicate an acceptable com-

parison of results.

Overall, this model presents an acceptable representation of the
observed trip data. It would be advisable to use different land use

variables and density variables for use in the transit (dis)utility

equation.

6.2 Comparison of the Model Results to the Observed Trip Table:

As described in Section 3, one of the rost important tests for the
model is a comparison of the model is a comparison of the estimated
results to the observed results for the entire trip table (100% sample).
I[f the comparison to the observed mode split for the total trip table is
favorable, then the model can be accepted. If not, new logit formulations

must be specified and calibrated.
Because the development of a two-mode model was not a major element

in this study, only one of these models was applied to the total person
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trip table and used to compare with the observed mode-split. HWodel 1 was

used in UMODEL to develop estimated mode-split results as shown in Table
18.

Table 18 - Compariscn of Observed vs. Estimated

Mode Split for Model 1

ESTIMATED TRIPS
MODE OBSERVED TRIPS (MODEL 1)
Automobile 1,054,605 1,067,014
Transit 6,468 4,059
TOTAL ' 1,061,073 1,061,073

This table shows that the nodel under-predicts transit trips on an
overall basis, but not by an extreme measure. This error in modelling
transit trips may be due to & number of factors such as the method 1in
which the transit trip table was developed, the extremely small sample of
transit trips wused in calibration, inadequate formula specification,
ervors in the data base, etc. Further, analysis should be completed to
compare the model results to the observed results on a trip interchange
basis. It nay be advisable to recalibrate the model on a different or
larger sample of transit trips to increase the accuracy of results.
Adjustment factors may be used {on a zonal basis or on a "global" basis)

if needed to attain a reliable match to the observed data.
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/. ULOGIT RESULTS FOR THE FIVE-MODE MODELS

Five models were developed to explain the trip characteristics for

the five mode situation (transit and four auto-occupancy levels). Of
these, three models were developed to fit the observed work trip data
(Models 3,4 and 5) and two models identified the nonwork trip character-
istics (Models 6 and 7). These models were used to identify an “esti-
mated" number of trips for each mode using the program UMODEL in the mode
split process. The models are listed in Appendix 5.

In evaluating the models, the same factors described in Section 6

were carefully reviewed. These factors included:

@® The application of the variables in explaining trip characteristics

(sign of the coefficient),

® The significance of variables in explaining the trip characteris-

- tics,
@ The conparison of "observed"” versus “"estimated" trips by mode, and

@ Other statistics used in correlating the variables and trip charac-

teristics.

A final test for the adequacy of the model was the application of the
(dis)utility equaticns to the entire trip tables (100% sample) for the
respective irip purposes. If a favorable comparison occurs between the
"estimated" trip tables (as output by the'nmde1) and the observed trip

table, the model can be accepted.
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7.1 Description of Logit Models for Work Trips:

The results of the three logit moedels which were formulated and cali-
brated to describe mode-split for work trips are presenied in this section
of the report. In formulating the equations the variables were selected
from the calibration file to define the work trip characteristics of the
specific nodes. The candidate list of variables in the calibration file
is shown in Table 19. For each of the three models, variables were
selectively identified from the calibration file (Table 19} for incorpora-

tion into the logit equations. A description of these variables 1is pro-

vided in Appendix 4.

MODEL #3
The formulation for this model is shown in Taeble 20. The first
column of Table 20 indicates the mode as follows: |
@ WDA = Automobile - drive alone work trips

@ WONE

Automobile - one passenger work trips

® WTWO

Automobile - twe passenger work trips
@ WTHREE = Automobile -~ three or moré passenger work trips
@ TRANSIT = Bus service - work trips
The variable travel time is used in each equation to describe the
(dis)utility of using a mode along with other variables such as income
(PENTILE), zonal employment (EMPLY}, automobile availability (AUTOS PER
POP), etc.
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Table 19 - List of Variables in the Calibration File for
the Five-Mode Models for Work Trips

oo mmaa= B e fmmmrra=a +
[vaR 1D #|VARIABLE NAME Junits |
A AR - +
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P et e ——— L +
i 2 [xNCOME ls/vear |
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| 3 iTERMINAL TIME P IMINUTES |
kooonnooo Foo-momom oo SoIInnTIIno e *

CPTTTTTATTTT IV ERMINAL TIMETT AT IMTNOTES T
fmm e ———— et m e ———-— dmmmm e na +
| 5 |EMPLOYMENT "m[PEnsoNs_Lv
g L g g M g +
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Fo oo Fommmme— s m s e b e e

A RESTOENT TAL ACRES  TACRES "
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Table 20 - Formula Specification for Model .3

Mode Coefficient Yariable
wpaA " LAY * HGWY SKIM TIME
: FTEY ¥TPENTILE
+ A BIAS
“HONE =TRYTTT ¥ HONE
+ B2 % EMPLY
D A
+ B3 ' * RLF PER ACRE
R L A
+ B4 * AUTOS PER POP
T T L T
+ B5 * ZERO AUTOS

The names of certain variables in Model 3, such as HONE, are not
listed in Table 19. This 1is because after Model 3 was developed the cali-
braticn file was revised to inpclude additional variables. During this
time some of the variable names were also modified. These modifications
were intended to make the variable names more descriptive of the nature of
the variable. As such, the variable name HONE was changed to TIME1
(highway skim tine for the one-passenger automobile node). 'A¥though
several variables names were changed, the values of the variables remained
| unchanged. To find a &ompiete description of all variables and variable
naies see Appendix 4.

Values for the variables used in the model along with the correlation

matrix of the independent variables are shown in Table 21.
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Table 21 - Statistical Summary of Independent Variables

3 HONE 19,32 B.ge 71.10 3.10 MINUTES

e EMBLY e 3088 48,28 163.99 .00 EMP/100

5 HTWO 20.32 9.00 72.10 4.10 MINUTES

6 RUFPERALRE 5784 749 100,58 0.0 TRLF/ACRE

........ 7 HTHREE . ...2%.83 . ....8B.86 1370 . ...5.70 MINUTES
8 AUTOS PER PO 0.98 11.47 253.00 0.0  AUTO/POP

P vt e e sttt e st e
TTEUWTRNS TTIME TGS 00 211,537 500.60 "2ETU00 TMINUTES

10 ZERD AUTOS 61.12 70.44 328.00 0.0 FAMILIES

»9992  0.1524
¥, -0 14967To o3Fe T

.0003 C. 1518 0.9982 0.0362
00123 70.0104 -0.0123 -0.0365 -0.0125
0.3349 -0.06B870.3548  -0.13327770G.3340

g
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iy
QOO0 000000
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[2}] o
©i0 0 0i0 O O}
; o ;
[
o
s
QiC - QIO O
(@]
bRt
o
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21946 -0.6326 70.1923 | 0.0413 -0.1922 0.0853 ~-0.1845
1468703047 :

From the ULOGIT calibration process, the final values of the coeffi-

cients were calculated as shown in Table 20.
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These variables were obtained from the calibration file built during
an earlier step. It shculé be noted that the "auto per population” varia-
ble shows an error in the data. It indicates that a value of 253 autos
per population occur, which is a gross exaggeration. Upon close examina-
tion of the data file, it was noted that this unrealistic value of autos
per population occurred at only one zone in the 315 zone study area.
Since all of the auto per population values were within realistic limits
for the remaining 314 zones and the average zonal value for this variable
was .98 autos per population, this error in the data base was considered
~ to have a minor impact on the model. Since an error was discovered in the
data file, an effort was made to search for similar errvors in cther varia-

bles 1in the data file.

Table 22. Final Coefficient Values and Other Statistics for Mode] 3.

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

CEOEFFICIENT TR INAL STANDARD Y ST T GRADTENT T U LOWER TUPPER T
NO. NAME VALUE ERROR RATIC {IF BND.) BOUND BOUND

[ ¥ 0. 346077003 ey

2 Bt -C.0B30 0.0300 =-2.76

3..A BIAS Loiie02 0.1278 -13.77

477B2 -0.00624 “0U000T T-3TeA

5 B3 0.1225 0.0145  B8.47

6 B4 1.5972  0.2370 6,74

TAG ¢ 1207 TOTOCEI TT4TAT

8 BS -0.0007 ©.0013 -0.55

THE INITIAL VAILUE OF THE LOGLIKELIHODD WAS -0.163G0E 05, E
JHHILE THE FINAL VALUE WAS -0.93323F 04 AFTER 9 ITERATIONS. &

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -O.16360E 05,
_WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0,53464E 04.
THE CARGEST LOGUIKELTHOOD FOR THESE DATA AND ANY MODEL 070"

JFEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.22066 05 .
WITH B DEGREES GF FREEDOM,

_TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS  28.26
WITH 4 DEGREES OF TFREEDOM.

JPSEUDO R-BQUARE = 8T8 et ssenesre st rmesrssises e
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The final values for the coefficients shown in Table 22 are in terms
of a disutility. To find the utility of a mode, the signs of the coeffi-
cients are to be reversed. A review of the coefficients associated with
the variables reveals the following findings:

® In this model, travel time data (highway and transit) was consi-
dered a "disutility" factor, i.e., as the highway travel time for a
specific mode increased, the desirability of a trip being made by
that mode decreased.

@ The PENTILE factor represented the income group of trip-makers.
Its negative coefficient identifies it as a "utility" factor, i.e.,
as the incone level increases, the more desirable the "Automobile -
drive alone" {(WDA)} mode becomes.

@ The employment factor also represents a "utility." As the number
of employed individuals in an area increases, the trips made in the
"automobile - one passenger” (WONE) mode 1n§reases.

® The RLF {resident labor force) per acre factor represents a "dis-
utility" factor. As the RLF per acre increases, the trip-making
characteristics of the "Automobile - two passengers" (WTkO} mode
decreases.

® The "autos per population" factor also represents a "disutility".
As the number of autos per population increases, the "Automcbile -
three or mere passengers” node decreases.

@ The "zero auto families” factor represents a "utility" factor. As

the value iqpreases, the desirability of transit trips alsoc 1in-

creases.

In all cases, except the RLF PER ACRE factor, the variables and

coefficients adequately explain the trip characteristics.
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The significance of the factors is performed by reviewing the figures

under the "T-ratio" column. The T-ratios for Model 3 are given in Table
22, Values of 1.96 are used to represent the 95.0% confidence level in
the variables. These ratios show the statistical significance of all the
included variables except ZERO AUTCS. This variable thus represents an
insignificant factor in explaining transit trip-making characteristics as
it exists in the model. It could be excluded from the analysis and an
alternate variable selected. These steps would result in a slight change
in the corresponding disutility equations.

A comparison of the observed vs. estimated trips is provided in Table

23,

Table 23 - Comparison of Observed vs. Estimated Trips for Model 3

STD. CORR.CORR. NO

ALTERNATIVE  OBSERVED ESTIMATED RESIDUAL COEF., RATIO CELLS
B e e W s
MONE e 2880 BT 40783 0.000 0:002 19
WTWO 219.0 324.5  -5.971 0.001 0.004 8
e — T P
JRANSIT 86.9. 110.3 ..52:518 _0.006 0.029 .24 .

This table indicates an excellent match of the "Automobile-drive
alone" (WDA) trips. Other alternatives have some differences. These
differences may be attributed in part to the small number of trips sampled

or inadequate variable selection. However, Table 23 is a comparison of

the sampled trips (5% of the total observed work trip table) to the re-
sults of the model. The model was calibrated based on the sample of ob-

served trips and only gives an indicatien of how the model relates to the
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sampled trips. It does not necessarily give a good indication of how the

model conpares with the total person trips.

A review of other statistics related to the model reveals the follow-
ing:

@® The "pseudo R-Square” value for this nodel is 0.674 (Table 22). It

represents an acceptable fit of the data.

@ The "standardized residual" indicates the number of standard devia-
tions that the observed and estimated trips by mode differ. A
higher value will denote a more significant difference. Values of
this statistic are shown in Table 23.

® The "correlation coefficient" and the "correlation ratic" as de-
fined for this model, indicates an acceptable comparison of results
(Table 23).

Overall, this model is a reascnable representation of the observed
trip data. Some inaccuracy may result from the uée of certain variables
and the sanple size used for several alternatives. The model provides an
excellent fit to "Automobile-drive alone" trip patterns, although in other

cases, some differences are observed,

MODEL 4

The variable travel time was used {(in one form or another) to ce-
scribe the (dis)utility of using a particular mode for work trips along
with other variables in this model. Model 4 is somewhat similar to Model
3. The major diffeyences between the two mode]é are that the variables
indicating zonal employment (EMPLY) and Resident Labor force (RLF PEK
ACRE) are eliminated in Model 4. A cost variable is included for the
"Automobile = three or more passengef" mode {WTHREE), some bias coeffi-

cients are eliminated along the variable ZERO AUTOS (The number of zero
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auto families per zone). The disutility equations for Model 4 are shown

in Table 24.

Table 24 - Formula Specification for Model 4

Mode Coefficient Variahle
DA = At * TIMEDA
F ’ ¥ PENTIUE
+ A BIAS
R I D ——
WTWO =AY O TIME2
+ B2 * POP PER ACRE
+ P2 BIAS !
R il EE E -
. + C4 * COST3
....................................................................... PP BIAS e
TRANSIT = AS » WTRNS TIME
........... + 8BS LLE AUTOS PER POP
VTTTBTAR

The values of the variables and the correlation matrix of the inde-
pendent variables are shown in Table 25. The independent variables were

obtained from the calibration file (Table 19).
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Table 25 - Statistical Summary of Independent Variables

VARIABLE STANDARD LARGEST SMALLEST

TIMEAR 18.32 8, 71.10 3.10 MINUTES

TIME2 20.32 9,00 72.10 4.10 MINUTES

5 POP PER ACRE i5.06 19.79 268.69 0.00 POP/ACRE
9

B 4 (- 5 - < B N - - £ U o B - D To S 6 € ¥ V-

Q
Hel
i

WL LOSTE e 2022083 1836008 CENTS L
8 WTRNS TIME 266,00 211.53 500.00 22.00 MINUTES

T RTEE BER PG e T R T RS ST S e T RGO PEE T
P

JGORRELATION MATRIX OF INDEPENDENT VARIABLES: ..

i 2 3 4 5 6 7
LB
L1640
.9870
9967
T0493
.9971
.0579

. 1693
2O OO e e eee ot et eee s et et eer et remrn
L0708 0.0430770 o

1626 1.0003 O.
9 ...0.0565 ©.0585 ©.0685 0.5053 O.0583 . I
UHRRETTTOUEEET O A48T U334 7093247703340 G oY
.0426 -0.0882 -0.0123 -0.0123 -0.0366 -0.0125 -0.0142
L0185

0 00CO00

1

‘000000000

From the ULOGIT calibration process, the final values of the

coefficients were calculated as shown in Table 26.
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Table 26 - Final Coefficient Values and Other Statistics for Model 4

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

CCOEFFICTENT T FTNAL T STANDARD YT GRADTENT LOWER T UPPER
NO. NAME VALUE ERROR RATIC (IF BND.) BOUND BOUND
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TPHE INTTTAL VALUE OF THE LOGLIKELTHOOD WAS -0.52428F 04, 77
WHILE THE FINAL VALUE WAS -0.52428E O4 AFTER 1 ITERATIONS.

CTHE LBGUTKELUTHOOD WITH ALL ZERD COEFFICTENTS T8 -0Ui6360E 68,
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04.
JHE LARGEST LOGLIKELIHOQD FOR THESE DATA AND ANY MODEL 9.0 i

TEST DF EQUAL PROBABILITY HYPDTHESIS 1S 0.2223E 05
MITH 10 DEGREES OF FREEDOM. e

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS  207.2
JMEITH 6 DEGREES OF FREEDOM.

PSEUDO R-SQUARE = .680

In assessing the effectiveness of the model in explaining the re-
sults, a review of the application of the variabies was conducted as fol-
lows:

’ / .

@ The travel tine data (TIMEDA, TIMEl, TIMEZ2, TIME3, WIRNS TIME)

represents a “disutility" factor. Longer travel times will result

in less trip-making by the specific mode.
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® The PENTILE factor represents a "utility". As the income Tevel
increases, the more desirable the “"Automobile-drive alone™ (WDA)
mode becomes.

@ The "population per acre" represents a "disutility" factor. - The
higher the population per acre, the lower the trip-making charac-
teristics by the “Automobile-two passengers® (WTWO) mode occurs.

® The travel cost factor (COST3) represents a "utility" factor. As
the costs of a trip increases, the nore likely that the "Automobile
- three or more passengers" (WTHREE)} mode would occur.

@ The "autos per population® factor represented a "utility". It is
assumed that the nunber of transit trip.'woqu increase with an

increase in the number of autos per population.

For all cases, except the “autos per population" facter, the varia-
bles and coefficients adeguately explain the trip characteristics. The
"auto per population" factor results in some inaccuracy for the transit
trip estimates. This factor, however, is not considered significant in
the model descripton of the observed data.

In reviewing the significance of the facters, the T-ratio's are given

in Table 26. Considering a 95% confidence level (T-ratio=1.96), all vari-
ables are considered significant in defining the trip characteristics
except for the "autos per population® data used in explaining transit trip
characteristics., Excluding this factor would result in a slight change 1in
trip-making characteristics.

A comparison of the observed vs. estimated trips is provided in Table

27.
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Table 27 - Comparison of Observed vs, Estimated Trips for Model 4

§TH. CORi. T CORR. NG
ALTERNATIVE  ORSERVED ESTIMATED RESIDUAL CDEF. RATID CELLS
"wﬁinmm“mmzmmm":m§;é§?6"m::m§;;;;?"m:::i;%%; ...... 6:665 ...... 6:65§““:::¥§“
HONE 945.0 858.9 =0.438 ©.000 o.o01 .7
WTWO 219.0 297.7 0.086 0.001 ©.000 3
B e B S R eSS S e
TRANSIT 85,0 118.4 -3,119 0.010 0.033 22

This comparison displays an excellent match for trips by all modes
except "transit" trips. The discrepancy occurring in transit trips can be
partially attributed to the small sample size used to define the model and
the variable selection mentioned earlier within this model description.
Other statistics relating to the model inciude:
® The "pseudo R-square" value is 0.680 which relates an acceptable
fit of the data {Table 26}.

® The "standardized residual® (Table 27) indicates acceptable compar-
isons of the observed vs. estimated data for all modes except the
transit mode. The transit comparisons, however, represent a moder-
ate level of confidence in the compared data. It should be nhoted
that transit is & small percentage of overall trips (<1.0%) and the
small sample size may cause some of the discrepancy.

® The “correlation coefficient" and the “correlation ratic" (Table

27) indicate an acceptable comparison of results.

This model produces a highly favorable representation of trip-making
characteristics for the observed data. Some discrepancy exists within the
transit wode, however, which may be related to the lack of an adequate
saiple size. An adjustment factor included in the disutility equation for

the transit mode may alleviate some of this discrepancy.

80



MODEL 5

In specifying the formula in this model a variable for "out-of-pocket
costs per person” was defined and used to describe the fdis)uti?ity of
using a particular mode for work trips. The out-of-pocket costs for auto
modes inciude a travel cost {per mile} plus parking costs. The cests are
assumed equally divided amongst the riders. For transit trips, a 35¢ fare
is used for all trips (which is representative of the fare system and rate
used in 1978)., In addition, to variables representing travel time (TTR)
was used to describe the (dis-)utﬂity of travel by transit. The formula
specification for Model 5 is shown in Table 28.

Table 28 - Formula Specification for Model 5

Mode Coefficient Variable

WDA evrmrremeresssmassree e A rsrrerenrg o BENTILE .
. R

O e

B2 BOST A
YBTAYT

IO e

in

LEBY e 2C0ST2
¥BIASY

WIHREE - AR e EOP PER ACRE . .
MTHREE s 5 e

TRANSIT e e e D et Rt e
’ 85 *VRNS FARE

cs * AUTDS PER POP

+ +§ﬂ

The values of the variables and the corkeiation matrix of the

independent variables are shown in Table 29.
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Table 29 - Statistical Summary of Independent Variables

JARIABLE STANDARD  LARGEST SMALLEST o e
NORAME MERN DEV. VALUE VALUE ONTTS

DAPENTILE 3208087 5,

2 COSTDA . 63.35 47.64 330.00 7.00 CENTS
T T R TR T R TR RS T RENEE T

4.C05T2 22:10 15:89 .314.00 L .8.83 CENTS .

% POP PER ACRE i5.07 i8.78 268.69 0.00 POP/ACRE

TRNS FARE 18,30 17.41 35.00 0.0 CENTS

P

(CORRELATION MATRIX OF INDEPENDENT VARTIABLES: oo,

2308 ©.2302 0.231% -0.11688 L 0.2306 .
3616-0.36167-0.36068 01186 70,3627 <0896
.0628  ©0.0620 ©0.0634 -0.0979 0.0611 0.0762

© oo ais W
[sNeRoloNoNaHeRalsa)
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o
-
Foy
[]
F-9

The final values of the coefficients were calculated from the ULOGIT

calibration process as shown in Tabie 30.
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Table 30 - Final Coefficient Values and Other Statistics for Model 5

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE: \

CEOEEFTCTENT TR INAL TS TANGARD Y ST ERAD TENT T LOWER TTUPPER ™

NO. NAME VALUE ERROR RATIC (IF BND.) BOUND BOUND
...... e
2 Bi 0.0146 0.0026 5.65
3..82 0.0272 0.0053 .5.11
"TATTBIASH TTOIEFIATTTTe 6B T A
5 B3 0.0498 0.0090 5.52
_6__BIAS2 2.1111 0.1559 13.54
T RE TTEUB40T TG I00797 s
8 B4 0.1566 0.0107 14.67
e A e d2 8294 0.1439 9.24
107788 070031 061387779723
11 €5 -0. 1500 0.6023 -0.25

THE INITIAL VALUE OF THE LDGLIKELIHOOD WAS -0.16360E 05,
JWHILE THE FINAL VALUE WAS -0.54299E 04 AFTER 9 ITERATIONS. o

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0.i6360FE 05,
“WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT 15 ~-0.53464E 04.
THE LARGEST LOGLIKELIHOGD FOR THESE DATA AND ANY MODEL 0.0

JTEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2188E O5 e
WITH 17 DEGREES OF FREEDOM,

_TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS -166.9
WITH 7 DEGREES OF FREEDOM:

.PSEUDG R-SQUARE = .668 ...

In assessing the effectiveness of the model 1in explaining thé re-
sults, a review of the application of the variables was conducted as shown
below.

® The PENTILE factor represents a "utility”. As the income leve]

increases, the more desirable the "Automobile-drive alone" (WDA)
mode becomes.
@ The COSTDA factor represents a "disutility". As highway user costs

increase, the "Automobile-drive alone" trips decrease.
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@® COSTL represents a "disutility" factor. As the highway user costs

increases, it is expected that the “"Automobile - one passenger"
(WONE) wmode trips will decrease.

@ The C0ST2 factor represents a "disutility". As the highway user

cosf increases, the likelihood of trips in the “"automobile - two
passengers” (WTW0) mode decreases.

® "Population per acre"” represents a disutility factor. As popula-
tion density increases, the “Automobile - three or more passengers"
(WTHREE) mode is expected to decrease.

@ The COST3 factor represents a "disutility”. As the cost increases,
the “"Automobile - three or more passengers” (WTHREE) trips de-
creased.

® The TTR factor represents a "disutility”. As the travel time ratio
(TRANS1T/AUTOMOBILE) increases, the likelihood of transit use would
decrease,

@ The TRNS FARE factor represents a "disutility". As the fare in-
creases, the trips using transit are expected to increase.

® The "AUTOS PER POP" factor represents a “"utility". It 1is . assumed
that as the automobile availability increases, the number of trans-
it trips would increase.

In one instance, the variable did not represent the “disutility"

which would be expected. The variable is the AUTOS PER POP factor for
TRANSIT TRIPS.  Zones in which autowobile availability is Tow should

encourage more travel by transit. For the other cases, the variables and

coefficients adequately explain the trip-making tendencies.

In reviewing the sjgnificance of factors, the T-ratios are given 1in

Table 30, Using a 95% confidence level (T-ratio = 1.96), all factors for

the "Automobile-drive alone", "Automobile - one passenger", and “"Autonio-
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bile - two passengers” and Automobile - three or more passengers"” modes
are considered statistically insignificant. The T-ratio cofresponding to
the TTR variable for the transit mode is also considered significant. The
other variables for the transit mode, TRNS FARE and AUTOS PER POP have an
insignificant impact on the disutility eqguations as shown by the T-ratios.

A comparison of the observed vs. estimated trips is provided in Table
31,

Table 31 - Comparisons of Observed vs. Estimated Trips for hModel 5

.................................................................. s s
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS
Gk T F o e

MONE i, 348,0 844.3 0.058 0.000 0.003 12
WTwWo 219.¢ 218.8 0.009 0.002 0.001 6
TRANSIT 86.0 86,4 -0.048 0O.009 0 003 16

This comparison indicates an excellent match of all modes except the
"Automobile - three or more passengers” {WTHREE) mode. This discrepancy
cah be primarily attributed tc some degree of insensitivity to cost fabt-
ors in the 1966 travel data. To reflect the impact of existing cost fact-
ors, more recent trip data should be acguired.

Other statistics relating to the model include:

@ The "pseudo R-square" value is 0,668 (Table 30), which represents

an acceptable fit of the data.

® The “"standardized residual®™ (Table 31} indicates very good compari-
sons of the data for the “"Automobile - one passenger", "Automiobile
- two passengers", and “transit" modes. The "Automobile-drive
alone" represents an adequate comparison, and the “Automobile -
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three or more passengers" modes represents a poor comparison of the
estimated results to the observed data.
. The "correlation coefficient® and the "correlation ratio" (Tabhle

31) indicate a good comparison of the data.

/.2 Comparison of Work Model Results to the Observed Trip Tables:

As described in Section 3, one of the most important tests of the
model is a comparison of the estimated results to the observed results for
the entire trip table (100% of the sample).

Each of the models for work trips described in 7.1 were tested using
the total person trip table (for work trips) to provide mode split infor-
mation using the UMODEL computer program. The results of mode split are
shown in Table 32. This table shows the following results on a total trip
end summary basis.

® Model 3 appears to be an excellent prediétor of "Drive - Alone"
automobile trips. This model under-estimated the number of "Auto-
mobile - one passenger" trips by a small amount and over-estimated
the higher occupancy automobile trips and transit trips.

@ Model 4 did a very good Jjob of predicting mode split for all of the
auto modes but over-predicted for transit trips. This over-predic-
tion of transit trips may be due to poor formula specification or
inaccuracies in developing the transit trip tables (see Section
4,2).

@ Model 5 did an excellent job in predicting the number of trips for
the "drive alone"”, "one passenger" and "two passenger" auto occu-
pancy mcdes and transi{. This model, however, over-predicted the

number of "three or more passenger” auto trips.
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Table 32 ~ Comparison of Observed vs. Estimated Mode Split for Work Trips

. Estimated Trips

Observed Model 3 | Model 4 | Model 5 | Model 4
Mode Trips Trips Trips Trips Adjusted
Drive Alone{ 175,690 175,262 | 174,870 | 173,943 | 175,759
1 Passengerj 18,934 16,357 19,205 18,947 19,306
2 Passenger| 4,395 6,485 4,355 4,386 4,386
3+ Passengey 2,607 3,055 2,578 4,349 2,569

A Transit 1,721 3,027 3,337 2,386 1,879
203,347

Table 33 - Comparison of Observed vs. Estimated (Model 4) Trip Length
Frequency Means and Variances for Work Trips

Brive 3 or More
Alone 1 Pass. 2 Pass. Pass. Transit
Mean * -- * ¥* *
Observed i8.320 17.930 17.924 18.498 40.15¢2
Estimated 18.279 18.125 18.147 18.320 40.369
Variance * * * * -
Observed 79.195 93.990 95,486 91.193 199.055
Estimated 81.271 80.090 82.500 80.400 263.571

* = No significant difference at 95% level of confidence.
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In an attempt to test the “goodness of fit" of the models to the ob-
served trip data on a trip interchange basis, a comparison of trip length
frequency (TLF) curves for the observed vs. estimated trips by each mode
was performed. This check would assure that the trip data from the two
sources weré from the same population or distribution., This test, al-
though not entirely conclusive, would be a good indication of the accepta-
bility of the model.

The comparison of observed vs. estimated trip length frequency curves
was conducted Tor Model 4. This model was selected for this test because
it had best match of mode split to the observed trip table. The TLF
Cur?es for Model 4 were obtained using the UTPS pfogram UFMTR.  These
curves are shown in Appendix 1. The observed TLF curves for work trips
are also shown in Appendix 1.

A visual comparison of the TLF curves shows similarity in the curve
form, particularly for the 'Drive Alcne" automobile mode. The observed
TLF curves for the other autc modes and transit nmdeé, however, are not as
continuous {or smooth) as the estimated TLF curves. In most situations, a
smoother, more continuous TLF curve is expected for observed trip data.
The small number of trips, some "locational biases", or other reasons nay
be the cause of the discontinuities in the observed TLF curves.

A rpore accurate comparison between the observed and estimated TLF
curves can be made using statistical testing procedures. The outputs of
the trip length frequency data computes the mean, variance, standard
deviation, and the sample total used for the TLF curves (see Appendix 1).
Using these data, statistical tests fbr the niean and variance of the two
populations were performed. The test of the means of two populations was

performed as follows:
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2 2
31t 352
iy ong

Where: 7 = difference in means

X1 = mean of population group 1

X2 = mean of population group 2
2 ) .
St = variance of population group 1
2 : . ‘
Sp = variance of populaticn group 2
Ny = sample size of population group 1
n, = sample size of population group 2

To use this test, the hypolhesis: that ihere is no difference in the
mean is made, or: |

HO: g1 =4y
At the 95% Tlevel of confidence, if Z > 1.96 the reject HU and the
conclusion is that the means are from different populations. 1If Z.<1.96,
then HO is accepted and the conclusion is that the means are from the same
popu?atfon.

Similarly, the test of variance (the shape of the curve) is used to
determine that the population groups are from the same population. This

F-test is of the form:

2 2
51 52 )
Fo= — or F == Lwhichever is larger]
2 2
52 S1
Where; F distribution of variance test

51
Sp

variance of population group 1
variance of population group 2
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In the F-test, it is customary to utilize the larger value of vari-
ance in the denominator regardless of the population group. For large
population groups, the critical F value is 1.20. As such, if the calcu-
Tated "F" value is less than 1.20, the variances are considered similar
and represent population groups from a simi?ér pop&1atfon. Using the
F-distributicn tables and a 9%% confidence level, the similarity of vari-
ances can be determined for all situations. Table 33 shows the results of
these tests on comparisons of the estimated and observed trip data.

The results of the T-test of means and the F-test of variance indi-
cates an acceptable fit between the TLF curves from Model 4 and the ob-
served TLF curves in 8 out of 10 cases.

In an attempt to investigate the possibility of more closely matching
the estimated trips (Model 4} and the observed trips, an adjustment factor
was applied to the (dis)utility function for transit trips. The results
of the trip end summary is shown in Table 30 under the column "Model 4
adjusted", The adjustment factor used was 0.54 times the utility of
travel by transit. The adjustment used in this model does nhot result in
significant changes in the travel patterns. It is generally not advisable

to use models which required large adjustment factors.

/.3 logit Models for Non-Work Trips -

The results of the Togit models which were formulated and calibrated
to describe mode split for nonwork trips are presented in this section of
the report. At the outset of the modelling exercise, the variables were

selected from the calibration file to define the nonwork trip character-
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Table 34 - List of Variables in the Calibration File for
the Five-Mode Models for Non-Work Trips

e S g g g g Vg g S o e 3 4+

e —— A e o —————- +
|VAR 1D #|VARIABLE NAME fumits | fvar ID #lVARIABLE NAME juniTs |
B e d T T A e +
“TWMHEKHMNIDESTINATIQN SaNE T
L R kath S it L e L +
[...28 _...I_W.PA fTrips |
e Fommmc s e emma e Fmmmmwm—— +
j 26 | NWONE jTriPs |
trooooon RoSITInImnoIIr TIIIIIIIITACIoooIIIR
T G [FRIPE ]
R o m . ————— e — = —— = b ———— +
|.....28 INWTHREE jtrips |
From e B e +
-} - 29  |TRANSIT fTrirs |
boooooo STdmmemmmmnl S nIIIIIIIIIIA e i
Lhoooooo ]pop e IPDP/DU [
________________________________________ 4
[POP PER ACRE [pop/acnel
|PDP IPDP/1OO 1
Fom e na - —-—— '— --------- e — -
IAUTDS PERPOP IAUTD/PDP[
B s St o ———— +
I QPENTILE _|PENT |
4 T 6 o ————— *
] 12 |PDPULATION |PERSONS | | a5 iTIMEi |MINUTES |
AonmmnninYo o mo ool LIITIITInIRS e I et TnTTIIIIIIIIIIIIT et
q 13 T OWELLTNG UNETYS JORITS ™ i e | TIMEZ JHINGTES T
dorm o ———— e e e e R +
AMINuTES |
L e I P B +
{cenTs |
A e e e T IIIIIII A o
}CENTS ¥
T Ll T T SEEpE +
. .._,iCENTS....A..A.!..
+
T ;TIMEDA tM:NUTEs ] | 41 |cost3 ;cawrs I
SR TnIIITITyIoIITIIT IIIIIIIITIIIRT T e e e e T III T
FrrieT T TRNS TTIME JHINGTES™ ] [T RTRNS TV IME JRINGTES |
el e m L e s —— .- o + b e = Gt e ————— P +
“lm“mQQUNN}TRNS RUN TIME mm“mmmumMmEMIﬁUTES ] _Jm.miﬁnwmleCESS mmmummWNWmmm”mwwlMINUTES.L
B i i et B e S et b +
} 21 jTRNS WAIT TIME ;MINUTES | | 44 [TTR [MIN/MIN ]
o B e e e o + oo e e +
b as 1HGWY SKiM DISY IMILES™ [ "7 4™ TTRNS FARE ICENTS [
R e e el et - + dmmm - ——— e r e s, ————————— o +
{23 jORIGIN ZONE 1 .
A O PSR g P
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istics of the specific modes. Variables were selectively identified from
the calibration file (Table 34) for incorporation into the logit models

for nonwork trips. A description of the variables is provided in Appendix

4,

HODEL 6

The variable "travel time" was used (in one form or ancther) to des-
cribe the (dis)utility of using a particular for nonwork trips. Other
variables used in the forsulation include Income (PENTILE), Family size
(POP PER DU} and automobile availability (AUTOS PER POP). The formula
coefficient specification for Model S is shown in Table 35. The first
column of Table 35 indicates the mode of travel as follows:

€ NWDA = Automebile - Drive alone nonwork trips

I

NWONE = Automobile - One passenger nonwork trips

NWTWO

i

Automobile - Two passenger nonwork trips

It

NWTHREE = Automobile - Three or more passenger nonwork trips

I}

2 ® @© @

TRANSIT = Bus Service - Nonwork irips

Table 35 - Formula Specification for Model 6

Mode Coefficient Variabie
MDA e S A Y HGMY SKIM TIME
; e FUEY ¥ PENTILE
AMONE e DAY FHONE
' o ¥ BIAS?
T e B WEHTVO
’ + BIAS3 -
WWTHREE B AY U HTHREE
T ’ + B4 * POP PER DU
" iTE8 EUAUTOE PER PGP
+ BIAS
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The values of the variables and the correlation matrix of independent
variables are shown in Table 36, as taken from the calibration file for

nonwork trips (Table 34).

Table 36 - Statistical Summary of Independent Variables

SIARIABLE e STANDARD || LARGEST SMALLEST o
NOTNAME ME&N DEV. VALUE VALUE

2 PENTILE 3.78 1.05 5.00 1.00 PENT
R ————
LDABTMO 3002 B 88240 2.40  MINUTES

5 HTHREE 13.21 7.52  95.60  2.60 MINUTES
LMIRNS TIME 298.7S9 .210.81 .500.00 . ..25.50 MINUTES

8 AUTOS PER PO 0.87 10.214 253.00 0.0 AUTO/POP

o.
0.0162  1,0003 L
T T —
.0196  ©0.0856 0.0216 ©0.0238 ©0.0261
0
)

02461 .0.0579  0.0594  0.0608  0.0827 . @
L0680 700078 D607 00080 L0 0548 R0 055

W= ) B () B
00 00000
H w:
(1]
1]
£

The final values of the coefficients were calculated from the ULOGIT

calibration process as shown in Table 37.

93



Table 37 - Final Coefficient Variables and Other Statistics for Model 6

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

COEFFICTENT FINAL “STANDARD T- GRADIENT  LowiR ~UPPER
ND. NAME VALUE ERROR  RATIO (IF BND.) BOUND BOUND
R g SBTRG T e T L S
2 Bi ~-0.0349 0.0141 -2.48
3 BIAS2 ~-0,0204  0.0558 -0.37 .
TTATBTASE TTOUBI8Y 005867 1398
5 B4 ©.1853 0.01968  9.45
6..AS .L0.0158 0.0021 7.33
78S S0 00610004 -1, 48
8 BIAS 5.4663 0.2773 19.72

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.24573E OS5,
JMHILE THE FINAL VALUE WAS —0.20118E 05 AFTER T ITERATIONS . i

THE LOGLIKELIHODD WITH ALL ZERO CODEFFICIENTS IS ~0.24573E 0B,
_WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS5 ~0.20094E 05,
THE UARGEST "LOGLIKELTHOGD FOR THESE DATA AND ANY MGDEL 0.0

_TEST OF EQUAL PROBABILITY HYPDTHESIS IS 8809.
WITH 8 DEGREES OF FREEDOM,

_TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS -48.70
WITH 74 DEGREES OF FREEDON.

PSEUDO R-SQUARE = .18B1

In assessing the effectiveness of the model in explaining the result,
a review of the application of the variables was conducted as shown
below. |
@ The travel time by automobile represents a "disutility" function.
As the skim time increases, tnc trips for automebile modes de-
crease.
® The PENTILE factor represents a "utility". As the income level
increases, the more desirable the "Automobile-drive alone" mode

becomes.
2

@ The PQOP PER DU factor represents a "disutility". As the population

per dwelling unit increases, the "Automobile -~ three or more

passengers” trips decreases.
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® The WIRNS TIME is a "disutility" factor. As the weighted transit
travel time increases, the desirability for the transit node
decreases.

@ The AUTOS PER POP factor is a "utility" factor. As the automobile

availability increases, the transit usage increases.

For most of these variables, the sign of the coefficient adequately
represents the trip characteristics. The "auto per population® factor
results in a slight inaccuracy 1in the transit trip estimates. This
factor, however, is not considered significant in the model description of
the observed data. | |

For reviewing the significance of the factors, T-ratjos are given in

Table 37. Representing a 95% confidence level (T-ratio = 1.96), all
variables are considered significant in defining the trip characteristics

il

except for the "autos per population™ data used in explaining transit trip
characteristics. Excluding this factor would result in only a minor
change in trip-making characteristics for the other nmodes.

A comparison of observed vs. estimated trips is provided in Table 38.

Table 38 - Comparison of Observed vs. Estimated Trips for Model &

§T0CORRTEORR" NG
ALTERNATIVE  OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS
e G D R e D
NNWQNEHm“m“m"m“mm"ﬂ§91¢9“mmum§§?9¢ﬁuwmmm9;2§?mMQ;99§HMQ;999“mm"mm§m;
NWTWO 2027.0 2021.9 0.122 0©.000 0.0QO 5
T
TRANSIT 63.0 77.1 -1.692  0.002 0.007 16
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This comparison indicates.an acceptable match for all modes. This
test 1s, however, a weak statistical test and does not necessarily pro-
vide conclusive evidence regarding the model's accuracy. A further test
has to be made with this model on the total nonwork trip table (100%
poptlation).

Other statistics relating to the model include:

@ The "pseudo R-square" value (Table 37} is 0.181, représenting

a moderate fit of the data.

@ The ‘"standardized vresidual” (Table 38) indicates acceptable
comparisens of the dafa_for all nonwork trips. 1In particular, the
"Automobile - one passenger” and “Automobile - twb passengers"
modes are highly accurate.

@ The "correlation coefficient” and "correlation ratio" (Table 38}

indicate acceptable comparisons of the data.

Overall, this niodel is a reasonable representation of the observed

nonwork trip data. Its use is favorabie for all of the specified odes.

MODEL 7

In the fornula specification for this wodel, a variable representing
out-of-pocket costs was used to describe the (dis)utility of each moae for
nonwork trips. The out of pocket costs for auto modes included travetl
cost {(per mile) plus parking costs. The costs are assumed equally shared
amongst the riders. For transit trips, a 35¢ fare was used for all trips.
In addition, a variable relating to travel time (TTR) is included in the
(dis)utility equation for the transit mode. The formula specification for

Model 7 is shown in Table 39.
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Table 39 - Formula Specification for Model 7

Mode Coefficients Vgriab?e

L% OO

A e ENTILE
$TEY #COSTOA

NWONE e B e GOSTi
+ BIASH

HUTWE e B 2BOST2
+ BIAS2
1
NWTHREE e = AA e POP PER ACRE
' + 84 * C0O573
TRANSIT . v S BB il TTR ]
T rm——— TTYTBS *TRNS FARE
+ C5 * AUTOS PER POP -

The values of the variables and the correlation matrix of independent

variables is shown in Table 40.
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Table 40 - Statistical Summary and Correlation Matrix of Independent Vari-

ables

TTHE VARTABLES USED FOR CALTERATION ARET ™

CYARTABLE oo STANDARD | LARGEST =~ SMALLEST
NO. NAME ME AN DEV. VALUE VALUE UNTTS

APENTILE 378 505 500 100 PENI
2 CDSTDA 40.42 38,20 430.00 7.00 CENTS
S POP PER ACRE 11. 14 16.83 278.29 0.00 POP/ACRE
B TRNS FARE 18.26 17 .48 35.00 G.0 CENTS

p

JCORRELATION MATRIX OF INDEPENDENT VAREABLES: ot s

1 2 3 4 5 & 7

B et e ORI
i e e : -
1023 .9987
1050 ©.8899
055277762483
. 1027 . 0006
.2631  0.0224 -

: 9989 Mrmesamaasasieameg gy atas TR .
e g et s
9991 1.0004  0.2147

;0235 10.0217  -0.3017  T0.0231
34047V AL ER T e I e - B o - & 7 B N B K I o £ 1

. 1326 .0241 .0237 .0260 -0.0726 ©0.0234 -0.0287
e e e e A AR e R et

O 0i0 = 00 O
o ciocolo

oo

Dl H o, WM
‘00 0lo00ic oo

The final values of the coefficients were calculated from the ULOGIT

calibration process as shown in Table 41.
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Table 41 - Final Coefficient Values and Other Statistics for Model 7

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

EOEFFTETENT T EINAL TS TANDARD Y LT T BRADTENT LOWER T UBPER”
NO. NAME VALUE ERROR RATIC (IF BND.) BOUND BOUND
AT Z6.0208 IR - dc B B 1)
2 B1 0.0268 0.0020 13.75
3..B2 ..0.0478 0.0039  12.36
4 BTASH 61645 0.04683  5.28
5 B3 ©.0773 0.0060 12,98
6 BIAS2 _ 0,6938 0.0508  13.66
TUAA 00035 60015 2.38
8 B4 0.1108 0.0073 15.26
9 A5 .1.0508 O.1111..8.48
TYOTTES T 01838 4505670 88
11 ¢S5 4.3457 0.7905 5.50

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.20049E 0S5,
WHILE THE FINAL VALUE WAS -0.20049E O5 AFTER 2 ITERATIONS. o

THE 'LOGLIKELIHOOD WITH ALL ZERD COEFFICIENYS IS -0.24573E 05,
“WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS5 =0.20024f 05,
THE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0

_TEST OF £QUAL PROBABILITY HYPOTHESIS IS 9048, .
WITH "1V DEGREES OF FREEDOM.

TESYT OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS 1S~ 90.9t
WITH 7 DEGREES OF FREEDOM.

PSEUDD RoSQUARE = 888 s e e e

In assessing the effectiveness of the model in explaining the result,
a review of the application of the variables was conducted as shown
below.

©® The PENTILE factor represents a "utility". As the 1nbome level
increases, the more desirable the "Automobile-drive aione" (NWDA)
mode becomes.

é The COSTDA factor represents a "disutility" in this model!. As the
highway user costs increases, the "Automobile-drive alcne® (NWDA)
trips are expected to become less attractive.

@ COST1 representg a "disutility" factor. As the highway user costs
of this mode increases, the "Automobile - one passenger"

trips decrease.
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® The C0STZ factor also represents a “disutility™ similar to the
other cost variables. As costs increas, the "Automobile - two
passengers” trips decrease.

©® The POP PER ACRE factor represent a “disutility". As the population
per acre increases, the trips using the “"Automobile ~ three or more
passengers" mode decreases.

® The C0ST3 factor represents a "disutility". As the highway user

costs for this mode increase, the trips by “"Automobile - three or

more passengers" mode decreases.

@ The TTR factor is a "disutility", As the travel time ratio

(Transit/Automobile) increases, the trips using the transit mode
will decrease. |

@ The TRNS FARE represents a "disutility" factor. As the transit
fare increases, the transit moce will become less attractive.

® The AUTOS PER POP factor represents a "disutility". As the
automobile availability increases, trips using the transit mode are

expected to decrease.

In this model, the variables relate to the expected travel character-
istics, with the pessible exception of the POP PER ACRE variable.

In reviewing the significance of factors, the T-ratios are given in

Table 41. Using a 95% level {T-ratioc = 1.96), the significance of the
cost factors in explaining the nonwork trip data for the autowmobile modes
is evident. The T-ratio associated with the transit fare variable indi-
cates that it is not a significant factor. The travel time ratio and the
automobile availability represent significant factors while income
(PENTILE), appears to be an insignificant factor in explaining travel

characteristics. 100



A comparison of the observed vs. estimated trips is provided in Table

Table 42 - Comparison of Observed vs. Estimated Trips for Model 7

S S B RG
ALTERNATIVE  OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS
R e e e D
_NHQNE"m"thﬂMﬂMm_ﬁQQILQHmmumﬂ§??;QuMMW"Q;QQQNWQL99§"m9;99§"mmnmm?m“A
NWTWO 2027.0 2023.9 0.073 0.000 0,000 5
T § R Pt R Te e Ce B ant T

TRANSIT .80 .73 .21.037 0,003 0.014 .18

This comparison indiéates a very good match for all modes.

Other statistics relating to the nodel include:

@ The "pseudo R-square" value (Table 41) is 0.184, a moderate fit of
the data.

©® The "standardized residual™ (Table 42) indicates a very good com=
parisons for the "Automobile - one passenger" and “"Automobile - two
passengers" modes. For the other modes, the standard residual
indicates an acceptable comparison.

@ The "correlation coefficient" and "correlation ratio" (Table 42}

indicate a good comparison with the observed data.

Overall, this model represents a very good representation of the observed

non=work trip data. The model was primarily designed to include cost

factors to describe the (dis)utility of nonwork trips. Due to the differ-

ences in behavioral characteristics (since 1968) relating to cost factors,

an inproved model may be calibrated with more recent travel data.
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/.4 Comparison of the Nonwork Model Results to the Observed Trip Tables:

To evaluate the predictive capability of the model, a comparison was
made to the total observed nonwork trip tables. Previous comparisons of
the model resylts made by the ULOGIT pregram only utilized 1.3% sample of
the observed Nonwork Trip Table {which was used to calibrate the model).

Models 6 and 7 were both applied to the total person trip table (for
nonwork trips) to provide model split information using the UMODEL
computer program. The results of the mode split are shown in Table 43.
This table shows the following on a total trip end summary basis.

@ lModel 6 predicts mode split at an acceptable level for the first
three auto-occupancy levels (Drive ‘a1one; cne passenger and two
passengers). There is a slight over-prediction for the "three or
'more passenger" automobile nmode and a over-prediction for transit
trips.

@ Model 7 does an excellent job of matching mede split for the "one
passenger” and "two passenger' auto modes. Under—predéctions oCCur
for the '"drive alone" auto medes and transit modes, and an

over-prediction occurs fer the "three of mere passenger® auto mode.

In an attempt to test the "goodness of fit" of the model to the
observed data on a trip interchanges basis, a comparison of observed vs,
estimated trip length frequency curves was performed.

A comparison of observed vs., estimated trip length frequency curves
was conducted for Model 6. This model was se]écted because it had the

best match to the observed nonwork trip table. The TLF curves for model 6
were obtained using the UTPS program UFMTR. These curves are shown in

Appendix 1 as are the observed TLF curves for nonwork trips.
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Table 43 - Comparison of Observed vs. Estimated Mode Split
For Non-Work Trips

Estimated Trips

Observed Model 6 Model /
Mode Trips Trips Trips
Drive Alone 438,087 427,874 : - 432,423
1 Passenger 367,304 366,755 368,792
Z2 Passenger 152,085 151,878 152,726
3+ Passenger| 183,002 193,534 190,506
Transit 4,767 9,597 760

1,145,245

Table 44 - Compariscn of Observed vs. Estimated Trip Length Frequency
Means and Variances (Model 6) For Non-Work Trips

Drive 3 or More
Alone 1 Pass. 2 Pass. Pass. Trans it
Mean - - - - -
Observed 12.317 13.236 12.580 12.364 47,261
Estimated | 12.650 12.646 12;645 12.635 53.481
Variance * * * * -
Observed h2.784 62.703 57.418 54,239 £50.003
Estimated | 57.222 56.889 56.870 55.831 423.401

* = No significant difference at 95% level of confidence.
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A visual comparison of the TLF curves shows a similarity in the curve
form to all auto-occupancy levels. A statistical comparison was made for
the TLF mean and variances between the observed data points and the re-
sults of Model 6. The means and frequencies are shown in Table 44. This
table indicates that there is a difference in the TLF means for all modes
{at a 95% level of confidence). The test for variance indicated no signi-

ficant difference between the observed and estimated results for automo-

bile modes.
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8. SENSITIVITY ANALYSIS

One of the most important attributes in a travel demand model is its
sensitivity to changes in transportation system characteristics. A model
should be developed so that it accurately reflects the possible impacts
resulting from changes in the transportation system due to new alterna-
tives. The model must be able to test new transportation strategies (or
variations in existing transportation strategies) which are of concern to
transportation planners. These transportation system strategies may in-
clude ridership incentive programs, park-and-ride facilities, new transit
systems, etc. As such, the travel demand model must dincorperate those
variables which will be effected by the transportation strategy. For
exanple, if a new parking nanagement program for CBD area calls for in-
creased park{ng costs, a variable representing parking costs should be
incorporated into the (dis)utility function. If new operéting headways
for bus service are to be tested, the model must be sensitive to travel
time {or accessibility), particularly for transit modes.

The ULOGIT program produces a table of elasticities (Report 8) for
each variable which can be used to evaluate the sensitivity of the model.
The elasticities as reported by ULOGIT are defined as “the pércentage
change in alternative choice probability (i.e., demand) expected from a
one percent change in the associated independent variable.l The elasti-
cifies provided by ULOGIT are only defined at a particular point which is
the mean value of independent variables used in the model formuia specifi-
cation (as shown in Report 2). The elasticities will generally not be the
same for other Va]des of the independent variables. A listing of the

elasticities for each model is provided in Appendix 3.

L yLogIT"™ calibration Program", UMTA, FHWA, USDOT, April 1979.
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As a part ofrthis project a total of six transportation system alter-
natives were tested on three Togit models developed in the project. Three
of the transportation system changes involved operational changes to the
transit (bus) system and were tested on Model 4 (five-mode model for work
trips). |

The second set of alternatives involved changing various costs asso-
ciated with travel by autoriobile and transit. These transportation system

changes were tested on Model 5 (five-mode model for work trips). These

tests and their resulis are described below.

8.1 Changes in Transit Operating Strategies

The changes 1in operating strategies which were tested included in-
creased transit accessability by adding new transit lines and variations
in the transit headway. Travel time by the atomobile modes and the other
independent variables remained unchanged. The transit system chahges were

conceived based on alternatives tested in previcus UTPS studies for the

Flint Area.l These alternatives reflected rear-world changes which can
occur in the study area.

?he'sensétivity tests on transit cperating strategies were conducted
using Model 4 (five-mode model for work irips) which was adjusted to match

the observed siode split for work trips. As described in section 6.2.1,

this model incorporated the variable "travel time" into the (dis)utility

formilation.

I "Flint Area Transit Study: The Testing of Short-range and
Long-ranye Alternatives Using the UTPS Modeliing System", Department of
Civil Engineering, wayne State University, 19860.
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Based on changes in the (dis)utility for the transit mode {due to
variations in the travel time variable}, the proportion of trips assigned
to the transit mode are expected to increase or decrease accordingly.
Since the total number of trips remains constant, the number of trips
assigned to the auto modes are also expected to vary.

The three alternatives tested are described below:

@ Alternative A: This aiternative is to decrease transit travel time

by increasing the frequency of bus service. Travel time by transit
is comprised of walk time, plus time waiting for the bus, plus
in-vehicle run time, Wait time for transit, as computed by the
UTPS cémputer program, is a function of 1/2 the operating headway.
When operating‘headways are increased, walk times and in-vehicle
run times remain relalively unchanged, however, the wait time will
decrease. As such, in modelling this alternative, wait time was
decreased by 50%. The decrease in wait time represents an increase
in frequency of service. The mode split results for this alterna-
tive are shown in Table 45.

® Alternative B: This alternative is to add three transit routes and

increase operating headways to 30 minutes. The transit system
used in this alternative represents the Existing and Comiitied
transit system for the Flint metropolitan area which 1is shown in
Figu;e 7. This transit skim tree for this particular systen was

developed in a study conducted at Wayne State University using

UTPS. /
The three transit routes added to the existing system consists of
the Bristol loop which encircles the City of #lint, a route from

the Flint CBD to the City of Davison (eést of Flint} and a route
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from the Flint CBD to the City of Flushing (west of Flint.) The

operating headway used for the Existing and Committea transit
system is 30 minutes. It is important to note that Model 4 was
calibrated using a 20 minute headway for the base-transit systen.
As such, the accessibility of transit service will increase, but
travel times by transit wiil also increase. The results for this
alternative are shown in Table 45,

Alternative €: This alternative is similar tc Alternative B, with

respect to system configuration (Figure 7). However, the headway

for the entire systemlis keduced to 10 minutes. The results for

this alternative are shown in Table 45,

Table 45 - Mode Split Results For Changes In
Transit Operating Strategies Using Model 4 (Adjusted)

BASE CONDITIONS ALTERNATIVE
MODE (MODEL 4 ADJUSTED) A B C
Drive Alone 175,759 173,306 | 176,302 | 172,165
1 Passenger 19,306 19,026 19,376 18,908
2 Passenger 4,386 4,316 4,397 4 295
3+ Passenger ¢,569 2,553 2,607 2,535
Transit 1,879 5.786 1,179 9,387

The reduction of waiting time by 50% (alternative A) resulted in in-

creasing the transit ridership by a factor of 3 over the base cenditions.

Transit usage increased from .9% of the total work trips to 2.8% of the

total work trips.

The auto-occupancy modes each decreased by an amount of

1.5% to .6%.

Alternative B {adding 3 routes and increasing bus headways to 30 min-

utes) resulted in a sizable reduction in transit ridership, as shown in

Table 45.

‘As a result of the reduction in transit ridership, a slicht
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increase in each auto-occupancy mode was recorded.

Alternative C (adding 3 routes and decreasing bus headways to 10 min-
utes) resulted in a significant increase in fhe use of transit over the
base conditions. This 1increase is approximately five times the base
condition ridership of 1879 daily transit work trips. As a result, rider-
ship of each automobile-occupancy mode decreased by approximately 2%.

These results indicate that the model is highly sensitive to changes
in travel time. Changes in transit ridership also have some form of an

impact on ridership levels for all four remaining modes.

8.2 Changes in Transportation System Costs

Tests on the sensitivity of the model due to variations in transpor-
tation system costs were conducted on Model 5 (for work trips). Model 5
incorporated out-of-pocket costs to describe the (dis)utility of travel
for each particular mode. The costs were defined as a cost per person
(per trip), thus making travel by a high occupancy vehicle financially
desirable. Three alternative cost (or pricing) strategies were evaluated

as described below.

@ Alternative D: This ailternative involved an increase in the out-

of-pocket travel cost (per mile) associated with each automobile
mode. Travel costs were increased from 10¢ per mile (per person)

to 20¢ per mile (per person). The results are shown in Table 46.

® Alternative E: This alternative involved the development of a

downtown parking system management program in the form of a fare
increase. In this alternative, each zone within the City of Flint

which had a high number of employees per acre was assessed an
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additional 50¢ per vehicle parking cost. This plan is intended to

increase the utility of travel by higher occupancy vehicles along
with transit travel for work trips in the Flint area. The results
of this alternative are shown in Table 46,

@ Alternative F: Alternative F is a plan to increase transit fares

from 35¢ to 70¢. A reduction in transit ridership is expected
unless the current transit users are "captive" riders. The results

are shown in Table 46,

Table 46 ~ Mode Split Results For Changes In Transportation
System Costs Using Model 5

BASE CONDITION ALTERNATIVE
MODE MODEL 5 D E F
Drive Alone 173,943 175,738 | 174,176 { 174,086
1 Passenger 18,947 19,273 19,579 18,962
2 Passenger . 4,386 3,284 4,144 4,389
3+ Passenger 4,395 910 2,701 4,353
Transit 2,386 5,960 3,434 2,134

The results for Alternative D and £ indicate that the model is not
properly sensitive to increased ridership costs for the autqmobile modes.
In the calibrated model, the signs of the coefficient are all correct for
the cost variables, however, the T-ratios indicate that cost is a much
more important factor for the higher occupancy modes for automobile tra-
vel., As such, the impact due to an increase in cost per person in the
high occupancy auto modes outweighs the increased disutility cost (per

person) in the drive-alone automobile mode. This results in an apparent
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shift in ridership to the lower occupancy automobile mode (Drive Alone)

which is not representative of what is expected to occur. In both alter-
natives, however, transit is seen as an increasingly attractive mode of
travel. |

These sensitivity results indicate a need to re-siructure the cost
model (Model #5). To correct the apparent discrepancy, the new formula-
tion should have the same coefficient for cost for all auto rnodes so that
everyone will have a similar sensitivity to cost. Income and other like
variables can be used to differentiate between individuals who are rnore
apt to travel in lower occupancy vehicles. A similar reformulation should
be made for Model 7, the cost-based model for nonwork trips.

In Alternative F, transit bDbecomes slightly less attractive due to
increased transit fares. The model indicates, however, that transit fare

at its present level, 1is not a major decision criterion for using transit

by the current riders.
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8. CONCLUSIONS

The broad purpose of this study was to investigate the feasibility of

using the logit approach for (multi)modal-split purposes 1in urban areas

with populations above 200,000 through the use of commonly available data.

A number of conclusions can be drawn from this stqu'regarding the logit

apprcach% the feasibility of using aggregate data for demand estimation

purposes, and the transferability of the model to other urbanized areas

within the State. The conclusions are outlined below:

1.

The logit approach ﬁs a valid approach to travel demand wmodel-
ling both for bimodal as well as for nglti-modal analysis. The
use of a (dis)utility function to describe mode selection based on
a resistance {(impedance) to travel 1is consistent with the be-
havioral aspects of the trip-maker that might influence his travel
decision. Trip-makers normally consider several factors prior to
selecting their node of travel based on the (dis)utility charac-
teristics of each mode. A nmlti—nomia1 logit model attempts to
calibrate a set of travel, socio-economic and land use variables
to replicate such a decision-making process. This approach is
more logical than the diversion curve method and is nore consist-
ent with the theories of travel demand behavior. The diversion
curve technique can treat only two modes at a time unless a sighi-
ficant amount of adaitional effort is expended using complex form-
ulations. Furthermore, diversion curves.a1]0w fewer variables tfo
be used in defining trip-maker characteristics for the same amount

of effort expended in the logit modelling process.

Once a calibration file has been created, several different logit

formulations can be tested by selectively including explanatory
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variables in (dis)utility equations through the use of ULOGIT.
The calibration and evaluation of the (dis)jutility equation can be
accomplished within a short period of time. The traditicnal
diversion curve technique, on the other hand, réquires a signifi-
cant amount of manpower and effort to calibrate a single set of
variables to travel in an area. If a new variable is revised or
added to the calibration effort in the diversion curve .technique,
a large amount of effort has to be invested to calibrate the new

model.

The computer cost to calibrate a logit model ({(using the UTPS
pregram ULOGIT) to a set of observed mode-split data is a function
of the number of data points (observed trips), the number of equa-
tions (moces) and the number of terms {(independent explanatory
variables) used in the model. The number of observed trips (sam-
ple size) is one of the most significant  factors. A typical
ULOGIT computer run in this study which used a 5% sample of the
observed trips (10,165 of 203,347 total trips) in the five node
model for work trips cost approximately 3 to 5 timés the amount of
a calibration run for the diversion curve method (UMODEL) using a
100% sample of trips. Although the ULOGIT computer costs are
appreciably higher for a single calibration run than the UMODEL
computer costs, there is a significant savings in the amount of
time, manpower and number of computef runs required when the
ULOGIT computer program is utilized properly. This can result in
a sizable reduction of 1in the total calibration costs while
obtaining an enhanced travel demand model.
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For large sample sizes, the calibration of a nmulti-modal Tlogit

model {comprised of several independent variables and coeffi-
cients) may utilize a significant amount of computer costs.
However, insufficient sample sizes will result 1in inadequate
fbrmu]a calibration. The trade off between computing costs in
model calibration and the predictive capability of the model

must be duly considered at the outset of the calibration process.

Many of the statistical tests and model evaluation measures pro-
duced by the ULOGIT computer program are inconclusive. The sta-
tistical tests should be used primarily for the purpose of elimi-
nating unacceptable model formulations. The selection of the best
model requires a clear understanding of all the statistical tests,
and should not be based on the highest statistics alone.

In addition, the model should be tested using the total
person-trip table (100% populaticn) to properly evaluate the
models' demand estimating capability. This step requires the use

of the calibrated (dis)utility equations to allocate the total

"~ person trips among the candidate modes through the use of the

UMODEL program, and conducting another set of statistical tests to
assess the goodness of fit of the model. The calibration effort
is not considered finalized without completing this step. A model
that might appear acceptable based on the initial ULOGIT reports

may be found unacceptable when applied to the 100% population.
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The logit approach lends itself quite well to the simultaneous
modelling of several modes representing various levels of automo-
bile occupancy in addition to transit. The ULOGIT program can
calibrate up to 10 modes at a time. It is extreﬁely difficult, if
not virtually impossible, to accomplish this task with the diver-

sion curve method.

The process of lcgit modelling can be transferred to other urban
areas across the State. The specific logit models, however, re-
quire recalibration to each new study area. In recalibrating an
existing model tec & new area, it is advisable to use past values
as initial estimates of the coefficieﬁts. This may reduce the
calibration effort as well as the compufer costs. Because of fea-
tures unique to a particular area, it may be necessary tc include
additional {or revised) explanatory variables within the logit

formutations.

Because the type of data used in the Flint Case Study is commonly
available for similar urban areas, the transferability of the
model to other urban areas for further validation purposes, does

not appear to pose any major problem.

The study shows that the nonavailability of disaggregate, house-
hold data is not a major problem for logit models. While it is
desirable that such disaggregate data be used when available, in
the absence of such data, the use of travel data (being assumed to
be fepresentative of the household in question) can produce valid

and acceptable results.
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10,

11.

The use of zonal averaging of data reduces the variability of the
socio-economic information for the indivicual trip maker. This
reduction in variability causes additional calibration effort and
less "accuracy" in the model. This loss 1in accuracy, however, is
not to the extent such that the aggregate approach is invalid.
Travel data available to most planning agencies is typically
aggregated on a zonal basis, making the availability of household
level (disaggregate) data virtually impossible for demand estima-
tion purposes. Because of the time, manpower and monetary savings
associated with using existing aggregated data, this method is

extremely attractive.

When developing the (dis)utility formulations to be applied to a
study area. The explanitory variables should bé carefully
selected to reflect actual mode choice decision criterion used by
the trip-maker such as travel time or cost. In addition, the
explainatory variables must be quantifiable, predictable and

available for use in the design year. The use of variables that

~do not have the above properties should be discouragéd,

Furthermore, the model should be designed such that it is
sensitive to the transportation alternatives which are to be test-
ed. For example, if a]ternatives in the design year vary with
respect to cost, then travel cost must be included in the wodel
formulation. If travel costs are not expected to vary between
future alternatives, then cost need rot be an integral part of the
model formulation.

These same criteria should hold true when selecting between

different logit models. The selected model must be
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sensitive to the appropriate travel characteristics, and the variables
should be quantifiable, predictable, available and should represent factors

used in actual mode choice decisions.

9,1 Recommendations

This study represents an important effort in utilizing the'1ogét con-
cept to develop mode-split models for urban areas of 200,000 population. A
review of the relevant Iiteraﬁure conducted during the course of this study
indicated that only limited efforts have been made in this direction, al-
though the theoretical use of the logit approach has been long established.
The reasons for such a limited use of this concept in the past is the lack
of requisite data on the household level, and the lack of effort in the
past to orient the use of zonal data to these types of models. As such,
the prime emphasis of this study was to test the feasibility of using logit
models utilizing the type of data most commonly available for urban areas
of 200,000 population or above.

In particular, there are two elements associated with logit models
that make them extremely powerful tools for mode-split analysis. These are
its ability (1) to treat more than two modes at a time, and (2) to allocate
trips in a manner that appears to be consistent with the behavioral aspects
of the trip maker in making actual mode choice decisions.

As outlined earlier 1in the chapter, this study has successfully
addressed this issue and a number of logit models have been developed with-
in the framework of the available data base. The study indicates that the
potential for applying this approach in other urban areas, is quite high,
although further calibration and validation effort is warranted before a
more widespread application of this concept is practiced. Specifically,

the following recomnendations are made:
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More effort should be made to improve the predictive capability of
the models through further “"fine-tuning" of the (dis)utility equa-

tions.

Additicnal data (socio~economic, land use and transit) should be
collected with the objective of further validation of high occu-
pancy mode models with vrising energy <costs and increased
ridesharing programs. Further planning studies are wafrahted to

address travel demand issues related to high occupancy modes.

Since cost is a najdr incentive in high occupancy modes, consider-
able attention should be diverted to déveloping models which 1in-
clude cost variables. Studies should also be directed towards
identifying various time or cost "penalties" related to high occcu-
pancy vehicles (i.e., time or cost penalties  associated with

picking up/dropping off passengers).

Further studies should be directed towards selecting proper sample
sizes for calibrating formulations. In particular, studies should
be directed towards the use of a higher percentage of transit
trips within the sample to improve the calibration of transit
characteristics. A constant sampling rate for all candidate wodes
(as used in this study) might result in a very small sample size
for transit trips. On the other hand, in order to increase the
sample size for transit trips, it would be necessary to increase
the sample size for all other modes by the same proportion. Fur-
ther studies should be made to investigate the use of different
sampling rates for different modes to provide improved formula-

tions for modes with low ridership.
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Further analysis is needed to develop measures for optimum samp-
ling rates that would take into account the trade off's between
the predictive quality of the model and the associated computer

costs for larger sample sizes.

Additional studies are necessary to determine the type of socio-
economic and land use data that may be collected with a conmitment
of minimum resources, but which can considerably improve the pre-

dictive quality of the logit model.

There is a need to collect transit trip data to develop an
"observed" transit person-trip table (which can be stratified by
trip purpose) to use in model calibration. Observed transit trip
tables were not available for this study and therefore had to be
synthesized based on known travel patterns and characteristics of
transit users in the Flint area. It 1is preferable to use actual
observed data for planning purposes, especially in situations when
transit represents a small portion of the total trips. A small
change in transit ridership may make a significant difference in

the calibrated model.

The logit concept should be used in a similar urban area in Michi-
gan, The prime emphasis should be on the sensitivity analysis
of ihe models developed in this study. In testing the sensitivi-
ty, the air quality impact and the impact of various transporta-
tion strategies should be of primary concern. When such a study
is undertaken, the models developed in this study can be further

"fine tuned" with new data.
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APPENDIX 2
SAMPLE INPUT FOR CALIBRATION FILE, ULOGIT AND MODE-SPLIT EXERCISES

This Appendix contains examples of program listings (JCL and some data
items) which were set up to construct a calibration file, calibrate a logit
formulation and utilize the logit eguation 1o perform mode-split on the
100% population of trips using the UTPS computer package. FEach listing is
set up exactly as it was used in the study. A majority of the data items
(interchange data and trip tables) were input directly from tape and are
not shown in this appendix.

The first listing was used to build the calibration file for work trip
using the UTPS program UMODEL. |

The second listing is the JCL and disutility equations used to cali-
brate a logit model using the ULCGIT program. This particular example is
the job set up for Model 4 (time based logit model for work trips).

The third is the Tlisting for the Mode-Split exercise in which the
disutility equations for Model 4 (which wés calibrated using ULOGIT) are

applied to the total person trip tables.



2.1 Program listing used to build calibration file

X MSGLEVEL=1,CLASS=L ,REG!ON=290K

// EXEC PGM=1EBGENER

//SYSPRINT DD SYSQUT=A

//SYSUT1 BD UNIT=TAPE,VOL={PRIVATE,RETAIN,SER=003721),
// DSN=WORK,LABEL=(9,5L) ,D1I5SP=(OLD,KEEP)

//SYSUT2Z DD UNIT=SYSUTS,DSN=6HHTRIPS,DISP= (NEW,PASS),
/7 SPACE=(TRK, (20,20))

//SYSIN DD DUMMY

/&

// EXEC PGM=1EBGENER

//SYSPRINT DD SYSOUT=A

//SYSUT1 BD UNIT=TAPE,VOL=(PRIVATE,RETAIN, SER=005299) ,
/7 DSN=F78KSKT,LABEL=(5,SL) ,DISP={(0LD,PASS)
//SYSUT2 DD UNIT=SYSUTS,DSN=EERBWYSKIM,DISP=(NEW, PASS),
// SPACE={TRK, (20,20))

//SYSIN DD DUMMY

V&l

// EXEC PGM=iEBGENER

//SYSPRINT DD SYSQUT=A

//SYSUT) DD UNIT=TAPE,VOL=(PRIVATE,RETAIN, SER=005299) ,
7/ DSN=FHSKMD,LABEL=(10,SL) ,DISP=(0LD,PASS)
//SYSUT2 DD UN!T=SYSUTS,DSN=£EHSKMD,DISP=(NEW,PASS),
// SPACE=(TRK, (20,20))

//SYSIN DD DUMMY

Va3

// EXEC PGM=]EBGENER

//SYSPRINT DD SYSDUT=A

//SYSUT1 DD UN!T=TAPE,VOL=(PRIVATE,RETAIN,SER=005299),
7/ DSN=FLSUMEX,LABEL=(11,5L) ,DISP=(0LD,KEEP)
//5YSUT2 DD UNIT=SYSUTS,DSN=§8PTSKIM,DISP= (NEW,PASS),
/7 SPACE=(TRK, (20,20)}

//SYSIN DD DUMMY

V&

// EXEC USERCODE,PROGRAM=UMODEL

//USERCODE.SYSIN DD %

./ CHANGE LIST=ALL,NAME=UMDDEL

./ NUMBER INSERT=YES,SEQ1=4L2000,NEWI=442001, INCR=]

c POPULATION PER DWELLING UNIT
C X (30) =X (12) /X (13)
E POPULATION PER ACRE
- X(31) =X (12} /X (6)
E TRANSIT FARE ($.35)
- X (32) =0
F (X (20) .NE.0.D) X (32)=35
g EMPLOYMENT /100
- X {33) =X (5) /100
E POPULATION/10Q0

A(38)=Xx(12) /100



o

AUTOS PER PERSONS

c
X(35)=X (16} /X (12)
C
C INCOME PENTILES
c
FF (X (2) .LT.L4960) X (36) =1
PF(X(2) .GE.LS60.AND. X (2) .LT.7520) X {36)=2
FF (X (2) .GE.7520.AND.X(2) .LT.9920) X (36)=3
FF (X (2) .GE.9520.AND.X (2) .LT.12000) X (36} =L
FF(X(2) .GE.12000) X (36)=5
c
» HIGHWAY TIME {1,2,3+ PASSANGERS)
C
X{37)=X(18)+1.1
X{(38)=x{(18)+2.1
X{39)=x(18)+3.7
C
c HIGHWAY COST (0,1,2,3+ PASSANGERS)
C
X {h0) =10.0%X {22)+X {15)
F(X(40).LT.7.0) X({k0)=7.0
X (L) =x(L0) /242.0
X (Li2) =X {(L0) /3+4,0
X (b3) =X (L40) /4+6.0
C
C WEIGHTED TRANSIT TIME
o TIME = 1.5 % WALK + RUN + 2 % WAIT
C
XLy =1,5%{X{19) ~X {20} -X (21} ) +X (20} +2%X (21)
FE{X(20) .EQ.0) X ({Lk)=500
c
C TRANSIT EXCESS TIME
C
X {(k5) =X (19) -% (20)
IF{X{20) .£EQ.0.0) X (hk5) =
C
c TRAVEL TIME RATIO (TTT/TTA)
C
X{L6)y=Xx(19) /X (18)
F (X (46} .GE.7) X(46)=7
IF (X (20} .£G.0) X {46)=7
/%

// EXEC UMODEL,TIME=30,REGION=290K,

/7 AB='DSN=8EHHTRIPS,SPACE={CYL, (1,1))

// - J1="DSN=GEHWYSKIM, SPACE=(CYL, {(1,1))"

// J2="DSN=FEPTSKIM,SPACE=(CYL, (1, 1)),

/7 J3="DSN=EEHSKMD,SPACE={CYL, (1,1))

/7 J8="DSN=CWORK,VOL=SER=008693" ,UNITJB=TAPE

//UMODEL .FT18F00Y DD &J8,UNIT=TAPE,LABEL=(13,5L),D|5P=(NEW,KEEP)
//UMOBEL.AY DD =

1 6682 5 5 1260 88 27 ! 30 30 0 634 351 2hkL 0 272234
2 K266 5 5 105 K5 2 2 32 19 0 11 5 L25 27 7
3 7465 5 5 2855 L) 1 Vo250 11 3 181 135 7075 77 B3
L Lhhkg 5 5 2960 3B 1 0 28 9 0 3L 47 1375 16 43
5 6340 3 3 1376 28 3 ] V7 7 0 76 LB 2540 29 28
6 5172 3 3 1274 29 3 0 19 7 0 126 96  LB50 155134
710823 3 3 1569 37 3 ] 1320 0 12b 75 LB 0 45 37
8 6943 3 3 1261 K9 12 1 17 15 & 637 239 237 0 229 94
9 6773 2 2 373 69 22 3 kY 1 2 653 288 251 0 31911k

2-3
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250 6225 1 1 22 295 2] 0 273 1 0 68 22 250 11 ©
25114696 1 1 115 1861 586 0 1202 73 0 3871 1281 1447 01478 25
25220936 1 1 B2 LD6 24B 0 157 1 0 Y451 460 543 0 705 O
253 82986 1 1 13k 337 186 0 141 10 0 1935 635.7230 57 O
25L14203 2 2 343 BO2 383 0 LO3 16 0 2661 B20 995 01476 24
2551057 2 2 252 221 64 0 136 14 7 726 223 271 0 353 10
256 B938 2 2 658 602 157 B 294 50 93 3B21 1152 1470 01452 72
257 8120 2 2 425 313 56 16 199 4] 1 1501V 377 578 © 66L 62
258 BL15 2 2 216 107 25 0 69 13 0 1390 588 766 0 688 54
258 9770 2 2 213 340 107 T 200 31 1 1873 5LL 759 0 745 12
26011813 2 2 251 319 77 0 225 17 0 B3 374 378 O 432 12
261 9652 2 2 630 163 43 0 6L 56 0 Bog 66B 346 0 428 28
26212189 1 1 457 319 234 0 49 36 0 1257 478 L95 0 657 5
26312682 1 1 376 6LD 515 2  B6 37 0 3059 1426 1204 02167 55
26430782 1 1 277 943 187 1 683 48 24 1427 442 511 0 386 7
26514183 1 1 70 355 161 0 197 3 0 666 212 238 0 272 ©
26611524 1 1 g8 1860 207 3 1651 5 0 1046 327 374 © 525 D
26712548 1 1 90 3270 250 12993 14 12 761 232 2720 376 ©
26813041 v 1 297 5333 51) 5 k617 70 130 4182 1324 1657 02247 45
26911602 1 1 3Bg 1541 216 L 1270 B 3 2812 927 115L 02006111
27011602 1 1 1916 2731 L0141 2078 191 20 4934 1563 1873 03432111
27111602 1 1 0 564 28 0 515 L 17 243 B6 96 0 167111
27211161 11 5 5535  h2g 2 L937 B 163 2835 BB7 1123 0 L41 17
27311902 1 1 20 33B3 268 1 3109 5 0 951 293 340 0 634 14
27413761 1 1 176 2935 299 1 2626 7 6 1522 A4B7 5BL5 O L96 7
27512466 1 1 214 2031 23 0 1794 6 0 Bs6 714 337 0 587 o©
27614571 1 1 220 417 76 23 300 18 0 769 194 1303 0 338 O
277 055 34 g9] 3 0 988 0 0 5 1 20 0 0O
278 9416 2 2 304 346 L6 28 258 1L 0 300 110 118 0 104 6
27914703 3 3 1800 1014 268 L 727 15 0 713 243 281 0 k5o B
28011302 2 2 553 327 95 2 5k 75 1 1257 L63 495 0 675 L7
28112857 2 2 125 200 96 0 102 2 0 1614 62B 635 0 712 7
282 BgBB 2 2 470 382 4] 5 165 71 0 2026 663 737 0 6B7 &
28310134 2 2 463 1185 176 3 812 63 3) 3920 980 1543 01076 41
28412688 2 2 54 247 93 2 113 11 24 468 100 184 0 208 O
28513180 2 2 269 1498 268 20 1188 22 0 2474 729 974 0 810 14
28614264 2 2 315 304 37 0 261 & 0 150 57 550 102 O
28710114 5 5 2353 757 50 D 668 14 25 3099 106 145 0 227 O
28813728 1 1 33 999 210 0 697 5 B7 2138 749 Bi1 0 LEE ©
28912982 1 1 28 1280 B7 0 1185 B o0 285 71 1020 183 O©
29011505 1 ) 2 2560 182 0 2378 O 0 1332 385 Ly7 0127 ©
29111505 1 1 0 3916 195 0 3719 2 0 667 200 2390 3127 O
29211161 1 1 0 2818 176 0 2640 0 2 533 160 211 0 L&) 17
29312590 1 1 621 1277 212 11042 20 2 2100 634 B6G O 715 34
29413752 1 1 1 36hk3 224 D 3318 5 66 1658 513 657 0 576 10
29510523 ¥ v 23 7384 396 3 6881 2} 93 2682 B4l BBL 0 573 23
29610523 1 1 5 5591 106 0 5485 0 0 465 127 153 O 240 23
29710523 1 3 B 7541 197 2 7330 12 0 1107 307 364 0 573 23
298 9039 1 1 3,3k77 15 03385 17 0 272 77 89 0 584 30
29811896 1 1 133 3494 175 0 3297 22 0 1052 286 389 0 753 25
30011869 1 1 2 3BLo 118 0 3685 0 37 654 179 242 0 753 25
30111865 1 1 8 3630 182 0 3446 2 0 621 165 228 0 7R3 25
3021272Y 11 26 3634 223 0 3406 5 0 710 1B7 262 0 54k 0
30312510 1 v+ 190 752 3159 0 568 25 D 1654 458 600 0 369 O
304312661 1 1 1233 1111 284 0 738 85 L 3649 1003 1324 01413 21
30511852 1 1 19 292L 175 0 27k9 O 0 713 190 2630 90 O
30611852 1 1t 117 LB6E 210 0 4652 4 D 623 167 2300 90 O
307 9050 1 1} 14 990 26 0 96k 0 0 147 33 5L O 43 D
30Brige3 1 21 2B09 146 D 2646 ¢ 7 1877 755 720 0 705 7
309 9050 1 1 22 664 34 D 63 16 0 186 35 6B o0 43 O

2=8



31011093 1 1 5 2935 169 0 2763 3 0 675 227 246 0 705
31113778 11 29 1532 110 0 119 3 0 LB6 97 177 0 87
31212665 1 1 31 1937 201 0 1726 10 0 645 180 235 0 392
31312070 11 5 3734 176 0 3553 5 0 749 24k 273 0 907
31413635 1 1) L8 2784 262 0 2522 0 0 1289 309 L7c 0 203
31520388 1 1 74 1655 503 o 1nn 10 31 2942 878 1158 01046

//UMODEL.SYSIN DD =
#%  FLINT %% CALIBRATION FILE TO BE USED FOR ULOGIT #% WORK TRIPS
EPARAM ZONES=364 &END
EOPTION &END
&SELECT &END

EDATA
1P 1 5 11 ZONE NUMBER
2P 6 10 21 INCOME S/YEAR
3 P 11 12 311 TERMINAL TIME P MINUTES
L A 13 1L b TERMINAL TIME A MINUTES
5 A 15 18 51 EMPLOYMENT PERSONS
6 A 200 24 6 1 TOTAL ACRES ACRES
7P 25 26 71 RESIDENTIAL ACRES ACRES
8 A 30 34 81 INDUSTRIAL ACRES " ACRES
9 A 35 35 9 | UNDEVELOPED ACRES ACRES
10 A Lo - 4L 10 RETAIL WHOSL ACRES ACRES
11 A L5 K8 11 1 RECREATIONAL ACRES ACRES
12 P 4Lg 53 12 1 POPULATION PERSONS
13 P 54 5B 131 DWELLING UNITS UNITS
14 P 59 63 14 1 RES LABOR FORCE PERSONS
15 A 6k 65 15 1 PARKING COSTS CENTS
16 P 66 65 16 1 AUTO OWNERSH!P AUTOS/ZN
17 P 70 72 171 ZERD AUTOS FAMILIES
18 X 1001 TIMEDA MINUTES
18 X 2001 TRNS TIME MINUTES
20 X 2002 TRNS RUN TIME MINUTES
21 X 2003 TRNS WAIT TIME MINUTES
22 X 3001 HGWY SKiM DIST MILES
23 H ] 4 ORIGIN ZONE
24 H 5 8 DESTINATION ZONE
25 H 10 10 WDA TR1PS
26 H 11 B WONE -TR1PS
27 H. 12 12 WTWO TRI1PS
28 H 13 13 WTHREE TRIPS
29 H 1R P TRANSIT TRIPS
30 Px 18 POP PER DU POP/DU
31 Pw 19 POP PER ACRE POP/ACRE
32 X% TRNS FARE CENTS
33 A% ! 20 EMPLY - EMP/100
34 P 21 POP POP/100
35 Px 22 AUTOS PER POP AUTD/POP
36 Px 23 PENTILE PENT
37 K% TIMED MINUTES
38 X% / TIME2 MINUTES
39 X% . TIME3 MINUTES
L0 X% COSTDA CENTS
L1 xx COSTI CENTS
L2 X% COST2 CENTS
43 X% COST3 CENTS
Ll X% WTRNS TIME MINUTES
L5 A EXCESS MINUTES
LE X ' TTR MIN/MIN
99999
F&s

2=9
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2.2 Program listing used to calibrate a logit model

X MSGLEVEL=1,CLASS=L,REGION=230K

// EXEC ULOGIT,TIME=30,REG)ON=290K,
/Y J1="'DSN=CWORK,VOL=SER=008693' ,UNITJ1=TAPE
//ULOGIT.FTI1FO0T DD &J1,UNIT=TAPE,LABEL=(13,5L),DISP=(0LD,KEEP)
//ULOGIT.SYSIN DD =
ESELECT
FIT(WDA=ATXTIMEDA+BY#PENTILE+A BIAS),
FIT{WONE=ATXTINETD) ,
FIT (WTWO=AT*TIME2+B3%#POP PER ACRE+P2 BJAS),
FIT (WTHREE=AVATIME3+CL#COST3+P3 BIAS),
FIT(TRANS I T=AS*WTRNS TIME+B5%AUT0S PER POP+T BIAS),
VALUE (A¥=0.0} ,VALUE (A5=0.0},
VALUE (B1=0.0) ,VALUE (B3=0.0),
VALUE (B5=0.0) ,VALUE (C4=0.0) ,
REPORT=1,2,3,6,8 &END



2.3 Program listing used to perform the mode-gplit process

X MSGLEVEL=1,CLASS=L,REGION=290K
// EXEC PGM=1EBGENER
© //SYSPRINT DD SYSOUT=A
//SYSUT1 DD UNIT=TAPE,VOL= (PRIVATE,RETAIN,SER=003721),
// DSN=WORKTT,LABEL={11,5L) ,D1SP=(QLD,KEEP)
//SYSUT2 DD UNIT=SYSUTS,DSN=6WTRIPS,DISP={NEW,PASS),
/7 SPACE= (TRK, {20,20))
J/SYSIN DD DUMMY
/%
// EXEC PGM={EBGENER
//SYSPRINT DD SYSQUT=4A
//SYSUTT BD UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299),
/7 DSN=F7BHSKT,LABEL=(5,SL) ,Di5P={QLD,PASS)
//SYSUT2 DD UNIT=SYSUTS,DSN=E&6HWYSKIM,DISP= (NEW,PASS),
// SPACE=(TRK, {20,20))
//SYSIN DD DUMMY
I&s
// EXEC PGM=|EBGENER
//SYSPRINT DD SYSOUT=A
//SYSUT1 DD UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005298) ,
// DSN=FHSKMD,LABEL={10,SL) ,D1SP=(OLD, PASS)
//SYSUT2 DD UNIT=SYSUTS,DSN=6EHSKMD, 01SP= (NEW,PASS),
// SPACE= (TRK, {20, 20))
//SYSIN DD DUMMY
/%
// EXEC PGM=1EBGENER
//SYSPRINT 8D SYSQUT=A
//SYSUT1 DD UNIT=TAPE,VOL=(PRIVATE,RETAIN,SER=005299),
// DSN=FLSUMEX,LABEL=(11,5L) ,DISP={0LD,KEEP)
//SYSUT2 DD UNIT=SYSUTS,DBSN=8&PTSKIM,DtSP= (NEW,PASS),
// SPACE=(TRK, (20,20))
//SYSIN DD DUMMY
/%
// EXEC USERCODE,PROGRAM= UMODEL
//USERCODE.SYSIN DD =
./ CHANGE L{ST=ALL,NAME=UMODEL
./ NUMBER INSERT=YES,SEQ1=4L2000,NEWI=LL2001, INCR=1
REAL*L WDA/0.0/,WONE/Q.0/,WTW0/0.0/,WTHREE/C.0O/,TRNS/C.0/,
1 PENT/0.0/,INC/0.0/,EMP/0.0/, TIMEDBA/0.0/,TIMEI/C.0O/,
2 TIME2/0.0/,TIME3/0.0/,WTRAN/0.0/,C05T3/0.0/,PPA/O.0O/,
3 NUMDA/0.0/,NUMY/0.0/ ,NUM2/0.0/,NUM3/0.0/,NUNT/0.0/,
4 . WTRP/0.0/,APP/0.0/,DEN/0.0/
c INITIALIZE TRIP TABLES
TABSO (1) =0.0
TABSO (2)=0.0
TABSO (3)=0.0
. TABSO (4)=0.9
TABSO (5}
TETABR (]
TETAB {
TETAB(
TETAB(
TETAB {
TEPERS
o GIVE V
INC=X (2)
EMP=X {5) /100
PPA=X (12) /X {6)

0
=0
=0,
=0
0
0

« e -
loNelolNelNel

=0.
, 1)
2, 1)
3, 1)
1,2)=
2,2)=

(1)=0.0
ALUES TO INDEPENDANT VARIABLES

]

~11



COST3=((X(22) %.10)+X (15) ) /h+.06
APP=X (16) /X (12)
TIMEDA=X {18)
TIME1=T |HEDA+] .1
TIME2=T IMEDA+2.
TIME3=TIMEDA+3.7
WTRAN=1.5% (X (18} =X (20) ~X (21} ) +X (20} +2%X {21)
FF{X{20) .EQ.0) WTRAN=500
WTRP=X (23)
IF{INC.LT.4960) PENT=1
IF (INC.GE.4960.AND, INC.LT.7520) PENT=2
IF (INC.GE.7520,AND.INC.LT.8920) PENT=3
JF{INC.GE.9920.AND. INC.LT.12000) PENT=L
1F {INC.GE.12000) PENT=5
Covunn EVALUATE NUMERATORS
NUMDA=EXP (-.262%TIMEDA+, 101%PENT+1.529)
NUMT=EXP (-, 262%TIMET)
NUM2=EXP (~.262%TIME2-.011%PPA-1.,076)
NUM3=EXP (-.262%TIME3+,074%C0ST3~1.448)
NUMT=EXP (- .08 1%WTRAN+.007%APP~.831)
IF (X (20) .EQ.0) GO TO 100
Covunn MODAL SPLIT (ALL FIVE MODES)
DEN=NUMDA+NUM1+NUM2+NUM3+NUMT
WDA= (NUMBA/DEN) =WTRP
WONE= (NUM1/DEN) *WTRP
WTWO= (NUM2/DEN) &WTRP
WTHREE= (NUM3/DEN) SWTRP
TRNS= (NUMT/DEN) *WTRP
GO TO 200
Coven MODAL SPLIT (FOUR MODES=-NO TRANSIT)
100 DEN=NUMDA-+NUMI+NUMZ+NUM3
WDA= (NUMDA/DEN) *WTRP
WONE= (NUM)/DEN) *WTRP
WTWO= (NUM2/DEN) *WTRP
WTHREE={NUM3/DEN} *WTRP
Covnn, LOAD TRIP TABLES
200 TABSO (1) =WDA
TABSO (2) =WONE
TABSO (3) =WTWO
TABSO (L) =WTHREE
TABSO {5) =TRNS
TETAB (1, 1) =TABSO{1)
TETAB (2, 1) =TABSQ {2)
TETAB (3, 1) =TABSD (3)
(1 (&)
(5)

TETAB (1,2}=TABSQ
TETAB{2,2) =TABSO
TEPERS (1)} =WTRP
TEPERS (2) =WTRP

// EXEC UMODEL,TIME=30,REGION=290K,
/7 J1="DSN=6EHWYSKIM,SPACE= (CYL, ( 1,0
// J2="DSN=6EPTSKIM,SPACE=(CYL, (1,1}) ",
// J3='DSN=65HSKMD,SPACE=(CYL,( nit,
/7 Jh="DSN=EEWTRIPS,SPACE=(CYL, (1,1)) !
/7 J9="'DSN=WORK2, VOL=SER=007670", UNlTJ9 TAPE
//UMDDEL.FTI9FO0Y DD EJO,UNIT=TAPE,LABEL=({16,5L) ,DISP= (NEW,KEEP)

2=12

o



//UMDDEL.A1 DD *

v 6682 5 5 1260

2 5266 5 5 1051

3 7465 5 5 2855

@

@

@
304712661 1 1 1233
30511952 1 1 19
30611952 1 1 11
307 9050 1 1 1k
30811903 1 1 21
309 9050 1 1 22
31011093 1 | 5
31113778 11 29
31212665 1 1 31
31312070 1 ) 5
31413635 1 1 48

31520388 11 74
//UMDDEL.SYS!IN DD %
%% FLINT

1111
2924
LB66

930
2809

664
2935
1532
1337
3734
278k
1655

data as used

28B4
175
210

26
1hé

3L
168
110
201
176
262
503

EPARAM ZONES=364L,TABOUT=5,TESUM=3, 2,

NAMEOI="DRIVE ALONE',NAMEQ2='1 PASS' , NAMEQ3='2PASS?,

NAMEOL="3+ PASS',NAMEOS='TRANSIT' &END

EGPTION &END

ESELECT REPORT=k,1=1,-315,J=1,~315,PRINT=1,-315 &END

EDATA

HIR ] 5 1
2 P 6 10 2
3P 11 12 3
L A 13 b4
5 A ih 18 5
6 A 20 24 6
7P 25 28 7
8 A 30 3k 8
9 A 35 39 9
10 A LO kY 30
11 A 45 L8 11
12 P Ly 53 32
13 P 54 5B 13
14 p 59 63 ik
15 A 64 65 15
16 P 66 69 16
17 9 70 72 Y7
18 X 1001

19 X 2001

20 X 2002

21 X 2003

22 X 3001

23 7T L4oOd

999399

-

el e et d i d e b b e et ol b et ]

WORK TRIP TABLE

V30 30 0 634 351 2hk-0 272234
2 32 19 0 11 5 425 27 7
H 25 11 3 181 135 7675 77 83
in program listing 2.1
G 738  B5 L 3649 1003 1324 01413 21
0 2749 0 0 7%13 180 2630 G0 ©
G 4652 L 0 623 167 2300 90 o©
0 96k 0 147 33 5L 0 43 O
0 26Lk6 10 71977 755 720 0 JOo5 7
o 614 0 186 35 6B 0 43 o0
0 2763 30 675 227 246 0 705 7
0 1419 3 0 L4B6 g7 177 0 B7 ©
01726 10 0 6L5 180 235 0 392 O
0 3553 5 0 7k9 244 273 0 907 O
0 2522 0 0 1289 309 470 0 203 ©
0 1111 10 31 2942 878 1158 01046 11
MODAL SPLIT2 - FIVE MODES *% WORK TRIPS
ZONE NUMBER
INCOME S/YEAR
TERMINAL TIME P MINUTES
TERMINAL TIME A MINUTES
EMPLOYMENT PERSONS
TOTAL ACRES ACRES
RESIDENTIAL ACRES ACRES
INDUSTRIAL ACRES ACRES
UNDEVELQPED ACRES ACRES
RETAIL WHOSL ACRES ACRES
RECREATIONAL ACRES ACRES
POPULATION PERSONS
DWELLING UNITS UNITS
RES LABOR FORCE PERSONS
PARKING COSTS CENTS
AUTO OWNERSH!IP AUTOS/ZN
ZERO AUTOS FAMILIES
TIMEDA MINUTES
_TRNS TIHME MINUTES
TRNS RUN TIME MINUTES
TRNS WAIT TIME MINUTES
HGWY SKIM DIST MINUTES



APPENDIX 3

ULGGIT REPORTS




MODEL 1 - Two Mode Model

———————————————————————————— ULDGIT OT7UULTT ----===-—mmmmmmmmmmmmeo oo
o MEOGIT  REPDRT e PAGE 4
FORMULA AND COEFFICIENT

OB TTE B ST T LTV EXBRES S GRE i s
JAUMODE e B LANDUSE e
B2 T TEMPLY

A BIAS

+ +in

e s .
INPENT
e RO PR AR s e

PR
[#4]

(THE 6 COEFFICIENTS TO BE ESTIMATED ARE: oo

COEFFICTENT INITIAL LOWER UPPER BOUND
NOL NAME e VARUE BOUND | BOUND  TYPE

h~g

[
[sHeNeRollaRe)
[*HeReNo 1o}

Z

]

=z

m




MODEL 1 - Two Mode Mddel

———————————————————————————— ULOGIT O7JULTT ---mm-mommmmmmmmmmmmmmmeo e

...................... e HEOGIT REPORT 2 s DRGE B

STATISTICAL SUMMARY

CTHE VARTABLES USED FOR CALTBRATION ARE:

YARIABLE o STANDARD LARGEST  SMALLEST o
NO . NAME ME AN DEV. VALUE VALUE TUNTTS

GLLEANDUSE e 180 0T 3000 L 0R CEASS
2 EMPLY 16.21 26.59 169.52 0.0  EMP/100
e e o

CAINPENT i 308802800 100 PENTILE

5 POP PER ACRE 12.77 20.28 298. 11 0.0 POP/ACRE

i 2 3 4
3 ¢.4458  -0.0820
4
&

B 828 0 D B e e i e oo e e
~0.3808 T 0.0392 C0.2867 U 0063

_LDG13 6000 (INFORMATION): THE TOTAL NUMBER OF OBSERVATIONS READ
T U RROM THE CALTEBRATTON FILE IS T 21220
THE TOTAL NUMBER OF SELECTED RECCRDS
LLROM THE CALIBRATION FItE I1s .. .21220
e T OTA T NOVBER GE e BIRRC
POSITIVE (WEIGHTED) VALUES 15 21220

L0616 TEGTO  (INFORMATIONY . COEFFICIENT CALIBRATION PROCEDURE ENDED
BECAUSE OF NU IMPROVEMENT ALONG LINE.




MODEL 1 - Two Mode Model

———————————————————————————— ULGGIT OTUULTT =----mmmmmmmm oo m oo
WULOGIT  REPORT 3 i PAGE 8

FINAL COEFFICIENT vVALUES

THE RESULTS OF THE COEFFICIENT CALIBRATIUON ARE:

CCOEFFICTENT T FINAL ST ANDARS Y YT RRAD T ENT TTUGWER TTURFER T
NG . NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND

T T

1 C

o] o
e BB, 82028 R O X OOV -
47A2 -0 37Ts e A e T S
5 0 o

6 0 o

THE INITIAL VALUE OF THE LOGLIKELTHGODD WAS -0.14703E 05,

WHILE THE FINAL VALUE WAS -0.63663E U3 AFTER 9 TTERATIONS.

JTHE LOGLTIKELTIHOOD WITH ALL ZERO COEFFICIENTS IS -0.14709E OS,
WRITE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS Z078178E 03"
THE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0

R ECT T OE QAL PROEAE T TV VPO TS TS & G aE T gy
WITH 6 DEGREES OF FREEDOM.

CTEST OF TALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS "I dag 3
WITH 5 DEGREES OGF FREEDOM,

S EUGE B G OU AR E T g L

MATRIX OF APPROXIMATE CORRELATION COEFFICIENTS
LAt R T I I et OO O VOO AU

COEF. 1 2 3 4 5 6
—O 265 e - - - T S [ — - " e b e R aaracrmwracareremereor e o .
L e e e

0.038 ©.119 -0.242

0. 183 04008 20 . 008 0 OB e e e e e
0.486 0,297 0.275 0587 -0 087

S B Wi




MODEL 1 - Two Mode Model:

———————————————————————————— ULOGIT QTJYULTT ------=--mmmmm—mmmmmmmm oo
S enreesenrernrennrsen A BGLT | REPORT € rerremrsmnssmsnenerinnn DRBE T
OBSERVED VS. ESTIMATED TOTALS

CTUETHUTCORR CORR.T NG T
ALTERNATIVE  OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS

JTRNS MODE 12800458 n1kB20 0.010 0.010 M8

———————————————————————————— ULOGIT  OTUULTT —-—--mm—mmmmmmommmmmee oo

o MEOGIT  REPORT B i DAGE B

TABLE o F ELASTICITIES

A MODE TRNS MODE
NO. NAME
LANDUSE D 0.745E-04 C
LEMPLY i BU70.200E-04 € 0.
e R O .
c O D
c_0 D

INPENT .90BE-04
.hOP PER ACRE C . 0O

[ IR .

1.000 0.000

2335E708 | D D90 2T0 st s e e

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: oo oo

£ INDICATES A CROSS ELASTICITY.

OF THE VARIABLE VALUES AS LISTED IN REPORT 2.

TOG2EET60 (INFORMATION Y "PROCESSING ENDED FOR &SELEST NUMBER 1 7

L0826 7000 (INFORMATION): THERE WERE172935 EXTRA BYTES

JSINOFF 6700 (INFORMATION): ULOGIT  ENOED AT 45.08.46 (RETURN CODE= O}



MODEL 2 -~ Two Mode Model

———————————————————————————— ULOGIT O7JULTT == m=mmomm e o m e e oo
e JEOBET  REPORT e PAGE AL

FORMULA AND COEFFICIENT

PUHODE e 2 B2 ¥ Hwy COST

+ w0

i
* RETAIL WHOLESALE ACRES
LELPOP PER ACRE o

TTRNS TMODE T

JTHE 6. .COEFFICIENTS TO BE ESTIMATED ARE: e

COEFFICIENT INITIAL LOWER  UPPER BOUND
MNOLNAME L YALUE L UBOUND BOUND TR s s e

0 od IR s
(@]
oicooioo
OCO000
=
(=]
z
(g2}




MODEL 2 - Two Mode Model

———————————————————————————— ULOGIT O7JULTT —-----m=mmmmmmmmmmm—mommmne
L BEBBIT  REPORT 2 e PRGE 8L
STATISTICAL SUMMARY

LVARIABLE . o STANDARD
NG TRAME

.LARGEST SMALLEST

CAHNY COST i 8T 088 B0 010
2 INPENT 3.89 1.02 5.00 1.00 PENTILE
e
LA RETAIL WHOLE &~ 37.63 ...42.82  243.00 DO L ACRES i
SALEACRES
5 POP PER ACRE 12.77 20,28 299. 1 0.0 POP/ACRE

2B A : e et
st - D et ettt et e e e e e
0.2862  0.3441
0 083 O 0T 0 0 OB e e e e
o QB B RN DGR iy e B e - -

LI AN

LOGt3 6000 (INFORMATION): THE TDTAL NUMEER OF DBSERVATIONS READ o
A e e i e ERLTRBATTON TILE T8 o 51555 .
THE TOTAL NUMBER OF SELECTED RECORDS
LFROM THE CALIBRAYION FILE IS 21220
THE TO0TAL NUMBER OF '
POSITIVE (WEIGHTED} VALUES IS 21220

LOGT8 6070 (INFORMATIONY: "COEFFICTIENT CALTERATION PROCEDURE ENOEG 7
BECAUSE OF NO IMPROVEMENT ALONG LINE.




MODEL 2 = Two Mode Model

———————————————————————————— ULOGIT  OTJULTT —=mmm—mwmmsmemmmm e

LHLOGLT REPORT 3 rnrssmrnsninrnn ERBE 8

FINAL COEFFICIENT VALUES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

SRR RS TERT T A S ANB AR S GG TENT T T BWER T ERER T
NO. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND

o
[+
o
w0
0o ooo o
O
T
(o]
w
K
w

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.14708E 05,

TWHILE THE FINAL VALUE WAS “0.65161F O3 AFTERT 8 TTERATIONST

_THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS 1S -0.44709E 05,
WHILE BY INCLUDING FURE ALUTERNATIVE €FFECTS IT IS -G.78178E 03,
THE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0

ST BE EOUAL BREBAE T TV GV BEHESTE VS T BE P G
WITH 6 DEGREES OF FREEDOM.

CTEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESYS T8 g3
WITH 5 DEGREES OF FREEDOM.

E B BB RGO R E T G T

MATRIX OF APPRDXIMATE CORRELATION CDEFFICIENTS
ARCASRO S R AR L I L B OO OOV O

COEF.  f 2 3 4 5 6
070 T BT T R P PP
I e e S
315 0.154 -0.061 :

.128  0.016 0.207 -0.278 e
P

M B WK
ok:ocio




MODEL 2 -~ Two Mode Model

———————————————————————————— ULOGIT O7JULTT mme-m—-——=—m—mmommmmoooo oo

e MEDSIT  REPORT & e PRGE T

0BSERVED vV s . ESTIMATED TOTALS

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS

JTRNS MODE ....128.00 0 188.8 .73.083 0.007 0.016 .23 .

———————————————————————————— ULOGIT OVTJULTT mr==mmmmmmmmmmmmmmmmmmmo oo

TABULE 0F ELASTICITIESTS

e SEOGET L REPORT B e PR GE LB

A MODE TRNS MODE
JNO. NAME
HWY COST D -0.524E-03 C
INPENT D -0.273E-03 ¢
o
RETAIL WHOLE C 0©.958E-04 D
.POP PER ACRE € .0.142£703 D -O.

3 A TR

_PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: s

1,000 €.000

C INDICATES A CROSS ELASTICITY.

CELASTICTTTES ARE EVATUATED A% THE AVERAGE (WETGHTEDY VATUE "

CF THE VARIABLE VALUES AS LISTED IN REPCRT 2.

TLOG26 8100 {INFORMATIONY: PROCESSTNG ENDED FOR &SELECT NUMBER 4 & 7

.L0G26 7000 (INFORMATION): THERF WFRE172936 EXTRA BYTES

P OF CORE ALLOTTED FOR TABLES™

_SINOFF 6700 (INFORMATION): ULOGIT  ENDED AT 15.01.50 (RETURN CODE= ©)



MODEL 2-A - Two Mode Model

———————————————————————————— ULOGIT  OTUULTT ========—mmmmmm oo mmmom e
BN 20552 9L WU SO SO UOOTUONOUUUUUUNOINE 1S
FORMULA AND COEFFICIENT

A D e T B e I BT e
+ B2 * EMPLY
+

A BIAS

T o]

WCOEFFICIENT | INLITIAL | CLOWER - UPPER BOUND e
ND. NAME VALUE BOUND BOUND  TYPE




MODEL 2=A - Two Mode Model

———————————————————————————— ULDGIT OTJULTT —-—-mmemmmmmmmmmmmmem e

e JLOGIT  BEPORT 2 irrrsrnenecnn DRGE LB

STATISTICAL SUMMARY

VARIABLE . STANDARD  LARGEST SMALLEST

CALINBENT e 3288102 B200 L LIGBQL PENTILE s

2 EMPLY 16,21 26.59 169.52 0.0 EMP/ 100

JCORRELATION MATRIX OF INDEPENOENT VARIABLES: oo

1 2
L2....8.8221

(LOG13 6000 (INFORMATION): THE TOTAL NUMBER OF DBSERVATIONS READ.
THE TOTAL NUMBER OF SELECTED RECORDS

TTHE TOTAL NUMBER OF
POSITIVE (WEIGHTED) VALUES IS 21220

“L0GT8 E0TO (INFORMATTONY
BECAUSE OF NO IMPROVEMENT ALONG LINE.

3-11

FROM THE CALIBR&TION FILETIS T2 T

FROM THE CALIBRATION FILE 15 21220 .

COEFFICTENT CALTERATION PROCEDURE TENDED 777777



MODEL 2-A - Two Mode Model

S L LR PP L PR ULOGIT  O7JULTT ~=m--mm=-mmmmmmmmmm oo mmme e

G HEOBIT  REPORT 3. PAGE 8

FINAL COEFFICIENT VALYES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

TCOEFFICIENT 7 T FINAL USTANDARD UFSGRADIENT TLOWER TUPPER T
NO., NAME VALUE ERROR RATIO (IF BND.} BOUND BOUND

I STAN N
o3}
[N
o]
He H
1Q :
03 :
@ o o
Q
Q
<
¥
@
W
5]
W

TTHETINITIAL VALUE OF THE LOGLTKELTHOGD WAS =0 147098 08,
WHILE THE FINAL VALUE WAS -0.64863E O3 AFTER B ITERATIONS.

THETLOGUTRELTHOCD WITH ACLZERD COFFEICTENTS 18 -0 487 g8E 65, 7777
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.78178E 03.
JTHE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0 i

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2812EF 05
T D R S O R R e DO e et oo i

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS  266.3
T 3 DGR OF R R DM . ettt oo

PSEUDO R-SQUARE = .9%56

JMATRIX OF APPROXIMATE CORRELATION COEFFICIENTS o
FOR COEFFICTENTS NOT AT "BOUNGSY

3 C.133 0,020




MODEL 2-A - Two Mode Model

———————————————————————————— ULBGIT OTYULTT —-——-————mmmemmmmcmmmmm oo
e MEOGIT  REPORT 6 o PAGE 7

ODBSERVED VS. ESTIMATED TOTALS
e —

T
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL CDEF. RATIO CELLS

R HODE T TR B85 TS T R G S TR T SE G GG B RRE e

JIRNS MODE . 128.0 18403 02.388 0.008 0.006 35 .

————————————————————————————— ULDGIT  O7JULTT =-==——=-r-m—==m—remrmom oo oo

ULOGIT  REPORT 8 i DAGE 8

TAB8LE 0 F ELASTICITIEES

CUELASTICETY FORTALTERNATTVEY T

A MODE TRNS MODE
NO. MAME e

1 INPENT D -0.388B8E-03 C 1.26

2 EMPLY D -0 430E-04 € 0140

TR T C QUEENE-0Y DT e

e dr 000 e £0990 e

NOTE: D INDICATES A DIRECYT ELASTICITY WHILE

G INDICATES A CROSS ELASTICITY.

ELASTICITIES ARE EVALUATED AT THE AVERAGE {WEIGHTED} VALUE

JOF THE VARIABLE VALUES AS LISTED IN REPORT 2 oo oo oo

LOG26 8100 {INFORMATION): PROCESSING ENDED FUR &SELECT NUMBER i

LGEEE 7000 (INFORMATION): THERE WERETIF3IE EXTRABYYEs e

OF CORE ALLCTTED FOR TABLES

SINOFF 6700 (INFORMATTONYY ULOGIT W ENDED AT 20.84 85 (RETURN CGbhE: 017"

3~-13



MODEL 2-B - Two Mode Model

———————————————————————————— DLOGIT OTUULTT =rrrevmmcmm s c e s e

CGHEOGIT L REPORT M e EASE AL
FORMULA AND COEFFICIENT

B TP E B ST T T TV BB Ga I s
AMODE i f B2 e L COST e
B2 #INPENT

A BIAS

+ +in

R S
RETAIL WHOLESALE ACRES
S LLUPOP PER ACRE

+- + :15
fos]
-

JTHE 6 COEFFICIENTS TO BE ESTIMATED ARE! e s soe

COEFFICTENT INITIAL LOWER UPPER  BOUND
O NAME e JYARLE BOUND  BOUND T R et trn

[ o7 =N % 1 e
le]
oo 0o




MODEL 2~B -« Two Mode Model

———————————————————————————— ULOGIT  QTUULTT === =moommmm o mmmmmmoo oo
e BEOGIT REPORT 2 e DAGE B
STATISTICAL SUMMARY

WVARIABLE e STANDARD  LARGEST  OMALLE S T e
NO T NAME MEAN DEV VALUE VALUE TUNTTS

ALY COST e BT L08R ABO B
2 INPENT 3.89 1.02 5.00 1.00 PENTILE

R TRE T RS T B RS S B S NGRS
4 RETAIL WHOLE 37.83 . .A42.82 243,00  .Q:Q _ACRES

5 POP PER ACRE 12.77 20.28 299, 11 0.0 PGP/ACRE

0,3863 0.3141
TU0. 0015 Q.0063  -0.2391 -9.3s32 T T

4,10 AN

LOG$3 6000 {INFORMATION): THE TOTAL NUMBER OF OBSERVATIONS READ
_LOG13 6000 N e AL T BT TR Ea T b e o READ s
THE TOTAL NUMBER GF SELECTED RECORDS
..EROM THE CALIBRATION FILE Is 21220
THE TOTAL NUMBER OF T
PGSITIVE (WEIGHTED} VALUES IS 21220

“LOG16 6070 (INFORMATIONY: COEFFICIENT CAUTBRATION PROCEDURE ENDED  ~
BECAUSE OF NO IMPROVEMENT ALDNG LINE.




MODEL 2-B = Two Mode Model

———————————————————————————— ULOGIT  Q7UULTT —=ommmmmmmmmmmmmcacmm oo
LHEOGIT  REPORT 3 PRGE L8

FINAL COEFFICIENT VALUES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

EBEEETETENE T TR TRAT TS VAN ARS TR L BRAD TENT T BWER TUBBER T
NO. NAME VALUE ERROR RATIO (IF BND.) BOUND BOUND

S LU

THE INITTAL VALUE OF THE LOGLIKELIHOOD WAS -0.14708E 05,

WHILE THE FINAL VALUE WAS -0 69487E 03 AFTER 7 ITERATIONS.

_THE LOGLIKELTHOOD WITH ALL ZEROC COEFFICIENTS 15 -0.14709E 05,
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS 1T IS -0.787178BE 03,
THE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL 0.0

G SR BB A U VRO THEE T T8 5 SR gy
WITH & DEGREES Cf FREEDOM.

TTEEY OF ALTERNATIVE DEPENDENT PROBABILITY WYPOTHESTIS IS8 773 g 77777
WITH B DEGREES OF FREEDDM.

B EUBE R GRS

MATRIX OF APPROXIMATE CORRELATION COEFFICIENTS
COEF . 1 2 3 4 5 G
©.088 -

ra

S
4 0.702 0.148 -0.008
5 -0.0t2 0.031 0.142 -0.20%

it B BT B ERT T O T BE G GRS




MODEL 2=B = Two Mode Model

———————————————————————————— ULOGIT  OTJULT7 —=---=-m—-mmmmmmmmmommmno o
LHEDGIT REPORT 6 e PRGE T
0CBSERVED V5. ESTIMATED TOTALS

TETER T R R T R RN R

. - B T T T R SO
- ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIC CELLS

5

5..0.008 .

LIRNS MODE | l12BL0atea

———————————————————————————— ULOGET  O7JULTT -r--rmmmmmmmmmmmmmmmmmmme e
L remressseessos sree esersssesimsessereeneesesnsnroce SEOOL L REPORT 8 errssesssersns EAGE B,
TABLE o F ELASTICITTIES

T RO TRV EBR AU ERNAT [YE
A MODE TRNS MODE
et e oot

HWY COST D ~0.195E-02 C
VINPENT B T0L28E =08 G O BB e

WTR TIME C 0.481E-02 D -3.6%

RETAIL WHOLE C 0.253E-03 D
L Pap PER ACRE € 0.300E-03 0 -0,

[ I AT .

(PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: .

0.999 0.001
i
ETE . B TS TEATES U BT REET BUREF TR TRy s s
C INDICATES A CROSS ELASTICIYY.

RS TR RS RBE EVRTURTER A7 0E  AVERIGE (WEYEUTFES Y VAL GE
OF THE VARIABLE VALUES AS LISTED IN REPCRT 2.

TLOGEG BT00 {INFORMATIONY ! PROCESSING ENDED FORASELECT NUMBER™ 1+ 7

L0G26 7000 (INFORMATICN)

JHERE WERE172936 EXTRA BYTES o
OF "CORE ALLOTTED FOR TABLES

JSINOFF 6700 (INFORMATION): ULOGIT  ENDED AT 21.50.48 (RETURN CODE= O}

317




MODEL 3

Five Mode Model for Work Trips

———————————————————————————— ULOGIT  O7JULTT ——-mrmmmmmmmemm oo oo

SOOI 1512 3 N .11 Lo LI

FOCRMULA ANED COEFFICIENT

R BB T TE B ST TU LTV EXPREGE TOR REE e o
D s s B ses e O ST U TIME et
8% TUETBENTILE

A BIAS

4+ +iu

R
+ B2 * EMPLY

i

+ B3 * RLF PER ACRE

e

B
+ B4 * AUTDS PER POP

ni

+ BS * ZERO AUTOS

THE 8 CDEFFICIENTS TO BE ESTIMATED ARE:

EHEFETETER TR L GER T T UBBEE T EE N e
NO. NAME VALUE BOUND BQUND TYPE

1
I
1

0o~ O DI R -
¢4
W
O 0{0 0 O O O
[oXsHoReReie
Z
L]
=z
m




MODEL 3

Five Mode Model for Work Trips

ULDGIT OTJHHT7

LHLOGIT  REPORT 2

STATISTICAL SUMMARY

CEETTTT NG E R ERB R R R R TR R s

TTHE VARTABUES USED FoOR CALIBRATION ARE:

VARIABLE

) __STANDARD
NO T NAME

DEV.

_LARGEST
VALUE

SMAL%-EST.“......... BT AL LR T
VALUE

HGWY SKIM TIAV.-."......--..'A. aedrrotrmarsaaaeas
ME

PENTILE

R

LEMPLY s

HTWO

CRLF PERACRETTTTT

CHIHBEE s

AUTOS PER PO
P

TWTRNS TIME

IO ZERC

CORRELATION MATRIX OF INDEPENDENT

19

LOG13 8000 (INFORMATION):

LBG16 6070 (INFORMATION): ¢

Qi ~ O & Wi

ZERD AUTOS ...

000000000

3

BECAU

35

20.32

o

21
.98
HEE

&1.1

C.

.u._o

SE OF NO

e

g

33

EE

+8992
[0380

B

.00

.47
Sy

A

v

S R

1524
Lo
0.1
L0003 0.1
0123

SEEEET

228

EETTT

98

g

48

[O58A

1923 0.0

163,
72.10
{ele
73]
253.00
T

328,

ARIABLES:

RIS

224 .
418
518  0.9992

-0.0123

9%

T

70

T Rt

S R

"5y

S RaAE I

21822 0.085¢

10,

T

Q.0

MENUTES e

PENT

WIRGTEST

EMPLIOO

MINUTES

EUFTRERETTTT

MINUTES o

AUTO/POP

RERGTES

FAMILIES o

G

.20.0125
09346

_THE TDTAL NUMBER OF OBSERVATIONS READ
FROM THE CAUIBRATION FITE TS
THE TOTAL NUMBER OF SELECTED RECORDS

___FROM THE CALIBRATION FILE 1S

THE TOTAL

POSITIVE (WEIGHTED) VALUES IS

IMPROVEMEN

3

NUMBER OF
T ALONG LINE.

19

109es”

L0185

10165

COEFFTCTENT CALTRRATION PRECEDURE ERDES



MODEL 3

Five Mode Model for Work Trips

———————————————————————————— ULDGIT OTJULTT -=-—-----=m--mm-mmmommomo oo

et eseimesssesene e D DL L REPORT 3 i BB

FINAL COEFFICIENT VALUES

THE RESULTS OF THE CCEFFICIENT CALIBRATION ARE:

EBEEFTETERT T E AL S NG RS T ST SRR TENT T GWER T UBBEE T
NO. NAME VALUE ERROR RATIG (IF BND.}) BOUND BOUND

~0.0830
Loie7802
T-0.0034 T

©.1225

4,5972
gt BT R
-0.0007

o~ | hﬂam
o oo o oioo

THE TNITIAL VALUE OF THE L{OGLIKELIROOD WAS -Q.16360E 05,

HHILE THE FINAL VALUE WAS -0.53323E 04 AFTER 8 ITERATIONS. o

THE LOGLIKELIHOOD WITH ALL ZEROC COEFFICIENTS IS5 -0.16360E 05,
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS5 -0.53464E Q4.

THE LARGEST LOGLIKELIHOGD FOR THESE DATA AND ANY MODEL G0

LTEST OF EQUAL PROBABILITY MYPOTHESTS IS 0.2208E 05 . . .. .

WITH 8 DEGREES OF FREELDOM.

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS5 28.26¢

CWITH 7 4 OEGREES OF FPREEDOM.

B R S AR B e oo et e e

;

FOR COEFFICIENTS NOT AT BOUNDS:

T

2 -0.038
3...0.282 -0,.918

R T T

5 -0.193 (©.008 0.071
6 .70.508 0.025 -0,043

THTTTD L esETYG 018 T 0 273
B -0.065 -Q.160 0O.142

.216
- 148 (0.245

o cioo

023 0.030 0.047 -0.250

B ETUG TIRE TR ARG s




MODEL 3

Five Mode Model for Work Trips

B T ULOGIT O7UULTT ==-===mm—mmm==mmmmommmamamme
LUEOGIT  REPORT 6 e PAGE 8
GBSERVED VS. ESTIMATED TOTALS
. .ur?r.o\o.-...k._..._-.A-E.u4A....C...H....,...,A....l._...AT...E.V.-R----AN,..Kv—-:‘-_-v..i....U“.AE..UA.“--"--...........A-u..or.h-...---..“"...-.

. o TSFD T CoORR . EORR, T TN T
ALTERNATIVE  OBSERVED ESTIMATERD RESIDUAL COEF. RATID CELLS

MONE 38820 B35 T 4,788 0.000 ©.002 10

WTWOD 219.0 324.5 -5.971 0.00% 0.004 8
B R S R o e R o T R T

CTRANSET i B8O 0,322,518 0,006 0.029 24

———————————————————————————— ULOGIT QTJULTT —-mmmmmmmmmmmmmm oo cee
CHEOGIT  REPORT 8 e DAGE 8
TABLE ©OF ELASTICITIES

ST T T FE T FERNAT Py
WDA WONE WTWO

vt WTHREE JJRANSIT R -

e —. SOOI L2 31O SO

L HGWY SKIM TL

2 PENTILE -0.287 € -0.287

c

C

e} Cc
U . A _O C wenaaoa e iawaiagaaags e ieeaneemaeaa i aaaigan devamraimnanan
S— 0 T A
0.551 C . .
4 _EMPLY  C -0.692E-02 O 0.7706-0% € -0.692E-02

0. 188 C . 188 D -6.84

0.188 [
O C
o] C
o] C
C
C
C

STRRESETTETS

0
o}
o
5 HTWO o
- ©.188 U OO R
0. 1BBE-Of D T-0leTe
0
o]
¢}
0
o

ERUE PERAERET
. 186E-0Of1

THTHREE 2 48TE-0Y L L 0ABTESOY

8 AUTOS PER PO _100E-01 € O.100E-0t

G.232E-40 C ©.233E-%0
0.232E-10

=20.308E713
<0 30BECY

RS FRETT

L3O ZERD AUTOS LT0:308E-13 €m0 308ET13 e

0. 4286501

noonnogoonnoooinonoooo

Ukjmca
1
[
L&)

B REERETITTIES AT AVERAGE VALUEE GF VARTABUES TARE T s

_0.884

vremrrerirene Dt G820 02T
0. 008"

00

NOTE: D INDICATES A DIRECT ELASTICETY WHILE
CTINDICATES A CROSS ELASTICITY!

CELASTICITIES ARE EVALUATED AT THE AVERAGE (WEIGHTED) VALUE

‘OF THE VARIABLE VALUES AS LISTED IN REPORT 2.
L0G26 8100 (INFORMATION): PROCESSING ENDED FOR &SELECT NUMBER 1~

LOG26 7000 (INFDRMATION): THERE WERE170620 EXTRA BYTES
LB CORE ALLOTTED FOR TABLES o e

SINOFF 6700 (INFORMATIONY: ULOGIT ENDED AT 18.26.01 (RETURN CODE= O}

RN




MODEL 4

Five Mode Model for Work Trips

———————————————————————————— ULOGIT OTJULTT —==rrmmrmmmmemmcm e o

e JEOGTT  REPORT L e PAGE

FORMLUL A A ND COEFFICIENT

MDA et B T.TIMEDA

+ +§u

A BIAS

N

WTMO = A * TINME2

+ 4in

P2 BIAS

[oF:1 * CO573

e oni

TRANSIT AS * WIRNS TIME

+i+ o8

B e & 1 2 B

B B A e e e e e e

BS FAUTOS PER PR

COEFFICIENT INITIAL  LOWER UPPER _ BOUND

~JF OhE L] R e
o)
W
: ‘0 =0
O H
e
=
O
2
o
Z
m

0
=3
1]
o
o
o
o:
z
Q
=
m

BS -0.007C NONE

3O Y BIAS Qe BRIO e NONE e




MODEL 4

Five Mode Model for Work Trips

———————————————————————————— ULOGIT OTUULTT ~-mmmmmmmmmmmmmmmmmmmmmcen
o e S OGET  REPORT 2 o PRGE 8
STATISTICAL SUMMARY

YARIABLE i STANDARD | LARGEST  SMALLE ST
O NAME ME AN BEV. VALUE VALUE ™ UNETS

JLLTEMEDA L B2A B8 T70.00 200 MINUTES
2 PENTILE 3.91 0.97 5.00 1.00  PENT

R e S NGRS

GALTIMER 200328000 TR0 A IO MINUTES
5 POP PER ACRE 15.06 19.79 26B.68 0.00 POP/ACRE

Ty e —

Wl BOSTE 10280881836 QOB CENTS
B WTRNS TIME 266.00 211.53 500.00 22.00 MINUTES

p

JCORRELATION MATRIX OF INDEPENOENT VARIABLES: o

- 1 2 3 4 5 6 7

e e e et et e, ettt ettt
S I R
.9970 . 1693
8867 0.1696
0412 JoT08TT
8971 1626
.Q579 . 0565

.9982 :
o
L0003 ©0.8892  0.0421
05985 | ©.0585  0.5083  O.0583
4]
0

J8335 0 O 3287770 3348 V3348 7C0T13%4 0540 R0 oeTT T
.0126 -0.0883 -0.0123 -0.0123 -0.03686 -0.0128 -0.0112
e e 4 o e o e e

© Bl o eis © N
coloooioo

0 0o = olo

‘coocioooicoo

10G13 6000 (INFORMATION)}: THE TOTAL NUMBER OF OBSERVATIONS READ
L FROM THE CALIBRATION FILE IS ..10185
THE TOTAL NUMBER OF SELECTED RECORDS ' o
FROM THE CALIBRATION FILE IS 10465
SIHE TOTAL NUMBER OF e eeeeves e
POSITIVE (WEIGHTEDY VALUES 'IS fotes T

(L0G$E 6070 (INFORMATION): COEFFICIENT CALIBRATION PROCEDURE ENDED
BECAUSE OF NO TMPROVEMENT ALGNG LINE.

H

3=23



MODEL 4

Five Mode Model for Work Trips

———————————————————————————— ULDGIT  O7JULTT === m-mmwmsssemmmmmmmmmme oo

e MEOGIT REPORT 3 e RRGE LT

FINAL COEFFICILIENT VALUES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

EBEEETETENT T R TR T S AN ARG L SR T ENT LR UsEER T
NO. NAME VALUE ERROR RATID (IF BND.) BOUND BOUND

SRR ETRE T

el

[\*]

@m

=

=

[92]

o

-

[4]]

C
0i0 © 0/0 0 0i0 © O
5 Seo ;

o

-

o

[s3}

i

2

3

4

5

§ .c4 e 2020740
o

8

8

0

CTHETINTTTAL VALUE OF THE LOGLIREUIHOOD WAS 'S¢ 832438E o4, 777777777
WHILE THE FINAL VALUE WAS -0.52428E 04 AFTER 1 ITERATIONS.

TTHETUOGUTKELTHOOD WITH ALL ZERG COEFFICTENTE IS -0.1636cE 05, 777777
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS -0.53464E 04.
JJHE LARGEST LOGLIKELIHOOD FOR THESE DATA AND ANY MODEL Q.0 s

TEST OF EQUAL PROBABILITY HYPOTHESIS IS 0©.2223E 0%
HITH 10 DEGREES OF F R DM e s e

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS  207.2
I TH 8 DB GREE S O F R DO s oo e e e e

PSEUDD R-SQUARE = ,680

ATETY BE AP PRGOS AT E  RORBE T AT TON GBEREFE RN s
FOR COEFFICIENTS NOT AT BOUNDS:

T R I

[

oto

.048 -0.593 L

D B G B o G

.041  0.000 ©.202 -0.321%

0.189 -0.004 ~0.162 -0, 017 ~0.35T e
093 -0003 70,024 0002 0. 048 L0072 T

. 150 0.003 -0.044 0.0%1 -D.136 -0.364

Sum-aaiasw



MODEL 4

Five Modé Model for Work Trips

---------------------------- ULOGIT Q7JULTT omwm oo
e JEDGIT  REPORT & e DRGE 8

OCBSERVED VS, ESTIMATED TOTALS
T —

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL CGEF. RATIO CELLS

ONE i 3480 B5B8 L .70:438 0,000 Q.001 ..
WTWO 219.0 217.7 0.086

CIRANSIT 8800 L M1B A 03.108..0:010.8.083 L2

———————————————————————————— ULOGIT OTJULTT -----m-=--mmm—mmmmmmmem oo

(SOSEPRQ 16.48:42 e JULDGLT  REPORT B s DAGE 10
TABLE OF ELASTICITIES

RS TET Y BB RUFERRAEE e

WONE WTWO
TRANSIT

SR RRRE T e e SRR

CLLTIMEDA

2 PENTILE —0.;344 c -0.344

LA TIMEZ2 114 L DboohL2Y
b BENS

_453E-02 D -0.162

SO0 BE O e

CTOAESOY TETTO U TO4E-O

.TO4E-C

=0.928E-03 ¢ -0.928E-03

IO 99BE-03

0.628E-07 € 0.8629E-07

gL I
SHU260ES10TTC T UI00ES10

0.686E-02

.353E-02
.353E-02
G T04ETOT T
-5.68
.79 928E-03
0. 74BE-O1
.B28E-0Q7
(822E-07
[300E-10
L2008~ 10

5 POP PER ACRE

000000

oGO8
8 WTRNS TIME

s i s k=R Ir e R e e R R e T2 RN e =
Y AT OO0 00000000 0an

1o
o o000

PROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE:

G.012 ©. 000

R T IS TR AT RS A B BB T B URG IR R W LE s ot
C INDICATES A CROSS ELASTICITY.

CELASTICITIES AREEVALUATED AT THE AVERAGE (WETGHTEDY VaLUuE 7777
OF THE VARIABLE VALUES AS LISTED IN REPORT 2,

"i.0G26 B100 (INFORMATION): PROCESSING ENDED FOR ESELECT NUMBER™ 1 77

£0G26 7000 (INFORMATION): THERE WERE166248 EXTRA BYTES
OF CORE ALLOTTED FOR TABLES

_SINDFF 6700 (INFORMATION): ULOGEY  ENDED AT 16.54.27 (RETURN CODE= 0)



MODEL 5

Five Mode Model for Work Trips

———————————————————————————— ULOGIT

FORMUL A

LMLOGIT

AND

OTUULTT —=-m=mmmmmmmmmmmmmmmmeo oo

REPORY e EAGE B

COEFFICIENT

10

A

WTwa .

HTHREE e

CERANSIT e eesenes s

s AL

= B2

#*

= B3

T+ BLASY

= A4

AS

+ CB

i g

THE 11 CODEFFICIENTS TO BE ESTIMATED ARE:

NO. NAME

S OHD @ LD T B N
w
]
>
(7]
i)

-l

00000000000

VALUE

O Ci0 0 0i0 © 0I0 O O

BGUND

W

PENTILE

L

LEOST2 e e

DO R AR s e

TE6sTE

TTR

AUTDS PER POP

BOUND TYPE

B




THE

MODEL 5

Five Mode Model for Work Trips

———————————————————————— ULOGIT OTUULT7 =wmmmrmmmmmrcoms s oo
LUEOGIT REPORT 2 e DRGE 8

STATISTICAL SUMMARY

CEETTE R E R E N R NCE VR R TR R L e

VARTABLES USED FOR CALIBRATION &

VARIABLE STANDARD  LARGEST  SMALLEST

i

L

TGS TBER PR

NATE T RN BE T ALGE T VALGE TN

PENTILE 32800097 800 100 PENT

COSTOA 63.35 47 .61 330.00 7.00 CENTS

R T R T T T T

CEOST2 28200 1BL8S 00 BB CENTS s

POP PER ACRE 15.07 18.78 268 .69 0.00 POP/ACRE

TTR e n 8208 10997000 118 MINJMING

TRNS FARE 19.30 17.41 35.00 0.0 CENTS

P

(CORRELATICN MATRIX OF INDEPENDENT VARIABLES: o

© il ;b N

1 2 3 4 5 5] 7
8

.8886
.9a87
T
.8884
.2308

L2365
2385
2285
. 2367
3354

5994
. 1425

. 9996
.2302

L0002 0.1424

} 0. 231 -0.1766  0.2306 ) 7 B
R TRE IS RETE IS R G IR EeE TG TTRE TTIE SER Y LG T EETE T
L0810 .0628 L0620 .0634 -0.0979 0.0611 0.0762
.o722

[

cdoodoo

odoodo
ododq

T

cooooocoon

L0GI3 6000 {INFORMATION}: THE TOTAL NUMBER OF DBSERVATIONS READ

__FROM_ THE CALIBRATION FILE 1§ 10165
THE FOTAL NUMBER OF SELECTED RECORDS
FROM THE CALIBRATION FILE IS 10165
,,,THE TUT’\L NUP&BER UF B L L B L L T LT L ELEE ey
POSTTIVE (WETGHTED) VALUES 1§ 16168

LDOGI6 BOS0. (INFDRMATIDN) COEFFICIENT CALIBRATION PROCEDURE ENDED

TBECAUSE THE MARGINAL LINE INCREASE IS ZERD (OPTIMALITYY.

B2 T e

SRR T RS S AT e

L

T



MODEL 5

Five Mode Model for Work Trips

———————————————————————————— ULBGIT OTJULTT ~remmm—mmmmmmmmcmomommmeo oo
o WEOGIT O REPORT 3 PAGE T

FINAL COEFFICITIENT VALUES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

EBEEETCTENT T N T S AN ARG T L SR TENE T CBES T GeRER T
NGO, NAME VALUE ERRCOR  RATIC (IF BND.) BOUND BOUND

L0107 14.87

T e s TN L SO
.0i138  0.23
.6023  -0.25

- QIO ~G U DR -
w
Ll
ped
(7]
>l
O Ole 0 BINO OO0 O
COCOCIo0O00O
o
a
(5]
o
o
L

.
O
(311

]

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS ~O.$6360F 05,
JMHILE THE FINAL VALUE WAS -0.542989E O4 AFTER & ITERATIONS. o e

THE LOGLIKELTHOOD WITH ALL ZEROD CDEFFICIENTS 1S -0.16360F OS5,
LWHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT 1S -0 .53464E O4. :
THE UARGEST LOGLIKELIROOD FOR THESE DATA AND ANY MODEL 0.0 ;

LFEST OF EQUAL PROBABILITY HYPOTHESIS IS 0.2188E 05
WITH 11 DEGREES OF FREEDOM.

LTEST OF ALTERNATIVE DERENDENT PROBABILITY HYPOTHESIS 15 . 2188.8
WITH 7 DEGREES OF FREEDOM.

FOR COEFFICIENTS NOT AT BOUNDS:

e
1 2 3 4 5 6 7 8

040 R R . o -

“Ge5 T EEs e e et ettt eee oo e et e et et e s eeean
L8298 ~0.044 -0.118
088 ©.851 0.828 -
LG43 TE0U16837 -0, 137
170 -0.119 -0.409
492 0.688 0©.686
03T TS0 ToR T G 0BET
167 0.388 ©.392
O s e
L0333 0.108 0. 106
.071 -0.451

004 . et e S

e s e s
160 -0.096 0.123

2384 0-810 2.048 70387 e
el E e ol ¥ B Ao K B o IR E- Bte ook

1089 ©.348 0.018 -0.020 0.344

ogioC

L : ;
O Wit N Ol & Lk

Pt

O 00 000 © 00 0 0l
S ReHoR=Reolle

o
e




MODEL 5

Five Mode Model for Work Trips

---------------------------- ULOSIT OTUULTT —---—mmmmmeemmmmmmee oo

o HLOGIT | REPDRT B s ERGE 8L

CBSERVED v s . ESTIMATEDRD TOTALS

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS

MONE . 9880 044.3 0,088 0.

0
WTWO 218.0
o

CIRANSET i 8820 B84 50,048 0O,

---------------------------- ULBGIT OFJULTT7 —==w-mwwmmmmsrmme oo

e BEQGIT  REPORT B ncssinerrensenen DR OE L 1O

TABLE o F ELASTICITIES

LR TRV BOR AU ERRRT Ve
WDA WONE WTWO
WTHREE TRANSIT

GIPENTILE

2 COSTDA C 0.807

w

i

w:

m:
t

o)

e
]

.3.C.DST1V......V
WALLEOSEZ DT 22
5 POP PER ACRE € ©.660E-02 |
TR i LCLL8:B12ES02

8 TRNS FARE C 0.459t-04

UETE

T§TTAUTOS PER PET .
-0.516E-04

NfoooooYUGToNOn00ToT

oo

Q0.674E-01

PRUOBABILITIES AT AVERAGE VALUES OF VARIABLES ARE:

.01 0.001

C INDICATES A CROSS ELASTICITY.

EURSTTETFTES ARE EVATUATED AT FHE AVERAGE TWETGHTESY VALwE
OF THE VARIABLE VALUES AS LISTED IN REPORT 2.

"LDG3E B100 (INFORMATIONY . PROCESSING ENDED FOR &SELECT NUMBER 17777

(L0G26 7000 (INFORMATION): THERE WERE(660TS EXTRA BYTES . ..
OF CORE ALLOTTED FOR TABIES

JSINCFF 6700 (INFORMATION): ULOGIT  ENDED AT 9.35.56 (RETURN CODE= ©0)

3«29



MODEL 6

Five Mode Model for Non-Work Trips

————————————————————————————— ULOGIT

FGCRMUL A

"AND

OTUULTT mmmm st m o s

e JEOGIT REPORT e PASE LB

COEFFICIENT

DA e

NHONE e

CNWTHG et

NWTHREE e

CTRANSIT e,

++§u

A1

At

A1

A e

B4

A s
65

BIAS

*

THE B COEFFICIENTS TO BE ESTIMATED ARE:

TCOEFFICIENT 7T

NO. NAME

i
2
3
4
5 B4
G
7
8

0 0io o cio O O
0 0C oo

VALUE

BOUND

W

HEWY SKIM TIME e
PENTILE

HONE

B

HTHREE

WIRNS TIME

BOUND TYPE




MODEL 6

Five Mode Model for Non-Work Trips

———————————————————————————— ULOGIT O7UULTT ~---mm=mmmmmmmmmmem e oo mmme
T e MEQGTT  REPORT 2 s PRGE 8L

STATISTICAL SUMMARY

VARIABLE o STANDARD | LARGEST SMALLEST .
NOTNAME MEAR DEV. VALUE VALUE

LhoHeWY SKIM T L32:84 B0 9500 200 MINUTES o

ME
2 PENTILE 3.78 1.05 5.00 1.00 PENT

LA TG e 18202 TR 85040 240 MINUTES

5 HTHREE 13.21 7.52 85.60 2.60 MINUTES

LJ WIRNS TIME . 298.79  .210.8f  500.00 . .25:30 MINUTES _ e

8 AUTOS PER PO 0.87 10.21 | 253.00 .0 AUTOQ/POP

et e e e e e 13 e 5 188 e e

B 2 3 4
R it
.9959
.9963
0 e
0196 .0856
___________________ L0577 L2461

0078780880 T

L0112

Q0162 , Q003

0997

L0216 0.0238 ©.0261%

.0578  0.0B34  0.0808  0.0627
0

L0078

oooioooi
oodoo
dooob

-}
<

LOG13 6000 (INFORMATION): THE TOTAL NUMBER OF OBSERVATIONS READ

TFROM THE CALIBRATION FILE 1577 1T B

THE TOTAL NUMBER OF SELECTED RECORDS

..ERCM THE CALIBRATION FILE IS o ....1328B ..

THE TOTAL NUMBER OF
POSITIVE (WEIGHTED)} VALUES IS 15268

LOGT6 6070 {INFORMATIONY: COEFFICTENT CALTRRATION PROCEAURE ENDED 7777

BECAUSE OF NO IMPROVEMENT ALONG LINE.



MODEL 6

Five Mode Model for Non-~Work Trips

. ULOGIT

FINAL COEFFICIENT VALUES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:

EBERETETERE T R TN AN RBE TS SR AR TENT T U BWER UBBER T
NO., NAME VALUE ERROR RATIOD (IF BND.) BOUND BOUND

&

o

[
0 oo 0000 O
NP 5

o

(2}

[4e]

I

[47]

THE INITIAL VALUE OF THE LOGLIKELIHOOD WAS -0.24573E 05,
JWHILE THE FINAL VALUE WAS -O.20118E O3 AFTER 7 ITERATIONS. o,

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -0.24573E 05,
WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT 15 -0.20094% O5. ..
THE LARGEST LoGUIKELIAOOD FORTTHESE DATA  ANG ANY MODEL™ 0.0

JTEST OF EQUAL PROBABILITY HYPOTHESIS IS BI0S . i e ecernee
WITH 8 DEGREES OF FREEDOM,

_TEST OF ALTERNATIVE DEPENOENT PROBABILITY WYPOTHESIS IS -48.70. . . . . . .
WITH 774 DEGREES OF FREEDOM.

DB DO R AR = B e e e e e <

AR I OF AP PRGET MATE CORREL AT IO BHEEE TETERFFE s s
FOR COEFFICIENTS NOT AT BOUNDS:

B
0.088
-0.008

e ER
-0, 138
0.787

ST ARE
0. 741

'936 . . casrean . PPN P
i iiiliii s B O
.892 0.8388 0,866

(032 Z0. 001 70082 10 0 e e e e
LOETTETOETTO 0T 0001078 000

222 0.173 0,117 ©.070 0.303 -0.094

odioaoo




MODEL 6

Five Mode Model for Non-Work Trips

---------------------------- ULOGIT OFJULTT -===---m-mmmmmmmmomm oo
L HEOGIT  REPORT 6 e PAGE 8

OB SERVED vV s . ESTIMATETHD TOTALS

ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS

0
NWTWO 2027.0 o]
o O

LTRANSIT e 83008 LT -002..0.007 A8

———————————————————————————— ULOGIT  QTJULTT == mmmm oo
e JEOGIT | REPORT B s ERGE 2

TABLE ©OF ELASTICITIES
T

NWDA NWONE NWTHWO
e TR e TR S T ettt

LY HEWY sKkImM TT
2 PENTILE ~0.495£-01 € -0.495E-01

WIBEAOBETOT s
-1.83 (SN {o

0.870

e
DAL HTHD

5 HTHREE C.467

wdo MIRNS TIME . LOH809ET03

-0.104E-05
20:1048705

8 AUTGS PER PO -0.104£-05

fvonoonioonnonoono
wooooooo oo ano o oo

A L LSOO S,

LPROBABILITIES AT AVERAGE VALUES OF VARIABLES ARE: o

¢.375 G.322 0.134

@388 e B 000 e

NOTE: D INDICATES A DIRECT ELASTICITY WHILE

ELASTICITIES ARE EVALUATED AT THE AVERAGE (WEIGHTED) VALUE

e G D O A T S A O RO S B A T L LT e s s s o e e e

JOF THE VARIABLE VALUES AS EISTED IN REPDRT 2 e oo

L0G26 8100 (INFORMATION): PROCESSING ENDED FUR &SELECT NUMBER

OF CORE ALLOTTED FOR TABLES

TSTNGFF 6760 (ITNFORMATIONY . "ULOGTT ™~ "ENDED AT 18,3634 {RETURN CODE= 0} ~

3-33



MODEL 7

Five Mode Model for Non-Work Trips

———————————————————————————— ULOGIT OTJULT? =--=rm====mm—o—mmmmmommm

e SEQGIT L REPORT 1 i e PABE

FORMULA A ND COEFFICIENT

TS E R ET R E AT TGN ST

"THE COMPOSITE DISUTILITY EXPRESSIONS ARE:

MDA e e

A B PENTILE
+ Bi TUETCOSTOA

NWONE e

B2 *COSTY
¥BIASY

NWIWO e T B3 O

SHiARS T

NWYHREE ° . DA * POP PER ACRE
+ B4 * C0STAa

AT * TTR

+ o

Cch * AUTOS PER POP

THE 11 COEFFICIENTS TO BE ESTIMATED ARE:

TCOEFFICIENT 7 INTTIALT 7LoweER 7 UPPER TBOURD
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e
-
n
:M
5Ol 00000000
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MODEL 7

Five Mode Model for Non~Work Trips

———————————————————————————— ULDGIT  OTUULTT —---mmmmmmm oo om oo

LLHEOGET REPORT 2 rernienis e DGR 8L

STATISTICAL SUMMARY

CEETTTR B E R RN E RV R YRR L e

R VART AR ES USRS EOR ERUTHEATIGN RRE . s o o

VARIABLE . STANDARD  LARGEST SMALLEST

N3, NAME "TMEAN CUDEV.T T UUVALGE T VALUE TUNITS

CAPENTILE e L BRTB OB B00 A0 PENT

2 COSTDA 40.42 38.20 430.00C 7.00 CENTS

R A T T T G T T B TR RS T SRR

L4.costz A48 18008 147,88 L 6038 CENTS
S POP PER ACRE 11. 14 16.83 278.29 0.00 POP/ACRE

TR ST S RS T YA eE T e RENFS T

WLl ETR e 808 A TE 700 BB MINAMIN

8 TRNS FARE 18.26 17.48 35.00 a.C CENTS

CORRELATION MATRIX OF INDEPENDENY VARIABLES: . .

1 2 3 4 5 G 7

Q

C 0.9887
o) 0.98989 0.

pe R :

G. 027 1.0006 0.8991 1.0004 0.2147
9} 0.0224 -0.0235 -0.0217 -0.3017 -0.0251
6 6 1316 B S Me oo g S AT %

¢ O o)
O

L0241 . 0237 0.0260 -0.0726 0.0234 -0.0287

10G13 6000 (INFORMATION}: THE TOTAL NUMBER OF OUBSERVATIONS READ
_FROM THE CALIBRATION FILE IS {5268
THE TOTAL NUMBER OF SELECTED RECGRDS 77
FROM THE CALIBRATION FILE IS 15268
_ THE TOTAL NUMBER OF

MR 2 B o TN F< P~ SR T b - B« O e R I R o : B T J

BOSTTIVE (WEIGHTEDY VALUES IS iszes 77

JLUGES 6050 (INFORMATION): COEFFICIENT CALIBRATION PROCEDURE ENDED
BECAUSE THE MARGINAL UINE "INCREASE IS ZERD (OPTIMALITY).

"_é;;éigm”m"m“m“mthwuw““”m”m"m””“muuhwqmq.q_rm,m.q““
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MODEL 7

Five Mode Model for Non-Work Trips

LULOGIT  REPORT 8 e BB

FINAL COEFFICIENT VALUES

THE RESULTS OF THE COEFFICIENT CALIBRATION ARE:
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THE INITIAL VALUE OF THE LOGLIKELIHCOD WAS -C.20049f 05,

JURILE THE FINAL VALUE WAS 70.20048E 05 AFTER 2 ITERATIONS. i ..

THE LOGLIKELIHOOD WITH ALL ZERO COEFFICIENTS IS -C.24573E (5,

WHILE BY INCLUDING PURE ALTERNATIVE EFFECTS IT IS

TEST OF EQUAL PROBABILITY HYPOTHESIS TS 8048, e o

“WITH Y7 DEGREES OF FREEDOM.

TEST OF ALTERNATIVE DEPENDENT PROBABILITY HYPOTHESIS IS

WITH T DEGREES OF FREEDOM.
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MODEL 7

Five Mode Model for Non-Work Trips

———————————————————————————— ULOGIT O7JULTT -=m=mmmmmmmmmmmmmmmmm oo moe
LLULBGIT  REPORT 6 i v DAGE 8
OBSERVED VvS. ESTIMATED TOTALS

CEETE T R R R T E R RN R e v e s

R GRET T EERE TR T
ALTERNATIVE OBSERVED ESTIMATED RESIDUAL COEF. RATIO CELLS

NWONE 4897.0 4885.0  0.208 ©0.003 ©0.003 s

NWTWO 2027.0 2023.98

WWTHREE T TTTRAAG TS TS S

JRANSIT 830 s

———————————————————————————— ULOGET  QT7JULTT —=--— - mm oo mmmm oo oo
Srireeesireeneenneneeresesn S BGL T REPORT B e PAGE 1O

TABLE O F ELASTICITTIES

CTECASTICITY FOR ALTERNATIVE: 7 T
NWDA NWONE NWIWO
e e YWTHREE 0 TRANSIT :
— € e TRANSTT
,,,,,, 1LPENTILE (A91E-01 € 70.29BE-OY € -0.298E-0Y
3248701 . £ 70208801 0 10.298E°01 ..
.674 L4110 cC 0.410
A 410
S0 g e
. 341 . 341
BN 6t . .. b -1.17 -
Sree 181 D AT
.658E-02
.329E-01
-r
.49
.T64E-04
CT84ET0
.428E-04
LA28E-04
L251E-04
L251E-04

; : iy ; i
jegeie fepoielolie Nojole Re o Ho ReRellal

2 COsTbaA

R EE Y T

5 POP PER ACRE .658E-02 C .658E-02

& TCREES T

JUTIR 2 T6AET04

0
287 7 ¢ 0.297
0
o

8 TRNS FARE .429E-04

"8 AUTOS PER PG 0.2581e-04 "¢ 0Ue5{E-G T T T

OO0 00ODODOOI0NONTOD
VOTVOTOOOO0000TESO 00

PRGBABILITIES AT AVERAGE VALUES OF VARIABLES ARE:

R 1 R 3 S
O. 187 €. 000

NOTE: O INDICATES A DIRECT ELASTICITY WHILE  —
C INDICATES A CROSS ELASTICITY.

ELASTICITIES ARE EVALUATED AT THE AVERAGE "(WETGHTEDY VALUE
CF THE VARIABLE VALUES AS LISTED IN REPORT 2.

L0626 8100 (INFORMATION)Y: PROCESSING ENDED FOR &SELECT NUMBER v 777

_EDG26 7000 (INFORMATION): THERE WERE1860BO EXTRA BYTES
OF CORE ALLOTTED FDR TABLES

SINOFF 6700 (INFORMATION)}: ULOGIT — ENDED AT 16.10.38 {RETURN CODE= O)
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APPENDIX 4
GLOSSARY OF VARIABLES

4.1 List of Variables Used in the Two-Mode Models

A MODE - A dependendent variable describing mode of travel. If this varia-
ble has a value of one, the trip is made by automobile mode. For any
other value, another mode is used.

DESTINATION ZONE - The zone in which the trip ends.

DWELLING UNITS - The number of dwelling units in the production zone of the
trip.

EMPLOYMENT - The number of individuals employed in the attracticn zone of
the trip.

EMPLY - The number of individuals employed in the attraction zone of the
trip divided by 100.

EXCESS TIME - That portion of transit travel time {minutes) associated with
walking to and from the transit stop and waiting at the transit stop
for the vehicle to arrive.

HIGHWAY SKIM TREE - Total travel time {minutes) by automobile mode. This
value includes in-vehicle time along with parking and un-parking time.

HWY DIST - Travel distance {miles) for the automobile mode.

HWY COST - Qut-of-pocket travel cost (based on a 10 cents per mile cost)
for the automobile mode. -

INCOME - Median zonal income ($/year) for the production zone of the trip.

INDUSTRIAL ACRES - The number of industrial acres in the attraction zone of
the trip.

INPENT - A five level classification of income groups based on 1975 median
zonal income for the production zone. The following classification
was used in the model.

Category Median Zonal Income
1 $ 0 - 4960
2 4961 - 7520
3 7521 - 9520
4 9921 - 12,000
5 + 12,000

LANDUSE - A three level classification scheme to define the type of landuse
of the producton zone, where 1 = urban land use, 2 = suburban land use
and 3 = rural land use.

41



ORIGIN ZONE - The zone in which the trip began.

OT MODE - A dependent variable describing mode of travel. If this variable
has a value of one, the trip is by transit during off peak periods.
For any other value, ancther mode is selected.

POPULATION - The number of individuals residing in the production zone of
the trip.

POP - The number of individuals residing in the production zone of a trip
divided by 100.

PGP PER ACRE - The number of individuals per acre residing in the produc-
fion zone of a trip.

POP PER BU - The average household size in a zone associated with the
production zone of the trip.

PT MODE - A dependent variable describing the mode of travel. If this
variable has a variable of one, the trip is made by transit during the

peak period. For other vajues, the trip is by an alternate mode or
occurred during off-peak time periods.

RECREATIONAL ACRES - The number of cultural and recreational acres in the
attraction zone of the trip.

RESIDENTIAL ACRES - The number of residential acres in the production zone
of the trip.

RETAIL WHOLESALE ACRES - The number of retail, wholesale, government, and
educational acres in the attraction zone of the trip.

TERMINAL TIME A - The time spent (minutes) parking or un-parking for the
autoe mode in the attractien zone of the trip.

TERMINAL TIME P - The time spent (minutes) in parking or un-parking for the
auto mode in the production zone of the trip.

TOTAL ACRES - The size (acres) of the attraction zone of fhe trip.

TRNS MODE - A dependent variable describing the mode of travel. If this
variable has a value of c¢ne, the trip is by transit. For any other

value, another mode is used. The transit made included all peak and
off-peak transit frips.

TRNS RUN TIME - The in-vehicle travel time (minutes) for the transit mode.

TRNS SKIM TREE - The total travel time in minutes by the transit mode. The
transit travel time consists of walk time plus wait time plus in-vehi-
cle time. For zones uncennected by transit, the transit travel time

is designated by a value of 16,384 minutes.

TRNS WAIT TIME -~ The time spent waiting for transit (minutes).



TTR - The travel time ratio computed as [travel time by transit]/[travel
time by automobile]. The travel time ratio was constrained to a maxi-
mum value of /7, which indicates a zone pair unconnected by transit

travel. (Note for unconnected zone pairs, the travel time by transit
was 16,384 minutes).

TTIRW - The weighted travel time ratic computed as [weighted travel time by
transit/[weighted travel time automobile]. The weighted travel time
ratio was constrained to a maximum value of 10, which indicates a zone
pair unconnected by transit travel.

UNDEVELOPED ACRES - The number of agricultural, undeveloped, water and
right-of-way acres in the production zone of a trip.

WAUTO TIME - The weighted time (minutes) for travel by the automobile mode.
The weight time consists of the in-vehicle time plus 2 times the
un-parking and parking times. This variable recognizes that one min-

ute of parking/un-parking time has a higher disutility than one minute
of in-vehicle time.

WTR TIME - The weighted time (minutes) for travel by the transit mode. The
weighted time consists of the in-vehicle time plus 1.5 times the walk
time plus 2 times the wait time. The maximum value for this variable
is 500 minutes, which represents a zone pair unconnected by transit.
This variable recognizes that one minute of wait and walk time has a
higher disutility than one minute of in-vehicle travel time.

ZONE NUMBER - The number of the production zone of the trip. There are 315
zones in this study area, all of which are internal zones.



4.2 Llist of Variables Used in the Five-Mode Models for Work Trips

AUTO OWNERSHIP - The total number autos owned in the production zone of the
trip.

AUTOS PER POP - A density variable indicating the number of automobiles
owned divided by the population in the production zone of the trip.

COSTDA - Qut-of-pocket travel cost (cents) for the drive alone automobile
mode. This cost includes a distance cost {10 cents per vehicle mile)
plus parking costs in the attraction zone of the trip.

COST1 - The out-of-pocket travel costs per vehicle occupant (cents) for the
one passenger automobile mode. This variable includes a distance
cost {10 cents per vehicle mile) plus parking costs in the attraction

zone of the trip. The costs are assumed divided equally amongst both
vehicle occupants.

COST2 - The out~-of-pocket travel costs per vehicle occupant {(cents) for the
two passenger automobile mode. This variable includes a distance cost
(10 cents per vehicle mile) plus a parking cost in the attraction zone
of the trip. The costs are assumed divided egually amongst all three
vehicle occupants.

COST3 - The out-of-pocket travel costs per vehicle occupant (centé) for the
three or more passenger automobile mode. This variable includes a
distance cost (10 cents per vehicle mile) plus a parking cost in the

attraction zone of the trip. The costs are assumed divided equally
amongst all vehicle occupants.

DESTINATICON ZONE - The zone in which the trip ends.

DWELLING UNITS - The number of dwelling units in the production zone of the
trip. :

EMPLOYMENT - The number of individuals employed in the attraction zone of
the trip.

EMPLY - The number of individuals employed in the attraction zone of the
trip divided by 100.

EXCESS =~ The portion of transit travel time (minutes) associated with
walking to and from the transit stop and waiting at the transit stop
for the vehicle to arrive.

HGWY SKIM DIST - Travel distance (miles) for the automobile modes.
HGWY SKIM TIME - See TIMEDA



HONE - See TIME1
HTWO - See TIME?
HTHREE - See TIME3

INCOME - Meidan zonal income ($/year) for the production zone of the trip.

INDUSTRIAL ACRES - The number of industrial acres in the attraction zone of
the trip.

ORIGIN ZONE - The zone in which the trip began.

PARKING COSTS - The average zonal cost for parking in the attraction zone

of the trip. With the exception of five zones in downtown Flint, most
parking costs were zero.

PENTILE -~ A five level classification of income groups based on 1975 median

zonal income for the production zone. The following classification
scheme was used in the model.

Category Median Zonal Income
1 $ 0 - 4960
2 4961 - 7520
3 75621 - 9920
4 9921 - 12,000
5 + 12,000

POPULATION - The number of individuals residing in the production zone of
the trip.

POP - The number of individuals residing in the production zone of a trip
divided by 100.

POP PER ACRE - The number of individuals per acre residing in the produc-
tion zone of 3z trip.

POP PER DU - The average household size in a zone associated with the pro-
duction zone of the trip.

RECREATIONAL ACRES - The number of cultural and recreational acres in the
attractien zone of the trip.

RESIDENTIAL ACRES - The number of residential acres in the production zone
of the trip.

RES LABOR FORCE - The number of workers {work force) in the production zone
of the trip.

RETAIL WHOSL ACRES - The number of retail, wholesale, government, and edu-
cational acres in the attraction zone of the trip.

RLF PER ACRE - The resident-labor work force divided by the number of acres
in the production zone of the trip.
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TERMINAL TIME A - The time spent (minutes) parking or un-parking for the
autc modes 1in the attraction zone of the trip. _ _

TERMINAL TIME P - The time spent (minutes) in parking or un-parking for the
auto modes in the production zone of the trip.

TIMEDA - The travel time (minutes) for the automobile mode for the drive

atone trips. This variable includes in-vehicle time plus parking and
un-parking time..

TIME1 - The prave] time (minutes) for the one passenger automobile mode for
work trips. _Th1s variable consists of the TIMEDA travel time plus a
1.1 minute time "penalty" for picking up the passenger.

TIMEZ - The travel time (minutes) for the two passenger automobile mode for
work trips. This variable consists of the TIMEDA travel time plus a
2.1 minute time "penalty" for picking up the two passengers.

TIME3 - The travel time (minutes) for the three or more passenger automo-
bile mode for work trips. This variable consists of the TIMEDA travel
time plus a 3.7 minute time "penalty" for picking up the passengers.

TOTAL ACRES - The size (acres) of the production zone of the trip.

TRANSIT - A dependent variable describing mode of travel. If this variable

has a value one, the trip is by transit (for work purposes). For any
other value, another mode is selected.

TRNS FARE - The cost (cents per trip) associated with travel by transit.
TRNS RUN TIME - The in-vehicle travel time {minutes) for the transit mode.

TRNS TIME =~ The total travel time in minutes by the transit mode. The
transit travel! time consists of walk time plus wait time plus in-vehi-
cle time. For zones unconnected by transit, the travel time is desig-
nated by a value of 16,384 minutes.

TRNS WAIT TIME - The time spent waiting for transit {minutes).

TTR - The travel time ratio computed as [travel time by transit]/[travel
time by automobile]. The travel time ratio was constrained to a maxi-

mum value, of 7, which indicates a zone pair unconnected by transit
travel. ' :

UNDEVELOPED ACRES - The number of agricultural, undeveloped, water and
right-of-way acres in the production zone of a trip.

WDOA - A dependent variable describing mode of travel. If this variabie has
a value of one, the trip is by the "drive-alone" automobile mode {for
work purposes). For any other value, another mode is used.

WONE - A dependent variable describing mode of travel. If this variable
has a value of one, the trip is by the "one passenger” (in addition to

the driver) automobile mode (for work purposes). For any other value,
another mode is used. :
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WTWO - A dependent variable describing mode of travel. If this variable
has a value of one, the trip is by the "two passenger" automobile mode
(for work purposes). For any other value, another mode is used.

WTHREE - A dependent variable describing mode of travel. If this varialbe
has a value of one, the trip is by the "three or more passenger" auto-
mobile mode (for work purposes). For any other value, another mode is
used.

WIRNS TIME - The weighted time (minutes) by the transit mode. The weighted
time consists of the in-vehicle time plus 1.5 times the walk time plus
2 times the wait time. The maximum value for this variable is 500
minutes, which represents a zone pair unconnected by transit. This
variable recognizes that one minute of wait and walk time has a higher
disutility than one minute of in-vehicle travel time.

ZERQ AUTOS - The number of zero auto families in the production zone of a

trip. This variable is used a measure of the number of “captive"
transit riders.

ZONE NUMBER - The zone number of the production zone of the trip.



4.3 List of Variables Used in the Five-Mode Models for Nen-Work Trips

AUTO OWNERSHIP - See List 4.2
AUTOS PER POP - See List 4.2
COSTDA - See List 4.2

COST1 - See List 4.2

COSTZ - See List 4.2

COST3 - See List 4.2
DESTINATION ZONE - See List 4.2
DWELLING UNITS - See List 4.2
EMPLOYMENT - See List 4.2
EXCESS - See List 4.7

HGWY SKIM DIST - See List 4.2
INCOME - See List 4.2
INDUSTRIAL ACRES - See List 4.2

NWDA - A dependent variable associated with the "drive-alone" automobiie
mode of travel for non-work trips. If this variable has a value of
one, the trip is made by the drive-alone automobile mode. For any
other value, another mode is uysed.

NWONE - A dependent variable associated with the "one passenger" automobile
mode of travel of non-work trips. If this variable has a value of
one, the trip is made by the one-passenger auto moede. For any other
value, another mode is used.

NWIWO - A dependent variable associzted with the "two-passengers” automo-
bile mode of travel for non-wori trips. If this variable has a value
of one, the trip is made by the two-passengers automobile mode. For
any other value, another mode is used.

NWTHREE - A dependent variable associated with the "three-passengers" auto-
mobile mode of travel for non-work trips. If this variable has a val-
ue of one, the trip is made by the "three-or-more passengers" automo-
bile mode. For any other value, another mode is used.

ORIGIN ZONE - See List 4.2

PARKING COSTS - See List 4.2




PENTILE - See List 4.2

POPULATION - See List 4.2

POP - See List 4.2

POP PER ACRE - See List 4.2

POP PER DU - See List 4.2
RECREATIONAL ACRES - See List 4.2
RESIDENTIAL ACRES - See List 4.2
RES LABOR FORCE - See List 4.2
RETAIL WHOLESALEACRES - See List 4.2
TERMINAL TIME A - See List 4.2
TERMINAL TIME P - See List 4.2

TIMEDA - The travel time {minutes) for the drive-alone automobile mode for
non-work trips. This variable includes in-vehicle time plus parking
and un-parking times.

TIME1l - The travel time {minutes) for the one-passenger automobile mode for
non-work trips. This variable consists of the TIMEDA travel time plus
a 0.2 minute time "penalty" for picking up the passenger.

TIME2 ~ The travel time (minutes} for the two-passengers autcmobile mode
for non-work trips. This variable consists of the TIMEDA travel time
plus a 0.4 minute time "penalty" for picking up the two passengers.

TIME3 - The travel time (minutes) for the three-or-more passengers automo-
bile mode for non-work trips. This variable consists of the TIMEDA

variable plus a 0.6 minute time "penalty" for picking up the passen-
gers.

TOTAL ACRES - See List 4.2

TRANSIT - A dependent variable associated with travel by bus mode for non-
work trips. If the value of this variable is one, the trip is by the
transit mode, for any other value, another mode is used.

TRNS FARE - See List 4.2

TRNS TIME - See List 4.2

TRNS RUN TIME - See List 4.2

TRNS WAIT TIME - See List 4.2



TTR - See List 4.2
WTRNS TIME - See List 4.2
ZERQ AUTOS - See List 4.2

ZONE NUMBER - See List 4.2

10



APPENDIX 5

MODEL FORMULATION

This Appendix illustrates the model formulations for all of the models
developed in this study. The formulations are given in terms of the utili-
ty of using each mode.




MODEL 1
Two Mode Model

AUTO = EXP(0.3775 * LANDUSE - 0.0100 * EMPLY - 0.4714)
TRANSIT = EXP(-1.1217 * TTRW - 0.1881 * INPENT - 0.0212 * POP PER ACRL)}
MODEL 2
Two Mode Model
AUTO - EXP(-1.5765 * HWY COST - 0.1629 * INPENT + 1.9359)

TRANSIT - EXP(-.9934 * TTRW - 0.0059 * RETAIL WHOLESALE ACRES - 0.0259 *
POP PER ACRE)

MODEL Z-A
Two Mode Model

AUTO = EXP(-0.3245 * INPENT - 0.0086 * EMPLY + 2.2969)
TRANSIT = EXP(-1.0049 * TTRW}

MODEL 2-B
Two Mode Mode!l

AUTO = EXP(-1.9438 * HWY COST - 0.0433 * INPENT + 4.1861)

TRANSIT = EXP(-0.0128 * WTR TIME - 0.0052 * RETAIL WHOLESALE ACRES
- (.0180 * POP PER ACRE)

MODEL 3
Five Mode Model for Work Trips

WDA = EXP(-0.3460 * HGWY SKIM TIME + 0.0830 * PENTILE + 1.7602)
WONE = EXP(-0.3460 * HONE + 0.0024 * EMPLY)

WTWO = EXP(-0.3460 * HTWO - 0.1225 * RLF PER ACRE}

WTHREE = EXP({-D.3460 * HTHREE - 1.5972 * AUTOS PER POP)

TRANSIT = EXP(-0.1207 * WTIRNS TIME + 0.0007 * ZERO AUTOS)

I

MODEL 4
Five Mode Model for Work Trips

WDA = EXP(-0.2620 * TIMEDA + 0.1010 * PENTILE + 1.5290)

WONE = EXP(~0.2620 * TIMEL)

WTWO = EXP{-0.2620 * TIMEZ ~ 0.0110 * POP PER ACRE - 1.0760)

WTHREE = EXP(-0.2620 * TIME3 + 0.0740 * COST3 - 1.4480)

TRANSIT = EXP{-0.0810 * WTRNS TIME + 0.0070 * AUTOS PER POP - 0.8310)

uu



MODEL 4 ADJUSTED
Five Mode Model for Work Trips

WDA = EXP(-0.2620 * TIMEDA + 0.1010 * PENTILE + 1.5290)

WONE = EXP(-0.2620 * TIMEL)

WTWO = EXP(-0.2620 * TIMEZ - 0.0110 * POP PER ACRE - 1.0760)

WTHREE = EXP({-0.2620 * TIME3 + 0.0740 * COST3 - 1.4480)

TRANSIT = .54 * EXP(-0.0810 * WTRNS TIME + 0.0070 * AUTOS PER POP - 0.8310)

i n

MODEL &
Five Mode Model for Work Trips

WDA = EXP(0.3294 * PENTILE - 0.0146 * COSTDA)

WONE = EXP(~0.0272 * COST1 - 0.9714)

WTWO = EXP(-0.0498 * COST2 - 2.1111)

WTHREE = EXP(-0.0407 * POP PER ACRE - 0.1566 * COST3)
TRANSIT = EX

P(-1.3294 * TTR - 0.0031 TRNS FARE + 0.1500 * AUTOS PER POP)

MODEL 6
Five Mode Model for Non-Work Trips

NWDA = EXP(-0.2103 * HGWY SKIM TIME + 0.0349 * PENTILE)

NWONE = EXP(-0.2103 * HWONE + 0.0204)

NWTWO = EXP({-0.2103 * HTWO - 0.8192)

NWTHREE = EXP(-0.2103 * HTHREE - 0.1853 * POP PER DU)

TRANSIT = EXP(~ 0.0155 * WTRNS TIME + 0.0061 * AUTOS PER POP - 5.4663)

MODEL 7
Five Mode Model for Non-Work Trips

NWDA = EXP(0.0209 * PENTILE
NWONE = EXP(-0.0478 * COST1 - 0.1045

NWTWO = EXP(-0.0773 * COST2 - 0.6938

NWTHREE = EXP( -0.0035 * PGP PER ACRE - 0.1108 * COST3)

~ TRANSIT = EXP(~1.0508 * TTR - 0.1838 TRNS FARE - 4.3457 * AUTOS PER POP)

0.0268 * COSTDA)

non
)



APPENDIX 6 - AUTO-OCCUPANCY SURVEY

INTRODUCTION

The use of auto-occupancy studies to monitor transportation demands
and to evaluate various transportation programs has gained wide-spread use
in recent years; With the increased demand for higher occupancy vehicle
modes, -a need to measure the impacts of carpooling, vanpooling, and other
ridesharing activities has resulted. There is thus a need to develop tra-
vel estimates for these ridesharing programs and to plan for the future
impacts of these programs, especially in the light of energy shortfalls.
Auto-occupancy surveys may be used to monitor transportation characteris-
tics of existing facilities and to re-define estimates of the future travel
demand. |

Data collected 1in ah auto-occupancy survey is typica]Ey cbtained
through the use of a sampling technique. The surveys are based on the pre-
mise that the sample population will retain the same characteristics of the
total population group. As the sample size increases, information about
the population becomes more complete. However, an increase in sampling
costs also occurs. In practice, a need exists to achieve a balance between
the "cost" and the "completeness" of the information obtained in sampling.
This balance is dependent on the available resources and requirements of
the individual agency. Overall, the utilization of sampling surveys for
obtaining information on a population group is quite extensive.

To follow the various steps performed to achieve an apropriate auto-

occupancy survey tool and plan, this section has been presented in the

following format:



I. Review of State-of-the-Art
IT. Recommended Auto-Occupancy Survey Tool and Plan

III. References

The details of these sections follow.

I. Review of State-of-the-Art

In all vehicle-occupancy studies, it is generally recognized that only
a sample of actual vehicles on a facility needs to be observed. The sample
should be representative of the total population of vehicles using the fa-
cility, and the sample size should be determined through the use of statis-
tical techniques. The survey should be performed for the distinct period
under question. For example, if peak period occupancy levels are desired,

the survey should only be performed during peak periods.

® Sample Size Determination

Several approaches to determining a sample size which represents the
actual population exist. The most common method to use 1is the standard
statistical formula {1] for determining a sample size. 1In this method, the

sample size is derived as follows:

2
Zy
N= —— p{l-p)
ne
Where N = sample size {(vehicles)
Z3 = 100 "a" percent point of the standard normal distribution
a= (1 +2a)/2: A= confidence leve)



=
"

permitted error

=
H

probability that an observation wii] have a given occupancy
level.

In determining the required minimum sample size, the value of "p" re~
presents a critical factor. This value (for each mode vs. total of the
modes) can be obtained prior to the study by trial observation on a select-
ed ratio. A one-hour trial observation may be sufficient. The proportions
of each mede from the trial observation is then used to calculate a sample
size for each mode. Typically, the largest value will be selected as the
required sample size. Following the survey, the sample size should be
checked based on the new values of "p". If found inadequate, an additional
sample will be necessary.

Where values of "p" are not available or cannot be obtained in advance
of the study, a "p" = 0.50 value can be used io determine the sample size.
Using this value for "p" would identify the most conservative estimate of
the minimum sample size. Values of "p" other than 0.50 would result in
smaller sample sizes requirements. The sample size (using "p" < 0.50) is

determined by:

(Z3)2 (0.25)
D2

N <

For example, assume A= 95% and D = 2%
(1+%) 1+ 0.95
2 2

a:

= (0.975

Z5 (using normal distribution tables) = 1.96

(1.96)2 {0.25)
N < 5_2401 vehicles
T (0.02)2




This approach will result in the minimum required sample size. In
some cases, however, the sample size may be difficult to obtain in a single
data collection period and will require additional days of data collection
f23.

For some cases, it may be determined unreasonable to recount the same
vehicles on successive days [3]. An alternative procedure uses a "finite
population correction" (fpc) factor which accounts for the fact that most
occupancy surveys actually observe a very high percentage of the total
population (during the survey period) and allows the sample size to be
adjusted accordingly. In such a case, the fpc factor is applied to the
variance which results in a smaller sample size reguired for study [4].

Although the use of a fpc factor will result in smaller sample sizes
than the previous approach, it has net gained widespread acceptance.- This
approach, however, was used in an auto-occupancy study conducted in the
City of Seattle [3].

A third sampling technique, which was recently evaluated by the Feder-
al Highway Administration, was based on a research effort performed by the
firm of Peat, Marwick, Mitchell, and Co. [5]. In this approach, the sample
size 1is calculated similar to the standard statistical method except for
the fellowing differences:

1. Sampling plans are stated in terms of "link days" of survey. {Each

site is surveyed for one link-day).

2. The standard deviation used in the formula typically inceorporates

the effects of season of year, day of the season, and time of

day.

The second factor s considered significant since many research



efforts have shown that the time period factors will significantly affect

the average occupancy rate [2,3,5,6,7,9].

The sample size formula is of the form [8]:

72(s0)2
—(ooceyz

N =

Where N = sample size (link-days)

Z = normal variate for the (1-7} level of confidence
A = confidence level
S0 = composite standard deviation of average occupancy
DOCC = acceptable difference between the estimated average occupancy
and the true value, and
SO = (SOLZ + 50S2 + spw2)l/2

SO, the composite standard deviation depicts the standard deviation
of the auto-occupancy rate at a location. Past research efforts have shown
that the auto occupancy rate is affected significantly by the time occur-
rence of the survey. To account for time Qariations, various time-related
standard deviation factors are combined to provide a composite standard

" deviation, SO. These various time-related standard deviation factors are:

SOL = standard deviation of average occupancy across link-days within

a sedson

S0S

standard deviation of average occupancy across seasons
/



SOW = standard deviation of average occupancy across time periods

during the day as a result of short-counts.

Representative ranges have been developed to reflect these differences
in auto-occupancy rates by time period [5,8]. These ranges may be used to
obtain a preliminary estimate of the required sample size. After the ini-
tial survey is completed, however, actual variances should be used te check
the adequacy of the sample size and to compute the samplie size for future
occupancy surveys.

This approach has been testéd by several metropolitan planning organi-
zations throughout the U.S. [6,7]. The results indicate that the sampling
plan is a reliable and cost-effective tool for determining auto occupancy
rates.

This approach provides a fairly comprehensive determination of the re-
quired sample size. It is favorable for use in regional-type metropolitan

areas, and has been shown to be reljable and cost-effective.

@ Sites Required for Study

Since all roadways cannot be sampled in an auto-occupancy survey, it
is necessary that a number of routes be selected to represent the area
under study. In most studies [2,3,5-8], the functional classification of
the highway 1is the primary consideration in determining feasible survey
points. The following are several highway classification schemes and their
characteristics.

For major urban areas, a functional highway classification scheme may

be [2]:




e Freeway
e Freeway Entrance/Exit Ramps

e Arterial

This scheme allows for the study of the major travel routes in the
area. It is highly favorable for CBD areas where extensive use of these
routes exist. Selection of study points is based on the study purpose and
the general assessment of routes representative of the area's travel cﬁar—
acteristics.

A second classification scheme {3] uses combinations of the following
criteria to assure that the sites selected are representative of the area's
facilities. These criteria were:

e Facility type: a mix of expressways, expressway ramps, and arteri-

als, and both suburban and central city facilities;

e Traffic volume: variety of volumes within a reascnable range;

e Level of transit service: & range from no direct commuter transit

service to excellent transit service; and

e Land use characteristics: a mix of densities at suburban and cen-

tral city locations, at varying distances from a CBD.

This approach is favorable for an areawide and regionwide study. Many
variables which are used reguire their characteristics to be generalized in
defining study routes. A significant amount of subjective evaluation is
required to select the survey routes based on these divisions. Links are
usually selected by a team of planners and engineers.

A third approach is to select locations on the basis of functional
classification and traffic volume [6,7]. One particular sampling plan

used the following classifications on a regional basis:



o Freeway
e Arterial, > 35,000 vehicles ADT

e Arterial, < 35,000 vehicles ADT-

In this classification scheme, traffic volumes are used to categorize
arterials as major or minor roadways. The classification can be further
sub-categorized by urban and rural locations. Survey links are selected on
a random basis by placing all roadway Tinks.into one of the three categor-
ies.

This plan 1is reljable for mediuni_to large metropoiitan areas. It
reduces much of the subjective evaluation by individuals in selecting link

classifications.

II. Recommended Auto-Occupancy Survey Tool and Plan

Based on a review of the state-of-the-art and the survey needs of the
MBOT, a survey tool has been recommended for use by MDOT in measuring autoe-
occupancy levels. It 1is envisioned that the data obtained from this survey
tool will assist in accomplishing the following objectives:

1. Evaluate the effectiveness of short-range transportatidn programs.

2. Study the energy utilization of highway travel.

3. Study transportation-related air pollution.

4. Va]id@te urban transportation planning models; and

5. Monitor general trends in traffic and travel characteristics.

/
The first step in the development of a monitoring program is to define

specific objectives. A general goal of determining regional occupancy

rates will be of little value unless more specific objectives are defined.



For instance, a determination of the amount of variation in occupancy rates
at a spécific location before and after the initiation of a high-vehicle-
occupancy incentive project 1is a well defined objective. The objectives
should be defined at the outset of the survey.

Once specific objectives have been defined, the selection of sites at
which occupancy levels are to be monitored should be made. The required

minimum sample size is determined from the eariier formula, i.e.:

712(50)2
{ooccyz

N =

In computing the standard deviation, S0, representative ranges are
[5,8]:

SOL - 0.057 - 0.069

S0S - 0.011 - 0.019

SOW - 0.012 - 0.022

Dependent on the expected variation of the results, values within ény part
of the range may be selected. Figure 6.1 may also be used to approximate
the sample size as a function of the composite standard deviatibn, S0, and
the permitted error. As survey data is obtained, more representative vari-
ance data may be used.

The output of the sample size formula will be in the form of "link-
day". It is interpreted as a one-day survey at "x" link locations. Thus,
an output of five link-days will result in a one-day survey (of bidirec-
tional traffic movements) at five locations.

To compute "link-days" of survey, the breakdown of locations should

be:



Figure 6.1 - Sample Sizes for Estimating Regional Average
Occupancy Within Tolerance "D" with 85 Percent Confidence
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e Freeway
e Arterial: > 35,000 vehicles ADT

e Arterial: < 35,000 vehicles ADT

.Survey locations may be further sub-categorized on an urban vs. rural
basis. The sites are randomly selected from a list of sites fitting the
classifications given above.

These Jocations should be field-checked to find an appropriaté loca~
tion from which to conduct the survey. Field surveyors should be in a
position of good visibility and one which 1is clear of the roadway. The
data collectors should be fairly inconspicuous to minimize interference
with the normal traffic flow. Finally, if the survey is to be conducted
during hours of darkness, it is helpful to select a site which has a bright
1ight across the roadway from the observer. The resultant silhouettes
inside the vehicles allow for greater accuracy.

Data collection is fairly straightforward. Typical characteristics
are:

1. Survey Period

Monitoring of traffic should occur during the following time peri-
ods:
7:00 - 9:00 A.M.
11:00 - 1:00 P.M.
2:00 - 6:00 A.M.

2. Sampling Plan

Each lane in each direction 1is counted for a period of 10 or 15
minutes followed by a five minute interval to record 'the counts and
reset the counter to zerc, if used. After the counter is reset,
the next lane is counted in this manner, a single observer is able

to collect occupancy data at a site.
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3. Vehicle Occupancy Definitions

The following definitions are recommended to be used in defining
the vehicle occupancy characteristics: |
. One person passenger vehicles. These include non-commercial
pick-up trucks, vans, and private auto and taxis.
. Two person passenger-vehicEes.
. Three person passenger vehicles.
. Passenger vehicles carrying four or more passengers.

Commercial vehicles and trucks are not surveyed.

4, Data Summary Sheet

A recommended data summary sheet is shown in Figure 6.2.

Some sites may require more than one observer. This need is a func-
tion of traffic volume and may also be related to thé degree of visibility
of the vehicle occupants. For most sites, the best way to determine if
more observers are needed is to schedule one observer for the site and
subsequently find out whether there was any.particular difficulty in keep-
ing up with the traffic flow. If there was difficulty, two observers
should be assigned, and they should divide the lanes of traffic between
them. 1In these cases, values on the both count sheets have to be summed to
obtain occupanﬁy figures for the total flow.

Some of the sites selected may be freeways, freeway ramps, or other

State highways. When }hese sites are to be monitored, it is recommended

that the local State Patrol office be contacied and notified of the planned

counts. This helps prevent unnecessary explanations to individual officers

and allows data recorders to collect data with fewer interruptions.




Figure 6.2

AUTO CCCUPANCY STUDY

TIME: : —
VISIBILITY OF OCCUPANTS (Good, fair, poor, very poor):
WEATHER CONDITION (Clear, overcast, raining):

DAY: DATE:
NAME :

LOCATION:

VEHICLE WITH  VEHICLE WITH VEHICLE WITH  VEHICLE WITH  VEHICLE WITH FIVE
TIME 1 OCCUPANT 2 OCCUPANTS 3 OCCUPANTS 4 OCCUPANTS  OR MORE QCCUPANTS

INCLUDE MOTORCYCLES AND PICKUPS.
- DO NOT INCLUDE BUSES OR HEAVY COMMERCIAL TRUCKS.

COMMENT OM ANY PARTICULAR PROBLEMS




In reviewing the data findings, caution should be exercised in defin-
ing the standard deviation. For example, a summary of statistics may show
the average auto occupancy for a period as 1.293, with a standard deviation
of .650. On first inspection, this appears to be an abnormally high value
for the standard deviation. However, the standard deviation is a measure

of the amount of variation of the occupancies of each individual vehicle,

as opposed to the standard error of the mean. Thus, the true value of
0.650 is not unreasonable.

Recent findings from a study developed as part of the Highway Perform-
ance Monitoring System, formulated the following findings in regards to
vehicle occupancy rates. These characteristics should be studied in evalu-

ating the survey findings (9).

“Table 6.1 provides the average vehicle occupancy for rural and urban
areas and by functional class of highway. There are several results
which tend to agree with previous studies:

1. Vehicle occupancies are higher in rural areas than in urban
areas. The higher occupancy is likeTy due to the longer trip
lengths and the larger proportion of non-work trip purposes
occurring on rural systems.

2. Vehicle occupancies are lower in the rural portion of the
Central States as compared with the Eastern and Western
States. This is likely due to the lower population density.
Also, data collection in the fall guarter versus the summer
guarter and in 1979 versus another year may have resuilted in
lower vacation travel and therefore, lower vehicle occupan-
cies.

3. Vehicle occupancies are higher on weekends than on weekdays.
This is 1likely due to the larger proportion of trips for the
purposes of recreation, visit friends and relatives, and
shopping. When Saturday and Sunday data are added to Monday
through Friday data, the daily average vehicle occupancy 1is
increased 12 percent. {The average factor was 1.12 with a
range of 1.07 to 1.33).

4, Vehicle occupancies vary among functional classes of highway
with the highest functional classes having the highest vehi-
cle occupancies. This 1is 1likely due to the Jlonger trip



ER Rl

Table 6.1 - Average Vehicle Occupancy

Other Principal

RURAL Interstate Arterials Minor Arterials ! Major Collectors | Minor Collectors Total
Fastern & Western States
Rural Average 2.11 1.98 1.71 1.69 1.77 1.93
Range {(by State) 1.86-2.39 1.94-2.06 1.51-1.94 1.58-2.24 1.53-1.98 1.85-1.99
Central States
Rural Average 1.85 1.80 1.65 . 1.84 1.58 1.83
Range (by State) 1.85 1.62-2.01 1.59~1.70 1.64~2.24 1.54-1.62 1.65~2.06
Other Freeways Other Principal

URBAN Interstate and Expressways Arterials Minor Arterials Collectors Total

- A1l States
Urban (5000+Pop.) 1.76 1.54 1.56 1.53 1.59 1.59
Range (by State &
Urban Pop. Size) 1.52-2.21 1.36-1.74 1.35~1.79 1.29-1.71 1.38-1.82 1.47-1.73

Source:

FHWA Case Study in the following States (Fall 1979):

Eastern & Western States: Kentucky, Maryland, Oregon, and West Virginia

Central States:

Towa, Michigan, and South Dakota.



lengths taking place on these facilities. However, collect-
ors and minor arterials still have a fairly .high vehicle
occupancy since they carry not only local trips, but aiso the
beginning and ending portions of high occupancy long trips.

The wvariation 1in vehicle occupancy among the different
population sizes of wurban areas was small and not
significantat at the national level.

On a daily basis, the afternoon time period provides a good
representation of the Z4-hour daily vehicle occupancy. Where
monitoring of work travel is also important, a split shift
covering the morning peak period, as well as the afterncon
off-peak and peak periods was generally successful in provid-
ing data for both purposes.”
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