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1.1

1. INTRODUCTION

BACKGROUND

Because reliable and detailed patronage forecasts are essential to
transit system planning and evaluation, SCRTD has undertaken an
extensive program of development and refinement related to improved
forecasting procedures. Although the SCRTD patronage forecasting is
carried out within the framework of the overall regional travel
forecasting process, SCRTD and its consultants have extended the
process to meet the specialized needs of SCRTD. The major thrust of
this development and refinement work was initiated under the
Transportation Planning and Modeling Services contract conducted
during FY1982 and FY1983. Additional refinement work has continued
over FY1984 and FY1985. .

The primary purpose of the Transportation Planning and Modeling
Services contract was to implement new mode choice models developed
for the Southern California Association of Governments (SCAG) and to
develop related transit networks for the simulation of future transit
system alterngtives. More recent efforts have focused on details of
transit system supply representation and system access coding in the
simulation networks, as well as automation of network coding
procedures to increase efficiency and improve reliability. Together
these efforts have included: .

o Development of a finer-grained analysis zone system in the
vicinity of potential rail lines;

o Development of a new base network to represent 1982 transit
service;

o Analysis of person-trip tables provided by SCAG, and
recommendations for any modifications that should be made;

o Updating the mode choice models to reflect new path-building
criteria and network-coding practices;

0 Critical review of the mode choice model performance and its
exogenous trip-end variable inputs;

o Construction of new networks for rail alternative background bus
systems and the null bus network;

0 Construction of new networks for the Wilshire Starter Line and
s related Operable Segments;

o Implementation of a mode-of-arrival model for rail planning to
provide necessary station boarding data;

o Implementation of an improved fare matrix calculation program;
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o Implementation and refinement of a transit route analysis program
to assist in the design of future bus systems;

o Development of an automated evaluation program to produce desired
effectiveness measures directly from model output files.

General Description

Patronage forecasts produced by SCRTD are prepared within the context
of the overall regional forecasting process conducted by SCAG with the
cooperation of CALTRANS. This process is depicted in Figure 1~1.
(17)* The shaded area shown in Figure 1-1 is the part of the process
which SCRTD conducts for its needs as an extension of the SCAG
process. Even though the starting point for the SCRTD forecasts is
the person-trip forecasts produced by SCAG, the preceeding steps in
the process have not been accepted as a "black box." With full
cooperation and support from SCAG, SCRTD and its consultants have been
instrumental in the review, evaluation, and improvement of all stages
of the regional travel-forecasting process. The part of the model
chain employed by SCRTD for transit patronage forecasting has at its
center a set of mode choice models which deal explicitly with
multimodal choices through a nested logit structure of conditional
probability relationships. The models predict the shares related to
the primary Auto and Transit modes and, simultaneously, the shares for
important Auto and Transit submodes based on detailed level-of-service
and cost characteristics of each submode. This structure ensures that
the primary mode split directly reflects the properties of the
available submodes and that trips by each submode are an integral
output of the model, The SCRTD process embodies a high degree of
automation in the building and checking of transit system simulation
networks, as well as graphical checks through computerized network
plotting. The process ensures consistency and objectivity in the
coded networks and minimizes coding errors.

The SCRTD process goes well beyond network coding and mode choice
model application as indicated in Figure 1-2, While the process
maintains compatibility with standard UTPS programs, it encompasses
several custom-built programs. Transit network development is based
on the UTPS program UNET, but is augmented by the custom programs
UCHEX, UMATCH, and BLDCON, as described in Chapter 4. Networks are
developed for the AM Peak and Midday periods. Using the standard UTPS
program UPATH, paths are built for the following mode-time period
combinations:

o AM Walk

o AM Park-n-Ride {PNR)

* For this and subsequent references, see LIST OF REFERENCES
at the conclusion of this report.
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o AM Kiss-n-Ride (KNR)
o Midday Walk

The fare matrix related to each set of paths is created by the custom
program FAREMTRX, while matrices of z~z transit travel time components
related to each set of paths are created using the standard UTPS
programs UPSUM and UMATRIX. Mode~choice models for work and nonwork
trip purposes are implemented within the framework provided by the
UTPS program UMODEL. It is at this stage that the SCRTD process
interfaces with the SCAG process. Mode-of-arrival processing is
accomplished through a combination of the standard UTPS program USTOS
and a custom MOA program. This is a highly complex process, and great
care must be taken in the preparation of MOA inputs. Assignment and .
analysis encompasses three programs -~ the standard UTPS program ULOAD
(actually ULOAD, SORT, & UPRAS)) and two custom programs: URAP and
UEVAL.

Mode] Chain Improvements

Major improvements have been made to four areas of the modeling
process:

o Person Trip Forecasts

o Transit Network Construction

0 Mode Choice Model Calibration/Validation
o Analysis and Evaluation

Person-Trip Forecasts

Improvement of the person-trip forecasts took the form of a change in
methodology from an unconstrained to a constrained trip distribution
process for home-based work trips. This change resulted in
substantially better estimates of CBD-oriented work trips in
comparison to observed CBD cordon-crossing volumes. Initially this
improvement was adopted only for the SCRTD forecasts. Also, for a
time, several errors and inconsistencies crept into the process.

These related to the formation of zone-to-zone travel time matrices
(skim trees) and the order in which trip ends by purpose were input to
the model relative to their corresponding deterrence factors (F-
factors). The SCRTD staff has since corrected these problems and
clearly documented the correct process to ensure that such problems do
not recur. (3) (7}

The travel demand forecasting process is very often subject to
problems of this nature -~ across all urban areas and regions. Such
problems may be attributable to changes in personnel, differences in
individual philosophy, lack of documentation, or simply human error
and oversight. The potential for such problems increases with the
size and complexity of the urban area being modeled. Much of the
effort directed towards model review and improvement by SCRTD staff
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and its consultants has been related to improving consistency and
accuracy as opposed to fundamental changes in methodology -- not
because errors were known to exist but because the potential for error
is so great. Transit network construction is a prime example of this.

Transit Network Construction

A tremendous amount of effort has gone into improved network
development procedures. These have been directed to improved
consistency, accuracy, and efficiency with no change in network design
concepts. The design concepts being pursued are those established by
€SI in their Model Improvement Study for SCAG in 1981/82. (1) (13)
Transit networks of the nature required for an area such as the SCAG
region are extremely complex. With over 1,600 zones, 500 transit
lines, 7,000 nodes, and 14,000 links, the SERTD networks are among the
most complex ever developed for travel forecasting purposes. Manual
procedures for networks of this scale are highly inefficient,
unobjective, and error-prone. Thus, a high priority was given to
automating the process to the maximum extent practical. Subsequently,
efforts focused on achieving greater consistency with the network-
coding practices used for mode choice model derivation, essential to
correct model application. While seemingly straightforward, this
entailed considerable analysis and experimentation, since the
translation of network design concepts into detailed network coding
practices involves significant latitude. (15) (13) Network coding
procedures and practices are discussed at length later in this
document.

Mode Choice Model Calibration/Validation

Mode choice model calibration/validation efforts have been a direct
consequence of modifications elsewhere in the model chain. If a
significant change is made in one part of the model, its impact on
other parts of the process must be carefully reviewed. For example,
when the methodology for person-trip distribution was modified, it was
necessary to analyze its impact on the performance of the mode choice
model. The new person-trip distribution resulted in substantially
different estimates of transit trips by the mode choice model. It was
found that the new person~trip distribution eliminated the need for a
CBD/Non~-CBD bias coefficient introduced in the original model
validation to correct for an underestimate of transit trips to the
C8D. (5) Elimination of bias or correction factors such as this
results in a more robust predictive model. Recalibration/validation
of the mode choice models to account for this and other modifications
is covered in detail later in this document.

Analysis and Evaluation

Analysis and evaluation have been enhanced considerably in the SCRTD
process through the MDA program which produces detailed rail station
data; by the Transit Route Analysis program (URAP) which produces a
detailed analysis for each bus route; and by the program UEVAL which
produces effectiveness measures, specified by UMTA, directly from
output files created in preceding model steps. Each of these programs
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is described in detail later in this document.

In addition to the improvements outlined above, this document includes
a description of important analyses made in relation to the mode}
chain and its various inputs. These analyses did not always lead to
modifications in the process. However, such analyses broaden our
knowledge of the model chain performance, help document implicit
assumptions .and the translation of model concepts into actual
practice, and provide a framework for the continuing critical review
of model forecasts.

PURPOSE AND ORGANIZATION

This document describes the current status of the SCRTD patronage
forecasting process and presents related analyses. It follows very
closely in format, and updates, the final report produced by the
Transportation Planning and Modeling Services contract. Following
this introductory chapter, there are six chapters as outlined below.

Chapter 2 of the report outlines the purposes of the modification to
the zone system, the procedures used to subdivide zones, and the
networks defined and built for the project. In describing the
networks developed, information is provided on the sources of the
network descriptions developed.

Chapter 3 describes the exogenous inputs to the travel simulation.
These inputs include the trip tables for 1980 and 2000, trip-end data
for both mode choice and mode of arrival, the highway network data,
and other input data. An extensive analysis of the trip-end data was
undertaken. Results of this analysis are provided in this chapter.

In chapter 4, the procedures for building and cleaning the networks
are described in some detail. The primary purposes of this chapter
are to show what has been checked and corrected in building the
networks, and also to provide a tutorial for subsequent efforts to
replicate the same standards of transit network construction. The
types of errors detected are described, and the effects of these
errors on the results of the simulation are demonstrated in certain
relevant cases.

Chapter 5§ describes the mode choice models that were applied. These
consisted of the models developed for SCAG during 1981 and 1982,
together with a model for non-home-based trips provided by this
consultant team. The models required updating, and the reasons for
this updating, the procedures used, and the results of the updating
are described. The method of applying the mode choice models is
described, together with a description of the procedures used for
building transit paths through the networks. The basis for the
selected path-building parameters is also discussed.

Chapter 6 describes the mode-of-arrival model, which estimates the
proportions of people arriving by station by the alternative access
modes of walk, bus, Kiss-n-Ride, and Park-n-Ride. The model also

permits changes to be made in modes of arrival because of the limiting
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capacity of parking at a station. The modifications made to the model
consequent upon the adoption of the new mode choice models are
described, and some new facilities added to the model are also noted.
The procedure for applying the model is detailed, and the outputs are
discussed.

Finally, chapter 7 describes the procedures for assigning transit
trips to the transit networks and for analyzing the implications of
these loadings. A procedure called URAP is used to provide more
detailed reports about the functioning of the transit system, and this
procedure is described in detail. Results from alternative model runs
are summarized in this chapter, and analysis of the patronage results
is included.

1-8
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2. NETWORK AND ZONING SYSTEMS

ZIONING

The existing Los Angeles Regional Transportation Study (LARTS} zone
system consists of 1,325 zones covering all of Los Angeles County and
the contiguous metropolitan areas in Ventura, San Bernardino,
Riverside, and Orange Counties. 1In the 1,325-zone system, zones 1-30
represent external-cordon stations, 31~40 are unused, and 41-1,325
represent the 1,285 internal zones. In 1980 this area contained a
population of approximately 11.2 million people, and is scheduled to
grow by the year 2000 to approximately 14.9 million. A number of the
zones are empty of population, or almost empty, because of the various
areas of mountains and other undeveloped land that penetrate the
metropclitan area or define islands within it. Without excluding any
of these, the existing zone system averages to approximately 8,715
people per zone.

In 1980 it was estimated that approximately 38 million person trips
were made each day by residents of the area, and these trips average
to 26,460 trips per day per zone. Current transportation planning
practice recommends restricting zones to a maximum of 20,000 trip
ends. Clearly, the 1,325-zone system is likely to violate this
guideline in at least half of the zones. Unfortunately, the enormous
computing time and associated costs do not allow this guideline to be
met reasonably in the Los Angeles region.

The 1,325-zone system already generates trip matrices that contain
approximately 1.76 million cells, which represent an enormous
consumption of computer core, computer time, and final space for
processing and storage. Larger zone systems can be accommodated in
modern computers, but the costs of doing so escalate rapidly. By
increasing the number of zones to 1,500, for example, the trip
matrices grow to 2.25 million cells, while an increase to 1,800 zones
would generate enormous matrices of 3.24 million cells. Given these
size implications, it is not surprising that every effort has been
made in the region to live with the existing zone system or to expand
it only very slowly, and principally in the peripheral areas, as they
become more intensively developed.

A result of this system of comparatively large zones is that
insufficient accuracy exists for planning rail alternatives. In
several cases, previous work with the zone system found two stations
located in one zone. When this happens, no sensible information can
be obtained on the comparative size and location of the two stations,
and no effect can be detected from deleting one of the stations.
Apart from this rather extreme effect, the lack of detail surrounding
the stations may lead to substantial errors affecting estimates of
access to the stations, provision of bus services, and competition
between bus and rail.

It was determined that rail planning in the region necessitated
subdividing zones in the vicinity of rail lines. Consequently,
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alternatives were investigated for such subdivision, while maintaining
consistency with the overall 1,325-zone system in the region. In
other words, it was decided that creation of new zones that had
boundaries crossing the boundaries of existing zones in the 1,325-zone
system would not be acceptable.

As a preliminary step, all of the potential rail corridors in the
region were identified. Within each of these the current zone system
was scrutinized. It was suggested initially that all of the zones
within a band of one existing zone width from the potential rail line
should be subdivided into their constituent census tracts. (With the
exception of the Los Angeles Central Business District, almost all
zones in the region consist of from one to four census tracts. Within
the Los Angeles CBD all zones consist of one census tract, while a few
zones in the region are partial census tracts.) For the Los Angeles
CBD, various other documents were considered, including recent parking
studies that had used a 100-zone system for the CBD, and a study of
the proposed DPM which used about 50 zones.

Based on these procedures, a candidate set of zones was developed for
initial scrutiny. It was determined that the use of as detailed a CBD
zone structure as 100 zones and subdivision of all rail corridor zones
into their constituent census tracts would generate too many zones for
reginal planning, with the total number of zones increasing to
approximately 1,850 zones. Selective recombining of zones was
undertaken to reduce this number. Within the rail corridors, census
tracts that would not assist in improved accuracy~~-either by
separating stations along the rail line or by defining distinct market
segments for rail (by access characteristics or by location)--were
recombined to multitract zones. In the CBD, a compromise zoning was
set up that retained the existing zone boundaries in the CBD but
subdivided the zones from 17 CBD zones to 30. The final result of the
zoning activity was to add 303 new zones, increasing the number of
regional zones from 1,325 to 1,628, resulting in an increase in the
number of cells in a trip matrix from 1.76 million to 2.65 million.
This is a 50-percent increase in the size of the trip tables and other
matrices required for running the forecasting models.

As noted, except in the CBD, the procedure for defining the new zone
boundaries was to use within~zone census tracts. Because regional
data are developed at the level of the Regional Statistical Area
(RSA), which is a highly aggregate level, it is necessary to develop a
procedure to split the data into a finer disaggregation in those zones
that are subdivided. Figure 2-1 shows the RSAs for most of Los
Angeles county and provides an example of the size of RSAs. The
procedures for disaggregating are outlined below.

Population is available at the level of the census tract. Therefore,
population can be obtained for the new zones. At the time of
development of the subzoning, census employment data were not
available for the 1980 census, at the tract level. A 1976 census of
employment was used as a mechanism to proportion employment among the
subzones. The data from this survey were not used in any absolute
manner, but rather only as a relative proportioning procedure.
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Given the proportional splits of population and employment for each of
the subdivided zones, these fractions were used in the UTPS procedure
USQEX to split the trip productions for all purposes among the
subzones, using the trip tables for the original 1,328-zone system.
Similarly, fractions were derived from the employment data to split
trip attractions. It could be arqued that some trip purposes might be
split among the zones more correctly by using some combination of
employment and population, but it was felt not to be appropriate to
attempt to generate a greater sophistication of the splitting
procedure, given the relatively inaccurate information on which it is
based. Subsequently, it should be simple to undertake trip generation
and distribution at the level of the new zones. :

To subdivide highway travel times, which were provided to SCRTD as a
set of highway skims, it was not feasible to alter the highway network
to add new centroid connectors, so that the procedure used was based
on the skims themselves. The intrazonal times were extracted for each
subdivided zone. These were then divided by 2 (n~1) to produce new
intrazonal times for the subdivided zones, where n is the number of
subdivided zones from the original zone. Travel times from one
subdivided zone to another, within an original single zone, were set
equal to the original intrazonal time divided by (n-1). Thus, if an
original zone had an intrazonal time of eight minutes and was’
subdivided into three new zones, the intrazonal times for each of the
three new zones were set equal to two minutes (8/2(3-1}), and the
times between each of the three new zones were set to four minutes
(8/(3-1)). For travel times to-all other zones, it was assumed that
these would be the same for the new subdivided zones as for the
original parent 2zones.

Zone numbers were assigned to the new zones starting from the first
available zone number of 1,326. The new numbers, from 1,326 through
1,628, were assigned in numerical order based on the original
numbering of the parent zones. The number of the parent zone was
retained as the number of the first subdivided zone within each parent
zone. Thus, if zone 710 was subdivided into three 2ones, the first
subdivision retained the number 710 and the remaining two were
a]éocated the next available numbers from the range between 1,326 and
1,628.

For the CBD zones, data were used from a Downtown People Mover study
completed in 1980. These data provided a basis for making identical
splits on the production and attractions to those used for the non-CBD
zones. The same procedure for splitting travel times for the highway
network and for allocating zone numbers was used for CBD and non-CBD
zones.,

New zone centroids were geocoded from USGS maps for use in the transit
network. The zone centroids were given metric coordintes based on the
USGS 7-1/2 minute Quad series of maps in conformance with the existing
CALTRANS transit network for 1980. The zone centroids were generally
located, as for the parent. zones, at the geographical center of the
new zones. This was appropriate because most of the 2ones are fully
developed and have relatively homogenous development patterns.
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Figure 2-2 shows the locations of the subdivided zones on 2 corridor
basis. Appendix 2-1 contains equivalencies between old and new zones
and between new zZones and RSAs.

NETWORKS

Purpose and Context

The primary purpose of the network-building phases of the project was
to provide transit networks for the base year and for several
alternatives for the year 2000. These transit networks were intended
to be as accurate representations as possible of future year
scenarios, and would also represent the development for the year 2000
of a background bus system for the alternative rail networks. Details
of the procedures used in building, checking, and correcting the
networks are provided later in this report. g

Common Chanaes to Network Coding

A number of changes was developed to apply to all of the networks. as
part of the overall network-building procedures. These changes are
described in the next paragraphs.

Coordinates

The coordinate system used was the same as was present in the base
networks (FAROO.MRLTR and FY85A.BASE), and apparently stemmed
originally from the system developed for CALTRANS 1980 SIP network.
At one point in the past both the consultant staff and the District
agreed to use a single, common (master) coordinates file. This is no
longer the case. Given the importance the coordinates file now
assumes, this would be a useful device to which to return.

Node Number ing

In the early phases of the project, a new node~numbering system was
designed and implemented. This scheme consisted of two importaant
components~-reservation of certain ranges of numbers to represent
special nodes and a renumbering of all nodes to provide geographic
content to the node numbers. On the first of these nodes 1 through
2000 are reserved for zone centroids, cordon stations, and other
future special purposes. In the present numbering system nodes 1
through 30 are cordon stations, 41 through 1,628 are zone centroids,
and 31 through 40 and 1,629 through 2,000 are unused and available for
future network expansion.

Node numbers from 8,000 through the maximum permitted node number of
8,191 are reserved for rail stations. Rail station numbers are
intended to follow the expected order of construction of stations on
the Wilshire Starter Line, and thereafter have been assigned on a
line-by-line basis in approximately the same order as done in earlier
rail networks. The node numbers 7,900-7,949 have been reserved for
highway dummy nodes, a practice detailed later. There was some
discussion early in the project of reserving the node numbers 7,800
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through 7,991 as rail dummy (local} nodes (i.e., the bus stop location
from which it is possible to enter the rail station). It is unlikely
that these node numbers are even available today. Some, as noted
above, have already been diverted to other purposes. Additionally, it
is judged to be poor coding. practice to move or change transit node
numbers which would, of course, be necessary as rail alignments
changed. Thus, the idea has been largely abandoned.

When the networks were originally renumbered, the region was divided
into a series of east-west bands, starting in the south and working-
towards the north. Within the bands, north-south subdivisions were
defined to form "plates® within which consecutive node numbers were
assigned. Figure 2-3 shows the plates used for renumbering. Node
numbers were assigned by starting in the southwest corner of the.
plate, working across to the east in a shallow band, then returning to
the western side and working across .in another band. In this way,
node numbers increase generally in a southwest-to-northeast direction
and, except at the edges of the "plates," are grouped by similar
values. The renumbering was performed on all nodes in the transit
network from node 1,001 up. The node numbers ending in a “1" were not
used at this stage, in order to provide spare node numbers for use
when new nodes must be added. Leaving one node number in ten as a
spare provides some capability to retain geographic information in the

‘node numbers, even with subsequent expansion of the node numbers.

Mode, Company, and Line Numbers

The networks were built using the UNET procedure in UTPS. Within the
constraints relating to this program, various conventions have been
set up. For the access/egress modes, in conformance with the needs of
the modal-split models, the following definitions have been
standardized into the networks:

0 Mode 1 ~ Walk links both for centroid connectors, walk networks,
and dummy connectors

0 Mode 2 - Auto links to an official park 'n' ride location,
permitting both park ‘n' ride and kiss 'n' ride access

0 Mode 3 - Auto links to a kiss 'n' ride location, permitting Kiss
‘n' ride access only '

The following definition of transit modes has been used:

0 Mode 4 - SCRTD local bus routes

0 Mode § - Express bus routes (a1l operators)

0 Mode 6 - Heavy rail rapid transit (all operators)

0 Mode 7 - Light rail rapid transit (all operators}

0 Mode 8 - Local bus service of all operators except SCRTD

(municipal operators or "munis“}

2-7
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Standard company numbers have been established and are shown in Table
2-1. These company numbers apply to all transit modes.

The only rule applied consistently to the UNET line numbers assigned
to various companies is that the new fare program assumes that, just
as it is now, there must be a break between RTD and municipal
operators in Mode 5. Coding for all RTD express and limited bus
routes must precede that for any municipal operator. For example, in
DPFN5 network UNET, Tine numbers for RTD Mode 5 (express and limited
routes) range from 1 to 65. Line numbers for municipal operators
begin at 150. The gap need not be so wide, but some crossover point
must be maintained, and RTD lines must precede those of any other
. operator.

2.2.2.4 Link Lengths and Speeds

As much as possible, transit link lengths are coded to equal actual
distance on the ground to the nearest tenth of a mile. When a link
involves a geometry that is more complex than a straight line from one
node to the next, the distance coded is always the true on-ground
distance.

Speeds on the links are based on an area-type and facility-type
classification, as used in standard highway network practice. The
average bus-running speeds for each area type and facility type were
determined from the average actual performance of buses on those
facility types and within the area types. Different speeds were
allocated for each of express and local bus service, and for each of
the peak and the midday periods. Table 2-2 shows the speeds in
current use on the networks.

Facility type and area type were defined in close consultation with
RTD staff and boundaries defined for the area types of CBD, CBD
fringe, residential, outlying CBD, and rural. Similarly, the facility
types over which the buses operate were defined according to the
highway scheme of freeway, expressway, two-way arterial with parking,
one-way arterial without parking, other/centroid connector, and two-
way arterial without parking. The majority of links in the transit
network are in residential areas and are two-way arterials with
parking. No transit links are coded in the existing networks on
“centroid connectors or other" facilities and some combinations of
area types and facility types do not occur, even though speeds may
have been defined for them. :

However, in the course of path-tracing on the FAR85,BASE network, it
was discovered that the use of the link-speed table distorted actual
bus travel times on specific high-speed facilities. This is partially
the result of congestion on certain freeways which in the real world
makes bus travel slower on those facilities. However, use of a
facility-type/area~type speed table simplifies network link-speed
coding by assuming that the same speed can be attained by buses on
similar facilities, in similar areas, at the same time of day. With
UNET networks this is generally considered to be a necessary
simplification in order to estimate acceptable speeds for so many
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TABLE 2-1
MODE AND COMPANY NUMBERING FOR THE LOS ANGELES REGIONAL TRANSIT NETWORKS

Service Mode Company
Operator : Type Number Number
SCRTD Local Bus 4 1
SCRTD Express Bus 5 1
0CTD . Express Bus 5 2
OMNITRANS Express Bus 5 5
Gardena Express Bus 5 8
Long Beach Express Bus 5 9
Norwalk Express Bus 5 11
Santa Monica Express Bus 5 12
Torrance Express Bus 5 14
SCRTD Heavy Rail 6 1
SCRTD Light Rail 7 1
0CTD _ Light Rail 7 2
0CTD Local Bus 8 2
RTA tocal Bus 8 3
SCAT Local Bus 8 4
OMNITRANS Local Bus 8 5
Commerce Local Bus 8 &
Culver City Local Bus 8 7
Gardena Local Bus 8 8
Long Beach Local Bus 8 9
Montebello Local Bus 8 10
Norwalk Local Bus 8 11
Santa Monica Local Bus 8 12
Simi Valley Local Bus 8 13
Torrance Local Bus 8 14
Miscellaneous Local Bus 8 20

Source: Schimpeler Corradino Associates
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TABLE 2~-2

TRANSIT SPEEDS BY MODE, TIME OF DAY, FACILITY TYPE, AND
AREA TYPE FOR LOS ANGELES TRANSIT NETWORKS

Facility Type Area Type
1 Z 3 4 E-3
C8D Residen-
CBD Fringe tial 08D Rural
- - 18a 21b 32 34 - - 32 34
Freeway .
1 - - 18c  20d 32 38 - - 35 38
S - 17 21 34 38 - - 36 38
Expressway
- - 18 20 34 42 = @ 38 46
8 9 13 13 15 15 10 14 24 25
2~-Way Arterial w/Pkg
3 8 9 13 15 25 28 15 16 25 28
g g 14 13 15 16 10 15 26 27
1-Way Arterial w/o Pkqg.
4 9 9 14 16 28 29 15 16 25 30
10 10 14 14 18 15 11 15 26 28
Other/Centroid Conn.
5 10 10 14 16 28 29 15 16 26 30
11 12 15 15 20 18 12 18 26 26
2-Way Arterial w/o Pkq. :
6 11 12 15 16 30 30 35 18 26 32

a ~ Local Bus, Peak
b - Local Bus, midday

A1l entries are speeds in miles per hour,

as required by UNET.

¢ - Express Bus, peak
d - Express Bus, midday

Source: Schimpeler Corradinc Associates.
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links. Bus speeds on freeways are clearly not the only example of
distortion resulting from the use of this technique, but the magnitude
of the discrepancy is probably greatest in the case of these links.
The team briefly considered reviewing coded versus actual bus speeds
on all freeway facilities, but decided against it for three reasons.
One was simply the time required to complete such a study. A second
reason hinged on the fact that the networks were intended to replicate
future year conditions. While some freeways are clearly more
congested than others today, no one knows how congested these
facilities will be in the future. Finally, the intention in the
future is to move to INET networks which can represent bus speed on
the basis of a congested highway network. The team did, however,
alter speeds on the San Bernardino busway to reflect more accurately
the existing conditions. In addition, projected speeds on the future
Harbor Busway were assumed to be similar to current speeds on the El
Monte Busway.

Table 2-2 reflects the fact that the team made changes to the existing
coding of express bus links in the CBD. This change reflected a
decision to alter the standard speed table by ceasing to distinguish
between express and local bus speeds in the Los Angeles CBD. The
rationale behind this move is the realization that, in the downtown,
buses must operate in platoons with 1ittle, if any, opportunity to
pass one another. This fact, coupled with the reality that, for a
given route, express buses generally operate on the same stop patterns
as local buses in the downtown, argues against differentiating between
their speeds in these areas. The team also conducted a comprehensive
analysis of facility-type/area-type codes vis-a-vis link speeds for
five networks {including the validation network) which provides the
basis for the most recent coding efforts.

Overall, link speeds were found to be fairly consistent with what the
facility-type/area-type coding would dictate. Moreover, in the
limited instances where this was not the case, cursory analysis did
not reveal whether this was the fault of incorrect link speed coding
or incorrect facility-type/area-type coding.

Table 2-2 has been updated to reflect both the new CBD coding for
express buses and to correct a discrepancy between the old link speed
table and what was present in the networks for facility-type 3 and
area~type 3 for routes 4 and 8. Apparently, the old link speed table
was not updated when this change was made.

The only other problem encountered in the examination of link speeds
is some apparent vagueness or misinterpretation of what links do
indeed lie in the CBD. While not of critical importance, some clean-
up effort could stand to be made in this area.

In terms of link-coding conventions, a rule that has been adopted in
the networks is to define all transit links as two-way links. In Los
Angeles, one-way streets occur almost entirely within the CBD. Very
few occurrences exist outside this area. To simplify route coding and
to avoid the need to specify lines that are partially on one-way and
partially on two-way streets as two separate one-way lines, all links
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are treated as two-way. In the downtown area, lines that serve one-
way pairs of streets are divided roughly equally between the two
members of the one-way pair to provide approximately the same service
levels as are actually provided. This leads to an equally useful
convention that links be coded with the a-node always smaller than the
b-node. This is particularly helpful with zonal connectors and dummy
walk links to rail stations.

Definitions and Development of the Networks

Definitions
The original 30-year financial plan networks were (see Figure 2-4):

5 Fiscal Year 1985 (OPFN1) - containing only Phase V Sector
Improvements to the existing all-bus network,

- Fiscal Year 1990 (OPFN2) = NW002 - embodying the MOS-1 alignment
of Metro Rail (from Union Station to Wilshire Blvd. and Alvarado
St.) and Long Beach Light Rail,

- Fiscal Year 1991 (OPFN3) ~ containing the M0S-3 alignment of Metro
Rail (from Union Station to Beverly Blvd. and Fairfax Ave.) and
Long Beach Light Rail,

- Fiscal Year 1993 (OPFN4) ~ including the full MOS-5 or LPA
alignment of Metro Rail (from Union Station to North Hollywood),
Long Beach Light Rail, Century Light Rail (only from Studebaker
Road to Oouglas and E1 Segundo Blvds.), and San Fernando Valley
Light Rail, and

- Fiscal Year 1995 (OPFNS) - embodying the full LPA alignment of
Metro Rail, Long Beach Light Rail, all of Century Light Rail, San
Fernando Valley Light Rail, Coastal Light Rail, and Harbor Freeway
Busway.

Since the time that these were built, other networks have been
developed:

- M0S-5 Only (MOS5) - containing only the full LPA alignment of
Metro Rail and the background bus changes related to it.

The MOS-5 Only network became the basis for all of the CORE networks
including:

- A series of "CORE1" networks, with a "CORE1" level prefix, so-
called because they were generated for the first-level screening
process of CORE. They are of only passing interest here, as they
were networks developed with a common generic background bus
network, a condensed 771~zone system, but with alternate rail
alignments overlaid. The level designators are presented here for
identification: LPA, VERPICAl, VERPICA2, VERPICA3, VERSMOB,
WESTSVYC1 or WSTSVCIC (the "C" suffix in these networks stands for
the corrected version), WESTSVC2 or WSTSVC2C, WESTSVC3 or
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WSTSYC3C, LBREASYD, VERSUNDE, WESTOLYF or WSTOLYFC, WESTWILG or
WSTWILGC, WESTHOPH or WSTHOPHC, and WESMSVH2 {an unofficial
variation on the WESTHOPH network).

The "CORE2" full alignment networks comprising:

A3 - (VERPICA3) - Rail with a trunk line downtown from Union
Station to Wilshire & Vermont, a west branch to Pico & Rimpau,
and a north branch along Vermont and along Sunset to the
Yalley;

CI - (WESTSVC1) - Rail with a trunk line downtown from Union
Station to Wilshire & Normandie, a west branch to Pico &
Rimpau, and a north branch along Western and along Hollywood
to the Valley;

H - (WESTHOPH)} - Rail with a trunk line downtown from Union
Station to Wilshire & Western, a west branch to Pico & Rimpau,
and a north branch along Western and along Sunset to the
Valley; and

J2 ~ (VERWILJ2) - Rail with a trunk line downtown from Union
Station to Wilshire & Vermont, a west branch to Pico & Rimpau,
and a north branch along Vermont and along Hollywood to the
Valley.

The VERPICA3 and the VERWILJ2 networks in turn become the basis
for all of the operable segment networks. Operable segment
network 5 {OPSSWFHC} stemmed from VERWILJ2, while all of the
others built on VERPICA3 as a base. A description of the
individual operable segment networks follows:

OPSIWWSY - A3/J to Wilshire & Western and Santa Monica &
Yermont;

OPS2WWSW - Cl/H to Wilshire & Western and Santa Monica &
Western; ;

OPS3WWHC - A3 to Wilshire & Western and Hollywood & Cahuenga;
OPSAWWSF - H to Wilshire & Western and Sunset & Fairfax;
OPSSWFHC - J to Wilshire & Fairfax and Hollywood & Cahuenqga;
OPS6PSSW - Cl to Pico & San Vicente {Rimpau} and Santa Monica

& Western; and

OPS7PSSY - A3 to Pico & San Vicente (Rimpau} and Santa Monica
% Vermont.

Finally, the "generic” TSM network developed for the CORE second-level
analysis came from OPFN2 and includes TSM measures proposed for the
MOS-1 network plus all measures west of Alvarado as developed and
described in Technical memorandum 6.1.3: Description of
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Transportation System (TSM) Alternative Network for the MOS-1, MOS,
and LPA in September of 1984,

Development

Background bus changes were arrived at in all cases only after
discussions with District planning staff. The operating philosophies
used in this effort were as follows:

o Short-ending competing express bus service at an outlying station
o Deleting some express service on competing alignments

o Pulling bus lines into stations as their termination points
instead of terminating lines at other nearby locations

o Adding some new feeder services from residential areas to rail
stations

o Changing frequencies to reduce competition between bus and rail
and to improve service into stations

o In some cases deleting or reducing the frequency of parallel
through-local service =~ changing it instead to serve only a
feeder function.

In each rail corridor any express bus service that would parallel the
rail was deleted and services were provided to feed the ends of the
rail lines instead. If existing express bus service started away from
or beyond the end of a rail line and then continued parallel to the
rail line, this service was terminated at the farthest suburban
station. Where bus lines currently terminated a few links short of a
station, they were continued to the next rail station. Similarly, if
service ran past a station but the transit node serving the station
was not included as a bus stop, then the transit node was added to the
line description. '

TRANSIT NETWORK ACCESS

General Description

Access to transit service is reflected in three distinct stages in the
modeling process. The most important and most obvious stage is in the
coding of transit networks which have a fundamental influence on all
stages of the patronage forecasting process carried out by SCRTD.
Access to transit service is also reflected in general terms in the
market segmentation process carried out by SCAG as part of the
preparation of trip~end data for input to the mode~choice models.
Transit service availability and auto availability are the two
variables which determine the market segments as described in Chapter
3. Transit service availability is expressed as the proportion of
each zone which is within one-half mile of at least one transit route.
Access to rail stations, specifically, is an input to the mode-of-
arrival model. Here access is reflected by the identification of the
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rail station to which each analysis zone centroid is nearest.

Within the transit system simulation networks, access for three
transit submodes is reflected ~- walk access, park-and-ride access,
and kiss-and-ride access. Of these, walk access is most critical
since about 85% of all transit trips are by walk access; only 15% are
by auto access. Mode choice is quite sensitive to walk access times;
thus great care must be taken to reflect accurately walk access time
for each zone -~ to determine first which zones are appropriately
connected by walk access and, for these zones, to determine the
appropriate average walk time: The importance of walk access coding
to the outcome of patronage forecasts has led to a critical review of
this element.

Analysis of Walk-Access Coding Methodology

A fundamental aspect of the current approach to modeling urban travel
demand is the representation of geographic analysis areas (traffic
analysis zones) as if they were a single point in the travel
simulation networks. This is a necessary expedient to reduce the real
world to manageable dimensions. The extent of abstraction and
potential error borne of this practice is, broadly, a function of zone
size. A fine-grained system of zones will be subject to less error
than a more aggregate system. In the coding of highway networks this
abstraction is only of modest concern since intrazonal times, at
driving speeds, are generally small. By contrast, such abstraction is
of serious concern in the coding of transit networks. Since the
principal transit submode is walk-access~transit for which access
times are measured in terms of walking speeds, access distance becomes
¢critical. The representation of walk access to transit is further
complicated by the fact that transit service is much less universal
than is the roadway system. Concern for minimizing the potential
error related to walk access coding has resulted in the development of
more finely disaggregated zoning systems and the introduction of
additional measures such as the percent of each zone within walking
distance of transit. Both of these devices are employed in the SCRTD
modeling procedures.

Historically, the coding of walk access in transit networks has been
done manually, The analyst would examine each zone individually and
link it to available transit routes "in the most appropriate fashion."
Potentially, the manual process is able to bring more complete
information to bear on the access coding problem; however, it is a
tedious, subjective, personalized, inefficient, and error-prone
process. For these reasons the access coding process has been
automated for SCRTD transit networks. This process utilizes the
rectangular coordinates of transit route nodes (stops) and zone
centroids to determine acceptable and efficient walk linkages.

Automation of the walk-access coding process raises two key concerns:

o Does the automated process ac&urate]y reproduce the walk-access
linkages and times used in model derivation?
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o Does the automated process introduce biases in transit-trip
estimates, especially estimates of rail~transit volumes, since the
rail mode did not exist in the data used for model development?

CSI, developers of the mode choice models currently in use, under
contract to SCAG, established three basic criteria for walk-access
coding as follows:

1. There is at least one connecting link to each line on any route
within 0.5 mile of a centroid.

2. The fewest numbers of links possible are used to connect any
centroid to all accessible lines. (This is for economy and
clarity in network construction and accounting, and for economy in
later stages of modeling.) :

3. Uniform time and distance on all links from a given centroid.
(This is to represent access conditions typical of spacing
distance between transit routes in the geographical neighborhood.)

Beginning with the LARTS 1978 Base Transit Network, CSI made extensive
checks on the walk-access coding in comparison to these criteria. As
a result, many walk links were deleted and some added. Strict
adherence to the first criteria left many more zones unconnected by
walk access than in the LARTS network. Subsequently, zones previously
connected were reconnected unless the elimination of transit service
between 1978 and 1980 could be identified to explain the lack of
connection. Thus, while the stated criteria were used as guidelines,
they were not rigidly followed.

Similar effects were observed when BLDCON2 was first implemented to -
create walk links automatically “"from scratch” in strict adherence to
the basic criteria above. Comparison of the initial results of
BLDCONZ with walk access coding in pre~BLOCON2 networks indicated
many more zones unconnected by walk-access in the BLDCONZ network.
This led to an examination of unconnected zones by means of:

¢ Comparison to the independently derived zonal variable Percent
Walk ~-- indicating the percent of the zone within walking distance
of transit.

0 Reference to the transit trips produced by zone based on the 1983
on-board survey. :

0 Visual inspection of the unconnected zones in relation to coded
transit routes and the proximity of transit nodes relative to zone
centroid location. :

The analysis was based on comparison of the MOS-5 ONLY network,
created by using BLDCONZ, and the MRLTR network, created by using a
pre~BLOCON2 file of walk-access links. This analysis also examined
the mode choice model application programs to determine the precise
manner in which the zonal variable Percent Walk was employed relative
to access-coding in the transit networks. Findings are summarized
below.
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The zonal variable labeled Percent Walk directly determines the
fraction of person-trip productions assumed to have transit available
by walk access (Seqments 1 and 2). It also acts as a switch in the
mode choice model to bypass the calculation of walk transit trips if
it is equal to zero. Changes in the zonal values of Percent Walk will
have no impact on mode choice unless:

0 MSEG is rerun to produce new market segmentation.

o Values change from zero to nonzero or vice versa.

The mode choice model contains similar switches related to network-
derived values. If auto access time for PNR or KNR is zero, or if
TIVTT for walk transit is zero, the calculation of transit trips for
the respective transit submode is bypassed. Network coding can result
in more restrictive calculation of transit trips, but cannot override
the Percent Walk/Market Segmentation restrictions.

Based on the Percent Walk value for each unconnected zone and the
number of HB WORK WALK TRN trips from the on-board survey, simple
frequency distributions of the unconnected zones were prepared as
shown in Figure 2-5. These frequency distributions indicate:

o There is a high degree of consistency between network structure
and the zonal variable Percent Walk for zones that are unconnected
in both networks or only in the MRLTR('84) network -- i.e., most
of these zones have a Percent Walk of zero.

o Conversely, there is a high degree of inconsistency between
network structure and Percent Walk for zones which are unconnected
only in the MOS-5 ONLY network.

o Similar observations flow from the frequency distributions with
respect to the number of trips recorded in the on-board survey.
For zones unconnected in both networks, only six out of 207 zones
have trips: whereas for zones only unconnected in MOS-5 ONLY, 82
out of 202 have recorded trips. Note that, because the on~board
survey is a small sample survey, there are many zones which in
reality produce transit trips, but for which no trips were
recorded or sampled. Nevertheless, the difference in the
distributions for "old" and "new" Zzones strongly suggests
reexamination of the newly unconnected zones.

Geographic plots of the unconnected zones overlayed with existing bus
routes and with the Percent Walk variable have been produced as
illustrated in Figures 2-6 through 2-8. These plots reveal many
examples where the unconnection of zones in the M05-5 ONLY network is
inconsistent with available transit service coverage. Detailed
examination of such zones, in terms of the real world versus the
network representation of the real world, yields a variety of
explanations for why BLDCONZ was unable to find a walk connection
within 0.5 miles. Factors contributing to the unconnection of zones
include the following.
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o Abstraction of route structure in the coded network
o Sparsity of stops in the coded network
o BLDCON2's assumption of service independence

The coded transit network is an abstraction of the real world.

Transit routes are not represented in all their detail but are
consolidated on common streets and terminated at common points and
minor deviations in routing omitted. This practice, which is typical
and essential in coding large networks, has not been employed to a
great extent, but enough to increase walk times marginally to impacted
zones. This impact does not have to be very great to place some zones
outside the 0.5 mile distance imposed by BLDCONZ in its initial
version.

Similarly, transit stops are not all included in the coded network, in
part because of the limit of 50 nodes per line in UNET and in part
because of the overall limit in the number of nodes and links. In
general, nodes are placed only at the intersection of streets included
in the network. Because zones consist of one or more census tracts
and since census tract boundaries generally follow streets, zones
often have nodes/stops only at their corner points. This means that
in the majority of cases BLOCONZ can only build walk links from the
zone centroid dia%onallx to the corners of the zone. Thus, a
rectangular zone 0.8 miles by 0.6 miles, with nodes/stops at its
corners and its centroid in the geographic center, would just make the
0.5 limit. If either dimension of the zone were a fraction longer,
BLDCON2 would not connect it -~ even though the perpendicular
distances from the centroid to the sides are well within the 0.5
limit. In reality there is likely to be a stop at some point other
than the corner points which, if included in the network, would reduce
the walk distance as viewed by BLDCON2, If the zone centroid is at
any point other than the geographic center, this reduces the walk
distance to two of the corners and increases the distance to the other
two. This can increase or decrease the likelihood that the zone will
be connected, depending on the orientation of the zone with respect to
available service.

BLDCON2's implicit assumption that all routes serving & zone provide
completely independent service makes the sparsity of stops all the
more critical. This assumption is often, but not always, correct. It
is often the case that different parts of a zone are served by
different routes, each providing service to the same general
destinations such that residents can walk to the nearest service and
in which case the average time is reduced compared to that calculated
by BLDCONZ.

The combination of these factors has resulted in many zones being
unconnected when in fact they should be connected, not because riders
are walking further than 0.5 miles but because the simplifying
assumptions embodied in the coded networks and the BLOCONZ algorithm
result in an overestimate of the true average walk distance. In most
cases BLDCON2 results in logical and consistent walk connections. It
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is not surprising that a simple, automated procedure does not
recognize all the intricacies of such a complex system as that being
modeled. It is important in this case, however, that we do not ignore
the aberrations cause by simplification, since this seriously
underrepresents the potential market area for transit and will cause
incorrect model constants to be developed.

There was also a concern that modifications made to connect zones did
not at the same time:

.0 Overcorrect -~ i.e., connect zones that are not served by transit,

or

0 Make the process overly complex, inconsistent, subject to
additional steps that may be forgotten or subject to lengthy
manual procedures.

Fortunately, the potential for overcorrection is very small. The
great majority of zones unconnected only in the “initial M0S~5 ONLY
network should be connected. Almost all the zones unconnected in
previous networks have a Percent Walk of 0.0, in which case the
calculation of walk-access transit trips is completely bypassed in the
mode choice models. Thus, the main concern in modifying the procedure
was to maintain efficiency and consistency. This was accomplished by
modifying BLDCON2 to incorporate reference to the Percent Walk files
as an additional control.

A check on Percent Walk was incorporated in BLDCON2 as an initial
step. This allowed any zone with a Percent Walk of zero to be
bypassed immediately in conformity with the check made in the mode
choice models. The initial search procedure was modified to identify
all nodes within 1.0 miles, but those over 0.5 miles are kept
separate. If there are connections within 0.5 miles, only these are
included, and the result is identical to the earlier version. If
there are no connections within 1.0 miles, the zone will remain
unconnected as in the earlier version. [f neither of the preceding
conditions is true, then BLDCON2, as modified, selects the subset of
1inks in the 0.5~to~ 1.0 range having the minimum distance based on
increments of 0.1 mile. A uniform distance of 0.5 miles is used for
any zone connected by this secondary process. There is evidence to
suggest that a maximum walk distance of 0.5 miles was used previously,
even for zones that BLDCON2 left unconnected. Further, this
modification was to correct an overestimate in walk times as viewed by
BLDCON2, not a relaxation of the 0.5-mile maximum walk distance.

Thus, walk times are capped at 0.5 miles.

As a further check on walk links in comparisons to those used in the
original model development, a comparative distribution of walk links
was prepared as illustrative in Figure 2-9. As shown, the
distributions are quite similar. The current set of walk links
produced by BLDCONZ2 contains approximately 200 fewer links -~ 2,800
versus 3,000. The overall average walk distance is now 3.3 miles,
versus 3.1 miles for the model development set.
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2.4

2.4,1

ANALYSIS OF POTENTIAL WALK-ACCESS BIAS

Because of the concern that automated coding of walk access might
result in biased estimates of transit patronage, especially rail
transit patronage, an extensive analysis was made of the potential for
such bias. Ideally the analysis would have been based on actual
distribution of trip ends within zones; however, such data are not
available for today, much less for the future. Nevertheless, it is
possible to assess adequately this potential problem without such
data. This was accomplished through two separate analyses:

1. An analysis of actual walk-access trips to show the diétribution
of walk-trip volumes by access distance, and

2, A theoretical analysis of the effects of alternative trip-end
distributions on the estimation of walk-access trips.

Actual Model Results

first, it is appropriate to consider the order of magnitude of walk~
access trips to rail produced in actual modeling efforts. As reported
in the FEIS (Page 2-60, Table 2-3), the total number of walk-access
trips to the rail for the full 18.6-mile Locally~Preferred Alternative

. 1s 131,353 out of the total 364,137 rail trips forecast. This total

represents 36.1 percent of rail trips. Of these, 46,285 or 35 percent
of all walk-access trips board at one of the four CBD stations. A
further 35,492 board at the Alvarado and Vermont stations. The
remaining 12 stations account for the balance of 49,576 walk-access
trips.

A detailed analysis of several stations reveals the data shown in
Table 2-3, which follows. Several important conclusions can be drawn
from this. First, only one of the stations -- Universal City ~- has a
walk connector as long as 0.5 miles. Most stations are typically of
the nature shown by Crenshaw and Cahuenga with four or five walk-
access connectors ranging between 0.1 and 0.4 miles in length.
Second, the largest trip volumes generally occur on the shorter walk-
access links. In the case of Universal City station, the decline in
volume for the longest links is quite dramatic. In the case of the
Cahuenga station there is a fairly large volume of trips from the two
zones at 0.4 miles, but this is the only case in which a large volume
is found beyond 0.3 miles.

Because of the small size of most zones in the rail corridor (these
zones having been split into multiple zones prior to any simulations
of rail patronage for the FEIS and subsequent analyses), it is
unlikely that there will be any long walk connectors except in the
vicinity of stations between Hollywood/Cahuenga and North Hollywood,
for which walk-access volumes are low anyway.
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WALK ACCESS RESULTS FOR THE LPA SIMULATIONS -- SELECTED STATIONS

TABLE 2-3

HOME~BASED WORK TRIPS

WALK ACCESS DISTANCE

Station 0.1 0.2 0.3 0.4 0.5
No. Trips No. Irips WNo. [rips No. TIrips No. Irips
7th & Flower 6  1204% 0 - 0 -0 - 0 -
8337* - - -
Vermont 1 1382 2 1383 1 869 0 - 0 -
706 1966 32 - -
Crenshaw 2 501 2 1028 0 - 0 - 0 -
660 1067 - - -
Cahuenga 0 - 3 1399 1 110 2 1353 0 -
~ 1870 118 1477 -
Universal City O - 2 337 0 1 109 1 108
1912 - 87 88

* The first line is productions (home-based work) and the second s attractions

(home~based work)
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2.4.2

A Theoretical Analysis of Walk Sensitivity to Trip-End Distribution

The purpose of this theoretical analysis was to determine the
sensitivity of the walk-access modal split to alternative
distributions of trip ends in a zone that is connected to a train
station by an access link of 0.5 miles or less. The procedure used to
investigate this was to apply an incremental logit model to increments
of zonal trip-ends from close to the station to the furthest point in
the zone. For this purpose two theoretical zones were constructed,
one of which is square, while the other one is rectangular with the
long side twice as long as the short side. Each of these zones is
divided into squares, with the square zone consisting of 100 equal-
size squares and the rectangular zone of 50 equal=-size squares, as
shown in Figure 2-10.

For these two zones it was assumed that the station is either at one
corner of the zone {the most common location, given that zone
boundaries are usually on arterial streets and stations are at the
intersection of arterial streets) or midway along one side of the zone
(assumed to be the short side of the rectanqular zone). An
examination of the zones adjacent to stations along the entire rail
line from Union Station to North Hollywood indicates that these two
geometric shapes and station locations are by far the most common that
actual zones approximate. In the CBD all but two adjacent zones are
rectangular, with the station at the corner, and the other two zones
are approximately square, also with the station at the corner. A
similar pattern appers along the rest of the 1ine, with the only
irregular zone shapes appearing for the Hollywood Bowl Station,
Universal City, and Crenshaw. For the remaining stations most zones
are rectangular with the station at the corner, but with some square
zones and a location that is closer to a midpoint of the side of a
zone for Wilshire/Alvarado, Fairfax/Santa Monica, Sunset/La Brea, and
North Hollywood.

In each case the walk-access distance was assumed to be the true
length of the centroid connector to the station. This will tend to be
an overestimate for the case of a station midway along the side of the
zone, because the average distance will usually have been determined
to the corner of the zone. Otherwise, the assumption was a good
approximation to the actual cod1nq in the network. Starting from the
station, the 50 or 100 squares in the zone are grouped, by 1ncreas1nq
distance from the station, into 10 categories. For the two
alternative zone shapes and the two alternative station locations,
this categorization is shown in Fiqure 2-11. The access distance for
each category is assumed to be the midpoint distance along the
connector from the station to the farthest edge of each distance
increment. Thus, in Figure 2-10(a), if the centroid distance is 0.5
miles, the first square is assulted to have an access distance of 0.05
miles, the three squares in the next increment are assumed to be 0.15
miles from the station, the five in the next increment are assumed to
be 0.25 miles from the station, and so forth until the tenth category,
containing 19 squares, which is assumed to be 0.95 miles from the
station.
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ZONE SHAPES AND STATION LOCATIONS
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2.4.3

To use the incremental logit model, three alternative probabilities
were assumed for the walk-access mode to rail, based on the range
found in the actual data from the LPA simulation. Varying with zone
and station, the range of market shares for walk~to-rail was found to
be from 0.01 to 0.08, with a majority of zones in the range of 0.05 to
0.075 where walk connectors exist. The three probabilities used were,
therefore, 0.01, 0.05, and 0.08. Centroid connector distances were
assumed to range from 0.1 miles through 0.5 miles.

Finally, to complete the theoretical problem, five alternative
distributions were assumed for trip ends in a zone. The first
assumption is of a uniform trip~end density over the entire zone. The
second and third are of approximately normal distributions centered on
the zone centroid with significantly different standard deviations
assumed relative to the zone dimensions. The fourth distribution is
skewed to a side of the zone that includes the station. . The fifth
distribution is the same degree of skewness, but to a side of the zone
as far away from the station as possible. These distributions are
shown in Figures 2-12(a) through 2-12(h).

Summary of Results

Tables 2-4 and 2-5 summarize the results of applying the incremental
logit model to varying zone shapes, station locations, centroid
distances, mode shares, and trip-end distributions. Table 2-4
presents the results for a station located at the corner of a zone.
The following conclusions can be drawn from this Table:

1. For a sguare zone and a symmetrical distribution of trip ends
(i.e., unitorm, normall or normal2), the error of using the mean
probability for all trips concetrated at the centroid increases
with zone size, from a minimum of about 2 percent of the transit
share to a maximum of 13 percent of the transit share.

2. For a sguare zone and a skewed distribution, the error increases
again wWith zone sizé and is much larger when the distribution is
skewed to the zone side furthest from the station. In this case
the error varies between six and 25 percent. When the trip-end
distribution is skewed to the side closest to the station, the
error ranges between one and three percent.

3. For a sguare'zone, the errors are always overestimates.

4. For a rectanqular zone with a symmetrical distribution, the error
is invariant with zone size and ranges between zero and one
percent for all cases. It is always an overestimate.

5. For a rectanqular zone with a skewed distribution towards the
station, the transit share is always underestimated by an amount
that increases with zone size from three to 18 percent.

6. For a rectangular zone with a skewed distribution away from the

station, the transit share is always overestimated by an amount
that increases with zone size from five to 20 percent.
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TABLE 2-4

SENSITIVITY OF WALK ACCESS TO TRIP-END DISTRIBUTION

STATION LOCATED AT ZONE CORNER

Zone Centroid Ave. Distribution

Geometry Distance Prob. I[niform Norma |1 Norma |2 Skewl SkewZ
Square 0.1 0.01 .0097(3%) .0098(2%) .0098(2%) .0099(1%) .0094(6%)
Square 0.1 0.05 .0483(3%) .0488(2%) .0491(2%) .0494(1%) .0471(6%)
Square 0.1 0.08 .0774(3%) .0782(2%) .0785(2%) .0791(1%) .0755(6%)
Rectanqular 0.1 0.01 .0099(1%) .0100(0%) .0100(0%) .0103(3%) .0095(5%)
Rectangular 0.1 0.05 .0496(1%) .0499(0%) .D499(0%) .0515(3%) .0477(5%)
Rectangqular 0.1 0.08 .0794(1%) .0798(0%) .0799(0%) .0823(3%) .0764(5%)
Square.- 0.2 - (6%) (5%) (4%) (2%) (11%)
Rectangular 0,2 - (1%) (0%) (0%) {(7%) (9%)
Square 0.3 - (9%) (7%) (5%) (3%) (16%)
Rectangular 0.3 = (1%) (0%) (0%) (13%) (17%)
Square 0.4 - (11%) (8%) (7%) (3%) (21%)
Rectanqular 0.4 - (1%) (0%) (0%) (13%) (17%)
Square 0.5  0.01 .0086(14%) .0090(10%) .0092(8%) .0097(3%) .0075(25%)
Square 0.5 0.05 .0433(13%) .0450(10%) .0459(8%) .0486(3%) .0376(25%)
Square 0.5 0.08 .0694(13%) .0721(10%) .0736(8%) .0776(3%) .0606(24%)
Rectangular 0.5 0.01 .0099(1%) .0100(0%) .0101(1%) .0118(18%).0080(20%)
Rectangular 0.5 0.05 .0495(1%) .0501(0%) .0502(0%) .0587(17%).0400(20%)
Rectangular 0.5 0.08 .0790{1%) .0800(0%) .0800(0%) .0933(17%).0644(20%)
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TABLE 2-5

SENSITIVITY OF WALK ACCESS TO TRIP-END DISTRIBUTION

STATION LOCATED AT MIDWAY ALONG ZONE SIDE

Zone Centroiad Ave. Distribution

Geometry Distance Prob. Uniform Norma |1 Norma 12 Skewl SkewZ
Square 0.1 0.01 .0099(1%)} .0100(0%) .0098(2%)} .0103(3%) .0095(5%)
Square 0.1 0.05 .0496(1%) .0499(0%) .0491(2%) .0515(3%) .0477(5%)
Square 0.1 0.08. .0794(1%) .0798(0%) .0786(2%) .0823(3%) .0764(5%)
Rectangular 0.1 0.01 .0100(0%) .0100(0%) .0100(0%) .0105(5%) .0095(5%)
Rectangular 0.1 0.05 .0500(0%) .0500(0%) .0522(4%) .0522(4%) .0477(5%)
Rectangular 0.1 0.08 .0800(0%) .0800(0%) .0800(0%) .0834(4%) .0765(5%)
Square - 0.2 = (1%) (0%) (4%) (6%) (9%)
Rectangular 0,2 = (0%) (0%) (0%) (9%) (9%)
Square 0.3 = (1%) (0%) (5%) (10%) (13%)
Rectangular 0.3 - (1%) (1%) (0%) (14%) (12%)
Square 0.4 - (1%) (0%) (7%) (13%) (16%)
Rectangular 0.4 - (2%) (1%) (0%) (20%) (16%)
Square 0.5 0.01 .0099(1%) .0101(1%) .0092(8%) .0118(18%).0080(20%)
Square 0.5 0.05 .0495(1%) .0503(1%) .0460(8%) .0587(17%).0400(20%)
Square 0.5 0.08 .0790(1%) .0803(1%) .0737(8%) .0933(17%).0644(20%)
Rectangular 0.5 0.01 .0103(3%) .0102(2%) .0101(1%) .0127(27%).0080(20%)
Rectangular 0.5 0.05 .0515(3%) .0511(2%) .0504(1%) .0628(26%).0404(19%)
Rectangular 0.5 0.08 .0820(3%) .0815(2%) .0805(1%) .0996(25%).0649(19%)
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2.4.4

Table 2-5 presents the results for a station located on the side of a
zone. The following conclusions can be drawn from this Table:

1. For a sguare zone and a symmetrical distribution of trip-ends
(i.e., uniform, normall or normal2), the error of using the mean
probability for all trips concentrated at the centroid is
invariant with zone size (except for the normal2 distribution) and
is around. one percent. In the case of the steeper normal
distribution, the error varies from two percent in a small zone to
eight percent in a large zone. These distributions give rise to
the mean probability being an overestimate in all cases.

2. For a square zone and a skewed distribution, the error increases
with zone size and is much larger when the distribution is skewed
to the zone side farthest from the station. .In this case the
error varies between five and 20 percent and shows that the mean
is an overestimate., When the trip-end distribution is skewed to
the side closest to the station, the error ranges between three
and 18 percent and is an underestimate.

3. For a rectangular zone with a symmetrical distribution, the error
increases with zone size and ranges between zero and three percent
with an overestimate in the smallest zones to an underestimate for
zones larger than 0.2 miles for the centroid connector.

4. For a rectanqular zone with a skewed distribution towards the
station, the transit share is always underestimated by an amount
that increases with zone size from five to 27 percent.

5. For a rectangular zone with a skewed distribution away from the
station, the transit share is always overestimated by an amount
that increases with zone size from five to 20 percent.

In general, the Tables indicate that only the extreme distributions
{skewed) for the larger zone sizes produce errors in excess of ten
percent of the transit market share. Further, if the trip ends in a
zone are skewed to the side of the zone nearest to the station, then
use of the average walk distance will underestimate the transit share
of trips in all cases.

Extension of the Theoretical Results to Actual Zoanes

The implications.of the theoretical work in the preceding section are
seen most clearly by applying them to the selected stations described
in section 2.4.1. Accordingly, the zones around those stations have
been classified to approximate the theoretical shapes and
distributions and the approximate errors in trips computed. The
results of this are shown in Table 2-6.

In all cases in Table 2-6, the worst case has been assumed whenever
there is any question of the appropriate case to apply to a zone.
Thus, when a zone is an irreqular shape, a square zone is assumed
because the errors for a square zone are generally larger than for a
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TABLE 2-6
APPLICATION OF THE THEORETICAL RESULTS TO SAMPLED STATION ZONES

Approx. Station Error in Trips
Station Zone Dist. Shape Location Distribution %Error Ps As
7th/Flower 715 0.1 Rect. Corner Uniform -1 ~6 ~12
716 0.1 Square Corner Uniform -3 -1 ~-96
1563 0.1 Square Corner Uniform ~3 ~12 -43
1567 0,1 Rect. Corner+ Uniform -1 * =12
1568 0.1 Rect. Corner Uniform ~1 ~1 ~13
Station Total ‘ ~20q ~176
Vermont 394 0.1 Square Corner Skewl ~1 ~14 -7
1409 0.3 Rect. Corner* Uniform -1 * ~9
1410 0.2 Rect. Corner Skewl +7 +34 +63
1427 0.2 Square Corner Skewl ~2 ~-18 -21
Station Total +2 +26
Crenshaw 391 0.2 Rect. Corner Skewl +7 +49 +34
392 0.2 Rect. Corner Skewl +7 +23 +40
1403 0.1 Rect. Corner+  Skewl +3 +7 +10
1424 0.1 Square Corner Skewl -1 -3 -3
Station Total +76 +81
Hollywood/ 343 0.3 Irreg. Corner+ Normall S -2 -2
Cahuenga 352 0.2 Irreg. Corner+ Uniform ~6 -7 ~7
353 0.2 Square Corner+ Uniform -6 ~51 -62
1383 0.4 Irreq. Corner Uniform -9 -91 -50
1384 0.4 Rect. Corner Uniform -1 -3 ~9
1386 0.2 Rect. Corner Uniform -1 -4 -7
Station Total =158 -137
Universal 276 0.5 Irreq. Corner Skewl -3 -3 -3
City 1364 0.2 Rect. Side Skewl +9 +30 +18
1365 0.2 Irreqg. Corner Skewl -2 0 ~-34
1366 0.4 Irreq. Corner+ Uniform -14 -14 -12
Station Total ' #3 =21

* Less than 1 trip

+ No station on zone boundary -~ corner assumed for error calculation
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rectanqular zone. When the station is not on the boundary of a
connected zone it is assumed that the most appropriate locational
pattern is represented by the corner station, which has larger errors
than the side station. Distributions of trip ends are assumed on the
basis of the development patterns of the zones. Generally, CBD zones
are approximately uniform, while zones along a major arterial, such as
Wilshire Boulevard, have a trip-end distribution that is skewed to the
arterial, In only one or two cases are zones assumed to have some
other distribution than this.

The five stations analyzed here have 28,103 home~based work, walk-
access trips reported in Table 2-3. This represents 21.14 percent of
the total walk-access transit trips projected for the Locally-

" Preferred Alternative. Table 2-6 shows a total error of =314 walk

access trips, indicating that the method of using the zone centroid
with no distributional information on trip ends and access to the
station has resulted 'in an overestimate of approximately 314 trips, or
1.117 percent of the projected walk-accéess trips. Applying that error
to the total of walk-access trips indicates a potential error of 1,468
walk-access trips, which in turn suggests a maximum overestimate of
rail patronage by this figure. In fact, the overestimate is probably
less than this because, under a different access treatment, some of
the trips estimated to be walk-access from the current coding
convention would have occurred as bus access, while the balance
probably would not be rail trips. It should also be noted that the
method used by SCRTD for walk-access coding underestimated walk-access
trips in two cases (Vermont and Crenshaw), overestimated in two cases
(7th & Flower and Hollywood/Cahuenga, and gave a mixed result in one
case {Universal City). Therefore, the simple expansion of the results
of these five stations is somewhat questionable and the reality may be
of a smaller overestimate of walk-access trips.

It may be concluded from these analyses that the automated coding of
walk-access does not introduce any significant bias in patronage
forecasts as long as consistency is maintained between the coding
procedures used in the forecast network compared to those used for
model development.
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3. EXOGENOUS INPUTS

OVERALL PURPOSE

Given the different agency responsibilities in the Los Angeles area,
the SCRTD does not develop all of the travel forecasts for the region,
nor many of the specific forecasts of other data used in the travel-
forecasting process. Instead, it is the responsibility of other
agencies in the region to provide various elements of input
information to SCRTD from which transit patronage forecasts can be
made. These inputs include trip tables by purpose, trip-end data for
modal-split modeling, trip-end data for mode-of-arrival modeling, and
characteristics of the highway system.

As part of this project, an evaluation was undertaken of these various
items of input, with a view to providing a more complete understanding
of the patronage~estimation results as well as to ensure that there is
explicity agreement on the basis from which the forecasts have been
drawn.

TRIP GENERATION AND DISTRIBUTION

The trip-generation and trip-distribution models establish the base
person-trip movements to be used in estimating transit demand. The
ability of existing trip-generation and trip-distribution models to
replicate data from the base year (1980) indicates that the models can
be used with confidence as the basis for transit alternatives analysis
and the develapment of Environmental Impact Statements for transit
improvements. SCAG provided 1980 trip tables, and these were analyzed
during the fall of 1982. Subsequently, in March 1983 a new set of
1980 trip tables was provided, based on the latest available census
data, and these were then subjected to the same analyses. The trip
tables represent, of course, the output of the trip~generation and
trip-distribution models.

To validate the models, a series of seven screenlines was established
across which both model-produced trips and data obtained from highway
ground counts and transit passenger counts were accumulated. The
counts are the standara against which the model results are compared.
A comparison of the initial trip tables for 1980 with the ground count
indicated that the model results were 13.0 percent high across all
screenlines in total. Individual screenline differences varied from
-3.8 percent to +33.4 percent. The major differences were across the
two easternmost screenlines (#16 and #12 in Figure 3-1). Similar
results were found for the second set of 1980 trip tables, with the
average difference being ~27.3 percent and the range being from ~-5.8
percent to -50.5 percent. The major differences were found on
screenlines 16, 15, and 12 in this case.

The results from the screenline tests cannot be considered exact,
given the methods for developing count data. Both highway and transit
counts were used, with the highway counts being converted to highway
person trips using both truck volume percentages and average auto
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occupancies. Three primary sources were used for highway counts on
all arterials and freeways crossing the screenlines: the 1980 traffic
volume publications of the City of Los Angeles, the County of Los
Angeles, and CALTRANS. The first two books contain average weekday
volumes, while the CALTRANS counts were seven~day counts for which a
factor provided by CALTRANS was used to convert to average weekday
volumes.

Truck volume percentages were provided by CALTRANS for freeways, and
an average value of 3.0 percent, recommended by CALTRANS staff, was
used for arterials because no percentages were available on a
facility~by-facility basis. An auto occupancy of 1.4 was assumed on
all screenlines based on a number of studies within Los Angeles County
and for the Metropolitan area.

Some sensitivity tests were run to validate the counts. Truck .
percentages were varied between one~half and twice the values given by
CALTRANS, and auto occupancy was varied between 1.2 and 1.6. These
altered values changed the performance of the screenlines, but in no
case provided any evidence that a significant departure from the
assumed values would lead to closer approximation to screenline
volumes, nor that subsequent findings could be affected to any great
extent by these assumptions.

Several methods were considered for improving the trip-table results:
0o Use of special generators in the trip-generation phase

o Balancing of attractions in the gravity-model application
(subsequently adopted by SCAG)

o Use of gravity-model “f"-factor curves that vary by location
within the region

o Collection of new data to permit recalibration of the gravity
model and possible development of K-factors

0 Review of the policy speeds in the table used to develop link
speeds

A basic requirement in selection of a method was that compatibility be
maintained among the forecasting procedures used by the planning
agencies in the region. Also, the regional control total on the
number of trips was to be preserved. It was deemed unacceptable for
SCRTD to use models or control totals for trip generation and
distribution that differed from those being used by SCAG and CALTRANS.
One method that was rejected was the use of zonal K-factors in the
Gravity Model of trip distribution. Theoretically and conceptually,
such factors are undesirable because they simply represent a factor
that alters individual trip interchanges from what the model estimates
to what was observed. Nevertheless, in a region as large and complex
as Los Angeles, K~factors can be justified. They were not used in
this case because the calibration data for the gravity model were not
available to SCRTD, and recent data for 1980 or 1982 against which up-
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3.3

to-date K-factors could be estimated have not been collected.

The only immediate change implemented by SCAG was to employ
attraction-balancing in the trip-distribution process. This change
resulted in substantially different trip-distribution patterns,
especially to the Los Angeles CBD. In fact, this change in person-
trip distribution necessitated recalibration of the mode choice models
-~ eliminating the need for a special CBD bias factor -- as described
in chapter 5.

Results of the revised trip distribution are summarized in Tables 3-1
through 3-5. The process for creating the new, .recommended person-
trip tables is documented in the form of a data-processing flow chart
in Appendix 3~1. This appendix includes the steps required for
conversion of 1,325-zone matrices to 1,628-zone matrices. Both 1980
and year 2000 trip-distribution runs are documented in Appendix 3-1,
as is the creation of highway skims for mode choice model input.

TRIP-END DATA

Trip-end data of various types are used in both the mode choice and
the mode-of-arrival models. The effects of these data items can be
quite significant, depending on the form of the models in current use.
For example, the zonal parking costs for each of work and nonwork
trips are an input to the mode choice models. Although the work mode
choice model is not very sensitive to the auto parking costs, the
nonwork mode choice model is highly sensitive. In some initial model
runs it was found that halving the forecast increase in parking costs
for the nonwork trips decreased rail trips by about 30 percent. As a
result of this sensitivity, the trip-end data, both for 1980 and for
the year 2000, were scrutinized carefully to determine their
reasonableness and to provide a basis for assessing the results of the
model applications.

Following is a summary of a statistical analysis for key exogenous
variables. Four basic statistical tools were used to evaluate the
relationship between 1980 values and the year 2000 values.

1. Frequency counts and percentages;

2. Pearson correlation coefficients;

3. t-test; and

4, SPSS-generated scatterplot diagrams for 1980 versus year 2000.

Details of this analysis are presented in Technical Memorandum 3.1.3,
Analysis of and Recommendations for Exogenous Variable Forecasting
Techniques, April 1986.

A summary of the results of the Pearson correlation and t-test is

found in Table 3-6. These indicators, in concert with the
scatterplots of key exogenous variables, reveal trends in current
forecasting techniques. Each key variable is discussed below in
detail.
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TABLE 3-1

AVERAGE TRIP LENGTHS (IN MINUTES) - YR 1980

SCRTD
Revised Trip Tables

SCRTD

01d Trip Tables

Trip Purpose (FARSOVAL flwchrt) (FAR82VAL flwchrt) SCAG
Home Based 22.49 24.15 22.17
Work

Other to 18.16 22.46 18.56
Work i

Home Based 12.66 11.09 12,99
Other .

Other to 10.94 14.70 11.56
Qther

Home Based 10.23 14.87 10.96
Shop

TABLE 3-2

PERSON TRIP SCREENLINE CROSSING CHECK - YR 1980

SCRTD

Revised Tri

p Tables

SCRTD

01d Trip Tables

Screen Line# (FARSOVAL flwchrt) (FARS2VAL flwchrt)
1 +9.4% +0.7%
3/13 +9.5% +0.6%
10 +1.52% -6.6%
12 +25.80% +11.9%
14 +15.34% +4,6%
15 +19.08% +28.6%
16 +28.64% +30.7%
TOTAL +15.41% +11.0%
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AVERAGE TRIP LENGTHS (IN MINUTES} - YR 2000

TABLE 3-3

SCRTD
Revised Trip Tables

SCRTD
01d Trip Tables

Trip Purpose (FARZOLPY flwchrt) (FAROOVAL flwchrt} SCAG
Home Based 22.86 24,60 23.02
Work )
Other to 18.30 19.63 18.89
Work

Home Based 13.10 7.9% 13.58
Other

Other to 10,72 9.62 11.41
Other

Home Based 10.91 11.15 12.06
Shop




TABLE 3-4

PERSON TRIP TABLE CHARACTERISTICS - YR 1980

SCRTD SCRTD SCAG
Revised Trip Tables 01d Trip Tables
(FARSOVAL flwchrt)  (FARS2VAL flwchrt)
REGIONAL TRIP MAKING
Total HBW Trips 7041435 7041433 7041422
Intrazonal 469544 448838 468341
Intrazonal (%) (6.67) (6.37) (6.65)
Total HBO Trips 20190139 20190125 20190170
Intrazonal 4073809 4412868 4066519
Intrazonal (%) (20.18) (21.86) (20.14)
Total 00 Trips 8396533 8396479 8396507
Intrazonal 2003669 1315610 1979657
Intrazonal (%) (23.86) (15.67) (23.58)
Total OW Trips 3306501 3306500 3306501
Intrazonal 391460 266467 390851
Intrazonal (%) (11.84) (08.06) (11.82)
A1l Purposes Comb. 38934608 38934537 38934600
Intrazonal 6938482 6443783 6905368
Intrazonal (%) (17.82) (16.55) (17.74)
TRIPS PRODUCED FROM QUTSIDE THE LA CBD AND ATTRACTED TO THE LA C8D
Total HBW Trips 274253 271726 276122
Total HBO Trips 422679 410977 428606
Total 00 Trips 103261 186214 104202
Total OW Trips 79676 119370 80136
A1l Purposes Comb. 879869 988287 889066

(CONTINUED)
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TABLE 3-4 {CONTINUED)
PERSON TRIP TABLE CHARACTERISTICS - YR 1980

SCRTD SCRTD SCAG
Revised Trip Tables 014 Trip Tables
(FARSOVAL flwchrt) (FAR82VAL flwchrt)

TRIPS PRODUCED FROM THE LA CBD AND ATTRACTED TO OUTSIDE THE LA CBD

Total HBW Trips 10589 10037 10581
Total HBO Trips 23363 18870 ' 23648
Total 00 Trips 100321 10241 99992
Total OW Trips 67521 4531 67377
A1l Purposes Comb. 201794 43679 201598

TRIPS PRODUCED FROM AND ATTRACTED WITHIN THE LA CBD (INTRA CBD TRIPS)

Total HBW Trips 7096 7648 7103
Intrazonal 1053 820 1074
Intrazonal (%) {14.84) {10.72) (15.12)

Total HBO Trips 24320 28812 : 24034
Intrazonal 5626 4252 5829
Intrazonal (%) (23.13) (14.76) (24.25)

Total 00 Trips 90325 11304 90651
Intrazonal 42279 1443 42969
Intrazonal (%) (46.81) _ (12.77) (47.40)

Total OW Trips . 43613 4134 43754
Intrazonal 10498 456 10707
Intrazonal (%) (24.07) (11.03) : (24.47)

A1l Purposes Comb. 165354 - 51898 165542
Intrazonal 59456 6971 59505
Intrazonal (%) (35.96) (13.43) (35.95)

3-8



TABLE 3-5

PERSON TRIP TABLE CHARACTERISTICS - YR 2000

SCRTD SCRTD SCAG
Revised Trip Tables 01d Trip Tables
(FAR201pw flwchrt)  (FAROOlpw flwchrt)
REGIONAL TRIP MAKING
Total HBW Trips 9236240 9236240 9236202
Intrazonal 696054 668764 692321
Intrazonal (%) (7.54) (7.24) (7.50)
Total HBO Trips 26238848 26239159 26239153
Intrazonal 5816189 4660258 5838404
Intrazonal (%) (22.17) (17.76) (22.25)
Total 00 Trips 10994119 10994129 10994001
Intrazonal 3034274 1785336 3018804
Intrazonal (%) (27.60) (16.24) (27.46)
Total OW Trips 4341640 4341642 4341630
Intrazonal 601589 598038 589906
Intrazonal (%) (13.86) (13.77) (13.59)
A1l Purposes Comb. 50810190 50804048 50810986
Intrazonal 10148106 7712396 10139435
Intrazonal (%) (19.97) (15.18) (19.96)
TRIPS PRODUCED FROM OUTSIDE THE LA CBD AND ATTRACTED TO THE LAC CBD
Total HBW Trips 337001 333217 342468
Total HBO Trips 464622 442451 470769
Total 00 Trips 110589 121979 114288
Total OW Trips 93429 88475 100011
A11 Purposes Comb. 1005641 986122 1027536

{CONTINUED)

-39



TABLE 3-5 (CONTINUED)
PERSON TRIP TABLE CHARACTERISTICS - YR 2000

SCRTD SCRTD SCAG
Revised Trip Tables 01d Trip Tables
(FAR201pw flwchrt) (FAROOlpw flwchrt)

TRIPS PRODUCED FROM THE LA CBD AND ATTRACTED TO OUTSIDE THE LA CBD

Total HBW Trips 12227 11451 12881
Total HBO Trips 29429 24778 29683
Total 00 Trips 108801 118790 107895
Total OW Trips 71832 67959 ' 74717

A1l Purposes Comb. 222289 222978 225176

TRIPS PRODUCED FROM AND ATTRACTED WITHIN THE LA CBD (INTRA CBD TRIPS)

Total HBW Trips 10240 11016 9586
Intrazonal 1474 1146 1425
Intrazonal (%) (14.39) (10.40) (14.87)

Total HBO Trips 30349 35001 30095
Intrazonal 7451 4162 7697
Intrazonal (%) (24.55) (11.89) (25.58)

Total 00 Trips 92516 82531 93423
Intrazonal 40133 16091 41047
Intrazonal (%) (43.40) (19.50) (43,94)

Total OW Trips 56125 60000 . 53238
Intrazonal 11873 - 9764 11538
Intrazonal (%) (21.15) (16.27) (21.67)

Al11 Purposes Cbmb. 189230 188548 186342
Intrazonatl 60931 31163 61707
Intrazonal (%) (32.20) (16.53) (33.11)
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TABLE 3-6

COMPARISON OF EXOGENOUS VARIABLES:

YEAR 1980

TO YEAR 2000

Pearson T-Test
Value Correlation Student's "T"
Variable Type Value Eftect Value ETTect Conclusion
HHTOTAL Value 0.83 Large -21.3 Increase Distribution changed,
Difference shift. in values

EMPL Value 0.90 Change -17.4 Increase Slight change in dis-
tribution, shift in
values

POP Value 0.82 Change -17.4 Increase Distribution chaﬁqed,
shift in values

HHSIZE Rate 0.96 Change 24,5 Orop Distribution same
values decreased
shift in values

AUTPER . Rate 0.89 Change -14.3 Drop Distribution changed

. s1ightly, increase

in values

AUTOTOT Rate 0.98 Same ~ 0.7 Same Base Values = Future
values

LDRVTOT Rate 0.94 Same 1.98 Orop Distribution of rates
changed slightly,
values same

WORKERT Rate 0.99 Same -95.10 Big Distribution same,

Increase large increase of

values

INCMTOT Rate 0.99 Same =30.92 Increase Distribution same,
rates increased

HWYTERT Value 1.00 Same 0 Same Base Values = Future
Values

PRKSCTW Value 0.96 Slight ~-10.7 Increase Distribution same,

Change shift in values

PRKSCTN Value 0.98 Same - 6.6 Increase Distribution same,
shift in values

Note: A1l Pearson correlations are significant beyond 99.9%.
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3.3.1.1

3.3.1.2

3.3.1.3

Total Households, Employment, Population

The following provides some background information related to the
changing demographics in the region for the purpose of subsequent
discussions on highway terminal time, parking costs, and market
segment variables.

Households (HHTOTALB (1980) and HHTOTALF (2000))

The number of households within the SCAG region has increased from
1980 to the year 2000, The mean number of households per zone -
increased from 3,185 in 1980 to 4,181 in the year 2000. A Pearson
correlation of 0.83 reveals that a uniform factor was probably applied
to most zones to project year 2000 values from 1980 households, while

" a minority of zones were projected with a variety of other factors.

The t-statistic of -21.3 indicates that this factor increased 1980
values considerably overall.

The scatterplot diagram of households for 1980 versus year 2000
illustrates that households either increased or stayed generally the
same. The cluster of points below the equivalency line indicates that
a uniform factor was applied to increase 1980 values.

Employment (EMPLB (1980) and EMPLF (2000))

Employment throughout the SCAG region has also increased in the year
2000. The mean number of employees per zone increased from 4,117 in
1980 to 5,568 in the year 2000. A Pearson correlation of 0.90 reveals
that a generally uniform factor was applied to 1980 values to project
year 2000 employment. A t-statistic of -17.4 indicates that this
factor considerably increased employment for the year 2000.

The scattergram of 1980 versus the year 2000 employment illustrates
that employment in most zones stayed approximately the same, as shown
by the tight cluster of points adjacent to the equivalency line. The
sprinkling of points below the equivalency line are the few zones
which experienced a dramatic increase in employment. Hence, existing
employment centers are projected to be growing while some new
employment centers are forecast to appear throughout the region.

Population (POPB (1980) and POPF (2000))

Population within zones throughout the SCAG region increases
considerably. The mean population per zone im 1980 is 8,432 whereas
the mean population in the year 2000 is 10,590. A Pearson coefficient
of 0.82 indicates that a uniform factor was applied to most zones
throughout the region, and the t-statistic of -17.4 indicates that
many of these changes represent Considerable increases.
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3.3.2 Household Size and Autos Per Person (HHSIZEB (1980} and HHSIZEF
(2000) )

3.3.2.1 Household Size

Household size is defined by the number of persons per household. The
mean household size decreased from 2.60 in 1980 to 2.46 in the year
2000. The Pearson correlation coefficient of 0.96 reveals that 1980
and year 2000 values are related in a linear fashion. A t-statistic
of 24.5 further indicates that household size has decreased
considerably.

3.3.2.2 Autos Per Person (AUTOPERB (1980) and AUTPERF (2000))

The number of autos per person per zone increased considerably from
1980 to the year 2000, as the mean number of autos per person
increased from 0.74 in 1980 to 0.79 in the year 2000. A Pearson
coefficient of 0.89 indicates that 1980 values are unrelated to year
2000 projected values. The t-statistic of -14.3 defines a
considerable increase in the number of autos per person over the
region.

3.3.3 Market Segment Variables

Four market segment variables are used in the CSI models which
describe the socioeconomic nature of an average household in each.
zone, segmented by auto ownership and walk accessibility to available
transit. These variables include number of autos owned per household,
number of licensed drivers per household, workers per household, and
income per household.

3.3.3.1 Number of Autos Owned Per Household (AUTOTOTB (1980) and AUTOTOF
(2000))

The number of autos owned per household for each zone for all market
segments stayed virtually the same from 1980 to the year 2000. The
mean number of autos owned for 1980 is 1.959 and for the year 2000 it
is 1.961. In addition, the Pearson coefficient of 0.98 and the t-
statistic of -0.7 indicate that the number of autos owned remained
essentially constant among all zones.

The scatterplot of 1980 versus 2000 values clearly illustrates these
unchanged values, since almost all points on the plot are tightly
grouped around the equivalency line.

3.3.3.2 ?gg%g;)of Licensed Drivers Per Household (LDRVTOT8 (1980) and LDRVTOTF

The number of licensed drivers per household for all market segments
also remained constant from 1980 to 2000. The mean number of licensed
drivers dropped only slightly from 1,91 in 1980 to 1.90 in 2000.
Likewise, the Pearson coefficient of 0.94 and the t-statistic of 1.98
indicate 1ittle if any change between the two years.
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The scatterplot for this variable also illustrates the consistency
from 1980 to 2000, since almost all points fit tightly around the
equivalency line.

3.3.3.3 Workers per Household (WORKERTB (1980) and WORKERTF (2000))

The number of workers per household for all market segments increased
dramatically from 1980 to the year 2000 as the mean increased from
1.36 in 1980 to 1.48 in 2000. This considerable increase is further
substantiated by the t-statistic of ~95.10. However, since the
Pearson coefficient is 0.99, all zones experience the same increase.
Hence, the number of workers per household increased by the same rate
for all zones within the region. -

The scatterplot clearly illustrates the consistency of increases for
all zones since almost all points are tightly grouped. In addition,
the actual increase is illustrated by the grouping of points which are
noticeably shifted toward the higher year 2000 values or below the
eguivalency line.

3.3.3.4 Income Per Household (INCMTOTB (1980) and INCMTOTF (2000})

The income per household for all market segments also increased from
1980 to 2000, as expected. The mean income increased from 17,162 in
1980 to 18,228 in 2000. This increase is also substantiated by a high
t-statistic of -30.92. Almost all zones experienced an increase and
at the same rate, as indicated by a Pearson coefficient of 0.99.
Therefore, it appears that almost all zones experienced a straight-
line increase from 1980 to 2000,

The scattergram alsc substantiates these findings. An overall
increase in income among all zones is illustrated by the Tocation of
points shifted below the equivalency line toward the higher year 2000
values. Since all zones experience generally the same increase, the
points on the diagram are tightly grouped in a linear fashion.

The interrelationship of these four market segment variables is
perhaps as important as the analysis of each variable. As discussed
above, each household is expected to contain approximately the same
number of autos and persons, but is expected to support a greater
number of workers. Therefore, additional work trips must be
accommodated by carpooling or transit. Further, this observation is
also supported by the noted decrease in autos per person for each
zZone.

3.3.3.5 Autos per Licensed Driver

The variable autos-per-licensed-driver is explicitly included in both
the auto submode and transit submode models of the CSI work mode
choice model structure; and it is explicitly included in the
auto/transit model of the work model structure together with utility
values computed in the submode models. The autos-per-licensed-driver
variable is also included as one of the independent variables in the
nonwork mode choice model formulation.
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3.3.4

No sensitivity analysis of this socioeconomic variable is reported by
CSI. However, a sensitivity test provided by the SCRTD model-
application shakedown process indicates a high sensitivity of mode
choice to autos per licensed driver within the CSI nonwork model.
Examination of the model coefficients suggests that the same must be
the case for the work model.

The forecast of a decrease in mean autos per licensed driver when
weighted by trip productions is equivalent to forecasting a decrease
in autos per licensed driver for the region as a whole. Such a
forecast is not necessarily wrong, but is sufficiently unusual to
warrant careful attention to the question of whether or not it is
valid. It needs to be supportable by some evidence that such trends
are beginning to occur, such as data showing that auto ownership per
licensed driver is decreasing today in areas of Greater Los Angeles
that are experiencing increased housing density without decreasing
income. Metro Rail itself may cause some decrease in auto ownership,
but one would expect that any such decrease would be less in
percentage terms than the relative increase in transit ridership at
most, and such is not the case with the SCAG forecasts.

A careful resolution of this data validity guestion is particularly
important in view of the dependence of the CSI mode choice models on
the autos-per-licensed-driver variable. A future year underestimate
of this variable could inflate transit ridership estimates.

Mean values of this variable show a slight increase from 1980 to 2000,
changing from 1.24 to 1.25 based on a simple zonal average. However,
when the mean is weighted by the trip productions in the zone, the
mean drops from 1.21 in 1980 to 1.06 in 2000. In the "82A" trip-end
data, errors were found in zonal values provided by SCAG, resulting
from miscalculation under certain circumstances. These values appear
to have been corrected in the SCAG 82 data, but no other changes are
apparent. The illogical values found in this analysis have been
corrected where possible. However, their presence may indicate that
there are additional, more subtle errors. SCAG should undertake a
detailed analysis of this variable and its forecasting to determine if
such errors do exist.

Highway Terminal Time (HWYTERTB (1980} and HWYTERTF (2000))

Auto highway terminal time, a variable associated with the attraction
end of a trip, is the only out-of-vehicle component of auto travel
time, and includes auto parking, unparking, and walk time to the final
destination. It is not uncommon for mode choice models to be quite
sensitive to auto terminal time.

As employment densities increase, convenient parking facilities become
less available and are therefore located farther from the employment
location. As a result, the time to park, unpark, and walk to the
final employment destination increases. Thus, it is expected that, as
employment densities increase over time, terminal times should
increase as well. However, the year 2000 estimates of highway
terminal are identical, zone by zone, to the 1980 estimates. The
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3.3.5

3.3.5.1

terminal times range from 0 to 5 minutes and, out of the 1,325 zones,
91 percent are assigned a terminal time of one minute. The mean
highway terminal time was calculated to be 1.038 minutes for both 1980
and 2000. A Pearson coefficient of 1.00 indicates a perfect linear
relationship between 1980 and year 2000 highway terminal times, and a
t-statistic of 0.0 indicates absolutely no change in values.

Auto terminal times are difficult to measure. Given a mode choice
mode] quite sensitive to auto terminal times, the safest course is to
continue to use the same forecast times in the future year as for the
base year. The primary objection to this is that it makes it
impossible to reflect the changing auto terminal times for new high-
density development, and there is no indication of the expansion of
the CBD or outlying business districts. The year 2000 forecasts take
the course of using the 1980 terminal time forecasts unchanged. This
is an adequate and conservative approach.

Parking Costs

Auto parking costs and auto fuel cost are the two components of auto
travel cost used in the CSI mode choice models. CSI does not present
any parking-cost sensitivity analysis results, but fuel-cost
sensitivities of the models parallel their sensitivities to fuel cost.

The work mode choice model exhibits a relatively low sensitivity to
fuel cost within the expected range, but the nonwork mode choice model
is extremely sensitive to this variable. The CSI report indicates
that a 100 percent increase in the fuel-cost component of auto cost
results in a 97 percent increase in nonwork transit ridership. It
follows that parking costs can also have a marked effect on the
transit-ridership forecasts and must be estimated with great care.

The estimation procedure used by LARTS in developing these costs is
based upon a “hierarchical" relationship -- or a ranking of parking
costs -~ as they relate to employment densities, according to
historical data and judgment.

Parking costs are reflective of several factors -~ employment density,
congestion, supply, etc. It is assumed that these factors will
increase over time, and thus it is expected that existing parking
costs will at least remain the same, if not increase considerably over
t ime. :

Parking Costs -- Work, Daily (PRKSCTWB (1980) and PRKSCTWF (2000))

Parking cost estimates for 1980 ranged from $0.00 to $4.40 per day,
with approximately 96 percent of the zones having daily parking costs
less than $1.00. By the year 2000 parking costs increased, ranging
from $0.00 to $8.50 with apgroximately 90 percent of the zones having
a daily parking less than $1.00. The mean parking cost was 1l cents
in 1980 and 35 cents in the year 2000, per day.
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3.3.5.2 ’

As illustrated by a Pearson coefficient of 0.96 and a t-statistic of
-10.7, parking costs in 1980 were increased by generally the same
factor. In addition, mean parking costs from 1980 to year 2000
increased considerably; therefore, forecasts of parking cost increases
were consistent among zones throughout the SCAG region.

Parking Costs -- Nonwork, Hourly (PRKSCTN8 (1980) and PRKSCTNF (2000))

Nonwork parking cost estimates for 1980 ranged from $0.00 to $2.63
with 98 percent of the zones having a parking cost of less than $1.00.
In the Year 2000 nonwork parking costs increase significantly, ranging
from $0.00 to $5.10.with approximately 96 percent of the zones having
parking costs less than $1.00. The mean nonwork parking cost was
approximately four cents in 1980 and 11 cents in 2000.

The Pearson coefficient of 0.98 and t-statistic of -6.6 also indicate
a consistent increase among zones, and the scattergram confirms that
costs increased consistently, in that all points 1ie below the
equivalency line toward higher year 2000 values.

Broad areas of the CBD, Hollywood, the Wilshire corridor, the San
Fernando Valley, Long Beach, and Pasadena-South Pasadena are estimated
to have measurable average all-day parking costs in both 1980 and
2000. A very few zones (including three in Los Angeles County plus
zone subdivisions) are indicated to have no parking cost in 1980, but
measurable cost in 2000. Several zones that have no parking costs for
either year bear further investigation, as does the broad extent of
certain suburban areas that have parking costs.

The most critical finding, however, relates to the magnitude of the
parking-cost change from 1980 to 2000 in constant dollars. Table 3-7
shows both 1976 constant dollars and 1982 constant dollars for the
forecasts of various areas. (1976 dollars are used in the data sets
provided to SCRTD while the 1982 values are more useful for comparison
to present conditions.) It should be kept in mind that the parking
costs are average parking costs for the entire zone and should reflect
an average of all paid-for and free parking as incurred by individual
travelers. Also, the work cost should represent an average eight- or
nine~hour parking cost while the nonwork parking cost should be an
average for two or three hours. Although documentation has been
provided to SCRTD on the derivation of the parking costs, it is not
apparent from this documentation to what extent these averages have
taken both time of parking and existence of free parking into account.
The degree of increase projected is worthy of thorough review.

It would be useful to have constant dollar historical-trend data
available for pay parking rates and free parking percentages in Los
Angeles, preferably stratified by a variable such as trip-attraction
density. This should be the subject of a regional project together
with a detailed study of likely future changes in cost and supply of
parking.

3-17



TABLE 3-7

COMPARISON OF CURRENT AND FORECAST PARKING COSTS

(IN 1982 DOLLARS)

Location Work Cost Nonwork Cost

1980 2000 1980 2000
Mean for Al1l Zonés $0.28 . $0.85 $0.13 $0. 34

{0.17) (0.51) (0.08) (0.20)
Mean for Zones with $2.65 $6.96 $2.17 $5.72
Parking Costs {1.57) (4.12) {1.29) (3.39)
Mean for CBD Zones $6.47 $13.90 $3.86 $8.34

{3.83) {(8.23) (2.29) {4.94)
Attraction-Weighted: $0.55 $1.52 $0.17 $0.38
A11 Zones (0.32) (0.90) (0.10) (0.22)
Attraction-Weighted: $6.39 $13.84 $3.85 $8.35
CBD Zones (3.78) .(8.20) (2.28) (4.95)

1976 Dollars are shown in parentheses

Source: Schimpeler Corradino Associates
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3.4

3.4.1

Sensitivity tests for Metro Rail ridership have been conducted for
parking costs in the region and are reported in chapter 8 of this
report. The sensitivity of the CSI nonwork mode choice model to auto-
parking costs makes careful estimation and judicious application of
parking costs imperative,

MINIMUM DISTANCES

In addition to the conventional zone-~to-zone highway skims referenced
above, for input to trip distribution and mode choice, two special
files are required for input to the mode-of-arrival model as follows:

o Ione-to-closest-station distances =~ this file identifies the rail
station to which each zone .is closest and the minimum path
distance to that station. The file contains one record for each
zone in EBCDIC format. For this file, stations are always rail
stations.

o Ione-to~station highway time and distance matrices -~ this file is

a UTPS binary matrix file in which the rows represent zones and
the columns represent rail stations or bus Park-n-Ride locations.

Zone-to~Closest-Station Distances

Chapter 6, covering the mode-of-arrival model, describes the use of
distances from zones to the nearest station as a means to determine
the percent of trips treated as walk (in mode choice} that are, in
fact, feeder bus trips. This computation is undertaken within the
mode~-of-arrival model. These minimum distances are required as an
input data file to the mode~of-arrival model, and this section is
concerned with the means to develop this input.data file. The minimum
distances have been computed by a program called UMINDIST which
determined the minimum distance from each zone to a designated
station. As shown in Table 3-8, the percent of walk trips is then
determined as a function of both the type of station and the minimum
distance. If the distance is over one mile, the percent of walk trips
is zero for all station types. The UMINDIST program is structured to
determine the minimum distances from the highway network for two
reasons. First, in previous applications of this procedure, no
digitized transit network existed, and coordinates are needed.to
locate the stations vis-a-vis the zone centroids and the potential
1inks to the stations. Second, in the transit network, links to a
station that may be used to compute the distance to the nearest
station may not always exist. For example, if a station is a type 1
station (with no Park-n-Ride and no Kiss-n-Ride permitted}, the
station will have only walk links to it. In the primary versions of
the transit networks built for this project, walk links (centroid
connectors) are only included in the network if they are less than 0.5
miles in length. Therefore, a zone may be 0.8 miles from a type 1
station and 1.4 miles from a type 4 station, and the transit network
will define the type 4 station as being the nearest, because no link
will exist from the zone to the type 1 station.
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TABLE 3-8
PERCENTAGE OF WALK TRIPS AS A FUNCTION OF DISTANCE TO NEAREST STATION

Station Percentage of Walk Trips for
Type Zone~to-Station Distance (Miles)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1 100 100 100 100 73 30 1 0 0 0
2 100 100 95 86 75 57 36 8 5 0
3 100 100 95 86 75 57 36 8 5 0
4 95 85 6 56 42 31 22 13 7 4

Station Type Definitions:

1. A station where no highway access of any type is anticipated, such as
a station in the CBD.

2. A station where the only highway access anticipated is Kiss-n-Ride.

3. A station where the access is walk or bus, but potential Kiss-n-Ride
trips would go to another type 2 station.

4, A station where all types of highway access are anticipated and which
has some parking facilities.

Source: Schimpeler Corradino Associates
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3.4.2

The minimum distances were examined for the LPA network and were
compared to the link distances in the links file of that network.
Significant differences were found in many cases. Some differences
could be expected to be found, including:

o Distances along walk centroid connectors in the transit network
are averages for all walk centroid connectors for a zone.
Therefore, actual walking distances should vary from the coded
links.

o Auto distances are coded in the transit network from the 1,628-
zone network, while the highway network is for 1,325 zones, and
manual corrections were applied for the expanded zone system.

o The coardinate system for the transit network is based on meters,
while that for the highway network is based on feet. This is
1ikely to results in some differences in value.

Notwithstanding these expected differences, it was found that the
UMINDIST values differed substantially in most cases from the values
that would have been obtained from the transit network. The UMINDIST
values also did not agree with the measured distances from the network
plots. As a result, the latest network runs have used new distances,
based on the transit network coordinates and the links file. Actual
walk link distances are used rather than the average for the zone, by
recomputing the distance from the coordinates of the zone centroid and
the station. The coordinate-based version of the program to calculate
minimum zone-to-station distances is sometimes referred to as MNMDIST
rather than UMINDIST.

Zone-to-Station Matrices -

The process involved in driving zone-to~-station matrices is a lengthy
one. The basic steps are shown in Figure 3-2, The process involves
creation of a special highway network containing dummy Zones to
represent rail stations and formal bus Park-n-Ride lots. Station
zones are numbered 1,629~2,028, allowing up to 400 stations/lots to be
identified at one time. Because of the complexity of this process, an
attempt has been made to maintain strict consistency, in fact,
constancy in the highway node numbers assigned to each dummy station
zone. Once a station is assigned a node number, that node number is
never used for any other station. Appendix 3-2 is a recent tabulation
of this node number assignment.

Once all stations have been identified by dummy station nodes in the
highway network, the network is built and paths built and skimmed to
create a 2,028-by~2,028 zone highway skim. A special program,
USTATION, is then employed to create a zone-to-station matrix ~- a
non~-square matrix having 1,628 rows representing zones and 400 columns
representing stations. This matrix was formerly used as an input to
the program UMINDIST to create the zone-to-closest~station distance
file but, as indicated above, this file is now created using the

3-21



e .

;e am B

ZONE-TO-STATION HIGHWAY SKIMS PROCESSING

HADDSTA

CHRTOPAN

BULCHR

HRSKIM

USTATION

Figure 3-2
3.22

THESE STEPS ARE ROUTINES
DEVELCPED BY STEVE TUNG
TO ASSIGN NODE NUMBERS
TO STATIONS.

NODE NUMBERS ARE
REASSIGNED AS NECESSARY
TO ALL STATION NODES

IN THE 1629-2028 RANGE.



[ VN

ol ma .

' - - A W

- . .
?

transit network coordinate file instead. However, the USTATION output

file is still a required input to the mode~of-arrival model. lhe

preparation and application of these files 1s covered further in
chapter 6.
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4.2.1

4.0 TRANSIT NETWORK INPUTS

PURPQOSE

The primary purpose of the procedures described in this chapter is to
produce networks that are as clean and accurate a representation as
possible of actual transit operations, within the limitations imposed
by the network-building procedures of UTPS. There are three
components to this activity. The first is the method used to build
the networks themselves. The second is the types of checks that can
be run to determine whether or not the network is a complete and
accurate representation of the actual operations of transit in the
region. The third is the procedures for isolating and correcting
errors found in the networks. One of the most difficult aspects of
network building is.to detect errors, and this becomes much more
difficult as the complexity of the network increases. The transit
networks for the Los. Angeles region represent highly complex networks
that stretch standard network-building procedures, such as UNET, to
their limits. As a result, many of the problems encountered relate as
much to the limitations in the network program as to the building of a
network itself. '

A goal of this project was to produce a set of transit networks that
are sufficiently accurate and free of errors that they can stand
intensive scrutiny, and can be relied on to produce as accurate
estimates of transit patronage as is possible, using state-of-the-art
techniques in travel forecasting. Various aspects of forecasting are
highly sensitive to specific components of the network structure.

‘Furthermore, it is not widely recognized that the accuracy and

correctness of the networks affect every aspect of the travel
forecasting, so that a network with significant errors in it wil)
propagate those errors through the entire forecasting process.

One of the purposes to be served by this chapter is to provide
sufficient detail on the checks and corrections made in the network so
that the same procedures can be used again in future network building
in the Los Angeles region. This chapter also covers minimum path
selection for transit networks and transit system fare matrix
construction.

NETWORK-BUILDING PROCEDURES

Structure of Network Files

The network is defined by three computer files -~ a coordinate file, a
links file, and a lines file. The coordinate file provides a list of
all nodes used, including all zone centroids, rail and bus stations,
etc., and provides X and Y coordinates for each node. The coordinates
are taken from the U.S. Geological Service maps in the 7-1/2' series
for the Los Angeles region, and are metric coordinates, measured from
a base point well outside California.
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In theory, there should be only one master coordinate file, since the
practice of changing node locations or having nodes represent
different locations in different networks is to be strongly
discouraged. Nonetheless, many coordinate files, though ultimately
stemming from a common base, are now network-dependent,

The links file provides information on every one-way and two-way link
defined in the network. Each link is defined by the two nodes that
represent the ends of the link, referred to as the A~node and the B-
node. In the format required by UNET, each link is described by the
mode or modes that operate on it, the length of the link, and either
the speeds or travel times for the four periods of the AM peak, the PM
peak, the midday, and the evening. Nonetheless, only one time or
speed is actually required on each link. The link must also be
defined as being either two-way or one-way. As with all input data
sets to UTPS programs, the links file is defined as an eighty-column
record, although only the first 65 columns of the record are read by
the UNET program. In this project, an additional description of the
network was provided in the form of the area type and facility type,
recorded in columns 69 and 70 of the record. This information was
processed by a program developed by the consultant staff to determine
the speeds to be coded on the link. The speeds for each combination
of facility type and area type are described in chapter 3 and
displayed in Table 3-2. By using this capability, a future network
can have different speeds encoded on the links card, simply by
changing the values in the look-up table of speeds and rerunning the
computer program that determines the speeds.

The lines file consists of descriptions of each line and subline of
all Transit operators in the region. The description of one line may
occupy up to six card images. The description consists of the mode
number, the company number, and a line number that must be unique
within the mode. The line description also includes a designator to
show if the line is a one-way or a two-way line, and there is a
sequence number for the cards making up a line description. The
remainder of the description includes headways for up to four periods
{AM, PM, midday, and evening), and the sequence of nodes that
describes the route of the line. Each pair of consecutive nodes must

describe a link to be found in the links file, and UNET permits a
maximum of 50 nodes to describe a 1ine. The last card of each line
description must contain a "T" in card column 72, The UNET program
reads nothing beyond column 72, and the remaining columns (73 through
80) have been used to provide an abbreviated reference to individua)
operators' actual bus line designations. UNET requires that line
numbers are assigned consecutively (although gaps are permissible),
and allows a maximum of 255 lines in a mode. Once sublines are
included in the consecutive scheme, it becomes impossible to have UNET
1ine numbers correspond to an operator's line numbers, even if these
are within the required range from 1 through 255. However, this would
be impossible, in any case, for municipal operators.

The consultant staff has recently revived the concept of the headway
file, a file within the network library which, while not a part of the
model chain, provides a description of what is contained in the lines
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file. In the past, headway files have fallen into disuse because they
took a long time to create and were quickly outdated through changes
in the network which, in haste, were never reflected in the headways
file. The consultant staff, however, has created a program which will
read a headways file and, assisted by a permanent file of node number-
street name equivalents, will quickly produce the skeleton of a
headways file. To date, 433 nodes are in the permanent file, and
while this does not eliminate all of the tedium of creating a headways
file, it does speed up the process. The headway file thereby created
includes mode, UNET line number, and AM, PM, and midday headways. It
states whether the line is one-way or not, includes the company
description, and the first and last coded nodes and a description of
those as well, if they are included in the node description file.
Table 4~1 is a sample output from a simple test network of lines
running through Union Station.

Conventions

'Severa1 conventions have been adopted in the coding of the transit

lines for SCRTD. The form and reason for these conventions are
important, and should be maintained in future networks.

Periods of the Day

A11 Los Angeles region networks are currently coded for three periods
of the day only -- the AM peak, the PM peak, and the midday period.
These periods are defined as:

o AM Peak - From 6:00 a.m. through 8:59 a.m.
0 PM Peak - From 3:00 p.m. through 5:59 p.m.
o Midday - From 9:00 a.m. through 2:59 p.m.

The two peak periods are each considered to be three hours in length,
while the midday period is 6 hours. These periods are defined because
the peak loads on the SCRTD system occur during these defined peak
periods.

Direction of Coding

At one time, the direction in which the coding of two-way bus lines
was undertaken was thought to be important. A great deal of time .and
attention was devoted to insuring that coding always proceeded in the
direction of maximum AM peak-period flow. This practice has largely
been abandoned. The intended benefits seemed to be disproportionately
outweighed by the time, effort, and susceptibility to errors that the
procedure of reversing the direction of coding causes. When comparing
two networks, the most important element is certainly consistency of
coding. Whife the practice of adopting a uniform direction of coding
would seem to engender standard practice, in practice it did not. In
numerous instances, supposed differences were pointed up between
networks only to find, on closer inspection, that the coding was
identical, but reversed. Given the numerous networks in existence and
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TABLE 4-1

SAMPLE HEADWAY FILE

$luzs3 09/30/8¢ MRPGP1
8.0 10.0 15.0 S 27
22.0 10.0 15.0 S 28
10.0 18.0 15.0 S 33
60.G 0.0 0.0 S 33A
12.0 12.0 25.0 S 38
6.0 6.07 6,075 40
22.C 20.0 30.0 S 42
15.0 15.0 20.0 -§ 55
18.0 22.0 30.0 " S5 55A
15.0 15.0 20.0 S 56
35.0 0.0 0.0 S 288B
30.0 15.0 25.0 "' S 38A
15.0 0.0 99.9 S 38¢C
15.C 30.0 5C.0 5446
9929 35.0 60.0 ~ TS446A7
35.0 60.0 0.C $443
20«0 25.0 35.0 S444
18.0 '15.0 30.0 "7 "S483
18.0 22.0 30.0 5485
15.0 25.90 35.0 5487
25,0 25.0 99.9 T~ S489 @
2.0 2.0 12.0 OW S400
4.0 4.0 8.0 MR

" T1B2=HSTNGS/ALEGRIA

PAGE 0001

MRP«MININET.UNI ONSTA.BUS.CATA(HCHY)

Ctmnp suvu] sasejeanu)sausimsac]vasnpnanwfuanst towaeHau --f---b----f-.--?----+----

4971=UNICN STATION
4971=UNICN STATION
4333=2ND/S MONICA
4402=-VENICE/CVERLND
4433=W LA TRNST CTR
2516=HWTHRNE/ARTSIA
4971=UNICN STATION
2308=AVALCN/D
2636=LONG BCH/GRNLF
2468=-DEL AMO/AVALON
4710=FAIRFX/SN VNCT

T 4463=JFFRSN/ARLNG TCN

4971=UNICN STATION
2200~KCREAN BELL S
2216=PACIFIC/24TH ST
2368=PLS VRDE/CHICO
2230~-MARINELAND
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T252=FONTANET/LAKE
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6563=EL MCNTE STN

T0
T0
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T0
T0
TO
TO
70
T0
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70

4680=CENTURY CITY

4680=CENTURY CITY

4971=UNION STATICN
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49T1l=UNICN STATICN
4971=UNION STATION
2367~CATALINA/ZAVE I
4971=UNICN STATICN
4971=-UNICN STATICN
4971=UNICN STATION
4971=UNICN STATION

4971=UNION STATION

4439=LA BREA/JFFRSN

4971=UNICN
4971=UNION
4371=UNICN
4971=UNICN
4971=UNION
4971=UNICN
4971=UNION
4971=UNIGN
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STATICN
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6561=EL MCNTE STN
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the lack of consistency with this intended standard, it is suggested
that such a standard not be imposed for the present. When a
completely new base network is developed -~ as part of a conversion to
INET, for example -~ this standard might De revived.

Counts of the Numbers of Trips

The count of the number of trips for frequency and headway calculation
is made by designating a control point on each bus line. The control
point is established as being.a stop listed in the printed schedule
that is somewhere near the midpoint of the line. If a line has a
number of sublines operating, then the control point will usually be
one of the first listed timing points at which all sublines are in
operation. No attempt. was .ever made to identify this control point as
the maximum load point, although it appears that it is close to that
point on most lines. On Express lines, the control point is usually
designated as the last timing point before the bus begins operation on
the major freeway segment, or on the busway.

Trips are counted for each period -~ AM Peak, PM Peak, and midday ~-
using the periods defined in section 4.2.2.1, and defining this period
at the control point. Thus, the time that trips start or end is
irrelevant for the trip counting. What is relevant is the time when
the trip passes the control point. For existing services, trip counts
are made from the appropriate published schedules at the time for
which the network is being built.

Because the PM networks are never run, counts of PM trips are far less
critical. Nonetheless, they are calculated if only because the PM
rush is more important to the District's operations and there is a
hope that someday some method may be developed for incorporating PM
networks into the modeling stream. Generally, the PM peak trips are
counted in the opposite direction to the AM peak. When service is
equal in both directions in the PM peak, then the direction opposite
to the AM peak is always used. If service levels are not equal, then
the PM peak count is again made in the direction in which the maximum
number of trips occur, which is generally, but not always, the
opposite of the AM peak.

When District staff were creating both the FARS80.BASE and FAR83.BASE
networks, they created a separate on-line documentation file for each,
which included UNET line number, mode, company number, route
description (including operator), terminal points, control point, trip
counts, and computed headway. Such a file should serve as a model for
future effort, since it provides such a useful reference as to what
was done.

Subline Definition

In original practice, all sublines of a line are defined in the same
direction, unless two or more sublines are defined as one-way
operations in the opposite direction. As a result, a short turnback
that is operated only in the direction opposite to the peak on a two-
way line will not appear as & coded subline in the transit network.
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A11 lines and sublines are defined as two-way, if service is provided
in both directions in all periods in which the line or subline offers
service. In the event that there is a major imbalance in service
levels in the two directions, two one-way sublines are defined, with
the appropriate headways on each.

Generally, there must be a significant imbalance between the number of
trips in the peak versus off-peak direction in order to warrant a
separately coded line. The general guideline has been that the number
of trips in the peak direction must be at least 1.5 times greater than
those in the off~peak direction.

UNET Line Numbering

UNET line numbers have been assigned in numeric order with the line
(route) numbers of the operator in the Base-Year network. In other
words, the lines of each operator were organized in both the headway
and the lines files in ascending order within each company and mode.
Ordered UNET line numbers are then assigned to the lines and sublines.
If an existing line is changed in terms of service or minor routing
alterations, the UNET line number remains assigned to that line or
subline, which is desirable from the standpoint of consistency.
Ideally, actual operator route numbers could remain in numerical
order, and UNET line numbers could be permanently reserved for certain
routes, with new routes being added only at the end of the existing
range of used line numbers. While this would be desirable from the
point of view of finding a real-world route number, these twin
objectives of consistency and an ordered sort are both impossible and
undesirable to fulfill, for a number of reasons. The first reason is
that there are currently about 220 mode 4 lines coded in most of the
Los Angeles transit networks, 100 mode 5 lines, and 210 mode 8 lines.
This leaves only minimal flexibility in assigning 1ine numbers and no
possibility whatsoever of permanently reserving certain line numbers
for certain routes, despite the fact that those routes may be unused
in any given network. Unfortunately, additional lines are often added
or substituted, and given the overall UNET limit of 255 lines per
mode, the luxury of reserving UNET line numbers cannot be guaranteed.
It should be noted that current network checking programs (mentioned
later) put a high priority on the consistency of retaining the same
UNET 1ine numbers for the same line description across different
networks. If an existing route is simply given a new route number and
any other changes are minor, the UNET line number will remain
unchanged. For this reason, actual operator route numbers cannot
always be kept in a numerically ordered sort, or, in the case of
municipal routes, cannot even always be kept together by operator.

Headway Calculation

Headways are not determined by dividing the period by the number of
trips, because this procedure generates a wide range of fractional
headways that are not good approximations of true headways. This
arises usually because of the setting of the boundaries of the
periods, such that a period may contain some trips made at one headway
and some at another, and because of the effects of trippers during the
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peak periods. In the Los Angeles networks, the number of trips in a
period is used to define the entry point in a look-up table that
provides an easy conversion between the number of trips and a headway.
The conversion is shown in Table 4-2,

By using the look-~up table, all bus lines are assigned headways that
are integer numbers of minutes (except for the 7.5-minute headway -~ 8
buses per hour), and the headways assigned are all drawn from those
used by the scheduling department of the SCRTD. This has the
additional advantage of simplifying the assignment of policy minimum
and maximum headways for the URAP program, described in chapter 7.

Walk Connectors

Hé]k éonnectors can be separated into four basic forms:
o ZIone centroid walk connectors

0  "Dummy" walk 1inks

0 "Mini-walk" links or "Mini-walk network" 1links

o CBD sidewalk walk links

A1l walk connectors in the networks are two-way. Zone centroid
connectors are simply connections from the individual zones to the
transit network, and represent an individual's walk from his home,
place of work, shopping, etc. to the local bus stop.

“Dummy” walk connectors join the local (or "dummy") transit node at
the actual street location of a rail station to the rail station node,
and are coded as a zero-time, zero~distance walk link.

"Mini~walk" 1inks and CBD sidewalk links are similar in concept, since
both replicate the sidewalks available for walking into or out of
zones or transferring to nearby transit lines. The difference between
them is that the "Mini-walk" network is confined to a one~mile square
area centroid on the station, while CBD sidewalk network replicates
the sidewalks which run throughout downtown ~ a much larger area.

Both allow walking transfers.

In the course of checking paths for the 1995 network, it was apparent
that several walk connectors in the older networks, particularly in
the Wilshire Corridor, appeared on the plots as being longer than one-
half mile (airline distance), but were coded as 0.5 miles or less.
Documentation for coding guidelines for the calibration network had
inferred that a ten-minute walk was the maximum length permissible for
any walk connector. At three miles per hour (standard walk speed),
this represents one~half mile. In evaluating this problem, reference
was made to documentation for the program BLDCON, which had initially
built all of the walk connectors in the networks. At that point it
was discovered through the documentation that, in building the walk
connectors for each zone, the program calculated the zone to transit-
node distance for each walk link built and chose the minimum distance
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TABLE 4-2

CONVERSION OF NUMBER OF TRIPS TO HEADWAY

No. of Trips Headway
Peak Miaday

200 200 0
72-198 144-198 2.0
51~ 71 103~-143 3.0
40~ 50 80~102 4.0
33~ 39 . 66~ 79 5.0
28~ 32 56~ 65 6.0
25- 27 50~ 55 7.0
24 47- 49 7.5

21- 23 - 41~ 46 8.0
17~ 20 33~ 40 10.0
14~ 16 27~ 32 12.0
11- 13 22- 26 15.0
10 19- 21 18.0

9 18 20,0

8 16- 17 22,0

7 14~ 15 25.0

& 12- 13 30.0

5 10- 11 35.0

= 9 40.0

4 8 45,0

- 7 50.0

3 5- 6 60.0

2 3~ 4 90.0

1 1- 2 99.9

0 0 0

Source:

Schimpeler Corradino Associates



to apply to all of the walk links for that zone. This, too, was
contrary to calibration network coding quidelines, which dictated that
an average distance for all walk connectors built from a given zone be
applied to each of the connectors. There seemed to be no explanation
for the overlength connectors; these appeared to have been added

manually.

It was decided to correct the problem of overlength connectors by
means of a new BLDCON run which would rebuild all of the walk
connectors in the network. Because the team was already aware of
several bugs with the existing program, it decided to conduct a
thorough review of BLDCON to determine the extent of the problems with
simply running the program and to verify that the program was, in
fact, building walk connectors based on minimum distances., Having
discovered that this was indeed the case, the decision was made to
write a new BLDCON program.

The team undertook this_task and decided to create a program which
would optimize walk connectors by building the shortest 1ink possible
to every transit line within one~-half mile of a zone. Freeway dummy
nodes (through their 7900-7949 numbering) were specifically exempted.
Likewise, rail nodes, by virtue of their special 8000 numbering
convention, could be converted by means of an equivalence table so
that walk connectors would be built into the local (dummy)} node and
not the rail node. Mini-walk connectors were left intact as was walk
coding in the CBD (accomplished through user specification of the
appropriate zones). The new BLDCON program, BLOCON2, was run on all
of the new networks. The distances coded on the links built in this
manner were an average of the distance for all walk links built from a
given zone. Thus, if three walk 1inks were built by the program from
zone 200, for example, and their actual lengths were .3 mi., .4 mi.,
and .5 mi., the average of these distances, or .4 mi., would be coded
on all three links. This technique compensates for the fact that a
singl point, the centroid, is being used to represent a much larger
area (the entire zone).

The first simulation run using a network with walk connectors built by
BLDCON2 uncovered the fact that the new BLOCON nearly doubled the
number of unconnected zones by the strict imposition of the half-mile
(airline distance) rule. Analysis revealed that many of these zones
were supposed to be 100 percent accessible by transit, according to
the modal choice input data sets. Two questions were raised by this
discovery. 0One was whether the location of zone centroids appeared to
be acceptable or not, and the other was whether figures for the
percentage of zones within walking distance of transit were
reasonable. Further investigations revealed specific, isolated
problems, but pointed to the overall integrity of both zone centroid
location and the percent-walk~to~transit file, at least in the
aq?reqqte. It was decided, then, to alter BLDCON2 by relaxing its
half-mile maximum walk connector rule in the case of zones left
unconnected by its rigid imposition, allowing the program to build
walk connectors of up to one mile long to connect zones with greater
than zero percent walk accessibility. For zones having zero percent
of the zone accessible to transit service, no connectors of any length
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were built. In order to present transit as a viable choice for those
zones with walk connectors which were calculated, in fact, to be
longer than one-half mile, it was necessary to represent these
connectors as only .5 mile long.

Auto Centroid Connectors

Auto centroid connectors are built from zone centroids to selected
Park-n-Ride and Kiss-n-Ride locations in the transit network. Park-n-
Ride connectors are built to nodes where official Park-n-Ride
facilities are, or will be, provided. Park-n-Ride connectors are
built for distances of up to 7.0 miles (airline distance) from the
parking location. Kiss-n-Ride-only connectors have been constructed
as well to places where a significant amount of auto drop-off activity
is known to take place and where some amount of space is available for
cars to wait. A further criteria for a Kiss-n-Ride location is that
some amount of express bus or rail service must be available. Kiss-n-
Ride connectors are limited in length to 4.5 miles. A 1list of all of
the bus-only Park-n~Ride and Kiss-n-Ride locations included in the

recent networks can be found as part of Tables 4-3 and 4-4,

The staff recently undertook a comprehensive reanalysis of Park-n-Ride
and Kiss-n-Ride connectors under the following gquidelines.

1. Park-n~Ride links should be built first since these connectors can
also be used for Kiss-n~Ride trips. Park-n-Ride connectors should
be equal to or less than 7.0 miles in length.

2. Kiss~n-Ride links should be built with reference to pre-existing
Park~-n~-Ride connectors. Kiss-n~Ride connectors should be equal to
or less than 4.5 miles in length.

3. In general, all possible connections should be made to a given
Park-n~-Ride or Kiss-n-Ride location, subject to the maximum
connector-length rules and the following:

4, If a zone is within 7 miles of a Park-n-Ride location or 4.5 miles
of a Kiss-n-Ride location and no other auto connect location is
within such a circle drawn from the zone, a connector should be
built from that zone to the auto-connect location unless the only
direction of travel possible from that lot or location is
illogical. Such an occurrence would be possible if, for example,
a zone lay some distance to the east of a Park-n-Ride lot where
the only buses serving that lot traveled east. In reality, no one
would drive west to the lot to go east.

5. Where two Park-n-Ride or Kiss-n~-Ride locations lie within 7 miles
or 4.5 miles, respectively, of a zone, coding should be to the
closest auto-connect location unless additional or more logical
directions of travel can be attained by also (or instead)
connecting to a more distant location. In any such decision, all
possible major directions of travel should be considered,
including reverse commuting.
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TABLE 4-3
PARK~N~RIDE LOCATIONS

STATION LOCATION

Battery and Gaffey
# Hamilton and Torrance -
4665 Lampson
‘Long Beach Airport
Lakewood Boulevard and Wardlow Road
Orangethorpe and Magnolia
Freeway and Alondra
La Mirada and Ocasso
* Ventura and Riverton
Fallbrook and Criswell
Victory and Topanga
Albatross and Castleton
Diamond Bar and Pomona
Santa Anita and Ramona
Barranca and Workman
McKinley and White
(Los Angeles County Fairgrounds)
McKinley and Garey
Monte Vista and San Jose
Citrus and Foothill
Colorado and St. Johns
Shirley and Plummer
Roscoe and Noble
Harbor Freeway and Martin Luther King
Harbor Freeway and Slauson Avenue
Harbor Freeway and Manchester Avenue
Harbor Freeway and Rosecrans Avenue
Artesia Boulevard and Vermont Avenue
{Southbay Transit Center)
Harbor Freeway and Carson Street
Harbor Freeway and Pacific Coast Highway

# Eliminated in networks with Harbor Freeway Busway OPFN5, present in all
others.

* This Park-n-Ride lot was deleted in any network with the full LPA (OPFN4 and
OPFN5). It remains present in all others.
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TABLE 4-4
KISS-N-RIDE LOCATIONS

Peninsula Shopping Center
(Hawthorne Boulevard and Silver Spur Road)
Long Beach Boulevard and Willow Street
Artesia and Hawthorne Boulevard
* Rosecrans Avenue and Avalon Boulevard
San Antonio and Firestone Bouelvard
#$ Harbor Freeway and Manchester
#$ Harbor Freeway and Slauson Avenue
# Santa Monica Freeway and Fairfax (West Los Angeles
Transit Center)
# Los Angeles/University of Southern California
Medical Center
# Cal State, Los Angeles San Bernardina Busway
Hollywood Freeway and Hollywood Boulevard
Mulholland Drive/Valley Circle Boulevard and
Calabasas Road/Avenue San Luis
Ventura and Sepulveda Boulevard
Riverside Drive (west) and Coldwater Canyon Avenue
Vineland Avenue and Riverside Drive (east)
Ventura Freeway and Golden State Freeway
Garfield Avenue and Whittier Boulevard
Puente Avenue and San Bernardino Freeway
West Covina Fashion Park
Asuza Avenue and San Bernardino
Mariposa Street and Lake Avenue

* Not part of 1995 network.

# Only the five stations noted are constituted bus-only KNR stations for the
purposes of mode-of-arrival.

$ Park-n-Ride in 1995 network. Kiss-n-Ride in networks without Harbor Busway.
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6. Connectors should not cross significant physical obstacles such as
mountains or major bodies of water.

7. No CBD zones should be connected by auto access because these
links are particularly susceptible to being used for nonhome~based
trips which, in reality, would not have a car available for that
purpose. Auto connect links in other areas could also be used for
nonhome-based trips, but because greater numbers of these trips
occur in the CBD, this danger looms larger there.

8. No auto-connect links should cross the CBD, because that _
possibility is so difficult in a practical sense that no one, in
reality, would attempt it.

g. In areas where the "influence" of Park-n~Ride and Kiss-n-Ride
locations overlags, the "influence” area of the Park-n-Ride lot
should be considered to be 4.5 miles even if longer connectors for
this lot are already present.

Though perhaps not quite as complex as the above discussion would
suggest, considerable thought should go into the construction of
sensible auto-connect links. It is not enough to suggest that later
phases of the modeling process will take care of whatever deficiencies
are present when the networks are completed. Carefully building auto-
connects is a tiresome and lengthy process and one which is extremely
subjective in the way it is carried out.

The team has developed a fool-proof method of manually building auto
connectors. A program created earlier in the project, 8LDCON, is used
to create the universe of legal Park-n-Ride or Kiss~n-Ride connectors.
Unfortunately, the program has no logic built into it, and simply
builds all possible Park-n-Ride and Kiss-n-Ride connectors at 7 miles
or 4.5 miles, respectively, from the auto-connect location. The
program is run for all auto-connect locations in the network, creating
massive numbers of links which are then emptied into two master files,
one for Park-n-Ride, the other for Kiss-n-Ride. When manual selection
of appropriate Park-n-Ride and Kiss-n-Ride links is completed, the a-
node/b-node combination is placed into a separate file. The team
developed a program for taking this computer-based "shopping list,"
going to the master list and picking out the needed links and placing
them in a separate file. Since only legal auto-connect links exist in
the master files, using this process, it is impossible to build over-
length connectors. For small numbers of additional links it may be
?uicker to go manually to the master files to determine correct link
ength.

In view of how difficult, complex, and time-consuming building auto
connectors can be, some thought has been given to creating a thinking
auto- connector program. Such a program would eliminate much of the
difficulty in the process and introduce a good measure of consistency
and standardization in building auto connectors as BLDCON2 has done
for walk-connector building. A program of this type was never
actually built, but it seems appropriate here to speak to some of the
logic such a program would have to employ.
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The program would read mode 2 (Park-n-Ride) and mode 3 (Kiss-n-
Ride) links and compile a list of Park-n-Ride and Kiss-n-Ride
stations.

Since it might be appropriate to build all access connectors
(including walk) at the same time, the program could read the list
of routes passing through each autc-connect node. This 1ist {or
more accurately, array) is generated as part of BLDCONZ when it
builds walk connectors. If auto connectors alone were being
built, then the same kind of 1ist would have to be generated from
reading the lines file.

Route characteristics would then be generated for the routes
passing through each auto-connect location. At a minimum, they
would indicate the directions of travel possible on each bus route
passing through each auto-connect location. Four compass rose
divisions (North, South, East, and West) would probably suffice.
Another important attribute would be the auto-connect spot's
location as coded in the coordinate file. These characteristics
would then be retained as nodal characteristics. Other possible
items of interest would be service frequency, the presence of a
local or express route passing through a node, speed differentials
on nearby links or entire routes, etc. These could even be
ranked.

The program would then search out from each zone to see what auto
-connect locations were within 4.5 miles and 7 miles, the distance
in which general compass rose direction the auto-connect location

lies.

There would be a general bias towards building connectors to the
closest auto-connect location, subject to the following.

No connector {or only very short connectors) would be built to a
Park-n-Ride or Kiss-n-Ride location from which the only direction
of travel would be the opposite of that needed to travel to that
location. Thus, if a Park-n-Ride lot lay a considerable distance
to the east of a zone and the only buses passing through that node
travel west, no connection from that zone would be built to that
Park-n-Ride lot. The general direction of the connector from the
zone to the auto-connect location would weigh heavily in program
logic, so that it might be worthwhile to build a connector to an
auto-connect location to the north if it was possible to travel
further north from that location, even if a connector had already
been built to a closer Park-n-Ride or Kiss-n-Ride location to, for
example, the east, at which it was also possible to travel north.

Physical barriers (mountains, bodies of water) or even the CBD
could be user-specified, using the four nodes {or coordinates)
defining its dimensions and not allowing auto-connect 1inks to
originate within or cross those boundaries.

A11 of this is much easier to explain philosophically than to program.
But though it would take considerable effort, such a program would
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4.2.2.9

save a great deal of time in building auto connectors, as well as
inject a degree of standardization not presently known.

Speeds and Travel Times

In UNET, it is possible to code either travel times or speeds onto the
1ink cards. The convention that has been adopted in the networks
built in this project is as follows:

o For modes 1 (Walk), 2 (Park-n~-Ride), 3 (Kiss-n-Ride), 4 (Loca!
Bus), 5 (Express Bus), and 8 (Loca! Bus), speeds are coded on the
link cards.

o For modes 6 (Heavy Rail) and 7 (Light Rail), travel times are
coded on the link cards.

In general, speeds offer the greatest flexibjlity for changes in the
network, particularly for forecasting, and are therefore preferred.
However, speeds for rail are not appropriate, because the average
speed on a 1ink is dependent on the length of the link and the dwell
times in the stations at either end. Therefore, travel time is
preferable to use for rail, where the trave! times will reflect dwell
time, acceleration and deceleration, and the length of time (if any)
when the rail vehicle will travel at maximum speed.

Travel times for the Wilshire Starter Line and for the Minimum
Operable Segment were taken from the Preliminary Operating Plan
(Prepared for SCRTD by Booz, Allen, and Hamilton, Inc., May 1982),
with adjustments to allow for the Crenshaw/Wilshire station. For
heavy rail, the times were originally calculated by assuming
acceleration/deceleration of 2.93 ft/sec/sec, and a cruising speed of
55 mph for heavy rail. The derivation of the formulas follows:

It 1is assumed that:

a=d,

where a is the acceleration rate [ft./sec.zj,

and d is the deceleration rate [ft./sec.zj.

The time required to reach maximum speed, Sn[ft.7sec.], is therefore:

remembering that a = d,
that t; is the time to accelerate to maximum speed [sec.],

and that tg is the time to decelerate from maximum speed [sec.].
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Therefore:

where t; 4 4 is the time required to accelerate to maximum speed and
immediately decelerate to stop. The distance required to do this can
be calculated as follows:

= - 2
0,=Dq=1/2 at,
where Da js the distance needed to accelerate to maximum speed [ft.],
and Dy is the distance needed to decelerate from maximum speed [ft].

Therefore:
2

Dy + g = 2ty
where Da + ¢ is the distance traveled during acceleration to full
speed and immediate deceleration {ft]. One can move to a calculation

of full travel time between stations by remembering the simple
formula:

Time = Distance
Speed

But since one is accounting for acceleration and deceleration
{nonconstant speeds), the formula will be a bit more complex:

Te=tctta+dt ts
where: T is total time between stations,
tc is the time spent at maximum speed,
and tc is the time spent in the station taking on passengers
(dwe]f time).
To continue, t. is simply:
te = _E
Sm
where D¢ is the distance at maximum speed [ft], or
Dc=D0t-D0a+d

where Dt is the total distance between a station pair.

Now one can recombine to arrive at total time.
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Times thus calculated should be rounded to the nearest tenth of a
minute.

While this produces considerably more accurate results than using
average speeds to generate link times, the assumption of constant
acceleration speed is, in itself, an abberation, however useful it may
be in speeding up the calculations. Therefore, for the CORE study,
engineering times were used as supplied by the District's Transit
Systems Development (TSD) staff.

Using the same formulas, the team also developed a method for
calculating travel times between stations on both new and realigned
1ight rail lines. For the purposes of estimating rail link times,
maximum acceleration and deceleration rates of 3.9 feet/second/sécond
were assumed. Maximum speeds on rail lines are a factor of the degree
to which rail vehicles are separated from other traffic, the type of
safety control (both on rail and nonrail vehicles), the congestion on
the line as a result of other rail traffic, and the number and
severity of grades and curves on the alignment.

Metro Rail, of course, is completely separated from other traffic
throughout its alignment. The same is true of the Century Light Rail
1ine where it runs in the freeway median. The Long Beach, Coastal,
and Century Light Rail lines (outside the freeway portion of Century's
route) will not pe fully separated from automobile traffic, but will
probably operate in exclusive rights-of-way for a large portion of
their routes, with crossing gates located at major intersections. San
Fernando Valley Light Rail, while enjoying an exclusive right-of-way,
will probably not have crossing-gate protection along its route.

For light rail routes, two and sometimes three different typical
"speed regimes" were used: one for straight sections, another for
curves, and a third for downtown running. Furthermore, because each
rail line differs slightly in the degree of separation it enjoys from
other traffic and the land use it passes through, the speeds assumed
in these "regimes" are dependent on the line in question, as indicated
in Table 4-5, In the case of Century Light Rail, within the freeway
median, a maximum speed of 55 mph was assumed in straight sections and
35 mph in curves. Calculation of rail travel times outside of the
freeway median used 35 mph in straight sections and 25 mph in the
curves. Since much of Coastal Light Rail parallels the Century Light
Rail line outside the freeway median, it was assumed to share {his
last set of speeds. For the Long Beach Light Rail line, the team used
the travel times already in the base network. Where these were not
applicable, additional work was performed to estimate rail travel
time, assuming maximum speeds of 45 mph and 35 mph mid-corridor and 30
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TABLE 4-5

ASSUMED LIGHT RAIL "SPEED REGIMES"
FOR TRAVEL TIME CALCULATIONS

TYPICAL SPEED DOWNTOWN SPEEDS

.-TOP IN Straight
FACILITY SPEED CURVES Sections Curves
Century Light Rail 55 mph 35 mph - - .

(in freeway median)

Coastal Light Rail &

Century Light Rail 35 mph 25 mph ~- oL
(outside freeway median) -

Long Beach Light Rail 45 mph 35 mph 30 mph (1) 25 mph (1)

San Fernando Valley
Light Rail 35 mph (2) 25 mph (2) - -

Acceleration and deceleration rates assumed to be uniform at 3.9 ft./sec./sec.

(1) - In tunnel .
(2) - Additional penalty of 20 seconds/mile imposed.
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4.2.3

mph/25 mph downtown. The San Fernando Valley Light Rail line,
operating without crossing gates, was assumed to operate at typical
top speeds of 35 mph in straight sections and 25 mph in curves. In
the case of San Fernando Valley Light Rail, an additional penalty was
imposed on link travel times due to the absence of crossing gates.
This delay was assumed to be approximately equal to 20 seconds/mile.
Finally, some distinction needed to be made for all rail links between
peak and off-peak dwell times, as the results of greater passenger
loads in the off-peak periods. This was accomplished by assuming a
dwell time of 20 seconds off-peak and a full minute in peak periods.

In running alternatives with networks similar to those developed for
the 30-year financial plan, the team discovered rail patronage to be
unexpectedly sensitive to relatively small variations in travel time.
With this in mind, it would probably be prudent sometime in the future
to conduct a more thorough investigation of all coded rail travel
times. Ultimately, it would be helpful to arrive at an acceptable and
universally agreed-upon methodology for estimating rail travel times
of all descriptions. :

Building and Checking the Base~Year Nelwork

The original Base-Year network was constructed somewhat differently
from the future networks. To build the 1982 network, the CALTRANS SIP
network was used, and a set of 1:2000 scale plots were produced from
it. The lines described in the lines file were then traced onto the
plots. This procedure permitted a check to be made of the
completeness and correctness of the 1inks file provided by CALTRANS,
and allowed a structured checking of the individual lines. As the
1ines were traced, they were examined by SCRTD Planning staff, and
notations were made of all route deviations between the coded SIP
lines and the actual early~-1982 lines. Lines that were found in the
1ine description that were not operating at all in 1982 were traced
and marked for eventual deletion. The tracing was completed to allow
a complete check to be made on the plotted links.

After completion of this step, a complete set of bus schedules was
assembled for all operators for the first half of 1982, Each line in
the schedules was then traced on the plots, using the route map
provided on the printed schedule, and with the assistance of District
Planning staff for the SCRTD bus lines. For those lines in the SIP
network for which changes had already been identified, this procedure
acted as a check on the noted changes. For other lines, it provided
the means to add lines not included in the SIP network. A complete
listing of all lines, by company and by type of operation (Express or
Local), was generated in this process and was checked by SCRTD staff.
This listing also provided the original basis for recording the counts
of trips. Subsequent checks on the network led to regeneration of the

counts and some reclassification of lines.

Once these checks and lists were completed, the changes were edited
into copies of the computer files to form the new files for the 1982
Base-Year network. Because the plots were used intensively at this
stage, all work on the initial building of the new network was done on
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the original node numbers of the CALTRANS network. After all changes
had been edited into the files, the renumbering of the nodes was
undertaken, and this was followed by appending area types and facility
types on the link records, as described in the following paragraphs.

Initially, in consultation with District Planning staff, the various
outlying business districts, the boundaries of the CBD and the CBD
fringe, and rural areas in the Los Angeles region were identified, and
their boundaries drawn on a 1:6000 scale map. Over these areas,
rectangular areas were plotted so as to include completely the true
area for the special area type, and the coordinates of their corners
were identified. A computer program was written and used that
determined the coordinates at the midpoint of each link in the links
file, and then checked to see if this lay inside any of the above area
types, i.e., the CBD, the CBD fringe, the outlying business districts,
or the rural areas. If not, area type 3 -~ residential -~ was noted
on the link record. If the midpoint did 1lie inside one of these
designated areas, then the appropriate area type was recorded. After
running the program, traces of the rectangular boundaries and the true
boundaries were laid over 1:2000 scale plots of the network, and links
in the "edge" areéas that had been included in the rectangular
coordinates were identified and 1isted for manual correction to the
true area type.

The same computer program recorded each link as a facility-type 3 link
-~ a 2~way arterial with parking. This facility type is by far the
most common one for transit links in the region. Again, with the
assistance of District Planning staff, links were identified on the
plots that were other than 2-way arterials. Primarily, this consisted
of all freeway links (which are usually easy to identify because of
their extreme length), sections of expressway, and a few 2-way
arterials without parking. As noted in chapter 2, no links are coded
as l-way arterials, even though such links do occur in the Los Angeles
CBD and in a few scattered locations elsewhere. Manual editing was
then performed on the facility types to change all those that were
identified as.being other than a facility type 3 to their correct
facility type. The program was then run to look up speeds as a
function of the mode, area type, and facility type of each link. In
the CALTRANS network, no distinction was made in the speeds of express
and local bus service. Therefore, many links were indicated as being
used by both modes 4 and 5, or 5 and 8, or 4, 5, and 8. In such
cases, a new link record was created by the "speeds” program for each
mode 5 link, and the separate speeds for that link recorded on it.

The new link record represented a duplicate of the original one,
except for speed and mode. The mode 5 reference on the original Tink
was then deleted.

At this point, the 1982 Base-Year network had been built, and was
ready for checking.
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BUILDING AND CHECKING FUTURE YEAR NETWORKS

Once the network has been defined, the first step in the network-
building process is the determination of which network would most
appropriately be suited to act as a base network. The most important
factor to be considered in this process is the extent of the fixed
facilities (usually rail) in the possible alternate base networks and
the similarity of these to what is to be included in the new network.
This will probably (but not necessarily) also influence the amount of
background bus service changes which need to be implemented, but the
extent of these should be considered as well in the selection of a
base network. Once this new network has been named and allocated
space on a disk pack, the base network lines, 1inks, and coordinates
are copied in. The first step is to make a hard-copy printout of the
lines file in preparation for lines editing. There is no way to get
around the laboriousness of actual route coding and network changes
which must be undertaken node-by-node manually, with the aid of a
network plot and a good street map. Ideally, coding should be
accomplished by taking care of links and lines at the same time. In
practice, this almost never works perfectly, and 1ink omissions have
to be resolved after the lines coding is finished.

It is important to keep a record of the changes that are made on
separate coding sheets, recording periodically a description of the
node locations in the line being edited (see Figure 4-1). This allows
for later reconstruction of the coding philosophy in the changes that

' were made. At the same time, changes should be noted on the hard-copy

printout of the lines file, since this will be the document from which
computer keypunching will actually be done. In the case of 1inks,
coding sheets are used mainly as an aid during coding, allowing one to
return to full link construction after the line coding is complete.
With these forms (see Figure 4-2), it is important to make a note of
the line a new link combination is needed for and what similar links
are in the area. A progress check-off sheet (see Fiqure 4-3} is also
useful in insuring that no step in the network-building process is
overlooked.

_Once the line (including rail line) changes have been made, the

integrity of the 1inks can be checked through a program developed by
District staff called CHEKLINK. The program reads a lines file and
determines whether the necessary links are present in the network. In
a slightly different confiquration, the program can, after reading the
1ines file, pull only the needed transit links from an existing links
file or concatenation of links files. What makes the program
particularly useful is not just that it checks the completeness of the
1inks file, but that it reports out any missing 1inks in a separate
file in standard UNET link card format. This allows the user simply
to input distance and speeds and insert the new links into the
existing larger file., It is, however, important to note that the
program does nothing for nontransit 1inks and, indeed, in the mode
where it builds a new links file, it does not even copy over the
nontransit links.
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When rail is in place, some additional care obviously must be taken,
since the existence of rail complicates the network. Certain network
components relate only to rail. Most important of these are the rail
lines (including headways) and 1inks themselves, the dummy walk links
into the stations, and the "miniwalk" networks. Calculation of rail
link travel times is thoroughly discussed in section 4.2.2.9. Dummy
links are walk links with zero time and zero distance coded in the
appropriate columns and which simply allow someone to walk from the
local (bus) transit node into the station. Miniwalk networks are sets
of walk links which replicate sidewalks along transit links in the
vicinity of stations and which allow transit patrons to walk from
nearby cross streets into the stations. General practice in network
building has been to double-check manually rail line coding, including
headways, and to sort and priant out rail links, dummy 1inks, and
miniwalk network links for subsequent checking.

It is possible at this point to run the program UMATCH. UMATCH is a
relatively simple program designed to insure that bus lines actually
meet the rail, Park-n-Ride, and Kiss-n-Ride locations they are
supposed to. UMATCH is also useful in uncovering general line-coding
errors. The results of UMATCH are considerably easier to use in
instances where UNET line number guidelines, mentioned earlier, have
been consistently adhered to. :

The next step is to build Park-n-Ride and Kiss~-n-Ride access
connectors to the new stations and to check the integrity of pre-
existing auto connectors. Usually, rail lines are concentrated in a
rather limited and centralized geographic area. Since a comprehensive
analysis of Park-n-Ride and Kiss-n-Ride connectors has already been
conducted by the team, there is little reason to adjust auto
connectors in outlying areas, distant from the new station~related
Park-n-Ride or Kiss-n~Ride locations. Thus, complete sets of plots of
auto connect links are rarely needed, and analysis can be concentrated
in the small area around the rail line.

Once this process is completed, the network is essentially complete
with the exception of centroid walk connectors which are now computer-

. generated with the program BLDCONZ after the network undergoes one

last check for accuracy. The program UCHEK is this final check. This
program identifies all Park-n-Ride and Kiss-n-Ride locations and rail
stations, the number and length of auto connect links into these
locations, and any auto links which violate the auto link length
rules. In addition, in the case of rail stations, the program also
states the number of miniwalk links around the station and the local
(dummy)} node number. In a second report, the program performs an
analysis of walk connectors. In this report, the program highlights
any zones with walk connectors which are either coded to be over
length, or which have nonuniform distances. UCHEK also identifies
zones with walk connectors which have nonuniform walk speeds or walk
speeds not equal to three miles per hour. The final report compares,
line~by~1ine, the coding of "new" and base network line files,
including headways, and determines whether routes are coded as one-way
or two-way routes. This last report is particularly helpful in
insuring that only the intended Tines have been edited and that the
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specific changes made are correct.

The last network-building procedure and the last step before actually
beginning the model chain is to run the program BLDCONZ, more
thoroughly described elsewhere. The great advantage to BLDCONZ is
that it consistently optimizes walk connectors and adjusts to whatever
transit network is in place. The user's responsibility is simply to
check that the output appears reasonable,

UNET-Related Debugging

The last step in the checking and correcting process is to run the
program UNET. This produces a list of errors of several types
affecting both the lines and links files. Considerable care is needed
in dealing with the errors that are noted by UNET, because the errors
are not always a result of the most obvious cause, nor is the error
message, in itself, always an accurate identifier of the reason for
the error. The errors that may be detected include:
0 Omission of the terminating “T" at the end of a line description.
This usually leads to an error message indicating that cards in a
line description are out of sequence -- a fatal error.

o0 Any part of the lines file that is "out of sort.” The lines file
is required to be sorted by mode and line number, and by sequence
number within the line. Any violation of this will produce a
fatal error.

0o Lack of a link in the links file that corresponds to a consecutive
pair of nodes in a line description. Processing will continue
past this error, and statistics will be compiled on all lines that
are error-free. There are numerous reasons for this error to
arise, demanding great care in investigation and correction.
Return codes will be further discussed later.

0 A line description that- is too long will produce a fatal error in
UNET processing.

o Too many links in the links file. UNET counts one link for each
direction and each mode of a bidirectional link, and for each mode
of a one~way link. The limit in UNET is 32,767. More than this
cannot be processed, and will produce a fatal error. More
frightening is the fact that UNET produces no error messages for
this mistake, though its occurrence is relatively rare.

o Inclusion of a link that will take more than 25.5 minutes to
travel. UNET sets this as the maximum travel time for a link and
will replace any travel time that exceeds 25.5 minutes with 25.5
minutes.

o Omission of any of the required data items for a line description,
e.g., a line number, a company number, a mode number, etc.
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o Use of a node number greater than the highest number -- 8191 --
allowed by the UNET program.

Often, the best course of action with errors of this type is to fix
the first error that can be easily identified and rerun the proram.
For instance, a missing 'T' in column 72 of the last card of a line
description will cause the program to generate an error message of
improper line and sequence numbers (because it fails to recognize the
new line as anything but an extension of the o0ld). The next card
record read produces the same error, and the program continues to
generate error messages for every line card read past that point,
generating sometimes as much as twice the normal output. Correcting
the first error will often make many of the other alleged errors
disappear. -

There is no substitute, however, for return code-checking both at the
beginning and end of the UNET output. Unfortunately, UNET often
happily generates VBS transit network files (TNETS) and statistics on
lines, simply skipping over lines with mistakes. MNonetheless, a check
of the return codes will in most cases quickly reveal these errors.
Anything but a return code "0" on a UNET run should be considered
unsatisfactory.

Missing 1inks ought to send one back to the lines description, the
plots, the schedules, and the maps to determine if there is a coding
error or simply a link that is present with the wrong mode for a line
that needs it. Often, the latter case can be checked fairly quickly
in the existing links file.

If a line description has been included that is too long, this error
will be reported and will usually be fairly obvious. Correction of
this error requires that the line description is shortened to no more
than fifty nodes. This can be cone by finding locations on the line
where a node can be omitted, possibly by creating a new link that is
made up of two or more original links. Candidate nodes for those are
those where no interchanges to other lines occur, or where centroid
connectors terminate but can be moved to an adjacent node, without
loss of accuracy.

The problem of too many links is a thorny one, but occurs less
frequently today because of the way in which access connectors are
built. Use of the BLDCONZ2 program has sliced link reguirements by as
much as 6000 links. Moreover, the careful, manual process of building
auto connect links has saved on the number of links needed there as
well. There remains one last armament in reserve, a program called
MAKELINK, developed by District staff, which will read a lines file
and a links file together (or even a concatenation of links files) and
pull out only those transit links needed to run the network. A
desirable by-product of this program is that it will help produce
cleaner network plots, although generating new networks from a links
file built in this way will be more difficult.

If a link has been included that is longer than 25.5 miles or takes
more than the maximum 25.5 minutes to traverse, three possible
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corrections may be made. First, the link length must be checked to
make sure this is not in error, for example by keying the length into
the file one place to the left of where it should be, thereby
effectively multiplying the link length by 10. Second, if the link
length is found to be correct, then the speeds on the link should be
checked. In a bus network, the only links that can legitimately
generate this problem are long 1inks on a freeway, with very long
hauls in areas of low population density, with no intermediate stops.
In some cases, it may be found that the speed allocated is not
correct. Third, if the link genuinely takes more than 25.5 minutes to
traverse, then an intermediate node is desirable, to shorten the
length of each of the two resulting links, so that neither one takes
more than 25.5 minutes. This is referred to as a freeway dummy node
because it does not represent an actual stop, and steps should be
taken to insure that it is not possible to access this node either
directly through walk or auto or through transfer with other bus
lines. The system the team has adopted has been to reserve the range
7900-7949 for freeway dummy nodes. A list is kept of those already
used to keep them unique. This limited range of numbers identifies
them to both the experienced code and to network programs like
BLDCONZ.

‘Omission of required elements of a 1ine description are indicated

clearly by the UNET error message, and correction is an obvious
procedure. Similarly, use of a node number that exceeds the maximum
allowable node number requires renumbering of any appropriate nodes to
allow the offending node to be renumbered as 8191 or less.

Use of UNET Reports and Outputs

This completes the discussion of errors which can be uncovered through
running UNET, except to speak about UNET reports. In general, these
reports are not very useful, but report 4 can be a good check on
network errors even after the network would otherwise appear to be
“clean and green" through a successful run of UNET. Report 4 is a
listing of route and vehicle miles, and even a cursory analysis of the

output and comparison with previous runs can help to uncover network
coding problems either in headway or line descriptions.

A final word should be said about line~coding descriptions and their
effect on later stages of the modeling process. In many cases,
several bus lines will traverse a common section of street, which may
be anything from a block or two to several miles. For very short
segments of common street, there is no need to be concerned with
consistency of coding, partly because inconsistencies are unlikely to
occur, and partly because the effects of such inconsistencies will be
minimal. This is not the case for long sections of common routing.
Inconsistent coding affects the way UPATH calculates combined headways
and, therefore, minimal paths, and tends to produce lumpy loadings out
of ULOAD.

An example of this situation and the effects of it illustrates the
problem more easily. Suppose that two lines operate in common from
node 5131 through node 5216, but that the line descriptions have been
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coded to include some variations in nodes included or excluded,
resulting from the presence of links that permit some nodes to be
bypassed. Suppose that the line descriptions are as shown below for
the common section:

Line 12 5130 5131 5132 5134 5138 5140 5144 5187 5189
5198 5199 5207 35718 5222

Line 27 5127 5131 5132 5138 5139 5140 5144 5166 5187
5189 5198 5199 5216 5219

The underlined nodes are those that do not correspond between the two
descriptions. Based on these, the models will assume that there is a
common section comprising nodes 5131 and 5132, another one for 5140
and 5144, and a third one for 5187-5189-5198-5199. In effect, only
the last set of three links will be treated as truly a common street
segment. Line 12 will be assigned all trips that transfer onto or off
this street at nodes 5134 and 5207, while line 27 will be assigned all
those that enter or leave at nodes 5139 or 5166. It is not completely
clear how ULOAD will assign the trips that enter at 5131 and leave at
5216, or one of the other common nodes, nor those that enter at 5216
and exit at 5131 or a common node. However, the loading will not be
in proportion to service levels on the common street segment.

Given the complexity of the networks and the difficulty of insuring
that the networks are reasonably correct, these types of problems pale
in comparison. However, it is important to remember that the way
lines are coded does make a difference and to make every effort to be
consistent with what is already in place. Another reason to put these
types of issues into perspective is that although UPATH will not
generate a combined headway in the above situation, it is not really
in conflict with the real world in which headways might be guite
asymmetric, for instance, running on 15 minutes and 30 minutes but
only 7 minutes apart.

Error~-Checking from Plots

Until UNET runs without error messages, it is not possible to obtain
plots of the current network. All1 work from plots up to this stage
must be done on plots of a previous network. As a result, various
problems are likely not to have been detected. Therefore, as soon as
an error-free run of UNET is obtained, a set of plots should be run,
to allow some basic checking to be undertaken.

The plots should be examined from edge to edge to check for several
potential problems. Some of the checks that should be made at this
stage represent cleanup of the network that produces a more obviously
clean and correct model. The checks that should be made on the
network are:

o Check of all long links, to make sure that these are genuine

freeway links that are long, and are not the representation of a
"tunnel" caused by one misplaced or mistyped node.
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o Check of unexpected gaps in the network, where a street obviously
should continue from one node to another, but does not. This may
represent a "hole" in the network caused by the omission of a
Yink, and may have been overcome in the line descriptions by an
incorrect bus routing.

o A cursory check for problems with auto connectors. Specifically,
checks should be made that auto connectors are not built to an
illogical Park- n-Ride location, and that generally two, but not
more than three, connectors are built from any one Zone.

If a link is found that is excessively long, then the node numbers
should be checked on each end of this. Because the nodes in the
current networks have been numbered on the basis of geographic
location, a node that is far out of sequence would indicate that it
has either been mistyped or has an incorrect coordinate. In this
case, the original records from which the link in question was
constructed should be checked, and the coordinates should be checked
with nearby nodes, to determine if there is an indication of an error
in these. A similar procedure of checking back to original records is
indicated if "holes" are found in the network. In this case, however,
it should be recognized that some genuine gaps will occur in a transit
network, because buses are not routed over the entire lengths of
streets, and a routing deviation may generate an apparent gap that is
correct.

It should be noted that, in UNET, a zone without centroid connectors -
or only centroid connectors of a mode which is not being plotted will
not itself show up on a plot. For example, a zone may be connected to
the network by walk and Park-n-Ride but not by Kiss-n-Ride. On a plot
of Kiss=n-Ride plus transit 1inks, not only will no connectors from
that zone be displayed, but the centroid itself will not appear.

Auto connectors that pass right by, or even over, a nearer Park-n-Ride
or Kiss=n=Ride lot should be deleted. It is highly improbable that a
potential transit user will drive right by one such facility to go to
the next. (The only reason for such a movement, generally, would be

that the nearer lot is full, a fact that travel-forecasting procedures

are not equipped to handle.)

Despite all of the checks, there is clearly no substitute for careful
coding in the first place under adequate supervision. All of the
checking programs and procedures used after the coding is complete is
only a mediocre second line of defense.

PATH SELECTION AND PATH CHARACTERISTICS

An important component in the calibration and application of the mode
choice models is the input of transit service characteristics for each
of the transit submodes represented in the second level of the
hierarchical model. Significant changes can be produced in modal
shares simply by changing the path~selection procedure, thus
generating different paths and therefore different transit service
characteristics.
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To build and run the mode choice models, four sets of paths and skims
are required: AM peak walk to transit; AM peak Park-n-Ride; AM peak
Kiss-n-Ride:; and midday walk to transit. The work mode choice model,
which is assumed to be applied to peak-period trips only, specifies
the three transit alternatives of walk access, Park-n-Ride, and Kiss-
n-Ride, while the nonwork and non-home-based models each assume that
the trips take place on the midday network with walk access only
permitted to transit.

The path-building parameters were developed through a series of tests
of values, with the values based on theoretical and conceptual
reasoning for the initial values.

Consistency Between Paths and Mode Choice Models

It is extremely important that the parameters used in path-building
are consistent with the coefficients used for travel characteristics
in modal split. This fact is not widely recognized in current
practice, and the justification is therefore provided in some detail
in this report. In logit models of mode choice, the out-of-vehicle
travel times are generally found to have coefficients that are in the
range of two to five times the size of the coefficient of in-vehicle
time. Generally, it is also found that walking time has a coefficient
that is somewhat smaller than waiting time, ranging from about 1.5 to
four times the coefficient of in-vehicle time, if the two variables
are included as separate variables in a mode choice model.

Observation of use of the transit system also indicates that people-do
not 1ike to transfer, and will often avoid a transfer by traveling a
longer, direct alternative route or path.

The reason that it is important that there be consistency between
these values and the path-building parameters is that the path-
building parameters provide an effective route and transit submode
selection. If this is produced inconsistently with the mode choice
model, the resulting paths will not represent the paths most likely to
be selected by travelers, and an underestimate of important
parameters, such as walk time and wait time, may result. In turn,
this will have the effect of biasing the calibration of the
coefficients of components of time, and will require that the modal
constants are used to provide a correction for these inappropriate
transit times. This leads to incorrect forecasts when changes are
made to the network that impact different trip interchanges |
disproportionately, as happens with the introduction of rail in a
specific corridor, for example. Further, once a mode choice model has
been calibrated based on a particular set of path-selection criteria,
these same criteria must be used in building a pattern for application
of the model.

An example ma¥ help to illustrate the importance of this consistency.
Suppose that there are two zones, between which workers currently

choose auto over transit by a marqin of 3 to 1, i.e., the modal split
is 75 percent auto and 25 percent transit. The example is shown in
Fiqure 4-4, Suppose, further, that the transit paths are built
without using any weights different from 1.0 for the components of
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transit time, while the mode choice model has a coefficient of out~of-
vehicle time that is 3.5 times the in-vehicle-time coefficient.
Suppose further that the auto path provides an in-vehicle time of 20
minutes and an out-of~vehicle time of 2 minutes. With the
coefficients just noted, the travel time component of the auto utility
will be 27 in-vehicle minutes (20 + 3.5*2). Using the unweighted
transit travel times, suppose that the shortest-~time path, based on
total time, involves a l0-minute walk to transit, a 10-minute wait for
transit, a 10-minute ride on the transit vehicle, a transfer that
incurs an additional 5-minute wait, a second ride of 5 minutes on a
transit vehicle, and a 5-minute walk to the final destination. This
totals 45 minutes of clock time,

In calibration, the model is provided with data that state that, when
the auto time is 27 minutes of equivalent in-vehicle time and the
transit time is 120 (3.5%10 + 3.5%10 + 10 + 3.5*5 + 5 + 3.5%5)
equivalent in-vehicle minutes, the modal split is 25% transit and 75%
auto.

Now, suppose that the majority of the transit users do not use the
path found from the unweighted values, because of the amount of out-
of-vehicle time involved. Instead, consistent with the modal-split
model, they prefer to use a path that involves a 5-minute walk to -
transit, a 10~minute wait, a2 30-minute in-vehicle travel time with no
transfer, and a 5-minute walk to the final destination. This path has
a total elapsed time of 50 minutes, making it longer than the previous
path, but the mode choice model assesses this path as having 100
equivalent in-vehicle minutes {3.5%5 + 3.5%10 + 30 + 3.5*5). Thus, in
reality, it requires that there be a difference between auto and
transit of 73 equivalent in-vehicle minutes to generate a transit
share of 25 percent, while the unweighted path indicates that this
share can be achieved when the difference is 93 equivalent in-vehicle
minutes. To compensate for this, the model will have to provide an
anti-auto constant that effectively makes transit appear more
attractive than the unweighted path would suggest. The constants
will, of course, produce correct market shares for the calibration.

In forecasting, suppose now that a new transit service is provided
that involves an 8-minute walk to transit, a S5-minute wait, and a 25-
minute ride in the transit vehicle to a point that requires a Z2-minute
walk to the final destination, as shown in Figure 4-5, With a total
of 40 unweighted minutes, this becomes the selected path. However,
the modal-split model receives information that the equivalent in-
vehicle minutes for this new alternative are 77.5. Against the
calibration of unweighted times, this represents an improvement of
42.5 in-vehicle minutes. In reality, the improvement over the path
used by most travelers is only 22.5 in-vehicle minutes. As a fraction
of the difference between transit and auto, the unweighted path
generates an improvement of 46 percent in the difference, while the
weighted paths would have given an improvement of 31 percent. The
constant plays no part in the change in transit share, apart from
fixing the original position of the logit curve. Hence, the
unweighted paths would lead to a substantial overestimate of the
increased use of transit, in this case.
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In some situations, the unweighted paths would lead, incorrectly, to
no change in patronage, if the unweighted path did not change, even
though the new service was clearly more likely to be used. Thus,
while replication of base data can always be assured by adjusting the
constants, forecasting will necessarily be incorrect, unless forecasts
involve a constant relative change to all transit and/or auto paths.

In the above example, if path selection uses a weighting factor of
3.0, for example, for walking and waiting time, then the highway path
will have a weighted value of 26 minutes. The transit path with the
shortest total elapsed time will have a weighted time of 105 minutes,
while the preferred transit path will have a weighted time of 90
minutes. Thus, the preferred path will be found to be the shortest
path. The new transit service will have a weighted time of 70
minutes, so that it will still become the shortest path, as it should.
In all cases, unweighted values are used in the skims and passed to
the mode choice model.

The paths that will result from a range of weights on walking,
waiting, and transfer time will all be consistent with the mode choice
model, provided only that the weights are within a range of about 1 or
2 of the mode choice weights.

Choosing Parameters for Path-~Building

The UPATH program in UTPS allows a number of alternative parameters to
be set to obtain paths. As established in the preceding section, it
is important that weights be used on time components to obtain paths
that are consistent with the mode choice model. (It should be noted
that cost is not used as a path-building determinant in the current
application of the models; this is consistent with calibration of the
models.) Beyond the use of weights, there are also minimum and
maximum values that can be used for initial waiting time and transfer
waiting time, a 1imit on the number of transfers, penalties that can
be added to waiting times, and a complete set of available transfer
prohibitors. One category of parameters, penalties on waiting times,
is not used in the path-building from this project; and transfer
prohibitors are used as sparingly as possible. Both of these
parameters are considered to be conceptually and realistically false,
and are provided to permit reasonable paths to be built when a network
is not constructed in the optimal manner. In some instances, the
network construction is compromised by the limitations in the computer
software, and may require that these parameters are used. In the case
of the networks built in this project, conventions and procedures -have
been used that remove the need for almost all of these parameters.

For example, a penalty of 8 minutes on each transfer, if applied in
the unweighted example in section 4.4.1, would have caused the
preferred path to be selected as the shortest path. (The addition of
the penalty would have changed the time on the unweighted shortest
path to 53 minutes, compared to the unchanged 50 minutes of the
preferred path.) Choice of the appropriate penalty is difficult and
unlikely to be satisfactory in all cases. For example, choice of a
penalty of 5 minutes or less would not change the path selection in
the example in section 4.4.1, while a choice of more than 5 minutes
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might still be insufficient in other cases. Use of a constant penalty
has also been found to have peculiar effects on modes that are
frequently accessed by another mode, such as rail transit or express
bus, often diverting paths away from such modes to an unrealistic
extent.

The use of transfer prohibitors can have the effect of causing some
zones to become disconnected, and may also. prevent use of some parts
of the network. Under certain circumstances, they have also been
shown to generate serious problems in using Moore's algorithm for
path-building. Therefore, these parameters are also not recommended
for use. However, in constructing auto access paths for the Los
Angeles transit networks, it was necessary to use two transfer
prohibitors to prevent paths from being built from a zone along an
auto connector to a transit node, and thence to a walk connector into
the destination zone. One additional parameter is considered best if
set to a value that makes it ineffective: the maximum number of
transfers. This parameter can be used to prohibit paths with more
than a certain number of transfers. [t is a dangerous parameter,
however, because it will disconnect a zone where there is no path with
less than the number of transfers specified.

The choice of the values for the remaining path-building parameters is
based on an examination of the paths that are built and on conceptual
and theoretical reasoning. The starting point is to set weights that
will be consistent with the travel-time weights in the mode choice
model. Variations of these values may be proposed, based on the
concepts of path-building. Maximum and minimum values are proposed on
the basis of theoretical and conceptual arguments. Checking the paths
is done best by examining paths that correspond to the work trips of a
number of people who can be asked to provide details of their usual
way of using transit to work. In this project, several members of the
District's Planning staff who use transit to work were asked to assist
in checking the path selection. For each person who cooperated,
location of their home was determined, and paths obtained from the
zone containing their home to the SCRTD offices. From the computer
paths, a description was developed for each individual, listing the
bus route number(s) used, the time to walk or wait, and the locations
of any transfers. Paths were generated for walk to bus, Park-n-Ride,
and Kiss-n~-Ride, and each was checked for reasonableness. If a number
of paths did not match, the parameters were changed selectively until
most paths matched or were judged to be reasonable alternatives to the
path used by each staff member.

Values of the Path Parameters

The initial set of path parameters selected are shown in Table 4-86.
For these paths, walk time was given a coefficient of 2.5, initial
waiting time was given a coefficient of 1.5 on all modes, transfer
waiting time was weighted at 3.0, no minimum waiting times were set,
but maximum initial waiting times of 15 minutes were set. The UTPS
default of 60.0 minutes was left in force on the maximum transfer
waiting time. The reasons for these initial values are as follows:
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TABLE 4-6
INITIAL PATH PARAMETERS USED

Parameter Function Value
& Mode
CTTIME 1 Coefficient of walk time 2,5
2 Coefficient of auto (PNR/KNR) time 0.1
3 Coefficient of auto (KNR only) time 0.1
4-8 Coefficient of transit in~vehicle times .1.0
CWTIME 4-8 Coefficient of transit wait time 1.5
CXTIME  4-8 Coefficient of transit transfer time 3.0
WMAX 4~8 Maximum waiting time 15.0
XFERS Maximum permitted number of transfers 8.0
NOX (2,1) Transfer prohibitor from mode 2 to mode 1 T
NOX (3,1) Transfer prohibitor from mode 3 to mode 1 T

Source: Schimpeler Corradino Associates
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o Walking time is weighted between 2 and 3 times the in-vehicle time
in most logit mode choice models;

0o Waiting time is weighted at 2.5 to 3.5 times in-vehicle time in
most logit mode choice models, but all transit users must incur an
initial wait. Therefore, a smaller coefficient was applied to the
initial wait than to the transfer wait;

0 A maximum initial waiting time of 15 minutes is used on the
assumption that people arrive at bus stops randomly for service
with less than a 30-minute headway, incurring a wait of half the
headway, but will learn the schedule for a less frequent service
and will arrive close to the expected time of arrival of the bus
in this situation; and -

o There was no strong argument for setting any other values.

The maximum number of transfers was set to 8, which should not
normally be encountered, particularly with the weight of 3,0 on
transfer time. To build the midday walk paths, modes 2 and 3 are
deleted. To build the morning peak walk paths, the same deletion is
used. For the morning peak Park-n-Ride paths, the weight for Park-n-
Ride is set to 0.1, while only mode 3 is deleted. A transfer
prohibition was used between modes 2 and 1, to prevent paths being
built along a Park-n-Ride connector to a walk connector. The morning
peak Kiss-n=Ride paths were built by permitting all access modes to be
used (1, 2, and 3), setting both coefficients for in-vehicle time on
modes 2 and 3 to 0.1, and prohibiting transfers between modes 2 and 1,
and between modes 3 and 1.

The use of a weight of 0.1 for the auto access times when Park-n-Ride
and Kiss-n-Ride paths are being built is necessary to make these paths
very attractive, compared to walking to transit. In past research by
the Consultant team, a value of 0.1 has been found to be necessary and
appropriate to build such paths for all possible situations. Again,
the function of these paths in the modal-split model needs to be
understood. The modal-split model will provide the actual choices
between alternative paths, based on actual travel times. If it is
physically possible to access the network by auto, a link is needed so
that a path can be defined. If this path is obviously illogical, the
modal-split model will reject it effectively by assigning a very low
probability to its use. If a unit weight is used, then a walk-only
access path will be found in many instances when auto access is
possible. This will bias the results of the modal-split model.

As noted in chapter 4, auto links (modes 2 and 3) are coded as one-way
Tinks out of a zone, so that zones cannot be accessed by auto. There
are no dummy links connecting auto to transit nodes, including rail
stations, but walk and bus nodes are connected into stations only
through dummy walk links. There is no distinction between walk
connectors and the downtown walk network.
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The effects of the selected path parameters should be as follows:

o The coefficient on walking time should generate paths that keep
walking time to a minimum. Thus, path selection will favor longer
in-vehicle time rather than a long walk to a shorter transit ride.

o The coefficient an initial waiting time should favor a transit
line with a shorter headway, even if the in-vehicle time is
somewhat longer than that of a line with a longer headway.

0o The coefficient on transfer time should discourage the use of
transfers in paths, and should effectively make the maximum
transfers parameter redundant.

0 The maximum initial waiting time will prevent waiting times from
being calculated as half the headway for headways from 31 minutes
through 99.9 minutes. It is not expected that real paths in the
system would incur waiting times of, for example, 30 to 45
minutes.

0 Weighting the in-vehicle times for Park-n~Ride and Kiss~-n~Ride
modes by 0.1, when paths are being built for these access modes,

* will encourage all possible paths to be built using these modes.
In other words, paths will generally not be built with walk access
when these weights are used. Walk access must be permitted,
however, because a number of zones will not have auto connectors.

When these initial values were used, it was found that there were
several problems in the resulting paths.

0o Too many transfers were still beinqg used in the selected paths.
This was particularly a problem in the CBO, where combined
headways on some streets generated transfer waiting times of 0
minutes.

o Too few paths used express bus, even when it was available.

o Too few paths for Park-n-Ride and Kiss~-n~-Ride used the auto mode.

To deal with these problems, several changes were tested on the path
parameters. First, the coefficient of transfer time was set to 5.0,
to reduce the use of transfers. This was found to generate much more
reasonable paths, in terms of transfers, with about one-third of the
paths having no transfer, one-third having one transfer, and the
remainder having between 2 and 4 transfers. One problem that this
generated, however, was that a number of Zone pairs now exceeded the
limit of 255 minutes for the path length (this being computed in terms
of the weighted values), thereby disconnecting the zones. Therefore,
a lower value of 4.0 was tried. This was accompanied by setting the
minimum transfer time to 2.0 minutes, so that transfers in the CBD
would be less likely to occur for short travel distances in the CBD.
This was found to generate an almost identical set of paths, except
that more zone pairs remained connected.
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To deal with the problem of the express bus use, the values of the
maximum waiting and transfer times were reset for mode 5 {express bus}
only to 8.0 minutes for initial wait and 15.0 minutes for transfer
wait. This was done on the assumption that the lack of express bus
paths was caused by the fact that most express buses have long
headways, because headways are computed as an average for the entire
peak period. If an express bus runs once only in each peak, its

headway is set as 99.9 minutes {the maximum that UNET permits), and if

it runs twice or three times, the headway for the peak would be 90
minutes and 60 minutes respectively. These headways were found to be
very common for the express buses. They result in the express buses
being assigned the maximum waiting time of 15.0 minutes if the path
accesses the express bus directly from the nontransit mode, and a 60-
minute maximum (which effectively leaves the half-headway waiting time
unchanged) if local bus is used as the access mode. The new values
would cut the waiting time to 8.0 minutes for express bus when it is
accessed directly, and to a maximum of 15.0 minutes when it is
accessed by another bus. This was considered to be reasonable on the
grounds that an express-bus user would know the schedule for an
infrequently running express bus and would time his or her arrival at
the bus stop close to the express bus schedule, and that use of a
local bus to access the express bus would alsc be likely to be timed
closely to the schedule. The result was, as desired and expected,
that substantially more paths were built using express bus, with a
concomitant reduction in transit travel times for the peak period.

Finally, the problem of the lack of Park-n-Ride and Kiss-n-Ride paths
was attributed to the rather small number of auto connectors (1100} in
the initial networks. This small number was caused by the somewhat
restrictive rules used initially to generate auto connectors.
Therefore, auto connectors were rebuilt, using more liberal rules,
these being the rules described in chapter 4, and 2,802 connectors
resulted in the 1982 network. This resolved the problem.

After implementing each of these changes, two remaining problems were
jdentified. First, it was found that paths originating in the C3D
were still using too many transfers, and were not using the walk
network. Therefore, the minimum initial waiting time was also set to
2.0 minutes, in conformance with the minimum transfer time. This
solved this problem. Second, early tests of the mode choice models
were found to be generating too high a transit share of the market for
the nonwork trips. Indeed, some initial runs produced estimates of
nonwork transit shares that were approximately double the observed
values. The path values were therefore compared between the
calibration data used by the SCAG contractual work on the mode choice
models and the data from this project. Good agreement was found
except in two cases. The waiting and transfer times for both peak and
midday were found to be uncapped in the SCAG data. In the mode choice
model code, the peak waiting time was reduced for times in excess of
13.0 minutes in the CSI code by resetting the value to 8.5+0.4
{initial waiting time). This has the effect of reducing a path
waiting time of 15 minutes to 14.5 minutes, a path waiting time of 20
minutes to 16.5 minutes, and a path waiting time of 30 minutes to 20.5
minutes. This was determined to have an effect similar to the use of
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a maximum waiting time of 15 minutes. However, no such reduction was
used in the nonwork models. Therefore, it was decided that the
maximum values should be changed for the midday paths, to provide
closer conformance to the calibration of the mode choice model, The
waiting~time maxima were doubled to 30 minutes for all modes except
express bus, which was set at 15.0 minutes, and the express bus
maximum transfer time was set to 30.0 minutes. This change brought
the calibration and SCRTD waiting and transfer times into reasonable
agreement on a regional basis, yielding one set of values of the path
parameters shown in Table 4-7,

Modification of Path-Selection Parameters

The path~selection parameters in Table 4-7 were used for a time until,
as part of a review of the network coding for the FY85 transit
network, a set of walk paths was traced from a downtown Los Angeles
zone to zones in outlying areas. Two general types of problems were
found with the paths. The first problem was that, for several .
interchanges, program UPATH did not find the path with the minimum
weighted impedance. The second problem was that, for a significant
proportion of the interchanges checked, the paths selected by program
UPATH, while having the minimum weighted impedance, were not the paths
that realistically would be selected by a transit rider.

After tracing the paths for 20 to 25 interchanges, a pattern emerged
in which it appeared that too little walking was occurring in the
downtown prior to the initial boarding. Rather than walking, transit
riders took buses for short distances to access the line that would be
taken to ‘the final destination. In most of these cases, the line
taken to the final destination was the same as the one that would have
been accessed by walking. Walking, however, was the most realistic
access mode, and, for several interchanges, would have actually
resulted in a lower weighted impedance.

The effect of this problem on the level of transit patronage for these
interchanges was probably minor: riding rather than walking results in
an additional transfer which increases total wait time and causes
transit to appear slightly less attractive. The effect of this
problem on another interchange that was examined was much more severe,
however, because it caused an illogical sequence of lines to be taken
to the destination zone. Had the walk mode been used, a much more
logical line would have been selected, significantly reducing both
weighted impedance and unweighted travel time.

Two causes were identified for this problem of path selection. The
first cause was the combination of path~building coefficients that
were used which heavily favored riding over walking, particularly in
areas having a high density of transit service such as the downtown.
As can be seen below, walk time was considered 2.5 times more onerous
than transit in-vehicle time, Combined with this, the application of
an initial wait time coefficient of only 1.5 applied to wait times
that were already low due to the high frequency of service had the
effect of minimizing the disadvantage of riding transit.
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TABLE 4-7
INTERMEDIATE PATH-BUILDING PARAMETERS

Parameter Definition Yalue

& Mode

CTTIME 1 Coefficient of walk time 2.5

2-3 Coefficient of auto access time 0.1
4-8 Coefficient of transit in~vehicle time 1.0

CWTIME 4-8 Coefficient of waiting time 1.5

CXTIME 4-8 Coefficient of transit transfer time 4,0

WMAX 4,6-8 Maximum waiting time for transit 15.0 peak
30.0 midday

WMAX 5 Maximum waiting time for express bus 8.0 peak
15.0 midday

WMIN 4-8 Minimum waiting time for transit 2.0

XMAX 4,6-8 Maximum transfer time for transit 30.0 peak
50.0 midday

XMAX 5 Maximum transfer time for express bus 15.0 peak
30.0 midday

XMIN 4-8 Minimum transfer time for transit 2.0

XFERS Maximum permitted number of transfers 5.0

NOX (2,1) Transfer prohibitor from mode 2 to mode 1 T

NOX (3,1) Transfer prohibitor from mode 3 to mode 1 T

Source: Schimpeler Corradino Associates
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The second cause was related to the way in which program UPATH
functions. In finding the minimum impedance path, program UPATH does
not "look ahead" all the way to the destination zone, but to all leq
nodes from the node at which it is currently located. Thus, the
initial path segment built by program UPATH for the interchange
described above was the minimum impedance path for as far ahead as the
program could look. Had the program been able to look further ahead,
however, it would have realized that the selection of this initial
segment would result in a path being built to the destination zone
with a total weighted impedance higher than the minimum. By the time
the initial segment had been built, it was "too late," i.e., the
program could not go back to the origin zone and start again, but .
could only attempt to minimize total impedance from the node at which
it was located.

The solution to the problem was to change the path-building
coefficients to prevent the program from starting out on an illogical
path. The effect of this change was to shift the pattern of little or
no walking in the downtown to one in which, for most interchanges,
walks of two to four blocks occurred prior to the initial boarding. A
revised walk time coefficient of 1.5 makes walking appear Tess
onerous, while a higher initial wait time coefficient of 3.0
discourages excessive boardings. These revisions corrected both types
of problems discussed above.

One additional change was the decrease of the transfer time
coefficient from 4.0 to 3.0. This was done to eliminate the problem
of too little transferring occurring outside of the downtown. The
most dramatic example of this problem was found for an interchange

‘whose destination zone was located one to two miles south of the El

Monte station on the San Bernardino Busway. Along the path built by
program UPATH, a local line operating on arterials was taken from the
downtown directly to the destination zone. In-vehicle time along this
path was 59 minutes. An alternate path having less initial wait time
and walk time was identified, however, which allowed 22 minutes of in-
vehicle time to be saved by taking an express line operating on the
San Bernardino Busway. Although this required a nine-minute wait at
the E1 Monte station to transfer to a local line that would be taken
to the destination zone, this path would, realistically, have a much
higher 1ikelihood of being selected by a transit rider. In this case
and others, application of the lower transfer time coefficient
resulted in the selection of more realistic paths by program UPATH.

To maintain consistency with the revised coefficients for building
walk paths, the same changes were made to the coefficients used for
building Park-n-Ride and Kiss-n-Ride paths. Using the same downtown
origin zone that was used to trace walk paths, numerous Park-n-Ride
paths built with the revised coefficients were traced, and all

appeared to be reasonable. The complete, final set of parameters used
for building walk and auto access paths is shown in Table 4-8.
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TABLE 4-8

FINAL PATH SELECTION PARAMETERS

PEAK OFF-PEAK

Walk PNR KNR Walk PNR - KNR
XFERS 8 8 8 8 =0 )
CTTIME (mode 1) 1.5 1.5 1.5 1.5 = e
CTTIME [mode 2 1.0 .1 .1 1.0 - -
CTTIME (mode 3 1.0 1.0 .1 1.0 oo S
CTTIME (modes 4-8) 1.0 1.0 ' L,0 1.0 - e
CWTIME 3.0 3.0 3.0 3.0 - -~
CXTIME 3.0 3.0 3.0 3.0 -— -
WMIN 2.0 2.0 2.0 2.0 - - ve
WMAX (modes 4, 6-8) 15.0 15.0 15.0 30.0 - -
WMAX (mode 5) 8.0 8.0 8.0 15.0 - -
XMIN 2.0 2.0 2.0 2.0 - -
XMAX {modes 4, 6-8) 60.0 60.0 60.0 60.0 -- e
XMAX (mode 5) 15.0 15.0 15.0 30.0 o -

Note: Additional parameter DELETE=2,3 used to build WALK paths.
Additional parameters NOX{2,1)=T and DELETE=3 used to build PNR paths.

Additional parameters NOX(2,1)=T and NOX(3,1)=T used to build KNR paths.
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4.5
4,5.1

4.5.2

FARE MATRIX CONSTRUCTION

Fare Matrix Basis

As part of the mode choice model package, the fare programs developed
for SCAG were provided to the District. The LARTS fare model was not
compatible with the mode definitions used for the SCRTD transit
networks, and required modifications to the structure. Also, no fare
program existed for the year 2000. There was also a somewhat less-
than-straightforward logic to the LARTS program, which made it
desirable to recreate the program with greater clarity and better
documentation.

In the program, the fare is set equal to the sum of a base fare, a
linehaul fare rate times the distance, any transfer charges, and a
parking lot charge for Park-n-Ride. The user may set the base fare
for each of modes 4 through 8, the rate per fare zone for modes 5, 6,
and 7, the length of a.fare zone, and the amount of a transfer among
any combination of modes 4 through 8, including transfers from one
line in a mode to another line in the same mode. Because the fare
program works from the skim tables from UPSUM, it is also necessary to
provide an average speed for each of modes 5, 6, and 7, to permit
conversion of the travel time on these modes to a distance. Finally,
the user specifies the distance that a passenger can travel into the
next fare zone before being charged the next fare increment.

It is important to note that the fares to be used in this program are
the average fares that are expected to be paid, not the base cash
fares. These averages should take into account the proportion of
reduced fares used, pass use, etc., so that the resulting fares
computed will represent average fares for the entire region. In
current use, the values used for the user parameters in the fare
program are shown in Table 4-9,

A1l of these values are user parameters that may be changed to reflect
alternative fare policies. 'However, the forecasts reported later in
this report are based on the above values. In subsequent work by
SCRTD staff, two additional facilities were added to the fare model:
the capability to place an upper limit on the rail fare, and the use
of a variable discount for off-peak fares. The upper Tlimit (cap) is
set by entering a parameter that indicates the maximum fare that can
be charged, while the discount is computed as a percentage, also
entered as a parameter.

Updated Fare Matrix Program

As part of the FYB85 work program, an updated fare matrix calculation
program, FAREMTRX, was developed. This program embodies more rigorous
algorithms for fare calculation_and also provides the necessary basis
for revenue calculation. FAREMTRX is a UTPS-compatible FORTRAﬁ
program which calculates and writes out a file of interzonal transit
fares to be used by the modal split program. The program also writes
out the distributions of these transit fares by mode, to be ysed in
revenue calculation. For the transit alternative of interest,
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TABLE 4-9

VALUES FOR USER PARAMETERS

Parameter 82 val Forecast

Parking charge ' $0.35 $1.00

Fare zone distance 4.75 miles 3.0 miles

Fare zone rounding 0.1 miles 0.1 miles

Mode 4 base fare 43.0 cents 50.0 cents

Mode 5 fare/zone 7.12 cents 18.75 cents

Mode 6 fare/zone 125.0 cents* 25.0. cents

Mode 7 fare/zone 75.0 cents 25.0 cents

Mode 8 base fare . 35.0 cents 35.0 cents

Transfer mode 4-4 10,0 10.0

Transfer mode 4-5 10.0 10.0

Transfer mode 4-6 10.0 10.0

Transfer mode 4-7 10.0 10.0

Transfer mode 4-8 10.0 10.0

Transfer mode 5-5 0.0 0.0

Transfer mode 5-6 10.0 10.0

Transfer mode 5-7 10,0 10,0

Transfer mode 5-8 10.0 10.0

Transfer mode 6-6 0.0 0.0

Transfer mode 6-7 10.0 10,0

Transfer mode 6-8 10.0 10.0

Transfer mode 7-7 0.0 0.0

Transfer mode 7-8 10.0 10.0

Transfer mode 8-8 0.0 0.0

Mode 5 average speed 24.75 mph 24.75 miles per hour

Mode 6 average speed = 36.0 miles per hour

Mode 7 average speed - 36.0 miles per hour
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FAREMTRX reads as input both the output file from UPATH and the output
line file from UNET, enabling the calculation of transit fares based
on the actual paths from origin zones to destination zones, and the
calculation of fares for express transit services based on the actual
distances traveled in express mode. The program also permits the use
of different parking costs at different Park-n-Ride lot locations (for
both bus and rail}, computes costs of multiple transfers,
distinguishes between RTD and non-RTD express routes and assigns the
fares appropriately, and permits the optional use of combined Metro
Rail and light rail fares.

For a complete description of FAREMTRX, see Technical Memorandum
87.3.1: Documentation of the Fare Matrix Calculation Program -
FAREMTRX, September 1586,
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5. MODE CHOICE MODELS

SOURCES AND PROCEDURES

At the time the Transportation Planning and Modeling Services project
commenced, a project for SCAG was nearing completion, in which new
modal-split models were being built and tested for the region. (13,
Vol. I} One of the original goals of the TPMS project was to
implement the models resulting from the SCAG project and use these as
the basis of travel forecasting for the region. The models used for
the results reported in this document are the SCAG models for Home-
Based Work (HBW) and Home-Based Other (HBO) trips, together with an
alternative model used for Non-Home-Based (NHB)} trips. The SCAG
project produced a model for NHB trips that factored the modal split
from the HBW model. This procedur'e is not as desirable as one in
which a model of similar structure to the other two models is used for
forecasting modal split for NHB trips. However, because NHB trips
represent 25 percent or fewer of regional trips, and less than 10
percent of regional transit trips, changes in this methodology are not
expected to give rise to significant differences in the decisions that
would be reached on the basis of patronage figures. The NHB model is
an adaptation of one developed by Barton-Aschman Associates for
Houston and resembles the other models, in that it is also a
multinomial logit model.

The modal-split models are all multinomial logit models that predict
the proportion of transit trips for a trip interchange as a functiom
of the relative travel times and costs of the modes for that
interchange and of the characteristics of households in the production
zone for the trip-interchange movement. The primary travel '
characteristics used by each of the models are:

0 The total in-vehicle travel time by an alternative mode or mode
combination;

o The total out-of-vehicle travel time for each alternative mode or
combination of modes; and

0 The total costs for each alternative mode, including transit
fares, parking costs, and auto-running costs. The costs are
divided by income in all cases.

Each of the models also uses characteristics of the trip makers, as
determined by the production end of the trip. These characteristics
are grouped into four market segments, defined as follows:

1. Households within walking distance of transit which own no
automobiles.

2. Households within walking distance of transit which own one or
more automobiles.
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5.2.1

3. Households not within walking distance of transit which own no
automobiles.

4, Households not within walking distance of transit which own one or
more automobiles.

The models also use additional traveler characteristics. The Work
mode choice model uses the following additional variables:

0 Average number of autos per licensed driver; and

0 . Average number of workers per household.

The Nonwork model uses:

0 Average number of autos per licensed driver; and

o Average household income.

The Non-Home-Based model uses none of these variables, but includes
the number of transfers for a transit trip. Each of the Work and
Nonwork models also contains a CBD dummy variable, and bias constants

for each of the counties in the region.

As part of the FY85 work program, a detailed evaluation of the
regional mode choice models was conducted. See Technical Memorandum

"2.1.1: Evaluation of the Regional Mode Choice Models, December 1985,

Revised September 1986.
MODEL CALIBRATION

Model calibration is the process of applying a model, with inputs
related to a known set of output values, and adjusting model
parameters until the model replicates the known values. The HBW and
HBO models were calibrated by CSZ to 1980 conditions based on actual
transit share of the market by county and CBD-cordon crossings.
Subsequently, it has been necessary to perform several recalibrations
because of changes in exogenous input variables and changes in transit
network coding procedures.

Model Input Revisions

At various points in time, the mode-split models have been
recalibrated to reflect the following:

0 Zone system change -- The transit network and the model estimation
in this project are based on a zone system containing 1,628 zones,
while the original work was done with the region divided into
1,325 zones. Wherever a different transit path would be built
through the network, or a transit path would be provided with
different values for the times or costs used by the model, the
modal split would change and would cause the calibrated model to
perform differently from the calibration case.

5-2



5.2.2

0 PRevised trip distribution ~-- The original validation had been
performed using a distribution of person trips which was developed
using & single iteration gravity model. This methodoleqy tended
to underestimate the number of person trips to the central
business district by as much as 48 percent for home-based work
trips and 78 percent for home~based nonwork trips. This problem
in gistribution was overcome by using a five-iteration gravity
model, but most certainly the difference in person-trip
distribution would affect the transit trip estimation
considerably, and therefore it was essential to repeat the
calibration effort for the home-based work and nonwork purposes.

0 Revised path~building criteria ~~ As discussed in chapter 4,
detailed analysis of the paths resulting from the original path-
building criteria indicated deficiencies which led to development
of improved criteria. This resulted in inconsistencies compared
with the paths for which the models had previously been
calibrated.

0 Revised network-coding procedures ~~ Many improvements have been
made in transit network-coding procedures as discussed in chapter
4 and also in chapter 2, under Transit Network Access (2.3). Some
of these changes, such as those related to walk access described
in Section 2.3, clearly necessitated recalibration. OQthers, such
as automating manual procedures or refinement of bus route coding
in the base year network, are more subtle, but nevertheless result
in shifts in input values for which the models should be
recalibrated.

In addition to adjusting the models developed by SCAG, it was also
necessary to adjust the transferred non-home-based model to insure
that this model was adequate for the Los Angeles region. This
transferred model used parameters derived from the models calibrated
for New orleans, Houston, and Seattle, giving the model the proper
sensitivity to system characteristics, such as in-vehicle time and
waiting time. It is necessary, however, to modify the bias
coefficients of the model in order to meet the regional modal
characteristics.

Calibration Methodology

The changes to the input information for the mode choice models
required that an update be performed on the models. The nature of the
recalibration in such a case is to adjust the constants in the model
that relate to the average transit share for each county and also to
adjust the individual mode shares, mode~by~-mode. No change is
required to the coefficients of the variables in the models, because
these were derived from data on a sample of households, and the
information for these households is basically unaffected by the
changes to trip tables, path-building, and path characteristics. The
mode constants and county biases are, however, generated from regional
data after the initial calibration. These are the inputs that have
been changed since the original calibration and generate a need to
recompute the values.
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Updating involves changing the constants until the observed market
shares are obtained both regionally and county by county. The models
are hierarchical models, which means that the updating of the
constants is not a simple procedure of a recalculation of each
constant, but involves an iterative fitting of the values. The
hierarchical structure is such that the models predict, at the highest
level of the hierarchy, the split between transit and auto. At the
second, the split is between three categories of auto occupancy for
the auto mode, and between the alternative access modes to transit for
the transit mode. At the second level, the models are simple
multinomial models of mode choice. At the first level, however, there
is a need to use some type of "average" characteristic values for a
generic mode called "auto" and for a generic mode called "transit.”
The average values are obtained by using the natural logarithm of the
sum of the exponentiated utilities from the individual, second-level
submodes. The procedure is shown structurally and mathematically in
Figure 5~1, Because of these "logsum" terms, which include the
individual constants for the submodes of both transit and auto, there
is no unique mathematical correction that can be made to the
constants. Any change in the individual mode constants generates a
change in overall auto~transit split, which requires readjustment to
meet the observed shares. A cyclical process arises from this, which
usually converges in about three to five iterations. It can be shown,
using the Togit formulation, that the change in logit coefficient to
produce the correct modal probability can be approximated as follows:

C(1) = C + Ln((P*P(1)~P(1))/(P*P(1)~P))

where:

C(1) is the new coefficient to estimate the correct probability

c is the coefficient from the original calibration or from the
previous application

P is the estimated probability associated with the coefficient
C and with the variable associated with the coefficient

P(1) is the observed probability associated with the variable

Ln is the natural logarithm

This formulation will give an exactly correct answer if each
interchange has the same modal probability, i.e., the observed
probability is the same for all movements. When the individual
interchanages have probabilities which differ from the mean
probability, the formulation is only an approximation, but the revised
coefficient will be changed in the "correct" direction, and two or
three iterations will normally be sufficient to obtain a model which
produces a modal probability which is very close to the observed
probabitlity.

Because of the structure of the home-based work and nonwork model,

this ad%ustment to the model had to be performed in two stages.
Typically, in stage one, the modal bias coefficients were adjusted to
obtain the correct modal probabilities. These bias coefficients were:
1) the walk access constant; 2) the park/ride drive alone constant; 3)
the park/ride shared ride constant; and 4) the kiss/ride constant.
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FIGURE 5-1
STRUCTURE OF THE HIERARCHICAL MODE CHOICE MODELS
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Once these bias coefficients were adjusted, the next stage dealt with
the subarea constants. These constants were: 1) the Los Angeles
constant; 2) the Orange County constant; 3) the Riverside constant; 4)
the San Bernardino constant; and 5) the Ventura constant.

The original model also had a bias constant for the Los Angeles
Central Business District, but it was determined that this bias
coefficient was required to compensate for the distribution problem
previously described. In the process of updating the models, the CBD
bias constant was reset to zero. It appears that the CBD constant
played the role of compensating for overestimating the percentage
transit modal split to the CBD and for underestimating CBD transit-
passenger cordon crossings. The 1980 estimated CBD work~trip modal
split was 15.5 percent over the actual value of 31.0 percent, while
the estimated cordon crossings were 16.1 percent under the observed
counts. With the new person-trip distribution and the CBD bias
constant set to zero, the model yields a CBD mode split value of 32.2
percent, :

The nonhome-based model was much simpler with respect to bias
coefficients, with only modal bias constants included. For the auto
occupancy model it was necessary to investigate the bias coefficients
for three persons per vehicle, four persons per vehicle, and five-plus
persons per vehicle. For the primary mode choice model, bias
coefficients were investigated for the drive-along mode and the group
highway mode.

Updated Models

Following is a presentation of the recalibrated mode choice models.
Table 5-1 compares the most recent calibration constants with the
original values produced by CSI and with the interim values produced
under the Transportation Planning and Modeling Services contract.

Figures 5-2, 5-3, and 5-4 present the actual mode] equations for the
home~based work, home~based nonwork, and nonhome-based models,

respectively.

The ability of the models to reproduce observed mode Shares is
illustrated in Table 5-2. As indicated, the models have been
calibrated to produce estimated mode shares which are virtually
identical with the observed shares. The largest error in estimated
transit trips is indicated for Orange County work trips, and here the
error is only 1.38 percent. Most categories are well within one
percent error.

The recalibrated models presented here represent the culmination of
efforts to produce more rigorous and efficient procedures and to
ensure that the models are being applied in accordance with the
concepts and practices underlying their development. Special
attention has been devoted to network~coding procedures because of the
complexity of the networks and because of uncertainties related to the
grecise procedures used in the networks used for model development.

e breadth and depth of analyses conducted into network-coding
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TABLE 5-1

COMPARISON OF MODE CHOICE MODEL CALIBRATION CONSTANTS

FTanning
CSI CSI Modeling
UPARMS Calibrated Adjusted Services CALIB 3
MODEL CONSTANTS NUMBER Value Yalue (LPAUP) NOV85
HB WORK MODE CHOICE
Primary Auto~Trn Split
AUTD 51 0.31705 -0.7403 -0.7403 -0,7403
TRANSIT:
(By Production Co.)
Los Angeles 61 0.00000 0.1689 0.2797 0.5140
Orange 62 '0.00000 ~0.2895 ~0,4770 ~0,1940
Riverside 63 0.00000 0.4961 0.2141 0.4100
San Berpardino 64 0.00000 0.4522 0.1702 0.3660
VYentura 65 0.00000 0.2936 0.0116 0.1074
Transit CBD Attraction 55 0.00000 0.1670 0.0000 0.0000
Transit Submode Split .
= 21 -2,82380 ~-1.4492 ~-0.8037 ~-0.8101
PARK-RIDE SHARED 22 ~3,67500 -1.6320 -1.0253 -1.0350
KISS~-RIDE - 23 ~1.63680 0.2342 0.3889 0.3837
WALK ACCESS 32 3.67600 3.1600 3.0135 3.3248
Auto Submode Split
ODRIVE ALONE 41 0.12778 -0.3791 -0.3273 -0.2484
3+ PERSON CARPOOL 42 ~1.98380 -1.4057 -1.4377 -1.4377
NONWORK MODBE CHOICE
Home-Based Nonwork
TRANSIT 21 3.26000 3.§274 3.6274 3.6274
TRANSIT:
(By. Production County)
Los Angeles 41 0.00000 ~-0.0058 -0.5748 ~-0.3475
Orange 42 0.00000 0.2716 -0.4554 -0.1407
Riverside 43 0.00000 0.3949 -0.1402 0.3819
San Bernardino 44 0.00000 0.5429 0.0078 0.2495
Ventura 45 0.00000 0.6557 0.1206 0.3623
Nonhome-Based
87 ~2.6904 3.2191 -2.8850
SHARED RIDE a8 ~2.5040 -3.0327 -2.8130
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WORK MODE CHOICE STRUCTURE

AUTO SUB-MODE MODEL
MODES: ORIVE ALONE, 2 PERSONS/CAR, 3+ PERSONS/CAR
GENERAL FORMULATION
PROB MODE (M,IH) = EXP [U(M,IH)]/SUM OF EXP[U(M,IH)]; M = 1,3
WHERE :

MODE (M,IH} IS THE 3 AUTO-SUB-MODES FOR MARKET SEGMENTATION IH

U(M,IH)} IS THE UTILE EQUATION FOR MODE M AND MARKET SEGMENT IH1

UTILE EQUATIONS:

~0.2484 - 0,0099303 * IVTT

~0.019855 * COST/INCOME (IH)

-0.055835 * OVTT

-2.4734%ALD(IH) + 0.28022 * WRK (IH)

~-0.0099303 * IVTT - 0.019855 * COST/INCOME (IH)
~0.055835 * OVTT

~1.4377 - 2.4734 - * ALD(IH) + 0.69721 * WRK(IH)
~0.0099303 * IVTT - 0.019855 * COST/INCOME (IH)
~0.055835 * OVTT

U(DRIVE ALONG)

U(2 PER/CAR)

U(3+ PER/CAR)

WHERE:
IVTT: IS IN~-VYEHICLE TRAVEL TIME
ovTT: IS OUT-OF-VEHICLE TRAVEL TIME
COST: IS OUT-0F-POCKET COST

INCOME (IH): IS ANNUAL INCOME (DOLLARS) FOR MARKET
SEGMENT IH (DIVIDED BY 1000)

ALD(IH}:  AUTOS PER LICENSED DRIVER FOR MARKET
SEGMENT IH (ZONE SPECIFIC)

WRK(IH):  WORKERS PER HOUSEHOLD (?) FOR MARKET
SEGMENT IH (ZONE SPECIFIC)

L SEE TEXT FOR A DESCRIPTION OF THE MARKET SEGMENTS
2 ALD HAS MAXIMUM VALUE OF 1.0

Figura 5-2
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WORK MODE CHOICE STRUCTURE (CONTINUED:2)
TRANSIT SuUB-MODE MODEL

MODES: WALK, PARK AND RIDE (DRIVE ALONE}), PARK AND RIDE (SHARED RIDE}, KISS
AND RIDE

GENERAL FORMULATION
PROB MODE (ST,IH) = EXP [U(ST,IH)]/SUM OF EXPLU(ST,IH)]; (ST = 1,4)
WHERE :
MODE (ST,TH) IS THE 4 TRN SUB-MODE FOR MARKET SEGMENT IH

' ‘U(ST,IH IS THE UTILE EQUATION FOR SUB-MODE ST AND MARKET
SEGMENT IH

UTILE EQUATIONS:

U (WALK) = -0.0099303 * IVTT -0.019855 * COST/INCOME (IH)
~0.055835 * OVTT + 3,3248

U{P/R:D.A.) = ~0.8101 + 3.0808 * ALD(IH} - 0.0099303 * IVTT
~0.019855 * COST/INCOME(IH) - 0.055835 * QVTT
U(P/R:S.R.) = ~1.0305 + 0.88302 * ALB({IH) + 0.37216 * WRK(IH)
~0,0099303 * IVTT ~ 0.019855 * COST/INCOME(IH)
-0.055835 * OVTT
U(K/R}) = 0.3837 0.89754 * ALD(IH} + 0.34352 * WRK(IH)
~0.0099303 * IVTT ~ 0.019855 * COST/INCOME(IH)
~0.055835 * OVTT
WHERE :
IVTT: IS IN-VEHICLE TIME
OVTT: IS QUT-OF~VEHICLE TIME
COST: IS OQUT-0F-POCKET COST

INCOME{IH): IS ANNUAL INCOME FOR MARKET SEGMENT IH
(DIVIDED BY 1000) (ZONE SPECIFIC)

ALD(IH): IS AUTOS/LICENSED DRIVERS FOR MARKET
‘ SEGMENT IH (ZONE SPECIFIC)
WRK(IH): IS WORKERS/HOUSEHOLD FOR MARKET

SEGMENT IH (ZONE SPECIFIC)

Figure 5-2
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WORK MODE CHOICE STRUCTURE (CONTINUED:3)

TRANSIT MODEL

MODES: TRANSIT PERSON/AUTOMOBILE PERSON

GENERAL FORMULATION

PROB MODE (AT,IH) = EXP [U(AT,IH)]/SUM OF EXP[U(AT,IH)];

WHERE :

MODE(AT,IH) IS THE 2 MODES FOR MARKET SEGMENT IH

U(AT,IH) IS THE UTILE EQUATION FOR MODE AT AND SEGMENT IH

UTILE EQUATIONS:

U(AUTO)
U(TRANSIT)

WHERE:

~0.7403 + 4,7726 * ALD(IH) - 0.31411 * AD(IH)

+1.,0 * LOGA

UCO(I) + 1.0 * LOGT

ALD(iH): AUTOS/LICENSED DRIVERS FOR MARKET

AD(IH):

LOGA:
LOGT:

uco(I):

SEGMENT IH

DUMMY VARIABLE, 1 IF AUTOS OWNED,
0 IF NO AUTOS OWNED

NATURAL LOG OF SUM OF EXP [U(M,IH)],
M = 1,3 (SEE AUTO SUB-MODE MODEL)

NATURAL LOG OF SUM OF EXP [U(ST,IH)],
ST = 1,4 (SEE TRANSIT SUB-MODE MODEL)

BIAS COEFFICIENT BY COUNTY:

I  COUNTY COEFF.

1 -LOS ANGELES 0.5140

2  ORANGE -0.1940

3 RIVERSIDE 0.4100

4  SAN BERNARDINO 0.3660

5  VENTURA 0.1074
Figure 5-2
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NONWORK MODE CHOICE STRUCTURE
PRIMARY MODEL (HOME-BASED NONWORK TRIPS)
MOOES: AUTOMOBILE PERSON, TRANSIT
GENERAL FORMULATION
PROB MODE (M,IH) = EXP [U(M,IH)]/SUM OF EXP[U(M,IH)]; M = 1,2
WHERE:

MODE(M,{H) IS THE M MODE (AUTO/TRANSIT) FOR THE IH MARKET
SEGMENT .

U(M,IH) IS THE UTILE EQUATION FOR THE M MODE AND THE IH MARKET

SEGMENT

1NOTE: WHEN IH IS 3 DR 4 (HOUSEHOLDS NOT WITHIN WALKING

DISTANCE OF TRANSIT) THEN AUTOMOBILE PROBABILITY = 1.0
AND TRANSIT PROBABILITY IS 0.0.

UTILE EQUATIONS:
U(AUTO) = -3.76 * FWODL(IH) + 0.0738 * (INCOME(IH)/1000.)
+5.15 * ALD(IH) - 0.0292 * IVIT - 0.0905 * OVTT
-0.287 * (COST/LOG(INCOME (IH)) + 7.87 * (1/DIST)

U(TRN) = UCO(I) + 3.6274 ~ 0.0292 * IVTT - 0.0905 * OVTT
-0,287 * (COST/LOG(INCOME(IH)) + 5.15 * (1/DIST)

WHERE:
FWODL (IH) IS 1.0 MINUS LICENSED DRIVERS PER PERSON
FOR MARKET SEGMENT IH, IF TOTAL AUTOMOBILE OWNERSHIP,
FOR MARKET SEGMENT IH, IS GREATER THAN ZERO; OTHERWISE
THE VARIABLE IS EQUAL TO 0.0.

INCOME (IH) IS ANNUAL AVERAGE SALARY FOR MARKET SEGMENT
IH

ALD(IH) IS AUTOMOBILES PER LICENSED DRIVERS FOR MARKET
SEGMENT IH

Figure 5-3
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NONWORK MODE CHOICE STRUCTURE (CONTINUED:2}

IVTT IS IN-VEHICLE TRAVEL TIME
OVTT IS OUT-OF-VEHICLE TRAVEL TIME
COST IS OUT-OF-POCKET COST

DIST IS THE HIGHWAY DISTANCE (MILES)
UCO (I) ARE COUNTY BIAS COEFFICIENTS

I COUNTY COEFF.

1  LOS ANGELES ~0.3475
2  ORANGE ~0.1407
3 RIVERSIDE 0.3819
4  SAN BERNARDINO 0.2495
5  VENTURA 0.3623

TRIP ESTIMATION MODEL (HOME-~BASED NONWORK TRIPS)

TRIPS(M,IH) = PROB MODE(M,IH) * PTRP * FTRIP(IH)
AND

TRIPS (M) TRIPS(M, IH)
IR= 1

. AUTO DRIVER TRIPS = TRIPS (1}/1.55

WHERE :

TRIPS(M,IH) IS PRIME MODE TRIPS (1 = HIGHWAY PERSON,
2 = TRANSIT) FOR MODE M AND MARKET SEGMENT IH

PTRP IS HOME~BASED NON-WORK PERSON TRIPS

FTRIP(IH) IS PROPORTION OF PERSON TRIPS FOR MARKET

. SEGMENT IH
AUTO-DRIVER TRIPS IS HOME-BASED NONWORK AUTOMOBILE

TRIPS

Figure 5-3
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NON-HOME BASED MODEL

Primary Mode Choice Model

TRY
ONE
GROUP

Auto Occupancy

-1

0.025 {WALK + WAITL + WAIT2) + 0.01 (TRNRUN) + 0.014
(FARE) + 0,075 (XFERS) + 0.170(HWYACC) + 1.55 (AUTOCONN)

0.2423 (HWYEXC) + 0.0 (HWYRUN,) + 0.014 (HWYCST,)
+ 0.0384 (PRKCST,) - 2.8858

0.3048 {HWYEXC) + 0.01 (HHYRUNG) + 0.014 (HHYCSTG)
+ 0.0384 (PRKCSTG) - 2.8130

Modeling

TO
THREE
FOUR
FIVE+

Where:
TRN
ONE
GROUP
TWO

THREE
FOUR

FIVE+

WALK
WAIT1

WAITZ2
TRNRUN

FARE
XFERS

HWYACC

AUTOCONN

HWYEXC

HWYRUN (X)
HWYCST (X)
PRKCST (X)

no

0.3048 (HWYEXC) + 0.01 (HWYRUN,) + 0.014 (HWYCST,)
+0.0384 (PRKCST, ) :

0.3048 (HWYEXC) + 0.01 (HWYRUN) + 0.014 (HWYCST,)
+0.0384 (PRKCST, ) + 0.99

0.3048 (HWYEXC) + 0.01 (HKYRUN, ) + 0.014 (HWYCST,)
+0.0384 (PRKCST,) + 1.16

0.3048 (HWYEXC) + 0.01 (HNYRUNS} + 0.014 (HWYCST,)
+0.0384 (PRKCST,) + 1.6

disutility of transit mode for a given trip.

disutility of drive-alone mode for a given trip.

disutility of group mode for a given trip.

disutility of two-occupant submode for 2 given trip.

disutility of three-occupant submode for a given trip.

disutility of four-occupant submode for a given trip.

disutility of five-or-more occupant submode for a given
trip.

Walk-access time to/from transit in minutes.

Waiting time for first transit vehicle in minutes.

Waiting time for second and subsequent tramsit vehicles, if
any, in minutes.

Transit in-vehicle time (not including auto-access time) in
. minutes.

Transit fare in 1980 cents.

Number of transfers between transit vehicles.

Auto~access time to transit in minutes.

Auto connect dummy variable signifying whether an
automobile 1% required to access transit, 1 if an auto is
required, 0 otherwise.

Highway-excess time (sum of terminal times at origin ana
destination) in minutes.

Highway in-vehicle time, in minutes, for submode X.
Highway operating cost, in 1980 cents, for submode X.
One-half of the parking cost, in 1980 cents, for submode X.

Figure 5-4
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OBSERVED VERSUS ESTIMATED MODE SHARES

TABLE 5-2

Observed Estimated Estimated Estimated %Error
Mode Mode Person Transit Transit
TRIP CATEGORY Share Share Trips Trips Trips
HOME~BASED WORK TRIPS
TRN SHARE BY C0. OF PROD.
Los Angeles 0.0959 0.0968 4601415 445504 0.93
Orange 0.0215 0.0218 1563274 34107 1.38
Riverside )
San Bernardino > 0.0147 0.0147 876745 12865 0.00
Ventura )
TRN SHARE FOR REGION 0.0692 0.0699 7041434 ‘492476 1.00
TRANSIT SUBMODE SHARE
Walk 0.8499 0.8491 418118 ~0.08
Park-Ride Alone 0.0975 0.0983 48427 0,08
Park-Ride Shared 0.0173 0.0178 8776 0,05
Kiss-Ride 0.0353 0.0348 17152 ~0,05
AUTO SUBMODE SHARE
Drive Alone 0.7785 0.7801 5108617 0.16
2 Person 0.1578 0.1539 1007788 ~0.39
3+ Person 0.0637 0.0660 432562 0.23
HOME~BASED NONWORK TRIPS
TRN SHARE BY CO, OF PROD.
Los Angeles ' 0.0356 0.0357 13452860 480112 0.01
Orange 0.0085 0.0095 3857162 36679 0.00
Riverside )
San Bernardino > 0.0049 - 0.0049 2880117 14183 0.00
Ventura )
TRN SHARE FOR REGION 0.0261 0.0263 20190139 530974 0.02-
NONHOME-BASED TRIPS )
TRN SHARE FOR REGION 0.0135 0.0137 11703054 160111 0.02
5-14
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5.3
5.3.1

procedures and their impacts, as discussed earlier, has demonstrated
conclusively the consistency and objectivity of the recently
established procedures. From this standpoint, the latest models can
be relied upon to produce more reliable forecasts than previously.

MODE CHOICE MODEL APPLICATION

Application Program Development

The purpose of this report is to document the (SCRTD) procedures for
applying the regional set of mode choice models developed recently for
the Los Angeles five~county region by Cambridge Systematics, Inc,
(CSI), under contract to the Southern California Association of
Governments. A description of the model development process is
contained in Volume I of the final project report. (13) Volume II of
that report provides user documentation for the CSI program software
used to apply the models in an aggregate forecasting context. (13)
This report documents the programs used to apply the models in the
SCRTD demand forecasting environment and, as such, supersedes chapters
3 and 4 of the original Volume II report.

Modifications to the CSI model application software were primarily a
function of:

1. Revisions to individual model bias constants stemming from
rational adjustments in level-of-service and cost input data
preparation methodology. A detailed description of these
ad justments and their underlying rationale is contained in
Technical Memorandum No. 4.2, Final Modal Choice Model
Specifications,

2. Minor source code modifications to the CSI Home-Based Work Model
application program. In particular, to implement a generalized
specification of the “"county~of~origin" indicator.

3. A complete substitution of the CSI Non-Work/Non~Home Based
application program with entirely new program software. New
software was required to provide essential flexibility in
individual model application. In particular, this new software
allows for use of a transferred Non-Home Based program in place of
the default factoring procedure.

A1l of the above represent appropriate adjustments and/or enhancements
to model formulation and application while still retaining the basic
CSI model structure and coefficients.

Application of the mode choice models requires the assembly of all of
the inputs that have been discussed in the preceding sections. Figure
5~5 shows the flow diagram for the application of the mode choice
models. o

Two separate subroutines comprise the Modal Choice application
package: the work mode choice model and the nonwork mode choice model.
The use of these programs is described in terms of their input cata

5-15



AM TRANSIT SKIMS AM TRANSIT FARE
-WALK, PNR, KNR MATRIX

HE WORK MODE-

HBW Tin?2
TABLES

CHOICE MQDEL )

4

MODE-CHQICE

TRIP-END DATA HIGHWAY SKIMS

NONWORK MODE-

14 HB WORK
TRIP TABLES

CHOICE MODELS

MIDDAY TRANSIT MIDDAY TRANSIT
SKIMS-WALK ONLY FARE MATRIX

Wk Gx B AN o o my ud e B W BN AR B

Figure 5-5

12 NONWORK
TRIP TABLES

HO. Q0. OW
TRIP TABLES

FLOW DIAGRAM FOR THE APPLICATION OF THE MODE CHOICE MODEL

5-16




5.3.2

Foddoraodh

requirements, special options and parameters, standard output files
and reports, and typical job control lanquage statements used to
operate the programs. Three of the input files to the application
programs are generated by the CSI Market Segmentation Program (MSEG).
These files contain various zonal attributes (i.e., parking costs,
terminal times, etc.} and socioeconomic variables. This report
assumes that this data is provided by SCAG for the current forecast
year, and it is therefore not described here. A description.of the
MSEG program is included in Volume II of the CSI final report
referenced above.

The mode choice models were designed and implemented to operate in the
Urban Mass Transportation Administration's UTPS planning software
environment. The application programs consist of user-coded
subroutines which are used in conjunction with the UMTA program
UMODEL.

Work Mode Choice Program

The Home-Based Work Mode Choice Program uses highway and transit
travel times and costs to "split" a person-trip table into several
modal trip tables. The input person-trip table represents 24-hour
trips in a production-attraction format. The mode choice model
program utilizes the proportion of person-trips in each of four basic
market segments to apply the primary and nested logit models. The
four market segments used by the model are defined as follows:

1. Households within walking distance of transit which own no
automobiles.

2. Households within walking distance of transit which own one or
more automobiles.

3. Households not within walking distance of transit which own no
automobiles.

4. Households not within walking distance of transit which own one or
more automobiles.

Obviously, in each of these segments, not all transit submodes are
assumed available.

The Work Mode Choice Program allows the user to modify the
coefficients of the model and various exogenous factors of the model,
if necessary. The default values of these coefficients and factors
are generally the values determined in the calibration/adjustment
phase.

Input Data
The Mode Choice Program requires a considerable amount of data on the
characteristics of the transit and highway systems and the urban area.

Some_of the information (zonal data) is coded as "card image" files
and input directly to the mode choice program. The rest of the data
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files are zone~to-zone arrays constructed through use of standard UTPS
programs such as UPSUM and UST0S. Fifty-two pieces of data, listed in
Table 5-3 and discussed further in Table 5~4, are required by the
program. Their location and type are defined to UMODEL through the
"Yariable Identification Card." The first twenty-eight data items are
zonal or vector variables (i.e., one record per zone); the last
twenty=four items are interchange (zone-to-zone) data, The derivation
of these data elements is described below:

1. Zone Number. The first data item on each and all of
Trip~end ("A") files input to- the program.
2. to 4, Highway Access and Terminal Time. The access time and

distance 1s deveioped by network analysts to reflect the
in-vehicle non-network portion of a highway trip.
Historically, CALTRANS highway network centroids have
been placed directly on the nearest available arterial
1ink, thereby excluding local circulation time from the
interchange value. These values are applied as either an
origin or destination variable, depending upon the
interchange. Terminal time, however, reflects the "out-
of~vehicle" (walk) time to reach the motorists final
destination from the parking location.

5. Parking Cost. The cost developed by local planners to

‘ represent the average nine-hour parking cost in each
zone. The value should reflect employee~provided as well
as publicly purchased parking. This zonal cost is
applied to all auto submodes, although it is discounted
by the applicable auto submode occupancy. However, no
provision exists at present to evaluate
carpool/noncarpool parking-cost incentives.
Historically, no documented or gquantitative method has
been used to derive these values.

6. CBD Indicator. This zonal variable <identifies only those
zones defined as comprising the Los Angeles Central
Business District. As such, it is a surrogate for
employment densities exceeding a particular level and,
therefore, should not be modified unless a new zonal
structure is implemented.

7. Transit Availability. This is expressed as the percent
or fraction of households within walking distance of
transit., Although no definition of a maximum walking
distance has been provided (13, Vol. I}, a typical
assumption would be one-half mile. The determination of
this value is currently based upon subjective judgement.
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TABLE 5-3

DEFINITION OF INPUT DATA REQUIREMENTS FOR THE MODE CHOICE APPLICATION PROGRAM
FOR HOME-BASED WORK TRIPS

Data Item Data
Number Type Description
1 A Zone Number4
2 A Highway Time to Access Network I[IVT)1
3 A Highway Distance to Access Networkl
4 A Highway Terminal Timel
5 A Parking Cost (Cents)
6 A CBD Indicator (0,1)
7 A Percent of Zone Within Walking Distance of Transit
8 P County of Origin Code (1-5)
9 A Proportion of Person-Trips: Market Segment 1
10 A Autos Owned: Market Segment 12
11 A Licensed Drivers: Market Segment 12
12 A Number of Workers: Market Segment 12
13 A Income (Annual-Dollars): Market Segment 1
14 A Proportion of Person-Trips: Market Segment 2
15 A Autos Owned: Market Segment 22
16 A Licensed Drivers: Market Segment 22
17 A Number of Workers: Market Segment 22
18 A Annual Income (Dollars): Market Segment 2
19 A Proportion of Person-Trips: Market Segment 3
20 A Autos Owned: Market Segment 32
21 A Licensed Drivers: Market Segment 32
22 A Number of Workers: Market Segment 32
23 A Annual Income (Dollars): Market Segment 3
24 A Proportion of Person~Trips: Market Segment 4
25 A Autos Owned: Market Segment 42
26 A Licensed Drivers: Market Segment 42
27 A Workers: Market Segment 42
28 A Annual Income (Dollars): Market Segment 4
(CONTINUED)

NOTE: The Market Segmentation Strata are: 1 = Households within walking
distance of transit and own no automobiles, 2 = Households within walking
distance of transit and own one or more automobiles, 3 = Households not
within walking distance of transit and own no automobiles, and 4 =
Households not within walking distance of transit and own one or more
automobiles.
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TABLE 5~3 (CONTINUED)

DEFINITION OF INPUT DATA REQUIREMENTS FOR THE MODE CHOICE APPLICATION PROGRAM

FOR HOME-BASED WORK TRIPS {continued)

Data Item Data
Number Type Description
29 X Highway Time: Drive Alone (Hundredths of Minutes)l
30 X Highway Time: Two~-Person Carpool (Hundredths of
Minutes)l
31 X Highway Time: Three Plus Person Carpool (Hundredths of
Minutes)l
32 X Highway Distance: Orive Alone (Hundredths of Miles)l
33 X Highway Distance: Two-Person Carpool (Hundredths of
Miles)l
34 X Highway Distance: Three Plus Person Carpool (Hundredths
of Miles)l '
35 X Transit in Vehicle Time (Walk Access)3
36 X Transit in Vehicle Time (Park/Ride Access)3
37 X Transit in Vehicle Time (Kiss/Ride Access)3
38 X Initial Waiting Time (Walk Access)
39 X Initial Wait Time (Park/Ride Access)
40 X Initial Wait Time (Kiss/Ride Access)
41 X Wait Two (Transfer) Time (Walk Access)
42 X Wait Two (Transfer) Time (Park/Ride Access)
43 X Wait Two (Transfer) Time (Kiss/Ride Access)
44 X Auto Access (TRN) Time (Park/Ride Access)
45 X Auto Access (TRN) Time (Kiss/Ride Access)
46 X Walk Time (Walk Access)
47 X Walk Time (Park/Ride Access)
48 X Walk Time (Kiss/Ride Access)
49 X Transit Fare (Walk Access) (Cents)
50 X Transit Fare (Park/Ride Access) (Cents)
51 X Transit Fare (Kiss/Ride Access) (Cents)
52 T Person-Trips
NOTE: The Market Segmentation Strata are: 1 = Households within walking

distance of transit and own no automobiles, 2 = Households within walking
distance of transit and own one or more automobiles, 3 = Households not
within walking distance of transit and own no automobiles, and 4 =

Households not within walking distance of transit and own one or more
automobiles,
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TABLE 5-4

REFERENCES TO DATA TYPE DESCRIPTIONS (TABLE 5-3)

The model is structured. for travel time in minutes and distance in miles.
In the case of Items 2-4, these values must be expressed in hundredths and
are normally integerized for ease of input. Within the program they are
converted to the proper units. No UPARMS exist to "scale" the inputs, so
they must be input in hundredths.

Each of these market segment variables are FORTRAN "real" variables and are
expressed on a per-household basis.

In-vehicle time is Transit run time only; that is, the addition of Mode 4-8.

There must be a zone number on each card of the zonal data. As required by
UMODEL, it must be placed in the same column fields of all input "A" files.
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9. to 28.

29. to 34.

35. to 48.

County of Origin. This code defines the county-of-origin
bBias constant to be applied for an interchange. The
county codes have been defined as follows:

Code County

Los Angeles
Orange
Riverside

San Bernardino
Ventura

o J= L N

Market Segment Variables. For each of the four market
segments defined above, the following data is provided to
the program:

o Proportion of Pefson-Trips

0 Autos Owned Per Household

o Licensed Drivers Per Household
0 Workers Per Household

0  Annual Income

This information is provided directly as output from the
CSI Market Segmentation Program (MSEG).

Highway Time and Distance. These skim matrices are
generated using the LALTRANS FWY program package and
normally are expressed in hundredths of minutes and
miles, respectively. The difference between the drive-~
alone and two-person matrices typically has been the
influence of freeway ramp~metering bypass for two (plus)-
person vehicles. The difference between the two~person
and three (plus)~-person matrices has typically been the
presence of physically separated freeway lanes for three
(plus)~person carpoolers, such as the San Bernardino
High-0ccupancy Vehicle Lane.

Transit Time Components. Execution of the UNET, UPATH,
UPSUM program sequence summarizes the transit travel time
components for each minimum path. The standard
components used in the program are:

0 In-VYehicle Time

0 Initial Wait Time
o Transfer waif Time

0 Walk Time
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5'3.2'2

Each of these components is input for all three of the
primary transit submodes: Park-n-Ride, Kiss~-n-Ride,
Walk. The Park-n-Ride components are used for both Park-
n~-Ride, Drive-Alone, and Park-n-Ride Shared-Ride model
calculations. In addition to the four standard
components, auto access time is also required for the
Park~n~Ride and Kiss~n-Ride submodes.

49. to 51, Transit Fare Matrices. These fare matrices are input,
[ike the travel time components, for each of the three
primary transit submodes. They are constructed through
use of a specialized UMODEL application program
{FAREMTRX). A description of the methodology and
algorithms incorporated in FAREMTRX is found in chapter
4 . .

52. Person-Trip Table. This is synthesized via the regional
trip generation and distribution process recently
modified to iteratively balance attractions as discussed
in chapter 3.

Parameters and Options

The work mode choice program is structured to allow a degree of
flexibility in specifying the application of the program using
differing types of policy inputs. To invoke this feature, UMODEL
provides for the input of numerous user-coded parameters, called
"UPARMS." Each parameter has a default value which is used if no
alternative value is coded. In most cases, the default values were
determined in the calibration/adjustment phase, and normally do not
need to be altered. '

Table 5-5 describes the various UPARMS and their default values. This
table is fairly self-explanatory, and so this section will therefore
discuss only some of the particularly unique or potentially confusing
parameters:

1. Consumer Price Index Option. A1l input costs are
tfactored by the 1976 consumer price index {170.5) to the
appropriate forecast year consumer price index for the
particular variable. Since all input costs are divided
by income in all utile equations, it is important that
each category of cost (fare, fuel price, parking cost)
and zonal income be assigned the correct CPI value. This
is accomplished in UPARMS 1-4, This mechanism allows the
user to input inflated dollar values and still maintain
the integrity of the original model formulation.

2. Scaling of Highway Times and Distances. Time and
distance in the mode choice model are specified in terms
of minutes and miles. It is likely that the highway skim
tree inputs will not be in these units. UPARMS 59 and 60
allow the user to communicate the proper units to the
program. It should be noted that these scale factors
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TABLE 5-5
USER CODED PARAMETERS WORK PROGRAM

UPARMS
No. Description Acronym Default Value
1 CPI for Transit Fares CPIF 233.3

2 CPI for Fuel Prices CPIAC 233.3

3 CPI for Income CPINC 170.5

4 CPI for Parking Costs CPIPC 170.5

5 Circuity for Park-Ride Shared-Ride Access IVTPRS 1.25

6 Circuity for Two-Person Carpool

(Additive Minutes} IvTace 2.50
7 Circuity for Three-Person Carpool
(Additive Minutes) IVT3CP 5.90

8 Factor A for Adjusting WAITI WAITA 8.5

9 Factor B for Adjusting WAIT1 WAITB 0.4

10 Factor C for Adjusting WAITI WAITC 13.0

11 OVTT Penalty for Park-Ride O¥TPRD 4.0

12 OVTT Penalty for Kiss-Ride OVTKR 1.0

13 Average Speed for Carpool Circuity CPCSPD 20.0

14 Average Speed for Auto Access to Transit TACSPD 22.0

15 Adjustment Factor for Transit Avaijlability PADJ 1.0

16 Gasoline Price (Cents/Gallon) FPRICE 120.0

17 Average Fuel Economy (Miles/Gallon) FECON 17.5

18 First Zone to be Processed by UMODEL FZONE 41.0

19 Average Vehicle Occupancy for Threet+ Carpools AOCC3 3.2

20 Debug Option 0=No, l=Yes - 0.0

21 Park and Ride (QA) Constant Cl (1) -0.8037
22 Park and Ride {SR) Constant Cl (2) -1.0253
23 Kiss~Ride Constant Cl (3) 0.3889
24 In-Vehicle Travel Time Coefficient Cl (4) ~-0.0099303
25 Cost/Income Coefficient s Cl (5) -0,019855
26 Qut-of-Vehicle Travel Time Coefficient Cl (6) -0,055835
27 Autos/Licensed Drivers (P/R DA) Coefficients Cl (7) 3.0808 -
28 Autos/Licensed Drivers (P/R SR) Coefficients Cl (8) 0.88302
29 Autos/Licensed Drivers (K/R) Coefficient Cl (9) -0.89754
30 Number of Workers (P/R SR) Coefficient Cl (10) 0.37216
31 Number of Workers (K/R) Cl (11) 0.34352
32 Walk Access Constant C1 (12) 3.0135
33 CBD Dummy (P/R DA) Coefficient Cl (13) 0.0

34 CBOD Dummy (P/R SR) Coefficient Cl (14) 0.0

35 CBD Dummy (K/R) Cl (15) 0.0

36 Not Used - -

37 Not Used - -

38 Not Used - -

39 Not Used - -

40 Not Used - -
(CONTINUED)
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TABLE 5-5 (CONTINUED)
USER CODED PARAMETERS WORK PROGRAM

UPARMS

No. Description Acronym Default Value
41 Drive Alone Constant €2 (1) -0.3273
42 Threet+ Person CP Constant C2 (2) -1.4377
43 In Vehicle Travel Time (Auto) COEF €2 (3).. -0.0099303
44 Cost/Income {Auto) COEF €2 {4} ~0.019855
45 Out-of-Vehicle Time {Auto) COEF €2 (5 -0.055835
46 Autos/Licensed Driver (Two, Threet+ CP) COEF €2 (6) -2.4734
47 Number of Workers (Two CP) COEFF c2 (7} 0.28022
48 Number of Workers (Three+ CP) COEFF C2 (8 0.69721
49 CBD Dummy (Two CP) COEF €2 (9) 0.0

50 CBO Dummy (Three+ CP) COEF c2 (10) 0.0

51 Auto Constant €3 (1) ~0.7403
52 Autos/Licensed Driver (Auto) COEF €3 (2) 4,7726
53 Zero Auto Dummy (Auto) COEF €3 (3) -0.31411
54 LOGSUM COEF ' €3 (4) 1.0

55 CBD ODummy (Transit) COEF €3 (5) 0.0

56 Not Used - =

57 Not Used - -

58 Not Used ) - -

59 Highway Time Scaling Factor TIMUN 0.01

60 Highway Distance Scaling Factor DISUN 0.01

61 County Bias COEF (Los Angeles) uco (1) 0.2797
62 County Bias COEF (Orange)’ Uco (2) -0.4770
63 County Bias COEF (Riverside) uCo (3) 0.2141
64 County Bias COEF (San Bernardino) uco (4) 0.1702
65 County Bias COEF Uco (9) -0.0116

NOTE: UPARMS (21) to 35} Are for Transit Submode Model.
UPARMS (41) to (50) Are for Auto Submode Model.
UPARMS (51) to (65) Are for Auto/Transit Model.
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apply to the drive-alone, two~person, and three (plus)-
person matrices equally.

3. Model Coefficients. The program contains a user-coded
parameter Tor each coefficient and constant contained in
the submode and primary models. These parameters (21-35,
41-55, 61-65) .default to values determined during the
calibration/adjustment process and, therefore, under
normal circumstances can be ignored. The user may wish
to change these coefficients in a sensitivity analysis or
because additional information has been obtained. The
user may note that there are several coefficients for
variables which were not ultimately utilized in the CSI
calibration (i.e., the default values are zero). These
variables are still included in the logit utile equations
so that the coefficients can be used, if desired, for
sensitivity analysis.

Standard Qutput Files and Reports

The basic output of the work mode choice program is a set of modal
trip tables. Fourteen trip matrices are produced by the program.
These are described in Table 5-6. The trip tables are output directly
to a mass storage device (tape or disk) and are not printed by the
mode choice program. The UTPS program UFMTR can be used to obtain
printed summaries of these tables in various formats.

The mode choice program does, however, print four trip-end summaries
displaying trips produced by, and attracted to, each zone. The format
of each of these summaries is described in Table 5-7.

Nonwork Mode Choice Program

The Nonwork Mode Choice Program combines mode choice calculations for
the Home-Based Nonwork and Nonhome-Based trip purposes. ‘Four logit
mode split-model formulations have been incorporated into the
application program:

1. The CSI Home-Based Nonwork Mode Choice Model.

2. The CSI Nonhome~Based Transit Trip Factoring Procedure.
3. A transferred Home-Based Nonwork Mode Choice Model.

4. A transferred Nonhome-Based Mode Choice Model.

The use of one or more of these models in actual execution is
controlled directly by user option (see UPARMS definitions). The CSI
home-based nonwork model (l1.) is calibrated for the L.A. area, whereas
the transferred nonwork model. (3.} is not. Conversely, the
transferred nonhome~based model (4.) embodies the latest recalibration
efforts, whereas the CSI nonhome-based model (2.) does not. The
transferred nonhome-based structure is preferred to the CSI structure,
as discussed earlier, which is why the transferred model has been kept
up to date in the various recalibration efforts. Currently,
therefore, formulations 1. and 4. are the ones that should be applied.
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TABLE 5-6
QUTPUT TRIP TABLES

Table
Number Definition
1 Total Automobile Person-Trips
2 Drive Alone Auto Person-Trips
3 Two Person/Car Person-Trips
4 Three Plus Person/Car Person-Trips
5 Total Transit Trips
b Transit Walk Trips
7 Transit Park/Ride (Drive Along) Trips
8 Transit Park/Ride (Shared Ride) Trips
9 Transit Kiss/Ride Trips
10 Total Auto Driver Trips
11 Drive Along and Two Persons/Car Auto-Driver Trips
12 Two Persons/Car Auto-Driver Trips
13 Three Plus Persons/Car Auto-Driver Trips
14 Total Auto-Passenger Trips -
TABLE 5-7
TRIP-END SUMMARIES
meport ‘TabTe
Number Number Definition
1 1 Total Automobile Person-Trips
1 2 Total Transit Trips
1 4 (Person) Total Person-Trips
2 1 Drive Alone Auto Person-Trips
2 2 Two Person/Car Person-Trips
2 3 Three Plus Person/Car Person-Trips
2 4 (Person) Total Automobile Person~Trips
3 1 Transit Park/Ride Plus Kiss/Ride Trips
3 2 Transit Walk Trips
3 4 (Person) Total Transit Trips
4 1 Transit Park/Ride (Drive Alone) Trips
4 2 Transit Park/Ride (Shared Ride) Trips
4 3 Transit Kiss/Ride Trips
4 4 (Person) Total Transit Trips
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5.3.3.1

The Nonwork Mode Choice Program uses highway and transit travel times
and costs to split (purpose~specific) person-trip tables into a set
(by purpose} of modal trip tables. The person-trip tables represent
24~hour trips in production-attraction format, except for the two
Nonhome~Based trip tables (other-other, other-work) which are in
origin-destination format. For the CSI Home-Based Nonwork model, the
market segmentation delineation is identical to that used in the Home-
Based Work model. If the transferred Home-~Based Nonwork model is
selected, a four-income level market segmentation is used. The
proportioning of person~trips for each interchange into the four
income level market segmentation is used. The proportioning of
person-trips for each interchange into the four income levels is
discussed in Technical Memorandum 4.2. The CSI Home-Based Nonwork
model forumlation is considerably less complicated than the work
model, and therefore requires significantly fewer level-of-service
matrices as input. This is both a result of the more simplistic
binary form of the model and the implicit assumption that only
households within walking distance of transit can utilize transit for
nonwork travel. Both of the transferred models are multimodal (not
binary} in form, and are applied internally as such. However, the
program's trip-table outputs and trip-end summaries are consistent
with CSI's original output conventions. As indicated previously, this
application program represents a new and original programming effort.
To the extent possible, however, input and output data file
conventions were maintained.

Input Data

There are forty-seven pieces of data listed in Table 5-8 which are
required by the program. The notes contained in Table 2 also apply.
Their location and type are defined to UMODEL through the "Variable
Identification Cards."” The first twenty-six data items are zonal or
vector variables (i.e., one record per zone); the next eleven items
are interchange (zone-to~zone) data; the next nine items are temporary
or "generated” variables; and the last item is also a zonal variable.
The derivation of these data elements is briefly described below:

1. Zone Number. The first data item on each and all of the
Trip-end ("A") files input to the program.
2. to 4. Highway Access and Terminal Time. Identical to the

values supplied to the work model program. Refer to work
section for definition of content.

5. Parking Cost. Developed by local planners to represent
an average off-peak parking cost in each zone.
Documentation of the basis or typical duration for these
costs are not yet available from CALTRANS. ’

6. CBD Indicator. Refer to the work program section for a
description of this variable.
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TABLE 5-8

DEFINITION OF INPUT DATA REQUIREMENTS FOR THE MODE CHOICE APPLICATION PROGRAM
FOR NON-WORK TRIPS

i
Data Item Data -
l Number Type Description
1 P . Zone Number
' 2 P Highway Time to. Access Network (IVT) (Minutes*100)
l 3 P Highway Distance to Access Network (Miles * 100.0)
4 A Highway Terminal Time (Minutes * ‘100)
l 5 A Park Cost (Cents)
6 A €80 Indicator (0,1)
' 7 P ‘ Proportion of Person-Trips: Market Segment 1
. . P Autos Owned: Market Segment 1
g P Licensed Drivers: Market Segment 1
. 10 P Annual Income: Market Séqment 1
11 P Number of Persons: Market Segment 1
' 12 P Proportion of Person-Trips: Market Segment 2
13 P Autos Owned: Market Segment 2
' 14 P Licensed Drivers: Market Segment 2
' 15 P Annual Income: Market Segment 2
16 P Number of Persons: Market Segment 2
l 17 P Proportion of Person-Trips: Market Segment 3
18 P Autos Owned: Market Segment 3
' 19 P Licensed Drivers: Market Segment 3
l 20 P Annual Income: Market Segment 3
l {CONTINUED)
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TABLE 5-8 (CONTINUED:2)

DEFINITION OF INPUT DATA REQUIREMENTS FOR THE MODE CHOICE APPLICATION PROGRAM
FOR NON~-WORK TRIPS

Data Item Data
Number Type Description
21 P Number of Persons: Market Segment 3
22 P Proportion of Person~Trips Market Segment 4
23 . P Autos Owned: Market Segment 4
24 _ P Licensed Drivers: Market Segment 4
25 P Annual Income: Market Segment 4 .
26 P Number of Persons: Market Seament 4
27 X Highway Travel Time
28 X Highway Distance
29 X Transit In~Vehicle Time
30 X Initial Transit Wait Time
31 X Transfer Time
32 X _ Transit Walk Time
33 X Transit Fare
34 T Home~Based Non~Work Person~Trips
35 T Non-Home Based (Other-to-Other) Person-Trips
36 T Non-Home Based (Other-~Work) Person-Trips
37 X Number of Transit Transfer
38 p* Percent of Trips-Income Quartile 1
39 p* Percent of Trips~Income Quartile 2
40 p* Percent of Trips-Income Quartile 3
(CONTINUED)
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TABLE 5-8 (CONTINUED:3)

DEFINITION OF INPUT DATA REQUIREMENTS FOR THE MODE CHOICE APPLICATION PROGRAM
FOR NON-WORK TRIPS

Data Item. Data

Number Type Description
41 R Percent of Trips-Income Quartile 4
42 PE Percent of Trips Within Walking Distance
43 p* Inverse of the Log of Income-CSI Market Segment 1
44 p* Inverse of fhe Log of Income-CSI Market Segment 2
45 p* Inverse of the Log of Income-CSI Market Segment 3
46 p Inverse of the Log of Income-CSI Market Segment 4

‘47 p* County of Origin Code
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7. to 26.
27. & 28.
29, to 32,
33.
34, to 36.
37.

Market Segment Variables. For each of the four market
segments defined above, the following data is provided to
the program:

0 Proportion of Person-Trips

0 Autos Owned Per Household

0 Licensed Drivers Per Household
0 Annual Income

0 Persons Per Household

This data is similar to the work model market segment
data, but includes persons per household rather than
workers per household. This information is provided
directly as output from the CSI Market Segmentation.
Program (MSEG). -

Highway Time and Distance. These off-peak skim matrices
are generated using the CALTRANS FWY program package and
are normally expressed in hundredths of minutes and
miles, respectively.

Transit Time Components. Execution of the UNET, UPATH,

program sequence summarizes the transit travel time
components for each minimum path. The components used in
the program are:

o In-Vehicle Time

o Initial Wait Time

o Transfer Wait Time
0 Walk Time

0  Number of Transfers

These interchange values are built only for paths which
can access transit via the walk mode.

Transit Fare. As in the work model, these values are
generated by UFARE. The fare levels input also represent

average daily fares.

Person-Trip Tables. Synthesized via the standard
regional trip-generation and distribution process.

Transit Time Components. Execution of the UNET, UPATH,
UP5UM program sequence summarizes the transit travel time
components for each minimum path. The components used in
the program are:
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38. to 46.

47.

o In-Vehicle Time

o Initial Wait Time

o Transfer Wait Time
o Walk Time

0 Number of Transfers

These interchange values are built only for paths which
can access transit via the walk mode.

Generated Variables. These variables are generated

internally within the program and are temporarily
“stored" in these locations.

County-of-0rigin Code. Refer to the work program section

section for a description of this variable.

5.3.3.2 Parameters and Options

The nonwork program includes nearly 100 user-coded parameters (UPARMS)
to control program operation. Table 5-9 describes these UPARMS and
their default values. While use of most of the parameters is
generally straightforward, those which are unique or of particular
importance are described below:

1-

Consumer Price Index Option. All input costs are

adjusted fTo an equivalent dollar basis in the same manner
as the work model program. UPARMS 1-3 and 17 are used
for this purpose.

Initial Wait Time Adjustment Factors. The procedure used

to adjust initial wait time for the work model is
described in Volume II of CSI's final report :
documentation. While these factors are also included in
the nonwork model program as UPARMS 6-8, they are not
used in the utility calculations. This is consistent
with the original CSI nonwork program code.

Model Coefficients. The program contains a user-coded

parameter for each coefficient and constant in each of
the individual modal split models. The correspondence
between parameters and model are as follows:

UPARMS MODEL
5, 9-10, 14~16  CSI HNB
21-35, 41-45 €SI HBNW
50~77 BAA HBNW
80-92 BAA NHB
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TABLE 5-9
USER CODED PARAMETERS NONWORK PROGRAM

36 Not Used
37 Not Used
38 Not Used

UPARMS
No. Description Acronym Default Value
1 CPI for Transit Fares CPIF 233.2
2 CPI for Fuel Prices CPIAC 233.2
3 CPI for Income CPINC 170.5
4 Auto Occupancy for HBNW Trips AOCCHB 1.55
5 Auto OCC for NHB 0 - O Trips , AOCCOO 1.46
6 Factor A for Adjusting WAIT1 WAITA 8.5
7 Factor B for Adjusting WAIT2 WAITB 0.4
- 8 Factor C for Adjusting WAIT3 . WAITC 13.0
g Factor Relating 0-0 NHB TRN Share to HBNW
TRN Share TFR1 0.3431
10 0-0 NHB Mode Share (TRN) When HBNW Trips = 0 TPR2 0.0156
11 Gasoline Price (Cents/Gallon) FPRICE 120.0
12 Average Fuel Economy (Miles/Gallon) FECON 17.5%
13 First Zone to be Processed by Mode}l FZONE 41.0
14 Auto OCC for NHB 0-W Trips AOCCOW 1.14
15 Factor Relating NHB 0-W Transit Mode Share
to HBNW Transit Share TFR3 0.2608
16 NHB 0-W Transit Share When HRNW Trips = 0 TFR4 0.0182
17 + CPI For Parking Costs CPIPR 170.5
18 Not Used = 0.0
19 Not Used - 0.0
20 Not Used - 0.0
21 Transit Constant (1) 3.6274
22 Dummy COEFF (1 If Autos GT 0 and No Drivers
Licensed) C (2) -3.76
23 Income Coefficient C (3) 0.0738
24 Autos/Licensed Drivers Coefficient C (4) 5.15
25 In-vVehicle Travel Time Coefficient C (5) -0.0292
26 OQut-of-Vehicle Travel Time Coefficient C (6) -0.0905
27 Cost/Log (Income) Coefficient C (7 -0.287
28 1l/Distance Coefficient (Auto EQ) C (8) 7.87
29 1/Distance Coefficient (Transit EQ) C (9) 5.15
30 Log (Population/Retail EMP) Coefficient C (10) 0.293
31 Log (Retail EMP) Coefficient C (11) 1.0
32 CBD Dummy (Transit) Coefficient C (12) 0.0
33 CBD Dummy (Auto) Coefficient C (13) 0.0
34 Auto Constant (Mode Choice Model) C (14) 0.0
35 CBD" Dummy (Auto) Mode Choice Coefficient C (15) 0.0

(CONTINUED}
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TABLE 5-9 (CONTINUED:2)

USER CODED PARAMETERS NONWORK PROGRAM

UPARMS
No. Description Acronym Default Value

39 Not Used = -
40 Not Used : - ) -
41 County Bias COEF (Los Angeles) uco (1) -0.5748

42 County Bias COEF (Orange) uco (2) -0.4554
43 County Bias COEF (Riverside) uco (3) -0,1402
44 County Bias COEF (San Bernardino) uco (4) -0.0078
45 County Bias COEF uco (5) 0.1206

46 Not Used _ - -
47 - Not Used =
48 Not Used -
49 Not Used ' =
50 HBNW Coefficient-~Qut-of-Vehicle Time CoovI 0.200

51 HBNW Coefficient--In-Vehicle Time COIvVT 0.008
52 HBNW Coefficient--Cost COCSI 0.012
53 HBNW Coefficient-~Transfers COXFR 0.135
54 HBNW Coefficient--Drive Alone Term. Time COHWTO 0. 340
55 HBNW Coefficient--Shared Ride Term. Time COHWTG 0.283
56 HBNW Coefficient--Parking Cost COPRK 0.032
57  HBNW Bias Coefficient--Transit COBIAS 0.000
58 HBNW Bias Coefficient~--Drive Alone, INC 1 PBIAS (1,1) 0.093
59 HBNW Bias Coefficient--Drive Alone, INC 2 PBIAS (1,2) -1.180
60 HBNW Bias Coefficient--Drive Alone, INC 3 PBIAS (1,3) -2.140
61 HBNW Bias Coefficient~-Drive Alone, INC 4 PBIAS (1,4) -2.929
62 HBNW Bias Coefficient~~Shared Ride, INC 1 PBIAS (2,1) ~1.528
63 HBNW Bias Coefficient--Shared Ride, INC 2 PBIAS (2,2) ~-2.217
64 HBNW Bias Coefficient--Shared Ride, INC' 3 PBIAS (2,3) -2.742
65 HBNW Bias Coefficient--Shared Ride, INC 4 PBIAS (2,4) ~-3.111
66 HBNW Auto 0CC. Bias COEFF-Three per Car, INC 1 PBIAS (3,1) 0.898
67 HBNW Auto OCC. Bias COEFF~Three per Car, INC 2 PBIAS (3,2) 0.954
68 HBNW Auto OCC. Bias COEFF-Three Per Car, INC 3 PBIAS (3,3) 1.025
69 MBNW Auto OCC. Bias COEFF~Three Per Car, INC 4 PBIAS (3,4) 1.126
70 MBNW Auto OCC. Bias COEFF--Four Per Car, INC 1 PBIAS (4,1) 1.124
71 HBNW Auto 0CC. Bias COEFF--Four Per Car, INC 2 PBIAS (4,2) 1.171
72 HBNW Auto OCC. Bias COEFF--Four Per Car, INC 3 PBIAS (4,3) 1.229
73 HBNW Auto OCC. Bias COEFF~-Four Per Car, INC 4 PBIAS (4,4) 1.309
74 HBNW Auto QCC. Bias COEFF-Five+ Per Car, INC 1 PBIAS (5,1) 1.505
75 HBNW Auto OCC. Bias COEFF-Fivet+ Per Car, INC 2 PBIAS (5,2) 1.554
76 HBNW Auto 0CC. Bias COEFF-Fivet Per Car, INC 3 PBIAS (5,3) 1.614
77 HBNW Auto OCC. Bias COEFF-Five+ Per Car, INC 4 (5,4) 1.696

PBIAS
78 Not Used -
79 Not Used - -

(CONTINUED)
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TABLE 5-9 (CONTINUED:3)
USER CODED PARAMETERS NONWORK PROGRAM

UPARMS

No. Description Acronym Default Value
80 NHB Coefficient~-Out~-of-Vehicle Time CNOVT 0.025
81 NHB Coefficient~-In-¥ehicle Time CNIVT 0.010
82 NHB Coefficient--Cost ~ CNCsST 0.013
83 NHB Coefficient--Number of Transfers CNXFR 0.075
84 NHB Coefficient~~Drive Alone Term. Time CNHWTO 0.2423
85 NHB Coefficient~~-Shared Ride Term. Time CNHWTG 0.3048
86 NHB Coefficient--Parking Cost CNPRK - 0.0360
87 NHB Bias Coefficient--Orive Alone CNBIAO -3.2191
88 NHB Bdas Coefficient~~Shared Ride CNBIAG ~3.0327
89 NHB Auto 0CC. Bias Coefficient~-Three Per Car CNBIAT 0.9930
90 NHB Auto OCC. Bias Coefficient~~Four Per Car  CNBIAF 1.1610
91 NHB Auto OCC. Bias Coefficient~-Five Per Car  CNBIAV 1.6280
92 Average Occupancy For Five Person/Car AOCFIV 5.100
93 System Variable for Distribution~-RPT #1 IVDR(1) 1.0
94 System Variable for Distribution~~RPT #2 IVDR(2) 2.0
95 System Variable for Distribution--RPT #3 IVOR(3) 3.0
96 Highway Time Scaling Factor HTINFA 0.01
97 Highway Distance Scaling Factor HOINFA 0.01
98 Auto Occupancy for Intra Trips AOCIIX 2.5
99 Not Used - -
100 Model Specification IMODEL 2.0

1 = Both CSI Modeis

2 = CSI No=-Work/BAA NHB

3 = BAA Non-Work/CSI NHB

4 = Both BAA Models
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5.3.3.3

These parameters default to values determined during the
calibration/adjustment process, and therefore, under
normal circumstances, can be ignored. An exception is
the transferred Home-Based Nonwork model (UPARMS 50-77)
which has not been adjusted to local observed data and
should not be used,

System Variable Distribution Reports. These parameters

(UPARMS 93-95) specity the system variable for the three
distribution reports (see section on Standard Output
Files and Reports for a description of these reports).
The user has a choice of system variables as follows:

Parameter System Units or
Code Variable Units Range
1 Highway In-Vehicle Time 2 Minutes

2 Highway Distance Miles

3 Transit In-Vehicle Time 5 Minutes
4 Transit Walk Time Minutes
5 Transit Initial Wait Time Minutes
6 Transit Transfer Time Minutes
7 Transit Out-of~Vehicle Time Minutes
3 Transit Transfers Number

9 Transit Fares 10 Cents
10 Highway Out-of-Vehicle Time Minutes
11 Highway Running Cost 10 Cents
12 Highway Parking Cost/2 10 Cents
13 Total Highway Cost 20 Cents

Scaling of Highway Times and Distances. UPARMS 96 and 97

alTow the user to communicate the proper units to the
program.

Model Specification. Substantial flexibility in the

application of Tndividual models (by purpose) is provided
by UPARMS 100. However, because the Barton-Aschman
Nonwork model has not been calibrated, codes 3 &nd 4
should not be used.

Standard Output Files and Reports

The basic output of the nonwork mode choice program is.a set of twelve
modal trip tables. In addition, four trip-end summaries, a system
variable distribution report, an average variable report, and a
district trip summary report are produced.

The output trip tables are stratified by both trip purpose (Home-Based
Nonwork, Other-to-Other, Other-to-Work) and mode (auto and transit).
A definition of the individual output tables is contained in Table 5~

10.

These trip tables are output directly to a storage device (Tape

or disk) and are not printed by the mode choice program. The UFMTR
program can be used to obtain printed copies of these tables in
various formats. The program does, however, print four trip-end
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TABLE 5-10
QUTPUT TRIP TABLES

Table
Number

Definition

p—
QWSO oo

—
™N =

Total Automobile Person-Trips (HBNWK)

Total Transit Trips (HBNWK)

Auto- Oriver Trips (HBNWK)

Total Automobile Person-Trips (NHB 0-0)

Total Transit Trips (NHB 0-0)

Auto Oriver Trips (NHB 0~0)

Total Automobile Person-Trips (NHB W~0)

Total Transit Trips (NHB W-0}

Auto Oriver Trips (NHB W-0)

Total Automobile Person-Trips (HBNWK + NHB 0-0)
+ NHB W-~0)

Total Transit Trips (HBNWK + NHB 0-0) + NHB W-0)

Total Auto-Driver Trips (HBNWK + NHB 0-0 + NHB W~0)
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summary reports for each purpose and total, showing trips produced by,
and attracted to, each zone. The formats of these summaries are
provided in Table 5-11. Note that the parameter "REPORT = 4" must be
coded on the "&SELECT" card in order to produce this report.

Three additional reports are also produced by the program:

1. System Variable Distribution Summary Report. Three of these
reports are always printed for the three system variables
identified by UPARMS 93, 94, and 95. This report takes the modal
trips for each interchange and puts them in the row identified by
the system variable value for that interchange. For example, if
an interchange has a highway run time of 3.5 minutes, all trips
for that interchange are included in the fourth row (3.001-4.000
minutes) of the highway run time system variable distribution
summary report. This process is performed for all trips except
intrazonal trips or trips to or from an external zone.

2. Subarea Trip Summary. This report is a district-to-district modal
trip table, including a trip-end summary of productions and
attractions. Intrazonal trips and external station trips are
included, with external stations as District 7. The zonal
equivalences to districts are obtained from the county code and
CBD indicator values input in the variable ID cards.

3. Average Variable Value Report. This report specifies the average
value -oT each ot eleven system variables and variable
combinations, weighted by the modal trip values and by person-
trips. These average values can be used with the system variable
distribution reports to perform sensitivity analyses on the model
results. Highway costs and times are for the one-person-per-car
mode only.
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TABLE 5-11
TRIP-END SUMMARIES

Report
Number

Table
Number

Definition

B WwWwWwW WM -

(Person)

(Person)

(Person)

(Person)

Total Automobile Person~Trips (HBNWK)

Total Transit Trips [(HBNWK)

Auto Driver Trips (HBNWK)

Total Person-Trips (HBNWK)

Total Automobile Person-Trips (NHB 0-0)

Total Transit Trips (NHB 0-0)

Auto Driver Trips (NHB 0-0)

Total Person-Trips (NHB 0-0)

Total Automobile Trips (NHB W-0)

Total Transit Trips (NHB W-0)

Auto Driver Trips (NHB W-0)

Total Person-Trips (NHB W-0)

Total Automobile Person-Trips (HBNWK, NHB 0-0), NHB W-0)
Total Transit Trips (HBNWK, NHB 0-0, NHB W-0)
Auto Oriver Trips (HBNWK, NHB 0-0, NHB W-0)
Total Person-Trips (HBNWK, NHB 0~0, NHB W-0)

P
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6.1

6.2

6. MODE-OF-ACCESS-AND-EGRESS MODEL

INTRODUCTION

This chapter provides a description of the mode-of-access-and-egress
mode} developed for the Los Angeles region. This model and computer
application program were developed in order to allow planners and
designers to obtain a more accurate and detailed estimate of the
characteristics of transit trips accessing and leaving the planned
Metro Rail transit stations. This more detailed estimate should
contribute to the design of a more efficient and cost-effective
system.

The following section (6.2) describes objectives for development of a
mode-of-access-and-egress model. Section 6.3 describes the model and
analytical procedures implemented for the SCRTD application. It also
describes the model as it was developed initially and then the
modifications designed to improve its accuracy and usefulness
specifically for the Los Angeles case. The remaining section (6.4)
covers the actual application programs and their interrelationships.

MODEL OBJECTIVES

When the design of a rail system in an urban area is bequn, the
characteristics of travel to and from the planned rail stations can be
crucial. In many cases, the successful implementation of a rail
system depends upon the provision of adequate feeder bus service,
automobile drop-off space, and parking spaces. Detailed investigation
to detemine the requirements of provisions for feeder buses and
automobiles is necessary, since these requirements are essential
parameters in the physical design of stations and, therefore, can
substantially affect the capital cost of the system. It is important
not only to estimate these characteristics of travel for the entire
day, but also by various time periods, especially peak~period travel.
The number and types of trips accessing a station in the peak hour,
for example, are essential parameters for determining the size of the
station in terms of bus bays, entrances, fare gates, and automobile

access locations.

Therefare, the primary objective of a mode-of-access-and-egress model
is to provide a reliable tool to estimate the number of trips entering
and leaving each rail station, by mode and time period. If this
estimate is made using the standard UTPS process, the analyst is faced
with a significant amount of manual calculation and use of
approximations which can modify the estimate to & considerable degree.
Unlike rail systems in the older eastern cities such as New York,
modern rail system design places a great deal of emphasis on
multimodal access to stations (i.e., feeder bus, Park-n-Ride, and
Kiss-n-Ride). Many new systems are seriously considering satellite
parking facilities; that is, parking areas serviced by feeder or
express buses which, in turn, serve a rapid rail station. This
emphasis on multimodal access and satellite parking facilities simply
increases the complexity of estimating the mode of access and makes



6.3

the effort to produce these estimates using normal procedures
jmpossible. The standard UTPS process does, however, contain the
information required to make these estimates in a logical and
reasonable manner, Meeting the need to develop a process (i.e.,
computer program) which can use this information to produce the )
reports and computer files which will provide the required information
is the primary purpose of this model.

The objective for developing the Los Angeles mode-of-access-and-~
egress model was to construct a methodology which could estimate
statin access and egress by mode and time of day and to implement this
methodology through the use of a UTPS-compatible computer program.
This objective was met by utilizing information and models (i.e.,
modal choice) previously developed for the Los Angeles region, UTPS
files, and ancillary processes already in place, and by modifying a
computer program originally developed for the Houston region.

In addition to using the mode-of-access-and-egress information for
designing the rail system, the model is able to provide information on
traffic volume in the vicinity of the station and its impact on air
quality. In the normal UTPS process, the allocation of Park-n-Ride
and Kiss~n~Ride vehicle trips to specific highway segments is a
tedious and typically manual task. The mode~of-access-and-egress
model was designed to allow this allocation (i.e., assignment) to be
performed in the same manner as "normal" highway vehicle trips are
allocated to highway segments. Highway access to the rail stations
probably will contribute only a small proportion of the regional air
pollutants, but the normal UTPS process requires this calculation to
be performed manually. The mode-of-access-and-earess model produces a
computer file, or files, which allows this task to be performed using
computer techniques.

MODEL SYSTEM OVERVIEW

This section describes the Los Angeles mode-of-access-and-eqress model
in general terms. [t contains a brief description of the model's
derivation and information (used in the model) obtained from other
sources. The basic model was taken from that developed for the
Houston Alternatives Analysis Study. The model uses travel data from
the mode choice models, travel times and costs from the transit
networks, information on the physical characteristics of the stations,
travel times and costs from the highway network, and socioeconomic
data, to estimate the mode of access and egress by time period for
each station in the system (bus and rail). The basic model structure
was significantly modified in this project, since the Los Angeles
region had considerably more base information available prior to
applying the mode-of-access-and-egress model than did the Houston
region. This additional information was obtained from the mode choice

models which directly estimate home-based work transit travel by
submode (j.e., feeder bus, Park~-n~Ride, and Kiss-n-Ride} for each
interchange.
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6.3.1

Model Features

The mode-of-arrival model consists of a set of algorithms linked to

two travel-demand models which together produce a set of reports and
computer files that describe the modes of access and egress to each

station by time of day. The model contains several unique features

not generally found in other mode-of-arrival models, including:

1. A capacity-restraint technique that allows the user the option of
restricting park'n'ride access to the number of spaces available
at the station. If the model determines that there is more demand -
than supply, then surplus trips are either shifted to feeder bus
or Kiss-n-Ride, or are removed from the transit trip file.

2. A procedure to identify and follow transit trips that use
satellite parking lots, showing the mode of arrival for the
initial lot and bus arrivals at the proper rail station. Thus, if
a traveler uses auto to a bus station and then uses bus to a rail
station, this is tracked and reported by the mode~of-arrival

mode]l.

3. The model determines if any trips pass through the network node at
a rail station without ever boarding rail, and does not include
such trips as part of the rail volume nor of the station arrivals
and departures. (As explained below, this is never invoked in
this network.) ' '

4. The model produces reports that show the mode of arrival and
departure by station for daily trips, A.M. and P.M. peak hours,
and morning, midday, afternoon, and evening periods.

5. The model produées tables of peak~hour trips that can be assigned
to the transit networks. These assignments can be used to analyze
all transit routes, not just rapid rail routes.

6. The model produces a set of park'n'ride and kiss'n'ride vehicle
trip tables. These trips can be assigned to the highway network
to allow the analyst to estimate the highway impacts near station
locations and regional air pollutants, although this feature has

not been utilized in current applications in Los Angeles.

The networks for Los Angeles have been constructed so as to use
special node numbers for all rail stations. If a path uses the link
that enters a rail station, the only way out of the station node is on
rail. Therefore, all paths that pass through a station node are paths
using rail. This is not so for special bus stations, where paths may
use the node of the bus station, but not use the express bus service
at that station. Thus, only for special bus stations will this
feature be used in the current Los Angeles networks. The facility to
check this exists in the mode~of-arrival program.



6.3.2 Defining the Modes of Access and Egress

In following the paths of transit trips, the mode-of-arrival model
determines whether or not transit trips use rail at any point in the
path. Possible transit paths include:

o Walk to a rail station, ride rail, walk to final destination =
walk access and egress.

o Walk to a rail station, ride rail, ride bus to closer-to-final
destination, and walk to final destination = walk access and bus
egress.

o Walk to bus, ride bus to rail statioh, ride rail, and walk to
final destination = feeder bus access and walk egress.

o Walk to bus, ride bus to rail station, ride rail, ride bus to
near-final destination, walk to final destination = feeder bus
access and egress.

o Auto to rail parking lot, ride rail, and walk to final destination
= Park-n- Ride access, walk egress.

o Auto to rail parking lot, ride rail, transfer to bus to near
-final destination, and walk to final destination = park 'n' ride
access and feeder bus egress.

o Auto to bus parking lot, bus to rail, ride rail, and walk to final
destination = feeder bus access and walk egress.

o As above, but with bus to near-final destination = feeder bus
access and egress.

0 Replacement in the last four alternatives of dropoff from car for
parking = replacement of Kiss-n-Ride for Park-n-Ride.

A11 of the above paths that are asymmetrical and can also be defined
in the reverse direction. Because paths are built in the production-
attraction sense, park 'n' ride and kiss 'n' ride are permitted only
at the production or home end of the trip.

6.3.3 Parking Capacity Constraints

The mode-of-arrival model provides two sets of several of the output
tables, one of these sets being for the case of unconstrainea parking,
and the second for constrained parking. The unconstrained parking
reports provide both parking-accumulation reports and station arrival
and departure reports for conditions in which the parking capacity at
stations is ignored, although parking is permitted only at those
stations so desiqnafed. The constrained reports for both these cases
accumulate parking on an hourly basis, noting whether the parker is a
short- or long-term and the hour of arrival. Once the parking lot is
full, no further trips are allowed to arrive by park 'n' ride, until
some of the earlier parkers begin to leave the lot. Preference is
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6.3.4

6.3.5

given to long-term parkers, and then the exclusion of long-term
parkers begins, until only the maximum parking accumlation is
possible.

The "surplus" Park-n-Ride trips are investigated to determine which
trips should be reallocated to Kiss-n-Ride and feeder bus, and which
should be removed from the transit trip table. This investigation
consists of ascertaining the submode split from the original model
formulation and shifting the "surplus” Park-n-Ride trips to the
submodes, using the market shares of feeder bus and Kiss-n-Ride from
the original model. The remaining market share proportion is assumed
to be lost from transit. This is a logical allocation, because
movements which have significant feeder bus and Kiss-n-Ride ridership,
such as areas near a station, will have most of the surplus trips
reallocated to these modes; and movements with few feeder bus and
Kiss-n-Ride trips, such as areas far from a station, will have most of
the surplus trips removed from the transit market.

Model Structure

In general, the model system is a series of nested models which first
split transit trips into walk and non-walk trips, then into transit
and highway arrivals, and finally into Park-n-Ride and Kiss-n-Ride
trips. This nested structure is shown in Figure 6-1. The walk/non-
walk model is a simple table look-up procedure based on zone-to-
station distance as shown in Table 6-1. The transit/highway model is
a binary logit choice model described in Table 6-2.

The Park-n-Ride/Kiss-n-Ride access model also is a logit model, and
the calculation steps and coefficients are illustrated in Table 6-3.
For access stations where no parking is available but drop-off trips
are probable, the program uses a simple distance-related model to
estimate the proportion of Kiss-n-Ride trips. These relationships are
as follows:

1. For distances greater than 3.8 miles: Kiss-n~Ride proportion =
0.0.

2. For distances greater than 2.0 miles but less than 3.8 miles:
Kiss-n-Ride proportion = 0.218 - 0.0559 * highway distance
(miles).

3. For distances greater than 1.0 miles but less than 2.0 miles:
Kiss-n-Ride proportion = 0.464 - 0.170 * highway distance (miles).

4, For distances less than 1.0 mile: Kiss~n-Ride proportion = 0.30.

Modifications for the Los Angeles Region

The-mode-of-access~and-egress model (program) was modified
significantly for use in the SCRTD context. These modifications are a
result of the mode choice models for the region which provide
considerably more information than did the Houston models. The new
mode choice model for work trips produces transit trips stratified by
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TABLE 6-~1

WALK/NON-WALK MODEL DIVERSION

Type of Proportion of Walk Trips for Each:
Station{l) Zone-to-Station Distance (Miles)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1 1.0 1.0 1.0 1.0 0.73 0.30 0.0t 0.0 0.0 0.0
2 1.0 1.0 0.95 0.86 0.75 0.57 0.36 0.08 0.05 0.0
3 1.0 1.0 0.95 0.8 0.75 0.57 0.36 0.08 0.05 0.0
4 0.95 0.85 0.69 0.56 0.42 0.31 0.22 0.13 0.07 0.04

{1) Type of Station definitions:

1. A station where no highway access of any type is anticipated, such as a
station in the central business district.

2. A station where the only highway access anticipated is the drop-off mode
(i.e., Kiss-n-Ride).

3, A station where the access is walk or bus, but potential Kiss-n-ride
trips would go to another type 2 station.

4. A station where all types of highway access are anticipated and which
has some parking facilities.

Note: Model is applied to both choice and non-choice trips, since calibration
of this model used entire transit market.

Source: Mode of Access User's Guide, prepared by Peat, Marwick, Mitchell & Co.
for the Metropolitan Washington Council of Governments.




TABLE 6-2
TRANSIT/HIGHWAY ACCESS MODEL

Probability of choosing transit access = EXP (feeder)/(1 + EXP (feeder))

n

Probability of choosing highway access = 1.0 - transit access probability

The term "feeder" is a linear utility equation described below.

Feeder = -0.0417 * (IVTFBM-IVTHWM) - 0.10425 * (WAITEBM-WAITHWM)
-0.7249 * (XFERFBM~XFERHWM) - 0.084 * HWYDST
~0.024611 * (CSTFBM-CSTHWM) ~ 0.164073 * ACTHWM + INC (I)

Where:

IVIFBM: 1is the in-vehicle transit time for the transit access mode(l)
IVTHWM: is the in-vehicle transit time for the highway access mode
WAITFBM: is the total waiting time for the transit access mode
WAITHWM: is the total waiting time for the highway access mode(2)
XFERFBM: is the number of transfers for the transit access mode
XFERHWM: 1is the number of transfers for the highway access mode
HWYDST: s the total highway distance of the trip, measured over the
the highway network (miles)
CSTFBM: 1is the cost associated with the transit access mode
CSTHWM: 1is the cost associated with the highway mode
ACTHWM: s the highway access time (in-vehicle time) from the origin
zone to the station
INC (1): are bias coefficients associated with each income level
The values of these coefficients are as follows:

INCOME QUARTILE BIAS COEFFICIENT
Low 2.94297
Low-Medium 2.58120
High-Medium 2.58120
High 1.12427

Notes: A1l travel times are in minutes, costs are in cents. Highway mode
values are for Park-n-Ride mode.

(1) Unless otherwise specified, the value of the independent variables is
for the entire interchange, i.e., from the origin zone to the
destination zone.

(2) Includes the parking terminal time, i.e., the time to park a vehicle
and walk to the station entrance.



TABLE 6-3

PARK-~N-RIDE/KISS-N-RIDE ACCESS MODEL CALCULATION STEPS

For each income level (4)

Calculate Kiss~n-Ride Utile (KRUT}
KRUT = 5.0 * (origin zone terminal + station terminal time) + 2.0 *
zone-to-station highway time + 2.0 * zone-to-station highway

distance * highway cost/mile * income factor

Calculate Park-n-Ride Utile (PRUT)
PRUT = 2.5 * (origin zone terminal time + station terminal time) +
zone-to-station highway time + (( highway distance * highway

cost/mile) + (0.5 * station parking cost)} * income factor/car

occupancy

Calculate difference in Utility (DELU)

DELU = KRUT -~ PRUT

Calculate Park-n-Ride market share for single-car households
(SCPAR) SCPAR = 1.0/(1.0 + EXP (-0.05001 * (10.03 + DELU})))

Calculate Park-n~Ride market share for multi-car households
(MCPAR) MCPAR = 1.0/(1.0 + EXP (-0.032929 * (35.01 + DELU}})

Calculate total Park-n-Ride market share for income level (PRMS)
PRMS = SCPAR * proportion of single-car households
+ MCPZR * proportion of multi-car households

Calculate total Kiss~n-Ride market share for income level (KRMS)

KRMS = 1.0-PRMS

Constants and Factors Used in Model

Income Factor
Proportion of Single-Car Households

Income Quartile

Low-~ High-
Low Medium Medium High
0.55866 0.330579 0.330579 0.18939
0.626

0.947 0.800 0.800
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four major submodes: feeder bus, Kiss-n-Ride passengers, Park-n~Ride
drivers (vehicles), and Park-n-Ride passengers. Therefore, for
transit work trips, it was not necessary to apply the
Washington/Seattle models to obtain these submodes. The input submode
defined as feeder~bus actually contains transit trips which may
involve walking to stations or taking a feeder bus to the station.
Therefore, the revised model still applies the walk/non-walk diversion
curves to these input trips. For the egress modes, the program uses
the walk/non-walk diversion curves to "split" these movements into
walk-from-station and feeder-bus-from-station.

The Los Angeles mode choice models which generate nonwork transit trip
tables do not “split® trips into the four submodes, but the mode-of-
access models described in the previous section are applied for these
trip purposes. Due to the inherent structure of the non-work mode
choice model, there are no transit trips estimated which can use a
highway mode to access the transit system. For this reason, all non-
work transit trips are considered "choice" trips in the mode-of-
access-and~egress model, i.e., trips which potentially can use any
mode to access the transit system. This modification should produce
more accurate estimates, since it is not unreasonable to expect that a
proportion of nonwork trips will arrive at rail stations by other
modes than walk or feeder bus.

The second major modification was implementation of a procedure to
address "surplus* Park-n-Ride trips. The original model formulation
compared the number of Park-n-Ride trips for each station with the
number of parking spaces and classified excess trips as “potential®
trips lost to the transit trip market. For the Los Angeles model
version, these potential lost trips were investigated to ascertain
which trips should be reallocated to Kiss-n~Ride and feeder bus and
which trips should be removed from the transit trip table. This
investigation consisted of ascertaining the submode split from the
original model formulation and shifting the potential lost trips to
the submodes using these market shares, with the feeder bDus and Kiss-
n-Ride market share proportion allocated to their respective submode
and the other market share proportions being removed from the transit
travel market. The mathematical algorithm used to implement this
procedure is shown in Table 6-4,

The mode-of-access-and-egress procedure developed for the SCRTD uses
the best attributes of existing Los Angeles data and models and the
generic mode-of-arrival model developed. for the Houston region to
construct a procedure which meets the primary objectives of a mode-of-
access-and-egress model. This procedure contains unique features,
such as capacity constraint, and the detailed estimation procedures
provided by the regional mode choice model. The procedure will
produce several printed reports, the most important being the mode of
arrival and departure by station by time period and a parking
accumulation report for each station where parking is provided. The
program will also produce a series of transit and automobile trip
tables which can be assigned to their respective networks 1in order to
perform detailed analysis on the transit and highway system. Care was
taken to utilize all the available regional cata in order to increase
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TABLE 6-4
POTENTIAL LOST TRIP REALLOCATION PROCEDURE

Definitions:

POTLST: Potential lost trips, i.e., Park-n~Ride trips in excess of parking
spaces.

SUMTRN:  Sum of all transit trips accessing station, including the potential
lost trips.

SUMLPT: Sum of walk, Park-n-Ride auto-driver, and Park-n-Ride auto-passenger
transit trips.

FBTRP: Feeder bus transit trips, from original model formulation.

KRTRP: Kiss-n-Ride transit trips, from original model formulation.

PROPLST: Proportion of potential lost trips which are excluded from the final
transit travel market.

LSTRP: Number of potential lost trips which are excluded from the final
transit travel market.

SHFTRP:  Number of potential lost trips which are reallocated to the Kiss-n-
Ride and feeder bus submodes.

NFBTRP: Feeder bus trips including the trips reallocated from the potential
lost trips.

NKRTRP: Kiss-n-Ride trips including the trips reallocated from the potential
lost trips.

SUMFBKR: Sum of feeder bus and Kiss-n-Ride trips from the original model

formulation.

Algorithm to Reallocate Potential Lost Trips:

PROPLST=

LSTRP=
SHFTRP=

SUMFBKR=

NFBTRP=
NKRTRP=

SUMLPT/SUMTRN
PROPLST*POTLST

POTLST-LSTRP

FBTRP+KRTRP

FBTRP+( SHFTRP*FBTRP/SUMFBKR)
KRTRP+( SHFTRP*KRTRP/SUMFBKR)
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6.3.6

6.4

the accuracy of the estimates, including using the submode split data
available from the region's new mode choice model.

Diurnal Factors

A further input required by the mode-of-arrival model is diurnal
factors, describing the proportion of each of work and nonwork trips
that are assumed to occur in each of the AM peak, the PM peak, the
midday, and the evening, and the proportions of the AM and PM peak
period trips that occur in the peak one hour of each period. For rail
trips specifically, it is difficult to arrive at diurnal factors for a
region that currently has no rail, and the best estimate is obtained
by using a transit diurnal distribution and relying on the modal-split
mode] to generate the different rail distribution as a result of the
purpose split to rail versus bus.

Table 6-5 shows the diurnal factors that are built into the mode~of-
arrival model as default values, the values obtained from recent RTD
on-board surveys (for all purposes combined), the values used for the
mode-of-arrival model application in the Los Angeles region, and the
results of these factors on the total trips on transit and on rail
alone. In the case of the "A11" purposes figures for the defaults and
the application figures, an assumed modal split was used between work
and nonwork trips. The diurnal factors shown for these trips are the
percentages of trips by purpose. In the last two sets of fiqures, the
percentages are those of all trips, and figures are provided only for
one peak hour, the AM peak, because this is the only one that is
simulated in current model runs. From these figures, it can be seen
that the selected diurnal factors approximate the observed
distributions quite well,

APPLICATION OF THE MODEL

The mode-of-arrival model is implemented using five UTPS-compatible
computer programs and using as inputs a set of data from other parts
of the estimation procedure. Fiqure 6-2 shows the flow diagram for
application of the model. Two alternative versions of the mode-of-
arrival model have been set up for use on the SCRTD computer. The
first is for the average morning peak hour, determined by allocating
one third of the peak-period trips to the peak hour. This produces
trip tables for assignment that are also based on both 24 hours and
the average AM peak hour. The second is for the peak AM peak hour,
and is currently defined by taking 49 percent of the transit work
trips from the peak period, and 25 percent of the nonwork transit
trips form the peak period, for the morning peak; and taking 45
percent of the transit peak period work trips and 30 percent of the
transit peak period nonwork trips for the evening peak hour.
Similarly, trip tables for 24 hours and the peak AM peak period are
output by this setup for assignment to the transit network. Trip
tables for the PM peak are nof produced, because the production-
attraction sense of the peak transit paths permits only AM peak trips
to be assigned.
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TABLE 6-5
DIURNAL FACTORS IN THE MODE~OF-ARRIVAL MODEL

Period AM FM
Source Purpose AM Midday PM Evening Hour Hour
MOA Defaults Work 38.9 16.7 33.1 11.3  19.2 17.5
(Percent by Nonwork 11.0 46.0 36.0 7.0 3.0 14.0
Purpose) AN 25.0 31.8 34.6 9.2 11.1 15.8
RTD Surveys AN 25.4 33.8 28.6 12.0 12.4 10.9
Los Angles Work  40.0 167 32,0  11.3 2.2 14.4
Application* Nonwork 15.0 50.0 25.0 10.0 4.4 7.5
(% by Purpose) AW 27.5 33.4 28.5 10.6 12.8 11.0
Transit Work 16.9 7.1 13.5 4.8 8.8
System Nonwork 8.7 28.9 14.4 5.8 2.6
Simulation Al 25.6 35.9 28.0 10.6 12.4
Rail Only Work 22.3 9.3 17.9 6.3 11.6
Nonwork 6.6 22.1 11.1 4.4 1.9
A1l 28.9 31.4 29.0 10.7 13.5

A1l entries are in percentages of trips.

Source: Schimpeler Corradino Associates

* NOTE: These values are split between arriving and leaving trips in the
MOA model. For example, UPARMS (1) plus UPARMS (5) in Table 6-11
add to .400 or 40.0% as shown above for AM Period Work Trips.
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6.5

6.5.1

6.5.2

The five modules used to implement the mode-of-arrival model are
described in the next sections of this chapter.

ZONE/STATION HIGHWAY IMPEDANCE PROGRAM (USTATION)

This UTPS-compatible program USTATION reads specially prepared highway
time and distance matrices dimensioned (row and column) by the number
of regional analysis zones plus the maximum number of possible formal
(Park-n-Ride) stations/lots. These matrices are prepared by modifying
the standard regional highway network to include a "dummy" centroid
connection for each individual Park-n-Ride lot or transitway station.
The numbering sequence of these additional centroids must range from
the number of regional zones plus one to the number of regional zones
plus the highest station number. Care should be taken to insure that
the station~numbering sequence used in this special highway network is
consistent with the numbering.convention used in the construction of
access/egress "station" matrices (UST0OS). The representation of al)
possible lot/station locations in the highway network should reflect
the maximum number of sites to be considered in the subsequent
analysis in order to minimize the freguency with which the highway
network develeopment and USTATION process must be run,

The function of this program (USTATION) is to reconfigure the above
input matrices, outputting a rectangular set {time and distance) of
matrices dimensioned by the number of regional model zones (row) and
the number of Park-n-Ride or transitway stations (column). However,
the matrices written to the output file are zero-filled beyond the
highest station number to match the row dimension, thus producing a
standard "square" matrix., A graphic representation of this
reconfiguration is shown in Figure 6-3,

The program allows the user to scale the output matrices. The output
data set from the program is used in both the main mode-of-arrival
program as interchange variables 31 and 32, respectively, and in the
MNMDIST program as FTIIFOQOI. )

Input Data

The USTATION program uses both highway time and distance impedance
matrices constructed as described above. As in normal UTPS-compatible
programs, the user is afforded the flexibility of inputting these two
matrices using any of the FT11F001 through FT18F001 units. The
parameter card keyword “TABLES" is used to identify the location of
these input tables. A normal application of the program would input
both tables on FT11F00I.

Parameters and Options

Program control is transmitted through the use of a single PARAM name
1ist card which follows the title card in the SYSIN (or FTO5F001) data
set. It is composed of six keywords:

1. ZIONES ~~ the number of standard regional model zones as used in
the transit network and modal split model.
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6.5.3

6.6

6.6.1

2. HZONES -~ the number of zones in the "modified" highway network.
This value is specified as ZONES plus the maximum number of
transit stations.

3. NSTA ~- the zone number of the first transit stations. This value
would normally be ZONES + 1.

4. TABLES -~ a two-dimensional array that specifies the location of
the time and distance matrices respectively. TABLES defaults to
1001 and 1002.

5. TSCALE -~ used to scale the output highway time matrix.

6. DSCALE ~- used to scale the output highway distance matrix.

Standard- Output Files and Reports

The single output of USTATION (on FTISF001)} is a two~table, four-byte,
impedance file constructed as follows:

Table Description
1 Zone-to-Station Highway Time
2 Zone-to~-Station Highway Distance

As indicated above, the units of these two output tables are
controlled by the TSCALE and DSCALE parameter keywords.

CLOSEST STATION PROGRAM

The closest station/minimum distance file required by UTPS-compatible
program MNMDIST reads the zone-to-station highway times and distances
created by the USTATION program and determines the closest station for
each regional zone as & function of highway distance. Through the
specification of &EQUIV cards, only a subset of the maximum potential

Park-n-Ride/transitway stations will be considered in the
determination of the closest station. This selection of lots/stations

should be consistent with the coding of the transit network and its
corresponding use of lots/stations.

A "card image" data file (one record per zone) is written on FT09F001
summarizing these calculations and is used subsequently as input to
the main Mode-of-Arrival model program.

The program allows the user to scale properly the input time and
distance matrices to output zonal values in decimal miles and minutes,
although the Mode-of~Arrival program uses only the distance values.

Input Data

The MNMDIST program reads the zone-to-station highway time and
distance matrices output from USTATION, These matrices are
dimensioned by regional model zones (row) and station number (column).
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6.6.2

-6.6.3

As in normal UTPS-compatible programs, the user is afforded the
flexibility of inputting these two matrices using any of the FT11F001
through FTLI8F0CL units. The parameter card keyword "TABLES" is used
to identify the location of these input tables.

A norma) application of the program would input both tables on
FT11FOOL.

Parameters and Options

Program contro) is transmitted through the use of two types of
namelist cards which follow the title card in the SYSIN (or FTO5F001)
data set. The &PARAM card is composed of five keywords:

1. ZIONES -~ the number of standard regional model zones as used in
the transit network and modal split model.

2. NSTA -~ the maximum number of Park-n-Ride lot/transitway stations.

3. TABLES ~- a two-dimensiona) array that specifies the location of
the time and distance matrices, respectively. TABLES defaults to
1001 and 1002.

4. TSCALE ~- used to scale the input highway time matrix.

5. DSCALE -- used to scale the input highway distance matrix.

The &QUIV card, which follows the &PARAM card, specifies to the

program the selection of stations (column dimension) to be included in

the closest station determination. District 1 is used to specify the

stations to be included in the program execution. District 2 contains

all remaining station numbers and the sequence of zone numbers up to

the ZONES values.

The &PARAM keywords are summarized in Table 6-6.

Standard Output Files and Reports

The primary output of MNMDIST (on FTOSFO001) is a "card image" data
file (1 record per zone) constructed as follows:

Description Type - Column(s)

Regional Zone Number I*4 1- 5

Closest Station Number I*4 ) 6-10

Highway Distance R*4. 11-15

Highway Time R*4 16-20
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TABLE 6-6
PARAM CONTROL CARD KEYWORDS

Default

Keyword Definition Value
ZONES Number of Regional Model Zones 0
NSTA Maximum Number of Park-n-Ride Lot/

Transitway Stations 0
TABLES Input Table Numbers of Time and Distance

Matrices 1001, 1002
TSCALE Output Highway Time Matrix Scale Factor 1.0
DSCALE Output Highway Distance Matrix Scale Factor 1.0
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6.7

6.7.1

As ijndicated above, the units of the output time and distance values
are controlled by the TSCALE and DSCALE parameter keywords.

In addition, MNMDIST produces Report 2, which simply displays the
value(s) of each PARAM keyword as used by the program. Report 2
produces a summary of the data written to the FTO9F001 data set.

HOUSEHOLDS AND INCOME DISTRIBUTION PROGRAM (UHHS)

Program UHHS is designed to estimate the number of households in each
income quartile for each zone, given the total number of households
and the average household income for each zone. An income quartile is
defined as the income boundaries within which 25 percent of the
region‘s households would be placed. Four quartiles are used, as
follows:

1. LOW -- The 25 percent of households regionally which have the
lowest income,

2. LOW-MEDIUM -~ The 25 percent of households regionally which have
an income greater than 25 percent of households but less than 50
percent of households.

3. HIGH-MEDIUM -~ The 25 percent of households regionally which have
an income greater than 50 percent of households but less than 25
percent of households. .

4, HIGH -~ The 25 percent of households regionally which have the
highest income.

The procedure is first to compare each zone's median household income
with the median household income for the region. The ratio of the
zonal median household income and the regional median household income
implies a certain distribution of households for each income guartile.
The distribution is expressed as a set of four curves, shown in Figure
6-4. These curves were developed empirically from the 1970 New
Orleans SMSA census data. The appropriate distribution, once found,
is applied to the total number of households to obtain an estimate of
the number of households in each income quartile for each zone. It
should be noted that there is no guarantee that the model will
allocate 25 percent of all households to each income quartile on a
regionwide basis. Therefore, an adjustment process is carried out
after the initial distribution to ensure that each quartile contains
25 percent of the households regionally.

Input Data Reguirements

Program UHHS requires one input file (EBCDIC), which it reads from

unit FTOLFO0L, This file should contain the zone number, the median
income of the zone, and the number of households in the Zone. These

three data items should be coded in columns 8-14, 15-22, and 64-70,
respectively, and may be taken from the trip-end data file that is
used as input to the CSI Market Segmentation Program (MSEG).
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6.7.2

6.7.3

Parameters and Options

Program control is transmitted through the use of a PARAM name list
card which follows the title card in the SYSIN (or FTO5F001} data set.
It is composed of three keywords:

1. ZONES -~ the number of zones in the region under study.

2. RMHI ~- The regional median income in 1967 dollars. If an RMHI
value is not specified, the program will calculate the regional
median income from the input data. In this case, the third
keyword, INCAL, must be specified as defined below.

3. INCAL -~ indicates, when set equal to T (true), that RMHI is to be

calculated within the program. In this case, the RMHI keyword
should not be specified.

If INCAL is not specified, it defaults to F {false), and a value for
RMHI must be given in the PARAM card.

A summary of these keywords and their default values is given in Table
6-7.

Standard Output Files and Reports

Program UHHS produces one output file (unit FTO2F001). The program
writes one line for each zone, which contains the zone number followed
by the number of households in each of the four income quartiles in
that zone (from low to high). The format of this file is as follows:

Description Type Column(s )
Regional Zone Number I*4 1-5
Households by Quartile R*4 6-12, 13-19, 20-26, 27-33

One report is printed, giving the zone number, number of households in
the low, low-medium, high~medium and high income quartiles, and the
total number of households for each zone. An example of the output is
shown below.

Households by Income Quartile

Zone 1) 2) (3) (4) Total

1 28. 24, 16, 7. 75.

2 24, 37. 38. 31. 130.

3 17. 32. 43. 48, 140.

4 22. 29. 26. 18. 95.
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TABLE 6-7
UHHS PARAM CONTROL CARD KEYWORDS

Keyword

Definition

Default Value

ZONES
RMHI

INCAL

Number of Regional Zones

Regional Median Income
(1967 dollars)

Set equal to T if program
is to Oalculate RMHI.

Set to F if RMHI is
provided in the PARAM
card.

+ B
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6.8
6.8.1

6.8.2

MODE-OF-ARRIVAL PROGRAM

Introduction

The mode~-of~arrival program accepts data from the Zone/Station Highway
Impedance program, the closest station program, Household Income
Distribution Program (HIDP), the mode choice model program, the
transit skim tree program, and the USTOS program, and estimates the
mode of arrival for all stations (nodes) specified by the user. These
estimates are used to produce a set of printed reports and trip
tables, including a vehicle accumulation report for each Park-n-Ride
station, a mode~of-arrival report for four time periods of the day,
and a peak-hour trip table for the morning peak. The mode~of~arrival
program is written as a subroutine in the UTPS program UMODEL, and the-
normal UMODEL conventions should be followed in applying the program.

Input Data

The mode-of-access-and-egress program requires thrity-four matrix-type
data files and seventeen zone- or station-relatea items of
information. The matrix-type files are normal UTPS trip tables or
skim trees and in general consist of:

. Transit trip tables

. Transit travel items and fares

. Highway travel times and distances

. Matrices identifying access and egress stations

s o

Six transit trip tables are to be input to the program. These trip
tables are the transit trip tables produced by the mode choice models.
There are four transit work trip tables, each table being a submode
set of trips from the mode choice model. (13, Vol. I) That is, there
is a separate trip table for a) walk and feeder bus access trips; b)
Park-n-Ride, drive alone, trips; c) Park-n-Ride, shared ride trips;
and d) Kiss-n-Ride trips. Because of this stratification of transit
work trips into submodes by the mode choice model, the program does
not apply a mode~of~arrival model to the transit work trips.

Thirteen matrices are required by the program in the specification of
transit trave) times and fares. These matrices can be stratified into
two major groups: (a) those travel times and fares applicable to a
transit trip if the trip was made-using a feeder bus access and (b)
those travel times and fares applicable to a transit trip if the trip
was made using a highway access mode. The mode choice model requires
two highway access mode transit travel time matrices to be built,
Park-n-Ride and Kiss-n~-Ride, and it is suggested that the user input
the matrix with the greatest number of highway access connections,
normally the Kiss-n~-Ride matrix. The transit travel time
stratifications are as follows:

1. Walk time.

2. Initial (boarding) wait time.
3. Transfer time. C
4. In-vehicle transit time.
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5. In-vehicle highway access time (highway access submode only].
6. Number of transfers.

The units for these matrices must be whole minutes for transit travel
times and whole cents for transit fare matrices.

Three highway travel times and distance matrices are required in the
program. Two of these matrices are prepared by the ZONE/STATION
HIGHWAY IMPEDANCE PROGRAM (USTATION) previously described. These
matrices represent the zone-to-station highway travel time and highway
distances. The third matrix is the zone-to-zone highway distance
matrix, a data set required by the mode-of-arrival model to estimate
submode trips for the nonwork purposes. The user may input these
matrices into any units desired (e.g., miles, tenths of miles, etc.),
since scaling factors are provided in the user-coded parameters.
However, it is recommended that the precision of the station-to-zone
distance matrix be at least tenths of miles.

The final set of input matrices are the station access and egress
matrices. Under normal circumstances, the user will develop these
matrices using the UTPS program USTOS. Twelve access/egress matrices
are required by the program. Six of these matrices contain the access
and egress stations for only the rail stations in the study area. The
reason for this "split" into total stations and rail stations is to
allow the program to "follow" a trip if the first access was at a
nonrail station and a subsequent access was at a rail station, i.e.,
if the driver used a satellite parking lot to access the rail station
by bus. The user should check the data in these matrices closely,
since the program wil) only apply the mode-of-arrival model and report
data on interchanges which have an access and eqgress station. The
user also should be aware that program USTOS will only “fingd" access
and eqgress stations when a "transfer" occurs; this transfer can be a
transit-mode-to-transit-mode transfer, a nontransit-mode-to~transit-
mode transfer, or a nontransit-link~-to~nontransit-1ink movement. In
the development of several alternative transit systems, the user may
wish to skip a station for one of the alternatives. Early versions of

the program USTOS would not allow the "skipping” of station numbers,
and if there were missing station numbers, the user had to use dummy

nodes (i.e., nodes lower than the highest node number, but not
actually in the network) to fill in the missing station numbers in the
USTOS run. In the current version of USTO0S, skipping station numbers
is not a problem; the user does not have to worry about using dummy
nodes to fill in gaps. A summary of all matrix input data is shown in
Table 6-8.

0f the seventeen possible zone- or station-related data items, seven
possible items are zone-related and nine items are station-related.
The seventeenth item is the zone number, which is a requirement of
UMODEL. Two of the zone-related data items are the closest station
number and the distance to the closest station, which are generated by
the Closest Station program (MNMDIST) and normally will require no
intervention from the user. (This program outputs the zone number in
columns 1-5, and the user should follow this zone number format for
other zone/station input or change the zone number format on this
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Table 6~8
DESCRIPTION OF MATRIX INPUT DATA (MOS)

Variable
Number (1) Description of Matrix Input

1 Transit Walk/Feeder Bus Work Trips

2 Transit Park-n~Ride (drive alone) Work Trips
3 Transit Park-n-Ride {shared ride) Work Tr1ps
4 Transit Kiss~n~Ride Work Trips

5 Transit Home-Based Non-Work Trips

6 Transit Non~Home Based Trips

13 Transit Walk Time: By Feeder Bus Access

14 Transit Boarding Time: Bus Feeder Bus Access

15 Transit Transfer Time: By Feeder Bus Access

16 Transit In~Vehicle Time: By Feeder Bus Access

17 Number of Transfers: By Feeder Bus Access

19 Transit Fare: By Feeder Bus Access

20 Transit Walk Time: By Highway Access (2)

21 Transit Boarding Time: By Highway Access

22 Transit Transfer Time: By Highway Access

23 Transit In-Vehicle Time: By Highway Access

24 ‘Number of Transfers: By Highway Access

25 In-Vehicle Highway Access Time: By Highway Access (3)

26 Transit Fare: By Highway Access

27 Access Station for Feeder Bus Access (all stations)

28 Egress Station for Feeder Bus Access (all stations)

29 Access Station for Highway Access {all stations)

30 Eqgress Station for Highway Access {all stations)

31 Highway Travel Time (zone-to-station)

32 Highway Travel Time (zone-to-station)

48 Access Station for Feeder Bus Access (rail station only)

49 Egress Station for Feeder Bus Access (rail station only)

50 Access Station for Highway Access (rail station only)

51 Egress Station for Highway Access (rail station only)

52 Highway Distance {zone-to-zone)

53 Access Station for Midday Feeder Bus Access {all stations)

54 Egress. Station for Midday Feeder Bus Access {all stations)

55 Access Station for Midday Feeder Bus Access (rail station)

56 Egress station for Midday Feeder Bus Access (rail station
only)

(1) Variable number refers to the Data Item Number on the UMQDEL Data
Identification Cards.

(2) Suggested highway access travel times are from the Kiss-n-Ride
Transit Network, in order to obtain all possible highway access
movements.,

(3) Used only as a check that the movement is connected via a

highway access link.
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file. See the UMODEL Users Guide for a discussion on zone-level data
input.) The origin zone highway terminal time is the out-of-vehicle
time required at the non-station end of the trip. This time should be
coded in minutes, and it is suggested that the highway terminal time
from the mode choice model is an acceptable value. (Decimal points
are allowable in zonal data. For example, a terminal time of two and
one-half minutes could be coded 2.5.)

The last four zonal data items are the number of households by income
quartile. This data is generated by program UHHS and should not
require any intervention by the user. The program will use these
households by income quartile to "split" the input home-based nonwork
trips into the four income levels required by the mode-of-arrival
models. The technique used to perform this split is as follows:

TRIPS (I,0.D) = TRIPS (0,D)* (HH(O,I)/SUM OF HH (0,I))
Where:

TRIPS (I,0,D) are transit trips for income level I from zone 0 to
zone D

TRIPS (0,D0) are input transit trips from zone 0 to zone D

HH (0,I) are the households for income level I for zone 0

If for some reason the user does not input this household data for a
zone, the program will "split" the transit trips equally among the
four income quartiles. A summary of the zone-related data items is
shown in Table 6~9,

There are -nine station-related data items. Because of the structure
of the UTPS program UMODEL, these data items can be input as "zonal"
data by coding the station number in place of the zone number. In
coding the Data Identification cards for application of the
program,the zone/station number must still be identified with the
phrase "ZONE NUMBER" (beginning in column 37) in order for the program
to function correctly. In general, the station data consists of:

. Parking Capacity

. Parking Cost

. Station Terminal Time
. Type of Station

=N PSR N

The station type data element consists of four codes (1, 2, 3, and 4)
which specify how a station may be accessed. The definition of these
codes follows Table 6-9.
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TABLE 6-9
DESCRIPTIOM OF ZONE-RELATED DATA (MOA)

Variable Z Array
Number Number . Description
7 16 Number of Households in Lowest-Income
Quartile (1)
3 17 Number: of Households in Low-Medium
Income Quartile (1)
9 18 Number of Households in High-Medium
Income Quartile (1)
10 19 ‘Number of Households in High-Income
Quartile (1)
33 1 : Zone Number (2)
34 2 Highway Terminal Time, at the Origin Zone
35 3 Closest Station Number (3)
36 4 Distance to Closest Station (3)

(1) Data produced by program UHHS.

(2) The user must inform UMODEL where the zone number is on one file of the A
files. The location must be used for the zone number on all A
files, in order for the program to properly store the data. See the
"UMODEL Users Guide" for a detailed discussion on zone-level input data.

(3) Data produced by program MNMDIST.

6-28



Station Type Code Definition

1 A station where no highway access of any type is
anticipated, such as a station in the Central
Business District.

2 A station where the only highway access antici-
pated is the drop~off mode (i.e., Kiss-n-Ride).

3 A station where the access is walk or bus, but
potential Kiss-n~Ride trips would go to another
Type 2 station.

4 A station where all types of highway access are
anticipated and which has some parking facilities.

The definitions for Station Types 1 and -2 are fairly straightforward.
Station Type 4 is the typical station with parking at or near the
station. It is anticipated that the Type 3 station specification will
seldom be used, and is included for Kiss-n-Ride areas where the normal
walk and bus transfer would occur at one station, with no parking (the
Type 3 station), while the Kiss-n-Ride movement would occur at another
station (the Type 2 station). This mechanism will allow the walk and
bus access trips to be assigned to the Type 3 station, while the
highway access is assigned to the Type 2 station.

Two types of parking capacity may be input -~ a long-term parking
capacity and a short-term parking capacity. The long-term capacity is
the parking available to all users and should include any long-term-
parking facilities near the station in addition to the long~term
spaces planned for the station complex. Some rajl stations (such as
the Silver Spring station in Washington, D.C.) have no spaces in the
station complex, but substantial parking within one or two blocks of
the station. The short-term spaces are defined as those spaces
reserved for short time periods (i.e., two to.three hours). In
addition, the program assumes that these spaces will be used for the

drop-off (Kiss-n-Ride% vehicles in the peak periods, and, therefore,
during these periods the short-term parkers will be “"shunted" to the

long-term spaces. The coding of parking capacities is very important,
since the program will ascertain when the spaces are filled ang divert
Park-n-Ride trips to feeder bus, Kiss-n-Ride mode, or remove them from
the transit mode. When short-term parkers (i.e., non-work and non-
home based trips) are estimated, the program will attempt to let them
use the short-term spaces; if these spaces are filled, the program
will divert the automobiles to the long~-term spaces until these too
are filled, Therefore, it is possible to specify no short-term spaces
without losing any transit trips unless there are not enough long-term
spaces. Parking capacity need only be coded for Type 4 stations.

As with parking capacity, the program will accept two parking costs --
one for long~term parkers (i.e., work trips} and one for short-term
parkers (i.e., nonwork trips). The parking costs specified should be
in cents (i.e., a dollar charge should be codea 100.0) and should be
the average or normal cost for long~ and short-term parking. The use
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of these costs is predicated on trip purpose (i.e., work is long~term
and nonwork is short-term) and not the type of parking capacity space
the program allocates to the trip. Therefore, it is possible to have
only long~term parking capacity and a short-term parking cost (e.g., &
lot with an attendant and hourly parking charges).

The final station information reguired is four data items specifying
the station terminal time required for the two highway modes (Park-n-
Ride and Kiss-n-Ride) for short and long term. As with the parking
costs, the allocation of the long-term and short-term data is
predicated on trip purpose. The definition of station terminal time
js the time it would take once the automobile leaves the normal
highway system. For Park-n-Ride trips, this would include (1) the
time from the highway system to the parking lot, (2) the time spent in
the lot looking for a space and parking the vehicle, and (3) the time
spent walking from the vehicle to the station entrance. It is
anticipated that this time probably will be a function of the size of
the parking facility, but the location and design of the facility
might also influence this time. For Kiss-n-Ride trips, the station
terminal time would include the time from the highway system to the
drop-off facility and the walking time from the drop-off facility to
the station entrance. It is anticipated that this time will be
primarily a function of the station design. The anticipated
difference between long-term and short-term time is the degree of
congestion with long-term time being attributed to peak period
congestion and short-term to off-peak period. Since the program does
not “split” work trips into the various submodes, but instead accepts
the trips from the modal choice model, the only purpose of the long-
term parking costs and terminal times is to provide a complete
reporting of physical station characteristics.

A station type must be coded for all stations in the analysis.
Stations not given a type will be assumed to be a Type 1 station by
the program. The other station data need only be coded for Type 2 and
4 statgons. A summary of station-related data items is contained in
Table 6-10.

This completes the description of the input data required by the mode-
of~arrival program. The matrix data must be UTPS matrices, while the
zone/station data may be input in any card image format, subject to
the normal UMODEL constraints.

Specifications of data location and format are performed by providing
the program with the normal Data Identification Cards for program
UMODEL. Examples of these cards can be found in the Example Setup
section of this chapter.

Parameters and Options

The user has the option of specifying up to 62 parameters which
control the program. A1l of these parameters have default values
coded in the program, and under normal conditions the user will
probably only have to code three or four of these parameters.
However, this section will describe each of the parameters. The
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TABLE 6-10

DESCRIPTION OF STATION-RELATED DATA (MOA)

Yariable L Array
Number Number Description
37 5 Long Term Parking Capacity (spaces)
38 6 Long Term Parking Costs (cents)
39 7 | Long Term Parking Terminal Time for Park-n-Ride
Trips (minutes) C
40 8 Long Term Parking Terminal Time for Kiss-n-Ride
Trips (minutes) '
41 9 Short Term Parking Capacity (spaces)
42 10 Short Term Parking Costs (cents)
43 11 Short Term Parking Terminal Time for
Park-n-Ride Trips (minutes)
44 12 Short Term Parking Terminal Time for
Kiss-n~Ride Trips (minutes)
45 13 Type of Station (1 = CBD, 2 = Kiss-n-Ride, 3 =

Potential Kiss-n-Ride Station, 4 = Park-n-Ride
Station)
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program parameters are specified using the UMODEL name list variable
"UPARMS(x)," where x is the parameter number; and the user may change
the default value by coding on the &PARAM card the value of UPARMS(x).
For example, if the user wished to make the value for parameter 24
(average car occupancy for non-work trips) equal to 1.50, the user
would code:

&PARAM UPARMS (24) = 1.5 &END
A summary of the user-coded parameters is shown in Table 6-11.

The first eighteen parameters specify the diurnal distribution of
transit trips. These specifications are necessary in order to produce
the mode-of-arrival reports and trip tables. The standard set of trip
estimates in matrix form (i.e., trip tables) is usually ordered in
production-attraction format. That is, no matter what the actual
direction of the trip, the estimated trip is always shown as beginning
at the home end of the trip (the production) and ending at the non-
home end of the trip (the attraction). In order to work with the
normal transportation planning trip estimates, it was necessary to
define thé diurnal distribution in a unique manner. In this
definition, trips were defined as "arriving” in a certain period and
"leaving" in a certain period, with "arriving" signifying that the
trip direction was from the traveler's home to the station while
"leaving" signifies that the trip direction is from the station to the
traveler's home. For example, the default values used by the program
for morning peak-perijod transit work trips are that 39.1 percent of
all transit work trips arrive in the A.M. peak hour (home to station),
while only 0.9 percent of the transit work trips leave in the same
time (station to home). In the P.M. peak period the reverse is true,
with 30.4 percent leaving and 1.6 percent arriving. If the user
wishes to change the diurnal distribution, he should be very careful
to insure that the sum of the arriving proportions and leaving
proportions each add to 0.50, by purpose. If this is not done, the
program may "lose" trips or have unbalanced trip movements, i.e., more
trips leaving the traveler's home than arriving or vice versa. The
program does not check the sum of the arriving and leaving proportion.
The default values for the diurnal distributions were developed using
survey data from Los Angeles and should represent a fairly standard
travel pattern. Adjustments to these default values are not
recommended unless the user has sufficient origin-destination survey
data and has analyzed this data in detail. The diurnal definitions
used in developing the proportions are as follows: :

A.M. Peak Period: from 6 AM to 9 AM
Mid-day period: from 9 AM to 3 PM
PM Peak Period from 3 PM to 6 PM
Evening Period: After 6 PM

Parameters 17 and 18 specify the proportion of the A.M. peak-period
travel which occurs in the peak hour, The value in current use is
0.530 for work trips, and for nonwork trips the proportion is 0,293,
Parameters 31 and 32 specify the proportion of the PM peak-period
travel which occurs in the peak hour. For work trips the default
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TABLE 6-11

DEFINITION OF USER-SPECIFIED PARAMETERS FOR
THE MODE-OF~-ARRIVAL PROGRAM

UPARMS Defalt
Number Definition Value
1 Proportion of Transit Work Trips Arriving in the AM
Peak Period 0.391
2 Proportion of Transit Work Trips Arriving in the
Mid-Day Period o 0.068
3 Proportion of Transit Work Trips Arriving in the PM
Peak Period 0.016
4 Proportion of Transit Work Trips Arriving in the
Evening Period 0.025
5 Proportion of Transit Work Trips Leaving in the AM
Peak Period 0.009
6 Proportion of Transit Work Trips Leaving in the
Mid-Day Period 0.099
7 Proportion of Transit Work Trips Leaving in the PM
Peak Period 0.304
8 Proportion of Transit Work Trips Leaving in the
Evening Period 0.088
9 Proportion of Transit Non-Work Trips Arriving in the
AM Peak Period 0,125
10 Proportion of Transit Non-Work Trips Arriving in the
Mig-Day Period 0.243
11 Proportion of Transit Non-Work Trips Arriving in the
PM Peak Period 0.087
12 Proportion of Transit Non-Work Trips Arriving in the
Evening Period 0.045
13 Proportion of Transit Non-Work Trips Leaving in the
AM Peak Period . 0,025
14 Proportion of Transit Non-Work Trips Leaving
in the Mid-Day Period 0.257
(CONTINUED)
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TABLE 6-11 (CONTINUED:2)

DEFINITION OF USER-SPECIFIED PARAMETERS FOR
THE MODE-OF-ARRIVAL PROGRAM

UPARMS Default
Number Definition Value (3)
15 Proportion of Transit Non-Work Trips Leaving in the
PM Peak Period 0.163
16 Proportion of Transit Non-Work Trips Leaving
in the Evening Peak Period 0.055.
17 Proportion of AM Peak-Period Transit Work Trips .
Which Occur in the Peak Hour 0.490
: (0.530)
18 Proportion of AM Peak-Period Transit Non-Work
Trips Which Occur in the Peak Hour 0,250
(0.293)
19. Average Parking Duration of Transit Work Trips (1) 9.0
20 Average Parking Duration for Transit Non-Work
Trips (1) 3.0
21 Report Hourly Accumulation by Station (0.0=NO,
1.0=YES) 1.0
22 Maximum Station Number for Run 200.0
23 Maximum Number of Zonal Interchange with an Access
Station and No Egress Station or Vice Versa 100,000.0
24 Average Car Occupancy for Park-n-Ride Non-Work
Trips 1.1
25 Scale Factor for Highway Distances from Program
USTATION (2) 0.01
(0.1)

ié% Program will be rounded to nearest whole hour,

The scaling factors will be multiplied by the input data.

should be miles {or minutes
producing distances in tent

(i.e., UPARMS(25)=0.1).

s of miles, the sca

The results

g. For example, if ?roqram USTATION is
ing factor should be 0.1

(3) Value in current use shown in ( ) where different than default value.

(CONTINUED)
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TABLE 6~11 (CONTINUED:3)

DEFINITION OF USER-SPECIFIED PARAMETERS FOR
THE MODE-OF~-ARRIVAL PROGRAM

UPARMS . Default
Number Definition Yalue
26 Scale Factor for Highway Travel Times from Program )
USTATION (2) 1.0
27 The Cost of Operating an Automobile Per Mile (cents) 10.5
28 Scale Factor for Zone~-to-Zone Highway Distances 0.01
29 Report AM Peak-Hour Trip-End Summaries (0=NO,
1=YES) 1.0
31 Proportion of PM Peak-Period Transit Work Tr1ps
Which Occur in the Peak Hour 0.450
32 Proportion of PM Peak-Period Transit Non-Work A
Trips Which Occur in the Peak Hour 0. 300
33 Build Peak-Hour Vehicle Tables (0.0=NO;
1.0=AM Peak Hour; 2.0=PM Peak Hour 0.0
(1.0)
34 Percent of Average Peak-Hour Work Trips in
Peak Period 0.333
35 Percent of Average Peak~Hour Non-Work Trips in
Peak Period 0.333
36 To OQutput Average Peak-Hour Transit Trips in
Qutput Table 1 Through 6, Rather Than Peak-Hour
Trips (0.0 = NO; 1.0 = YES) 0.0
(1.0)
37 Highest Rail Station Number 50.0

Parameters 38 Through 39 Are Not Used; Parameters 40 Through 51 are Coefficients
for the Park-n~-Ride/Kiss-n-Ride Model; Parameters 52 Through 61

are Coefficients for the Hiqhwalerans1t Model. These Coefficients Are Used
Only for Non-Work Trips.

40 First Quartile Income Coefficient (PNR/KNR Model) 0.55866

41 Second Quartile Income Coefficient (PNR/KNR Model) 0.330579
(CONTINUED)

6-35



TABLE 6~11 (CONTINUED:4)

DEFINITION OF USER~SPECIFIED PARAMETERS FOR
THE MODE-OF-ARRIVAL PROGRAM

UPARMS Default
Number Definition Value
42 Third Quartile Income Coefficient {PNR/KNR Model) 0.330579
43 Fourth Quartile Income Coefficient (PNR/KNR Model) 0.18939 ,
44 The Percent of Single~Automobile Households.
for First Quartile Income Households 0.947
45 The Percent of Single-Automobile Households
for Second Quartile Income Households 0.800
46 The Percent of Single-Automobile Households
for Third Quartile Income Households 0.800
47 The Percent of Single-Automobile Households
for Fourth Quartile Income Households 0.626
48 Single-Car Bias Coefficient (PNR/KNR Model) -0.05001
49 Single~Car O0ff-Set Coefficient (PNR/KNR Model) 10.03
50 Multiple-Car Bias Coefficient (PNR/KNR Model) -0.032929
51 Multiple~Car Off-Set Coefficient (PNR/KNR Model) 35.01
52 Coefficient on In~Vehicle Transit Time
Difference (HWY/TRN Model) -0.0417
53 Coefficient on Qut-of-Vehicle Time
Difference (HWY/TRN Model) -0.10425
54 Coefficient on Number of Transfers
Difference (HWY/TRN Model) ~0.7249
55 Coefficient of Zone-to~Zone Highway
Difference {HWY/TRN Model) ~0.084
56 Coefficient on Travel Cost Difference
(HWY/TRN Mode?) ~-0,024611
57 Coefficient on In-Vehicle Highway Access Time
(HWY/TRN Model) -0.164073
(CONTINUED)
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TABLE 6~11 (CONTINUED:5)

DEFINITION OF USER-SPECIFIED PARAMETERS FOR
THE MODE-~OF~ARRIVAL PROGRAM

UPARMS : Default
Number Definition Value
58 Bias Coefficient for First Income Quartile
(HWY/TRN Model) _ 2.94297
59 Bias Coefficient for Second Income Quartile '
(HWY/TRN Model) 2.58120
60 Bias Coefficient for Third Income Quartile
{HWY/TRN Model) 2.58120
61 Bias Coefficient for Fourth Income Quartile
(HWY/TRN Model) 1,12427
62 Car Occupancy for Work Trip Park-n-Ride,
Shared Ride Submode ) 2.0
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proportion is 0.450 and for nonwork trips the default proportion is
0.300.

Parameters 19, 20, and 21 specify information for the parking
accumulation reports (REPORT 10 and 1l1). The user can request the
report using the twenty-first parameter. The average parking duration
for work and nonwork trips is specified by parameters 19 and 20. This
average duration only affects the results of Report 11. For this
reason, the vehicles shown on REPORT 10 and 11 may disagree with the
mode~of-arrival summary reports, although if the default values are
used, this disagreement is very minor.

Parameters 22 through 29 specify various constraints, options, and
scaling factors associated with the input data or output reports and
the definitions on Table 6-11 are fairly straightforward. The program
will stop if the number of interchanges with an access but not egress
station exceeds the specified number, and the user may wish to make
this a fairly large number if the input data is felt to be "clean.”
Parameter 33 allows the user to request peak-hour "vehicle" trip
tables. These trip tables are developed from the Park~n~Ride and
Kiss~n~Ride estimates, and may prove useful for highway assignments,
given some additional computer processing of the trip tables and
highway network.

Parameters 34, 35, and 36 allow the user to modify the peak-hour
output transit trip tables. Normally, these trip tables are developed
by applying the peak-period and peak-hour (A.M.) factors to the daily
estimates, thereby producing the A.M. peak-hour trip table. The user
may be assigning these trips to a non-peak hour transit network; for
example, the network might have average two- or three~hour peak period
headways. In this case, a more appropriate trip table would be one
with a two~ or three~hour average, rather than the one-hour peak.
Parameters 34 and 35 allow the user to make this adjustment, the
default values being for an average peak-period hour; while parameter
36 specifies if parameters 34 and 35 are to be used, the default is to
use the parameters. These parameters (34, 35, and 36) affect only the
output trip tables, not the printed reports.

Parameter 37 specifies the highest rail station number. This value
should correspond to the highest station number on the rail station
access-and~eqgress matrices. The program does not make a logical
comparison check between this parameter and the rail station numbers
on the input matrices.

Parameters 40 through 61 contain the coefficients for the mode-of-
arrival models used to "split" non-work transit trips to the various
submodes.

Parameter 62 is the qveraqe'automobile occupancy for the transit work
Park-n~Ride shared ride submode.

Only one other parameter, besides the user-coded parameters, is
required for the program. This is the ZONES parameter needed for most
UTPS programs. The program will set all other necessary UMODEL
parameters.
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6.8.4

Standard Output Files and Reports

The mode-of-access-and-egress program will generate up to thirteen
trip tables. These trip tables will all be contained on one UTPS file
(the J9 file), and the definition and order of these tables is shown
on Table 6~12. The program will always produce nine transit trip
tables. Five of these trip tables are for the A.M, peak hour (or the
average peak hour). In order to use these A.M. peak-hour trip tables
for assignment purposes, it is necessary for the user to combine the
home to non~home and the non-home to home trip tables. Because of
computer storage limitations, it was necessary to output the non~home
to home trips (Tables 4 and 5) with the trips specified in the wrong
direction. Therefore, in order to obtain a trip-table assignment, it
is necessary to use the UTPS program UMATRIX to transpose Tables 4 and
5 and then add them to Table 1. The walk-to-transit trips are
included with the feeder bus trips, since the feeder bus network has
the most normal connections for typical walk trips. The daily trip
tables have the same format as the trip tables from the mode choice
model and can be used to make daily assignments.

In addition to the nine trip tables which are always produced, the
program can generate four additional optional trip tables. These trip
tables represent vehicle trips for an A.M. or P.M. peak hour and may
be useful if the user wishes to assign these trips to a highway
network. In order to build these trip tables, the user must set a
Table 8 parameter equal to 1.0 (for A.M. trips) or 2.0 (for P.M.
trips). When calculating the Kiss-n~Ride vehicle trip tables, the
assumption is made that a trip from home to non-home will have a
corresponding trip from non-home to home and vice versa. This is not
always true, though, since the Kiss-n-Ride vehicle obviously does not
stop at the station, and the only logical place to return the vehicle
(given the programming constraints) is to the home area. Based on the
above assumption, however, Tables 12 and 13 will always be exactly the
same. Park-n-Ride vehicles were separated from Kiss-n-Ride vehicles,
since it js possible to have station designs with different exit and
entrance points for these vehicles. Since the vehicle trip tables
show the ultimate origin and destination zones, these tables are not
extremely useful unless they are used in conjunction with program
VASSIGN (described in section 6.9 which follows) to produce trip

tables which are confiqured in zone-to-station format.

The program can produce nine printed reports, of which three are
optional. The first optional set of reports are the station
accumulation reports (Report 10 and 11). If requested, the program
will produce a report for each Park-n~-Ride station, showing the
parking accumulation for each hour of the day, the number of vehicles
entering and leaving the parking lot, and the stratification of
accumulation between long- and-short-term parking. When short~term
parking is not available, the program will allocate these vehicles to
the long-term spaces, if any are available. The program will not
allow the short-term spaces to be used in the peak periods, since the
assumption is that these spaces will be available for Kiss-n~Ride
vehicles. Report 10 is the unconstrained accumulation report, and
Report 11 is the constrained accumulation report. By comparing these
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TABLE 6-12
TRIP TABLES PRODUCED BY MODE~OF-ARRIVAL PROGRAM

Output
Table Number Definition
1 AM Peak Hour (1) Walk and Feeder Bus Trips from Home to
Non-Home
2 AM Peak Hour Park-n-Ride Trips From Home to Non-Home
3 AM Peak Hour Kiss~n~Ride Trips From Home to Non~Home
4 AM Peak Hour Feeder Bus Trips from Non-Home to Home (2)
5 AM Peak Hour Walk Trips From Non~Home to Home
6 Daily Home-Based Non-Work Walk and Feeder Bus Trips in
Production/Attraction Format (Home to Non~Home)
7 Daily Home-Based Work Walk and Feeder Bus Trips in
Production/Attraction Format (Home to Non-Home)
8 Daily Park-n-Ride Transit Trips in Production/Attraction
Format (Home to Non-Home) -
9 Daily Kiss-n-Ride trips in Production/Attraction Format

(Home to Non-Home)

OPTIONAL TABLE TRIPS (3)

10 Peak Hour (AM or PM) Park-n-Ride Vehicle Trips From
Home to Non-Home

11 Peak Hour (AM or PM)} Park-n-Ride Vehicle Trips From
Non-Home to Home (2)

12 Peak Hour (AM or PM) Kiss-n-Ride Vehicle Trips From
Home to Non-Home .

13 Peak Hour (AM or PM) Kiss-n-Ride Vehicle Trips From
Non-Home to Home (2}

{1] Average peak period hour if parameter 36 is set to 1.0.
2 Because of limitation on the UTPS program, UMODEL, and computer storage

limitations, these trips are produced moving in the wrong direction.
The necessary past~processing is discussed in the text of this
chapter.

(3) These tables will be built if parameter 33 is set of 1.0 (AM Peak Hour)
or 2.0 (PM Peak Hour).
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two reports, the analyst can ascertain the proportion of the Park-n-
Ride demand which is shifted to other submodes or lost to transit; it
is also possible to ascertain the time periods for which the demand
exceeds the supply. This comparison information may prove to be
valuable to the station designers. An example of the two accumulation
reports is shown in Tables 6-13 and 6-14.

The other set of optional reports is a series of trip-end summaries
showing the peak-hour transit trips which access and egress the
stations. These summaries are in standard production/attraction
format, showing the home to nonhome trips, and it is anticipated that
these reports will be used primarily to assist the user in
investigating any illogical results of the specific run. The first
set.of trip~end summaries contains four classes of trips, which are:

Column Number UMODEL Heading * Definition
1 Table (1) Walk trips
2 Table (2) ' Feeder bus trips
3 Table (3) Highway-related trips
4 Person Trips Total transit trips

The second set of trip~ends also summarizes four classes of trips,
which are:

Column Number UMODEL Heading Definition
1 Table (1) Kiss~n~Ride trips
2 Table (2) _ Park-n-Ride vehicle trips
3 Table (3) Park-n~Ride Passenger trips
(not including the driver)
4 Person Trips A1l highway-related trips

The first nonoptional report is the summary of Station Parking
Attributes report (Report 12). This report repeats the data input by
the user for each station. The number of lost trips for each station
also is shown. The definition of lost trips is the number of Park-n~
Ride trips in excess of the station capacity and which the program did

not allocate to feeder buses or to the Kiss-n-Ride mode. Table 6-15
shows an example of the Station Parking Attributes report.

The mode~of-arrival~-and-egress reports represent the second
nonoptional reports, Reports 14, 15, 16, and 17. These show the mode
of arrival and departure for each station, for each period of the day,
and for constrained and unconstrained demand. The constrained reports
(Reports 15 and 17) also show the number of lost trips by station.

The program identifies the lost trips for both the access and egress
station, and, therefore, lost trips can appear at non Park-n~Ride

* The UTPS program UMODEL has fixed headings for these columns which
cannot be modified.
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TABLE 6~13
UNCONSTRAINED STATION ACCUMULATION REPORT

MODE OF ARRIVAL -- ALT. FAROOLP5 -- USING MAR. 1983 VERSION
4MAR83  16.58.41 UMODEL REPORT 10  PAGE 7
UNCONSTRAINED STATION ACCUMULATION

STATION NUMBER: 1

TIME
PERIOD LONG-TERM PARKING SHORT-TERM PARKING ~ TOTAL PARKING
FROM TO IN OUT  ACCUM IN OUT ACCUM IN OUT  ACCUM
6 7 2047. 0. 2047. 0. 0. 0. 2047. 0. 2047.
7 8 2047. 0. 4093. 0. 0. 0. 2047. 0. 4093.
8 9 2047. 0. 6140. g. 0. 0. 2047. 0. 6140.
9 10 305. 201. 6244, 0. 0. 0. 305. 201. 6244,
10 11 305. 201. 6348. 0. 0. 0. 305. 201. 6348.
11 12 305. 201. 6452. 0. 0. 0. 305. 201. 6452,
12 13 305, 167. 6589. 0. 0. 0. 305. 167. 6589.
13 14 305. 167. 6727. 0. 0. 0. 305. 167. 6727.
14 15 305. 167. 6864. 0. 0. 0. 305. 167. 6864.
15 16 305. 2013. 5156. 0. 0. 0. 305. 2013. 5156.
16 17 215. 2013. 3358. 0. 0. 0. 215. 2013. 3358.
17 18 215. 2013. 1561. 0. 0. 0. 215. 2013. 1561.
18 19 215. 305. 1471. 0. 0. 0. 215. 305. 1471.
19 20 143. 277. 1337. 0. 0. 0. 143. 277. 1337.
20 21 143. 277. 1202. 0. 0. 0. 143. 277. 1202
21 22 143. 277. 1067. 0. 0. 0. 143. 277. 1067,
22 23 143. 192. 1018. 0. 0. 0. 143. 192. 1018.
23 24 0. 192. 827. 0. 0. 0. 0. 19%2. 827.
24 1 0. 192. 635, 0. 0. 0. 0. 192. 635.
1 0. 130. 505. 0. Q. 0. 0. 130. 505.
2 3 0. 76. 429, 0. 0. 0. 0. 76. 429.
3 4 0. 76. 354. 0. 0. 0. 0. 76. 354.
4 5 0. 88.  265. 0. 0. 0. 0. 88. 265.
5 6 0. 88. 177. 0. 0. 0. 0. 88. 177.
6 7 0. 88. 88. 0. 0. 0 0. 8s8. 88.
6-42



TABLE 6-14
CONSTRAINED STATION ACCUMULATION REPORT

MODE OF ARRIVAL ~- ALT. FAROOLP5 -- USING MAR. 1983 VERSION
4MAR83  16.58.41 UMODEL REPORT 11  PAGE 8
CONSTRAINED STATION ACCUMULATION

STATION NUMBER: 1

TIME '
PERIOD LONG-TERM PARKING SHORT-TERM PARKING . TOTAL PARKING
FROM TO IN OUT  ACCUM IN O0UT ACCUM IN OUT  ACCUM
6 7 2047. 0. 2047. 0. 0. 0. 2047. 0. 2047.
7 8 453. 0. 2500. 0. 0. 0. 453, 0. 2500.
8 9 0. 0. 2500. 0. 0. 0. 0. 0 2500.
9 10 201, 201. 2500. 0. 0. 0. 201. 201. '2500.
10 11 0. 0. 2500, 0. 0. 0. 0. 0. 2500.
11 12 0. 0. 2500. 0. 0. 0. 0. - 0. 2500.
12 13 110. 110. 2500. 0. 0. 0. 110. 110. 2500.
13 14 0. 0. 2500. 0. 0. 0. 0. 0. 2500.
14 15 0 0. 2500, 0. 0. 0. 0. 0. 2500.
15 16 305. 1906.  899. 0. 0. 0. 305. 1906. 899.
16 17 215, 453,  66l. 0. 0. 0. 215. 453,  66l.
17 18 215 0. 876. 0. 0. 0. 215, 0. 8&7e.
18 19 215 258. 833. 0. 0. 0. 215. 258.  833.
19 20 143. 140. 836. 0. 0. 0. 143, 140. 836.
20 21 143. 140. 839. 0. 0. 0. 143. 140. 839.
21 22 143. 190. 792. 0. 0. 0. 143. 190. 792.
22 23 143. 54. 881, 0. 0. 0. 143. 54, 88l.
23 24 0. 54. 827. 0. 0. 0. 0. 54, 827.
24 1 0. 192. 635. 0. 0. 0. 0. 192. 63s.
1 2 0. 130. 505. 0. 0. 0. 0. 130. 50s.
2 3 0. 76. 429. 0. 0. 0. 0. 76. 429.
3 4 0. 76. 354, 0. 0. 0. 0. 76. 354,
4 5 0. 88. 265. 0. 0. 0. 0. 88. 265.
5 6 0. 88. 177. 0. 0. 0. 0. 88. 177.
6 7 0. 88. 88. 0. 0 0. 0. 88, 88.
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6.9

6.9.1

stations. The program does conserve trips on a daily basis; that is,
unconstrained demand does equal constrained demand plus lost trips.
For the separate periods during the day, this conservation may be
slightly incorrect, since the Park-n-Ride trips shiftea to feeder bus
and Kiss-n-Ride trips are not calculated or stored by time period.
Examples of the Mode of Arrival! report are shown in Table 6~16 to 6~
19. The report distinguishes between trips which access a rail
station and use the rail mode and trips which access a rail station
and do not use the rail mode. For the former trips, the arrivals are
shown with the normal station number (i.e., between 1 and 200), while
for the latter the arrival trips are shown with the station number,
which is 200 higher than the rail station number (i.e., 201 to 400).

The fina?l report is a list of peak-hour trips which transfer at a
station but which do not appear on the mode-of-arrival station
reports. The primary reason for these trips not appearing on the mode
of arrival report is that they had an access station but no egress
station, or vice versa; for example, a transit trip which transferred
at a rail! station from a feeder bus to a feeder bus. The primary
reason for this report is to allow the analyst to ascertain which of
the trips from a peak hour assignment are really not station related.
An example of the report is shown in Table 6-20.

BUILD VEHICLE ASSIGNMENT TRIP TABLE PROGRAM

The UTPS-compatible program (VASSIGN) reads uncompressed UTPS trip
tables dimensioned (row and column)} by the number of regional analysis
zones.

The function of program (VASSIGN) is to reconfigure the above input
tables, outputting a set of trip tables dimensioned (row and column}
by the number of regional! model zones plus the number of Park-n-Ride
or transitway stations. VASSIGN redistributes the input trips to one
or more of the Park-n-Ride or transitway stations, based upon an input
access station matrix from UTPS program USTOS. Care should be taken
that the user-supplied dimensional parameters for the output tables
arg consistent with the numbering convention of the input {USTOS)
matrix.

VASSIGN was designed to reconfiqure output trip Tables 10, 11, and 12
from the Mode of Arrival Program (see previous section). The output
tables are zero-filled except for the station-trip assignments. The
user is given the option of inputting one additional trip table (i.e.,
regional trip table) to be output exactly as input but dimensioned the
same as the other output tables. The user exercises this option by
specifying the table input/output option (TBLOPT) on the PARAM card.
See Figure 6-5 for the graphic representation of the table
manipulation done by VASSIGN,

Input Data

Program VASSIGN uses as input three or four trip tables (depending on
user option} and one USTOS access station matrix. As in normal UTPS-
compatible programs, the user is afforded the flexibility of inputting
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UNCONSTRAINED DEMAND FOR A.M.

TABLE 6-16

PERIOD

MODE OF ARRIVAL ~~ ALT. FAROOLPS -~ USING MAR. 1983 VERSION

4MAR83

16.58.41

UNCONSTRAINED DEMAND FOR A.M.

UMODEL

REPORT 14

PAGE 49

PERIOD

MODE OF ARRIVAL

MODE OF DEPARTURE

STAT  WALK BUS K/R_ P/R TRFS TOTAL WALK BUS K/R_ P/R TRPS TOTAL
NO  TRPS TRPS TRPS VEH PASS TRPS TRPS TRPS TRPS VEH PASS - TRPS
1 498 5667 1360 6142 573 14240 676 3165 49 248 23 4161
2 1029 4679 0 0 0 5708 5209 6183 0 0 0 11392
3 5014838 0 0 0 5339 5160 14427 0 O 0 19587
4 1184 2053 0 0 0 3237 8961 3720 0 ©0 0 12681
5 3993 1550 2556 0 0 8099 3332 1244 372 0 0 4948
6 1629 4188 1024 0 0 6841 3121 3256 142 0 0 6519
7 305 2358 720 0 0 3383 433 3719 91 0 0 4243
8 158 5535 575 0 0 6268 681 3743- 75 0 0 4499
9 898 3374 1034 0 0 5306 1318 1481 65 0 0 2864

10 210 1736 453 0 0 2399 423 1206 32 0 0 1661

11 237 5416 878 3113 315 9959 368 6230 35142 14 6789

12 120 1695 305 1351 124 3595 504 1929 10 40 4 2487

13 213136 164 0 0 3321 255 4136 9 0 0 4400

14 223281171 0 0 3501 107 3791 89 0 0 3987

16 34 2264 1000 4882 445 8625 78 2676 25 133 12 2924

17 3 4291 362 2000 172 6828 126 2985 10 63 5 3191

19 31916 196 0 0 2115 1056 2291 16 0 0 2412

TOTAL 10825 11798 1629 30859 1020 58

57024 17488 98764 66182 626 98745

51 o 0 0 0 0 0 0 ¢ 0 0 0 0

52 0o 8 0 0 0 84 6 5 0 0 O 57

53 1 59 4 17 2 83 30 43 0 0 0 73

56 0 24 5 24 2 55 0 5 0 1 O 58

57 4 14 54 282 26 380 2 12 2 10 1 27

58 o 1 5 28 2 36 0 0o 0 1 0 1

59 0o 0 o0 1 0 1 0 0O 0 0 0 0

60 0o 0 6 47 4 57 0 0 0 2 0 2

61 4 183 21 141 13 362 1 54 210 1 68

62 o 6 1 7 1 15 2 6 0 0 0 8

63 2 215 18 89 8 332 0 53 1 4 0 58

64 0o 1 1 10 1 13 0 0 0 0 O 0

(CONTINUED)
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TABLE 6-16 (CONTINUED)
UNCONSTRAINED DEMAND FOR A.M, PERIOD

MODE OF ARRIVAL -~ ALT. FAROOLPS -- USING MAR. 1983 VERSION
4MAR83 16.58.41 UMODEL  REPORT 14  PAGE 49
UNCONSTRAINED DEMAND FOR A.M. PERIOD

MODE OF ARRIVAL MODE OF DEPARTURE
STAT WALK BUS K/R PF/R TRPS TOTAL WALK BUS K/R P/R TRPS TOTAL
NO TRPS TRPS TRPS VEH PASS TRPS TRPS TRPS TRPS VEH PASS TRPS
65 0 8 13 84 7 193 0 71 0 3 0 74
66 0 0 4 31 3 38 0 0 0 1 0 1
68 0 7 20 123 10 160 0 25 1 7 1 34
69 0 1006 175 1072 88 2341 3 623 7 42 3 678
70 0 0 2 17 2 21 0 0 0 2 0 2
71 0 0 26 145 11 182 0 2 1 4 0 7

TOTAL 10836 12153 1089 30897 1034 64
58713 19606 103117 67185 713 99893
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TABLE 6-17

CONSTRAINED OEMANO FOR A.M. PERIOD

MODE

OF ARRIVAL ~- ALT. FAROOLPS -~ USING MAR, 1983 YERSION

4MAR83

16.58.41

UMODEL

REPORT 15

PAGE 54

CONSTRAINED DEMAND FOR A.M. PERIOD

MODE OF ARRIVAL.

MODE OF DEPARTURE

STAT WALK BUS K/R_ P/R TRPS TOTAL LUST WALK BUS R/R_P/R TRPS TOTAL LOST
NO TRPS TRPS TRPS VEH PASS TRPS TRPS TRPS TRPS TRPS VEH PASS TRPS TRPS
1 498 5638 1399 2502 233 10270 3164 666 3156 56 93 9 3980 106
2 10264701 0 0 O 5727 8365114 6152 0 0 0 11266 29
3 4964875 0 0 0 53711800 499314336 0 0 0 19329 62
4 11782055 0 0 O 3233 678 8788 3677 0 0 0 12469 25
5 3992 1550 2556 0 0 8098 199 3291 1231 372 0 0 4894 6
6 1628 4187 1024 0 0 6839 281 3066 3224 142 0 0 6432 8
7 305235 720 0 0 3381 135 417 3669 91 0 0 4177 4
8 1585535 575 0 O 6268 215 669 3710 75 O O 4454 6
9 897 3397 1034 0 0 5328 148 1292 1480 65 0 0 2837 4

10 210 1755 453 0 O 2418 163 419 1204 32 0 0 1655 5

11 237 5570 905 998 101 7811 1636 361 6204 41 23 2 6631 47

12 119 1697 2306 1000 92 3214 418 496 1093 10 29 3 2441 11

13 21 3156 164 0 0 3341 447 240 4059 9 O O 4308 12

14 223271171 0 0 3500 228 104 3729 8 0 0 3922 8

16 34 2284 1003 2449 223 5993 2100 77 2660 26 63 6 2832 54

17 3 4316 362 2000 172 6853 582 126 2971 10 63 5 3175 14

19 31920 196 0 0 2119 172 104 2262 16 0 0 2382 4

TTL 10807 11868 821 13272 65627 271 97180

57319 8949 89764 30223 1034 25 405

51 0. 0 0 ©0 O 0 172 O 6 0 0 O 0o 4

52 0 8 0 0 O g5 0 0 57 0 0 0 57 0

53 1 59 4 17 2 83 0 30 43 0 0 O 730

56 0 24 5 24 2 5 1 0 5 0 1 0 58 0

57 4 14 54 282 26 38 0 2 12 2 10 1 27 0

58 0 1 5 28 2 36 0 0 0o 0 1 0 1 0

59 o 0o 0 1 0 1 0 0 0O 0 0 0 0 0

60 o 0 6 47 4 57 0 0 0o 02 0 2 0

61 4 183 21 141 13 362 3 1 5 2 10 1 68 0

62 0o 6 1 7 1 15 0. 2 6 0 0 O 8 0

63 2 215 18 89 8 332 0O 0 53 1 4 0 58 0

64 o 1 1 10 1 13 0 0 0 0 0 O 0 0
(CONTINUED)
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TABLE 6-17 (CONTINUED)
CONSTRAINED DEMAND FOR A.M. PERIOD

MODE OF ARRIVAL ~- ALT. FAROOLPS5 -~ USING MAR. 1983 VERSION
4MAR83 16.58.41 UMODEL REPORT 15 PAGE 54
CONSTRAINED DEMAND FOR A.M. PERIOD

MODE OF ARRIVAL MODE OF DEPARTURE
STAT R -
NO TRPS TRPS TRPS VEH PASS TRPS TRPS TRPS TRPS TRPS VEH PASS TRPS TRPS

65 0 89 13 84 7 193 1 0 71 0 3 0 74 0
66 0 0 4 31 3 38 0 0 0 0 1 0 1 0
68 0 7 20 123 10 160 0 0 25 1 7 1 34 0
69 0 1029 178 1000 82 2289 59 3 627 8 35 3 676 3
70 0 0 2 17 2 21 0 0 0 0 2 0 2 0
71 0 0 26 145 11 182 0 0 2 1 4 0 7 0
TTL 10818 12226 995 13336 66634 351 98326
59032 10995 94066 30261 1049 31 408
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TABLE 6-18
UNCONSTRAINED DEMAND FOR A.M. PEAK HOUR

MODE OF ARRIVAL -~ ALT. FAROOLP5 -~ USING MAR. 1983 VERSION
4MAR83 16.58.41 UMODEL  REPORT 16  PAGE 59

UNCONSTRAINED DEMAND FOR A.M. PEAK HOUR

_ MODE OF ARRIVAL MODE OF DEPARTURE
STAT  WALR BUS K/K  P/R TRPS TOTAL 7
NO  TRPS TRPS TRPS VEH -PASS TRPS TRPS TRPS TRPS VEH PASS TRPS
1 167 2274 643 2864 267 6215 312 1384 19 93 9 1817
2 3321788 0 0 0 2120 1846 2484 0 0 0 4330
3 159 1664 0 0 0 1823 2215 5728 0 0 0 7943
4 330 859 0 0 0 1189 3338 1631 0 0 0 4969
5 1485 589 828 0 0 2902 1266 515 97 0 0 1878
6 593 1584 341 0 0 2518 1244 1312 37 0 0 2593
7 119 933 252 0 0 1304 206 1449 24 0 0 1679
8 63 2160 198 0 0 2421 289 1501 20 0 0 1810
9 357 1272 451 0 0 2080 567 608 21 0 0 1196
10 79 686 193 0 0 958 177 522 10 0 0 709
11 96 2271 410 1430 145 4352 160 2737 13 50 5 2965
12 45 713 146 650 60 1614 213 845 4 17 2 1081
13 91353 73 0 0 1435 124 1867 3 0 0 1994
14 11004 490 0 0 1495 52 1670 27 0 0 1749
16 16 1045 487 2364 216 4128 38 1248 12 60 5 1363
17 1 2004 175 958 82 3220 63 1421 5 26 2 1517
19 1 818 81 0 0 900 51 1012 5 0 0 1068
52 0 40 0 0 0 40 0 27 0 0 o0 27
53 0 28 2 8 1 39 4 20 0 0 0 34
56 0 10 3 11 1 25 0o 27 0 0 0 27
57 1 6 26 133 12 178 1 6 1 4 O 12
58 0 0 2 13 1 16 0o 0 0 0 0 0
60 o o 3 22 2 27 0 0o 0 1 o0 1
61 2 60 9 59 5 135 1- 19 0 3 0 23
62 0o 3 1 3 0 7 1 30 0 0 4
63 1 94 8 40 4 147 0 23 0 2 0 25
64 0o 0 1 5 0 6 0 0 0 0 0 0
65 0 39 6 40 3 88 0 3 0 1 o0 34
66 0 0 2 14 1 17 6o o0 o0 1 o 1
68 0 3 9 54 4 70 0 12 0 2 0 14
69 0 397 82 502 41 1022 1 274 3 16 1 29
70 0 "0 1 1 g 6 0 0 0 0 0
71 0 0 12 69 5 86 0 1 0 2 0 3
TOTAL 3857 4935 851 12179 301 24
23697 9246 42586 28379 278 41161
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TABLE 6-19

CONSTRAINED DEMAND FOR A.M. PEAK HOUR

MODE OF ARRIVAL -~ ALT. FAROOLP5 ~~ USING MAR. 1983 VERSION

4MAR83

16.58.41

UMODEL

REPORT 17

PAGE 61

CONSTRAINED DEMAND FOR A.M. PEAK HOUR

MODE OF ARRIVAL

MODE OF DEPARTURE

T W wp W

am B N = e Ny

STAT WALK BU ] : i 1UTAL
NO TRPS TRPS TRPS VEH PASS TRPS TRPS TRPS TRPS TRPS VEH PASS TRPS TRPS
1 167 2241 652 1177 110 4347 1505 307 1375 21 36 3 1742 43
2 330 1794 0 0 0 2124 397 1801 2468 0 0 0 4269 11
3 157 1673 0 0 0 1830 854 2135 5684 0 0" 0 7819 25
4 328 860 0 0 0 1188 320 3257 1611 0 0 0 4868 10
5 1484 589 828 0 0 2901 961247 509 97 O 0 1853 3
6 592 1584 341 0 0 2517 1351218 1297 37 O 0 2552 4
7 119 933 252 0 0 1304 65 198 1425 24 O 0 1647 2
8 63 2159 198 0 0 2420 104 283 148 -20 O 0 1788 3
9 357 1278 451 0 0 2086 72 555 606 21 O 0 1182 2
10 79 691 193 0 0 963 79 175 520 10 O 0 705 2
11 96 2309 417 490 50 3362 789 157 2718 15 11 1 2902 20
12 45 713 146 482 44 1430 202 209 833 4 13 1 1060 5
13 9 1357 73 0 0 1439 217 117 1830 3 0 0 1950 5
14 1 1003 490 0 0 1494 140 51 1640 27 O 0 1718 3
16 16 1049 487 1191 109 2852 1027 37 1239 12 29 3 1320 25
17 1 2010 175 958 82 3226 285 62 1413 5 26 2 1508 7
19 1 819 81 - 0 0 901 84 50 998 5 0 0 1053 2
52 0 40 0 0 O 40 0 0 27 0 0 0 27 0
53 0 28 2 8 1 39 0 14 20 0 0 0 34 0
56 0 10 3 11 1 25 0 0 27 0 o0 0 27 0
57 1 6 26 133 12 178 0 1 6 1 4 0 12 0
58 0 0 2 13 1 16 0 0 0 0 0 0 0 0
60 0 0 3 22 2 27 0 0 0 0 1 0 1 0
61 2 60 g 59 5 135 2 1 19 0 3 0 23 0
62 0 3 1 3 0 7 0 1 3 0 0 0 4 0
63 1 94 8 40 4 147 0 0 23 0 2 0 25 -0
64 0 0 1 5 0 6 0 0 0 0 0 0 0 0
65 0 39 6 40 3 88 0 0 33 0 1 0 34 0
66 0 0 2 14 1 17 0 0 0 0 1 0 1l 0
68 0 3 9 54 4 70 0 0 12 0 2 0 14 0
69 0 403 82 474 39 998 27 1 275 3 14 1 294 1
70 0 0 1 7 1 9 0 0 0 0 0 0 0 0
71 0 0 12 69 5 86 0 0 1 0 2 0 3 0
TTL 3849 4951 474 6400 28097 145 40435
23748 5250 38272 11877 305 11 173
6~51



-y .

T

me gy W = 9

TABLE 6-20

PEAK-HOUR TRIPS WHICH TRANSFER AT STATION NOODES,
BUT DO NOT APPEAR ON MODE-OF-ARRIVAL STATION REPORTS

MODE OF ARRIVAL -- ALT. FAROOLPS -- USING MAR. 1983 VERSION

4MAR83  16,58,41 UM

0DEL

REPORT 18

PAGE 64

.PEAK~HOUR TRIPS WHICH TRANSFER AT STATION NODES,
BUT DO NOT APPEAR ON MODE-OF-ARRIVAL STATION REPORTS

STATION FEEDER BUS HIGHWAY RELATED
TRIPS TRIPS
a7 0 0
48 0 0
49 0 0
50 0 0
51 0 0
52 32 241
53 50 535
54 0 0
55 0 1824
56 20 104
57 15 894
58 12 1629
59 4 173
60 0 513
61 280 1430
62 5 177
63 64 541
64 15 68
65 62 157
66 11 938
67 0 0
68 a5 494
69 654 1989
70 0 252
71 8 2152
72 0 0
73 0 0
74 0 0
75 0 0
76 0 0
77 0 0
78 0 0
79 0 0
80 0 0
6-52
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6.9.2

the tables and matrix using any of the FT11F001 through FT18F001
files. The user can identify the input table files by specifying them
with the keyword TABLES on the parameter card (PARAM). Default values
have been assigned for the input tables and reflect the high
probability that the trip tables from the mode-of-access program, the
USTOS matrix, and the optional regional trip table will be input from
different datasets. If the user desires to override the default table
parameters, the user table numbers must be in the following order on
the PARAM card.

1. 3 Mode-of-~Arrival OQutput Tables
2. USTOS Station Matrix
3. Optional Regional Trip Table

The user should also note that 1. and 2. from above must always be
input. In addition, the user must include table numbers for all input

~tables if the keyword TABLES is used.

The parameter keyword OTBLES can be used to override the output table
files. Again, the user must include table numbers for all output
files if the keyword OTBLES is used.

Parameters and Options

Program control is transmittéd through the use of a single PARAM card
which follows the title card in the SYSIN (or FTO5F001) data set. It

is composed of six keywords:

1. ZONES -- the number of standard regional model zones as used in
the mode-of-arrival program.

2. HZIONES ~-- the number of zones in the "modified" highway network.
This value is specified as ZONES plus the maximum number of
transit stations.

3. NSTA -~ the zone number of the first transit station. This value
would normally be ZONES +1.

4, TABLES -- an array that specifies the location of the three Mode-
of-Arrival Trip Tables, the USTOS access station matrix, and the
optional trip table, respectively.

5. OTBLES -- an array that specifies the location of the three
reconfigured Mode-of-Arrival Trip Tables and the optional trip-~
table, respectively.

6. TBLOPT -- logical value specified as "T" if the user wishes to
input and output the optional trip table.

A summary of those keywords and default values is shown in Table 6-21.
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TABLE 6-21

VASSIGN PARAM CONTROL CARD KEYWORDS

Keyword Definition Default Value
ZONES Number of Regional Model Zones 0
HZONES Number of "Modified" Highway Network Zones 0
NSTA Zone Number of the First
Park-N-Ride Lot/Transitway Station 0
TABLES Input Table Numbers;
i) Mode of Arrival Output Tables 2001, 2002, 2003
ii)  USTOS Access Station Matrix 3001
ii1) Optional Input Regional Table 1001
OTBLES Output Table Numbers '
i) Reconfiqured Tables 9001, 9002, 9003
ii) Expanded Regional Table 9004
TBLOPT Optional Input/Qutput Table F

“T" for optional table

6-55
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6.10

Standard Output Files and Reports

The single output of USTATION is a three- or four-table, four-byte
file, constructed as follows:

Table Definition

1 Reconfigured Mode-of~-Arrival trip table 7
2 Reconfigured Mode-of-Arrival trip table 8
3 Reconfigured Mode-of-Arrival trip table 9
4 (Optional) Expanded regional trip table

VASSIGN also produces report 1, which displays the value(s) of each
PARAM keyword as used by the program.

APPLICATION NOTES

The mode-of-arrival program is the most complex element in the SCRTD
forecasting process. There are many inputs as discussed in the
preceding sections, and many opportunities for errors and
inconsistencies to creep in. This section highlights potentia)
problem areas and checks to help avoid common errors.

The mode-of-arrival program (MOA) makes extensive use of station
identification numbers. A given station is referred to by severa)
different numbers at various points in the MOA process as follows:

0 In the transit network representation (UNET), each station is
assigned a station node number, beginning with node number
8,000, and also a local node number, numbered less than 8,000.

0 For USTATION purposes, each station, Park-n~Ride {PNR), or
Kiss-n-Ride (KNR) location is assigned a node number in the
highway network which becomes a "station zone® in the range
1629 to 1628 plus the highest station number. The station-
numbering system used here must be consistent with the STOP
numbering used in USTOS. The station-zZone number used in the
special USTATION-related highway network must be equal to the
station-STOP number minus 1628. Thus, the implied station
number in the zone-to-station matrix output by USTATION will
correspond to the USTOS STOP number,

0 The building of access and egress matrices using USTOS requires
that each station and each PNR/KNR location be equivalenced to
a STOP number. Raijl stations are assigned STOPS numbers
starting with 1. PNR/KNR locations are numbered starting with
300. By SCRTD convention, the STOP number assignment to
stations and PNR/KNR locations is fixed; i.e., once a STOP
number 1is assigned to a location, that number is not used again
for another location. The STOP numbering must be consisten
with that used in the USTATION processing as indicated above.
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It is essential that accuracy and consistency be carefully maintained
throughout this process. In particular, the following guidelines must
be adhered to:

0

The geographic location of all stations and PNR/XKNR locations
must be accurately reflected in the highway network used for
USTATION processing so that zone-to-station highway times and
distances are accurate. The transit network should not include
any PNR/KNR locations, unless they are also included in the
USTATION highway network. The practice of including some
marginal KNR locations in the transit network, but not in the
highway network, should be avoided.

The closest station distance program input file should include
only those stations in a specific alternative; i.e., the file
1s specific to each alternative, whereas the zone-to-station
file created by USTATION encompasses many alternatives.

Station reference numbers must be consistent with those used in
the transit network, as well as those used in the
USTATION/USTOS processing.

The USTOS keyword STOPS must equal the number of stops
specified (not the highest STOP number). The value of UPARMS
(22} in the MOA program must equal the maximum rail station or
PNR/KNR location number in the alternative network being
modeled. UPARMS (37) must equal the maximum rail station
number.,
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7.2
7.2.1

7. ASSIGNMENT AND ANALYSIS

INTRODUCTION

This chapter covers the transit network assignment process for both
the A.M. peak hour and daily assignments. An updated version of URAP
is described as part of the standard assignment process.

Section 7.3 covers a recently developed program (UEVAL) for
calculating measures of effectiveness. UEVAL is a UTPS-compatible
program which takes as input standard files created or used in other
parts of the modeling process.

Section 7.4 outlines procedures developed to check the accuracy,
consistency, and reasonableness of mode)l output at each stage in the
process. The final section of the chapter presents results from the
current model set compared to earlier results for the same rail system
alternative.

NETWORK ASSIGNMENT

Assignment Process

The network assignment for the transit trips is the process of loading
the trips from the transit trip tables produced by the mode-of-arrival
mode?! to the transit network. Basically, two types of assignments are
performed: assignment of peak-hour trips to a one-hour peak network,
and assignment of 24-hour trips to the network. The 24-hour
assignment is undertaken by loading the work trips to the AM paths,
the nonwork trips to the midday paths, and combining the results into
a single loaded network. The 24-hour assignment is a production-
attraction (P-A) assignment, and produces highly directional "flows"
in the loading. The true loads by direction for each Tlink of each
line must be determined by adding together the "up" and "down"
directions for each link of each transit line and dividing by two.
This P-A loading is necessitated by the use of the one-way auto
connectors which generate asymmetrical paths that permit network
loading only in the P-A sense. The AM peak loading provides a
directional sense, because it can be assumed that the P-A work trip
tables are a close approximation to the origin-destination (0-D)
movement in the morning (with most trips originating at the production
end of the trip -- home). Thus, by taking the appropriate fraction of
the work-trip table, an AM 0- table results.

The assignment is performed by the UTPS program ULOAD, and this is
followed, in the Los Angeles mode! stream, by a custom-software
program called URAP, which is a UTPS-compatible program summarizing
various pieces of information from the loaded networks.

As noted in the previous chapter, the peak trip tables consist of two
alternatives: an average AM peak hour, and a peak AM peak hour. The
average AM peak hour provides the best information about the sizing of
the peak transit-vehicle fleet, because this shows the average need
for transit capacity over a three-hour peak. Given that peaks occur
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at disparate points in the peak period for each line in the system and
that one cannot generally afford to design a transit system to provide
the level of service needed at the highest peak, this is the design
peak. The peak AM peak hour provides useful statistics such as the
highest peak hourly load on each line, and the peak link volume in the
peak direction. These are useful information inputs, particularly for
the design of a rail! transit system, but should not provide the basis
for normal peak~period service design. Rather, highest peak loads
indicate the maximum strain that will be placed on the system,
including elevators, escalators, and stairs to rail-station platforms,
etc.

For the ULOAD program, the only user-specified parameters to bhe
provided are the trip tables to be used (predefined by the selection
of peak, 24-hour, or AM assignments), the zones to be used (41 through
1,628), and the vehicle capacities. The vehicle capacities specified
are 65 for local bus of both SCRTD and other operators (140 percent of
seating capacity of the average bus), 46 for express bus (100 percent
of seating capacity), and 650 for rail in the peak; and 52, 46, and
488 respectively for the 24-hour assignment (an average of 6 hours of
peak capacity and 12 hours of off-peak capacity, where the latter is
seating capacity only on local bus and rail).

The URAP program is run immediately following the assignment, as a
further step of the same job run. URAP provides reports that assist
the analysis of the bus system and provides enhanced estimates of
certain statistics of the transit network, compared to those produced
by the standard ULOAD and UNET programs of UTPS.

Application of the Assignment Program

The assignment is set up to operate with the transit trip tables that
are output by mode of arrival, and uses the paths and skims generated
from the network for use in the mode choice model and the mode-~of-
arrival model. Under operation as a peak one-hour assignment, whether
peak AM peak hour or average AM peak hour, the assignment uses the AM

skims and paths from the transit network. Under operation as a 24-
hour assignment, the AM peak paths and skims are used for the work

trips and the midday paths and skims are used for the nonwork trips.
The option is used in the assignment to load trips on lines that use
the same street in proportion to the frequencies of service on each
line. The ULOAD program generates computer-readable files of the
loaded network in the form of loaded "legs,” where a leg is a seguence
of one or more links over which there is no volume change for the
period of the assignment. The loaded legs files are stored on disk
initially (subsequently on tape, to save disk space) and are thereby
available for subsequent analysis, without rerunning the entire ULOAD
program.
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DESCRIPTION OF PROGRAM URAP2

Summary

URAPZ is a bus operations analysis program that combines capabilities
of the existing UTPS software with a comprehensive set of additiona?
features designed to translate the outputs of a travel demand mode!
forecast into a detailed set of operating statistics. These route-
specific operating statistics can then be used as input to subsequent
operating cost procedures and analyses. URAP 2 provides statistics
for the transit network under four conditions:

o (loded: This is the representation of the transit system as
provided in the input network description.

0 Loaded: This is the service levels required to satisfy the
passenger demand assigned to the network in the ULOAD run.

0 Nominal: This is the service levels required to satisfy the
passenger demand, but incorporating user-specified maximum and
minimum systemwide policy-service levels.

0 Modified: This is the service levels as estimated for the nomina’
case, modified by route-specific, user-specified (override)
parameters.

URAP2 provides an analytical capability that is more extensive than is
available in the transit-usage summary produced by ULOAD in Report 5.
URAP2 considers parameters such as vehicle capacities, overall
deadheading characteristics, layover times, hours of operation, and
conversion from average weekday to annual operating statistics. The
program also provides the mechanism to modify initial line codings or
vary control parameters on a line-specific basis or in the creation of
new lines (e.g., turnbacks, or other subline operations), as well as
estimating statistics under the four conditions listed above.

URAPZ differs from earlier URAP versions in that it explicitly
considers base-period demand in calculating base-period system
requirements. URAPZ also allows the user to plot histograms of A.M.
peak~-hour route volumes, and includes an automated cutback capability
whereby the user needs only to specify the endpoints of the new
cutback route and the portion of the volume of the coded route to be
allocated to the new route.

Program Operation

Yehicle capacities are set in URAPZ2 consistent with the values defined
for ULOAD. Layover time can be entered into URAP2 in two alternative
ways: as an integer value, in which case it is assumed to be a
constant number of minutes to be added to each one-way trip; or as a
decimal fraction, in which case it is assumed to be the fraction of
running time to be added to each one-way trip for layover. Because
the mode-of-arrival model is used to set up peak one-hour trip tables
(either for the average peak hour or for the peak AM peak hour), the
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peak-hour factor in URAP2 is set to 1.0 when performing a peak
analysis. This indicates simply that the input trip tables are trips
for one hour. The primary user-specified input that is important to
URAP beyond these values is a table of policy headways. Three values
can be assigned as policy headways: the maximum allowable peak
headway, the maximum allowable off-peak headway, and the minimum
allowable off-peak headway. Each of these values is defined for a
coded peak headway. Thus, if the coded peak headway is specified as
two minutes, a corresponding maximum peak, maximum off-peak, and
minimum off-peak headway can be specified. These values will override
the demand-based calculations whenever these would violate the policy
values. An example may be helpful to demonstrate the operation of
these policy headways. Suppose, first, that the three policy headways
for a coded peak headway of two minutes have been set as five minutes,
two minutes, and ten minutes, respectively, for the maximum peak,
minimum off-peak, and maximum off-peak policy headways. Second,.
suppose that a specific line with a coded peak headway of two minutes
and coded off-peak headway of five minutes is found to reguire a peak
headway of six minutes, based on demand. The demand headway will be
set to six minutes, but the nominal peak headway will be reset to five
minutes, because this is the maximum peak headway allowed. Table 7-1
shows the values currently used for all policy headways.

ReEorts

Several reports are provided by URAP. In addition to the "playback"
of user-specified parameters, the primary reports requested in the
current set-up are report numbers 5, 6, 7, 8, 9, and 10. Report 5
details the distance, peak time, and off~peak time of each 'ine, and
then lists out the four highest volume links on the line. These links
are listed by indicating the volume of trips and the A node and B
node, this latter providing the direction of the volume. Report 6
provides the same initial values for each line, and then provides
details under each of the four conditions of the headways and vehicle
requirements for peak and off~peak, and the vehicle hours and vehicle
miles for the line. The maximum load is also listed, and an asterisk
beside this indicates that the maximum load exceeds the coded
capacity, necessitating a reduction in headways for the loaded case.-

Report 7 is a compressed version of Report 6, in which the coded and
loaded vehicle hours and vehicle miles, the off~peak times, off-peak
headways, and off-peak vehicle requirements are omitted.

Report 8 provides a summary by mode of the vehicle requirements,
vehicle hours and vehicle miles under each of the four conditions,
with vehicle requirements provided for both peak and off~peak. Report
9 provides annual operating statistics of vehicle hours and vehicle
miles for each mode; and Report 10 provides a list of headways
encountered by URAPZ for which no policy values were provided. Under
current operation, there should be no values in this report, in which
case the report is not printed. Further details of the program are to
be found in the User's Manual of Computer Procedures (Schimpeler
Corradino Associates, prepared for SCRTD, November 1983).
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7.4
_7.4.1

Report 4 is an optional report which summarizes the operating
characteristics of each line as coded for input to the UTPS network
program UNET. The route distances and times and the headway data are
all expressed in tenths.

The user may request the printing of A.M. peak hour histograms,
presenting the cumulative volume of a route. Separate plots are
produced for each direction. Histograms are produced using the UTPS
subroutine FREQ. If Report 4 is selected, histograms will be printed
for a selected route following the line record information for that
route.

For further information on URAPZ2, see Technical! Memorandum 87.3.2: Bus
Statistics/Route Analysis Program documentation -~ URAPZ,

g o

DESCRIPTION OF PROGRAM UEVAL

Summary

UEVAL is a series of six UTPS-compatible FORTRAN programs which report
major effectiveness measures for a given transit alternative. These
measures include bus and rail patronage, amounts of service provided,
service utilization and efficiency, automobile utilization, capital
and operating costs, and cost-effectiveness.

The programs are designed to complement the normal UTPS demand
modeling chain. Numerous data sets which are created during the
modeling chain are input data sets to one or more of the evaluation
programs.

The six programs operate independently; most likely the user will
choose to operate them in pairs. The function of each program is
summarized below. :

EVALL ~ This program computes and presents general information related
to a specific alternative including travel and service
characteristics, costs, revenues, and service efficiency.

EVAL3 ~ This program computes and presents automobile utilization
measures related to a specific alternative. If requested by the user,
this program will compare auto utilization to that for a TSM
alternative.

EVAL2W, EVAL2N - These programs (W for work trips, N for non-work
trips) calculate the trave! time savings associated with a guideway
alternative when compared to a TSM alternative. The results are used
in the calculation of the old UMTA cost-effectiveness index.

EVALAW, EVALAN -~ These programs (W for work trips, N for non-work
trips) calculate the user benefits associated with a quideway or TSM
alternative when compared to a Do-Nothing alternative. The results
are used in the calculation of the new UMTA cost-effectiveness index.
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Program EVAL1 produces eight reports listing various effectiveness
measures, including a summary report.

Titles of these reports are:

Daily Regionwide Transit Patronage
RTD Rail Patronage

Bus Patronage

Total RTD Patronage

RTD Service

RTD Utilization and Efficiency
Capital Costs

00 00000

Program EVAL3 produces a single report listing automobile utilization
measures. The other four programs do not produce formal reports. The
function and operation of each UEVAL module is described below.

EVALI

This program obtains, calculates, and presents major effectiveness
measures for a given transit alternative. The user must first
identify and assemble all of the necessary input data sets and enter
the namés in the appropriate locations in the EVALL JCL. Then the
user should decide which RSAs he wishes to include in the subregional
trip summaries listed in the table labeled 'Daily Regionwide Transit
Patronage.' The numbers corresponding to these RSAs must be included
in the array R. The user should then define an 'alternative name' of
up to six characters, and an 'alternative description' of up to 20
characters. EVALl is then executed as a stand-alone program.

Input Data Sets: Since the program obtains and reports a wide variety
of information, many input data sets are required:

FTOIFO0OI - Alternative-Specific Input Data Set. This data set must
contain total and annualized capital costs and annual local capital
funding for the alternative being evaluated. This data set must be
assembled by the user.

FTOZF001 - URAP Qutput File. This data set contains bus and rail
service and utilization data for the alternative being evaluated. It
is the output of the URAP program.

FTO3FO01 - BUSCOST OQutput File. This data set contains operating and
maintenance costs for the alternative being evaluated. It must be
assembled by the user.

FTO4F001 - Revenue Calculator Program OQutput File. This data set
contains operating revenues for the alternative being evaluated. It

must be assembled by the user.

FTO9F001 - User-Specified File With Rail! Data (Optional). This data

set contains information on the rail peak load point and rail station
activity. It is assembled by the user with the printout from Mode of
Arrival and UPRAS.
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FTL1FQ01 - Work Transit Trip Tables for the alternative being
evaluated (UTPS).

FT12F001 - Work Person Trip Table {UTPS}).

FT13F001 - Nonwork Transit Trip Tables for the alternative being
evaluated {UTPS).

FTI5F001 - Work Transit Skims for the alternative being evaluated
(UTPS).

FT16F001 ~ Nonwork Transit Skims for the alternative being evaluated
(UTPS).

FT22F001 ~ Names of Regional Statistical Areas {RSAs}. Data set
MRP.RSA.NAMES can be used.

" FT23F001 - Names of Rail Stations. Data set MRP.RAIL.STATION.NAMES

can be used.

FT24F001 - Zone to RSA Equivalence File. Data set
MRP.ZONE.TO.RSA.EQUIYS can be used.

User Parameters: A few input parameters must be specified by the
user. These are included in an &INPUT card at the end of the program:

Key Word - Explanation

R This array of up to 10 values, representing the RSA

numbers requested for subregional trip-end summaries.
ALTNM Alternative Name.
DESCR Alternative Description.
FILE9 Has FT09 been specified? 1=Yes, 0=No (Default=0).
EVAL2W

This program calculates the travel time savings associated with a
guideway alternative when comparted to a TSM alternative. The change
in ridership is also calculated. EVALZ2W calculates these values for
work trips only. The results are used in the calculation of the old
UMTA cost~-effectiveness index.

The user must first identify the necessary input data sets and enter
the names in the appropriate locations in the JCL. The user should
then define guideway and TSM ‘alternative names' of up to six ‘
characters, and 'alternative descriptions' of up to 20 characters.
EVAL2W is then executed as a stand~alone program.
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Input Data

program:

FT11FOO1

FT12F001
FT13F001

FT14F001

1

Sets: The following input data sets are used by the

Work Transit Skims for the alternative being evaluated
(UTPS).

Work Transit Skims for the TSM alternative (UTPS}.

Work Transit Trip Tables for the alternative being
evaluated (UTPS).

Work Transit Trip Tables for the TSM alternative (UTPS).

User Parameters: A few input parameters must be specified by the
user. These are included in an &INPUT card at the end of the program.

Key Word

Explanation

ALTNM
ALTDES
TSMNM
TSMDES
EVAL2N

Alternative Name
Alternative Description
TSM Alternative Name

TSM Alternative Description

This program calculates the travel-time savings associated with a
guideway alternative when compared to a TSM alterantive. The change
in ridership is also calculated. EVAL2ZN calculates these values for
non-work trips only. The results are used in the calculation of the
old UMTA cost-effectiveness index.

The user must first identify the necessary input data sets and enter
the names in the appropriate locations in the JCL. The user should
then define guideway and TSM 'alternative names' of up to six
characters, and 'alternative descriptions' of up to 20 characters.
EVAL2N is then executed as a stand-alone program.

Input Data

program:

FT11F001

FT12F001

FT13F001

FT14F001

Sets: The following input data sets are used by the

Nonwork Transit Skims for the alternative being evaluated
(UTPS}. '
Nonwork Transit Skims for the TSM alternative (UTPS).

Nonwork Transit Trip Tables for the alternative being
evaluated (UTPS).

Nonwork Transit Trip Tables for the TSM alternative (UTPS).
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User Parameters: A few input parameters must be specified by the
user. These are included in an &INPUT card at the end of the program.

Key Word Explanation

ALTNM Alternative Name

ALTDES Alternative Description
TSMNM TSM Alternative Name

TSMDES TSM Alternative Description.
EVAL3

This program calculates and presents automobile utilization measures
for a given transit alternative. It will also compute diverted
automobile travel in compar1son with a TSM alternative if requested by
the user. -

Program Execution: The user must first determine if a comparison to a
TSM alternative is to be made. If a comparison is to be made, the
user must then determine if the two alternatives have the same or
different highway skims. Then the user must identify tthe necessary
input data sets and enter the names in the appropriate locations in
the EVAL3 JCL. Finally, the user should then define the quideway and
TSM 'alternative names' of up to six characters, and 'alternative
descriptions® of up to 20 characters, and enter the necessary user
parameters. EVAL3 is then executed as a stand-alone program.

Input Data Sets: The following input data sets are used by the
program:

FTO1F001 - 'A' deck for the alternative being evaluated. This data
set ‘contains the highway network access times and
distances.

FTO2F001 - 'A' deck for the TSM alternative. If no comparison is
being made, this data set should not be defined.

FTL1F001 - Work Transit Trip Tables for the alternative being
evaluated (UTPS).

FT12F001 - Non-Work Transit Trip Tables for the alternative being
evaluated (UTPS).

FT13F001 - Highway Skims for the alternative being evaluated (UTPS).

FT14F001 - Work Transit Trip Tables for the TSM alternative. If no

comparison is being made, this data set should not be
defined (UTPS).
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FTI5F001 - Non-Work Transit Trip Tables for the TSM alternative. If
no comparison is being made, this data set should not be
defined (UTPS).

FTI6F001 - Highway Skims for the TSM alternative. If no comparison is
being made, or if these skims are the same as those for the
alternative being evaluated, this data set should not be
defined (UTPS).

FT24F001 ~ Zone to RSA Equivalence File. Data set
MRP.ZONE.TO.RSA.EQUIVS can be used.

User Parameters: A few input parameters must be specified by the
user. These are included in an &INPUT card at the end of the program:

Key Word Explanation

COMPAR This is the comparison switch. 'Y'-indicates that there

is an alternative to be compared to.
GWYNM Alternative Name.
GWYDES Alternative Description.
TSMNM ~ TSM Alternative Name.
TSMDES TSM Alternative Description
NSKIMS g?mber of highway skim data sets specified by user (1 or
EVAL4W

This program calculates user benefits associated with a given quideway
of TSM alterantive when compared with a Do-Nothing alternative.
EVAL4W calculates benefits for work trips only. The result is used in

the calculation of the new UMTA cost-effectiveness index.

The user must first identify the necessary input data sets and enter
the names in the appropriate locations in the JCL. The user should
then define the appropriate 'alternative names' of up to six
tharacters, and 'alternative descriptions' of up to 20 characters.
EVALAW is then executed as a stand-alone program.

Input Data Sets: The following input data sets are used by the
program:

FTLLIFO001 - Work Transit Skims for the Alternative being evaluated
(UTPS).

FTL2F001 ~ Work Transit Skims for the Do-Nothing Alternative (UTPS).

FTL3FOOLl - Work Transit Trip Tables for the Alternative being
evaluated (UTPS).
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FT14F001 - Work Transit Trip Tables for the Do-Nothing Alternative
(UTPS).

FT15F001 - Work Transit Fares for the Alternative being evaluated
(UTPS).

FTL6F001 ~ Work Transit Fares for the Do-Nothing Alternative (UTPS).

User Parameters: A few input parameters must be specified by the
user. These are included in an &INPUT card at the end of the program.

Key Word Explanation

ALTNM Alternative Name.

ALTDES Alternative Description.

DNNM Do~Nothing Alternative Name.

DNDES Do-Nothing Alternative Ay

AINFL  Inflation factor for converting input fares to 1984

dollars for Alternative being evaluated.

DINFL Inflation factor for converting input fares to 1984
dollars for Do~Nothing Alternative.

EVALAN

This program calculates user benefits associated with a given guideway
or TSM Alternative when compared with a Do-Nothing Alternative.

EVALAN calculates benefits for nonwork trips only. The result is used
in the calculation of the new UMTA cost-effectiveness index.

The user must first identify the necessary input data sets and enter
the names in the appropriate locations in the JCL. The user should
then define the appropriate 'alternative names' of up to six
characters, and ‘alternative descriptions' of up to 20 characters.
EVAL4N is then executed as a stand-alone program.

Input Data Sets: The following input data sets are used by the
program:

FTL1IFOOL ~ Non-Work Transit Skims for the alternative being evaluated
(UTPS}).

FT12F001 - Non-Work Transit Skims for the Do-Nothing alternative
(UTPS).

FT13F001 - Non-Work Transit Trip Tables for the alternative being
evaluated (UTPS).

FT14F001 - Non-Work Transit Trip Tables for the Bo-Nothing alternative

(UTPS).

e
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7.5

FTL5F001 -~ Non-Work Transit Fares for the alternative being evaluated
(UTPS).

FT16F001 - Non-Work Transit Fares for the Do-Nothing alternative
(UTPS}.

User Parameters: A few input parameters must be specified by the
user. These are included in an &INPUT card at the end of the program.

Key Word Explanation

ALTNM Alternative Name. Dimensioned A4, A2.

ALTDES Alternative Description. Dimensioned 5A4.

DNNM Do~Nothing Alternative Name. Dimensioned A4, A2,
DNDES Do-Nothing Alternative Description. Dimensioned 5A4.
AINFL Inflation factor for converting input fares to 1984

dollars for alternative being evaluated.

DINFL Inflation factor for converting input fares to 1984
dollars for Do-Nothing alternative.

Using EVAL1 and EVAL3 to Create a Project Description

By combining the output of programs EVAL1 and EVAL3 for a given
transit alternative, the user creates a nine-page description of an
alternative's merits. Descriptions for various alternatives can then
be reviewed by decision-makers for use in their evaluations.

For a more complete description of UEVAL, see: Technical Memorandum
86.3.1: Documentation of the Measures of Effectiveness Evaluation
Proarams - UEVAL, June I1GEG.

FORECAST RESULTS

This section presents results of the forecasting process -- from both
recent forecasts and forecasts made in earlier years. A series of
forecasts have been made for the M0OS-5 ONLY System, based on
variations in the model inputs and parameters. These forecasts are
compared to those produced earlier for the LPA System (LPAUP, FEIS
'84) and the MRLTR System (CEA '84), Differences between the
forecasts are related to:

0 new person-trip forecasts

o the change from minimum to average walk times

o automation of walk-access coding

0 revisions to path selection parameters
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o recalibration of the mode choice models

0 correction of miscellaneous errors in fare matrix construction
and other parameters.

While all these factors are reflected in the latest runs for M0S-5
ONLY, there were several intermediate runs that reflect the impacts of
the individual factors.

M0S-5 ONLY Forecasts

Following is a brief chronology and summary of major impacts related
to the various forecasts for M0S~5 ONLY. This series of forecasts was
initiated to determine the impact of changes in the path selection
parameters and the mode choice model recalibration necessitated by
revision of the path parameters. As indicated, several other problems
were uncovered leading to further revisions, analysis, and
recalibration. Table 7-~2 outlines the various forecast runs made for
MOS5-0NLY in terms of the-variations in model parameters and input
data. Table 7-3 summarizes patronage forecast results.

The initial forecast for M0S~5 ONLY produced substantially lower mode
shares than earlier forecasts, much lower rail ridership, and large
differences in the distribution of ridership among stations. A
somewhat lower mode split and the shift from walk~MOA to bus~MOA is
explainable by the change from minimum to average walk times.
However, analysis indicated that BLDCONZ was much too restrictive in
the generation of walk connectors, resulting in many more zones being
unconnected. This also distorted the model recalibration, which
revealed itself most prominently on the transit auto access submodes.
To correct this, BLDCONZ2 was modified and the mode choice models
recalibrated again.

The first revised forecast for MOS-5 ONLY (REV1) corrected the biases
introduced in the previous calibration and produced more logical
results; but, the lower mode split compared to 1980 was questioned,

and there were large unexplained differences in individual station
volumes. This led to several further runs designed to isolate the

impacts of specific model inputs and parameters.

The run made with no change other than the person trip forecast input
produced somewhat higher mode splits, but a slightly lower raij?
ridership. This run had a moderate impact on indiviaual station
volumes, but did nothing to help explain the large differences in
comparison to LPAUP. It was also noted that PA4 had approximately
236,000 more person trips than PA5,

Revision 2 (REV2), using the same sta-sta rail times as LPAUP,
restored rail ridership to approximately 350,000 with about half of
the additional riders coming from additional transit trips (mode
split) and half from the rerouting of transit paths. This forecast
had a roughly uniform effect on station volumes and thus did not help
explain the large deviations for individual stations.
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TABLE 7~2

ALTERNATIVE TRAVEL FORECAST MODEL INPUTS/PARAMETERS

WALK/AUTO
FORECAST ACCESS LINKS PARAMETERS FIX (?) TRIPS

PATH

FARE PERSON MCH MODEL RAIL ZN-STA 1I.D.

CALIB.

TIME DIST'S #

LPAUP

(FEIS'84) Pre-BLDCON2 -

MRLTR "
(CEA'84)

GPC YBO

BLDCONZ
CALIB 2 ‘

MOSS ONLY  *
(Init.)

GPC YBO  BLDCONZ
CALIB 3  (Rev)

MOS5 ONLY "
Rev.l

MOS5 ONLY "
Rev.1

M0S5 ONLY "
Rev.2

MOS5 ONLY "
Rev.2 (**)

MOS5 ONLY “
Rev.2 (**)

MOS5 ONLY “
RevFARE

MOS5 ONLY Elim. Extr.

Rev.3

2.5/1.5/4.0 NO/NO
(OLD)

(*)

“ PAS

1.5/3.0/3.0 NA/NO

OLD

NEW

YES/NO

NA/NO

YES/NO

" PA4

" PAS

YES/YES

YES/NO

PA4

SCRTD1

SCRTD2

SCRTD3

SCRTD4

LPA XY 1
MRLTR  HWY 2
NA NA
MRLTR  HWY
NA NA

MRLTR  HWY 3

(*) VARIABLE NAME ERROR/FARES FOR LIMITEDS

(**) MODE CHOICE NOT RERUN, JUST MOA FORECAST NUMBERS
IDENTIFY THE VARIOUS FORECASTS IN SOME EXHIBITS
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TABLE 7-3
LMPACTS OF ALTERNATIVE TRAVEL FORECAST MOOEL INPUTS/PAPAMETERS

Trn Mode Share HBWORK Trn Sybmoge Shares  TOTAL TOTAL DalLY PAIL MODE-OF-APRIVAL (Ho,fPcl, |
TRANSIT PERSON  RAIL o

FORECAST

FORECAST  HEWORK TOTAL WMALK PHR DA PHR SR KKR TRIPS  TRIPS RIDE RS WALK  BUS KNR PR HEF,
LaAUP 1.2 3.8 78.3 145 2.9 4.4 1924215 502472 350859 131200 187931 28174 13544 1
(FELS *84) 6.4 S22 1.8 A7
KRLTR 7.0 37 764 15,6 3.3 4.6 1855007 49765629 354995 104829 199959 39616 10581 2
(CEA *&4) 29,5  56.3 11.2 3.0
ngl;ag 7.3 3.1 B4 101 1.8 3.4 1146651 37360282  MA A R 0 "
{BLOCONZ,
PATHS)
MOSS OHLY 6.2 33 4.8 9.8 2.0 A3 1641286 5DP07709 310691 17507 195332 27647 -107%6
(Init.}) 4.9  62.9 8.7 .5
GPC YBO 7.0 3.0 B84.9 9.8 1.8 3.9 1183561 38914627 HA NIA /A,  HIA MIA
CALIB 3
(Rev.
BLDCONZ)
© HOS5 OHLY 6.5 3.4 B0.8 12.4 2.6 4.4 1697794 50007265 327323 79747 205087 29807 172082 3
-REV.1 24.4  62.8 9.1 3.7
(Rev.
- BELOCON2)
]
= HOS5 OHLY 6.7 3.5 8l.4 12,0 2.5 4,2 1783279 50243433 326141 B4239 196591 33489 11772 a
} REY.1 258 60,3 10.3 .6
(PA4 vs
PAS)
KOS5 OHLY 6.5 3.4 80,5 12.7 2.6 4.3 1707597 50007207 349502 84439 221932 130592 12539 5
REY.2 4.2 635 B L6
{LPA Pail :
Times)
223520“L* 6;2) %;4) 80.5 12,7 2.6 4.3 1707599 50007207 335751 85679 207293 30712 12067 5
x
(01a Paths) 25.5 6l.7 9.2 b
MOS5 DMLY 6.5 3.4 80.5 12,7 2.6 4,3 1707599 50007207 348108 111366 194490 29721 12529 7
REY, 2 (*4) " (*%) 2.0 55,9 8.5 3.6
{XY IH-STA
Times)
MOS5 . . .5 . . 4.3 1709625 50007263 348159 11179 194712 29637 12431 8
ONLY 6.6 34 B8O 12.6 2.6 5 ST
RevFARE
(LIMITED's
FARE)
HOSS ONLY 6.6 3.4 80.5 12.6 2.6 4,3 1707199 50007171 234729i 112835 192421 29018 12517 9
REV.3 32,5 555 8.4 3.6
(Ex. KHR
Links)

*)  YARIABLE HAME [RROR/FARES FOR LIMITEDS
&%) MDDE CHDICE MOT RERUM, JUST HOA
A Not Applicable
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A further run was made using the same trips as produced for REVZ, but
with paths rebuilt using the old path parameters. This produced
moderately lower rail ridership with a more or less uniform effect
over all stations. This result indicates the model is quite robust
with respect to path parameters but, again, did not help explain the
station~level variations.

At this point it was discovered that all the runs made for MOS-5 ONLY
used a different procedure for calculating walk distances to the
nearest rail station than that used for LPAUP. A coordinate-based
(XY) procedure was used in the LPAUP forecast as opposed to the
highway-network based procedure used for MRLTR and M0OS-5 ONLY. Use of
the coordinate-based procedure helped explain some of the station-
level variations, but only marginally, and boosted rail ridership.

The final two runs related to adjustment of transit fares for limited
routes, and elimination of unreasonable KNR access links had very
marginal impact on rail ridership.

Final Metro Rail station volumes are shown in Figure 7-1, in
comparison to the earlier LPA volumes. Figure 7-2 shows the Metro
Rail alignment and station locations assumed in both forecasts.

Subsequent analysis of network-coding differences led to the finding
that station-level variations were attributable to background bus
network~coding. Seemingly minor changes in background bus-coding can
have major impacts on total rail volumes, and especially on the
distribution among stations because of the "all-or-nothing" transit
assignment process.

Nothing in the analysis suggests any error related to the forecast of
lower transit mode shares for Year 2000 work trips compared to Year
1980. Analysis of 1980 and 2000 person trips and transit trips on a
geographic subarea basis indicates that the growth rate of person
trips is much higher outside the transit service area than inside,
which tends to reduce the regional average transit share. Within the
area served by Metro Rail, the percent of work trips by transit rises
from less than 14% in 1980 to over 16% in 2000, Transit work trips
increase by 32% within the Metro Rail area compared to a 22% increase
in the overal) RTD service area (including the Metro Rail area).
Outside the Metro Rail area, transit work trips increase by only 7.2%,
further indicating the substantial impact of Metro Rail. These
findings are illustrated in Figures 7-3 and 7-4,

Detailed Comparisons

In order to check the results of system forecasts at each stage in the
modeling process, detailed tabulations of comparative statistics are

Erepared. _These tabulations compare_the current system results with
hose obtained previously for a similar system configuration. Tables

7-4 through 7-9 exhibit such comparisons for the MOS5-ONLY forecasts.
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TABLE 7-4

ALTERNATIVE SYSTEM NETWORK STATISTICS

7-22

LPAUP( '84) MOS5 ONLY Initial MOS5 ONLY Rev.1 MOS5 ONLY Rev.2/3
ITEM Number % Number % Number % Number %
LINES BY .
MODE: M4 239 46.6 233 44,5 233 44,5 233 44,5
M5 68 13.3 18 14.9 78 14.9 78 14.9
M6 1 0.2 1 0.2 1 0.2 1 0.2
M7 0 0.0 0 0.0 0 0.0 0 0.0
M8 205 40.0 212 40.5 212 40.5 212 40.5
TOT 513 00.0 524 100.0 524 100.0 524 100.0
LINKS BY
MODE: Ml 8560 3L.1 5680 22.2 6136 23.6 6136 23.6
M2 1499 N5 1092 4,3 1092 4,2 1065 4.1
M3 1342 4.9 1143 4.5 1143 4.4 1094 4,2
M4 7440 27.1 7838 30.6 7838 30.1 7838 30.2
M5 2666 9,7 3200 12.5 3200 12.3 3200 12.3
M6 36 0.1 36 0.1 36 0.1 36 0.1
M7 0 0.0 0 0.0 0 0.0 0 0.0
M8 5940 26.1 6610 25.8 6610 25.4 6610 25.4
TOT 27483 100,0 25599 100.0 26055 100.0 25979 100.0
ROUTE
MILES: M4 7250.0 49.5 6945.6  45.7 6945.6 45.7 6945,.6 5.8
M5 2428.8 16.6 2826.9 18.6 2826.9 18.6 2826.9 18.6
M6 37.2 0.3 39.2 0.3 39.2 0.3 37.2 0.2
M7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M8 4945.0 33.7 5370.5  35.4 5370.% 35.4 5370.5 35.4
TOT 14661.0 100.0 15182.2 100.,0 15182.2 100.0 15180.2 100.0
TOT VEHS
REQ'D: AM 2824 2859 2859 2855
PM 2678 2683 2683 2679
MID 1929 1945 1945 1943
NIT -0 0 0 0
YEHICLE
MILES: M4 190549 56.9 186214 55.5 186214 5.5 186214 55.6
M5 40118 12,0 47406 14.1 47406 14,1 47406 14.2
M6 5022 1.5 5292 1.6 5292 1.6 5022 1.5
M7 0 0.0 0 0.0 0 0.0 0 0.0
M8 99187 29.6 96309 28.7 96309 28.7 96309 28.8
TOT 334876 100.0 335221 100.0 335221 100.0 334951 100.0
(CONTINUED)
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TABLE 7-4 (CONTINUED)
ALTERNATIVE SYSTEM NETWORK STATISTICS

LPAUP{ '84) MOSS ONLY Initial MOSS5 ONLY Rev.l MOS5 ONLY Rev.2/3
ITEM Number %  Number % Number % Number %
VEHICLE
HOURS: M4 16590 59.1 16338 57.7 16338 57.7 16338 57.8
{By MS 2277 8.1 2670 9.4 2670 9.4 2670 9.4
Mode) M6 144 0.5 180 0.6 180 0.6 144 0.5
M7 -0 0.0 0 0.0 0 0.0 0 0.0
M8 9069 32.3 9108 32.2 9108 32.2 9108 32.2
TOT 28080 100.0 28296 100.0 28296 100,0 28260 100.0
VEHICLE
HOURS: AM 8472 30.2 8577 30.3 8577 30.3 8565 30.3
{(By PM 8034 28.6 8049 28.4 8049 28.4 8037 28.4
Period)MID 11574 41.2 11670 41.2 11670 41,2 11658 41.3
NIT 0 0.0 0 0.0 0 0.0 0 0.0
TOT 28080 100.0 28296 100.0 28296 100.0 28260 100.0
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ALTERNATIVE SYSTEM UNWEIGHTED SKIM STATISTICS

TABLE 7-5

LPAUP Std MOS5 Initial MOSS Rev.l MOS5 Rev.2/3

{'84) Dev ONLY Std ONLY Std ONLY Std
ITEM Mean Mean Dev Mean Dev Mean Dev
AM WALK PATHS:
WAITL 8.280 4.417 7.837 4,417 8.137 4.483 8.139 4,483
WAITZ 13.677 8.586 16.264 10.572 17.019 10.771 17.040 10.774
AUTO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
WALK 11.901 3.562 13.380 2.824 . 14.254 3.094 14.253 3.093
M4 RUN 42.704 29.905 35.104 25.158 36.205 25.832 36,025 25.655
M5 RUN 49.244 28.727 54.926  33.891 55.618 33.604 55.615 33.642
M6 RUN 17.553 8.950 18.882 10.494 19.503 10,508 17.177 8.870
M7 RUN 0.000 0.000 0,000 0.000 0,000 0.000 0.000 0.000
M8 RUN 29.403 25,759 26.370 24.310 27.518 25.015  27.537 25.012
XFERS 2.074 0.930 2.321 1.136 2.35 1.133 2.371 1.139
AM PNR PATHS:
WAITL 6.341 4.393 6.066 4,232 6.316 4.364 6.325 4,366
WAITZ 12.826 8.773 15.057 10.612 15.952 10.899 15.974 10.910
AUTO 12.749 7.129 8,227 3.960 8.250 3,961 8.337 3.928
WALK 7.819 3.916 9.419 3.977 10.306 4.350 10.214 4,351
M4 RUN 38.690 28.456 32.937 24.043 33.727 24.451  33.558 24.265
M5 RUN 50.577 28.131 55.809 33.999 87.029 34,057 57.083 34.138
M6 RUN 16,122 9.541 17.204 11.135 -17.408 11,118 15,517 9.367
M7 RUN 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000
M8 RUN 29.592 27.387 28.017 24.962 29.352 25.675 29.364 25.665
XFERS 1.808 0.804 2.071 1.058 2.107 1.063 2.118 1.068
AM KNR PATHS:
WAITI 6.401 4,307 5.962 4,055 6.205 4.195 6.203 4,199
WAIT?2 12,769 8.809 14.964 10.645 15.883 10.940 15.912 10.949
AUTO 11.096 6.922 7.356 3.826 7.355  3.831 7.408 3.854
WALK 7.093 3.581 8.221 3.522 9.042 3.922 9.088 4,001
M4 RUN 37.758 28.006 30.470 22.545 31.350 23.033 31.204 22.844
M5 RUN 47.937 28.245 53.613 34.848 55.163 35.008 55.268 35.042
Mé RUN 16.192 9.434 17.047 11.212 17.275 11.216 15.431 9.447
M7 RUN 0.000 o0.000 0.000 0.000 0.000 0,000 0.000 0.000
M8 RUN 29.809 27.611 27.913 24.995 29.291 25.705  29.301 25,699
XFERS 1.782 0.805 2.052 1.064 2.091 1.074 2.102 1.079
(CONTINUED)
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ALTERNATIVE SYSTEM UNWEIGHTED SKIM STATISTICS

TABLE 7-5 (CONTINUED)

i um W = wh G W O W e =

LPAUP Std MOS5 Inditial MOS5 Rev.1 M0OS5 Rev.2/3

('84) Dey ONLY Std ONLY Std ONLY Std
ITEM Mean Mean Dev Mean Devy Mean Dev
MIDDAY PATHS:
WAIT1 12.224 7.174 11.193 6.672 11.550 6.800 11.557 6.805
WAIT2 17.794 9.649 20.282 11.685 21.003 11.724 21.059 11.750
AUTO 0,000 0,000 0,000 0.000 0.000 0.000 0.000 0.000
WALK 11.760 3.534 13.551 2.851 14.347 9.684 14.353 3.119
M4 RUN 47,855 31.266 43,071 29,387 44,450 30.104 44.107 29,851
M5 RUN 42.874 22.286 46.850 25.126 46.840 25.091 46.880 25.090
M6 RUN 19.212 8.296 19.084 8.896 19,807 8.823 16.911 7.431
M7 RUN 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000
M8 RUN 29.245 27.030 28.242 26.049 29.563 26.737 29.569 26.725
XFERS 1.92¢ 0.856 2,042 0,929 2.081 0.937 2.097 0.948
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TABLE 7-6
ALTERNATIVE SYSTEM FARE MATRIX STATISTICS

LPAUP( '84) MOS5 ONLY Initial MOS5 ONLY Rev,l

MOS5 ONLY Rev.2/3

7~26

ITEM Number %  Number % Number % Number %
FARE MATRIX
RUN STATS
AM WALK
T0T ZZI'S
W/SERVICE 1422347 1131603 . 1477839 1480213
NONXFER
ZZI'S:M4 55783 3.9 37777 3.3 43205 2.9 42836 2.9
M5 14097 1.0 12105 1.1 14285 1.0 14241 1,0
M6 3757 0.3 3407 0.3 3539 0.2 3586 0,2
M7 0 0.0 0 0.0 0 0.0 0 0.0
M8 11901 0.8 6946 0.6 8907 0.6 8907 0.6
SUBTOT 85538 6.0 60235 5.3 69936 4.7 69570 4.7
XFER ZZI'S:
1 MODE 252460 17.7 181667 16.1 230923 15.6 226144 15.3
2 MODES 633186 44.5 479827 42.4 632180 42.8 628009 42.4
3 MODES 379933 26.7 346305  30.6 457153 30.9 463147 31.3
4+MODES 71230 5.0 63569 5.6 87647 5.9 93343 6.3
SUBTOT 1336809 94.0 1071369 94.7 1407903 95.3 1410643 95.3
TOTAL 1422347 100.0 1131603 100.0 1477839 100.0 1480213 100.0
AM PNR
TOT ZZ1'S
W/SERVICE 1484129 1269267 1531548 1533833
NONXFER
IZ1'S:M4 65739 4.4 39531 3.1 45419 3.0 46230 3.0
M5 20049 1.4 19518 1.5 22358 1.5 22358 1.5
M6 27091 1.8 21370 1.7 21687 1.4 21111 1.4
M7 0 0.0 0 0.0 0 0.0 ¢ 0.0
M8 16012 1.1 8183 0.6 10094 0.7 10094 0.7
TOT 128891 8.7 88602 0.7 99558 6.5 99793 6.5
XFER ZZI'S:
1 MODE 188291 12.7 144744 11.4 177930 11.6 176498 11.5
2 MODES 744643 50,2 635285 50,1 756352 49.4 750955 49.0
3 MODES 396678 26.7 361710 28.5 446250 29.1 452276 29.5
4+MODES 25626 1.7 38926 3.1 51458 3.4 54311 3.5
SUBTOT 1355238 91.3 1180665 93.0 1431990 93.5 1434040 93.5
TOTAL 0.0 1269267 100.0 1531548 100.0 1533833 100.0
(CONTINUED)



TABLE 7-6 (CONTINUED)
ALTERNATIVE SYSTEM FARE MATRIX STATISTICS

LPAUP{ '84) MOSS ONLY Initial  MOS5 ONLY Rev.l MOSS5 ONLY Rev.2/3

ITEM Number %  Number % Number % Number %
AM KNR
TOT ZZI1'S
W/SERVICE 1491904 1289960 1539433 1541423
NONXFER
ZZ1'S:M4 75206 5.0 42332 3.3 48414 3.1 49861 3.2
M5 34387 2.3 33553 2.6 37586 2.4 37601 _ 2.4
M6 28213 1.9 22382 1.7 22721 1.5 22141 1.4
M7 0 0.0 0 0.0 . 0 0.0 0 0.0
M8 15971 1.1 8264 0.6 10213 0.7 10213° 0.7
SUBTOT 153777 10.3 106531 8.3 118934 7.7 119816 7.8
XFER ZZI'S:
1 MODE 171490 11.5 123805 9.6 153234 10.0 151482 9.8
2 MODES 745356 50.0 662592 51.4 778312 50.6 711236 50.0
3 MODES 396298 26.6 363054 28.1 443762 28.8 451273 29.3
4+MODES 24983 1.7 33978 26 45191 2.9 47616 3.0
SUBTOT 1338127 89.7 1183429 91.7 1420499 92.3 47616 3.1
TOTAL 1491904 100.0 1289960 100.0 1539433 100.0 1541423 100.0
MIDDAY
TOT 2ZI'S
W/SERVICE 1290126 1023991 1312510 1316185
NONXFER
ZZ1'S:M4 62210 4.8 46480 4.5 52652 4.0 52316 4.0
M5 7648 0.6 7424 0.7 8720 0.7 8704 0.7
M6 3792 0.3 3323 0.3 3583 0.3 3596 0.3
M7 0 0.0 0 0.0 0 0.0 0 0.0
M8 12259 1.0 7225 0.7 9117 0.7 9117 0.7
TOT 85909 6.7 64452 6.3 74072 5.6 73733 5.6
XFER ZZI'S:
1 MORE 364914 28.3 263005  25.7 333631 25.4 325198 24.7
2 MODES 536689 41.6 419674 41.0 543486 41.4 542789 41.2
3 MODES 254916 19.8 233407 22.8 303615 23.1 312119 23.7
4+MODES 47698 3.7 43453 4,2 57706 4,4 62346 4.7
SUBTOT 1204217 93.3 959539 93.7 1238438 94.4 1242452 94.4
TOTAL 1290126 100.0 1023931 100.0 1312510 100.0 1316185 100.0
1~27



TABLE -7
LLTERRATIVE S1STEIM MIJE SPLIT STATISTCS (MUS5%52.WHS)

Y80 P35 CALIZ2 #6 YED PL5 CALIBY LPAUR('E4) PRLTR('84) pGSS OELY Initia) MOSS CNLY 2ev.]l MOSS GHLY Revl/PA4 MOSS O4NLY Rev.2 p3S5 OWLY RavFPRE MISS OWLY fev.d
ITEX Humber 3 Humber 3 Numser 3 Kumner b Hunber % Humber b Bumter % ltumber 4 Humaer % Hunber i
HOME BASED WIRK
TOT AUTO PERSON 6075460 92.7 6548958  $3.0 8355660 92.8 8561551 93.0 B535365  93.8 8633503 93,5 8614129 93.1 2630833 9.5  B623552 91.4 8631203 9.5
TOT TRH PERSOH 475455 1.3 492476 7.0 €68511 1.2 620314 1.0 570025 6.2 501753 5.5 621233 6.7 602617 6.5 505841 6.6 6b421 6.5
TOTAL PERSOM 6554555  loo.o 7041434 100.0 9235471 100.0 9202455 100.0 9235390 100.0 9235392 10).0 9235472 100.6 0235456 100.0 9234353 100.0 9235420  100.0
DA AUTO PERSOH 4315726  77.4 5108617  78.0 6451380 75.4 £451853  75.3 6638201 76.6 6620786  76.7 6618243 76,8 6618899 76.7 6618239 16.1 6619069  75.7
2/CAR BUTO PRSH 991247 15.9 1007788 15.4 1443585 16.8 1428786 16.9 1391613  16.1 1380888 15,0 1368357 " 1i5.9 1360233 16.0 1379859 6.0 1320463 16.0
3+/CAR AUTD PRSN 416123 6.7 432352 6.6 663704 1.7 663754 1.8 635715 7.3 632083 1.3 625237 7.3 8317172 7.3 63lelg 1.3 631863 7.1
TOTAL AUTO PRSH 6223096  100.0 6548967  100.0 8563769 160.0 B564333 100.0 8665529 100.0 8633757 100.0 8614293  100.D 8630904 100.0 8629716  100.0 8631340  100.0
TRANSIT WALK 403073 847 418118  84.9 521683 13.3 483302 76.4 483289 4.8 486011 §0.8 505553 Bl.4 485431 B0.5  4B7603 89.5 456891 80.6
TRAHSIT DA PKR 47851 19.1 aa421 9.8 S6496 14,5 100195  15.6 56048 9.8 14638 12.4 74338 12.0 16493  12.7 16447 12.6 76118 12.5
TRANSIT SR PKR 8675 1,8 8116 1.8 19235 2.9 21457 1.3 11689 2.1 15441 2.6 15404 2.5 15827 2.6 15810 2.6 13652 2.6
TRANSIT KNR 16417 1.4 11152 15 29190 4.4 23224 4.4 18360 1.3 25684 1.3 25994 4.2 25873 4.3 25954 4.2 25523 4.2
TOTAL TRANSST 416016  100.0 452473 100.0 666810 100.0 640848 100.0 569386 100.0 601774  100.0 621289  100.0 604624 1000 605814  100.0 604184  100.0
HOME BASED NOMMORK .
AUTO PERSON 19147362 97.4 19659165  97.4 24932997 96.2 24651060 6.3 24948756  96.8 24923501 96.7 25028210 $6.6 24911145 96,7 24916539 96.7 24917146  96.7
TRANSIT PERSO: 516205 2.6 530974 2.6 973572 1.8 940731 17 814625 3.2 839553 1.3 878306 3.4 845197 3.3 BAG4T4 3.3 845797 1.3
AUTD ORIVER 12204721 62.1 12683132  62.8 15085611 62,1 15978580 62.4 16095479  62.5 16019352  62.4 l6laiojo 62,3 16075414  62.4 16074894 62.4 16075414 62,4
TOTAL PERSON 19663567 100.0 20190139 100.0 25906569 100.0 25591791 100.0 25763381 100.0 25763069 100.0 25906516  100.0 25762941  {00.0 25763063  100.0 25762943 100,0
I ‘
@ NON-HOKE-BASED D-0 .
AUTO PERSON 7929939  9a.7 52887531  254.7 10597806 98.2 10498017 9%.4 10531186 ° 98.5 10530715  $8.5 10596129 9.2 10530314  98.5 10530229  98.5 10530314  98.5
TRANSST PERSON 103632 1.3 107800 1.3 189063 1.8 174950 1.6 164474 1.5 164847 1.5 190755 1.8 165255 1.5 165341 1.5 165255 1.5
AUTO DRIVER 4697743 58.5 4953319  1s2.z 6643889 6l.6 6129089 57.4 61515731 57.5 6149706  57.5 6494491 60.2 6149577 57.5 6149547 51.5 6149577  51.5
TOTAL PERSON 8033571 100.0 8396553 100.0 10788869 100.0 10672977 100.0 10695660 100,0 10695562 100.0 10786884 100.0 10695569 100.0 10695570  100.0 10695569  100.0
HON-HOME-BASED 0-W :
AUTO PERSON 3056870  98.3 3254190 98.4 4219794 91.8 4199934  §7.7 4221117 91.9 §221652 91,9 4221626 97.8 4221309  97.9 4221240 97.9 4221309  97.9
TRANSIT PERSON 51319 1.7 52311 1.6 94769 2.2 98402 z.1 92161 2.1 91550 2.1 92915 2.2 91930 2.1 91996 2.1 91930 2.1
AUTO DRIVER 1961125  6l.2 2057434  62.2 2590639 60.0 25029331 sg,2 2513886 58,3 2513330 58,3 2533720 58.7 2513207 53.3 2513180 58.3 2513207 58.1
TOTAL PERSOM 3108189  100.0 3306501 100.0 4314563 100.0 4298395 100.0 4313278 100.0 4313242 00,0 4314551 100.0 4313239 1006.0 4313236 103.0 4313392 100.0
TOTAL HORK-RELATED )
AUTO PERSON 9136330  94.5 9803148  94.7 12788454 94.4 12761545 94.5 12886482  95.1 12855255  94.9 12835815 94,7 12852148  94.9 12850793 34.8 12852512  94.9
TRANSIT PERSCH 526814 5.5 544787 5.3 761580 5.6 139115 5.5 562185 4.9 693379 5.1 714213 5.3 6956547 5.1 657837 5.2 696147 5.1
AUTO DRIYER 6716851 69.5 716605 69.3 9052019 66.8 B354786 66.3 9152087 672.5 9134116 67.4 9152569 67.5 9132105  67.4 9131419 67.4 9i32276  67.4
TOTAL PERSON 6663144  100.0 10347935 100.0 13550034 100.0 13500861 100.0 13548568 100.0 13548634 100.¢ 13550033  100.0 13548695 100.0 13548630  100.0 13548659  100.0
TOTAL ALL PURPOSES
AUTO PERSON 36213631 96.9 37751066  97.0 48319257 96,2 47910622 96.3 4B366424  96.7  4BI094T1  96.6 48360154 96.5 48299608  96.6 48297611 96.6 48299972 96,6
TAANSIT PERSGH 1146651 11 1183561 3.0 1924215 1.8 1855007 1.7 1s4l2ss 3.3 1691794 1.4 1783279 1.5 1707599 3.4 1709652 3.4 1707199 3.4
AUTO DRIVER 23619115 61.2 24802702  63.7 31731519 63,3  Ji062855 62.4 1393139 62.8 2N3631N4 2.7 31734130 63.3 31357097 62.7 31355860 62.1 31352267 62,7
TOTAL PERSON 17360282 100.0 38934627 100.0 50243472 100.0 49765629 100.0 50007709 100.0 50007265 100.0 59243433  100.0 50007207 100.0 50007263  100.0 50007171  100.0




TABLE 7-8

ALTERNATIVE SYSTEM DAILY MODE OF ARRIVAL/DEPARTURE STATISTICS

{Rev'a BLOCONZ) (PA4 VS PAB) (LPA Rail Times) (0ld Paths) (XY Sta Dists) ([LIMITED's Fare)
LPAUP (FEIS '84) MRLTR (CEA '84) MOSS5 OMLY Rev.l  MOSS ONLY Rev.l M0SS OHLY Rev.Z 0S5 OHLY Rev,2 MOSS OLLY Rev.2 MOS5 ONLY Rev.2 MOS3 OHLY Rev.d

ITEM Humber % Humber % Humber % Humber 4 Number 2 Humber % Humbes H Humber % Number %
UKCOKSTRAINED
Metro Rail:
WALK 132565 35.2 105520 29,6 80308  23.9 84828 25.3  B5048 23.7 86248  25.0 112177  31.3 112177 31,3
BUS 188275  49.9 190553 53,5 207018  61.5 197644 59.0 223335 62.2 208490 60.5 195755 54,7 195950 54.8
KNR 27842 7.4 39220 11,0 29483 8.8 33211 9.9 30275 8.4 30402 8.8 29404 8.2 29358 8.2
PR 28353 7.5 21132 5.9 19850 5.9 19377 5.8 20594 5.7 19353 5.6 20586 5.8 20340 5,7
TOTAL 377035 100.0 356430 100.0 336659  100.0 335060 100.0 359252 100.0 344493 100.0 357922 100.0 357825 100.0
Total: *
WALK 132664 34.5 113080 27.5 80766 23.1 85184 24,7 85550 23,0 86750 24,3 112314 30.3 112311 30.3
8US 190897 49.7 227267 55,2 210889 60.4 200444 58.2 227327 61,0 212016 59,5 200173 53.9 200382 54.0
KHR 28428 7.4 43230 10.5 30601 8.8 34040 9.9 31430 8.4 1477 8.8 30574 8.2 30514 8,2
- PHR 32225 8.4 .28384 6.9 27009 7.7 24132 1.2 28166 1.6 26385 7.4 28192 7.6 27816 7.5
\ TOTAL 384214 100.0 411920 100,0 349265  100.0 344400 100,0 372473 100.0 356628 100.0 371253 100.0 371023 100.0
(%]
o CONSTREINED
Metro Pail;
WALK 131200 36.4 104829 29.5 79747 28.4 B4289 25,8  B4439 23,2 85679  25.5 111368 32,0 111379 32,0 112835 32.5
BUS 187931 52.1 199969 56.3 205687 62.8 196591 60.3 221932 63.5 207293 1.7 . 194490 §5.9 194712 §5.9 192921 55.6
KR 28174 7.8 39616 11.2 29807 9,1 33489 10.3 30592 8.8 30712 9,1 29721 8.5 29637 8.5 29018 8.4
PHR 13554 1.8 10581 3.0 12082 3.7 11772 3.6 12539 1.6 12067 1,6 12529 1.6 12431 3,6 12517 3.6
TOTAL 360859 100.C 354995 100.0 27323 100.0 326141 100.0 349502 100.0 335751 100.0 348108 100.0 348159 100.0 347291 100.0
Total: 5
WALK 131299 35,7 112337 28.2 80204 23.7 84645 25.3 84941 23. 5 86181 24,9 111504  31.0 111512 31.0 113403 31,6
BUS 190557 51.8 227076 56.9 209630 61.9 199431 59.6 226007 62.6 210880  60.8 198993 55.3 199226 55.4 196794 54.8
KHR 28760 7.8 43659 10.9 31062 9.2 34374 10.3 31893 8.8 31906 9.2 31039 8.6 30923 4.6 303 8.5
PHR 17416 4.7 15708 3.9 17625 5.2 16023 4,8 18375 5.1 17638 5.1 18387 5.1 18224 5.1 181361 5.1
TOTAL 368032 100.0 398780 100.,0 338521  100.0 334473 100.0 361216 100.0 346605 100.0 359923 100.0 359885 100.0 358888 100.0




o ak 0 0 B an b uw b 3 W

ol o NE SR N e o

TABLE 7-9
METRO RAIL ARRIVALS/DEPARTURES BY MODE - DAILY, CONSTRAINED

LPAUP('84)  MRLTR('84) MOSS ONLY Rev.3
STATION/MODE  Number %Tot Number %Tat MRLTR-LPA Number %Tot MOS5-LPA

1 Union
WALK 2280 10.7 3985 20.0 1705.,0 3093 11.5 813.0
BUS 12925 60.4 9671 48.6 ~-3254.0 18398 68.6 5473.0
KNR 2171 10,1, 2236 11,2 65.0 1637 6.1 -534.0
PNR 4032 18.8 4012 20.2 -20.0 3704 13.8 -328.0
TOTAL 21408 100.0 19904 100.0 -1504.0 26832 100.0 5424.0
2 Ist/Hil
WALK 11380 52.4 10440 41.2 -940.0 12124 49.3 744.0
BUS 10318 47.6 14882 58.8 4564.0 12479 50.7 2161.0
KNR 0 0.0 0 0.0 0.0 0 0.0 0.0
PNR 0 0.0 0 0.0 0.0 0 0.0 0.0
TOTAL 21698 100,0 25322 100.0 3624.0 24603 100,0 2905.0
3 5th/HiN
WALK 21625 56.5 19615 47.6 -2010.0 28015 +59.1 6390.0
BUS 16659 43.5 21606 52.4 4947.0 19384 40.9 2725.0
KNR 0 0.0 0 0.0 0.0 0 0.0 0.0
PNR 0 0.0 0 0.0 0.0 0. 0.0 0.0
TOTAL 38284 100.0 41221 100.0 2937.0 47399 100.0 9115.0
4 7th/Flower
WALK 10217 27.5% 8184 21.9 ~2033.0 9694 26.6 ~523.0
BUS 26983 72.5 29236 78.1 2253.0 26717 73.4 -266.0
KNR 0 0.0 0 0.0 0.0 0 0.0 0.0
PNR 0 0.0 0 0.0 0.0 0 0.0 0.0
TOTAL 37200 100.0 37420 100.0 220.0 36411 100.0 ~789.0
5 Alvarado
WALK 20632 49.1 17527 55.2 -3105.0 15808 58.0 -4824,0
BUS 13933 33.2 4140 13.0 -9793.0 3755 13.8 ~10178.0
KNR 7444 17.7 10092 31.8 2648.0 7704 28.3 260.0
PNR 0 0.0 ¢ 0.0 0.0 0 0.0 0.0
TOTAL 42009 100.0 31759 100.0 -10250.0 27267 100.0 ~-14742.0
6 Vermont
WALK 15879 43.6 11002 30.2 -4877.0 12670 36.3 -3209.0
BUS 17078 46.9 17198 47.2 120.0 17458 50.0 380.0
KNR 3479 9.5 8218 22.6 4739.0 4769 13.7 1290.0
PNR 0 0.0 0 0.0 0.0 0 0.0 0.0
TOTAL 36436 100.0 36418 100.0 -18.0 34897 100.0 ~1539.0

(CONTINUED)
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TABLE 7-9 (CONTINUED:2)

METRO RAIL ARRIVALS/DEPARTURES BY MODE - DAILY, CONSTRAINED

STATION/MODE

LPAUP( '84)

MRLTR( '84)
Number %Tot MNumber

MOS5 ONLY
#Tot MRLTR-LPA Number

Rev.3
%Tot  MDS5-LPA

7 Normandie

WALK 4956 5477 521.0 3366 48.7 -1590.0
BUS 6179 14942 8763.0 1258 18.2 -4921.0
KNR 2580 3111 531.0 2290 33.1 -290.0
PNR 0 0 0.0 0 0.0 0.0
TOTAL 13715 23530 9815.0 6914 100.0 ~6801.0
8 MWestern
WALK 9091 1859 -7232.0 4469 18.3 -4622.0
BUS 13169 9528 -3641.0 17024 69.8 3855.0
KNR 2687 4144 1457.0 2900 11.9 213.0
PNR 0 0 0.0 0 0.0 6.0
TOTAL 24947 15531 ~-9416.0 24393 100.0 ~554.0
9 Crenshaw
WALK 3503 2813 -690.0 2211 25.5 -1292.0
BUS 6900 5115 ~1785.0 3752 43.3 -3148.0
KNR 2633 4248 1615.0 2694 231.1 61.0
PNR 0 0 0.0 0 0.0 0.0
TOTAL 13036 12176 1 -860.0 8657 100.0 ~-4379.0
10 La Brea
WALK 3745 4113 368.0 1772 22.4 ~1973.0
BUS 6268 7046 778.0 4513 57.0 ~-1755.0
KNR 1098 2274 1176.0 1626 20.6 528.0
PNR 0 0 0.0 0 0,0 0.0
TOTAL 11111 13433 2322.0 7911 100.0 -3200.0
11 Fairfax
WALK 4277 2695 -1582.0 1881 9.4 -2396.0
BUS 12408 13612 1204.0 14549 72.8 2141.0
KNR 1141 1470 329.0 1501 7.5 360.0
PNR 1818 2044 226.0 2057 10.3 239.0
TOTAL . 19644 19821 177.0 19988 100.0 344.0
12 Beverly
WALK 3820 1626 ~2194.0 2537 16.9 -1283.0
BUS 5319 7908 2589.0 10765 71.7 5446,0
KNR 363 91 =272.0 370 2.5 7.0
PNR 1342 711 -631.0 1334 8.9 -8.0
TOTAL 10844 1 10336 ~-508.0 15006 100.0 4162.0
{CONTINUED)
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TABLE 7-9 (CONTINUED:3)

METRO RAIL ARRIVALS/DEPARTURES BY MODE - DAILY, CONSTRAINED

7-32

LPAUP('84) MRLTR( *84) MOS5 ONLY Rev.3
STATION/MODE  Number %Tot Number %Tot MRLTR-LPA Number %Tot  MOS5-LPA
13 Santa
Monica
WALK 3031 19.0 2278 14.3 -753.0 1899 18.0 ~1132.0
- BUS 12190 76.5 12358 77.4 168.0 8143 77.2 -4047.0
KNR 714 4.5 1337 8.4 623.0 500 4.7 -214.0
PNR 0 0.0 0 0.0 ‘0.0 0 0.0 0.0
TOTAL 15935 100,0 15973 100.0 38.0 10542 100.0 ~5393.0
14 Sunset
(19 in LPA)
WALK 4588 54.7 4247 48.8 -341,0 4188 45.1 -400.0
BUS 3366 40.1 4041 46.4 675.0 4461 48.1 1095.0
KNR 439 5.2 414 4.8 ~25.0 634 6.8 195.0
PNR 0 0.0 0 0.0 0.0 ¢ 0.0 0.0
TOTAL 8393 100.0 8702 100.0 309.0 9283 100.0 890.0
15 Cahuenga
(14 in LPA)
WALK 8001 56.9 6779 50.4 -1222.0 6857 45.1 -1144.0
BUS 4992 35.5 5682 42.2 690.0 6975 45.9 1983.0
KNR 1064 7.6 988 7.3 -76.0 1360 9.0 296.0
PNR 0 0.0 0 0.0 0.0 0 0.0 0.0
TOTAL 14057 100.0 13449 100.0 -608.0 15192 100.0 1135.0
16 Hollywood
Bowl
(15 in LPA)
WALK 1449 34.3 81 2.9 -1368.0 h2e 22.1 ~923.0
BUS 2015 47.7 2352 84.4 337.0 1735 72.9 -280.0
KNR 762 18.0 354 12.7 ~408.0 119 5.0 ~-643.0
PNR 0 0.0 0 0.0 0.0 0 0.0 0.0
TOTAL 4226 100.0 2787 100.0 ~1439.0 2380 100.0 -1846.0
17 Universal
(16 in LPA)
WALK 2154 13.3 1731 11.8 -423.0 1437 8.3 -717.0
BUS 9433 ©58.1 11547 78.7 2114.0 12552 72.1 3119.0
KNR 1095 6.7 226 1.5 ~869.0 503 2.9 -592.0
PNR 3564 21.9 1175 8.0 -2389.0 2912 16.7 ~-652.0
TOTAL 16246 100.0 14679 100.0 ~1567.0 17404 100.90 1158.0
(CONTINUED)



TABLE 7-9 (CONTINUED:4)
METRO RAIL ARRIVALS/DEPARTURES BY MODE - DAILY, CONSTRAINED

LPAUP{ '84) MRLTR{ '84) . M0OS5 ONLY Rev.3
STATION/MODE Number %Tot Number %Tot MRLTR~LPA Number %Tot  MOSS5~LPA

18 North
Ho1lywood
(17 in LPA)
WALK 572 4.9 377 3.0 ~195.0 288 2.4 -284.0
BUS 7796 66.8 9105 72.6 1309.0 9003 73.7 1207.0
KNR T 504 4.3 413 3.3 -91.,0 411 3.4 -93.0
PNR 2798 24.0 2639 21.1 -159,0 2510 20.6 -288.0
TOTAL 11670 100.0 12534 100.0 864.0 12212 100.0 542.0
TOTAL
METRO RAIL
' WALK 131200 36.4 104829 29.5 -26371.0 112835 32.5 ~18365.0
BUS 187931 52.1 199969 56.3 12038.0 192921 55.6 4990.0
KNR 28174 7.8 39616 11.2 11442,0 29018 8.4 844.0
PNR 13554 3.8 10581 3.0 -2973.0 12517 3.6 ~-1037.0
TOTAL 360859 100.0 354995 100.0 0.0 -13568.0

~-5864.0 347291 10
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Tables 7-4, 7-5 and 7-6 are produced as checks on the preparation of
the alternative system network and related processing. These exhibits
indicate the expected differences among the network statistics. As
shown in Table 7-4, the only difference between the two MOS-5 ONLY
networks is in the number of walk (Ml) links. Both MOS5 ONLY networks
have fewer walk and auto-access (M2 & M3) links than does the LPAUP
network. This is due in part to the more rigorous application of the
coding standards established by CSI and in part to the greater
efficiency of the automated coding process which eliminates
duplicative links.

Table 7-5 reflects the change in convention for coding walk links --
from the use of minimum timés to the use of average times. This
results in a two~ to three-minute increase in walk times on the
average. This exhibit also reflects the change in path selection
parameters, which results in a higher level of transfers and tends to
produce greater use of rail. Table 7-6 shows a similar pattern, with
the MOS-5 ONLY network having fewer nontransfer interchanges and more
total interchanges provided with transit service compared to the LPAUP
network.

Table 7-7 compared mode choice model results for the two MOS-5 ONLY
runs -~ the LPAUP forecast and 1980 model calibration output. The
MOS-5 ONLY forecasts are more conservative than the earlier LPAUP
forecast. The LPAUP forecast shows an increase in the proportion of
work trips made by transit, whereas the M0S5 forecast shows a decline
relative to 1980. Each of the forecasts indicates an increase in the
proportion of nonwork trips by transit, but the increase is more
modest for M0S5. -The two forecasts for MOS5 clearly indicate the
impact of the "unconnected zones problem" on the transit submode
shares. The recalibration of the model, based on the transit network
with many incorrectly unconnected zones, distorts the balance between
walk and auto access in the first MOS5 forecast. Even after the
proper recalibration, M0S5 is forecast to have somewhat lower levels
of auto access relative to LPAUP -- in terms of both absolute number
and submodal proportions. Overall, the revised M0S-5 ONLY forecast of
transit ridership is 1.7 million daily riders compared to the 1.9
million figure forecast for LPAUP,

Table 7-8 and 7-9 summarize Mode-of-Arrival results. The most
striking result is the reduction in walk arrivals. This reflects a
combination of lower ridership overall, and a shift from walk to bus
caused by the change in walk-link coding from minimum to average
times. Table 7-9 also indicates substantial differences at the
station level. The greatest differences are for stations where both
walk and bus access are substantially lower for M0S-5 ONLY, relative
to LPAUP. These stations include: Alvarado, Normandie, Crenshaw, La
Brea and Santa Monica. In addition, a substantially lower park-ride
estimate is evident for the Universal station. These differences are
directly related to the more stringent adherence to network-coding
standards. In earlier networks, it was common to have walk and auto
access links longer than the .standard maxima connected directly to
station nodes. In the case of walk links longer than 0.5 miles, the
nonwork trips estimated in the mode choice mode! to use transit would
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be assigned a bus mode of arrival in the mode-~of-arrival model. To
the extent that this occurred in the LPAUP forecast but not in the
MOSS forecast, it will show up as lower bus arrivals in the M0S5
forecast -- even if there was no real! change in bus services.
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PAGE 0001

o lousbss2e 1C/C1/ e MKPGr 3 MAP e USLUEA<EQUIVDATA(TAZTURSA)
—--—*————1--—-—‘* ——— e —— ———T b . - B e et Sl £y EUSIP SRR
WEQUIY D£18T7T= lysi= &L WENL 14390010
JEQUIV D1ST=  2sl= 4£,=05 LENOD 144000410
EEQUIY DIST=  33i= 6by=9y WENU . 1441001¢
LEVULY UIsST= 4yi= L0V, =1UY LEND 14420010
~hEwbly  UIST= 5sl= 1liUy=lcc LEMW - B 1443001C
CEEQUIV DISTE 641= leby=133 LEND R N T 14440010
EEQUIV DlsT= Ty 2= 1234-425 LENU 1445001¢
GEQUIV _DIST=  o©ss=_ 124,=ke2 &ENU o i 1446G01L
TLEwUIy  D1sT= 9ye=  Llawy,=171 LEND - - 1447001C
GEQUIV wISTs 10y2= 17Zs=18Y LENL 14480010
GewUlv DIST= 11,2= 190,-193 tENu e 1449C001C
GEQUIV DISTS 12545 154,=247,13264-1350 &END T 14500013
LEWUIV DIST= 1394 24E9=TE3135Lle=1366 bLEMNU 14510013
GEEGUIV  DIST=  14y2= 279,-307 LEND o e 14520010
TEEQULIY  DIST= 15,25 3U693U9 LEND ) 14830010
EEQULY DIST= L16yZ= 310y=34U,13067,~1370 LEND 145435015
EEQULIV  U1sT= 17525 341,;-431,157Tsy—1444 Ll 1455001%
TEEWULY DISTE T lesl=T 43c,-4TTylaab,=labyd LENT T T 14560013
EEQUIV DIST= 19,2= 47b3=51431469y=4405 &LEND 14570012
EEQUIV  DIST=  20yZ= 515,-5524+148¢y—14%0 &GENU o 1458L0L3
| LEGUIV DISTS 2Llei=  5539=043.149T,=1547 EEND T 14590013
GEWUIV LIST=s 22475 o449=09931lbady=1209 LENU 14600013
LEWULY DIsT= 2392= TuCyey=1223156Us=1572 LENU 14€10012
GEWUIV DlST=  cé4yi= T2o9=T65915709=in%s LEND ™ T 14620013
LEQUIV DIST= 25,245 1699=-83E,15%963~1loze LEN 14630012
LEQULVY DIST= 2692= 839y=bb4s16259—1cc8 GENJ 14640013
EwUIV " DIST="  27,2= B&5,=-901 LENLD P l465001¢C
GEQUIY DlST= 28s4= 9UZ,—94Z &ENU 14660010
EELULIY DIST1= 2%s2= 94354=1010 LEND 14670010
CEWUlY UIST= 30y2= LlCGlos=—ib<e &END 7 14080010
EEWUly DIST= 35y4= 1027s-1026,1U030 LEND 14690010
GENUIV DIST= 36924= lUs9e=104%,1054,=1u55,1u57,=1059 LEND 1470001¢
EEGUIV UlST= 57y2= 105741001y =10a731089910%c91172 LENY S 14710010
EELulv UiST=s BoeZ= 10bby1093,-1i0U4ysil0by=1lilo LEND 14720010
EEGUIV DIST= 5992= 11179=1152911i35,=1140 &LeNU i@730601¢C
EEQUIV L1ST= 4Usi= 1135,3l34,1144smal1l5%6 LENU T T 14740010
LEWUIY PIsT=s 4l,.4= 1050205131056 10¢0,11575-11065 LEnD 1475001C
LEQUIV L15T=s 42y2= 10USUsi0Y151105331c09=2i1T4931706,-2193,1210 LEND 14700010
LEWUlyY LisST= 43,2= 1194 9=1latbylalbelzly LeND 1477uQi0
LEWUIV  U1ST=  &44yi= 12075=3cU%rlelly=l2lT WEND 1780010
GEwUlV UlsT=z 45,4= lzelsy=less LEND 147900 U
LEWUIY UIST= 463i= 12349=Lct0 LENU 14500010
EEGUIV DIsT= 47y4= 120ls=1292 LENL lagleQle
EEGVUIV LDIST= &byld= legYse—i3u3s bLEND l4b2G0L0
GEQUIV LIST= #944= 1304s=131c¢ &LEND . T 1«£30010
LEwULY WIST= 50sZ= 13155-15ed LEND lab64UULlU
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EEQUIV DIST= 41,ZCNE= 41 EEND 00410300¢
EEQUIV DIST= 42+ICNE= 42 EEND o L - ___0ca20c0¢
SEQUIV DIST= 43,ZCNE= 43 EEND 0043000¢
‘QUIV DIST= 44+ZCNE= 44 E&END 0044300¢
_-QUIV DIST= 45,ZCNE= &5 EEND _ . oo04scece
EEQUIV DIST= 46&.,ZCNS= 46 EEND N0450C0¢
EEQUIV DIST= 47,ZICNE= 47 EEND 3047CJ0¢
EEQUIV DIST= 48+2ZCNE= 48 E&END S L . 07248000C¢

' EEQUIV DIST= 4942ZCNE= 49 EEND 0045000¢
EEQUIV DIST= S50+4ZENE= 50 EEND 005300¢C¢
EEQUIV DIST= 51,ZCNE= S1 &END - ) __@Cs100¢6¢
EEQUIV DIST= 52,ZCNE= 52 &END : 0052000¢
SEQUIV OIST= S53,ZCNE= S3 EEND 0353000¢
EEQUIV DIST= 5S4,2CNE= S4 E&END o 0054000C¢
GEQUIVY DIST= 55,ZCNE= 55 EEND 00s5¢CCCe
EEQUIV DIST= Sé&,2ZCNE= S6 &END 0356000¢
EEQUIV CIST= 57+ZCNE= ST E£END . C0s700¢¢
GEQUIV DIST= S58+ZCNE= 58 LEND 00580CC¢

l EEQUIV DIST= 59,ZCNE= 59 &END 00593390¢
GEQUIV [DIST= 60+ZCNE= 60 gEND ) 0263C00¢
EEQUIV DIST= &61:2ZCNE= 61 EEND - 0061CCCE

' EEQUIV DIST= 62,2ZCNE= 52 EEND 0062000¢
_EBEQUIV DIST= 63,ZCNE= 63 ELEND _ - J0€e300C¢
EEQUIV DIST= "64,2CNE= 64 &END 00540CCE¢
EEQUIV DIST= 6&6S5,ZCNE= 65 LEND 0065000¢
EEQUIV DIST= 66i2ZCNE= 66 EEND J366300¢
EEQUIV DIST= 67+ZCNE= 67 EEND QCeTCCCe
EEQUIV DIST= 62,ZCNE= 68 &END 00680006
‘I_s=qutv 0DIST= 695ZCNE= 69 EEND 30690005
UIV DIST=" " T70sZCNE= 7O E&END GBTI0C0¢
EEQUIV DIST= 7T1+ZCNE= 71 &END 0071000¢
EEQUIV DIST= 7T2,ZCNE= 72 EEND _ 00720006

' REQUIV  DIST=""7322ZCNE="73 EEND T GOT3080¢
EEQUIV DISY= 7T442CNE= T4 &END 00740006
EEQUIV DIST= 75,ZCNE= 75 EEND 00750005

I' EEQUIV "DIST= 7&,2CNE=T6& EEND 00760008
€EQUIV DIST= "77,ZCNE= 77 &END 00770006
SEQUIV CIST= 78,ZCNE= 78 &END - 00780006
GEQUIV DOIST= 79,2CNE= 79 E£END 007900406
GEQUIV DIST= B8QsZCNE= 80 EEND 00800006
EEQUIV CIST= B81lsZCNE= 81 EEND 00810006

. BEQUIV DOIST= '82,ZCNE= 82 E&END Jaq82qace
CEQUIV DIST= 834ZCNE= 33 &END 008303006
GEQUIV (CIST= B8442CNE= 84 E&END 00840306
EEQUIV DIST=" 85,ZCNE= 85 EEND 00850QC6
EEQUIV DIST= 88,2ZCNE= 85 &END 00856C0CE
CEQUIV DIST= 87,ZCNE= 87 EEND 0087300s
EEQUIV DIST= B88¢ZCNE= 88 EEND 00988004C6

l GEQUIV DIST= 864ZCNE= 89 EEND ) 00893C0&
EEQUIV O0IST= 90,2CNE= 90 EEND B 00909006
EEQUIV ODIST= 9142ZCNE= 91 EEND ' T02913¢0¢
GEQUIV DIST= 92,ZCNE= 92 EEND 6CS2GCCH

l EEQUIV DIST= 93¢4ZCNE= 93 LEND L 00930306
EEQUIV DIST= 94,ZCNE= 94 EEND - a0940CCe

€ JIV DIST= 95,ZCNE= 95 ZEND 0G95GCCCe

l E..JIV DIST= 9€,ZCNE= 96 GEND 00960006
EEQUIV DIST= 9T7+ZCNE= 97 SEND T Q0970006
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09/30/86 = MRPGP1
98,2CNE= 93 LEND
99, ZCNE= 99 EEND

100, ZCNE= 120 E&END

101,2CNE= 101 &END
102,2CHE= 132 EEND

103,2CNE= 103 EEND
1044ZCNE= 134 GEND

105, ZCNE= 105 &SEND

176¢ ZCNE= 106 EEND

107.2ZCNE= 107 &END

103, ZCNE= 108 EEND

109¢ZCNZ= 199 EEND

110,ZCNE= 110 &END

111, ZCNE= 111 &END

112,ZCNE= 112 &END

113,ZCNE= 113 &END
114+ ZCNE= 114 &END
115¢ZCNE= 115 EEND
116+2CNE= 116 &END
117.2CNE= 117 &END
11842ZCNE= 118 &END -
11S¢ZCNE= 119 EEND

120, ZCNE= 120

121+ ZCNE= 121 &ENO

12242CNE= 122 &END
123,ZCNE= 123 &END

124,2ZCNE= 124 EEND
125+2ZCNE= 125 &END
126,ZCNE= 126 &END
127¢ZCNE= 12T &END
128,ZCNE= 128 EEND
125,ZCNE= 129 &END

130, ZCNE= 130 &END

131,ZCNE= 131 EEND

132, ZCNE= 132 &END
133,2CNE= 133 &END

134+ 2CNE= 134 &END
135,ZCNE= 135 &END

136,2ZCNE= 136 EEND
137.ZCNE= 137 €END
138,2CNE=_138 EEND

139, ZCNE= 139 &END

1404 ZCNE= 140 EEND

14L,ZCNE= 141l &END

142, ZCNE= 142 &END

1434 ZCNE= 143 &END

144,ZCNE= 144 GEND

1454 ZCNE= 145 EEND

146¢ ZCNE= 146 &END

147,2CNE= 147 GEND
148,2CNE= 148 E&END
149,ZCNE= 149 EEND
150,ZCNE= 150 &END

151eZCNE= 151

15242ZCNE= 152 &END

153,Z2CNE= 153 &END

154, ZCNE= 154 LEND
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01460C0¢
__0147000¢
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10:42:02 09/30/8&  MRPGP1 MRPSTT.TSC.CNTLIEQVLST2) o
Memej awmal emoesjasnalacsatosenlnnsvienanfssunincnsSasswtnsuaissentsavalanantaana;
EEQUIV DIST= 155,ZCNE= 155 &END g1sscCe
I EEQUIV DIST= 156,ZCNE= 156 £END B o 0156060
EEQUIV OIST= 157,ZCNE= 157 &END R DR AL+ o
TQUIV DIST= 158¢ZCNE= 158 &END 015800C

l <EQUIV DIST= 159,ZCNE= 159 SEND 0159000
EEQUIV 0I$T= 169,ZCNE= 160 &END T T o T T 0160333
SEQUIV . DIST= 161,ZCNE= 161 &END 01610CC
' SEQUIV DIST= 162,ZCNE= 162 ELEND ~ 0162000¢
EEQUIV DIST= 163+,2CNE= 163 LEND i} T T 0163900
GEQUIV DIST= 164,ZCNE= 164 ELEND 01640CC
EEQUIV DIST= 165¢ZCNE= 165 &END o ___01s500¢C.
' SEQUIV DIST= 166¢ZCNE= 166 &END T - 0166000:
EEQUIV DIST= 167.ZCNE= 167 &END 01670€0:
EEQUIV DIST= 168,ZCNE= 168 &END o 0168000
l EEQUIV OIST= 16G,ZCME= 169 &END - 0165000:¢
EEQUIV DIST= 17J.ZCNE= 170 &END 0170000:
EEQUIV DIST= 171,2ZCNE= 171 &END o J17106¢C.
EEQUIV DIST= 172,ZCNE= 172 &END - T T T T T 9172000«
l EEQUIV DIST= 173,2CNE= 173 EEND 01730C0:
EEQUIV DIST= 174,2CNE= 174 &END 0174000
EGEQUIV DIST= 175,ZCNE= 175 &END o T - TSI 91756008
l EEQUIV DIST= 176+ZCNE= 176 &END 0176000¢
EEQUIV DIST= 177,2ZCNE= 177 SEND 0177000¢
 EEQUIV DIST= 178,ZCNE= 178 €END ~~ ~~~ T T T T 9178000¢
' EEQUIV OIST= 179+ZCNE= 179 E£END 017940a¢
EEQUIV DIST= 180,ZCNE= 180 &END 0180000
EEQUIV DIST= 181,ZCNE= 181 &END B — 0181000¢
EEQUIV OIST= 1824ZCNE= 182 &END 018200C¢
l ."SQUIV DI§T= 183,ZCNE= 183 &END 0183GCCQa¢
JQUIV” DIST= 184,ZCNE= 184 EEND "~~~ 0184900¢
LEQUIV DIST= 185,ZCNE= 185 &END 018500G¢
l EEQUIV DIST= 186&¢ZCNE= 186 EENO 01860CCt
" LEQUIV DIST= 187,ZCNE= 187 &END ‘0187090¢
GEQUIV DIST= 183,ZCNE= 188 &END 9188030¢
SEQUIV DIST= 189,ZCNE= 189 &END 01890CG¢
' GEQUIV DIST= 1304ZCNE= 190 €END ~ "7~ - 01900C0¢
: EEQUIV OIST= 191,ZCNE= 191 &ENO 0191700¢
EEQUIV DIST= 1924ZCNE= 192 &END 01920CC¢
' - §EQUIV DIST= 193.ZCNE="193 £END 0193009¢
EEQUIV DIST= 194»ZCNE= 194 &END 019400C¢
EEQUIV OIST= 1954ZCNE= 1955132641327 &END 01950C0¢
' EEQUIV DIST= 1949ZCNE= 196 &END =~ - "0196000¢
SEQUIV BIST= 197,ICNE= 197 E£ENO a197000¢
EEQUIV DIST= 198,ZCNE= 198,1328 &END 01980C0QE
EEQUIV DIST= 1999ZCNE= 19941329,1330 &END ~ 01990C0¢
' GEQUIV DIST= 203,ZENE= 200,1331 EEND 02000008
SEQUIV DIST= 231,2ZCNE= 291 &END 0201000¢
EEQUIV DIST= 202.ZCNE= 202 &END ~ ~ 02020006
l EEQUIV DIST= 203,2ZCNE= 203,1332,1333,1334 &END 02030008
EEQUIV DIST= 204,2CNE= 204 EEND 02040C0&
CGEQUIV DIST= 205,2CNE= 205 &END " 02050006
EEQUIV' DIST= 2064ZCNE= 206,1335,1336 &END 02060¢08
I SEQUIV DIST= 237+ZCNE= 2Q7 &END 02Q7CCCe
&EQUIV "DIST= 208,ZCNE= 208,1337 &END "'"' 02080008
WIV DIST= 209 ZCNE= 209 &END Q2390006
l wcQUIV DIST= 217+2CNE= 21051338 EEND 02100008
LEQUIV DIST= 211,2ZCNE= 211 EEND =~~~ T - 021100056
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EEQUIV DIST= 2124ZCNE= 212 EEND J212Q008
GEQUIV DIST= 213,ZCNE= 213,1339,1340 LEND ~ 0213QC0€E
EEQUIV DIST= 214,ZCNE= 214 &END 021400306
£ UIV DIST= 215,ZCNE= 215 &END N2150CC¢
. JUIV DIST= 21&,ZCNE= 216 &END L 0216CCGE
£EQUIV DIST= 217,ZCNE= 217 &END 0217000¢
LEQUIV DBIST= 218,2ZCMNE= 218 EEND 0218QcCcCs
EEQUIV DIST= 219,ZCNE= 219 E&END - 02156C0¢
EEQUIV DIST= 220,ZCNE= 220,1341,1342 &END 02200008
EEQUIV DIST= 221.2CNE= 221,1343, 1344 &END 0221Q4Q0¢
GEQUIV DIST= 222,ZCNE= 222 &ENB L  0222C0C¢
SEQUIV DIST= 223,ZCNE= 223 &END 02230Q0¢
EEQUIV DIST= 2249 2CNE= 224 &LEND 02240C0¢
GEQUIV DIST= 225,2CNE= 225 &END S . J225C00¢
EEQUIV DIST= 22&.2ZCNE= 226 ELEND 0226Q0GC¢
EEQUIV OQIST= 227.IZCNE= 227,1345 &END 322700402
CEQUIV DIST= 228,ZCNE= 228 GENO . _.__._.___.____ . 02zsccce
EEQUEV DIST= 229,2CNE= 229 GLEND 0229000¢
EEQUIV DIST= 230,ZCNc= 230 &END 0230000¢
GEQUIV DIST= 231,ZCNE= 231 &END S  0231000¢
EEQUIV DIST= 232,ZCNE= 232 &END . 02320C0¢
EEQUIV DIST= 233,ZCNE= 233 &END 02330Q0¢
GEQUIV DIST= 234¢ZCNE= 234 &END 0234CCCE
"&EQUIV T DIST= 235,ZCNE= 235,1346 &END 0235000¢
EEQUIV DIST= 236,ZCNE= 236 LEND 0236000¢
EECUIV DIST= 237,ZCNE= 237 LEND 52370008
SEQUIV DIST= 238,ZCNE= 238,1347 &END 023808CQ¢k
EEQUIV DIST= 239,ZCNE= 239 EEND 0239000¢
EFQUIV DIST= 243,ZCNE=_240 EEND 0240000¢
‘UIV  DIST= 241,ZCNE= 241,1348 G&END 7T 0241000¢
EeQUIV DIST= 242,ZCNE= 242,1349,1350 &END 02420CQ¢
GEQUIV DIST= 243,ZCNE= 243 GEND o 324300C¢
TEEQUIV T TDISTS 244,2CNE= 244 &LEND 0244000¢
EEQUIV DIST= 245,ICNE= 245 &END 0245Q000¢
EEQUIV _ DIST= 246+ ZCNE= 246 _GEND _ - 0246300¢
EEQUIV DIST= 247,2CNE= 247 "&END D24700C¢
EEQUIV DIST= 248,ZCNHE= 248 &END 0248030¢
EEQUIV DIST= 2495 ZCNE= 249 &GEND _ 02492C0¢
GEQUIV " D18T= 250,ICNE= 250 &END 0250C0Q¢
EEQUIV DIST= 25lsZCNE= 251 &END 02510004
EEQUIV DIST= 252,ZCNE= 252 GEND 025200C¢
EEQUIV DIST= 253,2ZCNE= 253 LEND 0253CCC¢
EEQUIV DIST= 254¢ZCNE= 254 &END 0254Q00¢
EEQUIV DIST= 255,ZCNE= 255 €END 0255300¢
GEQUIV DIST= 256,ZCNE= 256,1351 &END Q2560CC¢E
GEQUIV DIST= 257,ZCNE= 25741352 &END 025704Q4¢
GEQUIV DIST= 258,ZCNE= 258 EEND L 025800C¢
&EQUIV “DIST= 259,2CNE= 259 &END "0259CC0¢
EEQUIV DIST= 26042CNE= 260,1353,1354 &END 02600008
EEQUIV DIST= 261, ZCNE= 261 SEND o €261CC0¢
LEQUIV "DIST= 262,2CNE= 262,1355,1356 4END T g2620C0¢
EEQUIV DIST= 263,ZCNE= 263,1357 &END 0263000¢E
GEQUIV DIST= 264,ZCNE= 264,1353,1359,1360  SEND 0264090€
LEQUIV DIST=.265,2CNE= 265 &END p2&5C0Q¢
WIV DIST= 26£,ICNE= 266 &END 0266000%
_.UIV DIST= 267,ZCNE= 267513561 EEND B _Q26700a¢
EEQUIV DIST= 268+ZCNE= 268 &END 0268G600Q¢
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LEQUIV DIST= 269+ZICNE= 269 LEND A2693C06
GEOUIV DIST= 270,ZCNE= 270 EEND L o 22760206
GEQUIV DIST= 271.,2CNE= 271,1362,1363 &END 02710008
7 ‘JIV DIST= 272.ICNE= 272+1364 &END 22720G08
£ JIV CIST= 273,ICNE= 273,1365 &END o B 02739¢23
GEQUIV DIST= 274,ICNE= 274 LEND 027492006
EEQUIV DIST= 275.ZCNE= 275 EEND 227503006
EEQUIV OIST= 2T6¢ZCNE= 27641366 &EMND B 02760CQ23
EEQUIV DIST= 277,2ZCNE= 277 &END 027700045
CEQUIV DIST= 278+2ZCNE= 278 LEND 02780005
EEQUIV DIST= 273:ZCNE= 279 EEND L L B 02793006
BEQUIV DIST= 28C,ZCNE= 280 &END 028CCGCs
EEQUIV DIST= 281,2CNE= 281 &END 02810006
GEQUIV ODIST= 282,ZCMNE= 282 EEMND ~ o o 02824106
GFRQUIV DIST= 283,ZCNE= 283 &END 02830Q0¢
EQUIV DIST= 284,LZCNE= 284 &END 02840CC6
@EDUIV DIST= 285,ZCNE= 285 &END L 02859106
SEQUIV DIST= 28¢&,2CNE= 236 &LEND Q2R&CCCE
geEay IV OIST= 287+.2CNE= 287 &END 928792006
EEQUIV CIST= 283.ZCNE= 288 EEND e 028802456
GEQUIV DI1IST= 289,ZCNE=.289 &END 0289CCCe
eEmUIv DIST= 290, ZCNE= 290 &END 02903006
GEQUIV DIST= 29142CNE= 291 &END L L 02911006
SEQUIV DIST= 292.,ZCNE= 292 &END 0252CGCCs
EEQUIV DIST= 293,ICNE= 293 &EMD 0293000¢
SEQUIV CIST= 294,ICNE= 294 &END L _ 02940C0¢
SEOUIV DIST= 295,ZCNE= 295 &END 0235QCCe
SERMIV DIST= 29&,ZCNE= 296 &END 02960006
grIVy  DIST= 297,ZCNE= 297 &END 229712QQ¢
( JIv DIET= 298+ ZCNE= 298 &END Q0298CCCe
gxuUIV DIST= 299,ZCNE= 299 &END 029960406
SERUIV DIST= 300,ZCNE= 300 _&END . 3 o _ - 030209006
CEQUIV DIST= 301,ZCNE= 3Q1 &END 0301404QQ¢
EEQUIV DIST= 302,ZCNE= 302 &LEND 030280C&
GEQUIV DIST= 303,ZCNE= 303 E&END e 03030006
EEQUIV DIST= 304,ZCNE= 304 &END 03044QGé
LEEQUIV DIST= 305,2ZCNE= 205 &END 0305000¢
SEQUIV DIST= 306,2ZCNE= 306 &ENO e 03962006
EEQUIV DIST=307,ZCNE= 307 EEND TTTTTTTT 0207C00¢
CEQUIV DIST= 308,ZCNE= 308 &END 0308000¢
CEQU IV DIST= 309,2CNE= 339 &END __ i 03090006
EEQUIV OIST= 310.ZCNE= 3170 EEND G2100GCe
EEQUIV DIST= 311,ZCNE= 311 &END 03110C0¢
EEQUIV DIST= 312,ICNE= 312 &END L 031230905,
EEQUIV DIST= 313,ZCNE= ‘'313,1367 &ENO 03130CQ¢8
EEQUIV DIST= 314,2ZCNE= 314 &END 0314000¢
GEQUIV DIST= 315,ZCNE=_315 GEND 03150006
LEQUIV DIST= 31642ZCNE= 316 &END 031640006
EEQU}V DIST= 317,ZCNE= 317 &END 0317000e&
EEQUIV DIST= 318+sZCNE= 318, 1368,1369,1370 G&END _ 03180008
SEQUIV DIST= 319,ZCNE= 319 &END g3190Cq8
EEQUIV DIST= 320,2ZCNE= 320,1371,1372 &END 032400008
EEQUIV DIST= 321.2ZCNE=_321 &END __ 03210006
SEQUIV DIST= 322,ZCHE= 322 &END . 703227006
fr YIV DIST= 323,ZCNE= 323, 1373'1374 LEND 03230¢C08

LIV DIST=_324'ZCNE=“324‘&END___m 032402006
EEQUIV DIST= 325.,ZCNE= 325 &END 03253006
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EEQUIV DIST= 326,ICNE= 326 &END 0326000¢
EEQUIV DIST= 327,ZCNE= 327 &END S o 03270006
reQUIV DIST= 3284ZCNE= 328 EEND 0328CCQ¢
Wwiv DIST= 329,ZCNE= 329 &END 0329000¢
LeQUIV DBIST= 333,ZCNE= 330 EEND - ) 0333000¢
EEQUIV DIST= 331,ZCNE= 331 &END 0331300¢
EEQUIV DIS1= 332,ICNE= 332 &LEND 03320CC¢
GEQUIV DIST= 333,ZCNE= 333 &END 03333023¢
EEQUIV DI1ST= 334,ZCNE= 334 EEND T o o 2334C000C¢
EEQUIV DIST= 335,ZICNE= 335 &LEND 0335CC0¢
EEQUIV DIST= 336,2CNE= 336 &END - S 03360004
EEQUIV O0IST= 337,ZCNE= 337 &END o 03370C0¢
EEQUIV DIST= 338,ZCNE= 338 EEND 03380090¢
EEQUIV DIST= 33G,ZCNE= 339,1375,1376 EEND _ 0339000C¢
SEQUIV DIST= 349y IONE= 340 EEND N T T 0340CCL¢
EEQUIV DIST= 341,ZCNE= 341 EENC 0341GC0¢
EEQUIV DIST= 342,ZCNE= 342 &END 0342003¢
EEQUIV DIST= 343,ICNE= 343,1377 "&END T T T T TUTTTTTTTTTT T T 0343900¢
EEQUIV DIST= 344,ICNE= 344 EEND 0344CCQ¢
EEQUIV DIST= 345,ICNE= 345 LEND 2345090¢
EEQUIV DIST= 3464ZCNE= 346 E&END TTTTTTTTITTTTR T E T T T T T 0346000¢
EEQUIV DIST= 347+ZCNE= 347,1378 &END J3470CG¢
LEQUIV DIST= 348,ICNE= 348,13769,1380 &END 0348000¢
EEQUIV DIST= 349,ICNE= 349,1381,1382 "&END "03430L0¢
EEQUIV DIST= 350,ZCNE= 350,1383,1384 &ENO 33508CC<
EEQUIV DIST= 351,ZCNE= 351,1385 &END 0351000Q¢
"GEQUIV “DIST= 352+ZCNE= 352,1386 "&END T ’ TTTTTTTTTTTTTT0352Q¢C0¢
EEQUIV DIST= 353,ZCNE= 353,1387 &END 03530CC¢
QUIV DIST= 354,Z0NE= 354,1388 &END 0354000¢
QUIVT DIST=355,ZCNE="355,1389" &END 03550CQ¢
EEQUIV DIST= 3569 ZCNE= 356,41390+1391 &ENC 035&gCC!
EEQUIV DIST= 357,ZCNE= 357,1392,1393 EEND g357acas
"EEQUIV DIST= 358¢ZCNE= 358 &END - TTTTT3358C0C:
EEQUIV DIST= 359,ZCNE= 359,1394 &END 03590CC!
EEQUIV DIST= 360,ZCNE= 360,1395 &END 03&00C0O¢
EEQUIV ™ OIST= 361, ZONE= 361 &END ~ 0361000¢
EEQUIV DIST= 362,ZCNE= 362 &END 026206CC¢
EEQUIV DIST=s 363,ZCNE= 363 ELEND 0363000¢
EEQUIV " DIST= 344,ZCNE="364,1396  &END T 0364000¢
EEQUIV DIST= 365+ZCNE= 365,1397,1398+1399 &END 0365CCG0¢
EEQUIV DIST= 366,2CNE= 36641400,140L &END D23660C0¢
"EEQUIV DIST="36T7,ZCNE= 367 &END” ~ T 0367C00¢
EEQUIV DIST= 368,ZCNE= 36841402 &END 025860C0H:
EEQUIV DIST= 369,ZCNE= 3691403 &END 0369000°¢
EEQUIV DIST= 370,ICNE= 370 &END = “0370003¢
EEQUIV DIST= 3714ZCNE= 371,1404+1405 ELENC 2371002¢
EEQUIV DIST= 372,Z0NE= 372,1406 &END 0372000¢
" EEQUIV — DIST= 373,ZCNE= 373+1407,1408,1439,1410° E&END 0373000¢
EEQUIV DIST= 374,ZCNE= 3T4,1411 EEND 23740CC¢t
EEQUIV DIST= 375,ZCNE= 375 EEND 0375000¢
EEQUIV DIST= 376sZCNE= 37641412  EEND T p37600Q0¢
EEQUIV DIST= 377.ICNE= 377 -EEND 037700G¢
EEQUIV ODIST= 378,ZCNE= 378,1413 &END 0378000 ¢
~TtQUIV DIST= 379,ZCNE="3T79 EENOD T Q379000¢
QUIV OIST= 380.,ZCNE= 380.1414 EEND 038aQces
LEQUIV DIST= 381,ZCNE= 381,1415 &END 0381CGC0¢
EEQUIV DIST= 382¢ZCNE= 382,1416,1417 &END™ T 7 0382000¢
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EEQUIV [CIST= 383,ZCNE= 383,1418 &END 03830CC¢E
EEQUIV DIST= 3844ZCNE= 384,141S E&END e _038400cCE
"TQUIV  DIST= 385,ZCNE= 385,1420,1421 &END 03850C0¢
ULV DIST= 386,2ZCNE= 386,1422 LEND 038£0CQ¢
GEQUIV DIST= 387,ZCNE= 387 &END . 03s87000¢
EEQUIV OIST= 388,ZCNE= 388 LEND 0383000¢
EEQUIV DIST= 389+ZCNE= 389 LEND 0385QCC¢
EEQUIV DIST= 390,ZCNE= 390 &END e . 03302000¢
EEQUIV DIST= 391,2CNE= 391,1423 &END 03919300¢
GEQUIV DIST= 392,ZCNE= 392,1424 &END D3920CG¢
CEQUIV DIST= 393,ZCNE= 393,1425,1426 &ENC X . _.___0393000¢
GEQUIV DIST= 394,ZCNE= 394,1427,1428 &END 03940CCe
&EQUIV DIST= 395,ZCNE= 395 &END- 03950GC¢
EEQUIV DIST= 396,1CNE= 396 EEND o o o _. 0396000¢
EEQUIV DIST= 397,ZCNE= 397 &END 03970Q0¢
EEQUIV DIST= 398,ZCNE= 398 &END 0398000¢
EEQUIV DIST= 399,ZCNE= 399 EEMD o _ B 0359000¢
EEQUIV DIST= 400s2ZCNE= 400 &END 0400090%
GEQUIV DIST= 401,ZCNE= 401 EEND 04010¢C¢
GEQUIV DIST= 402,ZCNE= 402 €END e _04D2000¢
EEQUIV DIST= 403sZCNE= 403 E&END . '0403000¢
EEQUIV DIST= 404+2ZCNE= 404,1429,1430 EEND 04040Q0¢
EEQUIV DIST= 40S+ZCNE= 40551431 EEND o i . ____Q4050C0E
GEQUIV DIST= 4068,2CNE= 406 EEND 04060006
GEQUIV DIST= 407+4ZCNE= 407 E&END 04073208
GEQUIV DIST= 408,ZCNE= 408,1432 &END i C4280008
EEQUIV DIST= 409,ZCNE= 409,1433 £END 704090008
EEQUIV DIST= 410s2CNE= 410s1434 &END 04100008
WIV DIST= 411,ZCNE= 411 &END 0411CC0¢&
«.JUIV  DIST= 412, ZONE= 412 E€END N 04120006
EEQUIV DIST= 413, ZONE= 413 &END 04130006
GEQUIV DIST= 41442CNE= 414 &ENC i 04140CCE
GEQUIV DIST= 415:2CNE= 415 &END 704150006
EEQUIV DIST= 416,ZCNE= 416 EEND 04163C0¢&
GEQUIV DIST= 417+ZCNE= 417,1435 &END __04170CGE
GEQUIV DIST= 418,Z0NE= 418,1436 &END 041800(08
GEQUIV DIST= 419,2CNE= 419,1437 E&END 041900128
GEQUIV DIST= 420sZCNE= 420 &END 04200CCs
GEQUIV ~DIST= 421,ZCNE= 421 &END T 04210006
CEQUIV DIST= 422,ICNE= 422 &ENO 042293c08
EEQUIV DIST= 423,ZCNE= 423,1438 &END . _.0423g¢q0¢
EEQUIV DIST= 424+ 2CNE= 424 EEND 0424000¢
GEQUIV DIST= 425,ZCNE= 425,1439,1449 £END 14250CCe
EEQUIV DIST= 426,2ZCNE= 426,144l EEND B ) . _04260QCCE
EEQUIV OIST= 427,ZCNE= 427s1442 &END 04270008
EEQUIV DIST= 428+ZCNE= 428 E&END 042849006
GEQUIV DIST= 429,ZCNE= 429 &END o L 04250C0¢6
EEQUIV DIST= 430,ZCNE= 430,1443 &END T 04300048
GEQUIV DIST= 431,ZCNE= 431,144% &END 04310008
CEQUIV DIST= 432,2CNE= 432,1445 &END 04320C08
GEQUIV DIST= 433,2CNE= 433 EEND 04330006
EEQUIV DIST= 4344ZCNE= 434 &END 04340006
EEQUIV DIST= 435,ZCNE= 435 &ENO L 04350C0¢
FTOUIV DIST= 43&,ZCNE= 43691446 EENO ~ 04360C03
- UIV DIST= 43742CNE= 437,1447 &END 04370003
CEQUIV DIST= 438+ZCNE= 438 EEND o o . 04384cce
EEQUIV DIST= 439,ZCNE= 439 EEND 7 043900056
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EEQUIV
&EQUIV

QUIV

QUIY
SEQUIV
EEQUIV
GEQU IV
GEQUIV
EEQUIV
GEQU IV
SEQUIV
S§EQUIV
EEQUIV
GEQUILV
EEQUIV
£§zQU IV
SEQUIYV
&EQUIV
&EQU IV
GEQUIV
EEQUIV
EEQUIV
EEQUIV
&EQUIV
&EQUIV
EEQUIV
EEQUIV
FEQUIV

iV

wcQUIV

&EQU IV
SEQU IV
SEQUIV
GEQUIV
£EQU IV
SEQUIV
EEQUIV
EEQU IV
SEQUIV
&EQUIV
EEQU IV
EEQUIV
EEQUIV
EEQU IV
EEQUIV
EEQUIV
&EQU IV
SEQULV
SEQUIV
SEQUIV
EEQUIV
EEQUIV
EEQU IV
f WV
LY 4UIV
SEQU IV
EEQUIV

DIST=
DIST=
DIST=
DIST=
QIST=
DlET=
DIST=
CIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIsT=
DIST=
DIST=
DIST=
DIST=

-DIST=

DIST=
CIST=
DIST=
DIST=
DIST=
DIST=
DIST=
OIsST=
DIST=
DIST=

_DIST=

DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
DIST=
gIST=
DIST=
BIsT=
DIST=
DIST=
DIST=
DIST=
gIsST=

4969 ZCNE= 496,1482,1483,1484 EEND
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440y LIONE= 440 EEND 0440000&
441sZCNE= 441,1448 EEND " — e 0441C0GCE
442,2CNE= 442 EEND 0442000¢
443¢ZCNE= 4463 EEND 04432300¢
444 42CNE= 444 GEND S -  0444000Q¢
445,ZCNE= 445 GEND 0445000¢
4459 ICNE= 64464+1449 ELEND 04460098
447, ZCNE= 447 EENO o - 04470006
448,7CNE= 448 &END . 0448000¢
449,ZCNE= 449,1450 E&END 04490008
4509 ZCNE= 45051451 EEND S ~  n450CCCE
451, ZCNE= 451+1452,1453 EEND d45100Q0¢
452, ICNE= 452,1454 E&END 045200408
453, ZCNE= 453,145501456 &END o  3453000¢
4544ZCNE= 454,1457 &END 04540CCE
45594 ZCNE= 455 &LEND 0455000¢
456, IONE= 456 GEND e  045&C00¢
45T2ZCNE= 45T7+1458 E£END 04570CCE
458, ZCNE= 458 £END 04580005
4594 ZCNE= 459,1459 EEND 94590008
4639 ZCNE= 46091460 EEND J4£Q0CCs8
461s ICNE= 461,1461 E&END 045610003
462, ICNE= 462 EEND L 04620306
463+ LCNE= 463 HLEND 0463GCQ¢
4649 LCNE= 464 EEND 0464000¢
465,2CNE= 465,1462 &END ) 04650008
486,4,LCNE= 466 EEND 045660QCC6
46T+ ZCNE= 46T7.1463 &END 0467G008
468, ZCNE= 46841464 GEND 04680008
469,ZCNE= 469 EEND 046504QC4
4702 2ZCNE= 470¢1465 &END 04700008
4T1,ZCNE= 471 &END ] 04710006
4724 ZCNE= 472 LEND 047204Cs
4T3+2ZCNE= 473,14664146T7 EEND 04730008
4T4¢ZCNE= 474 EEND ) 04740006
4T54ZCNE= 47541468 &END 047500608
4T6,1CNE= 476 &LEND 04760006
477.ZCNE= 477 £END o o 04770006
4TByZCNE= 4784146941470 &END g4780C08
4TG+ZCNE= 47941471 EEND 04790008
4804 2ZCNE= 48051472,14T73 _&END 043000408
48l,Z{NE= 481 &END 0481000¢
482y ZONE= 482 E&END 048200058
483,ZCNE= 48341474 EEND B 04830008
48449ICNE= 484 EEND 04840002
435+Z0NE= 485,1475 &END 04850008
486y ICNE= 48641476 E&END B 048604008
4879 ZCNE= 48741477 &END 04870008
4B88+ZCNE= 488,1478 &END 04880008
489¢ ZCNE= 489 E&END . _— ) 04890008
490,ZCNE= 49041479 EEND "04900¢C08
491+ ZCNE= 491 &END 0491000¢
492¢ ZCNE= 492 EEND 04920006
4934ZCNE= 493 LEND 243930006
494, ZCNE= 494 EEND 04940CQ¢
495¢ ICNE= 49541480,1481 &END 04350008
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GEQUIV DIST= 497,2CNE= 497,1485 ELEND 0497000¢
EEQUIV DIST= 498+ ZCNE= 498 &END 049335GC¢
“EQUIV DIST= 499,ZCNE= 499 &END - S " 0455CCCE
IQUIV DIST= 500,ZCNE= 500 EEND 05000C0¢
EEQUIV DIST= 501,ZCNE= 501 E£END 0561CC0¢
EEQUIV DIST= 502.2CNE= 502 £END s o - 05028CQ¢
EEQUIV DIST= 503,ZCNE= 503 £END 05030C0¢
l EEQUIV [0IST= 504sZCN%= 534 EEND 05040CC¢
EEQUIV OIST= 505,ZCNE= 505 LEND - - 05G5CCCe
EEQUIV CIST= 506:2CNE= 506 LEND 05060CCE
GEQUIV CIST= 507¢ZCNE= 507 EEND 0507000¢
EEQUIV DIST= 508,ZCNE= 508 GEND  ~~ ~— - - - 05080C0¢
EEQUIV DIST= 50$,ZCNE= 509 £END 0509600¢
EEQUIV DIST= 510sZGCNE= 510 £END 05100006
EEQUIV CIST= S11,ZCNE= 511 EEND S P Y TR T PP )
EEQUIV DIST= 512,ZCNE= 512 &END 0512000¢
" EEQUIV CIST= 513¢ZCNE= 513 £END 05130006
EECUIV DIST= 5145ZCNE= S14. £END T T s s = e R 600
EEQUIV DIST= 515,ZCNE= 515 £END 0515600¢
GEQUIV D0IST= 516sZCNE= 516 EEND 05160C0€
EEQUIV DIST= 517,ZCNE= 517 EEND S e e e is s 3002800
SEQUIV DIST= 518,ZCNE= 518 EEND 0518000¢
SEQUIV DIST= 51S,2CNE= 519 £END 05150006
GECUIV DIST= 520,ZCNE= 520 €END - — e 3520680
GEQUIV DOIST= 521,ZCNE= 521 EEND 0521000¢
EEQUIV DIST= 522,ZCNE= 522 GLEND 05220006
EEQUIV DIST= 523,ZCNE= 523 £END — - — - 05230006
FEQUIV DIST= 5249ZCNE= 524+1486,1487 EEND 0524CCO8
QUIV  DIST= 5254ZCNE= 525 GEND : 05250006
© €QUIV "DIST= 5264 ZCNE= 526 EEND — - 05260004
EEQUIV DIST= 527,ZCNE= 527,1488 &END 05270C0 &
EEQUIV .DIST= 528,2CNE= 528 &END 05280006
~EEQUIV DIST= 529,ZCNE= 529 EEND e e e 52550006
EEQUIV OIST= 530+ZCNE= 530 EEND 05300C06
I SEQUIV DIST= 531,ZCNE= 531 £END 05310006
“EEQUIV ~DIST= 532,ZCNE= 532 LEND ~— —- ~ 05320606
EEQUIV DIST= 533,7CNE= 533 ,1489 £END 0533¢CCE
EEQUIV DIST= 534, ZCNE= 53451490s 1491 &END 05340008
EEQUIV ™ DIST= 535, ZCNE="535 gSEND T o Ti)535Q¢C40s
EEQUIV DIST= 536+ZCNE= 536 £END 05380006
EEQUIV DIST= 537,ZCNE= 537 EEND 05370006
“EEQUIV ~ DIST= 538, ZCNE< 538 LEND — J5380C06
GEQUIV DIST= 536, ZCNE= 5399149251493 EEND 0539GC08
EEQUIV DIST= 540¢ZCNE= 540,149% EEND 05400008
EEQUIY OIST= 541,ZCNE= 541 £END =~  ~ 05410C0¢&
EEQUIV DIST= 542,ZCNE= 54251495 &END 05426¢08
SEQUIV DIST= 543,ZCNE= 543,1496 &END 05430008
EEQUIV DIST= 5444ZCNE= 544 EEND ~  —————— 35440006
EEQUIV DIST= 545,ZCNE= 545 £END 05450G0&
EEQUIV DIST= 546,ZCNE= 546 EEND 0546006
EEQUIV OIST= 547+ICNE= 547 &END T T T T 55470026
EEQUIV DIST= 548,ZCNE= 548 £END 05480Ca&
EEQUIV DIST= 54S,ZCNE= 549 EEND 05490006
SQUIV DIST= 550,ZCNE= 550 £END T - 3600006
‘QUIV DIST= 551,ZCNE= 551 £END 05510CCe
EEQUIV DIST= 552,ZCNE= 552 £END 05520006
EEQUIV DIST= 553, ZONE= 553 £END ~ - - ~ 05530036
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EEQUIV DIST= 35549.ZCNE= 554,1497 &END 05540C0¢
GEQUIV DIST= 555,Z0NE= 555,1498 &END ) 95550408
FEQUIV DIST= 556, ICNE= 556+1499.1500,1501 ELEND 05560C¢Cs8
QUIV DIST= 557¢ZCNE= 55741502+1503 LEND 05570¢CCe
-¢QUIV DOIST= 558,ZCNE= 5584150441505,1506 GEND 05582008
EEQUIV DIST= 553:ZCNE= 559,1537 &END J5550CQCE
EEQUIV DIST= S5602ZCNE= 560+1508 &END J5&CQC0OE
GEQUIV DIST= 56ls ZONE= 561 GEND o o 35619006
EEQUIV DIST= 562, ICNE= 562 &END Q05620C0¢
GEQUIV DIST= 563+ZCNE= 563+1509 &END 08630C3¢
£EQUTV DIST= 564¢ ZGNE= 564 &END 0564000&
EEQUIV DIST= 56592CNE= 565 &END 05650C0¢
EEQUIV DIST= 566¢ZICNE= 566 EEND 0566CCQ¢
GEQUIV DIST= 567,ZCNE= 567 GENO - 0567000¢€
LEQUIV DIST= 56B8+ZCNE= 56851510 EEND 05680008
SEQUIV DIST= 569, ICNE= 569 E&END 0569CCQ¢
EEQUIV DIST= 570,ZICNE= 570 &END 05700006
EEQUIV DIST= 571+ZCNE= 571+1511 &END A5713CC8
SEQUIV DIST= 572+ ICNE= 572 &END 0572GCC¢
EEQUIV DIST= 573,2CNE= 573 &END 0573000¢
&EQUIV DIST= 574,20NE= 574,1512 &END 35740008
EEQUIV DIST= S575,ZCNE= 575,1513 &ENO 05750C0¢
EEQUIV DIST= 57&s 2ONE= 576 GEND ) 0576000¢
EEQUIV 'DIST= S77+ZCNE= 577,1514 &END 05770C0¢8
EEQUIV DIST= 57852ZCNE= 578,1515 &END 0578Q0CQ¢E
EEQUIV DIST= 575,2CNE= 579 &END _ 05790006
S&EQUIV DIST= 58J,ZCNE= 580 &END 05800006
EEQUIV DIST= 58leZCNE= 581 &END 05810C0¢
FQUIV DIST= 5824ZCNE= 582 &END 05820006
-QU[V "DIST=583,ZCNE= 583 &END 058304006
EEQUIV DIST= 584,ZCNE= 584 &END 05840C0¢
EEQUIV DIST= 585,2CNE= 585 GEND _ 05850006
T GEQUIV DIST= 5864ZCNE= 58641516 &END 0586934048
EEQUIV DIST= 587,1CNE= 587 &END 0t£87T0C0s
GEQUIV DIST= 583,2CNE= 588 CEND 05830006
CEEQUIV  DIST= 589.ZCNE= 589 &END 058900305
BEQUIV DIST= 590,ZCNE= 590 E&END 0590000¢
GEQUIV DIST= 591, ZGNE= 591 &END 0591000¢
EEQUIV DIST= 5924 IONE= 592 EEND 05920006
EEQUIV DIST= 593, 2Z0ONE= 593 LEND 059300306
GEQUIV_ DIST= 594, ZONE= 594 E&END 05940006
EEQUIV™ DIST= 59542CNE= 595 &END ' 05953004
GEQUIV DIST= 596:ZCMNE= 596 &ENOD 3596Q0CCs
GEQUIV DIST= 597.ZCNE=x 597,1517 &ENO 05970C08
GEQUIV DIST= 598,ICNE= 593 &END 059804006
EEQUIV DIST= 599,ZCNE= 599 &LEND 953990C0as
GEQUIV DIST= 600, ZCNE= 600,1518,15L9,1520 &END _ 06006608
LEQUIV OIST= 601.ZCNE= 601 &END 06010006
EEQUIV DIST= 602+ZCNE= 602 EEND 0€020006
GEQUIV DIST= 603,ICNE= 603 GEND __06030G0¢
EEQUIV DIST= 6049ZICNE= 604,1521 -&END 06040008
GEQUIV DIST= 605,ZCNE= 605 £LEND 060590346
GEQUIV DIST= 6060ZCNE= 606 LEND 0606GCCE
FEQUIV DIST= 607,ZICNE= 807 &END 0607C34Qs
JQUIV DIST= 608+ Z(NE= 60B,1522 EEND 0648CCa8
wEQUIV DIST= 60S+ZCNE= 609 EEND o 06G9CCCe
EEQUIV " DIST= 610sZCNE= 61041523,1524 EEND 06100008
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&EQU IV
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LEQU IV
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611,ZENE= 611,1525 &END Q061100Q:
612+s2CNE= 612 &END N - o 0612000¢
613, ZCNE= 613 EEND 0613000¢
6l4.ICNE= 614 &END J614320¢
615,ZCNE= 615 LEND . N 061500Ct
616, ZCNE= §16 ELEND 0616030
617¢ZCNE= 617 &LEND 361 730:3¢
618+ZCNE= 618 EEND ) . 06l8n00¢
519, ZCNE= 51951526 EEND 2619200¢
627, ZCNE= 62041527 &END 062CJ330¢
6214ZCNE= 621 &END e 06210C0¢
4229 ZCNE= 622 EEND 2622300¢
623+ZCNE= 623,1528 &END 0623C09¢
6249ZCNE= 624,41529,1530 ELEND o L . 0624000¢
625+ ZCNE= 62551531 &END 3625003¢
6269 ICNE= 626,1532 EEND 062617C0¢
627+2ZCNE= 627,41533,1534 &END . D&2T000¢
628, ICNE= 628,1535,1536 &END 0628400C¢
629, IONE= 629 EEND Q625GC%¢
630+2CNE= 630+1537 &END L . 06&30000t
631ZCNE= 6311538 &END 0631000¢
632,2ZCNE= 632,1539 &END 063234Q0¢
&33,ZCNE= 633,1540,1541 &ENC L __06330400¢
6344ICNE= 63441542 &END 0634300¢
6354 ICNE= 635,1543 &END 06353C0¢
6369 ZCNE= 6364154441545 _EEND ___0&36600¢
537+ ZCNE= 637 EEND 0637330¢
6384 ZCNE= 638 &END Q0&38QCQ¢
6395 ZCNE= 6394154641547 _EEND 0635CC0¢
4640, ZCNE= 640 &END 