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PREFACE 

This report was prepared pursuant to a contract conduc ted under 

the capable direction of John Durham of the Urban Mass Transportation 

Administration and Michael Wolfe of Transportation Systems Center. 

The contractors also wish to acknowledge the data-collection assistance 

of Kenneth Bray, TSC's representative at SCRTD headquarters, and Allan 

Styffe, SCRTD's AVM liaison. Representatives of the assessment con

tractor responsible for project management and reports preparation were 

Douglas Daetz and Marlies Bebendorf of SYSTAN and Elizabeth Juarez of 

Juarez and Associates. 

A revised impact assessment (evaluation) plan for the AVM 

demonstration is currently being prepared by SYSTAN for the Transportation 

Systems Center. That document, together with th i s baseline report, 

should provide an updated description of the socioeconomic i mpact 

assessment. 

xi ii 





1. SUMMARY 

1.1 Introduction 

This report is a quantitative and quali tative present ati on of 

baseline conditions for the Urban Mass Transportation Administration's 

( UMTA' s) demonstration of Automatic Vehicl e Monitoring (AVM) in Los 

Angeles, Califo rnia . The report i s an element of UMTA's assessment of 

t hat demonstration . It is descriptive in nature and does no t contain 

conclusions, as i t is intended to serve as an interim document. The 

final report of the socioeconomic impact assessment of the Los Angeles 

AVM demonstration is schedul ed for completion i n November 1981. 

1.2 Purpose of an AVM System 

The pri mary function of an AVM system i s to monitor the locati on 

of all ve hicl es operati ng within t he area served by the system. Real

time location information i s useful for both fi xed~route bus systems and 

fl exibl e-route (or "random- route") vehic l e systems such as police, taxi, 

dial-a-ride, and other demand-responsive services . Another important 

funct ion of AVM systems i s t he automatic col l ect ion of t i me-and-place

spec ific data on bus operati ons (and, in applications involv ing passenger 

counters, passenger activity). Thi s data is stored for later analysis. 

For the fixed-route bus system, which i s the mai n focus of the Los 

Angeles demonstration, an important use of AVM is to improve schedule 

adherence thro ugh rea l -time control of buses on route. The AVM system 

will automatically detect bus deviat i ons from sc hedul e. This informat ion 

can either trigger the automatic transmiss ion of messages to appropriate 

bus drivers or be used by the dis patc her to formulate correct i ve actions 



that are then radioed to the drivers. 

Improved adherence to schedules benefits both the transit user and 

the transit operator through improved reliability, shorter passenger 

wait times, more uniform passenger loading, and reduced operating costs. 

Other potential benefits of AVM for a fixed-route bus system include 

enhanced driver and passenger security and improved planning and schedu

ling as a consequence of more complete and up-to-date management infor-

* mation. 

During the past 20 years approximately 35 variations of automatic 

vehicle monitoring systems have been or are being implemented in public 

transportation properties, principally in Europe. As of this date, about 

20 of these systems are either active or in the process of being devel-

** oped. There i s worldwide interest by the transit community in AVM and 

its potential uses, impacts, and benefits. 

1.3 The Los Angeles AVM Demonstration 

The Los Angeles Automatic Vehicle Monitoring Demonstration, which 

began in 1977, is the second phase of a program sponsored by the U.S . 

Department of Transportat ion . In Phase I, nonservice operational tests 

of four AVM location technologies were conducted in Philadelphia during 

the winter of 1976-77. In the Los Angeles Phase II demonstration, 200 

buses operated by the Southern California Rapid Transit District (SCRTD) 

* A few prior studies of actual and hypothetical AVM systems have esti
mated that the benefits to a transit operator of an AVM system out
weigh its costs. However, many of the conjectured benefits of AVM 
are qualitative or subjective in nature and therefore difficult to 
enter into a cost-benefit calculus . 

** See U.S. Department of Transportat ion, Urban Mass Transportati on 
Administration, Automat ic Vehicle Monitoring Program Digest , April 
1981, Report No . DOT-TSC-UMTA- 81-11. See also Exhibit 2.6 for an 
international summary of AVM experiments in public transportation. 
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* have been outfitted with AVM equipment, including passenger counters . 

Four of the approximately 220 SCRTD routes were selected for testing of 

the AVM system; these four routes, which include the busiest route in 

SCRTD's system (Route 83, Wilshire Boulevard), require the assignment 

of approximately 150 of the AVM-equipped buses each day. Signpost trans

mitters, which continuously emit a unique identificat ion signal, were 

placed along the four routes at intervals of approximately 1,000 feet. 

In addition, 12 random-route service and supervisory vehicles were 

equipped for AVM. Their locations can be accurately monitored when they 

are within the 54-square-mile primary AVM service area, an area in central 

** Los Angeles that is completely "signposted." Only five supervisory 

vehicles are expected to be within the primary area at any one time. 

Originally, 25 patrol cars of the Los Angeles Po lice Department (LAPD) 

were to be monitored within the primary AVM service area. However, LAPD 

did not receive the grant needed to fund its participation, so no police 

cars were included in the demonstration. 

The major goals of the AVM demonstration in Los Angeles are to 

• observe how a large transit property reacts and adjusts to AVM , 

• determine how well the deployed AVM system performs under actual 
field conditions, 

* The AVM equipment was instal l ed on 150 standard GMC buses, 33 lift
equipped AM General buses, and 17 MAN articulated buses. · 

** Signposts are located at a distance of about 2,000 feet from each 
other, except along the AVM routes where the separation is only about 
1,000 feet. A total of about 915 signpost transmitters have been 
deployed for the demonstration. 

3 



* • estimate the extent to which the expected benefits of AVM were 

realized and are realizable by the host transit property, and 

• gain insights into the general and site-specific factors that 

affect the relationship between the benefits and costs of AVM. 

The operational phase of the demonstration consists of three stages, 

as shown in Exhibit 1.1 . During Stage 1, baseline data was collected 

for comparison with data from subsequent stages. In Stage 2, 11 s ta rt-up, 11 

dispatchers became act ive users of th12 ;\1/M system for both monitoring 

AVM routes and real-time control of AVM routes. This second stage was 

a learning period for all concerned: the dispatchers at the AVM console, 

the division dispatchers who assigned buses to routes, the tec hnicians 

who maintained the AVM equipment, the contractor's system engineers, and 

so on. Stage 3 is the operative test period. The functioning of AVM 

hardware and so ftware and the daily assignment of AVM buses to AVM 

routes should be relatively stable, and the AVM dispatchers will have had 

time to get used to the AVM system. In - vehicle display units (IVDs), 

which indicate to drivers the correct system time and the degree of 

adherence to schedule (early, on time, or late), will be deployed on at 

least one route in Stage 3. Deployment of four bus stop display units, 

which indicate to prospective passengers the expected waiting time for 

the next bus and the interval between buses, may als~ occur during Stage 3. 

* Potential transit property benefits are (a) improved on-time service; 
( b) better adherence to scheduled headways ( reduced II bus bunching"); 
(c) shorter waiting time for passengers; (d) more even loadin gs of 
passengers on vehicles; (e) increased passenger and driver safety due 
to silent alarm feature used with AVM; (f) reduced layover time due to 
reduced variability of total travel time (which may permit fewer vehi
cles and drivers to maintain a given level of service on AVM-controlled 
routes); and (g) cost savings through a mo re efficient or cost
effective use of personnel and rolling stock. See Chapter 3 for a dis
cussion of t hese i ssues. 
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EXHIBIT 1.1 

STAGES (CONFIGURATIONS) OF THE AVM DEMONSTRAT ION 

I 
STAGE I CHARACTERISTICS i PURPOSE 

I 
I I 

1 BASELINE No dispatcher monitoring I Baseline data 
I 

( 
11 Before 11

) i No use of controls I co 11 ecti on 
I 

I 
(April 14 . 1980 to I 

No in-vehicle display 
I Sept. 14. 1980) 
! 
i 
! 
I 

2 START UP Dispatcher training ! 
I 

(
11 Interim 11

) Dispatcher monitoring of Full shakedown of 
I 

AVM routes system. with dis-(Sept. 15, 1980 to 
Feb . 28, 1981) patchers active 

Control by voice Test of dispatcher 
control 

No in-vehic le display 

3 TEST Dispatcher monitoring of I 
I 

AVM routes 
I 

(
11 After 11

) I 

Control by voice Test of dispatcher I 

control ' 
(March l , 1981 to ! 

' June 30, 1981) Control by digital message i 
In-vehicle display Tes t of IVD value 

I 

Bus stop display unit Observe user response 
(may not be deployed) to bus stop display 

unit (may not be done) 
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Since the purpose of t hi s report is to present a picture of 

"baseline" conditions against which the effects of active use of AVM 

can be judged, most information in the report pertains to Stage 1. 

However, a small amount of the data discussed in this report was col

lected during Stage 2. 

1.4 Demonstration Participants 

The Los Angeles AVM Demonstration is sponsored by the Office of 

Bus and Paratransit Technology of t he Urban Mass Transportat i on Adminis 

tration of the U.S. Department of Transportation. The host transit 

property is the Southern Califo~nia Rapid Transit District. UMTA ha s 

delegated responsibility for system design, i mp lementat i on , and techni cal 

evaluation to the Transportat ion Systems Center (TSC), a research organi

zation within the Department of Trans portation. TSC has contracted with 

Gould Information Identification, Inc., to design and install the AVM 

system at SCRTD, to develop operat ional procedures for its use, and to 

collect data to be used in the assessment of the AVM system. Wilson

Hill Associates has been retained by the system manager to suppor t t he 

AVM training of SCRTD dispatchers and to evaluate the human factor im

pacts of AVM on dispatchers and drivers. In addition, MITRE Corporation 

was retained to provi de technical s up po rt in the area of management 

information systems (MI S). The organizational relationships are shown 

in Exhibit 2. 2. 

UMTA' s Office of Socio-Economic and Special Projects manages an 

Impact Assessment Program, which evaluates important new technology 

demonstrations. In 1978, SYSTAM, Inc., wa s retained to pla n a socio -
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* economic evaluation of the AVM demonstration. The evaluati on pl an 

specified the manual collection of schedule-adherence and passenger-load 

data on control routes selected to match as closel y as possibl e the ex

perimental AVM routes. In 1979, UMTA contracted wi th Juarez and Asso

ciates, Inc., and SYSTAN both to carry out t he data collection , data 

assembly, and data analysis tasks necessary for an adequate baseline 

description for the Los Angeles applica t ion of AVM and then to prepare 

a 11 baseline conditions 11 report. Subsequently , TSC , which supports the 

Impact Assessment Program, contracted with SYSTAN and Juarez and Asso

ciates to perform a socioeconomic impact assessment of the demonstration. 

In this report, SYSTAN and Juarez and Associates are collect ively re

ferred to as the "assessment contract or." 

1.5 The Baseline Description 

The present description of baseline conditions for the AVM demon

stration is based on data that was collected by or made available to 

the assessment contractor prior to February 15, 1981. Any additional 

or modified data pertaining to the baseline period which becomes avail

able after February 15 will be incorporated into the final report . 

The specific types of data used to depict the baseline situation 

consist primarily of 

• automatically recorded AVM data (schedule adherence, passenger 
counts}, 

• data collected manually on four cont rol rout es (schedule 

adherence , passenger counts}, 

* SYSTAN, Inc . , A Plan to Conduct a Socioeconomi c Evaluation of t he Los 
Angeles Automatic Vehicle Monitoring (AVM ) Demonstration, Lo s Altos, 
Cal i forni a, July 1978. 
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• interviews wi t h SCRTD management, 

• questionnaires returned by a sample of drivers and dispatchers, 

• traffic counts along AVM and control routes, and 

• passenger wait t imes at selected stops on AVM routes. 

Problems with ghost (non-AVM) buses or "bad order" AVM buses (i.e., 

those whose AVM equipment is not functioning) assigned to AVM routes 

prevented the calculation of headway deviations for the AVM routes. 

Consequently, the calculation of headway deviations was not done for 

the control routes. In addition, problems with passenger-counting systems 

installed on the AVM buses have resulted in the passenger-load data being 

* less reliable and less complete than had been anticipated. Data col-

lection is discussed in Chapter 4, and t he baseline data description 

appears in Chapter 5. 

This report does not contain any conclusions concerning t he impact 

of AVM in Los Angeles. These conclusions will be made after t he data 

from AVM's test period (Stage 3: March t o June, 1981) is compared with 

the baseline data. Nonetheless, the following comments concerning the 

assessment situation revealed by the baseline study are offered: 

1. Sufficient data will be available to measure the impact of 

real-time control on the schedule adherence of buses on AVM 

routes during the demonstration. However, there wil l not be 

time before the demo nstration ends to fully test the r elative 

impacts of a wide range of real-time control strategies. 

2. The base line schedule adherence data for the AVM and co ntrol 

routes show a pattern of sufficient s imilarity to confirm that 

* Currently only about 100 of the 200 AVM buses have properly func t ioning 
passenger counters . 
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• the AVM routes are not unlike other SCRTD routes in 

terms of schedule reliability, 

• the control routes are reasonably well matched to the 

AVM routes, and 

• the method used to calculate schedule deviations for 

AVM routes gives reasonable results. 

Thus an adequate basis for detecting exogenous changes in 

bus performance and ridership is expected. 

3. The data may be too scant, too rudimentary, or too much influenced 

by exogenous factors to determine the impact of AVM during the 

demonstration in the areas of (a) security of drivers and 
* passengers and (b) general transit planning and bus scheduling. 

Hence, the assessment of security and rnunagement information 

impacts may have to rema in couched in terms of potential or 

promising i mpacts. 

* No AVM routes r un extensively through high-crime areas. 
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2. INTRODUCTION 

2.1 Purpose of the Report 

This report is a quantitative and qualitative presentation of 

baseline conditions for the Urban Mass Transportation Administration 1 s 

demonstration of Automatic Vehicle Monitoring (AVM) in Los Angeles, 

California. The report is an element of UMTA's assessment of that 

demonstration. It is descriptive in nature and does not contain con

clusions, as it is intended to serve as an interim document. The 

final report of the socioeconomic impact assessment of the Los Angeles 

AVM demonstration is scheduled for completion in November 1981. The 

purpose of this interim report is to provide a baseline description of 

the bus transit situation in Los Angeles into which the AVM demonstration 

was introduced. 

Thi s chapter presents background information on AVM systems, the 

history of the current AVM project, the Los Angeles setting for the 

demonstration, and demonstration events to date. Chapter 3 identifi es 

the objectives of the Los Angeles AVM demonstration and the issues to 

be investigated during its implementation. Then, since the principal 

concern of the present effort was the collection and assembly of data 

to describe the pre-implementation or baseline conditions against which 

to compare conditions after AVM went into operation, the data collection 

requirements fo r a socioeconomic impact assessment of AVM are spec ified 

in Chapter 4. 

Chapter 5 of this report summarizes the basel ine data for the AVM 

demonstration. This data will be compared in a subsequent study with 

data to be collected during the test phase (Stage 3) of the demonstration 
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in order to determine the extent to which the expected or hypothesized 

socioeconomic impacts of AVM were realized in the Los Angeles application. 

Tabular and graphical presentations of data too detailed for inclusion in 

the body of the report have been placed in an appendix. 

2.2 Background Concerning the Los Angeles AVM Demonstration 

The major goals of the AVM demonstration in Los Angeles are to 

• observe how a large trans i t property reacts and adjusts to AVM, 

• determine how well the deployed AVM system performs under 

actual field conditions, 

* • estimate the extent to which the expected benefits of AVM were 

realized and are realizable by the host transit property, and 

• gain insights into the general and site-specific factors that 

affect the relationship between the benefits and costs of AVM . 

The operational phase of the demonstration consists of three stages, 

as shown in Exhibit 2.1 . During Stage 1, baseline data was collected 

for comparison with data from subsequent stages. In Stage 2, "start up, " 

dispatchers became active users of the AVM system for both monitoring 

AVM routes and real-time control of AVM routes. This second stage was 

a learning period for all concerned: the dispatchers at the AVM console, 

the division dispatchers who assigned buses to routes, the technicians 

who maintained the AVM equipment, the contractor's system engineers, and 

so on. Stage 3 is the operative test period . The functioning of AVM 

hardware and software and the dai ly assignment of AVM buses to AVM 

* Potential transit property benefits are (a) i mproved on-time service; 
(b) better adherence to scheduled headways (reduced "bus bunching") ; 
(c) shorter waiting ti me for passengers; (d) more even loadings of 
passengers on vehicl es; (e) increased passenger and driver safety due 
to silent alarm feature used with AVM; (f) reduced layover time due to 
reduced variability of total travel time (which may permit fewer ve
hicl es and drivers to maintain a given level of service on AVM
controlled routes); and (g) cost savings through a more efficient or 
cost-effective use of personnel and rolling stock. See Chapter 3 for 
a discussion of these issues. 
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EXHIBIT 2.1 

STAGES (CONFIGURATIONS) OF THE AVM DEMONSTRATION 

STAGE 

1 BASELINE 
("Before") 

(April 14, 1980 to 
Sept. 14, 1980) 

2. START UP 
("Interim") 

(Sept. 15, 1980 to 
Feb . 28 , 1981) 

CHARACTERISTICS 

No dispatcher monitoring 
No use of controls 
No in-vehicle display 

Dispatcher training 
Dispatcher monitoring of 

AVM·routes 

Control by voice 

No in-vehicle display 

PURPOSE 

·Baseline data 
co 11 ection 

Full shakedown of 
system, with dis
patchers active 

Test of dispatcher 
control 

~ - -----------1--------------1------------t 

3. TEST 

("After") 

(March 1, 1981 to 
June 30, 1981) 

Dispatcher monitoring of 
AVM routes 

Control by voice Test of dispatcher 
control 

Control by digital message 
In-vehicle display Test of IVD value 
Bus stop display unit 

(may not be deployed) 
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routes should be relatively stable, and the AVM dispatchers will have 

had time to get used to the AVM system. In-vehicle display units (IVDs), 

which indicate to drivers the correct system time and the degree of ad

herence to schedule (early, on time, or late), will be deployed on at 

least one route in Stage 3. Deployment of four bus stop display units, 

which indicate to prospective passengers the expected waiting time for 

the next two buses, may also occur during Stage 3. Most information in 

the report pertains to Stage 1, although a small amount of data was 

collected during Stage 2. 

The Los Angeles AVM Demonstration is sponsored by the Office of 

Bus and Paratransit Technology of the Urban Mass Transportation Adminis

tration of the U.S. Department of Transportation. The host transit 

property is the Southern California Rapid Transit District (SCRTD). 

UMTA has delegated responsibility for system design, implementation, 

and technical evaluation to the Transportation Systems Center (TSC), 

a research organization within the Department of Transportation. TSC has 

contracted with Gould Information Identificat ion, Inc. (hereinafter re-

ferred to simply as Gould) to design and install the AVM system at 

SCRTD, to develop operational procedures for its use, and to collect 

data to be u~ed in the assessment of the AVM system. Wilson-Hill 

Associates has been retained by the system manager to support the AVM 

training of SCRTD dispatchers and to evaluate the human factor impacts 

of AVM on dispatchers and drivers. In addition, MITRE Corporation was 

retained to provide technical support in the area of management infor

mation systems (MIS). The organizational relationships are shown in 

Exhibit 2.2. 
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EXHIBIT 2 .2 

ORGANIZATIONS INVOLVED IN THE LOS ANGELES AVM DEMONSTRATION 

AMERICAN PUBLIC 

TRANSPORTATION 

ASSOCIATION 

(AP TA) 

Industr y Liaison 

SOUT HERN 

CALIF ORNIA 

RAPID TRANSIT 

DISTRIC T (SCRTD) 

Transit, Operator 

GOU LO 

INFORMA TION 

IDENTIFI CATION, 

INC. 

System Contractor 

I URBAN MASS TRANSPORTATION ADMINISTRATION 

I 
/ 

/ .,, 
/ 

/ 
/ ,,. 

/ ,,. 
., 

I 

- - - - - - - - -

I 
I 

WILSON 

HILL 

ASSOCIATES 

Dispatcher 
Training; 
Employee 
Impacts 

---------- -------1 --------------------
Office of Bus and / Office of Socio-

1 Paratransit Economic and 
Technology Special Projects 1 

System Sponsor 

TRANSPORTATION 

SYSTEMS CENTER 

(TSC) 
AVM Program 

System Manager 
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MITRE 

1 CORPORATION 

Technical 
Support 

System Evaluator 

TRANSPORTATION 

SYSTEMS CENTER . 

Impact Assess- I 
ment Program 

System Evaluator 

JUAREZ 

& ASSOC./ 

SYSTAN 

I 

Socioeconomic 
Impact 

Assessment 



UMTA's Office of Socio-Economic and Special Projects manages an 

Impact Assessment Program, which evaluates important new technology 

demonstrations. In 1978, SYSTAN, Inc., was retained to plan a socio

economic evaluation of t he AVM demonstration. The evaluation plan 

specified the manual collection of schedule-adherence and passenge r

load data on control routes selected to match as closely as possibl e 

the experimental AVM routes. In 1979, UMTA contracted with Juarez 

and Associates and SYSTAN both to carry out the data collection, data 

assembly, and data analysis tasks necessary for an adequate baseline 

description for the Los Angeles application of AVM and then to prepare 

a "baseline conditions" report. Subsequently, TSC, which supports the 

Impact Assessment Program, contracted with SYSTAN and Juarez and Asso

ciates to perform a socioeconomic impact assessment of the demonstra

tion. In this report, SYSTAN and Juarez and Associates are collectively 

referred to as the "assessment contractor." 

2.3 AVM Functions 

The primary function of an AVM system is to determine the current or 

real-time spatial locations of active vehicles within the system. This 

information can be used by vehicle fleet controllers and dispatchers to 

more effectively manage the fleet's operation. The locational information 

can also be used with other technical innovations to derive addit i onal 

benefits, and can be compiled for later use. In the Los Angel es demon

stration, for example, the vehicle location information is being coordi 

nated with automat i c passenger- co unting equipment to provide detailed 

transit ridership data and may be used to inform passengers of the ex

pected arrival time of the next bus . The AVM system also records and 

summarizes operat i ona l dat a for planning and scheduling. Additional uses 
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of AVM are likely to be discovered through experimentation with its 

capabilities in actual operation . An overview of the outputs from the 

AVM system and their uses is shown in Exhibit 2.3. 

2.3. l Real-Time Vehicle Location Information 

Fixed Route Bus Systems 

In a fixed-route bus system, real-time vehicle location information 

i s used to inform the dispatcher if any buses are deviating from their 

schedules. By radio the dispatcher can direct the deviating buses or 

other buses to take specific actions to correct the deviations. If there 

is an overall improvement in schedule adherence, a variety of benefits 

to both the transit passenger and operator will result. For example, 

improved schedule adherence will provide more reliable passenger service 

and fewer cases of extreme bus crowding caused by headway imbalances. 

The transit operator may also be able to reduce the layover time normally 

incorporated into a route's schedule to compensate for operating delays, 

thereby improving vehicle productivity . These and other fi xed-route 

benefits associated with AVM are discussed in Chapter 3. 

Flexible-Route Systems 

Real-time vehicle location information can also generate operational 

improvements in demar1d-responsive systems where vehicles respond to 

individual service requests. Such systems include the police, taxis, 

dial-a-bus, package pickup and delivery service, and service vehicles 

such as tow trucks or transit supervisory vehicles. Vehicles in these 

systems typically receive direction via radio communications from a 

central control room. Real -time veh i cle location information enhances 

the operation of these systems because the controller can dispatch the 
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EXHIBIT 2. 3 

AVM DATA ANO ITS USES 

CURRENT LOCATIONS ~ 
SCHEDULE DEVIATIONS r 
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vehicles more efficiently. In the simplest case, such as a taxi or 

police system, the dispatcher in an Automatic Vehicle Dispatching system 

could instantly select the vehicle closest to a service request rather 

than using the conventional process, which may be more time consuming 

or which may not result in the assignment of the closest vehicle. 

2.3.2 Bus Arrival Time Displays 

The current locations of buses on a fixed-route system can be used 

to calculate the approximate times that these buses will arrive at 

specific points along their routes, using pre-estimated t ravel speed 

assumptions for various route segments. These estimated arrival times 

can be shown on electronic visual display units installed along the 

route. Upon arriving at a bus stop at which a bus stop display unit 

was functioning, passengers could read the approximate arrival times of 

the next or next few buses. Given this information, a passenger might 

leave and return to meet the bus rather than wait for a bus whose arrival 

time is uncertain. 

2.3.3 Passenger Counting 

AVM can also be used effectively with passenger-counting devices 

that record the number of passengers boarding and exiting the bus . The 

AVM system would note the time and location of the bus when passengers 

boarded or exited. The data set collected would comprise a full des

cription of when, where, and how many passengers used the transit system. 

Such a comprehens ive demand data set would aid the transit systemts 

planners in their continuing efforts to select the routes and schedules 

that best meet their users' needs. On a real-time basis, dispatchers 

could use this information to maintain more balanced bus loadings . 
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2.3.4 Management Information 

Even without a passenger-counting system, AVM can provide useful 

information for transit planners, schedulers, and managers. In addi

tion to generating a complete record of schedule reliability at each 

timepoint, AVM can be us ed to calculate actual run times for either an 

entire route or segments of the route. This information will allow 

the scheduling department to construct schedules that more accurately 

reflect the actual run time experience. Also, by knowing the degree 

of variation in route running time, the schedulers can minimize the 

required layover time at the ends of routes. In addition to providing 

more comprehensive data than is normally collected on transit properties, 

AVM can record the data automatically, thereby eliminating costly manual 

schedule checking as well as the costs of transferring the manually 

collected data to a machine-readable form. 

2.4 

2. 4. l 

Characteristics of AVM Systems 

Subsystems 

An AVM system consists of three subsystems: location, communication, 

and data processing and software (Exhibit 2.4). The location subsystem 

generates the signal or transmission that is processed and converted to 

locational information. The communication subsystem transmits this raw 

data from the location subsystem in the field to a central facility where 

it is processed. The data-process ing and software subsystem computes and 

processes the information for immediate and later use, and displays the 

information to dispatchers, drivers, users, and so forth. 

Of the three subsystems, the location subsystem i s the primary in

novation that makes AVM an experimental system featuring a new technol ogy. 

The other subsystems are already widely used in a variety of applications. 
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2.4.2 Types of Location Subsystems 

Four types of location subsystems were tested in Phase I of DOT' s 

AVM program: sharp s i gnpost, broad signpost, radio frequency multi

lateration, and dead-reckoning subsystems. The Los Angeles AVM demo n

stration utilizes the broad s ignpost system. 

Sharp Signpost 

With a sharp signpost system, a vehicle passes a signpost that can 

detect coded information on the vehicle and thereby pinpoint t he ve

hicle's locat ion to within a few feet. When the vehicle passes another 

signpost, the vehicle's l ocation is updated. Examples of sharp s ign

posts are microwave and optical scanner beams emanating from a signpost 

and magnetic detectors embedded in the street. Since a system relying 

solely on sharp signposts would be able to locate vehicles only at sign

post locations, the system would require sufficient signposts so that 

the longest distance that could be traveled between t wo signposts would 

not exceed the locational accuracy requirements of the system. There

for~ to reduce the necessity for large numbers of signposts, sharp sign

post systems are almost always used in conjunction with odometers. 

Broad Signposts 

In a broad signpost system, the signpost detects a vehicle when it 

comes within a certain range of the signpost. In the simplest system, 

the broad signpost system l ocates the vehicle in the center of t he de

tection area of each signpost, this being the location having the small est 

average error for all possible locations in the detect ion area. In more 

sophisticated systems, such as the one used in the Los Angel es demon

stration, detection fields ove rlap so t hat vehicles can be located at 

approximate locati-0ns between signposts . This improves locational 

accuracy and reduces the number of s ignposts required. 
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Radio Frequency Multilateration 

In a radio frequency multilateration system, radio signals are 

transmitted between vehicles and fixed locations. The time required 

for these signals to travel is measured and used to calculate vehicle 

locations. Several existing navigation techniques use radio frequency 

multilateration to determine location, but it is more difficult to use 

these techniques in urban environments because of transmission dis

tortions caused by buildings and electromagnetic interference. 

Dead-Reckoning 

A dead-reckoning system uses an on-board compass and odometer to 

continuously measure the direction and distance that a vehicle is 

traveling, which is used to compute the vehicle's location ~ The measure

ment errors in a dead-reckoning system compound over time; therefore, it 

is necessary to initialize the computation before the accumulated errors 

become significant. One technique for initialization is to com~are all 

locational information generated to a map of all streets in the area. 

Vehicle locations would then always be assigned to an actual street 

location, which would minimize the possibility of error. 

2.5 Project History 

2.5.1 The UMTA/TSC Automatic Vehicle Monitoring Project 

UMTA's initial AVM project began in 1968 when it awarded a grant 

to the Chicago Transit Authority for the installation of an AVM system 

on its fixed-route buses. A signpost system was developed by the Moto

rola Corporation, but reliability problems with the digital communi-

* cations system prevented an effective evaluation of the system. 

* Miller, H.G~, W:M. Basham, Evaluation of the Monitor - CTA Automatic 
Vehicle Monitoring System, Final Report, U.S. DOT, Transportation 
Systems Center, March 1974 (PB-231-533). 
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In 1971, UMTA selected four competing location subsystems for testing 

in Philadelphia. One signpost and three radio frequency systems were 

tested that year. The results were favorably evaluated, and the MITRE 

Corporation was subsequently contracted to select a site to demonstrate 

an AVM system. After reviewing 19 large radio-equipped transit opera

tions, Los Angeles was selected. However, AVM technology developed 

rapidly during the next few years and subsequent work was delayed until 

1974. At that time, UMTA and TSC developed a plan to undertake a new 

set of AVM subsystem tests and the subsequent demonstration of the most 

effective system in Los Angeles. 

The UMTA/TSC plan called for a two-phase effort. In Phase I, new 

contractors were selected to have their systems tested in Philadelphia 

and TSC conducted a comprehensive cost-benefit study of AVM. Phase II 

is the Los Angeles demonstration, which was contingent upon favorable 

results of both Phase I efforts. 

In February 1975, $1.2 million was allocated for Phase I of the 

project. Four systems were subsequently tested in Philadelphia during 

the winter of 1976-77, including the Gould broad signpost system, an

other signpost system, and two radio frequency systems. The performance 

specifications described in Section 2.6.2 were used to evaluate the 

results. The systems demonstrated the capability of achieving these 

* standards. The TSC cost-benefit study, which was completed in Febru-

ary 1977, concluded that AVM systems were cost effective for fixed

route bus and police systems. In August 1977, UMTA consequently ap

proved $7.4 million for the implementation of Phase II of the AVM 

* Reed, H. David, Mary Roos, Michael Wolfe, and Ron DiGregorio, A Study 
of the Costs and Benefits Associated With AVM, U.S. DOT, 1ransportation 
Systems Center, Cambridge, Mass., Feburary 1977 (UMTA-MA-06-0041-77-1). 



program, the Los Angeles demonstration. Gould was selected as the 

system contractor at that time. 

The Los Angeles AVM demonstration involves 200 buses and 12 random

route service vehicles operated by the Southern California Rapid Transit 

District. These vehicles have been outfitted with broad signpost vehic le 

locating equipment; additionally, the buses have been equipped with auto

matic passenger counters. Four of about 220 SCRTD routes were selected 

for testing of the AVM system (see Exhibit 2.5). These four bus routes, 

which include the busiest route in SCRTD's system (Route 83, Wilshire 

Boulevard), require the assignment of approximately 150 of the AVM-equipped 

buses each day. Signpost transmitters, which continuously emit a unique 

identification signal, were placed along the routes at intervals of 1,000 

feet; they were also placed at larger intervals with in a primary 54-square 

mile AVM service area in central Los Angeles. The combination of wayside 

transmitters, in-vehicle AVM digital receivers/transmitters (radios), 

and a base station command/control unit allows the AVM-equipped vehicles 

to be accurately located. 

2.5.2 Other AVM Experience 

AVM is in its development phase and there have been relatively few 

implementation experi ences in the United States to date. Other than the 

UMTA-funded AVM sys tem in Chicago, to date only three other AVM sys tems 

have been establ ished in the U.S. Two of these were implemented for 

police department use only. The St. Loui s Metropolitan Po li ce Department 

has t ested a dead-reckoning AVM system developed by Boeing .* In Hun ting-

* The trademarked system is call ed FLAIR, for Fleet Location and Infor
mation Reporting. Results of the tests have been reported in papers 
by Gilbert C. Larson and by Richard C. Larson, Kent W. Colton, and 
Gilbert C. Larson. See references in the Bibliography. 
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ton Beach, California, a signpost AVM system developed by Gould was 

recently implemented. In 1979, the New York City Transit Authority 

started testing a signpost AVM system with 202 buses operating on 12 

routes out of the Queens Village Depot. Across the border, in Toronto, 

Canada, the Toronto Transit Commission operationally tested an AVM 

system with 100 buses in 1979, and it i s planning to expand the system 

to over 200 buses. In Europe and Japan, AVM systems have been or are 

being used to monitor transit buses in about 30 cities, including 

London, Hamburg, and Zurich (Exhibit 2.6). 

2.6 Demonstration Description 

2.6. 1 System Coverage 

The Los Angeles AVM demonstration deals primarily with the monitor

ing and control of fixed-route buses along four complete routes. Due to 

resource and time constraints, the monitoring of the locations of flexible

route vehicles in a defined service area has remained a secondary priority. 

Only in responding to an emergency situation (like a silent alarm) would 

the AVM di spatcher be expected to seek the nearest SCRTD flexible-route 

vehicle using the AVM system. All of the test routes at least partially 

traverse the primary AVM service area, in which the location subsystem 

is fully integrated. 

Fi xed-Route Bus Coverage 

The Transportation Systems Center selected four routes, with head

ways ranging from three to 12 minutes, to comprise the fixed-route demon

stration component. The routes were selected to relatively represent the 

fixed-route bus system. In addition to the four AVM routes, four control 

routes were selected by SCRTD and the assessment contractor. These 
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EXHIBIT 2. 6 

AN INTERNATIONAL SUMMARY OF AVM EXPERIMENTS 
IN PUBLIC TRANSPORTATION 

Year Orlginel No.of M■ID St■tu■ In 
City / Coaatry Initiated Target VehlclH Supplier 1979 

London, U.K. 1958 Simple AVL 240 L,fe expired 
Homburg, F.R.G. 1969 limited AVM 165 Proda1a Ac live/ expanding 
Chicago, U.SA 1969 AVM demo 500 Motorola Completed; EVL active 
Zurich, Switzerland 1971 Limi1ed AVM 150 Hanl-PTOlectron Aclive/e.panding lo full 
Paris, France 1973 AVM demo 35 Matra Terminated (1976) 
Bristol, U .K. 1973 AVM demo 100 Marconi Withdrawn (1974) 
London, U.K. 1973 AVM demo 44 Marconi Concluded 
Tokyo, Japan 1973 AVM demo 75 Tokyu Cornpleied 
Nonlngham, U.K. 1974 Limiled AVD 8 Philips Active 
Dublin, Ireland 1974 AVM demo 900 S1orno Active/expanding 
Toronlo, Canada 1974 AVM demo 100 - P,101/evalu•llon 
Nagoya, Japan 1974 AVM demo 17 Denso Compleled 
Besancon, France 1974 AVM demo 60 Thomson CST Active/completed 
Toulouse, France 1975 AVM demo 16 C .G.A. Terminated 
Cinclnnall, U .S A . 1975 TIS demo 30 GM/Motorola Active /expanding 
Brescia. Italy 1976 AVM demo 90 ltaltel Demo suspended · slrike I l 9771 
Hanover, F.R.G. 1976 AVM demo 150 Bosch Evaluation 
Berne, Switzerland 1976 AVM pilot 12 Hani-Prolectron Expanding 
Stockholm, Sweden 1977 AVM pilot 60 Datasaab Evialuation 
Friederichshafen, F R.G. 1977 DRT + AVM 12 Dormer Active demo 
Graz, Austria 1977 Full AVM 225 Hani-Prolectron Active 
Mississauga, Canada 1977 AVL + Info. system 35 - Ac live/expanding 
London, U.K. 1978 AVM demo 50 - Pilot projccl 
Wunstorf, F.R.G. 1978 DRT + AVM demo 5 MBB Acnve 
Strasbourg, France 1978 AVM demo 180 C.G.A. 8~1ng developed 
Gothenburg, Sweden 1979 { Parallel demonstration pro,ects for combination taxi• Being developed 
Malmo, Sweden 1979 dispatching/ AVL system. Developed by Volvo and SRA 
Stockholm, Sweden 1979 Communications with Swedish Taxi Drl\lers Organization. 
Darmstadt, F R G. 1979 AVM pilot 80 Hani•Prolectron Being developed 
Rome, Italy 1979 AVM pilot 37 ltaltel i3l'my d~veloped 
Regensburg, FR. G. 1979 AVM pilot 15 Siemens B,•ing developed 
Wiesbaden, F.R.G. 1979 AVM pilot 25 Siemens Being developed 
Ausburg, F.R.G. 1979 AVM pilot 25 Siemens Being developed 
New York City, U .S.A . 1979 Full AVM 241 Motorola 8._.mg developed 
Los Angt>les, U.S.A 1979 AVM demo 200 Gould Being developed 

Key 
AVL • automatic vehicle location DRT • demand responsive 1ransport.111on 
AVM - aulomatic vehicle monitoring EVL • «m~rgt!nc:y vehlcle loca1lon 
AVD • au1oma1ic vehicle dispatching TIS • t,ans!I 1nlormatt0n system 

Adapted from 1979 EcoPlan Status Report on AVM [?evelopmenl and Pro1-pects (34) 

SOURCE: Automatic Vehicle Monitoring Program Digest, U.S. Department 
of Transportation, Urban Mass Transportation Administration, 
Report No. DOT-TSC-UMTA-82-22. 



routes have characteristics similar to the AVM routes, and are being 

checked twice during the demonstration to determine if factors un

related to AVM are influencing the demonstration's results. AVM 

routes are being monitored continuously during all stages of the demon

stration, while control routes are being checked once during Stage 1 

(baseline period) and Stage 3 (test period). Appendix Exhibit A-3 is 

a control route data collection form. showing that headways, schedule 

adherence, and passenger loading information is being collected. In 

addition, Gould and TSC have set aside AVM route 44 as a control route 

for purposes of Gould's evaluation effort; no tests of dispatcher 

control have been made on AVM route 44. 

AVM Service Area 

Besides the monitoring of buses on four routes, 12 SCRTD service 

vehicles are monitored within a primary AVM service area of 54 square 

miles (and a secondary area of about 400 square miles with much lower 

locational accuracy). The 12 service vehicles consist of six supervisor 

cars, three transit police cars, two mobile-mechanic vehicles and an 

electronics van. 

Some of these vehicles are operating outside of the primary AVM 

service area almost all of the time. Supervisors operate in zones 

throughout the ~os Angeles metropolitan area, and only five supervisory 

vehicles are normally assigned to the primary service area; three of 

these normally operate in the CBD area and the fourth and fifth operate 

in the remainder of the primary service area . The other AVM-monitored 

service vehicles operate extensively but not exclusively in the primary 

service area. 
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2.6.2 Performance Specifications 

The original performance specifications for the Los Angeles AVM 

system's primary service area are summarized in Exhibit 2.7. TSC devel

oped these specifications for the AVM project after examining the re

sults of several analytic models designed to predict the potential 

benefits to police and bus operations of different levels of AVM accu-

* racy. However, the specifications concernin9 temporal accuracy were 

later waived for the Los Angeles AVM system. Mean-time-between-failure 

requirements for the main components of the AVM system have also been 

established. The technical evaluation that Gould is conducting for TSC 

will address the degree of success in achieving these standards. 

2.6.3 Hardware and Software 

The AVM system hardware has been provided by Gould Information 

Identification, Inc., and its subcontractors. An overview of this system 

is shown in Exhibit 2.8. The principal Gould location subsystem i s a 

broad signpost system in which signposts transmit unique digital location 

codes that are detected by on-board receivers . The radiation fields of 

signposts overlap so that vehicle location is determined by the relative 

intensities of the transmissions detected by the vehicles' receivers . 

To monitor buses along the fixed routes, signposts have been placed about 

five to the mile along each route. To monitor flexible route vehicles in 

the primary service area, signposts have been placed at approximately 

2,000 feet . 

* Bernard Blood and Bernd Kliem, Experiments on Four Different Techni ques 
for Automatically Locating Land Vehicles, Transportation Systems Center , 
November 1977. 
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Data Item 

Fi xed-Route Bus Location 
II 

Time Fixed-Route Bus 
Passes a Timepoint 

II 

Exhibit 2.7 

AVM PERFORMANCE STANDARDS 

Accuracy Required 

Within 300 feet of actual l ocation 
Within 450 feet of actual l ocation 

Within 15 seconds of ac tual time 
Within 60 seconds of actual t ime 
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Percent of 
Measurements 
Required to 

Meet St andard 

95% 
99.5% 

95% 
99.5% 



w 
N 

ELECTROMIC 
Z.IGl'fPOSTS 

SOURCE: 

EXHIBIT 2 .8 

CONFIGURATION OF AVM SYSTEM COMPONENTS 

lllSSTO, 
DIS,L,\Y 

Progra~ Fact Sheet, U~TA Technology Sharing, U.S . Department of Transportation, 
Urban Mass Transportation Adn i nistration, Office of Technology Development and 
Deployment, July 1980. 



Passenger counters were developed by a subcontractor and were 

tested on Fort Worth buses prior to their use in Los Angeles. The 

system finally adopted uses treadle-type mats on two steps of the bus 

entrance to measure the sequence and count the number of boarding and 

alighting passengers. 

The AVM system can use the locational data to provide current 

operational data and/or instructions to dispatchers, drivers, and 

transit users. Summary operating reports will be generated for transit 

managers, planners, and schedulers as appropriate. In the control 

room, dispatchers can determine the location of any AVM bus on any AVM 

route. They are notified by the system if any buses are operating s i gni

ficantly off schedule. When a silent alarm signal is received, AVM dis

plays the bus number and location. 

In Stage 3 of the demonstration, drivers of AVM buses on Line 41 

will have in-vehicle display (IVD) units in addition to their radio 

* units . The layout of this unit is shown in Exhibit 2.9. These display 

units have a digital clock, a schedule meter, and a message status panel. 

The clock will show the driver the official time, and the needle on the 

schedule meter will automatically and continuously indicate to the driver 

whether he or she is early, on time, late, or very late. The system can 

also automatically activate message lights on the message status panel. 

However, except for the 11start 11 message to a driver at layover or the 
11wait 11 message to a driver more than two minutes early, the preestablished 

digital messages would be sent by dispatchers only after communication 

with the driver. 

* Twenty buses have been equipped with the IVDs for the test on Line 41 . 
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EXHIBIT 2.9 

IN-VEHICLE DISPLAY 

® ® ® 
START ~ ~ ~ ~ 
WAIT~~~~ 

~ II l~~~~B 
MESSAGE STATUS PANEL SCHEDULE PERFORMANCE METER 

I I 2 0 El j bl o 
MUL Tl-USER AVM '-

PROJECT sPoNsoRrn BY uRBAN •r Gou LD ® MASS TRANSPORTATION ADMINISTRATION ® ® 



The Los Angeles AVM demonstration may also include the deployment 

of four bus arrival time display units at major bus stops where a great 

number of passengers board. A photograph of one of these units i s shown 

in Exhibit 2.10. One unit is installed in the control room of SCRTD for 

pretesting and is operating experimentally. If installed for public use, 

units will display the expected arrival time of the next bus in two di-
* rections on each of two routes (83 and 89). 

Finally, the AVM system will permit the periodic generation of 

summary operating reports for each AVM route for SCRTD managers, planners, 

and schedulers. These reports include summary statistics for schedule 

adherence, trip time, and passenger loads for each scheduled trip over 

the day. Detailed passenger boarding and exiting data may also be tabu

lated for use by the planning department. 

* The location that has tentatively been selected is Wilshire Boulevard 
and Fairfax Avenue, where AVM lines 83 and 89 intersect. The current 
plan, should SCRTD choose to proceed with installation of the display 
units, calls for placing the units in display windows of department 
stores and other business establishments at the bus stops. See Section 
4.2 .4 (Accuracy of the Bus Stop Display Units) for a di scussion of the 
issues which must be resolved before the units can be installed. 

35 



• r, •·'·n, 

' I 
' . 
J ~- • ' . 

,, • "..,t .. . 

I-~ • 
;_,.,, 

i · 
.. '·. 1 
.. 1.. :' 

I • 
• t ·i l \ ., 

• I• 

36 



3. IMPACT ASSESSMENT ISSUES 

3.1 Overview 

The current assessment of the AVM demonstration is limited to an 

examination of the socioeconomic impacts of the demonstration. There

fore, the assessment focuses on the changes that affect or are perceived 

by the public and the transit operator. Evaluation of the actual techni

cal performance of AVM is not directly considered here because Gould will 

perform the technical evaluation. However, data generated by the AVM 

system will be used in the assessment, and the accuracy of AVM information 

is consequently of importance. The assessment contractor has frequently 

communicated with Gould (normally through TSC) in order t o assure the re

ceipt of data of a kind and in a form compatible with assessment needs. 

The impact assessment of AVM in Los Angeles will consider a variety 

of interrelated issues, including issues not addressed by the TSC cost

benefit study. Specifically, the cost-benefit study addressed only 

measurable economic impacts including the capital and operating costs of 

AVM, the transit and police system operating savings accruing from fewer 

buses and police cars required to provide equivalent levels of service, 

and transit data collection savings resulting from AVM's automatic tabu

lation of ridership and schedule adherence data. However, AVM may also 

generate impacts where costs and benefits cannot be readily converted in

to financial terms, although they may often be quantified for statistical 

comparison. For example, if AVM permits a police unit to respond to a 

silent alarm from an off-schedule or off-route bus in time to apprehend 

a criminal or to prevent a serious injury, then future incidents may be 

deterred or prevented, lawsuits may be avoided or, most importantly, a 

life may be saved. 
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In some cases, the financial and nonfinancial issu~s cannot be 

separated, and a trade-off exists between them. For example, if AVM 

improves schedule adherence and thereby makes feasible the shortening 

of layover times, then the transit operator is afforded the choice of 

reducing the number of buses on a line to lower operating costs or re

ducing the lin~•s headway to improve the level of service provided. 

The assessment of the AVM demonstration must consequently address all 

of these issues within an integrated framework. 

The issues being investigated can be divided into four inter

related categories: the AVM implementation process, the l evel-of

service impacts, the demand response, and the economic and efficiency 

impacts of the system. That these classes of impact are interrelated 

can be appreciated through the following exampl e. The implementation 

of AVM in Los Angeles i s changing some of the transit district 1 s 

operational procedures, is offering the opportunity for real-time con

trol of buses on route, and is generating improved data for managerial 

use. Thus, the implementation of the AVM system may result in an 

improved level of service to transit users, which in turn may lead to 

a higher level of demand for transit. A further consequence of such a 

chain of effects might be an improvement in the productivity and revenue

to-cost ratio of the transit district . Exhibit 3.1 suggests the various 

possibilities for causal relationships among the impact categories. 

The specific indicators for each category of impact are also 

shown in Exhibit 3.1. The indicators define the areas in which 

AVM impacts are being sought. Data pertinent to each indicator is 

being collected in order to determine the amount of change, if any , 
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EXHIBIT 3.1 

IMPACT ASSESSMENT CATEGORIES AND IND ICATORS 

PROJECT IMPLEMENTATION 

Technical performance 
Managerial and worker 
attitudes 

LEVEL OF SERVICE IMPACTS 
Schedule adherence 
Passenger loads 
Passenger wait times 
Passenger and driver 
security 

Bus arrival-time 
information 

Random-route vehicl e 
response time (SCRTD 
service vehicles) 

ECONOMIC AND EFFICIENCY 
IMPACTS 

AVM capital and 
maintenance costs 

Vehicle operating costs 
Data collection and 
reduction costs 

Planning and scheduling 
information 

Control room operations 
and procedures 

OVERALL IMPACT ASSESSME~T 
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DEMAND RESPONSE 
Ridership 



that occurs over the course of the AVM demonstration. The present 

impact assessment approach is predicated on the premise that, viewed 

against a backdrop of "control route" and "setting" information, the 

pattern of changes in indicator variab les should permit the deduction 

of valid conclusions concerning the impact of AVM in the Los Angeles 

demonstration and the potential impact of AVM in other circumstances . 

3.2 Project Implementation 

3.2.1 Technical Performance 

The primary implementation issue is the technical performance of 

the AVM system. Clearly, the successful assessment of AVM 1 s socio

economic impacts requires that the system perform accurately and relia

bly. To assure that this condition would be met, UMTA and TSC specified 

required levels of locational accuracy and reliability (see Section 2.6.2), 

and provided for a shakedown period prior to formal system testing. 

Nevertheless , the technical performance of the AVM system must be con

sidered as potentially influencing the magnitudes of other impacts . 

Schedule-adherence, run-time, and passenger-load data generated by the 

AVM system are being used .for the impact assessment, and the results of 

the assessment will depend on the accuracy of the data. 

3.2.2. Managerial and Worker Attitudes 

A second implementation issue is the attitudes of the managers and 

workers who are affected by AVM. For AVM to be most effective, the 

managers, planners, schedulers, dispatchers, and drivers working with 

AVM must feel that it is a worthwhile and effective innovation. The 

uses of AVM were partly specified by Gould and TSC, but the control 

room staff is expected to find new uses for the equipment during the 
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demonstration. Likewise, it will be up to the planners and schedulers 

receiving the data generated by AVM to make the most effective use of 

it. The acceptance of AVM by these employees will largely determine 

its value. 

The attitudes of bus drivers warrant special consideration. 

Drivers may view AVM primarily as a surveillance tool that wil l be used 

to evaluate their performance. On the other hand, AVM may be used to 

make their work easier . For example, there may be less overcrowding on 

buses as a result of AVM. 

3. 3 Level-of-Service Impacts 

Except for the few bus stop display units that may be installed , 

the functioning of the AVM system will not be visible to the publi c. 

However, several major objectives of AVM pertain to an improvement in 

the level of service offered to transit users and the general public. 

3.3.1 Schedule Adherence 

One of the most important objectives of using AVM in fixed-route 

transit systems is to improve schedule adherence, because adherence 

to schedule is a primary and very visible i.ndi.cator of the level of 

service provided by any public transit agency. A dispatcher at an 

AVM console can illlTiediately see by color-coded symbols on a cathode 

ray tube lCRT) display which buses on a route are deviating si gnificantly 

from the schedule . The dispatcher can then direct buses on the route 

to take actions to correct the deviation before the condition worsens . 

Some cormiands may also be automatically sent to drivers, such as 11wai.t 1
' 

if they are operating ahead of schedule. 
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Schedule adherence itself is a principal measure of service re

liability. However, a level-of-service benefit resulting from improved 

reliability lies in the potential to reduce headways. If schedule ad

herence improves significantly, the transit operator can revise the bus 

schedule so that there is less layover time at the two terminals of a 

route; shorter layovers would be possible because less recovery time 

would have to be provided to allow late buses to catch up with the 

* schedule. If layovers are shorter, a reduction in headways can be 

achieved with the same number of buses. Shorter headways would reduce 

passenger wait times. Alternatively, an operator can use the savings in 

layover time to reduce the number of buses operating on a line, while 

maintaining the same headways (see Section 3.5). 

3.3.2 Passenger Loads 

Better schedule adherence should also result in more uniform 

passenger loads . This would decrease the likelihood that passengers 

wauld have to stand and would reduce the general discomfort caused by 

bus overcrowding. 

3.3.3 Passenger Wait Times 

Persons who coordinate their arrival times at a bus stop with 

the bus schedule (planned-access users) can be expected to have shorter 

wait times if AVM improves schedule adherence, since bus arrival times 

will be more predictable. These planned-access users will be abl e to 

arrive at a bus stop closer to scheduled arrival times because buses 

* In the case of SCRTD, the employment contract with the drivers' union 
specifies that drivers should average at l east 10 percent layover time. 
Thus, there is a minimum amount of layover time below which SCRTD can
not fall even if perfect schedule adherence meant that no recovery time 
had to be allowed for in schedul es. 
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will be less likely to leave early; they will in general also have 

shorter waits for late buses . Random-access users (those users arriving 

at a bus stop without regard to the schedule) will also realize shorter 

average wait times. Over a large sa~ple of random arrivals, the average 

wait time is mode led by the following formula, where W = average wa it 

time, H = nominal headway, and S = standard deviation of the headway: 

H s2 
w = I = ~ 

Thus, decreasing the headway variance (S squared) results 1n shorter 

average wait times for random-arrival users. 

When short headways exist, most users are likely to be random

access passengers; with longer headways, passengers are more likely 

to plan their arrivals at the bus stop. Since AVM is being implemented 

on routes with both short (3-~inute) and medium (12-minute) headways, 

the effects of AVM on the wait times of both user types are being 

investigated. 

3.3.4 Passenger and Driver Security 

An important AVM level-of-servi ce issue pertains to the physical 

security of bus drivers and passengers. SCRTD buses are presently 

equipped with radios with a silent alarm feature. A driver can flip a 

special switch to silently signal the control room that police assistance 

is needed; at the same time the bus's outside emergency flasher lights 

are activated and the radio is shut off until the driver reactivates it. 

When the control room receives a silent alarm signal, the bus, route, and 

run numbers are displayed . Without AVM, the dispatcher must estimate 

the location of the bus from memory or by consu l ting the appropriate run 
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schedule. With AVM, the dispatcher can immediately determine the lo

cation of the bus to within a few hundred feet. Once the dispatcher has 

a bus location to report, he or she then notifies the appropriate law 

* enforcement agency. 

Dispatchers reportedly require only a few seconds to estimate a 

bus's location without AVM. Unless the bus is either far off schedule 

or off route in the part of central Los Angeles that is fully signposted, 

the time saved by the elimination of this estimation process is not ex

pected to significantly reduce total response time. Although there may 

be little change in the time required to notify the police, AVM will 

provide a more accurate estimate of a bus's location than when the 

location is estimated by the dispatcher. More accurate bus location 

information is expected to result in faster police response time to the 

bus. This, in turn, may result in more frequent apprehension of suspects. 

Thus, over the long run, AVM may act as a deterrent against on-board 

crimes or may at least divert potential crimes to other locations. How

ever, the short life and small scale of the demonstration prevents any 

meaningful testing of this latter hypothesis. Police response times are 

being measured, but the small number of incidents that are occurring 

during the demonstration may not provide a sufficient base upon which to 

draw conclusions regarding changes in police response time. 

* Since most SCRTD operations are in the City of Los Angeles, the Los 
Angeles Police Department (LAPD) is most often the appropriate agency. 
However, some SCRTD routes pass through unincorporated areas of Los 
Angeles County or through many smaller communities having their own 
police forces or contracting with the County Sheriff's Department. 
The multiplicity of jurisdictions presents a problem for dispatchers, 
who must first determine the jurisdiction of a location. 
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3.3.5 Bus Arrival Time Information 

Four electronic bus stop display units may be installed at bus 

stops that generate high passenger volumes during Stage 3 of the demon

stration. These units will receive signal s from the AVM central computer 

conveying estimates of the arrival times of the next bus or next few 

buses for display to waiting patrons. These persons might then dec i de 

to use the time until the bus arrives for some other purpose. 

The primary assessment issues are to determine user response to the 

displays and the l evel of accuracy of the arrival time estimates. As a 

bus approaches a stop where a display unit is located, t he arrival pre

diction displayed can be expected to become more accurate. Therefore, 

the level of accuracy will be determined for different time intervals 

prior to the actual arrival time of t he bus. 

If the AVM system is successful in achiev i ng its objective of 

maintaining bus schedule adherence, the bus stop display uni ts may not 

be much more useful to waiting passengers than a simpl e posti ng of a 

schedule. The major benefit of these units would occu r when there is 

an unusual delay caused by a breakdown, traffic congestion, or a mi ssed 

run. The assessment will compare the predictive accuracy of the display 

units with that of a regular schedule. Passengers waiting at the dis

play unit locations will also be surveyed in order to determine if users 

perceive this innovation to be beneficial. 

3.3.6 Random-Route Vehicle Response Time 

Another objective of AVM is to reduce the ti me required for 

random-route vehicles di spatched by a central control room to respond 
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to a service request. A reduction in response time is hypothesized 

because an AVM dispatcher can quickly display each vehicle's location 

and direct the vehicle closest to the site of the service request to 

respond to that request. 

Demand-responsive services, such as police, taxi, dial-a-bus, and 

pick-up and delivery services, could benefit from an AVM system. The 

more efficient dispatching is expected to result in faster service to 

persons requesting service. The improvement could also be used to 

reduce the number of vehicles in the fleet while maintaining the same 

service levels. 

Since the Los Angeles Police Department (LAPD) is not participating 

in the demonstration, impact assessment effort in this area has been 

curtailed. Only 12 SCRTD serv ice vehicles are being monitored by AVM, 

half of which are supervisors' vehicles. 

3.4 Demand Response 

Several of the l evel-of-service impacts discussed are likel y to 

result in higher transit patronage levels. Specifically, improved 

schedule reliability, shorter wait times, shorter headways, decreased 

bus crowding, and t he installation of bus stop display units are expected 

to increase patronage. This expectation assumes t hat there are persons 

not currently using transit who are willing to use transit if service 

conditions i mpro ve . The issue of ridership change due to AVM will not 

be addressed in the Los Angeles demonstration's assessment owing to 

difficulties encountered wi th the passenger counters and to the fact 

that t he Stage 3 testing period is so br ief. 
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3.5 Economic and Efficiency Impacts 

The implementation of AVM may result in several economic benefits 

to the transit operator, including the benefits cited by TSC in its 

AVM cost-benefit study . These benefits, as well as the nonfinancial 

benefits cited above, are being considered in the overall assessment 

of AVM. However, given the short test period for the AVM system 

during the demonstration, no attempt to estimate AVM-induced changes 

in farebox revenues will be made. In any event, it was assumed from 

the outset that any increase in farebox revenues caused by AVM would 

probably represent only a small portion of total AVM costs . 

3.5.l The Cost of AVM 

The first economic issue is to determine the cost of implementing 

AVM for different size systems . In its 1977 cost-benefit s tudy, TSC 

estimated the capital and operating costs of AVM systems based on four 

manufacturer proposals for implementing AVM in the Los Angeles demon

stration . The actual experience of implementing the system in Los 

Angeles will provide more recent and more refined cost estimates. 

3.5.2 Reduced Vehicle Operating Costs 

As initially discussed in Sections 3.3. 1 and 3.3.6, the service

level improvements generated by AVM may be converted into lower oper

ating costs while maintaining the original service level s . In its 

cost-benefit study, TSC suggested that improved schedule adherence 

will allow the bus operator to lengthen headways compared with before 

AVM and maintain the same average wait for users (see Section 3.3 . 3 

of this report for a discussion of how headways and schedule adherence 

affect wait times). It is likely, however, that most operators and 
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users will perceive lengthened headways as a reduction in service 

quality that is independent of the improvement in schedule reliability. 

3.5.3 Reduced Data Collection and Reduction Costs 

A potential economic benefit of AVM is that it can greatly 

reduce the transit operator's cost of collecting data concerning oper

ations and ridership. Almost all transit systems employ persons whose 

jobs are to measure bus run times or count passengers. Run-time data 

enables the schedulers to create schedules with realistic run times, 

while the ridership data indicates the productivity of each route. The 

data is used for deciding how to expand, contract, or modify a system. 

Checkers may also be used to note schedule adherence in order to monitor 

system reliability. 

With AVM, schedule adherence and run times are automatically 

measured and calculated. Also, as in the Los Angeles demonstration, 

relatively inexpensive on-board passenger counters can be linked to 

the AVM system so that the numbers of passengers boarding and exiting 

at all locations may be measured. Furthermore, this data is automati

cally measured and compiled in a computer, eliminating the task of coding 

and keypunching the data recorded by the checkers. 

The data-collection savings that a transit operator may realize is 

a function of the level of checker effort maintained prior to and after 

AVM implementation. The TSC cost-benefit study suggested th~t this could 

be the most significant cost savings generated by AVM. In Los Angeles 

there may not be any measurable savings, since the four AVM routes com

prise a very small proportion of the SCRTD total route mileage. Rather 

than eliminating checkers, SCRTD will probably just increase the measure-
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ments made on a few other routes. The main assessment issue is whether 

the data generated by AVM is accurate and usable, so that in a larger 

systemwide implementation of AVM, actual cutbacks in manual checking 

could be made. 

3.5.4 Improved Data for Planning and Scheduling 

In the previous section, the question considered was whether 

the data generated by AVM could substitute for that collected manually. 

An objective of AVM goes beyond this concern, however. That is, AVM 

is hypothesized to provide a much more comprehensive data base than can 

reasonably be collected manually, and this is expected to greatly aid 

the transit planning and scheduling functions. 

One data collection improvement is the increased sample size as

sociated with AVM. Since manual data collection is costly, transit 

operators generally make very few measurements on each route. Having 

fewer than a half a dozen recent run-time and ridership measurements for 

each run on a route is rather common in transit systems, and schedule 

adherence data is often nonexistent. With AVM, schedule adherence, run 

times, and ridership data can be collected for every bus trip made. 

The assessment goal here was to focus on how SCRTD made use of this 

expanded data set and to determine whether the existence of AVM data 

changes SCRTD's planning and scheduling procedures. Unfortunately, 

SCRTD planners and schedulers will not have an opportunity to fully 

utilize AVM-generated data before the demonstration ends in June 1981. 

Hence, the assessment of improved planning data will be limited to des

cribing its expected or potential use. 
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3.5.5 Control Room Operations and Procedures 

The introduction of AVM is expected to alter the way dispatchers 

perceive and perform their jobs and may lead to changes in some of the 

internal operations of the SCRTD control room. Some of these changes 

have already been mentioned, such as enabling AVM dispatchers to issue 

a corrective-action command to the driver of a bus that is deviating 

from schedule. Another possible change is the procedure used to monitor 

and dispatch the supervisors, transit police, and mechanics located in 

the primary AVM service area. 

It is also possible that the control room dispatchers will develop 

unforeseen uses of AVM, since 1980 saw the first U.S. applications -

in Los Angeles and New York City -- of AVM to control transit vehicles. 

During the demonstration, another contractor is observing control room 

operations and will interview SCRTD dispatchers and their supervisors. 

The results of these observations and interviews will be incorporated 

into the assessment. 
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4, DATA COLLECTION 

4.1 Introduction 

Data collection is a crucial element of the demonstration, si nce 

a successful impact assessment depends upon sufficiently complete and 

accurate data being available for analysis. The data requirements for 

the impact assessment of the AVM demonstration exceed those that the 

Southern California Rapid Transit Distri ct would have for its own uses , 

in terms of the number and variety of measurements and the sample sizes 

required with each measurement . Consequent ly , Gou l d and the assessment 

contractor rather than SCRTD have collected and processed much of the 

data for the assessment. 

Data collection efforts represent a significant cost in any demon-

* stration process. The data collection plan developed for the assessment 

was designed to eliminate redundancy and promote efficiency in data 

collection by providing a single source which can be consulted regarding 

a project's data requirements. 

Monitoring of the progress of the Los Angeles AVM Demonstr~tion ha s 

been ongoing since the initiation of work by the assessment contractor in 

April 1979. The monitoring has involved 

• frequent contact with SCRTD, including meetings, interviews, 
telephone calls, and correspondence, in order to keep abreast 
of all deliberations and activities having an impact on 
project implementation and evaluation; 

0 collecting media reports; 

* SYSTAN, Inc., A Plan to Conduct a Socioeconomic Eva luation of the Los 
Angeles Automatic Vehicle Monitoring (AVM) Demonstration, Los Altos, 
California, July 1978. 
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• corrvnunicating with various government agencies and private 
organizations in the AVM demonstration, including the Urban 
Mass Transportation Administration, Transportation Systems 

Center, Gould Information Identification, Los Angeles Trans

portation Department, and American Public Transit Association; 

• data collection pl anning; 

• overseeing data collection activities and assisting SCRTD 
in the collection of data where appropriate; and 

• updating the evaluation plan as necessary and distributing 
copies of any changes to interested parties. 

Site data was collected primarily from the Bureau of the Census; 

SCRTD brochures, materials, and reports; interviews; and local media. 

Unfortunately, there was very little baseline information available 

from SCRTD about the AVM and control routes themselves. The assessment 

contractor had primarily been interested in collecting data on rider

ship, demographics (e.g., median age and income of riders and other user 

characteristics), attitudes , transit preferences, fare revenues, and the 

types of areas the buses run through. Although there were a few sta

tistics available on lines 89 and 91 as a result of an August 1979 on-

. board transit survey conducted by SCRTD, these have not been included in 

the report since there was nothing comparable for any of the other routes. 

4. 2 Measurement Instruments and Techniques 

The approach adopted for the assessmen t of impacts in the Los Angeles 

AVM Demonstration relies primarily on a "before" and "after" comparison : 

data for a baseline period when AVM was only passively collecting data 

wil l be compared with data to be collected during a test period when AVM 

is in active use for real-time control. A comprehensive discussion of 

the entire m9thodology and impact assessment will be included in the 

final assessment report. 
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This report describes only the data that has been collected and 

processed as part of the baseline data collection phase. Baseline data 

was collected in 1980 and early 1981; thus some of the baseline data 

was not collected in its true "before" period. For example, interviews 

with SCRTD managers and surveys of drivers and dispatchers were delayed 

by SCRTD until after the AVM system had been officially announced and 

* had entered an active start-up phase. 

The various types of demonstration data have been organized into 

four categories corresponding to the impact areas of the AVM demonstra

tion: implementation, level of service, demand, and economic/efficiency 

impacts . Baseline data and data collection plans for the test phase are 

outlined for each of the impact areas in Sections 4.2.1 through 4.2.4. 

4.2.1 Implementation Data 

SCRTD Manager Attitudes 

During the start-up phase, a sample of SCRTD managers was inter

viewed by the assessment contractor to detennine their individual ex

pectations of the AVM system. The respondents were chosen to represent 

departments affected by the demonstration, including Planning and 

Scheduling, Operations, Maintenance and Equipment, Management Infonnation 

Systems, Teleconmunications, the Dispatching Center, Instruction, and the 

Transit Police. 

Topics addressed in these interviews included percepti6ns of AVM's 

potential cost effectiveness regarding their own and other departments, 

* The AVM system was announced in the September 1980 issue of RTD Headway, 
SCRTD's internal newsletter, and a few dispatchers (one on duty at any 
given time) began using the AVM console for bus monitoring and real-time 
control on September 15, 1980. Interviews with SCRTD management were 
not conducted until October and November of 1980; the surveys of drivers 
and dispatchers were not distributed by SCRTD until December 1980, and 
January/February 1981, respectively. 
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AVM's acceptance by other SCRTD employees, problems expected during the 

demonstrat ion, and the benefits of the system in a wider application. 

These were unstructured, open-ended discussions, since each manager was 

primarily interested in a specific aspect or outcome of the system (e.g., 

security, schedule adherence, regulation of passenger loading, main

tenance, or management information). The same persons will be reinter

viewed toward the end of the test phase of the demonstration. Baseline 

results are presented in Section 5.2.1. 

SCRTD Employee Attitudes 

To complement the viewpoints and expectations of SCRTD's managers, 

SCRTD employees who were involved with the AVM system on a daily basis 

were surveyed. During the start-up phase, some AVM dispatchers as well 

as a sample of AVM-route bus drivers responded to a survey addressing 

the perceived benefits and drawbacks of AVM. Drivers and dispatchers 

are the people who must make the system work, and their acceptance of 

AVM's usefulness is clearly critical . A particularly sensitive issue 

is whether the drivers perceive AVM as a tool to evaluate their perfor

mance. Baseline results are presented in Section 5.2 . 2. 

Changes to SCRTD Data Collection, Planning, Scheduling, and 
Control Functions 

AVM is expected to reduce the personnel required to collect oper

ations data and increase the amount of data provided for in planning 

and scheduling functions. In addition, the dispatchers who monitor AVM 

have an additional tool available to them. One of the human factors and 

man-machine interaction aspects of AVM that will be studied by Wilson

Hill Associates is the impact of AVM on the dispatchers . Some new control 

room procedures may be recommended by TSC and Gou ld . However, the control 
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room staff may make other procedural modifications as they gradually 

learn the capabilities of the AVM system and invent applications. Like

wise, the SCRTD planning and scheduling departments can be expected to 

use the expanded data sets. available to them in novel ways. 

4.2.2 Level-of-Service Data 

Bus Schedule Deviations and Headways 

The impact of the AVM system on bus schedule adherence (service 

reliability) is perhaps the single most important assessment issue of 

the demonstration. Consequently, a large and relatively costly sample 

of schedule adherence measurements was specified. 

Baseline data for the four AVM routes was collected by Gould before 

bus drivers were apprised of AVM's presence. For six months, starting 

in mid-March 1980, the AVM system was operated in a passive, data

recording mode; i.e . , there was no monitoring of AVM buses by an AVM 

dispatcher or use of any control tactics or communications that might 

have alerted drivers to the AVM data collection. Five months' worth of 

data, that collected between April 14 and September 14, 1980, has been 

taken as baseline data . Thus, a very comprehensive set of data was ob

tained automatically at significantly lower cost than with manual data 

collection. Timepoint measurements were taken along the entire length 

of all AVM routes , on weekdays, over a 20-hour period between 4:00 A.M. 

and 12 :00 P.M. Each bus-stop record consists of the specific data 

characterizing a bus (route, run number, bus number), the time it left a 

bus stop, and the numbers of passengers boarding and alighting. 

Baseline data for the four control routes had to be collected 

manually. Since having an observer on board runs the ri sk of influencing 

a driver's ~ehavior, observation by checkers stationed at ' bus stops was 
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chosen as the means to gather schedule-adherence and passenger-load 

informat ion . Checkers pos itioned at three timepoints along each route 

recorded bus departure times and approximate passenger loads for buses 

runn i ng i n both directions on weekdays over an 11-hour period between 

7:00 A.M. and 6:00 P.M. 

Bus departure times collected during the baseline phase can, in 

principle, also be used to calculate actual headways, headway deviations 

from scheduled intervals, and run-time variations. Hence, this data 

contributes to a comprehensive base li ne description of the level of 

serv i ce, as it shows actual versus scheduled travel times as well as 

the effect of "bus bunching," which AVM is expected to reduce. 

During the test rhase of AVM operation, bus departure times will 

be recorded i n exactly the same ways: automatically for the AVM routes, 

manually along contro l routes. The latter will be monitored in late 

Apri l and earl y May 198 1 during the last three months of the AVM demon

stration. These observa tions of control routes one year after the base

line observations should provide a check on trends in service reliab ili ty 

and ridership against which to judge AVM's impact. Baseline resul ts are 

presenterl in Section 5.5.2. 

Passenger Loads 

For both the baseline and test data collection, passenger loads are 

measured together with bus departure times . Passenger board1ngs and 

al i ghti ngs are counted automatica lly by the AVM system, and thus load 

counts at a specific point ca n be calculated . . For the control routes, 

on-s ite observers record the estimated number of passengers on board the 

bus when it leaves the bus stop. Base line resul ts are presented in 

Section 5.5.5. 
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Passenger Wait Ti mes 

Passenger wait t imes for the AVM routes were measured manua11y in 

late January and early February 1981 at one or two timepoints per route 

for a period of one to three weekdays. A samp1e fo rm for recording 

this da ta is presented in the Appendix in Exhibit A-5 . Near the end of 

the test period, in June 1981, passenger wait times for the AVM routes 

wi ll again be collected manually in order to see if any significant 

change occurred. 

Plans for the recording of passenger wait times for the control 

routes were del eted when it first appeared that wait-time data was not 

going t o be collected for the AVM routes; t hese plans have not been 

reactivated for schedule and resource reasons. However , passenger wai t 

time data for control routes is not cons idered necessary because contro l 

route data on bus departure times and passenger loads sho ul d provide 

suffi cient informat ion to determine if changes in transit parameters 

unrelated to the AVM demonstration had occurred. Also, the wait-time 

data obtained for route 44 -- the "uncontrolled" AVM route -- can be 

interpreted as control route data. Basel i ne results are presented in 

Section 5. 5.6. 

Accuracy of the Bus Stop Disp~ay Units 

If SCRTD, Gould, and TSC agree that the bus stop displays will be 

sufficiently accurate to expose to the public, they will be installed 

at the sites previous ly mentioned during the test phase of the demon

stration. The issues which need to be reso1ved before they can be 

deployed are: 
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• Ghost buses. These are buses not equipped with AVM hardware 

that are assigned to AVM routes. The arriva l of ghost buses 

will not be predicted on the display units, so a potential bus 

patron looking at a dis play will think that the wait for the next 

bus is longer than it really is when one of these buses is on 

route. 

• Missing buses. When an AVM-equipped bus is assigned to an AVM 

route but the assignment is not entered into the information 

system by the division dispatcher, this creates an apparent gap 

in the service. This situation will also cause the bus stop dis

play to indicate a longer delay than is rea11y the case. 

• Short headways. Both routes 83 and 89 are characterized by short 

headways, and thus the value of the display units is not as great 

as it would be in situations where passengers had to wait a long 

time (e.g., more than 15 minutes) for the next bus. Originally, 

the units were to have been installed at the Los Angeles Inter

national Airport on an airport express route. This route, which 

has since been cancelled, provi ded longer-headway, nonstop service 

between LAX and several terminals in the Los Angeles central busi

ness district. It would have been an i deal testing situation for 

the display units. 

If these issues are satisfactorily resolved and the display units are 

insta lled, each unit will be observed for three to eight days (7:00 A.M. 

to 6:00 P.M.) followi ng installation; repeat measurements may be required 

in case major changes are made in the algorithms developed for predicti ng 

arrival times in order to detect the impact of these changes. 

The observers monitoring the bus display units will note the sched

uled arrival times of buses and record the predicted arrival time shown 

on the display unit every two minutes beginning as soon as the last bus 

leaves. The observer will also record t he actual bus arrival time, from 

which prediction deviations can be calculated . A sample form to be com

pleted for each bus observed is shown in Exhibit A-4 in the Appendix. 
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The data collected will be used to see how the accuracy of the predicted 

arrival times varies as a function of the amount of time before actual 

and scheduled arrival. Here the basic objective is to determine if the 

bus stop display units provide better, equal, or worse predictions of 

bus arrival time than the actual bus schedule. 

Survey of User Attitudes Toward Bus Display Units 

Checkers from SCRTD will conduct a transit user survey of persons 

waiting at the four bus stops where bus arriva l display units have been 

install ed . At each display unit, the observers will distribute a short 

survey form to waiting passengers designed to elicit the passengers' 

attitudes toward the arrival display units. A few demographic and travel 

characteristic questions will also be included in order to discover if 

there i s any systematic variability in attitudes. The observers will 

collect completed forms on site, but will also provide postage-free mail

back envelopes for those not finishing before their bus arrives. Between 

route 83 , which has 3-minute headways, and intersecting route 89, which 

has 6- to 8-minute headways, some 600 buses will arrive each day at the 

bus stops located at Wilshire Boulevard and Fairfax Avenue. Consequently, 

the distribution of surveys over a full day (7:00 A.M. to 6:00 P.M . ) can 

be expected to generate a sufficiently large sample size (over 1,000) . 

Response Time to Buses Calling for Assistance 

When a crime or disturbance takes place on board a bus, several 

events occur between the ti me of the incident and the time po lice arrive 

at the vehicle. The breakdown of this total response time is shown i n 

Exhibit 4.1. 
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The SCRTD notification time reflects the time it t akes for a 

driver to notify the SCRTD dispatcher that assistance is needed. The 

installation of the silent alarm can reduce SCRTD notification time if 

the driver is afraid to radio for help but is able to discreetly set 

the silent alarm. AVM by itself would not affect this parameter. 

AVM does have the potential for decreasing the time required to 

notify the police. since the location of the vehicle calling for help 

will be immediately available to the SCRTD dispatcher and its location 

will not have to be calculated. Without AVM, but with the present 

Automatic Vehicle Identification (AVI) system. when a silent alarm sig

nal from a bus is received, the bus number, route number , and scheduled 

run number are immediately displayed on the dispatcher's CRT screen. 

The dispatcher, who is familiar with the run numbers and routes, usually 

requires only a few moments to estimate the bus's probable location. 

These few seconds are generally insignificant relative to po lice response 

time, the final component of response time, unless the bus is early, late, 

or off route . Police or special agents must search for buses that are 

early, late, or off route when drivers trigger a silent alarm, and the 

time elapsed in finding them may be considerable. 

AVM will have the greatest impact on police response ti me in this 

latter situation, since the police vehicle will be directed to the 

actual bus location rather than to the dispatcher's best estimated 

* location . The estimate is usually most unreliable when a silent alarm 

is received from a bus that is supposed to have completed its run. 

* This advantage would occur only when the si lent alarm i s used for noti
fication in areas that are s ignposted; if the driver can radio the 
request, the precise location of the vehi cle is specified by the driver. 
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Under existing SCRTD procedures, in these cases the division yard must 

first be checked to ascertain if the bus has returned or left again, or 

if the alarm was activated accidental ly by someone cleaning or servicing 

* the bus. The impact assessment task is to identify the change in police 

response time. 

For the baseline phase, poli ce response time for three different 

months are available for AVM and control routes. Only about 20 legiti

mate silent alarms requi ring a police response occur per month on all 

eight routes together. Each incident of cr ime or disturbance is docu

mented on a "CS- 10 Trouble Report Form" in the SCRTD control room. The 

control room radio system automatical ly records the time of all driver 

radio transmissions (including the si l ent alarm ); also , all drivers of 

AVM and control routes are instructed to inform the control room when 

the police arrive. In many cases, however, a delay occurs between police 

arrival and the driver ' s notif ication to the di spatcher. Consequently, 

the response time data generated can only be interpreted as indicative 

for the baseline situation. 

The test-period ana lysis will also rely on the information provided 

by CS-10 forms. A sample CS-10 is contained in the Appendix in Exhibit 

A-6. Considering the difficulties encountered in recording accurate 

police arrival times, the samp l e size would have to be very large to 

draw conclusions about AVM's impact at a reliable level of significance. 

However, there are few legitimate silent alarms on per month on the AVM 

routes. This analysis will also be limited by exogenous influences. 

* The false silent alarm rate during 1980 was 51 percent. Most false 
alarms are accidental activations or cases in which the driver acted 
on suspicion of a crime. 
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For example, the increasing occurrence of crime in Los Angeles has 

led SCRTD to hire more transit police to ride buses and has also 

spread police resources thinly. Baseline results of police response 

time are presented in Section 5. 5.7. 

Bus On-Board Cri mes and Disturbances 

The assessment contractor pursued data availability for this task 

with the Los Angeles Police Department, other local police departments, 

several judicial offices, and SCRTD. The various police departments 

and judicial agencies contacted do not keep separate records for on

board bus crimes and disturbances, and thus data collection efforts are 

limited to SCRTD's own records, the CS-1O Trouble Report Forms. Given 

the small number of legitimate silent alarms and on-board crime reports 

for the AVM routes, the sample size will be too small to obtain statisti

ca lly significant results about the impact of AVM on on-board crime. 

Furthermore, it is implausible that, during the demonstration, potential 

criminals will perceive that reponse times have changed on the four 

routes and consequently not commit a crime. If there is any such 

rational response , it would probably result from an SCRTD public announce

ment that certain routes now have AVM control, and the cr imes would be 

diverted to other routes or to nonbus locations. It is not feasi ble to 

detect this diversion because of its small magnitude relative to total 

crime. 

Arrests Resulting from On-Board Crimes 

If police response time to silent alarm signals is shortened by AVM, 

one would expect a greater proportion of these incidents to result in 

the arrest of suspects. The SCRTD Security Department does collect data 

on apprehension of suspects for all routes, along with police response 
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ti mes and on-board crimes and disturbances; unfortunate ly, AVM-related 

arrest data is subject to the same limitat ions regarding sample size. · 

4.2.3 Demand Data: Ridership 

Separate collection of ridership data on AVM r outes is no t required , 

as passenger loads are already recorded together with schedule deviat ion 

data. It is doubtful, however , if a comparison of ridership in t he base

line and test stages will reveal a signif icant increase due to AVM, 

because it usually takes three to six months for a demand effect t o 

stabilize. 

4.2.4 Economic and Effic iency Data 

A mea ningful before/after comparison of vehicle productivity, 

scheduling efficiency, and operating costs would require information 

about schedu ling and/or vehic l e supp ly changes in response to better 

schedule adherence achieved by the AVM system. However, SCRTD is un

likely to take th is initiat i ve during the demonstration period. There

fore, as far as data are available, the f inal eva l uation wil l focus on 

potential reductions in bus supply due to AVM. 

4.3 Data Collect i on Summary 

Exhibit 4.2 summarizes the data collection pl an for the impact 

assessment, specify ing how, when, and where all data el ements are to be 

co 11 ected. 
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EXHIBIT 4.2: DATA COLLECTION SUMMARY 

I How Many? I Evaluat ion Cr i teria 
Data to be Collected I By Whom? I Where? j How? I When? (Sampl e Size) Ad~essed 

Implementation Data: 

SCRTD Management At t itudes 

SCRTD Employee Attitudes 

Changes in Data Collec
tion, Planning, Schedu
ling, and Control Room 
Functions 

Leve l of Service Data: 

Schedule Deviations, 
Run-time Deviations, 
Passenger Loads 
(AVM Routes) 

Schedule Deviations and 
Passenger Loads 
(Control Routes) 

SYSTAN/ 
Juarez 

SYSTAN/ 
Juarez 
(Wilson
Hill) 

SYSTAN/ 
Juarez 

Gould 

Juarez/ 
SYSTAN 

SCRTD 
Offices 

SCRTD 
Offices + 
Div isions 

SCRTD 
Offices 

Entire length 
of all AVM 
routes 

Three time
points on 
each of four 
control 
routes 

Interviews with 
SCRTD managers 

Interviews with 
SCRTD drivers and 
dispatchers 

Interviews with 
RTD planners and 
schedulers 

Tabulated automat- ' 
ically by AVM 
system 

On-site measure
ments of bus 
departure time & 
number of passen
gers on board 

Start-up phase: 
Oct/Nov. 1980 

Test phase: 
May-June 1981 

Start-up phase : 
Dec. 1960/ 
Jan. 1981 

Test phase: 
May-June 1981 

Continuous pro
ject monitoring 

Weekdays during 
baseline , start
up and test 
phases 

Two weeks in 
baseline period , 
two weeks during 
test period 

All persons directly 
involved with AVM 

All AVM dispatchers 
and a sampl e of 
drivers assigned to 
AVM routes 

As required 

As close to 100% 
as AVM bus assign
ments and AVM 
system permi t 

3-4 days per route, 
all buses in both 
directi ons between 
7 AM and 6 PM 

I 

Prei mplementation need~ 
and expectations 

Employee a ttitudes, 
control room operati ons 

Data col lecti on effecti ve
ness, planni ng & sched
uli ng effectiveness , con
trol room opera tions 

Schedule reliability, bus 
ridership , bus crowding, 
veh icle productiv ity 

Schedule reliability, bus 
ridershi p, bus crowding, 
veh icle productivity 
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(Exhibit 4.2, Continued) 

Data to be Collected 

Passenger Wait Times 
(AVM Routes) 

Bus Arrival Display 
Unit Accuracy 

User Attitudes Toward 
Bus Arrival Display 
Units 

Police Response Time 
to Buses Calling for 
Assistance 

Bus On-Board Crime 
and Disturbances 

By_W..l!_~.!.y Where? I How? ·--- 1 When? 

SCRTD Two time
points on 
each of four 
AVM routes 

On-site measure
ments of the time 
passengers and buses 
arrive at the bus 
stop 

Start-up phase: 
Jan. 1981 
Test phase: 
June 1981 

How Many? I Evaluati on Criteria 
{Sample Siz~ . Add.r.e?::.s"'ed"-------

2 days per route, all I Wait t imes 
passengers and buses 
in both directions 
between 7 AM and 
6 PM 

1--------+------------i-----------------t---- -------;------- - -

Juarez/ 
SYSTAN 

SCRTO 

SCRTO 

All locations 
of display 
units 

All locations 
of displ ay 
uni ts 

SCRTD control 
room 
(CS-10 Forms) 

On-site recording 
of predicted and 
actual bus 
arri va 1 times 

On-site distribu
tion of surveys 
to waiting 
passengers 

Recordings of 
silent alarm 
activation time , 
and police arrival 
time at vehicl e 

Test phase: 
Fol lowing in
stallation in 
April-June 1981 

Test phase: 
Following in
stallation in 
April-June 1981 

Baseline: 
June/July 1979 
August/Sept 1980 
Start-up: 
Nov/Dec 1980 
February 1981 
Test: May 1981 

3-8 days of measure
ment of all buses 
between 7 AM and 
6 PM 

All passengers dur
ing one day beb1een 
7 AM and 6 PM 
(over 1,000) 

100% on a 11 /IVM 
and control 
routes 

Bus arriva l information 

Bus arrival info1111a t ion 

Police response time 

------t------+------------1-- ------ ---+----- -----+-

SCRTD All SCRTD 
buses 
( CS-10 Forms) 

Reported by drivers 
and dispatchers as 
they occur 

Baseline: 
June/July 1979 
August/Sept 1980 

100% on all AVM and 
control routes 

Crimes and disturbances 

---------~---------- ------ · 
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(Exhibit 4.2, Continued) 

Data to be Collected 

Arrests Resulting 
from Bus On-board 
Cri mes 

Demand _Data: 

Ridership - See above 
"Passenger loads" 

Passenger Boardings 
Around Bus Arrival 
Di splay Units 

Economic and Efficiency 
Data : 

Vehicle Productivity 

Scheduling Eff iciency 

Operating Costs 

By Whom? Where? 

SYSTAtl/ SCRTD 
Juarez CS-10 forms 

Gould AVM route bus 
stops within 
1/4 mile of 
display units 

SCRTD SCRTD offices 

-
SCRTD SCRTD offi ces 

SCRTD SCRTD offices 

How Many? Evaluation Criter ia 
How? When? {Samole Size) Addressed 

Rev iew dispositions Baseline: 100% on all AVM and Crimes and disturbances 
of a 11 reported June/July 1979 control rou tes 
crimes on SCRTD buses August /Sept 1980 

Tabulated automa t - Ent ire test Continuous dur ing Display unit usage 
ically by AVM period test period 
system 

-
.. 

Computations of Weekday averages Continuous, Vehicle productivity 
vehicle hours computed monthly all routes 
and vehic le miles 

Computations of Weekday averages Continuous, Scheduling effic iency 
layover and computed monthl y a 11 routes 
operati ng times 

Computations of Weekday averages Continuous , Bus operating costs 
vehicle hours computed monthl y a 11 routes 
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(Exhibit 4.2, Continued) 

Data to be Collected 

AVM Costs 

Transit Data Collection 

Control Room 
Operations 

Planning & Scheduling 
Cos ts 

Demons tra ti on 
S1 te Data: 

Traffic Volumes 

Bv Whom? 

TSC 

SCRTD/ 
SYSTAN & 
Juarez 

SCRTD / 
SYSTAN & 
Juarez 

SCRTD/ 
SYSTAN & 
Juarez 

City of 
Los 
Angeles 

Where? How? 

SCRTD, UMTA, SCRTD, UMTA, TSC 
TSC records of 

equipment and 
operating costs 

SCRTD offices SCRTD records & 
reports; media 

SCRTD control Investigations with 
room supervisors and 

dispatchers 

SCRTD offices SCRTD records c\ 
reports; investi-
gations with planntng 
~ ~rh,,,1,,linn tiAn ts 

Selected Tabulated 
locations on automatically by 
AVM and control traffic counters 
routes 

How Many? Evaluation Criteria 
When? (Sample Size) Addressed 

--- - . 

Continuous as Continuous, AVM costs 
they are all routes 
generated 
' 

Continuous Continuous, Data collection 
during test all AVM and control 
period routes 

End of test All AVM dispatchers Control ro~n effectiveness 
period and supervisors 

Continuous Planners, Planning & scheduling 
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5. BASELINE DESCRIPTION 

5.1 Demonstration Setting 

5.1.1 The Los Angeles Metropolitan Area 

The Los Angeles metropolitan area, the second largest in the 

country, is highly decentralized and has a transportation system 

heavily dominated by the automobi le. Al though demographic data indi

cate that some other metropolitan areas are characterized by even 

greater decentralization and auto dependence, none of these other areas 

approach Los Angeles in s ize. 

Los Angeles County, which comprises the Los Angeles Standard Metro

pol itan Statistical Area (SMSA), contains 7,411,302 people according to 

the 1980 census. Just under 3 million of these people live in the City 

of Los Angeles. The population of Los Angeles and Orange counti es com

bined is over 9 million. In 1973, there were over 3.7 million automo

biles in Los Angeles County, or one car for every 1.84 persons. Nation

ally, there was one car for every 2.06 persons in 1973, or 10 percent 

fewer cars per capita. Put another way, there were 1.33 cars per house

hold in Los Angeles County (SMSA) in 1970, compared with 1.23 cars per 

household in all SMSAs. In the Los Angeles SMSA, only 3. 7 percent of 

workers used public transit to travel to work in 1970, compared with 

about 12 percent in all SMSAs and 17 percent in the 33 SMSAs with popu

lations of over one million. 

The primary reason for the heavy re li ance upon automobile travel 

in Los Angeles is t he decentralization of population and activity 

centers in the metropolitan area. For example, only 4.5 percent of 

workers in Los Angeles County in 1970 were emp loyed in the Lo s Angeles 
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central business district (CBD); this percentage was the second lowest 

among the 18 largest SMSAs (St. Louis was 3.9 percent). Among all 33 

SMSAs, an average of 9.4 percent of all workers were employed in the 

CBD. 

5. 1.2 The Southern California Rapid Transit District 

Services 

The Southern California Rapid Transit District was created in 1964 

from the old Los Angeles Metropolitan Transit Authority (MTA). The 

California legislature had established MTA in 1951 as a planning agency 

and in 1957 as an operating agency in order to consolidate the many in

dependent transit companies in Los Angeles. Over the years, 38 systems 

have been consolidated. The District is governed by an 11-member Board 

of Directors appo inted by local el ected officials. Five members are 

appointed by the Los Angeles County Board of Supervisors, two members 

are appointed by the Mayor of Los Angeles City, and four members are 

appointed by a selection committee representing the other 77 cities in 

the District. 

SCRTD provides public transit services in a 2,280 square-mile area 

in the Greater Los Angeles area. Approximately 2,800 buses are used to 

provide service on about 220 routes. In 1980, 390 million passenger 

trips were made on the system, 16 percent more than 1979. In 1980 , 

total operating costs were approximately $300 million, of which about 

two-fifths was cove red by fares. The almost $200 million shortfall in 

farebox revenue was funded by a combination of local, state (mostly sales 

tax), and federal subsi dies. Key SCRTD operating statistics are sum

marized in Exhibit 5.1. 
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EXHH3IT 5.1 

SCRTD OPERATING STATISTI CS 

Annual passenger boardings 

Annual vehicle miles operated 

Vehicle productivity 
(passengers/vehicle mile) 

Fiscal year 1980-81 operating budget 

Fiscal year 1980-81 estimates: 

Operating cost per vehic le mi le 

Operating cost per passenger 

Passenger revenues 

Average revenue per passenger 

Operating ratio (revenues/costs) 

* 

352,600,000 

99,025,000 

3.56 

$336,712,000 

$3.40 

$0.95 

$143,200,000 

$0.41 

42.5% 

* From SCRTD, "Facts at a Glance ," September 1, 1980 

** 

** SCRTD has estimated more recently that tota l passenger boardings 
for all of 1980 were 390,000 ,000 . 
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Bus Routes and Ridership 

Many of SCRTD 1 s 220 routes are convoluted and inefficient, but 

changes are not easi1y made because alterations in one route may require 

adjustments in as many as 10 others. The problem routes were inherited 

from the 1950s and earlier when transit in Los Angeles was contracted to 

private companies which competed with each other for business. There 

are still 11 bus companies which operate 149 bus lines within SCRTD's 

* operating radius, and in some cases passengers can transfer from one 

to another. Nevertheless, SCRTD provides approximately 90 percent of all 

public transit services to 185 cities and communities in Los Ange1es 

County and portions of Orange, Riverside, San Bernardino, and Ventura 

counties . 

SCRTD is the nation's third largest urban mass transit system, but 

the nation's largest all-bus transit system. On a typical weekday, there 

are as many as 1.4 million passenger boardings, or between 500,000 and 

600,000 daily riders. Lines are as short as one mi l e and as l ong as 76 

miles. 

Although the District's buses are used primarily by commuters going 

to and from work, SCRTD carries only about 5 percent of all work trips 

' 
* Other bus lines are Orange County Transit District which operates 442 

buses on 75 lines; Santa Monica Municipal Bus Lines which operates 114 
buses on 12 lines; Culver City Municipal Bus Lines which operates 23 
buses on 3 lines; Norwalk Transit System which operates 26 buses on 3 
lines; Lon g Beach Public Transportation Company which operates 143 
buses on 15 lines; Torrance Transit System which operates 33 buses on 
19 lines; Gardena Municipal Bus Lines which operates 32 buses on 4 
lines; Montebello Municipal Bus Lines which operates 32 buses on 10 
lines; Laguna Beach Municipal Transit Line which operates 6 small buses, 
2 trams, and a trolley car on 3 lines; City of Commerce which operates 
10 buses on 4 lines; and Hermosa Beach which operates a free bus on a 
sing l e line . 
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* in Greater Los Angeles. According to one study conducted in 1978, 

31 percent of all bus riders are poor, elderly, or handicapped; 37 per

cent are under 29 years of age; 23 percent are 62 years old or older; 

93 percent make less than $10,000 per year; and 38 percent are unemployed. 

Almost 100,000 Los Angeles Unified School District students ride SCRTD 

buses each school day. 

** Most buses run over a 16-hour day, and less than one-half of all 

passengers travel during the peak rush hour periods (6:00 A.M. to 8:00 

A.M. and 3:30 P.M. to 5:30 P.M .). SCRTD takes in about $45,000 in cash 

fares every day (it no longer accepts dollar bills) and sells approxi

mately 161,000 passes every month. 

There are local bus lines which serve passengers on city streets 

and make frequent stops on ass i gned routes; limited bus lines which stop 

only at major intersections along assigned routes; and express bus lines 

which travel on the freeways and which may make only a few stops at the 

beginning and the end of assigned routes. 

AVM Evaluation Routes 

The four AVM test routes (4, 44, 83, and 89) were selected to re

present a cross-section of the types of routes SCRTD and other transit 

properties in the United States operate. Control routes (84, 4, 91, and 

94) were selected to match the AVM routes as closely as possible. All 

the AVM and control routes are located in the central city and the 

western sector (see Exhibit 5.2). All are local routes except 

* 1978, SCRTD Service Awareness Study, conducted by Human Factors 
Research, Inc., Van Nuys, CA. June 1978. 

** There are some speci a 1 "owl" runs, which pro vi de service throughout 
the night. 
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Line 83, which provides local and limited bus service along the Wilshire 

corridor, and lines 44X and 91X which make short j ogs on the Hollywood 

Freeway. (Express buses were not included in the evaluation.) The 

Wilshire corri dor is by far the most heavily traveled line in t he SCRTD 

system, carrying 62,000 passengers per day. Line 83 was the last line 

to stop paying for itself as SCRTD's costs escalated . 

The AVM and contro l routes operate in some of the more affluent 

parts of town, such as Westwood Village, Brentwood, and Beverly Hills . 

However, they also pass through some low-income and/or high-crime 

areas, including South Central Los Angeles, parts of downtown Los 

Angeles, and Hollywood. 

Buses 

SCRTD has about 2,800 buses in its fleet, many of which are quite 

old . The average age of SCRTD's buses in la te 1980 was just under 13 

* years, with some buses as old as 20 to 25 years. The number of road 

calls for breakdowns and other problems runs about 1,500 per week. 

During peak hours, SCRTO has about 2,000 buses in operati on. 

The standard bus is the most widely used. It is 40 feet long and 

has about 50 seats. Intermediate buses are smaller, 30 to 35 feet long , 

and carry fewer passengers. These are often ass igned to suburban neigh

borhood areas. The 30 articulated buses in SCRTD 's fleet can bend i n 

the middle. They are 60 feet long, carry about 65 seated passengers, 

an d are assigned to high patronage areas. Doubl e-deck buses are 40 feet 

long , carry 84 passengers, and are used for hi gh-demand commuter cruiser 

* As of September l, 1981, the average age of the active fleet is ex
pected to be 4.3 years. 

78 



service. Minibuses are 20 feet long, have 20 seats, and operate in 

the central business district and Westwood Village. They maneuver 

easily in and out of traffic. Interurban buses are similar to standard 

buses, except that they contain luggage compartments. They are used 

for long hauls and for airport express lines. 

SCRTD has recently purchased 230 new Grumman Flxible buses, which 

are standard size and seat 46 passengers. Thes,e buses were to have been 

replacements for older buses, but cracks in the chassis have been found 

and all have been taken out of service for repair until Spring 1981- at 

the earliest. In addition to the Grumman Flxible buses, 940 new GM 

RTS-2s have been ordered . These are equipped with wheelchair lifts. 

At present 21 lines have 200 buses that wheelchair users can ride. The 

* AVM hardware is installed on 200 SCRTD buses and 12 service vehicles 

(six supervisors' vehicles, three transit police, two mobile mechanics, 

and one electronics van) which operate in the 54-square mile random

route area west from the central business district. 

Operations Control: Radio Dispatchers 

Of particular importance to the AVM demonstrat ion is SCRTD's bus 

and communication system. A dispatching center, or control room , is 

located in the SCRTD 's downtown headquarters. All buses have two-way 

radios with a priority call feature and a silent alarm system. SCRTD 

operates over 15 radio channels, 10 of which are used for buses, four 

for supervisory vehicles, and one for security vehicles. During most 

of the day, 10 dispatchers are on duty, each dispatcher monitoring one 

* One hundred fifty standard or conventional GMC buses, 17 art iculated 
MAN buses (all of which are on Line 83), and 33 lift-equipped AM 
General buses. A few buses have been lost to AVM service due to 
accidents and other breakdowns. 
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radio channe1. Each bus route is assigned to one of the 10 channels 

so that the workload is evenly divided among the dispatchers. 

Each dispatcher works with a radio transmitter and receiver and 

a cathode-ray video screen. When a non-AVM equipped driver radios the 

control room, his or her bus number, route number, and scheduled run 

number are displayed on the screen. All District buses are equipped 

with Automatic Vehicle Identifi cation (AVI) electronics, which enables 

the control center to identify which bus is assigned to what route and 

what run on any given day, but which does not enable the control center 

to determine where on its assigned route the bus is at any given time. 

When a s i lent alarm signal is received, the non-AVM dispatcher 

consults the r un schedule in order to estimate the bus's location, 

calls SCRTD's supervisors or special agents, and then calls the 

appropriate police department if the situation demands. Bus drivers 

are supposed to signal back when the situation is cleared. Since so 

* many silent alarms are accidentally triggered, many when the buses 

are in the division yard or garage, a problem arises if a s ilent 

alarm is received when a bus is supposed to have completed its run 

and been retired. Under existing non-AVM procedures, the division 

yard must first be checked to see if the bus has left or returned and 

if the alarm was set off accidentally by someone cleaning it or 

servicing it. Because radio communication is cut off when the 

alarm is triggered, it has been extremely difficult for the dis

patcher to ascertain whether the alarm is legitima te. 

* The rate of false silent alarms is high due in part to the poor location 
of the trigger and to malfunctioning switches. The system is in t he 
process of being redesigned and all buses will be retrofitted. 
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A continuous log of all radio communicati ons i s automati ca lly ma i n

tained by a pri nter i n t he control room. The time the communi cat ion 

starts (to the neares t second}, the bus , route , and run numbers and the 

radio channel are recorded. Silent alarm signal s have a specia l desig

nation. Beginning i n January 1981, all radio and tel ephone communicati ons 

between drivers and dispatchers are also tape recorded. 

Dispatchers, l i ke drivers, bid their assignments, those with t he 

hi ghest seniority ha ving the first choice of assignment s. Di spat cher s 

normally bid three times per year . In June 1980, all potent i al ly el ig ible 

di spatchers were introduced to the AVM console before the first bidding 

too k pl ace. The four dispatchers who firs t bi d AVM had varied reasons 

for do i ng so, i ncl udi ng t he attractiveness of the avai l able shifts. For 

the fou r AVM shifts, one hi gh-seniori ty di spatcher, two middle-seniority 

dispatchers, and one low-seniority dispatcher bi d. Two high-s eni ority 

"extra" dispatchers were assigned as back- ups , s ince "extra" di spatchers 

cannot bid. Duri ng t he f i r st few months of AVM implementation, the dis

patchers had responsibi lity for a number of non-AVM buses because there 

was not an extra radi o channel available for the exclus i ve use of the AVM 

buses. This was essen tially corrected in time for t he December 1980 shake

up, when di spat chers again bid their assignments . Two new dispatchers 

bid on t o AVM at t hat time , and the number of non-AVM bus li nes assigned 

to channel 5 was substantia l ly reduced so that more time cou l d be devoted 

specifical ly to AVM route control functi ons. 

Ghost buses, that is, non-AVM-equipped buses assigned to AVM routes, 

*Asimilar problem is "bad-order" buses , t hat i s , AVM-equipped buses 
assigned to the wrong runs on AVM routes . Thi s is di scussed in 
Michael Wolfe' s (TSC) memo dated February 6, 1981. 
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have been a recurring problem for dispatchers, although action has been 

taken to improve this situation. The probl em has been partly a result 

of the difficulty that division dispatchers have had in locating buses 

equipped with functioning AVM hardware and assigning them to AVM routes. 

Division garages which serve AVM routes also serve non-AVM routes. Par

king space at the garages is critical and in the past the buses have 

been driven out of the yard in the reverse order of their being driven 

into the yard, which has resulted in the missing or AVM and non-AVM 

ghost buses . A related problem has been createrl because division dis

patchers sometimes have neglected to enter their bus assignments into 

the AVI computer system. 

Bus Drivers 

As of November 1980, there were 4,235 full-ti me bus drivers and 327 

part-time drivers (e.g., students) working for the District. The total 

number of drivers varies from 4,500 to 4,800. Each operator is assigned 

to one of 11 division locations which range in size from approximately 

250 to 600 operators . Seniority decides which division drivers are in 

and what routes they get. Operators bid their division locations annually 

and their bus runs three times per year, although some operators work 

the "extra board" and may be called upon to drive any of the routes as

signed to their respective divisions . Operators are supervised by division 

managers and ass i sted and monitored by field supervisors. In addition, 

they receive assignments from divis ion dispatchers and training from 

division instructors. SCRTD has 16 undercover spotters randomly riding 

buses and reporting drivers for rule violations. One out of every eight 

drivers i s a woman. Because they are low in seniority, women tend not 
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to draw the best runs . 

Based on seniority, a driver with the highest seniority may be pro-

moted to driver supervisor and then he or she may apply for and take an 

examination to become a dispatcher, a management position which receives 

higher pay. 

Most drivers who bid for AVM routes in June 1980 did not know about 

the demonstration beforehand. The official announcement was made in 

September 1980 when the real-time control phase of the demonstration 

became operational, although the 200 AVM buses had been fitted with the 

equipment prior to April 1980. On October 20, 1980, an announcement 

from the general superintendent of transportation urged all drivers to 

cooperate during the remainder of the AVM demonstration by adhering to 

schedules as close ly as possible within the guidelines of the District's 

operating rules . 

5.2 Implementation Data 

5.2.1 SCRTD Management Attitudes 

In October and November 1980, 13 SCRTD managers in various depart

ments were interviewed by two representatives of the assessment contract

or. The attitudes of those interviewed toward major issues related to 

the AVM demonstration are summarized in Exhibit 5,3. The last column of 

the second page of the exhibit indicates the overall attitudes of the 

respondents. 

Security and schedule adherence and planning turned out to be the 

key concerns. Significant improvements in these areas were expected 

by most respondents. Overall agreement could be found among the re

sponses to many of the other issues, too: the survey showed a general 
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Benefits expected to 
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-- -
Benefits expected to 
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Cost effectiveness 
cxpectecl; locJt1on of 
over- and under-
serviced areas possible 

Cos t -cff cctiveness 
expected; increase of 
produr.tivity possible 

Cost/Benefit relation 
hard to measure in a 
transi t system 

Cos t-c ff cct iveness 
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over- and under-
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Equipment and In-vehicle Display (IVD); Attitudes of 
Maintenance Bus-Stop Display (BSD) Schedule Planning Bus Operators 
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ALcidcntal activation increased control ex-
of silent atarrn peeled but appreciation 

of more security 
Electronic equipment • IVD : Reduced use of lmpruvcmr.nt effective Resentment possible 
considP.red to be radio communication on ly as long-term 
"cxot•c". breakdown •BS[): Expensive, but 1esponse. Political 
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AVM Technology No-St~~;;;-t-- Improvement expected ResP.ntment possi ble , but 
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"long overdue" "police-system" 

Savings 111 non-/\VM • IVD: Useful for schedule No Statement Good response expected; 
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Tremendous overall buses. otherwise, abused based on ridership data AVM not intended as 
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"driver-pol icing" tool 

ment includes type of 
se1vicc -----

Positive: Shorter No Statement Marked improvement Resentment possible; 
response time to road- expected based on data good response from con-
service calls availability and accuracy scientious drivers expected 

No Statement No Statement No Statem ent 95% coope ratio n in 
misdemeanor incidents 
expected 
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ridership data o r control 

No Statement • IVD: Use by operators F ine-tune system Acceptance expected in 
doubtful possible based on case of moderate use of 

• BSD: Not very useful, up-dated information AVM control 
superior to posted signs 

AVM c4uipment con- • IVD: Reduced use of Improvement expected Acceptance expected in 
sidered to be "latest radio communication case of moderate use 
word" in real-time • BSD: Useful, superior to of AVM control 
control, but high posted schedules 
maintenance costs 

Acceptance of AVM- Regarded useful with Improvement expected Part ial resentment of 
technology, but reservations 
maintenance problems 

based on data avai I abi I ity behavior control possible 

expected 
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problem: ambition to 
exercise real-time 
control necessary 

Positive: Preventive 
rather than reactive 
operations expected 

No Statement 

No Statement 

Posit ive: Increased 
control; but longer 
training and special 
counseling expe_cted 

Person nel assignment 
p roblem: competitive 
attitude for better 
perfo rmance necessary 

No Statement 

Personnel assignment and 
training problem: more 
stress expected 

More dispatchers needed 
for intense operations 

More d isµa tchers needed 
fo r intense operations 

Positive: Preventive 
rather than reactive 
operations expected 

Improved preventive 
operations possible; 
but: personnel problems 

EXHIBIT 5. 3 ( COtlTINUED) 

Security Level of Service 

Improvement expected Improvements: 
(shorter response time) Greater reliabili ty of 

service, fast adjustments 

Improvement expected; No Statement 
but AVM considered a 
rather expensive way 

No Statement Improvements: Greater 
reliability, be tter-spaced 
headways, increased service 

Improvement expected Im provements: Less over-
loading, fast adjustments 

Improvement expected Necessary: Multilingual 
transit information 

Improvement expected Improvement: Greater 
(shorter response times) reliability based on control 

of d river behavior 

Improvement expected Marked improvements. 
consistently spaced 
headways 

Respo nse-time decrease No Statement 
by 2/3 expected 

Improvement expected Improvement: Better distri-
bution of passenger loads 

No Statement Improvements : Passenger 
loading, dynamic schedule 
change prevention of 
headway variances 

Improvement expected Improvements : Passenger 
loading greater reliabi lity 
better-spaced headways 

Improvement expected Improvements : Passenger 
(shorter response-times) loading, increased service 

Improved level of security Improved schedule 
expected adherence and increased 

service expected 

Respondent's 
Passenger Demand Expansion of the AVM Overall Attitude 

Increased ridership Useful : To all t ransit Very favorable 
expected police vehicles ltl 

·-
Increased ridership Useful: To heavily Positive 
expected used lines 

[(.)] 

Increased ridership Not Usef11 I: To express Very favorable 

expected buses using freeways f• ] 
Increased ridership No Statement Positive 

~ expected 

Increased ridership Necessary: System-wide Indefin ite [Q 
for full functioning 

No Statement Useful: To all random- Positive 
route veh ides, heavily 
used lines, h igh 

liJ frequency lines 

No Statement Usefu l: To lines with Very favorable 
headways up to 15 m in. 
to core routes, crime area 

~ routes, hinterland routes 

Positive reaction to Useful: To crime area Very favor able 

on-board arrests routes; principally !j] system-wide --
Increased ridership Not Useful: To small Indefinite 
expected communities [Qj 
Increased r idership Useful: To about 20 Very favorable 

lines with bunching 
effects 1t1 

Increased ridersh ip Usefu l: To heavi ly Positive 
used li nes [g 

Increased ridership Useful : To some lines, Positive 
expected • according to costs 

00! and benefits 

Increased ridership Conditional expansion -
desirable 



rxpectat ion of cost effectiveness of the AVM system, r i dership increases, 

and the usefu l ness of an expansion of the system. Some disagreement 

existed about the AVM hardware : although t he technol ogy was accepted as 

a necessary innovat ion for a transit system, many brea kdowns and main

tenance problems were also anticipated. The in-vehic l e and bus-stop 

displays were subject to the highes t degree of controversy. The Manage

ment Information Systems and Telecommunication departments assigned the 

highest value to these devi ces; others considered them to have only 

limited or no use at al l. Most rPspondents expressed concern about 

personnel assignment and tra ining problems regarding bus drivers and di s

patchers. Drivers might view AVM as a potential means t o evaluate and 

control their behavior; dispa t chers must be trained to exercise real

time contr0l, making fu ll use of the instruments and information provided 

by the AVM sys t ern . 

Overa ll, management expectations of AVM performa nce were pos itive, 

and al l respondents expressed the interest of their depa r tments in part i 

cipating and cooperating in the demonst rati on . 

5.2 .2 Dr:iver _an.9 Di spatc_her Attitudes 

Two- page quest ionnai res (see Exhibits A-1 and A-2 in t he Appendix) 

were developed by the assessment contractor for distribution to drivers 

and dispatchers. In December 1980, the driver survey was distributed by 

* SCRTD to 10 preselected drivers in each of the t hree divisions out of 

11hi ch AVM-equ i pped buses are dispatched; in January 1981, SCRTD gave the 

dispatcher survey to five AVM dispatchers (and in February to three more) . 

Responses were received from 26 drivers and three di spatchers (later seven 

* Drivers who had a "line instructor" status . 

86 



dispatchers). A summary of their answers is preserted in Exhibits 5.4 

and 5.5. Mul t iple answers were permitted fo r each question. 

The drivers who responded show a very positive assessment of AVM, 

inasmuch as 77 percent of them expected AVM to make their work easier. 

However, only 54 percent thought it would win acceptance from dr i vers 

in general. A majority expected (or hoped) AVM would be effective in 

the areas of schedule adherence (73 percent), communication between 

drivers and dispatchers (62 percent), and dr iver secur i ty (62 percent) . 

More than half (54 percent) used the space provided for special comments 

to express their concern that AVM should have an impact on dri vers who 

run buses considerably earl i er than sc hedul ed time (i.e., "hot" or 

"sharp") to ga i n longer breaks or smalle r passenger loads. Less agree

ment could be found among the responses regarding the impact on rider

ship and the system's cost effectiveness. Some of the other comments 

indicated expectations of a better distribution of passenger loads, 

better connections for passengers , and a more regular observation and 

control of the entire system . 

The overall assessment by dispatchers is similar, with all respon

dents agreeing that AVM wil l make their jobs easier and with most 

focusing on the positive impacts . As there are only seven responses 

ava ilable, however, the observations prepared by TSC ' s resident (on-

* site) manager for the AVM project regardi ng AVM dispatcher attitudes 

are presented bel ow to supplement the analysis . 

Interviews after seven weeks of AVM use in the start-up period 

revealed substantia l differences in dispatcher attitudes and reactions 

* Memorandum dated November 3, 1980 , from Ken Bray to Peter Segota 
(both of TSC). 
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EXHIBIT 5.4 

SURVEY OF SELECTED AVM DRIVERS, DECEMBER 1980 

Surveys distributed: 30 
Surveys returned: 26 

* 

Usable surveys: 25 (1 form returned with one comment only) 

SURVEY QUESTIONS RESPONS ES (IN %) 

1. How will AVM affect your job? (Multiple answers permitted) 
Make it easier------------ ----- - --------- ----- -------- 80 
Make it more difficu lt-------------------------- ------ O 
Won't affect it - ------------------------------------ - 12 
Other ----------------------------------------------- - 8 

2. How will AVM affect bus operations? (Mu lti pl e answers permitted) 
Maintenance of on-time service ------------------ ---- 76 
Better driver/dispatcher communicati on --------------- 64 
Fewer buses required on AVM lines -------------------- O 
Improved driver security ----------------------------- 64 
Improved passenger security -------------------------- 56 
Won't affect bus operations -------------- ------------ 40 
Other --------------- -------------------------- ------- O 

3. How will AVM affect r idership? 
Increase on AVM lines -------- ---- ------- ------------- 36 
Decrease on AVM lines -------------- - - -- -------------- 4 
Won ' t affect ridership ----------- - - ------- - ---------- 44 
Don't know --------------- ---------------------------- 8 
Other ---------------------- ----- - -- - - ---------------- 8 

4. Will AVM win acceptance and cooperation from drivers ? 
Yes ------------------------------ ------- - ---------- - - 56 
No ------------------------------------ --------------- 28 
Maybe ---- ------------------------------------ --- --- - - 8 
Don't know -- ---------------------- ----------- ------- 8 
Other ------ - ---- - ---------------- - ----------- - ------- O 

5. Will the AVM system pay for itself? 
Yes ---------------- ----------------- - ------- --------- 24 
No -------- ------------ ----------------------- - - ------ 40 
Maybe --------- --------- ------------------------------ 16 
Don't know - ---------------------- -------------------- 20 
Other ------- -------------------- -- -------- ----------- 0 

* See Appendix Exhibit A-1 for a copy of the questionnaire. 
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EXHIBIT 5.5 

SURVEY OF AVM DISPATCHERS, JANUARY/FEBRUARY 1981 * 

Surveys distributed: 8 
Surveys returned: 7 

Responses (in%) 

SURVEY QUESTIONS (Multiple answers permitted) 

1. How will AVM affect your job? 

January 

(n=3) 

Jan/Feb 

(n=7) 

Make it easier--------------------------------100------------100 
Make it more difficult---- -------------------- 33------------ 57 
Won't affect it----------------- -------------- 0------------ 0 
Other----------------------------------------- 33------------ 29 

2. How will AVM affect bus operations? 
Maintenance of on-time service-- -------------- 33------------ 57 
Better driver/dispatcher communication--------100------------ 71 
Fewer buses required on AVM lines------------- 0------------ 14 
Improved driver secur ity----------------------100------------ 86 
Improved passenger security-------------------100------------ 86 
v/on't affect bus operations------------------- 0------------ O 
Other------------------------------ ----------- 0------ - ----- 0 

3. How will AVM affect ridership? 
Increase on AVM lines------------------------- 33-- ---------- 43 
Decrease on AVM lines-------- ----------------- 0------------ 0 
Won't affect ridership- --------- -------------- 67-- - - -------- 43 
Don't know- ---- - ------------------------------ 0---- -------- 14 
Other-- --------------------------------------- 0------- ----- 14 

4. Will AVM win acceptance and cooperation from drivers? 
Yes-------- -----------------------------------100------------ 86 
No------- ---------------------------------- --- 0------------ 0 
Maybe-------------------------------------- --- 0------------ 14 
Don't know------------------------------------ 0------------ 0 
Other----------------------------------------- 0---------- _ - 0 

5. Will AVM win acceptance and cooperation from dispatchers? 
Yes-------------------------------------- - - -- -100------------ 57 
No------------- - ---------- -- ----- --- ---------- 0------------ 14 
Maybe----------------------------------------- 0------------ 14 
Don 't kn ow------------------------------------ 0------------ 0 
Other---------------------- ---- - --- ----------- 0------------ 29 

6. Will the AVM system pay for itself? 
Yes-- ----------------------------------------- 33------------ 43 
No------------------------------------- - --- --- 67------------ 57 
Maybe------------------ ----------------------- 0------------ 0 
Don't know------------------------------------ 0-- ---------- 0 

~ Other----------------------------------------- 0------------ 0 

* See Appendix Exhi bit A-2 for a copy of the questionnaire. 
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toward the system. According to the various percepti ons of the dis

patchers, there are severa1 factors limiting AVM 1 s effectiveness: 

• AVM hardware/softwa re problems; 

0 SCRTD operational problems (e.g., assignment of non-AVM 
buses to AVM routes); 

0 dispatcher work loads (i.e., time that has to be devoted 
to non-AVM buses; this issue was corrected at the December 

1980 shake-up); and 

0 insufficient training in tactical situations (with the 
re1uctance to take corrective tactical actions also due 
to the large number of situations being disp1ayed, the 

1ack of consensus regarding which situations actually re
quire corrections, the uncertainty with respect to the 
effectiveness of potentia1 corrective actions, and the 

re1ative difficulty of assessing the effect of any cor
rections tried). 

5.3 AVM and Contro1 Route Data 

As mentioned earlier, from al1 SCRTD bus routes, routes 41, 44, 83, 

and 89 were chosen for the demonstration application of AVM. In addition, 

four routes similar in 1ocation, configuration, length of route, and 

headways (routes 4, 84, 91, and 94) were sel ected to serve as controls 

for monitoring system or environmenta l changes independent of AVM. Ex

hibits 5.6 and 5.7 compare the bus frequencies, configurations, headways, 

lengths, and peak passenger loadings for the AVM and contro1 routes. 

Although the control routes were selected carefully to resembl e the 

AVM routes with regard to major characteristics, their comparison i s 

subject to some limitations: 

• Some imprecision in matching routes i s inevitable. 
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-D ..... 

EXHIBIT 5.6 

COMPARISON OF BUS FREQUENCIES AND 

CONFIGURATIONS FOR AVM AND CONTROL ROUTES 

Approximate Number of Buses in One Direction (NB or EB )* I 
Weekdays Only 

.. 

Route 7-9AM 

41 (AVM) 12 

84 (Contro l ) 18 

89 (AVM) 17 

84 (Cont rol) 18 

44 (AVM) 23 

4 (Control) 28 

83 Loe . (AVM) 25 
Ltd. (AVM) 16 

91 (Control) 20 

94 (Co ntrol) 
I 

14 
---

*NB= Northbound 
EB = Eastbound 

9AM-3 : 30PM 

32 

32 

50 

32 

43 

54 

121 
0 

43 

39 

Dai ly · Division 
3: 30PM-5: 30PM 5: 30PM -7AM Total Numbers 

13 27 84 2 

14 33 97 5 

17 30 114 7 

14 33 97 5 

19 40 135 2, 7 

~, 
j.1. 42 155 6,7 

25 64 235 2,6,7 
25 

I 
6 47 

22 I 56 141 

I 13 29 95 2/ I 
I 

Route Confiquration 

Straight crosstown (N- S) 

Straight crosstown (N-S) 

L-shape (NE-WS) 

Straight crosstown (N-S ) 

U-shape in CBD (ESW-ENW) 

U-shape in CBD (ESW-ENW) 

Straight crosstown (E- W) 

Straight crosstown (E-W) 

Straight crosstown (E-W) 



<-0 
N 

Route 

41 ( AVM) 

84 (Control) 

89 (AVM) 

84 (Control) 

44 (AVM) 

4 (Control) 

83 Loe. (AVM) 

83 Ltd. (AVM) 

91 (Control ) 

94 (Control) 

EXHIBIT 5. 7 

COMPARISON OF HEADWAYS, LENGTHS, AND PEAK PASSENGER LOADINGS 

FOR AVM AND CONTROL ROUT ES 

Representative Headways (minutes) 
Weekdavs 

AM Peak Midday PM Peak Pea k ~lumber Mi l es on 
7-8AM 1 OAM-2 PM 4-5 Pt1 of Buses Ro ute 

9 12 9 10 5.5 

4-5 15 7 27 12.2 

6 8 7 18 9. 6 

4-5 15 7 27 12.2 

4 10 5-6 50 19.2 

3 8 3-4 65 28 .3 

3 3-4 3 103 18.8 

5 5 

5 10 5 45 16.2 

9 10 8 18 12 .7 

* Peak hour passenger load ing 

Rat, i o of Pas- * I 
I 

senge rs to Seats 

1. 28 

1.18 

1.36 

1.18 

1.37 

1. 52 

1.44 

1.44 

1. 40 



• There is a difference of measurement error . On the AVM 

routes, each bus is polled every 40 seconds, and the sign
posts do not always coincide with bus stops; consequently 
interpolation techniques must be applied to estimate each 
bus's current position as well as its time of departure 
from any given bus stop. The measurement error generated 
by this procedure is estimated to be between -1 and +l 
minute around actual departure time. On the control routes, 

the measurement error is a result of the deficiencies of 
manual time checking with watches showing no seconds or 
watches that are inaccurately set, and is estimated to be 

within 30 seconds on the average. 

Nevertheless, the monitoring of control routes has the following 

advantages: 

• 

• 

0 

0 

It provides a check for the representativeness (nonidio
syncratic nature) of the AVM routes. 

It provides complementary data for four additional routes 

in a transit system of more than 200 routes. 

It provides a check on trends in ridership. 

It provides a check on trends in driver performance. 

It provided data earlier than the AVM routes did ; t hus, 
the processing, analysis, and interpretation of contro l 
route data gave important insights into the subtleties 

of schedule adherence data, prior to receipt of AVM data. 

5.4 Traffic Volumes 

In January 1980, traffic volumes were measured by the Los Angeles 

City Transportation Department at 14 locations along AVM and control 

routes. The measured tra ffic volumes are presented for peak and off

peak periods in Exhibits 5.8 and 5.9. 
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RT. 
I 

I 41 

41 

44 

44 
'") .... 

83 

83 

89 

I 
I 
I 

I 

EXHIBIT 5. 8: TRAFFIC VOLUflES ALGNG AVM ROUTES 

( Average Numbers of Vehicles) 

I 

TRAFFIC COUN- DIREC- 7-9 A.M . q A.M -1 P.M . I 
TER LOCATION TI ON TOTAL PER HOUR I TOTAL PER HOUR 

ALVARADO 
ST. S/ 0 NORTH 1260 630 4470 750 
BEVERLY SOUTH 1470 735 2590 430 BLVD. 

HOOVER NORTH 2000 1000 4350 730 
ST . N/0 SOUTH 1920 960 4900 820 20th ST. 

ADAMS EAST 1440 720 2900 480 
BL VD, E/0 

WEST 1000 500 2900 480 WESTERN AVE. 

BEVERLY EAST 1330 665 4400 730 
BLVD, E/0 

WEST 2140 1070 6660 1110 WESTERN AVE. 

WILSHIRE EAST 2100 1050 6080 1010 
BLV D. E/0 WEST 1340 670 5900 980 WESTERN AVE. 

WILSHIRE EAST 7357 3680 119107 3180 
BLVD. W/0 

WEST 2406 1200 14257 2380 VETERAN AVE. 

FAIRFAX NORTH 1400 700 5640 940 
AVE. S/0 SOUTH 1760 880 5660 940 BEVERLY BLVD . 

MEAN 
AVM ROUTES 1030 1070 

1- °' P M 
TOTAL PER HOUR 

3830 1280 
11 20 370 

3300 1100 
3760 1250 

1980 660 
2760 920 

2930 980 
4010 1340 

3070 1020 
4110 1370 

7433 2480 
9908 3300 

4440 1480 
2670 890 

1320 

MEAN: AVM ROUTES I 

_J I ( 83 EXCLU DED) 790 740 1030 

SOURCE: City of Los Angeles, Dept. of Transportation, January 1980 
* See Exhibi t 5. 9. 

COMPARISON 
ROUTE* 

Ro ute 84 

Route 4 

I 
Routes 

·91 and 94 

Ro ute 84 



I..O 
t.Tl 

RT. 

4 

4 

84 

84 

91/ 
94 

91/ 
94 

91/ 
94 

EXHIBIT 5.9: TRAFFIC VOLUMES ALONG CONTROL ROUTES 

(Average Numbers of Vehicles) 

TRAFFIC COUN - DIREC- 7-9 A.M . 9 A.M.-3 P.M . 3-6 P.M. 
TER LOCATION TION TOTAL PER HOUR TOTAL PER HOUR TOTAL PER HOUR 

MELROSE EAST 1540 770 4670 
I 

780 2910 
AVE. E/0 WEST 1660 830 4960 830 2750 WESTERN AVE. 

OLYMPIC EAST 3680 1840 6570 1100 3830 
BLVD. E/0 WEST 2050 1025 5800 970 5930 WESTERN AVE. 

WESTERN NORTH 1710 855 3660 610 2360 
AVE. S/0 SOUTH 1080 540 3490 580 2630 SLAUSON AVE. 

WESTERN NORTH 1500 750 5350 890 3530 
AVE. S/0 SOUTH 2310 1155 5450 910 2780 BEVERLY BLVD. 

SUNSET EAST 1490 745 3680 610 2510 
BLVD. AT WEST 1240 620 4630 770 3210 SANBORN AVE. 

SUNSET EAST 990 495 2190 370 1410 
BLVD . AT WEST 1190 595 3670 610 3230 ECHO PARK AVE. 

HILL ST. N/0 NORTH 1270 635 4960 830 3930 
5th ST. SOUTH 2900 1450 5370 900 2790 (CBD ) 

MEAN 
CONTROL RTS. 880 770 

SOURCE: City of Los Ange les, Dept . of Transportation , January 1980 
* See Exhibit 5.8. 

970 

920 

1280 
1980 

790 

880 

1130 

930 

840 
1070 

470 
1080 

1310 

930 

1130 

COMPARI SON 
ROUTE* 

Rout e 44 

Route 41 
and 

Route 89 

Route 83 



With the exception of Route 83 (Wilshire Boulevard), AVM and 

control routes seem to be subject to similar traffic conditions. A 

repetition of t hese measurements during Stage 3 of the demonstration 

in April 1981 will provide information regarding the general develop

ment of traffic conditions that will be considered in the comparison 

of "after" and "before" (baseline) data. 

5.5 Level of Service Data 

5.5.1 Introduction to AVM Data Collection and Processing 

Starting on March 17, 1980, Gould began collecting AVM data. Each 

day a magnetic tape is made of al l information transfers between AVM 

buses and the central computer. Thi s tape, called the "AVM log tape," 

* contains the raw data for process ing into "Level l" output for each 

route in each direction. Level 1 output consists of "bus stop records" 

at from four to s ix timepoints along each route. Each bus stop record 

gives the time, route, run number, trip number, stop number, timepoint 

number, passengers on board , passengers boarding, passengers alighting, 

total boardings and total alight ings to the given point on the route, 

run-time variation, schedul e deviat ion, scheduled t i me , and signpost 

number. Some interpolation is necessary to arrive at the t ime given in 

the bus stop record, since s ignposts are not always collocated with bus 

** stops and eac h bus i s polled for information only every 40 second5. 

Location information can be off by one bus stop, and passenger-count 

information can be off by two stops. 

* Gould has defined three levels of processi ng software and informat ion 
output. 

** The interpolation assumes that buses travel at constant speed between 
timepo ints. 
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Leve l 2 info rmat ion, whic h is built up from Level 1 bus stop 

records , provides daily res ults summarized as averages , standard de

viatio ns, and freque ncy distributions for three variables: schedule 

* devia t ion, r un- time variation, and passengers on board. The re is one 

page of Level 2 output for each route for each variable; the presen

t ati on on each page shows the s ummary statistics for each of four non

overlapping time blocks. 

To pro vide a higher level of aggregation t han dail y summaries, 

** Gould defined two -week "test periods," starting with ~:arch 17, 1980. 

Thus, data for "test period 3" covers the weekdays between April 14 to 

25, 1980, which is t he period that best corresponds with the data col

l ected for the co ntrol routes. Test peri ods 3 through 13 co rrespond to 

the total baseline period . Gould developed "Level 3" software to allow 

the aggregation of dai l y level 2 data into data for an entire test 

peri od or for other desired combinations, e .g. , all Mo ndays in test 

periods 3 through 13. Examples of Level 3 output , which have the same 

format as Level 2 data, are s hown in Exhibits A-8 through A-12 i n the 

Append ix. 

5.5.2 Bus Schedule Deviations 

The data presented was collected between Apri l 15 and May 2, 1980 , 

for the control ro utes, and from April 14 t o April 25, 1980 (equivalent 

to test period 3), for t he AVM routes; sample s izes and a copy of the 

manual data co l lection forms are contained in the Appendix in Exhi bi ts 

* In the near future , Level 2 output will include the variables "tota l 
boardings," "cumulative run time," and "bus - to-bus variation in 
passenger l oads." 

** Test period is abbreviated "TP" in some later references . 
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A-3, A-8 to A-12, and A-17 to A-20. The time blocks used in the re

porting of results were defined as follows: A.M. block, 6:00-8 :30 A.M.; 

midday block, 8:30 A.M.-3:30 P.M.; P.M. block, 3:30-6:00 P.M. However, 

control rou te data for the A. M. block was collected starting 7:00 A.M. 

The allocation of each data point to a specific time block was 

based on t he po int of time the respect ive bus started its run for the 

AVM routes; for comparabil ity the control route data was processed 

according to the same criterion. Two of the effects of this principle 

are t he rather low number of observations in the P.M. t ime block, and 

consequently an increased mean lateness in the midday block caused by 

the inclusion of rush-hour buses. These effects have a stronger in

fluence on routes with a lo ng average run l ength (e.g., routes 44, 83, 

4, 84, 91, and 94 with run times between 60 and 130 minutes) . A special 

convention had to be found for route 83 limited. It only operates 

during the A.M. and P.M. peak hours, providing exte nded serv i ce for 

route 83 local. No more t han an insignificantly small number of its 

runs are scheduled at the very beginning or end of t he midday block. 

Therefore, Gould co nsidered it preferable to include these few buses 

in t he A.M . and P.M. time blocks, respec t ively. 

130th AVM and control route data were checkea for "bad" data points; 

for the AVM route, schedule dev ia t ions of more than +9 or -29 mi nutes 

were generally eli minated. The contro l route data was ed i ted manually. 

In add i t ion to correcting cod ing and keypunching errors, several cases 

of check ing imprecisions were el i mi na ted . Exhibit 5.10, the Bus Stop 

Correspondence Tabl e , associates reference numbers used in t he succeed ing 

graphs and ta bl es with bus stops. For example, in gra phs of baseline 
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Bus Stop 
I .D. No . 
(Graphs ) 

2 

3 

4 

5 

6 

7 

8 

9 

. , 

2 

3 

4 

5 

6 

9 

8 

7 

EXHIBIT 5 .10 

BUS STOP CORRESPONDENCE TABLE 

Bus Stop 
I .D. No. 
(Tables) 

A V M R O U T E S 
ROUTE 41 

Santa Barbara Ave. & 
Figueroa Street 

Alvarado St . & Pico Bl vd. Northbound 

Alvarado St. & 6t h St . 

Beverl y Blvd . & La 
Cienega Blvd . 

Beverly Blvd . & ~estern Ave . Northbound 

La Brea Ave . & Adams Bl vd. 

'A ils h~ re Bl vd . & Wes twood Ave. 

Wilshire Blvd. & Fairfax Ave. Eastbound 

Wi lshi re Blvd. & Western Ave. 

Fa1rtax 5 ~i l sn ire Hlvd . 

Fijirf~x Ave . & Santa Monicn Northbound 
B 1 vd. 

tlo11ywood Blvd . & Vi ne St . 

TI 
TI 
ROUTE 83 

TI 
n 

Bus Stop 
I . D. No. 
(Graphs) 

Alvarado St . & 6th St. 3 

Southbound Alvarado St . & Pico Blvd. 2 

Santa Barbara Ave . & 
Figueroa Street 

La Brea Ave. & Adams S1vd . 6 

Southbound Beverly Blvd. & Western Ave. 5 

Beverly Blvd. & La Cienega 4 
31 vd. 

Wilshire Bl vd. & Western Ave. 9 

Westbound Wilshire Blvd . & Fairfax Ave . 8 

Wilshire Bl vd. & Westwood Ave. 7 

Hol lywood Blvd. & Vi ne St. 12 

Sou thbound Fairfax /\ve. & Santa Monica 11 
Bl vd. 

Fa i rfax Ave . & Wil shi re Bl vd. 10 

C O N T R O L R O U T E S 

Olympic Bl vd. & Rimpeau Bl vd. 

Olympi c Bl vd . & Figueroa St . Northbound 

Melrose Ave . & Western Ave. 

Western Ave . & Machester Ave. 

Wes t ern Ave. & Adams Blvd . 

~estern Ave . & Mel rose Ave. 

No rthbound 

n 
n 

ROUTES 91 AND 94 

Mel rose Ave . & Wes tern Ave . 3 

Southbo~nd Ol ympi c Bl vd . & Figueroa St. 2 

OlyMpic Bl vd . & Ri mpeau Blvd. 

Western Ave. & Mel rose Ave . 6 

Soutllbound Western Ave . & Adams Blvd. 5 

Wes t ern Ave . S Ma nchester Ave. 4 

Sunset Blvd . & Sanborn Ave . 

Sunset Blvd. & Echo Park Ave . 

Sunset Blvd. & Grand Ave. 

Eas tboo,d lf Wes tbo""d 

Sunset- Bl vd. & Grand Ave. 

Sunset Bl vd . & Echo Par~ Ave . 8 

Sunset Bl vd . & Sanborn Ave. 9 
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data, bus stop 1 on AVM route 41 is at Santa Barbara Avenue and 

Figueroa Street; in tables of baseline data, Santa Barbara Avenue and 

Figueroa Street is bus stop 1 for northbound travel but bus stop 3 for 

southbound travel. 

The re sults of schedule adherence measuremen ts are presented in 

Exhibits 5.11 to 5.19. Exhibit 5.11 shows mean schedule deviations 

fur AVM and control routes, allowing comparisons of the different 

degrees of lateness according to time block and direction for each 

route and provid ing a basis for comparisons among routes. (Corresponding 

graphs are contained in the Appendix in Exhibits A-13 and A-21.) A late 

bus is indicated by a negative value of schedu l e deviation, and an early 

bus by a positive value. Overall, buses were running about 1.3 minutes 

late along both AVM and control ro utes, which supports the hypothesis 

that the AVM routes are indeed representative of the SCRTD system. 

Lateness tended to be concentrated in spec ia l sections or directions of 

some routes; for example, westbound runs of route 83 had significantly 

higher schedule deviations than eastbound runs. On some routes (e.g., 

41 northbound and 83 limited eastbound and westbound ) , the average late

ness increased from morning to evening, while for other routes (e . g. , 

44 nor t hbound and 4 northbound) , the average lateness decreased from 

morning to evening. The co ntrol routes appear to be characterized by 

patterns of mean schedule deviaticns reasonabl y similar to those of 

AVM routes. 
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EXHIBIT 5.11 

MEAN SCHEDULE DEVIATIONS! FOR AVM AND CONTROL RO UTES 

' T IMEBLOC K 

I 
I ROUTES AM I MIDDJ!.:Y I PM i 
I DIRECTI ONS BUS STOP 2 
I 

! 1 2 3 1 2 3 1 2 3 
I AVM ROUTES 

I 41 NORTHBOUND -1. 2 -0. 2 -1. 8 -1.3 -1.4 -2.3 -1.1 -1. 4 -2. 7 
SOUTHBOUN D -3.1 -2.9 -1.4 -2.3 -1. 7 1. 0 -2.6 -2.4 0.4 

44 NORTHBOUND -0 .6 -0.7 -1. 6 0.0 -1. 3 -1. 4 -0 . 5 -1.1 0 .0 
SOUTHBOUND - 1.0 -0 . 1 -1. 3 -1. 7 0.6 -1. 5 -1. 2 -1. 2 1.4 

89 NORTHBOUND -0.3 -0.5 -0 .4 0.1 -0.8 -1. 5 -0.5 -0 .8 -1.1 
SOUTHBOUN D -1.0 -0.6 -1. 7 -0.7 -0 .3 -2.6 -1. 3 -0 . 2 -0 . 3 

83 EASTBOUND -0.3 -0.9 -1. 0 -0. 2 -1. 7 - 1. 7 1.4 -1. 5 - 2.6 
Loe .WESTBOUND - 3. 1 -3.8 -6 .9 -2. 9 - 3.3 - 4.5 -4.1 - 3. 5 -3. 2 

83 EASTBOUND -0.6 0.0 -1.6 Rush-hour -3 .2 -2 .5 -3. 5 
Ltd. WESTBOUND -2.8 -3.0 -6 . 1 runs only -4. 9 -5 .4 -6. 6 

CONTROL ROUTES 
I I 4 NORTH BOUND - 1. 35 0 . 34 -1. 20 -0 .74 -1 .50 -1 .17 -1 .48 -2.00 -0 .37 

SOUTHBOUi~D -0 . 03 1.15 -0. 86 -0.64 -1.51 -1. 24 -1.12 - 2.86 -2.92 

84 NORTHBOUND -0.29 -1.26 -3 . 19 -0.16 -0.38 -1.72 -0 . 57 -0.91 - 1.46 
SOUTHBOU ND -0.74 -1.07 2.06 -0.78 -0 . 59 -0.46 -1.12 - 2.87 -0 .79 

91 EAS TBOU~lD -0. 29 -1.21 -0.85 -1. 80 - 2.79 -1.98 -4.31 - 3.61 - 3.00 
WESTBOUND -1.33 -1 .42 -0 .98 -1 .16 -1. 56 -2.02 -2 .06 - 2.69 -4. 23 

94 EAS TBOUND -1. 54 -2 . 01 -1. 75 -0.80 -1. 73 -0 .85 -1.56 -2.74 -1 .67 
WESTBOU ND -1.17 -0.94 -0. 10 -0. 79 -1. 21 -1.46 -1.11 -1.58 - 3.37 

~ 

1 
In minu tes ; s ample s izes are presented in the Appendi x . 

2 
Success ive st ops in each direction; see Bus Stop Correspondence Tabl e 
(Exhibit 5.10) . 
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Differences in schedule deviations caused by weather type did not 

appear to be significant. Also, sample sizes for observations on rainy 

days were rather small. Therefore, mea ns and standard deviations for 

rainy days are only contained in the Appendi x in Exhibits A-25 tc A-31. 

Exhibit 5.12 'presents the standard deviations of schedule ad herence 

meas urements. (Corresponding graphs are contained in the Appendix in 

Exhibits A-14 and A-22.) They usually ranged from 2 to 4 minutes, 

showing no appreciable differences aroong AVM and contrnl routes. Exhibit 

5.13 documents schedule dev iat ion data for AVM routes for the entire 

baseline period (i.e . , aggregated over test period 3 through test period 

13) to give an overall view of t ha t deroonstration stage . 

The frequency distr ibutions of Exhibits 5.14 to 5.17 permit a more 

detailed analysis of the degree of schedule deviations passengers had to 

expect at different times during the day . In gen~ral, in the A.M. block 

a considerable percentage of buses ran within 3 minutes of the scheduled 

t i me, but in the course of the day the distributions tended to spread 

out (i.e., schedule adherence tended to deteriorate). Remarkable in 

t his context is the increased fraction of buses running early in the l ate 

afternoon on some routes (e.g., for eastbound run s , up to 24 percent on 

route 91 , 20 percent on route 94, and 71 percent on route 83 l ocal), 

which becomes evident in Ex hi bits 5.18 and 5.19. (Corresponding graphs 

are contained in the Appendix in Exhibits A-15, A-16, A- 23, A-24.) 

As was the case with t he means and standard deviatio ns of schedule 

deviations, t he percentages for ear ly, late, and on-time buses shown in 

Exhibits 5.18 and 5.19 reveal an overall comparability of AVM and control 

routes . Bo~h t he AVM and co ntro l routes had an average of 40 percent of 
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--

ROUTES 
DIRECTI ONS 

' 

AVM ROUTES 

41 IWRTHBOUND 
SOUTHBOUND 

--
[44 NORTHBOUND 
I SOUTHBOUND 

EXHIBIT 5.12 

STANDARD DEV IATIONS1 FOR SCHEDULE DEV IAT IONS 
FOR AVM AND CONTROL ROUTES 

1 

2.6 
2.9 

1. 7 
1. 9 

AM 

2 

2.6 
3. 4 

3.2 
1. 6 

3 

3 .1 
4. 3 

3.7 
3. 8 

I 

1 

1. 5 
1.8 

1. 5 
2.7 

TIMEl3 LOCK 
MIDDAY 

BUS STOP2 

2 

2.1 
2.1 

3.7 
1. 7 

3 

2.6 
2.8 

4.7 
5.0 

I 

- --- -------

I 
I 

I 

89 NORTHBOUND 
SOUTHBOUND 

83 EASTBOUND 
Loe .W ESTBOUND 

83 EASTBOUND 
Ltd .WESTBOUND 

CONTROL ROUTES 

4 NORTHBOUND 
SOUTHBOUND 

84 NORTHBOUND 
SOUTHBOUND 

91 EASTBOUND 
WESTBOUND 

94 EASTBOUND 
WESTBOUN D 

1. 6 
I 1. 4 
I 

I 

! 3.0 
3. 1 

2.6 
3.2 

2. 54 
1. 76 

2. 70 
1. 50 

2.61 
2.03 

2. 51 
2.41 

1. 5 
2.0 

2.8 
3.8 

2.5 
3.6 

3. 98 
3. 53 

1.89 
2. 25 

2.03 
2. 3,1 

2.89 
1.96 

1. 6 
2. 3 

2.6 
4.5 

2.9 
4.7 

3. 83 
2. 75 

2.42 
2. 55 

2.19 
3.08 

2. 58 
2.22 

I 
I 

1. 7 
1. 5 

3.1 
3. 5 

2. 1 
2.2 

3.3 
3.9 

Rush-hour 
runs onl y 

2. 92 3.38 
2. 28 2.88 

1. 87 1. 50 
1. 86 2.45 

3. 73 4.07 
2. 77 3. 15 

2.63 3.06 
2. 10 2.42 

2. 5 
3.1 

3. 6 
4.9 

4.68 
3 .32 

2. 64 
4. 23 

4.23 
3. 67 

3. 21 
2.98 

1 In minu t es, sampl e sizes are presented in t he Appendi x. 

I 
I 
I 

1 

1. 7 
2.1 

2.3 
2.4 

1. 9 
2 4 

2.5 
4.3 

3.8 
4. 4 

3. 38 
2.36 

2. 34 
2.95 

5.66 
3.06 

2.93 
2.51 

PM 

2 

2. 4 
2.6 

3.5 
2.8 

2.4 
2 0 

3.6 
4.8 

3. 4 
4. 6 

2. 91 
5.33 

2.41 
2. 97 

5.17 
3.23 

2. 69 
2. 59 

2 Success ive stops in each direction; see Bus Stop Correspondence Tabl e 
(Exhi bit 5.10). 
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3 .5 
3. 4 

·-
4 . 7 I 
4.lj 
2 .4 I 
2 3 : 

' I 

4.1 
5.4 

3.7 
5.4 

3.83 
5. 59 

3.11 
3 .68 

5. 39 
4.51 

3 . 13 
6.47 
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ROUTES 
TIMEBLOCKS1 DIRECTIONS 

41 AM 
NB 
SB 

MID 
NB 
SB 

PM 
NB 
SB 

44 AM 
NB 
SB 

MID 
NB 
SB 

PM 
NB 
SB 

89 AM 
NB 
SB 

MID 
NB 
SB 

PM 
NB 
SB 

83 AM 
Loe. EB 

WB 
MIO 

EB 
WB 

PM 
EB 
WB 

83 AM 
Ltd. EB 

WB 
PM 

L EB 
WB 

EXHIBIT 5.13 
SCHEDULE DEVIATION DATA FOR AVM ROUTES FOR APRIL 14, 

1980 TO SEPTEMBER 14, 1980 (TP3-TP13) 

MEANS (in min.) STANDARD DE- SAMPLE SIZES VIATIONS (in min.) 
BUS STOP2 

1 2 3 1 2 3 1 2 3 

-1.2 0.0 - 1. 3 2.1 2.3 2.7 626 629 629 
-2.6 -2 .2 -0.3 2.4 2.6 3.5 591 592 585 

-1.1 -1.5 -2.8 1. 7 2.3 2.9 11465 1437 1435 
-2.3 -1.8 0.9 1.9 2.4 3.0 1449 1445 1420 

-0 .8 -1.0 -2.6 1.9 2.6 3.0 422 417 409 
-2.6 -2.4 0.9 2.2 2. 7 3.3 425 423 406 

-0.2 -0.1 -0.6 1. 7 2.6 3.2 1105 1108 841 
-1.1 0.2 -0.1 2.1 1.6 3.5 757 1193 923 

0.0 -1.6 -1.7 1.6 3.7 4.6 1717 1620 1566 
-1.5 0.6 -1.5 2.3 1.9 4.8 1610 1607 15061 

-0 .5 -1.2 0.4 2.1 3. 9 4.4 I 539 527 373 
-1.6 -1.0 1.4 2.4 2.7 4.2 470 484 458 

0.2 -0.1 -0.1 1. 7 1.8 1.9 939 1039 1015 
-0.8 0.1 -0.8 1.5 1.9 2.1 1004 1025 1032 

0.4 -0 .6 -1.4 1.8 2.4 2.9 2225 2201 2108 
-0.7 -0.2 -2.2 1.8 2.4 3.3 2260 2250 2211 

0.0 -0.5 -1.2 2.0 2.6 3.0 708 699 660 
-0.8 0.1 -0. 8 1.5 1.9 2.1 1004 1025 1032 

0.1 -0.3 -0.2 2.6 2.3 2.2 877 967 1081 
-2.1 -2.2 -4.5 2.9 3.3 4.4 1013 946 945 

-0.4 -1. 7 -1.8 3.4 3.4 3.7 3634 3443 3481 
-3.4 -3.5 -5.2 3.9 4.2 5. 2 3500 3459 3514 

0.5 -1. 7 -2.3 3.8 3.6 4.0 518 504 498 
-5.1 -3.9 -4.1 4.7 5.0 5.7 422 418 296 

0.0 0.3 -1.1 2.5 2.4 2.8 776 789 872 
-2.3 -2.3 -5. 1 2.9 3.5 4.5 1144 1064 1082 

I 
-3. 6 -2.7 -3.5 3.8 3.9 4.4 472 470 475 I 
-4.5 -4.5 -5.8 4.5 4.9 5.6 620 612 590 I 

.I 

l Northbound (NB), Southbound (SB), Eastbound (EB), Westbound (WB ). 
2 Successive stops in each direction, compare Bus _Stop Correspondence 

Table (Exhibit 5.10). 
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EXHIBIT 5 .14 

AVM ROUTE 83 LOCAL: FREQUENCY DISTRIBUTION OF SCHEDULE 

DE VIATION AT WILSHIRE BLVD. & FAIRFAX AVE . 1 

(Weekdays , April 14-25, 1980) 

Eastbound Westbound 

-99<-9< - 7<-5<-3< -1 <+1<+3< +5<+7< +9<•99 - 99< -9<-7<-5< - 3<-1<•1<+3< +5<+7<+9< +99 

Minutes Late I Minutes Early Minutes Late I Mi nutes Early 

- 99< - 9<-7<-5<-3<-1< +1 <+3< +5<+7< +9<+9 9 - 99<-9< -7<-5 <-3<-1<• 1<•3<•5<+7< +9<+99 

- 99<- 9<-7< -5< - 3<- 1< +1<•3<+5<+7<•9<+99 -99<-9<- 7<-s<-3<-1<+1<•3<•s<+7<•9<•99 

1 Correspondi ng numerical values and sample sizes are presented in the 
Appendix in Exh ibit A-1 1. 

105 

AM 

Midday 

PM 



% 
70 

60 
50 
40 
30 
20 
10 

60 
50 
40 
30 

20 
10 

Oi.'. 
, O 

O' 
lo 

60 
50 
40 
30 

20 

10 

EXHIBIT 5. 15 

AVM ROUTE 83 LIMITED: FREQUENCY DISTRIBUTION OF SCHEDULE 

DEVIATION AT WILSHIRE BLVD. & FAIRFAX AVE. 1 

(Weekdays, Apr il 14-25, 1980) 

Eastbound Westbound 

-99<-9<- 7<-5<-3<-1<+1<•3<•5<•7<•9<•99 - 99<-9<-7<-5<-3<-1<+1 < •3<•5<+7<•9<•99 

Minutes Late I Minutes Early Minutes Late I Minutes Early 

-99<-9<-7<-5<-3<-l <+t<•3<•S<+7<•9<•99 -99<-9< - 7<-5<-3<-1<•1<•3< •5<+7<+9<+99 

-99<-9<-7<-5<-3<-1 <+1<+3<•5<•7<+9<+99 -99<-9<-7<-5<-3<-1<+1<•3<•5<+7<•9<•99 

1 Correspondir.g numerical va lues and sample sizes are presented in the 
Appendix in Exhibit A-1 2. 

106 

AM 

Midday 

PM 



% 
70 
60 
50 
40 
30 

20 
10 

60 
50 
40 
30 

20 
10 

% 

% 
60 
50 
40 
30 

20 

10 

E:>JHIBIT 5.16 

CONTROL ROUTE 91: FREQUENCY DISTRIBUTION OF SCHEDULE 

DEVIAT ION AT SUNSET BLVD. & ECHO PARK AVE. 1 

(Apri l 29 - May 2, 1980) 

Westbound Eastbound 

-99<-9<-7<-5<-3<- 1<+1<•3<• 5<+7<+9<•99 -99<-9<-7<-5<-3<-1<•1<•3<•5<+7<+9<+99 

Minutes Late I Minutes Early Minutes Late I Minutes Early 

-99<-9<-7<-5< -3<-t<+t<•J<•s< • 7<+9<•99 -99<-9<-7< -5<-3<-1<+1< • 3<•5<+7<+9<•99 

-99<- 9< -7<-5<-3<-1 < +1<•3<•5<+7< +9<•99 - 99<-9< - 7<-5<-3<-1<+1<•3<•5<+7< •9<+99 

1 Corresponding numerical values and sample sizes are presented in the 
Appendix in Exhibi t A-19. 
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EXHIBIT 5. 17 

CONTROL ROUTE 94: FREQUENCY DISTRIBUTION OF SCHEDULE 

DEVIATION AT SUNSET BLVD. & ECHO PARK AVE. 1 

(April 29 - May 2, 1980) 

Westbound Eastbound 

-99<-9<-7<-5<-3<-1<•1< • 3<•5<+7< •9<• 99 -99< - 9<-7<-5< -3<-1<+1<+3<•5<•7< •9<•99 

Minutes Late I Minutes Early Minutes Late I Minutes Early 

-99<-9<-7<-5<-3<-1<•1<•3<+5<+7<+9<•99 

-99<-9<-7<-5<-3<-1<• 1<•3<•5<•7<•9<•99 

1 Corresponding numerical values and sample sizes are presented in the 
Appendix in Exhibit A-20. 
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EXHIBIT 5 .18 
SCHEDULE DEVIATIONS l 

(AVM Routes) 

ROUTES 
TIME BLOCKS

2 DIRECTIONS 

MORE THAN 
1 MIN. EARLY 

72 
41 AM 

NB 
SB 

MIDDAY 
NB 
SB 

PM 

44 AM 

NB 
S!3 

11 
2 

2 
0 

3 
2 

NB 15 
SB 11 

MIDDAY 
NB 16 
SB 7 

PM 

25 
7 

7 
6 

3 
3 

30 
24 

29 
39 

3 

9 
32 

5 
52 

i 

8 I 
40 I 

23 
28 

I 

~: I 

1 

39 
20 

48 
21 

54 
15 

51 
42 

62 
40 

+ON TIME 
- 1 MIN. 

2 

45 
21 

39 
33 

47 
25 

33 
53 

33 
51 . 

3 

36 
15 

32 
24 

27 
29 

29 
24 

26 
17 

MORE THAN 
3 MIN. l ATF 

1 2 3 

21 
42 

12 
29 

11 
37 

10 
7 

5 
19 

14 
43 

22 
24 

19 
36 

20 
6 

25 
4 

29 
36 

33 
9 

42 
15 

32 
29 

27 
32 

NB 22 28 45 
58 

42 29 21 9 24 23 
SB 8 16 +--,----+--------- --· .. 

89 AM 
- ·· ··- ...... . _52 ··--·· 5-1_ ____ 9_ ,__12 __ 2_1 _ 1 3 

NB 19 
SB 2 

MIDDAY 
NB 
SB 

PM 

29 
9 

13 
21 

20 
31 

16 
7 

10 
11 

57 
62 

52 
63 

57 
42 

46 
42 

53 
39 

38 
24 

NB 16 21 13 48 44 43 
_ 43 +-----+----'--'SBc.___-+---=13 _______ _ 22 ____ 21 _ _ 39 ... 47 

83 AM 
EB 

LOC WB 
MIDDAY 

EB 
WB 

PM 

39 
2 

42 
6 

17 
6 

12 
6 

14 
0 

19 
10 

37 
31 

27 
36 

51 51 
27 . 9 

45 39 
34 26 

7 
9 

5 
6 

9 
15 

11 
45 

14 
45 

8 
11 

14 
10 

18 
8 

18 
55 

23 
45 

8 
26 

23 
41 

20 
1? 

18 
77 

24 
57 

EB 71 15 10 21 45 36 3 21 37 
+---+-- _W_B __ + __ 4 ___ ._c..7 ____ 34 _ .. 26 

83 AM 
~6 ___ .... -42_ .. .. 47 - -- _40 -- ·-'4-"-1--4 

EB 
LTD WB 

PM 
EB 
WB 

1 
2 
3 

28 
3 

4 
4 

30 
9 

11 
6 

15 
3 

7 
6 

Cumulative frequencies in % 

46 
27 

29 
15 

55 · 27 
25 9 

29 19 
11 . 11 

15 
42 

39 
62 

11 
42 

37 
73 

21 
69 

50 
72 

Northbound, Southbound, Eastbound, Westbound 
Success ive bus stops in each direction (Compare Exhibit 5.10). 
Corresponding sample s izes are presented in the Appendix 
in Exhibits A-8 tu A-12. 
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ROUTES 
TIME BLOCKS2 DIRECTIONS 

4 AM 
NB 
SB 

MIDDAY 
NB 
SG 

PM 
NB 
SB 

84 AM i 
NB i 

' SB 
MIDDAY 

NB 
SB 

PM 
NB 
SB 

91 AM I 
WG I 
rn 

I MIDDAY 
WB 
EB I PM 
WB 
EB 

94 AM 
WB 
EB 

MIDDAY 
WB 
EB 

PM 
WB 
EB 

EXHIBIT 5. 19 

SCHEDULE DEVIATIONS 1 

(Control Routes) 

MORE THAN ~N TIME 
1 MIN. EARLY - 1 MIN 

13 2 3 1 2 

10 44 22 53 24 
14 51 18 73 29 

14 11 30 53 44 
15 11 18 50 42 

14 16 33 38 25 
15 20 25 50 21 

29 2 1 36 56 
13 13 62 45 52 

19 11 11 60 63 
11 2 41 54 52 

20 13 16 45 46 
19 3 35 39 33 

16 5 11 26 52 
15 7 20 51 47 

14 8 8 47 46 
10 11 22 43 31 

16 11 6 22 26 
11 17 24 29 22 

- -·----~ 

27 8 27 18 63 
8 5 10 45 43 

13 9 18 48 45 
18 17 30 45 32 

10 8 12 48 37 
11 6 20 37 22 

3 

34 
49 

25 
42 

5 
17 

18 
28 

34 
24 

29 
22 

55 
37 

44 
30 

25 
24 

51 
39 

32 
29 

35 
34 

··-~---
1 Cumul ative frequencies in o/; 
2 Northbound, Southbound , Westbound, Eastbound 

MORE THAN 
3 MIN. LATE 

1 2 3 

19 16 27 
3 9 16 

12 22 28 
8 21 21 

23 34 21 
21 37 28 

13 17 46 
5 15 3 

6 3 25 
11 19 22 

9 9 19 
20 37 23 

19 18 13 
11 12 14 

18 24 32 
26 38 33 

31 42 57 
55 39 42 

23 14 12 
28 33 32 

11 16 23 
17 30 26 

14 22 40 
24 37 26 

3 Success ive bus s tops in each direction (Compare Exhibi t 5.10. ) 
Corresponding sampl e sizes are presented in the Appendix in txhib its 
A-1 7 to A-20. 
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all buses running within 1 minute of their scheduled departure time, 

about 20 percent running more than 3 minutes late, and 20 percent 

running more t han 1 minute early. The early buses are the special 

concern of bus drivers t hemselves, as the survey above indicated. 

However, the 40 percent of buses that are either more than 1 minute 

early or more than 3 minutes late account for most of the sched ul e 

dev i ations that AVM aims to correct. 

5.5.3 Headway Deviat ions 

Headway dev iat ions are derived from t he difference between 

scheduled and actual depart ure t imes of successive buses. The bas i c 

data to calculate headway dev iations is availabl e (althou gh with certa in 

probl ems) for bot h AVM and control routes. However, to date, processing 

complications stemmin g from the presence of "ghost" (non-AVM-equipped) 

buses or nonresponding AVM equipment on AVM buses have prevented any 

calcul ations of headways or headway deviations for the AVM routes. 

Given the nonavai lability of headway data for AVM routes, calculation 

of headway data for the control routes was sus pended unti l such t ime 

as AVM headway data may become available. 

5. 5.4 Run-Time Var iation 

Data on the va ria t ions in run times ha s been processed for the 

AVM routes; for the co ntro l routes , run-time data exists only for parts 

of the respective routes and has not yet been analyzed. The additio nal 

informat ion provided by run-time variation does not appear to be cruci al 

as far as the basel ine compari so n of AVM and co ntrol routes i s con

cerned, as sc hedul e deviations and passenger l oads are sufficient for 
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this basic purpose. Run-time variation data for the AVM routes (TP3) 

is tabulated in Exhibits A-47 to A-51 in the Appendix. 

5.5.5 Passenger Loads 

The data discussed in the following paragraphs was collected 

together with the schedule adherence measurements in April and May 

1980 for AVM and control routes; the corresponding sample sizes are 

provided in the Appendix in Exhibits A-32 to A-40. 

For comparability reasons, again, the allocation of AVM and 

control route data points to time blocks was determined by the con

vention that has been used for schedule deviation data, i.e., the time 

when the individual bus started its run. 

For the AVM routes, a rather small number of data points became 

available -- a consequence of the high percentage of "bad" cases . In 

the beginning of the derronstrat ion, many malfunctions of the passenger

counting device used on AVM-equipped buses were registered.* In order 

to derive at least part ially reliable mean passenger counts, all "zero" 

data points were not considered for the analysis for AVM route data -

a principle which was also adopted for the control routes to establish 

comparability. In addition, a new data-editing method was developed 

to identify "valid" load counts. Still, a considerable degree of 

undercounting prevailed . Therefore, a comparison of passenger loads 

for AVM and contro l routes can only provide a very rough check on 

changes in passenger loads from the baseline to the test period. 

* For example, treadle-type passenger-counting mats installed on the 
first steps of the buses accumulated moistur e, caus ing the electric 
circuits to fail. They had to be redesigned and replaced. 
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Exhibits 5.20 to 5.25 summari ze the results of passenger load 

t abulations. In Exhibits 5.20 and 5.21, the routes characterized by 

the larges t mean schedule devi atio ns (83, 91, and 94 -- see above) 

show the highest average passenger volumes as well, reaching peak 

values of 60 passengers per run. Commonly, passenger loads for both 

AVM and control routes ranged between 30 and 45 passengers, with no 

apparent systematic differences between AVM and control routes. 

Most of the data for both AVM and control routes was collected on clear 

days. By chance, however, data was collected on one wet (rainy or 

drizzly) day for each control route. Exhibits A-41 to A-46 in the 

Appendix present passenger-load data for the drizzly/rainy days on 

each control route . Passenger loads tended to be l ower in some cases 

by up to 50 percent, but as the data is only fo r a single day and 

sample sizes are generally small, t his data should onl y be considered 

as suggestive of the effect of wet weather on ridershi p. Passenger 

counts for rainy days alone for the AVM routes - - based on the new 

data-editing method -- were not ava ilable for inclus ion in this report. 

The standard deviations of pass enger loads are graphed in 

Exhibits 5.22 and 5.23. They were highest for route 83, usually 

ranging between 10 and 20 passengers . 

The l ast tables (Exhibits 5.24 and 5.25) document t he distribution 

of passenger loads, permitting comparisons among routes, directions, 

and t ime blocks . Cumulative frequencies were calculated for bus es 

running almost empty (fewer than 10 passengers) and for overcrowded 

buses (more than 50 passengers). In some cases, almos t equal percentages 

of buses with very small and very large nu mbe r s of passengers could be 
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EXHIBIT 5. 20 
I 

AVM ROUTES: MEAN PASSENGER LOADS 

(By Bus Stop2 and Time Block) 

Northbound Southbound 

5 30 
~ 20 Route 
g 10 41 
e ..__..__.______.

2 
_j_

3 
_ _c:=1_-1--L_ -1--1-..L_..L_µ----1.--1..-L---L--1.._c:::1.._....L.......L...-J-...L_-4 8 days ) 

1 2 3 l 2 3 3 2 I 3 2 3 2 
; AM Midday PM AM Midday PM 

p 

a 50 
s 
s 40 

Northbound Southbound 

c 30 Route 
n 20 44 
9 10 ( 8 days) 
e 1----l'--'----'-----'-----'---'---'-----'----' _..L_...1_...1.._~L..._L-L...J~--J---1-1.-1.---+--1..-L....J....-
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s 
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C 30 
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C 10 
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a GO 
s 50 
5 40 
e 30 
n 
g 20 
C 10 
r 
s 

p 70 
a 60 
s 
s 50 
e 40 
n 30 
g 20 
; 10 

s 

4 5 6 
N~ 

Eilstbound 
I 

Westbound 

6 5 4 
PM 

1-------'-----''-----dTI---'---dll~! [lb~[b~Ub_.__.__ ;~:L I 
7 8 9 7 8 9 7 8 9 9 8 7 9 8 7 9 8 7 

AM Midday PM AM Midday PM 

Eastbound Westbound 

Route 
· I a3 

Ltd. 
J (8 days) 

__ ____, _ __.. _ .l____L_ ...l--'l-..L-'--------L.~..J.....J-

7 s 9 1 a 9 7 s 9 I 
AM Midday PM 

10 11 12 
AM 

Northbound 

10 11 12 
Midday 

10 11 12 
PM 

9 8 7 
AM 

12 11 10 
AM 

9 8 7 
Midday 

Southbound 

12 11 10 
Middily 

9 8 7 
PM 

12 11 10 
PM 

Route 
89 

(8 days) 

I Corresponding numerical values and sample sizes are presented in the 
Appendix in Exnibi ts A- 32 to A-36 . 

2 Numbers refer to the bus stop correspondence tabl e , Exhibit S . 10. 
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AM 

7 8 9 
AM 

EXHIBIT 5. 21 
l 

CONTROL ROUTES: MEAN PASSENGER LOADS 
2 

(By Bus Stop and Time Block} 

Northbound 

1 2 3 
Midday 

llorthbound 

4 5 6 
Midday 

Wes tbound 

7 8 9 
Midday 

We stbound 

7 8 9 
Midday 

2 3 
PM 

4 5 6 
PM 

7 8 9 
PM 

7 8 9 
PM 

3 2 1 
AM 

6 5 4 
A/.1 

9 8 7 
AM 

9 8 7 
AM 

Southbound 

3 c 1 
Midday 

Southbound 

6 5 4 
Midday 

Eastbound 

9 8 7 
Midday 

Eastbound 

9 8 7 
Mi dday 

3 2 l 
PM 

6 5 4 
PM 

9 U 7 
Pl-1 

9 8 7 
PM 

Route 
4 

(4 days} 

Route 
84 

(6 days) 

Route 
9 1 

(4 days} 

Route 
9li 

( 4 days) 

Correspond ing numeri ca l va l ues and sample sizes are presented i n the Appendix 
in Exhibits A- 37 to A-40. 

2 Numbers refer to the bus stop correspondence tabl e , Exhibit 5 .10. 
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EXHIBIT 5 . 22 
1 

AVM ROUTES: STAN DARD DEVIATION OF PASSENGER LOADS 

1 2 3 
AM 

4 5 6 
AM 

r--

,---
'--'- -

7 8 9 
/\M 

-
_,.......: 

7 8 9 
AM 

2 
(By Bus Stop and Time Block) 

Northbound 

1 2 3 
Midday 

Nort hbound 

4 5 6 
Midday 

Eas tbo11nd 

-~ 
,--

7 8 9 
Midday 

Eastbound 

7 8 9 
Midday 

Northl,ound 

1 2 3 
PM 

4 5 6 
Pl·! 

- ..._ 

-

7 8 9 
PM 

- ..._ -

7 8 9 
PM 

I 
I 
I 
I 

I 

I 

I 

I 

3 2 1 
AM 

6 5 4 
/\M 

.-- ,__ 

...... 

9 B 7 
AM 

---

9 8 7 
AH 

Southbound 

3 2 1 
Midday 

Sou t hbound 

6 5 4 
Midday 

Westbound 

,--,--

-

9 8 7 
Mi ddily 

Westbound 

9 8 7 
Midday 

Southbound 

3 2 l 
P~I 

6 5 4 
P~l 

- .._ 

~ 

9 8 7 
PM 

-
-

'--

9 8 7 
PM 

n 12 rill Jfl g 
e 
r 

8 
4 

10 l l 12 10 11 12 10 11 12 12 11 10 12 11 JO 12 11 
/\1'1 Midday PM AM Midday PM 

1 Corresponding numerical values and sample si zes are presented in the 
Appendix in Exhibits A- 32 to A- 36. 

2 Numbers refer to the bus stop correspondence table, Exhibit 5.10 . 

116 

10 

Route 
41 

(~ days) 

Route 
44 

( 8 days) 

Route 
83 
Loe. 

(8 days) 

Rout£> 
B3 
Ltd. 

(3 days) 

Route 
89 

(8 days) 



p 
a 
s 20 
s 16 
e 
n 12 
g 8 
e 4 
r 
s 

r 
a 20 
s 16 
s 
e 12 

8 n 
g 
e 
r 
s 

p 

4 

a 20 
s 
s 16 
e 12 
n 8 
g 4 
e 
r 
s 

p 

a 20 
s 16 
s 
e 12 
n 8 
g 4 
e 
r 
s 

EXHIBIT 5. 23 

CONTROL ROUTES: STANDARD DEVIATION OF PASSENGER LOADs l 

(By Bus Stop2 and Time Block) 

l 2 3 
AM 

4 5 6 
AM 

7 8 9 
AM 

7 8 9 
AM 

Northbound 

1 2 3 
Midday 

Northbound 

4 5 6 
Midday 

Westbound 

7 8 9 
Midday 

Westbound 

7 8 9 
Midday 

2 3 
PM 

4 5 6 
PM 

7 8 9 
PM 

7 8 9 
PM 

3 2 1 
AM 

6 5 4 
AM 

9 8 7 
AM 

9 8 7 
AM 

Southbound 

3 2 1 
Midday 

Southbound 

6 5 4 
Mi dday 

Eastbound 

9 8 7 
Midday 

Eastbound 

9 8 7 
Midday 

3 2 1 
PM 

6 5 4 
PM 

9 8 7 
PM 

9 8 7 
PM 

Route 
4 

(4 days) 

Route 
84 

(6 days) 

Route 
91 

(4 days ) 

Route 
94 

(4 days ) 

1 Corresponding numerical val ues and sample si zes are presented in the Appendix 
in Exhibits A-37 to A-40. 

c Numbers refer to t he bus st op correspondence tabl e , Exhibit 5 . 10 . 
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ROUTES 

EXHIBIT 5. 24 

PASSENGE R LOADS (AVM ROUTES) 

MEAN# OF BUSES WI TH FEWER BUSES WITH MORE 
TIMEBLOCKS 
DIRECTIONSl 

PASSENGERS THAN 10 PASS. (%) THAN 50 PASS . (%) 
(ALL STOPS) 12 2 3 1 2 

41 AM 
NB 27.30 82 4 2 0 18 
SB 23.69 8 16 77 22 14 

MIDDAY 
NB 18.31 97 7 4 0 1 
SB 13.37 11 38 92 5 0 

PM 
NB 15.30 88 10 10 0 26 
SB 18.59 5 31 88 15 0 

44 AM 
NB 18. 21 58 32 32 0 11 
SB 11.27 95 38 51 0 0 

MIDDAY 
NB 11.05 75 27 66 0 3 
SB 11.12 67 27 63 0 1 

PM 
NB 8 .88 73 47 88 2 0 
SB 20.20 29 7 67 5 10 

83 AM 
LOC. EB 20. 80 53 18 6 3 1 

WB 37 .73 14 12 22 48 43 
MIDDAY 

EB 23.92 33 17 17 3 15 
WB 27 .89 11 15 29 21 18 

PM 
EB 34.57 19 11 14 0 47 
WB 22.79 14 29 56 11 7 

83 AM 
Ltd. EB 28.74 33 13 11 2 6 

WB 41.38 8 9 16 45 59 
PM 

EB 45. 93 6 6 6 24 66 
WB 22.11 20 29 38 26 2 

89 Ai-1 
NB 13. 59 17 50 96 12 0 
SB 22 .10 68 9 15 0 9 

MIDDAY 
NB 18.42 11 16 77 6 6 
SB 20. 74 69 16 20 0 10 

PM 
NB 23.00 7 19 72 16 18 
SB 14.99 90 24 19 0 4 

1 Northbound (NB), Southbound (SB) , Ea stbound (EB), Westbound (WB) 
2 Success ive bus stops i n each directi on (compare Exhibit 5 .10). 

3 

38 
2 

11 
0 

62 
0 

8 
7 

0 
3 

0 
0 

13 
14 

11 
3 

24 
0 

50 
15 

51 
6 

0 
18 

0 
11 

0 
4 

Corresponding sampl e s izes are presented in t he Appendix in Exhibits A- 32 
to A-36. 
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EXHIBIT 5.25 

PASSENGER LOADS 
(Control Routes) 

--- - - - -- . - ---- -
______ .. __________ 

ROUTES MEAN# OF BUSES WITH FEWER 
TIMEB LOCKS PASSENGERS THAN 10 PASS.( %) 
DIRECTIOt~Sl (ALL STOPS) 12 2 3 

----- . 

4 AM 
NB 25.5 20 2 29 
SB 24.0 17 14 16 

MIDDAY 
NB 23.5 5 8 29 
SB 22.5 47 4 9 

PM 
NB 25.4 12 24 42 
SB 31. 2 38 0 23 

- -·· - - - ~ ---···----. 
84 AM 

NB 38.6 7 0 1 
SB 28.4 1 7 (' 

./ 

MIDDAY 
NB 28.3 7 1 1 
SB 27.7 0 3 23 

PM 
' NB 30.8 I 10 5 1 I 

SB 36.9 I 1 1 20 
-- ---r 

91 AM I 
' WB 31. 6 11 4 2 

EB 46.4 1 0 0 
MIDDAY 

WB 35.7 1 2 1 
EB 34 .5 5 5 6 

PM 
I 
I 

WB I 46.6 0 4 2 
EB I 32.1 2 5 0 

94 AM ! 
WB 23.3 14 4 6 
EB 42.2 0 0 0 

MIDDAY 
WB 30.7 1 2 2 
EB 26.4 5 4 3 

PM 
WB 46.9 0 0 0 
EB 31. 1 7 11 12 

---- ------ · - -- .. , . . ·· ----- -------~---- --

1 Northbound, Southbound, Westbound, Eastbound . 

BUSES WITH MORE 
THAN 50 PASS. (%) 
1 2 3 

1 29 6 
2 1 12 

10 7 1 
' 2 17 0 

25 8 0 
11 56 3 

I 

3 43 23 
i 37 8 1 

0 2 20 
18 13 1 

I 

I 1 6 55 
i 36 52 1 

' 3 13 27 
i 28 77 29 
I 
: 
I 31 24 14 
I 21 29 15 
; 

! 71 42 34 
l 33 8 18 
! 

i 
' 0 2 8 ! 
! 15 77 10 

! 28 13 5 
10 25 13 

82 50 35 
16 0 4 

2 Successive bus stops in each direction (compare Exhibit 5.10). 

Corres ponding sample s izes are presented in the Appendix in Exhibits 
A- 37 to A-40. 
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observed for the same ti me and direct io n, refl ect i ng two possible 

consequences of sched ule deviations: (1) buses running early cause 

larger passenger loads for their successors running on schedule 

(which are then prone to fall ing behind schedule), and/or (2) with 

irregular and appreciabl e schedule dev iat ions, scheduled headways 

are not maintai ned, resulting in "bus bunching" and unevenly distrib

uted passenger loads. 

Data for the entire baseline period (TP3 - TP12) is not presented 

here because passenger counts for t his t i me per iod based on the new 

data-editing method have not yet been made available. 

5.5.6 Passenger Wait Times 

Passenger wait-time data for the AVM routes was collected from 

January 19 to February 2, 1981. The schedule for the observat ions i s 

given below: 

Route Location Direction Ti me No. of Weekdays 

83 Wilshire & Glendon EB 8:24 A.M. - 3:30 P.M. 3 

89 Fairfax & Willoughby SB 8:00 A.M. - 12:00 Noon 3 

Fairfax & Pico NB 1:30 P. M. - 6:00 P.M. 3 

44 Beverly & Western EB 8:00 A.M. - 5:00 P.M. 1 

Adams & Figueroa EB 8:00 A.M. - 5:00 P.M. 1 

Adams & Figueroa WB 8:00 A.M. - 5:00 p .M. 1 

41 Alvarado & 7th NB 9:00 A.M. - 5:00 P.M. 2 

Alvarado & 7th SB 8:00 A.M. - 5:00 P.M. 2 

Checkers tabulated passenger arrival times at a bus stop and bus 

arrival and departure times for 15- second interval s. Exhibits 5.26 

through 5.31 present the results of these observations . Exhibi t 5.26 

gives an over view of mean wait t imes, standard dev iations, and sample 
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3 

5 

6 

7 

8 

8 

9 

10 

10 

12 

AM 

f:OUTE 83: 

x = 2.01 
CJ'= 1.80 
n = 165 

ROUTE 44: 

X" 2.10 
CJ'= 2.65 
n = 10 

ROUTE 44: 

X = 3.08 
<r = 2.10 
n = 36 

ROUTE 44: 
x = 2 .08 
er= 2 .12 
n = 13 

ROUTE 89: 
x = 3.64 
o- = 2. 34 
n 2 108 

ROUTE 41: 

x = 4.28 
CT " 2. 76 
n = 29 

ROUTE 44: 

x = 4.50 
<r = 2.25 
n = 21 

EXHIBIT 5.26 

PASSENGER WAIT TIME 

TIME BLOCK 

MIDDAY 

ROUTE 83: 
x = 2.40 
CT = 2.06 
n = 1396 

ROUTE 44: 
x = 3.90 
o- = 2.64 
n = 41 

ROUTE 89: 
x = 3 .78 
0-" 2.92 
n = 1155 

ROUTE 44: 

x = 4.61 
CT= 3. 34 
n = 374 

ROUTE 41: 
x = 5.94 
CT = 4.07 
n = 910 

*High mean caused by three successive buses passing the bus stop. 
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PM 

ROUTE 83: 
x = 3.44 
IT= 3.35 
n = 188 

ROUTE 44 : 
x = 3 .09 
er= 2.6~ 
n = 92 

ROUTE 44: 
x = 5.06 
er = 3.76 
n = 58 

ROUTE 89: 

X = 3.40 
CT= 2. 50 
n = 296 

ROUTE 44: 
x = 9.15* 
a-=7.53 
n = 40 

ROUTE 89: 
x = 3.68 
CT = 2. 99 
n = 157 

ROUTE 41: 
x = 5.43 
CT = 3.55 
n = 82 

ROUTE 41: 
x = 4.37 
cr=3.14 
n = 62 

ROUTE 41: 
-
X = 5.66 
er= 3.89 
n = 356 

\ '{, 



sizes for each bus route, grouped for peak and off-peak hours and by 

1 ength of headway. In the majority of cases, the average wait time 

does not exceed one-half of the scheduled headway length; only routes 

44 and 83 show considerably higher values in the P.M. peak . In those 

cases with sample sizes of more than 100 passengers, 95 percent con

fidence intervals cover 6 to 30 seconds around the mean wait time, so 

that a comparison with "test" period data might show significant changes . 

The percentage of passengers who waited longer t han one headway are 

presented in Exhibit 5.27 . Route 83 stands out with 40 percent of 

passengers waiting more than one headway (3 minutes) during the P.M. 

peak. These high values are caused by irregular headways, i.e., 

"bus bunching. 11 Another observation in this regard is that some buses 

with full loads, especially on route 44 during the P.M. peak, passed 

bus stops without stopping to pick up waiting passengers, thus 

increasing their wait times considerably. 

Exhibits 5.28 to 5.31 show the frequency distributions of wait 

times for selected lengths of headway for each route. Corresponding 

tables are contained in the Appendix in Exhibits A-52 to A-55. Usually 

they show a major percentage of passengers waiting up to 3 minutes only, 

but fo r the longer headways some uniformity of passenger arr i vals is 

indicated by more or less even percentages of passengers waiting up to 

one nominal headway length. 
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PASSENGERS 
(%) 

ROUTES 
HEADWAYS 

ROUTE 41: 

9 Mi nutes 

10 Minutes 

12 Mi nutes 

ROUTE 44: 

5 Minutes 

6 Minutes 

7 Minutes 

8 Minutes 

10 Minutes 

Route 83: 

3 Minutes 

3/4 Minutes 

(Al ternating) 

ROUTE 89: 

7 Minutes 

8 Minutes 

TOTAL 

EXHIBIT 5. 27 

PASSENGER WAIT TIME 

PERCENTAGES OF PASSENGERS WAITING 
LONGER THAN ONE FULL HEADWAY 

TIME BLOCK 

AM MIDDAY 

0.0 (n = 29) 

7.3 (n = 910) 

10.0 (n = 10) 

2.8 (n = 36) 

0.0 (n = 13) 7.3 (n = 41) 

0.0 (n = 21) 3.9 (n = 374) 

24.8 (n = 165) 

23.4 (n = 1396) 

2.8 (n = 108) 6.4 (n = 455) 

12.0 (n = 382) 14.0 (n = 3176) 
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PM 

14. 7 (n = 82) 

1.6 (n = 62) 

4.7 (n = 356) 

18.5 (n = 92) 

36.1 (n = 58) 

50.0 (n = 40) 

40.3 (n = 188) 

10.5 (n = 296) 

7.7 (n = 157) 

16 ~0 (n = 1331) 
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EXHIBIT 5. 28 

PASSENGER WAIT TIMES, ROUTE 41 
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Time block: AM 
Headway : 10 minutes 
Mean wait time: 4.28 min. 
n = 29 

Wait Time (min. ) 

Time block: Midday 
Headway : 12 minutes 
Mean wait time : 5. 94 min. 
n = 910 

Wait Time (min.) 

Ti me bl ock : PM 
Headway: 12 minutes 
Mean wait time: 5.66 min. 
n = 356 

Wai t Time (min.) 
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EXHIBIT 5. 29 

PASSENGER WAIT TIMES, ROUTE 44 

Time block: AM 
Headway : 7 minutes 
Mean wait time: 3.08 min. 
n = 36 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Wait Time (min.) 

Time block: Midday 
Headway : 10 minutes 
Mean wait time: 4.61 min . 
n = 374 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Wait Time (min.) 

Time block: PM 
Headway : 5 minutes 
Mean wait time : 3.09 min. 
n = 92 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Wait Time (min.) 
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EXHIBIT 5.30 

PASSENGER WAIT TIMES, ROUTE 83 

Ti me block: AM 
Headway: 3 minutes 
Mean wait time : 2.01 min. 
n = 165 

1 11 1 13 14 15 16 17 18 19 20 21 22 23 

Wait Time (min . ) 

Time block: Midday 
Headway: 3/4 mi nutes 

(alternating ) 
Mea n wai t time: 2.40 min. 
n = 1396 

0 1 2 3 4 5 6 17 18 19 20 21 22 23 

Wait Time (min . ) 
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Time block: PM 
Headway : 3 minutes 
Mean wa it t ime: 3.44 mi n. 
n = 188 

17 18 19 20 21 22 23 

Wait Time (min.) 
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EXHIBIT 5. 31 

PASSENGER WAIT TIMES, ROUTE 89 

Time block : AM 
Headway: 8 minutes 
Mean wait time: 3.64 min. 
n = 108 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Wait Time (min.) 

Time block: Midday 
Headway: 8 minutes 
Mean wait time: 3.78 min. 
n = 455 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Wait Time (min.) 

Time block: PM 
Headway: 7 minutes 
Mean wait time: 3.40 min. 
n = 296 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Wait Time (min. ) 
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5.5.7 Response Times to Buses Calling for Assistance 

For the baseline presentation, CS-10 Trouble Report Forms were 

made available by SCRTD for the following time periods: 

June 18 to July 14, 1979 
August 14 to September 14, 1980 

November 15 to December 15, 1980 

These records are the only basis for the present analysis of response 

times to silent alarm calls, and their inherent limitations make precise 

statistical results impossible. Some of these limitations are: 

• The sample size was small. There were 42 silent alarms on AVM 
and control routes in June/July 1979, 20 in August/September 

1980, and 17 in November/December 1980. Of these , only about 
one-half (i.e., 18, 11, and 6, respectively) could be con
sidered "legitimate" cases for analysis, providing the point 

of time a justified silent alarm was activated, as well as 
the time the bus was contacted by an SCRTD supervisor, transit 
police, or a unit of the LAPD or other law enforcement agency . 

• It was difficult to determine the true response time. Even 
in those few cases eligible for analysis, the determination 

of response intervals was obscured by several factors, among 
them the fact that time-clock stamps on the CS-10 forms mark 
full minutes only, some inconsistencies in the procedure of 
marking timepoints on CS-10 forms during the driver/dispatcher 

co111Tiunication process, and the difficulty of obtaining the 
exact arrival time of assistance at the bus . The error 
generated by these factors is estimated to lie generally 

between a minimum of 1 minute and a maximum of 4 to 5 minutes . 

The upper part of Exhibit 5.32, "Response Times to Silent Alarms," 

documents the number and nature of all crimes and disturbances registered 

for AVM and control routes during the three periods for which data was 
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EXHIBIT 5. 32 

RESPONSE TIMES TO SILENT ALARMS 

~ 
June/ July 1979 Aug. /Sept . 1980 Nov . /Dec. 1980 

- AVM Control AVM Contra 1 AVM Control 
' 

es 
91 I 94 Disturbances 41 44 83 89 4 84 91 94 41 44 83 89 4 84 91 94 41 44 83 89 4 84 

I I I I I 
Fare Di~pute 1 1 
Disturbc:nce 2 1 1 2 1 3 1 6 1 3 1 1 2 I 1 
Intoxicated Pass. 2 

N [ Thefts 1 1 1 2 1 
~ 

Damage to Bus 1 1 1 I 1 
Fight 1 1 1 
Assault 2 1 
Use of Weapon 1 I I 1 I 1 I 1 I I I 1 I I I I I I I 1 

Mean Response 7.0 (n=8) 10 .8 (n=lO) 12 .8 (n=6 ) 11. 8 (n=5) 13.5 (n=2) 11. 5 ( n=4 ) 
Time (in min . ) 9. 1 (n=18) 12.4 (n=ll) 12.2 (n=6) 
Standard Devi- 4.9 7.7 5.2 6. 1 2.5 5.9 
ation (in min.) 6.7 5. 7 5.1 
95 % Confidence I 3. 6 to 10. 4 I 6.o to 15 .6 I 8.6 to 17.0 I 6.4 to 17. 2 I 10 . o to 17 . o I 5.8 t o 17.2 Intervals for the 
Mean Response I 6.0 to 12 .2 I 9.0 to 15.8 I 8.2 to 16 . 2 Ti me (in min.) 



examined. The category "disturbance" includes incidents like smoking 

and drinking, profanities, and verbal threatening; "thef t s" ranged 

from passengers stealing bus transfer tickets to professional pick

poc keting; "damages to the bus" were mainly broken windows and mirrors; 

and a knife was the "weapon" rros t frequently displayed. 

The lower part of Exhibit 5.32 gives mean response times, 

standard deviations, and 95 percent co nfidence intervals for the means, 

based on all cases available for June/July 1979, and the number of 

11 1 egitimate" and "interpretabl e" cases obser ved during the other two 

periods. These results suggest that response time may have increased 

slightly between 1979 and 1980, whereas the August/September and 

November/December values appear t o be essentially the same. On the 

average, a response time of 12 to 13 minutes with a standard deviation 

of 5 to 6 minutes seems to be characteristic for the routes associated 

with the AVM demonstration. The widths of the respective confidence 

intervals for t he mean values of response time (coveri ng between 6 and 

11 minutes) emphasize the difficulties that will be encountered in 

future comparisons of this data with "test" response times: in order 

to infer that the AVM system causes a statistical ly significant reduction 

in response times, their mean values would have to be cons iderably lower 

than present means. Another complication arises because an. anticrime 

campaign was introduced by SCRTD in late October 1980. It consisted of 

• allowing bus drivers to carry and use mace, and 

• increasing and publicizing the presence of undercover 

agents on buses, especially on "problem routes'' (see 

Appendix Exhibit A-7). 
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This initiative may have been a significant factor in the marked 

decrease of incidents on route 83 in November/December 1980, compared 

with the earlier June/July 1979 and August/September 1980 data (one 

case compared with five and nine cases, respectively). Effects of the 

campaign may also influence the frequency of silent-alarm incidents 

during the "test" period. 

5.6 Demand Data 

As explained above, passenger-load data will provide the basis 

of determining if a significant change in transit demand has occurred. 

5.Z Exogenous Factors Affecting the Demonstration 

A series of three exogenous events have had an impact on the demon

stration. The first was the gasoline shortage that began in April 1979 

and became acute enough in May to cause the imposition of an odd-even 

rationing system for the purchase of gasoline and to trigger a steady 

rise in gasoline prices. SCRTD ridership increased by 200,000 daily 

boardings, reaching a record of 1.47 million bus boardings on May 14, 

compared with 1.1 million in May 1978. During this time the AVM hard

ware was being installed on the buses, a tricky situation since the 

installers were attempting not to interfere with bus operations at a time 

when all available buses were being pressed into service. 

The second exogenous event intervened on August 26, 1979, when a 

strike by transit employees halted bus operations until September 18, 

1979. Drivers, mechanics, and maintenance workers, all belonging to 

different unions, went out on strike for higher pay. The strikes also 

came at a difficult time since the unions had to be informed of the AVM 
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demonstration and their acceptance of it was critical to successful 

implementation. If the drivers' union were to consider AVM an addi

tional burden to drivers, or a type of performance evaluation, the union 

could have effectively stymied further progress. On December 4, an AVM 

briefing was given to union leaders at a regular SCRTD Transportation 

Department meeting, and no serious problems arose . By late December, 

ridership was back up to 1.2 million passengers a day, 15 percent above 

what it had been in December 1978. 
* The third exogenous event was a fare increase implemented on July 

14, 1980, after considerable public opposition. This came during the 

first stage of the demonstration when baseline data were being collected 

on al l four AVM routes. Apparently, the fare increase did not aff~ct 

ridership very much, since 1980 was a record year for District ridership; 

390 mi l lion passenger boardings were made, an increase of 16 percent over 

1979. 

5.8 Demonstration Schedule 

Exhibit 5.33 presents a chronology of the Los Angeles AVM demon

stration through Stage 2, the start-up portion. During the test period 

(Stage 3), which begins March 1, 1981, data will be collected for com

parison with the base l ine data in the actua l assessment of the socio

economic impacts of AVM. 

* Basic fare increased f rom 55 cents to 65 cents, while the basic transfer 
increased from 5 cents to 20 cents, with only two transfers permitted 
per r i de. New frePway express fares ranged f rom 95 cents to $2.15, up 
from 55 cents to $1.55. Regular monthly passes went from $20 to $26, 
while senior citi zens' monthly passes went from $4 to $6, high school 
student passes from $14 to $16, and college student passes from $14 to 
$20. 
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EXHIBIT 5.33 

CHRONOLOGY OF THE LOS ANGELES AVM DEMONSTRATION 

DATE 

Sept. 1977 

1977-1979 

DEMONSTRATION 
EVENTS 

UMTA selected Gould to design, 
develop and implement an AVM 
system for field testing by SCRTD. 

Hardware development by Gould. 

March 28, 1978 Preliminary presentation of AVM 
system, Gould, Ft. Worth, Texas . 

Feb. 28, 1979 

Apr. 27, 1979 

April
May 1979 

May 24-25, 
1979 

June 1979 

July 3, 1979 

Aug . 1979 

Aug. 26-
Sept. 17, 1979 

Dec. 4, 1979 

Dec. 13-14, 
1979 

First meeting of APTA sub
carmittee on AVM, TSC, Cambridge, 
MA. 

Impact assessment contract signed 
by Juarez & Associates, and SYSTAN. 

Second APTA AVM subcorrmittee meet
ing, Gould, Ft. Worth, TX . 

Final selection of AVM test 
routes. 

Final selection of control 
routes for the impact assessment . 

Installation of AVM computer 
equipment at SCRTD, complete with 
capability to monitor up to 12 
vehicles on line 41. 

AVM briefing given to uni on 
leaders at regular Trans
portation Department meeting. 

Third APTA AVM subcommitt ee 
meeting, SCRTD, Los Angeles, CA. 
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EXOGENOUS 
EVENTS 

Gasoline shortage 
crisis (record 
ridership on 
SCRTD) 

RTD operations 
stopped by strikes 

NON-AVM SYSTEM 
MEASUREMENTS 



DATE 

Jan . 1980 

Jan. 15-30, 
1979 

Mar. 17-
April 13 , 
1980 

April 1980 

April 14, 
1980 

April 15-
May 2, 1980 

May 27, 1980 

July 14, 1980 

Aug . 11-28, 
1980. 

Sept. 3, 
1980 

DEMONSTRATION 
EVENTS 

EXHIBIT 5o 33 

(continued) 

AVM bus hardware installation 
complete. Software to track 
200 vehicles complete. 

Shake-down period for automatic 
data collection. 

Installation of signpost trans
mitters complete. 

STAGE I: BASELINE 

Automatic collection of 
evaluation data began 
for all four AVM routes. 

Software installed with capa
bility of showing schedule 
deviations on dispatcher dis
plays. · 

Two-week training sessions 
for the first six AVM dis
patchers (familiarization 
continued through Sept. 14, 
1980). 

Article announcing AVM in 
SCRTD I s "Headway ." 
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EXOGENOUS 
EVENTS 

SCRTD fare in
crease . . 

NON-AVM SYSTEM 
MEASUREMENTS 

Traffic volume 
counts by Los 
Angeles Traffic 
Department. 

Manual baseline 
data collection 
on all four 
control routes. 



Sept . 15, 
1980 

Oct. 1, 
1980 

Oct. 14-15, 
1980 

Oct. 20, 
1980 

Oct. 24-
Nov. 26, 1980 

Nov. 9, 
1980 

Dec. 1980 

Dec. 10-21, 
1980 

Dec. 21, 
1980 

Dec. 21, 
1980 

Jan. 1981 

Jan. 4, 
1981 

Jan . 19-
Feb. 2, 1981 

EXHIBIT 5.33 

DEMONSTRATION 
EVENTS 

STAGE II: START-UP 

(continued) 

Dispatchers began real-time con
trol activities on AVM test routes 
41, 83, and 89. 

SCRTD technicians began on-the-job 
training in maintenance and trouble
shooting on AVM equipment. 

Fourth APTA AVM subconmittee 
meeting, SCRTD, Los Angeles, CA. 

RTD open letter to bus drivers con
cerning AVM demonstration. 

Training of two new dispatchers. 

Dispatchers' shift shake-up. 

Group of non-AVM bus lines re
moved from AVM voice radio 
Channel 5. 

EXOGENOUS 
EVENTS 

Schedule change 
for AVM Route 83 

Schedule change 
for AVM Route 83 
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NON-AVM SYSTEM 
MEASUREMENTS 

Interviews with 
SCRTD manage
ment . 

Survey of 
selected AVM 
drivers . 

Survey of AVM 
dispatchers 

Manua.1 co 11 ec
ti on of pas
senger wait 
time data for 
all AVM test 
routes. 





APPENDIX SECTION I 

DATA COLLECTION AND SURVEY FORMS 

Exhibit No. 

A-1: Drivers' Survey For~ 

A-2: Dispatchers' Survey Form 

A-3: Control Route Data Collection Form 

A-4: Bus Stop Display Unit Accuracy Data Collection Form 

A- 5: Wait Time Data Collection Form 

A-6: CS-10 Trouble Report Form 

A-7: Bus Crime Impact Area 
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EXHIBIT A-1 

DRIVERS' SURVEY FORM 

As part of the evaluation of the AVM Demonstration, SCRTD would 
like to know how drivers feel about the AVM system before it is fully operating. 
Therefore, please answer this questionnaire as best as you can. 
Signing yournam~ is totally optional. Your answers will be kept 
strictly confid~ntial. Thank you very much for your cooperation. 

l. How do you think this new Automatic Vehicle Monitoring System 
will affect your job? 

__ Make it easier. (In what way?.L._ ___ __________ _ 

__ Make it more difficult. (In what way?) _ _ _________ _ 

__ Won't affect it. (What aspects of your job will not be affected?) 

__ Other (specify} _____________________ _ 

2. How do you think the AVM will affect bus operations? 
(Please check all responses that apply} 

Will help bus drivers maintain on-time service - -
- - Will improve communication between drivers and dispatchers 

-- Will require fewer buses on AVM lines 

- - Will improve the security of bus drivers 

-- Will improve the security of bus passengers 

-- Won't affect bus operations 
__ Other (specify) ________________ _ _ _ __ _ 

Please add any comments you have about any of these subjects ____ _ 
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EXHIBIT A-1 (Continued) 

3. How do you think the AVM wi ll affect riders hip? 

-- Increase ridership on AVM lines 

- - Decrease ridership on AVM lines 

-- Won't affect ridership 

Don't know - -
- - Other (specify) 

4. Do you think the AVM system wil l win acceptance and cooperation from 
the drivers after i t has been tested? 

Yes --
No --

-- Maybe 

Don't know 
Other (specify) -- ----------------------

5. Do you think that using the AVM system will allow RTD to reduce its 
costs for providing bus service enough to make up for the additional 
costs of the AVM system? 

Yes --
No - -

-- Maybe 
Don't know - -

- - Other (specify) 

We would appreciate any comments you may have on any of the above subjects 
or anything else related to the AVM Demonstration . 

Name ----~(-o-pt_i_o_n_a~l ~)-------- Badge ---.--( o-p_,,t,-,i_o_n_a ..... , .--) --- -
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EXHIBIT A-2 

DISPATCHERS' SURVEY FORM 

As part of the evaluation of the AVM Demonstration, SCRTD would 
like to know how dispatchers feel about the AVM system before it is fully 
operational . Therefore, please answer this questionnaire as best as 
you can, put it in the envelope, and post it in any mail box . Your 
answers will be kept strictly confidential. Thank you very much for 
your cooperation. 

l. How do you think this new Automatic Vehicle Monitoring System 
will affect your job? 

_ _ Make it easier. ( In what way?.,_) _____ _________ _ 

__ Make it more difficult. ( In what way?_),______ _________ _ 

Won't affect it. ( What aspects of your job will not be affected?) - -

_ _ Other (specify) ----------------- ----

2. How do you think the AVM will affect bus operations? 
(Please check all responses that apply) 

__ Will help bus drivers maintain on-time service 
__ Will improve communication between bus drivers and dispatchers 
__ Will require fewer buses on AVM lines 

Wi 11 improve the security of bus drivers 

Wi 11 improve the security of bus passengers 
Won't affect bus operations 
Other ( s pee if y) 

Please add any comments you have about any of these subjects 
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EXHIBIT A-2 (Continued) 

3. How do you think the AVM will affect ridership? 
__ Increase ridership on AVM lines 

__ Decrease ridership on AVM lines 
__ Won't affect ridership 

Don't know --

-- Other (specify) 

4. Do you think the AVM system will win acceptance and cooperation from 
the drivers after it has been tested? 

Yes --
No --

-- Maybe 

Don't know - -
-- Other (specify) _ _____ _ _ _ ___ _ _ ___ _ _ _ 

5. Do you think the AVM system will win acceptance and cooperation from 
the dispatchers after it has been tested? 

Yes - -

No --

- - Maybe 
Don I t know --
Other (specify) 

-- - --- ---- ----- - - - -----

6. Do you think that using the AVM system will allow RTD to reduce its 
costs for providing bus service enough to make up for the additional 
cost of the AVM system? 

Yes - -
No - -

-- Maybe 

Don I t know --
- - Other (specify) 

We would appreciate any comments you may have on any of the above subject s 
or anything else related to the AVM Demonstration . 
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EXHIBIT A-3 

CONTROL ROUTE DATA COLLE CTI Otl FORM 

Location: _______________ _ 

Cate: _________________ _ 
(01-10) Name of (15-16) Checker: _______________ _ 
(11-14) 

North Bound or West Bound (17) South Bound or East Bound (17) 

Time Scheduled Time Scheduled 
Leaving Time Estimated Leaving Time 

Route I Bus I Run l Stop (Office Number of Route Bus Run Stop (Office 
Nu::iber Number Number Hr/Min/Sec) Use Onlv) Passenoers Number Number Number (Hr/Min/Sec Use Onl 



EXHil3IT A-4 

BUS STOP DISPLAY UNIT ACCURACY 

DATA COLLECTION FORM 

Route: Direction: N s 

Display Unit Location: 

Scheduled Bus Arrival Time: 

E ~/ 

Time (two-minute intervals) Predicted Arrival Time 

Actual Bus Arrival Time: 

Bus Number: ------------
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EXHIBIT A-5 

WAIT TIME 
DATA CO LLE CTION FORM 
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RT032-17 
REV. 3/79 

VEH. __ LINE 

CALL LOC. 

TROUBLE LOC. 

ACC. WIT. -- -- SICK 

EXHIBIT A-6 

SOUTHERN CALIF OANIA RAPIO TRANSIT DISTRICT 

TROUBLE REPORT FORM CS-10 

BR.NO. __ QPER NO. __ CH. NO. __ SAS-PHONE ___ DIV NO. 

OIR. TIME 

----- DIR. __JIME __ CLEARED 

-- REF. AID -- PHOTOS -- BUS DAMAGE 

OISP. NO 

NO.INJ. TREATED AT-SCENE NO. TO HOSP. WHERE? Ar.1B? 

AIR CONDITIONER OIRECTIONA~ SIGNALS LATE (10-41 ) RAOIO - USE 

AIR LEAK DIRTY BUS LIGHTS - HEAO/TAIL 

I 
I ROBBERY 

I 
I 

I LIGHTS - INsioe 
I 

Al R PRESSURE DISTURBANCE j SICK OPERATOR I 
I ' ! ALARM ODOR - ENTRY LIGHTS - MARKER I I SICK PASSENGER 

LOST ARTICLE 
! i ALTERCATION DOOR - EXIT THEFT 

ASSAULT- OPERATOR ENGINE - HOT LOST PASSENGER I : TIRE I 

ASSAULT -- PASSENGER ENGINE - NO POWER MIRROR i 1 
TRANSFERS I 

' -
BATTERY ENGINE - STALLED MISSILES TRANSMiSSION - CL UTCH ' ----· 
BELLOWS FAREBOX OIL LEAK TRANSMISSION --LEAK 

BLOCKADE FARE DISPUTE OIL PRESSURE TRANSMISSION - SHIFT 

, BRAKES - GRABBING I HAZARD OUT LATE ' TRANSMISSION - SLIPS 

.· BRAKES - HOT HEAOSIGN OVERLOAD VANDALISM 

BRAKES - SLACK HEATER PAODLEBOARD WATCH 
I 
' CANCELLATION HOLD - UP PUNCH WATER LEAK 

: coMPLAINT HORN RADIO - BEEPING WIPERS 

: DEFROSTERS INFORMATION RADIO - NO RX ZONE CHECKS 
I 

;DETOUR INTOX. PASSENGER RADIO - NO TX OTHER: 

iMOVING: STANDING: 

I :suMMARY: REPORTED BY TO TIME 
D 0 

I 
1 

I 

I I 

i 
I 

I 
I 
I 
I 

I 

: 
I 
I 

I 
i 
I 

lvEH. No. ___ REPLACE _TURNBACK __ DHB __ RELAY __ TIME 

i LOC. DIR. 
I 

lcoP1Esl I I I I I I I I I I SER. DELAY 
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HOURS OF COVERAGE - 3:00pm-Midnight 

SQUARE MILES _ _____ _ 

,~ 
RTC EXHIBIT A- 7 
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APPENDIX SECTION II 

SUPPLEMENTARY DATA AND FIGURES 

FOR SCHEDULE DEVIATIONS 

Exhibi t No. 

A-8: AVM Routes: Schedule Deviations (8-Day Averages for Route 41) 

A-9: AVM Routes: Schedule Deviations (8-Day Averages for Route 44) 

A-1O: AVM Routes: Schedule Deviations (8-Day Averages for Route 89) 

A-11: AVM Routes: Schedule Deviations (8-Day Averages for Route 8~ Local) 

A-12: AVM Routes: Schedule Deviations (8-Day Averages for Route 83 Limited) 

A-13: AVM Routes: Mean Schedule Deviations 

A-14: 

A-15: 

A-16: 

A-17: 

A-18: 

A-19: 

A-2O: 

A-21: 

A-22: 

A-23: 

A-24: 

A-25: 

A-26: 

AVM Routes: Standard Dev i at ion of Schedule Deviations 

AVM Route 83 Local: Percent of Buses Early, On-Time, and Late 

AVM Route 83 Limited: Percent of Buses Early, On~Time , and Late 

Control Routes: Schedule Deviations (4-Day Averages for Route 4) 

Control Routes : Schedule Deviat ions (6-Day Averages for Route 84) 

Control Routes: Schedule Deviations (4 -Day Averages for Route 91) 

Control Routes: Schedule Deviations (4-Day Averages for Route 94) 

Control Routes: Mean Schedule Deviations 

Control Routes: Standard Deviation of Schedule Deviations 

Control Route 91: Percent of Buses Early, On-Time, and Late 

Control Route 94: Percent of Buses Early, On-Time, and Late 

Mean Schedule Deviations on Rainy Days 

AVM Routes: Mean Schedule Deviations for Rainy Days 

A-27: Control Routes: Mean Schedule Deviations for Rainy Day 

A-28: 

A-29: 

A-3O: 

A-31: 

Standard Deviations for Schedule Deviation Data on Rainy Days 

AVM Routes: Standard Deviat ion of Schedule Dev iations fur Rainy Days 

Control Routes: Standard Deviat ion of Schedule Deviations for 
Rainy Day 

Sample Sizes for Schedule Deviation Data on Rainy Days 
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EXHIBIT A-8 

AVM ROUTES: SCHEDULE DEVIATIONS 

(8-Day Avcra9c:; for Route 41) 

LF:V F:I,] llUH'IJr. 1n:n f' TO A TUCH FD r) I l!F:CTOR Y f'f)p INC'LII$ ( VE FI LES. 

,.__ SCHEDULF. _DEVI AT I ON _( MIN~_) ___ _______ _____ _______________________ __ __________ __ ___ __ ________ ___ _____ _ 

, --- LINE - 41 AJII tlORTHBOUNI>-------------- ---------------SOUTH!\OU"O••·--------------------
' ~ NOSS "F:AN STDV <•9<•7<-5<•3<-t<+l<+3<+5<+7<+q 8AD l,OCATJON NOllS 14E'-N STDV <-9<-7<-5<•3<-1<+1<+3<+5<+7<+9 SAD 
• 80 -1 . 2 2,6 0 0 R 1J 31 39 4 J 3 t I) 0 SBARB/FGROA 81 •1,4 4,1 4 5 11 16 17 14 16 10 6 I O 2 
• 80 -0.2 · 2.6- o· -iJ - ,-,·· ---~-- "j"Q 4'; 18 J O 4 0 2 /ILVIW/PJCO 80 -'1.9 3.4 9 - j 5 26 29 '-1 t, I O O O I 
• 80 -1.R 3.1 3 5 8 IJ 28 36 5 I 3 0 n 4 ALVRD/SlXTH 80 •3,1 2,9 5 6 6 25 35 20 1 l O O O 0 
• ____ 78 -1.0 3.4 _ I S 'I 12 17 19 21 4 I t I) 4 140_N'!' / LARTY B_I_ •1,9 _ _ 2.& I I 7 14_ 35 _ 36 5 _ 1 __ o _ o _o ____ o _______ _ 
' 'l LINE 41 1410 NfWTll~OUNO--------------
• ___ _ N~lAS M~A~ _STD~ <-9<:"_~<:"5!•~<•1<+1<+3<+5<+7<~9 __ BA~ 

•• t B 3 •I. 3 1 . 5 0 I I IO lll 4q 2 O O O U 0 
,. 180 •I. 4 2. I I I 3 I 7 i 3 J9 6 I O O O 0 
" 1 RO •2. J 2 • 6 1 2 R 20 j>Q Jl 4 t O O O 0 
,, - -·-1 00 · -1.1 - r.-.,.- , - 2- 1 11 · 21 211 21 ~ 1 o o o 

,::1 LINE 41 PM tl ORTH!IOUND--••••••-•-•--"I -illOtts -MF.AN · sniv ·- <.;;Y<;;7<~s<;.1<;.i <+I<+ 3<+ 5<+1<+<i a Ao 
" &J •1,2 1.7 0 0 3 8 32 54 l O O O o 0 
• . 62 •1,4 2.4 3 0 3 13 JI 47 3 0 0 0 0 0 
~- · 63- -2, ;---f.s ·- 5 - ·3·---nf24 24 21 · 6 2 o o o o 

" ' 62 -1. 0 4.2 5 2 5 \1 19 26 !'I 8 J 2 0 0 
,,1 

••••••••••••-••SnUTHBOlJND------••-•-------•••••• 
LOCATION NDRS MEAN STDV <-9~~7~~5<•j<•l~tl~t3<+5<+1<+9 

SHARR/f~ROA 179 t, O 2.8 0 I 2 4 tb 23 29 tR 5 I 0 
ALVRD/PI CO IH O •t.l 2, l I 1 5 17 J~ 33 5 I O O 0 
ALVRD/SIXTH 179 •7..l 1, 8 I I ~ 72 SU 21 0 0 0 0 0 
MONr /LBPTV--182 •0,9 1,5 0 1 2 5 24 65 3 0 0 o 0 

-······--------sourHBOUND•-------------·--·-----
~-~0tAtiON NOAS MEAN ~tu~ <-9<-7<-5<-J<-1<+1<+3<+5<+7<+9 

~AD 
I 
0 
_o 
0 

BAO 
SHARR/FGPOA 62 0,4 J,4 l 

3 
3 
0 

0 
3 
2 
0 

2 10 1 6 29 16 l q 5 0 0 I 
ALV RD /PICO 63 •2.4 2,6 
ALVRD/SIXTH 62 •2 0 6 2.1 

6 24 35 25 3 0 0 0 0 0 
) 29 47 15 1 0 0 0 . O O ---

MONT /LBRTY 65 •0.9 1.2 2 3 38 55 2 0 0 O O 0 

" 
" 

LHIF. <fl - t-iI Tf"'." __ ____ ---- ---- NUl{THHOIJND-•-•-•·•-•·----·---------· ·--- --- - . _______ .,; •---· - - SOUTHBOUND••••--••-•••.,; ___ ;. ___ .,;:;;. --
NOP.S MFAN srov <·9 <•7< •5<-3<·t<+l<+i<+5<+7<+9 BAO LOCATION NOl:15 MEAN STOV <-9<•7<•5<•3<•1<+1<+3<+5<+7<+9 BAD 

i1! 

102 -1,9 1 , H I 1 2 I 9 4 3 H 0 0 0 0 0 0 SBAPB/ FG IWA 91 I • 0 2.3 0 0 0 2 18 27 J:l 1 8 3 0 0 0 -------ror~-r.--;r--r:·cr- ·2 0 3 6 42 45 j 0 0 0 0 0 ALVRD/PICO 93 - 0.1 1.4 0 0 0 6 35 48 10 0 0 0 0 -~o 
" 100 •1,7 2 ,4 2 I 4 1'; J3 36 9 0 0 0 0 0 ALVRD/SIXTH 94 •1,6 l ,3 0 0 2 9 55 32 2 0 0 0 0 0 

98 •0 , 3 3,0 2 I I 13193221 !I 2 0 0 I MONT /LBRTY 94 -1.2 1 , 5 0 0 2 4 53 35 2 3 0 0 0 0 --- ----· --- -- ------ - . ---- - . . - - ·- - - - -
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., 
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EXHIBIT A-9 

AVM ROUTES: SCHEDULE DEVIATIONS 

(8- Day Averages for Route 44) 

LEVEl,3 OUTPUT, REFl:.R T{I ATTACHEO DIFffCTURY f'UI' P<CLUSIYE nu:s . 

,_ SCHEDULE Df.~~-~~~_.!!_lt<Sl ___ . __ ------·· _ _____ _ ··---------• - ___ _ ____________ -·--------------·-·---- - _ 
(,1 ·---- Lfifl:':"44 AM NORTHHOUND•••••••••••••• •••••••••••••••SOUTHI.\OUND••••••••••••••••••••••• 
1,1 NOBS Mf.AN STDV <•9<•7<-5<•1<•1<+1<+3<+5<+7<+9 

147 •0,6 I , 7 0 1 1 7 24 52 I 3 1 0 0 0 
1411 ·-o.ti ·· 2_3 - -, - 0 - 2 11 21 51 I 4 

-
0 0 0 u 

I 411 •O. fl 7, 4 I 0 4 q 22 45 I 8 1 0 0 0 
147 -0.1 3. 2 2 I 5 12 14 35 24 5 I 0 0 

,- - -· -- 1 iT-;-r,1,- ·l. a 4 9 8 i215 29 --i"> 6 3 0 0 . 75 •3,7 4,7 Jt, 7 12161620 8 3 l 1 I) 
I 

' - •· - - 4·· - - - -- - - . 

,'.~ ~~:; ~EAN ~!~nv --- Ni"ili TH kOU No-:.,;.~-,;. --- - - - • -
- . 

n 215 •0,2 1,5 
" --2 t 4~;11. & 
,, 21 2 • t , 5 2, 3 

208 •l,J 3, 8 
201 -1 ,4-- 4 :1 

99 -3,8 5,2 

<•9<•7<•"><-3<- 1<+1<+3<+5<•7<+9 
0 0 0 4 27 ~8 I'> 0 0 0 0 
0 0 J 6 16 57 - ; ij 0 0 0 () 

0 3 f> I 3 24 46 ~ 0 0 0 0 
6 3 7 9 13 33 25 4 1 0 0 
9 5 . ii .. - 5 -17 2 to I ; . 8 - 4 - 1 0 

1 7 t, t 5 12 I 4 1 8 l 0 5 2 0 () 

LINE 44 PM NORTHSOUND•••-•••••--••• 

BAD LOCATION NUBS MF.:AN STOY <•9<-7<•5<•3<•1<+1<+3<+5<+7<+9 
0 ADA14S/LBRE~ . q4 •1, 3 .. 3,7 4 f, 9 _ 1J) _J~ _ 24 20 1 l 0 0 
0 AOAMS/VR"INT 137 - 2.1 3,2 2 7 R 16 24 34 1 I 0 I () 

0 OLYMP/HILL 170 -1.4 3.0 2 2 6 14 '}9 31 \2 4 I 0 0 
0 ~VPLY/WSTRN 172 •U,I 1, 6 0 1 I 4 19 52 23 0 I 0 - Q -0 BVPLY/LC~GA - 115 •1.0 1,8 l 2 0 4 40 42 t O ·1· 0 0 0 
0 SMNCA/CANON 

8AD LOCATJON 
1 ADAMS /l,RRE A 
1 AOAM5/VRMNT 
I OLYIIP/H[l,I, 
2 BVRLY/WSTRN 
i - f!V RLY/ 1,CNGA 
1 S ~NCA/CANON 

103 •t,4 2.5 3 1 3 11 38 31 I 2 2 0 0 0 

---------------snuTHB~~ijG-~~-·-···-------·----·-
Noes Mf.AN STOY <-9<•7<-5 <•3< -1<+1 <+3<•5<+7<+9 

191 - 1 . s s .o 9 6 6 10 16 11 19 11 4 1 o 
19~ •2,5 3,9 8 7 R 14 20 31 12 2 0 0 0 
204 •1,6 3,6 4 4 4 15 24 27 17 3 1 0 0 
201 0,6 1,7 0 0 2 2 t, SJ 35 3 t o o 
204 •1.b- ·"i°, 2 1 1 4- \2 14 41 6 O o o O 
103 -1,S 2.6 1 I 8 13 '}S 4ti 6 l O O O 

---·-----·----•SOUXHBOUND••·--·-·---::-:~---·~~~-.~ 

RIID 
- l 

0 
1 
L 
0 
0 

R.110 
___ o ___ _ 

0 
0 
2 
0 
0 

" 

,, NOH$ Mr.AN STOV <•9<•7< •5<•3<•1<+1<+ 3<+5< ♦ 7<♦9 BAO LOCATION NO~S MEAN STOY <•9<•7<•5<•3<•t<+t< ♦ 3<t5<+7<+9 RA O 
78 •0,8 · 2,2 1 1 t 6 32 35 2 3 0 0 0 0 0 ADA~S/L8REA 70 1,4 · 4,1 
78 -1.0 2.2 --0 - () - i;""Ff "H ""44 1, -- 0 - 0 o - ii - --·o ·- ,.oAi4S/VRMNT _ ___ 7r~.s .3~6 -

6 20 9 17 21 14 f> O 1 
11 1f ·34 · 21 1 1 O O 0 

1 3 3 
7·· 3 - s 

90 •0,4 2,A 2 I I 10 21 29 28 1 I O O I OLYMP/HILL 75 •2,0 4.5 9 4 3 13 19 .31 17 4 0 0 0 1 
83 •1,1 .3,5 4 2 6 12 t9 29 20 4 4 0 0 0 8YRLY/WSTRN 74 •1, 2 2,8 

------- 6 2 0,0 4,7 2 3 13 5 11 2l 2t 13 6 5 0 0 F.lYRLY/LCIIGA 7l •1,3 2.4 
B 12 51 16 0 0 0 0 0 
5- 21 s2- s o t ll o o 

3 3 7 
I 3 4 

44 0 ,0 3,9 0 2 14 9 7 25 23 11 7 2 0 2 SMNCA/CANON 42 •0.6 1,6 0 0 2 2 29 62 2 0 2 0 0 0 ,. 
LINE 44 NI TE: - --·. NORT HBUlJNll•-··••••·••••• 

·----------- . _________ ., ---- -·- - -
•----•••••••••-SOUTHBOUND•••--••••••••-••••••••• 

8 NORS M[A~ STDV <·9<•7<•5<•3< •1<+ 1<+3<+5< ♦ 7C ♦ 9 SAD LOCATION NUBS M~.IIN STl>V <•9<•7<·5<•3<•1<+1<+3<+5< ♦ 7C ♦ 9 RAO 
M 115 -0,B 1,8 0 I 2 8 31 43 16 D 0 0 0 
,,--·-,1!>·· .1.1 2.2 I o 3 16 27 ♦2 ii O o o o 

" ... , 
,~ I 

.I 
,, 

121 •2,0 2,5 1 2 8 20 27 34 7 0 0 0 0 
122 •t,7 3,5 4 7 6 6 20 42 15 t 1 0 0 
fi 7 . - I. 2 - ·4 ;T-·-9 -J . l - 3 i 2··4"i" 2 i - i, - ··0 - 1 - - o-· --
114 •O,H 4,5 9 4 4 6 8 30 28 II 2 0 0 

0 ADAMS/L~REA 
0 AM,MS/VRMHT 
0 OLYMP/IHLL 
0 BVRLr/WSTRN 
0 BVRLY/LCNGA 
2 SMNCA/CANON 

104 -1.9 3,1 3 3 12 15 22 33 11 1 0 1 0 0 
106 •2.1 2.6 2 s 6 19 lo 36 2 o -1 o o o 
107 -0,9 2,2 0 2 4 8 32 33 20 2 0 0 0 1 
102 o.o 1.7 0 0 1 4 18 50 25 3 0 0 O O 

94 --:2;4 -- 2. 1 ·-- 0-·4· iY-, i 3s is·- j--o - o o - o-- ·- 1 --
19 -2,2 2.3 o ~ 6 13 41 29 5 0 0 o o 1 
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EXHIBIT A-10 

AVM ROUTES: SCHEDULE DEVIATIONS 

(8- Day Averages for Ro ute 89) 

LEVEL) OllTPIIT. ME~EN rn AfTACHEO OIM~CTORY fOH INCLUSIVE FILES. r-
SCHEOllLf. DE~IATJ!Jr,, ll'IINS ) 

'• 1· LJNE 9q b.M - - NClRTtlBOIJNO---------••••• 
, NOAS Mf.AN STOY <•9<•7<•5<•3<•1<+1<+3<+5<+7< ♦ 9 BAD 
1 1 120 •O. 5 I. 3 0 0 o t, I 1 7 3 5 0 0 0 o 0 

LOCATION 
AOAMS/WASH :l :!~ =~:: : :: ~ ~ --~--~ -~~-:: : ! ·--::· -~-- ~----~--- --! 

' 135 •0.4 l. b O O I 7 2J. 53 lh I O O O 0 ' I ___ -------------- --·-- - --- . -

FRFAX / ,.ILSH 
FRFA X/SMNC• 
HllllO D/YINf. 

, , LINE R9 MIO 

,_~ . N~B~ M~A~ sn,~ m 264 •v.l 1.0 
" 763 ().! ,.1 
" 261 -n.8 2.1 
" --749--;;i::-r-2.4 
" 1 

LINE !!9 PM 

"~ · - N08S Ml::Al-f Stoll " 104 -1.0 2.1 
,, 102 -o.s I.Q 
" --11f1~0.T2:·.r-

' , 100 -1.1 2.4 

-L un:.-1'1'1 _, 1lTTE' -

NORTHROU~D-••••••••••••• 
<-0<•7<•5<•3<•1<+1<+J< ♦Sc+7<t9 
· o -o-- o -· 2i1 .. 1i>iO o o o o 

O O 1 4 14 52 27 2 0 0 0 
0 I S R 20 4h 20 0 0 0 0 
1 4 6 12 i9 38 9 I O O 0 

NORTH~OUNO••••·•••-••••• 

BAD LOCATION 
6 - A()AMS/WASH 
0 F"RFAX/WTl,SH 
0 FRFAX/SMNCA 
~HW0O0tV"fITT:: 

~;,; 4c-ic-5t-)c-1<~1t+~<+5<+7C ♦ Q - - BAo - ··LocATION 
I O 3 8 19 ~3 b O O O O O ADAMS/WASH 
U O 4 5 27 48 15 1 0 0 0 0 fRFA X/WILSH 
o I 6 II I? ~11 4 o o o o fRrAx75MNtl 
0 3 4 13 24 42 11 3 0 0 0 0 Hw000/VIN£ 

- ··-- 1'0RTH8lllJND ;.; •• ;.;. _ - . - - - . --

··----- . . ----~--

•······~-~-·---SnurHa□uNo--••·········-··--···-· 
NOSS MEAN STOV <•9<•7<•5<•3<•1<+1<+3<+5<+7<+9 BAO 

1~3 -1.6 2. f, 2 2 6 l~72 __ 42 _JQ __ o o o o o 
145 -1.7 2. 3 I 3 h lb 20 39 7 0 0 0 0 0 
14 1, -0.1 2.0 I 1 2 7 27 43 19 I O O O 0 
14_5 -1.0 1 • 4 o o 1 B 21 1>2 _2 o ___ o o_ o _o ··-----·-· 

----------·----sourHSOUND-----------------------
NOHS MF.AN S T l>V <•9<•7<•5<•)<•1<+1<+3<+5<+7<+9 BAO 

-1. 6 3.b 4 4 8 16 21 i t 21 4 I 0 2b i 
.. 

0 0 
26f, •2.6 3.1 5 5 10 2 1 24 24 11 0 0 0 0 0 

-0.3 2 . 2 0 I 3 6 16 42 29 2 0 0 
~ -7- 1. 5 0 1 . 2 3 22 64 8 0 0 0 

26 8 
266 

_o __ Q 
0 0 

•-•-•-•-•-•--••SGUTHBOUND••-•--••••-•-•-•-•••••• 
""7iuAs MEAN s'ii:iv - . <-9<~7 <-:5c • 3< .;T<+ i ( ♦ 3< + 5< t 7 < +9 IUD 

94 o.9 2 .7 0 1 2 5 14 28 32 13 4 I O 0 
93 •0.3 2.l O I 3 8 24 41 17 5 l O O 0 
95 -0.2 2.1 a i 1 7 21 47 18 J t o o o 
94 •1.2 2.1 0 l 5 7 33 40 12 1 o O o l 

;; ;;: ;;: ;. ;;: ;; ;;: ;; ;;: _;.;; .::;:;;;srJUfHBOUN I> • - -- -- .;; : :; :-;-..; ,;..;:..;.;;; - ;;.;; .;; 

NOHS MEAN STDV c-Q<•7<-5<-l<•1<+1<+l<+5<+7< ♦~ BAD LOCATJQN NOBS MfAN STOV <•9<•7<•5<·3<-1<+1<+3<+5<+7<+9 BAO 
100 •2.7 2.7 2 4 14 ]2 26 29 l O O O O O ADAMS/WASH 107 2,4 2.9 I 0 0 I 7 l 3 33 36 

1,, ·- ·96- ;.T.T---i-;-4- I I 7"71 25 44 7-"To--,,--- o O "l"Rl'TI71TTL.w--l-~0~6- -- o~.-J~-~~-z.o -r-~, t 7 49 22 3 
95 •1,4 2.2 0 0 9 12 2ij 43 6 1 0 0 0 0 fRfAX/SM NCA 111 •0.9 
83 •1.0 2.3 0 0 5 13 JO 35 12 4 l O O O HWOOO/VINE 113 •2.0 

l:?1' · 
,. 

J----·---·· 
~: I 
''I 
.-~ l 

"I 

2.4 0 0 
2,9 2 4 

. . - .. -··-- -----· - -
8 9 26 45 8 3 
3 IQ 27 41 4 1 

7 l 0 1 
0 0 0 2 
1 0 0 1 
0 0 0 0 

------- -
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EXHIBIT A-11 

AVM ROUTES: SCHEDULE DEVIATIONS 

(8-Day Av erugcs for Route 83 Lo cal) 

- - ------~ -l L~:VELJ UUT.PLIT. R~fFI"< TU AfTACfH:O Olllfr:TnRY fUR IN<:t,USIV~: FIi.ES • 

. , _____ __ SCHfOll l,F. _nFV TAT I_ON __ ( MI 1'<S l _ ___ ____ _ 

('I LINE R3 : LOC.\L AM F:.\STROUND-•--•--•••••••• ••••••-••••••••WESTBOUNU•••••••~•••••••~•••-~•• • 

1
, NOBS M~AN STOV <•9<•7<-~<-J<-1<+1<+3<+5<+7<+9 ~AO LOCATION 

I
' 52 •0.9 2.4 2 2 f:, 4 23 52 12 0 0 0 0 0 OCf.AN/PICO 

I .'I i i R - 0 • 3 2 • q j . 0 T 5 I 4 ·1 b H, ;i ii O 0 0 w 11, s H / w s T,. D 
, 127 -0.I 2.9 J 2 ?. R 14 49 ll I O O n O WILSH/SMNCA 
,1 126 •0.9 2 .8 J 2 2 11 14 52 It> 1 0 0 0 0 WILSH/fRFAX 
,:-- - --- - 130-- -r.o· - 2.6 - - -·2-- 2- 5- 0- ·,11- s2 12 ·2 · -o- o __ o ___ o- wTLSHtwsiRN .. 

'; 1 2 8 U • 4 3. b 0 l ll 5 \7 I 8 2 l ti, R 2 0 I 7 TH /MAP LF: 

tJUAS ~fA~ STOV 
15 •4.7 3.2 

ii~- --6.9 4.5 
120 -5.7 4.4 
I 2 I _-:_ 3 • B ~ • R 
122 - 3.1 3.1 
)25 -1.9 2.0 

<•9<•7<-S<-3<•1<+1<+3<+5<+7<+9 
13 _ 7_ 2fl _40 _</_ 13 
29 19 15 14 15 9 
?.0 12 22 15 Ill 13 
12 __ !">_ 1_6 __ :l;? __ ! R __ 2 1 . . 

4 7 l I 2 3 2 3 29 
I 1 ~ 12 42 40 

7 0 
0 0 

1 0 
b 0 
2 0 
0 0 

0 
0 
0 
_o 
0 
0 

0 O 
0 0 
0 0 
0 __ g - . 
0 0 
0 0 

Lt~ ~ IJ : LnC~L ~I D -~i~t~OLlND--~---- --~----- ----------- ----WFSTHOUNn---- - --- - ------ ----- ----

BAD 
1 
2 
I 
0 
0 
0 

NOHS "lF.IIN STOV <• 'l<•l<•S<-3<•1< + 1< +3 <+5<+7<+9 ~AO LOCATJ!lN IWBS ME~N S1'0V < • 9<•7< - ~< - 3 < ·1 <+ 1< + 3< ♦ 5< +7 < + Q B AU 
17~ - n .1 2.2 2 I I 2 16 52 25 1 0 0 0 0 nCEAN/P ICO lb7 -s.o b.O 25 12 1 0 12 10 1 4 13 4 I l O 4 

-- -- - - Ji9-·-o.2- 7.T -- 2- i - 4--b-17---27-- -33 - 9 0- -0 -() --·-o \l[LSH/loSTWO 377 -4 .5 4.9 19 7 15 15 tR l b _7 ___ 3_0 ___ 0·-0-·--· ··s· 

·:1 

I 
·I 

,,I 

I ! 
!?1' 

!':[ 
! ··r ' -
I ~' 

I ' u 

359 • 0 .5 J.0 3 2 4 5 16 38 32 I 0 0 0 I ~ILSh/SMNCA 367 •4.4 4.6 16 10 12 17 19 17 R I 0 0 0 4 
31>9 •1.7 J.J 5 3 b 9 20 45 12 1 0 0 0 0 WI LSH/FRFAX 374 •J.) 3.9 10 6 14 15 22 28 6 0 0 0 0 2 
J b 1 ..: 1 • 1 L t. "i:, ,j 1, R 1 8 3 q i 1 · 1 ·o o o 1 · w 1 ,, s H 1 "s r RN 3 fo · - 2 • c; 3. s - 6 - g · 9 -2 1 · 1 9 3 o 6 o o o o o 
35 7 - 1 .0 5.1 8 4 H II 15 14 17 12 9 2 0 3 7TH /MAPLE 379 -1.8 1.8 1 I 3 1 1 47 3 7 1 0 0 0 0 3 

- L I NE 03 · :-1,0CAI, 
NOHS MF:AN srov 

R 

72 
0. I 
I • 4 

74 0. 0 
74 - 1 ."> 
72 - 2. 6 
7 1 -2.1 

1 • 7 
2.5 
2 . 5 
3.h 
4~1 
6. ij 

PM F.l\STHOllNO•••:.~..: • •• • _. ··-·· - ---- -------------••W~STB0UNO~~-----·-----·-·-·------
<-9<-7<•5<•3<•1 <+ 1 <+J<+S<+7< ♦ 9 

0 0 0 13 13 38 3H O O O 0 r - T o i 4 21 49 22 o - o o 
1 J O 4 14 43 32 3 0 0 () 

0 
0 

5 3 <, 8 18 46 I 2 J 0 0 
S 7 7 15 I 7 3h 1 0 - - 0 0 0 

17 I 15 6 15 1 10 II 11 6 0 

BAD LOCATION NOHS MEAN STOV <•9<•7<•5<•l<•t<+t < +3C t5< ♦ 7<+ 9 

0 OCf.AN/PtCO 4 • 4.3 4.0 0 50 0 25 0 25 0 0 0 0 0 
o wii,siiiwsr.io 19 - 1.2 5.4 1eio- s -- e-··1a·-~ -H jo o o 
0 WlLSH/SMNCA 53 •3.7 5 . 4 !9 8 R 6 19 26 II 4 0 0 0 

RAD 
0 
2 

0 WJLSH/fRFA X 56 ·3.6 4.7 14 7 9 11 13 29 5 2 0 0 0 0 
0 - WJl,SH/WSTRH 55 •4.t 4. 3 . 11 . 13 5 18 29 20 4 0 0 0 0 0 
1 7TH /M~PLf. 59 • 2 .2 2 . 0 0 3 B 12 47 2 7 2 0 0 0 0 3 

,i Lili~'. H 1 · L1 1cAL NI n; 1-.Jsr1iritiNo-:...: •• :..:-:;;::..:· • • :.: · ::. :·.:-..::. .:-:.·.;,;~_:...:irsraout-io----- ------- ------------
"i NOBS MfAN ST OV <• 9<-7 <-5<•3<•1<+1<+3<+5<+7<+9 BAO LOCATIO N NORS MEAN STOV <•9<-7<-5<·3<·1 <+ 1 < + 3<+ 5< +7<+ 9 BAD ~1 120 • 1. 6 2.~ 2 7 3 5 27 4~ ~ I O O O O OCEAN/PICO 93 •3,9 4.7 13 9 13 17 24 1 - I 8 
,,,-· -···- 16 1 -O.'l - 3,0 ___ 1. 2 t, 9 20 39 17 4 I I O l illLSH/WSTWD 135 •2.1 3 , 5 6 4 11) 1-3193 

' !50 -0.9 2.6 2 0 7 9 19 44 19 I O 1 0 I ~lLSH/SMNC~ 108 -2.2 3 ,5 6 4 11 14 2 2 2 
) 13 

:::: 
i"j----
1
" ,,I 

' i 

"I " .., 

8 1 5 
153 -0.8 2.5 1 I 5 8 tb 53 14 2 I O O l WILSH/FRfA X 114 • 2 .2 2 , 8 4 2 1 4 1 2 2 5 3 
i53 o. J 2.s· T . 2 2 2 11 s3 n · · a- ·- , - ·r-·o--- - o-wfLs" ; .. srR~- ---ii4 ;j~i -- j_o ____ s···a 1 ,, 25 21 1 

. 9 5 8 . - j . 

l 146 O.li 3 0 & I I f. 9 t 5 21 23 15 h 3 0 5 7TH /MAPLE 118 -3 , 3 2 . 7 4 9 8 22 39 1• 3 

3 3 
3 0 
t 0 
0 0 
n 0 
0 t 
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EXHIBIT A-12 

AVM ROUTES: SCHEDULE DEVI ATIONS 

(8-Day Averages f or Ro ute 83 Li1n-ited) 

L F: V r. L 3 lJ 11 T P If T • RH f.,, P 1 0 ATTACH►: 0 U J ll F C 'J' l1 ~ Y F IJ R P l C LU S I V f. F I L F. S • 

. SC H~;r>IJLE DF:V I ATION (MINS l 
"i_______ t:i ;.H:··01 -=- ·-CJM I YEo- ·,;~ - -- F Asra,Jui-io·--.: .:.: _:.. :.:.::-::::·. ::.:. 
,: NOAS Mf:AN STnv <-9 < •7< •5<-3(•1<•1<+3<+5<+7( ♦ 9 

Ill 0.0 2 . 0 1 0 3 3 7 58 2H O O O 0 
iJ4-0.!i -;.r, it 5 7- 104721, 7 0 0 O 
11 3 -o. 1 2. 5 3 I 3 t, 4 50 J 2 I O O o 
115 O.O 2.5 2 2 I 4 S 56 2h 7. l O 0 

---- ti5 -:-1,1, 2:9 -· 3 3 - yy335-·21·,;; ·- y- o o o 
113 0, 7 3,5 J I 2 8 11 27 23 19 5 2 0 

., 1.rn~~ sI : Uiffn·ri · 1c1io · F:isfHOuNo-:.;,.;.;· __ :.._:._;, __ ;. 
NOBS MFAN STOv <•9<•7<·5<•3<•1< ♦ 1<+3<+5<+7C ♦ Q 

0 o.o 0,0 0 V V n 0 0 0 0 0 0 0 0 0 
- -- •~~ • •• 0 • 0 ~ 0 0 • 0 0 A A A A IJ lJ lJ ll 0 0 0 0 0 0 

"i O O. 0 0. 0 0 
' I O 0 0 0 0,0 0 

0 0 0 0 0 0 0 0 0 
ll 0 0 0 0 0 0 0 0 

0 
0 

·,[ O O • O -ii • o . O 
" 0 o.o o.o 0 
., 
, - - TI NClTT : L PH T F: 1''""1 __,,F-""'M,.,-__,,F,.._· A""'s=-r=-A=-o=-u ~N -"o-- - - - - - • - • - •••• -

;r[ NOBS Mf.AN STDV C•9C•7<•5<•3<•1<+1<+3<t5<t7<+9 
I' 5 7 -o. 7 3 , I 4 2 4 7 1 2 <I 2 JO O O O 0 
" ' S 7 - 3. 2 - J. ➔ - 7 ·2 1 8 :.?j 1 8 .2 B 5 0 (j . fl . o ---

1

',, 5 7 - 2. 9 3. 7 7 5 9 23 2 l 21 l 2 0 0 0 0 
,. 5 8 • :.,, 4 3 • 4 7 3 5 2 1 2 4 2 ll . 1 2 0 0 0 0 

u - u· T ·· c1 ri . 0 ll 0 0 
0 0 0 0 0 0 0 0 () 

() 

0 

,. ----·- -sr~l:T-T.t72-~- '2475-,0-. "52_ o _oo I· 57•3.9 4.6 14 7112323 9 s 9 o o o 

I.INF: R3 I,(IHTE,l) NJTE fASTROUND- - - ·- ·- - ---- ·----
NfJB -5 M~:AN STllV <-9<-7<-5<•3<-1<+1<+3<+5< +7<+9 

BAD 
1 
0 
0 
0 
0 
I 

HAO 
0 
0 
0 
0 
0 
0 

HAD 
I 

••••••-••••••••kESTBOUNO•••••••-•••••••••••••••• 
LOCA TinN ND8S MfAN ST~V <•9<•7<•5<-3<•1 < +1<•3<+5<t 7C ♦ 9 BAD 

OCE.'ANIPICO lJl •9,0 5,2 52 9 14 8 12 4 1 I O O O ___ ~ 

WlLSH/~STwD 1 4J •h,I 4,7 26 13 12 18 19 9 3 0 0 0 0 2 
~ILSH/SMNCA 142 -4,2 J.9 12 9 20 15 22 16 6 0 0 0 0 2 
WILSH/fRfAX 145 • J , O J,6 6 7 B 21 2 3 2n 9 0 0 0 0 0 
·,i11,sH/wST~N 143 •2,ll -- J -.2 4 3 !Cl 25 27 27 3 0 0 0 0 1- ---- ·-

7TH /MAPLE 140 •1 ,8 2.4 3 t 1 8 45 41 I O O O O 2 

LUCATJON 
OCEAN/PICrJ 
WI LSH/WSTWD 
WILSH/SMNCA 
•0 LSH/rnF'AX 
WiLSH/WSTRN 
7TH ,,_.APLF: 

LOCATION 
OCON/PICO 

---------••-•-•kESTFIOUN~•-•-••••·••-----•••••••-
~O~S M~AN STOV <•9<•7<•5<•3<•1<+ 1<+3<+5 <+7<+9 6 AD 

0 0,0 0 , 0 0 0 O O O O O O O O O 0 
0 - - o. ·o·-00- 0 0- 0-- 0 --0·· o i:l - o o o 0,0 
0 0,0 o.o O O O O O O O O O O O 0 
0 (_). 0 o. <> ____ o __ o __ o. o _ o _ . o _o o_ _ o o o Q __ 
0 o . o 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 o.o o.o O O O O O O O O O O O 0 

-- --- •-••.;-•••••WF.,STBOUNO---•-•••• • • • •••••••••••• 
t/08S l>IFAN STOV <•9<•7<•5<-3<-t<+l<tl<+5<t7< ♦ 9 BAD 

80 •5,4 6,0 23 14 10 6 4 3 3 o··- \.insH i -sTwo 84 ;.;6 . 6 ~ ... 32 i4 
19 JO 10 
1 2 I 3 I 2 

ij 1 8 1 4 
13 2<1 II 

11 - . 4 2 0 0 
. 0 . ~ 

o I 
I WTLSH/SMNCA 
l WlLSH/rRfAX 

- 0- WILSH/WSTRN 
2 7TH /"'-APLF. 

R4 •6, 0 5,2 
82 -5,l 4,6 ~=8 :r: 1 
88 -3,3 3.7 

26 15 
;io n 
12 16 

8 5 
IetOo 

6 14 48 

I 2 
l 2 
1 4 
19 

4 I l 0 0 1 
b 0 0 0 _o __ _! 
4 0 0 0 0 2 
1 0 0 0 0 0 

- ~;;; ; ~;;;;;;~;;~~AfHOUijn--•:. __ ;;.; ____ ________ _ _ 

'-<ll!lS MEA~ STDV <•9<•7<- 5<-3<-1<+1<+3<+5<+7 < ♦ 9 HAD 

I 

1,.,1 

'"I t------
0 l O O O O OCEAN/PICO O O. O O.O O O U O O O O O O O O 0 ( 0 o. o ,,, ) 0 0 0 0 WILSH/WSTilO O 0.0 0,0 00-0 0 0 0 0 0 0 0 0 0 o7 0~ 
0 ) 0 0 0 0 WlLSH/SMNCA O 0,0 0,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 
0 l O O O O W!LSH/FRF'AX O 0,0 0,0 0 0 0 0 0 0 U O O O O 0 ( 0 0.0 

.. ii (j (j 0 0,0 o.o o.o -- ff o o ~··o ·- o·- 0 .. ii o o · o · -◊ -- o --~fLsH1ws1kN o o.o o.o o o 0 o o· ·o o· o o o o o i:J----- 0 .. 0 , 0 0 , 0 0 0 0 0 0 0 O O O O O O 7 TH / MAP L F.: 0 0 • U O. 0 0 0 o O O O o o O o o o 

I,.; i,., 

0 I 0 o.u 

l::i 



M AM 
2 3 

EXHIBIT A-13, 
1 

AVM ROUTES: MEAN SCHEDULE DEVIATIONS 
2 

(By Bus Stop and Time Block) 

Northbound 
Midday 
1 2 3 . 

PM 
1 2 3 

AM 
3 2 l 

Southbound 
Midday 
3 2 1 

) 

PM 
3 2 1 

n 
u 
t 
e 
s 

Ql-,;-----c=::r---r--.-ir--,--r-,--,---r-7,r--,---,-,---r--,--r-t--'---.-,rl---'-- Route 
41 

(8 days) - 1 
- 2 
- 3 
- 4 

M 1 

AM 
4 5 6 

Northbound 
Midday 
4 5 6 

PM 
4 5 6 

AM 
6 5 4 

Southbound 
Midday 
6 5 4 

PM 
6 5 4 

0 h..--.-....~---.----.-...--....-.---,,----,---..--.:::=-.,--.--+-+-.----r~-+--'--
n 
u 
t 
e 
s 

M 

- l 
- 2 
- 3 

AM 
7 8 9 

Eastbound 
Midday 
7 8 9 

PM 
7 8 9 

AM 
9 8 7 

Westbound 

Midday 
9 3 7 

PM 
9 8 7 

i Q ~,--,,-,r-,---,.----,--~-r-..J...+--,---,--1-,--,---,-r--r-r.r-,r---,--.-r-r-
n - l 
u - 2 
t 
e 
s 

- 3 
- 4 
- 5 
- 6 
- 7 

AM 
7 8 9 

Eastbound 
Midday 
7 3 9 

PM 
7 8 9 

AM 
9 8 7 

\/es tbound 

Midday 
9 8 7 

PM 
9 8 7 

M 
i 
n 

0 h,--,--,,--,,-------,---.--.--,-+-..--..--.--.--------,.-,---r--r-

1 
u - 2 
t 3 
e - 4 
s 5 

- 6 
- 7 
- 8 

M 
AM 

10 11 12 

Northbound 

Midday 
10 11 12 

Pfl AM 
10 11 12 12 11 10 

Southbound 

l·lidday 
12 11 10 

PM 
12 11 10 

n l 
u Or-,=r::i=::r--=t-i-.--c:r.-----r~n,,-,Fl,--c:::cjr"
t - 1 
e - 2 
s - 3 

l Corresponding numerical values and sample sizes are presented in the Appendix 
in Exhibits A-8 to A-12 . 

.: Numbers refer to the bus stop correspondence table, Exhibit 5.10 . 
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Route 
44 

( 3 days) 

Route 
83 Loe. 

( 8 days) 

Route 
83 Ltd . 

( 8 days) 

Route 
89 

(8 days} 



M 5 
4 

n 3 
u 2 
t 1 
e 
s 

M 5 
i 
n 
u 
t 
e 
s 

4 
3 
2 

M 
i 
n 
u 
t 

9 
8 
7 

6 

e 5 
s 4 

3 
2 
l 

M 5 
i 4 
n 3 
u 
t 2 
e l 
s 

M 5 
4 

n 
u 3 
t 2 
e 1 
s 

EXHIBIT A-14 
l 

AVM ROUTES: STANDARD DEVIATION OF SCHEDULE DEVIATIONS 

(By Bus Stop
2 

and Time Block) 

Northbound Southbound 

> 

Route 
41 

L-1---JL.-1---1._-1..,.L....L.-'--.L..,-L...JL...J-,---L-::-1::-1:--_J_---'-::-.L:--~'-----'--:-'-:::--':--'---I 8 days ) 
123 23 32i 321 32 1 (. 3 

AM Midday PM AM Midday PM 

Northbound Southbound 

Route 
44 

L-L.1-----1.-1.._....J..........1.-L..JL---L--L-L-..J.._-,--L-JL....L,--L--1...c...J.::-J,-,__---'--:--'-::-':-__.__ ( 8 days ) 
4 5 6 4 5 6 6 5 4 6 5 4 6 5 4 4 5 6 

Ml Mi dday PM AM Midday PM 

Eastbound Iles tbound 

Route 
83 Loe. 

L-.ILJ---1.--1. _ _..L__L_....L..._l__L-L..J--'-___L___L-L-L-'--.l.--l..._L....J~--'---'---'--.L..-\ 8 days ) 
9 U 7 

P/1 
7 8 9 

AM 

--·-
7 8 9 

AM 

7 8 9 
Hidday 

Eastbound 

7 8 9 
Midday 

tlorthbound 

7 8 9 
PM 

- -'--

7 8 9 
PM 

I 
I 
I 

9 ti 7 
AM 

---

9 G 7 
AM 

9 C 7 
Midday 

:.testbound 

9 8 7 
:-1idday 

Southbound 

---

9 8 7 
PM 

Route 
83 Ltd. 

(8 days) 

Route 
89 

( 8 days) 
L--11-0_..L.,l ,,,.J, L.-,J- ----..L--l-~....,J...-~li..,.O-+.l l,..J..,.l -='2--'--""",,.....,,_..,..,_,,.,,..__-,L--+.c-¼-+--~l 2,,-, """'1...,.1......,.,1 0~ 

AM PM PH 

1 Corresponding numerical values and sample sizes are presented in the Appendix 
in Exhibits A-8 to A- 12. 

2 Numbers refer to t he bus stop correspondence table, Exhibit 5 .1 O. 
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100 

90 
80 
70 
60 
50 
40 
30 
20 
10 

X 
80 
70 
60 
50 
40 
30 

20 
10 

90 
80 
70 
60 
50 
40 
30 
20 
10 

EXHIBIT A-15 

AVM ROUTE 83 LOCAL: PERCENT OF BUSES EARLY , ON TIME, AND LATE 1 

(By Bus Stop2 ) 

7 8 9 

More than 
1 min . late 

7 8 9 

More than 
1 min. late 

8 9 
More than 

1 min. late 

Eastbound 

7 8 9 7 8 9 9 8 7 

On time More than rtore than 
'1 min. 1 min. early 1 min. late 

7 8 9 

On t ime 
n min. 

7 8 9 

I 

7 8 9 9 8 7 

More than Mo re than 
1 min . ea rl1 l min. l ntc 

9 8 7 

On ti me More than More than 
±1 min . 1 min. ea rly 1 min. l ate 

Westbound 

8 7 
On ti 1;1e Hore than 
~l min . 1 min. early 

9 8 7 

On ti me 
:': 1 min . 

t1orc than 
1 min. early 

time Hore t han 
±1 min. 1 min. early 

AM 

Midday 

PM 

1 Corresponding numer i cal values and sample s i zes are presented in the Appendi x 
in Exhibit A-11. 

2 See bus stop correspondence table, Exhibit 5.10 . 
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% 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

?; 

BO 
70 
60 
50 
~o 
30 
20 
10 

% 
90 
80 
70 
60 
50 
40 
30 
20 
10 

EXHIBIT A-16 

AVM ROUTE 83 LIMITED: PERCE NT OF BUSES EARLY, ON TIME, AND LATE1 

(By Bus Stop2 ) 

7 8 ') 

More tlian 
1 min. late 

More t lian 
1 min . l ate 

7 8 9 

Mo re th~n 
1 mi n. l a te 

Eastbound 

7 8 9 

On ti ine 

~l 111in . 

On t i111e 
'1 min. 

7 8 'l 

On time 
.t 1 mi n . 

7 8 9 9 8 7 

More than riore than 
1 mi n. early l 111i n. l ate 

I 

r-ior e than ! Mo re than 
1 min . earl1 l mi n . la te 

9 8 7 

More than More than 
1 mi n . ear l y 1 min. l ate 

Westbound 

, 1 min. 

On ti me 
,1 111i n. 

Ho r e than 
1 min. ear ly 

tiore t han 
1 min . early 

Hore than 
1 min. early 

AM 

Midday 

PM 

1 Corresponding numer i cal values and sample sizes are pres ented i n the Appendi x 
in the Exhibit A-12. 

2 See bus stop correspondence table, Exhibit 5 .1 0. 
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EXHIBIT A-17 

CONTROL ROUTES: SCHEDULE DEV IATIONS ( 4- Day Averages for Route 4) 

ROUTE 4 

SCHEDULE OEVIAT !Ct :s ( Fc~CEtlTS [l)' MWUTES) LA TE I EARLY 

TI~!E: D!f:;ECT!C~I LC::t- TI!_:t l ~;0~-S t'.E,',.tJ STD'./ MHI t1.\X 8/.0 - 99< - Q<-7< -5<-3<-t < • t < •3•: '5< •7<•?< ♦ Q Q 

1 =t~'J~Tl:=JLt~::) 5=0 L YP :cr.P. HiPAU 0 25 0 a 0 0 0 0 0 0 0 0 0 
6=0L YPICf.FIG'_':lA 0 32 0 0 0 0 0 0 0 0 0 0 0 
4 ;: ; ~~ L~~CI~ :li, J TR~, 0 2(, 0 0 0 0 0 0 0 0 0 0 0 

3=S0'.JH:S ~ui:J 4 =t:[ LFO::;E[ 1;5 ,P.N 0 9 0 0 0 0 0 0 0 0 0 0 0 
6=0L Yf'ICCFVi'-''.?A 0 42 0 0 o o 0 0 0 0 0 0 0 
5=0 L ·r i IC [I( i; ::-:-:,u 0 21 0 0 0 0 0 0 0 0 0 0 0 

Trnl:: DIP[CT:C~J LC::ATIO'.l tiC3S tlEAU STOV MIN tl,\X CAD - 99< - 9<-7<-5<-3<-1< +1<+3<•5<•7<•9<•99 
1 =.~ :-1 

1 =:'.C?TH~C:,p:J S=Ol. n: l[,~:ur:r,\U 1 38 - t. 35 2. s,, - 11 . 5 3.2 0 1 2 5 1 1 ts 53 9 1 0 0 0 
6 = 0 L 'r FI Ct. F ~ 3 1.J;? A 1 °"" "<. 0.3'.i 3. "J -1 1. 3 1 0 . Q 0 2 3 4 7 ~6 24 15 20 7 1 
4=:'.E Lt'QJ~C,;!SI ??~ 1 30 - 1 . 20 3. 83 - 11 .6 0.9 0 5 5 3 14 18 3-'♦ 12 4 4 2 0 

3=:c:.., n;:::sL·: ;:i <+=: ~~ LPCSEC'.!STPli 133 -0,Q3 1 . 76 -10.0 3.3 0 1 0 1 1 8 73 t 3 f o o o 
6=0!.. YPICCF I'.;'.J?,\ 1 30 1 . 15 3.53 -15. 0 6.0 0 2 2 2 312291628 7 0 0 
S=OL YPIC!'.. .=1 r:,<'-1.U 209 -0 .b 2.75 -9.9 7.5 0 1 5 1 9 16 49 1 7 1 0 o 0 

--' 
0) 
0 

TH1E: OH'C:CTICI LCC A T IC~I N02S MEfJJ STOV Mm MAX BW -99< - Q< - 7<-5< -3< -1 <•1< • 3<•5< +7< +9<+99 
2=t1IDOAY 

1 =~:c?n::2u~;0 5 =CL YPIC[::>I::P~U 2137 - 0 . 74 2.02 -1 3. 6 13. 9 2 2 2 3 5 :::o 53 10 3 0 0 o 
6=CL i?!C[fl: '-"'J\ 2,1 - 1 . 5 J 3. ::J -1 '/ . 3 8.6 1 4 2 6 1 0 2 2 44 9 1 1 0 0 
4=rl~ LFOSE[i :s ,;)t I 199 -1 . 1 7 4.6o - 15.0 8.8 0 7 4 9 8 I 9 25 1 3 1 0 5 ~ 0 ~ 

3 = SOUTf'c/;!..;' :'.l 4 ::nE Lro:r:r.~:s r p~~ 204 -0.64 2 . 23 - 1 5. 0 5.3 a 2 0 I 5 26 50 !3 2 0 0 0 
6 = ;J L '7 ~I~[. f ~ (: '.~1~L\ 2.t+7 -1 . 51 2 .tJ -15.3 6.0 0 ~ 4 2 1326 42 9 1 1 o o L 

5 = r.J L 't' r IC[. RI i; / ~~ U 253 -1 . 2f+ 3. 3:C -12. 9 6.7 a 4 3 5 91 3 4215 2 I 0 0 

TH'~ : O!f'.'ECTIC'.l LC'.:UIC'.l t~'O~S ~'.EAtl ST;J V t·: rn t'.l'.X Bt.D -99<-9<-7< -5< - 3< - 1<•1<•3<•5< + 7< •9< • 99 
3=PM 

1 =t:crnr1ccw:o 5=0:.. i P ICl:R r::PAU 73 - 1. ljQ 3. 3,3 -18 . 1 5.8 I 3 3 3 14 25 38 12 1 I 0 0 
6 =r~:. ; P:·c:F 1: 1...r:~~ 57 - 2.00 2. 0: -9 . 0 4.0 3 0 7 1 1 16 26 ::s 14 2 0 o o 
4 =I;;: Li•,0:::::.1L:T ~ tl 1 9 -0.37 3. 63 - 7. 1 6. ,, 0 o 5 0 16 42 5 1 t 11 11 0 0 

3=SOUHiEOUi .'J 4=: :E LPO~EC.~!5 TPN 40 - 1. 12 2 . 3', - 7 . 6 2 . 0 0 o 3 8 1 o 1 5 50 ts 0 0 0 0 
6=0L YPICCf rn;., ;\ u, -2. -3~ 5.33 -2 ,~. 0 6.5 0 13 2 2 20 ::o 21 14 4 L o o 
S=OLYPIC!'..~ !' ::-- !U 75 -2.92 5 . ci9 -::o . 6 5.2 a 1 2 4 4 8291720 4 1 0 0 



EXHIBIT A- 18 

CONTROL ROUTES: SCHEDUL E DEVIATIONS (6-Day Averages for Ro ute 84) 

PO'JTE CA 

SCHEDULE DEVI ATIOl,3 t PCFCEIHS eY tm:u,Es l LATE I E,W LY 

Tlt1E' DF~CTIO~l LOCt..TIGtl llCDS t;:f.ll STUV l1Hl t1AX CAO - 99<-9<-7<-5 <-3< - 1<• 1c •3c • 5<•7<•9< • 99 

1 =t:s~~THC.2U~:o 3 c \:S Tr.: 1:r1~t'.CH STR 0 19 0 0 0 0 0 0 0 0 0 0 0 
~ =i:s 1 rr~~:-.O,' ~s 0 9 0 0 0 0 0 0 0 0 0 0 0 

1 =- 1~ :.:Tr.~~:,1~CLrCS E 0 15 C 0 0 0 0 0 0 0 0 0 0 

3=SC!..!TiiCO!..!tiO t =l :STPt!: 1:~ Lf'OSE 0 27 0 0 0 0 0 0 0 0 0 0 0 
2=: '.STP~ !'.:.f.D!- ~15 0 13 0 0 0 0 0 0 0 0 0 0 0 

3= h3-T rn~:1 :.-',t~:: H STr' 0 32 0 0 0 0 0 0 0 0 0 0 0 

TIME: DH'[CTICU LOCt,TIOll t:CJCS r-'. : ftl STOV r-:rn H.',X B:,O - 99< - 9< - 7< -5< -3< - 1<•1<•3<•5<•7<•9< •99 

1=AM 
1 =NCPTHCOUtl.J 3 = :,.;5 T Ft!: llt.t! CH ST R 1 03 - 0 . 29 2.70 -& . 5 5.0 0 0 3 1 9 22 36 22 7 0 0 0 

2=;:3rr:~:~\ Dt:1:; 14 3 - 1. 26 1 .89 - 7 .3 3.0 0 C 1 3 1 3 25 S6 2 0 0 0 0 
1 =~'.JT P~~:1 1=: L?.CSE 162 - 3. 19 2 . ,; : -1 0 . 0 t . 5 0 1 7 1 3 2S 36 18 1 0 0 0 0 

3=SGUTHi30Ut,;:J 1 =~~ST~l~~M~LPC:iE 91 - 0.74 1. 50 - 4.e ::.a 2 0 0 0 5 36 45 13 0 0 0 0 

2 =\!J T;:"~ !~!.:JJ...t :s 66 - I . 07 2.25 - 7.0 5.0 18 0 0 6 9 ~ 0 5 2 1 2 1 0 0 0 

3 = 1 :s E 1::11 ~t : : H 3 TR 1 19 2 .0 6 2 . 55 _,,. 8 9 . 0 0 0 0 0 3 ll 28 29 24 7 2 0 

-' TIME, DIPECTIOll LOCATiml t~ '.JGS t-'.EAN STDV 11m tl~.X BAO - 99< - 9<- 7< -5<-3< -1 < •1 <•3< • 5< +7<+9< +99 

°' 2=:1IDDAY 
1 =t:cr TH!: OL'~ ~J 3 = ~-~ ~.1 r: ~: ~;t. :~c.r; STP 2i:., s - c. 16 1 . 8 7 - 8 .7 5.9 0 C 0 2 4 15 60 16 3 0 0 0 

2= ~~s1~:~c:..o;-i1S ~62 - 0 . 33 t . s o - 7.6 6 . 0 0 0 0 0 323 6 3 1 0 0 I 0 0 
1 ~t'.JTr-~~~ '.: ::u:-·:::;3E :S9 -1 . 72 2. 64 - 16.2 5.0 0 ;: ~ 

'- 6 15 31 34 9 2 0 0 0 

3=S~:JTH[~:..;~~D 1 =~~:rr:.: ~.! :~ Lros:: 20 ! -0 .73 l . h - ~.5 4.2 0 0 1 3 7 24 54 11 0 0 0 0 
2 =, :::-1.·:;:p),' 1:5 295 -1 • 5<l 2. l.5 - t t . 3 S.2 ;: 2 ~ 5 10 26 52 2 0 0 0 0 '-

3= I;:; 11':1;~1 l.'. t :'.:HS TP. 29.'1 -0 . 46 4. 2 3 -31. 3 &. 7 2 3 3 6 1 0 1 3 24 28 1 0 2 1 0 

Til1E: Dl i'ECTIC:l LOC.\TIOtl t!Q'::,S t::Atl STOV 11H l MA:< 81,D - 99<-9<-7< - 5<-3< -t < +1<•3<•5< ♦ 7< + C<+99 

3=F:1 
1 =~!CRT~~c.ou:~o 3=-t '.STrt f1,\t~CHSTP. 100 -0.57 2.34 -8.9 6. Z 0 0 2 3 4 ', 45 16 2 2 0 0 

2 =I~STi~~ /.D: ~·13 .;;3 -0. 9 1 2.41 - \4.5 6 . ll 0 1 0 5 3 :: 46 11 1 , 0 0 

i =t: 3 i r : :::u:-osE 70 - t . 46 3 . 11 - t 1. 0 5 . 5 0 3 4 4 12 :, 29 1 0 3 3 0 0 

3=5Q'JTh :'. CtJ: :□ 1 = 1:,, 1 r: ~!~lt-'OSE 11 7 - 1. 1 2 2 . i:;' 5 -10. 5 5 . 0 0 2 4 7 7 2. 39 16 3 0 0 0 

2:: 1~'31 2: ·' r, . ,u ... > ...11. 1 , :..> 106 - 2. 87 2.97 - 12. 7 1 . 7 0 s & 10 14 7 33 3 0 0 0 0 

3=~3TR~ t\At:CHSTR ll2 -0.79 3 .t-3 - 1 0. 8 7 . 0 0 2 2 13 6 0 22 20 10 4 1 0 



EXHIBIT A-1 9 

CONTROL RO UTES: SCHEDULE DEVIATIONS ( 4-Day Averages for Route 91 ) 

ROUTE 91 

SCHEDULE DEVI.:.nu:;5 l PE<?CE:ITS BY m riu n s l LATE I EAR L Y 

n r::: : cr ;oECTIC I Lc:::-n :-::1 NCSS r'.C:A'l STO '✓ r1rn M.\X (3t,0 -97< - 9< - 7<-5<- 3 ~- 1 < • 1< +3< +5<+7< +9< +Q9 

2= :.:E STECJL' '. l'.) 9= Sl '~JJ ~ TC G~ .~ ~.rt) 0 11 0 0 0 0 0 0 0 0 0 0 0 

8=~ U~i;; :, TC E ~~l r= !.PY.. 0 :::1 0 0 0 0 0 0 0 0 0 0 0 

7= ~1...;~,s:: r~ s :,: .~c~ ~~ 0 15 0 0 0 0 0 0 0 0 0 0 0 

4= E/\STECU\;J 7 =SU~ iSE T t s.~t ::.a~tt 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

8 = :'>'.J~i:: ET,: ~c:: ;-- :..P ~: 0 zo 0 0 0 0 0 0 0 0 0 0 0 

'? =~1..;: ;3c, T.:::, G~ :.:.I ;J 0 11 0 0 0 0 0 0 0 0 0 0 0 

TI11E: DI P[CTIC:l LOU.TIC:l NCSS MEM l STOV MH< ~~,\X 8,\D - Q9< - 9' - 7< - 5< -3~- 1< +1 < • 3<+5<• 7<+9( +Q9 

1 =l~1 
Z=~·~sTL'J'..!~:o 9= ~· ... :t:: E Tf GF1 ;\ t :J 33 - 1. 3 3 2.03 - 5 . 8 2. 3 0 0 0 3 1 6 39 ::: 6 1 6 0 0 0 0 

a= ~1_rt:s::: T c..cc :1 r-:..~v.. 9:l - 1 . '•2 2 . 3'+ - 1::: . 0 2 . 3 0 ::: 0 4 12 24 52 5 0 0 0 0 

7 = ~.-:: ;sE TC$,'_( ::::o~tl 95 - 0.93 3. Q.') - 14 . 3 5 .3 0 3 ::: 2 6 :::o 5 5 6 4 1 0 0 

~=Et..s1ecu~::J 7 =':' . .'~:~:.TC. S.'· t!::::-:;t~ 75 - 0.29 2 . 1) 1 - 1',. 5 7 . 8 0 0 0 3 8 24 51 7 1 4 3 0 

8 = ~ '..:~:·.;:TC:: C 7~ ~ t.. r: 1-: C6 -1 . 2 1 2.03 - 7 .0 4 .5 0 0 0 5 7 3 3 47 5 2 0 0 0 

- 9 =S'..:' IS ~ T CG? :,t ;!) 4 9 - 0 . 85 2 . 19 - 5.7 5 . 0 0 0 0 2 1 2 29 3 7 18 2 0 0 0 

°' N 

Til'::c: DIPECTI C:l LCC:ATIC'. I tW55 HE)\ t l STDV MHl r1AX B/,O -99< - 9<- 7< - 5< - 3< -1 <• 1<+3< +5< • 7<•9< • 99 

2=t:Il'OAY 
2=\:<:STEO'__;•:o <;=31J!!SET['; "" / ~:'.) 174 -1 . I I, 2 . 7 7 - 1 e . s 3. 2 0 1 1 5 11 2 1 4 7 13 1 0 0 0 

8= ::,r,_;~~:3E T[:: : Hr .~;:'K 177 -1 . 5 ,:, 3 . 15 - 18. 3 9 . 2 1 2 1 7 14 :: 3 46 6 1 0 0 1 

7 = S'Jt;'.3E TC '.3,\1 :J'.l"'1l I 76 -2. 02 3 . 6 7 - ::: 1 . 9 8 . 2 1 3 3 11 15 16 44 5 I 1 1 0 

4=EAS T~::·.::D 7=S'.3!'.:'.:: 1 ~5 'J::c-:-t: 2 16 - 1 . co 3 . 7 3 -1 3. 5 9 . 1 0 6 3 7 101943 6 3 1 0 0 

8 ".: :: ~'.~·.: :.1 C. ~C:; :1 :.:;v, 20, -c . 79 '+. I) 7 - \ 7 . 0 5 . 7 2 9 6 11 12 20 3 1 13 3 0 0 0 

9 =~U'. ~'.:: ET ~G? ;.V :J 217 - 1 . c;3 4. 2 3 -16.2 6 . 7 0 9 5 8 11 15 3 0 1 3 7 2 0 0 

Tit1'::: DIRC:CTICt l LCC:ATIOtl t·~~,· 
1-.J-•J t'.E .l.tl STD',' t1Hl i\AX !3,~0 - 99<-9<-7< - 5< - 3, - 1< • 1< +3< • 5<•7<•9< • 99 

3=nl 
:::=w:sreo~·t;o 9 =S'.H !S F. T f. G~ ,H::J 1 ~ ~ -2.06 3 . 01', - 1 0 . 0 4 . 6 1 1 6 h 1 0 32 22 14 2 0 0 0 

~ ~ 

e -S ~'~~SE T:: C: : ?' /. ~ r"', IO 3 - 2 . 6':> 3.23 -11. ::: 3.3 1 5 5 11 21 2 1 ::6 1 0 1 0 0 0 

f =<.;L•~~J:. T:: :,: !:C~tl 91 -'• . : 3 (~ . 5 i - 17 . 0 4 . 8 0 14 1 O 12 2 1 11 ar 5 1 0 0 0 _:, 

4 =EASTE'C'J: :D 7=SL!~~ Tf. S.\~~:~::J~l (, $ -4 . 31 5 . t 6 -17.6 4 . 3 0 22 9 4 ::: o 4 9 9 ~ 0 0 0 ~ 

8=-3 1
.:~; TC EC: l i' :. a v, 41 - 3. 61 5. 17 - 20.2 ~ ~ 1 15 1 0 7 f ~ ~ 2 1 7 0 0 0 0 

~- ~ 

9 ='.:.l! '. ; TCG~-~J.t :') 51 - 3 . 00 5.39 -1 7 . 0 5. 7 0 16 8 12 6 12 4 11', 4 4 0 0 



EXHIBIT A- 20 

CONTROL ROUTES : SCHEDULE DEVIATIONS ( 4- Day Averages for Route 94) 

~O'JTE o,, 

~CHEDULE OEVI ATIO:,s l FEf'C[ I IVi n, Mil::,JT[S) Lf.TE I ORLY 

TI~E: DJP[CTIO!J LOCATIO:J N"""" r v..).> tlEt.lJ STDV m11 MAX Cf.D - 99<-9<- 7~ - 5< -J<- 1c+1< +3c +5c +7c+a,+99 

2=~cSTCO'Jtm 9 =s•_:: ::;[ r EG::>n: o 0 ~ 0 0 0 0 0 0 0 0 0 0 0 L 

f:. = SL~~ :s ~ T f. EC~! ;,;~RK 0 11 0 0 0 0 0 0 0 0 0 0 0 
7 = SU' ~:; :: T: S \! ~:-.c~tJ 0 5 0 0 0 0 0 0 0 0 0 0 0 

4 =E;..Sff.QU:m 7 = su~:scr ~ sr1t:~.:~t~ 0 12 0 0 0 0 0 0 0 0 0 0 0 
t.=St''. ~~-: Tl E CH r 'AP!< 0 15 0 0 0 0 0 0 0 0 0 0 0 
()=:;ur ;~ E 1 ~·~Rt r ~J 0 4 0 0 0 0 0 0 0 0 0 0 0 

TIME: OIP[CTIOM LCCt.TIC:l 1!2?,5 M[ fJl STOY MIil t l t.X 13t,O - 09< - 9< -7<-5 < -3< - 1<•1 < +3< +5< + 7<+9< •99 
1 =A.M 

;::= l.:ESTC,OLJlm 9 =Su::sETCG:O.l.llD 22 - 1 . 1 7 2. '< 1 - 6 . 3 3.0 0 0 0 5 lo 3 2 1o ;::7 0 0 0 0 
8= SL't !SET [ ECI IP t.P.f'. 5 2 - 0. 04 1.06 - 7. 0 ;:: _3 2 0 0 '< 10 15 63 8 0 0 0 0 
7 = SL!? is~ T~ S ~r ·~G?!~ 51 - 0 . 10 ~ ~~ - 6. 7 5.0 0 0 0 6 6 1 0 51 25 0 2 0 0 ._. ,_r,.. 

'<=EASH:ou:;o 7=SUl!S[TCSf.l C a;::1J 47 -1 .54 ;: .51 - 7 .5 3.5 0 0 2 9 1 7 19 4 5 6 2 0 0 0 
8= S'J'. :~E T~ ~ ct, r:-.~~~ 60 - 2 . 01 2 . 89 -1 0. 3 6.5 0 2 2 1::' 17 20'< 3 3 0 ~ 

'- 0 0 
9= SU~ :s~TC. G "J t,~:o 31 - 1 . 75 2 .5'3 -6 . 8 2 .3 0 0 0 1 3 1 9 1 9 30 1 0 0 0 0 0 

0) THIE: OID[CTIO:J LCC,\TIOIJ t~:J:3S t-'.EMJ S1DV t:rn tlAX Bt.D -99<-9< - 7< - 5< -3< -1<+1<•3< • 5<• 7<+ 9< •99 
w :st1:C'JAY 

2 = ~ ~: S Te.~'.)!!~ 9=S'.Jl!S: 1 f P :.1:J 160 -0 . 79 2. 1 0 -12. 1 3.3 1 1 I 1 6 29 4$ 12 1 0 0 0 
e.~ £t. ·u::.: 1 ~ [ Cl ir -\Pt: 1 ::;9 -1 . ;: 1 2.4:: - 13.8 5.3 2 1 0 '< 11 3:l 45 6 2 1 0 0 
7=~~:. ::.:1~~ '.! , :-:?~◄ 1(, 2 -1 . 4 6 2.co - 1.:. . 0 7 .5 0 ~ 3 :> 13 27 32 t4 2 1 1 0 L 

4=E/':.ST2C:L'~;:) , = s·_1~~-=. ::: T ~st- t :::-~,?~~ 1\'6 - 0 . € 0 2. b 3 -1 0 . 0 9.9 0 
,., 

1 3 11 21 45 15 1 1 0 ~ 

8=S1J! : :, [ I C[CHP,'\PK 162 -t . 73 3.06 -1 5.6 4 . 3 2 
,., 
'- 5 6 1 7 ;:2 32 15 2 0 0 0 

~=S 1_i1 :~:.E TlC:~;..t;J 168 -a .es 3 . 21 -14 . 2 5 . 6 0 1 5 6 14 15 29 2.:. 5 1 0 0 

Tit'E: orc;~CTICIJ L02f.T10ll tl '.;'.3S t :Et.t~ STOV MIil M,\X BAD - 99<-9<- 7< - 5< -3< -1 < • 1<'3<•5<•7<•9~ • 99 
3=r.1 

2=~:::s1esu::!J 9=S tl!~~ T::C /J!D 67 -1. 11 2. 51 -9.3 (1 . 1 0 1 3 6 4 27 43 7 3 0 0 0 
-:- =s•_: ·.·: 1 ~~ 1, ;~.•.p ;: s .. - 1 .53 z. sci - ~ .. 2 3. 7 1 0 4 11 7 33 37 4 4 0 0 0 
;=SL.!·;: r r.s ~~=::~:J ::;1 - 3, 37 t>.47 - :;~. 5 6 . 3 1 [. , 0 6 14 14 :;.5 6 ~ ,., 

C 0 '- L 

4 =E ~ST[:)'.,'~ ~J 7:::~ '-.11 ~:: 1 S ~:~2~ tl 43 _,. 56 2.03 -9 . 8 3.3 0 5 2 s 12 ::o 9 2 0 0 0 
6=s:_·~~= T [ 'iP,'...r:-tz 3-:, -2.74 2. t- 9 -Q' 1 2.8 0 3 3 1 7 14 36 6 0 0 0 0 
-:>=SL.:!:S 1 C Al~!) 41 -1 . 6 7 3 . 13 -9 . 0 2 .q 0 2 7 10 7 ~o 2 0 0 0 0 0 



2 
1 

AM 
2 3 

EXHIBIT A-21 

CONTROL ROUTES: MEAN SCHEDULE OEVIATIONS1 
- - -·-

. 2 
{By Bus Stop and Time Block) 

Northbound 
l·iidday 
l 2 3 

PM 
2 3 

AM 
3 2 1 

Southbound 
Midday 
3 2 1 

PM 
3 2 1 

n 0 1--...---1---l--..------,---..--.......---r--r--.---r--'-~-+--r---,,---,,---,r--,c---,.--,.--,---,--

u - 1 
t - 2 
e 
s - 3 

- 4 
- 5 
- 6 

7 

3 

AM 
4 5 6 

Northbound 
Midday 
4 5 6 

PM 
4 ~ 6 

AM 
6 5 4 

Southt;ound 

Midday 
6 5 4 

PM 
6 5 4 

Route 
4 

(4 days) 

M 
2 

Route 
fl 

u 
t 
e 
s 

1 84 
O hr---r--r--r--==r--r--Y--r-ir-i--,-- -.--,-,-,---,-r,,,r--,-r-..-- ( 6 days ) 

- 1 
2 

- 3 
4 

- 5 

2 
1 

AM 
7 8 9 

Westbound 

Midday 
7 B 9 

PM 
7 8 9 

AM 
9 8 7 

Ea.s tbound 

~Ii dday 
9 8 7 

PM 
9 8 7 

M 
i 
n 
u 
t 
e 
s 

0 l--t--.-1r--1r---r--,·---r--.---r-.--r--.-.-.--r--r--r--r-r-ir-ir-----,-----,--.-,--

M 

- 1 
- 2 
- 3 
- 4 
- 5 
- 6 
- 7 

2 
l 

AM 
7 8 9 

Westbound 

Midduy 
7 8 9 

n 
u 0 t-,r-,r,==:.--,---, 

t - 1 
e - 2 
s - 3 

PM 
7 8 9 

AM 
9 8 7 

Eastbound 

Midday 
9 8 7 

PM 
9 8 7 

1 Corresponding numerica l values and sa~ple sizes are presented i n the Appendi x 
in Exhibits A-17 to A-20. 

2 Numbers refer to the bus stop correspondence table, Exhibit 5.1 0. 
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Route 
91 

(4 days) 

Route 
94 

(4 days) 



M 7 
6 

n 5 
u 4 
t 3 
e 

EXHIBIT A-22 
1 

CONTROL ROUTES : STANDARD DEV IATION OF SCHEDULE DEVIATIONS 

(By Bus Stop2 and Time Block) 

Northbound Southbound 

Route 
4 

s 2 
l 

L--L.....JL-...l-----1._--L.J....-'--'------'--L...-JL....I-----..---'---'--_,__.__......_.....__.__,______.__,___.___.__ ( 4 days ) 

M 7 
6 

n 5 
u 4 
t 
e 3 
s 2 

l 

M 6 
i 5 
n 4 
u 3 
t 
e 2 
s 

M 6 
5 

n 
4 u 
3 t 

e 2 
s l 

2 3 
AM 

4 5 6 
AM 

7 8 9 
AM 

7 8 9 
AM 

l 

l 2 3 
Midday 

Northbound 

4 5 6 
Mi dddy 

Wes tbound 

7 8 9 
Midday 

Westbound 

n1l 
7 8 9 
Mi dday 

2 3 
PM 

4 5 6 
PM 

7 ~ 9 
Pl•: 

3 2 l 
AM 

6 5 4 
Mi 

9 !.s 7 
AM 

rm: nl7 
7 8 9 9 8 7 

PM AM 

3 2 l 
l~i dday 

Southbound 

6 5 4 
Midday 

Eastbound 

9 & 7 
11idday 

Eastbound 

n1l 
9 8 7 
Midday 

3 2 l 
PM 

6 5 4 
PM 

9 8 7 
PM 

nil 
9 8 7 

PM 

Route 
84 

(6 days) 

Route 
91 

(4 days) 

Route 
94 

(4 days) 

~orresponding numerical va l ues and sample s i zes are presen ted in the Appendix 
in Exhibits A-17 to A-20 . 

2 Numbers refer to the bus stop correspondence table, Exhibit S .10 . 
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% 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

'X, 
80 
70 
60 
50 
40 
30 
20 
10 

,. 
lo 

90 
80 
70 
60 
50 
40 
30 

20 
10 

EXHIBIT A- 23 

CONTROL ROUTE 91: PERCENT OF SU SES EARLY, ON TIME, MID LATEl 

2 
( By Bus Stop ) 

7 8 9 
More than 

1 min. l ate 

Westbound 

On time 
.t1 min. 

> 

Eastbound 

9 8 7 
On ti 1,1e Hore than 
.!l min. 1 min. early 

789~_.__7~8L9~-~~~~~~98U7~_~[]]~9~8~7~_mJ;JL9~8~7_._ 
More lhiln On ti111e I-lo r e t hiln . More than On t i111e tlo re tha n 

l min. l a t e !l 111in. 1 rnin . ca rl11 min. late ±1 min. 1 min. earl y 

7 8 9 9 8 7 9 8 7 

More than 
1 min. late 

More than More than 
±1 min. 1 min. early 1 min . late 

On ti n,c I-lo re than 
d min. 1 min. early 

AM 

Midday 

PM 

1 Corresponding numerical values and sample sizes are presented in the Appendix 
in Exhibit A-19. 

2 See bus stop correspondence table , Exhibit 5 . 10. 
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% 
100 
90 

EXHIBIT A-24 
1 

CONTROL ROUTE 94: PERCE"T OF BUSES EARLY, ON TIME, AND LATE 

{By Bus Stop2 ) 

Wes tbound Eastbound 

80 · 

70 
60 
50 
40 
30 
20 
10 

7 8 9 7 8 9 ~ 8 7 9 s 7 

More than On t ime More than I lor e than On ti 11;e Hore 
l min. 1 ate .'. 1 min . 1 111in. early 1 llli n. late d nii n. 1 min. 

I 
¼, 

80 
70 
60 
50 
40 
30 
20 
10 

'/ 8 9 7 8 ') y il 7 '3 8 7 

More thcJn On t i11;e More than More than On t inie 1'lore 
1 min. 1 ate ! 1 min. 1 min . earl1 l min. l ate .t 1 1ai n. 1 min . 

% 
90 
80 

70 
60 
50 
40 
30 
20 
10 

7 8 9 7 8 9 9 8 7 ., 8 7 

More than On time More than More than On time I lore 
l min. l ate .t 1 min. 1 min. early 1 min. la te d 11ii n. 1 min . 

AM 

than 
early 

Midday 

than 
early 

F'M 

than 
early 

1 Corresponding numerical values and sample sizes are pr esented in the Appendix 
in Exhibit A- 20 . 

2 See bus stop correspondence tab 1 e, Exhibit 5. 10. 
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EXHIBIT A-25 

MEAN SCHEDULE DEVIATIONS ON RAINY DAYS 1 

ROUTES AM MIDDAY PM 

DIRECTIONS 12 2 3 1 2 3 1 2 3 

41 
Northbound 0.4 1.3 -0.7 -1. 2 -1. 5 -3.3 - 0.6 -1.4 -2.9 
Southbound - 1. 9 0.7 2.4 -2.8 -2.1 1.0 -3.0 -3.9 -0 .8 

44 
Northbound - 0.9 -0.8 -0.5 -0.2 -1. 6 -1. 7 -0.8 -0.1 2.5 
Southbound o.o - 0.1 -0.5 -1. 5 0.4 -0.4 -1.1 0.2 2.3 

89 
Nor thbound 0.7 0.3 0.0 0.6 -0.5 -1. 4 -0. 0 -0.1 - 2.0 
Southbound -1.1 -1. 5 -2.2 -0.9 -0.5 -2.4 - 1. 1 -0 .8 -0.2 

83 LOC. 
Eastbound -0.5 -0 .4 - 0.2 -0.4 - 1. 7 -1. 5 1. 4 - 2.3 - 1. 9 
Westbound -1. 6 -1.8 - 5.1 -3.8 -3 .8 - 4.7 -8.8 -6.9 -4. 8 

83 LTD. Rush-hour Eastbound - 3. 3 - 0. 5 -2.0 - 0.8 -0. 7 - 1. 2 
Westbound -2.5 -4.0 - 6.4 runs on ly - 4. 3 -4. 6 -6. 8 

4 
Northbound - 0.70 -1 .65 -1. 78 -0. 90 - 1. 79 -1. 51 -1. 55 - 2. 06 
Southbound -1.01 -0.54 -0 . 77 -2 .02 -1. 55 -8.93 -8.75 

84 
Northbound - 1. 71 -1. 56 - 3.08 -0. 72 -0.80 - 1. 05 -1. 22 -1.01 -0. 53 
Southbound -1 .21 0 .19 3. 15 -0 . 59 -2.04 -0.34 0.37 -2.07 0.58 

91 
Westbound -1.80 -1. 28 -1. 43 - 0.58 - 1. 52 - 1.36 -1. 28 -2.98 - 7.74 
Eastbound - 0.86 -1.25 - 0.69 -1. 23 -1.56 -0.26 -4.93 - 1. 96 -0.51 

94 
Westbound -2.09 -1.06 -0.18 -0.26 -0.82 -1. 1() -0.18 - 1. 66 -7.02 
Eastbound -2.31 -2.82 - 3.17 -0.45 -0.83 0.21 -1. 73 -1.86 0.33 

In minutes; two days of data col lection for AVM routes, one day for 
control routes . 

2 Successive bus st ops in each direction (compare Exhibit 5.10) . 
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EXHI8IT A-26 

AVM ROUTES: MEAN SCHEDULE DEVIATIONS FOR RAINY OA YS1 

AM 
1 2 J 

(By Bus Stop2 and Time Block) 

No rthbound 
Midday 
l 2 3 

PM 
2 3 

AM 
3 2 1 

Southbound 

Midday 
3 2 1 

PM 
3 c l 

o l-.e:!ll..l...l.....,.- --r-r-r~-~-r-r--r.--,d..._-i\il.._,-,--+--'---r-,r:T1r.::,--

- 1 
- 2. 
- 3 
- 4 

Northbound Southbound 

AM Middcty PM AM Midday PM 
I 4 S 6 4 5 6 4 5 6 6 S 4 6 ~ 4 6 5 4 

r, r::D o l-.---r-i.----r---r-r-y--y---;-....:::..,..._i.-.--...,...LJ-.---.LJ-+-i:CJ~--.-o-+-L...4-L.-
- I 
- 2 
- .3 

1\1~ 
7 il 9 

Eas t bound 

Midday 
/ 8 9 

PM 
7 8 9 

/\M 
9 8 7 

\,es tbound 

Middcty 
9 8 7 

PM 
9 H i 

M I 
o h--..=~-,---r~-r-___J.-+-r-"____J--r-r-.-~-.--.---.-,---r-r,......, 

n - I 
u - 2 
t 
e 
s 

- 3 
- II 

- 5 
- 6 

I 

- 8 • 

AM 
7 :i 9 

Eastbound 

~1i dday 
7 3 9 

PM 
7 b 9 

AM 
9 '3 7 

\lr.s tbound 

Midday 
'.I 1\ 7 

PM 
9 ll I 

M 0 1--.r-o.--.-------;-~.......,.--ii--..-.-....~------T""'r-"'lr"':":'!r-

n 
u 
t 
e 
s 

- 1 
- 2 
- 3 
- 4 
- s 
- 6 

7 
- 8 
- g 

l 

M1 
10 11 12 

Northbound 

Midday 
10 11 12 

Pt,1 
10 11 12 

/\M 
12 II 10 

)Oil th bound 

l·li dday 
l ,' 11 10 

f't ; 
le I i 10 

M 
i 
n 
u 
t 

0 ~ ...... "'-,1 __ __.-+-,--,---~--,---,-...J........,...._,,_... __ ,--,--..---..----,r-,r-,r-,-

- 1 

e - ? 
s - 3 

Route 
41 

(2 days) 

Route 
44 

(2 days) 

Route 
83 Loe. 

(2 days) 

Route 
83 Ltd. 

(2 days) 

Route 
89 

(2 days) 

Corresponding numerical values and sample sizes are presented in the Appendix 
in Exhibits A-25 and A-31. 

2 Numbers refer to the bus stop correspondencf' tab le, Exhibit 5 . 10. 
3 Sample s izes of less than 10 are i den tifi ed by s hading. 
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1 

n 0 
u - l 
t - 2 
e - 3 s 

M 
i 
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- 4 
- 5 
- 6 
- 7 

- 8 

3 
2 

1 

EXHIBIT A-27 

CONTROL ROUTES: MEAN SCHEDULE DEVIATIONS FOR RAINY DAYl 

AM 
2 3 

3 

AM 
4 5 6 

(By Bus Stop2 and Ti~e Block) 

Northbound 
t•ii dday 
1 2 3 

Northbound 
Midday 
4 5 6 

PM 
2 3 

PM 
4 5 6 

AM 
3 2 l 

AM 
6 5 4 

Southbound 
Midday 
3 2 l 

Southbound 
Midday 
6 5 4 

PM 
3 2 l 

PM 
6 5 4 

u 0 L---------------...-~~.----,.-fl---1..--,---.---r--r--li::::::f--f-'--
t - l 
e - 2 
s - 3 

M 

n 

- 4 
- 5 

2 
1 
0 

u - 1 
t - 2 
e - 3 
s - 4 

M 

n 

- 5 
- 6 
- 7 

2 
l 

u 0 
t - 1 
e - 2 
s - 3 

- 4 
- 5 
- 6 
- 7 
- 8 
- 9 

AM 
7 8 9 

AM 
7 8 9 

Westbound 
Midday 
7 8 9 

Westbound 
Midday 
7 8 9 

PM 
7 8 9 

PM 
7 8 9 

AM 
9 8 7 

AM 
9 8 7 

Eastbound 
Midday 
9 8 7 

Eastbound 
Midday 
9 8 7 

PM 
9 8 7 

PM 
9 8 7 

1 Corresponding numerical values and sample sizes are presented in the Appendix 
in Exhibits A-25 and A-31. 

2 Numbers refer to the bus stop correspondence table, Exhibit 5.10. 
3 Sample sizes of less than 10 are identified by shading. 
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4 

(1 day) 

Route 
84 

(1 day) 

Route 
91 

(1 day) 

Route 
94 

(1 day) 



EXHIBIT A- 28 

STANDARD DEVIATIONS FOR SCHEDULE DEVIATION DATA ON RAINY DAYS
1 

ROUTES AM MIDDAY 

DIRECTIONS 12 2 3 1 2 3 1 

41 
Northbound 0.5 0.9 1.0 1. 5 2.5 3.6 2.0 
Southbound 0.5 2.6 2.1 2.7 2.6 2. 9 2.8 

44 
Northbound 1.6 2.9 3.5 1.6 3.3 4.1 2.1 
Southbound 0.0 1.1 3.9 2. 8 1. 8 4.7 2.5 

89 
Northbound 2.1 2.5 2.9 1.8 2.5 3.0 2.1 
Southbound 1.8 2.9 3. 5 1. 6 2 .1 3.2 2.1 

83 LOC. 
Eastbound 2.1 1.8 1. 9 3.2 2. 2 3. 1 2.0 
Westbound 2.6 2. 3 4.1 4.5 4.7 4.5 5.2 

83 LTD. Rush-hour 
Eastbound 0.0 1. 7 2 . l 1.9 
\.Jestbound 2.5 3.3 4.5 runs only 3.5 

4 
Northbound 2. 51 3.84 3.64 2.99 3 .88 4.48 2.39 
Southbound 2.85 3.21 1.60 2.62 3. 66 

84 
Northbound 2.37 1. 74 2.56 1.85 1.36 2.41 2 .34 
Southbound 1. 70 1. 24 1. 99 1. 58 2.45 3.47 1.36 

91 
Wes tbound 1.46 2.98 3.05 2.06 3 .06 3.09 3 .09 
Eastbound 1. 79 1.65 1. 61 3.32 3.53 3.59 7.37 

94 
Westbound 1. 67 2.00 2.34 1. 75 · 3.24 2.30 1. 31 
Eastbound 2 . 14 2.56 2. 66 2.07 2.57 2.64 2.85 

L In minutes ; two days of data collection for AVM routes, one day 
for control routes. 

2. Success ive bus stops in each direc t ion (Compare Exhibi t 5.1 0). 
3. Zero values caused by sarnrle sizes of n=l. 
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PM 
2 3 

3.1 4.3 
3.4 4.8 

3.4 1. 2 
1.3 1. 7 

2.3 3.3 
2.6 2.9 

2.5 l.83 
9.1 0.0 

2. 5 3.5 
3.5 3. 7 

3.03 
6. 68 7.73 

1.02 2.89 
2.82 2.72 

3.58 4.44 
3.62 4.09 

1.83 6 .44 
2.38 2.10 



M 5 
4 

n 3 
u 2 
t l 
e 
s 

M 5 
4 n 
3 

u 
i t 

e 
s 

M 9 
i B 
n 7 
u 6 t 
e 5 
s 4 

3 
z 
l 

M 5 
i 4 n 3 
u 
t 2 
e 
s 

M 5 
i 4 
n 
u 3 

EXHIBIT A-29 
1 

AVM ROUTES: STANDARD DEVIATION OF SCHEDULE DEVIATIONS FOR RAINY DAYS 

(By Bus Stop 
2 

and Time Block) 

Northbound Southbound 

3 

2 l 2 3 2 3 3 2 1 ] 2 l 3 2 l 
/\M Midday PM AH l~ i dday PM 

Northbound Southbo und 

4 5 6 4 'i 6 6 5 4 6 5 I) 

M l t'iiuday Pili f·liddcty f'li 

Eastbound \:es tbound 

7 8 9 7 8 9 7 8 9 9 B 7 9 J 7 9 8 7 
AM Midday r11 !\M Midday Pr't 

Eastbound ~,es tbo und 

7 [l 9 7 8 9 7 8 9 g e 7 9 8 7 9 8 7 
/\M Mi dday l'H AM :•l id day PM 

tlo r thbound Southbound 

Route 
41 

2 days) 

Route 
44 

(2 days) 

Route 
83 Loe. 

(2 days) 

Route 
83 Ltd. 

(2 days) 

Route t 2 gq 
e 
5 

l (2 days) 
L' 11 10 

/\M Midday 

Corresponding numerica l values and sample sizes are presented in the Appendix 
in Exhibits A- 28 and A- 31. 

2 Numbers refer to the bus s t op correspondence ta ble , Exhibit 5.10. 
3 Sample sizes of l ess than 10 are iden tifi ed by shading. 
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EXHIBIT A-30 
1 

CONTROL ROUTES: STANDARD DEVI~TION OF SCHEDULE DEVIATIONS FOR RAINY DAY 

M 7 
6 

n 5 
u 4 
t 3 
e 

3 

(By Bus Stop2 and Time Bl ock) 

Northbound Southbound 

Route 
4 s 2 

1 (1 day) 

M 7 
6 

n 5 
u 4 
t 
e 3 
s 2 

l 

8 
7 

M 6 
5 

n 4 
u 3 
t 
e 2 
s 1 

M 6 
5 

n 
4 u 

t 3 

e 2 
s 1 

2 3 
AM 

4 5 6 
AM 

7 8 9 
AM 

7 8 9 
AM 

l 2 3 
Midday 

Northbound 

4 5 6 
Midday 

Wes tbound 

7 8 9 
Midday 

Westbound 

7 8 9 
Midday 

2 3 
PM 

4 5 6 
PM 

7 8 9 
p~: 

7 8 9 
PM 

3 2 l 
AM 

9 8 7 
AM 

9 8 7 
AM 

3 2 1 
Midday 

Southbound 

6 5 4 
Midday 

Eastbound 

9 8 7 
Midday 

Eastbound 

9 8 7 
Midday 

3 2 1 
PM 

6 5 4 
PM 

9 8 7 
PM 

9 8 7 
PM 

1 Corresponding numerical va lues and sample sizes are presented in the Appendix 
in Exhibits A-28 to A-31. 

2 Numbers refer to the bus stop correspondence table, Exhibit 5 . 10. 
3 Sample sizes of l ess than 10 are identified by shading. 
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Route 
84 

(1 day) 

Rou t e 
91 

(1 day) 

Route 
94 

(1 day) 



EXHIBIT A-31 

SAMPLE SIZES FOR SCHEDULE DEVIATION DATA ON RAINY OAYS1 

ROUTES AM MIDDAY 

DIRECTI ONS 12 2 3 1 2 3 1 

41 
Northbound 2 2 2 42 40 41 10 
Southbound 2 2 2 39 39 42 12 

44 
Northbound 3 16 15 51 46 47 16 
Southbound 0 5 12 52 52 48 11 

89 
Northbound 4 6 9 51 53 53 14 
Southbound 5 7 8 57 56 58 13 

B3 l OC. 
Eastbound 7 9 11 104 98 98 8 
Westbound 5 8 12 100 102 101 3 

83 LTD. Rush-hour 
Eastbound 1 4 7 runs only 

] 4 
Westbound 7 11 16 6 

4 
Northbound 34 4 35 71 65 33 19 
Southbound 21 52 47 64 63 

84 
Northbound 18 24 28 45 44 43 16 
Southbound 13 7 19 47 50 47 20 

91 
\·Jes tbound 8 24 26 45 44 44 32 
Eastbound 20 24 12 53 54 56 5 

94 
Westbound 5 13 14 42 40 41 16 
Eastbound 13 15 7 42 40 43 9 

1 Corresponding to Exhibits A-25 to A-30. 
2 Successive bus stops in each direction (Compare Exhibit 5.10). 

AVM Routes: Two days of data collection for each route 
Con trol Routes: One day of data collection for each route 
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PM 

2 3 

10 10 
9 8 

5 2 
12 5 

12 10 
11 10 

4 4 
2 1 

12 9 
5 3 

14 
20 18 

16 13 
19 13 

27 17 
12 14 

13 10 
10 10 



Exhibi t No. 

APPENDIX SECTION III 

SUPPLEMENTARY DATA AND FIGURES FOR 

PASSENGER LOADS 

A-32: AVM Routes: Passenger Loads (8-Day Averages for Route 41) 

A-33: AVM Routes: Passenger Loads (8-Day Averages for Route 44) 

A-34: AVM Routes: Passenger Loa ds (8-Day Averages for Route 89) 

A-35: AVM Routes: Passenger Loads (8-Day Averages for Route 83 Local) 

A-36: AVM Routes: Passenger Loads (8-Day Averages for Route 83 Limited) 

A-37: Control Ro utes: Passenger Loads (4- Day Averages for Route 4) 

A-38: Control Routes: Passenger Loads (6-Day Averages fo r Route 84) 

A-39: Control Routes: Passenger Loads (4-Day Averages for Rou te 91) 

A-4O: Control Routes: Passenger Loads (4-Day Averages for Route 94) 

A-41: Control Routes: Passenger Loads for Rainy Days (Route 4) 

A-42: Control Routes: Passenger Loads for Rai ny Days (Route 84) 

A-43: Control Ro utes : Passenger Loads for Ra iny Days (Route 91) 

A-44: Control Routes : Passenger Loads for Rainy Days (Ro ute 94) 

A-45: Control Routes: Mean Passenger Loads for Ra iny Day 

A-46 : Control Routes: Standard Dev iat i on of Passenger Loads for 
Rainy Days 
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EXHIBIT A-32 

AVM ROUTES: PASSENGER LOADS 

(8-Duy /\vcrc1gc~ for Route ~l ) 

LEVF:1,3 rJUTl-'IIT. lll',Fl:.R rn ATTACHFll Dlflf:CTORY f(lfl JNCl,USJH: FJU' ,<;. 

LOAD FACTUR <* OF PASS~.N(;F,RS) 
I;'iNE: '4 i . jr,f - N()R TH f\[lU N15.:. ·.:.;-:: ;_-;.; ; :;.:. • - -
NOAS MEAN srov <I0<20<30<4 0 <50<60<70<RO<QO<IOO RAO LOCATJnN 

50 4.9 4. II 82 I & 0 U 0 0 0 0 0 0 0 30 SAAIHI/Fr.fF)~ 
52 lS.O 11,. r 4 i ;> --.i 7- 'l1 I J 2 I ·i 4 () 0 0 30 ALVR ll /PlCU 
50 41. 7 I 7. 7 2 IO 14 l h ?O 24 I 2 0 2 0 0 34 Al, V R Ii/S J X TH 
51 7 • ~ 11.h 73 2 0 0 2 4 2 0 0 0 0 0 31 "IONT / LA RTY 

- -- - - - ----- --------· -· ----. 

LINr: 41 "'ID N(JRTH~OUN O----•--••-----

• .::;-. --~ • ;-~:---~SOUTH.AOiJNO:. ;:·: ·:;.;. =-~-: .:: ;;.:.-: ;; ••••••• 
NO~S "lf'.AN STDV 

53 6 . l 12,5 
51 21:1.7 19.1 
50 37,0 17.7 
~I 7,6 10 .3 

<10<20<30<40<~0<60<7 0 <8 0 <90<100 RAD 
_77 15 _ h O O O O 2 0 0 0 30 
lb Ill 22 14 18 6 H O O O O 30 

R 4 26 12 2R 14 6 2 0 0 0 JO 
69 20 1 0 __ 0 o_ 2 _o _ o _ o __ o 0 ___ 30_ 

--------•-•-•••SUUTHBOUND••••••-•••••••••••••••-
: 'l NOAS MEAN STOY <1 0 <2D<J 0 <40<50<h0<7U<B0<90<100 BAO 
\ , J I H 2 • \ 2 • ~ Q 7 3 () . 0 0 I) 0 n O O o 6 ~ 
: 116 22.0 Q.B 7 34 JA 18 J n 1 O O O o 64 

j::
1

- - - --- H~-Jt~ -!~~~ ---1:-1-~--~;--~+-1
~ ~ ; ~--g--~ 6 ;:-

LOC~ilON NO~S ~~AN STDV <I0<20<30<40<50<60<7 0 <R 0 <90 < 1 00 BAD 
SAARP. t ~ C. RIJA tt6 i.1 5,3 92 - 5 2-- , · o o o o o o o 6 4 
ALVRO/Pl C() Ith IJ,7 10.2 38 3 7 IM 4 J 0 0 0 0 0 0 6 4 
ALVRO/SlXTH 115 24.4 12.J 11 23 33 24 l 4 I 0 0 0 0 b 4 
MONT- /LAPTY -- ,,1 --- 2.5 s,6 95 3 1 o I o o o o o o---6S --

;'' , 

1::1 
111 1 

1.,1 
j 1----
1 ;I 
I ' 

,.! 
,i 

l, iNE 41 P"l 
NOAS IIHI N S'f(J~ 

41 L~ 4 . 4 
40 Vi. 4 1 8. 4 

40 42.1 21.6 
H 6.3 7.2 

CJl'Jf;; u · r.tr [ 
NOE\S M[A•l STDV 

66 2.0 2.5 "I 1,-, --
1 I 

--- ---"~--n. 1 

:; i 
i ~' i 

I· 
',. 1' , :, 

64 
64 

21 , 9 I J. 3 
5, 1 8,4 

NnkTH BUUNO•--•-••••••••-
-- ci ft c1di J6~ 4tic50< ~ 0<lri< fiO <ij6~j do 

8H 12 0 0 0 0 0 0 0 0 0 
10 IJ 20 8 ?5 18 M O O O 0 
10 8 10 13 10 33 R R 3 0 O 
b7 28 5 0 0 U O O O O 0 

----•--•••••-•-SOUTHBOUN O••••••-••--•••-•••••••-
AA l> LUC A Tl ON NU es MF: AN STDV <IO< 20 d O< 4 0<5 0<6 tt<.7 0 <8 0 < 9 0 <I 00 RAO 

22 SAARK/FGROA 41 2.1 4.5 88 12 0 0 0 0 0 0 0 0 0 22 
22 ALVRD / PICO 42 17,7 12 , 8 31 24 2h 14 5 0 0 0 0 0 0 2 1 
2.r·--n.v iHi7sr nH 41 1i;":0-11:2 5 o 22 34 2 .-rs- o o o - o o 2 1 
23 MONT /LKRTY 43 J,8 4,q 77 23 0 0 0 0 0 0 0 0 0 22 

- NORTHBClli'ID-•••--••------- .. - -- ---------------sn uTHBOUNO--------- - - ---------~--
<l 0 <2 0 <30<40<50<60C7 0< 8 0 <q0<10 0 1',Af) LOCATJ O;j NflAS M~:AN STOV <l0<20<30<40<50 <bOC70<80<90<100 BAD 
9 !:I 2 0 0 0 0 0 0 0 0 0 J f, 

28401811 3 0 0 bo 0 0 )f, 
SA AR A/FGROA 56 1,7 3,5 95 5 0 0 0 0 0 0 0 0 --0 --- 3 5 
ALVRO/PICO SB 13.2 9.5 41 36 I 1 3 2 0 O O O O O 35 

2 0 22 31 16 9 2 0 0 0 0 0 36 ALYRO/SIXTH 59 19,6 11.7 24 27 31 12 5 2 0 0 0 0 0 35 
BM 8 3 0 0 2 0 0 0 0 0 .35 MONT /LBRTY 59 1 , 7 2,9 97 ] 0 0 0 0 0 0 0 0 0 35 
- ·---- --·· - ·- - - -

- ----- - ---------- ----- -- ----- -
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EXHIBIT A-33 

AVM ROUTES: PASSENGER LOADS 

(8-Day Averages for Route 44) 

RU•Ul TO ATTACHU> l>tlffCTORY fllP I'-'CLUSJVF, fJLF"S. 

L LOAD 

r
r - LINP. 

fACT OR C• UF PASSFNGERS) 
44 AM ___ - . NORT-H-KOUifo~------------- ----------

•--••••••••••••SUllTHAOUND••••••-.. •-•-•••••••-•-• 

'.1

1 

No:; 
• 116 

1, 85 

1: -------~; 
I, 44 
I ,, 

MF.AN STr>V 
9,4 8 , 3 

40,7 17 .o 
3 0, I I 4. 4 
23,6 20.1 
23.0 18,5 
I 7. 8 I 4. t 

<10<2U<30<40<50<b0<70<R0<9U<IOO RAD LOCATION NOBS MEAN STDV <I0<20< ] 0<40< 50<bOC70<B0< 90<1 00 RAO 
SH 

'j 

11 
Ji 
32 
30 

_3~ __ J 0 
3 15 28 
b 29 n 

15 21 I 
13 1 fj 16 
30 20 14 

. 1 _ 0 
I 6 21 
1 3 7 
I 2 7 
i 3--5 

5 0 

() 

8 
0 
3 

0 . 0 0 6 2 AO A l<I S / I, HR EA _ _ 72 . 1 5 • 2 I ? , 3 5 I 2 I I 1 . 6 __ 4 _ 
0 0 0 62 AUAM S/VRl<INT 72 12. B 11.b 40 40 11 b 1 

1 0 0 0 0 63 OLY MP/HILL 9Y 20.B IY,7 19 13 16 17 1 0 
, I I fl O 63 BV RLY/~ST RN 100 13,5 10.b 38 lb 17 7 2 
1- if O O O 51 RVR L'i /LCNGA ~5 3.5 3.3 95 5 0 0 0 
2 0 0 0 0 31 SHNCAICANON 5b 1 .0 1,6 100 0 0 0 0 

6 . 
0 
4 
0 
0 
0 

0 0 .1 
1 0 0 
3 1 1 
0 0 0 
0 0 0 
0 0 0 

- - .. · --· 
LINE 
NOf\S 

44 /<I j 0 NOMTHFIOUND--•----------- ---------------snutHROUND•----------------------
Mr.All STDV <I0<20<30<40<50<~0<70<Afl<90<100 flAIJ LOCATl[IIJ ~OBS MUN .STOV <l0<20<30<40<50<60<70<B0<90<IOO BAD 

17.5 5.7 <;.9 7 ~ 2, 2 0 
121 23.1 12.4 12 2b 35 15 
120 29,1 14.7 9 9 34 27 
Jtij 19.2 14,5 27 27 23 12 
Ill ~.4 ~-~ b~ jf - Jfi - 4 

49 6.1 8,6 7~ 14 b 4 

() 

11 
12 

ll 
0 
0 

0 0 
2 0 
b l 
3 0 
0 () 

0 0 

() 0 0 () 

o o ·- 0 0 
_ .. 'H AOAMS/ 1, EHHA 110 9,4 12,6 63 22 _ 9 ___ J_ 1 _ 2 __ Q ___ I_ I) _ 0 __ () _ .81 

-- - 94 ADAMS/VRMNT 109 21.0 17.5 29 26 16 12 12 2 2 1 1 0 0 90 
I 0 0 0 9l OLYMP/HJLL 112 21.1 14,8 28 22 25 8 14 2 I O O O O 92 
0 0 0 0 
0 0 () {l 

92 BVRLY/WSTRN 113 16.6 10.8 27 42 21 b 4 0 1 0 0 0 0 90 
9i BVRLY/1,CNGA 113 1.i - i.1 i,7 2s - i; -- i~ o- o· o· o o o o 91 

0 0 0 0 51 SMNCA/CANON 51 2.0 3.g 96 2 2 0 0 0 0 0 0 0 0 52 

- -· LTNF. -H PM NURTHBUIJNO•-.------.; ___ _ - •- •• • - ••• .. -••-SOUTH BOil f'.i D• •••• • •• •• • -- - • •• • • •• •• 

" 
"1--

I'·: 
, .. 

r 
I" 
f,; 

I 
'I 

" ,·, 
I ' 

I. I 
i::i 

NOBS M[AN STr>V <10<20<30<40<50<60<70<80<90<100 BAD LOCATION NOHS MEAN STDV <10<20<30<4 0<50<60<70<80< 90<100 BAD 
7.7 13,0 73 18 2 0 5 0 2 0 0 0 0 34 ADAMS/LRREA 42 7,5 7.9 

> - 0 - 0-- 34 -- AOAM!;/VRliNT 4, 29.7 16.7 
67 26 5 2 t) Q - 0 - Q_ 
10 12 H 21 I 2 7 2 () 

0 .. 0 . $) 29 
2 0 0 31 

> 0 0 43 OLYMP/HILL 43 30.3 18.3 12 14 30 12 1 9 Q 0 5 0 0 0 33 
47 13.0 12.J 47 1b 15 9 4 0 0 0 0 0 0 lb BVRLY/WSTRN 43 32,3 14,2 7 7 23 4 0 14 !> 5 0 _...Q __ () 0 31 

l O O 28- RVRLY/LCNGA- 42 - 20,5 -14,5 ... 29 29 17 14 7 5 0 0 0 0 0 31 
_ _ 7,5 92 4 0 4 0 0 0 0 0 0 0 22 SMNCA/CANON 21 7,1 9,0 67 24 5 5 0 0 0 0 0 O O 21 

LINE 44 ~ITF' NfiRTHl<Cli f,i[l-.;;. ___________ -

lrnRS 
57 

. 51 

60 
61 

. 5q 
60 

M~AN STOV <10<20<30<40<50<h0<70CH0<90<too 
5.R 4.9 8b 12 2 0 0 0 

i1.7l&-:7- f9IT7t- 4 9 2 
14.Q 15,0 45 27 12 7 5 5 
16.3 19,8 49 26 7 3 o a 
ff. j j 5 ·• 1- -·r;c iS I 7 -2 ·1 .3 
4.5 7,1 95 7 R O O U 

0 0 0 0 
- 2 - -2 - 00 

0 0 0 0 
5 2 0 0 
6 -5 o o 
0 0 0 0 

RA fl 
58 
58 
61 
61 
58 
56 

----~---~~---~~SOUTHROUNO•----------------------
LOCATION NOHS M~AN stnv <10<20<30<40<50<b0<70<80<90<IOO BAD 

ADAMS/LAHF:A 56 15,0 13.2 4b 23 13 11 7 0 0 0 0 O,_ ~vc__ 
AOAMS/VRMNT 57TI,8 9,7 30 37 25. 7 2 0 0 0 0 0 

n 48 - 49 ___ 
OLY~P/HILL 57 19.2 13,9 21 42 18 9 5 5 0 0 0 0 
8VRLY/WS1'RN 53 lJ.I 11.1 45 38 9 4 2 0 2 0 0 0 - -- -- - - -- - -- - - ·- ·-- --- 1 3 i 1 --ii --· o · 2 - o --o - o o o BV~LY/~t~t~ 
SMNCA/CANON 

48 13,i fl.il 
38 3,5 1.0 87 8 3 3 0 0 0 0 0 0 

I) 

0 51 
0 49 
0 47 
0 42 
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EXHIBIT A-34 

AVM ROUTES: PASSENGER LOADS 

(8-Day Averages fo r Route 89) 

L~ VfL3 OUTPUf. NtftN TU ATTACHfD OJP~CTORY fOR TNCLUSIVF FILfS. 

LUAO fACTCJR ( • OF PA~S~ NGfR/'i) 
LTNF: R9 ·Ai __ __ · ·- ------··;.oi<fHRriLiNo::; ,;.::;.:;._:.;,;.:.;:-.:;._. 
NORS ~EAN S TDV <l0<70<30<40<50<~0<70<80<90<100 

77 4.R 6.5 84 12 3 1 0 0 0 0 0 0 0 
si 2i,,q lt. h --!7 --,r2i 14 14 7 5 o o o o 
92 12.2 11.1 50 27 14 7 l O O O O O 0 

--·-·- R 9 2 • 9 4 • _ I _ 9 1, __ _ 3 . _ t ___ o ___ o _ o __ n o o n o 

LJNF: 
NOElS 

i64 
I I\ 3 
160 
156 

R9 MTO NORTH AO UNO•-•-•·-••-··•-
MF.A N STDV <10<20<30<40<50<60<70<80<90<10 0 

i • b :i • 2 . -97 2 l 0 Ii 0 o o 0 b o 
25,3 14.1 ti 2h 16 23 7 4 ) o O O 0 
24.4 14.h th 19 29 1R II 5 I O O O 0 
5;1 6.6 11 19 4 ·o o o o o u o o 

•••••••••-•·•••SOUTH~OUNU••••••••••••••••••·••·• 
PAO LOCATION NOBS MF.AN STOV <l0<20<30<40<50<h0 <70<R 0<9 0<100 BA O 

43 ADAMS/WASH 93 6 , 0 s.9 81 14 2 . 'J O O I O o _ Q . o ___ s o 
4A FRfA~/WJl,SH 93 31.1 18.6 15 13 23 1 5 Jt, 11 5 I I O O 52 
4~ fRFAX/S~NCA 93 27.2 14,3 9 24 2h 73 11 8 I O 0 O O 53 
4fi _H,.000/VINF 93 µ.U ____ R,_8 _ 68 17_ 12_ 3 0 0 0 0 0 0 0 __ 52_ ___ _ 

AAD 
100 
100 
IO I 
93 

LOC AT lllN 
AOAMS/WASH 
Ffff AX /W J l,SH 
fRfAX/S!o'.NCA 

- H-.OOO/VINE 

• • ·•· •• •• •• •• •-SOUT!HlUllN D ••• •• • ••• ••-••••••••••• 
~nHS MfAN STDV <10<20<30<~0<~0<60<70<80<90<100 BAD 

1~9 ~.6 9.8 82 9 4 t 2 1 0 0 0 0 0 98 
lb9 2fi.8 17,1 20 12 24 20 14 7 4 0 0 O O 97 
111 2~.o 11.1 16 16 2J 23 12 5 J 2 o o o 91 

---·110 - 7.4 f..S -69 28 3 1 0 0 0 0 0 - 0-0--96 

I, IN E 8 9 Plol NORTH P.OllN IJ• •• •• • • •• •· •• • - •-·• ·••·•·••··SOUTHBOUND• •••-•••••-•••••-•••••• 
Nn0S "ijEi~ stu~ ~i0i2U< 30<40<50<60<70<80~Qdiib~. - ~i fi .. LOCAtJON ~UHS ~EAN ~TUV <I0~26~j6~~0<~0 ~bo c1 oc aoc 9oc1 00 

70 1.6 2,1 100 0 O O O O O O O 0 0 34 AOA~S / WASH 57 6,9 8,0 74 23 'i 0 2 0 0 O 0 O 0 
67 32.0 J7 . l 7 18 21 ?I 16 b 4 1 0 0 0 l~ fkfAX/WILSH ~1 22.2 12.2 19 21 30 26 2 2 0 0 0 0 0 

· --61j 30.179.4 19!,-----13 - IT ·22- 1s ~ 3 -o-oo O 35 fRnX/SMNCA ___ 58 18.8 11,4 24 28 31 11 2 - 2 o o o O 0 
65 6.J 8.8 72 15 12 0 0 0 0 0 0 0 0 35 H~OOD/VJNE 58 4.1 4 0 1 90 10 0 0 0 0 0 0 0 0 0 

PAD 
l7 
J§ 
31 
37 

·,. i LINF.: 9~ NI IE . -- kf'tRTHfrnurifi.; • .;·.: •• .;;;.;.;·.;-.;~-;;- -
!··1 rlOBS ~ .. ~N srov < I 0<20<30~40<50<60<70<80<90<! 011 f\AD LOCATION 

- • • • • • • • • • • • - ••SU UT H HO i i t, li •-;:;:,.: ;_ ·.: ;:, •: .::. :. • • • - • • • • • • 

:,. 74 0.4 0,9 100 0 0 (l O O O O O 0 O 26 AOAMSOASH 
: ", - . --- . -- ,o r4-: l IT, <:f - 401474-6---r-r7f-oo~7r-- 2 6 F' Rf AX I w I LSH 

69 lij.4 11,4 25 30 25 14 6 0 0 0 0 O O 26 FRFAX/SMNCA 

: ,j 
,,, I 

j:·l 
: ~ ' 

I .. : ,., 

62 b.9 S.9 65 32 3 0 0 U 0 0 O 0 0 21 HWOOD/VINE 

- ·----------

N(IHS •H:AN STIJV <10<20<30<40<50< b0<70<k0 <90<t00 HAD 
RO 3.1 3.R 93 8 0 0 0 0 0 0 0 0 0 28 

--ei 10.r·-11~,~2- 3s 1 2 o 0--0--0-o _T_r--21 
83 10.3 6.0 49 42 8 0 0 0 0 0 0 0 0 29 
84 2,q J,g 9J b 1 0 0 0 0 0 0 0 0 29 - - -- ·····-- -
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EXHIBIT A-35 

AVM ROUTES : PASSENGER LOADS 

(8 - Day Averages for Rout e 83 Local) 

L~: Vf.(,3 [)llH' ll T . n :rrn TO ATTACH~: [) DIRF:CTOH¥ fUP HJCLlfSIV~: flt,1::s. 

f ACTI IP ( • L1F PASS~ N1,[HS) 
R 'l : Loci\ L - i;;:·-·-· v i.s rflou No.:.;::.:-:-·:..: :-.::..:-::-.:-:-

LOA[) 
i, J Nf. 
NOBS MEA N ST nV <10<2U<30 <40 <50<60<7 0 <~U CQO<IOO HAD LOCAT I ON 

2 8 
6', 

67 
f, 7 
f,'7 

67 

I.I> 1.7 100 0 0 0 0 0 0 0 0 0 0 2 4 UCf.AN/PICU 
11. 0 l l . 0 ~M 31 7 2 ~ 3 o U O O ij ~j ~ILSH/WSl wD 
17.0 13. 0 31 31 16 4 7 3 0 0 0 0 0 60 ~I LSH/SMNCA 
17.4 JO.I IH 48 24 7 1 0 I O O O O 5g WILSH/fRFAX 
jJ.1"Is.s i; · 1:i -n -:n,- nr- 6 " j o ·r,o _ __ 63 · wrcsH;;srii°N 
11 .2 9.8 49 39 6 4 I O O O O O O 61 7T H / MA PLE 

LIN~: R 3 : LOCAL, .,, ID FASTHtlllNO---------------
NOf\S "IF;AN STOV <l0<2 0 <30<4 0 <~0<bOCIO<~ O<QOCIO(I 

102 1.1 1.R g9 I U O O II () 0 0 0 0 
205 17~3 14.b 33 30- 72 7 3 2 I O O O 0 
IQ3 21,9 l'l,i 21 '27 27 12 b 'i I I O O 0 
197 2h.l 17, 8 17 18 26 15 1 0 9 5 I O O 0 
198 28,0 ii.~ ii 13 ~3 21 1~ ~ 4 I 1 0 o 
19 5 R.5 1.1 63 2 1 f, 3 I 1 0 n O O 0 

RAO LOC/\TIUN 
13 OC:E4N/PICO 

174 W ILSH/WS TtoO 
1b 7 WJLSH/S MNC A 
17? WfLSH/flffAX 
170 ;,J LS H/WSTRN 
165 7T H /'-'AP LE: 

-------------------wtSTBOUNO---------·--------------
Mflf\S M~:AN 

8 0,8 
59 25.2 
6 1 3 0 .4 
60 43. 7 

. -- 59 44,? 

61 10.3 

ST U V 
_ l • 7 
t g, 2 
2 I • 1 
2 ~. R 
24 .9 
1 O, 8 

<10<20<30<40<50<60<70<80<90<1 00 BAD 
I 00 0 0 _ 9 ___ O . 0 o O O O O 8 

22 25 10 1 7 12 7 7 0 0 0 O 58 
15 23 13 15 13 10 S 5 2 0 0 bO 
I 2 ·- ) _ J 2 I 7 I 3 12 I 8 __ 8 5 O _o ___ 6 L 
14 2 IS 14 0 14 14 15 5 0 0 6 3 
59 21 15 2 3 0 0 0 0 0 0 64 

----------•--•-~ fS TBOU~O--------••---•----•-----
'-I 085 

10 0 
209 
202 
20 2 
JQ R 
205 

MF:AN STlJV 
2 .0 4.1 

18,6 14,2 
2 1 ,7 14,4 
31,9 18.7 
3 3. 6 18,2 

1 ,4 8,1 

<10<20<30< 40 <50<60<70<80<90<100 BAD 
97 1 
29 30 
20 2R 
15 lO 
I I 1 3 
68 24 

2 0 0 0 0 
·21 12 4 2 I 
24 18 6 3 I 
IA 19 19 12 5 
1 7 21 1 !I I 3 6 

7 0 0 0 0 

0 . 0 _ 0 --- 0 ---71 
0 0 0 0 171 
O O O O I 69 
1 0 0 0 174 
2 0 0 0 172 
0 0 0 0 177 

__ ___________ :;;-WESTBOUND----- -- ----·- -----~----- -f.IN~: 83: l,OC llL ·- PM . F:ASTEH)UND•--•-----••---• 
NOHS MFAN STDV <10<20<30<40<50<6U<IO<R0<90<100 

~ o.5 0.0 100 o o o o o o n o o o 
BAD LOCATION NOPS MEAN STDV <10<20<30<40<50<~0<70<80<90<100 BAD 

4321.713.3 19?82321 9 f) 0 0 0 (I 0 
2 OCEAN/PICO 1 J , O _o.o 100 9 o o o o o o o o o J 

4529.3 1 8 . 3 l o 1J221H 18 g 4 0 0 0 0 
45 4b.O 2 3.ll ti 4 9 11 1 8 lb 13 11 7 0 0 
47 J5,5 fQ,9 14 7 12 14 29 14 5 5 0 0 0 
44 8,5 12.2 64 2) 9 0 2 2 0 0 0 0 0 

29 ~ILSH/~STWO iR 11.7 11.4 5 b 27 17 6 0 0 0 0 0 0 0 23 
2Q WlLSH/S ~ NCA 27 9.~ 
29 WJLSH/FRFAX 28 19,5 
30 WJLSH/WSTPN 20 33,2 
2R 7TH /~APLr. 32 13,7 

11.8 67 15 II 4 4 0 0 U O O O 27 
15,9 29 29 18 14 4 7 0 0 0 0 0 28 
17, 8 14 4 11 32 29 4 7 0 0 0 0 . 27 
14. 2 47 28 16 3 0 6 0 0 0 0 O 30 

l,lNE: pj : LUC4L NIH_ £:A.S THllUNJl - ------------- ;. -----___ .: ------w Est lWUrv o.:·.:;.:,-_,;,:. :-___ _ -- - --- - - --- -
N08S ME:~N STDV <10<20<30<40<'>0<60<70<80<90<100 8 AD LOCAT1 0~ 

73 1,2 1.9 99 I O O O 0 
R6 R. 4 8,4 6 4 26 R I 1 0 
76 13,8 11 , 4 37 Jl 20 B 3 0 
75 18.1 1l ,7 29 31 20 17 1 1 
75 24.b 14. 1 16 25 i3 fi 15 o 
74 14.3 13,7 5 0 lo 15 14 4 

-------- - - ------------ - -

0 0 U O O 41 OCEAN/ PI CO 
0 0 0 0 0 16 WILSH/WSTwO 
0 0 0 0 0 75 #lLSH/SMN CA 
0 0 0 0 0 79 WlLSH/FRfAX 
1 -- o o- o o iii - 'i,iLsii,wsrilN 
0 0 0 0 0 77 7TH /M APLE 

NUBS MtAN STO V <10<20<J0<4 0 <50 <b0< 70<80<90< J OO PAD 
58 I.I 2,1 JOO O O O O O O () 0 0 . /J 3~ 
n T1·;413·:s 59 19 1¥· 3 3 3 o· - o o o· -o- ·62~-- -----
53 17.3 14,8 30 38 15 8 6 0 4 O O O O 55 
58 20 .7 20 .4 31 29 19 9 3 O 3 2 3 0 O 57 
5 q ;/ 5. 3 2 ii . 4 - 2 2 2 2 2 I I 2 1 4 0 i 5 2 0 0 56 
60 5,6 1 ,5 H2 13 2 3 0 0 0 0 0 0 0 58 
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EXHIO IT /\-36 

AVf.1 ROUTES: f"l/\SSEllGER LOADS 

(8- Day /\verage:s for route 83 L iri1ited) 

LF:VF.l, 3 OU rPIJT • RU u, ·10 A rTACHr:D DIR~TTrJRY fOR JNCLUSI Vf. FI LES. 

fAC10R ( I (W PASS~: tic;f.RS) 
·0 ~ ·: LI"IITitJ Al>'. ·· fASt1:1nLiND·;. __________ __ ._ •-·-----·---·••w,:sTBOUN 1>••······················ 

l,UAD 
I, jr.ir. 
NO~S MEAN STOV <IO<JO<J0<40<50<60<70CA0<90<IOO RAD LOCATION ~OAS Mf.AN STDV < 10<20<30<40<50<6 0 <7 0 <80<90<100 BAD 

52 
52 
52 
53 
5 3 
52 

0.9 1.2 100 o o o o o o o n o o 
17.J 14,~ JJ 37 1) 10 R O 2 0 U O 0 
21.1 1~ . 7 21 44 8 10 12 4 2 0 0 0 0 
74. 5 15,4 (J J O 2h 13 11 4 2 0 0 0 0 
14.2 22,3 11 4 11 11 13 21 19 6 4 0 0 

62 OCEAN/PICO 65 1.6 4.0 94 5 2 0 0 0 0 0 0 0 Q . 72 
62 ~ILSH/wST~D h7 30.0 t 0 .8 16 13 21 16 16 9 4 I I O O 78 
61 WILS~/SMNCA 67 36. 0 20.0 12 12 15 15 24 10 9 I I O O 77 
62 w! LSH/fRfAX n6 49.7 22.4 9 J 5 II 14 Jij i 4 l~_. __ 2_ 0 _ 0 79 --·---
62WJ(, SH/~STRN . 65 4b.5 21.5 8 ) 6 20 17 1 2 18 12 3 0 0 79 

~.5 7.5 b] 29 10 0 0 0 0 0 0 0 0 6 2 7TH /"4Ai'l,E 6 4 U.4 12,3 47 28 17 5 2 0 2 0 0 0 0 7 8 

LIN~~, : LT~IttD ~1 0 ~ASfHUU~ D-----------·--• 
NORS ~,:AN STI.\ V <1()<2fl<]0<41J<';O<h0<70<8 0 <90<101J !:iAD l-ClCATI(IN 

0 0 . 0 U. U 0 0 fl O O O O O O O O O OCFAN/PJCO 
o--- 0.0 --0 . o· -- o 0 0 0 O 0 0 O 0 0 0 0 WJLSH/\olST,10 
0 0,0 O.O O O O O O O O n O O O O WJLSh/S~NCA 
0 o. o n. o O O O O U O O O O O O O WJLSH/F~fAX 

·-·•·-·•·----••WESTBOUND•··•·•--·-·•-·••••••• ••• 
NOHS 

0 
{I 

0 
0 

STOV <10<20<30<40<5 0 <60<70<8 0 <9 0 <100 
n. o o o o o n o o o o o o 

- ·o.if O O "o - 0 0 0 0 0 0 0 0 

() () , (I l) • II O !) 0 0 0 0 I) () 0 0 () 0 . . .. . .. WILSH/WSTRN 0 

~ ~:AN 
o.o 
o.o 
o.o 
o.o 
0 , 0 
o. o 

o.o O O O O O O O O O O 0 
o.o () 0 . () 0 . 0 . _Q O . 0 0 0 0 
0,0 0 0 0 0 0 0 0 0 0 0 0 
o. o O O O O O O O O O O 0 o o. o o. o o o IJ o o n o o o o o o 7TH /MAPLE 0 

. Li NE-lil:- -LJ~I THl I>"' FA s fnnu r·m • ;;.·. • ;.:::. ;;..; ;.;-;;. • - - • • - - •·· •. - •- •• - -;-w e:-s rF>ouN o:.-.;;;;;:-:-:-:. - •• -- .:-::-::: :;::.:.. -

RAD 
0 
0 
0 
0 
0 
0 

NOAS MEAN STOV <!0<20<30<40<50<60<70<80<90<100 RAD LOCAT I ON NOAS ~EAN STDV <10<20<30<•0<50<60<7 0< 8 0 <90<1 00 RA O 
34 2.b 3.5 97 J O O O O O O O O O 24 OCEAN/PICO 4 8 2.9 5.1 'l2 6 2 0 0 0 0 0 0 D O 33 
33 37. 5 2 o, R b l H <i - 2 i - ·21 q j 9 - j O 7i -- 2 ii ·;;11,sfl i wsr .. o 4!\ 15. 1 is.& - H - B io 10 - o --4 - i o o o o 37 
33 44.3 20.4 6 b q 15 21 IA 12 12 0 O O 25 ~ ILSH /SMNCA 48 15.7 15.9 40 29 1~ 8 0 b 2 0 0 0 0 37 
3~ 57. 'i 18. ~ b O 3 17 12 21 27 l~ 3 0 0 2b 
33 47.4· T1. <; - 1, - -5 9 12 21 24 21 b o O o 26 

W!LSH/FPFAX 4A 17. 7 13.1 29 23 29 13 4 2 U O O O O JS 
•ILSH/WSTRN ·7971-: 1·22.s- 20 B 12 16 1 6 16 6 0---•.--o 0--'i& _____ _ 

33 14.2 13.b 4 8 21 9 21 0 0 0 0 0 0 0 26 7TH /MAPLE 49 B. t 8,0 61 31 h 2 0 0 0 0 0 0 0 39 

LIN"- BJ : l,] l;lJ h o Nlf1,. -~, AStiHlUirn;..;.,;; ;._;._. _ _ ____ • ---·---.;. ___ ____ ~~st~ou~n-•-·-·---·-·-----·.;·-·-· 
NURS MFAN ST11 V <10<20< llJ<40<50<60 <10<RU<90<tOO ~AO LOCATION NORS ~EAN 5 TDV < 10< 20<30C40<50<b0<7 0< BOC90<1 00 

() o.o u. o O O O O O O O O O U O O OCEA N/PICO O n.o 0 ,0 0 0 0 0 0 0 0 0 
n - o 0 0 0 o-· -o--o 

RAD 
0 
0 
0 
0 
0 
0 

o ·o : i'.Y ---o;o o o o o o o o o o o o o - iifLs H 11i:c;Two --o -·o;·o- o ~ o----o--◊- ·- o·- o --o-· o-

o 0 ,0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 WILSH/SMNCA O O.O 0 0 0 (l O O O O 0 
0 0,0 o.o O O O O O O n O O O O O WILSH/FRFAX O o.o o . o O O O O O 0 
() o.o o:ll () 0 - o· 0 O O O O O O O O wtLsH/•STKN O () . () () , () 0 0 0 0 0 0 
0 O.O O.O O O o u O O O O O O O O 7TH /M~PLF. 0 0,0 0 , 0 0 0 0 0 0 0 

0 0 
0 0 
0 0 
0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 



EXHIBIT A-37 

CONTROL ROUTES: PASSENGER LOADS ( 4-Day Aver ages for Ro ute 4) 

POUTE 4 

['.:;TrnAHD E? l:S PASSEllGERS - EMP TY BUSES E>'.CLUDEO PEP.CEtHS 

TIME: D IF! ECTION LCCATIOtl t:ce.s tl EAN STDV Mltl t1AX BAD llZE PO 0<10<20< 30<40<50<60<70<80<90<100 

1 =tlCRTll!cOUtlD s~oL rPI C~PH1PAU 0 25 0 0 0 0 0 0 0 0 0 0 0 
t-=OL YF'lCf.F l Gllf' A 0 32 0 0 0 0 0 0 0 0 0 0 0 
4 =t;: LPO'.'Er.l iS TP.ll 0 Z6 0 0 0 0 0 0 0 0 0 0 0 

3=5'.lUTHJOUllD 4 = tlE L POSE.:: WS TRll 0 9 0 0 0 0 0 0 0 0 0 0 0 
6=0l fPIUJIGU'.<A 0 42 0 0 C 0 0 0 0 D 0 0 0 
S=OL i PICCT Hlf',\U 0 21 0 D 0 0 0 0 0 0 0 0 0 

TIME: DIRECTIOtl LOC ATIO!l tl055 MEAN STDV Mm lll1X BAD lJZ EP.O D< 10< 20< 3 0<40<50<60<70<8J<90<100 
1 =At1 

1 =f JORT;t[~Ut~:l ScOL I PIC[P!t1,'t.U 134 19. 97 11. 3~ 1 50 '• 2 20 27 213 1 9 4 1 0 D 0 0 
6 = OL H'E~F IGL1,U 1 ' ' LL 3[,. 1 0 14. 7 4 5 73 0 0 2 5 20 22 22 18 9 2 0 0 
4 = ~IE LP C3c nlST P.:l 11(, 18.5'.> 14 . 22 1 64 14 13 2 9 2 7 30 7 1 0 6 0 0 0 

3=SCUTHE::JU:l0 ,.~r1c LP.OS[C '.1$1 P.!l r, 3 17 . 1:3 1 D . 71 2 60 0 0 1 7 43 2 3 7 2 1 1 0 0 0 
t- =O~ ) PICU IGL'F!A 120 20,29 10.03 1 50 10 6 14 30 2 3 ;: 2 5 1 0 0 0 0 
5=0L YP 1CCY l t1>'AU 196 29. 01 16. s·o 1 6 5 13 6 16 I 7 12 21 2 3 6 6 0 0 0 

~ 

(X) 
N TIME : DIPECTim~ LOCATlCtl ~~o::.s mAli STDV mtl MAX Eo,\D t lZERO 0< 10 <20<30<40<50<60<70<60<90< 10 0 

2 =~: IDO A.Y 
1 =t:O'>iHE',OUl,D 5=UL"iPICt.l"ltlP,\U 2e~ :6 . 73 t..:+ . 8 0 4 7,9 3 0 5303314 7 7 ;: 1 0 0 

6=0L rrrc:FlC!"A 2~-0 24 . 49 13 . 34 I 70 : 1 0 34 :s 20 6 5 2 0 0 0 
'Fl · :: LfJO'..:U:,:sr Rtl 1 56 15 . 65 0 . 61 t 5:> t, 3 43 :9 t,:i ~o e 3 , 0 0 0 0 

3=,.curn:cu:o {+=I '. : L pr:s[~hS 1 P!'-1 1 ?3 1 3. 7 6 11 . 60 I 53 6 6 47 If- 2 6 6 1 2 0 0 0 0 
6 =0l YrICUIGU"'A 2 <"; :'., 3Cl . 76 1 '). '•'I 3 73 2 1 4 :2 2D 22 e 7 I:- 2 0 0 
5=0L r PIC[.Pli:Pt,U 'C:' ~:J L 21. 2 3 '-1 . 63 2 :.-2 \ 1 9 32, 30 18 5 0 0 0 0 0 

nr::::: orr:c r rc:1 LOUTIO: l tlCcS t:EAtl STDV t1Ill t1AX r~o tiZE=-O C~\0 ' 20<30<4C<50 <60< 7 0<c- 0 < 90 < 100 
3=F:1 

1 : 1;cfJTIIE0Utm 5=0 L) 0 ICl:f'Il1PAU 73 33. 53 18. 05 2 6 9 1 0 12 1 2 22 12 16 14 11 0 0 0 
~ =OL ) ric:.rIGl 'f'A 5, ., 19.C3 1 3. 70 4 70 6 0 2f• 31 :s 6 2 4 2 2 0 0 
4=::[LPOS[:~STPI~ I 9 1 0. 05 3.56 '• 16 0 0 ' ► 2 5 8 0 0 0 0 :J 0 0 0 

3=5CUTHE:OU:!D 4 =r:[ U:'C5c cws rrrn 40 1 9 .70 16 . (\2 1 64 0 0 : 3 20 25 0 8 8 3 0 0 0 
6 - 0L r , I CUIGL:P.A 02 47 . 43 19. 47 1 0 73 ~ 0 0 11 1 1 13 9221916 0 0 L 

5 = OL YPIC/:.R It '.h'.U 74 1°. 39 1 2 . 69 3 6 3 1 I 2 3 35 23 12 4 0 3 0 0 0 



EXHIBIT A-38 

CONTROL ROUTES: PASSENGER LOADS ( 6- Day Averages for Rou te 84) 

POUrE e-'+ 

ESTH\ATED nus PASSEt;srns - ENPTY 13USES D:CLLIJ~D f':PCEtHS 

TH!E: OIP.<:CTICI LCCATIOtl tlOP.S r:L\il STn'✓ MHJ n/.X E'~O tl.c:PO O<IC<:0 <30<4Q:~0•60'70 · DO<OJ~100 

l =tWR rneoUt/0 3=~5 TRll'.:t1MlCHS TR 0 19 0 0 0 0 0 0 0 0 C 0 0 
2=:..13n:~n:Aot.n:> 0 9 0 0 0 0 0 D 0 0 0 0 0 

1-hJTis'rtf..~~!:LROSE 0 15 1 0 0 0 0 0 0 0 0 0 0 

3=sournern.:i10 t =WS 1 ~ti~:~~ LRDSE 0 27 1 3 0 0 0 0 0 0 0 0 0 0 

2 = ws 1 rw ~0At1s 0 1 3 0 0 0 0 0 0 0 0 0 0 0 

3=,i: ,nn:n,u;c;:srn a 32 0 0 a a C 0 0 C a 0 0 

TI~E: DIPEC:Tl '.:tl LCCATIOtl N0!25 t~EAII STD'/ MIN tV,X [lAO tL"'.EPO 0<10<:0<30<40<50<60<70<30<90< 100 

1 =:.:1 
1 =t;c;i11:sc•J;:ci J=1;::; i Pi 1:1~,\tlCHS TR 1 0 I 23. 68 11 . 32 3 55 2 2 7 27 3'• :o 1 0 3 0 0 0 0 

2 =l,S T~! ::t.O,~MS 1 u2 47. 44 11. y, 1 7 70 1 0 0 1 6 16 35 ;:2 2 0 1 0 0 

1 =>-JS ,Rt:::.11[ LROSE 1 s:=i 40. a~ 13. 1 Q 8 75 4 0 1 5 1 3 2 c; 34 1 7 2 4 0 0 

3=50UrHC:.JUl!D 1 =~STRll::.t-1[ LPOSE Q3 44.74 1 I . 1.)5 2 75 0 0 1 2 4 I 7 3'} 28 8 1 0 0 

2 =~s Ti??l~ .-\StrJ , o:, 2'•. 59 13.35 6 60 0 0 7 34 2 ~ 15 9 7 1 0 0 0 

3=W3 Ftl:rt~t;CHS TR 1 I 7 rn. 7.3 9. 18 1 50 2 0 9 '•6 30 9 5 1 0 0 0 0 

~ 

0) 
w TIHE: DIPECTI,"l LCU,TiotJ llfJ'.3S 11:Ml STD'/ ~IHI M~X BAD nzrno Q(10<20<30 <40<5C<60 < 7J<60<90<100 

: =t~ICDA '( 
1 =11c·;rn~,otc1m 3 =I :s TP.I 1:11;\: :CHS TP 263 19. 1, 6 tl . 8'.) 5 &5 2 0 7 48 33 8 3 0 0 0 0 0 

2:::~J:. TP.t~:.tD t.~1-:-; [62 30. I 3 9. I:: 7 7 70 0 0 1 11 40 31 15 0 0 0 0 0 ~ 

I =l,51F'll~~1l LR0 '3 E 257 35.40 1 3. 3·+ 2 ,0 2 0 1 72?23i915 5 0 0 0 

3=50:JTH::,01~t:O 1 =l•!S T f'W.l'E LROSE 279 35 .'}3 14. 26 0 75 2 0 0 1 0 :r♦ ~5 2 2 0 7 3 0 0 

2=:..;s1rt1:v::.::s ~05 30. 49 1 ',. 72 ' ~ 73 2 0 3 1 ':l 3 3 : 1 11 8 4 1 0 0 

3 =.;S Tf' t l:11,\tlCl:S l P 290 16. 89 9.~o 2 58 6 2 23 '•6 21 6 3 1 0 0 0 0 

Tili[: DIP':CTIC'.l LOCf,TIO!l t l03S llUM STOV M!tl r'..\X C!.D IIZERO oc10, :0< 30 ( 40< S0 '60<7o•ao<~o<100 

3° F'.1 
1 =tlCPTIIB'.K!'. ID 3 =IIS 1 P!l:t:VJOiSTP 99 21. 38 9 .80 I 55 1 0 10 35 37 12 4 I 0 0 0 0 

2 = ~. s I r · r! ~. t, o t r, s 95 :e.n 1 2. 71 2 &3 0 0 5 22 3 1 :6 0 ,, 2 0 0 0 

1 =l!S rr.:t,Ci''.: L;;OSE 7<.1 4G.22 1 7.: 2 7 75 0 0 , 9 10 12 13 29 1 7 9 0 0 

3=50UTt!BOUt:O 1 =1-JSH' f :'.:t '':LRO,E 115 39.93 I 7 .'+ 1 7 75 2 0 1 13 19 18 13 16 17 3 0 0 

L=-~STFt,'~A[,,\~~3 105 43. I 3 14.90 8 72 3 0 1 2 IO 1 7 1 7 26 2 0 6 0 0 

3='-'SHH!c.f: .\i !CtiSTR 82 18 .4 3 10. 61 3 52 0 0 20 '•6 20 10 4 1 0 0 0 0 



EXHIBIT A- 39 

CONTROL ROUTES: PASSENGER LOADS ( 4-Day Averages for Route 91) 

PCUl E 91 

[STirl.!. rm BUS PAS'.;Etlsrns - EMITl' nus~s EXCLUO[D PEF'cuns 

T It1E : OIJ;[CTION LOC AT Iml t /ll!:IS l':EAr~ SIDV t1Itl t1AX Fl AO 11;: rno O< 1 o, 20,. 30< •10< 50< 60< 70< eo< 0 o<, oo 

2 =W~ S T80UtlD 9='.3UtlSEHGf'AtlD 0 1 I 0 0 0 0 0 0 0 0 0 0 0 
8=5UI l~·EH ECHPAP.K 0 21 0 0 0 0 0 0 0 0 0 0 0 
7= ~Ut 1: ET::S.t.t~so,;:~ 0 15 0 0 0 0 0 0 0 0 0 0 0 

4=Ef,STCOUtlD 7= SlltlS ET(. Sf-tlCOR/l 0 2, 0 0 0 0 0 0 0 0 0 0 0 
8=SlHCE l [ !:CHP.!.PK 0 ~o 0 0 0 0 0 0 0 0 0 0 0 
9= SUI IS~ T CCR At iD 0 11 0 0 0 0 0 0 0 0 0 0 0 

Tit-'E: DIF'ECTIO~l LCCAT ION tlCSS t\EA~l STDV tlrn tlAX B/,D 11;:rno 0<10(20<30<40<50<60<70<60<90 < 100 
1=>'-M 

2=WcSH'C:..nm 9 ° SU! lSE T [ G.:> MIQ 33 19. 79 9.4S 5 so 0 0 11 42 29 16 0 3 0 0 0 0 
8 = S'JtlSE T [E CH i'APK 91, 30.97 1 s,e2- 2 90 ~ 2 :+ 14 2 9 27 13 6 4 2 0 C 

7= SUt lSET [ SttJE'.'.;Pti 04 3 7 . 12 I 9 . 15 4 05 1 1 2 11 30 11., n 1 o 9 4 4 0 

4=E/.STCO'Jtl0 7= ~~t :: E.1 C. St r )S~}~N 74 3~.4\ 14. 74 (l 75 1 0 1 12 24 12 22 23 4 1 0 0 
ll = SU! ISE Tf E CHrAP.K 03 53 . 69 1-. . 63 10 "O 3 2 0 2 0 3181937 9 10 2 
9= 5L11~~ ET CG:) A~:o '• 9 38 . 29 11 .46 15 56 0 0 0 6 16 2 4 24 29 0 0 0 0 

0) 
+:> 

Tl!':~: OIPECTiotl LOCATlON NCSS HEAil 5.0 '✓ HIil HAX Bt.O t!ZE~O 0< 10'20<30<40<50<60<70<C0< 0 0<100 
2=HICOAY 

2=!,,i':ST8'.lU'!D 9-5\J: ,SE Tl r:'At:D 1 7•, 3!:l. ,, 1 1 e. 45 5 9 0 0 0 1 122°131417 7 5 1 
8=s·_rJ;3E l [c'.:IIU,PK 1 /l> -t.. ..... ,., _,_, . (._,._ 15. 75 1 "0 2 0 ;:. 11 11, :::e 1 8 1 s 6 2 0 
7:: S'~!: ,'S l: 1 [ ~.,.1o.,t; ~c-i;-r J 177 31 . 9:J 1 3. 37 'r f.0 0 0 1 , c- 29:~15 7 6 0 1 0 

4= ':AS: [OUt/0 7 ;: Sl.t1:SE T [ ~- t.! ::-:i'.'.?II :15 3~. 15 1 7 . 29 4 co 1 0 5 1 0 2'o ::' 0 9 1 3 4 4 1 0 
8 = ~t..:• JS[ T: EC!i r :,~ ~~ 210 3 ~. eO 16. i 5 3 70 1 0 5 1 2 12 2 '.) 20 16 1 2 1 0 0 
9:::51___;:1~[ l CG?A~~D 2\5 33. 76 15.29 1 e2 ;:. 0 6 0 2 7 2 1 23 10 3 ~ 0 0 L 

lin[ : Oli='[CTIOll LOU,l IOtl t;~r.s t:Et. tl STV\/ HIil tlf,X i'l'D 1:zE~O 0 <1 C<20<30<49<50<60<70<80<90'1 00 
3 = 1·:1 

2=;,,':S E:CU'/0 9 = 3! Pl'.' [ 1 u:::i Id l') 121 5', . 00 16. 83 1 3 92 2 0 0 2 6 7 1 5 26 2 5 11 7 2 
e:-su:;:l T~ECH F'.\PK 10:+ '12. 90 1/1.41 4 c• 

L'L 0 0 '• 9 13 20 13 22 12 6 2 0 
7=~~:1~:E it5:~~C8;-'~~ C'.J 3':. 24 16.07 2 B'< 1 0 2 9 17221622 9 ;:. 1 0 

4=UST80Ut:J 7=$U' ~':E I f..SAt::2r:-t~ 45 3'+ . i,9 1 7. 75 5 70 0 0 2 1 il 9 11 7 ., 
~L 4 7 0 0 

8:: ~-U'. ,S[ -; [. f CliF'/,RI~ 40 2.:. 27 13.75 s :iS 2 1 5 2:3 3 2 3 15 8 0 0 0 0 
9= cL'll':.[TCG'./,\):D 50 3:.9-:+ 14. 8 -3 1 0 70 1 0 0 -~ 4 l 4 22 16 0 ;:. 0 0 



EXHIBIT A-40 

CONTROL ROUTES: PASS ENGER LOADS (4 - Day Averages for Route 94) 
POUTE 'V+ 

ESTI11ATEO BUS PAS'.:EI/GE;,S - EMPTY EilJSES E/CLUO[O FERCE~ITS 

TrnE: D IPEC T1Cl1l LCU,TIOtl t~C3S tlE All s rov nm HA:< e,t,0 tlZ[PO 0<10~20~3~~4o ~so<6 0 ~ 10~00~~0< ,co 

2=WESTC-Q~'~D 9 = SUf )SET[GP A~:~ 0 2 0 0 0 0 0 0 0 0 0 0 0 
8=Su::<.:\ ET[ :::cHP/i,PK 0 11 0 0 0 0 0 0 C 0 0 1) 0 
7= S'J :ISE TC.Si,il::GPtl 0 5 0 0 0 0 0 0 0 0 0 0 0 

4=Et,STDO:.Jt;'.l 7=st ;flSET [. 3 ,-;1;:::.crtl 0 12 0 0 0 0 0 0 0 0 0 0 0 
8 =S!J~J 3E: f. E CH Pt.PK 0 1 5 0 0 0 0 0 0 0 0 0 0 0 
9=SU~lSE fGS:7A!~J 0 4 0 0 0 0 0 0 0 0 0 C 0 

T1~1:: : 0 1:'[CTICtl LOOT IO:l NOSS HEMl SiO'✓ 11!tl HAX C,\') t lZE-'O 0<10 < 20 < 3C<40<50 <6 0<7C<80<SO<IOO 
1 = ,\M 

2.=h[STC.C ~~ i8 9= su~JSE 1 t G!J .t.: ,10 ~2 17. 77 9 .37 4 40 0 0 14 45 2 7 9 5 0 0 0 0 0 
8=SU: I~ E Tf. E '.:Hf' A"'K 53 2 3. 5,;, 11. 4 C 2 so 1 1 4 3) 30 23 11 2 0 0 0 0 
7=S~~l:iE Tl. :rt~3CPN 51 25. C4 13 .3? 3 6:l 0 0 633291410 6 2 0 0 0 

4=EA5f6C'JI:'.) 7 =~,U~ ~5 [ T,:: ~:,t~:3C-,t1 47 33. 70 13 . 32 10 61 0 0 0 1 5 26 23 ::: 1 6 9 0 0 0 
e =S '.'1 :st [ L(CHP;,RK 59 51 , CJ 12. SS 1 S 75 1 0 0 5 2 5 10 4 7 27 3 0 0 

co 
9=5'.:hSEH.GDAtlO 30 36.27 ll.55 ~o 54 1 1 0 0 1057231 0 0 0 0 0 

(J1 

TIME: 0 IR ECTIC!I LCC ATICll t!C~,S t1EAtl 
2=MICDAY 

S10V M!II MAX Bt,:J t lZEl"O 0<10<20< 30< 40<50<~0 < 70<C0<"0< 100 

2= ,ESTE!C'J'..!J 9='5 1.J~~~£T[G=1:.t:~ 16 0 36. 70 15. 70 s 73 1 1 1 12 24 n 1 3 20 6 2 0 0 
ll=c''.1115( 1 U'.:llf',\fll' 159 32. 2 3 13. 60 7 68 2 1 21-31928 19 9 4 0 0 0 
?= Sl.''.ISE T: '.~t.t :~'.);;11 161 2 3 . 0 ', 10.55 6 70 1 0 2373717 2 3 1 1 0 0 

4=E,\ST6C'L.t!O 7 =:)U~.s: r [S1', tC~;:- ~ ◄ 16'+ 23. 21 12.52 2 70 2 0 5 41 26 13 5 ? 0 1 0 0 
8= :;,. : I :;EH. EC ti r:.PK 162 3.:, .t J 15.59 3 70 2 1 4 10 26 17 18 2 0 '+ 1 0 0 
9 c 5•,;: :SE TCCP Al :o I 60 30. 1 3 1 3. 2: 4 59 0 0 3 18 30 22 14 13 0 0 0 0 

Tit\S : DIRECTIC'.l LOC.!. r:c:1 fl0'.35 t'EA>l STD '✓ MIii t1AX 8,\0 tlZERO 0<10< 20< 30<4 0<50<60<70<80<~0< 100 
3=Ft1 

2=i.-H::STBC1J;:o ·"=SIHlSETt G"NlD 65 51•. 4 ~ 1 3. 34 1[l 73 2 0 0 2 9 3 5 43 3 1 8 0 0 
8=S'.J: !SE'T [ E CH r'f. ~I< 54 ,,7.00 15. 2 ') 14 / 4 1 0 0 4 15 15 I , 26 22 2 0 0 
7 =5V! :~ET:; S,H!~' ·:'?U ~2 37 . 4:, 15. 3:S 1 0 70 0 0 0 8 35 I 0 1 3 25 I) 2 0 0 

4=EASTE'CUIID 7= 5l}~:5E T:, Sl ~~3~PN 42 13 . 4 5 15 . 9', 7 70 1 0 7 9 2 1 1 0 1 7 14 0 2 0 0 
O=St;~.SE l CECHP,.'- ~H'. ,: • -" 4. 53 1 2. 1: 3 46 0 0 11 J ~z:. 22 17 0 0 0 0 0 
9=:i'j '. ISET [C " Al:□ 4\ 4 . :',9 15 · '• I { ; 76 0 0 12 7 :o 12 15 2 0 2 0 0 



EXHIB IT A-41 

CONTROL ROUTES: PASSENGER LOADS FOR RAINY DAYS (Route 4) 

ROUTE 4 WEArHER3=RAHI 

ESTitlATED BUS PA '.3SEti:iEPS - EMPTY BUSES EXCLUDED P(PCEtl~S 

TmE: DI?[CTI~'.I LCCA TICN IIOBS MEt.U STD\/ 11m ti:.x C\AD tC["O Qc 10<:0<]0,~C•50'60<70<80<~3<100 

1 =~/C~TH!:-OU':O S=OL) PICCP.Il'Wt,U 0 1 0 0 0 0 0 0 C 0 0 0 0 0 

6=0L YPICCF-lR''lA 0 1' '- 0 0 0 0 0 0 0 D 0 0 0 

4= t1E Li;O'.:Er.1-JS f?tl 0 1 0 0 0 0 0 0 0 0 0 0 0 

3=SOUTH!:-'.lUt:D 6 = OUPICc.F IGL';' A 0 5 0 0 0 0 0 0 0 0 0 0 0 

5 =O~ Y PIC[P H'.r,\'J 0 5 0 0 0 0 0 0 0 0 0 0 0 

TH1E: OIPECTIC! LCC.HIOtl tlO~S M[A~l 5TOV Mm t!f,X B!-0 t l:'.C!"O 0<10<20< 3C <40<5 C<60 < 70<20 < 0 0<1CO 

I =An 
1 =tir_,~ n::..·~LJ~:o 5 cQL Y r-r:::crnr--:r',\U ~- 1? . 71 IC . 77 0 40 0 0 2 1 26 ~'.~ ::, 6 0 0 0 0 0 ~ ... ~ 

6 =OL YPICCfIGl':?A 4 40. ~5 26.29 8 6 5 0 0 or. 
-" 0 0 :5 0 25 25 0 0 0 

4=::E L;:'OSEUlS TR ti 35 15.66 9. 12 3 3'.l 0 0 T '., : 9 2 3 11+ 0 0 0 0 0 0 

3 =SC'.JTli~OU:O 4=il[ L C:QSI: U :sT?tl 21 19 .29 14.04 0 
~ 60 0 0 1943141:+ 5 0 5 0 0 0 

5=0L YPIC[Rrt:r;.u 47 31 • ,0 1 7. 21 1 65 5 2 11 15 11 :J 2 3 2 11 0 0 0 

-' 

co 
O'l THIE: OI?ECTIOtl LOCATlot l ~~Of S t:Enl STOV l1lt! H.l.X EIAD t!ZErO 0 - 10•:0<30<40<50<60<70<30<90< 100 

2= t\IODAY 
1 =lJOPTIIFlOU:l:J s =oL YP iccr. rnr;,u 71 25.66 f l~. 32 4 78 0 0 6 25 39 17 4 4 3 1 0 0 

6 =OL i r ICU IG'_:D.\ 65 ~9.52 1 7. 11 1 0 65 0 0 0 3-t 23 1 I 8 1 7 8 0 0 0 

4::.:1~ L~OSEC.',~3Tf~?~ 33 13. S 3 & .74 ~ 40 0 0 39 3) 15 3 3 0 0 0 0 0 L 

3=:iOUTIH:Uu::o 4 =t:': LPOSE.'.: t1$1 Pt~ 45 16. o::: 11. 83 1 4 5 2 2 t,O 16 29 13 2 0 0 0 0 0 

6=0L (PIC[.f l0U"A 6'• 33. 25 18.65 5 70 0 0 ~ 1 7 3 1 16 3 'l 14 5 0 0 

5=GL) PICC::> l/1P,\U 62 .21. 4 7 8.4J 2 37 1 1 8 32 J4 26 0 a 0 0 0 0 

Tlt1E: DIP EC1 IC'.I Lr:ATIC:1 wms HEMl srnv HIii M~X BAD t!ZEPO 0< 10'20<30<40<50<60<70'20<90<100 

3=Ft1 
1 =11:.JRTIIC.O:;;;D 5=0L YPICCP!llr/1.U 19 32.00 14.67 7 59 0 0 11 5 32 Z1 16 16 0 0 0 0 

6 =0Ur ICCFIGl.i::,A 13 ':. 7. 77 ::2 ' ::: ➔ 5 70 1 0 2 3 1 5 31 0 0 15 -3 3 0 C 

3=5:]IJ : HCCL'l:O 6~0L 1rIC,':.F IGlc;'A 20 46.S1 25.50 10 7C a 0 0 20 ::o 0 0 1 0 5 45 0 0 

5 = 0 L i P ICl:.fl 1r-:r1-.u 17 1,'.). cs 11. c.6 3 33 1 1 24 29 24 ~>+ 0 0 0 a 0 0 



EXHIBIT A-42 

CONTROL ROUTES: PASSENGER LOADS FOR RAINY DAYS (Route 84) 

r-cvTE ll'• WEATHCR3=Rf\II~ 

ESTI:;:..rrn [US PAS5[1;::;rns - Hlf'T( BUSES c:CLL'DlD P~2CEIITS 

THIE: DlP[CTIOtl LOCAT10!l t~CC-,S I\EAtl STDV I\It1 11,l,X E,f.fl ~!2TFO 0<\0 <20< 30<40<50<60<70<8~<90<100 

1 =1/c,P.HlCOUIIO 3=\15 l ;;; :c t1MlCH S7 R 0 4 0 0 0 0 0 0 D 0 0 0 D 

2°1.;:; i Ptl[ /..DM·!S D 1 C D 0 0 0 0 0 0 0 0 0 

1 =i....31 t.t~r.r::: LRC3E 0 2 0 D 0 D D D D C 0 0 0 

3 = SC:UTHEOUl:O 1 =,s'.>TRtl.'.:•:~ LROSE 0 7 5 0 0 0 0 0 0 0 0 0 0 

c'= , l3Tr-t I'.. /,0 A~,S 0 1 0 0 0 0 0 0 0 0 0 0 0 

3 c,;S l Pt:c:·1t. l :Cl! S 1R 0 7 0 0 0 0 0 0 0 G 0 0 0 

THlE: DIREC TIOtl LOCt,T IOtl 1;oss fiEt..t• STOV Mltl HAX BAD tlZERO 0<10<20<30 < 4 0<50<60<70<80<90<100 

1 =t-11 
1 =1/CRlHE',OL'ti'.J 3=,;s rrt:~:\t.t:CHSTR 18 26.94 6. 25 15 45 0 0 0 11 44 33 1 1 0 D 0 0 0 

2=~:STPM:t..u:r:s 24 4 6 . % 13.0S 26 70 0 0 0 0 0~525:.'.1 13 3 0 D 

1 =.;s1;::1:.'.:ME LROSE 28 41. 36 1;:. 0 9 13 69 0 0 4 4 0 ~5 46 1 8 4 0 0 0 

3 = SOUTHC:,OU/10 1 = .. sr;::::ni::LFCSE 15 50 . 20 7.78 33 68 0 0 0 0 0 7 47 33 13 0 0 0 
-' Z=~~J';-"r.'~::t.~:\MS 17 23.D2 12.75 ti 55 0 0 o 41 12 Z 9 6 0 0 0 o:> 6 0 

-..J 3=~5 -;P.tlC.tlt.t~CHS 1R 18 20.56 6.62 1 0 35 1 0 0 33 ss 11 0 0 0 0 0 0 

Tit1E: OIPfCTIOtl L0'.:11 TIOll NO% 1'1EMl ~.TOV HIN ~lf,X BW tlZERO 0~10<2D<3~<40<50<60<7c<ec<9o<100 

c=liIDDAY 
1 =t :(F TH!:,OUllD 3=~STF'l{::r;/l~~CHS1 R 45 ~C.02 8 .66 6 40 0 0 16 2?42 11 2 0 0 0 C 0 

2 :.w:; T~t :: ;." U ::f"':S 4 4 2 7 . 16 9.79 , 2 ~6 0 0 0 ::o so J.'.l 7 5 0 0 0 0 

1 =1:srp1;:r:~ LP CSE 43 31. ,::. 1 3 . 71 9 (,2 0 0 2 1G 30 23 12 14 ;:: 0 0 0 

3=SOcJTl!:.'OU'iD 1 =:;~ TP1:~ t•E LPO~ E 47 32.00 12. l,4 I 0 64 0 0 0 1 3 32 30 15 6 4 0 0 0 

::: =-~:.; 1 r1 ;: .:..o:,.r 1s 5 0 ~"-&f. 14 . (, 3 2 6(, 0 0 1, \.3 32 ~6 8 4 8 0 0 0 

3=1.;5 nn::11:,:;CHS TR 47 I l,.51 9 . 06 2 52 1 0 2 1 53 i 9 4 0 2 G 0 0 0 

~ rnE: DIRECTION LO'.:A 7 ICtl t~C SS IJEAll STDV Mitl MAX BAD llZERO 0<10<20<30<40<50<60<7J, G0<90<100 

3=Fr1 
1 =t;Jf'l Hl.:-Oll'.lD 3= ~5 7;c1::t1 ~t/Cl!S TR 11.- 17. 13 6. 58 5 32 0 0 13 5~ ;::5 6 0 0 0 0 0 0 

2 = ~; : -i Ft~:.:/, t; !. I, 3 1f ~ 7. F.:.2 1 3. 5; 6 50 0 0 1.., 31 19 ~5 1 3 6 0 0 0 0 

1 =~~:i 1 r:t~:t~:_ LROSE . -,J 3 7. O'.l 1 7 . or • 11 67 0 0 0 1 5 23 31 8 e 15 0 0 0 

3=5'.JUTHC:,OU:m 1 =..:S 1 Pile~::: l RQ<;E 20 32.0() 'l.85 15 59 0 0 015254510 5 0 0 0 G 

2=-hSttn:::.t.C't..l'.S 19 4 3 .6 3 14.64 13 65 0 0 0 5 5 32 21 21 16 0 0 0 

3=~ S 1 Pt;:1 '~t !Ct-iS 1 R 1 3 1 3. 62 7. 6 7 3 24 a 0 31 46 23 0 0 0 0 0 0 C 



EXHIBIT A-43 
CONTROL ROUTES: PASSENGER LOADS FOR RAINY DAYS (Route 91) 

PCUTE ?l WEATHER4=0RIZZLE 

[S,lt1A,(O cu:; PA'JSEIIGERS - EMPTY 131.:S[S E>'.CLUDED PE re nns 

Tit;E: DIH'.:TIOtl LOCATION NC!3S HEAii STOV mtl MAX ('.~[) tlZcr:o 0~10~20<10<40<S0<60<70<So<90<100 

:? =1-'c 5 TCOU: m O= ~Ul:S:: T[ SP At/9 0 2 0 0 0 0 0 0 0 0 0 0 0 
8=SUNSETtECHPARK 0 4 0 0 0 0 0 0 0 0 0 0 0 
7::-: SUI JSE TC. 5Al~~-G.7t~ 0 3 0 0 0 0 0 0 0 0 0 0 0 

4 = [AS TDO! .. n :o 7 = SU/ lS ETC S/,t ~~ Jr t~ 0 7 0 0 0 0 0 0 0 0 0 0 0 
8= Sl'!~'.3 ~ TL [CHP:..PK 0 4 0 0 0 0 0 0 0 0 0 0 0 
9= 3U!~S:: T CGt.l At~::, 0 1 0 0 0 0 0 0 0 0 0 0 0 

T Ir1E: OIRECTIOtl LOCATION t/09S nEMl 
l =;.M 

STDV HIil t1AX BAD t:n:;w 0<10<20<30< 4 0~50<60<70< 88<90<100 

2=.i::sn:ou1m 9= $L'~i~E T[ CR At~D 8 2C.3S 15.Ze 5 50 0 0 13 50 0 25 0 13 0 0 0 0 
8= SlJ!ISt TtECHP;,PK 24 2°. 92 13. 65 5 60 0 0 e <• 36 2° 4 13 4 0 0 0 
7=!:L'~lSE res ~t~[ C~t-. -~ ~:., 33.6£1 16 .5 1 4 7 5 1 1 8 0 2 0 32 16 4 16 4 0 0 . 

4=EAS1GOU:;o 7= SUI/SET C SAt:CORtl 19 3::;. 4 7 15.32 8 58 1 0 5 l 1 21 11 26 Z6 0 0 0 0 
e=su::'.3El UCHf',\f.'K 2.:. !,6. 04 10.73 35 IJO 0 0 0 0 0 4 21 25 33 1 3 4 0 _. 9 = SL'!lS E H.G? At ID 12 34. l 7 1: .40 15 5 1 0 0 0 1 7 8 33 17 25 0 0 0 0 (X) 

00 

TIM~: DIRECTIO/l LO'.:/,T!Otl 1:0:JS 11[/dl STD\/ t:rn MAX EAD t :ZEPO 0<10 <20<30<40'50<60<70<80<90<100 
:=:--:JQDA ( 

2= 1:cSTCOUUD 9= su:~5[ T: GP !~t!J 45 3'+.07 17 . 54 10 8 3 0 0 0 20 36 1 3 7 ! 6 4 2 2 0 
e=st:: :: ~ H C CHP:,RI'- 43 3 -1 .33 !6. 44 10 C:J l 0 0191'.,3714 5 7 0 0 2 
7=~:..:t~SE T~ St tE'Qf.'~: 4·~ 35 .e:: 1). 72 l 0 ca 0 0 0 9Z5301611 7 0 2 0 

4=EAST50Ut:J 7=5Lni':ET S.\ U~~-C~t~ s: 45 . 62 1?. 97 1 0 eo l 0 0 8 1:; 15 8 25 8 15 6 0 
s=su::sE i E.CHr-·:.P~( 54 3 3 . 61 1 5. 16 11 65 0 0 0 13 15 :2 19 :o 11 0 0 0 
9=S'J1/SET G::'At:D 56 31. 57 15. 15 3 -~ 

'" 0 0 7 1 3 ~ 7 20 21 1 1 0 : 0 0 

TI:IE: DIR~CTIC.'l l O'.:ATIOtl NC;JS t,=:All STDV t1HI t:AX 8A') .t:ZE!"O O<l 0'20<3,<40~50 <60<7C<~0<90~100 
3= Pt1 

2=1:C:STEO'Jtm 9=5UtlSET GDAli'.) ,~ sr,. 1 9 14 . 15 -~ L <. 84 0 0 0 0 3 ? 19 31 22 9 6 0 
6::'.SL:t~::~ T [CHi';.r:'K ~7 3,. 5? 1 9 . 14 4 82 0 0 7 7 22 33 0 15 l i 0 4 0 
7=Sl? ·:,: T ~;,,i;;·c;m l 7 4 1 .47 , ,, . 55 5 60 0 0 6 0 6 z~ 1 .5 35 12 0 0 0 

4=EASHlOlJ!lD 7=SU!ISET :,Atl(ORtl 5 '• ?. OD l 5. 97 25 70 0 0 0 0 20 0 0 60 0 20 0 0 
G=S 1J:iS[T ECHr'A~I< 12 29 . 6 7 1 '• . 1 1 5 53 0 0 8 17 ZS ZS 17 8 0 0 0 0 
9=S'J: :JE f G~)Al;D 13 ~v• . 77 15.49 l 0 58 1 0 0 23 15 15 23 23 0 C C 0 

.. 



EXHIBIT A-44 

CONTROL ROUTES: PASSENGER LOADS FOR RAINY DAYS ( Route 94) 

P.OUTE 94 WEA1HEP4=DRIZZLE 

ESTlt1AHD BUS PASSEtlGERS - E11PTY CUSES E;;CU.!'.Jto F'ERCEtlTS 

TIME: ornECTICt~ LOCATIOtl NQBS ME At~ STDV t1rn t1,\X BAD NZ.ERO 0<10<20<30~40<50<60<70<D0<90<100 

2=WEST8QUNO 8=SUNSETtECHPAPK 0 3 0 0 0 0 0 0 0 0 0 0 0 

7=S1JtJS[ Tl.S/J;GQRt~ 0 1 0 0 0 0 0 0 0 0 0 0 0 

4=E ASTGOUtJO 7=SUt J'.3!:TtSNJCORtl 0 3 0 0 0 0 0 0 0 0 0 1) 0 

8=Sut:sE T ::ECHf':SRK 0 4 0 0 0 0 0 0 0 0 0 0 0 

9=S!.Jtl3ETCGrJAND 0 1 0 0 0 0 0 0 0 0 0 0 0 

T It1E: DIPEClIOtl LOCATION l lOElS MEAII STDV Mitl MAX BAD tlZERO 0<10<20< 30 '40<50<60<70<80<90< 100 

t=AH 
2=1,ESTBCUt:O 9=S~:JSETCGPAtl!) 5 t .60 8.62 t 0 32 0 0 0 40 40 20 0 0 0 0 0 0 

8=SL1:JS[ l C ECII r:.RK 13 4 .62 9 .00 t 0 40 0 0 0 23 33 3 1 8 0 0 0 0 0 
7=SUtJS[ T ::.s:,t:l·ORtl 14 5.93 12.38 t 0 5•♦ 0 0 0 , 36 36 21 0 7 0 0 0 0 

4 =EA S T[.Outrn 7=~u~:SE 1 CS! tJC~?tl 13 34. 23 t t. 76 18 60 0 0 0 8 31 23 31 0 8 0 0 0 

e= SUtJSE 1 ::.£ CH 1; RK 1 r+ 51. 21 1 1. 79 15 o5 1 0 0 7 0 0 14 57 21 0 0 0 

9=SUtJSL1 l.GJ:'AtlO 7 28.0o 4. 71 20 33 0 0 0 0 29 71 0 0 0 0 0 0 
--' 
co 
\.0 

TltlE: D IPECTIC:l LCC/,TIO:~ t/C3S HEAtl STDV mtl MAX BAD t,zrno 0< 10<20'30<40<50<60< 70<60<90< 10 0 

2 =tlIDDAY 
2=!,ESTBOUND 9=SUtJS':1tGRAtl D 42 34 .60 13 . 53 1 t 60 0 0 0 7 33 31 7 19 2 0 0 0 

e= sc:1~ ET LE rnr r.m: 40 30.55 10.92 15 hO t 0 o 1s ~o :n 15 5 3 0 0 0 

7= SL't;SE T C.St.t;['.Qf:tl 40 ::5.85 13. r.5 6 70 1 0 3 30 35 20 3 5 3 3 0 0 

4=[ASTBQUt:0 7 =SWJ5 ETC S!,:JSS:-'tl 40 27.97 15 . 21 7 70 2 0 5 25 26 15 10 15 0 3 0 0 

<3= Sl.1t iS[ l C cC'-li'"A',K 3? 32.87 12.60 14 58 1 0 0133321 15 18 0 0 0 0 

9=$cJ:,SUCG:JAt;o 43 c'.:~. i9 10 .46 6 50 0 0 5 23 40 1? 1~ 2 0 0 0 0 

TI~£: 01PEC1 l otl LCCATHl: J ti::ms tl~A'l STDV mr~ MAX l?--~O tllERO 0<10< 20'.30<40<50<60<70<60<~0< 10 0 

3=P:1 
2=1~ESTE'~Utl0 9=Sl'tlSETCGQAtllJ 16 54.00 13 .53 27 70 0 0 0 0 6 13 6 31 3-:\ 6 0 0 

e,=5t!!!SE H ECHF'ARK 13 49. 77 13. ta ~8 68 0 0 0 0 15 8 23 3 1 23 0 0 0 

7=S•.!~~S( T~S;\~◄~C~ t~ 1 0 ,., .50 16 .67 20 70 0 0 0 0 40 C t O 40 0 10 0 0 

4 =E AS TE,OUtJO 7= U!JSf1lSttE',OR~J 8 40.63 11.e2 20 70 I 0 0 0 g 0 13 38 0 13 0 . 0 

8 = UtJSET::.ECHf'ARI~ 10 28.70 10. 91 12 "6 0 0 0 2 0 a ::o 30 0 0 0 0 0 

9= ur:sETCGRAtm 1 0 24 .10 15.57 6 52 0 0 20 30 C 10 10 10 0 0 0 0 
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EXHIBIT A-45 

CONTROL ROUTES: MEAN PASSENGER LOADS FOR RAINY DAY1 

(;;y Gus Stoµ2 an<l Ti111e Block) 

3 

1 2 3 
AM 

4 5 6 
AM 

7 8 9 
AM 

7 8 9 
AM 

Northbound 

1 2 3 
Midday 

Northbound 

4 5 6 
Midday 

Wes tbound 

7 8 9 
Midday 

Westbound 

7 8 9 
Midday 

1 2 3 
Pl-I 

4 5 6 
PM 

7 8 9 
PM 

7 8 9 
PM 

3 2 1 
AM 

6 5 4 
AM 

9 8 7 
AM 

9 8 7 
AM 

Southbound 

3 2 1 
Midday 

Southbound 

6 5 4 
J.lidday 

Eastbound 

9 8 7 
Midday 

Eastbound 

9 8 7 
Midday 

3 2 1 
PM 

6 5 4 
PM 

9 8 7 
PM 

Route 
4 

(1 day) 

Route 
84 

(1 day) 

Route 
91 

(1 day) 

Route 
94 

(1 day) 

1 Corresponding numerical values and sample sizes are presented in the Appendix in 
Exhibits A-41 t o A-44 . 

2 Numbers refer to the bus stop correspondence table, Exhibit 5. 10 . 
3 Sample sizes of less than 10 are identified by shading. 

190 



EXHIBIT A-46 

CONTROL ROUTES: STANDARD DEVIATION OF PASSENGER LOADS FOR RAINY DAYS1 

{By Bus Stop2 and Time Block} 

P 28 
a 24 
s 20 
s 16 
e 
n 12 
g 8 
e 4 
r 
s 

p 

a 20 
s 16 
s 
e 12 

8 n 
g 
e 
r 
s 

4 

p 
a 
5 

20 

s 16 
e 12 
n 8 
g 4 
e 
r 
s 

p 

a 20 
s 16 
s 
e 12 
n 8 
g 4 
e 
r 
s 

3 

2 3 
AM 

4 5 6 
AM 

7 8 9 
AM 

7 8 9 
AM 

Northbound 

1 2 3 
Midday 

Northbound 

4 5 6 
Midday 

Westbound 

7 8 9 
Midday 

Westbound 

7 8 9 
Midday 

2 3 
PM 

4 S 6 
PM 

7 8 9 
PM 

7 8 9 
PM 

3 2 1 
AM 

6 5 4 
AM 

9 8 7 
AM 

9 il 7 
AM 

Southbound 

3 2 1 
Midday 

Southbound 

6 5 4 
Midday 

Eastbound 

9 8 7 
Midday 

Eastbound 

9 8 7 
Midday 

3 2 1 
PM 

6 5 4 
PM 

9 8 7 
PM 

9 8 7 
PM 

Route 
4 

(1 day} 

Route 
84 

(1 day} 

Route 
9 1 

(1 day) 

Route 
94 

(1 day) 

Corresponding numeri cal values and sample sizes are presented in the Appendix 
in Exhibits A-41 to A- 44 . 

2 Numbers refer to the bus stop correspondence tab 1 e, Exhibit S .1 O. 
3 Sample sizes of less than 10 are identified by shading. 
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APPEND IX SECTION IV 

RUN-TIME VARIATION DATA 

Exhibit No. 

A-47: AVM Routes: Run-Time Variation (8-Day Averages for Route 41 ) 

A-48: AVM Routes: Run-Time Variation (8-Day Averages for Route 44) 

A-49: AVM Routes: Run-Time Variation (8-Day Averages for Route 89) 

A-5O: AVM Routes: Run-Time Variation (8-Day Averages for Route 83 
Local) 

A-51 : AVM Routes: 
Limited) 

Run-Time Variation {8-Day Averages for Route 83 
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'-0 
<J1 

EXHIBIT A-47 

AVM ROUTES: RUN-TIME VARIATION 

(8 -Day Averages for Route 41) 

-l-. ---_'"'', o:,eur: e,••" ro -:,:,;"'" o" ecTn,~ ,o, J,;:,~'~'~ mes. _ -- ~- ·_ . -- ----. .. . ... -. -. -· --.. 
RUNTIM~ VARIAflUN (MIN S) _ _ _ _ 

l 
LINE: 41 AM NORTHEIOIIN[)•------··----- ------------- _______ :;:;.:,:-;.:·_.;;:.sr,uTHBOUNO:-:;-:-.:.~-::-:: ••• _________ _ 
NORS YEAN STOY <•9<•7<•5<•3<•1<+1<+3<+5<+7<+9 BAO LOCATION NUBS MEAN STOY <-9<•7<•5<•l<-1<+1<+3<+5<+7<+9 RAO 
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LINE 41 MIi) NORTHBOUND-----•-•••·-•• ---------••-•••SClUTHBOtlNO••••••••••••••••••••--• 
NORS MEAN STOY <-9<•7<•5<•3<•1<+1<+!<+5<+7<+9 BAO LOCATION rio~s MF.AN STOY <•9<•7<•5<•3<·1<+1<+J<+5<+7<+9 RAD 

1 

" 

IR 3 
lRO 
180 

- --1 8 o 

'· LI Nf; 

l·•r ,, - NOAS 
i" 63 

I

:: ----- - ~~ 

" ' I 62 
1,, 

LIN~; 

"I ,. 
» 

0.1> - o;o 
O. l 1. 7 
1.0 l. J 

-0.2 2,8 

o o o - o oi oo o o o o o U -~~A~~JF~Rni ti9 •1.9 2,4 0 1 9 22 30 29 8 2 0 0 () 

0 0 I 3 17 54 21 3 1 1 
0 0 0 4 I 1 39 29 I J 2 1 
0 0 l 11 30 2& 13 11 3 2 

0 0 ALVRD/PlCO 180 0,8 1,5 0 0 0 0 11 49 32 8 0 0 0 0 
1 0 ALVRO/SIXTH 179 1,4 1.0 0 0 0 0 1 34 5q 6 I O O 0 
0 o ·-MONT. /LBRTY -182 - 0.0 o.o - 0 0 Cl O 0100 0 0 0 0 0 ·o··-----

41 PM ~ORTHBOUNO-------••••-•• •••••••••••••••SOUTHBOUND••••••-••••••••••••-••• 
~t ~~ -lllii--~~iji=1i~~i~j~~iiiicijcj~~~,~~~ - ~AO Loci.ri oN 1,01.li; i-4~:iii - s fov · ·< :g,:: t i:;s <·.: 3<:1 <-+", <. ~< + s< + 1 :c. 9 fl Ao 
o.o o.o 0 I) 0 0 0100 0 0 0 u 0 0 SHAHR/~-GROA 62 -1.4 2.9 O 3 3 26 24 23 15 5 o o 2 I 
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-"E~ N STDv <•9<•7<~5<•3<·1<+1<+3<+5<t7<t9 RAO LOCATION llOBS ~EAN STOV <•9<•7<·5<•3<·1<+1<+3<+5<+7<+9 BAO 
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EXHIBIT A-48 

AVM ROUTES: RUN-TIME VARIATION 

(8-0ay Avera9es for Route 44) 

Li!:Vf:L 3 OUTPUT. Nf:FtR TO ATTACHED OIR~CTONY FO~ INCLUSIVE FILES. 

RUNT!Mf VAR[Afl ON (MINS) 
LINE 44 AM . . NORT HBOUN O• -----•-•••--• . ----•-•-••••• - • SOUTHBO UND--•-•-------------••••• (' j' 

I , NORS MEAN STOV <•9<•7<•5< -3<•1<+1 < tJ C ♦ 5 <t7<t9 ~AD LOCAT I ON tt OKS MEAN STDV <-9<•7<-5<•3<•1<+1<+J<t5<t7<+9 BAD 
I , 147 •0.4 o .7 0 0 0 0 19 7 8 l O O O O O AOAMS/L~REA 134 0,1 4.4 1 1 4 16 27 14 11 l3 4 5 2 I 

i 4 ii - o • ) I • 7 - ii 6--- () - 5-2 4 5 0 1 5 5 6-- 6 - o -- -.. 0 - -- AO AM s / V R "INT I 37 0 • 9 - -3 • 9 -0 .. i ---1 . 7 - ;) R - 2 0 - 1 8 l 6 4 4 3 - 0 -

t4 R - 0 .2 1.9 U I I 5 2 ~ 48 15 3 1 0 0 0 OLYMP/H ILL 170 0 . 2 3.3 0 0 5 1 0 25 26 18 1 0 4 1 I 1 
147 - o .3 2 , 8 0 1 3 9 25 39 12 / 2 2 1 0 BVRLY/WSTNN 172 -1.2 1. 8 0 1 2 18 2 5 4 8 6 0 0 0 0 1 

-- 1 i- 1-- (I. 1 - 1. 4-- -o ,- 1 a 2 1 2s 2 o 11 4 s 2 - 0--11, Rl,Y iCcPic•- - 1-1 s---:-o. -4- T~-3--0--0---o---0--12 s9 6 1 o o _o ___ o-· 
:1 

75 ?..6 4.4 0 1 l 5 13 16 17 19 11 8 7 0 SMNCA/CANON 103 0, 0 0,0 0 0 0 0 0100 0 0 0 0 0 0 

"~ l.iNE 44 - ~I O NOH TH BflUN 0- -- --- _;;:,; .:..:..: . ·,;: - -- -·- -· ----- - --•-- • - •-SOUTH BOU I'< D•-••---- -- ---- • - •-- •-•-
" . NOBS M~:AN STDV (•9<-7<-5<•3<-1<+1<+3<+5<+7<+9 B~[l LOCATI ON NOHS MFAN STOY <•9<•7< •5 <·3<-1<+1 <+3<+5<+ 7<+9 RAD 
n 2 15 0.1 O. S 
" ·--214-·o • 2 1 .~2-----~--~ 

~ ~~-,---,,--,--=---,,,.----,--1--,-A-=--cOA MS_IJ,~R~!_ __ l_~ _I _Q_,O 4.9 1 4 _ 9 16 ~_Q_J _4 __ p ___ tj_) _ _ 5 ____ 4 _______ Q _ __ ____ _ 
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•---•••••••••••SOUTHBOUND••---•••-••-••••-•••••• 
LOCAT[O N N08S MEAN <-9<-7<-5<-3<-1<+1<+3<+5<+7<+9 

ADAMSILBR EA 70 •2,5 I 9 24 4 Q 
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LOCATI ON NnBs ~~AN STOV <-9<-7<-5<-3<-1<+1<+3<+5<+7<+9 

AOAMS/L RR~A 1 0 4 0. 1 3 . 7 I 7 ~ 10 13 35 11 5 9 3 
Ai5A ~NT- T06 o • 2 3. 4 o J 6 8 1 & H 2 o 7 f -T 
OLY~P/HILL 107 •1.0 2.9 1 3 7 8 29 31 12 8 0 I 0 
BVR LY/WSTR~ 102 - 2.1 2 .0 0 1 9 17 3 8 31 4 0 0 0 0 
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EXHIBIT A-49 

AVM ROUTES: RUN-TIME VARIATION 

(8-Day Avcruges for Route 89) 

r-·- --LEV~L3 OUTPUT. 

Jr ______ PlJNTI :f. VAIU UION ( Ml NS) __________________ _ -~-- ------------
, LINE: ~q A~ NORTHBOUND•••••••·•• •••• 

RfF[R TO ATTACH~U DIRF(TORY FOR INCLUSIVE FIL~S. 

•••••••••••••••SOUTHBOUNO••••••••••••••••••••••· 
NOBS MfAN STDV <•9<•7<·5<•3<•IC ♦ J<+3<+5<t7< ♦ Q BAU LOCATION NOBS MEAN STUV <•9<•7<•5<•3<•1<+1<+3<+5<+7<+9 BAD 

120 O.O 0.0 0 0 0 0 0100 0 0 0 0 0 0 ADAMS/WASH 14J 1.1 2.3 0 0 0 1 14 45 24 It 2 2 I 0 
129 •ii.T 0.9 o·-o - n- 0 -17 71 12 () 0 0 0 0 fRFAX/Wi LSH - 145 1.2 2.0 o·-- o · ·o-·o i o 44 3 2 10 3 i - l 0 
140 O.t I.I O O O O 14 65 21 I O O O O FRFAX/S~NCA 146 0.1 1 .7 0 0 0 0 23 56 lR 2 0 I 1 0 

______ 1_35 o.o 1.5 ___ _ 0 __ 0 _ 0 4 19 51 23 __ 3_ 0 _ o __ o _ o HWOOD/VlNE:_ l_45 0.4 _ 0.8 o __ 0 Q_ O_ 1 84 12 _2 _ _ 1 _ O ____ Q_ ___ Q ___ _ 

LINr. 89 MtD NORTHBOUND•·•••••••••••• •••••••••••••••SOUTHBOUN O•••••·•·••••••••••••••• 
NOBS Mr.AN srov <-9<•7<•5<·3<-1<•1<+3< ♦ 5<+7<+9 BAD LOCATI ON NOSS M~ AN STDV <•9<•7<·5<·3<·1<+1<+JC ♦ 5C♦ 7C ♦ 9 BAD 

2 6 4 n. O I) • O . - o ii - O O o I O O o O (1 6 - 0 0 AD AMS i .i ASH , t, 1 I. 3 3 • j O O i 5 2 0 2 4 i 7 1 6 I O 2 3 0 
263 •0.2 I. ~ 0 0 0 2 75 57 12 J O O O O fRFAX/Wl LSH 26fi 2.3 2 . q O O O 2 10 23 30 18 11 5 2 0 
2hl 0.7 2.0 0 0 0 0 18 5 1 18 9 4 1 0 0 fRfAX/SMNCA :U,8 0.1 1.9 0 0 0 3 22 4 6 19 8 0 0 0 Q_ 
249-- ·1.f- 2.s --- O - O ·o- 2 I 1 .31 - 28 14 5 2 I O H"00D/V) NE 2f>6 o.5 o.9 0 0 0 0 3 73 23 2 0 - 0-- 0 - - 0 --
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•••••••••••••••50UTHBOUN O••••••••••••••••••••••• 
---~~ij~~ -~~i~ifu~ <•jc.7i-~i~j~.:1~.j~.~<+5<+j<+i . HAD 

0 0 0 0 0100 0 0 0 0 0 0 ADA'45 /W ~SH 

I 
102 •0.3 1.5 

" 1 10-r::o:1 - 2.1 
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O O O ~ 2 8 . 38 I 7 9 1 0 0 0 f' Rf AX/ S "4 NC A 

I O 6 IS 43 22 8 0 J O O H•OOO/VINE 

,, - --LHH: il<i t-iTff'."" - - -,foii"fHAotiffo;;;;; •• ::..;;:.;;; •••• 
" NOBS "ltAN S'fr>V <·<1<•7<•5<-3<•1<+1<+3<+5<+7<+9 AA!} LOCATION 
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"-- ---96- •1.4 1.4 0 0 t 14 41 41 3 1 0 0 0 0 ---··· .. -FPF"AX/Wil,SH 
,, I 9 5 • 1 • 3 1 • 9 0 0 4 l 4 3 3 4 1 7 1 0 0 0 0 
"~ . Bl •1.t> _ _2_!._6 ____ 1_ ~ _ _)_~ __ 1? __ _ 2_s JS 11 _z __ ~ __ o ___ ~ ____ .2 
" 
" .. 
" 
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'" 

"I i,, \ 

FRnXtS"INCA 
HIIOOD/VINf. 

94 •1.9 2.8 1 4 fi 21 JI 26 6 4 0 0 0 0 
QJ •0.8 2.3 0 0 9 5 29 37 15 5 0 0 0 0 
95 •O.B 1,9 0 0 1 11 .36 3b 13_ 4 _ 0 0 0 0 
94 0.2 1.1 0 O O 1 6 71 IB 3 0 0 0 t 

• •• -· • • • • • • • • •-sourH~ouN n-• .;;; .:~-.: .::.::.::.:.:: .:. -· •• •• -· • 
NOBS MEAN STDV <•9<·7<·5<·3<·\< ♦ 1<+3<+5<t7<+9 

107 •4.8 2.6 5152037 I 8 4 2 0 0 0 0 
106 •1.9 2.3 0 l 14 13 36 29 5 2 0 0-◊ 

111 •1.2 2.2 0 l 4 14 35 31 I 3 2 l 0 0 
11 .3 •O. 4 1.2 0 __ o ___ o __ .3 __ 23 __ 64 10 1 .. 0 - - o_ 0 

··- - ---- . ·----- -- . 
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EXHIBIT A-5 0 

AVM ROUTES: RUN-TIME VARIATION 

(8-Duy /\vcru'JCS for Route 83 Locul) 

LEVF~3 OUTPUT. REFER TO ATTACHED Ol~FC10RY fOR INfLUSIV~ FILES. 

.. RUNTl'4f. VAP JATICIN (MINS) ~·1'--- LINi-:' 83 -·: LUCI\L Al-I E'IIST8UIJNO.:-------------- . - - . . ----- .:-.::;.·~:-.:.:.·.::-____ :;. _WFSTP,OUND•----:.. ••••• .::: . :: • .:·.:.-••• -..::..-::----·-· 
, , NUBS MEAN srov <•'H•7<•5<•3<•1<+1<+3<+5<+7<+9 flAD LOCATlllN 'lllBS '41:;AN STDV <•9<•7<•5<-3<•\<+1<+3<+5<+7<+9 0•0 
-I 52 O.O ().0 0 0 0 0 0100 0 0 0 0 0 0 OCEAN /PICO 15 2,5 3,5 0 0 O 7 7 13 27 H 7 0 7 t 
• 1 - 1 t ij - o • 1 i. 1 o - o o o 31 4 s , ~ s -o r o o w I Ls 11 1;; ~ r .. n·- 1 1 s 4 • 9 4 • 2 · --o o · - 1 · · o 3 1 6 1 2 n 1 4 1 2 1 R 2 

127 0.4 1.9 0 0 0 2 17 5 4 19 1 2 0 0 0 WILSH/SMNCA 120 3,7 4.2 0 0 I 2 R lb 22 18 14 7 13 1 
I 2 b O • b 2 , I O O 2 2 I J 4 f> 'i. f> 'l 1 I 1 0 W J LS H / f ' RF" A Jt I 2 I I , 9 3 • 5 0 0 0 3 1 5 2 9 2 0 I 7 6 6 4 0 

---130 ·o,7-2 ,5 - 0- - 0 2 3 14 39 2512 3 0 1 0 WJ[.SH/WSTRN 122 __ _ 1.2-- 7.6 _ ___ 0 _ o - ·o - , -·22 32 2 0 17 - 6 - 2 1 ·-o -------
128 -o,8 1.8 I 5 9 12 23 20 17 6 5 2 0 I 7TH /MAPLE 125 0.0 0,0 0 0 0 0 OlOO O O O O O 0 

' Li NE ii3 ·: L!iOiC . MfD-- F.~stl>uUiif>;; •• .;.;. ________ _ - -- . ::.:.;_.;_ ---• .; .~ ~:s rsciu"ii ri---~. :::.. -----____ .: ___ ---
~OHS MEAN STOY <•~<-7<•5<·3<•1<+1<+3<+5<+1<+9 f\AU LnCATION NUHS 

175 O.U 0.0 0 0 0 0 0100 0 0 0 0 0 0 OCFAN/PlCll 166 
>----::J19- o:~.o o o o 1 :;,5 •r1a- ,.,-· 2 1 o o wlLsH11osTioio-·1n 

359 0.6 2.1 0 0 0 I 1S 47 1.3 h 3 I l 1 WJLSH/~rNCA 367 
36g 1.7 2,6 0 0 I I 5 37 33 14 6 2 1 0 WILSH/fRfAX 374 
H,7 I • b 3. 2 if -· 0 . ci · - 3 .. 'j' 0 3 5 2 b i 4 - ~ . f 3 - . - I - ·w l LS H / II S TR N 37 0 

35h O.'J 4 . 7 I J 5 12 17 17 16 14 8 J 5 4 7TH /MAPLE 379 

MU,N STllV 
J.5 5.6 
2.-6- 4~5 
2.3 4 , 3 
t.4 3.5 
j :1 - 2. 9 
o.o o.o 

<·9<·7<·5<•3<-1<+1<+3<+5<+7<+9 BAD 
0 I 2 6 16 14 13 12 7 10 19 5 
0 0 4 4 12 21 16 16 11 7 9 6 
I O l 4 16 2 1 20 I 4 9 8 7 4 
1 0 I 3 17 31 21 12 7 J 3 2 
i . ·o - 0 - 2 2 I 3 2 21 I j - 6 3 I 0 .. 

0 0 0 0 0 100 0 0 0 0 0 3 

,,1 Lt NF: 

'"I NOBS 
ll 3 : .LOCAL P/ol E•STBOUND•·••·••·•••-••- •••••••••••••••~ESTBOUNO•••••••••••-~-•-•-•-•••• 
MFAN STOV <•9<•7<•5<•3<•1<+1<+1<+5<+7<+9 I\AO LOCATION 'IUBS lifF:AN sto\l <•9<•7<•5<•3<•1<+1<+3<+5<+7<+9 RAD 
o.o o.o 0 0 0 0 0100 0 0 0 0 0 0 OCEAN/PICO 4 2.2 1.7 0 0 0 0 0 50 0 50 0 0 0 0 

;.o.R r. r - o ·o 0 .. 3 47 4h ji) 0 0 0 o · 0 lil[LSH/WSrwo - j<j -- .-~ j - -4. 'i -0 - j - · J- t°R' i 5 i3 I 5 fl i 3 5 8 2 
" 14 0,1 I • 5 0 0 0 0 12 55 26 5 1 0 0 0 WILSH IS"'N CA 53 1 • 3 4. 1 0 4 0 4 28 17 15 I 1 l I 6 4 1 

2.2 l • 7 4 ••• 2.8 0 () () I 7 27 32 1g 9 3 I 0 111[,SH/ F" RFAX 56 I • 3 3. 0 0 0 0 5 18 29 23 13 1 5 0 0 ,, --n 3 2 J .-------x-

" 11 
j. J. j. ' V 0 0 0 4 2-s·-·n -Rtr 4 6 0 WlLSH /W STRN 55 1~6 0 0 0 2 5 "3 5 31 I l 11 4 2 0 
2.6 6,3 0 1 7 13 t 3 6 23 A 8 B l 3 1 7TH /MAPLE 59 o.o o.o 0 0 0 0 0100 0 0 0 0 0 ) 

:;~· ·- 7; 

:, -· ---- - · -- ··- - ---- ---·------- ----·---- ----- ---· -- - - -------- ------------------·----- --· . .... ·"! Lt rH: R3 LOCAr:; NTTI. ~'.ASTBllUNlJ--------------- ---------------wF:SrBOUNo------------------------
~ NOHS ~fA N STOV <·9<•7<•5<·3<•1<+1<+3<+5<+7C ♦ 9 RAD LOCATION NOFIS MF:Afll STDV <-9<-7<-5<-3<-1<+1<+3<+5<+7<t9 BA.D 

0 0 0 0 0100 O O O O O O IJCF:AN/PICO 9.3 - · - ·- . _ _ I • 1 s.o I 3 f, 913142511 10 2 b 0 
2352 16 I f o O 1 WlLSH/wsTwif--1-n - -- . - - · · -

i-,: 150 -0.2 1,R O O I 4 21 53 17 I 2 0 0 1 WILSH/S'-'NCA 108 
27 41 16 3 3 0 0 I WlLSH/fRfAX 114 

0 0 1 1 
0 0 I 4 
0 l 3 6 

-0.9 .3. 9 2 4 7 151(..30 11 1 2 4 1 0 
• 1 • I 3.9 1 4 11 18 Jq 18 19 5 4 3 1 0 
•1,1 2.8 0 0 6 l 6 36 19 15 5 1 2 0 1 

I .3 s- ro 2 8" - Ji}" Io - 3 -. 1- o ·-o--- ·-o -- wiLSHiiiSTRN - . H4 ·;. ti • i -2. 4 0 o-··o · 0- '3r-2e ·20 · 'i 4 . o 0 0 
.8 4.0 5 5 8 16 :?J 19 12 8 3 I O 5 7TH /MAPL~ IIA 5 5 8 16 o.o o.o 0 0 0 0 0100 0 0 0 0 0 0 

;)6 

I . 
·1 ', 

_., 
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\.D 
\.D 

l 
ri 
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EXHIBIT A-51 

AVM ROUTES: RUN-TIME VARIATION 

(8-D;:iy /\vcr<11JCS for Route 83 United) 

LF:vn,3 OUTPUT. RtFtA TO ATTACH~D OIR~CTORY FOR INCLUSIVF FJLES. 

RUNTIME VARIATION (M]NS) 
l,J NE: 8 J : LIMTTFO AM E:ASTMIJNO--------------• 
NOAS MEAN STOV <-QC•7<-5<-~<-l<•l<+J< ♦ 5<+7<+9 

•••-••--••••-••WESTROU~iO•••••••--••••••••••••••• 
~AD LOCATION NOAS ME~~ STOY <-9<•7<•5<-3<-1<+1<+3<+5<+7<+9 RAD 

113 o.o o. o O O O O 0100 0 0 0 0 
i i 4 o • -6 r • -ii o o · -- 11 - -, - i s ;, 1 22 · i 3 o 0 1 OCE~N/PlCO 131 7.5 4,8 0 0 0 2 1 5 13 16 9 ll 43 6 

o· 0 WILSH/~ST,w 143 4.'> 4.i O O O O 5 is 21 19 is 13 13 2 
113 O.I 1.~ 0 0 I 1 21 57 14 3 4 0 0 0 lli!LSH/SMNCA 142 2,6 3.4 0 0 0 3 11 1~ 29 18 13 4 5 2 
115 O.O 2,0 0 0 0 7 I~ 50 19 } 3 0 

· i - ----- I I 5 I • 6 2 , 6 0 0 0 - -3 t:,> 2 7 2 5 2 3 !:i 3 
0 0 WILS H/FAFAX 145 1,3 2.7 0 0 1 2 14 32 26 16 6 3 1 0 
0 -·- ·o WILSH/wSTIHI 14"3 1. i" - 2 .-1-·-o --o O I 15 35 33 11 4 I O . 1---

,..t 

.,L 

113 -o.7 3 ,0 0 3 4 11 22 27 16 / 3 I 0 1 7TH /MAPLE 140 0,0 O.O O O O O 0100 0 0 0 0 0 2 

l, IN E; 

NO BS 
0 
0 

A j : r, i M i r rn "' 1 o F:;. sf ~ u u N n - .:. - - - - - - - .: .:. - - - -
M[AH ST OY <-9<•7<•5<•3<-1<+1< ♦ 3<+5<+7<+9 

o.o u.o u o u o o o u o n o o 
o. o --o . o o o o o o ·o -o -·oo-o---

o 0,0 0,0 0 0 0 0 0 0 0 0 0 0 
0 o.o o.o O O O O O O O U O 0 

0 
0 
0 

---------------wfSTBOUNO•-----------------------
LOCATION NOAS M~AN STOY <-9<-7<-5<-3<-1<+1<•J<+5< ♦ 7C ♦ Q RAD 

UCfAN/PJCO O 0, 0 0 ,0 0 0 0 0 0 0 U O O O O 0 
iifLSH-i WSTWD O 0. 0 - -0. 0 - -00 - 0 - 0 0 0 0 0 0 - ◊- 0 0- --
WILSH/SM~CA O O.O 0.0 0 0 0 0 O O O O O O O 0 
WJLSH/FRFAX O 0,0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 

, i 6 b.u u.~ · ij o u o o o o o o o o 
.:I O o.o 0,1) 0 0 0 0 0 0 0 0 0 0 0 

P.AD 
0 
0 
u 
0 
0 
0 

W(LSH/wSTRN O o . o (),0 -- 0 - 0 0 0 ··o- ·o . 0 0 0 0 0 0 
7TH /MAPLF: 0 0.0 0,0 0 0 0 0 0 0 0 0 0 0 0 0 

"I __ __ --r:[NE; 8] : LT'l lif:D PM F:ASTROll~Onu•u--huu ___ _ 

· 1 NUBS MEAN STOV <·9<•7<•5<-1<·1<+1<+3<+5<+7< ♦ 9 SAD 
I,, : s 1 o • o o. o u o o o o 1 o o o o o o o t 

" 
i 

A•l 
I 

51 2.5 · 2.2- · --o o-· o· u s i1 12 20 ·iT 2 __ 0 ____ 0 
57 2,1 2.2 0 0 0 0 7 32 25 28 S 4 0 I 
SA 1.5 2.6 0 0 2 2 10 31 24 22 5 3 0 1 

·s if 2 • 8 3 , 2 o U o 2 1 0 1 9 2 2 2 2 l 2 I O 3 0 
57 1.4 4.7 0 0 0 7 11 14 18 14 21 5 11 2 

L ii-H: -0 1 : - L fi.i if ia:f, - -Ni n --F'ASTAou No-.;. ____ - --- -- -- -

•••-----••-•-••WF.STAOUND-•--•---••--•------•••- • 
LOCATJON NOSS MEAN 

OCf.AN/PICO 8 0 1 , 6 
.:1Lsttiwsri.u· -- -0 4 1 . ij 
~ILSH/S~NCA R4 2,6 
WILSH/FRfAX 82 2,0 
~JLSH/WSTRN Bi- 1-,i 
7TH /MAPLF. 88 0.0 

STDV <•9<•7<•5<-3<·1<+1<+3<+5<+7<+9 
5,0 3 0 ~ 6 13 14 16 20 13 3 6 
4,i ___ o ··r -o- · s 10 1s 21 20 ii s 10 
4.2 0 I 1 2 15 12 27 19 B 7 6 
3.3 0 0 l 4 12 1B 32 16 10 5 2 
2.8 0 0 o 2 12 34 31 11 6 I 2 
u.o O O O O 0100 O O O O 0 

:.;.~.;.; __ ~-~-.;..;_~~~T~ci~Nb---------•------------•-
NOAS ME;AN STl"lV <·9<·7<-5<·3<-1<+1<+3<+5<+7< ♦ 9 RAD LOCAT I ON NOBS MEAN STDV <-9<-7<-5<-3<-1<+1<+3< ♦ 5(+7( ♦ 9 

AAO 

' 1 
I 
1 
2 
0 

RAD :j 
! ~ ~ 0 o.o o.o O U O O U O O O U 0 

oo; 0 o·. 0 0 0 0 0 0--◊-- 0 0 0 0 
0 
0 
0 
0 
0 
0 

0 OCEAN/PICO v v 0 
n n 0 0.u 

0.-0-0~0 
0 0 0 __ o ___ o __ o __ o _ ~ o _ o _ ..Q __ o _ ____q 

~ T' 

l
::i 
lt\ 

1::\-----

I·· 

i:: 

o o.o n.o o o o o o o o o o o 
0 o.o o.o O O O O O O O O O 0 
o o.o o.o - --o --o --o -o - o o · ··o- ·o·- o ··o-
o o.o o.o O O O O U O O O O 0 

0 WILSH/IISTWO 
0 WJl.,SH/SMNCA 
0 WI LSH/fRfl<X 
0 .. W 1 LSH/WSTRN 
0 7TH /lolAPl,E 

0 0 0 0 
0 o .o o .o 0 0 0 
0 o,o o.o O O 0 

- - 0 - i5". 6 0,0 0 0 0 
0 o.o n,o 0 0 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

- ---
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Exhibit 

A-52: 

A-53: 

A-54: 

A-55: 

APPENDIX SECTION V 

SUPPLEMENTARY PASSENGER WAIT TIME DATA 

No. 

Passenger Wait Time, Route 41 

Passenger Wait Time, Route 44 

Passenger Wait Time, Route 83 

Passenger Wait Time, Route 89 
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PAS-
SEN-

GERS 

WAIT 
TIME 
(in 
min.) 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
-• --·--

• 20 

21 

22 

23 

TOTAL 

MEAN 
WAIT 
TIME 

! 
l 

AM 

10 

No. 

2 6 ,9 

6 20.7 

5 17.2 

4 13.8 

1 3.4 

3 10.3 

1 3.4 

4 13 .8 

1 3.4 

2 6.9 

EXHIBIT A-52 

PASSENGER WAIT TIME, ROUTE 41 

----·· 
TIME BLOCK 

MIDDAY PM PM 
LENGTH OF HEADWAY (in min.) 

12 9 10 
% 1!' No. % No. % No. % 

94 10. 3 13 15.9 13 21.0 
74 8.1 5 6. 1 11 17.7 

I 99 10 .9 8 9.8 3 4.8 
72 7.9 6 7.3 4 6.5 

-· 
I 97 10.7 12 14 .6 5 8 .1 

68 7.5 5 6.1 1 1. 6 
---· --

74 8 .1 5 6.1 8 12.9 

86 9.5 12 14.6 8 12.9 
-

I 69 7.6 4 4.9 5 8.1 
------

58 6.4 4 4.9 3 4.8 
----- ·-· - ··- ---- ------·· -------

30 3. 3 L._ 3 -----3 . 7 1 1.6 
1---------

I 22 2.4 0 0. 0 I 
-·-···-

26 2.9 2 2.4 

8 0.9 3 3.7 

I 8 0.9 
! 5 0.5 I 

I 
I 

l 3 0.3 ! 

! i 6 0.7 ' ,, I 
:1 --
L 4 o.4 

- I! o . o.o 
-·--·--~--- ~ -~-- - - ··- -·--

5 0.5 
I 0 0.0 I· [I 

ii 2 0.2 I 

29 100.0 I 
! 

910 100.0 82 100.0 62 100 .0 

I 

x=4.28 min. x=5.94 min . x=5 .43 min . x=4.37 min. 
Ji II 

203 

PM 

12 

No. % 

47 13 .2 

37 10.4 

31 8. 7 

35 9.8 

19 5.3 

36 10.1 

21 5.9 

30 8.4 

23 6.5 

35 9.8 

17 4. 8 

8 2.2 

8 2.2 

0 0 .0 

3 0. 8 

6 1.7 

- -

356 100.0 

x=5.66 mi n. 



N 
0 
..::,. 

PAS· 
SEIi-
GERS 

WAIT 
TIH( 
(In 
<11n.) 

I 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

TOTAL 

HEAN 
WAIT 
TIHE 

NI AM 

6 7 

No. s No. s 

5 so.o 6 16.7 

2 20.0 9 25.0 

1 10 .0 4 11.1 

0 0.0 6 16 . 7 

0 0.0 I 2. 8 

1 10.0 7 19.4 

0 o.o 2 5.6 

0 0.0 I 2.8 

I 10.0 

10 100 36 100 

Y • 2.10 •In Y • 3.08 •1n 

.. 

EXHIBIT A-53 

PASSEN&U WAIT TIME I ROUT[ 44 

Tl11E BLOCK 

AM AM HID 

LENGTH OF HEADWAY ( In 11ln.) 

8 10 8 

No. s No. s Ho. I 

7 53.8 2 9 .5 7 17 .1 

1 7 .7 3 14 .3 4 9.8 

I 7. 7 0 0.0 5 12 .2 

1 7. 7 2 9.5 12 29 .3 

I 7. 7 7 33.3 2 4. 9 

2 15. 4 1 4.8 3 7. 3 

3 14. 3 4 9.6 

2 9 .5 I 2. 4 

1 4.8 0 o .o 

I 2 . 4 

2 4.9 

: 

ll 100 21 100 41 100 

Y • 2.08 •In i • 4.SO •In Y • 3.90 • tn 

HID PH PH PH 

10 5 6 II 

llo. I llo. s Pio. s Ho . s 

66 11 .6 29 31.5 11 19 .o 3 7 .5 

42 11.2 9 9.8 4 6.9 7 17 .5 

43 ll.5 20 21.7 10 17 . 2 1 2 .5 

39 10.4 12 13.0 2 3.4 3 J.5 

32 8.6 5 5 .4 6 10.3 I 2. 5 

22 5.9 3 3.3 4 u.9 0 o.o 

42 11.2 7 7 .6 , !1.6 2 5 .o 

29 7.8 I 1.1 0 o.o 3 7 .5 

25 6.7 0 o.o 1 12. 1 2 s .o 

20 5.3 4 4.3 4 6.9 4 10. 0 

4 1.1 2 2 .2 I I. 7 2 5 .0 

5 1.3 1 I. 7 0 0 .0 

0 o.o 0 0.0 0 o.o 

1 0.3 1 1. 1 2 5 .0 

1 0.3 2 3.( 0 0 .0 

I 0.3 1 2 .s 

0 0 .0 0 0.0 

I 0 .3 0 0 .0 

0 0.0 0 0.0 

1 0.3 3 7.5 

0 0.0 

3 7. 5 

1 2 .5 

2 5.0 

374 100 92 100 58 100 40 100 

Y • 4.51 11ln Y • 3.09 •tn i • 5 .06 •In i • 9 . 15 11tn 



PASSEN-
GERS 

WAIT --
TIME 

(in min.) No. 

1 69 

2 34 

3 21 

4 10 

5 21 

6 8 

I 7 2 

8 

9 

10 

11 

12 

13 

• 14 

15 

TOTAL 165 

MEAN 
WAIT -
TIME X = 

* Alternating 

AM 

3 

EXHIBIT A-54 

PASSENGER WAIT TIME, ROUTE 83 

TIME BLOCK 
MIDDAY 

LENGTH OF HEADWAY (in min o ) 

3/4* 

% No. % No. 

41.8 459 32o9 57 

2006 313 22.4 39 

12.7 212 15.2 16 

6.1 170 12o2 17 

12 .7 102 7.3 13 

4.8 59 4o2 19 

1.2 45 3.2 6 

8 0.6 0 

10 Oo7 1 

11 0.8 4 

2 0.1 1 

0 0.0 9 

3 Oo2 6 

1 Oo 1 

1 Ool 

10000 1396 100.0 188 

- -
2.01 min o X = 2.40 min. X = 

205 

PM 

3 

% 

30o3 

20.7 

805 

9.0 

6.9 

10.1 

3.2 

0.0 

0.5 

2.1 

0.5 

4.8 

3.2 

100.0 

3.44 min. 



I'\ PAS- I i-GERS 
WAI 
TIME \ (in 
min.) \ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
I -

12 

13 

14 

15 
--- -

I 16 I 

' ' 
!TOTAL 
I MEAN i 

WAIT : 
' TIME 

AM 

EXHIBIT A-55 

PASSENGER WAIT TIME , ROUTE 89 

TIME BLOCK 
MIDDAY PM 

LENGTH OF HEADWAY (; n min.) 

8 8 7 
. 

No. % No. % No. % 

25 23.1 106 23 .3 65 22.0 
--·· ·--···--- - . ---- -- ... - ------ ___ ,. __ --

8 7. 4 60 13. 2 53 17.9 
·--~--- - · 

15 13.9 50 11. 0 46 15.5 

14 13.0 51 11. 2 35 11.8 

12 11.1 56 12.3 28 9.5 
.. 

21 19. 4 39 8.6 i 22 7.4 
' 

5 4.6 37 8 .1 16 5.4 
·-------- -- ·- - · 

5 4 .6 26 5.7 13 4.4 
---------•---- ----· - ·-·-- --·-·-' ···------~--

2 1. 9 7 1.5 : 11 3.7 
------·--·-·--. -· .. . ------. ----- ---- . --

0 0.0 7 1.5 t 4 1.4 

1 0.9 I 5 
··---··· ·- i -·-

0.3 1.1 I• 1 
----- --- ··-- - ·· ·· ·· -·---··--··--··-·-i ------------

1 0.2 ' 2 0.7 
- ----------------- -- ----- ··----··---- - ·------------

7 1. 5 I 
-~-- - ----------- ··-···-·--·-·- -- ---- .... - · -·- -- - - ·-· . : ·-·- - ·- - . . - --- ----· 

1 0.2 
-- ------·- i,-------- --·- -

I 
; 0 0.0 I ~- ---·· ·------·- ------ - ·· ---- ,, . 

1 2 0.4 

108 100.0 455 100 .0 I 296 100.0 
i 
I 
I 

I ! 

11 ' 
-

I! 
- Ix mi n. X = 3.64 min. X = 3.78 min. = 3.40 

II 

206 

PM 

8 

No. % 

46 29.3 

17 10.8 

14 8.9 

23 14 .6 

16 10 .2 

14 8 .9 

8 5.1 

7 4.5 

2 1. 3 

3 1. 9 

2 1. 3 

3 1. 9 

2 1. 3 

157 100.0 • 

-
X = 3.68 min. 



.. 

• 

B IBLI OGRAPH Y 

Bevilacqua, Oreste, Robert Knight, James Schmidt, Wil liam Wade, and 
Robert Waksman, Evaluation of the Cincinnati Transit Information System 
(TIS), UMTA Office of Safety and Product Qualifications, U.S. Department 
of Transportation, August 1979 (TSC Urban and Regional Research Series, 
Report No. UMTA-MA-06-0060-79-1). 

Blood, Bernard, and Bernd Kliem, Experiments on Four Different Techniques 
for Automatically Locating Land Vehicles, U.S. Department of Transportation, 
Transportation Systems Center, Cambridge, Mass., November 1977. 

Goldblatt, R.B., and M. Yedlin, "Development of an Automatic Vehicle 
Monitoring Simulation System," KLD Associates, Inc . , Huntington Station, 
N.Y., January 1981 (presented at the 60th annual meeting of the Trans
portation Research Board). 

181 Group, Communicat ions and Information S stem Phase V -- Pilot Project 
Evaluation Report, Toronto, Canada, February 1980 Joint Project of 
the Toronto Transit Commission and the Ontario Ministry of Transportation 
and Communications). 

Larson, Gilbert C., "Evaluation of an AVM System Implemented City-wide in 
St. Louis: A Summary Report,' ' IEEE Vehicular Technology Conference, 
29th Conference Record of Papers, Arlington Heights, Il linoi s, March 
27-30, 1979& pp. 378-383. 

Larson, Richard C., Kent W. Colton, and Gilbert C. Larson, "Evaluating a 
Police-Implemented AVM System: The St. Louis Experience (Phase I)," 
IEEE Transactions on Vehicular Technology, Vol. VT-26, No. 1 (February 
1977), pp . 60-70. 

Ludwick, John S., Jr., Detailed Design for a MIS for the Southern California 
Rapid Transit District, The MITRE Corpora tion, McLean, Virginia, October 
1980 (prepared for the U.S. Department of Transportation, Urban Mass 
Transportation Administration, Office of Technology Development and Deploy
ment; Report No. UMTA-VA-06-0065-80-1). 

Reed, H. David, Mary Roos, Michael Wolfe, and Ron DiGregorio, A Study 
of the Costs and Benefits Associated with AVM, U.S. Department of Trans
portation, Transportation Systems Center, Cambridge, Mass ., February 1977 
(Report No. UMTA-MA-06-0041 -77-1). 

Southern California Rapid Transit District, "AVM Test Gives District 
Tomorrow's System Today," RID Headway, Vol. 7, No. 9 (September 1980), 
pp. 3, 11. 

SYSTAN, Inc . , A Plan to Conduct a Socioeconomic Evaluation of the Los An el es 
Automatic Vehicle Monitorin AVM Demonstration, Los Altos, California, 
July 1978 prepared for the U. S. Department of Transportation, Urban Mass 
Transportation Administrat ion, under contract DOT-UT-60011T) . 

207 



U.S. Department of Transportation, Urban Mass Transportation Adminis
tration, Transportation Systems Center, Automatic Vehicle Monitoring 
Program Disest, Washington, DC, April 1981 (Report No. DOT-TSC-UMTA-
81-11). 

U.S. Department of Transportation, Urban Mass Transportation Adminis
tration, "Automatic Vehicle Monitoring -- Program Fact Sheet," Washing
ton, DC, July 1980 (UMTA Technology Sharing Program, Office of Tech
nology Dev~lopment and Deployment). 

U.S. Department of Transportation , Urban Mass Transportation Adminis
tration, Transportation Systems Center, Evaluation of the Monitor -
CTA Automatic Vehicle Monitoring Sys tem, March 1974, Ffnal Report, 
H.G. Miller, W.M. Basham. 

208 

,. 



I"\ 

\ 

r TK 6 '.:PO , M6 J82 03893 
~Jua rEiz, E 1 i ;.:.:abeth. 

Baseline conditions report 
for a socio-economi c 

.. 

scr~7D L~S~~ARV 
t.-25 SOUTI l MAIN 

LOS ANGELES, CA. 90013 



MTA DORO TH¥ GRAV LIBRARY 8 ARCH!UE 
Bas e l i ne conditions r e port f or a s oc i o 

TK6570.M6 J82 

llllllllllllllllllllll llllllllllllllllllllllllllllllllllllllllllllllll 
100000040905 

,.. 

J 




