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PREFACE

This study of costs and benefits for AVM was conducted at
the U.S. Department of Transportation, TransSportation
Systems Center, in Cambridge, Massachusetts. The study is a
small part of a larger UMTA funded project dealing with
Automatic Vehicle Monitoring (AVM) technology.

Personnel of the TSC AVM proiject office and others who have
participated in related projects were most helpful in
providing timely information. They include: Mssrs. Blood,
Kliem, ©Cw, and Priver; and Mssrs. Goeddel and Cooper.

Particular gratitude is due to those who put in late and
early moming hours to complete this study within the given
time limits. Without the herculean efforts of Mary Roos,
Michael Wolfe, Ron DiGregorio, and Jan Lanza,who patiently
provided the technical typing, this report would not exist.
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EXECUTIVE SUMMARY AND CCNCLOSIONS

Automatic Vehicle Monitoring (AVM) systems provide real-time
vehicle peosition location informaticn, thus enabling
managers to apply more exacting fleet deployment and control
strategies, Successful implementation of such controls can
permit either service improvements or cost reductions thus
producing increased operating efficiency. However,
realization of potential benefits is critically dependent
upon the willingness and the capacity of operating managers

to exploit fully the capabilities of an AVM system.

This study was conducted within the Transportation Systems
Center {TSC) in support of UMTA's evaluation of the
engineering and operaticnal practicalities of AVM. As a
result, the benefit-cost analysis focuses strictly on AVM
and does not address potential payoeffs of less sophisticated

and less expensive alternative fleet control systems.

The core of this analysis is a newly developed computerized
Fenefit-cost accounting model. The meodel calculates the
+total life cycle costs of alternative AVM location systems,
then determines the dollar value of cost reduction benefits
made possible through use of AVM's real-time position

location information. The model calculates the costs and

£S5-1



benefits which would accrue to bus, police, and taxi

operators in any metropolitan area.

Many uncontrecllable variables and uncertainties lie between
this study and the real-world impacts of a large scale AVM
system. Because of this uncertainty, the study presents two
sets of benefits, low and high, based respectively on

conservative and reasonably optimistic projections.

<

HIGH I AND LOW F'{: RANGE OF BENEFIT COST RATIOS
N
>,

s

{2
in
TOTAL $
BENEFITS 8
TOTAL §
COSTS g
“ BREAK
EVEN
2
1
3____J/
BUS POLICE TAX I COMEINED
ONLY ONLY ONLY FLEET

Both sets of benefits rest on a comkination of hard data and
professional evaluaticn, and neither the high nor the liow
benefits can be assigned greater liklihood than the other in
the absence of more extensive applications data. The range

of benefits gives a representative appraisal of uncertainty,
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and does not risk masking uncertainty with gquestiocnable

precision in establishing "most likely" estimates,

The sensitivity of study results, conclusions t¢ variations
in key assumptions, and system descriptions were examined

with the computer model.

21l calculations and results are directly dependent upon
input system descriptions and particularly the cost
egstimates of alternative location systems. This point
carries special significance in light of the study's
assumption that all competing locaticn systems meet a

uniform performance standard.

The AVM benefit-cost analysis concludes that:

. AVM installations to date have not assigned
importance to formalized cost-benefit related data

gathering or analysis.

. Police cost savings are the most significant - Due
primarily to the high cost of staffing patrol
cars, even small reductions in required vehicles
account for large payroll savings.

] Bus savings are considered positive - However,
approximately half of the total savings are made
rossitle by linking automatic passenger counters
with AVM in order to replace manual schedule
checkers. AVM bus savings vary widely between
cities due to extreme differences in operating
cost factors such as insurance, 0&M, number of
checkers and service operating characteristics of
transit properties.

ES-3



Taxi operator savings do not exceed system costs -
Limited payroll savings accompany vehicle
reductions because drivers are paid strictly on a
commission kasis.

Sharing costs among a mix of users does not
provide significant savings - Only one quarter of
AVM costs are eligible for sharing between users.
In addition, different lcocation systems are the
most economical for fixed and random route fleets,
The benefits of shared costs are diluted when
participants compromise otherwise lower
individualized technology costs,

Costs and kenefits are highly dependent upon site
and fleet characteristics - Implementation
planning must consider the changes in location
system costs associated with changes in fleet
size, mix or utilization, and operating areas.

Security benefits of the silent alarm are
important - No dollar value has been assigned to
these benefits, but they appear to provide
sufficient reason to proceed with an AVM
implementation which might be marginal in terms of
dollar kenefits.

Unusually careful rlanning and management are
required to exploit AVM's potential benefits - The
high and low assumptions used in this study
illustrate that the extent of savings can vary
greatly with slight changes in AVM utilization.
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I. INTRODUCTION

AVM (Automatic vehicle Monitoring) systems provide an
information gatherina and processing tool for the
centralized management and control of urban vehicle fleets.
Successful application and operational exploitation of AVM
technology may vyield signiticant improvements in fleet
productivity, efficiency, and schedule reliability for bus
systems, taxi companies, police forces, and other urban
fleet operators. Because of this potential, UMTA and TSC
are exploring the technical, operational, and economic

feasibility of AVM.

This kenefit-cost analysis is part of the overall UMTA/TSC
evaluation of AVM. The study 1locks keyond field
experimentation and tftocuses on the probakle costs and
achievable benefits of an AVM system fully deployed in a
major metropolitan area. A comprehensive analysis of the
literature ana AVM-related experience in the U.S5., Europe,
and Canada have been integrated with additional research
here at TSC to develop a computerized cost~-benefit model.
The model is a management too0l which accounts for the total
life cycle costs and benefits for any AVM system. Because
of this, it 1s useful for a wide range of AVM sensitivity

analyses; for studies of particular AVM programs; and with



minimal adijustment, for the analysis of other technical or
management innovations which address transportation

operating efficiencies,

The model approaches costs in terms of four generic AVM
location systems. The cost factors for the generic systems
have been developed by TSC's AVM Project Office, and the
operational analysis and model building were accomplished
within the Transportation Management Research Branch, under
the Office of Systems Research and Analysis. Benefits are
defined within the model as cost reductions made possible by

increased operating efficiency; levels of serwvice to the

public are held constant. The study addresses AVM

utilization by bus, police, and taxi operators, and by a
cost sharing multiple user fleet sharing total costs. The
impact on the study results of key assumptions and data

inputs is explored by means of sensitivity analysis.

Chapter ITI of the study defines AVM, lists all the claimed
benefits, and discusses previous research and actual field
experience with AVM systems. Chapter III explains the
concept, structure, and assumptions of the model; it
explains the logic which in the end defines the results of
the study. Chapter IV presents AVM deployment costs and

reviews the sensitivity of location system cost rankings to



differences in fleet size and area. Chapters V and VI
discuss AVM pavoffs and the sensitivity of those payoffs to
the dimensions of the model and the base case fleets.
Chapter VII concludes with a review of those benefits which

were not converted to dollar values,

1-3/1-4






II. AVM TECHNCLOGY, BENEFITS, AND EXPERIENCE

2.1 AVM Systems Description

An AVM system maintains a continuously updated file of all
vehicle locations in an equipped urkan fleet. Tt consists
of a central computer facility to coordinate and manipulate
real-time data as it is collected; a two-way communication
system for digital and voice data: and a means of specifying
vehicle location. The data processing system offers the
opportunity to add on a computer-assisted dispatch system
and to report transit emergencies directly to police
headguarters. The communication system Ssupplements
traditional veice communication with digital data which can
include vehicle status information, such as exact passenger
data; silent emergency alarms; and non-voice operating
commands from the dispatcher, such as skip-a-stop or pause-
at-the-next-stop. However, the most revolutionary element
of AVM is the vehicle location subsystem. Continuous
current knowledge of vehicle locations provides the
information necessary to control and adjust fleet operations
Oon a real-time basis. Put differently, the vehicle location
subsystem creates opportunities for more efficient and

productive utilization of equipment and personnel.



There are four generic kinds of location subsystems, each of
which are defined to meet the basic design specifications of
the UMTA/TSC AVM project. The differences between the
location systems are summarized below and illustrated in

Figure II-1.

Sharp Signpost: This type of system provides precise
position location only at particular points. It operates
around either a narrow beam optical scanner, a microwave

transmitter or magnets imbedded in the rocad surface.

Broad Signpost: This group of systems provides area
coverage within a range of 50 to 100 feet of a signpost.
Coded radio signals are transmitted from these dispersed

siaonposts to vehicles within theilr range.

radio Frequency: These systems {including VLF, pulse
trilateration, and AM phase lock) provide position location
information at any point within the service area by means of

computer-analyzed radio signal triangulation.

Dead Reckoning:; Position information is provided at
all points within the service area without reference to
external signals. Location is determined through a

combination of precision odometers and heading indicators.



NOLUISO 7w
4
4L

SoptIsa

RS Y R
PiM s e selfisg - T

UOMNTO G v

Moo N s oK .
1T
I
I . [ i
[ S I HE R T o wl NN
SHIISASENS NOIIVIOT
40 SISSVID JITYIANITD
I-11 3¥0o14
' 1



The number of manufacturers of these various technologies
reflects an extensive comittment to the potential economics
of AVM. Their installations and evaluations to date have
led them to conclusions that even minor operational
improvements -justify serious investigations. Consistently
positive dollar estimates related to anticipated AVM
benefits are reflected in a series of proposals recently
evaluated by the TSC AVM project office. Returns on
investment (ROI} for even small fleets are estimated to
reach payback in 3 to 4 years. The extent of supportive
evidence or analyses for such ROI's is unfortunately slim
and the paucity of sufficient data to draw statistically
sound inferences is repeatedly recognized as justification

for rigorous test and demonstrations.

2.2 The Potential Benefits of AVM

AVM systems offer a unigue combination of capabilities which
in theory offer the means for significant service,
management, and economic benefits. This section surveys the
range of potential AVM benefits and, in effect, outlines a
protagonist's case for AVM, The cost-benefit study as a
whole analyzes the probable achievability and value of these

claims.



2.2.1 Fixed Route Schedule Adherence. AVM establishes a

closed~loop information system which informs a dispatcher of
the disposition of his vehicles and permits him to control
their deployment according to several strategies. This

could vield the following benefits in fixed route transit

service:

. Increased on-time service, with buses never early
and seldom late.

. More uniform headway adherence on short headway
routes.

. More even distribution of passengers Letween
vehicles.

. Reduced layover time due to reduced uncertainty of
total travel time. Thus, fewer vehicles and
drivers can maintain a given frequency of service
on major routes.

. Fewer personnel required to check and control

schedule adherence.

2.2.2 Random Route Dispatch Improvements., Closed-loop

control capabilities are alse¢ available to random route
vehicle dispatchers. Here they permit the dispatcher to
insure that only the nearest vehicle is used in response to
each demand on the system. As a result:

- Average response times to service and emergency
calls can ke reduced.

. Police can improve coverage with the same mobile
cruiser force or can maintain coverage with a
smaller force.



. Taxis c¢an reduce the proportion of dead-head miles
to revenue miles and thus meet demand with a
smaller fleet.

2.2.3 Operating and Management Information. On-vehicle

sensors and the communication subksystems permit the
ccllection of complete route and wvehicle data according to
time and location. AVM system software can compile and
analyze this data to provide the following potential
benefits:

° Accurate passenger counts by stop and time of day
to support optimal scheduling.

e Fewer personnel required to gather and analyze
passenger demand and scheduling information.

. Improved management effectiveness and new
operating strategies rooted in better historical
data.

. Aid in planning and rapid evaluation of new
routes,

2.2.4 Silent Alarm., Digital transmission of the vehicle

code and exact location in case of emergency offers these

kenefits:

. Aid to police for guick aprrehension of criminals.
] Deterrent effect on criminal activity.
. Improved security and peace-cf-mind for passengers

and drivers,



2.2.5 Improved Patronage and Farebox Revenue, Most of the

AVM penefits discussed above tend to improve the reliability
and attractiveness of public transit. Even if there is no
increase 1n frequency of service, the cumulative effect of

these benefits sheculd improve ridership and revenue.

2.Z2.6 Expanded Benefits. AVM may be viewed as a series of

modular building btlocks which can be varied to suit
particular situations. System capabilities can be expanded-

-at added cost-- to achieve the following kinds of benefits:

. Electronic interaction with traffic light
contrellers to gain siqnal priocority for late
buses,

. Real-time display of schedule status and expected

vehicle arrival time for patrons at a major bus
stops increasing public confidence in service
reliability.

. Expanded on-board sensors to warn dispatchers and

maintenance perscnnel of impending vehicle
failures (such as falling oil pressure).

2.3 AVM Operating Experience

Various vehicle monitoring systems have been implemented in
Europe and in North America. Sites include Dublin, Hamburg,
London, Paris, and Zurich in Europe, and Chicago, Orlando,
and Dallas in the U.S3., and Vancouver, B.C., and

Mississauga, Ont., 1in Canada.



As cateqgorized in Table II-1 below, the European and
Canadian systems were intended primarily to improve the
level of transit service, while U,S. applications have been

used primarily to enhance public safety.

TABLE I1I-1. PRIMARY USE AND LOCATION OF AVM SYSTEMS

Service Improvements Public sSafety
Dublin St. Louis
Hamburg Chicago
London Orlando
Paris Dallas
Zurich

Mississauga

It is also possible, as is done in this study, to view AVM
as a means of reducing operating costs without reducing

service levels.

Unfortunately, none of the systems implemented to date had
as a major objective, cost savings through improvement in
service operating efficiencies. W#Whether or not a link can
be demonstrated remains conjecture, for regardless of the
purpose of these AVM systems, very few have produced
consistent empirical data on their operational or financial

imracts.



During on-site visitation and through extensive
correspondence, transit operators throughout Europe
repeatedly stated that AVM was looked upon as a means of
improving service reliability. This approach means that
excesses 1n capacity are to be converted into service
expansions at no increase in operating costs. In Zurich,
when the usage of AVM resulted in a reduction of 12 buses,

they were retained for service expansion.

Each European AVM operation is characterized by estimating
vehicle location and transmitting location data to a central
control station. Hamburg, London, and Zurich employ
location data to exercise fleet control via two-way radio
communications. In Hamburg and Zurich all AVM egquipped

buses have passenger counters.

The European AVM benefits perspective derives from their
views that bus transportation is an urban necessity, a
public utility, and an integral component of the services
provided by municipal governments. Even the integration of
a silent alarm capability with AVM is of lesser importance
as transit crime is virtually non-existent in Europe.
Utilizing AVM related information to revise schedules is not
considered either, as their schedules, while they may vary

by time of year, are generally not revised.



AVM does provide the means for better fleet control to keep
vehicles on schedule and thus provide better service. The
beneficial aspect of such control is increased ridership,
and while Hamburg and Zurich have reported systemwide
patronage 1ncreases, 1t 15 unknown whether these increases
were greater for AVM eguipped than non-AVM equipped routes,

as no formal data gathering was planned.

The St. Louis Metropolitan Police Department conducted
extensive tests with a dead-reckoning AVM system in District
3, with 35 instrumented cars. The primary objective was to
demonstrate guicker response times, and, in 9 out of 11
months, travel time to respond to calls was significantly
shorter. Over the entire 11 months, travel time saved was
approximately 1/2 minute out of an average of 5 minutes.
Dispatch times were expected to increase due to a greater
work load, and while they initially did increase, they
ultimately were down 1.4% on the average following a short
learning period. The police department estimates total time
savings at 15%, and is proceeding with citywide

implementation on that justification.

Chicago Transit Authority (CTA) installed a broad signpost

system with a silent alarm for the pgrime purpose of

improving security on board transit vehicles. They have
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recorded information on time-point passage, but make no
attempt to apply headway control. The property management
1s guite satisfied with the crime reduction aspect of AVM
and wishes to expand the coverage. Since control was not
attempted in Chicago, there is no data on the value of
improvements such as load factor or layover reduction...two
of the bus benefits postulated in this study. However, AVM
has enabled CTA t¢ reduce the number of point-men, mobile
supervisors and terminal telephone men, and save the cost of
special telephones installed on the streets and at four

terminal points for the use of these employees.

In Dublin, a system using two-way radio, manual polling, and
voice response from the vehicle operator emulates an AVM
system, though it is much more labor intensive. They have,
however, gathered data on real-time schedule control,
comparing a route using a dispatcher with radio control to a
similar but uncontrolled route. Fassenqger wait time on the
controlled route averaged 25% less (.93 minutes) than on the
comparable uncontrclled route. This indicates the magnitude

of efficiency improvement which can be expected with AVM.

The experience and information attainakle from Dublin
represent the nearest approach to a deliberate experiment

intended to record data for analytical purposes.,



While the costs of irplementing AVM are well recognized and
documented, further installation and investments for the
purposes of attaining cost savings with AVM will not be
convincingly justified without a well designed and

controlled period of real-world experimentation.



III. THE STRUCTURE AND ASSUMPTIONS CF THE

BENEFIT-CCST MCDEL

The heart of this analysis is a TSC computer model which
converts technical, operational and financial information
into cost and ktenefit dollar totals for a specific AVM
deployment. The logic and assumptions of the model have a
significant impact on the study results; indeed, they define
those results. While the next three chapters examine in
detail the costs and benefits of AVM and the sensitivity of
the results to changes in specific data inputs, this chapter
presents an overview of the model, summarizing its key
methods and assumptions. Appendix A supplements this
chapter by listing and justifying all data entries and

parameters used in the base case calculations.

The TSC AVM model is a computational tool which runs in
sequential cost and kenefit modules. As Figure III-1
illustrates, the cost module converts AVM cost elements,
such as terrain, area, and fleet characteristics into total
life cycle system costs. The benefit module, as shown in
Fiqure III-2, first factors AVM impacts against fleet
operational and financial data to compute cost avoidance
benefits, and then compares the benefits with system costs.

This model is not a monte carlo or gaming simulation which
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determines the operational effectiveness of AVM; it is
sophisticated accounting device which requires specific AVM
effectiveness estimates as inputs in order to produce

meaningful results.

The model, designed for TSCt's time sharing computer, is
interactive and conversational. Many parameters must be set
on every run and the remainder may be changed within the
computer program (see Appendix B, Users Manual). The result
is an extraordinarily flexible instrument which can
accommodate any urban size area and a large number of
vehicle fleet combinations. This makes this model useful
beyond this particular study since it can analyze any
specific AVM project or proposal. In fact, it can be used
with minimal effort for benefit-cost analyses of almost any

innovation designed to improve transportation efficiency.

3.1 The Base Case AVM System

The purpose of this study is to determine the benefit and
cost tradeoffs for a fully deployed AVM system in a major
metropolitan area, In order to accomplish this it was
necessary to specify the parameters of such a system, which
would become the base case or reference system. The kase
case is an abstraction similar to the gecgraphy, fleet

sizes, and service characteristics of a large city such as



Los Angeles. Chapter VI examines the sensitivity of the
study results to these parameters and offers insight into

the application of the results to other urban areas.

3.7.1 Vehicle Fleets. The study results reflect operations

of three different fleets:; 2,400 buses which operate
throuwyhout the metropolitan area and 1330 police patrol
cruisers plus 800 taxis which operate only in a central core
area. Demand responsive Dial-A-Ride fleets were included in
the early analysis but eliminated from the base case due to
very poor returns on AVM investments. However, the TSC
model contains both Dial-A-Ride and general subroutines
which may be used for follow-on studies of Dial-aA-Ride or
other fleets such as ambulances, fire apparatus, cement

trucks, commercial delivery fleets, etc.

3.1.2 Service and Cperating Area. The overall service

area, illustrated in Figure III-3, is 5,000 square miles
bounded by an imaginary line connecting the tips of the
radial bus routes. Within this service area is a centrai
core of 475 sguare miles served by the police, taxi and bus
-— that is, by both random and fixed route fleets. The
buses operate over 3,825 route miles, of which 2,647 are
cutside the core area. Terrain in the entire area is

classified as rugged due to canyons and defiles. This
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causes the model to augment certain categories of AVM
wayside equipment costs as would be required to insure high

quality communications.

J.1.3 Deployment Scenarios. Within the base case, costs

and benefits are developed for four different deployment
scenarios, that is, for four different user fleets. Three
scenarios represent the independent bus, police and taxi AVM
systems. The fourth scenario represents a utility-type
multiple-user AVM system with the bus, police and taxi
operators sharing common infrastructure costs. The model
calculates complete cost and benefit totals for each

scenario.

3.2 AVM Cost Calculation Approach

3.2.1 AVM Components. The study determines the system

costs and benefits for a core AVM system (location, computer
and digital/voice communication subsystems) plus silent
alarm and passenger counters. Neither costs nor benefits
are included for AVM "accessories"™ such as bus stop
passenger information displays, traffic light actuators, or
vehicle mechanical status indicators. Beyond this, the
model accumulates only costs and benefits greater than those
associated with comparable non-AVM eguipped fleets., Put

differently, a radio-equipped non-AVM bus fleet establishes



the zero cost and zero benefits bkases against which the AVUM-

equipped bus fleet is compared.

3.2.2 Passenger Counters. Bus managers may choose to equip

all or a portion of their fleets with passenger counters.

If all vehicles are equipped, the property will gain the
capacity to measure and record all passenger service
utilization by route, stop, and time of day, and may be able
to use this information on a real-time basis to adjust
service in response to unexpected surges of demand.

However, considerable expense can be avoided if the managers
choose to equip only a portion the fleet, collect samples of
service utilization data, and adopt less sophisticated
measures to accommodate unexpected demands. The base case
bus fleet assumes that 120 passenger counters are purchased,
enough to equip five percent of the fleet, This provides
two counter-eguipped buses for each of the current total of
sixty manual checkers, and it enables bus managers to
collect sample data which is at least as good as the present

manually produced data.

3.2.3 Generic AVM System Costs. AVM deployment costs have

been developed from proposals submitted to the Department of

‘@ﬂv r

Transportation in October 1975 by edssise contractors seeking

to install a multiple user AVM demonstration system in Los



Angeles. The proposals covered equipment, programming,
installation, calitration, and maintenance for various fleet
sizes. The data in the proposals have been analyzed by
T5C's AVM Project Office, which estaklished the four generic
classes of location system (sharp signpost, broad signpost,
radio freguency, and dead reckoning). This was done to
describe and categorize the proposals, and then identify
representative cost factors and their variations for each
generic class of systems in terms of on-vehicle equipment,
wayside equipment and central computer and communications
equipment. Using these cost factors, as specified for 1,000
vehicle fleets,* the benefit-cost model sizes the AVM system
for the base case: service area; number of route-miles; and
number of vehicles. It then sums the capital costs, and

computes the maintenance expense.

Benefit-cost ratios are, by definition, directly sensitive
to cost totals, and the base case AVM costs are only as
dependable as the data in the eight proposals. In the
judgement of the TSC AVM Project Manager, the estimates in

the proposals are realistic, the best available, and at this

*3Since most fleet combinations in the basSe case exceed 1,000
vehicles, use of the 1,000 vehicle criterion costs may under-
state potential economies of scale associated with a nation-
wide implementation of transit, police, and taxi fleets,
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point in time they remain dependakle within the following

limits shown in Takle III-1 helow.

TABLE III-1. TOTAL SYSTEM COST VARIATIONS IN GENERIC AVM

SYSTEMS
Sharp Signpost + 20%
Broad Signpost + 5%
Radio Freguency + 18%
Dead Reckoning +6.5%

The impact of changing system costs will be addressed when
AVM benefits are compared to the different location system

costs in Chapter V.

3.2.4 AVM Labor Costs. The AVM cost estimates described in

the preceding section include all labor for pregramming,
installation, calibration and maintenance, ~Computer support
will ke provided by a closed loop minicomputer which will
not require a dedicated operator. ©ff-line analyses of
management information and related computer operations are
assumed to be an extension of present data processing
programs rather than unigque costs attributable to AVM,
Vehicle dispatch consoles are designed to support up to 250
vehicles, similar to the workload of present base case
dispatchers. Vehicle operators will perform at the same

skill and pay levels with or without AVM.
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There are two potential lakor expenses which may not be
accounted for in these assumptions. The first is the non-
productive time devoted to AVM start-up training, which may
require up to four hcurs for each wehicle operator (this
would be a one-time expense since refresher and new
personnel training would be included in regular training
programs). The second potential expense is in increased
skill and consequent salary levels for dispatchers. For
example, the St. Louis Police Department is installing a
city-wide AVM system and replacing police cadet dispatchers
with lieutenants. Neither of these expenses are reflected
in the kase case data. The first is omitted, because the
training expenses are considered speculative, and the second
is omitted because the use of senior personnel as
dispatchers may reflect a unique policy choice by one type
of fleet in one city. However, the model has the capability
to add additional labkor, equipment and installation costs.
Test runs indicate that costs covering the four hour startup
training have a negligible impact on the bus results, though
a shift to lieutenant dispatchers would have a discernible
impact on the police results. (Specifically, the inclusion
of these factors would increase system costs and decrease
benefit-cost ratios by 2.5% for the bus and ky 10% for the
police.) Future cost projections and field tests must

address these topics mcre clearly and, in the meantime,
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police planners in particular should be sensitive to the

area of dispatcher requirements.

3.2.5 Multiple User Cost Sharing. Shared AVM systems have

been expected to lower costs for participating users and, as
indicated above, the TSC model provides a mechanism for
testing this hypothesis. 1In order to do this, a standard or
rule to apportion common costs among users was adopted.

This standard prorates basic data processing and
communications costs according to the number of vehicles and
then distributes wayside equipment costs according to both
the number of vehicles and the sguare miles (or route miles,
if appropriate) in individual service areas. Within any
given area, wayside costs are divided in direct proportion
to the size of each fleet which serves that area. When a
fleet operates in two or more areas -- as the bus fleet does
in the base case ~-its vehicles are assumed to be uniformly
distributed and directly proportioned to the two areas
served. (The model can alternately calculate proporticnate
costs on the basis of route miles instead of areas.) When
an operator deploys the only instrumented vehicles in any
area -- as the bus does outside the core in the base case --
he bears all of the wayside costs attributable to that area.

As a result, all vehicles and all operators are treated



egually; there is no allowance for differences in benefits,

ability to pay, or any other such criteria.

All participants in a shared AVM system must install and use
the same type of location system. It is possible that the
location system which was the lowest cost choice for an
independent AVM user would not be the lowest cost choice for
the total combined fleet. When this happens the share of
multiple user costs may be little less than the price of an
independent dedicated system. It is also conceivable that
one user could require much greater accuracy and thus more
expensive equipment than the cther users; such a situation

would probably preclude participation in a shared system,

3.2.6 Limitations of the Cost Results. The method of

assigning and apportioning costs used in this study is
adequate for comparing urban areas of varying sizes and
making an estimate of the benefit/cost ratio for a go/no go
decision, but it is insufficient to determine the exact cost
of any uniqug application. Any decision on actual AVM
implementations must give detailed consideration to factors
omitted in the model, such as the exact shape of the service
area and possikle overlap of route miles, and must insure
that assumptions and cost factors of the model have been

tailored to the specific features of the system at hand.



3.3 AVM Benefit Evaluation

3.3.1 Location System Performance. The UMTA/TSC AVM system

specification reguires location accuracy of closer than 300
feet and time accuracy of better than 15 seconds. Aall
contractors claim to have achieved these standards. Since
there has been no competitive evaluation of location system
performance, the benefit-cost analysis assumes that each
class ©of location system meets these requirements and thus
can provide eguivalent benefits. As a result, only one
benefit total is calculated for each deployment scneario. A
comparison is then made between this benefit total and the
total cost of the least expensive location system for that
deployment. Since tle assumption of egual performance
accuracy may be guestioned, the model has the option to
compare benefits against any location system cost total.
Chapter V presents the full range of cost and benefit

combinations for each deployment scenario.

3.3.2 Derivation and Meaning of Benefit/Cost Ratios. All

costs and dollar benefits are expressed in constant 1975
dollars in order to eliminate the impact of inflation.
These constant dollars are then converted to present value
dollars by discounting at ten percent annually over the ten
year life of the AVM system. This is done for all

comparisons and evaluations since the present value



technigque yields a unit of measure which reflects both the
dellar magnitude and the time value of money by giving
greater emphasis (at ten percent per year) to cost and
benefits realized early in the project than to those

realized at later times.

Final results are presented as benefit-cost ratios (B/C),
which are present value benefits divided by present value
costs. A benefit-cost ratio greater than 1.0 indicates that
an alternative is a fgproductive investment, returning dollar
benefits which exceed system costs. A kenefit-cost ratio of
less than 1.0 indicates that system costs exceed dollar-
benefits -- that is, that the alternative under
consideration does not pay its way in terms of dollar

benefits,

3.3.3 Service and Management ImprovementsS. Benefit-cost

ratios reflect only those factors which have been expressed
in monetary terms. One significant AVM benefit--the set of
security benefits--has not been monetized because two
tfactors combine to produce highly speculative savings
tigures. These factors are low confidence in the dollar
values which may be assigned to a particular benefit and

unusual difficulty in demonstrating a causal connection



between the benefit and AVM. Security benefits are

discussed in Chapter VII.

It is important to note that a decision against monetizing a
benefit does not imply insignificance. ©n the contrary,
important benefits are discussed in Chapter VII -~ benefits
which decision-makers may conclude are sufficient to justify
proceeding with an investment which, in dollar terms alone,

appears to be marginal or non-productive.

3.3.4 capture of Dollar Benefits. Most AVM benefits appear

in the area of fleet efficiency and preductivity.
Efficiency and productivity improvements, whether from AVM
Oor any other source, reguire managers and policy makers to
choose a strategy to exploit those improvements. This
choice may be made explicitly or implicitly, but it cannot
be avoided. The almost infinite range of exploitation
possibilities can ke summarized best as a continuum
{(illustrated below) ketween two polar strategies: either

plow back the added productivity to increase the level of

fleet and staff size to the minimum required to maintain the

current level of service.



INCREASED EFFICIENCY. . .

REQUIRES A CHOICE BY
LOCAL POLICY~-MAKFRS. . .

IMPROVED SERVICE CONSTANT SERVICE
YIELDING YIELDING
PUBLIC BENEFITS OPERATING ECONOMIES

Attention to the choice and design of management's
exploitation strategy is crucial for analysts since it
defines the benefits which must be measured., 1In this study,
a pure strategy of capturing benefits by cost reduction is
assumed. This represents a valid goal for transit and
public safety managers; it defines clearly the resources
freed by AVM technology; it minimizes the danger of double-
counting kenefits; and it avoids speculative benefit
methodology, such as valuations of patron wait and travel
time. And in the end, this choice of strategqy remains an
analytic artifice, one which leaves to each individual
community the real philosophical and managerial questions of
using AVM improvements to reduce budgets or to increase

public service,

3.3.5 Estimating the Range of Dollar Benefits. The ideal

estimate of AVM benefits would be succinct and confident--a

single figure summarizing a mass of data. Unfortunately,
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the trade-off between precision and confidence in the
projection of AVM impacts is such that the study does not
present single "most likely" benefit estimates. It became
clear in our analysis that many uncontrollable wvariables and
considerable uncertainty lie ketween this study and the
real-world impacts of a large scale AVM system. These
obscuring elements range from economic, social, and
political trends, to issues of management choices and
effectiveness. 1In order to reflect these uncertainties and
to highlight the sensitivity of AVM payoffs to them, the
study presents sets of high and low benefit estimates which
are rooted as much as possible in emgirical data. In the
low cases the estimates represent conservative applications
of AVM experience, often understating demonstrated
achievements. In the high cases the estimates are
optimistic yet reasonable projections based mostly on
accomplishments. Although the low estimates entail less
risk, they are no more "probable" than the high estimates.
Since significant uncertainty exists, it is more useful to
mark the high and low limits of that uncertainty -- even if
the gap is uncomfortably large -- rather than cover up the
uncertainty with the spurious precision implied by a single

best estimate.



3.3.6 Sensitivities. The TSC benefit-cost study of AVM is

a complex interplay of many assumptions, and it highlights
the impact of key‘assumptiOns by means of sensitivity
analysis. This demonstrates the magnitude of change in the
study results given specific changes in inputs and
facilitates a generalized application of the results to
other urban areas or AVM deployments. Since AVM location
system costs vary in relation to type of fleet, fleet size,
and operating area, the model is used to search for changes
in the low cost location system; this is discussed in
Chapter IV. Resulting benefit-cost ratios are also examined
for the different fleets in relation to density; urban size,
operational characteristics, and AVM impacts. Density is
varied by adjusting fleet size and operating area as sinale
factors, Urban size reflects the total mix of area, fleet
size, and operating characteristics. Key operating
characteristics include the proportion of a bus fleet
operating on short headways, the amount of layover in the
system, the extent of the manual data collection effort, the
percentage of non-revenue mileage in a taxi fleet, and the
percentage of preventive patroling performed by police
cruisers. AVM impacts focus on coperating efficiencies --
that is, changes in the key operating characteristics. This

information is presented in Chapter VI.
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Iv. AW SYSTEM COSTS

Chapter 1V is a discussion of AVM life cycle system costs.
It begins with a brief description of the cost calculation
method, then presents the costs of the four bkase case
deployment scenarios for bus, police and taxis operating
independent AVM systems, and for all three sharing a
multiple user AVM system. After a breakdown of the cost
shares for the multiple user system, the chapter concludes
by reviewing the impacts of fleet size, fleet type and

operating area on the location system cost rankings.

4.1 Development of System Costs

As indicated in Chapter III, the AVM costs displayed in this
study are an extrapolation of cost factors distilled from
eight contract proposals. Some cost factors are fixed and
others vary according to fleet size, route miles, or sguare
miles. The factors reflect the on-vehicle, wayside and
central equipment costs appropriate to each of the four
generic location systems., On-vehicle costs vary only with
the size of the fleet, and wayside costs vary only with the
dimensicns and structure of the coperating area. Central
equipment costs have fixed minimum computer and
communication costs tied to each type of location system,

regardless of system size, plus variakle computer and



communication costs which grow along with the size of the

service area and/or the number of vehicles.

The sum of the on-vehicle, wayside and central equipment
costs is the total capital cost of the system. With minor
exceptions, annual maintenance costs are estimated at ten
percent of the capital cost of each type of equipment.

These annual costs, which are expressed in constant 1975
dollars, are converted to a single present value amcunt for
maintenance and this figure is added to the capital costs,
producing a total life cycle cost expressed in present value
dollars. This is illustrated in Figure IV-1. A more
detailed review of the cost calculations {(cost uncertainties
were explained on page 3-10) is in Appendix B and the

location system cost factors may be found in Appendix A.

4.2 AVM costs for the Bus Alone

The base case bus fleet consists of 2,400 vehicles serving
3,825 route miles within a service area of 5,000 square
miles. Since neither police nor taxis will be sharing the
aAVM system in this deployment, the 475 square mile core area

in which they operate regquires no special attention.

Table IV-1 presents the life cycle AVM system costs for the

base case bus fleet operating alone. HNotice that the sharp
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Capital Costs

On-Vehicle
Equipment

Wayside Egquipment
Central Egquipment

Total Capital Costs
Cost Uncertainty

Total Maintenance
Costs

Total System Costs

TABLE 1IV-1

AVM LIFE CYCLF SYSTEM COSTS
FOR A SINGLE-USFR BUS FLEFT

{(Present Value, $000)l

Sharp Broad Radio
Signpost Signpost Frequency
7,146 2,826 3,906
1,318 475 1,183
838 575 302
9,302 3,876 5,401
'_F_ZO% +5% . +18%
5,716 2,511 3,448
15,018 6,387 8,849

lPresent value calculated at ten percent discount

rate.

Dead
Reckoning

9,762
2,396
1,425

13,584

+6.5%

8,053

21,637



signpost and dead reckoning location systems are two to
three times more expensive than the broad signpost and radio
frequency technigques., BRoth of the highest cost systems
possess sophisticated and expensive on-vehlcle components,

which explains much of their total cost disadvantage.

Displaying the least expensive central computer and
communication costs, the radioc frequency technique is much
more economical than the preceding location systems, yet it
still suffers a 28% disadvantage when compared to the broad
signpost. The low cost of the latter is explained by
relatively inexpensive on-vehicle eguipment and the ability

to place wayside instruments only along the bus routes.

A central assumption of this analysis 1s that all location
systems meet the same performance standards. If this
assumption i1s abandoned, as is possikle after field tests
are completed, sharp signpost and dead reckoning -- and even
radioc fregquency —-- wculd have to exhibit substantial fixed
route performance advantages to be preferable to broad

signpost at current price estimates.

4.3 AVM Costs for the Police Alcne
The base case police fleet consists of 1,330 cruisers

providing service in a 475 sqguare mile area. The AVM system



must cover this entire operating area, not just a lattice
work of routes on major thoroughfares as in the bus alone
scenario. The impact of the total area requirement is clear
in Table IV-2, which presents the single user police costs.
Both signpost systems are at a disadvantage due to the need
for extensive Qayside equipment deployments. Dead
reckoning, which had beep the highest cost option for the
bus alone, is now some two million dollars below sharp
signpost for this random user application. Radio frequency
is now less expensive by over one million dollars compared
to the broad signpost system. Despite the impact of area
coverage, broad signpost remains substantially less
expensive than dead reckoning. Radio frequency is the least

expensive police only system by a margin of 21%.

.4 AVM Costs for the Taxi Alone

The base case assumes that 800 taxis operate in a 475 square
mile area and are supported by a single dispatch system.

The AVM coverage requirements for this area are identical to
the police, and the location system costs exhibit the same
rank order for both operators. However, the smaller size of
the taxi fleet heightens the difference already noted
between the bus and the police. Radio frequency reflects a
34% cost advantage over broad signpost because the smaller

taxi fleet deemphasizes radio frequency's higher on-vehicle



TABLE IV-2

AVM LIFE CYCLE SYSTEM COSTS
FOR A SINGLE USER POLICE FLEET

(Present Value, $000)l

Sharp Broad Radio
Signpost Signpost Frequency
Capital Costs
On-Vehicle
Eguipment 4,323 1,530 2,128
Wayside Equipment 2,852 1,325 238
Central Egquipment 586 415 214
Total Capital Costs 7,760 3,269 2,580
Cost Uncertainty +20% +5% +18%2
Total Maintenance
Costs 4,794 2,037 1,614
Total System Costs 12,55% 5,306 4,193

1 .
Present value calculated at ten percent discount
rate.

Dead
Reckoning

5,320
254
978

6,552

+6.5%

4,002

10,553



costs. And further,

due to the total number of signposts

needed to meet random user areawide coverage reguirements,

there are no compensating reductions in broad signpost's

higher wayside costs.
reckoning and sharp signpost results in four relatively

evenly spaced costs.

A similar relationship between dead

This is in sharp contrast to the bus

and police deployments, which produced marked gaps between

the two highest and two lowest cost location systems.

cost data is presented in Table IV-3.

AVM LIFE CYCLE SYSTEM COSTS
FOR A SINGLE USER TAXI FLEET

TABLE IV-3

Capital Costs

On-Vehicle
Equipment

Wayside Fguipment

Central Equipment

Total Capital Costs
Cost Uncertainty

Total Maintenance
Costs

Total System Costs

(Present Value,

Sharp Broad Radio
Signpost Signpost Fregquency
2,600 920 1,280
2,846 1,325 237
460 335 186
5,906 2,580 1,703
+20% +5% +18%
3,655 1,608 1,068
9,561 4,187 2,772

Taxi

Dead
Reckoning

lPresent value calculated at ten percent discount

rate.
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4.5 AVM Costs for the Multiple User Fleet

The fourth deployment scenario assumes that the bus, police
and taxi fleets are served jointly by a single AVM system.
The operating area for this mixed fleet, pictured earlier in
Figure III-3, consists of two concentric areas. The 475
sgquare mile inner core area is served by police, taxi and
bus, while the remaining 4,525 square miles in the outer
ring is served only ky the bus. The 3,825 total bus route
miles are divided with 2,647 route miles (69%) in the outer
ring and 1,178 route miles ({31%) in the inner core. (In the
absence of more appealing logic this assumption was based on
the proportionate relationship between the radii of the two

dareas.)

The structure of the service area requires that the AVM
System combine total area coverage within the 475 square
mile core area with a skeletal route structure outside the
core., Since it is assumed that the same location system
must be used throughout the service area, the cost ranking
becomes a contest Letween the advantages wnich broad
signpost displayed in the Lus-only system and those that
radio frequency displayed in the two random route systems.
As Table IV-4 illustrates, broad signpost enjoys a 10% cost
advantaqge over radio frequency. Lower unit costs for on-

vehicle equipment enable broad signpost to overcome



disadvantages in wayside and central equipment. Notice, too
that a large gap has reappeared between the two lowest cost

and the two highest cost location systems.

TABLE IV-4

AVM LIFE CYCLE SYSTEM COSTS
FOR A MULTIPLE-USER SYSTEM

{Present Value, $000)1

Sharp Broad Radio Dead
Signpost Signpost Frequency Reckoning
Capital Costs
On-Vehicle
Equipment 14,069 5,276 7,314 18,282
Wayside Equipment 3,847 1,689 1,096 2,270
Central Egquipment 1,468 975 410 2,627
Total Capital Costs 19,384 7,940 8,820 23,179
Cost Uncertainty +20% +5% +18% +6.5%
Total Maintenance 12,205 5,099 5,623 14,408
Costs -
Total System Costs 31,589 13,039 14,443 37,587

1Present value calculated at ten percent discount

rate.
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4.6 Cost shares for the Multiple User System

Two cost elements are shared in a multiple user system. The
first, fixed central computer and communication costs, are
basic charges which are not considered sensitive to
differences in service areas. Because of this, these costs
are divided among users in direct proportion to the total
number of vehicles in each participating fleet. The second
element, wayside equipment costs, is more complicated

because it is directly related to operating areas.

As indicated in Chapter III, common user wayside costs are
apportioned in relation to the number of vehicles in areas
used by two or more instrumented fleets. Thus the bus bears
all costs associated with the outer ring, where it operates
alone, but shares costs associated with the core. In order
to determine the shares within the core it is necessary to
apportion the bus fleet between the cuter ring and the core.
This is done 1in direct relation to the number of square
miles in both areas, 90% in the outer ring and 10% in the
core; the result, illustrated in Figure IV-2, attributes 240

buses to the core.



First, Distribute Buses Between Areas:

2160

Buses @
90% of Buses 10 % of Buses
Outside Core Inside Core

Then Distribute Core Costs Among 2370 Users:

1330
Police Vehicles

= 567

FIGURE 1V-2

CALCULATION OF MULTIPLE USER COST SHARES

4-12



Core wayside costs are divided in proportion to fleet size,
with 56% to the police ({1330 vehicles), 34% to the taxi (800
vehicles), and 10% to the bus (240 vehicles). Each user's
toctal share of the lowest cost multiple user system is shown

on Table IV-5,

TABLE IV-5

COST SHARES FOR THE LOW-COST MULTIPLE USER SYSTEM,
BROAD SIGNPOST LOCATION SYSTEM

(Fresent Value, SOOO)1
Total
Bus Folice Taxi System

Capital Costs

On-Vehicle

Equipment 2,826 1,530 920 5,276

Wayside

Equipment 496 745 448 1,689

Central

Equipment 4913 291 191 975
Total Capital
Costs 3,815 2,566 1,559 7,940
Total Maintenance
Costs 2,546 1,588 965 5,099
Total System Cost 6,361 4,154 2,524 13,039
Percentage Shares 49% 32% 19% 100%

lPresent value calculated at ten percent discount
rate.
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Table IV-f compares cost shares in the low cost multiple
user system with low cost individual AVM systems. Although
one would expect shared infrastructure costs to produce
meaningful savings, this is not the case. Total AVM
multiple user costs savings -- 0.5% for the bus, 1% for the
police, and 9.1% for the taxi--do not appear to justify the
additional management time and coordination which a shared

system would demand.

The surprisingly small advantage of a shared system is due
to two factors. First, the shared system elements represent
a relatively small part of the total costs. In the shared
broad signpost system only 24% of total costs are associated
with the purchase and maintenance of shared infrastructure
costs. Second, the decision to participate in a shared
system--that is, the desire to parcel out part of the common
costs-~-addresses the lowest cost system which, in this case,
differs from each participant®s optimum individual system,
and thus dilutes their associated cost savings.
Specifically, the bus fleet must aksorb part of the costs
for instrumenting the entire #75 square mile core instead of
just fixed route miles; and the police and taxi fleets must
buy into a location system which is not their optimum low

cost choice. Table IV-6 shows clearly that the benefit of



TABLE IV-6&

COMPARISON OF SINGLE AND MULTIPLE USER COSTS

FOR THE LOW COST LOCATION SYSTEM

i
{Present Value, 5000,000)

Low Cost
Individual
AVM
Bus 6.39%
Police 4,19*%=
Taxi 2.]7h*
TOTAL COST 13.35

*Broad Signpost

**Radic Fregquency

Share of
Low Cost
Multiple
User AVM

6.36%

4,.15%*

2.52%*

13.03%

Multiple
User

Savings

0.5%

1
Present value calculated at ten percent discount

rate.
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sharing 24% of system costs barely outweighs the negative

impact inherent in suboptimal technology cheoices.

There are, however, deployment scenarios which would extract
more advantage from a multiple user AVM. The fleet
structure which would draw the greatest advantage appears to
be a shared random route or blanket coverage system with
minimal variation in service area boundaries. This
structure increases the likelihood that the same location
system would be low cost in all possible combinations of
users, and it increases the preoportion of wayside costs
eligible for sharing. A test run of a multiple user system
serving only police and taxi (tase case fleets) resulted in
multiple user cost reductions of 6% for the police and 14%

for the taxi.

4.7 Sensitivity of Location System Cost Rankings

The preceding section partially illuminated the interaction
between fleet sizes, operating areas, and potential
advantages of multiple user cost sharing. That interaction
is rooted in the impact of fleet size and operating area on

system costs, and this section examines more closely the



relationship between those variables and the cost rankings
of the four generic location systems. As a reference, Table
IV-7 summarizes the total costs of all kase case fleet and
location system combinations.

TABLE IV-7

TOTAL SYSTEM COST ESIMATES
)l

(Present Value, $S000,D00

Deployment Scenario

Multiple

Bus Only Police Only Taxi Only User
Sharp
Signpost 15.¢ 12.6 9.6 31.6
Broad
Signpost 6.4% 5.3 4,2 13.0*
Radio
Freguency 8.8 4.2% 2.8% 14.4
Dead
Reckoning 21.6 10.6 6.7 37.6

*Lowest cost system for each deployment scenario.

1 .
Present value calculated at ten percent discount
rate.



Cost sensitivity analysis begins with the benefit-cost
model. A minimum of four variations were run for each set
of parameters which are addressed below. The data from the
model were analyzed with regression techniques and extended
on charts for visual interpretation. The resulting cost
curves have the appearance of straight lines primarily
because all costs are based on estimates for a 1,000 vehicle
purchase; they do not reflect economies of scale beyond that
point. In addition, several cost elements are constant in
each sensitivity case as they are unaffected by the test
variable, just as wayside costs are unaffected by changing

the fleet size.

Location system relative costs appear to be insensitive to
fixed route fleet size. BAs Figqure IV-3 illustrates, varying

bus fleet size within the constraints of the base case

produced no change in the relative rank of location system
costs, Broad signpost holds a clear cost advantage which

increases monctonically with fleet size.

Location system cost rankings do change in response to
random route fleet size, but only when the fleet is extended
to very small or very large numbers of vehicles relative to
the operating area. Figure IV-4 shows the relatively high

initial wayside costs imposed on both signpost systems by
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the dimensions of the area even when there are no vehicles.
The slope of the cost lines show the variation in per-
vehicle costs of each system. Broad signpost becomes
competitive with radio frequency at the point where the
higher per-vehicle ccsts of radio frequency outweigh the
higher wayside costs of broad signpost--at about 3,000

vehicles in a 475 sguare mile area.

Higher per unit cecsts and coverage requirements of dead-
reckoning wayside eguipment changes the competitive
relationship between dead reckoning and sharp signpost

systems at abcut 2,500 vehicles.

Sensitivity of location system cost rankings for multiple
user fleets was tested by wvarying the total number of randeom
route vehicles which were added to the Lase case fleet.
These random route vehicles were restricted to the 475
square mile core area while the 2,400 huses operated
throughcut the 5,060 sguare mile service area. Figure IV-5
presents the total system costs (it does not address cost
shares between users). The resulting curves are similar to
those of the fixed route fleet in that location systems are
continuously in the same rank crder. However, in this case

there is a marked gap between the twno highest and two lowest
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cost location systems and a very small difference between

broad signpost and radio frequency costs.

The final cost sensitivity test looks at the impact of
operating area on random route cost rankings. For a fleet
of 1,000 vehicles we see in Figure IV-6 that radio freguency
has an increasing cost advantage over broad signpost as the
operating area increases beyond about 125 square miles. The
crossover between broad signpost and radio frequency at 125
square miles is analagous to their crossover beyond 3,000
vehicles in Figure IV-4, which varied random route fleet
size in a fixed area. 1In general terms, broad signpost
costs improve relative to radio frequency costs as the

vehicle density increases.
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V. AVM SYSTEM BENEFITS

Thisg chapter discusses the impact of AVM on bus, police, and
taxi operations; the dollar value of those impacts; and the
relationship ketween system costs and benefits. Section 5.1
explains the methods used to sum dollar savings for all
users. The next three sections focus on the bus, police,
and taxi fleets, and the final sections review the results
for the combined multiple user fleet. Data values used in

the benefit calculations are listed in Appendix Aa.

5.1 The Measurement of Benefits

Most AVM benefits center around fleet productivity and
result in an estimate of the number of vehicles which may be
saved without affecting service. In these cases the
unneeded vehicles are the catalysts which produce capital,
operating, and payroll savings. 211 savings gquantified in
this study, regardless of source, fall into cne of these
three categories: vehicle capital costs, vehicle operating

and maintenance ({C&M) costs, and personnel costs.

5.1.1 Vehicle Capital Costs. Vehicle capital savings begin

with a projection of the impact of AVM on fleet size and
yield an estimate of the number of vehicles to be saved.

These savings begin to be realized at the end of the first



year of AVM operation. Savings are realized by aveiding
normal replacement purchases, not ky selling excess
vehicles, which means savings may not ke realized any faster

than the fleet deterioration or attrition rate.

Fleet attrition is determined by dividing the average
vehicle life into the fleet size. Thus a bus fleet with
1,500 vehicles and a ten year average vehicle life would
replace 150 buses each vear. If AVM saved 100 vehicles the
fleet would purchase only 50 buses at the end of the first
vear, realizing cost savings of the present value of the net
cost of 100 buses, one year in the future. Example 1 in

Figure V-1 illustrates this process.

Police cruisers and taxis have relatively short lifespans,
requiring each vehicle in the fleet to be replaced several
times during the AVM system life of ten years. A fleet of
1,500 police cruisers with an average life of three years
would replace 500 cars each year. If AVM saved 100 vehicles
in this fleet, the police would purchase only 400 vehicles
at the end of year one, saving the cost of 100 cruisers at
that point. In addition, they would save the cost of those
cruisers again at the end of the fourth and seventh years of
the AVM life cycle -- the points at which on average they

would have had to replace the cruisers again had it not been



for AVM. The total capital saving is the present value of

the savings at years one, four, and seven. Example 2 in

Figqure V-1 depicts this process,

Example 1 1500 Bus Fleet
10 Years Bus Life
100 Buses Can be Saved

One Time Savings From
T 100 Buses Net Purchased

" i . 5

T T T T T

0 1 2 3 4 5

Example 2 1500 Police Fleet

o /N

+
—

7 8 10
SYSTEM LIFE TIME
3 Year Car Life
100 Vehicles Can be Saved
100 vehicles not Purchased
T : ' T ) g .
4 5 6 7 5 10

SYSTEM LIFE TIME

FIGURE V-1

CALCULATION OF VEHICLE CAPITAL SAVINGS




5.1.2 Vehicle OEM Costs. Reductions in fleet size are

generally associated with reductions in vehicle operating
costs., A substantial portion of operating costs are tied
directly to vehicle mileage, but there are also cost
elements inherent in the ownership of a vehicle which do not
vary with mileage. The first category includes costs such
as fuel, tires, and most pericdic maintenance; the second
category includes insurance and periodic maintenance
pertormed according to the calendar. While one category of
AVM bus savings is limited to fixed 0O&M reductions, the
remainder of the bus savings and all police and taxi savings

reflect koth fixed and variable Q&M,

First, the annual dollar amcount of 0O&M per vehicle which is
incurred by the set of vehicles being saved must be
determined. This will ke the 1975 dollar equivalent of
either the fixed OEM alone or the total O8M. When
multiplied by the number of vehicles which are saved, this
produces a total recurring annual benefit. The total O&M
savings for each set of vehicles is the present value of the

repeated annual savings, as illustrated in Figure V-2.
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FIGURE V-2

CALCULATTON OF OPERATING AND MATNTENANCE SAVINGS

5.%.3 Personnel Costs. Staff reductions produce savings in

salary, benefits, and overhead. Salaries vary in terms of
skill levels, seniority, overtime, and industry practice;
some jobs are paid almost exclusively by commission.
Benefits include employer contributions to insurance and
pension programs, social security, and workmen's
compensation. OCverhead consists of administrative and
supervisory support costs. Since each job category
addressed in this study has a unigue mix of cost elements,
the model calculates the average 1975 dollar value of

individual compensation which fits every category.



The number of positions which can be saved due to AVM

reflects the characteristics of each particular efficiency
improvement. In Some cases the saving is tied directly to
the number of vehicles saved. In other cases it is usually

determined according to changes in operating hours.

Since a variety of legal, labor, and community practices
limit management!s freedom of action in realizing staff
reductions, it is likely that staff savings made possible by
AVM would not be achieved immediately. Such savings usually
are realized over a period of years through attrition, and
it is possible that the total reduction target may not be

reached by the end of the AVM's ten year life cycle.

The model applies the best available attrition rate to the
work force in question and determines the number of
positions which will be vacated in the first year. Next, it
calculates the 1975 dollar value of the first year's
attrition, and then, since avoided salaries are a recurring
benefit, the model determines the present value of this
savings over the AVM life cycle. This wvalue is stored, the
staff size is reduced, and the model moves to year two where
it applies the attrition rate to the reduced staff and
calculates the present value of that year's attrition. This

is repeated until the staff reduction goal is achieved or



the ten year AVM life cycle is exhausted. Figure V-3 is a

simplified illustration of this calculation.

GOAL
ATTAINED

.

(:) [_ 1 Required to Meet Goal of 20 )
LJ
9 Personnel Saved (10% of 100- 10)
(:) 10 Personmel Saved (10% of 100)
Year é i i j i 5 6 7 g 9 10
Total
Staff 100 90 81 80 80 80 80 80 80 80

INITTAL STAFF = 100
TARGET REDUCTION OF 20

ATTRITION RATE = 10%

(E) = 9 years of savings of annual payroll fer 10 people
(E) = 8 years of savings of annual payroll for 9 peorle

(:) = 7 years of savings of annual payrell {for 1 person

FIGURE V-3

ILLUSTRATION OF PERSONNEL SAVINGS
THROUGH ATTRITION




5.2 BAVM Benefits for the Bus

AVM can reduce bus operating costs in three significant
ways. First, it can reduce the requirement for manual data
collection by providing an interface for transmitting
optional passenger counter data. Second, AVM can reduce
non-productive bus layover time when exact position location
informaticon is used to improve schedule adherence. Finally,
AVM can free buses on some routes by enabling schedulers to
lengthen headways without increasing the average wait time
perceived by passengers. This secticon discusses each of
these impacts, then presents the overall bus benefits and

conclusions,

5.2.1 Data Collection Benefits. Bus managers need data on

actual run times and on passenger utilization of their
service, stop by stop, in order to insure that schedules are
realistic and meet the needs of the community. Accurate run
times in schedules encourage improved public acceptance and
good labor relations. Good measures of passenger demand
insure that some routes are not over-served nor others
inadequately served. In addition, some metropolitan areas
use measures of demand to apportion community support of

operating deficits,



Many properties employ checkers to collect this kind of
information. Checkers, who earn an average $15,800 in the
base case, ride buses and record times and numbers of
passengers Dy stop. The location reporting capability of
AVM provides the time and place aspects of this manually
gathered information, and the additicn of a mechanical
passenger counter (costing $550) to a bus's AVM digital data
link makes it possikle to eliminate the manual efforts of
counting passengers. (Data reduction and manipulation is

assumed to ke roughly eqguivalent in both techniques.}

The base case tus fleet employs 60 checkers. When AVM is
implemented, 120 of 2400 buses are equipped with passenger
counters. These hbuses can ke shifted from route to route to
gather data, just as are the checkers. As a result of this
capability, it is assumed that the base case fleet can
reduce its reguirement for manual checkers by two-thirds
without reducing the quality of data which it collects.

This may he conservative since; (a} there are two counter-
equipped buses for each initial checker; (b) the buses do
not have shift anc overtime restrictions; and (c) a staff of
twenty people is still maintained to supplement the
automated capakility. However, this allows a cushion for
any mechanical difficulty that may arise with the counters

and permits the operator to retain flexibility.



AVM permits the base case to save 40 checker positions, and
the incumbents may Lbe released or given other duties within
the property. In the first case, U0 personnel must be
reduced through attrition, since it is assumed that layoffs
are not acceptable, This situation constitutes the low
estimate of the data collection benefits, and the forty
positions are vacated at an attrition rate of ten percent
applied initially to the total force of 60 checkers and
annually thereafter to the subsequently reduced staff. BAs a
result, it takes ten years to reach the goal of forty
position savings. When the checkers are given other duties
they can ke absorbed much more quickly and, in the high
estimate of the data collection benefit, the forty positions
are vacated by applying the ten percent attrition rate to
the total transit property administrative work force. This
reduces the checker force to the desired strength of 20

people within a vyear.

The low case data collection benefit yields present value
savings of $3,795,600, which covers 59% of the present value
costs of implementing a broad signpost AVM system. That is,
the "item benefit-cost ratio" for this savings divided by
the total brcad signpost cost is 0.594. The high case data
collection benefit yields present value savings of

$£7,331,600 with an item Bs/C of 1.148 for checkers alone.



The data collection savings are the most confident of the

three types of bus savings.

5.2.2. Layover Benefits., The time a bus spends outside of

the garage is called platform time. Total bus platform time
is made up of deadhead (which is non-revenue travel time),
revenue running time on routes, and layover. Layover is the
time allowed in the schedule at the end of revenue runs.
Part of this time is for driver rest breaks and the rest is
a cushion to absorb late arrivals at the end of one run and
still permit the next run to begin on time. This portion of
layover, sometimes called slop, is a form of insurance
against spiraling and self-perpetuating increases in late
buses., However, excess layover is expensive insurance, paid

for with an i1dle bus and driver.

Excess layover is a logical target for AVM. Exact vehicle
location information for an entire route or set of routes
enables a central dispatcher to implement operational
strategies and control methods designed to minimize
disruptions in service and to maximize schdedule adherence.
If these controls are successful, the variation in running
time can ke reduced, thus cutting the need for siop.
Reducing averadge layover for a property immediately

increases the productivity of vehicles and drivers. If



overall productivity can be increased, the property can
continue to offer the same service and headways with fewer

vehicles.

The best available evaluation of AVM-type bus control
strategies comes from Duklin, where a manual radio control
system was used to provide near real-time position location
information for use in controlling fleet movements. The
Dublin data reports a reduction of .93 minutes (25%) in
average passenger wait time following route instrumentation
and control. Since the reduction in wait time was due to
better schedule adherence, we use this data as the key to
AVM's impact on layover in the base case. For the low
benefit, we credit AVM with reducing layover by the absolute
value of .93 minutes, and in the high case we credit AVM

with a 25% reduction.

The base case factors are considered fair though
conservative. The Dublin data represent the average
reduction in wait time along the entire route: deviations
from schedule may ke aggravated and cumulative over distance
and should be much greater at and near the end of a route
than they are at or near the start of that route. Thus a
reduction of ,93 minutes in mean wait time understates the

reduction at the end of the route, which is where the



aggregate of all delays must be absorbed with layover. The
test route in Dublin had a one way run time of 25 minutes.
The average route in the base case fleet has an average one
way run time of 68.2 minutes. This longer run time permits
greater fluctuations fromr schedule, so that if the base case
tleet equals Dublin's degree of control effectiveness, one
can argue that the results are likely to be greater. The
control techniques in Dublin were neither automated nor
continuous. One may expect that a well-designed and managed
AVM system should at least equal Dublin's radio control
system in effectiveness. Finally, no data have been found

to contradict the Tublin results.

Cur base case fleet has an average layover of 13.67 minutes,
which is 16.7% of total platform time and 20% of average one
way run time. Applying the Dublin factors to the base case

reduces layover by .93 minutes to 12.74 minutes (19% of run

time) tor the low benefit and by 25% to 10.25 minutes (15%

Of run time) for the high benefit.

The model converts layover reductions into vehicle savings
only after shrinking the target vehicle population by
tactoring ocut the maintenance float and those vehicles on
routes with headways of over ten minutes. (On long headway

routes, layover is dictated by the decision to provide less



frequent service and long layover on these routes is not a
sign of slop). The final relationship between percentage
reductions in layover (which are entered into the model) and
percentage reductions in the total bus fleet (which are
determined by the model) is on the order of twenty five to
one (25: 1) . That is, a 25% reduction in layover yields

approximately a 1% reduction in the total fleet.

AVM produces layover savings of seven buses in the low case
and 22 buses in the high case. Only limited 0&M savings
accompany these reductions because the savings were achieved
out of idle layover time, not running time. Twelve drivers
or the eguivalent in payroll hours may be released through
attrition in the low case, while 38 may be released in the
high case. The present value of the capital, O&M, and
personnel savings is $1,714,000 in the low case, with an
item B/C of 0.269: and $5,977,000 in the high case, with an
item B/C of 0.936. These are confident estimates as long as
AVM is applied and exploited effectively by operating

managers.

5.2.3 Load Factor Improvements. Regqular users of bus

service adapt their kehavior to the gquality of that service.
They learn the schedule and establish a level of confidence

in the service, If the schedules are dependable, passengers
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are more inclined to arrive at the bus stop shortly before
the bus is due since they are confident that the bus will be
on time. If the arrival times are less predictable, with
buses frequently early or late, passengers tend to arrive
earlier to reduce the risk of missing an early bus, thus

extending their average waiting time.

The AVM Project Office at TSC has developed a managerial
strategy, presented at Appendix D, which exploits this
apparent behavioral tendency to vary passenger arrival time
based on the variability of service. If AVM enables transit
managers to improve schedule adherence or reliability, they
can capture benefits by lengthening the headway between
buses without changing the perceived passenger waiting
times. The extended headway reduces the vehicle and driver
assets invested in the route and increases the average load
factor on the remaining buses. These increased loads can be
spread more evenly as "bunching" of the buses can be
eliminated with AVM. Potential changes in load factors, of
course, will vary in relation to the quality of schedule
adherence prior to implementation of any controls., A route
with good headway adherence and little bunching will achieve
minor load factor increases and vehicle savings, Lut a route

with poor headway adherence and significant bunching may
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garner important benefits if all vehicles are not already

locaded to capacity.

Load factor improvements are separate and distinct from
lavover reductions. Iocad factors focus on operating
efficiencies during the revenue run and attempt to reduce
the number of revenue runs, while layover savings arise from

reducing unnecessary idle time at the ends of revenue runs,

Average load factor improvements of one and ten percent have
been adopted as the low and high base case benefits. Both
factors represent relatively good initial schedule adherence
and modest improvements in layover. Calculations were
performed only atfter the base fleet had been reduced by the
layover savings in order to avoid double counting. The
tarqget fleet population was further restricted to vehicles
operating during peak hours only on headways of ten minutes

or less.

Load facteor improvements save ten vehicles for the low
benefit input, and 91 vehicles for the high benefit input.
Payroll dollars equivalent to seventeen drivers can be freed
in the low case and 157 in the high case (out of an initial
base case force of 4,900 drivers). The present value of the

low benefit is $3,197,000, for an item Bs/C of 0.50; the



present value of the high benefit is $28,181,000, for an
item B/C of 4.412. In the absence of supporting
experimental data, the load factor btenefits must be regarded

as the most speculative of the bus benefits.

5.2.4 Composite Bus Results. Table V-1 is the bus benefit

cutput from the computer model. It shows each source of
savings individually, including all of the elements which
were summarized in the preceding sectlions. All dollar costs
and savings are expressed in present values discounted at
ten percent. The lower part of Table V-1 shows the total
savings, which are $8,707,400 in the low case and
$41,,490,700 in the high case. These benefits are compared
with the low cost individual AVM and with the bus's share of
the low cost multiple user AVM. (Both are broad signpost
location systems.}) The single user, total benefit cost
ratio is 1,363 in the low case and 6.496 in the high case.
Participation in the base case multiple user system has a

negligible impact on these results.
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Cost Benefit Summary for:
{(Dollar Values in Thousands}

Savings Scurce:

% Change

Vehicles Saved
Capital $
O&M

Sub Total S

Item Benefit/Costs
Single User
Multi-User

Drivers Saved
Salary $
Overhead+Ben

Sub Total S

Item Benefit/Cost:
Single User
Multi-User

Personnel Saved
Salary
Overhead+Ben

Item Benefit/Cost:
Single User
Multi-User

Total Savings

System Costs:
Single User
Multi-User

Benefit/Cost Ratio

5ingle User
Mulgl-User

TABLE V-1

Bus

Load Factor

Layover Reduction Improvement
Low Figh Low High
6.8 25.0 1.0 10.0
7. 22. 10. 91.
375.5 1294.4 558.6 5302.8
70.5 562.7 751.4 5996. 4
446.0 1857.1 1309.1 11299.1
0.070 0.291 0.205 1.769
0.070 0.292 0.206 1.776
1z. 38. 17. 157,
1034.8 3361.1 1539.2 13769.9
233.9 759.7 347.9 3112.2
1268.7 4120.8 1887.1 16882.1
0.199 0.645 0.295 2.643
0.199 0.648 0.297 2.654

Data Collection

Low

40,
$ 1897.8
1897.8

$ 3795.6

0.594
0.597

$ 8707.4

High

40.
3665.8
3665.8

7331.6

1.148
1.153

41490.7

6386.7
6360.7

6.496
6.523



Changing the location system has a major impact on the
results since the higher costs translate into direct
reductions of the B/C. Takle V-5 at the rear of this
chapter summarizes the full range of B/C ratios for all
fleets and all location systems, but Figure V-4, shown on
the next page, is a graphic display of the impact of the
four single user bus location system costs on the low and
high B/C ratios. The horizontal lines connect the high and
low B/Cs for each location system. Higher lines represent
higher cost technologies and the dashed perimeters
surrounding these cost lines represent the effect on the B/C
ratio resulting from variations in system cost estimates
(see paragraph 3.2.3) of: +6.5% for dead reckoning; +20%
for sharp signpost; #18% for radio frequency; and +5% for
broad signposts. BAs can be seen, cost variations or
selection of higher cost location systems can significantly

erode potential payoffs in terms of the B/C ratio.
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5.2.5 ©Bus Conclusions. The low case B/C is the natural

place to turn for a single indicator about the viability of
AVM as an investment. Before assuming the attainability of
a B/C of 1.363, one must consider the three sources of the

benefits:

Benefit Source Item B/C % _of Total B/C

Data Collection 0.594 4ux

Layover 0.269 20%

Loadfactor 0.500 _37%

Total Bus EBenefit 1,363 101%
(rounded)

Data collection is the largest portion of the total B/C.
While the benefit has been calculated conservatively, its
source is strictly the reduction in manual checkers. This

makes the payoff heavily dependent on the number of checkers

employed by a particular property.

Layover reductions are a traditional benefit comnected with
AVM fleet control, yet it produces only a small item B/C.
Its application in this analysis is a conservative extension

of the Dublin data, which is the only qguantitative evidence

supporting such improvements.




Over a third of the total payoff comes from the load factor
improvements, which are considered speculative, and will
require an extensive measurement of actual performance
improvements to be validated. If this item B/C is omitted,
the total payoff drops to .863, which is marginal even
considering the conservative nature of the two remaining

elements.

5.3 AVM Benefits for the Police

5.3.1 AW Impact on Police Operations. Police cruisers are

assigned to beats and districts to conduct preventive
patrols and respond to emergency and routine service calls.
AVM is attractive to law enforcement officials because the
ability to dispatch the closest patrol car to an emergency
offers the opportunity to shave seconds and perhaps minutes
from average response times, thus increasing the likelihood
of apprehensions and improving protection of people and
property. Police response time savings are of interest from
a transportation perspective because they translate into

mileage reductions and operating efficiencies.

The St. Louis experiment with a dead reckoning AVM achieved
response travel time saving of 10%, and analysis indicates
that this equates to a similar or slightly smaller reduction

in mileage travelled (Larson, RoOs). Based on this,
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percentage reductions in police response miles of 2% and 10%

were adopted as the kase case low and high benefits.

Mileage devoted to preventive patrol is not eligible for
saving. Fifty percent of base case mileage is eliminated on
this basis and AVM savings are applied only to the
remainder. The total miles which can be saved are
equivalent to 11 cruisers in the low case and 53 in the high
case (from a fleet of 1330}. Full O&M and personnel savings
are associated with each cruiser., O&M includes costs of
mileage and ownership. Personnel includes the average
$21,800 salary and equivalent benefits for each of the 3.3
patrolmen who staff a cruiser. Personnel savings total 35
in the low case and 176 in the high case. Both targets are
assumed to be achieved by attrition at a rate of 10% applied

to the initial patrol force of 4,389.

The TSC estimate of vehicle savinags was tested against the
parameters of the Jet Propulsion Laboratory's (JPL} police
AVM model, which derives efficiency improvements from
location system accuracy relative to fleet and area
dimensions. TS8C vehicle savings were well within the
targets that the JPL model established for UMTA specified

AVM location system accuracies eguivalent to those in the



UMTA specification and applied within the base case

dimensions.

5.3.2 Police Results. Table V-2 displays the detailed

benefit and payoff data for the police. The low benefits
produce present value savings of $10,006,500, 96% of which
flow from personnel savings. The remaining 4% are a
combination of vehicle capital and Q&M savings. These
savings produce a single user Bs/C of 2.386 for the low cost
radio frequency location system. This is the largest value
for a low benefit B/C for any single user of AVM in the
study. Present value savings and B/C in the high case are
nearly five times greater than the low case, reflecting the
difference in AVM impacts. Improvements in B/C due to

multiple user cost sharing are on the order of 1%.

The large personnel costs associated with each police
cruiser provide leverage which increases the dollar benefits
of AVM impacts. These substantial benefits enable the
police to absorb a greater range of increased system costs
before dropping below the breakeven point. Figure V-5 shows
that for low benefits only the two highest cost location

systems dip below breakeven conditions.



TABLE V-2

Cost-Benefit

Summary for: Police

(Dollar Values in Thousands)

Savings Source:

Response Time Reduction

Low High

% Change 2.0 10.0
Vehicles Saved 11. 53.0

Capital 5 109.6 580.9

C&M 323.0 1615.2

Subtotal 5 432.6 2196.0
Item Benefit/Cost:

Single User 0.103 0.524

Multi-User 0.104 0.529
Patrolmen Saved 35, 176.

Salary $ 4786.9 23332.8

Overhead+Ren 4786.9 23332.8

Sub Total 5 9573.5 46665.7
Ttem Benefit/Cost:

Single User 2.283 11.129

Multi-User 2.305 11.235
Tctal Savings S 10006.5 48861.7
System Costs:

Single User 4193.1 4193.1

Multi-User 4153.7 4153.7
Benefit/Cost Ratio:

Single User 2.1386 11.653

Multi-CUser 2.4QyY 11.763

wn
1

25
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The results of this study, Doering's work in Orlando, the
expansion of the FLAIR AVM in St., Louis, and the JPL
analysis all reinforce the conclusion that AVM offers

significant benefits to police and public safety managers.

5.4 AVM Benefits for the Taxi

5.4.1 Impact of AVM on Taxi Operators. Radio controlled

taxi operations are analagous to police operations in that
dispersed vehicles are assigned to random service calls.
Knowledge of vehicle location permits assigning the closest
car to each ride regquest with the goal, in this case, being

a reduction of non-revenue miles.

The base case fleet accumulates 50% of total miles in non-
revenue operations. Part of this non-revenue movement
{deadhead) is unavoidable because passenger destination and
subseguent pick up points do not coincide. Simulation
conducted at TSC indicates that this unavoidable deadhead
amounts to 18% of total miles, leaving 32% of total miles as
avoidable deadhead. Aavoidable deadhead is cruising in
search of fares and returning from passenger drops to
central pick up or dispatch points. AVM can help reduce

this portion of deadhead.



Analysis and extrapolation of St. Louis police data and
consultation with taxi operators resulted in base case low
and high benefits for reductions in avoidable deadhead
mileage being set at 10% and 20%. This translates into
vehicle savings of 33 in the low case and 66 in the high
case {out of a fleet of 800). Capital and total O&M savings
are associated with these savings as are 69 drivers in the
low case and 138 drivers in the high case. Since these jobs
are paid on a commission basis, the sole value to the
operator is the reduction of fringe benefits worth $1,350

annually per driver.

5.4,2. Taxi Results. Table V-3 disglays the model benefit

output for the base case taxi fleet. Reduction of deadhead
miles yields total present value savings of $2,059,000 in
the low case and $4,110,100 in the high case. The
respective B/C's are 0.743 and 1.482 for the taxi alone
scenario. Participation in a multiple user system improves
the taxi B/C's by nine percent, but the taxi remains well
Lelow the breakeven BE/C point for low benefits. Figure V-6
shows that taxi B/C's exceeded 1.0 only for the high

benefits when combined with the two lowest cost systems.

The taxi benefits are in marked contrast with the police.

Taxis achieve a larger fleet reduction of 4% in the low case



TABLE V-3

Cost-Benefit Summary for: Taxi
(Dollar Values in Thousands)

Source of Savings:

% Change

% Change

Vehicles Saved
Capital
O&M

Sub Total

Item Renefit/Cost:
Single User
Multi-User

Drivers Saved
Salary
Overhead+Ben

Sub Tctal

Item Benefit/Cost:
Single User
Multi-User

Total Savings

System Costs:
Single User
Multi-User

Benefit/Cost Ratio:
Single User
Multi~User

"High-Flagging" Reduction

Low High
0.0 0.0

Reduce Dead-Head Miles

4.1

33.
$ 239.1
1238.5

S1477.6

0.533
0.585

6

W
= oW

8

[}

j—
.

o

0.210
0.230

$ 2059,

2773,
2522,

0,743
0.816

8

[S5 Ban]

U—‘P

[}

|

8.2
66.

485.7

2476.9

2962.7

1.068

1.174
138.

0,0
1147.5

1147.5

0.414
0.455

4110.1

2773.1
2523.7

1.482
1.629



i
L
Q

Present
Value
of
Life Cycle
System Costs
1975 $ x 106

(Discounted @ 10%)

2.8 Break Ewven
—_ ]
! \ |
\ \ .
n.pl \ \ Sharp Sign |
\—'—Q\ Post I
a.o \ N\ !
" - \ ————— \ l
(= ===~ pead |
ER | A = — e - =2 Reckoningi
|
4.8 1 Broad 'v'%%‘::l Radio
Sign Post _:_,__,__,__,'_______ Fregquency
\—ﬁ : -
2 m "*-..-—-l—-—-——--——-————::—
|
. — . ~ l . . -
.2 4 .B .8 i.a 1.2 H4H |.6B 1.8

Benefit Cost Ratio

FIGURE V-6

TECHNOLOGY COSTS AND BENEFIT/COST
RATIOS FOR TAXI



while the police fleet reduction was cnly 0.8%. Despite
this, the taxi low case single user B/C is 0.743 while the
comparable police B/C is 2.386. The great difference is
explained by personnel costs. This category, which
accounted for 96% of police savings, comprises only 28% of
the taxi savings. A saved taxicab has a small total of
avoided employee benefits compared to a saved patrol car
which has over three salary and overhead units associated

with it.

Taxi fleets achieve the greatest kenefits from AVM in terms
of fleet reduction and vehicle productivity. Ironically,

taxl operators may not be able to afford these improvements
at current AVM cost estimates because the salary structure

of the industry precludes capture of labor savings.

5.5 Total Multiple User AVM Benefits

AVM benefits for the multiple user fleet are a summation of
individual fleet savings; there are no operational impacts
and benefits of AVM attributed to the shared system. Table
V-4 presents the total results of all fleets for comparison
purposes. Figure V-7 does the same for the multiple user

payoff envelope.



Cost-Benefit Summary for:
{Dollar Values in Thousands)

Savings Source:

Bus
Police

Taxi

Capital Savings
0&M Savings
Personnel Savings

loss Adjustments

Total Sawvings

System Costs:
Multi-User
(broad sign post)
Benefit/Cost Ratio:
Multi-User

TABLE V-4

5-32

Low
S 8707.4
10006.5
2059.1
$ 1285.8
2383.4

17106.8
0.0

520773.0

513038.2

1.293

Multi-User

High
41490.7
418861.7

4110.1
7663.7
10651.2

76147.7
0.0

94462.6

13038.2

7.245
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As a final summary,

fleets and location systems.

Benefit Estimate:

Bus Alcne

Bus Shared

Police Alcne

Police Shared

Taxi Alcne

Taxl Shared

TOTAL MULTIPLE

TABLE V-5

AVM INVESTMINTS PAYOFF§
(Benefit/Cost Ratios)

Broad Radio
Signpost Frequency
Low High Low High
1.36 6.50 0.98 4.69

1.37 6.52 * *
1.89 9,21 2.39 11.65
2.41 11.7¢6 * *
0.49 0.98 0.74 1.48
0.82 1.63 * *
1.59 7.25 1.44 6.54

*Not available.

Sharp

Signpos

Low

G.

58

*

.80

.22

.65

Takle V-5 summarizes B/C's for all

t

Dead
Reckoning
Low High
0.40 1.92
* *
0.95 4.63
* *
0.31 0.61
L *
0.55 2.51



VI SENSITIVITY ANALYSIS

6.1 Introduction

An analysis was conducted to examine the impact of
variations in the key assumptions used in the calculation of
AVM related benefits. In some cases, the range of variation
was expanded to extremes to illuminate any possible
discontinuities and limitations of the model or of AVM

applications.

The sensitivity results should be used to develop only the

broadest generalities regarding AVM utility. Though the

model utilized to oktain the information is extremely
flexikble the precise makeup of user fleets and their
distribution will, in the real worlid, vary in a
discontinucus fashion, Thus, large excursions from the base
case should ke described indiwvidually using actual
configurations and informaticn about the site in question.
For purposes of the urban size analysis, the assumptions
used are considered as gross approximations of the changing
service characteristics that exist in different urban

environments.



6.2. Approach

The model used to generate the results of this study was
developed to be an extremely flexible tool, readily
adaptable to support sensitivity analysis of this type.
However, once a number of data points for each case had been
computed a regression analysis was then used to develop the
complete data set. While most of the relationships appear
to be linear, a least squares parabolic solution gives the

most consistent fit.

analyses were conducted for the low range of individual user
costs and benefits by varying fleet sizes, areas, and
percentage improvements. In addition to individual cases,
estimates of the trends of benefits and costs in different
urban size leocations were also made. These estimates
reflect an assumed exponential relationship between reduced

fleet sizes and operational descriptors such as run times.

6.3 Single User Sensitivities

6.3.1 Bus. All of the following figures are presented as
variations around the base fleet of 2400 vehicles operating
on 3825 route miles. Cost estimates are for a broad
signpost system utilized only by the bus fleet. Only the

low estimates of benefits are analyzed.




6.3.1.1 Sensjtivity to Fleet Size., Variation in expected
total costs and total benefits (low range only) are shown in

Figqure VI-1.

Note that the benefits shown, yield a value even when there
are only a few vehicles in the fleet. This situation
reflects the present value of benefits of decreasing the

fixed "field checker" work force by some 40 people.
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As the fleet size increases so do the costs and benefits
though the benefits grow at a slower rate than costs. Thus
the benefit cost ratio reaches a limiting point at about
2000 vehicles, This is shown in Figure VI-2A. Figure VI-2E
illustrates the constancy of benefits attributable to each
kus and the decaying nature of the costs per bus, reaching a

lowest figure of about $2600.

The benefits shown, however, are not considered realistic at
fieet iewvels much below 1200 vehicles, as the route miles
and area were held constant in this analysis of fleet size
variations. The implicit effect of shrinking the total
fleet without changing area, or route miles, would be to
produce a bus system that has one way run times of over two
hours which would more nearly represent a commuter operation
than that of a typical fixed route transit system.
Additionally, the benefits derived for the base case from
the attrition of field checkers is not directly dependent
upon either fleet size or the installation of AVM but rather
on automatic passenger counters which coincidentally, but
perhaps unnecessarily, transmit their information in real-
time by means of AVM, The effect of varying the number of
checkers for different attrition bases is shown in Figure

vI-3.
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Some properties employ as few as 1 checker for every 300
buses as opposed to 1 for every 40 buses as used in the base
case. Thus, it is important to isclate these savings from
noperational benefits" that derive from more consistently
applicable control strategies that are directly dependent

upon postion location information.

These operational kenefits result from vehicle and driver
payroll savings made possible through reductions in layover
time and increases in load factors. The information on
costs and operational benefits, both totally and on a per

bus basis, are shown in Figqures VI-4A and VI-U4B.
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The extent of improvements in these two factors is
conservatively assumed to be limited to only those buses out
of the total fleet that are operating during peak hours on
routes with headways of 10 minutes or less. Figure VI-5

illustrates the resulting cgperational B/C ratio.
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6.3.1.2 Sensitivities tc¢ Layover Reductions. Because
different bus sytems exhibit different layover times when
compared against average one way run times, various layover
times were analyzed as a function of the degree of
improvement or reduction thought possible with AVM. Figure
VI-6 illustrates the resultant effect upon the base case

benefit cost ratio.
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As shown in a case where only layover reductions are made, a

10 percent reduction in layover time, for the base case
system operating with layovers equal to 20% of run time,
will result in a contribution to the overall benefit cost
ratio of approximately 0.4-0.5. This saving is derived not
only from the avoided capital and QEM costs associated with
the seven buses saved, but reductions in payroll are also
present which accounts for over 70% of the total layover
savings. Recall that this information is based upon a base
case operation where 50% of the buses operate, during rush
hour peaks, on headways of 10 minutes or less. As expected,
as this percentage increases so do the corresponding savings
from layover reductions which now affect a larger percentage
of the fleet. The effect is essentially one to one, that
is, as the percent of buses on short headways nears 100%,
only half of the improvement thought possible for 50% on
short headways is needed to return the same benefit. This

situation is shown in Figure VI-7.

6.3.1.3 Sensitivity to Load Factor Increases. Savings
similar to those from layover reductions occur when load
factors are increased by using longer headways and tightly
controlling schedule adherence. By closely maintaining
published schedules, average passenger wait time remains

constant and the same volume of service is possible with the
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deployment of fewer vehicles which operate at higher but
mare evenly distributed factors. A percentage improvement
in this factor has a more pronounced affect than a
corresponding reduction in layover time, as can be seen in

Figqure vI-8.
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Again, as in the case with layover savings, the more buses
operating during peak hour the greater the savings that can
be expected for a given percentage improvement in load
factor. This situation is shown in Figure VI-9, where the
contribution to the overall benefit cost ratio is shown for
vehicles and payroll savings arising from a 1% load factor

increase.
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6.3.1.4 Sensitivity to Route Miles. Strictly speaking, a
reduction in the number of route miles in a transit system,
if nothing else changes, will not return any real benefits
per se, but would act only to reduce the AVM system
deployment costs. However, if only route miles are reduced,
yet the same number of buses generate the same annual
mileage, implicitly then, the average number of buses per
route must increase, The net effect would be to produce an
increase in the percentage of buses operating on short

headways.

6.4.2 Police. The following figures are based on
variations around the base fleet of 1330 police vehicles
operating over 475 square miles. (ost estimates are for a
radio frequency system utilized only by the police force.

only the low estimates of benefits are analyzed.

6.4.2.1 Sensivity to Fleet Size. Because of the high cost
of operating a police patrol car, attributable in large part
to the salaries of the round-the-clock work force manning
each car, single vehicle savings yield relatively higher
benefits than in a corresponding case of a single bus saved.
Thus, as shown in Figures VI-10A and VI-10B the total
benefits are returned more guickly than total costs accrue.

Costs and benefits on a per car basis show a rapid decrease
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in expenditures per car against a constant benefit per car.
The effect on the resultant benefit cost ratio is shown in

Figure VI-11.
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Recall however, that these effects are derived for a
constant area with a constant percentage reduction in time

and miles due to AVM.



Within practical limits, this assumption yields realistic
results that would be expected with an increasing density of

cars within a given area.

6.4.2.2 Sensitivity to Area. Figure VI-12 illustrates the
effect of decreasing the fleet density by increasing the

area over which a fixed fleet is dispersed.
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As can be seen the benefit cost ratio decreased as wayside
equipment deployment costs increase. These results can lead
to erroneous conclusions, since there are practical limits
to the number of patrol cars per square mile, and no
adjustment was incorporated to reflect the possibility of
greater savings available in a low density operation. If
this fact was taken into account, shrinkage of area around

the base case would show decreasing benefits.

6.4.2.3 sSensitivity to Percent of Annual Miles Spent on
Preventive Patrol. As the patrol area shrinks, it is
realistic to believe that the fleet size would also decrease
unless, of course, the number of vehicles involved in
strictly preventive patrol went up. 2As this happens, the
benefits that could be expected, in terms of miles saved

would alsc be expected to decrease as shown in Figure VI-13.

Again, care must be taken in drawing conclusions from this
information. In an extreme case where none of the annual
mileage was spent on preventive patrcl, the assumptions made
in the model do not acccunt for the fact that the positiocn
of each vehicle would then be known continuously by the

dispatcher. AVM would furnish no additional position

6-18
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information, and the benefit in this case would be expected
tco disappear. Significant curtailment of available benefits

oceurs as this saturation point is approached.
6.4.2.4 Sensitivity to Expected Decrease in Response Time
and Mileage., As the assumed savings thought possible

through dispatchina the single nearest vehicle to an
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emergency are increased, the effect on the overall benefit
cost ratio is dramatically positive. Figure VI-1L4

illustrates this situation.

As was just pointed out however, for a lesser percent of the
fleet involved in preventive patrol, the resultant savings
would be expected to increase up to a limiting value and
drop off rapidly. A much more extensive analysis of this
situation is suggested in order to determine the particular
mix of police operations that would show the largest benefit

for a given savings in time and mileage.
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6.4.3 Taxi. The following figures are based on variations
around the base fleet of B00 taxis operating within a 475
square mile area, with cost estimates for a radio frequency

system utilized only by the taxi fleet. Only the low

estimates of benefits are analvzed.

6.4.3.1 Sensitivity to Variations in Fleet Size. Though
the taxi is a random route operation as is that of police,
only the costs of the AVM system are comparable. Because
the pay of drivers in a taxi system is based on commissions,
any reduction in the number of drivers does not result in
any significant payroll savings. Rather, the same
percentage commission is merely divided by fewer drivers.
Fixed vehicular operating costs and driver benefits are
saved however. Thus, as is shown in Figure VI-15A, the
benefits and costs assumed for the low case do not
intersect. Accordingly, neither do the benefits and costs
per car, as illustrated in Figure VI-15B. Thus, the overall
benefit cost ratio shown in Figure VvI-16, does not reach a

breakeven point in the low case for a taxi operation.
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6.4.3.2 Sensitivity to Variations in Area. For identical
reasons as those given for the police case above, the
benefit/cost ratio shows a decreasing relationship to
increases in the size of the area covered. This relation
does not decay as rapidly as for police as the unit benefits
to be realized are less. HBowever, it is also reasonable to

expect that as the area of coverage decreases, fewer taxis



would be deployed as the total demand for service would be
expected to shrink with area as well, Thus, Figqure vI-17
should only be interpreted over a small range around the
base case, to avoid the narrow conclusion that a fixed sized
taxi fleet operation uniformly benefits when the service

area is decreased.
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6.04.3.3 Sensitivity to Non-Froductive Annual Mileage.

Almost analogous to the police operation, wherein a portion



of the annual operating mileage is spent cruising on
preventive patrol, a taxi accumulates non-revenue miles not
only in cruising but in traveling to and from a fare, This
non-revenue mileage is that which can be reduced through
more effective dispatching. Thus expected savings from any
percentage improvement are directly tied to the amount of
non-revenue mileage generated. The relationship between
this factor, assuming a 10% saving in such mileage, is shown
in Figure VI-18. The expected savings reach a finite value
at a point of 82%. This is because the base case assumes
that 18% of the total mileage will ke unavoidable as the
next pickup point will seldom coincide with the previous

drop off point.

6.4.3.4 Sensitivity to Expected Mileage Savings. Of
course, as the assumption of the extent of savings
achievable through nearest vehicle dispatching is changed,
the benefits vary accordingly. The effect of varying this
assumption from the kase case value of 10% is shown in

Figure VvI-19,
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6.5 Multiple User Case Sensitivities
Variations in individual descrigptors that forcibly hold

interrelated variables constant tend to distort the true
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picture of what might be expected if a different site were

chosen for AVM deployment.

As service areas expand or decrease, a matching of such
changes to ancther representative urban area would
undoubtedly show corresponding reductions in fleet sizes and
operational characteristics. Even so, the highly
individualized nature of todays urban areas would obviate

all but the most vagque of relationshigs.

This factor notwithstanding, it was felt necessary to
develop a view of the possible effects of applying AVM in
other urban areas. The following changes to the base case
were used to describe other urban areas:
. The same percentage decrease in area would be
applied to the total bus route miles, central core

area and all operating fleet sizes.

. The number of field checkers would be decreased
proportionate to changes in fleet size.

. The run times and layover times assumed for buses
would ke reduced exponentially.

. All other operating characteristics and cost
factors as well as percentages used in all
assumptions dealing with savings would be held
constant,

Shown in Figqure VI-20 1is the expected trend in the low

benefit cost ratio for varying sized urban cities subject to

the assumptions mentioned above.
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Taxi operations were not analyzed in depth for this scenario
as their financial ogerating structure is such that the low
estimate of mileage-related savings apparently cannot exceed
system implementation costs. Admittedly, while such
limitations are readily subject to question, the extent of
the implied analysis is beyond the scope of this current
study. Additional emphasis was placed upon bus operations
as it was felt that the possible impact would be of primary

interest on fixed route operations.

Because the size of the field checker force was diminished
with fleet size, the benefits within smaller bus operations
are accoumnted for in a more realistic fashion. Thus, while
benefits do exceed costs for most cases, urban sizes under
15-20% of the base case encountered costs which outweighed
benefits as shown in Figure VI-21, Indications of the
physical properties of the urban environment suggested by
each percentage can be estimated from other characteristics

of the tase case city.

The total bus fleet of 2,400 vehicles operated over a system
that provided 3,825 route miles of service. Thus a 50%
urban situation would be represented by a system having

1,200 vehicles and operating 1,912 one way route miles.
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Hard conclusions as to the relationship of benefit/cost to
city size should not be drawn from before such factors as
the efficiency of operation and the extent of transit
dependence by the population (unigue for each service area)

are considered.

As can be seen in Figure VI-22, the costs per bus approach

the $2,600 figure shown earlier for bus only operations.
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Note, however, that the total benefits still include savings
from checkers and operations. Separating these results as
shown in Figure VI-23, shows that operational benefits on a
per bus basis never exceed the $2,600 value and result in
the B/C ratios illustrated in Figure VI-24 which compares

both total and operational benefits.
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VII. SERVICE AND MANAGEMENT BENEFITS

7.1 Cost Reduction vs. Service Improvement

The prinicipal benefit of AVM is improved operating
efficiency, which flows from continuous vehicle location
information. The benefit-cost model captures efficiency
improvements by holding the level of service constant while
reducing fleet size and personnel strength. This approach
vields a straightforward and confident estimate of the cost
savings which can be achieved at a given level of

effectiveness.

As indicated in Chapter III, cost reduction is only one of a
wide range of strateqies open to management for exploliting
improved operating efficiency. The range of choice has heen
described as a continuum between two polar positions and

illustrated as follows:

INCREASED EFFICIENCY. . .

REQUIRES A CHOICE BY
LOCAL POLICY-MAKERS. . .

IMPROVED SERVICE CONSTANT SERVICE
YIELDING YTELDING
PUBLIC BENEFITS OPERATING ECONCMIES



If managers elect to pursue a variation of the first goal,
as have many in western Europe, analysts will be challenged

to measure the benefits of improved service,

Improved service through AVM may mean reduced passenger wait
times, more confident schedules, and shorter total trip
time; operating efficiencies may be converted into more
freguent trips and wider service provided by the same force
of drivers and vehicles. BAssiqgning dollar values tc these
benefits requires that ridership changes be projected from
the service improvements. This cannot be done confidently
because there is no generally accepted patron demand
function or valuation of passenger wait and travel time.
(For example, available estimates of the value of passenger
wait and travel time vary by a multigple of four.) Faced
with this difficulty, an analyst might choose to estimate
the value of puklic tenefits in terms of the avoidable cost
of prcoducing those benefits--that is, by measuring AVM cost

savings, as has been done in this study.

7.2 Schedule Improvement

AVM, coupled with a reliable passenger counter, will produce
a continuous record of bus demand data which can be grouped
by route, stop, and time of day. 2As discussed in Chapter

I11, this data may be sampled or it may ke measured in



totality. 1In either case, it is the raw material for
developing and coptimizing the total schedule, for
readjusting routes and vehicle assignments to respond most
effectively to overall demand, and thus to improve service.
This benefit goes beyond the ability of AVM to help keep
buses on schedule, keyond the layover and loadfactor
improvements which grow out of that ability. It also goes
beyond data collection savings which are achieved by
automating the checker function. The schedule improvement
benefit is defined as the long-term value of having good
demand data in hand and using it regularly to adjust service
to changing patterns of community needs and demands. The
potential dollar value of this benefit depends upon the pre-
AVM quality of each property's data collection, demand
estimation, and schedule-making. This is difficult to
specify in advance of AVM implementation and will vary
greatly between properties, but it is clear that it is an
important potential benefit. The schedule improvement
renefit is not a factor in the base case due to the
assumption that equipping 120 buses with passenger counters
produces data comparable in value tc the product of the

current force of 60 manual checkers.



7.3 Security and the Silent Alarm

Exact location data from AVM offers important benefits when
coupled with a silent alarm which permits the vehicle
operator to transmit a digital code requesting emergency
assistance without voice contact. This permits help to be

directed to the exact point of need in the shortest time.

Insufficient data is available to make a confident dollar
estimate of the value of the silent alarm. It is difficult
to establish a causal connection between decreases in crime
and a specific deterrent (such as AVM and the silent alarm)
because criminal behavior is deeply rooted in a complex
social environment. Even if this is accomplished, it
remains difficult to find a widely accepted valuation of
crimes against people, and even harder to project the
ridership impact and general social value of increased

feelings of personal security.

Despite these problems, the silent alarm appears to offer
substantial benefits. For example, the Chicago Transit
Authority found in a small sample that police response time
to silent alarms was 38% faster for buses equipped with avM
than for buses equipped only with an alarm and no location

indicator, It seems reasonable to agree with a modified



version of the arqument for AVM and the silent alarm which

was presented in Chapter II:

. AVM and a silent alarm should bring an increase in
apprehension of taxi and transit criminals and
vandals.

® Apprehensicons plus publicity should lower transit

crime and vandalism through deterrencae. (However,
transit crime and vandalism may be displaced to
other targets.)

. Vehicle operator and police morale seem likely to
increase so long as they have confidence in an AVM
with silent alarm and "officer needs assistance"
codes. This may reduce turnover and lost time and
increase productivity.

. Public perceptions of greater safety may increase
transit and taxi ridership, especially during
night hours and in high crime neighborhoods.

These potential security benefits may be sufficient reason

for decision-makers to proceed with an AVM implementation

which appears marginal in terms of strict dollar benefits.
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APPENDIX A
BASE CASE DATA INPUTS

This appendix presents the operational and financial data
used to calculate the base case benefits. Each entry lists

the parameter, the Lase case value, and the source.

BRUS

* Fleet Size

2,400 vehicles. Southern California Rapid Transit

District (SCRTD}.

e Capital Cost Per Vehicle

$64,0C0. TSC estimate.

e Vehicle Lifetime

12 years. 7TSC estimate based on SCRETD data.

e Portion of Fleet Down for Maintenance

16.53%, TSC analysis of SCRTD data.

* Portion of Fleet to kte Equipped with Passenger Counters

5%. TSC estimate.

* Area Coverage

2,000 square miles. TSC analysis of SCRTD data.



Number of Route Miles

3,825. SCRTD estimate.

Load Factor Improvement Due to AVM

1% in the low case; 10% in the high case. TSC estimate.

Portion of Buses on Short Headway Routes During Peak Hours

50.07%. TSC analysis of SCRTD data.

Platform Time

81.8 minutes., TSC analysis of SCRTD data.

Average One-Way Running Time

68.2 minutes. TSC estimate based on SCRTD data.

Average Layover Time

13.67 minutes. TSC analysis of SCRTD data.

Layover Improvement Due to AVM
.93 minutes in the low case; 3.42 minutes in the high case.

TSC estimate.



Annual Insvrance Cost per Vehicle
$3,200. TSC estimate based on data provided by the

Americar. Public Transit Association (APTA).

Annual Operation and Maintenance Cost per Vehicle

$17,120. TSC estimate based on APTA data.

Initial Checker Force

60. SCRTD.

Checkers to Remain with AVM

20. TS3SC estimate.

Portion of Periodic Maintenance Done According to the
Calendar

7.5%. TSC estimate,

Attrition Rate

10%. SCRTD estimate.,

Average Checker Salary

$15,800, SCRTD estimate.



¢ Averaqge Benefits and Overhead for Checker

£15,800. TSC estimate.

s Initial Driver Force

4,900. SCRTD estimate.

e pPortion of Driver Payroll that is Overtime

4.8B%. TSC analysis of SCRTD data.

e Average Driver Salary

$13,800. SCRTLC estimate.

e Benefits and Overhead for Driver

$3,100. TSC analysis of SCRTD data.

e Driver Pay Hours per Year

2,284, TSC analysis of SCRTLC data.

POLICE

¢ Fleet Size

1,330 Patrol Cars. Los Angeles Police Department

(LAFD) .



Vehicle Capital Cost

$4,400. LAPD.

Vehicle Lifetime

3 years. LAPD estimate,

Portion of Fleet Down for Maintenance

20%. LAPD estimate.

Area Coverage

475 square miles. TSC estimate based on Los Angeles data.

Annual Miles per Car

27,000. L1APD estimate.

Portion of Miles Spent in Preventive Patrol

50%., TS5C estimate.

Reductior in Response-to-Call Mileage Due to AVM

2% in low case; 10% in high case. TSC estimate.

Operation and Maintenance Cost per Mile

£.183. LAPD estimate.



Annual Insurance Cost per Car

$0. LAPD.

Patrolmen per Vehicle

3.3. LAPD estimate,

Average Patrolman's Salary

$21,800. LAPD estimate.

Average Annual Benefits and Overhead for Patrolmen

$21,800. TSC estimate.

Attrition Rate

10%. TSC estimate.

TAXI

e Fleet S5i1ze

800 cabs. Yellow Cab Company of Los Angeles,

¢ Vehicle Capital Cost

$3.000. Estimate.



Vehicle Lifetime

3 vears. Estimate.

Area Coverage

475 square miles, TSC estimate based on Los Angeles data.

Average Annual Mileage per Cab

50,000. Estimate.

Portion of Mileage that is Non-Revenue

50%. TSC estimate.

Portion of Mileage that is Unavoidable Non-Revenue

18%. TSC estimate.

Porticn of Avoidable Deadheading Saved Due to AVM

10% in the low case; 20% in the high case. TSC estimate.

Operation and Maintenance Cost per Mile
$.093. TSC analysis of data in Paratransit, by

R.F. Kirby, et al.

Annual Insurance Cost per Vehicle

$1475. TSC analysis of data in Paratransit.



e Drivers per Vehicle

2.1. TSC estimate.

e Drivers on Salary

0.

* Annual Non-Salary Benefits per Driver

$1,350., TSC estimate based on YLCA data.

e Attrition Rate of Taxil Drivers

33%. TSC estimate.

AVM COST FACTORS

Costs for AVM equipment are drawn from "Automatic Vehicle
Mconitoring System Deployment Costs," by Bernard %. Blood,
TSC AVM Document 5.1.3. and memo from TSC AVM project Office
entitled, "Additional Information - AVM System Deployment
Costs," listing percentage cost variations for generic

systems.



SHARF SIGNPOST

* Cn=Vehicle Egquipment

Location Subsystem

Fixed Route $ 2,950 per vehicle
Random Route $ 3,250 per vehicle
Passenger Counter ¥ 550 each

¢ Wayside Equipment
Signposts
(6 per route mile, 148 per
square mile) $ 40 each
Remote Receivers
(1 per 127 route miles, 1 per

127 square miles) $ 10,000 each

* Central Equirment

Basic Communication F 20,000

Variable Communication $ 1,000 per 250 vehicles

Basic Data Processing $188,000

Variable Data Processing $ 62,000 per 250 vehicles
e Total Cost Variation +20%



BROAD SIGNPOST

e On-Vehicle Equipment
Location Subsystem $ 1,150 per vehicle

Passenger Counter $ 550 per vehicle

» Wayside Equipment
Signposts
(1 per mile, 37 per square
mile} $ 74 each
Remote Receivers
(1 per 210 route miles or

square miles} t 8,000 each

# Central Eqguipment

Basic Communication $ 15,000
Variable Communication $ 1,000 per 250 vehicles
Basic Data Processing $160,000

Variable Data Processing

Fixed Route $ 39,000 per 250 vehicles
Random Reoute £ 23,000 per 250 vehicles
* Total Cost Variation +5%

A-10



RADIC FREQUENCY

¢ On-Vehicle Equipment

Location Subsystem

Passenger Counter

* Wayside Equipment

Signposts (Signal Boosters)

(1.25 per mile, 2.16 per

square mile)
Remote Receivers
(1 per 260 miles or

square miles)

e Central Eguipment
Basic Communication
Varijable Communication
Basic Data Processing
Fixed Route
Random Route
Variable Data Processing

s Total Cost Variation

A-11

$ 1,600
$ 550
$ 216
$ 8,000
$ 10,000
$ 1,000

$152,000
$120,000
$ 13,000

+18%

per vehicle

each

each

each

per 250 vehicles

per 250 vehicles



DEAD-RECKONING

* On-Vehicle Equipment
Location Subsystem
Fixed Route
Random Route

Fassenger Counter

* Wayside Equipment
Mapping Cost
(1 per mile or sgquare mile)
Remcte Receivers

(1 per 41 miles or square miles)

B-12

3

$
3

4,040 per vehicle
4,000 per vehicle

550 each

180

14,000



e Central Equipment
Basic Communication
Fixed Route £ 29,000
Random Route ]
Variable Communication
Fixed Route £ 8,500 per 500 vehicles
Random Route $ 40,000 per 500 wvehicles
Basic Data Processing
Fixed Route $264,000
Random Route $204,000

Variable Data Processing

Fixed Route $109,000 per 250 vehicles
Random Route $159,000 per 250 vehicles
e Total Cost Variation +6-1/2%

A-13/A-14






APPENDIX B
USER'S MANUAL FOR
BENEFIT COST MODEL

This appendix describes the inputs to be used during a run
of the Benefit-Cost computer program, and is intended to
bridge the gap between the descriptive material in the main
text, and the detail program flow diagrams of the model

that follows. It should be read before preparing input data.

A simplified format is used that lists data items ({(in their
internal neumonics) to be input in the left hand column,

with a description of procedures {and capitalized data titles)
to the right of those wvariables. In this way, a gquick peru-
sal for a given fleet will give the order of entry of

data items.

The program, written in Fortran IV, has two main programs,

AVMPR and BENFT. The sub-programs czlled by each are:

Name Blocks Name Blocks
AVMPR: 29 BENFET: 29
TELCO 1 BUSEN 21
DSUM 1 POLBN 9
TAXEBN ie
DIABM 11
VRAT 1
CAPSV 2
PATRT 4
LOSS 9
TCTAL ENS 102

The cbject programs are stored on disk at TSC and run on
a PDP-KL-10. A block 1s defined as 600 characters. When
compiled, the executable code for the cost program occu-

pies 29 blocks and the benefit program 72.



The following functions are used to translate actual

values into 1975 dollars:

1. The Present Value Function
PV(C) = [C(1-(l+rate) YR /rate

2. Present Value of a Future Annuity Function
PVFA(Y) = Y(l-{l+rate)NPER-n+1] /(1 rate)

3. Present Value of a Future Sum
PVFS(Y) = Y/{l-rate) ™V

where:

RATE is the DISCOUNT RATE
NYR is the AVM SYSTEM LIFE
NPER i1s the NUMBER OF PERIODS
N is the NUMBER OF YEARS

dollar



AREA

PXLMT

USER

COST CALCULATIONS

Each execution of the COST PROGRAM passes through the computational steps
of the model four times, to provide Implementation cost figures for each
of the generic AVM system technologies embodied in the Program. Repre-
sentative cost factors for on-vehicle equipment, wayside equipment, and

central equipment for each system are assessed for each fleet enterad,

The model is designed for fleets that either travel on routes, or those

in random service areas, and will also assess costs for an AVM system
shared by up to six users. In beginning the Cost run, the first two input
variables determine wayside equipment costs for the total area shared by
all users. AREA consists of the combined areas, expressed in sguare mniles,
to be served by participating fleets, including the entire area served by
buses, which is hounded by an imaginary line connecting the ends of bus
routes extending outward from the core service area. TERRAIN DESCRIPTION
adjusts that number of remote receivers required, to compensate for irreg-

ular obstructions that may interfere with signal transmission.

The variables that follow regard individual fleets. Care must be taken in
inputting TYPE OF FLEET, to type the word naming the fleet (e.g., BUS,
TaXI, PCLICE, DIAL-A~RIDE, EMERGENCY, etc.) first, with no blanks to the
left (left adjusted). In the Benefit Program, separate subroutines have

been written for BUS, POLICE, TAXI, and DIAL~A-RIDE fleets, and fleets so
named must be left adjusted in the same manner, or they will be recognized



NVEH
KCTR
S0Q. MILES
RTE. MILES

TOTAL
SQ. MILES
RTE. MILES

as a generalized fleet by the computer, thus by-passing specific fleet-
related COST and BENEFIT items. The NUMBER OF VEHICLES is next input.

For bus fleets, this will be followed by the PERCENT OF FLEET TCO BE EQUIPPED
WITH PASSENGER COUNTERS. Inputs concerning the number of SQUARE MILES or
ROUTE MILES inveolve only those used by the fleet being costed. {Normally,
bus fleets would travel on fixed-routes only with no "sgquare mile" cover-
age, and random route fleets would require square mile coverage only, with

no "fixed-route" coverage.)
g

After data for all fleets are entered, costs for a multiple user, shared
AVM system are calculated by typing TOTAL (left adjusted) in response to
TYPE OF FLEET, and then inputting the number of SQUARE MILES, covered by
random route users shared or non-shared, and any ROUTE MILES that are not
included within the "square miles™ used by fixed-route users. Running
totals of unshared on-vehicle and unshared incremental central equipment
costs are maintained, and new costs for shared wayside and shared basic
central equipment are calculated, based on the total shared service area
data.

COST SHARES

All inputs for the cost sharing portion of the cenversation are either
YES or NO or a number. All equipment that is not on a per-vehicle bhasis,

i.e., wayside and basic central equipment, is assumed shared if there is



MTHD

(query)

more than one AVM user in an area. Central Communication and Data
Processing Cost shares are calculated according to the number of wehicles
in one fleet, in relation to the number of wehicles in all fleets.
Wayside cost shares for fleets in more than one area can be apportioned
in one of two ways, based on conversation concerning METHCD OF APPOR-
TIONMENT. Tnputting the number 1 will apportion vehicles according to
the number of route miles in that area in proportion to total route miles

traveled by that fleet.

To complete the inputs for the cost sharing program, it is necessary to
confirm the number of users that share a particular service area, the

size of the shared area, and the particular fleets involved. Conversation
will continuce until all area input during the TOTAL multiple-user is
accounted for. The output will compare single user costs against cost-

shares for each fleet.




BENEFIT CALCULATIONS

The Benefit Program is entered upon command, with computer conversation based on the

previously-run Cost Program. Separate subroutines are called for BUS, POLICE, T2XI,

and DIAL-A-RIDE fleets, all others entering a general procedure. Default Values,

reflecting data collected for the base case, are used when no specific value is stated
for variable inputs that have been incorporated in the individual algorithms (see
hppendix A). If a default has been stated, but a value of 0 is preferred, the operator
must use a small, but finite, number (i.e., 0.00001}) instead of 0 or carriage return

to avoid the default value from being used.

In all cases, Capital and Operations and Maintenance Savings are calculated based on

vehicles saved. The subroutine CAPSV returns the present value of capital costs
avoided based on the vehicle 1life and costs. Personnel reductions consist of drivers
saved and other administrative personnel. Driver Savings are calculated in relation

to vehicles saved. The Bus Case additionally considers the administrative cost of
data gathering personnel. The General Case allows for either proportional perscnnel

reduction, or an input number to be attrited.

The mode-specific subprograms allew unique benefits to be calculated for fleets. The
Taxi algorithm contains an option for savings due to high-flag reduction. As most bus
operations employ a staff of checkers used for evaluation of passenger loadings and sub-
sequent schedule revision, benefits that accrue from a reduction in this force are

calculated.




Any
are
The
the

additional costs for training and increased salaries, and additional personnel
calculated for each fleet, based on conversation at the end of the subroutine,
additional expenses are added te the total single and multiple user costs, before

benefit~cost ratics are calculated.
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BUS POL TAX I
PCNT
{LO}
(HI)
FHDWY
ALAY
RLAY
{1.0)
(HI)
PDP
RES
{LO)
(HI)
PED
UDHP
PVM
RPS
(LG

{(HI)

DIa

GEN

BENEFIT INPUTS

Vehicle Savings

Capital

Each subroutine reguires estimates of savings due to
AVM economies. The BUS fleet derives its savings from
LOAD FACTOR IMPROVEMENT, input as LOW and HIGH percentage
estimates, and layover reductions where average one-way
EMPLOYFED CN ROUTES WITH HEADWAYS OF LESS THAN 10 MINUTES
is input, followed by CURRENT LAYOVER in minutes, and

and future LAYOVER GOALS, (LOW and HIGH). Vehicle savings
for POLICE fleets result from a reduction in response

time mileage. A percentage relating MILEAGE SPENT IN
PREVENTIVE PATROL to total miles traveled is first input,
followed by LOW and HIGH percentage estimates of RESPONSE

MILBAGE SAVINGS.

TAXI vehicle savings derive from reductions in mileage

spent traveling in response to calls for service. Inputs
in this area include the PERCENTAGFE OF TOTAL MILEAGE THAT
IS UNPRODUCTIVE, the PERCENTAGE THAT IS UNAVQIDABLE
DEADHEAD, and an estimate of ANNUAL MILEAGE TRAVELED PER
VEHICLE. Low and High estimates of the REDUCTION IN

AVQIDABLE DEADHEAD MILEAGE are then input.



BUS POL TAXI DIa

HFP
(LO)
(HI)

PAX
XMIN
PAUS

GEN

PVS
(LO)
(HI)

XCC

XLF

The subroutine will enter a loop (upon reguest) to esti-
mate costs and savings for equlipment to prevent high-
flagging. The first input after the "YES" response to

the high-flag interrogation is the expected % RFEVENUE
INCREASE due to the anti-high-flag equipment. If the

net value of the additicnal eguipment is negative in

both the high and low cases, confirmation will be required
to include these additional equipment costs and benefits

in the analysis.

DIAL-A-RIDE savings derive from increasing the efficiency
of vehicles, by allowing for notification (cost of pro-
viding this notification is described later) of wvehicle
arrival and thereby reducing the amount of dwell time
vehicles encounter waiting for passengers to board.
FASSENGERS SERVED PER HOUR is first input, followed by
current DWELL TIME PER STOP, and HIGH and LOW GOALS FOR
REDUCTION IN DWELL TIME (in minutes).

For the GENERAL procedure, an estimate must be provided
for LOW and HIGH VEHICLE SAVINGS due to AVM. COST OF A
NEW VEHICLE less salvage value, followed by EXPECTED
VEHICLE LIFE is then entered.



0T1-9

Vehicle Savings
BUS POL TAXI DIA GEN Operation & Maintenance

O0&M and Insurance Savings are calculated next, based on

VIC VIC VIC VIC vIC inputs. ANNUAL INSURANCE COSTS are entered, followed by

VoM VOM VOM VOM VOM ANNUAL OPERATION AND MAINTENANCE COSTS. The BUS subrou-
tine calls for an estimate (in dollars, if the default

PRMNT i1s not used) of the PORTION OF MAINTENANCE COSTS USED FOR

PERIODICS, (i.e., maintenance performed according to the

calendar for each vehicle).

In order to provide notification of vehicle arrival to

passengers, a staff of telephone operators must be added

to place phone calls to alert passengers to the imminent

arrival of the vehicle. Inputs to calculate the additional
CALLS costs include CALLS PER CALLER PER HOUR, ANNUAL SALARY PER

ggg; CALLER, and ANNUAL BENEFITS AND OVERHEAD PER CALLER.
Further savings for BUS fleets will result from a reduction
FORCE in the number of checkers in the labor force. The CURRENT
REM CHECKER FORCE and the NUMBER OF CHECKERS TO REMAIN IN THE
DEPARTMENT (after AVM implementation) are then entered,
SAL followed by SALARY PER CHECKER, BENEFITS PER CHECKER, and

BEN

ARATE the checker ATTRITION RATE.
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BUS POL TAXT DIA
PPV PPV PPV PPV
FORCE FORCE FORCE FORCE
SAL SAL SAL SAL
BEN BEN BEN BEN
ARATE ARATE ARATE ARATE

OTIME
AHRS
s S
F
E E E E

GEN

PERS
(LO)
(HI)

Personnel Savings

Personnel savings for each fleet are calculated in direct
proportion to vehicles saved (slight wvariation for bus
described below). Variables input to perform this calcu-
lation are PERSONS PER VEHICLE, TOTAL FORCE, ANNUAL SALARY
and BENEFITS, and the DRIVER ATTRITICON RATE. In the
GENERAL Procedure, an option is available to calculate
personnel savings by directly inputting the number of
pecple saved, rather than a number proportionate to

vehicle savings,

Personnel Savings in the BUS algorithm derive first from
a reduction in OVERTIME HOURS,
TOTAL DRIVER HQURS PATID,

input as a portion of

the next input.

Each subroutine enters the subroutine LOSS to add start-up
costs for an AVM system. After responding "YES" to con-
versation concerning any additional implementation costs,
the first input concerns INSTALLATION COSTS PER VEHICLE,
followed by any FIXED COST for central equipment {i.e.,
general purpose computer, switchbeoards) not included in
the COST PROGRAM. Costs of any AUXILIARY EQUIPMENT

required to ocbtain the benefits claimed are then entered,

and are calculated; a 10% maintenance cost is added.
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BUS
APERS

ASAL
ABEN

UFPERS

USAL

PT

H
XTI

POL TAXT
APERS APERS

ASAL ASAL
ABEN ABEN

UPERS UPERS
USAL USAL

PT PT
H q
XI X1

DIA GEN
APERS APERS

ASAL ASAL
ABEN ABEN

UPERS UPERS
USAL TUSAL

PT PT
I H
XTI X1

The number of any ADDITIONAL PERSONNEL TO BE ADDED (i.e.,
dispatchers, callers) are entered next, followed by esti-

mates of ANNUAL SALARY AND BENEFITS PER PERSON ADDED.

Additicnal costs for salaries of personnel whose position
might be upgraded to operate AVM are calculated for the
10-year expected system life upon input of the NUMBER OF
PERSONNEL AFFECTED, and the AVERAGE ADDITIONAL SALARY

PER YEAR.

Inputs concerning training costs follow. The NUMBER TO
BE TRAINED is entered first, followed by the NUMBER OF
HOURS OF TRAINING PER PERSON required, and the COST

PER PERSON. Any ADDITIONAL TRAINING COSTS {i.e., for

materials of instructors) is then input.



COST PROGRAM VARIABLES

HARDWARE COST VARTABLES

CLS:

CLS2Z:

CSP:
¥YSPl:
YSP2:

CRR:

PX:
BCOM:
ECOM:
CDP1:
CDP2 :

CEDPl:
CEDPZ:
RATE:

NYR:

NRR:

NSP:

Per-Vehicle Location Subsystem Cost for Fixed-
Route Fleet

Fer—Vehicle Leccaticn Subsystem Cost for Random-Route
Fleet

Unit Cost for Site Preparations

Spacing of Site Preparations on a Fixed-Route

Spacing of Site Preparations in Area Coverage

Cost per Remote Receilver

Placement of Remote Receivers

Basic Communications Cost

Variable Communication Cost

Basic Data Processing Cost for Fixed-Route Fleets
Basic Data Processing Cost for Random-Route Fleets
Variable Data Processing Costs for Fixed-Route Fleets
Variable Data Processing Costs for Random=Route Fleets
Annual Discount Rate

AVM System Life

Number of Remote Recelvers Required

Number of Signposts Required

Technology (I):

1.
2.
3.
4.

Sharp Signpost
Broad Signpost
Radio Fregquency
Dead Reckoning

DEFLOYMENT VARIABLES

AREA:
PXMLT:

NVEH:
KCTR:

ERAD;
NSR:
DIST:

Total Service Area

Adjustment of Remote Receiver Placement According
to Terrain

Number of Vehicles in Fleet

Portion of Bus Fleet to be Equipped with Passenger
Counters

Adjustment for Additional Voice-Radio Costs
Number of Fleets Sharing Service Area

Number of Miles or Square Miles Shared

B~13



INTERMEDIATE VARIABLES

BAL:
FACTOR:
XDENOM:

DENOM:

CRSP:
CASP:

Running Total of Remaining Shared Area
Multiplier Dependent on Area Shared

Variable Dencminator Used in Assessing Cost Shares
for Wayside Equipment

Variable Denominator Used in Assessing Cost Shares
for Central Equipment

Share of Signposts con Routes

Share of Signposts in Mutual Random Service Area



Capital Costs
On-Vehicle Eguipment

Signposts
Remote Receivers
Communications

Basic
Variable

Data Processing
Basic
Variable

Fleet Total

Aannual Maintenance Costs
On-Vehicle Eguipment

Signposts
Remote Receivers
Communications

Basgic
Variable

Data Processing
Basic
Variable

Total Annual Maintenance
PV Annual Maintenance

PV Total Cost

PRINT:

ForR (USER)
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TLS (1)

TSP (1)
TRR (I}

BCOM(I)
ECOM(TI)

BDP (1)
EDP (I}

TLSM(I)

TSPM(I)
TRRM (I)

BCMM (I}
ECMM{I)

BDPM(I)
EDPM(I)

TOTM (I}
PVTM(I)

PVCOST(I)



PRINT:
COMPARISON OF COSTS

FOR (USER) Share of
Alane Multi-User
(Tech} (Tech)
Capital Costs
On=Vehicle Egquipment TLS (LOW) TLS (LOW, SHARED TECHNOLOGY)
Signposts TSP (LOW) SHRSP
Remote Receivers TRR {LOW) SHRRR
Communications
Basic BCOM {LOW) SHRBC
Variable ECOM (LOW) ECOM (SHARED}
Data Processing
Basic BDP {LOW) SHRDP
Variable EDP {LOW) EDP (SHARED)
Fleet Total TOT (LOW) TOT {SHARED)
Annual Maintenance Costs
On-Vehicle Equipment TLSM {LOW) TLSM (SHARED) .
Signposts TSPM (LOW)} SHRSPM
Remote Receivers TRRM (LOW) SHRRRM
Communications
Basic BCMM (LOW) SHREBCM
Variable ECMM (LOW) ECMM (SHARED)
Data Processing
Basic BDPM (LOW) SHRDPM
Variable EDPM (LOW) EDPM (SHARED)
Total Annual Maintenance TOTM {LOW) TOTM (SHARED?}
Project Value Total Maintenance PVTM (LOW) PVTM (SHARED)
Present Value Total Cost PVCOST (LOW) PVSHR



Capital Costs
On-Vehicle Equipment

Signposts
Remote Receivers

Communications
Basic
Variable

Data Processing
Basic
Variable

Grand Total

PRINT:
FOR MULTI-USER

GTLS (1)

GTSP(I)
GTRR (I)

GTBCOM{I)
GTECOM {1}

GTBDP (I}
GTEDP (1)

TOT(I)

Annual Maintenance Costs

On-Vehicle Equipment

Signposts
Remote Receivers

Communications
Basic
Variable

Total Annual Mailntenance

Present Value

Present Value of Total Cost

GTLSM {1}

GTSPM (I)
GTRRM (I}

GTBCMM(I)
GTEDPM (I}

TOTM(I)
PVTM(I)

PVCOST(I)
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NO, OF SQUARE MILES
NO., OF ROUTE MILES

COST = CL52Z COST = CLS1

FOR FACH OF FOUR TLECHNGLOGIES (I = 1,4)

TOTAL ON-VEIICLE EQUIPMENT COSTS

TLS(I) = (COST + (KCTR*550) + (KRAD®850))=NVEH
ON-VEHICLY EQUIPMENT MAINTENANCE COST

TLSM(1) = TLS(I)/10

NUMBER OF SIGNPOSTS REQUIRED

NSP(T) = (YSP2{I)*(NUMBER OF SQ.MILES)) + (YSPI®(NUMRLR OF
EOUTT MILES))

TOTAL SIGNPOSI COST FOR LACH TECHNOLOGY

TSP(I) = NSP(1)C0US5T PER SIGNPOST

STGNPOST MALINTUNANCE COST

TSPM(I) = TSP(I}/10

:

TSP(4) = O
TSPM(4) = 0

l DIST. = SQ.NTILEi]

{(CONTINUED NEXT PAGE)




riNO. OF REMOTE RECLIVLRS REQGUIRED
ﬂ NRR = DIST/PX(I)*PXMLT+1

TELCO

TOTAL REMOTE RECEIVER COSTS

TRR(I) = CRR(I}*NRR A

ANNUAL REMOTE RECEIVER MAINTENANCE COST
TRRM{T) = TRR(L)/10

BCOM (4)
BCMM (43

in n
)

TOTAL BASIC COMMUNICATIONS AND

DATA PROCESSTNG CAPITAL AND ANNUAL MAINTENANCE COSTS
BCOM(1) = CCOM(I)

BCMM (1) = BCOM(T}/10

BDP(T) = CDP({I)

BOPM(1)} = BDP(T1)/10

4= #4

N = (NVEH/500) + 1

PCOM2 = 40
Y =
oot - 8.5 N = (NVEL/250) + 1
—
.
(CONTINUED NEXT PAGE) {CONTINUED NEXT PAGE)



INCREMENTAL COMMUNTCATTONS INCREMENTAL COMMUNICATIONS
CAPITAL AND ANNUAL CAPITAL AND ANNUAL
MAINTENANCE COST MAINTENANCLE COSTS
FOR DEAD-RECKONING CCOM(1) = N
AVM ECMM(1) = LCOM(I)/10
LCOM(4) = PCOMxN
ECMM(4) = ECOM{4) /10
N = (NVEH/250) *+ 1
| —
TOTAL INCREMENTAL DATA
PROCESSING CAPITAL
AND ANNUAL MAINTENANCE
COSTS.
EDP(I) = CEDP(1)#N
EDPM{I) = EDP(L)/10
TOTAL CAPITAL COSTS:
TOT(T) = TLS(T) + TYP(I) + TRR(Ll)
+ BCOM{1) + LCCOM(L) +
BDP(I) + EDP(I)

TOTM(1) =

TOTAL ANNUAL MAINTENANCE COST
TLSM(I)
+ BCMM(I} + ECMM(T) + BDPM(T}
+ LEDPM(T)

+ TSPM(I) + TRRM(I)

PVCOST (1)

PRESENT VALUL TOTAL MATINTENANCE
PVTM(1) =

PRESENT VALUFE

PRINT
PV{TOTM(I))

OF TOTAL COST
= PVIM({I) + TOT(I)

MAINTAIN RUNNING TOTAL
OF UNIQUE EQUIPMENT
FOR FINAL WRAP-UP
(GTLS, GTLSM, GTECOM,
GTECMM, GTLDP, GTEDPM)

(CONTINUED NEXT PAGE])
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NUMBER COF SQ.MILLES
NUMBLR OF RTE.MILES

NUMBER OF SIGNPOSTS REQUIRLED

NSP = YSP2% (SQ.MILES) + YSP1+#(RUGUTE MILES]

+ .995
COST OF SIGNPO3TS FOR SHARED AREA
GTSP = CSP(1)#NSP
SIGNPOST MAINTENANCE COSTS
GTSPM(1) = GTSP(1)/10
GTSPM(4) = ©
0= >0
DIST. = ARLA . DIST. = SQ. MILES
-

—

NUMEER OF REMOTE RECEIVERS REQUIRLED
NRR{T) = DIST/(PX(L)&PXMLT} + 1

TELCO

(CONTINUED NEXT PAGE)




COST OF REMOTE RECEIVERS FOR SHARED AREA
GTRE(I) = CRR(I)=NRR

REMOTE RLCEIVER MAINTENANCE COST
GTRRM(I) = (GTRR(I}/10) + V/DIST*Fx120

'

BASTC COMMUNICATIONS CAPITAL AND ANNUAL
MAINTENANCE COSTS
GTECOM (1) 3COM(I]

GTRCMM{I) = GTRCOM{I)/10
GTBCOM(4) = 0
GTBCMM(4) = 0

&

TOTAL SHARED DATA PROCESSING

CAPITAL AND ANNUAL MAINTENANCE COSTS
GTBDP (1) = CDP(T)

GUBDPM(I) = GTBDP(I[)/10

TOTAL CAPITAL COSTS
TOT(I} = GTLS(I) + GTSP(1) + GTRR{I) + GTBCOM(I}
+ GTBDP(I) + GTECOM(I) + GTEDP(I)

TOTAL MAINTENANCE COSTS
TOTM({L) = GTLSM({I) + GTSPM{I) + GTRRM(I) + GTBCMM(I)
+ GTEDPM(I) + GTECMM{I) + GTEDPM(I)

PRESENT VALUE TOTAL MAINTENANCE
PVIM (1) = PV{(TCTM (1))

PRESENT VALUE TOTAL COST
PRCOST (I} = PVIM(I) + TOT(I)

{CONTINUED NEXT PAGE)
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BUS

POLICE

AVM BENEFIT PROGRAM

READ 1
COST RECORD

MUIL.TTPLE

DIAL-A-RIDE

TAXI

hvd

g = L0, HI
KN =1, K (K= no. of [leets sharing area)
TOTAL CAPITAL SAVINGS

CSAVT. (J,N) = I CSAVE (for all fleets)
TOTAL OM BAVINGS

OSAVL (J,N) = & OSAVE (for all fleets])
TOTAL PLRRSONNTL SAVINGS
PSAVE [J,N) = T PSAVE (for all fleets)

TOTAL SAVINGCS
TSAVE (J,N} = L CSAVE + L OSAVE + I PSAVE

TOTAL SAVINGS PER FLEET

ATD START-UF COST TO TOTAL
MULTI-USER COST.

BEWEFIT COST RATIO:
TOTAL LOW CASE SAVINGS/TOTAL MULTI-USER COST
TOTAL HICH CASE SAVINGS/TOTAL MULTI-USER COST

LOSS

PRINT

PRINT




BUS BENEFIT ALGORITHM
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Savings Source

% Change
Vehicles Saved
Capnital

O&M

Subtotal

Item B/C
Single User
Multiple User

Drivers Saved

Salary

(fverhead & Ben

Subtotal

Item B/C
Single User
Multiple User

Savings Source

% Change
Vehicles Saved
Capital

O&M

Subtotal

Iten B/C
Single Usger
Mulriple User

Drivers Saved
Salary

Gverhead & Ben

Subtotal

Item 3/C
Single User
Multiple User

PRINT:

BENEFIT-COST SUMMARY FOR: BUS

Layover Reduction

Low High
PLAY (1.0) PLAY(HI)
TS (L0} TS (HI)
VDAT (1) xCSAVE(LO) VDAT (2)%CSAVE{(HI)
VDAT (1) *0SAVE{LO) VDAT{2)*0SAVE (HI)

Subtotal Above

Subtotal Above

Subtotal (LO) /SCOST Subtotal{HI)/SCOST
Subtotal (LO) /MCOST Subtotal (HI) /MCOST
VDAT (1) *PCUT VDAT (2} *PCUT
( (1-SDRD) *{PSAVE(L.O) {(1-SORD)* (PSAVE(HI)
~PCHEX (LO))*VDAT (1) —~PCHEX(HI)})*VDAT (2}
{ (SORD)} * (PSAVE (L0D) ({SORD) *(PSAVE (HI)
-PCHEX(LO))*VDAT (1) —PCHEX (HI) ) *VDAT(2)

Subtotal Abowve

Subtotal (LO)/SCOST
Subtotal (LO) /MCOST

Subtotal Above

Subtotal (HI)/SCOST
Subtotal (HT) /MCOST

Load Factor Improvement

Low High
PCNT (LO) PCONT (HT)
F5(LO) FS{HI)

VDAT (3) *CSAVE (LO) VDAT (4} *CSAVE (HL)
VDAT (3) *0SAVE(LO) VDAT (4) *0SAVE (HI )

Subtotal Above

Subtotal Above

Subtotal (LO)Y/SCOST Subtotal (§I)/SCOST
Subtotal (LO) /MCOST Subtotal (HI) /MCOST
VDAT (3) *PCUT VDAT (4)Y%PCUT
({1-SOR}* (PSAVE (LO) ((1-SOR)% (PSAVE (HI)
~PCHEX (LO) )*VDAT(3) —PCHEX (HL) )*VDAT (&)
{((SOR) % (PSAVE(LO) ((SOR) * (PSAVE(LOD)
—PCHEX (LO) }*VDAT(3) —PCHEX (HL) ) *VDAT (&)

Subtotal Above

Subtotal (LO}/SCOST
Subtotal (LO) /MCOST

B-32

Subtotal Above

Subtotal (HIL)/SCOST
Subtotal (HI)/MCOST



Personnel Saved
Salary
Overhead & Ben

Subtotal

Item B/C
S5ingle User
Multiple User

Total Savings

Total Costs
Single User

Multiple User

Benefit-Cost Ratios

Data Collection

iow

CCUT
{1-SOR) *PCHEX (L0}
SOR*PCHEX (LO)

Subtotal Abowve

Subtotal (LQ)/SCOST
Subtotal (LO) /MCOST

Total Above (L0}

SCOST
MCOST

Total(L0O)}/SCOST
Total {LD) /MCOST

B-33

High
CCUT
{1-S0R)*PCHEX (HI)
SOR*PCHEX (HI)

Subtotal Above

Subtotal (HI)/SCOST
Subtotal (HI)/MCOST

Total Above(HI)

S5COST
MCOST

Total (HI)/SCOST
Total {HI)/MCOST



Detail Data for Bus

L.F. Improvement (%)
%*Buses on Freg. Headway
L.F. Savings (VEH)
l-Way Avg. Run Time
Layover Time, Pres. & Goals
Layvover Time Veh Savings
Capital Savings
Insurance
Periodics
O&M Savings: Lavover, L.F.
0O&M Savings: Lavover, L.F.
Cc&M Savings
Checker Force

Retained
Attrition Rate
Cost per Checker
Checker Savings
Driver Force
Overtime (%)
Cost per Driver
Attrition Rate
Current Value of Hours Saved
Equiv. Driver Force

Drivers Remainina
Savings of Drivers Salaries
PV of Overtime Cut
Current Value of Hours Saved
Fguiv. Driver Force

Drivers Remaining
Savinags of Drivers Salaries
PV of Overtime Cut

Personnel Savings

BE-34

PCNT (LO)
FHDWY
FS(LO)
RUNTM

ALAY  RLAY(T,0)

TS (LO)

CSAVE (LO)
VIC
PRMNT

PVIC(LC)

PVIC (HT)

OSAVE (LO)

FORCF
REM

ARATF

SAL+BEN

PCHEX

DFORCE
CTIME
SAL+BEN
ARATF
SVHRS (LO)

FORCE
REM

0TSV (LO)
PYOTS (LO)

SVHRS (HT)

FORCF
RFM

OTSV (HT)
PVOTS (HI)
PSAVE({LO)

PCNT (HT)

FS(HI)

RLAY (HT)

TS {HT}
CSAVE {HI}

TVCOM (LO)
TVOM (HT)
OSAVE (HT)

PSAVE (HI)



Key for Bus Benefit Algorithm

{J) =
FS:
TS:
VS:
DOWN
FHDWY :
VIC:
VOn:
CGAVE:
PCNT':

PRMIT;

Low, High Parameters

Vehicles Saved Due to Load Factor Improvement
Vehicles Saved Due to Layover Reductian

Total vshicles Saved

Fraction of Fleet in Maintenance (Average)
Fraction of Fieet on Frequent Headway Routes During Peak
Annual Insurance Cost per Vehicle

Annual OaM Cost per vehicle

Total O&M Savings

Expected Load Factor Improvement

Average One-Way Runtime

Average Layover Time

Layover Goal

Fraction of O&M Done According te the Calendar for Each Vehicle
Total Capital Savings

Initial Checker Force

Necessary Checker Force Required

Total Checker Reduction

Checker Attrition Rate

Average Salary per Checker

Average Benefits per Checker

Ratic of Benefits to Total Salary for Checkers
Personnel Savings

Ratic of Vehicles Saved Due to lLavover Reduction
to Total Vehicles Saved

Ratio of Vehicles Saved Due to Load Factor
Improvement to Total Vehicles Saved

Single-User AVM Deployment Cost

Multiple-User AVM Deployment Cost



POLICE BENEFIT ALGORITHM
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PRINT:

BENEFIT-COST SUMMARY FOR POLICE

Savings Source

% Change
Vehicles Saved
Capital
O&M
Subtotal
Item B/C
Single User
Multiple User

Patrolman Saved
Salary
Overhead+Benefits
Subtotal
Item B/C
Single User
Multiple User

Total Savings

System Costs
Single User
Multiple User

Benefit-Cost Ratios

Single User
Multiple User

Low

RPS{LO)
V3{L0}
CSAVE(LO)
0SAVE(LO)
CSAVE(LO)Y+0SAVE(LO)

STUBTOTAL/SCOST
SUBTOTAL/MCOST

PCUT(LO)
(1-SOR) *RSAVE(LO)
SOR*PSAVE(LO)

PSAVE (LO)

PSAVE(LO)}/SCOST

PSAVE(LO) /MCOST
TOTAL ABOVE

SCOsT
MCOST

TOTAL(LO)/SCOST
TCTAL(LOY /MCOST

B-37

Response Time Reduction

High
RPS{HI)
VS(HI)

CSAVE (HT)
OSAVE(HT)
CSAVE(HI)Y+0SAVE(HI)

SUBTOTAL/SCOST
SUBTOTAL/MCOST

PCUT(HI)
(1-50R)*PSAVE(HI)
SOR*PSAVE (HI)

PSAVE(HI)

PSAVE(HI)/SCOST
PSAVE(HI) /MCOST
TOTAL ABOVE

SCOST
MCOST

TOTAL(HT)/SCOST
TOTAL {HT)/MCOST



Detail Data for Police

% of Miles for Preventive Patrol
Low, High % Savings on Response Miles
Vehicles Saved

Capital Savings

Cost per Mile

Vehicle Miles per Year
Insurance Costs per Vehicle
Total O&M & Insurance

O&M Savings (PV)

Direct Perscnnel per Vehicle
Annual Salary

Annual Cost per Person

Attrition Rate

Initial Force

Balance Remaining

Personnel Cut

Balance Remaining

Personnel Cut

Personnel Savings (PV)

PPP
RPS (LO)
VS (LO)

CSAVE (LO)

ACPM

PVM

VIC
VOM+VIC

OSAVE (L0)

PPV

SAL
SAL+BEN

ARATE
FORCE
REM (LO)
PCUT (LO)
REM {HI)
PCUT {HI)
PSAVE (L.0)

RPS (HI)
VS (HI)
CSAVE (HI)

OSAVE (HI)

PSAVE (HI)



Key to Police Benefit Algorithm

J: Low, High Parameters
PPP: % of Total Mileage Spent in Preventive Patroel
RPS: % of Mileage Spent in Response to Calls Expected to be Saved
DOWN: % of Vehicles in Maintenance (Average)
VS: Vehicles Saved
XCC: Cost of New Vehicle, Less Salvage Value
NVL: Expected Vehicle Life
ACPM: 0&M Cost per Mile
PVM: Annual Miles per Car
VIC: Annual Insurance Cost per Car
VOM: Annual 0&M Cost per Vehicle
PPV: Persons per Vehicle
FORCE: Initial Patrolman Force
. SAL: Average Annual Patrolman's Salary
BEN: Average Annual Benefits for Patrolman
50R: Ratio of Overhead to Total Personnel Costs for Patrolmen
ARATE: Attrition Rate
REM: Remaining Patrol Force
PCUT: Total Force Reduction
CSAVE: Capital Savings
OSAVE: O0&M Savings
PSAVE: Personnel Savings
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PRINT:
BENEFIT-COST SUMMARY FOR: TAXI

Source of Savings "High-Flagging” Reduction
Low High
$ Change HFP (LO) HFP (HI)
Revenue Increase HFT (LO} HFS (HI}
Item B/C
Single User HFI (LO) /SCOST HFI (HI)/SCOST
Multiple User HFT (LO) /MCOST HFI (HI)/MCOST

Reduce Dead-Head Miles

% Change PCNT (LO} PCNT (HT)
Vehicles Saved VS {LO} VS (HI)
Capital Savings CSAVE (LO) CSAVE (HI)
O&M Savings OSAVE (LO) OSAVE {(HI)
Subtotal Subtotal Above Subtotal Abcove
Item B/C

Single User Subtotal (LO)/S5COST Subtotal (HI)/SCOST

Multiple User Subtotal (LO) /MCOST Subtotal {HI)/MCOST
Drivers Saved PCUT (LO) PCUT (HI)
Salary {1-SOR) *xPSAVE (LO) (L-SOR)} *xPSAVE (HI)
Overhead & Ben SOR*PSAVE (1.0) SOR*PSAVE (HT)
Subtotal PSAVE (L0} PSAVE (HT)
Item B/C

Sing%e User PSAVE (LO) /SCOST PSAVE (HI) /SCOST

Multiple User PSAVE (LO)} /MCOST  PSAVE {(HI)/MCOST
Total Savings Total Above {L0O) Total Above (HI)
System Costs SCOsT SCOST

MCOST MCOST

Benefit-Cost Ratio
Slngle User Total (LO) /SCOST Total (HI) /5COST
Multiple User Total (LO) /MCOST Total (HI} /MCOST
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Detail Data for Taxi

Dead-Head Miles { %)
Unavoidable Dead-Head { %)
Average Annual Miles-
Dead-Head Miles per Vehicle
Low, High Mileage Savings
Vehicles Saved
Capital Savings, Vehicles (PV)
Vehicles Saved
Capital Savings, Vehicles (PV)
O&M Cost per Mile
0&M Costs per Vehicle
Insurance Costs
0&M Savings (PV)
Drivers
Cost per Driver
Attrition Rate
Personnel Cut
Perscnnel Cut

Personnel Savings (PV)

PPP
UDHP
PVM
DHM

RPS(LO), RPS{HI)

VS (LO)
CSAVE (LO)
VS (HI)
CSAVE (HI)
ACPM
VOM

VIC

OSAVE (LO)

FORCE
SAL
ARATE
PCUT (LO)
PCUT (HI)
PSAVE (LO)

OSAVE (HI)

PSAVE (HI)



Key to Taxi Benefit Algorithm

(J):
PPP:
UDHP :
PVM:
DHM:
RPS:
PVSPI:
SPI:
N¥:
NYR:

HFC:
HFP:
HFTI:
VS:
DOWN:

High, Low Parameters

% of Total Vehicle Mileage that is Non-Revenue Deadhead
% if Total Mileage that is Unaveoidable Non-Revenue
Annual Vehicle Mileage

Avoidable Dead-Head Miles

% of Avoidable Dead-Head Miles

Present Value Cost of High-Flag Equipment

Cost of High-Flag Egquipment per Vehicle

Year Counter

System Life

Vehicle Life

Total High-Flag Equipment Costs

% TIncrease in Revenue Expected from "High=-Flag" Reduction
Increase in Revenue Expected from "High-Flag" Reduction
Vehicle Savings

% of Fleet in Maintenance (Average)



PCNT: % Reduction in Fleet
CSAVE: Capital Savings
HCPM: O&M Costs per Mile
VOM: Annual O&M Costs per Vehicle
VIC: Annual Insurance Costs per Vehicle
O5AVE: O&M Savings
DP¥: Drivers per Vehicle
NS: Number of Drivers on Salary
5AL: Average Annual Salary per Driver
NB: HNumber of Drivers Receiving BRenefits
BEN: Average Dcllar Value of Annual Benefits
OHEAD: Average Dollar Value of Annual Overhead for Entire Fleet
FORCE: Total Driver Force
SOR: Ratio of Benefits to Total Salary and Benefits
ARATE: Attrition Rate
REM: Minimum Work Force Reguired
PCUT: Personnel Attrited
PSAVE: Personnel Savings

5C0OST: Single User AVM Deployment Cost
MCOST: Share of Costs of a Multiple User AVM System
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Savings Source

% Change

Vehicles Saved

Capital

0O&M

Subtotal

Item B/C
Single User

Multiple User

Persconnel Cut
Personnel Savings
Salary
Benefits
Subtetal
Item B/C
Single User

Multiple User

Callers Added
Cost of Callers

Total Savings
Total Costs

Benefit-Cost Ratios

Single User

Multiple User

PRIMT:

BENEFIT-COST SUMMARY FOR DIAL-A-RIDE

Response Time Reduction

Low

PCNT (LO)
VS (LO)
CSAVE (LO)
OSAVE (LO)

CSAVE (LO) +0OSAVE (L0}

SUBTOTAL/SCOST
SUBTOTAL/MCOST

PCUT(LO)

(1-SOR) *PSAVE (LO)

SOR*PSAVE (LO)
PSAVE {LO)

PSAVE (LO) /SCOST
PSAVE{HI) /MCOST

CLRS
CCOST

TOTAL ABOVE
S5COST
MCOST

TOTAL (LO) /SCOST
TOTAL (LO) /MCOST

High
PCNT(HI)
VS (HT)
CSAVE (HT)
OSAVE (HT}

CSAVE (HI)+0OSAVE (HI)

SUBTOTAL/SCOST
SUBTOTAL/MCOST

PCUT (HTI)

(1-SOR) *PSAVE (HT)

SOR*PSAVE (HI)
PSAVE (HI)

PSAVE (HI) /SCOST
PSAVE (HI) /MCOST

CLRS
CCOST

TOTAL ABOVE
SCOST
MCOST

TOTAL(HI) /SCOST
TOTAL(HI) /MCOST



Detail Data for Dial-a-Ride

Passengers per Hour

Dwell Time for Stop {min)
Low, iligh Dwell Time Goal
Vehicles Saved

Vehicles Saved

Capital Savings
Insurance/Vehicle
Periodic Maintenance

O&M Savings

Calls per Caller per Hour
Callers

Cost per Caller per Year
Drivers

Cost per Driver per Year
Attrition Rate

Drivers Cut

Drivers Cut

Driver Savings

p-49

PAX
XMIN
PAUS (LO)
VS {LO)
VS (HI)
CSAVE (LO)
VIC
VOM
OSAVE (LO)
CALLS
CLRS
CSAL+BEN
FORCE
SAL+BEN

ARATE
PCUT (LO)
PCUT {HI)
PSAVE (LO)

PAUS (HI}

CSAVE (HI)

OSAVE (HI)

PSAVE (HI)



Key to Dail-A~- Ride Benefit Algorithm

J:
PAX:
XMIN:
PAUS:
VS:
JBAVE:
VIC:
VOM:
CSAVE:
CALLS:
CLRS:
CSAL:

Low, High Parameters
Passengers Served Per Hour
Average Dwell Time Per Stop
Dwell Time Goals

Vehicles Saved

Capital Savings

Annual Insurance Cost Per Vehicle
Annual &M Cost per Vehicle
0O&M Savings

Calls Per Caller Per Hour
Number of Callers Reguired

Average Annual Salary Per Caller



EEN: Average Annual Benefits Per Caller
SOR(1): Ratio of Benefits to Total Salary Per Caller
PVSAL: Present Value of Total Salary For Callers
FORCE: Driver Force
SAL: Annual Driver Salary
BEN: Annual Driver Benefits
SOR(2): Ratio of Benefits to Total Driver Salary
ARATE: Attrition Rate
REM: Minimum Driver Force Required
PCUT: Total Force Reduction

PSAVE: Personncl Savings



GEWERAL BENEFIT ALGORITHM

COMHON
HELLET
NVEE
SCUST
MU

can

Ty o, nenT E

SAGE]

(CONTINULL NEXT

[§4sohun



PERS(IY (WSIIANT ) e 1ORCE l

MIt= TORIDT PRRSLI )
ST - TERSLT

[manecwmm SAVINOS [LUW [1 PRAVELTY - ————{N:k%um-l, SAVINUS IR l

PRINT

1Lo5AV]
$CDAICT TROPORT

(END FLOW DIAGRREM]



PRINT:

BENEFIT-COST SUMMARY FCR:

% Savings

Vehicles Saved

Capital

O&M

Subtotal

Item B/C
Single User

Multiple User

Personnel Saved
Salary
Benefits
Subtotal
Item B/C

Single User

Multiple User

Total Savings

S5ystem Costs
Single User

Multiple User

Benefit-Cost Ratic
Single User
Multiple Use

Low
PVS(LOY
VS(LO)
CSAVE(LD)
0SAVE (L)

CSAVE(LO)+QSAVE{LOD)

SUBTOTAL/SCOST
SUBTOTAL /MCGST

PCUT(LO)
(1-SOR) *PSAVE(LO)
SOR*PSAVE(LO)
PSAVE (LO)

PSAVE(LO)}/SCOST
PSAVE(LO) /MCOST

TOTAL AROVE

SCOST
MCOST

TOTAL(LO)/SCOST
TOTAL{LO) /MCOST

GENERAL FLEET

High

PVS (HT)

VS (KHI)
CSAVE(HI)
OSAVE(HT)

CSAVE {HI)+0SAVE (HI)

SUBTOTAL/SCOST
SUBRTOTAL /MCOST

PCUT (HI)
{1-SOR)Y*PSAVE (HI}
SOR*APSAVE(HL)
PSAVE(HL)

PSAVE (HT)}/SCOST
PSAVE(HI) /MCOST

TOTAL ABOVE

S5COST
MSCOST

TOTAL{HI)/SCOST
TOTAL(HI) /MCOST



Detail Data for General Fleet

Percent Savings

Capital Savings

Estimated Annual Insurance Costs
Estimated Total O&M Costs

Full O&M Costs are Applied(l)

O&M Savings

Direct Personnel Saved
Average Cost per Person
Personnel Savings

(1)

Ins. & Periodics are Applied

O&M Savings
Direct Personnel Saved
Average Cost per Person

Personnel Savings

PVS (LO)
CSAVE (LO}
VIC
VOM

OSAVE (LO)
PCUT (1.O)
SAL+BEN
PSAVE (LO)

OSAVE (LO)
PCUT (LO}
SAL+BEN

PSAVE (LO)

PVS (HI)
CSAVE (HI)

OSAVE (HI)
PCUT(HI)

PSAVE {HI)

OSAVE (HI)
PCUT {HI)

PSAVE (HI)

{1} Output will vary, dependent on whether mileage is saved

or remaining vehicles will travel more miles.

W
wl



Key for General Benefit Algorithm

J: Low, High Parameters
PVS: % Estimated Savings Due to AVM
XCC: Cost of New Vehicle, Less Salvage
XLF: Vehicle Life
VS: Vehicles Saved
CSAVE: Capital Savings
VIC: Annual Insurance Costs per Vehicle
VOM: Annual 0&M Costs per Vehicle
OSAVE: O&M Savings
PPV: Persons per Vehicle
FOXCE: 1Initial Vehicle-~Related Force
SAL: Average Annual Salary
BEN: Average Annual Benefits
SOR: Ratio of Benefits to Total Salary
ARATE: Attrition Rate
REM: Minimum Required Work Force
PCUT: Total Force Reduction

PSAVE: Personnel Savings



PRINT:

BEMEFIT-COST SUMMARY FOR:

Savings Source

User
User

(for each User)

Capital Savings
O&M Savings

Personnel Savings

Total Savings

System Costs:
Multi-User

Benefit/Cost Ratio

MULTI-USER

Low High
TSAVE (LO) TSAVE (HI)
TSAVE (LO) TSAVE (HT)
LCSAVE (LO) ICSAVE (HI)
ZOSAVE (LO) LOSAVE (HI)
LPSAVE (LO} CPSAVE (HI)
LTSAVE (LO) ETSAVE (HI)

MCOST MCOST

TSAVE (LO) /MCOST TSAVE (HI) /MCOST



LOSS

NO

0 # = 0

[ E = £ + PV(E/LD) ]

[asar = asaL - ABLN |

{CONTINUED NEXT PAGE)

RETORN

ANY ADDITIONAL CCSTS INCURRED
BY OPERATION?

ARE THERE AXNY INSTALLATION COSTS?
COST OF AUXILTARY EQUIDPMENT



TSAL = APERS * ASAL + UPERS * USAL
P = PV(TSAL)

L_Xll_j

T =T+ XI
SCOST = 5COST + E + 5§ + P + T
MCOST = MCSOT + + 5+ P+ T
RETURN

(END FLOW DIAGRAM)

B-53%/860







Key for Loss Subroutine

5: Installation Cost per Vehicle

F: Fixed Installation Cost

E: Additicnal Equipment Costs
APERS: Number of Persons Added to Perform Additional Functions
ASAL: Average Salary for Additional Personnel
ABLN: Averade Benefits for Additional Personnel

UPERS5: Number of Employees to Receive Increase in Salary for
Additional Duties

USAL: Additional Cost per Perscn
TSAL: Total Additional Salary and Benefits to be Paid
PT: Number of Persons to be Trained
APT: Additicnal Personnel to be Trained
H: Number of Hours of Training per Person Required
C: Cost per Hour
T: Total Cost of Training
XI: Fixed Training Cost



VRAT

¢9-4

5 z ED H1 [RATIQ TO COMPUTE VEHICLE SAVINGS DUE TO LAYOVER REDUCTICN)
L=L+1
[ (RATIC TO COMPUTE VEHICLE SAVINGS DUL TO
LOAD FACTOR IMPROVEMENT) ]
_______,___.,L=L+l
= VSR(J)*DAT (J) VDAT(L) = (1 - VSR{J)#DAT(J)

RETURN



£9-9d

CAPSY - CAPITAL COST SAVING SUBROUTINE

VYR
RATE
COMMON:  NVL-
NVEH N o= O
K0C SAVSUM = 0
NXVC NVCKT = 9
ABKRED ANNREF = FLOAT(NVEI)/FLOAT(NVL) <« .5
> NYR
| NVCNT = NVCNT + ANNRLP :]
RXVC > > KXVC
NVONT
I NANM = ANNREP 4] NANN = KXVC  NUCNT + ANNREP 4]
[4_5 - NaN s xcc | l 5 - haNN + xCC |
SAVSUM = SAVSUM + PVES{S) -
Nt K o+ NVL
NYR < < NYR
. :
NXVEC » 45/‘\\L7 > RXVC ﬁ\\\l//’
VONT
&
TS

I RETURN l



Key to CAPSV Subroutine

NYR: System Life
RATE: Discount Rate
NVL: Vehicle Life
NVEH: Number of Vehicles in Fleet
X¥CC: <Capital Cost Per Vehicle, Less Salvage
NXVC: Number of Vehicle to be Attrited
ANNREP: Annual Replacement Rate
N: Year Counter
NVCNT: Vehicles Saved to Date
SAVSUM: Present Value Summary of Vehicles Saved
NANN: Vehicles saved in Year M

S: Capital Savings



PATRT PERSONNEL SAVINGS SUBROUTINE

[
R (:?’ . ] SALAEY = PVEL(ALATU
A Ml E'\“
—<
'

AR Lo (l FORE RN A pAALDL (- aRAnE
[




Key to PATRT Subroutine

TATRT: Year in Which Target is Achieved
ARATE: Attrition Rate
FORCE: 1Initial Work Force
REM: Minimum Work TForce
A: Attrition Base Force
SAL: Average Annual Salary
SAYSUM: Present Value Summary of Personnel Savings to Date
RATE: Monthly Discount Rate
NPER: System Life in Months
TARGET: Attrition Goal
CUTCNT: Total Attrition Achieved to Date
LVL: Adjustments For Low and High Case Attrition Base Force

R: Annual Discount Rate



APPENDIX C

BASE CASE MCDEL INPUT-OUTPUT FOEMATS
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B FORTION CF LEHICLE MILEAGE IS HOM-REVEMUEs DEARD-HERD MILEAGE. THE DEFALLT

DHLE 15 Sab,esdy,  HEL BHLUE 1207

1T 15 HEiUMED THAT 13.&aR OF TOTAL MILERGE IS UMAVOILAELE LCEAD=HERDIMGs TRALIEL
FROW TRE LESTIMATION OF LRST FRZSEHGER T2 THE ORIGIM OF THE HEXT,
HEb HELE 1207

THE HUERAGE THAICAE TRAVELS  Soowmsd THOUSAHD HILES FER WVERE.
HEL WHLLE  CIM THOUSHHDS Y

THE FACTORS AEBCRE YWIELD AN AVERAGE CF 25,500 THOUSAHD MILES OF AUSIDAELE

LERD-HEALIME FEFR YEAR. WHAT FERCENT OF THOSE MILES CAtY BE SAVED BY DISEFRTCH-

IMG THE LLCOsEST CRE TO ERCH CRLL AND OTHER DISPRTCHING ECOMOMIES DUE TO SUes
LC ™ HIGH .

TEFALILT “HLLES 16, B9 . EIE

MEWM LRLLES™

ToPRELERT "HIGH-FLAGGIMNG", AT H COST ZF w.a4vE THOUSAHMD LIZLLARS PER TAR-I
IFEESENT URLUE DIZCOUHTED OULER 18 WEAR=1s SERT-FRO ZHITCHES CHM BE IMSTRLLELD
AHL COHECTED 70 THE At SYSTEM 20 THAT THE DISPARTCHER IS AlARE THRT A FRSSEN-
GEF HHSZ EMTERED THE UEHICLE. 1% THIS LEVICE TO BE IMHCLUDED®™

Rrsbib R YES OF Hu, HO

IT Io AZSUMED TRAT QLM COsTD CCHSIST OF THE SGST OF OFERATIOME AHD MRIMHTEMAHCE:
IHCLLOL IS FiEL BHD LOBEREICHNT= . SERVICE BHD REFRIE BT A TOTRL RATE OF = L0593
FER HILks WITH wits THOL=RHD AeoAL MILES PER CRES AMD LIAEILITY IMSURRMCE
(DR CesT CF ACCIDENMT=: BT = 147Z. FEE CAR FER YERRE. ST MILL HALUE &
ChAMCE 70 FEFLRCE THESE LAHLLES.

Loz b GRFERRTICHS AHD RAIRTEHAMHCE FERE MILE (IM DOLLARSY S

THE HEOLE FHRCTORES WIELL A AMHMAUAL COST OF 25M PER CRE OF £ 4,678
ThULi=ARL TOLLER=Z. HEM GARLLE™

HbgdoHL L0571 CF INSURANCE FER CRE CIF DOLLARS) Y

Libs TeE CGPERATOR IHCLR COZT OF ZALARYs EEHEFITS OR DUERHERD FOR AHY DRIVERS
g THE =THFF

IT 1% HESLMED TRRT THERFE HRE =.1 DRIVERS FER CRR EMFLOYEL. THE EUERAGE
IRIVER EREMS V.oeZ THOUERHD DOLLRES FER YERE I COMMISSIONS. A FEM MRY CET
CHLSY Ml Inl RGEs OR 3.3 THOUSEHD DOLLERS FEF YERE. EEMEFITS RRE 17.7% 0OF
THE Comls=Ion FRID: OF 10325 THOUSEMD DOLLARS FEF DRIVER FEE YERR. THE
COMPFRMY s RTITRITION RATE I3 232,804 PER YERR.,  ¥CU WILL HAVE A CHAMCE TO
FRODIDE LETAHILEL FERSCHNHEL COEST IMFORMATICH.

DREIVERS FER GEHICLE™

DREIVER FORCE = iEE0,
LREIVERS oM sHLERY

HAMGHL =ALERY FRID BY COpFRHY (THOUSENDS OF DOLL&SF=1 T

PBfE:s LD MHOT IMCLUDE CChMIs=I0M=.  THE DEFRULT URLUE 1S ZERO. ORETRIFED
EYv H CAHRRIARGE FETLFEM..

LEILER:Z FEECEIVNIMNG BEGEFITSY LEFALLT I EWTIFE FORCE.

HHHOHL FEREFITS LIN THOUSRHDE OF LoLLARS T

LR FHERD FER DRIVER (THOUSHRHLDS OF DOLLARREIY  DEFFAULT VALUE I= ZTEFO.

HTTRITICH FRTE™ s



COST-EENEFIT =SUPMARY COR: THEHI
CDOLLAR URLUES TN THOLSSHDE S
TOURCE OF SRUIHGE: "HIGH-FLAGGIHGY FEDLCT IO
L HIGH

% LHHMGE B,k k. K

FEDUCE DERD-HERTD HILEZ

% UHHRAHGE . &
PEHICLES ShtEL B
LRELTHL o
L [
SLETOTHL = A EHeE. v

ITEM BEEFITCOSTS
SIMGLE enEF 0. 5o 1,06
POLT1- LesRFR 1, 5 1.17

DETVERS SHOEL = 1a=
=HLHF E3 2l A, L
CERHERD+ERT 2El.% 1147, %

Iy
iz
(T .
—

N

— .

SUETIOTEL

it

[TEM EEMEFIT-CCET:
=1HGLE LZER .ol k.l
FLTI- Li=ER v DT O L]

TLTHL =RV IGE RN S = 4111

A

SNSTEM LIETS

SIMGLE LSER vl S|
a1 I~ cER bRt coES. Y

FEMEF IT- =T FRT1G:

SIhGLE DERER SO 3 1.4E8
MLt I- zER HLoEle l.ec%



IFs FCRE HY RERSDHs THIZ SYETEM IS MOT A FESSIELG CHOICE TO GO IMTO THE F e
HRFAF=LE ol tiryy CHAEMGE 1T BY TYFING A DIFFERENT CoLUHm HMUMEEE BFTER THE
CRESTION MHFE. A CHREFIACE RETURM WILL REEF THE FEESENT CHOICE. T

HEASMER CUE=TIONS O CO=T—2HARIHG HITH *YESY OF MO . CEST YOS O

YHCMa A Y caneFE MILES OF POUTE MILES MUST BE RHSHERED WMITH & FORTION GOF
Tk SGUHFE MILES 5D FOUTE MILES COSTED FOR THE MULTI-UZER CRZE.  IF THART
TUTAL 1% E-CEEDED. i WMILL GET AN ERECE MEZSAGE &HL MLST STHET THE sUE-
DII=T0H DUER HOHIM.

Lo HHY SERUGICE AFEARS 1Z0UARE ILES) OF DIFFEREMT FLEETS QUVERLAF ~ YES

FHY vRER =ERFVED BY X OLSERCZY T OYES

HZb DAY =RREE MILES Y 475

SERUET gy opls TONES

SERLEL BN FLOLICE TOoWES

SERVED Bv YA TR

L DIFFERENT FLEET:Z zEFUE DOUERLAFFING ROUTE MILES © HC
HH REER SERLED BV O1 SRRSO VES

HCki B ROLDTE MILES 7 2edy

SERLEL Ev RIS VRS

N

SERUVELDLN BY RFOLICE (RI

SERLED Y TRAL BN



TvFE OF FLEET 127 TOTAL
HOLE FAMY sRUARE MILES COUEREDY 475
HOW PRHY FOUTE MILES OUTSIDE OF SQUARE MILES RBOVET 2nd?

Fik, LT I-IsER:
SHARF EREORD FRDID DERTD—
SIGHFDST SIGHFDET FREQUETIZY FECKOHIMG
{THOUSANDS OF DOLLRRFS!
CAFITHL CoaT

BH-LVEHICLE ERUILF. [48eE. 5 SETELE TEl4.0 15zEs.a

SIGHFLETS EE e 14264 HIE. 4 DS, B
FEMOTE RECE TVERS SHZE L 1 19,6 led, @ 1Vt

CopsHICRT TOHE

RS 1L L G} 15,6 e, e ooy
LRREIHELE ZE,u o B o ok T

LATH FROCESSING

ERZIC
LUHREIRELE

kN
.
N
x
(RN |

e R
KT

=
]
]

.
s

i
I
Aoy 3 &N
. .
-

150
.
(Y
— 13

Iy Xl
o

[t =

GERMD TCTHL 125302, 5 VISR SIS 3 cIlvE. D
AMPEL TR ISTERRMCE CDET

E;:;E;IEEE_EEDIET ______ e, o EHar ) Fal.4d lzze, o
NN o 0 4,7 143, & SELE (S
REMCTE RECETGERS SR oL SN s 5

COpthl LCRT IO
EHEZIL LB 1.5 1. a.n
LHETRELE <. i S 2.k s B

IATH FROCESSING

BR2IC &= B 12,6 . 4
LR THELE 1ed.u = S o S

TOTAHL HMb. (RINTY. e S15,0 P T
FRESERT LHRLLE bali = TEEE. T T44EE, S
FREZENT LRLLE OF

LaEzs. 2 1954205 SThRE,

ThE LOHEST CDET =Y=STER FCRE HULTI—USER ST 20 1ZE23.8 THOLEANHD DOLLARS
1H COLMH & THE DRORD SICHPDST  SYsSTEM

1Fy FOR #MY RREHEZON: THIZ =0ETEM IS MGT A FERSIELE CHOICE T G0 INTO THE FINRL
HERF-LES Ul DR CHAEMGE IT OB TYEING A DIFFEREMT COLLMM HUMEBER AFTER THE
CUEZTION tHFE. W CREFIRGE FETURM WILL RELF THE FEETENHT CHOICE. ™

HzwE R Db ST TOMHE G DO T-2HRR MG MITH B O oY, DUESTIOHS O

SHOW BN SEURFE MILES OF FOUTE MILES BT FEORMSMHERFED MITH B POETICH OF
THE SiARE FALES /ML BOLTE MILES CGSTED POl THE MULTI-WEZER CASE.  IF THET
TOTEL 1o E=CEEDED. SO MILL SET AH ERREDR MES=RGE AHD MUST START THE ZU0E-
LTCil=T0gy DER =oHIMN. =12



COMFRREIZON OF COETo

FORE BEACH FLEET WITH THE LOWEST Q25T SWSTEM FOR THAT FLEET ARLOME O THE LEFT.
Al ERCH FLEET®S SHRREE OF THE LOMEST COET MULTI-WSER ALTERMATIVE O ThE
FLE f

FlOR: ELS AL CHE ThRREE OF MULTI-USER

EROAD S IGHFLST EROAD SIGHFOST
{ THOUSEHDE OF DOLLARE)
CARFITARL CO=T

LH-UEHICLE EQUIF, SEE. b ool

SIGHPOSTE cEE. B It E
FEMUTE RECEIVERES toz. i 174,z
COMMLHICAT IO
BRSIC 5.0 P
UARIARELE 18,5 HEE IRy

IRTA FROCESSTHG
BRZIC
UHEIRELE

IRl
ISRy

gl
v .
AT
el
pragal
A

.
=

r

FLEET T0THL ZETE.

[
LT
—4
[}
[}
[I0K]
(]
—
L

1T

FHALEL PRINTEMAMCE COSTS

CH-tEHICLE EQIIF.

Ry Soe.
SIGHFOEZTE CE. T G
FEMOTE FECELILERE G5, 2 oLz

LOEMOMLCHT T3S
ERSIC 1.: =
LiAF: THELE 1.6 b.oo

DATAH FREOCESSIHG

BRSIC 1e. G 5.5
UHRIHELE SR K R

TOTHL AMMHUAL MAIMT. JE2, & S1a.4
FRESEMT UHLUE oelE Y

FRESENT LHLLE OF TOTHL COsT: ST L=



Frf: FOLICE

HLOHE

FARIO FRECLENCY

LTHOLESHHDE OF

SHARE TF MULTI-LSER:

ERCHD ZIGHPOST
LOLLARS

CAPITAL COST

OH-LERHITLE ECUTIF, Slesaw 12535
SIGHPOETE EElle VENLE
FEMUTE FECEIVEFRT le. i i1.1

COMMOHICART IS
LHEIC
LHFEIRELE E b

IS N

—
LR

THTA FROCESSING
LRZ1C 18008 47,
LIRR IAELE TE.L

]

F

[uX]
N
i
e
L0
Ju
.
B

FLEET

TOTAL EUTEE ESED. S

UH=LERICLE ECIF, clo. =

Lt
s
n
[iA]
.
-

SICHFDETS EC. TG
FEMOTE FECEIVERE (= Tat

LM ICRT T
BHEIC : ;
LUHEIARELE Gi, L

—
.
-
o, e
et e
Th

LHATH FROCESZIRG

EFASTC 15,6 G0
LRREIRELE T.E P T

TOTAL RHHOAL MAIHT. z
FRESENT LHLLDE 1&

FEE=ENT VRLLE OF TOTARL COesT:



FOR: A= HLOHE SHARE OF HULTI-LEZEF

FADID FREMJERHCY EFCAD S IGHRFOST
CTHZUSAMEE OF DOLLHFES)

————— e e

CH-LERICLE ELUAF, 1asE. e

1 L‘
Fir
MR

SIGHFPOETS e I
FEMOTE FECEIVERS 16,

T
AL

N

£a

Topa

~IT

RO ICAT IO
BHSTC 1a,
VHFEIAELE 4.

[l
LM
[

IRTH FROCE=S=115G
BEHSIC 1o,k
LR THELE T

]
-
0t

DA
a

LA
0

FLEET ToTEL 1Vaz. e 15522
SHAURL FRIAHTEHMCE CosTs

CH=LEHLLLE ECLIF, 1EE.E

D]
[kl
'.-'_'_.;

SIGHFLETE E.
FEMOTE RECEIVGERS 5.
CORMGHICET ToNS

EFZi0 1.6 S
LHFISELE [ S

FRZIC 1o Cein
LRk IHRELE ' -

TUTHL Rl MAEIHT . 17
FEEZENT LRLLGE 1BES, !

FREEZEMT UnLLE CF 39740 CozT: SRR | ZoEE. Y



(2 A
UMITED STATES GOVERNMENT DEPARTMENT DF TRANSPDRTATION

TRAMSPORTATION SYSTEMS CLNTER

Memorandum KENDALL SQUARE

CAMBRIDGE, MA 02142

DATE: 7/9/76

. . In reply
supdectT: Reductlion in Headway Variance refor to: 421

FROM: Arthur Priver/421

To: Dave Reed/234

If a control strategy is applied to buses travelling along a route

then the variance of the distribution of headways should be reduced

in comparison with the variance that occurs when no contrel is applied.
We will compute the variance reducticn for the fellowing specific
control strategy. First, a bus is never allowed to leave a stop

early, Second, a late bus always tries to catch up to get back on
schedule,

Assume that a bus leaves a stop exactly on time and that its arrival time
(and consequent departure time) at the next stop is normally distributed
about the expected arrival time with a mean of zerc and a variance 7,
Then the departure time is given by a truncated normal distribuction in
which all valucs greater than 0 {i.e. early departures) are pushed

back to 0O:

becomes

The denmsity function is given by
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The variance of the new headway distribution is reduced from the
variance of the initial distributicon by a factor of 1/2 (1 _%T)’
wiich is approximately .341.

Computing the variance reduction at the next stop is very complicated,
since it invoives the convolution of a Normal with a truncated Normal
distribution. Tn view of this dilficulty, we will use the assunption
that a late bus is trying to get back on schedule, and assume that

the variance reduction computed above is the bound at each stop.

Let us now relate the above analysis to the impact on headway and
the passenger load factor of keeping the same level of service, as
measured by average passenger waiting time, with the computed variance
reduction. First note that headway and passenger load factor are

linearly related. The load factor (L) equals the numher of passengers
(P) divided by the number of buscs (N). The number of buses is given
by the total time (T) divided by the headway (h). Thus L = P/N =
P/(T/h) = (P/T)h. Hence, an increase in headway of x% results in

a corresponding x% incrcase in the passcnger lead factor.

hl

) N
Let b be the headway between buses, ¥ be the variance of this headway,
and W be the average passenger waiting time. We have our previous
formula -
Ll
h 87
w = " + T
2 =]
I o '
)
If we have an initial headwav LC and variance 3 and have a new
reduced variance y» then for the same level of servieo (i.e.,

W = constant) we can compute the corresponding headway h:

D-3



.o h T
W= o t=T - 2l o h
; b o 2
Then,
2 -

b= Eh W =0

Solving this quadratic cquation and vsing the constraints of mocion
gives us the single scluticn

— 3
h= W+ -

(Nate that if = the average waiting time is half the headway,
as expected).

From our earlier calculations, we know

= I i /
UJ-’: O\/ ( ;M ’:L_/\;‘//;’:

o

Thus,

he R SEPOT
% = E; + o) a7 ‘*’Ml(% 7 + (f —ifi) gfﬁ

{Again, note that ifl s (o then A:=Ac ).
Let us consider one representative case, and set %, = 1. Then, with
1 - !'j»" = L.BYRA7B8, we can compute the following table:
e L Rt SRl I e T
he 0.5 SRS RO DUV S U TN S-SR MO R DT
- 2.82 1231 ) 2.52 } 3.34 0 4,25 5.2 4 0.1
Inc. in load factor| 464% o1y Een y 11% b4 47 1%

This table corresponds to a standard deviation of one minute in the
headway. Empirical data from Chicago shows that the standard
deviation is approximarely the same magnilude as the headway, so the
emphasis in using the above table should be placed around h, =1
and f. = 2. Thus, the control strategy beius considered gives a
significant increase in the passenger load facior, even approaching
100% or more.
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EXTENSION OF PRIVER CALCULATIONS TO LONGER STANDARD

DEVIATIONS FCR 5 AND
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