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PREFACE 

This study of costs and benefits for AVM was conducted at 
the u.s. Department of Transportation, Transportation 
Systems center, in Cambridqe, Massachusetts. The study is a 
small part of a larger UMTA funded project dealing with 
Automatic Vehicle Monitoring {AVM) technoloqy. 

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

Particular gratitude is due to those who put in late and 
early morning hours to complete this study within the given 
time limits. Without the he rculean 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 CCNCLUSIONS 

Automatic Vehicle Monitoring (AVM) systems provide real-time 

vehicle position location information, thus enabling 

manaqers to apply more exacting fleet deployment and control 

strateqies. successful implementation of such controls can 

permit either service improvements or cost r eductions thus 

producing increas e d operating efficiency. However, 

realization of potential benefits is critically dependent 

upon the willinoness 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 

enqineering and operational practicalities of AVM. As a 

result, the benefit-cost analysis focuses strictly on AVM 

and does not address potential payoffs of l ess sophisticated 

and less expensive alternative fleet control systems. 

The core of this ana lysi s i s a newly developed computerized 

benefi t -cost accounting model . The model calculates the 

t otal life cycle costs of alternative AVM location systems, 

t h e n determines t h e dollar value of cost reduction benefits 

made po s sible t hrough u s e of AVM ' s real-time position 

locatio n inf orma tion. The model calculates the costs and 
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benefits which would accrue to bus, police, and taxi 

operators in any metropolitan area. 

Many uncontrollable 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 ~t RANGE OF BENEFIT COST RATIOS 
I~ 

12 

Ii 

TOTAL$ 
~EN§f!~§ B 
TOTAL$ 
COSTS 6 

2 

BUS 
ONLY 

POLICE 
ONLY 

T~I 
ONLY 

COMBINED 
FLEET 

BREAK 
EVEN 

Both set s of be ne fit s r est on a comtination of hard data and 

profess ion a l evaluation, and neither the high nor the low 

b e nefi ts can be assiqned gr eate r liklihood than the othe r in 

the a bsence of more e xte n s ive a pflica tions data . The range 

of benefits give s a r epr esentative appraisal of unce rtainty, 
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and does not risk masking uncertainty with questionabl e 

precision in establishing "most likely" estimates. 

The sensitivity of study results, conclusions to variations 

in key assumptions, and system descriptions were examined 

with the computer model. 

All calculations and resul ts are directly dependent upon 

input syste m descriptions and particularly the cost 

estimates of alternative location systems. This point 

carries special significance in liqht of the study•s 

assumption that all compe ting location 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 r e lated data 
gathering or analysis. 

Police cost savings are th€ most s ignifica nt - Due 
primarily to the high cost of staffing patrol 
cars, even small reductions in required vehicles 
account for larqe payroll savings . 

Bus savings are conside red pos itive - However, 
approximately half of the total savings are made 
possitle by linking automatic passenger counters 
with AVM in order to replace manual schedul e 
c h eckers . AVM bus savinqs vary widely betwee n 
cities due to extreme differ e nces in operating 
cost factors s uch as insurance , O&M, numbe r of 
checkers and service operatinq characteri s tics of 
transit properties . 

ES-3 



• Taxi ope rator savings do not exceed system costs -
Limited payroll savings accompany vehicle 
reductions because drivers are paid strictly on a 
commission basis. 

• Sharing costs among a mix of users Qoes ~ot 
provide signif i cant savings- Only one quarter of 
AVM costs are eligible for sharing between users. 
In addition, different location 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 tenefits are highly dependent ~pon £i!~ 
an1 f1~~! characteristics - Implementation 
planninq must consider the changes in location 
system costs associated with changes in fleet 
size, mix or utilization, and operating areas . 

§ecuri!Y 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 
impl eme ntation which miqht be marginal in terms of 
dollar benefits. 

Qnusu~lly careful flanning and management are 
required to exploit AVM's potential benefits - The 
hiqh and l ow assumptions used in this study 
illustra te that the e xtent of savings can vary 
q reatly ~ith s light changes in AVM utilizat ion. 
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I. INTRODUCTION 

AVM (Automatic Vehicle Monitoring) systems provide an 

information qatherinq and processing tool for the 

centralized management and control of urban vehicle fleets. 

successful application and operational exploitation of AVM 

technoloqy may yield siqnificant 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 explor inq the technical, operational, and economic 

feasibility of AVM. 

This benefit-cost analysis is part of the overall UMTA/TSC 

eva luation of AVM. The study looks beyond field 

experimentation and focuses on the probable costs and 

achievable benefits of an AVM syst ~m fully deployed in a 

major metropolitan area. A comprel,ensive analysis of the 

literature and AVM-related experience in the U.S., Europe, 

and Canada have been integrated with additional research 

here at TSC to develop a computerized cost-benefit model. 

The model is a manaqement tool which accounts for the total 

life cycle costs and benefits for any AVM system. Because 

of this, it i s useful for a wide ra~ge of AVM sensitivity 

analyses ; for studies of particular AVM programs; and with 
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minimal adjustment, for the analysis of other technical or 

management innovations which address transportation 

operatinq 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 service to the 

QUblic 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 I I 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 
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differences in fleet size and area . Chapters V and VI 

discuss AVM payoffs 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. 
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II. AVM TECHNOLOGY, BENEFITS, AND EXPERIENCE 

2.1 AVM Sy s tems Description 

An AVM system maintains a continuously updated file of all 

vehicle locations in an equipped urban fleet. It consists 

of a central computer facility to coordinate and manipulate 

real-time data as it is collected; a two-way communication 

system for diqital and voice data; and a means of specifying 

vehicle location. The data processing system offers the 

opportunity to add on a computer-assisted dispatch s ystem 

and to report transit emergencies directly to police 

headquarters. The communication system supplements 

traditional voice communication with digital data which can 

include ve hicle statu s information, such as exact passenger 

data; s ilent emergency alarms; a nd non-voice operating 

c ommands from the dispatcherr s uch as skip-a-stop or pause­

at-the-next-stop. However , the most revolutionary element 

of AVM is the vehicle location subsystem. Continuous 

curre nt knowledge of vehicle locations provides the 

information necessary to control and adjust fleet operations 

on a r eal-time basi s . Put differently, the vehicle location 

subsystem creates opportunities for mo r e efficient and 

productive utilization of equi pment and personnel. 
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There are four qeneric 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 maqnets imbedded in the road surface. 

Broad Siqnpost: This qroup of systems provides area 

coverage within a range of 50 to 100 feet of a signpost. 

Coded radio siqnals are transmitted from these dispersed 

siqnposts to vehicles within their range. 

Radio Frequency: These systems (including VLF, pulse 

trilateration, and AM phase lock) frovide position location 

information at any point within the service area by means of 

computer-analyzed radio siqnal triangulation. 

Dead Reckonino: Position information is provided at 

all points within the s e rvice area without reference to 

external siqnal s . Location is dettr~ined through a 

combination of precision odometers and heading indicators. 
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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. Consiste ntly 

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 riqorous test and demonstrations. 

2.2 The Potential Benefits of AVM 

AVM systems offer a unique combination of capabilities which 

in theory offe r the means for significant service, 

manaqement, and economic benefits. This section surveys the 

ranqe of potential AVM benefits and, in effect, outlines a 

protaqonist•s case for AVM. The cost-benefit study as a 

whole analyzes the probable achievability and value of these 

claims. 
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2.2.1 Fixed BQute Schedule Adherence. AVM establishes a 

closed-loop information system which informs a dispatcher of 

the disposition of his vehicles and permits him to control 

the ir deployment according to several strategies. This 

could yield the followinq benefits in fixed route transit 

service: 

• Increased on-time s e rvice, with buses never early 
and seldom late. 

• More uniform headway adherence on short headway 
routes • 

• More even distribution of passengers between 
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. 

• Fe wer personnel required to check and control 
schedule adhe rence. 

2.2.2 Random EQute Dispatch Improvements. Closed-loop 

control capabilities are also available to random route 

v ehicle dispatchers. Here they permit the dispatcher to 

in s ure that only the near est vehicle i s used in response to 

each demand on the syste m. As a result: 

• Average r esponse times to service and emergency 
calls can te reduced . 

• Police can improve coveraqe with the same mobile 
c rui ser for ce or can maintain coverage with a 
smalle r fo rce . 
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• Taxis can reduce the proportion of dead-head miles 
to reve nue miles and thus meet demand with a 
smaller fleet. 

2.2.3 Operating and Management Information. On-vehicle 

sensors and the communication subsystems permit the 

collection of complete route and vehicle data according to 

time and location. AVM system software can compile and 

analyze this data to provide the following potential 

benefits: 

• Accurate passenqer counts by stop and time of day 
to support optimal scheduling. 

• Fewer personne l required to gather and analyze 
passenger demand and scheduling information. 

• Improved manaqement 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 e xact location in case of emergency offers these 

b e nefits: 

• Aid t o police for quick apfrehension of criminals. 

• Deterrent effect on criminal activity. 

• Improved security and peace-of-mind for passe ngers 
and drivers. 

2-6 

' 



& 

2.2.5 Improved Patronage and Farebox Revenue. Most of the 

AVM benefits discussed above tend to improve the reliability 

and attractiveness of public transit. Even if there is no 

increase in frequency of service, the cumulative effect of 

these bene fits should im p rove ridership and revenue. 

2.2.6 ~ndeg BeQefi!§, AVM may be viewed as a series of 

modular buildinq blocks which can be varied to suit 

particular situations. 3ystem capabilities can be expanded­

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

• Ele ctronic interaction with traffic light 
controllers to qain signal priority for late 
buses. 

• Real-time display of schedul e status and expected 
v ehi cle a rrival time for patrons at a major bus 
stops increasing p ublic confidence in service 
reliability. 

• Expanded on-board sensors to warn dispatche rs a nd 
maintenance personnel of impending vehicle 
failures (such as fallinq oil pressure). 

2.3 AVM Operating Experience 

Various veh icle monito rinq s ystems have been implemente d in 

Europe and in North Ame rica. Sites include Dublin, Hamburg, 

London, Paris , a n d Zurich in Europe, and Chicago, Orlando, 

and Dallas in the U. S., and Vancouver, B.c., and 

Mississauga, Ont., in Canada. 
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As cateqorized 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 II-1. PRIMARY USE AND LOCATION OF AVM SYSTEMS 

Service Improvements 

Dublin 
Hamburg 
London 
Paris 
Zurich 
Mississauga 

Public Safety 

st. Louis 
Chicago 
Orlando 
Dallas 

It is also possible, as is done in this study, to view AVM 

as a means of reducinq 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 operatinq efficiencies. 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 the ir operational or financial 

im~acts. 
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Durinq on-site visitation and through extensive 

correspondence, transit operators throughout Europe 

repeatedly stated that AVM was looked upon as a means of 

improvinq service reliability. This approach means t ha t 

exce sses in capacity are to b e conve rted into service 

expansions at no increase in operating costs. In Zurich, 

when t he usage of AVM resulted in a reduction of 12 bu ses, 

they were r e tained for service expansion. 

Each European AVM operation is characterized by estimating 

v e hicle location and transmitting location data to a central 

control station. Hamburq, London, and Zurich employ 

location data to exe rcise fleet control via two-way radio 

communications. In Hamburq and Zurich all AVM equipped 

buses have passenge r counters. 

The European AVM be nefits perspective derives from thei r 

views that b us transportation is an urban necessity , a 

public utility, and an inteqral c omponent of the services 

provided by municipal governments. Even the integration of 

a silen t alarm capability with AVM is of l esser importance 

as transit crime i s virtually n on-existent in Europe . 

Utilizinq AVM related information to revis e schedules is not 

consider ed e i ther, as their schedules, while they may vary 

by time of year, are gen e rally not revi sed. 
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AVM does provide the means for better fleet control to keep 

vehicle s on s chedule and thus provide better service. The 

b eneficial a s pe ct of s uch control is increa sed riders hip, 

and while Hamburg and Zurich have reported s ystemwide 

patronage incre ases, it is unknown whether these increases 

were qreater for AVM equipped than non-AVM equipped routes , 

as no formal data gatherinq was planned. 

The St. Loui s Metropolitan Police De partment conduct ed 

ext e ns ive tes t s wit h a dead-rec koning AVM s y s t e m in District 

3, with 35 instrume nted cars. The primary objective was to 

demonstrate quick er r e s ponse t imes, and, in 9 out of 11 

months, travel time to r espond to calls was significantly 

shorter. Over the entire 11 months , travel time save d was 

approximate ly 1/2 minute out of an average of 5 minutes. 

Dispatch times we r e e xpecte d t o increa s e due to a g r eater 

work l o ad, and while they initially did increase, the y 

ultimate ly we r e down 1.4% on the ave r a g e following a short 

learninq peri od . The police de part ment e stimate s total time 

s avinq s at 1 5%, a nd is proceeding with citywide 

i mpl e me n ta t ion on t h a t j ustification. 

Chicago Tr ansi t Aut hority (CTA) ins t alled a br oad s i g n pos t 

s ystem with a sil e n t alarm for t h e prime purpose of 

improvinq s e curity o n boa r d t r a n s i t vehicl es . The y ha v e 
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recorded information on time-point passage, but make no 

attempt to apply headway control. The property management 

is qui te satisfied with the crime reduction aspect of AVM 

dnd wishes to expand the coverage. Since control was not 

attempted in Chicaqo, there is no data on the value of 

improv ement s s uch as load factor or layover reduction ••• two 

of the bus benefits postulated in this study. However, AVM 

has enabl ed CTA to reduce the number of point-men, mobile 

supervisors and t ermina l telephone me n, and save t he cos t of 

special t elephones installed on the streets and at four 

terminal points for the use of these e mployees. 

In Dubl in, a system usinq two-way radio, manual polling, and 

voice response from the vehicle operator e mulates an AVM 

system, thouqh it is much more labor intens ive. They have, 

however, qathered da ta on r eal - time schedule control, 

compar i nq a route u s inq a dispatcher with radio control to a 

similar but uncontrolled route. Fassenqer wait time on the 

control l ed route a verag ed 25% less (.93 minutes) than on the 

comparable uncontrolled route. This indicates the magni t ude 

of effic i e ncy improvement which can be expected with AVM . 

The experience and informa tio n a tta inable from Dubl in 

r epr esent the neares t approach to a deliberate experiment 

intended to record data for anal ytical purposes . 
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While the costs of i~plementing AVM are well recognized and 

documented, further installation and investments for the 

purposes of attaining cost savings with AVM will not be 

convincinqly justified without a well designed and 

controlled period of real-world experimentation. 
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III. THE STRUCTURE AND ASSUMPTIONS OF THE 

BENEFIT-COST MODEL 

The heart of this analysis is a TSC computer model which 

converts technical, operational and financial information 

into cost and be n efit dollar totals for a specific AVM 

deployment. The logic and assumptions of the model have a 

s ignificant impact on the study results; indeed, they define 

those result s . While the next three chapters examine in 

detail the costs and benefits of AVM and the sensitivity of 

the r esults to changes in specific data inputs, this chapter 

presents a n overview of the model, summarizing its key 

methods and assumptions. Appe ndix A supplements this 

chapte r by listinq 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 benefit modules . As Figure III-1 

illustrat es , the cost modul e converts AVM cost e lements , 

such as terrain, area, a nd 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 f inancial data to compute cost avoidance 

bene fit s , and the n compares the benefit s with system costs. 

This model is not a monte carlo or gaming simulation which 
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COST FACTORS FOR 
EACH AVM LOCATION 
SYSTEM 

on-veh icle 
wayside costs 
central costs 

COMPUTATION 

OF 

COSTS 

TOTAL AVM 
SYSTEM COSTS 

- costs in present 
value and total $ 

- capital & maintenance 
- system cost by fleet 
- select low cost 

s ystem 

TO BENEFIT 
MODULE 

FIGURE III -1 

- by user type 
- fleet s ize 
- operating are a 
- number of 2-way 

radios installed 
- need for 

counters 

- determines cost of 
shared multiple system 

- assigns cost shares 
- compares single user 

costs & shared cost 
of multiple s ystem 

AN OVERVIEW OF THE COST MODEL 
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Operational 
Cha racte ris tics 

-Run Times 

- Headway Distributions 
-Layover Percentages 
-Annual Miles 
-Operators Pe r Vehicle 

etc . 

- Layover 
- Data Collec tion 
-Avoided Deadhead 
- Load facto r s 

Flee t Savings 
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FIGURE III-2 
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3-3 

Financial 
Ch aracteristics 

-Vehicle Costs 
-O&M Costs 
- Salaries, 

Overhead and 
Benefits 

Cos t fo r Each Fleet 

- Overall B/C Ratios 



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 Tsc•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 

me tropolitan area. In order to accomplish this it was 

n e c essary to spec ify the parameters of s uch a syst e m, which 

would become the base case or r e ference system. The base 

case i s an abstract i on s imilar to the geography, fleet 

sizes, and service characteristics of a large city s uch as 
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Los Anqeles. 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. 

3.1.1 Vehicle Fleets. The study results reflect operations 

of three different fleets: 2,400 buses which operate 

throuqhout 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 e liminated from the base case due to 

very poor returns on AVM investments. However, the Tse 

model contains both Dial-A-Ride and general subroutines 

which may be used for follow-on studies of Dial-A-Ride or 

other flee ts such as ambulances, fire apparatus, cement 

trucks, commercial delivery fleets, etc. 

3.1.2 Service and O~rating Area. The overall service 

area, illustrated in Fiqure III-3, is 5,000 square miles 

bounded by an imaqinary line connecting the tips of the 

radial bus routes. Within this servi ce area is a central 

core of 475 square 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 

outs ide the core area. Terrain in the enti re area i s 

classified as rugge d due to canyons and defiles. This 
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FIGURE III- 3 

5000 Square Mile 
Servi ce Area 

Encompasses all 
3825 Route Miles 

2647 Route Miles 
Outside Core 

475 Square Mile 
Core Area 

- -Contains all Pol ice 
and Taxi Vehicles 

- - Contains 1178 Bus 
Route Miles 

THE BASE CASE OPERATING AREA 
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causes the model to auqment certain categories of AVM 

wayside equipment costs as would be required to insure high 

quality communications. 

3.1.3 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 r epr esent the independent bus, police and taxi AVM 

systems. The fourth scenario represents a utility-type 

multiple-use r AVM system with the bus, police and taxi 

operators sharing common infrastructure costs. The model 

calculates complete cost and be nefit totals for each 

scenario. 

3.2 AVM Cost Calculation Approach 

3.2.1 AVM Com~onen ts. The study determines the system 

costs and benefits for a core AVM system (location, computer 

and diqital/voice communication subsystems) plus silent 

alarm and passenqer counters. Neither costs nor benefits 

are included for AVM " accessories" such as bus stop 

passenqe r information displays, traffic light actuators, o r 

vehicle mechani ca l s tatu s indicators. Beyond this , the 

model accumul a t es on ly costs and benefits greater than those 

associ ated with comparable non-AVM equipped fleets. Put 

differ ently, a radio-equipped non-AVM bus fleet establishes 
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the zero cost and zero benefits bases against which the AVM­

equipped bus fleet is compared. 

3.2.2 Passen~~ Count~!~• 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 

utiliz a tion by route, stop, and time of day, and may be abl e 

to use this information on a real-time basis to adjust 

service in response to unexpected surges of demand. 

Howeve r, 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, 

enouqh to equip five percent of the fleet. This provides 

two counter-equipped buses for each of the current total of 

sixty manual checkers, and it e nables bus managers to 

collect sample data which is at least as good as the present 

ma nually pro duced data. 

3 . 2. 3 Gengric AVM § y§te m Cost s . AVM deployment cos ts h ave 

been developed from proposal s s ubmitted to the Departmen t of 
...Qov r 

Transportation in October 1975 by llir,8' contractors seeking 

to install a multiple user AVM demons t ration system in Lo s 
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Anqeles. The proposals covered equipment, programming, 

installation, calibration, and maintenance for various fleet 

sizes. The data in the proposals have been analyzed by 

TSC's AVM Project Office, which estatlished the four generic 

classes of location system (sharp s ignpost, broad signpost, 

radio frequency, and dead reckoning). This was done to 

describe and categorize the proposals, and then identify 

representative cost factors and their variations for each 

qeneric class of systems in terms of on-vehicle equipment, 

ways ide equipment and central computer and communications 

equipment. Using these cost factors, as specified for 1,000 

v e hicle fleets,* the benefit-cost model sizes the AVM system 

for the base case: 

number of vehicles . 

service area; number of route -miles; and 

It then sums the capital costs, and 

computes the maintenance expense . 

Benefit-cost ratios are, by definition, dir ectly sensitive 

to cost totals, and the base case AVM costs are only as 

dependable as the data in the e ight proposals. In the 

judqe ment of the TSC AVM Project Manager, the estimates in 

the proposals are r ealis tic, the best availab l e, and at this 

*Since most fl e et combinations in the base case exceed 1, 000 
v ehicles, use of the 1,000 vehicle criterion costs ma y und er­
state potential economi es of scal e associated with a nation­
wide implementation of transit, police , and taxi fleet s . 
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point in time they remain dependable within the followinq 

limits shown in Table III-1 below. 

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

Sharp Signpost 
Broad Signpost 
Radio Frequency 
Dead Reckoning 

+ 20% 
+ 5% 
+ 181 
~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 programming, 

installation, calibration and maintenance. Computer support 

will be provided by a closed loop minicomputer which will 

not require a dedicated operator. Off-line analyses of 

manaqement information and r e lated computer operations are 

assumed to be an extension of present data processing 

programs rather than unique costs attributable to AVM. 

Vehicle dispatch consoles are d esiqned to support up to 250 

v ehicles , s imilar to the workload of present base case 

dispatchers. Vehicle operators will perform at the same 

s kill and pay levels with or withou t AVM. 
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There are two potential lator 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 u p to four hours for each vehicle operator (this 

would be a one-time expense since refresher and new 

personnel traininq would be included in regular training 

proqrarns). The second potential expense is in increased 

s kill and consequent salary levels for dispatchers. For 

example, the St. Louis Police Department is installinq a 

city-wide AVM system and replacing police cadet dispatchers 

with lieutenants. Neither of these expenses are reflected 

in the tase case data. The first is omitted, because the 

traininq 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 labor, equipment and installation costs. 

Test runs indicate that costs coverinq the four hour startup 

traininq have a neqliqible impact on the bus results, thoug h 

a shift to lie utenan t dispatchers would have a discernible 

impact on the police results. (Sfecifically, the inclusion 

of these factors would increase system costs and decrease 

benefit-cost ratios ty 2.5% for the bus and by 10% for the 

police.) Future cost projections 2n d field tests must 

address these topics more 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 ~E~~ fost Sharing. Shared AVM systems have 

been expected to lower costs for participating users and, as 

indicated above, the TSC model provides a mechanism for 

testinq this hypothesis. In order to do this, a standard or 

rule to apportion common costs among users was adopted. 

This standard prorates basic data processing and 

communica tions costs according to the number of vehicles and 

then distributes wayside equipment costs according to both 

the number of vehicles and the square miles (or route miles, 

if appropriate) in individual service areas. Within any 

give n are a, wayside costs are divided in direct proportion 

to the size of each fleet which serves that area. When a 

flee t ope rates in two or more areas as the bus fleet does 

in the base case --its vehicles are assumed to be uniformly 

distribute d and directly proportioned to the two areas 

served. (The model can alternately calculate proportionate 

cos t s o n t he bas i s of route miles instead of areas.) When 

an operator deploys the only instrumente d vehicles in any 

area -- as t he bus does outside the core in the base case 

he bear s a ll of the ways ide cos ts attributable to that area. 

As a r esul t , a ll ve hic l es and all operators are treated 
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equally; there is no a llowance 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 thi s happens the share of 

multiple user costs may be little l ess than the price of an 

independent dedicated system. It i s also conceivable that 

one user could require much greater accuracy and thus more 

expensive equipment than the ether users; such a situation 

would probably preclude participation in a shared system. 

3.2.6 Limitations of the cost Results. The method of 

assiqning and apportioninq costs used in this study is 

adequate for comparinq urban areas of varying sizes and 

makinq an estimate of the benefit/cost ratio for a go/no go 

decision, but it is insufficient to determine the exact cost 

of any unique application. Any decis ion on actual AVM 

implementations must give detailed consideration t o factors 

omitted in the model, s uch as the exact shape of the service 

area and possible 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. 

3-13 



3.3 AVM Benefit Evaluation 

3.3.1 Location system Performance. The UMTA/TSC AVM system 

specification requires location accuracy of closer than 300 

feet and time accuracy of better than 15 seconds. All 

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 equivalent benefits. As a result, only one 

benefit total is calculated for each deployment scneario. A 

comparison is then made between this be nefit total and the 

total cost of the least expensive location system for that 

deployment. Since tte assumption of equal performance 

accuracy may be questioned, the model has the option to 

compare benefits against any location system cost total. 

Chapte r V presents the full range of cost and benefit 

combinations for each deployment scenario. 

3.3.2 Derivation and Meani~ of Benefit/Cost Ratios. All 

cos ts and doll a r benefits are expr essed in constant 1 975 

dollars in order to eliminate the impact of inflation. 

These constant dollars are then converted to pres e nt value 

dollars l:y discounting at ten percent annually over the ten 

year life of the AVM syst em. This is do ne for all 

comparison s a nd e valuations s ince the present value 
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technique yields a unit of measure which reflects both the 

dollar maqnitude and the t i me value of money by giving 

qreater emphasis (at ten p e rcent per year) to cost and 

benefits realized early in the project than to those 

r ea liz ed a t later times. 

Final results are presented as benefit-cost ratios (B/C), 

which are present value benefits divided by present valu€ 

costs. A benefit- cost ratio greater than 1.0 indicates that 

an alternative is a ~roductive investment, returning dollar 

benefits which exceed system costs. A benefit-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 Improvements. 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 

factors combine to produce highly speculative savings 

fiqures. These factors are low confidence in the dollar 

values which may be assiqned to a particular benefit and 

unusual difficulty in demonstrating~ causal connection 
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between the benefit and AVM. Security benefits are 

discussed in Chapter VII. 

It i s important to note that a decision against monetizing a 

benefit does not imply insignificance. On the contrary, 

important bene fits are discussed in Chapter VII -- benefits 

which decision-makers may conclude are sufficient to justify 

proceedinq with an investment which, in dollar terms alone, 

appe ars to be marginal or non-productive. 

3.3.4 capture of Dollar Benefits. Most AVM benefits appear 

in the area of fleet efficiency and productivity. 

Efficie ncy and productivity improvements, whether from AVM 

or any othe r source, require managers and policy makers to 

choose a strategy to exploit those improvements. This 

choice may be made e xplicitly or implicitly, but it cannot 

b e avo ided . The almost infinite range of exploitation 

po ssi b ilit ie s can te summarized best as a continuum 

(illustra t ed be low) tetween two polar strategies: e ithe r 

p low b a ck the added productivi~ to increase the l e vel of 

service _m;:o d uced by !Jle gesen! numbe r of vehicles and 

personne l; or capture the added productivity !2_y reducing the 

fleet and s taff s ize to t he minimum r equired to maintain the 

curren t l e ve l of service . 
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INCREASED EFFICIENCY. 

REQU IRES A CHOICE BY 
LOCAL POLICY-MAKERS. 

IMPROVED SERVICE 
YIELDING 

PUBLIC BENEFITS 

CONSTANT SERVICE 
YIELDING 

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. In 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 benefits; and it avoids speculative benefit 

methodology, such as valuations of patron wait and travel 

time. And in the end, this choice of strategy remains an 

analytic artifice, one which leaves to each individual 

community the real philosophical a nd managerial questions of 

usinq AVM improvements to reduce budgets or to increase 

public service. 

3.3.5 Estimating the Range of Dollar Benefits. The idea l 

estimate of AVM benefits would be s uccinct 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 imfacts is such that the study does not 

present single "most likely" benefit estimates. It became 

clear in our analysis that many uncontrollable variables and 

considerable uncertainty lie between this study and the 

real- world impacts of a large scale AVM system. These 

obscuring elements ranqe from economic, social, and 

political trends, to issues of management choices and 

effectiveness. In order to reflect these uncertainties and 

to highliqht 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 emfirical 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, t hey are no more "probable" than the high estimates. 

Since s ignificant uncertainty exists, it is more useful to 

mark the hiqh and low limits of that uncertainty even if 

the gap is uncomf ortably l arge -- rather than cover up the 

uncertainty with the spurious precision implied by a s ingle 

best estimate. 
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3.3 . 6 Sen sitivities. The TSC benefit-cost scudy of AVM is 

a complex interplay of many assumptions, and it highlights 

the impact of key assumptions by means of sensitivity 

ana lysis. This demonstrates the magnitude of change in the 

study r esults qiven specific changes in inputs and 

facilitates a genera lized application of the results to 

other urban areas or AVM deployments . Since AVM location 

system costs vary in relation to tyfe of fleet, fleet size , 

and ope rating area, the model is used to search for changes 

in the low cost location system; thi s i s discussed in 

Chapter IV. Resultinq benefit- cost ratios are also examined 

for the different fleets in relation to density, urban size, 

operational characteristics, a nd AVM impacts. Density is 

v aried by ad iusting fleet s ize and oper ating area as sinal e 

factors. Urban s iz e reflects the total mix of area, fleet 

size , and oper ating characteristics. Key operatinq 

characte rist ics include the proportion of a bus fleet 

operatin g on short headways, the amount of layover in the 

system, the extent of the manual data collection effort, the 

percentaqe of non-re v e nue mileage in a taxi fleet, and the 

percentage of preventive patroling performed by police 

crui sers. AVM impacts focus on operatinq efficiencies 

that i s , changes in the key operating characteristics. 

information is presented in Chapter VI. 
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IV. AVM SYSTEM COSTS 

Chapte r IV is a discuss ion of AVM life cycle system costs. 

It beqins with a brief description of the cost calculation 

method, then presents the costs of the four base 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 use r system, the chapter concludes 

by reviewinq the impacts of fleet size, fleet type and 

operatinq 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 extra polation o f cost factors distilled from 

eiqht contract proposals . Some cos t factors are fixed and 

others vary according to fl eet size, route miles , or square 

miles. The factors reflect the on-vehi cle, wayside and 

central equipment costs appropriate to each o f the f our 

qeneric location s ystems. On-vehicle costs vary only with 

the size o f the fleet, and wayside costs vary only with the 

d i mensions a nd structur e of the operatinq area. Ce ntral 

equipme nt costs have fixed minimum computer and 

communication cos ts tied to each t yr~ of location system, 

reqardless of system size, plus variable computer and 
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communication costs which grow along with the size of the 

service area and/or the number of vehicles. 

The sum of the on-vehicler wayside and central equipment 

costs is the total cafital 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 amount for 

maintenance and this figure is added to the capital costs, 

producinq 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 Band 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 vehicle s serving 

3r825 route miles within a service area of 5,000 square 

miles. since neither police nor taxis will be sharing the 

AVM system in this deployment, the 475 square mile core area 

in which they operate requires no special attention. 

Tab l e IV-1 presents the life cycle AVM system costs for the 

base case bus fleet operating a lone. Notice that the sharp 
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Capital Costs 

On-Vehicle 
Equipment 

Wayside Equipment 

Central Equipment 

Total Capital Costs 

Cost Uncertainty 

Total Maintenance 
costs 

Total System Costs 

TABLE IV-1 

AVM LIFE CYCLF SYSTEM COSTS 
FOR A SHlGLE-USFR BUS FLF:F'T 

(Present Value, $000) 1 

Sharp Broad Radio 
SignEost sisnEOSt Fre51uenc:i: 

7,146 2,826 3,906 

1,31 8 475 1,193 

838 575 302 

9,302 3,876 5,401 

+20% +5% +18% 

5,7l.6 2,511 3,448 

15,018 6,387 8,849 

Dead 
Reckoning 

9,762 

2,396 

1,425 

13,584 

+6.5% 

8,053 

21,637 

1 
Present value calculated at ten percent discount 
rate. 
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siqnpos t and dead reckoninq location systems are two to 

three times more expensive than the broad signpost a nd radio 

fre quency techniques. Both of the highest cost systems 

posses s sophisticated a nd expensive on-vehicle components, 

which explains much of their tota l cos t disadvantage. 

Displayinq the l east e xpens ive central computer and 

communication costs , the r adio frequency t e chnique is much 

more economical tha n the preceding locat ion systems, yet it 

still s uffers a 28% disadvantaqe whe n compared to the broad 

siqnpo s t. The low c ost of the latter is explained by 

relative ly inexpens ive on-vehicle equipment and the ability 

to place ways ide instruments only along the bus routes. 

A central a ssumption of this analysis i s that all location 

systems meet t he same performance standards. If this 

assumption i s abandoned, as is possi ble after field tests 

are completed, shar p siqnpost and dead r eckoning -- and even 

radio frequency -- wculd have to exhi b it s ubstantial fixed 

route performance a dvantages to be pref erable to broad 

signpost at current price estimates . 

4.3 AVM Costs for the Police Alone 

The base case police fleet consis t s 0 f 1, 330 cruise rs 

providinq service in a 47 5 square mile area. The AVM system 
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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 Tabl e IV-2, which presents the single user police costs. 

Both siqnpost s ystems are at a disadvantage due to the need 

for extensive wayside equipment deployments. Dead 

r eckoning, which had been the highest cost option for the 

bus alone, is now some two million dollars below sharp 

s iqnpost 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 s ignpost remains substantially less 

expen s ive than dead reckoning. Radio frequency is the l east 

expensive police only system by a margin of 21%. 

4.4 AVM Costs f o r the Taxi Alone 

The base case assumes that 800 taxis operate in a 475 square 

mile area a nd a re supported by a single dispatch s yste m. 

The AVM coverage requirements for this area are ide ntical t o 

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 r ef l ects a 

34% cost advantage over broad signpost bec a use the smaller 

taxi f l eet deemphasizes radio frequency's higher on-vehicle 

4-6 



TABLE IV-2 

AVM LI FE CYCLE SYSTEM COSTS 
FOR A SINGLE USER POLICE FLEET 

1 (Pre sent Value, $000) 

Sharp Broad 
Si9:nEost Sig:nEost 

Capital Costs 

On-Vehic le 
Equipment 4, 3 23 1, 530 

Wayside Equipment 2 ,852 1,325 

Central Equipment 586 415 

Total Capital Costs 7,760 3 , 269 

Cost Uncertainty +2 0 % + 5% 

Total Maintenance 
Costs 4,794 2 , 037 

Total System Costs 12, 555 5 , 306 

Radio 
Fregue ncy 

2,128 

238 

214 

2 ,580 

+18% 

1,614 

4,193 

1 
Present value calculated at ten percent d iscount 
rate. 
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254 

978 

6,552 

+6.5 % 
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costs. And further, due to the total number of signposts 

needed to meet random user areawide coveraqe r e quirements, 

there are no compensating reductions in broad signpost's 

hiqher wayside costs. A similar relationship between dead 

reckoning and sharp signpost results in four relative ly 

evenly spaced costs. This is in sharp contrast to the bus 

and police defloyments, which produced marked qaps between 

the two highest and two lowest cost location systems. Taxi 

cost data is presented in Table IV-3. 

TABLE IV-3 

AVM LIFE CYCLE SYSTEM COSTS 
FOR A SINGLE USER TAXI FLEET 

1 
(Present Value, $000) 

Sharp Broad 
Signpost Signpost 

Radio 
Frequency 

Dead 
Reckoning 

Capital Costs 

On-Vehicle 
Equipment 2,600 920 1,280 3,200 

Wayside Equipment 2,846 1,32 5 2 37 253 

Central Equipment 460 335 186 720 

Total Capital Costs 5,906 2,580 1,703 4,173 

Cost Uncertainty +20% +5% +18i +6.5 % 
-

Total Mainte nance 
Cos t s 3 , 655 1, 608 1, 069 2,535 

Total System Costs 9,561 4,18 7 2,772 6 , 708 

1 Present value cal cul ated 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 ar e served jointly by a single AVM system. 

The operatinq area for this mixed fleet, pictured earlier in 

Fiqure III-3, consists of two concentric areas. The 475 

square mile inner core area is served by police, taxi and 

bus, while the remaining 4,525 square miles in the outer 

rinq is served only by the bus. The 3,825 total bus route 

miles are divided with 2,647 route miles (69%) in the outer 

rinq and 1,178 route miles (31%) in the inner core. (In the 

absence of more appealinq logic this assumption was based on 

the proportionate relationship between the radii of the two 

areas.) 

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 i s assumed that the same location system 

must be used throughout the service area, the cost ranking 

becomes a contest betwee n the advantages which broad 

siqnpost displayed in the bus-only system and those that 

radio frequency displayed in the two random route systems. 

As Table IV-4 illus trate s , broad signpost enjoys a 10% cost 

advantaqe over radio frequency. Lower unit costs for on-

vehic l e equ ipme nt e n a ble broad signpost to overcome 
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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. 

Capital Costs 

On-Vehicle 
Equipment 

TABLE IV-4 

AVM LIFE CYCLE SYSTEM COSTS 
FOR A MULTIPLE-USER SYSTEM 

1 
(Present Value, $000) 

Sharp Broad 
Sig:neost Sig:n:eost 

14,069 5,276 

Wayside Equipment 3,847 1,689 

Central Equipment 1,468 975 

Total Capital Costs 19,384 7,940 

Cost Uncertainty +20 % +5 % 

Total Maintenance 12,205 5,099 
Costs 

Total System Costs 31,589 13,039 

Radio 
Freg:uency 

7,314 

1,096 

410 

8,820 

+18 % 

5,623 

14,443 

1Present value ca l culated at ten percent discount 
rate. 
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2,270 

2,627 
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4.6 Cos t Shares for the Multiple User System 

Two cost e l ~ments are shared in a multiple user system. The 

first, fixed c e ntral computer and communication costs, are 

basic charg e s which are not considered sensitive to 

diffe rence s in service areas. Because of this, the se cos ts 

are divide d amonq use rs in direct proportion to the total 

numbe r of vehicles in each p articipating fleet. The second 

element, wayside equipment costs, is more complicated 

because it i s directly related to operating a reas . 

As indicated in Chapter III, common user wayside costs are 

appo rtioned in relation to the number o f vehicle s in areas 

used by two or more instrumented fleets. Thus the bus bears 

all costs associated with t he oute r rinq, where it operates 

alone , but share s cos ts associated with the core. In order 

to det e rmine the shares within the core it is necessary to 

apportion the bus fleet between the cuter ring and the core. 

This is done i n d irect r e l ation to the number of square 

miles in both area s , 90% i n the outer ring a nd 101 in t he 

core ; the result , illustrate d in Figure IV-2, attributes 2 4 0 

buses to the core. 
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0) First, Distribute Buses Between Areas: 

90% of Buses 

Outside Core 

~ 
~ 

10 % of Buses 

Inside Core 

(D Then Distribute Core Costs Among 2370 Users: 

FIGURE IV-2 

CALCULATION OF MULTIPLE USER COST SHARES 
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Core wayside costs are divided in proportion to fleet size, 

with 56% to the police (1330 vehicles), 34i to the taxi (800 

vehicles), and 10% to the bus (240 vehicle s). Each user's 

total share of the lowest cost multi~le user system is shown 

on Table IV- 5. 

TABLE IV-5 

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

Capital Costs 

On-Vehicl e 
Equipment 

Wayside 
Equipment 

Central 
Equipment 

Total Capital 
Costs 

Total Maintenance 
Costs 

Total System Cost 

Percentage Shares 

1 
(Present Value, $000) 

Bus Police Taxi 

2,826 1,530 920 

49 6 74 5 448 

493 291 191 

3 , 815 2,566 1,559 

2,546 1,588 965 

6,361 4,1 54 2,524 

49 % 32% 19 % 

Total 
System 

5 ,2 76 

1,689 

975 

7 ,940 

5 ,099 

13 ,0 39 

100% 

1 
Pres e nt value calculated at ten percent discount 
rate. 
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Table IV-6 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 surprisinqly 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 share d 

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 partici~nt•s optimum individual system, 

a nd thus dilutes their associated cost savings. 

Specifically, the bus fleet mus t absorb part of the costs 

for instrumentinq the entire 475 square mile core instead of 

iust fixed route miles; and the police and taxi fleets must 

buy into a location system which is not their optimum low 

cost c hoice . Table IV-6 shows c learly that the benefit of 
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Bus 

TABLE IV- 6 

COMPARISON OF SINGLE AND MULTIPLE USER COSTS 
FOR THE LOW COST LOCATION SYSTEM 

(Pre sent Value , $000,000) 

Share of 
Low Cost Low Cost Multiple 
Individual Multiple User 

AVM user AVM Savings 

6.39* 6.36* 0.5 % 

Po l ice 4.19** 4 . 15* 1.0% 

Taxi 2 . 77** 

TOTAL COST 13.35 

*Broad Signpost 

**Radi o Freque ncy 

2.52* 9.1 % 

13.03* 2.4 % 

1 
Present valu e calcu lated at t e n per cent discount 
r a t e . 
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sharinq 24J of system costs barely outweighs the negative 

impact inherent in suboptimal technology choices. 

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 proportion of wayside costs 

eliqible for sharinq. A test run of a multiple user system 

servinq only police and taxi (tase case fleets) resulted in 

multiple user cost reductions of 6% for the police and 14J 

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 
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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 case case fleet and 

location system combinations. 

TABLE IV-7 

TOTAL SYSTEM COST ESIMATES 

(Present Value , $000 , 0 00)
1 

Deployment Scenario 

Multiple 
Bus Only Police Only_ Tax i Only User 

Sharp 
Signpost 15.0 12.6 9. 6 31. 6 

Broad 
Signpost 6.4* 5.3 4.2 13.0* 

Radio 
Frequency 8.8 4 . 2 * 2.8* 14.4 

Dead 
Reckoning 21. 6 1 0 . 6 6 .7 37.6 

*Lowest cost s y s t e m f or each deployment scenario. 

1 Present value calculated at ten percent discoun t 
r ate. 
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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 

mode l 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 inse nsitive to 

fixed route fleet size. As Figure IV-3 illustrates, varying 

bus fleet size within the constraints of the base case 

p r oduced no change in the relative rank of location system 

costs. Broad signpost holds a clear cost advantage which 

increases monotonically with fleet s iz e . 

Location s ystem cost rankings do change in response to 

random route fleet size, but only whe n the fleet i s extended 

to very small or very large numbe rs of vehicle s r elative to 

the operating area. Figure IV-4 shows the rel atively 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 

hiqher per-vehicle ccsts of radio frequency outweigh the 

hiqher ways ide costs of broad signpost--at about 3,000 

vehicles in a 475 square mile area. 

Hiqher per unit costs and coverage requirements of dead­

reckoninq wayside equipment chanqes the competitive 

relationship between dead reckoning and sharp signpost 

systems at about 2,500 vehicles. 

Sensitivity of location system cost rankings for multiple 

user fleet s was tested by varying the total number of random 

route vehicles which we re added to the tase case fleet. 

These random route vehicles were res tricted to the 475 

square mile core area while the 2 ,400 buses operated 

throuqhout the 5,000 square mile service area. Figure IV-5 

presents the total syst e m costs (it does not address cost 

shares between u sers). The resultinq curves are similar to 

those of the fixed route fleet in that location systems are 

continuously in the same rank order. However, in this case 

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

broad siqnpost 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 frequency 

has an increasinq 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. In general terms, broad signpost 

costs improve relative to radio frequency costs as the 

vehicle density increases. 
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V. AVM SYSTEM BENEFITS 

This chapter discusses the impact of AVM on bus, police, and 

taxi operations ; the dollar value of those impacts; and the 

relationship tetween 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 A. 

5. 1 The Measur ement 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 capi tal, 

operatinq, and payroll savinq s. Fll savings quantified in 

this s tudy, reqardless of source, fall into one of these 

three cateqories: vehicle capital costs , vehicle operating 

and maintenance (O&M ) costs, and personnel costs. 

5. 1.1 Vehicle ca.121:tal Costs. Vehicl e 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 savinqs begin to be realized at the end of the first 
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year of AVM operation. Savings are realized by avoiding 

normal replacement purchases, not cy selling excess 

vehicles, which means savings may not be 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 year. If AVM saved 100 vehicles the 

fleet would purchase only 50 buses at the end of the first 

year, realizinq cost savings of the present value of the net 

cost of 100 buses, one year in the future. Example 1 in 

Fiqure V-1 illustrates this process. 

Police cruisers and taxis have relatively short lifespans, 

requiring each vehicle in the fleet to be replaced several 

times durinq 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 o ne, saving the cost of 100 cruisers at 

that point. In addition, they would save the cost of those 

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

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

Fiqure V- 1 depicts this process. 
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5.1.2 Vehicle O&M Costs. Reductions in fleet size are 

qenerally associated with reductions in vehicle operating 

costs. A substantial portion of operating costs are tied 

directly to vehicle mileaqe, 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 periodic maintenance; the second 

category includes insurance and periodic maintenance 

performed according to the calendar. While one category of 

AVM bus savinqs is limited to fixed O&M reductions, the 

remainder of the bus savings and all police and taxi savings 

reflect both fixed and variable O&M. 

First, the annual dollar amount of O&M per vehicle which is 

incurred by the set of vehicles being saved must be 

determined. This will be the 1975 dollar equivalent of 

either the fixed O&M alone or the total O&M. When 

multiplied by the number of vehicles which are saved, this 

produces a total recurrinq 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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5.1.3 Personnel £OS!~ - Staff reductions produce savings in 

sa lary, 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 proqrams, social security, and workmen's 

compensation. overhead consists of administrative and 

supervisory s upport costs. Since each job category 

addressed in this s tudy has a unique mix of cost elements, 

the model calculates the av erage 1975 dollar value of 

individual compensation which fits every category. 
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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 

pasitions 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 

savinqs over the AVM life cycle. This value is stored, the 

staff size is reduced, and th•? model moves to year two where 

it applies the attrition rate to the reduced staff and 

calcul ates the present value of that year's attrition. This 

is repeated until the s taff r•~duction goal is achieved or 



the ten year AVM life cycle i s e xhaust ed. Fig ure V-3 is a 

simplified illustration of this calculation. 
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5.2 AVM 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 

information is used to improve schedule adherence. Finally, 

AVM can free buses on some routes by enabling schedulers to 

lenqthen headways without increasing the average wait time 

perceived by passengers. This section 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 encouraqe improved public acceptance and 

qood 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 

operatinq deficits. 
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Many propert i es emfloy checkers to collect this kind of 

informa tion. Checkers , who earn an average $15, 8 00 in the 

base case, ride buses a n d record times and numbers of 

passen qers by stop. The location reporting capability of 

AVM p r o vides the t ime a nd place aspects of this manually 

qathered information, and the addition of a mechanical 

passenqer counter (cos ting $550) to a b us's AVM digital data 

link ma kes it possible to eliminate the manual efforts of 

count inq passenqers. (Data reduction and ma nip ulation is 

assumed t o he roughly equivalent in both t e chniques.) 

The base case bus f l eet e mploys 60 checkers. When AVM i s 

i mpl emented , 120 of 2400 buses a re equipped wi t h passenqer 

counters. These buses can be shifted from route to route to 

qather data, jus t as are the chec ke r s. As a res ult of this 

c a pability, it is assumed that the base case fleet can 

reduce i ts r e quirement for ma nua l checkers by two-thirds 

without r educinq tLe quality of data which i t collects . 

This may be conservative since ; (a ) there are two counter­

equipped buses fo r each ini t ial checker; (b) t he buses do 

not have shift and overtime r estriction s ; and (c) a staff of 

twe nty feople is s t ill maintained to supplement the 

automated capability . However, t his allows a cushion f or 

any mechanical d iffic ulty that may ~r. ise with the counters 

and permit s t he ope rator t o r etain flexibility. 
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AVM permits the base case to save 40 checker positions, and 

the incumbents may be released or given other duties within 

the property. In the first case, 40 personnel must be 

r e duced throuqh 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 ar e 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. As a 

result, it takes ten ye ars to reach the goal of forty 

position savings. When the checkers are given other duties 

they can te 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 year. 

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 i s , 

the "item benefit-cost ratio" for this savings divided by 

the total broad signpost cost is 0.594. The high case data 

collecti on benefit yields present value savings of 

$7,331,600 with an item B/C of 1.148 for checkers alone. 
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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 qaraqe 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. Layove r is the 

time allowed in the schedule at the end of revenue runs. 

Part of th i s time is for driver rest breaks and the rest is 

a cushion to absorb late arrivals at the end of one run a nd 

still permit the next run to begin on time. This portion of 

layover, s ometimes called slop, is a form of insurance 

aqainst spiraling and self-perpetuating increases in late 

buses. However, excess layover is expensive insurance , paid 

for with an idle bus and driver. 

Excess layover is a logical target for AVM. Exact ve hicle 

location information for an e ntire route or set of routes 

enables a central dispatcher to implement operationa l 

strateqies and control me thods designed to minimize 

disruptions in s ervice and to maximize schdedule adhe r e nce. 

If these controls are s uccessful, the v a riation in runn i ng 

time can te reduced , thus cutting the n eed for s lop. 

Reducing a veraqe l ayover for a prope rty immedi atel y 

increases the productivi ty of vehicles and drivers. If 
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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 Dublin, 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 

averaqe passenqer 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 251 reduction. 

The base case factors are considered fair thouqh 

conservative. The Dublin data represent the average 

reduction in wait time along the entire route; deviations 

from schedule may te aqqravated 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 e nd of the route, which is where the 
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aqqreqate 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 lonqer run time permits 

qreater fluctuations from schedule, so that if the base case 

fleet equals Dublin's degree of control effectiveness, one 

can arg ue that the results are likely to be greater. The 

control techniques in Dublin were neither automated nor 

continuous. One may expect that a well-desiqned and managed 

AVM s ystem should at lea s t e qual Dublin's radio control 

system in effectiveness. Finally, no data have been found 

to contradict the Dublin r esults. 

our base case fleet has an average layover of 13.67 minutes, 

which is 16.7% of total platform time and 20% of av e rag e one 

way run time. Applyinq the Dublin factors to the base case 

r educes l ayover by .93 minutes to 12.74 minute s (19% of r un 

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

of run t ime ) for the hiqh benefit. 

Th e model converts layov er reductions into vehicle savings 

only afte r shrinkinq the t arqet vehicl e population by 

factorinq o ut the maintenance float and those ve hicles on 

r o utes with headways of QY~~ ten minutes . (On long headway 

routes, layover is d ictated by t he decision to provide l ess 
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frequent service and long layover on these routes is not a 

siqn of slop). The final relationship between percentage 

r e ductions in layover (which are entered into the model) and 

percentaqe 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 hiqh case. Only limited O&M savings 

accompany these reductions because the savings were achieved 

out of idle layover time, not running time. Twelve drivers 

or the equivalent in payroll hours may be released through 

attrition in the low case, while 38 may be released in the 

hiqh case. The present value of the capital, O&M, and 

personnel savinqs 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 

manaqers. 

5.2.3 Load Factor Improvements. Regular users of bus 

service adapt their tehavior to the quality 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 ve hicle 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 11bunching 11 of the buses can be 

eliminated with AVM. Potential change s 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 achi eve 

minor load factor increases and vehicle savings, but a route 

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

loaded to capacity. 

Load factor improvements are separate and distinct from 

layover reductions. Load factors focus on operating 

efficiencies durinq the revenue run and attempt to reduce 

the number of revenue runsf while layover savings arise from 

reducinq unnecessary idle time at the ends of revenue runs. 

Averaqe 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 improveme nts in layover. Calculations were 

performed only after t h e base fleet had been reduced by the 

layover savinqs in order to avoid double counting. The 

tarqet fle et population was further restricted to vehicles 

operatinq during peak hours only on headways of ten minutes 

o r l ess . 

Load f actor improve me nts save t en v ehicl e s for the low 

benefit input, and 9 1 vehicles for the high bene fit input. 

Payroll dollars equival e nt to seventeen drivers c a n be freed 

in t he low case and 157 in the high case (out of an initial 

base case force of 4,900 drivers ). 7he present value of the 

low benefit is $3 ,1 97 , 000, for an item B/C of 0.50; the 
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• 

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 benefits must be regarded 

as the most speculative of the bus benefits. 

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

output from the computer model. It shows each source of 

savings individually, including all of the elements which 

were summarized in the preceding sections. All dollar costs 

and savinqs are ex~ressed in present values discounted at 

ten percent. The lower part of Table V-1 shows the total 

savinqs, which are $8,707,400 in the low case and 

$41,,490,700 in the hiqh 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 

neqliqible impact on these results • 
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TABLE V-1 

Cost Benefit Summary for: Bus 
(Dollar Values in Thousands) 

Load Factor 
Savings Source: La:i::over Reduction Imerovement 

Low Bigh Low High 

% Change 6 . 8 25.0 1.0 10.0 
Vehicles Saved 7. 22. 10. 91. 

Capital $ 375.5 1294.4 558.6 5302.8 
O&M 70.5 562.7 751.4 5996.4 

Sub Total $ 446.0 1857.1 1309.1 11299.1 

Item Benefit/Costs 
Single User 0.070 0.291 0.205 1.769 
Multi-User 0.070 0.292 0.206 1. 776 

Drivers Saved 12. 38. 17. 157. 
Salary $ 1034.8 3361.1 1539.2 13769.9 
OVerhead+Ben 233.9 759.7 347.9 3112.2 

Sub Total $ 1268.7 4120.8 1887.1 16882 . 1 

Item Benefit/Cost: 
Sin9le User 0.199 0.645 0.295 2.643 
Multi-User 0.199 0.648 0.297 2.654 

Data Collection 

Low High 
Personnel Saved 40. 40. 

Salary $ 1897.8 3665.8 
Overhead+Ben 1897.8 3665.8 

$ 3795.6 7331.6 

Item Benefit/Cost: 
Single User 0.594 1.148 
Multi-User 0.597 1.153 

Total Savings $ 8707.4 41490.7 

System Costs: 
Single User 6386.7 6386.7 
Multi-User 6360.7 6360.7 

Benefit/Cost Ratio 
Sini+e User 1. 36 3 6. 496 Mul 1-User 1. 369 6 .523 
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Changing the location system has a major impact on the 

results since the higher costs translate into direct 

reductions of the B/C. Table 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 paqe, is a graphic display of the impact of the 

four single user bus location system costs on the low and 

hiqh B/C ratios. The horizontal lines connect the high and 

low B/Cs for each location system. Higher lines represent 

hiqher 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 paraqraph 3.2.3) of: ~6.5% for dead reckoning; ~20% 

for sharp signpost; ~18% for radio frequency; and ~5j for 

broad signposts. As 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 

Data Collection 

Layover 

Loadfactor 

Item B/C 

0.594 

0.269 

0.500 

% of Total B/C 

4 4 % 

201 

37" 

101% 

(rounded) 

Data collection is the larqest portion of the total B/C. 

Total Bus Benefit 1.363 

While the benefit has been calculate d conservatively, its 

source is strictly the reduction in manual checkers. This 

makes the payoff heavily dependent on the number of checkers 

emtloyed QY ~ particular property. 

Layove r reductions are a traditional benefit connected 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 i~ the 2nly quantitative evidence 

supporting such improvements. 
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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 t"-'O remaining 

elements. 

5.3 AVM Benefits for the Police 

5.3.1 AVM Impact on Police Operations. Police cruisers are 

assigned to beats and districts to conduct preventive 

patr o ls 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 

f rom average response times, thus increasing the like lihood 

of apprehensions and improving protection of people and 

property. Police response time savings are of interest from 

a transportation perspective because they translate i nto 

mileage reductions and operating efficiencies. 

The St. Louis e xperiment with a dead reckoning AVM achieved 

response travel time saving of l OJ, 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 tase case low and high benefits. 

Mileaqe devoted to preventive patrol is not eligible for 

savinq. 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 

mileaqe 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 vehic l e savinqs 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. TSC vehicle savinqs were well within the 

tarqets that t he JPL model established for UMTA specified 

AVM location s ystem accuracies equivalent to those in the 
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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 O&M savings. These 

savinqs produce a single user B/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 u ser cost sharing are on the order of 1%. 

The larqe personnel costs associated with each police 

cruiser provide leverage which incre ases the dollar benefits 

of AVM impacts. These substantial benefits enable the 

police to absorb a greater range of increased system costs 

b e fore dropping below the breakeven point. Figure V-5 shows 

that for low benefits only the two highest cost location 

syst e ms dip below breakeven conditions . 
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TABLE V- 2 

Cos t - Benefit Summary for: Pol i ce 
(Dollar Values in Thousands) 

Savings Source: 

% Change 
Vehicles Saved 

Capital 
O&M 

Subtotal 

Item Benefit/Cost: 

S ingle User 
Mul t i - User 

Patrolmen Saved 
Salary 
Overhead+Ben 

Sub Total 

Item Benefi t/Cos t: 
S ingle User 
Mul ti - User 

Tota l Savings 

Sys tem Costs: 
Sing l e User 
Mul ti-User 

Benefit/Cost Ratio: 
Single User 
Multi - User 

$ 

$ 

$ 

$ 

$ 

Low 

2.0 
11 . 

109.6 
323.0 

432.6 

0.103 
0. 104 

35. 
4786.9 
4 786 .9 

2.2 83 
2 . 305 

10006 . 5 

4193.1 
4153.7 

2.386 
2 . 40':I 
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Response Time Reduction 

High 

10.0 
53.0 

580.9 
1615 . 2 

2196.0 

0 . 524 
0.529 

176. 
23332 . 8 
23332 . 8 

46665.7 

11 . 129 
11.235 

48861. 7 

4193 . 1 
4153 . 7 

11 . 653 
11.763 
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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 

siqnificant 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 vehicle s are assiqned to random service calls. 

Knowledqe of vehicle location permits assigning the closest 

car to each ride request with the goal, in this case, being 

a reduction of non-revenue miles. 

The base case fleet accumulates 501 of total miles in non­

r e venue operations. Part of this non-revenue movement 

(deadhead) is unavoidable because passenger destination and 

subsequent pick up points do not coincide. Simulation 

conducted at TSC indic~tes that this unavoidable deadhead 

amounts to 18% of total miles, leaving 32% of total miles as 

avoidable deadhead. Avoidable 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. 
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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 

mileaqe beinq set at 10l and 20j. This trans lates 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 dis~lays 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 

s cenario. Participation in a multiple user system improve s 

the taxi B/C's by nine percent, but the taxi remains we ll 

below the breakeven B/C point for low benefits. Figure V- 6 

shows that taxi B/C's exceeded 1.0 only for the high 

b e nefits when combined with the two lowe st cost s ystems . 

The taxi benefits are in marke d contrast with the po lice. 

Taxis achieve a larqer fleet reduction of 4~ in the low case 
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TABLE V-3 

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

Source of Savings: "High-Flagging" Reduction 

% Change 

% Change 
Vehicles Saved 

Capital 
O&M 

Sub Total 

Item Benefit/Cost: 
Single User 
Multi-User 

Drivers Saved 
Salary 
Over:-iead+Ben 

Sub Total 

Item Benefit/Cost: 
Single Us er 
Multi-User 

Total Savings 

System Costs: 
Single User 
Multi-User 

Benefit/Cost Ratio: 
Single User 
Multi-Use r 
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Low High 

0.0 

4.1 
33. 

$ 239.1 
1238.5 

$1477.6 

0.533 
0 . 585 

69. 
$ 0.0 

581. 5 

581. S 

0.210 
0.230 

$ 2059.1 

2773.l 
2523.7 

0.743 
0.816 

o.o 

Reduce Dead-Head Miles 

8. 2 
66. 

485.7 
2476 .9 

2962.7 

l. 068 
1.174 

138. 
0.0 

114 7. 5 

114 7.5 

0.414 
0.455 

4110.1 

2773.l 
2 52 3 . 7 

l. 482 
1.629 
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while the police fleet reduction was only 0.81. Despite 

this, the taxi low case single user B/C is 0_7q3 while the 

comparable police B/C is 2.386. The great difference is 

explained by personnel costs. This category, which 

accounted for 96% of pol ice 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 qreatest benefits from AVM in terms 

of fleet reduction and vehicle productivity. Ironically, 

taxi operators ma y 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. 

5-31 



TABLE V- 4 

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

Savings Source: Low 

Bus $ 870 7 .4 

Police 10006 . 5 

Taxi 20 59.1 

Capital Savings $ 1285.8 

O&M Savings 2383.4 

Personnel Savings 17106.8 

Loss Adjustments 0.0 

Total Savings $20773.0 

System Costs: 

Multi - User 
lbroad sign post ) 

$13038.2 

Benefi t /Cos t Ratio: 

Multi - User 1. 59 3 
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High 

41490 .7 

418861. 7 

4110.l 

7663.7 

10651. 2 

76147.7 

0 . 0 

94462 . 6 

13038 . 2 

7.245 
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As a final summary , Table V-5 summarizes B/C's for a ll 

fleets and location systems. 

Benefit Estimate : 

Bus Alone 

Bus Shared 

Police Alone 

Police Shared 

Taxi Alone 

Taxi Shared 

TABLE V- 5 

AVM INVESTMf'N'I'S PAYOFFS 

(Benefit/Cost Ratios) 

Broad Radio 
Si9:npost Frequency 

Low High Low High 

l. 36 6.50 0.98 4.69 

l. 3 7 6. 52 * * 

l. 89 9 . 21 2.39 11. 65 

2. 41 11.76 * * 

0 .49 0 .98 0.74 l. 48 

0.82 l. 63 * * 

Sharp 
Signpost 

Low !i_igh 

0.58 2.76 

* * 

0 . 80 3 . 89 

* * 

0.22 0.43 

* * 

TOTAL MULTIPLE 1 . 59 7.25 1.44 6 .54 0.65 2 . 99 

*Not available. 
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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 e xpanded to extremes to illuminate any possible 

discontinuities and limitations of the model or of AVM 

applications. 

Ib~ sensitivity f~§~lt§ §DQ~19 be used to develop Qnly ~h~ 

broages! generalities regarding ~Y!:1 utility. Though the 

model utilized to obtain the information is extremely 

flexible the precise makeup of user flee ts and their 

distribution will, in the real world, vary in a 

discontinuous fashion. Thus, large excursions from the base 

case should be describe d individua l ly u s i n g actual 

confiqurations a nd i n f o rma t icn abou t the s i t e in question. 

For pur~oses of the urban size a n a lysis, the assumptions 

used are considered as qross approximations of the changing 

service ch aracteris tics that e xist in different urban 

environment s . 
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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 locations were also made. These estimates 

reflect an assumed exponential relationship between reduced 

fleet sizes and operational descriptors such as run times. 

6.3 sinqle 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 e stimates of benefits are analyzed. 

~2 



• 

• 

6.3.1.1 Sensitivity to Fleet Size. Variation in expected 

total costs and total benefits (low range only) are shown in 

Fiqure VI-1. 

Note that the benefits shown, yield a value even when there 

are only a few vehicles in the fleet. This sit uation 

reflects the present value of benefits of decreasing the 

fixed 11 field checker" work force by some 40 people • 

106 

9000 

EEOO / 

Cons tant 7000 
1975 

Dollars 600E 
xl03 

Present Value ~ 
(Discounted@ 10%) 

I 11m 

3D1I 

2000 / 
/ One Way Rout e Miles Constant 

ID at 3825 

Fleet Size 

FIGURE VI-1 

TOTAL COSTS AND BENEFITS FOR BUS 
ONLY OPERATIONS 
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As the fleet size increases so do the costs and benefits 

thouqh the benefits qrow 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-2B 

illustrates the constancy of benefits attributable to each 

bus and the decaying nature of the costs per bus, reaching a 

lowes t figure of about $2600. 

The benefits shown, however, are not considered realistic at 

fleet levels much below 1200 vehicles, as the route miles 

and area were held constant in this analysis of flee t 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 time s 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 fi e ld checkers is not directly dependent 

u pon e ithe r fleet s ize or the insta llation of AVM but rather 

on a utomatic passenger counters which coincidentally, but 

perhaps unnecessarily, transmit their information in r eal­

time by means of AVM. The e ff ect of v arying the number of 

checkers for different a ttrition bases i s shown in Figure 

VI-3. 
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Some properties employ as few as l checker for every 300 

buses as opposed to 1 for every 40 buses as used in the base 

case. Thusr it is important to isolate these savings from 

"operational benefits" that derive from more consistently 

applicable control strategies that are directly dependent 

upon postion location information. 

These operational benefits result from vehicle and drive r 

payroll savinqs made possible through reductions in layover 

time and increases in load factors. The information on 

costs and operational benefitsr both totally and on a per 

bus basisr are shown in Fiqures VI-4A and VI-4B. 
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The extent of improvements in these two factors is 

conservative ly 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 operational B/C ratio. 
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FIGURE VI- 5 

6- 8 



6.3.1.2 Sensitivities tc Layover Reductions. Because 

different bus sytems exhibit different layover times when 

compared aqainst average one way run times, various layover 

times were analyzed as a function of the degree of 

improvement or r eductio n thought possible with AVM. Figure 

VI-6 illustrate s the resultant effect upon the base case 

bene fit co s t ratio. 

Be nefit 
Cost 
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IS 
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Pe r Cent Reduct ion in Layo ver Time 

EFFECT ON BENEF IT/COST RAT I O 

OF DECREASING LAYOVER TIME 

FIGURE VI - 6 
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As shown i~ ~~~§~where onl_y layover reductions~~ ~~Q~, 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 O&M costs associated with 

the seven buses saved, but reductions in payroll are also 

present Wlich 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 t his percentage increases so do the corresponding savings 

from layover r e ductions 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 501 on 

short headways is needed to return the same benefit. This 

situation is s hown in Figure VI-7. 

6. 3.1. 3 Sensitivity to Load Factor Increases. Savings 

similar to those fr om layover reductions occur when load 

factors a r e increased by using longer headways and tightly 

c ontrolling s c hedule adherence. By closely maintaining 

publis hed schedules , ave rage pas seng er wait time r e mains 

cons tant and t h e s ame volume of s e rvice is possible with the 
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deployment of fewer vehicles which operate at higher but 

more 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 

Fiqure VI- 8. 
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Aqain, as in the case with layover savings, t he more buses 

operatinq during peak hour the greater the savings that can 

be expected for a qiven percentage improvement in load 

factor. Th i s situation is shown in Figure VI-9, where the 

contribution to the overall bene fit cost ratio i s shown for 

v ehicles and payroll savinqs arising from a 1~ load factor 

increas e. 
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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 Polic~. The following figures are based on 

variations around the base fleet of 1330 police vehicles 

operating over 475 square miles. Cost 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 operatinq a police patrol car, attributable in large part 

to the salaries of the round-the-clock work force manning 

each car, sinqle 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 r e turned more quickly than total costs accrue. 

Costs and benefits on a per car basis show a rapid decrease 

6-14 



Present 
Value 

in 
1975 Dollars x 10 3 

(Discounted@ 

Present 
Value 
in 

1975 Dollars 

10%) 

(Discounted@ 10%) 

I 2l!ll!lm 

I ID!lil 

ltal!I 

9mll 

EDI!! 

7D!lil 

62111! 

Sll!l!I 

'f!D!! 

3ta'J 

2l!DS 

IEl!m 

12111111 

linl 

TOTAL BENEFITS & COSTS 
FOR VARYING SIZES OF 

POLICE FLEETS / 

FIGURE VI -l0a / 
/ 

/ 
/ 

/ 

. 1(,0 / 
((,,">' / 

0 
0◊/ 

-<Q 

:;;,, / 
r;,t/ 
/ 

/ 
£. 

'2Si! S:2111 7il! ID!lil l2SII 1nm 
Folice Fleet Size 

BENEFITS & COSTS PER CAR FOR VARYING 
SIZES OF POLICE FLEETS 

FIGURE VI- l Ob 

Benefits Per Car 

- ----------

Car 

7il! I illl'S'l I '2Sll I s:NI 

Police Fleet Size 

6-15 



in expenditur es per car against a constant benefit per car. 

The effect on the r esultant benefit cost ratio is shown in 

Fiqure VI-11. 
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Recall however, that these effect s are der ived for a 

constan t area with a constant percentage reduction in t ime 

and miles due to AVM. 
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Within practical limits , this asswnption yields realistic 

results t hat woul d be expected with an increasing density of 

cars within a g ive n 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 

e quipment 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 

adiustment 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 Sensi tivity 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 de crease 

unless , of course, the number of vehicles involved in 

strictly preventive patrol went up. As this happens, the 

benefits that could be expected, in terms of miles saved 

would also be expected to decrease as s hown in Figure VI-13. 

Aqain, care must be taken in drawing conclusions from this 

information. In an extreme case where none of the annual 

mileage was spent o n preventive patrol, the assumptions made 

in the model do not account for the fact that the position 

of each vehicle would then be known cont inuous ly by the 

dispatcher. AVM would furnish no additional position 
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information, and the benefit in this case would be expected 

to disappear. Significant curtailment of available benefits 

occurs as this saturation point is afproached. 

6 .4. 2. 4 Sensitivity to Expected Decrease in Response Time 

and Mileaqe. As the assumed savings thought possible 

throuqh dispatchinq the s ingle nearest vehicle to an 
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emerqency are increased, the effect on the overall benefit 

cost ratio is dramatically positive. Figure VI-14 

illustrates this situation. 

As was ;ust 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 sugge sted in order to determine the particular 

mix of police ope rations that would show the largest benefit 

for a qiven 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 800 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 analyzed. 

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 cased 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 VI-16, does not reach a 

breake v e n 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 s hows 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 be n e fi ts 

to be realized are less. However, it is a lso reasonable to 

expect that as the area of coverage decr eases , fewer t axis 
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would be deployed as the total demand for service would be 

expected to shrink with area as well. Thus, Figure 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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6.4 . 3 . 3 Sensitivity t o Non- Produc tive Annual Mil eage. 

Almost analoqous to the police operation, whe r e in a portio n 
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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 farer This 

non-revenue mileaqe is that which can be reduced through 

more effective dispatching. Thus expected savings from any 

percentaqe improvement are directly tied to the amount of 

non-revenue mileage qenerated. The relationship between 

this factor, assuminq 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 181 of the total mileage will be 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 base case value of 10% is shown in 

Fiqure VI-19. 
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6 . 5 Multiple User Case Sensitivi ties 

]0 

variations in i ndi v i dual descrirt ors that forcibly hold 

interrelat ed vari abl es con s t ant tend to distort the true 
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picture of what miqht be expected if a different site were 

chosen for AVM deployment. 

As service areas expand or decrease, a matching of such 

chanqes to another 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 vaque of relationships. 

This factor notwithstanding, it was felt necessary to 

develop a view of the possible effects of applying AVM in 

other urban areas. The followinq changes to the base fase 

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 operatinq 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 te reduce d exponentially. 

• All other operating characteristics and cost 
factors as well as percentages used in all 
a s sumption s dea ling with savings would b e held 
constant. 

Shown in Fiqure VI- 2 0 is the e x pect ed trend in t h e low 

benefit cos t ratio for varying sized urban cities subject t o 

the as s um~ions mentioned above. 
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Taxi operations were not analyzed in depth for this scenario 

as their financial operating 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 s ize of the field checker force was diminished 

with fleet size, the benefits within smaller bus operations 

are accotmted 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 percentaqe can be estimated from other characteristics 

of the case case city. 

The total bus fleet of 2,400 vehicles operated over a system 

that provided 3,825 route miles of service. Thus a SO~ 

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 efficie ncy of operation and the extent of transit 

dependence by the population (unique for each service area) 

are considered. 

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

the $2 r 600 fiqure shown earlie r for bus only operations. 
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Not e , however, that the total benefit s still i nclude savings 

from checkers and operations . Separating thes e results as 

shown in Fiqure VI-23, shows that operational benefit s 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 a nd operational benefits, 
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VII. SERVICE AND MANAGEMENT BENEFITS 

7.1 cost Reduction vs. Service Improvement 

The prinicipal benefit of AVM is imFroved operating 

efficiency, which flows from continuous vehicle location 

information. The benefit-cost model captures efficiency 

improvements by holdinq the level of service constant while 

reducinq fleet size and personnel strenqth. This approach 

yields 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 strategies open to management for exploiting 

improved operatinq efficiency. The range of choice has been 

described as a continuum between two polar positions and 

illustrated as follows: 

IMPROVED SERVICE 
YIELDING 

PUBLIC BENEFITS 

I NCREASED EFFICIENCY. 

REQUIRES A CHOICE BY 
LOCAL POLICY-MAKERS. 

7-1 

CONSTANT SERVICE 
YIELDING 

OP~RATING ECONOMIES 



If manaqers elect to pursue a variation of the first goal, 

as h ave many in western Europe, analysts will be challenged 

to measure the benefits of improved service. 

Improved service throuqh AVM may mean reduced passenger wait 

times, more confide nt schedules, and shorter total t rip 

time; operatinq e ffici encies may be converted into more 

frequent trips and wider service provided by the same force 

of d rivers and vehicles . Assigning dollar values to 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 o r valuation of passenger wait and travel time . 

(For example, available e stimates of the value of passenger 

wait and travel time v a ry by a multiple of four.) Faced 

with this difficulty, an analyst might choose to estimate 

the value of putlic tene fit s in terms of the avoida bl e cos t 

of producing those benefi t s--that is, by measuring AVM cost 

savinqs , as has been done in t his study. 

7 .2 Schedule Improvement 

AVM, coupl ed with a reliable passenger counter, will produce 

a continuous r e cord of bus demand data which can be grouped 

by r oute, stop, and time of day. As d iscussed in Chapte r 

III, this data may be sampl ed or it may be measured in 
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totality. In either case , it is the raw material for 

developinq and optimizinq the total schedule, for 

readiustinq routes and vehicle assiqnments to respond most 

effectively to overall demand, and thus to improve service. 

This benefit qoes beyond the ability of AVM to help keep 

buses on schedule, beyond the layover and loadfactor 

improvements which qrow out of that ability. It also goes 

beyond data collection savings which are achieved by 

automatinq the checker function. The schedule improve ment 

benefit is defined as the long- term value of having good 

demand data in hand and using it regularly to adjust service 

to chanqinq 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 

qreatly between properties, but it is clear that it is an 

important potential benefit. The schedule improve ment 

benefit i s not a factor in the base case due to the 

assumption tha t equirping 120 buses with passenger counters 

produces data comparable in value tc the product of the 

current force of 60 manual checkers. 
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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 s ilent 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 silen t a larms 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 

7-4 



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. 

• Apprehensions plus publicity should lower transit 
crime and vandalism through deterrence. (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 a nd 
increase productivi ty. 

• Public perceptions of greater safety may increase 
transit and taxi ridershif, especially during 
niqht hours and in hiqh crime neighborhoods. 

These potential security benefits may be sufficient reason 

for decision-makers to proceed with an AVM implementation 

which ap~ars marqinal in t e rms 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 tase case value, and the source. 

• Fleet Size 

2,400 vehicles. Southern California Rapid Transit 

District (SCRTD). 

• Capital Cost Per Vehicle 

$64,000. TSC estimate. 

• Vehicle Lifetime 

12 year s. TSC estimate based on SCRTD data. 

• Portion of Fleet Down for Maintenance 

16. 53%. TSC analysis of SCRTD data. 

• Portion of Flee t to be Equipped with Passenger COW1te rs 

5% . TSC est imate. 

• Area Coveraqe 

S. 000 s quare miles. TSC a n a lysis of SCRTD data . 
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• 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. ~SC analysis of SCRTD data. 

• Averaqe One-Way Running Time 

68.2 minutes. TSC estimate based on SCRTD data. 

• Averaqe 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 hig h c ase . 

TSC estimate. 
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• Annual Insnrance Cost per Vehicle 

$3,200. TSC estimate based on data provided by the 

American 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. TSC estimate. 

• Portion of Periodic Maintenance Done According to the 

Calendar 

7.5%. TSC e stimate. 

• Attrition Rate 

10%. SCRTD estimate. 

• Average Checke r Salary 

$15,800. SCRTD estimate. 

A-3 



• Averaqe Benefits and overhead for Checker 

$15,800. TSC estimate. 

• Initial Driver Force 

q,900. SCRTD estimate. 

• Portion of Driver Payroll that is overtime 

4.88%. TSC analysis of SCRTD data. 

• Averaqe Driver Salary 

$13,800. SCRTD estimate. 

• Benefits and overhead for Driver 

$3,100. TSC analysis of SCRTD data. 

• Driver Pay Hours per Year 

2,284. TSC analysis of SCRTD data. 

POLICE 

• Fleet Size 

1,330 Patrol Cars. Los Angeles Police Department (LAPD). 
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• Vehicle Capital cost 

$4,400. LAPD. 

• Vehicle Lifetime 

3 years. LAPD estimate. 

• Portion of Fleet Down for Maintenance 

20%. LAPD estimate. 

• Area Coveraqe 

475 squar e miles. TSC estimate based on Los Angeles data. 

• Annual Miles per Car 

27r00 0. LAPD estimate. 

• Portion of Miles Spent in Preventive Patrol 

Soi. TSC estima t e. 

• Reduction in Respon se-to-Call Mileage Due to AVM 

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

• Operation and Maintenance Cost ~er Mile 

$ . 183. LAPD estimate. 
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• 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 

101. TSC estimate. 

• Fleet si ze 

8 00 cabs. Yellow cab company of Los Angeles. 

• vehicle Capital Cost 

$3,000. Estimate. 
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• Vehicle Lifetime 

3 years .. Estimate. 

• Area coverage 

475 square miles. TSC estimate based on Los Angel es 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. 

• Portion 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,~! al. 

• Annual Insurance Cost per Vehicle 

$1475 . TSC analysis of data in Paratransit. 
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• Drivers per Vehicle 

2.1. TSC estimate. 

• Drivers on Salary 

o. 

• Annual Non-Salary Benefits per Driver 

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

• Attrition Rate of Taxi Drivers 

33%. TSC estimate. 

AVM COST FACTORS 

costs for AVM equipment are drawn from "Automatic Vehic le 

Monitorinq system DeFloyment Costs," by Bernard E. Blood, 

TSC AVM Document 5.1.3. and memo from TSC AVM project Office 

entitled, "Additional Information - AVM System Deployment 

Costs," li s tinq percentage cost variations for generic 

s y stems . 
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SHARP SIGNPOST 

• On-Vehicle Equipment 

Location Subsystem 

Fixed Route 

Random Route 

Passenqer counter 

• wayside Equipment 

Siqnposts 

(6 pe r route mile, 148 per 

square mile) 

Remote Receive rs 

(1 per 127 route miles, 1 per 

127 square miles) 

• Central Equipment 

Basic Commun ication 

Variable communication 

Basic Dat a Process ing 

Va riable Dat a Processing 

• Total Cost Varia t i on 
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$ 2,950 per vehicle 

$ 3,250 per vehicle 

$ 550 each 

$ 40 each 

$ 1 CJ , 000 each 

$ 2 0,000 

$ 1,000 per 250 vehicl es 

$188,000 

$ 62,000 per 250 vehicles 

+20% 



BROAD SIGNPOST 

• On-Vehicle Equipment 

Location Subsystem 

Passenger Counter 

• Wayside Equipment 

Siqnposts 

(1 per mile, 37 per square 

mile} 

Remote Receivers 

(1 per 210 route miles or 

square miles) 

• Central Equipment 

Basic Communication 

Variable Communication 

Basic Data Processing 

Variable Data Processing 

Fixed Route 

Random Route 

• Total Cost Variation 
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$ 1,150 per vehicle 

$ 550 per vehicle 

$ 74 each 

$ 8,000 each 

$ 15,000 

$ 1,000 per 250 vehic l es 

$160,000 

$ 39,000 per 250 ve hicles 

$ 23,000 per 250 v e hicles 

+5% 



RADIO FREQUE~.;cy 

• On-Vehic l e Equipment 

Location Subsystem 

Passenqer Counter 

• Wayside Equi pment 

Siqnposts (Sign a l Boos t e rs) 

(1.25 p e r mile , 2 .16 per 

square mi l e) 

Remote Receiver s 

(1 per 260 mile s or 

square miles) 

• Central Equipment 

Easic Communication 

Variable Communication 

Basic Data Processinq 

Fixed Route 

Random Route 

Variable Data Processing 

• Total Cost Variation 
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$ 1,600 per vehicle 

$ 550 each 

$ 216 each 

$ 8 , 000 each 

$ 10,000 

$ 1,00 0 p e r 250 v e hicles 

$152,000 

$120, 00 0 

$ 13 ,000 pe r 250 v e hicl e s 

!: 18% 



DEAD-RECKONING 

• On-Vehicle Equipment 

Location Subsystem 

Fixed Route 

Random Route 

Passenqer Counter 

• Wayside Equipment 

Mappinq Cost 

(1 per mile or square mile) 

Remote Receivers 

$ 4,040 

$ 4,000 

$ 550 

$ 180 

(1 per 41 miles or square miles) $ 14,000 
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per vehicle 

per vehicle 

each 



• Central Equipment 

Basic communication 

Fixed Route $ 29,000 

Random Route 0 

Variable Communication 

Fixed Route $ 8,500 per 500 vehicles 

Random Route $ 40,000 per 500 vehicles 

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 

• Total cost Variation _:!:6-1/2% 
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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 descri p tive material in t h e main 

text , and the detail program flow diagrams of the model 

that follows. It should be read b e fore 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 variables. In this way, a quick peru­

sal for a given fleet will qive the order of entry of 

data items. 

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

AVMPR and BENFT. The sub-programs 

Name Blocks 

AVMPR: 29 

TELCO 1 
DSUM 1 

TOTAL TI 

celled by 

Name 

BENFT: 

BUSBN 
POLBN 
TAXBN 
u:::ABN 
VRAT 
CAPSV 
PATRT 
LOSS 

each are: 

Blocks 

29 

21 
9 

16 
11 

l 
2 
4 
9 

102 

The object programs are stored on disk at TSC and run on 

a PDP- KL-10 . A blocY is defined as 600 characters. When 

compiled , the executable code fo r the cost prog ram occu­

pies 29 blocks and the benefit progr~m 72 . 

B-1 



The following functions are used to translate actual dollar 

values into 1975 dol l ars: 

1. The Present Value Function 

PV(C) = [C(l-(l+rate)NYR]/rate 

2. Present Value of a Future Annuity Function 

PVFA(Y) = Y[l - (l+rate)NPER- n+ll/(l+rate) 

3. Present Value of a Future Sum 

PVFS(Y) = y/(1-rate)-N 

where: 

RATE is the DISCOUNT RATE 

NYR is the AVM SYSTEM LIFE 

NPER is the NUMBER OF PERIODS 

N is the NUMBER OF YEARS 
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w 

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 entP~P.d . 

The model is designed for fleets that ei t her travel on routes, or those 

in random service areas, and wil l also assess costs for an AVM system 

shared by up to six users. In beginning the Cost run, the first two inpu t 

variables determine wayside equipment costs for the total area shared by 

all users. AREA consists of the combined areas, expressed in square miles, 

to be served by participating fleets, including the entire area served by 

buses , which is bounded 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, POLICE, 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 f l eets so 

named must be left adjusted in the same manner, or they will be recognized 
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NVEH 

KCTR 

SQ. 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 fo llowed by the PERCENT OF FLEET TO BE EQUIPPED 

WITH PASSENGER COUNTERS. Inputs concerning the number of SQUARE MILES or 

RTE. MILES ROUTE MILES involve only those used by the fleet being costed. (Normally, 

TOTAL 

SQ. MILES 

bus fleets would travel on fixed-routes only with no "square mile " cover­

age, and random route fleets would require square mile coverage only, with 

no " fixed-route " coverage.) 

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 

RTE. MILES 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 bas ic 

central equipment are calculated , based on the total shared service area 

data. 

COST SHARES 

All inputs for the cost sharing portion of the conversation are either 

YES or NO or a number. All equipment that is not on a per- vehicle bas i s, 

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

(query) 

more than one AVM user in an area . Central Commun i cation and Data 

Processing Cost shares are c alculated according to the number of vehicles 

in one f l eet , in relation to the number of vehicles in al l f leets . 

Wayside cost s hares for fl e ets in more than one area can be apportioned 

in o ne of two ways , based on conversation concerning METHOD OF APPOR­

TIONMENT. Inputting t he number 1 will apportion vehicles according to 

t he number of route miles in that area in p roportion to total route miles 

trave l ed by that fleet. 

To complete the inputs for the cost sharing program , it is necessary to 

confirm the number of users that s hare a parti cular service area, the 

size of the shared area , and the par ticu l ar fleets invo l ved . Conversation 

will continue until a ll area input during the TOTAL mult i ple-user is 

accounted for . The output will compare s ingle user costs against cost­

shares for each f leet. 
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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, Tl\XI, 

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

r eflecting data collected for the base case , a re used when no specific value i s stated 

for variable inputs that have been incorporated in the individual algorithms (see 

Appendix A). If a default has been stated , but a value of O is preferred, the operator 

must use a smal l, but finite , number (i.e . , 0.00001) instead of O 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 life 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 personnel 

reduction, or an input number to be attrited. 

The mode-specific subprograms allow 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. 
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Any additional c osts for trai ning and increased s alarie s , and additional personnel 

are calculated for each fleet, based on conve rsatio n at the e nd of the subroutine. 

The additional expenses are added to the tota l sing l e and multiple user costs, before 

the benefit- cost r atios are calcul ated. 
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BUS 

PCNT 
(LO} 
(HI) 
T'"\mTt.• ..-, 
l.'\..L .l..l"J..L., 

FHDWY 

ALAY 
RLAY 
(LO} 
(HI} 

POL 

PPP 

RPS 
(LO) 
(HI) 

TAXI 

PPP 
UDHP 

PVM 

RPS 
(LO) 
(HI) 

DIA GEN 

BENEFIT INPUTS 

Vehicle Savings 

Capital 

Each subroutine r equ i res e stimates of savings due to 

AVM economies. The BUS fleet derives its savings from 

LOAD FACTOR IMPROVE'IIENT , input as LOW and HIGH percentage 

estimates, and layover reductions where average one-way 

Kui~ ·T1.1VJt. and the percentage estimate of the BUS FLEET 

EMPLOYF.D ON ROUTES WITH HEADWAYS OF LESS THAN 10 MINUTES 

is input , followed by CURRENT LAYOVER in minutes , and 

and future LAYOVER GOALS , (LOW and HIGH). Vehi cle savings 

for POLICE fleets result from a reduction in response 

time mileage. A percentage r e lat i n g MILEAGE SPENT IN 

PREVENTIVE PATROL to total miles traveled is first input, 

followed by LOW and HIGH percentage estimates of RESPONSE 

MILEAGE SAVINGS . 

TAXI vehicle savings derive fro m reductions in mileage 

spent traveling in response to calls for service . Inputs 

in this area include the PERCENTAGE OF TOTAL MILEAGE THAT 

IS UNPRODUCTIVE, the PERCENTAGE THAT IS UNAVOIDABLE 

DEADHEAD, and an estimate of ANNUAL MI LEAGE TRAVELED PER 

VEHICLE. Low and High estimates of the REDUCTION IN 

AVOIDABLE DEADHEAD MILEAGE are then input. 
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BUS 

.. 

POL TAXI 

HFP 
(LO) 
(HI) 

DIA 

PAX 

XMIN 

PAUS 

GEN 

PVS 
(LO) 
(HI) 
xcc 
XLF 

The subroutine will enter a loop (upon r equest) t o esti ­

mate costs and savings for equipment to prevent high­

f lagginq . The f irs t input after the "YES" response to 

the high- flag i nterrogation is the e xpec t ed% RF.V ENUE 

INCREASE due to the anti-high-flag e qu ipme nt. If the 

net value of the additional equ i pment is negative in 

both the h igh and low cases , con firmation wil l be r e quired 

to include these additional equipme nt costs and be ne fits 

in the a nalysis . 

DIAL-A- RI DE savi ngs d erive from inc reasing t he effic i ency 

of veh icles , by allowing f o r notificat i on (cost of p r o ­

viding this noti f i cati on is d esc ribe d later) of vehicl e 

a rrival and the reby reduc i ng the amount of dwell time 

vehicles e ncounter waiting for p asse ngers to board. 

PASSENGERS SERVED PER HOUR is first input, followed by 

current DWELL TIME PER STOP , and HIGH and LOW GOALS F OR 

REDUCTION IN DWELL TIME (in minutes). 

Fo r the GENERAL procedure, an estima te must be prov ided 

for LOW and HIGH VEHICLE SAVINGS due t o AVM. COST OF A 

NEW VEHICLE less salvage value, followed by EXPECTED 

VEHICLE LIFE is the n entered. 
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BUS 

VIC 

VOM 

PRMNT 

FORCE 

REM 

SAL 
BEN 

ARATE 

• 

POL 

VIC 

VOM 

TAXI 

VIC 

VOM 

DIA 

VIC 

VOM 

CALLS 
CSAL 
CBEN 

GEN 

VIC 

VOM 

Vehicle Savings 

Operation & Maintenance 

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

inputs. ANNUAL INSURANCE COSTS are entered, followed by 

ANNUAL OPERATION AND MAINTENANCE COSTS . The BUS subrou­

tine calls for an estimate (in dollars, if the default 

is not used) of the PORTION OF MAINTENANCE COSTS US ED FOR 

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

calendar for each vehicle). 

I n order t o provide notification of vehicle arrival to 

passengers, a staff of telephone operators mus t be added 

to place phone calls to alert passengers to t he i mminent 

arrival of t he vehicle. Inputs to calculate the additional 

costs include CALLS PER CALLER PER HOUR, ANNUAL SALARY PER 

CALLER, and ANNUAL BENEFITS AND OVERHEAD PER CALLER . 

Further savings for BUS fleets will result from a reduction 

in the number of checkers in the labor force. The CURRENT 

CHECKER FORCE and the NUMBER OF CHECKERS TO REMAIN IN THE 

DEPARTMENT (after AVM implementation) are then entered, 

followed by SALARY PER CHECKER, BENEFITS PER CHECKER, and 

the checker ATTRITION RATE . 
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BUS POL TAXI 

PPV PPV PPV 
FORCE FORCE FORCE 

SAL SAL SAL 
BEN BEN BEN 

ARATE ARATE ARATE 

OTIME 

AHRS 

s 
F 

E 

s 
F 

E 

s 
F 

E 

DIA 

PPV 
FORCE 

SAL 
BEN 

ARATE 

s 
F 

E 

GEN 

PERS 
(LO) 
(HI) 

s 
F 

E 

Personnel Savings 

Personnel savi ngs for each f l eet are calculated in direct 

proportion to vehicles saved (slight variation for bus 

described below). Variables input to perform this cal cu­

lation are PERSONS PER VEHICLE , TOTAL FORCE , ANNUAL SALARY 

and BENEFITS, and the DRIVER ATTRITION RATE. In the 

GENERAL Procedure, an option is available to calcul a te 

personnel savings by directly inputting the number o f 

people saved , rather than a number proportionate to 

vehicle savi ngs. 

Personnel Savings in t he BUS algori thm der i ve first from 

a reduction i n OVERTIME HOURS , input as a portion of 

TOTAL DRIVER HOU RS PAID, t he next input . 

Each subroutine enters the subrouti ne LOSS to add start- up 

costs for an AVM system. After responding "YES'' to con­

versation concerning any additional impl ementation costs, 

the first input concerns INSTALLATION COSTS PER VEHICLE, 

fo l lowed by any FIXED COST for central equipment (i.e. , 

general purpose computer, switchboards) not included i n 

the COST PROGRAM. Costs of any AUXILIARY EQUIPMENT 

required to obtain the benefits claimed are t hen entered , 

and are calculated; a 10% maintenance cost is added. 
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BUS POL TAXI DIA GEN 

APERS APERS APERS APERS APERS The number of any ADDITIONAL PERSONNEL TO BE ADDED (i . e. , 

ASAL 
ABEN 

ASAL 
ABEN 

ASAL 
ABEN 

ASAL 
ABEN 

ASAL 
ABEN 

UPERS UPERS UPERS UPERS UPERS 

USAL USAL USAL USAL USAL 

PT 

H 

XI 

PT 

H 

XI 

PT 

H 

XI 

PT 

H 

XI 

PT 

H 

XI 

dispatchers, callers) are entered next, fol l owed by esti ­

mates of ANNUAL SALARY AND BENEFITS PER PERSON ADDED. 

Add itional 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, fol lowed by the NUMBER OF 

HOURS OF TRAINING PER PERSON required, and the COST 

PER PERSON. Any ADDIT I ONAL TRAINING COSTS (i.e ., for 

materials of instructors) is the n input. 



COST PROGRAM VARIABLES 

HARDWARE COST VARIABLES 

CLS: Per- Vehicle Location Subsystem Cost for Fixed­
Route Fleet 

CLS2: Per-Vehicle Location Subsystem Cost for Random-Route 
Fleet 

CSP: Unit Cost for Site Preparations 

YSPl: Spacing of Site Preparations on a Fixed-Rout e 

YSP2: Spacing of Site Preparations in Area Coverage 

CRR: Cost per Remote Re ceiver 

PX: P lacement of Remote Receivers 

BCOM: Basic Communications Cost 

ECOM: Variable Communication Cost 

CDPl: Basic Data Processing Cos t for Fixed-Route Fleets 

CDP2: Basic Data Processing Cost for Ra ndom-Route Fleets 

CEDPl: Variable Data Processing Costs for Fixed-Route Fleets 

CEDP2 : Variable Data Processing Costs for Random-Route Fleets 

RATE: Annual Discount Rate 

NYR: AVM System Life 

NRR: Number of Remote Receivers Required 

NSP: Number of S i gnposts Required 
Technology (I): 

1 . Sharp Signpost 
2. Broad Signpost 
3. Radio Frequency 
4 . Dead Reckoning 

DEPLOYMENT VARIABLES 

AREA: Tota l Service Area 

PXMLT: Adjustment of Remote Receiver Placement According 
t o Terrain 

NVEH: Number of Vehic l es in Fleet 

KCTR : Port ion of Bus Fleet to be Equipped with Pa ssenger 
Counters 

KRAD: Adjustment for Additional Voice-Radio Costs 

NSR : Number of Fleets Sha ring Service Area 

DIST: Number of Miles or Square Miles Shared 

B-13 



INTERMEDIATE VARIABLES 

BAL: Running Total of Remaining Shared Area 

FACTOR: Multiplier Dependent on Area Shared 

XDENOM : Variable Denominator Used in Assessing Cost Shares 
for Wayside Equipment 

DENOM: Variable Denominator Used in Assessing Cost Shares 
for Central Equipment 

CRSP: Share of Signposts on Routes 

CASP : Share of Signposts in Mutual Random Service Area 

B- 14 



PRINT: 
FOR (USER) 

Capital Costs 

On-Vehic l e Equipme nt 

Signposts 
Remote Receivers 

Communication s 
Basic 
Variable 

Data Processing 
Basic 
Variable 

Fleet Total 

Annual Maintenance Costs 

On-Ve hicle Equipment 

Signposts 
Remote Receivers 

Communi cations 
Basic 
Variable 

Data Processing 
Basic 
Variable 

Total Annual Maintenance 
PV Annual Mainte nance 

PV Total Cost 

B-15 

TLS(I) 

TSP(I) 
TRR (I) 

BCOM( I ) 
ECOM (I) 

BDP(I) 
EDP (I) 

TLSM (I) 

TSPM (I) 
TRRM (I) 

BCMM ( I) 
ECMM (I) 

BDPM( I) 
EDPM(I) 

TOTM (I) 
PVTM ( I) 

PVCOST(I) 



Capital Costs 

On- Vehicle Equipment 

Signposts 
Remote Receivers 

Communicat ions 
Basic 
Variable 

Data Processing 
Basic 
Variable 

Fleet Total 

PRINT: 
COMPARISON OF COSTS 

FOR (usrn) 
Alone 
(Tech) 

TLS(LOW) 

TSP(LOW) 
TRR(LOW) 

BCOM(LOW) 
ECOM(LOW) 

BDP(LOW) 
EDP(LOW) 

TOT (LOW) 

Annual Maintenance Costs 

On- Ve hicle Equipment 

Signposts 

TLSM(LOW) 

TSPM(LOW) 
TRRM (LOW) Remote Recei vers 

Communications 
Basic 
Variable 

Data Processing 
Basic 
Variable 

BCMM(LOW) 
ECMM(LOW) 

BDPM(LOW) 
EDPM(LOW) 

Total Annual Maintenance TOTM(LOW) 
Project Value To t al Maintenance PVTM(LOW) 

Present Value Total Cost PVCOST(LOW) 

B- 16 

Share of 
Multi- User 

(Tech) 

TLS(LOW, SHARED TECHNOLOGY) 

SHRSP 
SHRRR 

SHRBC 
ECOM(SHARED) 

SHRDP 
EDP (SHARED) 

TOT(SHARED) 

TLSM(SHARED ) 

SHRSPM 
SHRRRM 

SHRBCM 
ECMM (SHARED) 

SHRDPM 
EDPM (SHARED) 

TOTM(SHARED) 
PVTM(SHARED) 

PVSHR 



PRINT: 
FOR MULTI-USER 

Capital Costs 

On-Vehicle Equipment 

Signposts 
Remote Receivers 

Communications 
Basic 
Variable 

Data Processing 
Basic 
Variable 

Gr and Total 

Annual Maintenance Costs 

On- Vehicle Equipment 

Signposts 
Remote Receivers 

Communications 
Basic 
Variable 

Total Annual Maintenance 
Present Value 

Present Value of Total Cost 

B-17/B- 10 

GTLS (I) 

GTSP(I) 
GTRR(I) 

GTBCOM (I) 
GTECOM ( I) 

GTBDP(I) 
GTEDP(I) 

TOT(I) 

GTLSM (I ) 

GTSPM(I) 
GTRRM (I) 

GTBCMM (I) 
GTEDPM( I ) 

TOTM (I) 
PVTM (I) 

PVCOST (I) 





AVM COST PROGRAM 

]' '011.T 2 . 4 P\~!L T I. 7 rrnJ.T 1 

OT!~ R TODL !>US L 7 
G) ff,· 1, i.:TCR 0 

\ \ TH 

\ 0 

f,JU - I KIUD 0 

(CONTINUED NEXT PAGE) 
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COST CLS2 

NO . OF SQUARE MILES 
NO . OF ROUTE ~ILES 

O< 

COST 

FOR EACH or fOUR HCHNOLOC Il.:S ( I = 1 , 4) 
TOTAL ON - VEIIICLE EQllT l'MENT COSTS 

CI.SJ 

TI.S(I) = (COST+ (KCTR *SSO) + ( KR AD *8SO)) * NVEH 
ON - VEHICLE EQUIPMENT MAINTENANCE COST 
TL SM (I) = T LS (I)/ l O 

NU~mrn or SlGNl'OSTS REQUIRED 
NS P (T) = (YSP2( I ) * ( NUM BER OJ-' SQ . MI LES)) + ( YSPI*(NlJMBER 01-' 

IWUH IIILF.S)) 
TOTAL SIGNPOST COST FOR l:ACII TECHNOLOGY 
TSP(!) = NSl'(l) * COST PER SIGNPOST 
S I CN POST ~AlNTENA\CE COST 
TSl'M( I ) = TSP(l ) /10 

D I ST . SQ . MILES 

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

O= 0 

DfST . 

(CONTINUED NEXT PAGE) 
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NO. OF REMOTE RECEIVERS REQU IRED 
NR,1 = DIST/PX(I) * PXMLT+ l 

TOTAL REMOTE RECE IVER COSTS 
TRR(I) = CRR(I)*NRR 
ANNUAL Rf.i\lOTE RECEI VER MAINTENAl\CE COST 
TRRM(T) = TRR(I ) /10 

BCOM ( 4) 0 
BCMMl4) = 0 

4= 

TOTAL BASI C COMMUNICATIONS AND 
UATA PROCESS ING CAPITAL AND ANNUAL ~1ATNTENANCE COSTS 
BCOM ( 1) = CCOM (I) 
BCMM(I) = BCOM(I) /10 
BDP(I) = CDP(I) 
lWPM(l ) = RDP(T)/10 

4= 

N = (NVF.H/500) + 1 

PCOMZ 40 
PCOMl 8.5 N (NVUI/2 50) + 1 

(CONTINUED NEXT PAGE) (CONTINUED NEXT PAGE) 
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I I 

INCREMENTAL COMMUNICATIONS 
C~PITAL AND ANNUAL 
MAINTENANCE COST 

INCREMDTAL cmrMUNICATIONS 
CAPITAL AND A~NUAL 
MAINTENANCE COSTS 

FOR DEAD-RECKONING ECOM ( l) = N 
AVM ECMM (l ) = ECOM(I) / 10 
ECOM( 4) = PCOM*N 
ECMM(4) = ECOM(4)/10 

• IN = ( NVEH/2S 0 ) + 11 
I 

• 
TOTAL INCREMENT~[ DATA 
PROCESSING CAPITAL 
AND ANNUAL MAINTENANCE 
COSTS . 
EDP(I) = CEDP( I ) *N 
EDPM(I) = EDP(I ) /10 

I 
TOTAL CAP ITAL COSTS : 
TOT( f ) = TLS( f ) + T':;P(I ) + TRR(l) 

+ scm1cr) + Ecm1cn + 
BD P (I) + EDP ( I ) 

I 
TOTAL ANNUAL nA.I >lT.ENANCE COST 
TQTM(I) = TLS~1(1) + TSP~1(I) + TRRM(I) 

+ B01M(I) + E0!~1(1) + BDPM(T) 
+ E DPM (I) 

I 
PRESEXT VA LU E TOTAL MA l NTE>lANCE 
PVHl (I) = P\.(TOTM(I)) 

PRESEXT \'ALUE OF TOTAL COST 
PVCOST( l ) = P\IH1 ( 1) + TOT(l) 

----PRINT 

MAINTAIN RUNNING TOTAL 
OF UNIQUE EQUlPML:!\T 
FOR FTNJ\L ll' R1\P-UP 
(GTLS, CT I. SM, GTECOM , 
GTECMM, GTEDP , GTEDPM) 

(CONT INUED NEXT PAGE) 
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NUMBER OF SQ.~ILES 
NUMBER OF RT E.M ILES 

NU~IBER or SI G1\P OSTS REQU IRED 
NSP = YS PZ* (SQ .MILES) + YSP I* (ROUTE MILES ) + . 995 
COST OF SIGNP03TS FOR SHARED /\REA 
GTSP = CSP(l) *~SP 

SIG~POST ~lAI~TLNANCL COSTS 
GTSP~l (I) GTSP (l)/10 
CTSP~l (4) = 0 

O= 

DIST . ,\IZL\ DIST. SQ . MILLS 

1\U'.llBER or RHIOTE RECEIVERS REQU IRED 
\RR ( I ) = D I ST / ( PX ( I ) * P XML T) + 1 

(CONTI NUED NEXT PAGE) 
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9 
COST OF REMOTE RECEIVERS FOR SHARED AREA 
GTRR( I ) = CRR(I)*NRR 
REMOTE RECEIVER MAINTENANCE COST 
GTRRM(I) = (GTRR(I)/10) + /lITS'f*F*l2 0 

I f 

BASlC COMMUi\ ICATIONS CAPITAL AND AN:.JUAL 
MAINTENANCE COSTS 
GTBCO~(I) = BCOM(I) 
GTBCMM(I) = GTBCOM(I)/10 
GTBCOM(4) = 0 
GT BCMM ( 4) = 0 

TOTAL SHARED UATA PROCESSING 
CAPITAL AND ANNUAL MAINTENANCE COSTS 
GTBDP(I) = CDP( I) 
GTBDPM(I) = CTBDP(I)/10 

TOTAL CAPITAL COSTS 
TOT(I) = GTLS(I) + GTSP(I) + GTRR(I) + GTBCOM(I) 

+ GTBDP(I) + GTECOM(I) + GTEDP(I) 

TOTAL MAINTENANCE COSTS 
TOT'.'-1(1) = CTLSM(I) + GTSPM(I) + GTRRM(I) + GTBCMM(I) 

+ GTBDPM(I) + GTECMM( I ) + GTEDPM(I) 

PRESENT VA LUE TOTAL MAINTENANCE 
PVTM(I) = PV(TOTM(I)) 

PRL:SENT VALUE TOTAL COST 
PRCOST(I) = PVTM(I) + TOT(l) 

(CONTINUED NEXT PAGE) 
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tJj 
I 

N 
CX) 

' 

~H = 0 
A= 4./3 
FACTOR = 0 

NOA= NACC 

(FACTOR = . 3535/2(!-l)) 
• (N - NOA) + FACTOR 

A= A• 3 
J\:ACC =NOA+ A 

N> >N 

FACTOR = (.3535/2 (!- l ~ •A• FACTOR 

TELCO 

0 

RETllR:sl 

FACTOR (.3535/z(l - l) • (:sl - 'JU ,\)+ FACTOR) 

RE-'r lJRN 



to 
I 

N 
I..O 

BUS POLICE 

AVM BEN EFIT PROGRAM 

READ 1 
COST RECORD 

MIi i.Ti PLE 

J 

N 

LO, HI 

1, K (K no . of f leets sharing ar ea) 

T~fAI. CAP JTAI. SAY!~GS 
CSAVF. (,J ,NJ = ,. CSAVF (for al I flee ts) 

TOT,\L O~M SAVI NGS 
OSAVE (J,N) • ). OSAVE (for all fleets) 

TOT~ !. PERSONNE L SAVINGS 
PSAVE (J,N) I PSAVE (for all fleets) 

TOTAL SAVINGS 
TSAVE (J,N) = £ CSAVE + E OSAVE • E PSAVE 

TOTAL SAVINGS ?ER FLEET 
ADD START - UP COST TO TOTAL 

~nJLT I - USER COST. 
BENEFIT- COST RATIO: 

TOTAL LOW CASE SAV I NGS/TOTAL MULTI - USER COST 
TOTAL HIGH CASE SAVINGS/TOTAL MULTI-USER COST 

DIAL - A- RIDE TAXI OTHER 
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Savings Source 

% Change 

Vehicles Saved 

Capital 

O&M 

Sub t o t al 

Item B/C 
Single User 
Multi ple User 

Drivers Saved 
Salary 

Overhead & Ben 

Subtotal 

Item B/C 
Single User 
Multiple User 

Savings Source 

% Change 

Vehicles Saved 

Capital 

O&M 

Subtotal 

Item B/C 
Single User 
Multiple User 

Drivers Saved 
Salary 

Overhead & Ben 

Subtotal 

Item B/C 
Single User 
}!ultiple User 

PRirif: 

BENEFIT-COST SUMMARY FOR: BUS 

Layover Reduction 

Low High 

PLAY (LO) PLAY (HI) 

TS(LO) TS(HI) 

VDAT(l)*CSAVE(LO) VDAT(2)*CSAVE(HI ) 

VDAT(l)*OSAVE(LO) VDAT(2)*0SAVE(HI ) 

Subtotal Above Subtotal Above 

Subto tal(LO)/SCOST Subtotal(HI ) /SCOST 
Subtotal (LO)/MCOST Subtotal(HI)/MCOST 

VDAT(l)*PCUT VDAT(2)*PCUT 
((1-SORD)*{PSAVE(LO) ((1-SORD)*(PSAVE(HI ) 
-PCHEX(LO))*VDAT(l) - PCHEX(HI))*VDAT(2) 

((SORD)*(PSAVE(LO) ((SORD)*(PSAVE(HI) 
-PCHEX(LO))*VDAT(l) - PCHEX(HI))*VDAT(2) 

Subtotal Above Subtotal Above 

Subtotal(LO)/SCOST Subtotal(HI)/SCOST 
Subtotal(LO)/MCOST Subtota l(HI) /MCOST 

Load Factor Improvement 

Low 

PCNT(LO) 

FS(LO) 

VDAT(3)*CSAVE(LO) 

VDAT(3)*0SAVE( LO) 

Subtotal Above 

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

VDAT(3)*PCUT 
((1- SOR)*(PSAVE(LO) 
-PCHEX(LO))*VDAT(J) 

((SOR)*(PSAVE(LO) 
- PCHEX(LO))*VDAT(3) 

Subtotal Above 

Subtotal(LO)/SCOST 
Subtotal(LO)/MCOST 
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Hig h 

PCNT (HI) 

FS(HI) 

VDAT(4)*CSAVE(HI) 

VDAT(4)*0SAVE(HI) 

Subtotal Above 

Subtotal(HI)/SCOST 
Subtot al(HI)/MCOST 

VDAT(4)*PCUT 
((1-SOR)*(PSAVE(HI) 
-PCHEX(HI))*VDAT(4) 

((SOR)*(PSAVE(LO) 
- PCHEX(HI))*VDAT(4) 

Subtotal Above 

Subtotal(HI)/SCOST 
Sub t otal(HI )/MCOST 



Data Collection 

Low High 
Personnel Saved CCUT CCUT 

Salary (1-SOR)*PCHEX (LO) (1-SOR)*PCHEX(HI) 
Overhead & Ben SOR*PCHEX(LO) SOR*PCHEX(HI) 

Subtotal Subtotal Above Subtotal Above 

Item B/C 
Single User Subtotal(LO)/SCOST Subtotal(HI)/SCOST 
Multiple User Subtotal(LO)/MCOST Subtotal(HI)/MCOST 

Total Savings Total Above(LO) Total Above(HI) 

Total Costs 
Single User SCOST SCOST 
Multiple User MCOST MCOST 

Benefit-Cost Ratios Total(LO)/SCOST Total(HI)/SCOST 
Total(LO)/MCOST Total(HI)/MCOST 

,.. 
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Detail Data for Bus 

L.F. Improvement (1 ) 

%Buses on Freg. Headway 

L.F. Saving s (VEH) 

1-Way Avg. Run Time 

Layover Time, Pres. & Goals 

Layover Time Veh Savings 

Capital Savings 

Insurance 

Periodics 

O&M Savings: Layover, L.F. 

O&M Savings: Layover, L .F. 

O&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 Remaining 

Savings of Drivers Salaries 

PV of Overt ime Cut 

Current Value of Hours Saved 

Equiv . Driver Force 

Drivers Remaining 

Savings of Drivers Salar i es 

PV of Overtime Cut 

Personne l Savings 

B - 3<! 

PCNT(LO) 

FHDWY 

FS(LO) 

RUNTM 

ALAY RLAY( LO) 

'T'S (LO) 

CSAVF(LO) 

VIC 

PRMNT 

PVIC(LO) 

PVIC(HI) 

OSAVE(LO) 

FORCE 

REM 

ARATF. 

SAL+BEN 

PCHEX 

DFORCE 

OTIME 

SAL+BEN 

ARATF 

SVHRS(LO) 

FORCE 

REM 

OTSV(LO) 

PVOTS(LO) 

SVHRS(HI) 

FORCP 

RF'JVJ 

OTSV (HI) 

PVOTS (HI) 

PSAVF.(LO) 

PCNT(HI) 

FS (HI) 

RLAY (HI) 

TS(HI ) 

CSAVE (HI) 

TVOM (LO) 

TVOM (H I ) 

OSAVE (HI) 

PSAVE (HI) 



• 

Key for Bus Benefit Algorithm 

(J): I.ow, High Pararret ers 

FS: Vehicles Saved Due to IDad Factor Irrproveirent 

TS: Vehicles Saved Due to Layover Reduction 

VS : 

!XWN: 

FHDvY: 

VIC: 

\ICM: 

03AVE : 

PCNT: 

RUNI'M: 

AI.AY : 

RI.AY: 

PRr-1-.JT: 

CSAVE: 

FORCE : 

REM: 

CCl!I': 

AAATE: 

SAL: 

BEN: 

SOR: 

PSAVE : 

VDAT(l) 1 
VDAT(2) :J 
VDAT (3) { 

VDAT(4) :f 
SCDST: 

MOJSI' : 

Total vehicles Saved 

Fraction of Fleet in t-Bintenance (A~rage) 

Fraction of Fleet on Frequent Headway !butes During Peak 

Annual Insurance Cost per Vehicle 

Annual O&M Cost ])er Vehicle 

Tot al O&M Savings 

Expected IDad Factor Improverrent 

Average One-Way Runtim2 

Average Layover Tim2 

Layover Goal 

Fr acti on of O&M lbne According to the Calendar for Each Vehicle 

Total Capital Savings 

Initial Olecker Force 

Necessary Olecker Force Required 

Total Olecker Reduction 

Olecker Attrition Fate 

Average Sal ary ])er Olecker 

Average Benefits ])er Olecker 

Ratio of Benefits to 'Ibtal Salary for Oleckers 

Personnel Savings 

Ratio of Vehicles Saved Due to Layover Reduction 

to Total Vehicles Saved 

Ratio of Vehicles Saved Due to I.Dad Factor 

Improverrent to Total Vehicles Saved 

Single-User AVM Deployrrent Cost 

Multiple-User AVM Deployrrent Cost 
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POL ICE BENEFIT ALGORITHM 

PPP 
RPS ( J ) 

\IS ( J ) - ( I P?P} • )\\/[II "' Rl'S (.f l "' ( ! . nmHq f------- -.1 ·, 11•1r, 1 S>.\' I S ~S : 111 c 11 

'l;(VC(J) • VS(J ) 
~ L\" 
xcc 

C:SA\'E(J) ,_ ____ _, vrn 1c u c,,YI H L '-,;,1.T~c;s r1-; :;1-1 ---...... ----' 
ACPM 
PV\f 
VO\{ 
V I ( 

', 0 \1 a VOM • \' [C 
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SOR 
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Pt:tn ~J: ., 1·u1-1cr • lffN 

R !.Tli RN 
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PR Ir!T: 

BENEFIT-COST SUMMARV FOR POLICE 

S;.1vings Source 

% Change 

Vehicles Saved 

Capital 

O&M 

Subtotal 

Item B/C 

Singl e User 

Multiple User 

Patrolman Saved 

Salary 

Overhead+Benefits 

Subtotal 

Item B/C 

Single User 

Multip l e User 

Total Savings 

System Costs 

Single User 

Multiple User 

Benefit- Cost Ratios 

Single User 

Multiple User 

Low 

RPS(LO) 

VS (LO) 

CSAVE(LO) 

OSAVE(LO) 

CSAVE(LO)+oSAVE(LO) 

SUBTOTAL/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 
TOTAL(LO)/MCOST 
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Response Time Reduction 

High 

RPS(HI) 

VS{HI) 

CSAVE(HI) 

OSAVE(HI) 

CSAVE(HI)+OSAVE(HI) 

SUBTOTAL/SCOST 

SUBTOTAL/MCOST 

PCUT(HI) 

(1-SOR)*PSAVE(HI) 

SOR*PSAVE(HI) 

PSAVE(HI ) 

PSAVE(HI)/SCOST 

PSAVE (HI) /MCOST 

TOTAL ABOVE 

SCOST 

MCOST 

TOTAL(HI) /SC.OST 

TOTAL(HI)/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 Personnel per Vehic l e 

Annual Salary 

Annual Cost per Person 

Attrition Rate 

Initial Force 

Balance Remaining 

Personnel Cut 

Balance Remaining 

Personnel Cut 

Personnel Savings (PV) 
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PPP 

RPS(LO) 

VS(LO) 

CSAVE(LO) 

ACPM 

PVM 

VIC 

VOM+VIC 

OSAVE(LO) 

PPV 

SAL 

SAL+BEN 

ARATE 

FORCE 

REM(LO) 

PCUT(LO) 

REM (HI) 

PCUT(HI) 

PSAVE(LO) 

RPS (HI) 

VS (HI) 

CSAVE (HI) 

OSAVE (HI) 

PSAVE(HI) 



Key to Police Benefit Algorithm 

J: 

PPP: 

RPS: 

DOWN: 

VS: 

XCC: 

NVL: 

ACPM: 

PVM: 

VIC: 

VOM: 

PPV: 

FORCE: 

SAL: 

BEN: 

SOR: 

ARATE: 

REM: 

PCUT: 

CSAVE: 

OSAVE: 

PSAVE: 

Low, High Parameters 

% o f Total Mileage Spent in Preventive Patrol 

% of Mileage Spent in Response to Calls Expected to be Save d 

% of Vehicles in Maintenance (Average) 

Vehicles Saved 

Cost of New Vehicle, Less Salvage Value 

Expected Ve hicle Life 

O&M Cost per Mile 

Annual Miles per Car 

Annual Insurance Cost per Car 

Annual O&M Cost per Vehicle 

Persons per Vehicle 

Initial Patrolman Force 

Average Annual Patrolman's Salary 

Average Annual Benefits for Patrolman 

Ratio of Overhead to Total Personnel Costs for Patrolmen 

Attrition Rate 

Remaining Patrol Force 

Total Force Reduction 

Capital Savings 

O&M Savings 

Personnel Savings 
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PRINT: 
BENEFIT- COST SUMMARY FOR: TAXI 

Source of Savings 

% Change 

Revenue Increase 

Item B/C 
Single User 
Multiple User 

% Change 

Vehicles Saved 

Capital Savings 

O&M Savings 

Subtotal 

Item B/C 
Single User 
Multiple User 

Drivers Saved 

Salary 

Overhead & Ben 

Subtotal 

Item B/C 
Single User 
Multiple User 

Total Savings 

System Costs 

Benefit-Cost Ratio 
Single User 
Multipl e User 
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"High-Flagging " Reduction 

Low 

HFP(LO) 

HFI (LO) 

HFI(LO)/SCOST 
HFI( LO)/MCOST 

High 

HFP(HI) 

HFS (HI) 

HFI(HI)/SCOST 
HFI(HI)/MCOST 

Reduce Dead-Head Miles 

PCNT(LO) 

VS (LO) 

CSAVE(LO) 

OSAVE(LO) 

Subtotal Above 

PCNT (HI) 

VS(HI) 

CSAVE (HI) 

OSAVE (HI) 

Subtotal Above 

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

PCUT(LO) 

(1-SOR)*PSAVE(LO) 

SOR*PSAVE (LO) 

PSAVE(LO) 

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

Total Above( LO) 

SCOST 
MCOST 

Total(LO)/SCOST 
Total(LO) /MCOST 

PCUT (HI) 

(1-SOR)*PSAVE(HI) 

SOR*PSAVE(HI) 

PSAVE (HI) 

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

Total Above(HI) 

SCOST 
MCOST 

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



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 

O&M Costs per Vehicle 

Insurance Costs 

O&M Savings (PV) 

Drivers 

Cost per Driver 

Attrition Rate 

Personnel Cut 

Personnel Cut 

Personnel Savings (PV) 
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PPP 

UDHP 

PVM 

OHM 

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: 

NX: 

NYR: 

NVL: 

HFC: 

HFP: 

HFI: 

VS: 

DOWN: 

High, Low Parameters 

% of Total Vehicle Mileage that is Non-Revenue Deadhead 

% if Total Mileage that is Unavoidable 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 Equipment per Vehicle 

Year Counter 

System Life 

Vehicle Life 

Total High-Flag Equipment Costs 

% Increase in Revenue Expected from "High-Flag" Reduction 

Increase in Revenue Expected from "High-Flag" Reduction 

Vehicle Savings 

% of Fleet in Maintenaoce(Average) 
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PCNT: 

CSAVE: . HCPM: 

VOM: 

VIC: 

OSAVE: 

DP¥: 

NS : 

SAL: 

NB: 

BEN: 

OHEAD: 

FORCE: 

SOR: 

ARATE : 

REM: 

PCUT: 

PSAVE: 

SCOST: 
.MCOST: 

% Reduction in Fleet 

Capital Savings 

O&M Costs per Mi le 

Annual O&M Costs per Vehicle 

Annual Insurance Costs per Vehicle 

O&M Savings 

Drivers per Vehicle 

Number of Drivers on Salary 

Average Annual Sal ary per Driver 

Number of Drivers Receiving Benefits 

Average Dollar Value of Annual Benefits 

Average Dollar Value of Annual Overhead for Entire Fleet 

Total Driver Force 

Ratio of Benefits to Total Salary and Benefits 

Attrition Rate 

Minimum Work Force Required 

Personnel Attrited 

Personnel Savings 

Single User AVM Deployment Cost 
Share of Costs of a Multiple User AVM System 
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PRINT: 
BENEFIT-COST SlJt-f,'ARY FOR DIAL-A-RIDE 

Savings Source Response Time Reduction 

Low High 

% Change PCNT(LO) PCNT (HI) 

Vehicles Saved VS(LO) VS (H I ) 

Capital CSAVE(LO) CSAVE (HI) 

O&M OSAVE(LO) OSAVE (HI ) 

Subtotal CSAVE(LO) +OSAVE(LO) CSAVE(HI)+OSAVE (HI) 

Item B/C 

Single User SUBTOTAL/SCOST SUBTOTAL/SCOST 

Multiple User SUBTOTAL/MCOST SUBTOTAL/MCOST 

Personnel Cut PCUT(LO) PCUT (HI) 

Personnel Saving s 

Salary (1 - SOR)*PSAVE(LO) (1-SOR)*PSAVE(HI) 

Benefits SOR*PSAVE(LO) SOR*PSAVE (HI) 

Subtotal PSAVE (LO) PSAVE(HI) 

Item B/C 

Single User PSAVE(LO)/SCOST PSAVE (HI)/SCOST 

Multiple Use r PSAVE(HI)/MCOST PSAVE (HI)/MCOST 

Callers Added CLRS CLRS 

Cost of Callers CCOST CCOST 

Total Savings TOTAL ABOVE TOTAL ABOVE 

Total Costs SCOST SCOST 

MCOST MCOST 

Benefit-Cost Ratios 

Single us e r TOTAL (LO)/SCOST TOTAL(HI)/SCOST 

Multiple User TOTAL(LO)/MCOST TOTAL(HI)/MCOST 
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• 

Detail Data for Dial-a-Ride 

Passengers per Hour 

Dwell Time for Stop (min) 

Low, High 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 
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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: 

8SAVE: 

Low, High Parameters 

Passengers Served Per Hour 

Average Dwell Time Per Stop 

Dwell Time Goals 

Vehicles Saved 

Capital Savings 

VIC: Annual Insurance Cost Per Vehic l e 

VOM: 

'.:SlNE: 

CALLS: 

CLRS: 

CSAL: 

Annual O&M Cost per Vehicle 

O&M Savings 

Calls Per Caller Per Hour 

Number of Callers Required 

Average Annual Salary Per Caller 
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BEN: 

SOR (1) : 

PVSAL: 

FORCE: 

SAL : 

BEN: 

SOR (2) : 

ARATE: 

REM : 

PCUT: 

PSAVE: 

Average Annua l Benefits Per Caller 

Ratio of Benefits to Total Salary Per Caller 

Present Value of Total Salary For Callers 

Driver Force 

Annual Driver Salary 

Annual Driver Benefits 

Ratio of Benefits to Total Driver Salary 

Attrition Rate 

Minimum Driver Force Required 

Total Force Reduction 

Personnel Savings 
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PRIMT: 

BENEFIT-COST SUMMARY FOR: GEN ERAL FLEET 

% 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 

System Costs 

Single User 

Multiple User 

Benefit-Cost Ratio 

Single User 

Multiple Us e 

Low 

PVS (LO) 

VS(LO) 

CSAVE(LO) 

OSAVE(LO) 

CSAVE(LO)+OSAVE(LO) 

SUBTOTAL/SCOST 

SUBTOTAL/MCOST 

PCUT(LO) 

(1-SOR)*PSAVE(LO) 

SOR*PSAVE(LO) 

PSAVE(LO) 

PSAVE(LO)/SCOST 

PSAVE(LO)/MCOST 

TOTAL ABOVE 

SCOST 

~COST 

TOTAL(LO )/SCOST 

TOTAL(LO) /MCOST 
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High 

PVS(HI) 

VS(HI) 

CSAVE(HI) 

OSAVE(HI) 

CSAVE(HI)+OSAVE(HI) 

SCBTOTAL/SCOST 

SUBTOTAL/MCOST 

PCUT(HI) 

(1-SOR)*PSAVE(HI) 

SOR*PSAVE(HI) 

PSAVE(Hl) 

PSAVE (HT)/ SCOST 

PSAVE(HI)/MCOST 

TOTAL ABOVE 

SCOST 

MSCOST 

TOTAL(HI)/SCOST 

TOTAL(HI) /MC.OST 



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 

Ins. & Periodics are Applied(l) 

O&M Savings 

Direct Personnel Saved 

Average Cost per Person 

Personnel Savings 

PVS(LO) 

CSAVE(LO) 

VIC 

VOM 

OSAVE(LO) 

PCUT(LO) 

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 whe ther mileage i s save d 
o r remaining vehicles will t rave l more miles . 
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Key for General Benefit Algorithm 

J: 

PVS: 

XCC: 

XLF: 

VS: 

CSAVE: 

VIC: 

VOM: 

OSAVE: 

PPV: 

FOXCE: 

SAL: 

BEN: 

SOR: 

ARATE: 

RE,'1: 

PCUT: 

PSAVE: 

Low, High Parameters 

% Estimated Savings Due to AVM 

Cost of New Vehicle, Less Salvage 

Vehicle Life 

Vehicles Saved 

Capital Savings 

Annual Insurance Costs per Vehicle 

Annual O&M Costs per Vehicle 

O&M Savings 

Persons per Vehicle 

Initial Vehicle-Related Force 

Average Annual Salary 

Average Annual Benefits 

Ratio of Benefits to Total Salary 

Attrition Rate 

Minimum Required Work Force 

Total Force Reduction 

Personnel Savings 
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PRINT: 

BD!EF IT-COST SUMMARY FOR: MULTI-USER 

Savings Source 

Low High 

User TSAVE(LO) TSAVE(HI) 

User TSAVE(LO) TSAVE (HI) 

(for each User) 

Capital Savings ZCSAVE(LO) ZCSAVE (HI) 

O&M Savings EOSAVE(LO) WSAVE (HI) 

Personnel Savings ZPSAVE(LO) ZPSAVE (H I ) 

Total Savings ZTSAVE(LO) ZTSAVE (HI) 

System Costs: 

Multi-User MCOST MCOST 

Benefit/Cost Ratio TSAVE(LO)/MCOST TSAVE(HI)/MCOST 
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:-JO 
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0 'f 0 

TSAL = APERS *ASAL + UP ERS * USAL 
P = PV(TSAL) 

!I 
C 

< 

PT 

/\PT 
PT 

PT+ APT 

< l 

T I[* C * PT 

SCOST 
~1COST 

XI 

T T + XI 

SCOST + E + S + P + T 
~CSOT + E + S + P + T 

RETURN 

(END FLOW DIAGRAM) 
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Key for Loss Subroutine 

S: Installation Cost per Vehicle 

F: Fixed Installation Cost 

E: Additional Equipment Costs 

APERS: Number of Persons Added to Perform Additional Functions 

ASAL: Average Salary for Additional Personnel 

ABLN: Ave rage Benefits for Additional Personnel 

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

USAL: Additional Cost per Person 

TSAL : Total Additional Salary and Benefits to be Paid 

PT: Number of Persons to be Trained 

APT: Additional 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 

B- 61 



to 
I 

CJ) 

rv 

L = 0 
J = LO , Hl 
L = L + 1 

L = L + 1 
\"DAT(L) = VSR(J)*DAT(J) 

VRAT 

[ RATIO TO COM PUTE VEII I CLE SAVINGS DUE TO LAYOVER REDUCTION) 

[ ( RATIO TO COMPUTE VEH I C:LF SAVINGS DUE TO 
LOAD FACTOR IMPR OV EMENT)] 

L = L + 1 
VDAT(L) = (1 - VSR ( J ) * DAT (J ) 

RETURN 

• 



to 
I 

°' w 

NYR 
RATE 

COMMOK : NVL· 
NVEH 
XCC 
NXVC 
AKKREP 

NANN ANNREP 

S = i'/ANN • XCC 

:-JXVC 

N - N · NVL • K 

CAP SV - CAP ITAL COST SAVING SUBROUTINE 

I\ - 0 
SAVSU~t • 0 
!IJVCKT • 0 
ANNREP = FLOAT( NVEll ) / FLOAT(NVL) • . 5 

:-JYR > 

NVCNT • NVC:-JT • ANNR J:P 

NXVC > > NXVC 

NANN 

SAVSUM = SAVSUM + PVFS(S) 
'.'l • K + NVL 

NYR < ~ NYR 

> i'/XVC 

RF.TURN 

> :-JYR 

KXVC '.'l\"r.NT + A:-JNREP 

S = N/\NN • XCC 

RETURN 

.. , 

RETURK 



Key to CAPSV Subroutine 

NYR: 

RATE: 

NVL: 

NVEH: 

XCC: 

NXVC: 

ANNREP: 

N: 

NVCNI': 

SAVSUM: 

NANN: 

S: 

System Life 

Discount Rate 

Vehicle Life 

Number of Vehicles in Fleet 

Capital Cost Per Vehicle, Less Salvage 

Number of Vehicle to be Attrited 

Annual Replacement Rate 

Year Counter 

Vehicles Savec to Date 

Present Value Summary of Vehicles Saved 

Vehicle., savec in Year ~! 

Capital Savings 
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Key to PATRT Subroutine 

TATRT: 

ARATE: 

FORCE: 

REM: 

A: 

SAL: 

SAYSUM: 

RATE: 

NPER: 

TARGE"T: 

CUTCNT: 

LVL : 

R: 

Year in Which Target is Achieved 

Attrition Rate 

Initial Work Force 

Minimum Work Force 

Attrition Base Force 

Average Annual Salary 

Present Value Summary of Personnel Savings to Date 

Monthly Discount Rate 

System Life in Months 

Attrition Goal 

Total Attr i tion Achieved to Date 

Adjustments For Low and High Case Attrition Base Force 

Annual Discount Rate 
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AP?ENDIX C 

BASE CASE MODEL INPUT-OUTPUT FORMATS 

.. 
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TYPE Lf FLE.ET IS? BL6 

IriF'U1 tiUt·1}::E.F: C1F 1.JEHICLE.:::; TO I::E. EC'UIF'F'EII:' 240C1 

l·ll--' - '.--~ UF l HE I::U:::; ~ LEET l·1ILL E:E. EOUIF'F'ED l·lITH F'H::/:H JC;EF: COUtffEF:::/? ':, 

I::; 1Hl:::, FLEET CUF:F:EtffL\' EC'UIF'F'ED l•HTH UOICE F:ADIO::;-~· ','E'.:, 

C.f-!F' ITP.L CC::,l 

C.ltH)lHlCLl E.C:UIF· . 

'.=;l Gtil-'Ci:::;1 :: 
F:E.t-11)7 E. f.:lCE. I 1._.:EFS 

Cot·1t1Ut1ICH1 ICit{:; 
l:H:; IC 
1,.'Hf.c: I hl:Ll 

1H=t1 A f-F:OCE.::S i t·;C., 
lff::,lC 
l.)HF: l Hl::U: .. 

FLEE1 10TP.L 

Oti-1..'lH 1 CLE lOU IF'. 

::;I GtiF'(l::;T::, 
F:U-107 E hECEIUEFS 

COt-it'1Ut11 CFiT I Cltf::; 
l::A:::; IC 
l.)AF:: 1 Hl::LE. 

IU:-iTA f-·F:OCE.:::S ltiC 
l::A:::;IC 
UAF:lAE:LE. 

TOTAL fititi. t•iP. Itff. 
F'F:E.~-U1l 1: HLUE 

SHAF:F' 
::;IGtff'O:::;T 

7141:, . [, 

'31:::. 0 
400. [1 

20 . ;~1 

lCi.[1 

1 :::::::. 0 
620.0 

'3302. U 

?14. '=· 

·:=it.::: 
40.0 

2.[1 
1.(1 

1 ::: • ::: 
62. [1 

·::1::::c1. 2 
::;? 15. 7' 

F'f-::E::.Eh·t 11fiLUl C,F 1 OTfiL CU::T: 
1 :.►=117. 7 

£:F:OAI1 F:ADI O DEAD-
::; I Gt1F'C6T FF:EC1UEtJC\' F:ECYCltJit JG 
ITH~JSANR3 OF DOLLAF:Sl 

2::::::: . Cl 
1 '?2. 0 

1:;. 0 
H.1 . C1 

l E,O. 0 
::::·:=iu. o 

40.2 

i. 5 
1.(1 

16.[1 
::::·::1. [1 

40:::. '=· 
2510. 7 

10::::2. '? 
160. C1 

10.0 
10. C1 

152.0 
130. ;:1 

:400. '::' 

1 (1'.;: . ::=:: 

'.::7. C1 

1. [1 

1.0 

1 ::=:: . 0 

561.1 
3447 . I:• 

2·:=i. C1 
42.5 

C.:t,4. t.r 
1 [1·::10. 0 

'376. 2 

o. [1 
19L:::: 

4.'.:: 

2E,. -1 
1(1·3. 0 

1:;:1(1.5 

·1 hl LUt·H::.::;T 1=ei::;T ::.'1:::TEt-1 FOF: E;l_1::: AT -~ ,:.:;::::,: .• 7 THOl_l:::Atffi DC1LLP.F:::;~ 
it1 1~ CLUt·it i 2 i THE .f::F:OAD ::, EJ iF-'O::, T ·::'/:::TEM 
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• 

F'E.fil LUHI1 FfiClOF: lMF'F:CtUE.MEIH l tl '.; - IE, IF f:I_I::: tiOl·J fii.lEF·Ftc,Ec: -=·o _ . cc . 
(1t1 J::Cit=tF:Li Ht1U l·JlLL lt'if-·f.:CII.IE. TO fit l H11EF,fiCE OF 22.1, It-1F'F·o1_1EMEtff ... :,;·~ FFk-~tJ!GEF.S 
f.'[p·=•-;Hfi:E:Ll Ft=1r1CE OF t-;ff:It- 11_:t·l'.:, I':- ~ F'Ot-1 2'.; 1 f:1_1:::E':: L·JELL ::,CHTTEF:Eli 1-vr}2;1M•,., 
Lff. :t:'1 r_ 11_1 r· u=1n __ ~ Ht=it 1 _ c: r-i 1t~i1:1TE::: ·?:.:-; 1~1F !HE TI t-:E ~ _ TO i::?. } '.; 1 E:U:~:E~. ;; r:ut!Cl-1 ~: 
E:F1DL'1 l•,,. U H1 .. 1t·i, ':-'~t; LHT EHE::,::, UJ,,iE.L I::: 1 U t'1I tlUTE'.=: J • ItEFHUL T UHLUE::: f"iF;E 2 =-: 
l ll)l,(1 htili 1cc t.HIC,H .I . • 

LCtL·J \ HI C.H '.; 
I t·1F'f.:C1UEt-iEJll = 1 , 1 (I 

11 l ::, f;::,:::Ut·1EI1 T Hfil , :,O . OT: CtF 1 HE Hl:::E::: U::::ED I ti THE F'Efil :. HOUF: AF:E DEF'LO\'Eit Clt-1 
F:UUTE::, l·llTH HEAitL•JH'1'::: UF LE::,::: THHH 10 MitlUTE::: . tlEl-l 1.)ALLIE? 

IT I:: H'.:.'.::-Ut·1E.I1 ·rHAl THE H1.•EF:AC.l Ot;E-l•JH'I F:Utl TIME C!tl H F:CII_ITE I ::: t,:::.20 t·HHUTE::,. 
tlEl·l t .. 'HLl_,C 

THE lilFhl_,Ll 1:,CtAL::, AF::E, 12. -;-4 tllt1. - LUl·l Ct=r::E fitm 10. 25 Mlt'i . - HICH Cfr::E. 
L(IL•J HI CH 

l;lFHUL"I I 1hl1_1E. F C1F:: lt i'.:,UF:fit iCE. CO::, 1:: I:::: ~ :~:2c1c1. F'EF' UEH I CLE F'EF: \'EAF:. 
t U·l l.,1f;U_1[ : · 

1i=1T HL 1_,U ·l I_ U:,T ':, I tiCLUI1E. l ti'..:'.l_:F'HtlCE Arm F'EF:IODI c::: F'Ll_i'.:'. F'F'E1)Et'ff I 1,,,iE MA Itff. 
}::fi:.:,ED t_,r; r·1I LE.::,, hLL Utt:,CHEI,ULEit r·1f1 Ir,TEtiHtlCE, F"l_:(L Fitm LUBF:I C:HtH:::, Arm 
CtTHE.F: C1f:,l ::, ::,l_tCl--i t--:::: ·1 IF'E.::. , ,i::fffTEF:IE':, , ETC. L•iITH t·:ILERCE F:ELATED LIFE. 
TH~ l ,lFHUL"I l)HLUE 1 :.:; ~ 1 ;-7121~!. 1£1·, I tf"1Ll_;E·~· 

F'AF:: I C,F 1-·u · 1 OD l C f .A! r iTEHHt iCE I '.:, F'EF:FC1F:t·lE1' :::TF: I CTL\' ACC(•F:D I HC, TO THE CALEtllitiF' 
TO E.HCl--i 1.1lh l CLE I E.C, . ·::E.f:'.:,CitiAL, t-1Ct tffHL\ , ItA IL\' ) • DEFRUL T 1.iALUE OF THE r-ltHiUHL 
CCt:.:,T u~ ·::,UCH t·1filtilE.tihtiCE. I::, -;:-·. 5:.; OF TC1TRL t-lAitH . 
till-l 1.•r.LltE. I, lti I iC1LLHF:::.) ~-

IT I ::, fi::SUt·1E.I1, FOF: THE. l 1EFAUL T Cff::,E, THAT THE F'F:OF'EF:T',' HA::: A CHECITF: FOF:c:E 
OF t .C, . uF L·lH I CH 20. L·l I LL FH:A rt, OH TO F'EF'FC1F't-1 OTHEF: Tfi::,I '.:'. lt'l THE '.:,AME 
DEF't=iF::Tt-iE.t;l. THE.: !:HLHtiCE l·Jl LL l::E Hf:::,OF:E:ED HT AtJ ATTF:ITICtt➔ F:ATE OF, 1[1.\. 
EACH t_.HlU.E.F: HH':: t--.t1 t=irtt1UAL ::::P.LP.F:\ ' OF 15. :::(1 THCIU::,Atfft l tCtLLAF'::: . THE CO:::T OF 
l::U,lF IE Hiii '~'1.1lF·f-EAI1 HF:E 1-'F'E::,Ut-lED TC1 l::E E@Jf..L TC; THE ::,Ht-lE AMOUtff . \'OU L·lILL 
HH1.'l H C Hfit 1CE. l C1 F EF'U1CE. ·1 HE::,E 1.'HLUE::, . 

F·F:E.:.:,E.t iT C hlU .EF: ~ C,F:CE ·:· 

:::fiL~f-:'i I It i 1 hOl_l:::At m::, OF l {1LLHFS) ·~· 

tiC1TE.: it1 ·1Hl LU·I l_h'.:,E • THE fiTTF' ITIClti 1:::, Lit-1ITEL TCt THE CHEU.EF: FOF·C:E c:t !L\'; It! 
lhl hICH U,:::E, l T 1::, f"i ::,::tlt1E .. D THF:T TI-.E CHECIEF:::, CP.ri !::E TF'Atl:::FEF:F:ED TO Atfi' ADt'1lt,­
ETFAl 11 :E, ..IU.b HrlIJ 7'h[ HTTF I1 JCitl :: F·F'EHit 01.iff THE. Dn WE ADt·1ItW::TF:ATJl.iE ::,TF:FT . 

11 .. H'.:.'.:,IA il11 1 HHT ·: ~E..F:E. f=:FE c . U I tF:I 1 1E.F:::: F'EF: ~:I_•:~; . I-F THHT 1.)ALUE I::: HCCEF'TEI1, 
F'F'E::,'.:, t_f-,F'F'I 1::c,E f·ETUF'ii : c:-1Hlf.J,Jl::E UHEF: TC,T~;L l_,f-: 11.!EF: FOF'CE. 

tJHfil 1-E.FCU,T C1F ihE IiF-'11. •EF: FH1'FC1LL l ':, Ct1.IEFTlt•1E·:· 1.ItEFAULT 11ALUE I::, 5'.;) 
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f;Al.J Ir ,GS :::;C,UF:CE : 

~; C.HAtiGE. 
UEH 1 Cll~. ::,ff.JED 

CAF'llAL 
U~:,h 

~.UJ::lOlAL 

I1E.J-i hEt,lF IT.-·· 1_'(1::;T: 
::. I l i(.ill lf:;EF: 
t·1UL l I - lf:,E.F.: 

11F~ 11_.iE..f<:, :::;fiUED 
::,AU-tF:Y 
01..!E..F.:HEAD+ l::Eti 

l TEh l::Et jE._F I 1,. CCi::;l : 
:::; l t·;1::c;Ll 1_1:::,E.F.' 
t•iUL l 1- l_i:::,EF: 

f-•lF::::,Clt U 1E..L ::,P.UU1 
:::,HLHF:",' 
(.,l.)lF.:l-1E::AD+ l:HJ 

I1Et·1 1::E..t1lF IT .. ·CU:,1 : 
'.:, l r·1C,Ll u::,EF: 
nUL l I - :_,:::,lF: 

:::;'/:::,l E..h CC,::,7 ::, : 
::: lt il..iLE l_,:::,EF· 
t·1UL l I - IJ::,E.F: 

:t:U,lF 1 ·1 ., Uf:;l f.:AT I C1: 
::,lti(Ll U:::lF: 
riuu r - ,_,::.E..r:: 

co::::T-E;EtlEF IT '.:,UMMAF:\ ' FOF:: E:U::; 
( DOLLAF: 1 . .JALI_IE::: I tJ THOU.::;Ar w~;) 

Lfi~)UE.R REDUCT IOtl LOAD FACTOR I MF'RC~EMENT 

$ 

LOl·J 

"7 
I • 

.-,-,C"' c­

...::, I ._I • .,_I 

70 . ~) 

446 . 0 

1). (170 
,.:., . 0 70 

12. 
S l o:;:4 . :::: 

(1 . 1 ':l':< 
1;,; . 1 ·=,1·? 

40. 
:;: 1 :::•37 . ::: 

1 :::'?7 . ::: 

0 . 594 

f.::::60 . 7 

1. ::::E.:::: 
l. ::::E.':'-' 

C- 4 

HI GH 

2:"·. (1 
22. 

lt:57. 1 

(1 . 2 '31 
0 . 2·?2 

3361.1 
75'3. 7 

4 120. :::: 

iJ.E-45 
1~1.1:A::: 

LOt·l 

1.0 
10. 

751.4 

130'3 . ·? 

0 . 205 
[1. 2 C1E. 

17. 
153·~- 2 

34 7 . ·::: 

o. 2'35 
(1 . 2·3-;-

DATA CCLLECTIOti 

HIGH 

40 . 
3665. ::: 
JE,tS5. ~: 

7~:::::1 . 6 

1. 14::: 
1. 15:::: 

41490. 7 

E,:::::::E .• 7 
6'.::E,Ct . 7 

E, . --1%, 

HIGH 

10. 0 
'31. 

1129'3. 1 

1 • 7E:3 
1. 77f. 

157 . 
1 :::: 71::,-3 • ·:,=; 

::::112. 2 

2 . E-4:::: 
2.654 

.. 

• 



l \F'E OF FLEET I:::;':'.· F-·C1L1 CE 

ll ➔F-"Ul 11Ut·1l::EF: OF l)EHlCLE'.=; TO :E:E EOUIF'F'ED·-::· L::30 

E , 1 ::, F LE.ET CUF:F:Etil L \' EC1U IF'F'ED ~·J ITH 1...101 CE F.:Ait IO:::? \'E:::: 

FCIF.'. f-·UL l CE 
:::HAFF' 

::, I GtiF'Ci::::T 
B~JAD RADIO DEAD-

:::: I C;tiFCt:::T FF.:EOUEtlC'/ F:EO-::on It-iG 
(THCIU:::filffi::: OF DCtLLAF::::J 

ON-UE.HILLl EQUIF'. 

::: I Ct;F·U::1 :: 
F:El'1UTE. F.:E.CE I UEF::. 

(:C;l•1t-1UtiICATI eit1::; 
}::A::,il_ 
t•HF I fi.E:LE. 

DATA f-·FCiC.l:::S I t!C, 
}c:Fi:::::lC 
UAr-::Ifi:E:U_ 

F'. -T TOlHL 

Al1tiUHL r·,Hiti1Et1Hl1CE. CU::T::; 

Clt1-UE:.:hlCU:_ E..C:U lF'. 

::: I Gt +·U:;l ::; 
F.HiUl E. f.:ECE I UEF.:::; 

COMt·iUr 11 CHT I C1tt::: 
E:A::,lC: 
t...:HF:1F1BLE.. 

I1ATA F'kCICE.::;:::; It ,e; 
}::f-i::: I C 
l_)fiF:: 1 fi.f::LE. 

lCilAL Hhti. t·,HltiT . 
F·F:E..::H1-i UHLUl 

.... . - •. - .. -. c:· 
._t-.:,.:_c. • ._I 

2:::12. (1 

40.0 

20. (1 

6. (1 

77E,O. 5 

2i:: 1 • 2 
·=· ·:, 
·-· . L-

2.U 
0. t• 

·:•"":"-' ·:• 
._,, • L 

?:::0.2 
4?''::'4. 1 · 

F'f.:[::,Effl 1.: f-iLUE.. UF TCll Fil C0:::1: 
12'.:·'A. i:, 

1::::00. t::, 
24.0 

15. c, 
6. (1 

1u,.o 
2::::4 . 0 

15::::. 0 

i::::o. 1 
7 . (1 

1. : , 
0.6 

16. 0 
2::::. 4 

3::::1. 5 
20::::? . 1 

THC:. UA·ll::,T C.Ci:::1 ::/,':::TEt-1 FCF: f-{:L I CE AT -. 
1 ti C C1L1_1t :ti :~• i THE ~:HI! I Ci FFC::C1I_IEliC.'/ ·:;',·:~;TU 1 
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212:::.(1 

221.t::, 
1 t,. 0 

10.0 
6 , (1 

120.0 
7::: . 0 

257'3 . 6 

212.8 

22.2 
f .• 2 

1.(1 
0. t, 

12.C, 
-:, .-, 
1' • ·=· 

2.i,2.E, 
1t-u. :: 

41'?3.1 

532(1. 0 

.-,c: c­,:,._.1 ...... 
1 t,:::. (1 

i-:.1. iJ 
12(1.(1 

204.(1 
654.0 

0.0 
21. 4 

(1. 0 
12.(1 

20.4 
t.S. 4 

651.2 
4001. 5 

1055'.::. 0 



l·JHHI f-U-CE.t1l uF r1lLl:::, TFH11ELLU1 I::'1 THE F-'CILICE AFT '.::F'Etn rn F·F:E1.HffI1.!£. . . ATF:CiL~· 
I liE.F f il_lU 11HLUE l ::, ::,(1 . cn::c. J llEJ·l 1.'HLUE'~• 

~·JH, f-E kC lh T rn t·1 l Ll'.:, TF.ftlllLLE.11 rn F:E:::F'Ot6E TC! CALL:::, l·ll LL EE ::,RUED :E:\' ':Et m H iC, 
lHl LLL~EST CAP~ 

Hi C,H '.. 
L!E~ HUL 7 I 1HLl_1l::, 
M:}J l;HL1_1l'.:::, ~· 

2 . (11~1 

11 I'.:, h'.:,'.:,Ur·1EL; 7 HH"I c::: .1-1 Uf::T::: cut 6 I :::T OF Tl-£ CU:;T CIF OF'EF:RT I Cltl:::: Ht'ffl MR I tHEt,Ar 1CE : 
1ttcu_:]._1lt11_; ~ 1_,[L hf\[I LU1:F:IC.t=it1T::, , ::.EF:11ICE fitm FTF'HIF: RT H TC1TRL F'fiTE C1F ~ • !::;;;: 
F'EF t'llLl, l·dlH 27 . THC1lf:::f.1t,Ii f 1t1t1UAL t'llLE.S F:EF CfiVi RtiII LI AI:ILITY It;::;UF:At1CE 
1.1~1F: CU:.T UF fiCUDEtH:::J hT :; 1::1 • F'EF: CRF: F:EF: \'ERF.:. 'i'OU l·JlLL HRUE R 
CHfit1U. ·, C1 FTF Lr.CE 1 HE::.E 1.:RLUE:: ,. 

CC,::,l C:F 1=1FEFATIC!rf::: Htffi t1Ri tiTE!1At1CE F·EF: t·1ILE ( It·t DCILLRFS) ~· 

fit1t1UHL t': ILU:, PE.F: ', E.RF: FE.F: CAF: 1 I t! THC1U::,Atm::;) :· 

1 Hl HE:U1 .. :[ F ACTC:F:::; ', I EL11 AH RtH JUAL C.C:::,T OF MA ItffEt1At1C:E F'EF: CfiF: OF 4. ·~41 
THOU::,AtiD DOLLfiF::::. tiD·l 1.,f-iLUE ~· 

11 1 :::, h'.:SUI illi H~AT ThEF:E AF:E ~:. :~: F'ATF:cUiEti F'EF: CRF: EMF'LO'i'ED AT A :::RLRF:\' OF 
~ 1. :::0 I hUU'.::H W l(!LLH:::::, F'EF: '{[AF' F'EF: F'ATF:OU1Ati . E:Et1EF IT::: Arm OUEF:HEAD RF'E 
H'.:,'.:,Ut·l[li ·r C1 I_ U:,1 Ht i [C:I_IHL Ht·!UUtiT. THE DEF'AF:Tt-,Etff' ::: ATTF' IT I on F:ATE I'.:: 1 c,. 00'.; 
H:::F ··, lf:F:. 1 uU i·H LL HH1 1E H u-;AHCE TC1 F:EF'LRCE THE::E URLUE:::,. 

f-'Ef-: ::,Cit J:::: FEF f.:E.~ I CLE:· 

HI 1t iUHL :::,HLHF:\' 1. 1 HCtU::Pt W DCILLRFS) ·~· 

HT TF: IT I Oti f::'HTE? 
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• 

~-. CHHhl:.;E. 
t 1E.Hl1=Ll'.::, '.::Hl_•ED 

l~HF·I l AL 
(1::t-1 

·:,UEl CiTP.L 

I -I E.r·; f:lt ,l F IT CU::,T : 
'.=, lt 11..,Ll IJ=,E.F: 
t1UL 7 1- 1_1:::,E.F: 

f-AT F{U 1U1 ::,HIIE.D 
::,HLHF",' 
Ul)Ef-HE.AD+ EE.ti 

IlE.M ~E.NlFIT~cos1 : 
::, l t1C,LE. l_i'.:-Ef. 
t·1UU 1- lf:;U, 

_ 1'.:,lU-1 I_O::;l::: 
'.:, Ir jl_,Ll l_:::.E.f-' 
r•iUL 7 1- 1f:-Ef. 

H.hlF n · Uf:;l f.:hT W: 
::,1111..;LE. 1_:::lF 
1'1UL T I - U::E F 

CO::; T - E:Et JEF IT '.:;I_IMl·1HF'.\' FOF:: F'OL I CE 
1.DOLLHF: 1.JHLUE::; It ➔ THC1l1::;t=1tm::;) 

F:Eff'Otl:::E T H1E F:EDUCTI OH 

LOL·J HIGH 

$ 

2. (1 
11. 

1 (1'3 . t:• 
::::2:::: . 0 

(1 . 1 c.::::: 
(1. 104 

. - ,c 

. .;,._, , 

·: • ·:,,:,·:, 
L.. e L-•-•·-• 

41 '3:~: . 1 
-115:~:. 7 

2 . 4(1'3 

C- 7 

5:::0. '3 
lt:,1:,. 2 

21 '?t:,. 0 

(1.524 
0. 521? 

171::, • 
·:.,·:,·:,·:,·:• ,:, L--•--•-•L... ,_, 
·=•·: -·:,·:,·:, ,: , 
L'-' '-''-' L • '-' 

11. 12'3 
11. 235 

41 ·3::::. 1 
415::::.? 

11. t:,53 
11. 7f:::: 



T'i'F'E ff F LlE.T !::/? TH::I 

WPUl t,Ut·1.H.F< UF 1 'Ei-ilCLE.::.; TC1 EE E.OUIF'FEir? ::.:c1i:_).;-· .. _.,.· ·: 

I:::: l HI:; F LlE.T CUF:F:Ern L'I EC1U I F'F'ED l·J ITH uo I CE F:RD rn::;-:· ','E::; 

::.;HAF'F' 
::_; I Cit lF'O::n 

E:F:ORD F:AD IO I1ERD-
::: I GtiF'O:::T FF:EC1UEtlC\' F:ECl::Otl I tlCi 
1. THOU::.:Atm::: OF DOLLAF::::) 

ON-l_llhlLLE. EQUIF'. 

:::;ICitif-0::,T:::, 
F:H1UT E. f.:lCE I 1.)EF:::.; 

C.Ot-lt-lUtilCHT ICttf:; 
,t:f'-(;:;11~ 
1 ... 1HF: I ABLE:.. 

DRT Fl f-•f-:C1CES::.; It 1G 
l:::R:: ;IC 
1 •• 1FlF:lfiE:LE. 

C~-1.)lhlCLl E.QUIF' . 

::_; I Cit if-'CI::, T ::, 
FH10TE. f-E.CE l 1)E.F::: 

COt·1t·1Ut·1 I CAT I ot 6 
):;fi:::;IC 
l • .'HF: I RI::LE. 

l 1Hl A 1--F:OC [::_.::: It iC 
1::Ft:::,IC 
1 .. 1t=;F: I fil::Ll 

TCtl HL f-ifiti. t·1R Hil . 
f-'kl:::nn UHLUE 

2:.::1 2. (~1 

41.:J. (1 

20. (1 
4. (.1 

1 ::::::. l1 
24:::. 0 

260. [i 

2:.::1.2 
6. ::: 

2 .0 
(1 .4 

1 ::: • ::: 
24. ::: 

~5·34. c1 
3EA':.< , 7 

L::00. 6 
24.0 

15.0 
4. (1 

1 E,O. 1::1 
156. (1 

2579. f , 

1 :::o. 1 
6 .1 

◄ C" 

.1 • ·-· 

0.4 

16.0 
15. E, 

2E,1. 7 
1607 . 7 

1 hl LC•l·il :::T CCl::,1 ::.'t::TEM F"OF: TR:: I AT _ 
iti COLUt·1ti ::: i l HE. f-•AD IO FF:EC1I_IEtlC'i' ::/,'::,TEt-1 

C- 8 

221. 6 
16. 0 

1(1. C1 

4. [1 

120 . 0 
52. 0 

22. 2 
c:- .- . 
._1 • ..,;, 

1.0 
(_1, 4 

12. (1 
C" .-, 
._I ■ L. 

174. 1 
l OE:? . 5 

277:~: . 1 

,-,c C" ·=··-' · _, 

o. c~ 
:::O. (1 

204. [1 
43E,.>3 

41 7 ::::. 5 

::::20. (1 

0. (1 

20. ~, 

o. [1 

8 .0 

20 .4 
43.6 

412.5 

• 

" 
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J_ 

Fi F'(1F'.T ICitJ C1F 1_1lHICLE MI LE.AGE I::: tJcit,-F:EUEt,UE, DEAir-HEAI1 MILEAGE. THE I1EFAUL T 
UHLUE lS ~0.00%. NEW UALUE t%l~ 

l j l'.:, H'.:Sur1E.D THAT 1::::. i:-:,U% C1F TOTAL MILEAGE r::; Ut,AUOIDRI::LE DEAir-HEHI1INC,, TF:AUEL 
FF:C1

'·
1 -1 Hl l:l:::TitiATIOt, OF LA:::T F'A::SEt,GEF: TO THE OF:IGHl OF THE t,E>:T • 

till 1HLUl 1_ '.-;) -~· 

THE Hl .. :lF:RCl Tff=;ICA:E: TF-:A1-.IEL::: 5C1.1-;.100 THOU::,Atm MILE::: F'EF: \'ERF:. 
r·U•J l)HLUl 1. I ti 1 HOU:::Rr m::: l ·:· 

-11,E ~-HCT OF-:::: RE:OJil ', I ELI1 Rti RUEF:RCE OF 2(,. 500 THOIJ::Atm i'1 I LE::: OF A110 IIlff:E:LE 
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U"-'ITED STATES GOVERNMENT 

Memorandum 

{.~ 
DEPARTMENT OF TRANSPORTATION 
TRANSPORTATI O N SYSTEMS CCNTER 

KENDALL 'SQUARE 

CAMBRIDGE, MA 02142 

DATE: 7/9/76 

In reply 
SUBJECT: Reduction in Headway Variance tefer to: 421 

FROM: 

TO: 

Arthur Priver/421 

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 control is applied. 
We will compute the variance reduction for the following 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 
schedulec 

Assume that a bus leaves a stop exactly on time and that its a rrival time 
(and consequent departure time) at the next stop is normally distribute d 
about the expected arrival time with a mean of zero and a variance '\' .. ·, 
Then the departure time is given by a truncated normal distribution i.n 
which all values greater than O (Leo early departures) are pushed 
back to 0: 

becomes 

The density function is given by, , 

f I ) r( 1/,y· r:-' ) 7(, '1/r1 ,>"' ,, (' ~ l ; ,,c,, e 

The mean of this distribution is given by 

(1) 

TSC F 1325.4 (4n3J 
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( 

(3) 

_-,1<"· - ,;;--
" ---- 2 

,:rC 
6 v::'fr -co 

In order to compute the variance 'Yof the truncated normal we also 
need to compute 

(4) -= 

By symmetry and 3ince if t h e integral went from -c-o 

tie v~ /,1:.>, ;.:_, , , ;d /,e 

(5) 
:, . 

(c) 

The variance of t he new headway d i stribution is r educed from t he 
variance of the ini t ial distribution by a factor of 1/2 (1 - 1/,--r) , 
which i s approximately . 341. 

Computing the variance r educt ion a t the next stop is very compl i cated , 
since it involves the convolution of a Normal with a truncated Norma l 
distribution. I n view of t h is difficulty, we will use the ass umption 
that a late bus is t r ying to get back on schedule, and a ss ume that 
the variance r educ tion computed above is t he bound at each stop . 

Let us now relate the above analysis to the impact on headway a n d 
the passenger load factor of keeping the same level of service , as 
measured by average passenge r wai ting time, with t h e compu ted variance 
reduction . Fi r st note that headway a nd passenge r l oad factor are 
linearly related . The l oad factor (L) equals the number of passen ge rs 
(P) d i vided by the number of b uses (N) . The number of buses i~ given 
by the total time (T) divided by the headway ( h ). 1bus L = P/N = 
P/(T/h) = (P/T)h. Hence, an increase in headway of x % results in 
a c o rresponding x% i nc rease in the passen ger load fac tor . 

, 
.h 

Leth be the headway between buses , d be the vari a n ce of t h is headway, 
and W be the average passenger waiting time . We have our previous 
formula 

h 
w = -r 

) 

If we have an ini tia1, h eadway h,, and v,Hiance i"..., and have a new 
r e duced v ariance ~•· , then for the same l eve l o f service (i. e ., 
W = cons tant) we can compute the corrc~spond ing he adway h: 
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~£ 
l); ::2- iY 

-= r--VI = f, ----- i;t, ., 
"' ~ " hn 

Then, 

Solving this quadratic equation a nd using the constraints of mocion 
gives us the singl e solution 

I 
,--,---::, 

h =- \,\ T "' \i.
1 

- - !Y" 

( Note that if Y- =- O the ave rage waiting time is half the headway, 
as expected) . 

From our ear l ier calculations , we know 

Thus, 

I I ( i..' '< , )'-' ~ - CJ- , ,. < 
:;, ·t-- :, h c -+- \,I l;c ;- J f-
,.., h ! , 

(Again, note that if ,._., := 0 
·'c then 

( I 
J.., \ ..,., t) 

- Pr') ✓o 

/2=>t ). 
.. 

Let us consider one representative case, and set :r;. 1. Then, with 
1 - 1 /;r = = . 8986 788, we can compute t he fol l owing table: 

This t ab l e corresponds to a standard deviation o f one minute in the 
headway. Empiric al data fr om Chicago shows thz: t the standar d 
deviation is approximately the same magnitude a s the headway, so the 
emphasis in using t he above table shou l d be pL,ce d around r.·" = 1 
and ~ = 2. Thus , the control strategy bei~~ considered ·gives a 
significant increase in the passenger load facLor, even approaching 
100% or more. 

cc : 
421/D. Lev 
430/ F. Tung 
433/B . Blood 
234/M. Ro0s 
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EXTENSION OF PRIVER CALCULATIONS TO LONGER STANDARD 
DEVIATIONS FOR 5 AND 10 MINUTE HEADWAYS 

h• 
h 
load factor increase 

ho 
h 
load factor increase 

h• 
h 
load factor increase 

ho 
h 
load factor increase 

ho 
h 
load factor increase 

5 
5.2 

4" 

5 
6.9 
38J 

5 
10.53 
11a 

5 
1 6. 1 3 
222% 

5 
28.2 
464% 

10 
10. 1 
1% 

10 
10.9 
91 

10 
12.6 
26% 

10 
15.3 
53% 

10 
21.1 
11 n 
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