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FOREWORD 

Since September 1970 , the Institute for Defense Analyses has been 

under contract with the Department of Transportation to perform a 

general study of the economic behavior of the urban public transit 

industry .1 The project comprised t wo complementary tasks . The 

first was to develop a computerized dat a bank of economic information 

on the operations of bus transit, rail rapid transit, commuter rail 

transit, and taxicab firms . The s econd was to analyze and interpret 

this information to determine the economic characteristics of the 

industry . The papers in this study present the results of the latter 

task . 

In read i ng these papers, it i s important that t h e reader be 

aware that virtuall y all of the information collected comes from 

secondary sources . The bus and rail rapid transit data were pro

vided by the American Transit Association (ATA). This was supple 

mented by information from individual companies, but the format and 

definitions were the same as thos e of the ATA. The information on· 

commuter rail operations came from the ATA, individual companies, 

and the Interstate Commerce Commission . The taxicab information 

was provided by the International Taxicab Association. Most of the 

data are annual aggregates, not daily operational data; therefore, 

the orientation of the analyses mus t be r ather general, and very few 

inferences can be drawn with respect to individual company operations . 

By design, the papers are empirically oriented. The objective i s 

to indicate what appear to be the emerging patterns of economic 

behavior and to document this behavior so that others may also 

1 . The contract i s under the cognizance o f the Office of Systems 
Analysis and Information in the Office of the Ass i stant Secretary 
for Policy and International Affairs . 
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speculate on the implications. We have avoided purely theoretical 

discussions except where they are essential to the understanding 

of the analytical methodology. 

The reader will find an imbalance in the treatment of the various 

transit modes because many more data were available for bus transit 

operat ions than the other modes; consequently, more time was spent in 

analysis of bus transit operations . We hope this imbalance will be 

corrected in the future . 

We wish to take this opportunity to thank Mr . Edward Weiner of 

the Office of Systems Anal ysis and Information who served as the 

project monitor for this contract. Mr . Weiner's pos itive attitude 

regarding the project and his will ingness to take the necessary time 

to provide frank and thorough evaluations of the effort are greatly 

appreciated . 

In addition, this project could not have been completed without 

the assistance of many individuals within the American Transit 

Association, the International Taxicab As sociation, and the offi

cials of various transit systems in the United St ates and Canada . 

Their interest in this project demonstrates their keen desire to 

obtain more information about urban public transit as an industry . 

We thank them for their cooperation and hope that the papers will 

help to fill some of the gaps in the understanding of the industry ' s 

behavior patterns . 

Special thanks are due to Mrs . Rebecca McMorrow, the Project 

Secretary, who has spent long hours typing, proofreading, and 

generally keeping things organized throughout. the project . 
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A. URBAN PUBLIC TRANSIT, A DECADE OF DECLINE 

Over the last decade and generall y since the end of World War II, the 

urban public transit industry in the United States has suffered eco 

nomic decline. 1 Even though fares have more than kept pace with t he 

Consumer Price Index (see Table 1 .1) , patronage of public transit has 

declined or has not grown rapidly enough to offset increases in 

operating costs . As a resul t, more and more systems have experienced 

operating deficits and many privately owned systems have either 

ceased to operate entirely or have sol d their depleted operations to 

the municipalities they served. For temporary relief, other systems 

have cut back service , increased fares , or both . Stil l others ob

tained relief through local operating subsidies or capital grants , 

but the pressure of decline seems relentless , regardless of the 

nature and degree of aid that has been provided . 

1 . PRIMARY CAUSE OF THE DECLINE 

The deficiency in demand can be traced to several interdependent 

causes . A basic cause is the rapid growth of urban population out

side the central cities in which most public transit systems are 

located (see Table 1 . 2) . From 1960 to 1970 , the population outside 

central cities increased by 33 . 5 percent as ag?inst 1 . 5 percent in 

central cities . In the latter year, population outside central 

cities actually exceeded that in central cities by about 14 million 

persons . 

1. The term "public" in public transit refers to the right of 
any person to ride the vehicle upon payment of the proper fare. It 
does not refer to the ownership of the system. There are both 
publicly and privat ely owned 11 public 11 transit systems . 
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Year 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

Source: 1. 

2. 

3. 

All Publt 
Transit 

1957- 59 = 100 

119. 0 

121.4 

125 . 8 

132 . l 

138 . 2 

148 . 9 

169. 5 

Table 1.1 

INDEXES OF PUBLIC TRANSIT FARES 
ANNUAL AVERAGE 1964-1970 

Basic Indexes1 

Local 

Converted to 

Transit3 Taxicabs All Public Local 
1957-59 = 100 Dec . 1963 = 10( Transit Transit 

122 . 8 101.9 98 . 0 97 . 9 

125.4 104 . 5 100.0 100 . 0 

130 . 9 1 09 . 9 103 . 6 104 .4 

140 . 2 116 . 7 108 . 8 111.8 

148 . 2 121. 7 113 . 8 118.2 

160 . 4 126 . 7 122 . 7 127. 9 

188 . 6 134 . 2 139 . 6 150 . 4 

1965 = nn 

Consumer 
Price 

Taxicab Index 

97 . 5 98 . 3 

100.0 100.0 

105 . 2 1112 . 9 

111 . 7 105 . 8 

116. 5 ll0 . 3 

121. 2 116 . 2 

128 . 4 123.l 

U.S . Department of Labor, Bureau of Labor Statistics, Handbook of Labor Statistics , 
1968, Table 108 , p. 250, and February issues of Monthly Labor Review, 1969, 
1971. 

Includes airline, Intercity rail, Intercity bus, as well as urban transit . 

Bus and rail rapid transit . 

Table 1 . 2 

POPULATION SHIFTS IN THE UNITED STATES 
1960 TO 1970 

(Population in Mill ions) 

Area 1960 1970 Chanae 

Number Percent 

United States 178 . 7 202 . 5 23 . 8 13.4 

Metropolitan Areas 112 .4 131. 5 19 .l 17 . 0 

Inside Central Cities 57 . 8 58 . 6 0 .8 1.5 

Outside Central Citi es 54 . 6 72 . 9 18 . 3 33 . 5 

Nonmetropolitan Areas 66 . 3 71.0 4 . 7 7 .1 

Source : U. S . Department of Commerce, Bureau of the Census, Soci al 
and Economic Characteristics of the Pooulation in Metro-
eolitan and Nonmetroeolitan Areas: 1970 and 1960 . ( Current 
Population Report s , Series P 23 , No . 37, June 24 , 1971.) 
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Suburban living in the United States is, of course, automobile 

oriented . Housing and population densities are low, and for those 

who work in the central city, distances from home to work are long . 

In suburbia there are many places to go and things to do, and parking 

space is usually available. Moreover, because of the low population 

densities and large number of origins and destinations, conventional 

public transit normally cannot operate profitably , and therefore is 

usually not available to the suburbanite even if he wants it. Thus , 

the typical American family 1 s dream of having its own house in the 

suburbs , along wit·h car( s), dog( s), etc . is being fulfilled, but 

evidently to the disadvantage of urban public transit .
1 

2. CHANGES IN AUTOMOBILE OWNERSHIP 

The increasing dependence and desire for the automobile is shown 

clearly in Table 1 . 3. Both per-capita and per-household ownership 

increased from 1960 to 1970 . Moreover, the percent of households 

having two or more cars has increased markedly . This has important 

consequences for public transit, for one of the cars of a multi - car 

family is usually used by the wage earner for transportation to work 

and back. These home -to -work and return auto trips are impinging on 

a key revenue-generating source of public transit . 

Table 1 . 3 also shows that the percentage of households wit h no 

automobile, another source of demand for public transit, has de 

clined. However, in 1970, 20 percent of the households were still 

in this category. The highest concentrations of no-car households 

are in the low- income brackets, the older age groups, the urbanized 

Northeast region, and in central cities (see Table 1 .4) . 

Table 1 . 5 supports the point that there are greater concentra

tions of no -car families in the Northeast cities. Highest concen

trations appear in the New York, Philadelphia , Boston, Pittsburgh, 

1. This dream, of course , could not be fulfilled without a gen
e·ral rise in real family income. Moreover, there are many other 
economic and sociological reasons for the movement to the suburbs . 
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Table l.3 

AUTOMOBILE c,..mERSHIP, 1960 AND 1970 

Item 1960 1970 

Automobiles in Use 

Per Capita 0 .32 0 . 39 

Per Household 1.09 1.27 
Percent of Households Owning 
Automobiles 75 . 5 79.6 

One Automobi l e Only 62.l 50.3 

Two or More Automobiles 13 .4 29 .3 

Percent of Households With 
No Automobile 24 . 5 20 . 4 

Source : Automobile Manufacturers Association, Inc ., 
Automobile Facts and Fi~res , 1968 and 1971. 
Data esti mated by the Association from 
Census information 

Table l.4 

HIGHEST AND ImEST CONCENTRATI ONS OF 
NO- CAR HOUSEHOLDS, 1970 

Characteristics 

ALL HOUSEHOLDS 

HOUSEHOLD INCOME: 

Under $3, 000 

$15, 000 and over 

AGE OF HOUSEHOLD HEAD: 

65 and over 

35 to 44 

RmIONS: 
Northeast 

West 

RESIDENCE: 

Metropolitan 

In central Cities 

Out side Central Ci ties 
Nonmetropolitan 

Nonfarm 

Farm 

Percent of 
Households 
With No Car 

20 .4 

57.5 

3 . 8 

44 . 8 

ll.6 

27 .5 

14.9 

34 .0 
12.2 

17 .5 

12 . 8 

Source : Automobile Manufacturers Associ ation, I nc . , 
Automobile Facts and Figures, 1968 and 1971 . 
Data estimated by the Association from Census 
information . 
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Table 1. 5 

OWNERSHIP OF CARS IN SELECTED METROPOLITAN AREAS, 1970 

Percent of Households Owning 

Standard Metropolitan No One Two or 
Statistical Area Car Car More Cars 

New York 41. 2 40 . 4 18.4 

Los Angeles - Long Beach 17.2 45.1 37 . 7 

Chicago 28 . 3 50 . 0 21. 7 

Philadelphia 27 . 0 45.3 27 . 7 

Detroit 15. 5 48 . 3 36 . 2 

San Francisco- Oakland 19 . 9 47 . 3 32 . 8 

Boston 28 . 6 47 . 7 23 . 7 

Pittsburgh 29 .1 51.4 19 .5 

St . Louis 24 . 7 47 . 8 27 . 5 

Washington, D. C. 24 . 5 44.6 30 . 9 

Cl eveland 19 . 0 47.9 33 . 1 

Minneapol is-St . Paul 12 . 8 46.6 40 . 6 

All Households 20 . 4 50 . 3 29 . 2 

Source : Automobil e Manufacturers Associat ion , Inc . , 
Automobil e Facts and Fi~ures , 1968 and 1971. 
Data estimated by t he Associat ion from census 
information. 

and Wa shington , D. C., standard metropolitan statistical areas. 

Chicago and St . Louis also have higher - than- average concentrations . 

Many of the midwestern and Western cities have well- below-average 

concentrations . What is perhaps most surprising about the figures 

in Table 1. 5 is t hat the percentages of no-car families is very low 

even i n the Northeast cities,. Except for New York, every metro 

pol itan area has a car ownership ratio exceeding 70 percent! 

Thus , it appears that public transit industry is not provi ding 

an acceptable alternative to the automobile, especi all y in suburban 

1 - 5 



areas. Moreover, as will be shown in subsequent sections, the prob

lem has been compounded by increasing fares and (to a l esser extent) 

reduced service, t wo factors that make the automobile alternative 

even more attractive. Accordingly, an unfortunate cycle has de 

veloped which, unless checked, will lead to the demise of many tran

sit systems . 

1 - 6 
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B. THE FOCUS OF THIS STUDY 

The general problems of the urban public transit industry described 

above are well known to students of urban transportation . What are 

not as well known are the specifics of the economic condition of the 

individual firms or classes of firms that comprise the industry. Is 

the decline in ridership general throughout the industry, or is it 

concentrated in specific sectors or geographic areas? Is the cost 

s tructure similar for all firms? Are there scale economies in bus 

transit operations? Are privately owned operations more efficient 

than publicly owned operations? What has been happening with respect 

to service levels and resource inputs? What is the effect of regu

lation on system operations? These are the questions that must be 

answered before solutions to the general problems can be found and 

the questions that are addressed in this study. 

The study is organized into five parts. Part One contains this 

introduction and a general overview of t he findings . Because this 

latter section is designed to be a .self - contained, nontechnical 

presentation of the economic characteristics of the industry, the 

reader will find some repetition of the tabular material in sub 

s~quent sections. The next three Parts contain individual papers, 

each dealing with economic aspects of a particular mode of urban 

public transit. The three papers in Part Two are concerned with 

urban bus transit. The two papers in Part Three analyze rail rapid 

transit and commuter operations, respectively. Taxicab operations 

are examined in Part Four. Finally, the single paper in Part Five 

presents an analysis of three of the external costs of public tran

s it, the air pollution , noise pollution, and accident costs. 

Most of the papers are empirical. Emphasis is on the analysis 

and interpretation of statistical information on a large number of 

1-7 
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individual companies obtained from the American Transit Association, 

the International Taxicab Association, agencies of t he U. S. and 

Canadian Governments, and individual companies. Perhaps the main 

contribution of the study is that , for the first time , a large data 

bank of economic statistics on t he industry has been collect ed , 

computerized, and an att empt made to uncover the industry's economic 

intricacies . 
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CHAPTER II 

ECONOMIC CONDI TIONS IN THE URBAN PUBLIC TRANSIT INDUSTRY: 
AN OVERVIEW 
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A. GENERAL INDUSTRY COMPOSITION 

It is important at the outset to note the relative sizes of the 

various components of the urban public transit industry and their 

distinguishing characteristics. There are five major modes of urban 

transit, four of which (bus, rail, trolley coach, and commuter rail) 

are regarded as "mass" transit; the other (taxicab) is considered to 

be 11 personalizedn transit. The difference between mass transit and 

personalized transit is primarily in the passenger capacity of the 

vehicle and whether or not the operations are scheduled . Buses and 

rail cars are designed to haul large numbers of persons on a regular 

basis; however, some nonscheduled operations, e.g., additional 

vehicles to handle the peak hour rush, are included in the mass

transit concept. Taxicab transit is personalized and the trip is 

usually generated on demand, i.e., either by hailing a cruising c·ab, 

or by telephoning or prearranging cab service. There are , of course, 

some activities that have the character of both mass transit and 

personalized trans it, e.g., charter and airport limousine services . 

In 1970, taxicabs hauled more passengers than the combined total 

of the · rail, trolley coach, and commuter rail, and more than one-

half as many as the bus mode. (See Table 2.1.) Revenues for the 

taxicab mode were la rger than the combined total of the mass transit 

modes. There are, of course, far more individual taxicab companies 

than mass transit companies and the former are dominated by small 

operations. In 1970 there were over 7,200 taxicab fleet operations , 

all privately owned, serving about 3,300 communities or "jurisdictions" 

that regulate taxicab operations . In many communities, taxicabs 

are the only form of public transportation available. 

2- l 
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Table 2 . 1 

SELECTED URBAN TRANSPORTATI ON ANNUAL STATISTICS, 1 970 

Bus , Rail, and Trolle1 Coach 

All Trolley Commuter 
Modes Taxicab Total Bus Raila Coach 

Revenue Passengers (Mil lions) I 8 , 557 2, 378 5,932 4 , 058 1 , 746 128 

Percent of all-mode total 100 . 0 27 . 8 69 . 3 47 . 4 20.4 1.5 

Passenger Revenue 
(Milli ons of Dollars) 4 , 065 2,221 1 , 639 1 , 194 415 30 

Percent of all-mode total 100 . 0 54 . 6 40 . 3 29.4 10 . 2 0 . 7 

Revenue miles travel ed (Millions) - 3, 417 1 , 884 1, 409 441 33 

, Number of vehicles (Thousands) - 170 62 50 11 l 

I Average emploY.!llent level 
I (Thousands) c - I 111 I 138 I d I d I d 

aincludes elevated and subway rail rapid t ransit , grade - separ ated surface rail, and 
streetcar operat·i ons . 

bUrban passenger rail service provi ded by railroad companies . 

cTaxicab employment believed to be underestimat ed . 

dNot availabl e . 

I 

Source : For bus , rail, and t rolley coach data : Ameri can Transit Association , 1970- 71 
Transit Fact Book. 

For taxicab data : Internat ional Taxicab Association, American Automobi l e 
Association , Bureau of Labor St atistics , Employment and Earni ng s , United 

Railb 

247 

2 . 9 

205 

5 . 0 

d 

d 

d 

St at es 1909- 70 (Bulletin 1312- 7) . Employment figures are believed to be understat ed . 

For commuter rail : Int erstat e Commerce Commission, commut er railr oad 
companies and several independent studies . 

- - - - - - .. - .. - - - - - -
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Compared to taxicab fleet operations , there are far fewer bus, 

rail, and trolley coach transit systems, and public ownership plays 

a more important role, especially in the larger cities (see Table 

2 . 2) . Although only 141 (13 percent) of the 1,079 mass transit sys

tems existing in 1970 were publicly owned, these 14 systems accounted 

for at least 80 percent of all passengers, revenues, and employees. 

Rail rapid operations are almost 100 percent publicly owned. Private 

ownership is more prevalent in the smaller bus operations . 

Private ownership of bus, rail, and trolley coach systems has 

been declining over the last decade as has the total number of sys 

tems (see Table 2 . 3) . According to the American Transit Association, 

there were 146 fewer systems on December 31, 1970 than on the same 

date in 1959; however, there were 235 fewer private systems. This is 

because many of the private systems were taken over by the local 

municipalities. The result was a net increase of 89 publicly owned 

systems. 

To sum up, movement of passengers by public transit vehicles in 

urban areas is accomplished by both mass transit and personalized 

transit operations . The latter form of transit cannot be ignored, 

because passenger movement by this means is about equivalent to that 

of the larger mass-transit operations . Private ownership of public 

transit dominates the industry in terms of number of systems, but the 

large-scale operations in big cities are mostly publicly owned and 

haul over 80 percent of the bus, rail, and trolley coach passengers. 

This information on the relative size and ownership of companies with

in the industry should be kept in mind when the summaries presented 

in subsequent sections are evaluated. 
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Table ~.2 

PUBLIC CMINERSHIP IN THE BUS, RAIL, AND 
TROLLEY COACH TRANSIT INDUSTRIES, 1970 

Publicly 
Item Total Owned 

Number of Systems 1 , 079 141 

Annual Revenue Passengers ( Billions) 5. 9 4 . 8 

Annual Operating Revenue($ Billions) 1. 7 1.4 

Annual Vehicle Miles (Billions ) 1. 9 1. 3 

Number of Employees (Thousands) 138 . 0 113 . 2 

Passenger Vehicles Owned ('rhousands) 61.4 40 . 8 

Motor buses 49 . 7 29 . 3 
Subway and elevated rail cars 9 . 3 9 .3 

Surface railway cars 1. 3 1. 2 

Trolley coaches 1.1 0 .9 

aThirty cars are privat ely owned . 

Publicly 
Owned as 
Percent 
of Total 

1 3 

81 

80 

68 

82 

66 

59 
100a 

93 

88 

Source : American Trans i t Association Supplement to the 
1970- 71 Transit Fact Book . 

Table 2. 3 

CMINERSHIP OF BUS , RAIL, AND TROLLEY COACH SYSTEMS, 

December 31 , 1959 through December 31 , 1970 

Year Total Private Public 

Number 
1959 1 , 225 1 ,173 52 
1964 1,152 1 , 073 79 
1967 1 , 138 1 , 040 98 
1968 1 , 094 980 114 
1969 1, 086 955 1 31 
1960 1, 079 938 141 

Chanqe 
1959- 64 (Average per Year) -15 -20 +5 
1965- 57 (Average per Year) -4 -11 +6 
1968 - 44 - 60 +16 
1969 - 8 - 25 +17 
1970 - 7 -17 +10 
Total Change 1959 t hrough 1970 -146 - 235 +89 

Source : American Transit Association Supplement to the 
1970-71 Transit Fact Book. 
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B. URBAN BUS TRANSIT 

1 . THE PROFIT nsQUEEZE" 

Over the last decade, urban bus transit firms have been experi 

encing a profit "squeeze" t hat has forced many t o go out of business 

or to turn their operations over to their respective municipalities . 

Table 2 . 4 shows the s ituation for samples of firms that were in 

existence in both 1960 and 1969 .1 Median revenue actuall y declined 

by 3 percent , but median operating expenses increased by 22 percent . 

Drivers' wages increased fas ter than the other major components. 

Drast ic declines occurred in the number of passengers --undoubtedly 

the main cause for the decline in revenue . 2 Service levels , on the 

other hand , did not decline as rapidly as the number of passengers, 

for route and line miles remained about the same , the number of buses 

declined only slightly, and bus miles decreased about 10 percent. 

Reductions in the number of employees also occurred . 

Thi s profit squeeze seems to typify the industry, but small 

properties (companies) appear to be worse off than larger properties. 3 

In both 1960 and 1969 a much larger percentage of small properties 

(those with annual revenues under $1 million) were not able to cover 

operating costs with revenues (see Table 2.5 ). When depreciation 

1. Medians · were used to minimize the effects of extreme values . 

2 . Fare changes were not examined on a comparable basis but 
Table 2 . 7 indicates that revenue per passenger increased by about 
50 percent . 

3 . Because some systems are publicly owned, the terms "company" 
or "firms" may be misnomers. To avoid confusion, the industry uses 
the term "property" to signify individual systems . These three 
t erms will be used interchangeabl y from this point on. 
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Table 2 . 4 

MEDIAN PERCENT CHANGE FOR SELECTED BUS 
COMPANY OPERATING STATISTICS, 1960 TO 1969 

Median 
Percent 

Variable Chanqe 

Total Operat i ng Revenue - 3 

Passenger Revenue - 5 

Charter Revenue +133 

Tptal Operating Expenses +22 

Maintenance Expenses +18 

Transportation +28 

Driver's Wages +31 

Administrative and General +19 

Line Miles 0 

Route Miles 0 

Number of Buses - 2 

Number of Employees -14 

Bus Miles - lO 

Number of Passengers -32 

Table 2 . 5 

FINANCIAL CONDITION OF BUS PROPERTIES , 
1960 AND 1969 

Item 1960 1969 

Number of Properties in the Sample 78 52 

Percentage of Properties Where Revenues Did 
Not Cover Total Operating Costs , Including 
Depreciation 

All Properties 22% 54% 

Properties with Revenues Less than 
$1 Million 34% 70% 

Percentage of Properties Where Revenues Did 
Not Cover Total Operating Costs (Less 
Depreciation) 

All Properties 7% 33% 

Properties with Revenues Less than 
$1 Million 12% 48% 
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is included in the operating cost concept, 54 percent of the prop

erties had deficit positions as compared to 70 percent for t he small 

properties . When depreciation is excl uded from cost, the relative 

situation is about the same.1 

2 . DESCRIPTION OF 1960 AND 1969 SAMPLES 

The information in Table 2 . 5 was obtained from two separate 

samples of properties selected for the years 1960 and 1969 . It will 

be helpful at this point to examine the characteristics of these 

samples (see Table 2.6) . 

First, the properties in the samples were selected on the basis 

of data availability; they are not random samples. Second, the 1969 

sample includes some , but not a l l, of the properties in the 1960 

sample; therefore, direct comparisons are not possible, and the 

samples should be regarded as t wo separate cross - sections of the 

industry for the two years. Finally, the properties in the sample 

were classified according to their annual revenue so that the effects 

of size can be examined . Note in Table 2.6 that there is a strong 

correlation between other indicators of firm size such as buses 

owned, number of employees , number of passengers, and annual revenue, 

so that these indicators can be used interchangeably to indicate 

size . 2 Annual revenue was sel ected for convenience. 

3. REVENUE AND COST RATIOS 

The figures in Table 2. 7 verify the fact that small firms (firms 

with revenues under $1 million) tend to be worse off t han large 

firms . In both 1969 and 1960 , the ratio of operating costs to 

revenues (the so - cal led "operating ratio") was cons iderably larger 

1 . Depreciation procedures vary considerably within the 
industry . · 

2. All correlation coeffici ents exceed . 9 . City population is 
also highly correlated with these variables . 
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Table 2. 6 

GROUP MEDIANS OF SELECTED ANNUAL OPERATING STATISTICS , 
BY REVENUE SIZE GROUP , 1960 AND 1969 

Annual Revenue($ Millions) 

All 1 and 5 and 10 and 
Variable Properties Under 1 Under 5 Under 10 Over 

1969 

Number of Properties 52 23 18 7 4 
in Sample 

Operating Revenue 
($ thousands) 

1,199 454 1,842 6,879 16 ,806 

Operating Costa 1,171 502 1,998 6,265 17,430 
($ thousands) 

Pas sengers (thousands) 4 , 308 2,304 6 , 947 2,905 88 , 211 

Bus Miles (thousands) 2, 024 931 2 , 835 8, 454 23 , 357 

Buses Owned 72 40 110 276 647 

Employees 129 56 190 577 1 , 319 

Line Miles 111 59 162 290 538 

Route Miles 248 134 314 712 2, 015 

1960 

Number of properties 78 41 29 5 3 
in Sample 

Operating Revenue 898 365 1 , 699 6,112 36 , 202 
($ thousands) 

Operating Costsa 809 291 1,505 5, 282 32,872 
($ thousands) 

Passengers (millions) 5,167 2, 005 9, 571 4 , 046 257 , 612 

Bus Miles (millions) 1,904 801 2,873 10 , 034 28 , 989 

Buses Owned 57 26 99 309 1,127 

Employees 108 47 188 671 3, 359 

Line Miles 84 46 131 235 349 

Route Miles 172 96 267 493 894 

a Excludes depreciation . 
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Table 2 . 7 

GROUP MEDIANS OF REVENUE AND COST RATIOS, 
BY REVENUE SI ZE GROUP, 1960 AND 1969 

Annual Revenue( $ Mill ions) 

All 1 and 5 and 10 and 
Ratio Firms Under 1 Under 5 Under 10 Over 

Properties in sample 

Operating costa/operating 

1969 

52 23 

r evenue (percent) 94 . 5 98 . 9 

Revenue per passenger (cents) 23 . 9 22 . 6 

Cost per passenger (cents) 23 . 5 23 . 5 

Revenue per bus -mile (cents) 64 . 6 54 . 4 

Cost per bus-mile (cents) 63.3 57 . 8 

1960 

Properties in sample 78 41 

Operating costa/operating 
revenue (percent) 91.2 93 . 8 

Revenue per passenger(cents) 16.8 1 5 . 0 

Cost per passenger (cents) 15 .1 14.1 

Revenue per bus -mile (cents) 50 . 3 44.9 

Cost per bus- mile (cents) 46.6 41.2 

aExcludes depreciation and amortization. 
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92 . 6 

24 .9 

24. 2 

66.9 

64 .6 

29 

89 . 2 

1 8 . 3 

16.1 

56.7 

51. 7 

7 

90. 7 

26. 3 

26 . 0 

79.8 

75 . 7 

5 

85 .5 

16.9 

14.4 

68 . 4 

59 . 7 

4 

93.9 

22 . 2 

20 . 8 

84.8 

79 . 5 

3 

90 . 0 

14 . 8 

13.0 

71.9 

63 .1 



for small firms . Note also that the operating ratio was l owest for 

the properties in the $5 to $10 million revenue bracket . 

The reason for the relatively poor profit performance of the 

small properties i s not the high cost of supplying service . In both 

1969 and 1960, cost per bus -mil e was l ower for the smaller firms .1 

Rather , it appears that the problem is in the smaller firm ' s relative 

inability to attract passengers . In both 1 960 and 1969, cost per 

passenger for the small firms was higher than for the largest firms, 2 

whereas revenue per passenger (weighted average of fares) was at 

about the same level for both small and large firms. Note also that 

differences in revenue per rus -mile are greater than differences in 

cost per bus -mile. 

4 . PASSENGER DENSITY AND PRODUCTIVITY 

Table 2. 8 confirms the demand deficiency of the smaller proper 

ties. All of the passenger density and productivity figures are 

lower for the small er operations . The table also shows that all 

passenger density and productivity ratios have declined over the 

10- year period, and that this is true regardless of the size of firm . 

Note that the number of passengers per bus has declined drastically, 

despite the fact that the average size of bus has increased. Evi

dently, the industry has not tailored vehicle size to passenger 

density. Whether or not it should, of course, is a complex issue 

that was not examined as part of this study . 

5. SYSTEM SERVICE LEVELS AND PRODUCTIVITY 

Service levels invol ve several aspects : frequency of service , 

time in transit, accessibility to bus stops, length of scheduled 

1 . Wage rates tend to be lower in small er cities than in l arger 
c i ties; therefore, they tend t o be lower for smaller firms . 

2 . The fact that the cost per passenger for the small firms is 
equal to the median is due to rounding . 
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Table 2.8 

GROUP MEDIANS OF SELECTED BUS PASSENGER DENSITY AND 
PRODUCTIVITY INDICATORS, BY REVENUE SIZE GROUP , 1960 AND 1969 

Annual Revenue($ Millions) 

'111 Prop- 1 and 5 and 10 and 
Ratio e'rt ies Under l Under 5 Under 10 Over 

Properties in sample 

1960 78 

1969 52 

Passengers per line -mile (000) 

1960 74 . 2 

1969 50 . 0 

Passengers per route mile ( 000) 

1960 34 .6 

1969 18 . 2 

Passenger per bus -mile 

1960 

1969 

Passengers per bus -houra 

1960 

1969 

Passengers per employee (000) 

1960 

1969 

Passengers per bus (000) 

1960 

1969 

Seat s per bus 

1960 

1969 

a 
Based on r educed sample . 

3 . 07 

2 . 58 

36 . 76 

29 . 90 

47 . 7 

41.3 

96 . l 

67.2 

37 . l 

44 . 2 

41 

23 

57 . 9 

32 . 4 

29 .5 

16 . 2 

2. 95 

2 . 58 

32 . 45 

26 . 71 

47 .4 

39.6 

80.2 

61.0 

35 . 0 

40.5 

29 

18 

79 . 6 

38 . 8 

34 . 9 

21. 7 

3 .17 

2.44 

37 . 76 

30. 27 

47 . l 

41.4 

100 . 6 

70.2 

40 . 0 

44 . 3 

5 

7 

202 . 9 

79 . 3 

101.2 

31.2 

4 .14 

2 . 89 

40 . 84 

34 . 21 

50 . 3 

41. 9 

130.4 

97 .1 

44 . 8 

50 . 8 

3 

4 

324 . 9 

123 . 0 

98 .1 

44 . 8 

4 . 87 

4 . 23 

50 . 84 

49.60 

60 .5 

53. 9 

144 . 0 

129.4 

44.6 

48 . 8 

Note : Line miles refer to the one-way str eet mil eage over which the 
buses run , regardless of the number of routes . Route miles 
r efer to the round-trip mil eage of each bus route . Route miles 
would be twice line miles if there were no multiple routes on 
the streets . 
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operation, comfort of ride, and other qualitative aspects of the bus 

trip. Unfortunately , the available statistics could provide only 

rough indications of changes in these variables. Buses per line- or 

route -mile give an indication of frequency of service . Table 2.9 

shows that, for all properties in the sample, median buses per line

mile declined slightly, and buses per route -mile remained about the 

same . The medians for the properties in the individual revenue - size 

groups all appear to have declined, especially in the larger 
. 1 operations. 

One measure of time- in-transit is the reciprocal of average bus

miles per hour for the property over a given period. 2 Bus- miles per 

hour are given in Table 2.10 for a reduced sample of properties. 

Evidently, there has been a slight increase over the decade for all 

I 
I 
I 
I 
I 
I 
I 

revenue size groups, and the differences between the groups are slight. , 

Returning again to Table 2 . 9, note that the annual number of 

miles per bus (a measure of bus use) has changed only slightly . 

Smaller firms appear to have lower bus utilization than larger firms, 

and the differences appear larger in 1969 . Note further that the 

number of employees per bus has declined . This is undoubtedly a 

reflection of a decline in nondriver personnel . The reductions 

appear to be greater for the smaller firms. Finally, the average 

age of the bus fleets has increased in all size groups . 

I 
I 
I 

To sum up , all of the statistics appear to be consistent with 

1 what would be expected for a declining industry. Largely as a 

result of declining demand (caused by competition from the automo-

bile), the revenue -generating capability of bus properties has de- I 
clined. Costs have increased at a faster rate than revenue, primarily 

1 . However, the sample sizes for the two larger groups are very 
small and may yield deceptive results in year-to-year comparisons . 

2 . Both bus-miles and bus-hours include all miles and hours 
during which the bus is out of the garage. This includes mileage 
and time when the bus is not on its route and waiting time at route 
terminals. The ratio, therefore, cannot be regarded as a direct 
measure of time in transit. 
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Table 2 . 9 

GROUP MEDIANS OF SELECTED BUS SERVICE AND PRODUCTIVITY 
INDICATatS, BY REVENUE SIZE GROUP , 1960 AND 1969 

Annual Revenue ($ Millions) 

All Prop land 5 and 
Ratio erties Under 1 Under 5 Under 10 

Properties in sample 

1960 78 41 29 5 

1969 52 23 18 7 

Buses per line-mile 

1960 , 76 . 60 , 76 l.63 

1969 • 71 .55 . 66 . 99 

Buses per route -mile 

1960 . 34 .30 . 35 • 77 

1969 . 34 . 28 . 34 . 44 

Bus-miles per bus (000) 

1960 29 . 6 28 .9 30. 8 32. 2 

1969 29.4 24.l 29 .4 30.5 

Bus-miles per employee ( 000) 

1960 14 .9 16 .0 14 .8 12. 5 

1969 15. 9 16 . 2 16 .1 14 . 0 

Average age of bus fleet 

1960 9 .6 10 .1 10 .0 6 . 7 

1969 10 .9 ll.3 12.1 7 .1 

Employees per bus 

1960 l.97 l.80 2.05 2. 37 

1969 1.72 1.55 l . 83 2. 21 

Table 2.10 

GROUP MEDIANS OF BUS MILES AND PASSENGERS PER BUS HOUR, 
BY REVENUE SIZE GROUP, 1960 AND 1969 

10 and 
Over 

3 
4 

2 . 26 

l.13 

.68 

.35 

29 . 6 

36 .1 

12 .4 

14 . 7 

7 .4 

8 .5 

2.45 

2 .40 

,nno,o D~ueno,e (~ M< ,i '"" \ 

All Prop- l and 5 and 10 and 
Rat-to erties Under l Under 5 Under 10 Over 

Properties in sample 

1960 51 20 24 4 3 

1969 45 21 14 6 4 

Vehicle miles per vehicle hou1 

1960 10 . 98 10.95 11.08 10 .43 10 .45 

1969 12. 00 11.68 ll.95 11.13 12. 04 

Passengers per vehicle hour 

1960 36. 76 32 .45 37 . 76 40 . 84 50.84 

1969 29.90 26 . 71 30 . 27 34 . 21 49.60 
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I 
because propert ies have maintained about t he same service levels I 
even in the face of declining demand . Such cutbacks in resource 

inputs as have been made have not been great enough t o counter t he I 
demand deficiency . 

6 . CHARACTERISTICS OF DEMAND AND SUPPLY 

The econometric model developed as part of this study has yielded 

some interesting results based upon a sample of 51 bus propert ies , 

each of which is the only mass transit operation in the city, i . e . , 

there are no competing bus or rail rapid transit operat ions . This 
11 sel ective 11 sampl e makes it poss ible t o observe the demand and 

supply effect s on bus transit when the competition comes only from 

taxicabs and private automobil es . 

a . Demand Characteristics 

With respect to demand (defined as the number of bus passengers) , 

the analysis yielded the following results for 1968:1 

(1) At a given fare l evel, properties that provided higher 
bus -miles per capita experienced higher pat ronage . Thi s 
s ugge st s that improved service levels will, indeed, 
attract riders. 

(2) The number of passengers does , in fact, decrease with 
increases in fare , and the elasticity (percentage change 
in demand relative to a percentage change in f are) at 
the average fare of 22 cents in 1968 was about -.67 . 
This means that, at an ori ginal fare of 22 cents , a 
10 percent increase in fare can be expect ed t o yield 
a 6 .7 percent decline in passengers. The industry 1 s 
rule-of-thumb is a decline of 3 percent in passengers 
for an increase of 10 percent in fares, a figure which 
apparently underestimates the fare impact . 

(3) Bus patronage is higher in cities where the proportion 
of persons in the 19 to 64 age group is higher . This 
reflects the likelihood that the chief use of -mass 
tra nsit is for work trips and the primary beneficiaries 
of bus trans it are members of the labor force. 

1 . The year 1968 , rather than 1969 , was used t o provide informa
tion required by the Department of Transportation for 1968. 

2-1 4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

(4) Bus pat ronage is lower in cities where the proportion 
of househol ds in t he low- income range (under $3 , 000) 
i s higher and the proportion of households in the 
high - income range ($10 , 000 and above) is higher. Some 
of the reasons for t he lower ridership· by the poor may 
be: (a) unemployment in this group is higher, (b) 
they lack f unds to ride , (c) they tend to live within 
wal king distance of their work place , (d) transit 
service is not accessible. 

The lower ridership by persons in high- i ncome 
househol ds i s undoubtedly linked t o their great er 
use of the automobile for transit . 

b . Supply Charact eristics 

The analysis of t he supply side yielded t he following results 
for 1968 : 

(1) The firms that experienced the highest ratio of t otal 
cost t o total passenger revenue were privat e firms 
owned b1 power companies and public firms operated by 
cities. Private firms regulated by local munici
palities, state-regulat ed firms , and firms operated 
by t ransit authorities had lower ratios. 

An important fact or i n high ratios of cost to 
revenue is the ability to subsidize transit opera
tions . Power companies presumably subsidize bus 
operations with revenue from other operations, while 
city governments are able to subsidize operations 
from other sources . There is no evidence that firms 
with high ratios also have high unit costs . 

(2) I n systems where such subs i dization occurs , the firm 
may encourage ridership either by constraining fares 
or promoting service levels. Supply estimates reveal 
that firms with high cost- to- revenue ratios tend to 
operat e with lower fare s but not significantly higher 
level s of service . 

(3) There do not appear to be economies or di seconomi es of 
scale in bus trans it . The major differences in unit 

1. Tot al cos t s here include operating costs plus plant and 
equipment investment recovery costs plus a normal return on in
vestment. They do not i nclude so - called rrsocial overhead 11 costs . 
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costs that are observed between small and large opera 
tions are explained by differences in wage rates. 

(4) Unit costs of publicly owned firms are not higher than 
privately owned firms and , in fact , tend to be lower . 

7. EFFECTS OF REGULATION 

Privately owned transit companies are regul ated by various state 

and local agencies, and very often the same principles of regulation 

developed by such agencies are applied to publicly owned companies. 

Basically, regulators attempt to control the levels of fare and service 

rendered, and they act to limit competition in urban transit markets . 

Fares are often based on a fixed rate of return to the company. 

Sometimes fares are based on a fixed operating ratio . Service is 

regulated through controls on the alteration, expansion, and abandon

ment of routes and the frequency of service . Competition is restrained 

by controlling the issuance of certificates of public convenience and 

necessity, which convey the legal right to supply transit services. 

Theoretical analysis indicates that fare and service regulation 

of a monopol istic transit supplier can bring about higher l evel s of 

ridership and/or service than without such regulation. However, 

given an operating ratio constraint , it is genera lly impossible to 

maximize both ridership and l evel of service . At some point the reg

ulatory authority is forced to trade off higher fares , fewer riders, 

and more extensive and frequent service against lower fares, increased 

ridership , and lower service l evels . 

An inflexibl e regulatory framework with respect t o service level s 

and entry may limit the transit system ' s ability t o r espond to changes 

in population patterns and the nature of demand for publ ic transporta

tion . It is also possible that a regulat ory constraint on maximum 

earnings will seriously weaken management incentives to produce given 

levels and qualities of service at least cost . 
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C. URBAN RAIL RAPID TRANSIT 

Rail rapid transit systems are defined in this study as rail facili 

ties operating within urban areas on exclusive rights -of - way, 

whether below ground or on t he surface . Included are surface sys 

tems such as the "high- speed trolleys" which usually have their own 

rights-of - way, but which operate , to some extent, on regular streets 

I or cross roads at grade level. Rail rapid transit systems generally 

use vehicles that are lighter and capable of higher acceleration 

I 
than the conventional railroad equipment used by commuter rail sys

t ems . The latter are usually operated by regular interstate rail

road corporations as part of their overall railroad activities; I whereas t he former are normally operated by municipalities, either 

separately or as part of an overall system devot ed exclusively t o I people movement in urban areas . 

The foll owing 10 systems in the United States conform to this 

I definition . 

I 
I 
I 
I 
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• New York City Transit Authority 

• Chicago Transit Authority 

• Massachusetts Bay Transit Authority (MBTA) 

• Southeastern Pennsylvania Transportation 
Authority (SEPTA) 

• Port Authority Trans Hudson Corporation (PATH) 

• Port Authority Transit Corporation of Pennsylvania 
and New Jersey (Lindenwold Line) 

• Cleveland Transit System 

• Shaker Heights Department of Transportation 
( in Cleveland) 

• Public Service Coordinated Transport, Newark 

• Staten Island Rapid Transit Railway Company 
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The analysis covers the first nine of these systems --data were not 

available for the Staten Island system--and two Canadian systems, 

Toronto Transit Commission and Montreal Urban Community Transit 

Commission . 

1 . RELATIVE SIZE OF THE SYSTEMS 

Regardless of the size indicator used, New York is by far the 

largest system (~ee Table 2.11). In 1970, it accounted for well over 

75 percent of the revenue, revenue passengers , and passenger car

miles of the nine U. S . systems studied. The Chicago system is about 

one - eighth as large and occupies an intermediate position between 

New York and a group of three properties (Massachusetts Bay Transit 

Authority, Southeastern Pennsylvania Transportation Authority, and 

Port Authority Trans Hudson Corporation), which are about the same 

size . The Toronto and Montreal systems are also in the size range 

of the latter three U.S. systems . Cleveland and Lindenwold are 

about the same size , and Shaker He ights and Newark are the smallest 

operations . In any case, there is a wide spectrum of sizes of 

operations , and these relationships (especially New York1 s domin

ance) should be kept in mind whenever 11 industry 11 aggregates are 

examined. 

2. TRENDS IN U. S . OPERATIONS 1960-1970 

The trends in rail rapid transit are almost identical to those 

of bus transit, although the economic decline is perhaps not as 

severe . Table 2 .12 shows that the industry has also had a revenue 

cost squeeze . Revenues have not increased as rapidly as costs. As 

a result, the aggregate operating deficit for eight properties has 

increased from $.4 million in 1960 to $80.2 million in 1970 (New 

York accounted for $56 million of the 1970 deficit) .1 The number 

1 . The Lindenwold Line began operations in 1969. Operating 
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profits equal operating r evenues-operating costs (excluding depre 
ciation). This concept measures the ability of the system to (cont'd) ' 
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Table 2 .11 

PERCENT DISTRIBUTION OF SELECTED OPERATING STATISTICS FOR 
U. S. RAIL RAPID TRANSIT PROPERTIES, 1970 

Active Total Miles 
Total Revenue Passenger Paseenger of Single 

Prooertv Revenue Passenqers Car-Miles Cars Track 

Total U. S. 100 . 0 100.0 100.0 100 . 0 100 . 0 

New York 76 . 1 78.7 78 .4 69 . 9 58 . 2 

Chicago 9 . 6 6 . 6 11.2 1 2 . 6 16 . 8 

MBTA 6.1 6.3 2 . 9 7 . 2 10 . 5 

SEPTA 3. 9 3 . 9 3 . 3 4 . 9 4 . 0 

PATH 2. 3 2 .4 2 . 0 2 . 5 2 .4 

Cleveland 0 . 6 0 . 9 1.0 1. 2- 3 , 0 

Lindenwold 0 . 8 0 . 5 0 . 8 0 . 8 2 . 4 

Shaker Height: 0 . 4 0 . 3 0 . 3 0 . 6 2 .1 

Newark 0 . 2 0 . 2 0 .1 0 . 3 0 . 6 

Note : Figures may not t otal 100 due to rounding . 

Table 2 .12 

CHANGES IN TOTAL U.S . RAIL RAPID TRANSIT OPERATIONS , 1960-1970 

(Excludes Lindenwold Line) 

Actual Percent 
Ooeratinq Characteristics 1960 1970 Chanae Chancre 

Revenue Passengers (millions) 1 , 7l3 . 9 1 , 588 . 4 -1 25 . 5 - 7 . 3 

Total Revenue($ millions) 292 . 4 510 . 9 218 . 5 74 . 7 

Operating Expenses ($ millions)a 292 . 8 591.1 298 . 3 101 . 9 

Gr oss Profit (Deficit )($millions) ( 0 . 4) (80 . 2) - 79 . 8 

Passenger Car- Miles (millions) 395 . 4 455. 5 60 .1 1 5. 2 

Active Passenger Cars 9, 300 9 , 833 533 5.7 

Total Miles of Single Track 1,374 1,411 37 2 . 7 

aExcluding capital depl etion allowances and interest on debt . 
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of passengers has declined by about seven percent , but the physical 

capacity (active passenger cars and miles of single track) and 

number of passenger car -miles have increased s lightly. 

With respect to the individual syst ems (see Table 2 .1 3) , six of 

the eight U.S . systems that exist ed in 1960 suffered passenger de 

clines (on the average) over the eleven-year period . Seven of t he 

eight properties experienced the revenue cost squeeze , i . e . , higher 

rates of growth in costs than in revenues. The Toronto system, on 

the other hand, experienced passenger increases, and rates of in

crease in costs were lower than for revenues . 

The pattern of changes in physical capacity and car -miles is 

mixed (see Table 2.14). Most of the U.S. properties had s light 

increases in capacity, but five of the eight syst ems had average 

declines in passenger car-miles. Toronto had high positive gr~wth 

rates for all three variables . 

The net effect of the changes in the demand and operating vari

ables is a general deterioration in operating profits or increases 

in operating deficits. Table 2.15 present s the 11operating ratio 11 

(operating costs/operating revenues) for all th~ properties over the 

, full 1960 to 1970 period. Almost all syst ems experienced a general 

increase in the ratio . Some, e.g., New York and Chicago, have 

nearly always operated at a ratio of 1.0 or greater, but the ratios 

have generally become larger, especially in recent years . This 

means that the systems will require additional financial assistance 

in some form if they are to continue operating at . the same levels; 

otherwise they will have to revise their operations. The former 

implies operating subsidies or increased fares (which will probably 

lead to a further decline in'passengers), or, perhaps both. The 

latter suggests reorganization to obtain efficiencies in operation 

or to stimulate demand, or both. Usually, it means curtailing or 

eliminating service on unprofitable runs . 

operat e "out of the fare box." If capital depletion allowances and 
interest on debt are added to operating costs, the profit picture 
becomes even wor se . 
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Table 2,13 

AVERAGE RATES OF CHANGE PER YEAR IN REVENUE PA.SSENGERS, 
TOTAL REVENUE AND OPERATING EXPENSES, 1960- 1970 

(PERCENT) 

Property Kevenue Tota.L Operating 
Passengers Revenue Expenses 

New York -0. 29 2 . 07 2.88 

Chicago - 0 .18 2.00 2. 11 
MBTA - 0 . 37 1.76 2 .42 
SEPTA - 0 . 53 1.41 1.63 
PATH 0.98 1.90 4.24 

Cleveland - 0 .75 1.36 2 . 91 

Shaker Heights - 0.98 1.18 1. 70 
Newarka 0.27 2 . 93 1.88 
Toronto 5.72 8 . 11 7 , 23 

a For the 10 years 1961-1970. 

Note : Rates of change should be interpreted as compounded 
rates ; i.e., they are estimates of the parameter, 
b, in the equation 

Y = a xb 

where Y is the variable, x (=1 , 2, ... n) denotes 
the order of years. 

Table 2 . 14 

AVERAGE RATES OF CHANGE PER YEAR IN PASSENG ER CAR-MILES, 
ACTIVE PASSENGER CARS , AND MILES OF SINGLE TRACK , 1960-1970 

(PERCENT) 

Passenger Active Miles ot 
Property Passenger Single Car-Miles Cars Track 

New York 0 . 69 0 . 38 0 . 03 

Chi cago 0 .39 -0 . 03 o. 70 

MBTA - 0 . 46 0 , 17 - 0 .19 

SEPTA - 0 .71 -0. 35 - 0 .41 

PATH 2 . 50 0 . 80 2. 77 

Cleveland - 0 . 17 1. 26 1.11 

Shaker Heights - 0 . 15 o.oo o.oo 
Newarka - 0 . 37 - 0 . 34 o.oo 
Toronto 6 . 15 4 . 78 8.36 

aFor the 10 years 1961 through 1970 . 
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Property 

New York 

Chicago 

MBTA 

Toronto 

SEPTA 

Montreal 

PATH 

Cleveland 

Lindenwold 

Shaker Heights 

Newark 

Table 2 .15 

OPERATING RATIOS OF RAIL RAPID TRANSIT PROPERTIES, 1960 THROUGH 1970 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 

1.01 1.03 1.04 1.11 1.13 1.10 1.16 1.11 1. 24 1. 28 1.14 

1.00 1.02 . 99 1.00 1.00 1.03 1. 03 1. 00 . 99 .98 1.11 

1.04 1.01 . 93 • 95 • 96 .98 . 99 . 95 1. 01 1.06 1.32 

.86 .91 . 94 1.00 r,r, 
o Jv .90 . 96 . 84 . 81 . 73 . 76 

. 92 . 88 . 92 . 93 . 89 .88 . 88 . 90 . 91 . 92 1.02 

. 57 . 62 . 84 . 82 . 84 

.98 . 98 1.10 1. 25 l.39 1.66 1.65 1.61 l. 59 1. 53 1. 57 

. 87 . 87 . 94 1.05 ·1 .12 1.10 1.16 1.11 1.13 1.15 1. 34 

1. 29 1.04 

.86 . 89 . 89 . 91 • 95 . 97 . 98 . 99 . 98 . 93 . 98 

1.08 1.13 1.13 1.16 1.06 . 99 . 98 1.00 . 94 . 92 

------------------
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3. COMPARISONS AMONG RAIL SYSTEMS 

The statistics on individual rail rapid transit operations pre 

sented in this study are not detailed enough to all ow valid compari 

sons; however, there are clear indications that the various 

operations have quite different operational profiles , suggesting 

that general policies designed to correct the systems 1 difficulties 

must be flexible enough to accommodate these differences. 

As an illustration of these differences, consider Table 2. 16 . 

Note that the Chicago system 1 s revenue per passenger (in effect an 

average of fares) is the second highest of all the U. S . systems, and 

its cost per passenger is the highest. Yet, the system 1 s adjusted 

I 
cost per car -mile (a gross measure of efficiency) is the lowest of 

the U.S . systems and compares with the New York system. Apparently, 

I 
the reason for Chicago 1 s high revenue and cost per passenger is its 

low passenger density . As Table 2 . 16 shows, the system 1 s passengers 

per car -mile and per car are the lowest of all the systems . 

I In contrast, the Massachusetts Bay Transit Authority (MBTA) sys -

tern has relatively low fare and cost per passenger, but it is able I to achieve these low per -passenger values only because of very high 

passenger density . Note that its cost per car -mile is nearly three 

I times that of Chicago . 

Clearly, remedies for Chicago 1 s problems should focus on the 

I 
I 
I 
I 

demand side while those for Boston's problems should focus on the 

cost side. 

On the other hand, the New York, PATH, and Cleveland systems 

seem to have low fares relative to their respective passenger densi

ties and car -mile costs . Upward adjustments in fares, however, can 

have a negative effect on patronage, and few systems can afford 

further declines in passengers . In any event, these examples sup 

port the point made above that general policies with respect to rail 

rapid transit systems should be flexible. 

Finally, it would be a serious error of omission to ignore the I relative performance of the two Canadian systems which seem to have 

everything in the right proportions . They appear to be highly 
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Tabl e 2.16 

SELECTED RAIL RAPID TRANSIT OPERATING STATI STI CS , 
BY PROPERTY, 1970 

Revenue Cost Revenue Passen ers Adj us t ed a 
per per per per Cost per 

Passenger Passenger Car - Mile Car Car -Mile 
Car - Miles 
per Car 

I 
I 
I 

(dollars) (dollar s ) (number) (thousands ) (dollars ) (thousands) 
ew York 

EPTA 

PATH 

Clevel and 

Li ndenwold 

Shaker He i ghts 

Newark 

. 31 

. 47 

. 31 

. 32 

. 31 

• 24 

. 48 

. 40 

. 29 

. 25 

. 28 

. 36 

. 52 

. 41 

. 33 

. 49 

. 32 

. 50 

. 39 

. 27 

.1 9 

. 23 

3 . 49 

2 . 05 

7 . 39 

4 . 24 

4 . 21 

3 . 09 

2 . 36 

3 . 94 

6 . 1 0 

4 . 34 

3 . 59 

181.6 

84 . 6 

140 . 5 

1 27 . 0 

154 . 6 

1 20 . 6 

115 . 4 

87 . 8 

141 . 9 

294 . 9 

178 . 5 

1.24 

1.23 

3 . 59 

1. 75 

2. 04 

1. 37 

1.49 

2 . 1 3 

1. 98 

1.12 

1.17 

52 . 0 

41. 3 

21. 0 

30 . 2 

36 . 7 

39 . 0 

48 . 9 

22 . 2 

23 . 3 

68 . 0 

49 . 8 

a . d f Operat ing cost s a just ed or wage rate differentials among t he properties . 

effici ent syst ems ( l ow cost per car -mi le , high car ut i l ization ) . I 
They have high pass enger dens ity per car -mi l e and per car , and al l of 

t his i s refl ected in low r evenue per passenger (fares) a nd even lower I 
cost per passenger , result i ng in operat ing profit s rather than 

def i cit s . These are , of course , newer systems . Toronto i ncr ea sed itt 
t rack mileage and pas senger cars subst antially in 1966 . Montreal 

began its oper ati ons i n 1966 and had t he advantage of 11 Expo11 t raffic I 
i n 1967 . However , t hey s erve a s excellent exampl es O•f low- fare sys - · 

t erns t hat are st ill abl e t o operat e 11 out of the far e box . 11 I t will 

1 be interesting to see whet her t he new San Francis co (Bay Ar ea Rapid 

Trans i t ) and Washington , D. C. Metro systems perform a s well . 
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D. COMMUTER RAILROAD OPERATIONS 

Commuter railroads are railroads t hat have daily passenger service 

designed to hau~ passengers between cities, towns , and villages 

outside metropolitan areas and points within the latter areas. Such 

operations differ from rail rapid transit in several respects. 

First, the trip length is somewhat longer (averaging about 22 miles) . 

Second, the passenger cars used are usually heavier than those used 

by rapid transit. Third, the operations are run by rail~oad com

panies as part of their overall passenger and freight service. In 

terms of management, they are not regarded as part of the metropoli 

tan rapid transit systems. 

1 . FINANCIAL STATUS IN 1970 

Because the commuter operations are intermixed with ot her rail

road operations, trends in the financial status of the commuter 

sector are difficult to measure. However, it has been possible t o 

obtain for the year 1 970 what appear to be reasonably consistent 

data on 14 of the 16 commuter railroads in the United States . 

a . Net Income 

Tabl e 2.17 shows that when all sources of revenue and expense 

are taken into consideration, commutation passenger service in 1970 

was generall y a money-losing operation . The aggregate deficit for 

14 of the 16 commuter railroad operations in the United St ates 

amounted to about $35.7 million and only 2 of the 14 registered a 

net profit .1 The tabl e also shows , however, that t here was a great 

1. Data for Penn Central and Pennsyl vania-Reading Seashore Lines 
were not complete and are excluded from the analysis. 
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Table 2.17 

SUMMARY OF COMMUTER RAILROAD OPERATIONS , BY RAILROAD, 1970 

(Al l Figures i n Thousands) 

Income Exoenses 

Revenue 
From 

Commut- State & Interest 
ter Pas- Local Opera- on Equip-
senger Govern- Ot'her ting ment Ob- Depre- Net 

Railroad Total Revenue ment Income Total Exoenses licrations ciation Income 

Boston and Maine 9,373 5, 260 4,113 0 9 , 353 8, 747 16 590 20 

Burlington Northern 6 , 275 6 , 227 0 48 7,005 5, 872 162 971 - 730 

Central of New Jersey 8, 675 4,166 4 , 409 100 9 ,291 0 , 392 648 251 -616 

Chicago,Milwaukee , St .Paul,and Pacific 4,968 4,956 0 12 5, 955 5, 194 218 543 - 987 

Chicago Northwestern 21 , 149 21, 036 0 113 19 , 237 15, 196 1 , 280 2,761 1 , 912 

Chi cago , Rock I s l and,and Pacific 4 , 289 4,264 0 25 5,824 5, 132 283 409 -1, 535 

Chicago, South Shore, and South Bend 3 ,441 3,442 0 -1 5, 238 5, 092 0 146 -1,797 

Erie Lackawanna 16,572 10,872 5, 000 700 19 , 025 19 , 025 0 a - 2,453 

Illinois Central 11,025 11,006 0 19 11,315 10,870 0 445 -290 

Long Island 85,189 85,189 0 0 108 , 523 103, 250 0 5,273 - 23,334 

Pittsburgh and Lake Erie 97 55 0 42 626 599 0 27 - 529 

Reading Company 13, 716 9,016 4 , 700 0 16 , 473 15, 183 717 573 - 2, 757 

Sout hern Pacific 4 ,124 4,001 0 123 6 , 777 5, 767 156 854 - 2, 653 

Staten Isl and Rapid Transit 3,640 ......b..QI2 ~ ---1:i ~ -1z..iQ± 45 91 0 

Total , 14 Railroads 192 , 533 170,567 20 , 771 1,195 228 , 282 211 , 823 3, 525 12,934 - 35, 749 

aEquipment is being retired and replaced by the State of New Jersey . 

Source : Association of American Railroads . 

Commuter 
Passenqers 

5 , 556 

9 , 726 

6 , 516 

5, 954 

25 , 046 

6 , 197 

2, 682 

15 , 839 

18, 785 

70 , 069 

69 

1 3, 699 

5, 826 

4 , 657 

190 , 621 

- - - - - - - - - - - - - -

Commuter 
Passenger 
Miles 

91 , 951 

173 , 654 

123,758 

134 , 261 

523,966 

99 , 697 

81,058 

325 , 217 

310 , 241 

1 , 760, 614 

1 , 497 

195 ,405 

144 , 429 

39 ! 022 

4,004 , 770 

- -
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deal of variation in nonoperating revenue and in interest and depre 

ciation charges . 

b. Net Operating Revenue 

A better measure of the financial results of actual operations 

appears in Table 2 .18 . Here, operating expenses (which exclude 

depreciation and interest on equipment obligations) have been sub

tracted from revenue generated from commuter passengers. This 

yields net operating revenue. In addition, the noperating ration 

has been calculated by dividing operating expenses by commuter 

passenger revenue . Note that only three railroads - -all of them 

serving the Chicago area--yielded a net operating profit in 1970 . 

Moreover, the operating deficit for all 14 railroads was over $41 

million. 

c. Revenue and Cost Ratios 

The relative performance of the railroads in terms of revenue 

and cost ratios i s compared in Table 2 .19. The first two columns 

indicate that there is considerable variation in passenger revenue 

per passenger (average fare) and even more variation in operating 

cost per passenger. These variations can be caused by differences 

in trip length, fare structure, relative efficiency, passenger load 

factor, and other aspects of the operation . Adjustment for trip 

length can be made by placing revenue and costs in terms of 

passenger -miles as shown in the last two columns of Table 2 .19. 

Here it becomes clear that passenger revenue per passenger-mile is 

much more uniform than operating cost per passenger-mile. The 

former ranges from $ . 0275 to $.0572, with an average of $.0425 . The 

range of the latter is $.0290 to $ .4001 with an average of $.0528. 
' 

Even without the Pittsburgh and Lake Erie Railroad, the range of 

cost per passenger -mile is much greater . 

The two columns also indicate that the various railroads incur 

operating deficits or profits for different reasons. To give some 

illustrations : The Boston and Maine had the highest passenger 

revenue per passenger -mile ($ . 0572).; however, the railroad's 
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Table 2 .18 

NET OPERATING REVENUE AND OPERATING RATIO, BY RAILROAD, 1970 
(Dollar Figures in Thousands) 

Commuter Net 
Passenger Operating Operating 

Railroad Revenue Exoensesa Revenue 

Boston and Maine 5, 260 8 , 747 -3, 487 

Burlingt o n Northern 6,227 5 , 872 355 

Central of New Jersey 4 , 166 8,392 -4, 226 

Chicago , Milwaukee , St . Paul, and Pacific 4 , 956 5,194 -238 

Chicago Northwest ern 21,036 15, 196 5 , 840 

Chicago , Rock Island, and Pacific 4 , 264 5 , 132 - 868 

Chicago , South Shore, and South Bend 3, 442 5 , 092 - 1 , 650 

Erie Lackawanna 10 , 872 19 , 025 - 8 , 153 

Illino is Central 11 , 006 10, 870 136 

Long Island 85 ,189 103, 250 -18 , 061 

Pit tsburgh and Lake Erie 55 599 - 544 

Reading Company 9 , 016 15, 183 - 6,167 

Southern Pacific 4,001 5 , 767 -1 , 766 

St aten Island Rapid Transit _hQ2l ~ -2, 4 27 

Total, 14 Railroads 170,567 211 , 823 - 41 , 256 

a Excludes Depreciation and Interest on Equipment Obligations . 

Ta ble 2 .19 

SELECTED REVENUE AND COST RATIOS , BY RAI LROAD , 1 970 
(All Figures in Dollars) 

Operating 
Ratio 

1.66 

. 94 

2 , 01 

1.04 

' 72 

1.20 

1.47 

1. 74 

. 98 

1.21 

10 . 89 

1.68 

1.44 

..1..:22. 
1. 24 

Passenger Operat ing 
Passenger Operating Revenue Per Cost Per 
Revenue Per Cost Per Passenger- Passenger-

Railroad Passenqer Passenqer Mile Mile 

Boston and Maine . 95 1. 57 . 0572 . 0951 

Burlington Northern . 64 . 60 . 0358 . 0338 

Central of New Jersey . 64 1. 29 . 0336 . 0678 

Chi cago , Milwaukee , St . Paul, 
a nd Pacific . 83 . 87 . 0369 . 0386 

Chicago Northwestern . 84 . 61 , 0401 , 0290 

Chicago , Rock Island, and 
Pacific . 69 . 83 . 0427 . 0514 

Chicago , South Shore, and 
South Bend 1. 28 1.90 . 04 24 . 0628 

Er ie Lackawanna . 68 1. 20 . 0334 . 0584 

Illinois Cent ral • 59 . 58 , 0354 , 0350 

Long Isla nd 1. 22 1.47 . 0483 , 0586 

Pitts burgh and Lake Erie . 80 8 . 68 . 0367 .4001 

Reading Company . 66 l.ll . 0461 . 0777 

Sout hern Pacific . 69 . 99 . 0277 . 0399 

St at e n Island Rapid Transit . 23 • 75 . 0275 .8897 

Average for 14 railroads , 89 1.11 . 0425 . 0528 
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operating cost was next to the highest ($ . 0951). At $ . 0358 , the 

Burlington Northern had below average revenue per passenger -mile, 

but it managed to keep its cost per passenger -mile even lower 

($ . 0338) and was able to make a profit . The key to the Chicago 

Northwestern's success was obviously its low cost per passenger -mile 

($ . 0290); for its revenue per passenger-mile ($.0401) was somewhat 

below the average for the group . Finally, the Southern Pacific had 

below average cost per passenger -mile ($ . 0399) , but its revenue per 

passenger -mile ($ . 0277) was next to the lowest of the group and was 

not large enough to cover costs. 

The illustrations imply that the remedies to the financial con

dition of the railroads are probably specific to the railroad . Some 

may require reductions in operating cost; while others may require 

stimulation on the revenue side . Still others may require improve

ments in both the revenue and cost side of the operation. 

d . Distribution of Operating Expenses 

Tables 2 . 20 and 2 . 21 present the dollar and percentage distribu

tion, respectively, of operating expenses according to certain 

expense categories. Transportation Expense refers to all expenses 

having to do with the actual movement of people and equipment . 

Traffic Expense refers to expenses associated with setting fares, 

scheduling, ticketing, advertising, etc. The other cat egories are 

self -explanatory. 

Table 2. 21 shows that, in 1970, Transportation Expense for the 14 

railroads represented over 52 percent of Total Operating Expenses . 

Maintenance of Equipment and Maintenance of Way represent about 21 

percent and 11 percent , respectively. There is considerable vari

ation in the percentages for these three categories, and there does 

not appear to be a specific pattern associated with failure or 

success in obtaining operating profits. The three railroads that 

had operating profits for 1970--Burlington Northern, Chicago North

western, and Illinois - Central--have somewhat different distributions. 

Moreover , other railroads that had deficits have a variety of dis 

tributions, some of which are similar to the successful railroads. 
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Table 2. 20 

BREAKDOWN OF OPERATING EXPENSES, BY EXPENSE CATEGORY AND BY RAILROAD, 1970 

(Thousands of Dollars) 

Total Maintenance Maintenance Non- Income 
Operating Trans- of of Tax 

Railroad Exoenses oortation Way Equioment Traffic Payments 

Boston and Maine 8, 747 5 , 076 435 1 , 961 34 1,071 

Burlington Nort hern 5, 872 3 ,295 575 950 114 581 

Cent ral of New Jersey 8 ,392 5,134 817 1 ,104 56 771 

Chicago,Milwaukee,St.Paul,and Pacific 5,194 2,635 214 592 24 207 

Chicago Northwestern 15,196 8,382 1 , 216 2 , 913 254 1, 434 

Chicago , Rock Island,and Paci fic 5,132 2,799 299 1,188 36 491 

Chicago , South Shore,and South Bend 5, 092 2,140 672 737 60 409 

Erie Lackawanna 19, 025 9 , 010 3, 090 5, 205 62 a 

Illinois Central 10,870 5, 673 1 , 248 1,686 122 1,447 

Long Island 103,250 52, 578 13 , 230 24 , 420 338 
I 

6 , 022 

Pittsburgh and Lake Erie 599 412 38 41 2 65 

Reading Company 15,183 8, 368 1,436 2,658 352 1,440 

Southern Pacific· 5, 767 3,607 310 1,248 43 488 

Staten Island Rapid Transit 3 ,504 1 , 634 282 584 11 748 

Total, 14 Railroads 211, 823 110,743 23 , 862 45,287 1,508 15,174 

aincluded in other categories . 

Source: Association of American Railroads . 

- - - - ------- - - -

Other 

170 

357 

510 

1 , 522 

997 

319 

1 , 074 

1 , 658 

694 

6 , 662 

41 

929 

71 

245 

15,249 
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PERCENTAGE DISTRIBUTION OF OPERATI NG EXPENSES , BY EXPENSE CATEGORY AND BY RAILROAD , 1970 

. 
Non-

Total Mainte - Mainte - I ncome 
Operating Transpor- nance nance of Tax 

Railroad Exoenses tat ion of Wav Eauipment Traffic Payments Other 

Bost on and Maine 100 . 0 58 . 0 5. 0 22 . 4 0 .4 12 . 2 1.9 

Bur lington Northern 100 .0 56 .1 9 . 8 16 . 2 1. 9 9 . 9 6 .1 

Central of New J ersey 100 . 0 61.2 9 . 7 13 . 2 0 . 7 9 . 2 6 .1 

Chicago,Milwaukee , St . Paul , and Pacific 100.0 50 . 7 4 .1 11.4 0 . 5 4 . 0 29.3 

Chicago Northwestern 100 . 0 55 . 2 8.0 19 . 2 1.7 9.4 6 . 6 

Chicago , Rock I sland,and Pacific 100 . 0 54 . 5 5.8 23 .1 0 . 7 9 . 6 6 . 2 

Chicago, South Shore,and South Bend 100 . 0 4 2 . 0 13 . 2 14 .5 1.2 8 . 0 21.1 

Erie Lackawanna 100 . 0 47 . 4 16 . 2 27 . 4 0 . 3 
a 8 . 7 

Illinois Central 100 . 0 52 . 2 11. 5 15 . 5 1.1 13 . 3 6 . 4 

Long Island 100 . 0 50 . 9 12 . 8 23 . 7 0 . 3 5 . 8 6 . 4 

Pittsburgh and Lake Erie 100. 0 68 . 8 6 . 3 6 . 8 0 . 3 10 . 9 6 . 8 

Reading Company 100.0 55 .1 9 . 5 17 . 5 2 . 3 9 . 5 6 .1 

Southern Pacif i c 100 . 0 62 . 5 5 . 4 21.6 0 .7 8 . 5 1. 2 

Staten Island Rapid Transit 100 . 0 46.6 8 . 0 16 . 7 0 . 3 21.3 7 . 0 

Total, 14 Railr oads 100. 0 52 . 3 11.3 21.4 0 . 7 7 . 2 7 . 2 

aincluded in ot her categories . 

-



2 . TRENDS IN PATRONAGE 

Table 2 . 22 provides ttbes t estimates11 of the 1960-1970 commuter 

railroad patronage for railroads serving the five major cities with 

important levels of service . Note that total passengers dipped from 

a level of 248 million in 1960 to 233 million in 1965 . Then the 

figure returned to the 248 million level by 1968 and remained at 

about that level in 1969 and 1970 . There were some differences 

among the cities, however. New York dropped from 142 million in 

1960 to about 125 million in 1965 and then seemed to s tablize at 

the 126- to 127-million level. Ridership in Chicago and Philadel phia 

increased over the period , but Boston and San Franci sco remained at 

about the same levels . In general , however , the picture appears t o 

be relatively stable with respect . to passengers . 

City 

New York 

Chicago 

Philadelphia 

Boston 

San Franc isco 

TOTAL 

Table 2 . 22 

COMMUTER RAIL PASSENGERS BY CITY 

( Passengers in Millions , Annually) 

1 960 1961 1 962 1963 1964 1965 1966 1967 

142 140 134 131 1 28 125 125 1 26 

6 2 62 60 6 0 61 62 64 67 

24 24 24 26 27 28 29 31 

1 3 11 11 13 12 11 1 2 11 

7 _7 7 7 _7 7 7 7 

248 244 236 237 235 233 237 242 

3 . OPERATING TRENDS 1964-1970 

1968 1969 1970 

1 27 126 -127 

70 72 6 7 

33 33 36 

11 11 11 

7 7 _ 6 

248 249 247 

I 
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Additional operating t rends for 14 commuter railroads appear in 

Table 2 . 23. It should be pointed out first that the differences in I 
the revenue passenger levels reported i n this table and those in the 

previous table are primarily due to definition . Again, t he patron

age picture is one of relative stability, with a slight upward 
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drift since l 964. Average trip l ength has been about 2Q. 6 miles 

and has increased the l ast two years to 22 . 3 mil es . Revenue per 

passenger and per passenger- mil e has increased as a result of f are 

increases. 

Table 2 . 23 

AGGREGATE COMMUTER RAIL OPERATING STATISTICS 
FOR FOURTEEN OPERATORS, l 964 -1970 

Item 1964 1965 1966 1967 1968 

Revenue Pas sengers (millions) 192 . 8 190 . 9 193 . 7 198 .1 201. 9 

Passenger Revenue ($ millions) 132 . 4 135 . 2 138 . 4 142 . 9 152 . 2 

Revenue Passenger-mi les (milli ons) 4 , 178 . 8 4,091 . 0 4 , 161.0 4 , 264 . 7 4 , 350 . 4 

Average Trip Length (miles) 21. 7 21.4 21.5 21.6 21. 6 

Revenue per Passenger .69 . 71 . 71 . 72 . 75 

Revenue per Passenger -Mile . 032 . 033 . 033 . 033 . 035 

Source : Int erstate Commerce Commission. 
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E. URBAN TAXICAB TRANSIT 

In any discussion of overall movement of passengers in urban areas 

by public transit vehicles, movement by t axicab transit shoul d be 

given equal consideration with mass transit. In some communities, 

taxicabs are the only form of public transit available and, as 

indicated earl ier, more people ride taxicabs than rail rapid transit . 

However, taxicabs are not designed for mass transit; they are a form 

of personalized transit that is summoned either by telephone - radio 

dispatch, by prearrangement, or by being hailed on the st reet or at 

cab stands . Taxicabs , like t he private automobil e, provide virtually 

door-to -door service . Moreover, they are not driven or parked by 

the passenger. This feature, in the opinion of some, makes the 

taxicab the best form of public transportation available . 

1. TRENDS IN THE TAXICAB INDUSTRY 

Time- series data on the economic status of the taxicab industry 

are rather sparse. The employment series presented in Table 2 . 24 

indicates that, since 1963, t he average employment level has been 

quite stabl e . The number of taxicabs in fleets has apparently in

creased. These two seri es s uggest that the demand for taxicab 

services has been relatively stable . This is in line with state

ments by industry spokesmen . 

The reader will note that there appear to be fewer employees 

than taxicabs . Actually, there has been a shortage of drivers 

throughout the period . The cab utilization figure used by the 

industry is about 80 percent. The figures in Table 2. 24 indicate a 

somewhat lower utilization rate . However, the employment levels 

estimated by the United States Bureau of Labor St atistics are 
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Table 2 . 24 

TAXICAB EMPLOYMENT, 1960 to 1970 AND NUMBER OF 
TAXICABS IN FLEETS, 1966 -1970 

(All Figures in Thousands) 

Annual Average Number of 
Year Empl oyment Taxicabs i n 

Level Fleets 

1960 1 21 

1961 114 

1962 112 

1963 111 

1964 110 

1965 110 

1966 109 142 

1967 111 146 

1968 111 163 

1969 111 169 

1970 111 1751 

1Est imated from trend line . 

believed to be underst at ed . Moreover , employment t urnover rates are 

high in the indust ry . It has been estimated that over 600 , 000 per 

sons are employed in the i ndustry during the year . Finally, there 

is a seasonal variation in driver empl oyment in many part s of the 

country . Although publishable data were not available at this 

writing , preliminary indications are t hat costs have risen f ast er 

than revenues, so that taxicab operations are suffer ing a profit 

squeeze . A financial survey of 50 cab f l eet s (5 , 425 cabs) in New 

York concluded that, in 1970 , t otal expenses , incl uding int erest and 

depreciat ion, exceeded fare income by 4 . 5 percent. This and other 

evidence was the basis for a recent fare increase in New York. 
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There i s an obvious need to expand t he historical information 

base on the industry, a nd future work along these lines is contem

plat ed . It is possible , however , to present a general profile of 

the industry , t he subj ect matter of the remaining paragraphs i n this 

section . 

2 . CHARACT~RISTICS OF TAXICAB RIDERS 

Relatively· few major studies have been made of taxicab rider 

characteristics, but t hose that have been made yiel ded similar conI clusions .1 Fi rst , rider characteristics differ according to whether 

the t r i p destinations are i n the central city or outside the centr al I city. The 1956 Chicago Area Study indicated that housewives are 

major users of taxicabs , regardless of t he po i nt of destination (see 

Housewives accounted for about one - t hird of t he tri ps I Table 2 . 25) . 

to t he central area and over one -half of t he trips to the noncentral 
2 

I area . 

collar occupations. 

Aside from housewives , the dominant users are in the white -

This i s true in both the central and noncentral 

areas, but the percentage of riders in the blue -collar occupations , 

especiall y service workers, i s greater in the noncentral areas . 

Presumably, this is associated with the requirements of suburban 

l i ving . 

With respect to per sonal characteristics, taxicab r i dershi p is 

highest among the above-average- income, white population . In the 

noncentral areas , the largest percentage of the riders are females 

In the central areas, riders are about evenly I who do not drive. 

divided among males and females . The largest proport ion (about two-

I t hirds ) of riders are in the working - age groups (age 25 t o 64) , but 

t his indicates that a large pr oportion of the riders ar e youths or 

I 
senior citizens . It i s well known that t axicabs are major 

1 . The results of three studies are discussed here : the Tri I St ate (New York Area) Transportation Commission Study of 1969, the 
Chicago Area Study of 1956, and the Pittsburgh Area Study of 1963. 

I 2. The Pittsburgh Area Study also showed high ridership by 
housewi ves . 
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Table 2.25 

PERCENTAGE DISTRIBUTION, TAXICAB PERSON TRIPS IN THE 
CHICAGO AREA, BY OCCUPATIONAL GROUPS 

r r in Desrination Excl usive of 
Central Non-Central All Housewives 

Occuoational Area Area Areas and Farmers 

Total 100 . 0 100. 0 100 . 0 100 . 0 

Professional and 
Technical 20 . 7 11.8 15 . 6 28 . 2 

Farmers 0 . 0 0 . 0 0 . 0 a 

Managers , etc . 17.6 6 . 4 11.1 20 . 2 

Cl,;,r i cal 9 .0 8 . 5 8.8 15 . 8 

Sales workers 12 . 5 4 . 7 7. 9 14.4 

Operatives 2 .7 3 . 4 3. 1 5. 7 

Pr ivate household 
workers 0 . 2 1.6 1.0 1. 8 

Craftsmen, foremen 2 . 2 1. 7 1.9 3 . 5 

Service workers 2 .4 6 . 7 4 . 9 9 .0 

Laborers 0 . 4 1.0" 0 . 7 1. 3 

Housewives 32 . 4 54 . 2 45 .0 a 

aNot i ncluded in the percentages . 
Note : Figures may not total 100 due to rounding . 

transporters of the aged , infirm, and other persons who cannot drive 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

or do not have access t o an a utomobile or other forms of public I 
transit. 

3. THE SUPPLY OF TAXICABS 

The taxicab industry is dominated by small f leet or individual 

operations that are conducted under franchise in communities or 

jurisdictions tha t usually regulate fa r es, the number of l icenses, 

and other matters pertaining to the operations. Table 2 . 26 shows 

that, for a sample of 741 communities or 11 j urisdictions, 11 the median 

number of licenses is 26 a nd the third quartile i s only 56; the 

range is from 1 to 11,754 (New York). Although the number of 
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Table 2 . 26 

DI STRI BUTION OF LICENSES, POPULATION, AND LICENSES PER 
1, 000 POPULATION FOR A SAMPLE OF 741 COMMUNI TIES 

First Third 
Quartile Median Quartile Ranqe 

Licenses 13 26 56 1 - 11,754 

Population Served (000 ) 30 47 88 2 - 7, 867 

Licenses per 1 , 000 
population . 364 . 568 . 900 . 03 - 11.13 

Note : Total Licenses in Sample 
(OOO)a 

77, 064 
Total Populat ion in Sample 83,130 
Licenses per 1 , 000 population . 927 

a includes s ome overl apping of jurisd ictions , therefore 
the mean licenses per 1, 000 is overstat ed . 

licenses is sued is not necessarily equivalent to the number of taxi

cabs, it is cl ear that the industry consists of a very large number 

of small operations and few very large operations .
1 

One measure of taxicab s upply is the number of licenses per 

1, 000 population. Although the range is considerable ( . 03 for a 

small west ern community t o 11.13 for Washington, D. C. ) , 50 percent 

of t he communities are within the values .364 t o . 900, and the 

median i s . 568. There is a correlation, however , between t he s i ze 

I of city and licenses per 1, 000 . 

the l arge cities have values well 

Table 2 . 27 indicates that most of 

over the median. Those t hat were 

in t he more automobile -oriented I well below the med~an are located 

wes t or so~t hwest . 

I Thi s 1 . The l arge operations tend to dominate the statistics . 
i s t he . reason that medians are used t o describe the average I s ituation . 

2 . As with mass transit , the private automobile is the main 
competition faced by t axicabs . Rental automobiles (another form of I personalized public transit) also give taxicabs stiff competition. 
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Table 2 . 27 

LICENSES PER 1 , 000 POPULATION IN CITIES WITH 
1970 POPULATI ONS OF 500 , 000 OR MORE 

Population 
Served Licenses per 

City State (000) Licenses 1 , 000 Population 

New York N. Y . 7, 867 11 , 754 1.49 

Chicago Ill. 3, 366 4 , 600 1.37 

Los Angeles Calif . 2, 816 1,024 . 37 

Philadelphia Penn. 1 , 948 1 , 750 . 90 

Det roit Mich . 1 , 511 1 , 358 . 90 

Houston Texas 1 , 232 473 . 38 
Baltimore Md . 905 1 , 151 1.27 
Dallas Texas 844 507 . 60 
Van Nuys a Calif . 790 50 . 06 
Washington D. C. 764 8 , 500 11 .1 3 
Cleveland Ohio 750 560 . 75 
Indianapol is Ind . 744 482 . 65 

San Francisco Calif . 715 756 1.06 
Milwaukee Wisc . 713 423 . 59 
San Diego Calif . 696 304 . 44 
San Antonio Texas 654 51 8 . 79 
Boston Mass . 641 1 , 575 2 . 46 
Memphis Tenn . 623 400 . 64 

St . Louis Mo . 622 1 , 267 2 . 04 

New Orleans La . 593 1 , 500 2 . 53 

Phoenix Ariz . 581 95 . 16 
Columbus Ohio 539 351 . 65 
Seattl e Wash . 530 316 . 59 
Jacksonville Fla. 528 270 . 51 
San Gabriel Calif . 525 52 .10 
Pittsburgh Penn . 520 550 1.06 
Denver Colo . 514 317 . 62 
Kansas City Mo . 507 542 1.07 

aincludes parts of surrounding communities . 
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The very large ratio for Washington, D. C. reflects the fact 

that the city allows virtually free entry into the taxicab business . 

However, many cabs are driven only a few hours per day, if at all . 

If all the ratios were converted to "full- time equivalents," Wash

ington's figure would be more in line with the others. 

4. PROFILE OF TAXICAB OPERATIONS 

In most fleet operations, taxicab drivers are paid a percentage 

of their receipts. This gives the driver an incentive to try to 

maximize his paid mileage per man-hour, i . e . , the miles driven with 

passengers in the cab during a given hour . Since short trips 

normally have a high revenue rate per mile, the ideal situation for 

the driver and the company would be to maximize the number of short 

paid trips per hour . In addition, because most cities allow an 

additional charge per passenger, the driver would normally prefer to 

maximize the number of passengers carried per trip . 

Table 2 . 28 presents the medians of selected ratios for a sample 

of 27 taxicab fleet operations as of July 1970 . The sample has wide 

geographical distribution . Note that the typical trip length for 

this sample was 5.85 miles, of which 2 . 95 (49 . 45 percent) were paid 

miles. The number of passengers per trip was 1.3 persons and the 
1 receipts per trip were $1.95. Over 88 percent of the trips origi -

.nated by phone order . 

On an hourly basis, the typical cab driver takes in about $4 .13 

of which he receives $1 . 79 (43 percent) plus tips . 2 The balance 

goes to the company and from it the company must pay all of the in

vestment and operating costs. 3 

1. 
of 4 . 7 

A sample of 194 communities indicates a median trip length 
miles and a median number of passengers per trip of 1 . 5. 

2. 
pending 

He also receives social security and other benefits, de
on company policy . 

3 . 
company 
costs . 

There are a number of technical arrangements between the 
and the drivers as to the distribution of receipts and 
The foregoing is typical . 
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Table 2 . 28 

MEDIANS OF SELECTED RATIOS FOR 27 TAXICAB FLEET OPERATIONS 
MONTH OF JULY, 1970 

Ratio 

Miles per trip 

Total 

Paid 

Percent paid miles 

Passengers per trip 

Cab receipts per trip 

Percent of trips from phone order 

Trips per man-hour 

Receipts per man- hour 

Total 

Driver commission 

Percent paid to driver 

Receipts per mile 

Receipts per paid mile 

Cab mileage 

Per cab owned per day 

Per man-hour 

Per gall on of gas 

Hours per shift 

Receipts per shift 

Phone orders per shift 

2-42 

Median 
Value 

5.85 

2 . 95 

49 . 45 

1. 30 

$1.95 

88 .15 

2 .15 

$4.13 

$1 . 79 

43 . 34 

$ . 30 

$ . 66 

106.70 

12 . 05 

11.45 

9 . 00 

$ 39. 29 

16 . 45 
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Unfortunately, directly comparable and complete figures are not 

available on costs; however, Tabl e 2 . 29 gives some idea of the cost 

breakdown . Note that, in 1970 , total costs for the 27 fleet opera 

tions ran about 28.2 cents per mile as against 31 . 7 cents per mile 

in receipts . The median values for these firms , which exclude New 

York, indicate a profit , but as mentioned earlier , a compos ite of 

50 New York fleets indicated a deficit . 

As with mass transit, the key to success in taxicab operations 

is to increase t he proportion of paid miles and/or t he number of 

passengers per trip . Radio dispatching has made an important impact 

along these lines, but it is recognized within the industry that 

further increases in efficiency cannot be expected from radio dis 

patching alone . High hopes are placed on computerized dispatching 

in combination with automat ic vehicle l ocat ion devices and radio 

communication . Such a system could be used to locate and dispatch 

t he nearest available vehicle , thereby minimizing running costs and 

maximizing revenue per mile . The system can also be extended to 

group riding concepts wherein t he computer would design a minimum 

time path route for a set of passengers with different origins and 

destinations . 
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Table 2 . 29 

SELECTED COST ITEMS FOR 27 FLEET OPERATIONS , 1970 

Median Percent of Percent of 
Revenue or Cost Val ue of Total Total 

Cl assification Mile Receiots Expenses 
Cab Receipts . 3172 100 . 0 

Tot al Expenses . 2821 88 . 9 100 . 0 
Depreci ation . 0166 5. 2 5. 9 
I nterest b b b 
Operat ing Expenses, Tot al b b b 

Driver cost .1556 49 .1 55 . 2 
Vehicle operation . 025cf 7 . 9a 8.8a 

Tires .0029 0 . 9 1.0 
Gasol ine . 0221 7 . 0 7.8 

Maintenance . 0197a 6.2a 7 .o a 
Labor .011 2 3 . 5 4.0 
Parts . 0085 2 . 7 3 . 0 

Gar age b b b 
Publ ic Liability 

(insurance)l 
. 0160 5.0 5. 7 

General and Admi nistrative b b b 

aAssumed t o be sum of two s ub-items . 
bNot available. 

Note : The sample is composed of 27 individual companies cover 
ing a wide geographical distribution . New York companies 
are not included . 

Source : I nternational Taxicab Association, Cab Research Report : 
Composite Report on Operating Costs . 
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F. CONCLUDING REMARKS 

The general theme that runs through all of the foregoing is that 

demand deficiency, especiall y for bus transit, is the main cause 

of the economic difficulties of urban public transit. Costs have 

increased more rapidly than revenues , but t h is is primarily because 

service levels have not declined as drasticall y as passenger levels. 

The industry is simpl y not filling buses and rail passenger cars 

the way it must to maintain a healthy economic posture . 

Consumer preference for the private automobile i s undoubtedly 

t he main cause of the demand deficiency in public trans it . The 

industry has not yet found a way to change this preference at an 

acceptabl e economic cost. How to do this is, of course, the main 

i ssue that needs investigation . 

This section has only sketched certain economic aspects of the 

urban public trans it industry . The papers which follow provide the 

details . The reader is reminded , however, that much more work must 

be done if the industry ' s economic behavior i s to be thoroughly 

understood and documented . It is hoped that the papers presented 

in this study will provide a base for such future work. 
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I URBAN BUS TRANSIT 
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CHAPTER I II 

ECONOMIC CHARACTERISTI CS OF THE URBAN BUS TRANSIT INDUSTRY, 
1 960- 1970 

by 

John D. Wells 
Shar ron Thomas 
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SUMMARY 

This section examines the economic condit ion of urban bus t ransit 

f irms in 1960 and 1969 to determine whether significa nt changes have 

taken place in the industry.1 The focus is on trends and var i ations 

among firms rather than on specific operations within fir ms . For 

this reason , annual operating statistics are regarded as suitable 

for the analysis . 

1 . NATURE AND LIMITATIONS OF THE DATA 

IDA has computerized data compiled by the American Transit 

Association for the ten- year period 1960 t hrough 1969 . However, 

only data for 1960 and 1969 have been used for this analysis . Data 

gaps have limited the sample s i zes fo r each year ; therefore, the 

results mus t be regarded as tentative . However , despite these 

statistical limitations , we believe that the analys is herein accu 

rately describes the general economic profiles of the industry for 

the two years. 

2 . ANALYTICAL RESULTS 

a . Revenue Versus Costs 

The industry has generally experienced a revenue - cost s queeze . 

On the average , revenues of bus firms covered total cos ts in 1960 

1 . The term "firm" is used throughout this paper a s being syn
onymous with what t he industry call s a "propert y." The term applies 
to both publicl y owned and privately owned "properties," and focuses 
speci ficall y on the bus trans it activity, i . e., other activities of 
the company are excluded. 
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but not i n 1969 ; on t he average, variable cos t s were covered in 
2 

both years . However, a breakdown of the firms indicates the fol -

lowing : 

Percent of f irms that did not cover 
total cos ts 

Percent of firms that did not cover 
variable costs 

Percent of firms that did not cover 
variable costs minus operating 
taxes 

Sample size 

1960 

2 2 

7 

4 

78 

1969 

54 

33 

27 

52 

Cl early, the ability of firms to cover costs with revenues has de 

teriorated dras ticall y. Note that in 1969, 27 percent of the f i rms 

woul d not have covered variable costs even if they were rel ieved of 

operating taxes. 3 

Small firms appear to be wors e off than large f i rms . The fol

lowi ng information applies to firms in the above sampl es with annual 

revenues less than $1 million: 

1960 1969 
Percent that did not cover total 

costs 34 70 
Percent that did not cover variable 

costs 1 2 48 
Percent that did not cover variable 

costs minus operating taxes 10 43 
Sample size 41 23 

2. The statistical concept of variabl e costs is defined herein 
as total operating costs minus depreciation and amortization charge
abl e to operations. It can be roughly regarded as the firm's out - of 
pocket expenditures . 

3 . However, some operating taxes are probabl y unavoidabl e, e .g . , 
social security taxes. Operating taxes include all federal, state, 
county, and municipal taxes other than income taxes. 
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Rea.sons for the Revenue - Cost Squeeze 

In general terms, bus transit operations in 1969 were at about 

I the same levels as 1960. Slight declines in the number of ·buses and 

· bus-miles occurred, but the number of buses per line-mile and per 

I 
route-mi le tended to increase. The physical levels of cost-generating 

inputs, therefore, have remained at about the same or slightly lower 

I 
levels. On the other hand , because of a drastic decline in passen

gers (median decline of 32 percent), the ability of firms to gener-

ate revenues has declined. The result is that, on the average, 

I total revenue has declined by about three percent, whereas total cost 

has increaseq about 22 percent. Obviously, fare increases partiall y 

I made up for the loss of passengers . If firms are operating at the 

same level s a nd the number of passengers has declined, the revenue-

I oost squeeze will occur even if fares increase at the same rate as 

costs. 

I c. Economic Consequences 

I n 1969, most bus transit firms (privately and publicl y owned) 

I 
I 
I 
I 
I 
I 
I 
I 
I 

were able to cover variable costs but not total costs. Under these 

conditions, the economic behavior of the firms can be predicted. 

The age of the firms' capital stock will i ncrease because there is 

little incentive to invest in new plants and equipment. The capital 

stock will tend to deteriorate due to deferred maintenance . If 

all owed to do so, private firms that cover variable costs will tend 

to invest surplus funds in other, more l ucrative enterprises. Or, 

they will consider selling the operation (to the community)or closing 

it down. Those firms that do not cover variable costs will minimize 

losses by closing down entirely. Public firms in the same situation 

will demand larger subsidies. 

The evidence is strong that t he bus transit industry is, indeed, 

behaving in this classical manner. The median age of the bus f leets 

increased from 9.6 years in 1960 to 10.9 years in 1969. All sizes 

of firms experienced this increase in age, but the increase appears 

larger among small firms . This is consistent with their relative 

3-3 



economic situation . There is also evidence t hat maintenance costs 

have not increased as rapidly as other costs , which suggests de 

ferred maintenance . However , more careful investigation of mainten

ance policies and the reasons for the increase in fleet age are 
needed before final conclusions can be reached . 

Many private bus transit firms are no longer resisting public 

takeover . The results present ed in t his section appear to document 
some of the reasons for this change in attitude . 
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A. INTRODUCTION 

This paper examines the economic characteristics of the urban bus 

transit industry in the two years 1960 and 1969 for the purpose of 

describing the similarities and differences in economic activity 

among the firms within the industry . Many firms have had economic 

difficulties, and some have shut down completely; others have been 

taken over by the communities they served . Still others are facing 

the prospect of having to shut down or become publicly owned opera-

-tions. The basic questions investigated here are (1) whether these 

prospects are typical of all firms in the industry and (2) whether 

the causes of the difficulties are similar. 

1. NATURE OF THE DATA 

a. Sources 

The American Transit Association (ATA) receives annual reports 

from its membership that contain various cost and operating statis

tics. The ATA reports this information each year, by individual 

firm, in the following publications: 

• "Transit Operating Reports" 

Part I, System-Wide Totals 
Part II, Motor Bus Operations 
Part III, Railway Operations 
Part IV, Trolley Coach Operations 

• "Classification of Motor Buses By Size, Make, and 
Manufacturer's Year." 

All of the information in these reports has been stored on magnetic 

tapes, and any piece of information in the tape files can be 

extracted. 
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The specific information for this section was taken from the tape 
record of Part II . Section A of Part II contains the data for firms 

that report their operating data using the Interstate Commerce Com

mission system of accounts. Section B contains statistics for other 

firms that use the ATA system of accounts. Because of comparability 

problems with respect to the two systems , onl y the Section A firms 

that reported on the basis of the more widely used ICC system are 

analyzed . 

b . Limitations 

One of the problems encountered in anal yzing the data in Sec

tion A of Part II was that some firms failed to report data on all 

the variables of interest . The reader will find, therefore, that 

the sample sizes used in the analysis vary . There is also a problem 

of reporting consistency. Wherever possibl e , consistency checks 

have been made, but whether all inconsistencies have been accounted 

for is not certain. 

2. ANALYTICAL LIMITATIONS 

The existence of data gaps made it virtually impossible to use 

random- sampling techniques, so we obtained the maximum number of 

observations available for the sets of variables being analyzed. 

This does not, of course, guarantee randomness and, technically, any 

inferences drawn from the sample cannot be evaluated i n statistical 

terms. However, on a number of occasions the t-statistic has been 

used to test the s ignificance of a sample value . This was done on 

the perhaps questionable assumptions that (1) the sample is random 

and large enough to assure approximate normality of sample statistics 

as predicted by the Central Limit Theorem, and (2) the error terms 

of the dependent variables are independent and normally distributed. 

The reader i s reminded that only two years of data are presented . 

It is possible that either one or both of these two years cannot be 

regarded as typical of the industry's performance . Ideally, each 

year during the decade should be analyzed separately using cross

sectional analysis, and those firms that existed over the full period 
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should be analyzed using time - series analysis. In addition, the 

identification of the characteristics of firms that dropped out or 

merged with other firms would compl ement the statistical treatment. 

Clearly, much remains to be done; for this reason the results 

presented here must be regarded as tentative. 

3. OVERVIEW 

The financial status of the urban bus transit firms during 1960 

and 1969 is discussed first . The main concern is whether the 

revenues received by the firms have been enough to cover total and 

variable costs or both, as these terms are defined in this section. 

Changes in certain cost components are al so examined . 

Following the financial analysis, an analysis of the operating 

characteristics of the firms is taken up. This analysis shows, 

statisticall y, the apparent reasons for the changes in their finan

cial posture . 
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B. REVENUE VERSUS COSTS 

This section i s devoted primarily to a discussion of the ability of 

urban bus transit f irms to cover costs in the two years 1960 and 

1969 . It will be shown that the financial status of bus transit 

firms ha s deteriorated . This i s especially true for small opera-

tions. Before presenting the statistical picture, however, it is 

necessary to discuss certain cost concepts and assumptions and their 

s i gnif icance in explaining economic behavior. 

1. COST CONCEPTS AND ASSUMPTIONS 

Three cost concepts will be used in the subsequent anal ysis : 

Total Fixed Cost= Capital Consumption + Normal Profit (1 ) 
(including interest) 

Total Cost= Total Variabl e Cost+ Total Fixed Cost (2) 

Average Total Cost= Average Variable Cost+ Average (3) 
Fixed Cost 

In Eq . 3 the averages are calculated by dividing their respective 

totals by the output l evel s that generated the costs. All of these 

costs are assumed at this po i nt to be 11 short run11 costs.1 

It is important to be aware of the fact that the ATA cost con

cepts differ somewhat from the ideal t hat economists. would prefer. 

Tabl e 3.1 shows the ATA expens e categories used for those firms 

employing the Interstate Commerce Commission (ICC) method of report

ing . These categories can be aggregated a s i n Table 3. 2. As t he 

latter table indicates, variable cost can also be determined as 

follows : 

1 . The " short run" is defined a s a time so short that the firm 
i s unable to vary quantities of some resources used. 
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Table 3.1 

ATA EXPENSE CATEGORIES ( I CC FORM) 

Item 
No. Item 

4 Equipment, Maintenance, and Garage 

7 Transportation 

13 Station 

14 Traffic , Advert ising, et c . 

15 Insurance and Safety 

17 Administrative and General 

18 Depreciation 

19 Amortization Chargeable to Operat ions 

20 Operating Taxes and Licenses 

21 Operating Rent s, Net 
22 Total Operating Expense 

Tabl e 3. 2 

ATA AGGREGATE COST CONCEPTS 

Item 
No. Expense Item 

4 Equi pment , Ma intenance and Garage 
7 + Transportat i on 

1 3 + Stat ion 
14 + Traffic, Advert i sing, et c. 
15 + Insurance and Safet y 
17 + Administrat ive and General 
21 + Operating Rents, Net 

Cost of Operat ions 

20 + Operating Taxes and Licenses 

Total Variabl e Cost 

18 + Depreciation 
19 + Amortization Chargeabl e to Operations 
2~ Total Operating Expenses 
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Total Variable Cost= Total Operating Expense Minus (4) 
D·epreciation and Amortiza-
tion Chargeabl e to Operations . 

The latter variable - cost concept is probably reasonably close to the 

economist's definition; i.e., the costs are composed of those re

sources that can be varied by management over the short run, and 

they are a function of the levels of output. They are, primarily, 

"out -of-pocket" expenditures. 

A major problem arises, however, when the ATA Total Operating 

Expense concept is compared with the theoretical Total Cost concept 

(see Eq. 2). Here there are two aspects to consider. First, the 

depreciation and amortization categories may not adequately reflect 

capital consumption. Depreciation and amortization are accounting 

concepts that may be dependent upon the tax posture of the private 

firms as well as other considerations. In any case, depreciation 

techniques used by the firms in the industry evidently hctve not been 

standardized, and there is considerable variation in this category. 

Second, there is no provision for normal profit in the ATA Total 

Operating Expense concept . Normal profits " ... include a normal 

return to management services, as determined competitively in all 

industries; and a normal return to capital, as determined competi

tively everywhere by industries of equal riskiness .... 112 In 

regulated industries, such as urban public transit, these "normal" 

profits are usually not determined competitively but are based more 

on a discretionary "fair-rate- of-return" concept. 

It is possible that the depreciation category may contain profits 

if there is widespread use of rapid write-off procedures and other 

devices to overstate capital consumption, but there is no way to be 

sure that profits are being under- or overstated relative to "normal" 

profits. Therefore, it'is not possible to equate the ATA concept of 

total operating expenses with the theoretical total cost concept. 

2 . Paul A. Samuel son , Economics: An Introductory Analysis, 7th . 
ed. (New York: McGraw-Hill, 1967), p. 443. 
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On the other hand, the Total Operating Expenses minus Deprecia 

tion and Amortization concept is probably a reasonable approximation 

of the theoretical notion of total variable costs. 

2. SI GNIFICANCE OF THE COST CONCEPTS 

The foregoing cost concepts can be used to explain in rather 

simple terms the general economic behavior of the bus transit firms 

over the last decade . As will be demonstrated in later sections , 

the industry has followed a predictable behavior pattern, and it 

would be helpful at this point to discuss the nature of this ex

pected behavior . Figure 3.1 presents hypothetical short-run average 

cost curves for a bus transit firm where the curves represent stand

ard economic definitions . Vehicl e -miles per year is used here as an 

V'I 

"" j 
_J 

0 
0 

6-3-71-1 

.. _,...._ AVERAGE REVENUE 
'-....✓ PER VEHICLE-MILE 

' ' ' ' 
AVERAGE FIXED COST 
PER VEHICLE-MILE 

AVERAGE VARIABLE 
COST PER 

VE HICLE-Ml LE 

' ' ' ' ' ' ' ' 

VEHICLE-MILES PER YEAR 

AVERAGE TOTAL COST 
PER VEHICLE-MILE 

FIGURE 3. l Hypothetical Bus Transit 
Short-Run Cost Curves 
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output measure merely as a convenience . Other output concepts, 

e.g., seats provided, seat-miles, passenger-miles, or passenger trips 

could have been used without loss of generality. As a matter of 

fact, all of these are highly correlated with one another. 

It should be noted also that revenue is not necessarily generated 

by vehicle -miles. Revenue is primarily a function of fare and pas

sengers. The shape of the average revenue per vehicle -mile curve 

assumes that a firm will first service areas with the highest passen

gers per vehicle-mile, and then expand service to the next highest 

ratios, etc. Average revenue, of course, cannot be zero or negative, 

so the curve is shown as approaching zero. 

Now assume that the bus company is privately owned. The· firm 

prefers to operate at a level of Q1 , or less . At that point, the 

firm's revenues are covering Total Operating Costs including a normal 

profit. As shown on the hypothethical diagram, the company would be 

receiving higher - than-normal profits if it operated at even lower 

l evel s . 3 At output level Q2 and beyond, the firm would not be cover

ing variable costs. To continue to operate would cause losses over 

and above fixed costs. If forced to operate at such levels by 

regulatory edict, the company would minimize losses by giving up its 

franchise and quitting entirely. Clearly, if the community desires 

this level of service, the company will need some sort of financial 

relief . 

In the range of operations between Q1 and Q2, the firm is cover

ing variable costs, but not total costs. The firm ¼DUld not be 

receiving normal profits nor, perhaps, enough funds to replace worn

out capital stock. If the firm had other, more profitable, ventures, 

the propensity would be to use the cash flow generated by the bus 

system to invest in these other ventures. Regulation, of course, 

may prevent this. Under such circumstances, there is not much that 

the private firm can do but phase out the operation, . search for ways 

3 . More precisely, the firm would prefer to operate at the 
profit-maximizing position within this region, i.e., where marginal 
revenue equals marginal cost. 
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to generate more revenue , or reduce costs without investing new 

capital . Meanwhile, the age of the capital s t ock will increase, and 

the capital may deteriorate if normal maintenance schedules are re 

laxed in order to cut costs . As indicated earlier, i f given the 

al ternative, the firm woul d first attempt to reach a service level 

of °-J. or l ess. However , this may be unacceptable to t he community . 

If an impasse emerges , conditions are clearly ripe for public take

over or some sort of financial relief for the firm. 

Obviously , the incentives for a publicly owned firm are differ 

ent . Profit is not as i mportant a factor. Moreover , the company 

can operate at any service level the community requires provided the 

latter is willing to supply the funds in some way. However, if the 

public firm is required to "operate out of the fare box, 11 it faces 

the same kinds of problems as a private firm . Variable costs, at 

least, must be covered , and, ideally, enough funds should be obtained 

to cover capital consumption. If such costs cannot be covered, and 

if no financial relief i s forthcoming , the capital stock will age and 

deteriorate, and the publicly owned firm will want to follow the same 

path as the privatel y owned firm, i.e., reduce service levels to 
4 operate at more favorable revenue - versus - cost levels . 

3 . REVENUE AND COSTS OF BUS TRANSIT FIRMS 

All of the foregoing has been presented t o provide a context 

within which to evaluate the empirical findings . It will now be 

shown t hat, i n 1969, bus companies generally did not cover total 

costs. Many of them did not even cover variable costs . In addition, 

small firms seemed to be worse off than large firms . 

a . Sources of Revenue 

Consider first t he sources of bus trans it company revenue. 

Table 3.3 shows that in 1960 about 95 percent of the revenue came 

4. Assuming, of course , the average revenue curve i s s imilar to 
that of Figure 3.1. 
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Table 3 . 3 

PERCENTAGE DISTRIBUTI ON OF REVENUE, BY SOURCE , 
1960 AND 1969 

Source of Revenue Percent of Total 

1960 1969 

Total Revenue 100 . 0 100 . 0 

Passenger Revenue 94.9 92.8 

Charter Revenue 4 . 0 5 .7 

Other 1.1 1. 5 

Number of Firms in Sample 107 76 

from passengers using normal service, and 4 percent came from charter 

service. I n 1969, the relative importance of charter service in

creased to about 6 percent. 5 The fact that t he relative importance 

of charter ·revenue has changed from 1960 to 1969 i s verified in 

Table 3.4. There it is shown that charter revenue increased about 
6 1 33 percent, whereas passenger revenue declined by about 5 percent . 

5. It should be noted, however, that a separate sample of firms 
was taken for each year in order to maximize the number of observa
tions. Therefore, some firms included in the 1960 sample are not 
included in the 1969 sample. This means that each sample must be 
interpreted separately, i.e., each sample is subject to a different 
level of variability. 

6 . Medians rather than arithmetic means were used because the 
former are not sensitive to extreme values . The arrays from which 
the medians were calculated appear in Appendix IIIA. Note that, in 
spite of the large percentage increase in charter revenue, its in
fluence on total revenue is minor because of its relative s ize com
pared with passenger revenue. However, the addi tional revenue from 
charter sources becomes very important when a firm's survival is at 
stake. 
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Table 3 .4 

PERCENT CHANGE IN REVENUE SOURCES AND IN PASSENGERS, 
1960 to 1969 

Firms Median Percent 
in Change 

Source of Revenue Sample 1960 to 1969 

Total Operating Revenue 51 - 3 

Pas~€nger Revenue 51 - 5 

Charter Revenue 47 +133 

Passengers 44 - 32 

Note : See Appendix IIIA for more detail . 

The results of Tables 3.3 and 3.4 are consistent, even though they 

are derived from different samples. In addition, there has been a 

decline in passengers of about 32 percent, which is consistent with 

the decline in passenger revenue. 

b. Distribution of Revenue 

Now consider the distribution of revenue for the same firms used 

in obtaining the source-of-revenue figures. Table 3.5 presents the 

percentage distribution of revenue according to the ATA expense 

categories. The upper section of the table shows how the revenue was 

spent in the two years. 

The summary at the bottom of the table relates three total ex-

pense concepts to total revenue. This summary shows that, in 1960 , 
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the 107 firms in the sample, on the average, covered total operating ., 

expenses by a margin of about 5 percent; but in 1969, the 76 firms in 

the sample , on the average , did not cover total operating expenses . 

Expenses exceeded revenues by about 1.44 percent, so nonoperating 

revenue sources had t o be tapped for this amount. The firms did , 
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Table 3 .5 

PERCENTAGE DISTRIBUTION OF REVENUE BY EXPENSE CATEGORY, 
1960 AND 1969 

Category 
Number 

4 

7 

8 

13 

14 

15 

17 

1 8 

19 

20 

21 

Cateqory Name 

Total Revenue 

Equipment , Maintenance, and Garage 

Transportation 

Drivers 1
, Helpers' Wages, etc. 

Station 

Traffic, Advertising, etc. 

Insurance and Safety 

Administrative and General 

Depreciation 

Amortization Chargeable to Operations 

Operating Taxes and Licenses 

Operating Rents, Net 

Number of Firms in Sample 

Summary 

Total Operating Expenses 

Total Operating Expenses Less 
Depreciation and Amortization 

Total Operating Expenses Less 
Depreciation, Amortization, and 
Operating Taxes 

Percent 
1960 

100 . 00 

1 8 . 27 

46.89 

37 . 56 

.57 

. 85 

5 . 04 

9.55 

5.65 

.10 

7.51 

.45 

1 07 

94 . 88 

89 .13 

81 . 62 

of Total 
1969 

1 00 . 00 

16.61 

53.44 

41.76 

1. 05 

1. 31 

4.48 

11. 09 

6 . 65 

. 43 

5.89 

.48 

76 

101.44 

94 . 36 

88.47 

however, cover variable costs (Total Operating Expenses less Depre
ciation and Amortization). 

Consider now the relative changes of the individual expense cate 

gories as shown in Table 3.6. Note first that the relative s i ze of 

Equipment, Maintenance, and Garage expenses has declined . This sug 

gests , but, of course, does not prove, deferred maintenance. The 

relative size of Transportation Expenses has increased, as has Admin

istrative and General Expenses. Both of these categori es have a high 
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Table 3 . 6 

DISTRIBUTION OF OPERATING EXPENSESa, BY EXPENSE CATEGORY 

Category Percent of Total 
Number Category Name 1960 1969 

Total Operating Costsa 100.00 100 . 00 

4 Equipment , Maintenance, and Garage 20 .50 17.60 

7 Transportation 52.61 56 . 64 

8 Drivers', Helpers' Wages, etc . 42.14 44.25 

13 Station . 64 1.11 

14 Traffic, Advertising, etc. .95 1. 39 

15 Insurance and Safety 5 .6 5 4.75 

17 Administrative and General 10.71 11.75 

20 Operating Taxes and Licenses 8.43 6 . 24 

21 Operating Rents, Net . 51 . 51 

Number of Firms in Sample 107 76 

aExcludes depreciation and amortization chargeable to operations. 

labor component, and it is well known that wage rates have increased 

rapidly over the period . 
As indicated earlier, the samples for the two years involve dif -

I 
I 
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I 
I 
1, 

I 
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ferent companies; therefore, without additional evidence, it cannot 

be established definitely whether or not the shifts have taken place. I 
Table 3.7, however, shows that the median rate of change in Equip

ment, Maintenance, and Garage expenses has been less than that for I 
Total Operating Expenses; therefore, the relative size of this cate

gory has deqlined . In contrast, Transportation Expenses, including 

Drivers' Wages, has increased at a greater rate t han Total Expenses ; 

therefore, the rel ative size of these categories has increased. 

I 
I 
I 

These two resul ts are consistent with those in Table 3.6 . However, 

an inconsistency arises in the Administrative and General Category. 
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Table 3.7 

PERCENT CHANGES I N SELECTED EXPENSE CATEGORIES, 1960 TO 1969 

Median 
Percent 

Expense Category Number of Change 
Firms in 1960 to 
Sample 1969 

Total Operating Expenses 50 22 
Equipment, Maintenance, and 

Garage 50 18 
Transportation 50 28 

Drivers' Wages 49 31 
Administrative and General 49 19 

Note : See Appendix IIIA for more detail. 

Table 3 .7 implies that its relative size should have declined, but 

Table 3 .6 shows the opposite. 

Up to this point, the discussion has focused on general tenden

cies for the industry in 1960 and 1969. The remainder of this 

section will be concerned with how the firms varied within the 

industry. 

c. Distribution of Firms by Expense Ratio 

Table 3.8 presents the distribution of the firms according to 

Expense Ratios, which are defined simply as the ratio of expense 
7 aggregates to Total Revenue expressed in percent. The Total Expense 

7 . The term "operating ratio" has been avoided here because dif
ferent concepts of expenses are involved. Note also that the sample 
sizes for 1960 and 1969 have diminished from 78 to 52, respectively. 
This is because the samples were maximized to analyze several more 
variables in addition to the expense it~ms, and some firms were 
dropped for lack of data. 
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Table 3.8 

DISTRI BUTI ON OF FIRMS BY EXPENSE RATIOa , 1960 AND 1969 

Total Expenses Total Expenses 

Expense Total 
Less Deprecia- Less Deprecia -
tion, and tion, Amortiza-

Ratio Expenses Amortization tion, and Taxes 

1960 1969 1960 1969 1960 1969 

Number of Firms 

Under 70 - - - - 1 -

70 and under 80 - - - 1 18 6 

80 and under 90 1 2 29 6 49 25 

90 and under 100 60 22 44 28 7 7 
----------------------- ------ -------- --------1--- ----- - - -----------
100 and under 110 14 15 3 6 2 6 

110 and over 3 13 2 11 1 8 

Total 78 52 78 52 78 52 

Percentaqe of Firms 

Under 70 - - - - l -

70 and under 80 - - - 2 23 1 2 

80 and under 90 1 4 37 1 2 63 48 

90 and under 100 77 42 56 54 9 1 3 
------------------L------------ ---------------- --------- -----------
100 and under 110 18 29 4 1 2 3 1 2 

lll0 and over 4 25 3 21 1 1 5 

Total 100 100 100 100 100 100 

aExpenses a s a percent of Total Revenue. 

ratio is Total Operating Expenses divided by Total Revenue times 

100. Again, Total Expenses less Depreciation and Amortization is 

a proxy for Variable Costs and is also expressed as a percent of 

Total Revenue. The t h ird concept excludes Operat ing Taxes in addi 

tion to Depreciation and Amortization and is al so expressed as a 

percent of Total Revenue. 
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The lower half of Table 3.8 shows the percentage of firms that 

were within certain classifications of expense ratios . The dashed 

lines across the table indicate the points at which expenses equal 

revenue . For exampl e , in 1 960 , 18 percent of the firms in the 

sample had total expense ratios of 100 and under 110 percent , and 4 

percent had ratios of 110 percent and over . In other words, 22 per 

cent of the firms did not cover Total Operating Expenses. Compare 

this with the ·1969 figure of 54 percent ( 29 + 25) that did not 

cover Total Oper~ting Expenses, a considerable deterioration. 8 

The next two columns show the firms that did not cover variable 

costs in the two years . In 1960, about 7 percent did not cover 

variable costs; whereas in 1969, about 33 percent did not cover 

variable costs . 

The last two columns indicate the effect of exempting firms 

entirely from operating taxes . 9 In spite of tax relief, 27 percent 

of the firms in 1969 would not have covered operating expenses. 

d . Expense Rat ios and Size of Firm1 0 

The question naturally arises as to whether the size of firm has 

any bearing on the ability to cover cost s . In Table 3 . 9 the firms 

I 
have been classified according to annual revenue . In each class the 

percent of firms having expense ratios of 1 00 percent or more was 

determined . For example , i n 1 960, 34 percent of the firms with 

I 
I 
I 

annual revenues under $1 million did not cover Total Operating Ex

penses. In 1 969, 70 percent did not cover Total Operating Expenses . 

8. Note, however, that the size of sampl e is smaller i n 1969; 
therefore, sampl ing variation is larger . 

9 . However , the largest proportion of operat ing taxes is social 
security taxes which as a practical matter may not be avoidable . 

I Operating taxes include all federal, stat e, county, and municipal 
taxes other than income taxes. 

I 
I 
I 

1 0 . Appendix IIIB presents detailed distributions by firm size . 
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Table 3 . 9 

PERCENT OF FIRMS WITH EXPENSE RATIOS 100 PERCENT OR 
MORE, BY REVENUE SIZE CLASS, 1960 AND 1969 

Total Expenses Total Expenses 
Annual Revenue Total Less Deprecia- Less Deprecia-

(Millions) Expenses tion, and tion, Arnortiza-
Amortization tion, and Taxes 

1960 1969 1960 1969 1960 1969 

Under 1 34 70 12 48 10 43 

and under 5 7 39 - 22 - 11 

and under 10 20 43 - 14 - 14 

and over - 50 - 25 - 25 

All Firms 22 54 6 33 4 27 

Note : See Appendix IIIB for more detailed breakdowns . 

Table 3.9 should be studied carefull y because it indicates that 

the smaller firms have suffered the greatest degree of deterioration 

with r espect to their ability to cover costs. However, f irms of all 

sizes have declined to some extent.11 The most surprising figure is 

the large percent age of small firms (43 percent) that did not cover 

variable costs ; n 1969. These firms will not last under these con

ditions without some support . 

e . Revenues and Cost Ratios 

The revenue and cost ratios presented in Table 3 .10 provide a 

general explanation for the pl ight of the small firms. In 1969 , 

revenue per passenger for firms with annual revenues under $1 million 

were bel ow the middle - s ized firm s and about the same level as the 

11. The sample sizes are very small in the last two categories; 
therefore, the s izes of the percentages are highly unreliabl e (see 
Appendix IIIB) . However, there is a clear indication that the larger 
firms have declined in their ability to cover costs . 
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Table 3 . 10 

GROUP MEDIANS OF SELECTED REVENUE AND COST RATIOS, 
BY REVENUE SIZE GROUP , 1969 

(All Ratios in Dollars) 

Annual Revenue (Millions) 
Measure All l and 5 and 10 arrl 

Firms Under l Under 5 Under 10 Over 
Number i n Sample 52 23 18 7 4 

Total Operating Revenue 

Per passenger .239 . 226 . 249 . 263 . 222 
Per vehicle mile .646 .544 .669 .798 . 84E 
Per seat-mile (cents) 1.44 1. 38 1.45 1.67 1.69 
Per employee (000) 1 0 . 091 8.167 10 . 279 11. 339 1 2 . 404 

Per bus (000) 17.758 13. 381 19 .127 24. 934 26 . 966 

Total Operating Costa 

Per passenger .235 . 235 . 242 . 260 . 208 

Per vehicle mile . 6 33 .578 .646 .757 . 79: , 

Per seat-mil e 1.46 1.44 1.40 1.60 1. 63 

Per employee (000) 1 0 .. 000 9 .011 1 0 . 001 1 0 . 869 11. 67: 

Per bus (000) 1 7 . 996 14. 374 18 .568 22 . 799 27 . 04~ 

aLes s depreciation and amortization. 

largest firms. This same inability to generate revenues i s reflected 

in all of the other unit-revenue measures, and it will be shown in a 

later section t hat this is caused primarily by l ow passenger densities . 

Unit costs are al so lower for the small er f irms , but not low enough 

to be covered by revenues. Note that the very small firms have higher 

cost per passenger than the very large f i rms . This refl ects the 

aforementioned differences in passenger density. 
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According to an analysis by Nelson, the hi_gher unit costs for. 

large operations is explained by higher wage rates in .large cities.12 

' It is not caused by dis economies of scale . In fact, Nelson 'finds 

little evidence of diseconomies or economies of scal e , i.e., the unit 

cost curves are relatively flat with respect to siz_e of output when 

t hey are adjusted for wage rates and other variables that can account 

for t he differences in capital and labor inputs. 

Table 3 ,11 shows that approximately the same relationships held 

in 1960, except that median unit costs were below median unit 

revenues . 

Costs, of course, reflect t he various operating characteristics 

of the firms , and this is the subject matter of the remainder of 
this paper. 

Table 3.11 

GROUP MEDIANS OF SELECTED REVENUE AND COST RATIC~, 
BY REVENUE SIZE GROUP, 1960 

(All Ratios i n Dollars) 

Annual Revenue /Mill i~ns) 

Measure All l and 5 and lO and 
Firms Under 1 Under 5 I Under 1 n n-., ...... 

Number in Sample 78 41 29 5 3 

Total Operating Revenue 

Per pa ssenger .168 .150 .183 .169 .148 
Per vehicle mile .503 .449 . 567 . 684 .719 
Per seat -mile (cents) 1.37 1.28 1.42 1.53 l. 73 
Per employee (000) 7 . 629 7.315 8 . 601 8 . 796 9 . 023 
Per bus ( 000) 14.238 13.466 17 . 545 19 . 974 22.126 

Total Operating Costa 

Per passenger .151 .141 .161 .144 .130 
Per vehicle mile . 466 .41 2 • 517 • 597 . 631 
Per seat-mile 1.25 1.21 1.30 1.25 1.56 
Per employee (000) 7 .113 6 . 921 7 . 453 7 . 555 8 .113 
Per bus ( 000) 14 . 377 12 . 355 15. 574 17 .443 19.995 

aLess depreciation and amortization . 

1 2 . Gary R. Nelson, 11 An Econometric Model of Urban Bus Transit 
Operations, 11 Appendix IVA. 
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C. OPERATING CHARACTERISTICS 

1. FLEET CHARACTERISTICS 

a . Changes in the Number of Buses 

In spite of apparent adverse economic conditions, a large pro

portion of t he firms have increased their fleet sizes . Out of a 

sample of 49 firms that were in operation in 1960 and 1969, 23 in

creased the size of their fleet s (see Table 3.12). Twenty- six firms 

decreased their fleets . The median percent change was ~2 percent . 

Much of the f unding for t he increased fleet s may have come from 

governmental capital grant s or through other forms of subsidies- -a 

matter not addressed in t his paper . In any case , some investment in 
capital equipment has occurred. 

60 

80 

100 

120 

140 

Table 3 .12 

1969 INDEX NUMBERS OF NUMBER OF 
BUSES IN FLEET 

(1960 = 100) 

Index Number Number of 
Firms 

Under 60 2 
and under 80 10 

and under 100 14 

and under 120 14 

and under 140 7 

and over 2 

Al.l Firms 49 

Median Index 98 

Note : See Appendix IIIA for more 
detail. 
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b . Average Age of Fleets 

On the other hand , Table 3 .13 shows that the median average age 

of bus company fleet s has increased.1 In 1960 the medi an for all 

firms in the sample was 9 . 6 years . This increased to 10.9 by 1969 . 

Moreover , the median age appears to be increasing for all annual 

revenue size groups . 

Table 3 .14 verifies that the f leets are agi ng . In 1960 , about 17 

percent of the firms had fleets whose average age was greater than 12 

years . In 1969, the figure was 38 percent. Again, the small firms 

dominate the figures . The 1960 and 1969 figures , for firms with 

annual revenues under $1 million, are 29 percent and 43 percent, 

respectively. Note al so t hat the $1 million and under $5 mill ion 

class had a substantiall y greater percentage of f i rms in the 12-year 
2 and over category in 1969 than i n 1960. Cl early , t he small firms 

are behaving in a manner consistent with t heir f inancial postures . 

Returning again to Table 3 .13, observe that the median age of 

f l eets appears to decline as the size of firm increases, where size 

i s indicated by its total revenue . Agai n, this i s consistent wi th 

the fact that large firms are not as bad off financially as t he small 

firms. However, the s ampl e may be somewhat misleading as to t he 

degree of difference between small and l arge f i rms . A regression 

analysis of revenue versus f l eet age (see Table 3.15) i ndicat es that 

t he higher the revenue l evel of the firm the lower the age , but the 

·statist ical rel at ionship is very weak. Table 3 .15 indicates t hat the 

negative regression coefficient was st atistically significant at the 

.05 s i gnificance level in 1960 but not in 1969. Note, however, that 

the intercept t erms indicate an upward shift in fleet age . 3 

1. The average (arithmetic mean) age of the fleet was calculat ed 
for each firm, t hen the median was t aken of these fleet averages . 
This is not the same as obtaining the median age of buses for all 
buses in the sample . Ten to 12 years is regarded by the industry as 
the average economic life of a bus . 

2 . Sample s ize probl ems enter i nto the picture here, but it 
seems safe to say that a substantial change has occurred . 
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3 . There is a possibility of nonlinearity in this relationship . I 
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Table 3 .13 

AVERAGE AGE OF BUS FLEET BY ANNUAL REVENUE SIZE GROUP, 1960 AND 1969 

Average Age Annual Revenue($ Mill ions) 

of Fl~et l and 5 and 10 and 
(years) All Firms Under l Under 5 Under 10 Over 

1960 

0 and under 3 l l - - -
3 and under 6 4 3 - 1 -
6 and under 9 27 12 10 3 2 

9 and under 12 33 1 3 18 l 1 

1 2 and under 15 12 11 1 - -
1 5 and under 18 l l - - -- - - - -

Total Firms 78 41 29 5 3 

Median 9 . 6 1 0 . l 10 . 0 6 . 7 7.4 

Range 2,0 to 17 . l 2 . 0 to 17.1 7 . 7 to 1 3 .4 3 . 8 to 9 . 3 7 .1 to 10 . 5 

1969 

0 and under 3 2 2 - - -
3 and under 6 4 2 2 -
6 and under 9 12 5 2 2 3 

9 and under 12 14 4 7 2 1 

1 2 and under 15 8 2 5 l -
15 and under 18 9 5 4 - -
18 and under 21 3 3 - - -- - - - -

Total Firms 52 23 18 7 4 

Medi an 10 . 9 11. 32 1 2. l 7.1 8 . 5 

Range 0 . 0 to 19 . 9 0 . 0 to 19 . 9 7 . 3 to 17.8 · 3. 5 to 12.0 7 . 3 to 10 . 9 
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Tabl e 3 .14 

PERCENT OF FIRMS WITH AVERAGE FLEET 
AGE OF 12 YEARS OR MORE, BY REVENUE SIZE GROUP 

Annual Revenue Percent wi th Average Age 
(Mill ions of Dollars) 12 Years or Over 

1960 1969 

Under 1 29 43 

1 and· under 5 3 50 

? and under 10 - 14 

10 and over - -

All Firms 17 38 

Table 3.15 

RELATIONSHIP BETWEEN TOTAL REVENUE AND AVERAGE AGE OF FLEET, 
1960 and 1969 

(Independent Variabl e: Revenue in Millions of Dollars) 

Statistic 1960 1969 

Intercept Term 9 . 98 11.00 

Regression Coefficient -. 06 -. 05 

t - Value -1.83 - 1.63 

R2 . 03 . 03 

Number of Observations 98 91 

Note : t-value for • 05 significance level is 
approximately 1 . 66 . 
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There are a number of explanations that could be offered for the 

increase in bus age. The economic life of buses may be increasing 

as a result of equipment improvements. Some properties may find it 

more economical to purchase and recondition used equipment or simply 

to overhaul rather than replace their existing equipment. Clearly, 

this is an area that requires more detailed study before final con

clusions can be reached. 

c. Average Size of Bus in Fleet 

As indicated earlier, some fleet replacement has been occurring 

in all firm size groups. This is evidenced by the fact that the 

average size of buses has increased in all groups (see Table 3.16). 

The median seats per bus increased by approximately 4 to 6 seats in 

every group. A comparison of the distributions for 1960 and 1969 

reveals a substantial upward shift at all levels. Thi~ indicates 

that all firms tend to replace the smaller buses with larger buses. 

2. PASSENGERS AND PASSENGER .DENSITY 

a . Changes in Number of Passengers 

A sample of 44 firms that were in existence in 1960 and 1969 (and 

that reported their passenger .figures) indicates, on the average, 

that the annual total of passengers for individual firms has de 

clined substantially. Table 3.17 shows that the 1969 median index 

of total passengers (1960 = 100) was 68, a decline of 32 percent 

from 1960. The distribution of firms cl early leans toward negative 

percent changes, with only six firms showing increases in the number 

of passengers . If this sample can be regarded as representative, 

ridership has decline9 drastically and quite generally throughout 

the industry. 4 

4. Better indicators are needed of change in ridership, e .g., 
growth rates over the 10-year period. There is a serious passenger 
reporting problem in the ATA data which accounts for the small 
sample . 
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Tabl e 3 .16 

AVERAGE SEATS PER BUS, BY REVENUE SIZE GROUP, 19.60 AND 1969 

Annual Revenue (S Mill;~ns) 
Average Seats 

1 and 5 and 10 and Per Bus All Firms Under J llnri<>T' c; llnrl,:,-r, , n ()u,:,-r, 

1960 

Under 30 1 1 - - -
30 and under 35 21 19 2 - -
35 and under 40 30 17 13 - -
40 and under 45 19 3 11 3 2 
45 and under 50 7 1 3 2 1 
50 and under 55 - - - - -- - - - -

Total Firms 78 41 29 5 3 

Median 37 . 1 35.0 40 . 0 44.8 44.6 
Range 29.9 to 46 . 2 29.9 to 45 . 0 34 .4 to 48 . 0 41.8 t o 46 . 2 42 . 9 to 45.9 

1969 

Under 30 1 1 - - -
30 and under 35 3 3 - - -
35 and under 40 8 6 2 - -
40 and under 45 18 10 8 - -
45 and under 50 16 3 7 3 3 
50 and under 55 6 - 1 4 1 - - - - -

Total Firms 52 23 18 7 4 

Median 44 . 2 40 . 5 44. 3 50 . 8 48 . 8 
Range 27 . 9 to 52 . 6 27 , 9 to 47 . 7 38 . 8 to 50.2 47 . 2 to 52 . 6 48 .4 to 51. 7 
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Table 3.17 

1969 INDEXES OF TOTAL PASSENGERS 

(1960 = 100) 

Index Number Number of 
Firms 

Under 40 2 

40 and under 60 1 5 

60 and under 80 11 

80 and under 100 10 

100 and under 120 6 

Total Firms 44 

Median Index 68 

Note : See Appendix IIIA for more 
detail. 

b . Passenger Density 

The information in Table 3.18 and 3 .19 should be studied care 

fully because it goes a long way toward explaining the general eco

nomic decline of the bus transit industry . 5 Consider first the t wo 

columns of Table 3.18 which show the situation for all firms in 1960 

I and 1969 . The figures indicate t hat the number of passengers per 

I 
I 
I 
I 
I 

line-mile and per route-mile has declined drastically as has the 

number of passengers per bus , per seat, and per vehicle mil e . 6 The 

5. The sample sizes are the same as those shown in Appendix IIIB. 

6 . Line miles are def ined by the ATA as "the sum of the actual 
physical l ength (one -way) of all streets or highways traversed by 
motor bus." Route miles are defined as "the s um of the round-trip 
length of all bus routes operated , regardl ess of t he number of times 
cert ain portions of the st reet or highway may be duplicated in t he 
different routes . " 
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Table 3.18 

GROUP MEDIA~~ OF PASSENGER- DENSITY INDICATORS , BY REVENUE AND SIZE CLASS , 
1960 AND 1969 

Annual Revenue($ Mill ions ) 
Passenger- Density All Firms Under l 1 and 5 and 

Under 5 Under 10 Indicator 1960 1969 1960 1969 1960 1969 1960 1969 

Passengers per Line- 74 50 58 
Mile ( 000) 

32 80 39 203 79 

Passengers per Route- 35 18 30 
Mile (000 ) 

16 35 22 101 31 

P.assengers per Vehicle - 3 .1 2 .6 
Mile 

3.0 2 . 6 3. 2 2. 4 4 .1 2 . 9 

Passengers per Bus (000) 96 67 80 61 101 70 130 97 

Passengers per Seat 2482 1697 2445 1508 2375 1528 2912 1904 

Passengers per 15 16 16 16 15 16 13 14 Employee (000) 

Source : Computer printouts of the arrays of the ratios . 

Table 3.19 

REGRESSION OF SELECTED ANNUAL PASSENGER-DENSITY 
INDICATORS ON ANNUAL REVENUE, 1960 AND 1969 

(Independent Variable : Annual Revenue in Mi l lions of Dollars) 

P~s• ~nger-Density I ntercept Regression 
R2 

Number of 
Indicat or Term Coeff i ci ent t - Value Observations 

Passengers per 
Line -Mile 

1960 78 , 863 7153 4 . 0 . 16 87 
1969 48 , 556 6463 10 . 0 . 59 71 

Passengers per 
Route -Mile 

1960 32 , 409 3899 7 . 3 . 39 87 

1969 34 , 060 2356 3 . 9 .18 72 

Passenger s per 
Vehicle -Mile 

1960 3. 24 . 07 3 . 0 . 09 95 
1969 2. 81 . 03 2 .6 . 07 90 

Passengers per Bus 
1960 92,329 2010 4 . 0 . 15 94 
1969 74, 267 1131 3 . 7 . 14 88 

Passengers per Seat 
1960 2, 4 51 33 2. 7 . 07 91 
1969 1 , 713 20 3 . 5 . 13 85 

Passengers per 
Empl oyee 

l.Oa 1960 48, 801 239 . 01 90 
1969 41 , 890 169 1.4a . 03 81 

a Not statis t ically 
t ailed t est) . 

significant at t he . 01 s i gnificance level (one -
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10 and 
Over 

1960 1969 

325 123 

98 45 

4 . 8 4 . 2 

144 129 

3136 2649 

12 1 5 
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number of passenger s per employee appear to have increased, a phe 

nomenon that will be dis cussed in more detail in the next subsection . 

These declines in passenger density explain why revenues have de 
clined, even though fares are known to have increased. Moreover, 

most of the decline in these densitie s can be traced to declines in 

passengers; for, as will be shown later, the denominators of the 

ratios have not changed as rapidly over the period . 

The second point that Table 3.18 brings out, and that is verified 

in Table 3.19 7 is the substantial difference in densities between the 

small and large firms . Clearly, the larger the firm the higher the 

density . This, of course, is explained by the differences in popu

lation and population densities served by the companies. In any 

case, the lower densities indicate the main reason why small firms 

are not doing as well, financially, as large firms.
7 

Note that all of the density indicators increased significantly-

as indicated by the t -value--with an increase in revenue (except 

passengers per employee) and in every case the slopes were greater 

in 1960 than in 1969. This suggests that declines in the densities 

have been great er for the l arger firms . 

c . Passengers per Employee 

Tabl es 3 .18 and 3 .19 give confl icting results as to whether the 

passengers -per - employee ratio (one measure of employee productivity) 

has increased . The former table shows that there has been a slight 

increase and the increase is greater in the larger firms . Moreover, 

the ratio seems higher for the smaller firms . In contrast , the re

gression equations in Table 3 .19 indicate that there has been a 

modest downward shift in passengers per employee and that there is 

no statistically significant difference in the ratio when rel ated t o 

7 . One wonders why, under these circumstances , small firms have 
increased the sizes of their buses . Larger buses cost more to buy 
and maintain . Although small firms may have purchased used buses at 
l ower capital costs, t he operating and maintenance costs still may 
be too high relat ive to passenger densities. 
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annual revenue . As further evidence that the ratio of passengers to 

employees has decreased , Table 3 . 20 shows that the 1960 to 1969 per

cent change in employees was -14 percent as against - 32 percent for 

passengers . 

More refined techniques may bring out whether there are signifi -

I 
I 
I 

cant changes or differences in passengers per employee, but appar -

1 ently, the best hypotheses to accept are that (a) there has been a 

downward trend from 1960 to 1969, and (b) the size of firm has little 

or no bearing on the ratio . 

Table 3 . 20 

1969 INDEX NUMBERS OF EMPLOYEES 

(1960 = 100) 

Index Number Number of 
Firms 

Under 60 4 

60 and under 80 12 

80 and under 100 15 

100 and under 120 11 

120 and over 3 -
Total Firms 45 

Median Index 86 

Notes : Median Index for Passen
gers= 68 (see Table 3.17) . 

3. SYSTEM OPERATIONS 

See Appendix IIIA for more 
detail. 
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The concept of service levels has always been elus ive because I 
there are so many ways to evaluate service. Clear l y , the quality of 

the service as well as frequency , accessibility, speed, and other I 
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variables must all be considered. The term "system operations" has 

been used here to avoid the issue of whether service levels have 

actually changed. 
Table 3.21 presents four variables that indicate the extent of 

system operations; line-miles, route-miles, buses, and bus -miles . 

As the table indicates , the median number of line-miles and route 

miles in the samples did not change from 1960 to 1969. The median 

number of buses declined slightly, and the median number of bus 

miles declined about 10 percent . Compare these figures with the 

changes in number of passengers described earlier, and it becomes 

clear that the latter is the driving force i n the reduction in 

passenger densities. 
Frequency of service is related to the number of buses per line

mile or per route -mile. More buses per line-mile or route -mile imply 

more frequent service (shorter headways) . The data in Table 3.22 

indicate that frequency of service seems to have increased slightly 

over the period. 8 However, note that the coefficient of variation 

in buses per route-mile increased by a factor of over two from 1960 

to 1969 which implies that the changes in the ratios were not uni

form throughout the industry. 
Finally, Table 3.23 relates buses per line-mile and route -mile 

to the size of firm (using revenue as a measure of firm size) . 

Notice here that although the intercept term for buses per route

mile indicates a slight upward shift, the slope has decreased . This 

implies that the frequency of service has not increased as rapidly 

for the l arger firms. In fact, in 1960 , buses per route-mile were 

positively related to size of firm, whereas in 1969 it cannot be 

accepted statistically that there is a positive relationship. 

Table 3.23 also shows that the annual vehicle-miles per bus are 

about the same, regardless of the size of firm. There may have been 

a slight downward shift in bus utilization, but this cannot be veri

fied statistically. 

8. The indexes iD Table 3.21 imply a sli ght downward shift in 
frequency for those firms that operated in both years . 
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Table 3 . 21 

SELECTED 1969 INDEXES OF SYSTEM OPERATIONS 

(1960 = 100 ) 

Number 
Number of Firms 

Line -Miles Route-Miles Buses Bus-Miles 

Under 60 2 6 2 4 

60 and under 80 6 4 10 15 

80 and under 100 8 8 14 12 

100 and under 1 20 14 12 14 14 

120 and under 140 2 3 7 2 

140 and under 160 2 2 1 2 

160 and under 180 3 1 - 1 

180 and over 3 5 1 -- - - -
Total Firms 40 41 49 50 

Median Index 100 100 98 90 

Not e : See Appendix IIIA for ·more detail . 

Tabl e 3.22 

AVERAGES AND VARIATIONS OF BUSES PER LINE- AND 
ROUTE- MILE , 1960 AND 1969 

Buses Per Buses Per 
Statistical Measure Line - Mile Route - Mil e 

1960 1969 1960 1969 

Number of Observations 95 75 94 75 

Arithmetic Mean . 865 . 879 .408 • 538 

St andard Deviation .648 . 611 . 249 . 696 

Coefficient of Variation a 75 70 61 1 29 

a St andard deviation as a percent of the mean . 
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Tabl e 3 . 23 

REGRESSION OF SELECTED SYSTEM OPERATIONS 
INDICATORS ON ANNUAL REVENUE , 1960 AND 1969 

(Independent Variabl e : Annual Revenue in Millions of Dollars) 

System 
Operations Intercept Regres sion 

R2 
Number of 

Indicators Term Coefficient t -Value Observations 

Buses per Line -
Mile 

1960 . 78 54 . 0306 3 . 39 .11 95 

1969 . 7173 . 0312 7 . 82 . 45 75 

Buses per Route -
Mile 

1960 . 3623 . 0160 5 . 43 . 24 94 

1969 . 4896 . 0094 1 . 56a • 03 75 

Vehicle- Miles per 
Bus ( 000 ) 

1960 29.695 42 . 093 . 32a . 001 103 

1969 27. 57 2 82 . 56 5 1 . 40a .02 94 

aNot significant at t he . OS significance level . 

4 . SUMMARY 

In 1969 , bus transit firms were apparentl y operating at about 

t he same l evel s as in 1960 , The physical l evel s of the cost

generating i nput s , t herefore , have remained rel ativel y stabl e, whil e 

t he number of passengers has declined drastica lly , indicating that 

t he ability t o generat e revenue has decl ined . This undoubt edly ex

pl ains the revenue- cost squeeze described in Sect ion B. It should 

a l so be noted that small firms have apparently maintained t heir 

servi ces at l evel s as high , if not higher than l ar ge firms . Possibl y 

this explains why the revenue-cost squeeze has been greater for t he 

small fir ms . 
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With respect to investment, the industry appears to be behaving 

in the classical manner . The age of the fleet has increased, indi 

cating that fleet replacement rate is not being maintained . What 

replacement has taken place has involved acquisition of larger (and 

presumably more costly) buses . This is true despite drastic red 

ductions in passenger density at all firm size levels . 
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Appendix IIIA 

INDEXES OF BUS TRANSIT OPERATIONS 
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Appendix IIIA 

INDEXES OF BUS TRANSIT OPERATIONS 

Tabl e 3A-l presents index numbers for selected variables for firms 

in exi stence in 'both 1960 and 1969. The sample sizes vary because 

availability of data varied . Note that each index has been arrayed 

from lowest to highest . This means that the order of firms has not 

been preserved; i.e ., the indexes for a given row in the table in

volve different firms . 
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( 51) ( 51) (47) 

Total 
Operating Passenger Charter 

Revenue Revenue Revenue 

16 16 21 

45 43 66 
45 44 78 

71 64 84 

71 65 87 

74 65 97 

78 69 111 

79 69 134 

82 73 135 

82 74 140 

83 77 146 

83 78 153 

84 80 156 

85 80 157 

86 81 158 

87 Bl 199 

87 83 200 

87 84 200 

90 86 211 

92 87 212 

93 87 213 

93 89 213 
94 90 226 
96 93 233b 

97 94 245 
97b 95b 254 

110 96 267 

110 96 295 

111 97 310 

11 3 100 326 

114 105 332 

120 107 338 

122 115 338 

129 115 357 

1 29 115 365 

129 118 387 

132 119 405 

132 122 546 

132 124 559 

134 129 583 

1 34 131 603 

136 133 696 

146 134 701 

146 138 722 

146 142 767 

147 144 1876 

148 144 2838 

164 146 

168 152 

218 158 

217 182 

( SO) 

Total 

Tabl e 3A- l 

SELECTED 1969 INDEXES BY FIR~ 

(1960 = 100) 

(SO) (SO) (49) (49) (40) (41) 
Transpor- Administra-

O;,erating Maintenance tation Drivers tion & Cen- Line- Route-
Exoenses Exnenses Exoense Warres tral Ex.oense Miles Miles 

20 18 19 21 29 31 9 
48 41 47 so 43 33 17 
so 43 53 59 61 62 33 
67 47 68 75 63 64 33 
73 62 73 76 64 68 40 
81 78 81 87 69 71 58 
81 80 87 90 81 73 69 
84 81 90 90 81 78 71 
86 82 90 91 89 81 73 
89 83 90 93 93 84 77 
90 85 91 97 94 85 84 
90 87 93 97 95 87 84 
90 87 95 97 95 91 85 
91 88 96 98 97 92 88 
92 89 98 99 97 92 89 
94 90 98 101 100 96 91 
94 90 106 106 101 100 97 

103 91 106 108 105 100 99 
104 93 106 109 108 100 100 
111 93 109 110 111 100 100 
112 96 111 112 113 100b 100b 
112 96 118 114 114 101 100 
116 106 124 114 115 102 100 
118 109 126 115 117 103 104 

122 114 127 131b 119b 107 106 
122b 118b 128b 133 119 108 108 
122 118 129 134 119 1 08 108 
124 118 129 135 120 108 1 08 
128 122 132 139 120 116 113 
130 122 137 140 124 1.18 119 
131 1 25 139 14 2 135 Bl 120 
134 127 ~40 145 141 140 123 
134 130 141 145 142 150 138 
135 134 141 152 149 158 145 
137 135 147 152 149 164 149 
137 138 149 153 1 53 164 1 70 
139 138 149 154 159 166 187 
143 138 151 154 162 238 199 
147 139 151 156 163 260 260 
148 139 151 1 57 168 337 276 
148 149 153 158 177 337 
151 145 160 167 193 
156 149 162 1 71 245 

157 155 164 172 255 
166 155 167 181 302 
170 172 173 185 304 
171 174 179 205 339 
189 186 188 229 348 
215 190 21 8 239 581 
232 231 225 

aNumbers in parentheses indicate t he number of firms in the array. 

bMedian, 
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(49) (45) ( SO) (44) 

Nu.'Tlber Bus-
of Buses Emolovees Miles Passenaers 

I 
36 25 40 9 

51 26 40 29 
60 50 45 4 0 
69 55 57 43 I 
72 64 60 43 

72 65 61 46 
74 68 65 48 

76 70 66 51 I 
77 71 69 51 
78 71 70 51 

78 71 71 51 
79 77 71 52 
Bl 78 73 53 I 
82 78 74 54 

89 79 74 55 
90 79 74 57 

91 80 75 58 I 
91 82 79 60 

92 82 79 62 

93 83 80 63 
94 85 82 63 

95 86 84 64 I 
% 86b 87 68b 

97 88 89 70 
98b 88 90b 71 

98 89 90 73 I 
108 89 91 74 

101 92 91 76 
102 93 94 83 

102 97 98 86 

103 97 99 89 I 
105 100 100 90 

106 100 100 91 
107 100 101 91 

109 100 1 01 92 I 
109 100 1 03 94 

110 103 104 94 

113 104 104 98 
114 1 06 104 1 01 

117 106 104 102 
I 

1 23 115 106 108 

123 116 107 113 

127 132 110 114 

131 139 112 114 I 
133 189 115 

137 120 

138 134 

147 142 

187 147 
I 

165 

I 
I 
I 
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Appendix IIIB 

FREQUENCY DISTRI BUTIONS OF BUS TRANSIT OPERATIONS 

This appendix present s more detailed frequency distributions of the 

various ratios discussed in the paper . Each ratio is classified 

according to annual revenue size groups . The medians were calcu

lated from the individual arrays of the data , not from t he standard 

fr equency-distribution formula . A list of tables is provided on 

the next page for convenience in locating a particular table. 
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Table 3B . l 

TOTAL OPERATING EXPENSESa AS A PERCENT OF TOTAL REVENUE , 
BY REVENUE SIZE GROJP, 1960 AND 1969 

. Revenue ($ Millions) 

All land 5 and 
Percent Firms Under l Under 5 Under 10 

1960 

85 and under 90 l l 

90 and under 95 21 5 1 2 2 

95 and under 100 39 22 14 2 
100 and under 105 11 8 2 1 
105 and under 110 3 3 

110 and under 115 1 l 
-115 and under 1 20 l 1 
1 20 and over l 1 - - - -

Total Firms 78 41 29 5 

Median 96 . 6 97 .6 95 . 2 95 .2 

1969 

80 and under 85 l l 
85 and under 90 l 1 
90 and under 95 6 l 3 2 

95 and under 100 16 5 7 2 
100 and under 105 1 3 6 5 1 
105 and under 110 2 l 1 
110 and under 115 2 2 
115 and under 1 20 3 l 1 1 
120 and under 1 25 2 l 

125 and over 6 5 l - - - -
Total Fi rms 52 23 18 7 

Median 100 .1 103 . 7 99 . l 100 . 0 

a Expenses based on Total Opera~~ng Expenses . 

3-44 

10 and 
Over 

2 

l 

-
3 

94 . 0 

2 

1 

1 

-
4 
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Table 3B . 2 

TOTAL EXPENSES LESS DEPRECIATION AND AMORTIZATION AS A 
PERCENT OF TOTAL REVENUE , BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

All 1 and 5 and 10 and 
Percent Firms Under 1 Under 5 Under 10 Over 

1960 

80 and under 85 2 1 1 

85 and under 90 27 6 15 4 2 

90 and under 95 31 17 12 1 1 

95 and under 100 13 1 2 1 

100 and under 105 2 2 

105 and under 110 1 1 

110 and under 115 1 1 

115 and over 1 1 - - - - -
Total Firms 78 41 29 5 3 

Median 91. 2 93 . 8 89 . 2 85. 5 90 . 0 

1969 

75 and under 80 1 1 

80 and under 85 3 1 2 

85 and under 90 3 3 

90 and under 95 21 7 8 3 3 

95 and under 100 7 4 2 1 

100 and under 105 5 3 2 

105 and under 110 l · 1 

110 and under 115 3 3 

115 and under 1 20 2 1 1 

1 20 and over, 6 5 1 -- - - -
Total Firms 52 23 18 7 4 

Median 94 . 5 98 . 9 92 . 6 90 .7 93 . 9 
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Table 3B . 3 

TOTAL EXPENSES LESS DEPRECIATION, AMORTIZATION, AND TAXESa AS A PERCENT OF 
TOTAL REVENUE , BY REVENUE SI ZE GROUP., 1960 AND 1969 

Revenue ($ Millions) 
Percent All land 5 and 10 and 

Firms Unci.er l Under 5 Under 10 Over 

1960 

65 and under 70 l l 
70 and under 75 l l 
75 and under 80 1 7 4 10 2 l 
80 and under 85 31 11 16 3 l 
85 and under 90 18 14 3 l 
90 and under 95 6 6 

95 and under 100 l l 
100 and over 3 3 - - - - -

Total Firms 78 41 29 5 3 

Medi an 83 . 6 85 . 6 81.8 80 .3 82 . 4 

1969 

70 and under 75 l l 
75 and under 80 5 3 2 
80 and under 85 1 2 4 5 2 l 
85 and under 90 13 6 5 l l 
90 and under 95 5 l 2 l l 
95 and under 100 2 l l 

100 and under 105 5 4 l 

105 and under 110 l l 
110 and under 115 2 l l 
115 and under 120 l l 

120 and over 5 4 l - - - - -
Tot al Fi rms 52 23 1 8 7 4 

Median 87 . 8 91. 2 85 . 8 84 . l 89. 3 

a Operat ing taxes only . 
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Table 3B . 4 

REVENUE PER PASSENGER, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

All 1 and 5 and 
Revenue per Passenqer Firms Under 1 Under 5 Under 10 

1960 

Under 10 2 1 1 

10 and under 15 27 20 5 
15 and under 20 32 14 14 4 
20 and under 25 13 3 9 

25 and under 30 1 1 

30 and under 35 

35 and under 40 1 1 

40 and under 45 

45 and under 50 

50 and over 2 2 - - - -
Total Firms 78 41 29 5 

Median .1678 .1495 .1828 .1691 

1969 

Under 10 1 1 
10 and under 15 1 1 

15 and under 20 13 8 2 1 

20 and under 25 16 8 6 2 

25 and under 30 13 3 5 3 

30 and under 35 3 1 1 1 

35 and under 40 2 1 1 

40 and under 45 1 1 
45 and under 50 1 1 

50 and over 1 1 - - - -
Total Firms 52 23 18 7 

Median . 2391 . 2257 .2494 . 2625 
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10 and 
Over 

2 

1 

-
3 

.1477 

2 

2 

-
4 

.2217 



Table 3B . 5 

ANNUAL REVENUE PER VEHICLE- MILE , BY REVENUE SIZE GROUP , 1960 AND 1969 

Revenue($ Millions) 

All land 5 and 10 and 
Revenue per Vehicle Mil e Firms Under l Under 5 Under 10 Over 

1960 

Under . 30 1 1 

. 30 and under . 35 1 l 

. 35 and under . 40 8 8 

.40 and under . 45 14 11 3 

. 45 and under . 50 1 3 11 2 

. 50 and under . 55 10 4 5 1 

. 55 and under . 60 11 3 7 1 

. 60 and under . 65 9 8 1 

. 65 and under . 70 2 1 1 

. 70 and over 9 2 3 2 2 - - - - -
Total Firms 78 41 29 5 3 

Median . 5032 . 4491 . 5656 . 6837 • 7187 

1969 

Under . 30 2 2 

. 30 and under . 35 l l 

. 35 and under .40 

. 40 and under . 45 5 4 1 

. 45 and under . so 4 3 l 

. so and under . 55 3 2 1 

. ss and under . 60 8 5 3 

.60 and under . 65 4 1 2 1 

. 65 and under . 70 7 2 4 1 

. 70 and under . 75 7 2 3 2 

. 75 and under . 80 1 1 

.so and over 10 1 3 3 3 - - - - -
Total Firms 52 23 18 7 4 

Median .6459 . 5442 . 6690 . 7980 . 8476 
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Table 3B . 6 

ANNUAL REVENUE PER SEAT-MILE, BY REVENUE SIZE GROU P, 

1960 AND 1969 

Revenue per Revenue Size Group 

Seat - Mile All 1 and 5 and 
(Cents) Firms Under 1 Under 5 Under 10 

1960 

Under 1. 0 2 2 

1.0 and under 1. 2 13 7 6 

1. 2 and under 1.4 30 21 7 2 

1.4 and under 1.6 21 7 10 2 

1. 6 and under 1.8 8 2 5 1 

1.8 and under 2 . 0 2 1 1 

2 . 0 and over 2 1 - - - -
Total firms 78 41 29 5 

Median 1. 37 1. 28 1.42 1. 53 

1969 

Under 1. 0 5 4 1 

1. 0 and under 1. 2 4 2 2 

1. 2 and under 1.4 10 6 3 

1. 4 and under 1. 6 16 7 5 3 

1. 6 and under 1.8 9 4 2 1 

2 . 0 and over 2 1 1 - - - -
Total firms 52 23 1 8 7 

Median 1.44 1.38 1.45 1. 67 

3-49 

10 and 
Over 

2 

1 -
3 

1. 73 

1 

1 

2 

-
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Tabl e 3B.7 

TOTAL REVENUE PER EMPLOYEE, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Milli ons) 

Revenue per Empl oyee All • 1 and 5 and 
($ Thousands) Fi rms Under 1 Under 5 Under 10 

1960 

Under 4 1 1 

4 and under 5 2 1 1 

5 and under ,6 4 3 1 

6 and under 7 12 10 2 

7 and urider 8 26 16 10 

8 and under 9 14 5 5 3 

9 and under 10 12 2 8 1 

10 and under 11 5 2 2 

11 and under 12 

12 and over 2 1 1 - - - -
Total Firms 78 41 29 5 

Median 7 , 629 7 , 315 8,601 8,796 

1969 

Under 4 

4 and under 5 1 1 

5 and under 6 1 1 

6 and under 7 3 3 

7 and under 8 6 5 1 

8 and under 9 4 2 2 
9 and under 10 10 5 5 

10 and under 11 7 2 4 
11 and under 12 1 2 2 3 6 
12 and over 8 2 3 1 - - - -

Total Firms 52 23 18 7 

Median 10 , 091 8,167 10 , 279 11 , 339 
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10 and 
Over 

1 

1 

1 

-
3 

9,023 
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1 

2 -
4 

1 2,404 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 

Table 3B.8 

TOTAL REVENUE PER BUS C1NNED, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

Total Revenue per Bus All land 5 and 10 and 
($ Thousands) Firms Under l Under 5 Under 10 Over 

1960 

5 and under 10 10 10 

10 and under 15 26 20 6 

15 and under 20 29 8 18 3 

20 and under 25 11 2 5 2 2 

25 and under 30 

30 and over 2 l l - - - - -
Total Fir ms 78 41 29 5 3 

Median 14,238 13,466 17 , 545 · 19 , 974 22,126 

1969 

5 and under 10 6 6 

10 and under 15 12 9 3 

15 and under 20 14 5 8 l 

20 and under 25 13 3 5 3 2 

25 and under 30 4 l 2 1 

30 and over 3 1 l l - - - - -
Tot al Firms 52 23 18 7 4 

Median 17 , 758 13, 381 19f127 24 , 934 26 , 966 

3- 51 



Table 3B . 9 

EXPENSES LESS DEPRECIATION AND AMORTIZATI ON PER 
PASSENGER, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

Expenses per Passenger All 1 and 5 and 
(Dollars) Fi rms Under 1 Under 5 Under 10 

1960 

Under .10 2 1 1 

.10 and under .15 36 22 10 2 

.15 and under . 20 33 1 3 17 2 

. 20 and under . 25 4 2 2 

. 25 and under . 30 

.30 and under . 35 

. 35 and under . 40 1 1 

. 40 and over 2 2 - - - -
Total Firms 78 41 29 5 

Median .1512 .1409 .1609 .1443 

1969 

Under .10 1 1 
.10 and under .15 1 

.15 and under . 20 11 5 3 2 

. 20 and under . 25 17 10 5 1 

. 25 and under . 30 11 3 4 4 

. 30 and under . 35 4 1 2 

. 35 and under . 40 4 2 2 

.40 and over 3 2 1 - - - -
Tot al Fi rms 52 23 1 8 7 

Med i an . 2350 ; 2350 • 2419 . 2603 
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Table 3B.10 

EXPENSES LESS DEPRECIATION AND AMORTIZATION PER VEHICLE- MILE , 
BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

Expenses per Vehicle Mile All l and 5 and 
(Dollars) Firms Under l Under 5 Under 10 

1960 

Under . 30 l l 

. 30 and under . 40 15 12 3 

.40 and under • 50 30 20 9 l 

. so and under . 60 22 6 13 2 

. 60 and under . 70 8 l 4 2 

. 70 and under .80 

. 80 and under . 90 

. 90 and under 1 . 00 

1.no and over 2 l - - - -

Total Firms 78 41 29 5 

Median .4656 . 4117 • 5173 . 5969 

1969 

Under . 30 

. 30 and under . 40 2 2 

. 40 and under . 50 6 4 2 

• 50 and under . 60 11 6 5 

. 60 and under . 70 19 9 8 2 

. 70 and under . 80 8 1 2 3 

. 80 and under . 90 4 l l 

. 90 and under 1. 00 

1.00 and over 2 l l - - - -
Total Firms 52 23 18 7 

Median . 6331 . 5782 .6464 . 7565 
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10 and 
Over 
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1 

l -
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Table 3B .ll 

ANNUAL EXPENSES LESS DEPRECIATION AND AMORTIZATION 
PER SEAT-MILE , BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

Expenses per Seat - Mile All land 5 and 
(Cents) Firms Under l Under 5 Under 10 

1960 

Under 1.0 8 5 3 

1.0 and under l. 2 23 13 8 2 

1.2 and under 1.4 26 14 8 2 

1.4 and under 1.6 16 6 9 l 

1.6 and under 1.8 3 2 l 

1.8 and under 2 . 0 

2 . 0 and over 2 l - - - -
Total Firms 78 41 29 5 

Median 1.25 1.21 1.30 l. 25 

1969 

Under 1.0 l l 

1. 0 and under 1.2 7 4 3 

1.2 and under 1.4 11 3 6 2 

1.4 and under 1.6 17 10 4 l 

1.6 and under 1.8 12 3 4 3 

1.8 and under 2.0 2 2 

2 . 0 and over 2 l l - - - -
Total Firms 52 23 18 7 

Median 1.46 1.44 1.40 1 , 60 

3-54 

10 and 
Over 

2 

l -
3 

l. 56 

2 

2 

-
4 
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Table 3B.12 

EXPENSES LESS DEPRECIATION AND AMORTIZATION PER EMPLOYEE, 
BY REVENUE SIZE GROUP , 1960 AND 1969 

Revenue($ Millions) 

Expenses per Employee All 1 and 5 and 
($ Thousands) Firms Under l Under 5 Under 10 

1960 

Under 5 2 1 1 

5 and under 6 8 5 3 

6 and under 7 25 17 8 

7 and under 8 22 11 8 2 

8 and under 9 16 4 9 2 

9 and under 10 3 2 

10 and over 2 1 l - - - -
Total Firms 78 41 29 5 

Median 7 , 113 6,921 7,453 7,555 

1969 

Under 5 

5 and under 6 2 2 

6 and under 7 1 l 

7 and under 8 5 4 1 

8 and under 9 7 4 3 

9 and under 10 11 4 5 1 

10 and under 11 1 3 3 5 4 

11 and under 12 7 3 3 1 

12 and over 6 2 1 1 - - - -
Total Firms 52 23 18 7 

Median 10,000 9 , 011 10, 001 10 , 869 

10 and 
Over 

1 

1 

l 

-
3 

8,113 

1 

1 

2 -
4 

11, 675 
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Table 3B .13 

EXPENSES LESS DEPRECIATION AND AMORTIZATION PER BUS OWNED, 
BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue.($ Millions ) 
Expenses per Bus Owned All 1 and 5 and 

($ Thousands) Firms Under 1 Under 5 Under 10 

1960 

Under 8 4 4 

8 and under 10 7 7 
10 and under 1 2 8 6 2 
12 and under 14 16 1 3 3 
14 and under 16 20 7 1 2 1 
16 and under 18 13 2 8 3 
18 and under 20 5 3 
20 and over 5 2 1 I - - - -

Total Firms 78 41 29 5 

Median 14 , 377 12, 355 15,574 1 7, 443 

1969 

Under 8 3 3 
8 and under 10 2 2 

10 and under 12 5 5 
12 and under 14 3 1 2 
14 and under 16 5 3 2 
16 and under 18 9 5 4 
1 8 and under 20 8 1 6 1 
20 and over 1 7 3 4 6 - - - -

Total Firms 52 23 18 7 

Median 1 7, 996 14,374 18 , 568 22 , 799 

3- 56 

10 and 
Over 
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Tabl e 3B .14 

ANNUAL PASSENGERS PER LINE- MILE, BY REVENUE SIZE GROUP , 1960 AND 1969 

Revenue($ Millions) 

Passenger per Line Mile All 1 and 5 and 10 and 
(Thousands ) Firms Under 1 Under 5 Under 10 Over 

1960 

Under 25 7 7 

25 and under 50 16 11 5 

50 and under 75 19 10 9 

75 and under 100 16 4 11 1 

100 and under 125 7 5 1 1 

1 25 and under 150 5 2 2 1 

1 50 and under 175 2 1 1 

175 and under 200 

200 and under 225 2 2 

225 and over 4 1 1 2 - - - - -
Total Firms 78 41 29 5 3 

Median 74 . 2 57 , 910 79,636 202,895 324,898 

1969 

Under 25 10 ' 6 4 

25 and under 50 16 10 6 

50 and under 75 12 5 5 2 

75 and under 100 5 1 ·1 2 1 

100 and under 1 25 4 1 1 1 1 

125 and under 150 1 1 

150 and under 175 

175 and under 200 

200 and under 225 1 1 

225 and over 3 2 1 - - - - -
Total Fi rms 52 23 18 7 4 

Median so .a 32 , 485 38 , 849 79 , 251 122, 963 
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Table 3B .15 

ANNUAL PASSENGER PER ROUTE -MILE, BY REVENUE SIZE GROUP, 1960 AND 1969 

Reveri.ue (S Millions) 
Passengers per Route Mile All 1 and 5 and 10 and 

(Thousands) Firms Under 1 Under 5 Under 10 Over 

1960 

Under 10 6 5 1 
10 and under 20 15 10 5 
20 and under 30 8 6 2 
30 and under 40 18 9 9 
40 and under 50 11 3 7 l 
50 and under 60 7 4 1 l l 
60 and under 70 6 3 3 
70 and under 80 l l 
80 and over 6 l 3 2 - - - - -

Total Firms 78 41 29 5 3 

Median 34 . 6 29 , 48B 34,91 5 101 , 15B 9B ,124 

1969 

Under 10 10 6 4 
10 and under 20 14 9 4 1 
20 and under 30 11 5 4 2 
30 and under 40 7 1 3 2 1 
40 and under so 3 2 1 
50 and under 60 2 1 1 
60 and under 70 

70 and under 80 

80 and over 5 2 2 1 - - - - -
Total Firms 52 23 18 7 4 

Median 18. 2 16 , 242 21, 717 31,166 44, 754 
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Table 3B .16 

ANNUAL PASSENGERS PER VEHICLE- MILE, BY REVENUE SIZE GROUP , 
1960 AND 1969 

Revenue($ Millions) 

Passengers per Vehicle Mil e All 1 and 5 and 
Firms Under 1 Under 5 Under 10 

1960 

Under 1 2 2 

1 and under 2 3 2 1 

2 and under 3 29 17 11 

3 and under 4 29 15 13 1 

4 and under 5 12 4 4 3 

5 and over 3 1 1 - - - -
Total Firms 78 41 29 5 

Median 3.07 2. 9532 3. 1709 4 .1373 

1969 

Under 1 5 2 2 

1 and under 2 5 3 2 

2 and under 3 29 14 11 4 

3 and under 4 8 4 1 2 

4 and under 5 2 1 

5 and over 3 1 1 - - - -
Total Firms 52 23 18 7 

Median 2 . 58 2 . 5759 2 . 4407 2 . 8944 

3- 59 

10 and 
Over 

1 

1 

1 -
3 

4 . 8672 

1 

1 

1 

1 -
4 

4 . 2256 



Table 3B.17 

ANNUAL PASSENGER PER BUS CWNED, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 
Passengers per Bus All 1 and I 5 and 10 and 

(Thousands) Firms Under 1 Under 5 Under 10 Over 

1960 

Under 25 1 1 
25 and under so 4 4 
50 and under 75 16 10 6 
75 and under 100 22 14 8 

100 and under 125 22 7 1 2 2 1 
125 and under 150 9 3 3 2 1 
150 and under 175 2 1 1 
175 and under 200 

200 and over 2 1 1 - - - - -
Total Firms 78 41 29 5 3 

Median 96 .1 80 . 2 100 . 6 130 . 4 144,0 

1969 

Under 25 2 1 1 
25 and under 50 9 6 3 
50 and under 75 20 12 7 1 
75 and under 100 12 2 5 4 1 

100 and under 125 5 2 2 1 
125 and under 150 2 2 
150 and under 175 

175 and under 200 1 1 
200 and over 1 1 - - - - -

Total Firms 52 23 18 7 4 

Median 67 . 2 61.0 70 , 2 97 .1 129 . 4 
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Table 3B .18 

ANNUAL PASSENGERS PER SEAT, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 

Passengers per Seat All 1 and 5 a nd 
Firms Under 1 Under 5 Under 10 

1960 

Under 1 , 000 2 2 

1 , 000 and under 2, 000 18 11 7 

2, 000 and under 3, 000 37 1.8 1 5 3 

3, 000 and under 4 , 000 1 7 8 7 1 

4 , 000 and under 5, 000 2 1 1 

5, 000 and over 2 1 - - - -
Total Fi rms 78 41 29 5 

Median 2, 482 2, 445 2, 375 2, 912 

1969 

Under 1 , 000 6 4 2 

·1, 000 and under 2, 000 33 15 13 4 

2, 000 and under 3, 000 11 4 3 2 

3, 000 a nd under 4 , 000 1 

4 , 000 and under 5, 000 1 1 

5, 000 and over - - - -
Total Firms 52 23 18 7 

Median 1, 697 1,508 1,528 1,904 

3- 61 

10 and 
Over 

1 

1 

1 -
3 

3,136 

1 

2 

1 

-
4 

2, 649 



Table 3B .19 

ANNUAL PASSENGERS PER EMPLOYEE, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Millions) 
Passengers per Employee All ·1 and I 5 and 10 and 

· (Thous ands) Firms Under 1 Under 5 Under 10 Over 

1960 

Under 20 2 2 
20 and under 30 2 2 

' 
30 and under 40 1 5 6 9 
40 and un9er 50 25 13 9 2 1 
50 and under 60 20 9 9 2 
60 and over 14 9 2 1 2 - - - - -

Total Firms 78 41 29 5 3 

Median 47 . 7 47 . 4 47 .1 50 . 3 60 . 5 

1969 

Under 20 3 l 2 
20 and under 30 4 3 1 
30 and under 40 1 7 9 5 3 
40 and under 50 15 6 7 2 
50 and under 60 8 3 1 1 3 
60 and over 5 1 2 1 1 - - - - -

Total Firms 52 23 18 7 4 

Median 41. 3 39 . 6 41.4 41.9 53.9 
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Table 3B.20 

BUSES CMEND PER LINE- MILE, BY REVENUE SIZE GROUP, 
1960 AND 1969 

Revenue($ Millions) 

All 1 and 5 and 
Buses Owned per Line Mile Firms Under l Under 5 Under 10 

1960 

Under . 2 1 1 0 

. 2 and under . 4 10 7 3 

.4 and under . 6 16 12 4 

.6 and under . 8 15 5 10 

. 8 and under 1.0 14 6 6 1 

1.0 and under 1.2 6 3 2 1 
1.2 and under 1.4 8 5 3 

1.4 and under 1. 6 1 0 1 

1.6 and under 1.8 3 1 2 

1. 8 and under 2 . 0 0 

2 . 0 and over 4 1 1 - - - -
Total 78 41 29 5 

Median .7612 ~6022 . 7557 1.6277 

1969 

Under . 2 

. 2 and under . 4 6 4 2 

. 4 and under . 6 16 10 6 

.6 and under . 8 11 4 5 1 

. 8 and under 1. 0 7 2 2 3 

1.0 and under 1. 2 4 1 1 

1. 2 and under 1.4 5 2 1 1 

1.4 and under 1.6 

1. 6 and under 1. 8 

1.8 and under 2.0 1 1 

2.0 and over 2 2 - - - -
Total 52 23 18 7 

Median . 7113 . 5529 .6634 . 9878 

3- 63 

10 and 
Over 

1 

2 -
3 

2 . 2556 

1 

2 

1 

-
4 

1.1306 



Table 3B . 21 

BUSES CJ.oJNED PER ROUTE- MILE , BY REVENUE SIZE GROUP 
1960 AND 1969 

Revenue($ Mi l l ions) 
Buses Owned per All 1 and 5 and 10 and 

Route Mil e Firms Under 1 Under 5 Under 10 Over 

1960 

Under .1 1 1 
.1 and under . 2 8 5 3 
. 2 and under . 3 22 13 9 
. 3 and under .4 14 7 7 
. 4 and under . 5 12 6 3 2 1 
• 5 and under . 6 5 3 2 
. 6 and under . 7 9 3 s 1 
. 7 and under . 8 3 1 2 
. 8 and under . 9 2 1 1 
.·9 and under 1. 0 

1. 0 and over 2 1 1 - - - - -
Tot al 78 41 29 5 3 

Median . 3361 . 3017 . 3508 . 7650 . 681 2 

1969 

Under .1 

.1 and under . 2 7 5 2 

. 2 and under . 3 15 7 6 2 
• 3 and under .4 11 4 4 3 
.4 and under . 5 11 6 3 1 1 
. 5 and under . 6 2 1 1 
. 6 and under . 7 1 1 
. 7 and under .8 
. 8 and und-er . 9 
. 9 and under 1. 0 1 1 

1.0 and over 4 2 2 - - - -Total 52 23 18 7 4 

Median . 3438 . 2765 . 3400 . 4402 . 3469 
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Table 3B . 22 

ANNUAL VEHICLE MILES PER BUS a\lNED , BY REVENUE SIZE GROUP, 
1960 AND 1969 

Revenue($ Mill ions) 

Vehicle Miles per Bus All 11 and I 5 and 
(Thousands) Firms Under 1 Under 5 Under 10 

1960 

Under 15 

15 and under 20 5 5 

20 and under 25 12 8 4 

25 and under 30 25 11 10 2 

30 and under 35 21 10 8 3 

35 and under 40 11 5 5 

40 and under 45 3 1 2 

45 and under 50 

50 and over 1 1 - - - -
Total Firms 78 41 29 5 

Median 29 .6 28 . 9 30 . 8 32 . 2 

1969 

Under 15 4 3 1 

15 and under 20 3 3 

20 and under 25 11 6 4 1 

25 and under 30 11 3 5 2 

30 and under 35 14 5 6 3 

35 and under 40 7 2 1 1 
40 and under 45 1 l 

45 and under 50 1 1 
50 and over - - - -

Tot al Firms 52 23 18 7 

Median 29 . 4 24 .1 29 . 4 30 . 5 

3-65 

10 and 
Over 

2 

1 

-
3 

29 . 6 

1 

3 

-
4 

36.1 



Table 3B . 23 

EMPLOYEES PER BUS OtJNED, BY REVENUE SIZE GROUP , 1960 AND 1969 

Revenue($ Millions) 
Employees per Bus All 1 and 5 and 

Firms Under 1 Under 5 Under 10 

1960 

Under 1.0 

1.0 and under 1.5 11 11 

1.5 and under 2.0 29 16 13 
2. 0 and under 2. 5 29 1 3 11 3 

2 . 5 and under 3. 0 6 4 1 
3 . 0 and over 3 1 1 1 - - - -

Total Fi rms 78 41 29 5 

Median 1. 97 1.80 2 . 05 2 . 37 

1969 

Under 1.0 4 3 
1. 0 and under 1.5 11 8 2 1 
1. 5 and under 2. 0 26 8 13 5 

2.0 and under 2. 5 7 3 2 1 
2.5 and under 3.0 3 1 
3 . 0 and over 1 1 - - - -

Tot al Fi rms 52 23 1 8 7 

Median 1. 72 1. 55 1.83 2. 21 

3-66 

10 and 
Over 

2 

1 

-
3 

2 .45 

1 

1 

2 

-
4 

2.40 
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Table 3B . 24 

ANNUAL VEHICLE MILES PER EMPLOYEE, BY REVENUE SIZE GROUP, 1960 AND 1969 

Revenue($ Mi llions) 

Vehicle Miles per Employee All l and 5 and 10 and 
(Thousands) Firms Under l Under 5 Under 10 Over 

1960 

Under 10 5 l 2 l l 

10 and under 12 3 l 2 

12 and under 14 20 7 9 3 l 
14 and under 16 19 12 5 l l 

16 and under 18 18 10 8 

18 and under 20 7 5 2 

20 and under 22 5 5 

22 and over l l - - - - -
Total Firms 78 41 29 5 3 

Median 14 . 9 16 . 0 14 . 8 12 .5 12 .4 

1969 

Under 10 l l 

10 and under 1 2 3 1 l l 

12 and under 14 11 6 2 3 

14 and under 16 13 5 3 3 2 

16 and under 18 1 2 4 8 

18 and under 20 4 3 l 

20 and under 22 5 2 2 l 

22 and over 3 3 - -- - -
Total Firms 52 23 18 7 4 

Median 15. 9 16 . 2 16 . l 14.0 14.7 
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Table 3B . 25 

VEHICLE MILES PER VEHICLE HOUR, BY REVENUE SIZE GROUP, 
1960 AND 1969 

Revenue($ Millions) 

Vehicle Miles per All l and 5 and 
Vehicle Hour Firms Under l Under 5 Under 10 

19-60 

Under 8 2 l 

8 and under 9 2 2 

9 and under 10 4 l l 2 

10 and under 11 20 8 10 1 

11 and under 12 12 5 7 

12 and under 13 10 3 5 1 

13 and under 14 1 l 

14 and over - - - -
Total 51 20 24 4 

Median 10 . 98 10 .95 11 . 08 10 . 43 

1969 

Under 8 1 l 

8 and under 9 4 2 l l 

9 and under 10 6 5 1 

10 and under 11 5 2 l l 

11 and under 12 8 3 3 1 

J:2 and under 13 12 3 5 3 

13 and under 14 5 3 2 

14 and under 15 3 2 

15 and over l 1 - - - -
Total 45 21 14 6 

Median 12 . 00 11.68 11. 95 11.13 

3- 68 
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Table 3B . 26 

PASSENGERS PER VEHICLE HOUR, BY REVENUE SIZE GROUP, 
1960 AND 1969 

Revenue($ Millions) 

Passengers per All 1 and 5 and 
Vehicle Hour Firms Under 1 Under 5 Under 10 

1960 

Under 20 1 1 

20 and under 30 6 3 3 

30 and under 40 28 11 16 

40 and under 50 13 5 5 3 

50 and under 60 2 1 

60 and over 1 - - - -
Total 51 20 24 4 

Median 36 . 76 32 . 45 37 . 76 40 . 84 

1969 

Under 20 7 4 2 

20 and under 30 16 11 3 2 

30 and under 40 14 4 8 2 

40 and under 50 2 1 

50 and under 60 4 1 1 

60 and over 2 1 1 - - - -

Tot al 45 21 14 6 

Median 29 . 90 26.71 30 . 27 34 . 21 

3-69 

10 and 
Over 

1 

1 

1 -
3 

50 . 84 

1 

1 

2 

-
4 

49.60 
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CHAPTER IV 

AN ECONOMETRIC MODEL OF URBAN BUS TRANSIT OPERATIONS 

by 

Gary R. Nelson 
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SUMMARY 

The econometric model presented in this paper provides an analytical 

tool for the examination of the demand and s upply aspects of urban 

bus transit. A demand function is formulated , the paramet ers of 

which are estimated from a cross - section of bus transit nmarkets,n 

i . e ., urban areas that have bus transit available . The variables 

in the demand function are level of service (bus -miles is used as a 

proxy) , population, area, automobiles per capita, population per unit 

of highway capacity, and certain age and income classes. Supply is 

investigated in terms of the ratio of cost to revenue experienced by 

the transit firm and in terms of the average fare and the level of 

service established by the firm . Supply functions i nclude as vari

ables the type of regulation and ownership , the demand for transit, 

and the cost of providing transit service. 

Samples of 44 firms in 1960 and 51 firms in 1968 are used t o 

pr ovide estimates of the model parameters. The samples were selected 

such that the firms were the only form of mass transit serving the 

city , i.e., there were no other bus or rail operations in the city . 

Two-stage least squares regression analysis i s used in estimating 

the parameters of the model . 

With respect to demand (defined as t he number of bus passengers) , 

the analysis yielded the following results for 1968 : 

(1) At a given fare l evel, properties that provided more 
bus-miles per capita experienced higher patronage. 
This suggests that improved service l evel s will, 
indeed, attract riders . 

(2) The number of passengers doe s , in fact, decrease with 
increases in fare , and the elasticity (percentage 
change in demand r elative to a percentage change in 
fare) at the average fare of 22 cents in 1968 was 
about -.67. This means that, at an original fare of 
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22 cents , a 10 percent increase in fare can be expected 
to yield a 6 . 7 percent decline in passengers . The in
dustry' s rule-of - thumb is a decline of 3 percent in 
passengers for an increase of 10 percent in fares, a 
figure which apparently underestimates the fare impact. 

(3) Bus patronage is higher in cities where the proportion 
of persons in the 1 9 to 64 age group is highest . This 
reflects the likelihood that the chief use of mass 
transit is for work trips and the primary beneficiaries 
of bus transit are members of the labor force . 

(4) Bus patronage is lower in cities where the proportion 
of households in the low-income range (under $3 , 000) 
is highest and the proportion of households in the 
high-income range ($1 0 , 000 and above) is highest . 
Some of the reasons for the lower ridership by the 
poor may be : (a) unemployment in this group is higher, 
(b) they lack funds to ride, (c) they tend to live 
within walking distance of their work place, (d) 
transit service is not accessible . 

The lower ridership by persons in high-income 
households is undoubtedly linked to their greater 
use of the automobil e for transit . 

The analysis of the supply s ide yielded the following results 

for 1968: 

(1) The firms that experienced t he highest ratio of total 
cost to total passenger revenue were private firms 
owned bi power companies and publ ic firms operat ed by 
cities. Private firms regulated by local munici
palities, state -regulated firms, and firms operat ed 
by transit authorities had l ower ratios . 

An important factor in high rat ios of cost t o 
revenue is the ability to subsidize transit opera 
tions . Power companies presumably subsidize bus 
operations with revenue from other operations , while 
cit y governments are able t o s ubsidize operations 
from other sources . There is no evidence that firms 
with high ratios also have high unit costs . 

(2) In systems where s uch s ubsidizat i on occurs, the firm 
may encourage ridership either by constraini ng fares 
or promoting service level s. Suppl y estimat es reveal 
that firms with high cost-to-revenue rat ios t end to 
operate with lower fares but not significantly higher 
l evels of service . 

1 . Total costs here include operating costs plus plant and 
equipment investment recovery costs plus a normal return on invest
ment . They do not include so - called "social overhead" costs . 
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(3) There do not appear to be economies or diseconomies of 
scale in bus transit . The major differences in unit 
costs that are observed between small and l arge opera 
tions are explained by differences in wage rates . 

(4) Unit cost s of publicly owned firms are not higher t han 
privatel y owned firms and , in fact , tend to be lower. 

4 - 3 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A. I NTRODUCTI ON 

This paper devel ops an econometric model of the urban bus t ransit 

mar ket. Much of t he previous economic and economet ric research in 

urban transportation has been devot ed t o models for estimating de 

mand for variou s modes of t r ansportation.1 There have also been 

extens i ve stud ~es of cost s and cost f unct ions for urban transporta

tion . 2 Demand and cost f unct i ons al one are· not sufficient to deter

mine fares , passengers , or service characterist ics in a transit 

syst em. The t rans it f i rm, its regulat or , and other inst i tutions have 

a direct impact on setti ng f ares and suppl ying t ransit service and, 

t her ef or e , also affect t ransit ridership . This nsuppl y behavior" has 

not been i gnor ed in t he literat ure on t he t heory of t he regulated 

f . 3 . ct· f b 't 1 . 4 N . i rm , or in stu ies o ur an transi regu at i on. o previous 

1 . Si gnif icant methodol ogical developments in urban transpor 
tat ion demand functions have resulted from s t udies of W. Oi and 
P. Shuldiner , An Analysis of Urban Travel Dema nds , Evanston, I l l . , 
1962 , a number of studies of Charles River Associat es , including 
T. Domencich and G. Kraft , Free Tr ans i t , Lexington, Mass ., 1970 . 
Alt h_ough largely ori ented t o suppl y and cost quest ions, a general dis 
cussi on of demand i ssues a nd resul t s appears in J. Meyer , J. Kai n, 
M. Wohl, The Urban Transportation Problem , Cambridge , Mass ., 1966. 

2 . In t he area of bus transit, the most extensive work has been 
done by D. Miller , Cost Functions in Ur ban Bus Transport at ion , PhD . 
dissertat i on , Northwest ern Univ . , 1967 . An anal ysis of costs of 
various modes of urban t ransportat ion appears in Meyer , Kain , and 
Wohl , op . cit . 

3 . H. Averch and L. Johnson, 11Behavior of the Firm Under Regula 
tory Constraint , 11 American Economic Review, LII, December 1962, and 
E. Bail ey and J . Malone , 11Resource Allocat ion and t he Regulated 
Firm, 11 Bell Journal of Economics and Management Sciences , Vol . 1, 
Spring 1970, pp . 1 29 - 42 . 

4 . R. L. Banks and Associ ates, Inc ., 11Study and Evaluation of 
Local Transit Regulation and Regulatory Bodies , 11 DOT-UT- 75, Washing
ton , D. C., 1971. 

4- 5 



econometric studies , however, have attempted to quantify transit 

regulation and the economic behavior of the transit firm and to 

measure their impact on transit service and transit use. 

1 . ECONOMIC CONCEPTS AND ISSUES 

In focusing on the entire transit market rather than a special

ized issue, such as demand or regulation, 'the model incorporates 

material from several areas of economics ranging from transportation 

economics to public utility economics to econometrics . A few of the 

more important concepts and topics considered in the development 

of the transit model are introduced here . 

a . The Market 

The parameters of the transit model are estimated from cross 

section data on bus firms and transit markets . The t ransit market 

is defined geographically as an urbanized area--a central· city plus 

surrounding nonrural environs . The sample of transit markets is 

restricted to those served by a single bus firm and in which no com

peting mode of mass transit exists . 5 The prevalence of bus transit 

throughout the United States makes it possible to perform a study of 

this type . It appears that mass transit in a majority of urban 

areas in the U. S . is represented by a single bus firm. 

b. The Industry 

The urban bus transit indust ry is almost universally character 

ized by regulated private monopolies or by publicly owned monop 

olies . 6 Despite their protect ed status , bus transit enterprises face 

5. The sample consits of 51 firms and markets in 1968 and 44 
firms and markets in 1960. See Appendix IVC. 

6. In the few markets with more than one urban bus firm, the 
market is carved up so that the various firms serve nonoverlapping 
routes . This type of market organization is known in the trade as 
"regulated competition . 11 

4-6 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

level of transit service t o the quantity of passenger trips demanded , 

the cost of producing transit service , and other var iables. An 

important purpose of the econometric estimates of the supply parame

ters is to tes t alternative hypotheses of supply behav i or . 

2. ORGANIZATION OF THE PAPER 

The remainder of the paper is organized into four sections . 

Section B discusses t he aggregate demand for bus transit and formu

lates a demand function which can be estimated from a cross - section 

sample of bus t ransit markets . Section C develops transit supply 

functions based on s everal alternative hypotheses about supply 

objectives . Section D suggest s how the institutional struct ure of 

the transit industry might affect the transit market . Section E 

presents and analyzes the stat i stical results of the study . Simul

taneous - equation estimating techniques are used to estimate t he 

parameters of the equations i n the bus transit model. Appendix I VA 

contains an analysis of the private cos t s of producing trans it ser 

vice . Operating and capital costs are defined and discussed, and 

a cost function for bus transit is estimated from cross - section 

data. 
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severe competition from other modes of urban transportation, parti
cularly the private automobile . The bus transit industry is marked 

' by a considerable variety of institutions. Privately owned firms 

may be regulated by city governments , other local agencies, or the 

state government . Privately owned transit firms _owned by power 

companies also comprise a special category . Publicly owned firms 

may either be an agency of the city government or an independent 

transit authority . In recent years there has been a strong trend 

toward public ownership of bus transit firms, due in large part to 

the increasing financial woes of transit firms. 

c. Demand 

For the individual user, the demand for bus transit may be 

assumed to depend on the fare and the characteristics of available 

bus service, the price and service characteristics of alternative 

modes, and the marginal value to the individual of additional trips. 

Such characteristics of bus service as the location of bus stops, 

the frequency of service , and the location of routes affect individ

ual demand for bus transit . The demand function for the entire 

transit market relates the total number of passenger trips demanded 

to the average fare and the aggregate level of transit service 

(measured in bus - miles) . The number of persons willing to ride bus 

transit, however , depends upon how a given number of bus -miles is 

allocated by the transit company in terms of routes , frequency of 

service, and hours of service. In this sense, the aggregate demand 

function can be influenced by the behavior of the transit firm. The 

transit model assumes that the firm allocates a given quantity of 

service to maximize passenger trips. 

d. Supply 

The supp.ly side of the transit market is based on hypotheses 

concerned with the economic behavior of regulators and transit firms. 

One set of hypotheses is suggested by the recently developed economic 

t heory of the regulated firm . From these and other hypotheses , 

supply functions are derived which relate the transit fare and the 
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B. THE DEMAND FOR BUS TRANSIT 

This section develops a demand function for bus transit in which 

passengers per time period is a function of the fare, the level of 

trans it service, the population and land area of the urbanized area, 

auto availability and highway capacity, the i ncome distribution of 

households, and the age distribution of the population . 

1. DEMAND AND TRANSIT SERVICE 

The market demand for bus transit i s the aggregate of individual 

demands . In classical economic theory, the demand for any service 

is a function of the price of that service, the pr ices of substi

tutes , the prices of complementary goods and services, and income . 

Competing modes of urban transportation are substitutes for bus 

transit . Goods and services which increase the demand for urban 

transportation are complements of bus transit . The full price of 

transit service can be viewed in terms of a number of components, 

including the fare and the cost of the various time components in 

transit use. One example of a division of total trip time is 

walking time, waiting time, and riding time . Al though transit fares 

may be the same for everyone, the cost per unit of time will differ 

among individuals . It is also possible that the cost per unit of 

I time is different for each component of t he total trip t ime . 

The components of total trip time for the individual depend not 

only on the type of trip and the average speed of transit vehicles I but also on the location of transit stops , the frequency of service, 

and the locat ion of routes . While a factor such as vehicle speed I may be endemic to the bus mode , service characteristics will vary 

from individual to individual, depending on his point of departure, 

I 
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his destination, and his preferred time of arrival or departure . 

Improvement in these characteristics should be responsive to in

creases in transit service . The proliferation of routes and the 

addition of buses to existing routes serve to reduce the time cost 

of transit use . The improvement of service may constitute a de 

facto decrease in the fare . Consequently , if total service is 

increased, the demand for transit would be expected to increase. 

The demand for transit in this cross - section study is the ag

gregate demand in a transit market.1 Transit passengers trips are 

a function of the average fare and the total bus -miles of transit 

service. 2 The measurement of transit service by total bus -miles 

involves strong assumptions . In using bus-miles as a proxy for 

service, we are assuming t hat scheduling and route assignment 

practices are similar among firms and that demand for urban trans 

portation in urbanized areas is similar in terms of the distribution 

of times and destinations for urban trips. Thus, in two cities of 

equal population and land area, a given number of bus -miles per 

year implies roughly similar service characterist ics in the two 

transit markets. Among the more obvious shortcomings of bus -miles 

is the inclusion of "dead mileage" incurred when buses are not serv

icing routes. This shortcoming becomes relatively unimportant if 
the proportion of dead mileage to total mileage is relatively con

stant across systems. Other service characteristics, such as route 

miles and frequency of service, can be obtained, but these data are 

less reliable than bus -miles and are reported by fewer firms . 3 

l. Formulations in other empirical studies include models of 
individual demand (S . Warner, Stochastic Choice of Mode in Urban 
Travel: A Study in Binary Choice, Evanston, Ill., 1962, and models 
of interzonal demand, T. Domencich and G. Kraft, Free Transit, 
Lexington, Mass ., 1970. 

2. Annual data are reported to the American Transit Association 
(ATA) by member firms and published in ATA Transit Operating Re 
ports, Part II, "Motor Bus Operations." 

3. A measure such as seat-miles of service was also rejected . 
At the relatively low passenger densities in the industry (three to 
four boardings per bus-mile), additional bus capacity may have 
little effect on service characteristics . 
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The shape of the relationship assumed to exist between demand and 

bus-miles is based on several assumptions, as follows: 

b. 

• The firm allocates service to maximize the number of 

transit riders. In so doing, bus trips are added 

first where the greatest net increment in ridership 

occurs; second, where the second greatest increment 

occurs; third, where the third greatest increment occurs. 

• This method of allocating service implies diminishing 

marginal returns to additional units of service unless 

external effects are present. The incremental number of 

passengers from an additional bus-mile declines as total 

bus-miles increase. The absence of external effects 

implies that additional service at one time and along one 
4 

route does not increase demand elsewhere in the system. 

A Specific Functional Form 

The demand function used in this paper embodies most of these 

considerations. The function has a declining elasticity of demand 

with respect to additional bus-miles. Representing all other 

variables in the function by f(,), the demand function is 

4. Although some case for the existence of external effects has 
been made, it does not appear to be a phenomenon of overriding signi 
ficance for aggregate demand. 

In an unpublished -paper on economies of scale in transit, H. Moh 
ring has pointed out that additional service on a particular route 
may decrease the expected waiting time. These decreases in cost may 
l ead to increasing increments in ridership as service becomes more 
frequent . Mohring's result depends on the randomness of bus service, 
or at least randomness from the viewpoint of the user. If increasing 
returns are large, there is a large payoff to efforts by the firm to 
publish schedules and to follow them. Furthermore, the Mohring re
sult applies on a route -by-route basis. In allocating service one 
would expect the firm to concentrate on service routes to take advan
tage of these increasing returns. In so doing, aggregate demand may 
show little or no increasing returns . 
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(1) 

Dis demand, Bis bus-miles, S i s a measure of the size of the tran

sit market, and f(•) is a function of the other variables discuss~d 

in Subsections 2 and 3 . The size variable, S, may stand for either 

pop~lation, POP, or l and area, AREA (square miles). A general 

definition of size which includes both populat ion and land area is 

S = POPA AREA
1

- A, with A between zero and one. Both parameters °:I. 
and a ' are expected to be positive. 

This exponential function exhibits a declining service -elasticity 

of demand as the quantity of bus-service increases relative to the 

size of the market. This elasticity is 

(2) 

The rate of decline in elasticity is controlled by the parameter a' , 

Figure 4 .1 is a graph of demand as a function of bus service . De

mand is an increasing function of the level of service but asympto

tically approaches an upper bound. Although demand exhibits 

decreasing elasticity as service increases, there are increasing 

marginal returns ~n the dotted portion of the curve between the 

origin and B
0

• Demand elasticity, although diminishing in t his 

interval, is still larger than one; thus, the increasing returns. 

Although a demand function can be specified which does satisfy 

a priori considerations in every interval of B/S, the weakness in 

using a function which meets these considerations in an open-ended 

interval may not be too serious . 5 Furthermore, there i s no obvious 

5 . One such function is D = [1 - exp(-a, ~)]a' f( , ) . A drawback 
to the use or this function is th tit is not p6ssible to get analy
tical solutions for supply behavior under cert ain objectives. Thus, 
since a primary focus of this paper is the behavior of the firm, use 
of this f unction is, in a sense, self -defeat ing . Another drawback 
is the necessity of using non-linear regression to estimate the 
parameters of the demand f unction. 
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FIGURE 4. 1. The Effect of Bus Service on the Demand for Transit 

B 
s 

s ituation i n which any trans it firm woul d be willing to supply a 

l evel of service l ess than B
0

• The compensating s trengths of this 

exponential f unction are substantial. Briefly, use of this demand 

function leads t o a simple and te stable set of supply hypotheses . 

Also , most of the parameters of the function can be estimat ed using 

·linear regression techniques . 

2. DEMAND AND FARE 

Higher fares reduce the demand for transit by making other modes 

of transportation more attractive and by reducing the total demand 

for urban transportation. Although most systems have a st ructure of 

fares whi ch may depend on the length of the tr ip (inter - zonal 

charges) , the t ime of travel (shopper's specials) , or the age of the 

passenger (youth and senior citizen discounts) , the fare referred to 

in this model is the average revenue per paying passenger . 

4 -13 



Basic a priori considerations about the effect of fare on demand 

apply to total revenue. At very low fares we assume that total 

revenue increases as the fare increases . In effect, increases in 

fare outweigh decreases in ridership . Beyond some critical fare , 

however, additional fare increases are more than offset by declines 

in ridership, and total revenue decreases . At this critical fare , 
·k 

F , total revenue is a maximum. This assumption is equivalent t o 

assuming that total revenue as a function of the fare is unimodal 

(see Figure 4 . 2) . Another way to state this assumption is that the 

lJ.J 
::> 
z 
lJ.J 

> 
lJ.J 
~ 

...J 
~ 
t-o 
t-

o...._ ______________ ...i,._ ____________ _ 

FARE ( F*) 
1-26-72-3 

FIGURE 4 . 2. Unimodal Tota l Revenue Function 

elasticity of demand with respect to the fare increases as t he fare 

increases, and at some fare (F*) t he elasticity becomes greater 

than one. Total revenue is a maximum where the fare - el asticit y of 
demand equals one. 
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Although a number of demand functions satisfy this condition,6 

a simple function that is easy to adapt to the model is the 

following: 
- a,,_F 

D = e L g( •) • (3) 

Fis fare, and g(•) is a function of bus -miles and the variables 

dis cussed in Subsect ion 3 . The el asticity of demand is equal simply 
1 to <½F, and this elasticity is unity where F = °2 In Figure 4 . 3, 

t he rectangl e represents maximum total revenue p'c • D~'c . 

u. 

F* •••••••••••••••••••••• 

D* DEMAN D (D) 
1-26-72--4 

FIGURE 4.3. Demand as a Function of Fare: D = e-a 2F g( . ) 

6. The most common demand function of this type i s 
D = (<½._-<½F)g(.). At a zero fare, demand equals °i and at a fare of 

'½_!'½ no one is willing to use bus transit service . The drawback 

of this function is that it requires nonlinear estimation of the 
parameters and that it i s difficult to use in t he supply analysis of 
Sect ion C. 
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The t ransit indust ry ' s rule-of-thumb i s that the fare - elasticity 

of demand is 0 . 3. In light of the assumpti on t hat the elasticity 

vari es with t he fare, an elast icity of 0 . 3 applies only at one fare . 

A property of this demand function developed in this subsection is 

t hat elasticity is proport ional t o the fare . If the fare elasticity 

i s 0 . 3 at a fare of 25 cent s , t hen at a fare of 50 cents the el as 

ticity i s 0 . 6 . The demand function of the form D = 0iF°'2 does have 

a constant farerelasticity of <½ · If °'2 is less than one, the 

firm can always increase revenue by raising the fare , no matter how 

high the fare . If °2 i s greater than one , the firm can always 

increase revenue by lowering the fare . Where °2 equals one, total 

revenue r emains the same , regardl ess of the fare . The assumption 

t hat the elasticity of demand is a constant implies apparently un

realistic economic behavior . 

3 . THE LOGARITHMIC FORM OF THE DEMAND FUNCTION 

Estimates of the parameters of the demand function are based on 
l inear regression of a logarithmic form of the demand function . The 

complete demand function takes the following form: 

where 

Rill D = a. 
0 

, 

°:L ( i Ya. -°2F + a.3 Rill POP 

+ a.4 Rill AREA + 0.S Rill AUTOS + °G Rill HWAY 

POP= population of the urbanized area, 

AREA= land area (square mil es) of the urbanized 
area, 

= automobiles available per capita, 

(4) 

AUTOS 

HWAY 

INC3 

= population per unit of urban highway capacity, 

= proportion of househol ds with income of less 
than $3 , 000 per year (1960), 
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INC
10 = proportion of househol ds with income in 

excess of $10, 000 per year (1960) , 

AGE18 = ·proportion of population 1 8 years of age 
or younger (1960) , 

AGE
6 5 = proport ion of population 65 years of age 

or older (1960), 

071. = natural logarithm ( to the base e = 2 . 71. .• ) . 

In actual est imat es of the demand function, the market size is 

always defined in terms of population. (Thus, f or S = POP\ AREAl- \ , 

\ = 1.). Further discuss ion of t he definitions and a listing of 

sources of data appear in Appendix IVB . 

a. Population' and Land Area (071. POP, 071. AREA) 

The c0efficients of 071. POP and 071.AREA descr ibe what happens to 
7 demand as population increases and population dens ity changes . 

Suppose all other variables remain constant, i ncluding bus-miles 

per capita (B/S) . If population and land area both increase by one 

percent (i.e., dens ity remains constant), demand increases by 

a
3 

+ a4 percent . If only population increases , demand increases by 

a
3 

percent. 

b. Automobiles and Highway Capacity (071.AUTOS, 071. HWAY) 

Other things equal, an increase in the availability of automo

biles should decrease the demand for bus transit. Increases in 

highway capacity , however , may decrease travel time for both autos 

and bus transit . Thus , while additional highway construction may 

increase the demand for urban transportation, t he predict ed effect 

on choice of mode is indeterminate. 

7 . Since popul at ion and land area are highly correlated, i t may 
appear that including both variables in the model introduces a 
problem of collinearity . 071. POP and 071. AREA are less highly corre 
lated than POP and AREA . Collinearity does not create a problem in 
estimating the effect of market size in either demand or supply 
functions, because when popul ation and land area both vary, t he 
standard error of the effect is not large . 
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c. The Income Distribution of · Households and the Age Distribution 
of the Pooulation (INC3, I NC10 , AGE18 , AGE

65
)8 

The demand for bus transit is a composite for the demand for 

urban transportation and the choice of mode. Factors which appear 

to make bus transit relatively more attractive than automobiles may 

actually lead to decreases in the demand for bus transit if the 

factor simultaneously reduces the demand for urban transportation. 

The old, the young, and the poor must rely on bus transit. Members 

of the labor force, most of whom do not fall in these categories, 

usually make at least two urban trips daily. Estimates of these 

effects of age distribution and income distribution provides a test 

of the relative strengths of these two factors. 

On the basis of 1960 Census data, each transit market is given 

an age distribution of the population and an income distribution for 

households. The age groupings are 18 or younger, 19 to 64, and 65 

or older. The income distribution groups are less than $3,000 per 

year, $3,000 to $10,000 per year, and more than $10,000. The pro

portion falling into the two extremes of each distribution are 

included as variables in the demand function. 

8. These variables do not appear as logarithms for two basic 
reasons. Suppose the effect of an increase in INC3 is to increase 
the demand for bus transit. Thus a7 > 0, If INC3 equals zero, the 
demand for transit is not necessarily zero as would be the case if 
INC3 were~ INC3. (~ INC3 = ~ O = - ~ implies that demand is zero 
if the coefficient of~ INC3 is positive.) On the other hand, if 
population were zero, one would expect the demand for transit to be 
zero. Thus, population appears as~ POP. The second reason is 
attributable to the variable given the proportion of households with 
income behavior $3,000 and $10,000. Since INC3 and INC10 are not 
included as logarithms, the coefficient of the omitted variable 
INC3 can be calculated as a weighted average of the coefficients of 
INC3 and INC10 . 
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C. THE SUPPLY SIDE OF THE TRANSIT MARKET 

The supply side of the transit market covers bot h the cos t of pro

ducing transit service and t he decisions affecting the fare and the 

quantity of transit service which are made by the bus firm and its 

regulators . Costs and cost functions are considered in Subsect ion 1. 

The focus of the supply study i s the determinants of the fare and 

the quantity of transit service . The model developed in this paper 

includes a restriction on the relationship of total cost to total 

revenue which is similar to profit regulation . This restri ction is 

discussed in Subsection 2 . There i s a locus of fares and l evels of 

service that satisfy this regulation . Each point on the locus is 

associated with a different hypothesis about t he supply behavior of 

the firm. In Subsection 3, a number of these hypotheses are 

examined . 

1 . THE COST OF BUS TRANSIT SERVICE 

The concept of cost used here is the total cost of transit opera

tions borne by the firm .1 This defini tion includes depreciation and 

an interest charge an total capital , in addition to what is commonly 

called operating costs . If capital costs are partiall y paid for by 

a Department of Transportation capital grant , then this subsidy 

1 . For purposes other than studying the behavior of the transit 
firm one may prefer a broader definition of transit cost. Some por 
tion of the CO$t of building and maintaining freeways and roads 
should be attributed to transit buses . (However , road-use taxes 
should al so be subtracted from transit costs . ) The net contribution 
of trans it operations to congestjon and pollution i s part of the 
real cost of transit operations . Many analysts argue that the net 
contribution is negative , in which case this constitutes an offset 
to transit costs . Another element of total social costs which is 
often ignored is the time cost to the user of trans it service . I n 
this study, time cost is at least implicitly recognized in the de-
mand for transit. · 
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reduces total costs 2 under this definition . Additional det a ils of 

capital costs and operating cost s , as well as estimates of a cost 

function for bus transit appear in Appendix I VA. 

The average cos t per bus -mile in any transit operation i s assumed 

to be a constant . This as sumption implies that total cost i s pr o 

portional to the level of service with no economies of s cale or i n

elasticities in the supply of capital or labor . The parameters of 

the cost function estimated in Appendix IVA show the elasticity of 

cost with respect to bus-miles to be 0 . 982 in 1968 and 1.013 in 

1960 . Neither estimate is significantly different from 1 . 0 , the 

elasticity prevailing under constant returns to scale. Thus , in

creasing bus -miles by 100 percent would increase costs by approxi

mately 100 percent . Although the results of this paper do not 

depend on a strict proportionality between cost and quantity of 

service, this simplifying assumption facilitates analysis . 

The cost function for bus transit may more clearly resemble t he 

cost function for a taxi fleet than the cost functions for other 

modes of mass transit such as rapid rail . The major elements of bus 

costs are roughly proportional to bus-miles of service . 3 Ra il costs 

include costs of stations, track, and right -of-way . Thes e cost s ar e 

less than proportional to vehicle miles, resulting in economies of 

scale . 

2 . The Department of Transportation through the Urban Ma ss Trans 
portat ion Administration began a program of capital grants to urban 
transportation projects in February 1965. By the end of 1970, over 
$700 mill ion in Federal funds were committed for 155 capital grant 
projects. 

3 . Bus costs are predominantly drivers' wages (40 percent); 
f uel (10 percent) ; maintenance (1 5 percent); insurance, advertising, 
and t axes (1 2 percent) ; admini strative costs (11 percent); and 
vehicl e cost s (10 percent) . Vehicle costs consist of depreciation 
(10 percent of estimated value) and interest or normal prof it (77 
percent of t ot al est imated value) . St ation cost s are only 1 percent. 
Vehicle cost items are discussed in detail i n Appendix IVA. Other 
items of operating costs (reduced by 10 percent to reflect the in
c l usion of vehicle costs) are taken from J . D. Wells and Sharron 
Thomas, Economic Characterist ics of the Urban Bus Transit Industry, 
1971, IDA. 
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2. A COST-REVENUE RESTRICTION 

The bus transit market is a model involving three variables -

(bus-miles, average fare, and bus passenger trips) . Cost per bus

mile, population, and other variables are constants in a given 

market. Three independent relationships are necessary to obtain a 

mathematical solution of the transit model. One such relationship 

is the demand function. 

D = D (B, F). 

In this model, the remaining relationships are related to the be

havior of transit firms and regulating agencies, referred to here 

(5) 

as supply behavior. One possible hypothesis which, presumably, 

applies to nonregulated industries is that the firm set s the fare 

and the level of service to maximize profit. The formal regulation 

of privately owned firms and the nature of the ownership of publicly 

owned firms suggests that profit maximization is not an appropriate 

model for the bus transit industry. 

It is likely that most firms in the bus transit industry operate 

under some constraints on surpluses or deficits. For privat ely owned 

firms, the binding constraint may be the maximum profit permitted by 

the regulation mechanism. Regulators usually control profit by 

limiting either the rate of return on capital or the operating ratio 

(operating costs divided by operating revenue). Informal aspects of 

the mechanism, such as the lag in permitting fare increases or ser

vice reduction, may also be very important determinants of the 

allowed profitability of transit operation. For publicly owned firms, 

a constraint may apply to the maximum loss which the public authority 

i s willing or able to subsidize. Independent transit authorities may 

have no resources with which to subsidize transit operations or may 

have requirements imposed by bond underwriters to cover all operating 

costs. City-run firms may be able to tap the general revenues of the 

city to subsidize transit service. 
These various constraints are summarized by the following re-

quirement placed on tran_sit firms: 
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k = 
0 

cB 
FD (6) 

k is t he cost - revenue ratio; c is the cost per bus-mile. The cost-o 
revenue ratio is distinct from the operating ratio in including 

interest and normal profit as well as depreciation. The require

ment of this ·second relationship in t he transit model is that the 

cost - revenue ratio, k, must equal some predetermined value, k . . 
0 

In the empirical hypothesis discussed in Section D and estimated in 

Section E, the value of k
0 

is determined by the t ypes of institu

tions which regulate and own the bus firms. 

Some di scussion is in order to explain the relationship of the 

cost- revenue restriction to the maximum return on capital and the 

minimum operating ratio, which are more typically established by 

transit regulators . These three policies are identical i f two 

special conditions hold : (1) if the firm operates at the maximum 

rate of ret urn on capital or the minimum operating ratio (i.e., the 

constraint i s satisfied as an equality), and (2) if capital and 

labor are not subst itutable in the production function for bus 

t rans i t . . These conditions are easy to verify. If R is total 

revenue (R = r~\- . D~\-), L is labor, K is capital, w is the wage 

rate, and r is nnormaln profit per unit of capital, the three 

policies can be expressed as follows: 

rate-of-return regulation 

Po 

operating-ratio regulation 

h 
0 

cost- revenue restriction--

k 
0 

< 

> 

= 

R - wL 
K (7) 

wL 
' R 

(8) 

rk + wL 
R (9) 
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If the firm operates at the regulatory constraint p
0 

or the con

straint h, the inequality becomes an equality. If capital and 
0 

labor are not substitutable, capital and labor are applied in fixed 

proportions in the production process . Assume this proportion is 

s = K/L , or K = sL . It is simple to show that the cos t-revenue 

restriction can be related to p
0 

and h
0 

using only the constraints 

r, w, ands . In particular, 

and 

w/s 
r + w/s 

k = h 
0 0 

r ; w/s _ w/s = 
Po • 

0 

(10) 

(11) 

Thus, under these conditions, the rate of return on capital, the 

operating ratio, and the cost -revenue ratio can be made equivalent . 

I f capital and labor are substitutable, regulation either by 

rate of return or the operating ratio may lead to a different level 

of output or a different capital- labor ratio from that achieved by 

restricting the cost - revenue ratio . 4 The nature of the bus trans

portation technology in the United St ates during the past two decades 

suggests that the degree of substitutability between capital and labor 

may indeed be quite low . There i s also some empirical evidence that 

tends to support this assumption . 5 In this case, the representation 

of other types of regulation with the cost - revenue ratio may be a 

very close approximation. 

4 . A thorough analysis of this effect appears in E. Bailey and 
J . Malone, "Resource Allocat ion and the Regulat ed Firm" Bell Journal 
of Economics and Management Science, Vol. I (Spring 1970), pp. 129 -42. 

5 . Although the bus transit technology in the U.S. may be de
scribed as one driver , one bus, substitution may involve nondriver 
personnel and nonbus capital. Furthermore, by varying the size of 
the bus or the number of shifts using the same bus, t he capital - labor 
ratio can be varied . Some as yet unpublished IDA econometric work 
has yielded estimates of the elasticity of substitution (ES) in bus 
transit. If fixed proportions prevail , ES equals o.o. If perfect 
(cont'd on next page) 
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3. ALTERNATIVE HYPOTHESES OF TRANS I T SUPPLY BEHAVIOR 

a . Feasible Sol utions i n t he Transit Market 

There is a l ocus of average fares , t otal bus -mile s , and total 

passenger t rips which satisfies both t he demand function and t he 

cost- revenue ratio . At ext remel y l ow l evel s of service , t he f irm 

s~rves only t hose rout es whi ch yield very high passenger densit i es 

per bus -mi l e . Consequent ly , t he f i rm may achieve some predetermi ned 

cost-revenue rati o at a rel ativel y l ow f ar e. Wit h i n limits , t he 

firm may increase both bus -miles and t he f are without changing t he 

cos t - revenue rat io . Fi gure 4 . 4 shows t he l ocus of possible outcomes 
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FIGURE 4.4. The Locus of Feasible Transit Solutions at k

0 

5. (cont inued) 
substitutability exist s , ES equal s ~. 
bus trans i t i ndust ry is 0 . 27 . At t h i s 
labor are rel at ivel y i nsubst i tutabl e. 
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in terms of passengers and bus-miles. The average fare is increas 

ing in the clockwise direction, while the cost- revenue ratio is less 

inside the locus than on the outside . This subsection is concerned 

with how different supply objectives lead to dtfferent points on 

this suppl y locus . 

b . Maximum Bus-Miles 

In recent years there has been a substantial interest among 

economists in the theory of the firm under regulation . A typical 

as sumption is that the regulator limits the earnings of the firm by 

specifying a maximum rate of return on capital or a mi nimum ratio 

of cost to revenue. Except for this constraint, the firm is free 

to pursue an objective such as profit maximization or revenue 
. . t" 6 maximiza ion. 

Subsection 2 has shown that t he cost-revenue ratio, the opera 

ting ratio, and the rat e of return on capital are equivalent regu

lations if capital and labor are not substitutes. In this case , t he 

revenue maximizer always operates at maximum bus-miles, subject t o 

the restriction on the cost -revenue ratio . The profit maximizer 

operates at maximum bus -mil es if the cost-revenue ratio is less than 

or equal to one. At this ratio , the firm is covering all costs ~nd 

earning at least a normal profit . Maximum profit occurs at maximum 

1 . b ·1 7 tota revenue, or at maximum us - mi es . 

6. In the pioneering study of the behavior of the firm under 
regulation, H. Averch and L. Johnson in 11 Behavior of the Firm Under 
Regulatory Constraint ," American Economic Review, LII, December 
1962, show that profit -maximizing firms operating under a maximum 
rate of return on capital may t end to overcapitalize and to expand 
the rate base by pursuing unprofitable ventures . More relevent to 
our model are the result s of E. Bailey and J. Malone , op cit. If 
the regulator sets a minimum cost-revenue ratio, the profit 
maximizing· and revenue-maximizing firm "will want to operat e where 
marginal revenue i s zero, even if it means increasing costs by some 
arbitrary means" (p . 140) . 

7 . If the cost-revenue ratio does not allow the firm to cover 
all costs and earn a normal profit, the firm maximizes profit (or 
minimizes l osses) in the l ong run by halting operations completely. 
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Other factors may tend to support maximum service as the eventual, 

if not the optimal, outcome . Maximum bus-miles may yield maximum em

ployment and thus be t he preferred position of the transit union . 

Second , in a market where demand is declining relative to cost, if 

t he adjustments occur chiefly through fare increases rather than 

ser vice reductions, transit operations will inevitably arrive in a 

situation where no other fare increases are possible. The service 

provided at this point is t he maximum attainable at the allowed ratio 

of cost to revenue, 

Maximum bus-miles subject to the cost- revenue restri ction is 

found by maximizing 

k 
B 0 F . D = -C 

oB k 
F oD) 0 (D + o. oF = - = C oF 

oD 
op = -D 

F oD 
1 EF, - 15 op = = 

(12) 

(13) 

(14) 

(15) 

.As in the conventional model of a monopoly, the fare at which the 

fare-elasticity is equal to 1.0 also maximizes total revenue. As 

indicated previously, maximum bus- mil es and maximum total revenue 

occur at the same fare and bus-miles . 

c . Maximization of Passenger Trips 

In many ways , maximizing passengers is a more desirabl e outcome 

than maximizing bus-miles. There is greater consumption of transit 

service . The fare for transit users is less than the fare at maximum 

bus- miles, although characteristics of service are not as good . 

Final ly , the t otal cost of transit service i s less if cost is meas

ured in terms of inputs provided by the firm . There does not appear 

to be any economic incentive for the private firm to want to operate 
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at this point unless this is preferred by the regulator or another 

influential agency . Thus, the realization of this outcome hinges on 

the ability and desire of t he regulatory authorities and other public 

agencies t o control the fare and the level of transit service . 

A formul ation for maximizing ridership using the Lagrangian mul

tiplier>.. is 

(16) 

Differentiating/\ with respect to B,F, and>.. and setting these par

tial derivati ves t o zero yields : 

o/\ oD >..J (¥.n) o, (17) Of = Of + = 

o/\ oD ~ (~~D) o, (18) oB = oB + = 

o/\ k 
cB o. (19) -F-15 = 

d1' = 0 

If>.. is eliminated from the first two expressions , 

( 20) 

Differentiating the denominators and using the third expression from 

above yiel ds: 

= 

This yields 

oD 
oB 

4- 2 7 

( 21 ) 



F oD 
- 15 o'F 

(22) 

The fare-elasticity is F oD - D oF, and the service-elasticity is 

Therefore~ 

= (23) 

Or, 

= ( 24) 

Thus , f or a given cost-revenue ratio, the maximum number of passengers 

in a bus trans i t system occurs where fare and bus-miles are set such 

that the elasticity of demand with respect to the fare is equal to 

the elasticity of demand with respect to bus-miles . 8 

d . Free Trans i t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Before adopting a more general formulation of the supply objective I 
we will examine two additional special cases: free transit and un

constrained profit maximization. In both special cases we no longer I 
assume a constraint on the cost- revenue ratio, 

The cause of free transit has attracted a number of adherents in I 
recent years . 9 The case for free transit is often built on the 

8. Second- order conditions for a maximum are satisfied if 

2 
2BF O D o'BoF 

I 
I 

It is easy to show that this relatively weak condition is met by the I 
demand function derived in Section B. 

9. The best known study of free transit is the Charles River 

1 Associates study of Boston, ~ • cit. 
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argument that an increase in the number of passengers does not in

crease the costs of providing transit service. Thus, as the fare is 

lowered, tnere is a net .increase in benefits to the users of transit 

service but no offsetting increase in the real costs of transit serv

ice unless capacity problems emerge. Suppose the fare is zero, and 

the subsidy provided by the government is S. Then a free transit 

system with bus-miles B = S/c can be created. 

At the l evel of subsidy S which government is willing to provide , 

a free transit policy may not yield the maximum ridership. If the 

number of passengers l ost by raising the fare from zero t o one cent 

is less than the number of passengers that can be gained by spending 

this revenue on additional bus service, then greater ridership can be 

obtained by inc:r;:easing the fare and providing additional transit 

service. In particular, this condition is:
10 

oD D - cW 
> oD oB c. 

e. Profit Maximization 

(25) 

Profit maximizing behavior is a norm against which other hypo

theses about the behavior of the firm can be compared. It also 

permits a comparison of the bus-transit market with conventional 

economic markets. It is certainly rare today that a bus transit firm 

can operate without regul atory constraints . Perhaps it is less rare 

that regulated firms succeed in thwarting regulation or that the 

maximum attainable profit is less than the profit allowed under 

regulation. 

10 . The general condition at a nonzero fare is that 

oD oD 
- of > dB 

D + F~ 
an 

C - dB F 

This condition can be derived from the Lagrangian formulation: 

V = D(B,F) + A[S - F • D(B, F) + cB]. 
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I 
The problem of profit maximization can be formally stated: I 

maximize n = F • D (B,F) - cB • (26) I 
B, F 

The firm sets the fare such that the marginal revenue from an addi

tional increase in fare equals the marginal cost of that increase 

(which is zero). The firm sets the level of service such that the 

marginal revenue of an additional bus-mile is equal to the marginal 

cost of an additional bus-mile, c. These two conditions are: 

F oD 
- 15 oF = EF = l (27) 

and 

F oD = c dl3 • ( 28) 

Note that the former condition is the same as the condition for maxi

mizing service.
11 

It is simple to show that the profit maximizer pro

vides a lower level of service than the service maximizer. If under 

maximum service the constraint is point k = 1, or total cost equals 
0 

total revenue, then that constraint can be written: 

= c. (29) 

In a market with diminishing marginal returns per bus-mile,~ will 
D always be smaller than B. Thus, the profit maximizer, although he 

uses the same pricing principle, will establish a lower level of 
service. 

f A G l Ob . . Fu . D9Bl- 9 • enera Ject1ve nct1on 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Maximum bus-miles and maximum passengers are special cases of I 
maximizing the "suppl; objective" D9B1- 9• At 9 = o, bus-miles are 

11. In a conventional market where demand is Q = Q(P) and cost is I 
c • Q, the single marginal condition i s that: 

PQ'(P) = c. 

4- 30 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

maximized. At 8 = 1, passenger trips are maximized. It is highly 

probable that transit fares and levels of service are not determined 

by any of the s i mple pattern~ of behavior suggesteq previously. The 

welter of private firms, government agencies, labor unions, and con

sumer groups which may influence the operation of public transit in

troduces the possibility of economic behavior based on the interaction 

of these various groups. Rather than begin the fruitful but arduous 

task of modeling these interactions, economic behavior in the transit 

market is investigated with the aid of this general, but quite arti

ficial, transit supply objective. As the parameter 9 is varied, the 

maximum solution moves around the transit supply locus (Figure 4.5). 

This permits us to describe each interval on the supply locus in terms 

of maximizing some supply objective. The parameter 8 is not restricted 

(on mathematical grounds) to the interval between zero and one. If 

9 > 1, bus-miles are penalized. If 8 < O, passenger trips are penal

ized, but bus-miles are rewarded. 

-0 -
n. 
::c 
V') 

C' 
w 
0 
~ 

--------

0= 1 

0=0 

----------
--0 .. -::::.:::.... _____________________________ _ 
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BUS-MILES (B) 

FIGURE 4.5. A Comparison of Optimal Solutions Under Different 
Supply Objectives 
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0 1-0 Maximizing DB occurs at the maximum of the Lagrangian expres-

sion 

(30) 

Soluti on follows the lines of the solution in Subsection c to the 

problem of maximizing D subject to the cost-revenue constraint. The 

condition for a maximum involves the fare-elasticity, the service

elasticity and the parameter 0: 

= 0 E + (1 _ 0). 
B ( 31) 

Note that for 0 = l, EF = EB' and for 0 = o, EF = 1 . 

Variation of the va lue of 0 is a useful way to demonstrate the 

relevance of different points on the transit supply locus. There 

are five possible ranges of values for 8: 9 = o, 0 = l, O < 0 < 1, 

0 > 1, and 0 < O. For a value of 8 in each of these intervals we will 

reach a maximum at some point on the locus. 12 Figure 4.5 shows the 

optimal outcome for a value of 9 in each of these intervals . The con

dition for a.n optimum 

= (32) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

enables us to solve also for the range in values of the fare-elasticity I 
and the service-elasticity of demand in each of these five intervals. 

These values appear in Figure 4.6 . 

I 
I 
I 

12. Except for very large or very small values of 0, which may I 
approach a maximum in the neighborhood of the origin. 

I 
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BUS-MILES (B) 

FIGURE 4. 6 Relative Values of the Fare-Elasticity and the Se rvice-Elasticity of Demand 

(1) In the first interval, both demand and bus-miles are in
creasing. The effect of increases in the fare on passengers 
is more than outweighed by the effect of increases in bus- miles . 
Thus, the service-elasticity is greater than the fare- elasticity . 
Both lie between O and 1.0. The meaning of the parameter 9 > 1 
is that the supply objective rewards ridership , D, but penal izes 
additional service, B. Hence the bias toward a sol ution with 
relatively low fares, but relativel y l ow level s of service . 

(2) This is the point of maximum ridership . 

(3) This interval is the reverse of (1 ). The effect of in
creases in fare more than outweighs the increases in service. 
Consequently, demand is declining . A point on this interval 
may be optimal if the objective val ues bus service in its own 
right, independent of its effect on passengers . 

(4) This is the point of maximum service. 

(5) In bus interval the fare- el asticity of ·demand is greater 
than one. Both ridership and revenue woul d increase if the 
fare were lowered. This interval can cont ain the optimum only 
if the objective penalizes-ridership . 
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4. A VARYING SUPPLY OBJ ECTIVE 

The choice between lower fares and higher levels of service, 

which is made in selecting a point on the transit supply locus , may 

vary with changes in the cost-revenue ratio . As the cost-revenue 

ratio increases, due perhaps t o government subsidies, the character 

o~ the transit solution may change . If a firm is to maintain a posi

tion of maximum ridership on the supply locus as the cost-revenue 

ratio increases from k
0 

to k1 , then it must both decrease the fare 

I 
I 
I 
I 
I 

and increase bus-miles such that EB is equal to EF at the new ratio. I 
If the firm varies from a position of maximizing ridership, the supply 

objective, in effect, is changing. One way to analyze this effect is 

I to include the cost-revenue restriction in the supply objective . 'Iwo 

special forms of this general supply objective are of interest: 

(33) I 

(34) 
I 
I In the former case, the firm adopts the same relative decisions 

concerning ridership and service, regardless of the cost-revenue ratio . I 

The relationship of the fare-elasticity of demand to t he service
elasticity will remain: 

= 9EB + (1 - 9) (35) 

As the cost-revenue ratio increases, fares are reduced and service is 

expanded. Nevertheless, the relationship of the two elasticities re

main constant. Thus, we may say, supply decisions are neutral with 

respect to. changes in the operating ratio. 

In the latter case, the relative elasticities may vary as the 

cost-revenue ratio changes . If 9 is an increasing function of k, 

ridership becomes more important as the cost-revenue ratio increases . 

In this circumstance, changes that occur as the cost- revenue ratio 

increases tend to emphasize fare reduction at the expense of service 
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expansion. This is a case of fare bias. If 9 is a decreasing func
tion of k , increases in the cost-revenue ratio tend to be translated 

i nto an expansion of bus service. This is called service bias . 

Figure 4 . 7 shows an example of neutral respon~e , fare bias, and 

service bia s i n the context of an increase in the cost- revenue ratio. 

I 
I 0 

a.. 

FARE BIAS 
~--k_1 ___ ~(8:._ I NCREASES) 

:x: 
Vl 

I ~ 
<>:: 

NEUTRAL (0 REMAINS 
THE SAME) 

SERVICE BIAS 
(0 DECREASES) 

I 
I 
I 
I 
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FIGURE 4.7. Suppl y Responses Under a Variable O perat ing Ratio as Cost -Revenue 
Ratio Increases from k

1 
to k

0 

I s. BUS TRANSIT SUPPLY FUNCTIONS 

I An obvious role for econometric research into the suppl y side of 

t he bus transit market is to test various supply hypotheses . A bus 

I t ransit supply function is derived, expressed in terms of the quan

tity of bus -miles the firm is willing to provide. The derivation 

makes use of a supply hypothesis such as maximum ridership and the I cross - section demand function specified in Section B. Five supply 

hypot heses discussed in the preceding subsection can be tested using 

I t he same general empirical supply function: 
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( 36) 

Each hypothesis specifies a different set of coefficients. By esti-
mating the s1 s from cross - section data on bus transit markets, it is 

possible in principle to test each supply hypothesis. 

The supply function is the third and final equation in the model 

of the transit market. The complete model consists of the demand 

function, the supply function, and the cost-revenue restriction . An 
alternative derivation leads to a supply function expressed in terms 

of the fare. This is a simple t ransformation of Eq . (1), using the 

cost-revenue restriction. 

The five supply hypotheses under examination are maximum bus

miles ,. maximum ridership, and the three general cases discussed at 

the end of the preceding subsection: neutral, fare-biased, and 

service-biased supply objectives. 

a. Maximum Bus-Miles 

As derived on page 4-26, the condition for maximum bus-miles is 

EF = 1. According to the demand function developed in Section B, 

the fare elasticity of demand is EF = a2F. 
Thus, 

l F = (37) 

Solving the cost-revenue ratio formula for bus-miles and substituting 

the optimal value for the fare yields 

1 -1 
B = - De k a2 o (38) 

I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 

Thus , the bus-miles the firm is willing to supply under service maxi- I 
mization is directly proportional to demand and the cost-revenue 

constraint and inversely proportional to the cost per bus-mile. 

that this is linear in the logarithm of . the variables . 
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I 
I b. Maximum Passengers 

As shown on page 4-26 , the condition for maximum ridership is 

I EF = EB. The elasticity of demand with respect to bus -miles is 

I 
I 
I 

The condition becomes 

'½F = "J. ct(~opA ~EAl-~ra 

( 39) 

, 

(40) 

I Substituting for Fin the cost - revenue constraint and solving for B, 
yields 

I 
I 

' ' 1 1 1 
).l:a.> .( l -).,)l~a ' l +a> l+a' k l+a.' 

AREA D c 
0 

(41) 

This supply function is linear in the logarithm of the variables. I The parameter a ' represents the rate of decline in the service

elasticity of demand. This function predicts that bus -miles sup-

I plied by the firm are proportional to simultaneous increases in POP , 

AREA, and D. The sum of the exponents of these variabl es, 

I 
I 
I 
I 

..JL_ + A)' a' i 
A 1 + a' ( l - 1 + a ' + 1 +a ' (42) 

is equal to one. If the rate of decline of demand el?sticity is 

large (a' large) then the size of the urbanized area is relatively 

more important than demand. If a' is small, however, demand becomes 

relatively more i mportant. The quantity of bus-miles the firm i s 

willing to supply is inversely related to the cost per bus -mile and · 

directly related to the regulatory constra i nt. However, these re-I lationships are less than proportional. 

I 
I 
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c. Approximate Supply Functions for General Supply Hypotheses 

As demonstrated in Subsection 3, maximum bus -miles and maximum 

passenger trips are two important but special cases of more general 

supply objectives. In particular, maximization of n9B1 - 9 is sug

gested as a supply objective which does not vary with changes in the 

cost - revenue ratio k. 
0 

Unfortunately, in maximizing this objective 

I 
I 
I 
I 

subject to the cost-revenue restriction, it is not possible to I 
obtain an analytical solution for Bin terms of the other vari ables,13 

However, both maximum bus-miles (9 = 1) and maximum passenger trips 

(9 = 0) yield geometric (or multiplicative) functions of the same set I 
of variables. Since the general objective is a geometric combination 

of bus-miles and passenger trips, a geometric combination of the 

solutions to the two special cases is suggested as an approximate 
0 1-0 solution to the general case DB • The parameter 9 is used to 

make a linear interpolation of the exponents in Eqs. (38) and (41). 

The exponent of the demand variable D becomes 

1 
~3 = (1-9) • 1 + 9 l+a.' . 

This approximate solution is written 

( 
-1 )(1-9) 

De k 
0 

1 
+ 9 l+a.' 

a. .. 
l+a.., 

13. In the case of n9B1 - 9 the optimal level of service Bis 
given by a solution to 

B 
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;t e = O, this expression equals t he solut ion for maximum bus -miles; 

at e= 1 it equals the solution for maximum passenger trips . 

The objective D8Bl-S implies t hat the supply objective does not 

vary with respect to t he cost - revenue ratio. If the cost -revenue 

ratio is allowed to increase (e .g ., through a program of subsidies) , 

t his objective implies that t he greater relative costs are absorbed 

t hrough reductions in fares and increases in service s uch t hat the 

same relative trade -offs exist between passenger trips and bus 

miles. 14 Higher cost - revenue ratios may lead to a shift in the 

supply objective which emphasizes lower fare s . This is defined in 

t he previous subsection as a case of fare bias. If higher cost

revenue r at ios lead to a shift i n objective toward greater service 

l evel s , this is defined as service bias. Each exponent in the supply 

function represents an elasticity of bus -miles . Under maximum ser-

. · 'd h' · D8Bl - S the supply elast1·c1·t1·es vice , maximum ri ers i p , or maximum 
-1 with respect to trips demanded (D), the inverse of unit costs (c ) , 

and the cost -revenue ratio (k
0
), are all equal . In the case of 

ser vice bias where a higher cost-r evenue ratio implies a shift in 

emphasis toward bus-miles , the elast icity with respect to the cost

revenue ratio should be larger than the other t wo elasticities. In 

the case of fare bias , this elasticity should be smaller . 

d. An Empirical Comparison of Supply Hypotheses 

Table 4 .1 presents t he parameters from the two specific t ransit 

s upply objectives and the t hree classes of general objectives. 

Under maximum ridership, t he parameter vis used in place of l +la ' • 

14. Or at l east, fare i s reduced and service increased relative 
to what would have occurred if the cost - revenue r atio had not been 
allowed t o rise . In the case of rising cos t s per bus -mile, an in
crease in the ratio of costs to revenues occurs without fare reduc
tion or service augmentation . 
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For the three general objectives , the paramet ers are also simplified 

by a transformation : 

1 
x = (1 - e) + e l +a ' . 

Under fare bias and se rvice bias, the paramet er y is a positive 

constant . 

(45) 

Three factors emerge from a comparison of t he five set s of 

paramet ers in Table 4.1 . First, only t he objective of maximum bus

mil es predicts absolute numerical values for the coefficients . The 

other hypotheses predict only relative values of the coefficients . 

Second, unless there is a priori knowledge about the demand parameter 

a ', t he hypothesis of maximum passenger trips is indistinguishable 

from any neutral supply objective (except maximum bus-miles) . 

Without specific knowledge of the value of the parameter a ', both v 

and x are known only to be positive constants between zero and one. 

In both cases, the coefficients of .0nD, -.071 c, and .0n k
0 

are equal, 

and furthermore, the sum of the coefficients of .0n POP, .0n AREA , and 

.0n D i s equal to one. In this latter case, proportional increases in 

population, l and area, and the quantity of trips demanded leads to 

an increase in bus -miles supplied in the same proportion. 

The third observation is that tests of fare bias or service bias 

are, in effect, tests of whether an increase in the cost-revenue 

ratio has the same effect as an increase in passenger trips demanded 

or a decrease in the cost per bus-mile. Under the neutral supply 

hypothesis, each of these changes has the same effect on the number 

of bus -mile s the firm is willing to supply . 

4-40 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



--~~-~-~--~-~-~~-~ 

+'" 
I 

+'" 
I-' 

Va riable 

£lrt POP 

£1t AREA 

£,rt D 

£11 c 

£lrt k 
0 

Table 4 .1 

SUPPLY PARAMETERS UNDER ALTERNATI VE SUPPLY OBJ ECTIVES 

Soecial Obi ectives Gener =il ObiecH _vei 

Coeffi - Maximum Maximum Fare 
cient Bus -Miles Passenger s Neutral Bi as 

al 0 )._ ( 1- v ) )._ ( 1- x) )._ (1:..x) 

a2 0 ( 1- A )(1-v) (1- A)(l-x) ( 1- A) ( 1-x ) 

a3 1 V X X 

a4 -1 - v -x - x 

as 1 V X x-y 

Service 
Bi as 

)._ (1-x) 

( 1-A )( 1- x ) 

X 

- x 

x+y 
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I 
I D. THE COST-REVENUE RATIO 

I 
In this cross - section study of transit firms we assume that the cost

revenue ratio is determined by the types of institutions which own 

and regulate the bus transit operations . Transit operations may be 

I 
I 
a 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

publicly owned or privately owned. Among the five classifications 

of transit firms three are private firms and two are publicly owned 

operations, as described below: 

1. PRIVATE/POWER: A small, but significant, percentage of 

privately owned transit operations are owned by much larger 

companies which al so supply electric and gas power . These 

firms are public utilities on two counts, and both transit 

operations and power are subject to regulation . In all but 

one case, both operations are regulated by the same agency . 

In that exception the local government, which regulates 

transit operations, contracts with the power company to 

receive el ectricity. The importance of power- company-owned 

transit operations is the opportunity which is presented for 

subsidizing transit operations out of the profits from sup

plying power. 

2 . PRIVATE/LOCAL and 3. PRIVATE/STATE : The remaining private 

firms are regulated by either a local government agency or 

the s t at e publi c utilities commission . In the case of 

state regulation, one may expect rather mechanical regula 

t ion based on P,rofit . The l ocal regulatory authority may 

be more sensitive to service and fare than to the profita

bility of transit operations . The local agency may also be 

more responsive to the wishes of the community or certain 

members of the community . 
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4 . PUBLIC/TRANSIT ~UTHORITY and 5. PUBLIC/CITY GOVERNMEN~: 

One class of publicly owned firms a~e under the direct 

control of the municipal government . Authority over fares 

and schedules may rest with the city manager or t he city 

council . Other public firms are operat ed by a transit 

authority which at least is nominally independent of the 

municipal government . Municipal governments may be more 

responsive to public protests against increases in fares 

or reductions in service . Government accounts may be such 

that there is no incentive for the managers of the firm to 

operate out of the fare box . Transit authorities may at 

least have a thin layer of insulation against political 

pressure. More importantly, such firms may be legally 

unable to operate at a deficit . This is particul arl y true 

if bond obligations of the transit authority place re 

strictions on the cost - revenue ratio . 

The cost- revenue equation is simpl y: 

Rm. k
0 

= y1 POWER+ y2 LOCAL+ y3 STATE 

+ y4 CITY + Ys. AUTH . 

The variables are dummy variabl es, which equal one if a 

( 46) 

I 
I 
I 
I 

I 
I firm is i n that category and are zero ot herwise . The co

efficients simply represent the means of the logarithms of 

the cost- revenue ratio of firms in the appropriate cat egories . I 

Tabl e 4 . 2 indicates the number of firms falling in each category 

for the two samples used in the study . The great increase in the 

proportion of publicly owned firms reflects overall trends in the 

industry. 
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Table 4 . 2 

DISTRIBUTION OF FIRMS BY OWNERSHIP AND 
REGULATI ON , 1968 AND 1960 

Type of Firm 1968 1960 

Private/Power 8 6 

Private/Local 10 14 

Private/St ate 15 21 

Public/City 8 1 

Public/Authority 10 2 - -
Total 51 44 
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E. EMPIRICAL ESTIMATES 

The model of the transit market consists of three equations : 

2-n D = a - a1( A B 1 - A) -a, + <½F + a3 2?z POP + a4 2?z AREA 
o POP AREA 

+ as 2?z AUTOS + <\; 2?z HWAY + °7 INC3 + 0-g INCl O + ¾ AGE1 8 

(47) 

(48) 

2?z k = y
1 

POWER + y
2 

LOCAL + y
3 

STATE + y
4 

CITY + Ys AUTH + e3 • 

(49) 

I Further more, there is the i dentity, 

I 
I 
I 
I 

2?z k = 2?z c + 2-n B - 2-n F - 2?z D, 
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I 
which defines the cost-revenue ratio.1 The random error terms e

1
, I 

e2, and e3 make this a stochastic, or probabilistic, model of transit 

operations . I 
In this econometric model, demand (D) , bus-miles (B), the fare 

(F) , and the cost - revenue ratio (k) are dependent, or endogenous, 

variables . The.remaining variables are independent, or exogenous . 

Estimation of the parameters of the demand equation and the supply 

equation is complicated by the presence of three endogenous variables 

in each equation. The endogenous variables are correlated with the 

error terms in each equation . As a result, ordinary least squares 

(OLS) leads to inconsistent estimates of the parameters. Two- stage 

least squares (2SLS) i s used to estimate the parameters of the de

mand and supply equations .
2

'
3 

In this approach, endogenous variables 

on the right side of the equation are replaced with estimates that 

1 . We do not make a distinction here between a "target 11 ratio k
0 and an "attained 11 ratio k. If we choose to make this distinction, 

equation (49) could be replaced by 

I 
I 
I 
I 
I 
I' 

~ k
0 

= y1 POWER + y2 LOCAL + y3 STATE + y4 CITY + y
5 

AUTH + e3 ( 51) ,, 

and 

~ k = ~ k
0 

+ e
4 

. (52) I In (52 ), the logarithm of the attained ratio equal s the logarithm of 
the target ratio plus a random compone9t . Substituting (51 ) into 

1
_ 

(52 ) yields equation (49) where e 3 = e
3 

+ e
4

• Thus, in determining 

the cost- revenue ratio , there are random factor s both in setting the 
target and attaining the target . 

2. For a discussion of this probl em see : J. Johnston, Econometric I 
Methods (New York : 1963), Chap . 9 , or A. Goldberger, Econometric 
Theory (New York: 1964), Chap. 7 . 

3 . Simultaneous - estimation t echniques fall into two categories . 
11Full - information11 techniques , such as three-stage least squares or 
full - information maximum likelihood, estimates all the parameters of 
the model simultaneously. Single-equation techniques , such as 2SLS 
or limited- information maximum l ikelihood (LIML), estimate parameters 
for a single equation in the model. Full -information techniques, al
though very powerful, tend to be more subject to specification error 
than single-equation techniques . However, the major reason for not 
using full - information techniques is that the f ull system of equations 
is nonl inear in the parameters, although each single-equation i s 
(Conttd on next page . ) 
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are assumed to be uncorrel ated with the error term in the equation . 

Since the cost-revenue ratio equation does not contain other endo 

genous variables, OLS is appropriate for estimating the parameters 

of this equation . 

Empirical results for the bus transit ~odel are presented for 

the cost-revenue ratio, the supply equation, and the demand equation, 

in that order. 

1 . THE COST-REVENUE RATIO 

The co~fficients of the cost - revenue equation appear in Table 

4 . 3 . ,In both 1968 and 1960, this simple classification of transit 

firms explains one -half of the total squared variation in the 

logarithm of the cost- revenue ratio (adjusted for degrees of free 

dom). Each coefficient represents the mean value of~ k (the loga 

rithm of the cost- revenue ratio) for firms belonging to that category . 

Since~ l = O, a negative coefficient represents a ratio of total 

cost to total revenue which is less than 1.0, and a positive val ue 

represents a cost - revenue ratio greater than 1 . 0 . 

In the 1968 sample , private firms owned by power companies and 

public firms operated by city governments have cost -revenue ratios 

significantly greater than 1 . 0 . The average cost -revenue ratios 

corresponding to these estimates are 1 . 42 for power companies and 

linear in the parameters. (Note how the variable B enters differ
ently in the demand equation and the supply equation . ). 2818 is 
preferred to LIML because there are convenient normalization rules 
to follow in each equation . (2818 requires that one endogenous 
variable be selected for the left side of the equation . ) Further
more, there is no information about the variances of e, e2, e3. An 
advantage of LIML is that it is possible to utilize information about 
these variances in estimat ing the coefficients of the equation. All 
four techniques mentioned here are biased for finite samples. Each 
has the asymptotic property of cons i stency, which implies that the 
distribution of the estimate collapses to the true value of the 
parameter as the sample sizes become infinite . 
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· Table 4 . 3 

ESTIMATED COEFFICIENTS OF THE COST-REVENUE EQUATION 

(With Standard Deviations) 

Statistic 1968 1960 
Dependent Variable 212k 212k 
Independent Variable 

Private/Power 0 . 350 0 . 230 
(0 . 067) (0 . 040) 

Private/Local - 0 . 001 - 0 . 017 
(0 . 043) (0.022) 

Private/State 0.028 - 0 . 006 
(0.058) (0.028) 

Puhl ic/ City o. 283 -0.128a 
(0.067) (0 . 085) 

Public/Authority 0 .087 0.015b 
(0 . 063) (0 . 06 2) 

R2 (adjusted) 0 .493 0.504 
Standard Error of Regression 0 .144 0 . 082 
Number of Observations 51 44 

a. Contains only one firm. 

b. Contains only two firms . 

1.33 for city-run operations. For both categories, total costs , 

including depreciation and normal profit, are at least one-third 

greater than total revenues. For power companies, a form of cross 

subsidization may exist in which users of electricity and natural 

gas subs idize users of transit service . The general tax revenues of 

the municipality may be the source of subsidy for city- run opera

tions. In other categories, the mean of 212 k is not significant ly 

different from zero . Costs, therefore, are not significantly greater 

than revenues for these firms. Private firms regulated by local 

governments, in fact, are successful on average in covering total 

costs. For state-regulated firms and firms operated by transit 

authorities , costs are slightly greater than revenues in this sample . 
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The primary differences between the 1960 and the 1968 results 

are attributable to differences in the institutional composition 

of the transit industry. The 1960 sample is marked by the virtual 

absence of publicly owned transit firms. Only two transit -authority 

firms and one city-run firm appear among the 44 firms in that year . 

It i s interesting to note, however, that the single city-run transit 

operation has the best cost-revenue ratio of any firm in either 

year (k = 0 .88) . 

Among private operations, the situation i s similar to 1968. The 

estimated coefficients of firms owned by power companies corresponds 

to a cost-revenue ratio of 1.25. Private firms under both local and 

state regulation tend to cover total costs. 

a. Alternative Estimates of the Ratio of Total Cost to Total 
Revenue 

The hypothesis that the ratio of total cost to total revenue 

depends only on the classification of firms by ownership and regu

lation constitutes an institutional theory of the cost-revenue ratio. 

Other hypotheses about the ratio of cost to revenue are possible . 

The ratio may be influenced by .other exogenous variables in the 

model, such as the cost per bus-mile. It is also possible that the 

structure of the transit model may be entirely different, such ~hat 

the cost-revenue ratio is determined by demand and bus-miles, in a 

manner parallel to the supply equation of Section C. It is difficult 

to estimate such a relationship, even if one were derived, because 

the cost-revenue ratio is defined in terms of the fare , passenger 

trips, and bus-miles. 

Table 4.4 reports the results of regressing the logarithm of the 

cost-revenue ratio against all the exogenous variables in the model . 

This reduced-form equation can give evidence of the effect of both 

endogenous and exogenous variables on the cost-revenue ratio. The 

effect of an endogenous variable such as quantity of passenger 

trips may show its effect through a variable like population which 

appears in the demand function. The coefficients in Table 4.4, 

however, offer support to the following institutional hypotheses 
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about the cost-revenue ratio : 

(1) The coefficients of the ins titutional variables are not 

s ignificantly different from the results reported in 

Tabl e 4.1. 

( 2) Only one other variable enters at the one percent level 

of s ignificance . ~HWAY i s the logarithm of the ratio 

of population to highway capacity in an urbanized area . 

(See Appendix IVB for definition of highway capacity.) 

A high r atio of population to urban highway capacity is 

associated with a high ratio of total cost to total 

revenue in 1 968. 4 Although this is an interesting 

effect, .e?!HWAY is probably not acting as a surrogate 

for demand . As Subsection 3 shows, the coefficient 

of this variable i s not signif icantly different from 

zero in the demand function . 

(3) Finally, the cost per bus-mile has a small and in

significant effect on the ratio of total cost to total 

revenue in the 1968 estimates. The effect is l arger 

in 1960 and i s significant at the five percent level . 

b . Conclusions from the Cost- Revenue Equation 

In summary, the ratio of total cost to total revenue for a bus 

transit firm depends largely on the institutional structure of the 

transit indus try. Not all publicly owned firms have high cost

revenue ratios, and not all firms with high cost-revenue ratios are 

publicly owned . In particular, publicly owned firms operated as 

part of the municipal government and privately owned firms operated 

by power companies appear willing to provide internal subsidies for 

transit operations . 

Cost per bus -mile has a weak and insignificant effect on the 

cost-revenue ratio in 1968 but a somewhat stronger effect in 1960 . 

4 . No urban highway data is available for 1960 . 
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Table 4 .4 

AN ALTERNATIVE ESTIMATE OF THE RATIO OF 
TOTAL COST TO TOTAL REVENUE 

Statist ic Definition 1968 

Dependent Variable 2rzk 

Independent Variable 

PCMER Power company . 326a 

STA.TE State regulat ion . 005 

CITY City ownership . 276a 

AUTH Trans it authority -. 002 

2rz C Cost per bus -mile . 076 

2rz POP Population -.148 

2rz AREA Land area . 081 

2rz AUTOS Automobiles . 224 

2rz HWAY Highway capacity . 217a 

INC3 Under $3 , 000 .118 

INC10 Over $10,000 1.46 

AGE18 
18 and under . 502 

AGE
65 

65 and under 2 .46 
R2 . 717 

St andard error .1 20 

Number of observation: 51 

1960 

2rz k 

. 189a 

-. 004 
-. 203b 

. 031 

. 325b 

-. 040 

. 053 

. 068 

. 893 

.081 

1.41 

1.45 

. 508 

. 082 

44 

a . Significant at the one percent level (two- tailed 
test, 37 degrees of freedom) . 

b . Significant at the five percent level (two- tai led 
t est , 37 degrees of freedom) . 

Also, variables t hat have a significant effect on the number of 

passenger trips demanded do not affect the cost - revenue rat io . 

This may indicate that transit markets with high ratios of total 

cost to total revenue are not marked by deficient demand . 
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2. THE SUPPLY EQUATI ON 

Estimates of the supply equation provide general evidence on 

the relationship of bus -miles of transit service to variables repre 

senting the size of the transit market , the number of passenger 

trips demanded, the cost per bus-mile , and the ratio of cost to 

revenue . The.estimates of these parameters provide speci fic evi 

dence on two em~irical issues about the supply behavior of t he bus 

trans it industry . One issue is whether bus firms provide maximum 

bus -miles a s oppos ed to maximum passenger trips or some combination 

of ridership and service . The second issue is whether firms with 

high cost - revenue ratios make the same choice between maximum rider 

ship and maximum service or between low fares and high l evel s of 

service . Table 4 . 5 contains 2SLS estimates of the supply equation. 

Table 4 . 5 

2SLS ESTIMATES OF THE SUPPLY EQUATION 

Statistic 1968 1960 

Dependent Variabl e £7! B £7! B 

I ndependent Variables 

Constant 1.42 -1. 0 5 
(1.01 ) ( . 600) 

£7! POP Popul ation . 248 . 055 
( .142) ( .132) 

£7! AREA Land area . 055 . 008 
( . 072) ( . 064) 

£n D Passenger trips • 727 , . 927 
( . 095) ( .131 ) 

£n C Cost per bus -mil e -. 601 - . 446 
( . 164) ( .165) 

£7! k Cost-revenue rat io -. 065 - • 511 
( .189) ( . 244 ) 

R2 . 982 . 971 

Standard error .170 . 133 

Number of observations 51 44 
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I 
I This statistical technique is used to avoid the effects of correla-

tion between the random term e2 and the variables Rln k
0 

and R;nD . I Rln k
0 

is replaced by an estimate based on the coefficients of the 

cost - revenue equation (Table 4.4). The estimate of Rln Dis based 

I 
I 

on a regression of R;n Don all exogenous variables in the model. 5 

The supply equation has the form 

Rln B = [3
0 

+ f3:i_ Rln POP + [32 Rln AREA + [33 Rln D + [34 R;n c + [35 R;n k
0

• ( 53) 

I 
Under maximum bus -miles, bus service is proportional to the quantity 

of trips demanded and is not affected independently by market size . 

Furthermore , •bus -miles is inversely proportional to the cost per I bus -mile . This suggests three tests of the maximum bus -miles 

hypothesis against the alternative hypothesis that passenger trips 

I 
I 
I 
I 
I 

or some combination of passenger trips and bus - mile s are maximized: 

Maximum Bus - Miles Maximum Ridership, etc. 
' 

f31 + f32 = 0 [31 + f32 > 0 

f33 1 = 0 f33 1 < 0 

f34 + 1 = 0 f34 + 1 > 0 

Evidence on the responsiveness of supply objectives to variation 

in the cost- revenue is based on a comparison of the coefficient of 

Rln k with the coefficient of RlnD and the coefficient of - Rln c . Under 

a neutral response the three coefficients should be equal . Under I fare - bias Rln k has a smaller effect on bus -miles than the other vari 
Under service -bias ables (and a larger effect on the average fare) . I Rln k has a l arger effect than the ot her variables . 

stat istical tests are used : 

The following 

I 
I 
I 
I 

5. An alternative method in which Rln k is regressed on all 
exogenous variables in the model does not ~ield results which are 
subst antially different from those in Table 4.5 . 
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Neutral Fare-biased Service- biased 

S5 S3 = 0 S5 S3 < 0 S5 S3 > 0 

S5 + S4 = 0 S5 + S4 < 0 S5 + S4 > 0 

S3 + S4 = 0 S3 + S4 = 0 S3 + S4 = 0 

The third test indicates whether the ·evidence is consistent with 
any of the three hypotheses . 

Statistical inference is based on the assumption that the ratio 

of the estimated coefficient to the estimated standard deviation has 

approximately the ~-distribution. In view of some controversy sur

rounding the distribution of 2SLS e stimators , we report the outcome 

of test s us ing both 45 and 5 degrees of freedom in 1968 and both 38 

and 4 degrees of freedom in 1960.6 

a. 1968 Supply Estimates 

The supply estimates for the 1968 sample lead us to reject the 

hypothesis of service-maximization . The outcomes of che three 

tests of this hypothesis ·are as follows: 

6. The distribution of 2SLS est'imates continues to be a point 
of some controversy. The most common practice has been to assume 
the estimates are distributed like estimates in classical normal 
least-squares . Thus, the estimated coefficient is assumed to be 
normally distributed; the estimated variance is assumed to be x2, 
with T - K - 1 degrees of freedom. Tis the number of observations; 
K is the number of right-side variables (dependent and exogenous). 
The ratio of the estimated coefficient to the square root of the 
estimated variance has the t-distribution with T - K - 1 degrees of 
freedom. If the error terms in the model are normally distributed, 
it has been shown -that 2SLS estimators are asymptotically normal. 
Thus, some grounds exist for us ing the t-statistic with 2SLS 
estimators. 

Although it is common practice to use T - K - 1 degrees of free
dom, P. Dhrymes "Alternative Asymptotic Tests of Significance and 
Rel ated Aspects of 2SLS and 3SLS Estimated Parameters," Review of 
Economic Studies, XXXVI (2), April, 1969, has recently s hown that 
tests on coefficients using 2SLS have the asymptotic t-distribution 
with degrees of freedom equal to the degree of over-identificat ion 
of the equation. The degree of over-identification in this model is 
(Cont'd on next page.) 
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I 1. The effect of population and land area on bus -miles 

supplied: 

I 
I 
I 
I 
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the 
the 
The 

Null hypothes i s: 

Alternative hypothes i s : 

standard deviation= . 095 

t - ratio = 3.19 

Level of significance : 

0 .5 percent with 45 degrees of freedom 

2.5 percent with 5 degrees of freedom 

2 . The effect of demand on bus-miles supplied: 

3 . The 

number 
number 
degree 

Null: ~3 - 1 = 0 

Alternative : ~3 - 1 < 0 

b3 - 1 = -. 273 standard deviation = -.095 

t - ratio = 2. 87 

Level of s ignificance: 

0 .5 percent with 45 degrees of freedom 

2.5 percent with 5 degrees of freedom 

effect of cost per bus -mile on bus -miles supplied : 

of 
of 
of 

Null : ~4 + 1 = 0 

Alternative : ~4 + 1 > 0 

b + 1 = 4 . 399 s tandard 

t - ratio = 2. 43 

Level of significance: 

deviation = 

1 percent with 45 degrees of freedom 

5 percent with 5 degrees of freedom 

.164 

exogenous variables excluded from the equation minus 
"extra" dependent variables included in the equation . 
over-identification is five in 1968 and four in 1960 . 
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The coefficient of each variable is an estimat e of the elastic ity of 

supply with respect to t hat variable . The t est s show that the 

elasticity with respect to demand and cost per unit i s less t han one 

in absolute t erms . The elasticity of supply with respect to market 

size i s significantly greater than zero . Thus, t he firms i n the 

sample exhibit some of the characteristics of ridership maximization 

and similar objectives because changes in demand and cost affect not 

only service , but presumably transit fare as well . 

The hypothesis that the cos t-revenue ratio has no impact on the 

relative preference for low fare s or high levels of service can al so 

be rejected. The evidence clearly support s the hypothesis of fare

bias --that i s , the firm tends to provide lower fares rather than 

greater level s of service at high cost - revenue ratios . The outcomes 

of three t est s of the hypothesis of neutrality are as follows : 

l. 

2. 

The relative effects of demand and the cost - revenue ratio 

on bus -miles supplied: 

Null: 

Alternative : 

standard deviation = .184 

t - ratio~ -4.30 

Level of s ignificance: 

0 .1 percent with 45 degrees of f reedom 

l percent with 5 degrees of freedom 

The relative effect s of cost per bus -mil e and the cost

revenue ratio on bus-miles s upplied: 

Null: 135 + 134 = 0 

Alternative: 135 + 134 j. 0 

b5 + b4 = -.666 standard deviation = . 230 
t - ratio= -2 . 90 
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Level of significance: 

1 percent with 45 degrees of freedom 

5 percent with 5 degrees of freedom 

3 . The relative effects of cost per bus -mile and demand on 

bus-miles supplied : 

Null: 

Alternative : 

standard deviation= .140 

t =ratio= 0 .90 

Not significant . 

Thus , the cost-revenue ratio has a significantly smaller effect on 

bus -miles than either demand or cost per bus -mile . The relative 

effects of demand and cost per bus-mile are not significantly 

different. Est imates of a fare equation underline the results of 

this section . This represents an equivalent but alternative formu 

lation of supply behavior . 

Rm. F = 1 . 013 + 0 . 055 Rm. POP+ 0 .133 Rm.AREA 
(1 .13) (.159) (.080) 

+ 0 . 034 Rm.c - 0 . 948 Rm.k . 
( .184) (.212) o 

0 . 083 Rm. D 
( • 106) 

( 54) 

Thus , the negative impact of the cost-revenue rat io on the transit 

fare is far larger than the effects of either demand or cost . 

b . 1960 Supply Estimates 

The results of test s based on the 1960 estimates are not so 

clear - cut as the 1968 results . Service maximization can be re

jected on only one of the three tests . The impact of the cost 

revenue ratio on bus -miles supplied is, however, significantly 

different from the impact of demand and cost . The outcomes of the 

six tests are as follows : 
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Service Maximization : 

1 . S1 + S2 = 0 

b1 + b 2 = . 063 standard deviation= .130 

t - ratio= 0 .48 

Not s :i,gnif'icant. 

2 . s3 - 1 = o 

b - 1 = . 073 3 standard deviation= .130 

t - ratio= 0 . 56 

Not s ignificant . 

3 . s4 + 1 = o 

b4 + 1 = . 554 standard deviation= .165 

t - ratio= 3. 36 

Level of s i gnificance : 

0.5 percent with 38 degrees of freedom 

2 . 5 percent with 4 degrees of freedom 

Neutrality : 

4 . S - S = 0 5 3 

standard deviation= . 278 

t - ratio= - 5.17 

Level of significance: 

0 .1 percent with 38 degrees of freedom 

1 percent with 4 degrees of freedom 

5. s5 + S4 = o 

b 5 + b4 = -. 956 standard deviation= . 284 

t - ratio= - 3. 37 
Level of significance : 

1 percent with 38 degrees of freedom 

5 percent with 4 degrees of freedom 
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I 6. 133 + 134 = o 

I 
I 
I 
I 
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b 3 + b4 = . 482 standard deviation= 2.82 

t - ratio= 2.82 

Level of significance: 

1 percent with 38 degrees of freedom 

5 percent with 4 degrees of freedom. 

The 1960 supply estimates imply that higher cost-revenue ratios 

not only are,.biased toward lower fares, but actually decrease the 

quantity of service supplied by the firm . Thus, increases in the 

cost-revenue ratio correspond to more than proportional decreases in 

transit fares. The 1960 estimate of the fare equation is : 

Rm. F = - .967 + 0.040 Rm. POP+ 0 . 013 Rm. AREA 
(.548) ( .123) (.067) 

+ 0. 601 Rm. c - 1. 59 Rm. k • 
( . 171) ( . 243) o 

0.072 Rm. D 
(. .116) 

c. Conclusions from Estimates of the Supply Equation 

(55) 

The evidence from both 1968 and 1960 strongly supports the 

hypothesis that higher cost-revenue ratios imply lower fares rather 

than higher levels of service . Accordingly, the supply objective 

shifts away from the objective of maximum bus -miles as the cost

revenue ratio grows . The evidence is less strong on the general 

ques tion of maximum ridership or maximum service . In 1 968 it is 

possibl e to r eject the hypothesis of maximum service ·on the basis 

of a significant effect of market size on bus -miles supplied and 

on the basis that the effects of passenger trips demanded and the 

cost per bus-mile are less than proportional. In 1 960 the market 

s ize coefficients and the passenger trips coefficient support the 

hypothesis of maximum bus -miles. Only the coefficient of the cost 

variable leads to a rejection of this hypothesis. 
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3. CONDITIONAL ESTIMATES OF THE DEMAND FUNCTION 

The unit of transit supply analysis is the transit firm . The 

bus transit model expresses the behavior of the firm in terms of 

aggregate levels of service and average fares . Tests of supply 

hypotheses are based directly on observed fares and levels of ser 

vice. The demand for transit is also an integral part of the model, 

but a cross - section sample of transit markets may not provide the 

best data for estimating the demand for transit. The unit of de

mand analysis is the individual or the household . At the level of 

aggregate demand we may not be able to observe many of the important 

variables in the demand for bus transit . Nevertheless, estimates of 

an aggregate demand function may provide useful information not only 

about the relationship of demand to aggregate service variables like 

fare and bus -miles , but also about the variation.in transit demand 

among urbanized areas. 

Estimation of the aggregate demand function as formulated in 

the model is made difficult by the algebraic form of the bus service 

variable. In the logarithmic form of the function this term is 

Neither a' nor A can be estimated using linear regression techniques . 

The e stimated parameters presented in Table 4.6 are conditional on 

a'= 0.3 and A = 1 . Attempts at nonlinear regression reveal that 

the data are not sensitive enough to provide good estimates of three 

parameters in connection with the service variable. In particular, 
' estimates of '½.. and a' have extremely large covariances, so that 

experimentation with different values of a' seems to affect only the 

estimate of a1 and not estimates of the other parameters . The choice 

of A= 1 implies that population is the relevant measure of market 

s ize . This is at least partially supported by estimates of the 

supply equation in which the measure of land area is never statis 

tically significant. 
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Table 4.6 

CONDITIONAL 2SLS ESTIMATES OF THE DEMAND FUNCTION WITH 
TESTS THAT THE COEFFICIENTS EQUAL ZERO 

1968 1960 
Level of Level of 

Right-Si de 
Vari abl e 

Coeffici ents Siqnificance Coeff i cients Sicrnificance 

40 degrees 3 degrees 38 degrees 2 degrees 
of f r eedom of freedom of freedom of f r eedom 

Constant a a 

-(p~p) -0 . 3 
8 . 81 0 .1% 5% 6 . 54 0.1% 5% 

( 2. 00 ) (1.12) 

F - 3. 06 10 - -4 . 52 0 .1 10 
(1.60) (1. 22) 

RIil POP 1.10 0.1 1 1.11 0 .1 1 
( . 1 3) ( .064 ) 

f'II! AREA . 0208 - - . 0021 - -
( .11) ( .063) 

RIil AUT0-5 - .175 - - - .106 - -
( .40) ( .11 ) 

RIil HWAY .1 56 - - -
( .16) 

INC3 
- 3. 02 1 10 -1.61 - -
(1.03) (1.08) 

INClO - 3.57 10 - -0 . 40 - -
(1.97) (1.20 ) 

AGE18 
- 5. 95 5 10 -1. 74 - -
( 2 . 44) (1.14) 

AGE65 
, - 8 .17 5 10 -0 . 87 - -

( 3 . 42) (1.61) 

---------------------------- ----------- ----------- ------------- ----------- ------------
R2 (adjust ed ) . 976 , 986 

St andard Error of Regression . 227 .113 

Number of Observations 51 44 

a . Constant terms are not conpar able because of different units of measurement. 
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I n dis cussing demand estimates , we discus s re sults from both 

1968 and 1960 at the same time . 

a . The Impact of Servi ce and Fare on Demand 

The two most important variables in the demand function , at 

least from the standpoint of the ability of the f i rm or the regula

tqr to influence demand , are fare and bus -miles . An increase in t he 

fare i s expected to decrease the number of persons willing to use 

the bus trans it, while increases in service are expected to increase 

demand for bus transit. 

The elasticity of demand with respect to bus - miles is assumed 

to be 

( 
B )-0 . 3 

o • 3 °:I. top . 

Estimates of<½. are significantly great er than zero for both 1968 and 

1960; thus, we conclude that an increase in bus service leads to an 

increase in the nwnber of persons willing to use bus service at the 

prevailing fare . The estimated coefficients , 8 . 81 in 1968 and 6 .54 

in 1960, indicate elasticities of demand somewhat larger than ex

pected . At the mean levels of service prevailing in 1968 and 1960 , 

the service el asticities of demand are 1.35 and . 92, respectively. 

Under service maximization, ridership maximization, or other types 

of motivation discussed in Section C, the firm will operate where 

the service-elasticity is greater than one . These estimated elas 

ticities are not, however, significantly greater than one . 

Increases in fares lead to decreases in the demand for bus 

transit by making other mode s of travel more attractive and by 

decreasing the demand for urban transportation . Estimates of the 

effects of fares on demand tend to confirm the assumptions, although 

the estimated coefficient in 1968 has an extremely weak level of 

significance . At the mean fares of 22 cents in 1968 and 18 cents in 

1960, the fare-elasticities are -.67 and -.81, respectively. The 
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I 
I industry I s rule -of -thumb is - 0 . 30 , substantiall y smaller than these 

estimates . 

·I 
I 

Table 4 . 7 contains estimates of the service and fare parameters 

in 1968 under six different functional forms . This provides a 

check on the high service-elast i city of demand and the insignifi 

cant fare -elasticity of demand estimat ed from this sample . The 

I 
other parameter estimates in the demand equation are not included 

in Table 4 . 7 . Eq. ( 1 ) is the result report ed in Tabl e 4 . 6 where 

I
. the parameter a. .. is asswned t o be 0 . 3 . In Eq. ( 2 ) a, ., = 1. 0 . 

Increases in service have a stronger effect i n reduc i ng the service

elasticity of demand at an a, .. of 1 . 0 than at 0 . 3 . The el asticit y is 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1. 

2 . 

3 . 

4 . 

5. 

6. 

.en D = 

.en D = 

.en D = 

.en D = 

.en D = 

.en D = 

Tabl e 4 . 7 

2S1S ESTIMATES OF ALTERNATIVE FORMS OF THE 
DEMAND FUNCTION, 1968 

e r·3 
3,06 F 8 . 81 -

( 2 • 00) POP . (1.60) 

( B rl.O 2. 91 F 10 , 96 \ POP 
( 2 . 6) (1. 7) 

1. 39 .en B 3 .17 F 
(0 . 32) (1. 6) 

1. 32 .en B 0 . 76 .en F 
(0 . 30) ( 0 . 31) 

e r ·
3 

- 61 . 3 F 
6 . 49 POP 

(2 . 4) . (20 . 0 ) AREA0 . 5 

~B r•3 -13 .4 F 
8.12 POP AREA0 . 25 ( 5 .1 ) 
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still greater than one at the mean level of service. Both Eqs. (3) 

and (4) tend to confirm the results of Eq. (1) . The coefficient of 

2-71 Bis the service-elasticity and is greater than one . In Eq. (4), 

the coefficient of the fare variable is also an elasticity and is 

approximately the same as the elasticity at the mean fare (- . 67) in 

Eq. (1) . Equations (5) and (6) take the service variable from 

Eq. (1) . The fare variable is weighted by an algebraic root of the 

land area in these equations . This attempts to adjust the average 

fare for differences in the average length of a bus trip . In Eqs . 

(4) to (6), the fare parameter i s significantly great er than zero. 

The R2 is better in (4) and (6) than in (1). The problem of an 

unexpectedly large service-elasticity of demand, however, is not 

eliminated by these changes in the functional form. 

b . The Response of Demand to Increases in the Size of the Market 

The coefficients of 2-71 POP and 2-nAREA descri be what happens to 

demand if population, land area, bus-miles, automobile ownership , 

and highway capacity grow in t he same proportion . Thus , t he bus

service variable, 2-nAUTOS , and 2-71 HWAY-- all expressed in per capita 

terms- -do not vary. The sum of the estimated coefficients (S3 + s4 ) 

i s 1 .12 in 1968 and 1 .11 in 1960 . As we move from small to large 

cities, the demand for transit increases approximatel y 10 percent 

fas t er than population and l and area . In 1960, the sum of these 

estimated coefficients is s i gnificant l y greater than one at the five 

percent level (with 34 degrees of freedom) . 

c . Automobiles and Highway Capacity 

Automobil es provide t he chief subst itute for bus t ransit in the 

urbanized areas incl uded in this study . Increases in highway capa

city, ceteris paribus , reduce the time required for both aut o and 

bus travel . Neither variable has a significant effect on the 

demand for bus transit in our estimates of the demand function . 
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I 
I d. Socio-Economic Characteristics: The Income Distribution and 

the Age Distribution 

I Among the arguments put forth for maintaining and subsidizing 

bus transit operations is that such actions constitute a redistribu-

I tion of income in favor of low-income groups. The old, the young, 

and the poor are less likely to have available automobile transpor-

I 
I 
I 
I 
I 
I 
I 

tation and may have to rely on mass transit. An alternative hypo

thesis, however, holds that the chief use of mass transit is for 

work trips, and thus the primary beneficiaries of bus transit are 

members of the labor force. The demand for bus transit is formu

lated as a function of the proportions of households earning less 

than $3,000 per year (1960) and more than $10,000 per year, and as 

a f unction of the proportions of the population under 18 and over 

65. Estimates of this function enable us to associate levels of 

demand with different distributions of income and age. 

To state the results most conservatively, there is no evidence 

that higher proportions of low-income households or higher propor

tions of youths and senior citizens imply a higher demand for bus 

transit. In the 1968 demand function, higher proportions of the 

old, young, and poor imply a lower demand for bus transit (at 

marginal levels of significance or better). In 1960, the estimated 

coefficients imply similar effects , but the results are not statis 

tically significant. The only result which verifies traditional 

modal choice arguments is the effect on demand of increases in the 

proportion of households earning more than $10,000 . The increase 

I 
I in the proportion of higher income families implies~ lower demand 

for bus transit. (This result is not quite significant in 1968 and I very insignificant in 1960.) High transit demand is associated with 

I 
I 
I 
I 

a high proportion of the population between 18 and 65 and a high 

proportion of households earning between $3,000 and $10,000 in 1960. 

Table 4.8 reports the effects of a one percent increase in each 

of the six income and age categories. An increase in one category 

occurs at the expense of decreases in the other two categories. 
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I 
Thus, the coefficients in Table 4 . 6 alone do not give the effects I 
of these changes. 

I 
Table 4 . 8 

EFFECTS ON TRANSIT DEMAND OF CHANGES IN AGE AND I 
I NCOME DISTRIBUTION 

I 
Level of Si nificance 

A 1% Leads to an in-
increase in : crease in demand t-ratio 40 degrees 3 degrees I of : of freedom of freedom 

% under $3 , 000 - 2 . 31% - 2 . 92 1% 10% 

% between $3,000 
and $10, 000 3.24 2. 47 5 10 

% over $10 , 000 - 2.82 -1. 58 

% 18 and under - 4 . 72 - 2. 05 5 

% between 18 and 65 6 . 51 2 . 84 1 10 I 
10 % over 65 -5. 79 -1. 82 "-------~~---------''' 
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Appendix IVA 

THE COST OF BUS TRANSIT OPERATIONS 

In the models of supply behavior included i n the text, the firm acts 

as though all costs are variable and the cost per bus mile i s a con 

stant, regardless of the scal e of operations . Thi s Appendix discusses 

the cost of transit opera tions in some detail, i ncl uding an evaluation 

of the assumptions of the model. The Appendix i s organi zed into four 

sections: (1) the definition of transit costs as the term is used in 

this paper, (2) a discussion of operating and capital costs, ( 3) 

I creation of a formula for capital costs , and (4) estimation of the 

parameters of a cost function. In estimating the cost function we 

I are particularly interested in the existence of cost economies and 

diseconomies for larger firms and in the effects of wage rate s and 

bus characteristics (fleet age, seating capacity ) on t otal cost . 

I 
I 
I 
I 
I 

4Al THE COST OF TRANSIT OPERATIONS TO THE FIRM 

The concept of cost relevant for this paper is the cost of t ransit 

operations borne by t he firm. This includes the direct cost of op

erating buses (drivers' wages, fuel, oil, tires), maintenance of the 

equipment, administrative expense, insurance, taxes, rents associated 

with offices and bus barns, and the costs of bus capital . 

No portion of the cost of freeways, arterials, roads, or traffic-

control devices is included in transit costs unless it appears in a 

road-use tax or similar l evy.1 In this respect, bus transit systems 

differ from rail systems . Rail companies must provide and maintain I their own roadbed rights - of-way . In effect, they must provide their 

· own "social overhead capital," while bus companies may share 

I 1. An unusual kind of "road-use tax" occurs in sane northern 
towns where bus transit companies have the responsibility for snow 
removal. 

I 
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I 
I n terms I 

of vehicl e miles , there are economies of scale for rail which do not 

exist for bus systems because the stations, roadbeds , and rights - of 

government -built roads wi th other modes of transportat i on . 2 

I way of a rail system constitute a la rge el ement of f i xed cost. In 

a rail system, costs do not increase proportionall y with vehicle 

miles unless track mileage also increases . 

The operation of vehicles in a crowded urban environment creates 

externalities of various kinds. Exhaust fumes ma y foul the air , 

l eadi ng to adverse health effects or at l east to a decline in the 

utility of urban residents and workers . An additional vehicl e on a 

crowded freeway or city street adds to congestion and i mposes delays 

I 
I 
I 

on other urban travelers . These are real costs , but neither i s borne I 
directly by the bus transit firm. Proponents of transit argue that 

additional bus transit service leads to a reduction in both air pol

l ution and congestion. Increased bus service , by attracting addition- I 
al ridership, is supposed to result in a net decline in vehicular 

traff ic . Consequently , air pollution and congestion diminish. I n I 
this case, the omission of exte rnalities from cost considerations 

may overstate the real cost of transit operations. 

4A2 OPERATING AND CAPITAL COSTS 

Costs are developed for two samples of firms (19 68 and 1960) on 

I 
I 

the basis of data supplied by the firms t o the American Transit Asso- I 
ciation (ATA). Total costs consist of operating costs and capital 

costs . Operating costs consist of wages and salaries , rents, fuel and 1 lubricants, tires , materia ls, taxes , and other items used and paid for 

in the course of transit operations. The definition is the same as 

that used by the ATA, with the exception that depreciati on and amortiz,I 

tion are included here as capital cost rather than an operating cost. 

Wells' "Economic Characteristics of the Urban Bus Transit Industry I 
1960-1969"3 provides a breakdown of operating cost by function 

2. I n the case of exclusive freeway lanes fo r buses, the cost is 
not paid by the bus company . 

3. J. D. Wells and Sharron Thomas,~• cit. 
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11 
I (Table 4A . l). Drivers ' wages make up the l argest single item in 

operating costs (44 percent ). Other labor costs occur i n equipment, 

maintenance, and garage expense and in administrative and general 

expense and may swell the wages and salaries portion of operating 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

cost to 65 percent. 

Firms incur·capital costs because capital equipment declines in 

value (depreciates) with use and age and because their financial 

investment in equipment must earn a return . This return is an 

opportunity cost and consists of interest payment or 11normal 11 profit, 

depending on the method of finance used by the firm. Capital em

ployed in the production of transit service includes buses, the bus 
11barn 11 (building and equipment), offices, and stations. Not all of 

the cost of capital services is included under capital cost. Main

tenance expense is part of the cost of using capital goods; yet this 

is included in operating expenses . Buildings and offices may be 

leased rather than owned by the firm . These rents are included in 

operating costs rather than capital costs . 

Table 4A . l 

DISTRIBUTI ON OF OPERATING EXPENSES 

Category Name 
Percent of Total 

1960 1969 
Total operating costs 100 .00 100.00 

Equipnent, maintenance and garage 20 .50 17.60 
Transportation 52 .61 56 .64 

Dri vers' and helpers' wages, etc. ( 42 .14 )a (44 .25)a 
Station . 64 1.11 
Traffic, advertisi ng, etc . . 95 1.39 
Insurance and safety 5 .65 4 .75 
Administrative and general 10.71 11.75 
Operating taxes and licenses 8 .43 6 .24 
Operating rents, net . 51 . 51 

Number of finns i n sample 107 76 
.. . 

a. I ncl uded in Transportation Expense. 
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To obtain capital costs for the firm, we estimate the value of 

the capital stock and apply a consistent formula for depreciation, 

interest, and normal profit to all firms in the sample. One problem 

I 

with the ATA data on depreciation and amortization is that firms use 

different schedules for buses. Thus, there is no comparability I 
among firms. Furthermore, some publicly owned firms report no depre

ciation data whatsoever. The estimate of the value of the capital 

I 
I 

I stock of the firm is based on data reported to the ATA on the number 

of buses operated by the firm and their year, model, and seating 

capacity. 

Basing capital stock estimates only on bus capital tends to 

Al-understate both the capital and the capi tal ~osts of the firm. 

though actual data on capital and assets are scanty, there is 

evidence that the capital stock owned by the firm consists over-

I 
I 
I whelmingly of bus capital. Meyer, Kain, and Wohl, for instance, 

estimated the investment in yards and shops per bus to be one-seventh 

1 of the cost per bus. Because of the longer life of yards and shops 

(SO years vs. 11 years) other capital costs are only one-thirteenth 

as great as the cost of buses. Second, operating cost data indi

cate that one-half of one percent of costs are for operating rents. 

Some of the non-bus capital costs are undoubtedly covered in this 

category. Third, some yards and shops are quite old and, thus, the 

capital cost of these is reduced proportionally. The total under

estimate of capital costs may be one-thirteenth, (eight percent) or 

smaller. Since capital costs amount to only ten percent of total 

costs, the overall error would be smaller than one percent. 

4A3 THE CAPITAL COST FORMULA
4 

The cost of capital services depends on the value of the capital 

stock, the rate of depreciation, and the rate of return or rate of 

I 
I 
I 
I 
I 
I 
I 

4. Considerable development in the theory of the user's cost of 
capital services has occurred in recent years. This section repre
sented a simplified version of this theory. For the economist and 
ambitious layman wishing t o investigate this subject in greater depth, 
a good summary of the present state of the art is: U.S. Department I 
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I interest reflecting opportunity costs. We use a ndeclining-balancen 

formula in which depreciation is a constant proportion of the cur-

l rent value of the asset. (Depreciation which is a constant propor

tion of the initial value of the asset is a "straight-linen formula . ) 

I 
The opportunity cost of the investment is measured by the long-tenn 

loan rate of interest available to the firm. This is perhaps a 

conservative estimate, since it assumes the finn uses the funds to I reduce borrowing rather than make an investment which yields sane 
higher rate of return. 

I For a single bus the capital cost is the product of the value of 

the bus (V) and the depreciated rate plus the interest rate : 

I V(S,A)(o + r). (Al) 

The value (V) is a function of the age (A) and seating capacity (S) 

of the bus. Given the kind of depreciation formula used here, the I value of the bus declines exponentially with age . If v0~s) is the 

value of a new bus, the capital cost is: 

I -oA 
v 0 (s) e (o + r). (A2) 

I Ideally, capital costs for a bus fleet should be the sum of costs 

for individual buses. As an alternative to this long, involved 

computation, we assume that all fleets are composed of identical I buses, each of which has an age and seating c~pacity equal to the 

average for that fleet. Total capital costs equal the product of 

I the number of buses and the capital cost for the ntypical" bus. 

A number of finns in the 1968 sample have been recipients of I capital grants from UMTA . UMTA capital grants which pay up to two

thirds the purchase price of capital goods reduce the capital costs I of the firm. We adjusted for this by defining the proportion of 

capital purchased unde~ the UMTA program. This adjustment factor 

I 
I of Labor, Bureau of Labor Statistics, Capital Stocks, Production 

Functions and Investment Functions for Selected In ut-Out ut 
Sectors Washington, D. C. , 1970 , Report No. 355. This report was 

1 
prepared by Jack Faucett Associates . 
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is (1 - 0.67s), where 0.67 represents the maximum proportion of the 

total cost which can be paid by UMTA. 

Where n is the number of buses in the fleet, the capital costs 

are defined as: 

( ) -6A C = n 1 - 0 .67s v 0(s) e (6 + r). (A3) 

The rate of depreciation (6) is 0.10. Thus, the value of the bus 

declines about 10 percent per year. Under the declining-balance 

formula, the bus has fallen to half its original value after seven 

years . The long-term borrowing rate of interest depends on whether 

the firm is publicly or privately owned. The debt obligations of 

publicly owned bus firms are tax exempt and bear a substantially 

lower rate of interest. In 1960, high-grade municipal bonds had a 

yield of 3.73 percent, while grade Baa private bonds had a yield of 

5 .19 percent. In 1968, the differential was even greater: 4.51 for 

public and 6.94 for private . For a private firm in 1968, capital 

I 
I 
I 
I 
I 
I 
I 
I 

costs amounted to 17 percent (10 percent plus 6 .94 percent) of the I 
estimated value of the capital stock. 

It is surprisingly difficult to establish the average price of 

a new bus. Different models have different prices, although the I 
seating capacities may be the same . There is a wide range of option- I 
al equipnent available such as air-conditioning and power steering 

which can increase the price of a bus by almost $10,000 . Finally, 

the list price apparently bears only a slight relationship to the 

price at which buses are actually sold. To get an estimate of the 

average price actuall y paid for a new bus, we analyzed 24 fleet 

purchases made under the capital grants program between 1965 and 

1970. We found the average purchase price for a 45-passenger bus 

to be $29,000. (The range was from $24,000 to $33,000.) Reducing 

or increasing seating capacity from this standard size affected 

the price by about $1,000 per seat. This differential is larger 

than the differential on the price lists, indicating perhaps that 

purchasers of larger buses are less likely to buy a spartan model 

and more likely to purchase optional equipment. The formula for the 
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I 
I value of a new bus is: 

V(S) = $29,000 + $1,000 (S - 45) . (A4) 

The wholesale I This formula was applied to both 1968 and 1960 data. 

price index for transportation equipment increased only fran 98.8 to 

I 
102.8 during this period . 

Capital costs were computed for all firms in the two samples and 

I 
a?ded to operating costs. On average, these capital costs were ap

proximately 10 percent of total costs. The range was rather large. 

In one firm with an entirely new fleet of- large buses, capital costs I were almost 20 percent of total costs. In other firms with extreme-

ly old fleets, the ratio was as low as three percent . 

I 4A4 COST FUNCTIONS FOR BUS TRANSIT OPERATIONS 

The issues in the cost of transit operations center on the I existence of economies of scale for large firms, the impact of wage 

rates on the cost of bus transit, and the effect of fleet character

I istics on costs. The tool used in economic analysis to bring 

evidence to bear on these issues is the cost function. In this 

I Appendix we present econometric results based on estimates of this 

cost function: 

I 
I where 

I 
I 
I 

C = total costs, 

B = bus-miles, 

VEL = 
A = 

w= hourly wage rate of operating personnel, 5 

bus-miles per bus-hour attained by the firm, 

average age of fleet, 

s 
PUB 

s 

= 
= 
= 

average seats per bus, 

1 for publicly owned firm; 0 otherwise, 

proportion of f l eet purchased with capital grant. 

I 5. Source: ATA Labor Practices Manual. Reported data include 
cost-of-living a l lowance (if any) but does not place any value on I fringe benefits . 
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Table 4A .2 presents estimates of t he coefficient s of the cost 

function . We note the following resul ts : 

• Evidence indicates the lack of substantial economies or 

diseconomies of scale. Increasing transit operations by 

increasing bus -miles by 100 perce nt increases costs by 

98 percent and 101 percent , according t o our estimates . 

There is no evidence supporting the hypothesis that larger 

bus systems have lower costs per bus-mile . Apparently, 

our assumption of a constant cost per bus -mile i s not wrong . 

Table 4A. 2 

COST FUNCTIONS FOR 1968 AND 1960 

Statistic 1968 1960 

Dependent 0n Total Cost 0n Total Cost Variabl e 

Constant 0 . 930 0.864 
( 0.557) (0.417) 

0n B 0 . 982 1.013 
( 0 .0327) (0 .0223) 

0n w 0 . 883 0 . 785 
( 0 .181) (0.120 ) 

0n VEL - 0 . 779 -0. 862 
( 0 .173) (0 .161) 

A - 0 . 00084 - 0 . 00375 
( 0 .0055) (0 . 00538) 

s 0 . 0010 0 .00197 
(0. 0053 ) ( 0. 004 74 ) 

SUB - 0.059 
(0.153) 

PUB - 0 .106 - 0.0954 
(0.0466) (0 .04444) 

R2 .990 .994 

Observations 40 45 

Standard error .121 . 082 
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• In both estimates , increases in the wage rate have very 

strong effects on total costs . Although labor is only 

around 60 percent of total cost s , a 100 percent increase in 

wage rates increases costs by 88 and 78 percent . 

• Differences in miles per bus -hour do have a strong effect 

on costs . Coefficients of - 0 . 78 and - 0 . 86 , however , indi 

cate that the decrease in costs is slightly less than 

proportional to the increase in VEL. 

• Newer buses , larger buses, and unsubsidized buses are 

more costl y fran the standpoint of interest and deprecia

tion . Estimates of the cost coefficients of A, s, ands 

bear this out . On the basis of the capital cost fonnula, 

an extra year of age decreases the val ue of capital and 

thus capital cost by about ten percent . Total costs 

should decrease about one percent as the bus f l eet ages 

( s ince ca pital costs are ten percent of total costs) . 

This can be offset if older buses are less productive 

or requi re more maintenance . The coefficient of fleet 

age is negative but not as large as predicted . Instead 

of a coefficient - 0 .0100 we have - 0 . 0008 and - 0.0038 . 

The differences between predi cted and actual, however , 

show only a very weak statistical significance but indi

cate that older buses require more maintenance or are 

otherwise less productive . 

• Beca use of l ower interest rates, capital costs of public 

firms should be 10 to 20 percent lower than for private 

firms . Thus, t otal costs should be one to two percent 

lower. Estimates of the cost function reveal, however, 

that the total cost of transit operations for public firms 

is 10 percent lower than the cost of transit operations 

for private firm s . Thi s difference unquestionably warrants 

further investigation . 
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4A5 ALTERNATIVE DERIVATIVES OF THE COST FUNCTI ON 

The roots of the cost function are · imbedded in the production 

function. In fact, it is often possible to derive the cost function 

from the production function if it is assumed that the firm pr9duces 

transit service in a way that minimizes cost. One of the simplest 

two- factor production functions is the Cobb-Douglas: 

Q = YKaLf3 . (A6) 

Q is output; Kand Lare factors of production . The parameter Y is 

I 
I 
I 
I 
I 

call ed an effi ciency parameter . a and f3 are called share parameters . I 
a + f3 determines economies of scale . If a + f3 is less than one , 

diseconomies of scale exist . 

scale exist. 

If greater than one, economies of I 
If the firm empl oys Kand L such t hat the ratios of the costs of I 

a unit of the factors is equal to the ratio of the marginal products, 

the cost function is: 6 

(A 7) 

C is t otal cost ; PK is the price per unit of K; PL is the price per 

unit of L . Note that thi s function is linear i n the logarithms of 

the vari ables. 

We can draw an analogy between this cost function and the cost 

function for bus transit . The quantity is B, bus miles . One factor 

I 
I 
I 
I 

price can be the wage rate w. Another factor price depends on the 

1 age (A) and size (S ) of the capital equipment and a l so on whether the 

firm is public or private (PUB) . Finally, perhaps the efficiency 

parameter Y may depend on t he attainable miles per bus-hour in the 

bus system (VEL). (The CES production function, which permits factors 
I 

t o be less substitutable than i n the Cobb-Douglas case, yields a I 
6. The relationship between cost and production functions is I 

described in detail in C. Ferguson , The Neocl assical Theory of Produc
tion and Distribution (Cambridge: 1969), Chapter 7 . 

I 
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simil ar resul t.) I f we are willing to assume the production functi on 

for bus transit is the Cobb- Dougl as f unction and that firms mi ni mize 

cost in the manner described , i t is possi ble to estimate the para 

meters of the producti on function from t he cost f unction . 
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Symbol 

D 

B 

F 

POP 

AREA 

AGE65 

AUTOS 

HWAY 

Appendix IVB 

VARIABLES CONTAINED I N THE DEMAND FUNCTION 

Definition 

Annual revenue passengers 

Bus-miles per year 

Average revenue per passenger 

Population of urbanized area 

Land area of urbanized area 

Percentage of households earning 
less than $3,000 per year (1959) 

Percentage of households earning 
more than $10,000 per year (1959) 

Percentage of population 18 years 
of age or under (1960) 

Percentage of popul ation 65 years 
of age or over (1960) 

Automobiles per capita 

Population per unit of highway 
capacityf 

Source 

ATAa 
ATAa,b 

ATAa 

DOT: 1968c d 
Census: 1960 

DOT: 1968c d 
Census : 1960 

d Census 

d Census 

d Census 

d Census 

Rand McNall y : 1968e 
Census: 1960d 

DOT 

a. Annual revenue passengers (D), bus -miles per year (B), and the 
average revenue per passenger (F) are taken from American Transit 
Association, Transit Operating Reports - 1968 and Transit Operat
ing Reports - 1960 , Part II, "Motor Bus Operations," (Washington : 
1969, 1961) . 

b. A problem exists in defining bus-miles of transit operations 
because almost all bus firms have charter opera t i ons . Operating 
data includes both charter a nd transit operations . For most 
firms in the sample, charter i s l ess than three percent of pas
senger revenue, but for several f irms in both 1960 and 1968, 
charter revenue was over 10 percent of passenger revenue . Con
sequently , it was neces sary .t o adjust bus -miles to revenue mileage 
due to charter operations. In doing so, we made two assumptions : 
(1) the cost per bus-mile is the same for charter and passenger 
operati ons, (2) the revenue from charter operations exactly covers 
t he fully a pportioned cost of transit operations . In effect, we 

CR multiplied bus-mil es by the factor (1 - TC), where CR is charter 

revenue and TC is t otal operating and capital costs. 
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c . 

d . 

The urbanized area is supposed to be the geographical area which 
is urban- in-fact. The city measures only the legal boundaries 

I 
I 

of the central city . The SMSA (Standard Metropolitan Statistical I 
Area) is a county or multi - county unit over most of the country . 
Unfortunately, the Bureau of the Census and the Department of 
Transportation have disagreed in the past on the definition of 
an urbanized area . Our population and land-area data are based I 
on the Census definition in 1960 and the Dar definition in l968 . 
Significant differences in the two definitions are most preva -
lent in the large urban agglomerations . Thus , DOT recognizes I 
the Bay Area, the Puget Sound area, and the tri- state New York 
area as unified urbanized areas, while the Census tends to break 
these areas down into the individual cities . Since our data is I 
based on smaller cities almost exclusively, it is felt that dis 
parity between the two definitions does not have a serious impact 
on our estimates . Dar has made estimates of population and land 
area of urbanized areas for 1968 which are used in this study . 

Population and land area for urbanized areas is taken from Bureau 
of the Census, U.S. Census of Population, l960, Vol . I, Charac
teristics of the Population, Part I, United States Summary 
(Washington : 1963), Table 22, pp. 1 - 49 . 

The income distribution of households in urbanized areas came 
from Ibid . , Table l 52, pp. l - 333. The age distribution of the 
population is found in Ibid., Table 63, pp . l-181. For some of 
the smaller cities, data is found only in the state volumes, 
Tabl e 13 . 

The data on automobile availability by urbanized area in Census 
data, supplied in this case by DOT . 

I 
I 

e. Automobile ownership for 1968 is taken from auto registrations 
reported in Rand McNally & Co . , Commercial Atlas and Marketing 
Guide, 101st Ed. (New York : 1970). In using these data , it 
was necessary to use autos per capita on a county basis rather 
than on an urbanized area basis. 

I 
I 
I 
I 

f . Dar has devised a set of formulas for estimating the capacity of I 
urban highway systems . Capacity is based on the mileage of free 
ways and of surface arterial s in the urbanized area. Capacity 
per freeway mile is estimated to be 8720 autos per hour, regard
less of the size of the urbanized area. The capacity of surface I 
arterials was found to vary with the size of the urbanized area , 
varyi ng from 2225 vehicles per hour for smaller cities to 2760 
vehicl es per hour for the largest cities. I 
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Appendix IVC 

1968 AND 1960 SAMPLES OF BUS FIRMS AND URBANIZED AREAS 

I Each of the 51 firms in the 1968 sample and the 44 firms in the 1960 

sample (Table 4C.1) is assigned to one of the following categories: 

I 
I 
I 

• Private ownership/power company operation (Power) 

• Private ot;..mership/local regulation (Private-Local) 

• Priv~te ownership/state regulation (Private-State) 

• Public ownership/city council control (City) 

• Public ownership/transit authority control (Authority) . 

Information on public or private ownership of transit firms ap-

I 
pears in R. L. Banks & Associates , Inc . , "Study and Evaluation of 

Local Transit Regulation and Regulatory Bodies ,n DOT-UT- 75, Washing

ton : 1970, preliminary draft, Table IV-4 . The regul ation of intra 

I city bus transit operations by the state public utilities commission 

or by the local governments varies from state to state . An ATA 

I mimeograph (July, 1968) gives a state - by- state summary of this 

jurisdiction over intracity fares. A third issue is the control 

I of publicly owned transit operations . The ATA mimeograph, "Regula

tion of Fares," (1968) indicates whether a city government or a 

I 
I 
I 
I 
I 
I 

transi t commission controls fares and service in the larger bus 

systems in the industry . 
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Table 4C .1 

CATEGORIZATION OF BUS FIRMS, 1968 AND 1960 SAMPLES 

1968 SAMPLE 1960 SAMPLE 

Company Name 

Fitchburg & Leominster St . Railway Co . 

Greater Portland Transportation Co . 
Manchester Transit:, Inc . 
Union St. Railway Canpany 
Niagara Frontier Transit System, Inc. 
Eric Metropolitan Transit Authority 
Harrisburg Railways Company 
New castle Transportation Authority 
Raleigh City Coach Lines , Inc . 
Charlotte City Coach Lines, I nc . 
Duke Power Company 
Duke Power Canpany 
Duke Power Company 
Greenville City Coach Lines , Inc . 
Jacksonville Coach Co . 
savannah Transit Authority 
Southern Coach Lines, Inc. 
Asheville Transit Authority 
Akron Transport ation Company 
Charleston Transit Canpany 
Co-operative Transit Canpany 
Greater Lafayette Bus Co., Inc . 
Milwaukee & Suburban Transportation Corp. 
Wisconsin Public Service Corp. 
Oshkosh City Lines , Inc . 
Twin City Transit, Inc . 
Interstate Power Company 
Kansas City Area Transportation Authority 
Bi-State Transit Syst~~ 
City Bus Company 
Fort Worth Transit Co . , Inc . 
City of Lafayette Municipal Transit 
Albuquerque Transit System 
Sacramento Transi t Authority 
Flint City Coach Lines, Inc . 
Grand Rapids Transit Authority 

Baltimore Transit Canpany 
Memphis Transit Authori ty 
Metropolitan Dade County Transit 

Authority 
South carolina Electric & Gas Co . 
South Carolina Electric & Gas Co. 
Nashville Transit Company 
Cincinnati Transit Company 
Columbus Transit System 
Twin City Lines, Inc . 

Ona ha Transi c Ccmpany 
Springfield City Utilities 
Dallas Transit System 
New Orleans Public Service, I nc. 
san Antonio Transit System 
Fresno Municipal Lines - - - - -

Location 

Fitchburg-Leanin-
ster, Mass. 

Portland, Me • 
Manchester, N.H. 
New Bedford, Mass. 
Buffal o, N.Y . 
Erie , Pa . 
Harrisburg , Pa . 
New castle, Pa . 
Raleigh, N . C. 
Charlotte , N .c . 
Greensboro , N . C. 
Spartanburg, S .C. 
Durham , N .C. 
Greenville , S .C. 
Jacksonville , Fla., 
Sava nnah , Ga . 
Cha ttanooga , Tenn . 
Asheville , N. C. 
Akron , Ohio 
Char leston, W. Va . 
Wheeling , W. Va . 
Lafayette, I nd . 
Milwaukee ' Wi SC. 
Green Bay , Wisc. 
Oshkosh, Wisc . 
Lit tle Rock , Ark. 
Dubuque , I owa Div. 
J<ansas City, Mo . 
St . Louis , Ho. 
San Angel o , Tex. 
Fort Worth , Tex. 
Lafayette , La . 
Albuquerque, N.M. 
Sacramento, calif . 
Flint, Mich . 
Grand Rapids, 
Mich. 

Baltimore, Md . 
Memphis , Tenn. 
Miami, Fla . 

Columbia S .C . 
Charleston , S .C. 
Nashville , Tenn . 
Cincinnati, O. 
Columbus, 0 . 
Minneapolis-St . 

Paul, Minn . 
Onaha, Neb . 
Spr ingfield , Mo . 
Dallas, Tex . 
New Orleans, La . 
Sa n Antonio ,Tex . 
Fresno, C4lif . 

Classification 

Private- Sta te 

Pri vate-State 
Private-State 
Private- State 
Private- Local 
Authority 
Private-State 
Auchority 
Private- State 
Private- Sta te 
Power 
Power 
Power 
Private- Local 
Private -Local 
Authority 
Priva te- Local 
Authority 
Private-Local 
Private-State 
Private- State 
Priva te - Stace 
Pri va ce- Sta ce 
Power 
Private- State 
Private- Local 
Ppwer 
Authority 
Authority 
City 
Priva te -Local 
City 
City 
Authority 
City 
Authority 

Privat e - State 
Authority 
Authority 

Power 
Power 
Private- Local 
Private- Local 
Private- Local 
Private- State 

Private- State 
City 
City 
Power 
City 
City - - -

Company Name 

Connecticut Railway & Light Co. 
Fitchburg & Leominster St . Railway Co. 

Union St. Railway Co. 
United Transi t Canpany 
Niagara Frontier Transit System I nc . 
Rochester Transit Corp . 
United Traction Ccmpany 
Harrisburg Railways Ccmpany 
Lehigh Valley Transit Ccmpany 
Reading Bus Company 
capital Transit 
Wil.J<es- Barre Transit Corp . 
Raleigh City Coach Lines, Inc . 
Charlotte City Coach Lines , Inc . 
Columbus Transportation Company 
Duke Power Company 
Duke Power Company 
Knoxville Transit Lines 
Lynchburg Transit Company 
Safety Motor Tra nsit Canpany 
Savannah Transi t Authority 
City Coach Lines, Inc . 

Akron Transportation Canpany 
Charleston Transit Company 
Co- operative Transit Canpany 
Super ior Transit Ccmpany 
Citizens Coach Ccmpany 
Sacramento Transit Authority 
San Diego Transit System 
City Coach Lines , Inc . 
South Caroli na El ectric & Gas Co . 
South Carolina Electric & Gas Co . 
Cincinnati Transit Company 
Columbus Transit Ccmpany 
Louisville Transit Ccmpany 
Indianapolis Tran sit System, Inc. 

Springfiel d Transportation Ccmpany 
Twin City Rapid Transit Company 

Sc . J o seph Light & Power Ccmpany 
Dallas Transit Company 
New Orleans Public Service, Inc . 
Nueces Transportation Canpany 

san Antonio Transit System 
Rose City Transit Ccmpany 

- - - -

LocatiCll 

Bridgepor t ,Conn . 
Fi tchburg- Lecmin-
ster, Mass. 

New Bedford ,Mass . 
Providence, R. I. 
Buffa lo , N .Y . 
Rochester , N. Y. 
Albany , N.Y. 
Har risburg , Pa . 
Allentown , Pa . 
Reading, Pa . 
Trenton, N .J . 
Wil.J<es-Barre, Pa. 
Raleigh, N .C. 
Charloc-te, N . C. 
Columbus , Ga. 
Greensboro, N .c. 
Durham, N .C . 
Knoxville , Tenn . 
Lynchburg , Va. 
Roanoke , Va . 
savannah . Ga . 
Winston-Salem, 

N. C. 
Akron, Ohio 
Charleston, W. Va . 
Wheeling , W. Va . 
Duluth , Minn. 
Little .Rock, Ark . 
Sacramento , Ca . 
san Diego, Ca . 
Muskegon , Mich . 
Col umbia , S .C . 
Charleston, S .c. 
Cincinnati , O. 
Columbus, Ohio 
Louisville , Xy. 
I ndia na polis , 

I nd . 
Springfield, I ll. 
Minneapolis- St. 

Paul, Minn . 
Sc . Joseph, Ho . 
Dallas , Tex . 
New Orleans, La. 
Corpus Christi, 
Tex. 

san Antonio , Tex. 
Portland , Ore . 

- -

Classificat ion 

Private- State 
Private - State 

Pri vate -State 
Priva te -Stat e 
Priva te- State 
Priva te-Stace 
Private- St ate 
Private -State 
Private- Sta ce 
Private - State 
Private - Stace 
Private - State 
Private-Seate 
Private - State 
Pri va ce -Local 
Power 
Power 
Private-Local 
Private- Local 
Private- Local 
Auchority 
Priva te-State 

Private- Local 
Private-State 
Pri va ce -State 
Pri va ce -Stat e 
Private -Local 
Aut hority 
Private - Local 
Private - Local 
Power 
Power 
Private -Local 
Private - Local 
Pri va ce -Local 
Priva te - Seate 

Priva te- Seate 
Pri va ce -Sta te 

Power 
Private - Local 
Power 
Private - Local 

City 
Private -Local 

- - -
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CHAPTER V 

REGULATORY CONSTRAINTS AND THE ECONOMIC 
BEHAVIOR OF URBAN TRANSIT FIRMS 

by 

Marilyn Flowers 
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SUMMARY 

The provision of transit service in urban areas of the United States 

is subject to regulation by state and/or local officia l s . This Paper 

presents an ana l ysis of the effects of certain regulatory constraints 

imposed on transit suppliers. The public regulation of private transit 

enterprise is the primary focus , although much of the analysis is 

equally relevant in cases of public ownership and operation of a 

transit system. 

The Paper is divided into three major parts : (1) a survey of the 

regulatory framework within which many private bus firms operate ; (2) 

a theoretical analysis of t he regulatory process; and (3) a listing 

of some key regul atory issues and their potential impact on federal 

policy . 

The theoretical model indicates that , given the existence of a 

monopolistic transit suppl ier , publ ic regul ation is desirable in that 

it brings about higher levels of ridership and/or service than would 

be provided by an unregulated monopolist. However, simultaneous 

achievement of regul atory objectives of maximum ridership and maximum 

service is possible only in l imited circumstances , and regulators 

must usually make a tradeoff between these objectives. 

The regulatory framework within which public transportation is 

provided may result in inflexibility in the r esponse of the transpor

tation system as a whole to changes in population patterns and to the 

nature of the demand for public transportation. 

A further probl em associated with public regulation is the possi

bility that imposition of a regulatory earnings constraint will seri

ousl y weaken management ' s incentive to minimize production costs. 
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A. INTRODUCTI ON 

l·, OBJECTIVES 

The provision of transit service in urban areas of the United 

States is subject to regul ation by state and/or local officials. 

The extent of public control varies among l ocalities, ranging from 

public regulation of certain aspects of the operations of private 

transit firms to complete publ ic ownership and operation of t he 

transit system . This Paper presents an ana l ysis of the effects of 

certain regul atory constraints imposed on transit suppliers. Atten

tion is f ocused primaril y on publ ic regulation of private transit 

enterprise, a l though much of the anal ysis is equally relevant in 

cases of public ownership . 

The objectives of the ana l ysis are threefold: (1) to indicate 

the probabl e effects of public regul ation on both the quantity of 

transit service that is provided and the number of riders that transit 

suppliers are able to attract to their service, (2) to identify some 

of the conflicts that exist not only among public and private ob

jecti ves with respect to the transit system , but also among alterna

tive public objectives , and (3) to indicate the possible role regula

tory constraints may be pl aying in the financial difficulties of pri

vate transit suppl iers. 

2 OVERVIEW 

I Section B is devoted to a discussion of the regulatory framework 

within which private transit firms operate . It indicates aspects of 

the transit operation that are subject to regulatory controls and I 
i 
I 

some of the variations i n the regulatory framework that exist among 

juri sd ictions, 
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Section C contains a geometric model of the demand and supply of 

urban transit service . This model is used to analyze the effects of 
public regul ation on the quantity and utilization of transit service 

in an urban area , the extent of regulation required to achieve public 

objectives and to indicate some of the potential conflicts that ex

ist among a l ~ernative publ ic objectives. 

Section D indicates some of the key issues in the area of public 

transit regul ation that are raised by the preceding discussion and 

ana l ysis . These issues rel ate primaril y to the role regulatory con

straints may be pl aying in the decline of private transit enterprise 

and the implication for federal policy of the existence of these 

constraints . 
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I 
I 
I B. SPECTRUM OF REGULATORY CONSTRAI NTS 

I 
Although there is a substantial degree of commonal ity in the regu

l ations confronting most private transit firms , some differences 

do exist both with respect to aspects of the firms' operations that t are subject to regulation and the mechanisms by which regulatory 

constraints are enforced. This section is devoted primarily to a 

' general description of regul atory framework within which private 

transit firms operate, with emphasis on some of t he significant 

I variations that exist among regulatory jurisdictions. The informa

tion used in this section was obtained from a series of interviews 

I with transit and regulatory officia l s in several locations and from 

examination of relevant documents , e . g ., franchise~, public utility 

1 
codes, and regulatory and court decis ions. 

1. REGULATION OF FARE AND SERVICE 

I In most localities, both the fare and the service provided by 

private transit firms are subject to publ ic regulation . Service is 

I regul ated not only with respect to quality, through the setting of 

safety standards for transit vehicles and health and training stand-

I ards for operators , but a lso with respect to the quantity of service. 

The initia l grant of operating rights to a private transit supplier 

I is usual ly a grant to provide regularly scheduled service over certain 

specifically defined routes . Any alteration, expansion, or abandon-

I 
ment of those routes or the opening of new routes typicall y must have 

prior regulatory ,approval. In some jurisdictions, even the scheduling 

of service is subject to control of regulatory authorities. The ,, 
Washington Metropolitan Area Transit Commission, for example, must 

~ approve any changes in scheduling in which existing or proposed headwa y 

I 
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I 
is ten minutes or more . 1 In addition to respondi ng to requests by I 
transit management for permission to alter route structure or sched

uling, regulatory bodies often have t he authority to require transit 

firms to extend their operations into new areas I 
Both fare and service decisions must be made by regul atory bodies I 

within the context of allowing the firm to achieve a level of earn-

ings sufficient to sustain its operations. However , onl y fare de

cisions are typically made on purely economic grounds . Numerous 

other considerations often enter into service regul ation and usually 

the fact that a ,. route taken by itself is unprofitabl e is not suf

ficient ju$tification for its abandonment . The policy stated in 

the Washington Metropolitan Area Trans:i,t Regul ation Compact is 

fairly typical in this respect . 

The fact that a carrier is operating a route or 
providing a service at a loss shall not , of itself , 
determine whether abandonment of the route or ser
vice is in the public interest, as l ong as the car
rier earns a reasonabl e return. 2 

2 . RA TE OF RETURN 

I 
t 
I 
I 
I 

The determina tion of what constitutes a reasonabl e l evel of earn-

1 ings is a key issue in publ ic regulation and is subject to significant 

variation among regulatory jurisdictions. Sources of variation in

clude methods of measuring earnings for regulatory purposes , the l ega l l 

framework within which regul atory decisions are made , and methods of 

all owing the firm to achieve the allowed l evel, Most regul atory I bodies use one or the other of two methods of measuring earnings for 

regul atory purposes . The first method, and the one that is standard 

in the regulation of most public util ities , is to allow a percentage 

return on some measure of the value of the capital stock of the firm 

1 . Rules of Practice and Procedure and Regul ations of the 
Washington Metropolitan Area Transit Commission, Regulation No. 

2 . Washington Metropol itan Area Transit Regul ation Compact , 
Public Law 86-794 , September 15 , 1960. 
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I 
I (usually original cost less accrued depreciation) . 

sets a minimum allowable operating ratio--the ratio of operating ex-

The other method 

I penses (which do not include the cost of capital) to total revenue. 

The operating ratio is used primarily for the ·regulation of motor 

I 
carriers. The significance of the variation in the two methods is 

not immediately apparent. Obvious ly, the same amount of net earnings 

I 
can be evaluated using either method . In fact, some regulatory 

bodies use both methods, allowing a given operating ratio as long as 

I 
the return on capital does not exceed a given level. Later discussion 

will indicate some possible differences in the effect of the two 

methods on the incentive for a private firm to produce its service 

I efficiently. 
' Legal requirements with respect to the level of earnings to be 

I allowed vary among regul atory jurisdictions. In most cases, the fran

chise or public utility code states only that the firm must be allowed 

I 
some "fair" or "reasonable" return, leaving exact determination of the 

return to the discretion of the regulatory body. Certain legal guide

lines are set in these cases , however , with respect to what must be 

I taken into consideration by the regulatory body in determining the 

I 
return. These guidelines are usually stated in fairly general terms 

of a llowing the firm to maintain its credit standing and attract new 

capital, The U. S. Court of Appeals (D.C. Circuit) in reviewing rate 

I. dstectisdionthsatof ~he Wdad~ht~ngtton Metro~olit
1
an. At~eatTransitt~ornrnission 

a e , in a i ion o covering egi ima e opera ing expenses, I the company should a lso be allowed : 

.•• the sum of money needed to attract the capital, 
both debt and equity required to assure financia l 
stability and the resulting capacity of the utility 
to render the service upon which the public depends, 
To determine that sum entails inquiries and find
ings •.. into such things as the capital programs in 
prospect, what such programs entail in terms of down 
payments as well as financing , the cost of borrowing 
money, working capital needs , the desirable ratio of 
debt to equity, the incentives required by a stock
hol der to keep his money in the business and the 
dividends and growth rates requisite to supply these 

I 
I 
I 
i 
I 
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incentives, the opportunities in these respects pro
vided in comparable business and the related matters 
which must be prayerfully explored by the conscientious 
regulator. 3 

Some franchises do state the exact return to be allowed, The 

franchise granted to the Nashville (Tenn . ) Transit Company , for 

example, provides that 

the [company] shall be entitled to earn for any 
period of one (1) year of its operations as net 
profit ... an amount represented by six and five
tenths per centum (6 . 5 percent) of its capital 
value or by four and twenty- five hundredths per 
centum (4 . 25 percent) of ~ts total gross revenue, 
whichever is the greater . 

The Nashville franchise provides that earnings in excess of the 

allowed return be accumulated in a 11Fare Regulator Fund. 11 When 

earnings fall bel ow that return, sufficient funds are withdrawn 

from the fund to increase total earnings to the allowed level. If 

the fund is exhausted , a fare increase is automatic . 

At the other end of the legal spectrum are franchises such as 

those held by some private firms operating in New York City that are 

purely contractual agreements in which t he company agrees to provide 

service along certain streets at a fare not to exceed some maximum 

level for a specified period of time with no provision regarding any 

r ate of return the company will be allowed to achieve . 

Although a private transit firm must be allowed a return suffi-

I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
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cient to continue in operation , the return need not be earned entirely 

from transit operations. A few transit operations in the country are I 
still run by gas and electric utilities and receive subsidies from 

the utility operation. More common is the policy adopted by many I 
regulatory bodies of encouraging transit firms to engage in charter 

operations and to subsidize transit operations from charter revenues . I 
3. D.C . Transit S~stem, Inc ., v. Washington Metropol itan Area 

Transit Commission, l 1 U. S . Appl. D. C. 375 (1965 ). I 
4. 1958 Lease agreement between City of Nashville , Tennessee 

and Nashville Transit Company, p. 23. I 
5- 8 
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I 
In these cases , regulatory authorities use their licensing authority I to protect the charter operation from competition and, in rate cases 

involving the transit operations , consider the combined earnings of 

I the transit and charter operations. 

I 
I 
I 

3. CONSTRAINTS ON COMPETITION 

The monopoly position that most bus companies occupy with respect 

to providing that mode of public transportation within the areas they 

serve is usually protected as a matter of publ ic policy . Most regu

latory bodies are unwilling to grant a bus company permission to ex

tend its service into areas where it will compete with service being 

provided by another transit firm. In fact , they are usually legally I prohibited from taking such action except in very limited circurn-
5 

I 
I 

stances . The Washington Metropolitan Area Transit Regulation Com-

pact is fair l y typical in this respect . It provides : 

... that no certificate [ of publ ic convenience and 
necessity] shall be issued to operate over the 
routes of any other holder of a certificate until 
it s ha ll be proven to the satisfaction of the Com
mission , after hearing, upon reasonable notice, 
that the service rendered by such certificate 
hol der , over such route is inadequate to the re
quirements of the publ ic necessity and convenience 
and provided further, if the Commission shall be of 
the opinion that the service rendered . •• is in any 
respect inadequate . •. such certificate hol der shall 
be given reasonable time and opportunity to remedy 
such inadequacy before any certificate shall be 
granted to operate over such route . 6 

A few general observations can be made about the effect of l imit-

ing competition in the provision of bus service. Public officials I are probably able to extract from a transit monopol ist certain ser-

vices that t hey would not be able to obtain under conditions of com-

I petitive supply . These include the provision of service in certain 

areas or a t certain times of day when not enough demand exists to 

I 5. The legal requirement that transit f i rms be protected from 
competition with other transit companies is not universal, however . 

I 6. Washington Metropolitan Area Transit Regulation Compact, 
, Public Law 86-794, September 15, 1969 . 
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justify provision of t he service on economic grounds and such other 

services as special reduced fares for school children , street clean

ing, and s now removal . These services are, of course, subs idized 

by the profitable routes . 

On the other hand , the existence of several transit monopolists 

serving di fferent sections of an urban area may result in a certain 

degree ot inflexibility in the responsiveness of the transit system 

as a whole ·to shifts in population and travel patterns . The attrac

t iveness of the t ransit service provided to people moving int o new 

areas may be considerably lessened by t he extra transfers required 

if t h e origin and destinati on of their trips lie within territories 

served by different companies . The type of conflict that can arise 

under these circumstances is exemplified in a decision of t he U.S. 

Court of Appeals (D .C. Circuit) t hat set aside an order of t he Wash

ington Metropolitan Area Transit Commission requiring two suburban 

carriers t o extend their service further into Washington, D. C. - - into 

areas previously served exclusivel y by the D. C. Transit System, Inc. 

The court held that whil e the route extensions might be beneficial to 

s ubur ban residents: 

• .• [ t heir] convenience is not under the regulatory 
scheme, the sole criterion . [D. C. ] Transit has rights 
and responsibilities under that scheme as well . Its 
ability to provide good transportation service to the 
residents of t he Dist r i ct of Col umbia at reasonable 
rates is intimatel y rel ated to the degree of utilization 
of its service ..•. To take away a part of Transit's 
volume by putting new competition on its r outes may 
conceivabl y have a significantly adverse impact upon 
those bus riders in the Di strict who must l ook to 
Transit for intra- District service.7 

4. OTHER REGULATIONS 

Additional aspects of the transit operation are s ubj ect t o regu

l ation in some jurisdictions but not in ot hers . These i ncl ude 

7'. D. C. Transit System, Inc. v . Washington Metropol itan Area 
Transit Commi ssion, 126 U. S. App. D. C. Reports . 
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control over investment and financial practices. This regulation 

takes the form of a requirement for prior regulatory approval of any 

issuance of securities or incurring of long-term debt. Corporate I structure is subject to varying degrees of control, usually taking 

the form of a requirement that mergers with other common carriers 

I have prior regulatory approval. Regulatory involvement in corporate 

structures, including non-transit enterprises, involves extensive i auditing to as.sure that only legitimate transit expenses are in

cluded in the accounts used in rate proceedings. 

i _, 
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C. EFFECTS OF REGULATION ON THE QUALITY AND 
UTILIZATI ON OF URBAN TRANSIT SERVICE 

1. ANALYTICAL MODEL 

Three el ements of regulatory pol icy that appear to be of special 

importance in determining the quantity and utilization of transit 

service are (1) regulation of fare , (2) regulation of service levels, 

and (3) the imposition of a regul atory constraint on earnings . This 

section is devoted to devel opment of a rel atively simple geometric 

model of the demand and suppl y of transit service. The model will 

then be used for analyzing some of the potential effects of alterna

tive regul atory policies on both total ridership and the amount of 

service avail abl e in an urban area . The main purpose of this analy

sis is to identify some of the potential confl icts among three 

possibl e objectives of regulatory pol icy- - minimizing fare , maximizing 

util ization of the transit system, and maximi zing the suppl y of trans

it service . The ana l ysis assumes that transit service is privately 

suppl ied by a singl e profit- maximizing trans it firm . 

A key assumption of th i s model is that demand for transit service 

is a function of both fare and the l evel of service that is provided , 

measured in the number of bus trips that are suppl ied . 1 This assump

tion seems intuitivel y reasonabl e . An increase in the l evel of serv

ice whil e hol ding fare constant can attract more riders either if 

the additional trip is used to open a new route , thus making bus 

service easily accessibl e to a l arger number of peopl e or if the 

1. A "bus trip" , as the ter m i s used in this paper , should not 
be confused with a "passenger trip 11

• A 11bus trip 11 is just that--a 
trip by a bus a l ong a specified route . A "bus trip 11 thus wil l supply 
a number of 11 passenger trips" equa l to the capacity of the bus , not 
all of which are necessaril y consumed , since any number of passengers 
up to capacity may actually ride the bus . 
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addit i onal trip results in more frequent service a l ong an already 

existing route, thus increasing the attractiveness of transit by 

granting potential riders more f l exi bility in adjusting their de

parture and arrival times . I f we assume some maximum fare at which 

no one will choose to ride the bus , no matter how convenient the 

service is in terms of geographic accessibility and schedul ing , 2 

Qemand for transit might be similar to that shown in Figure 5- 1, 

with D1 , D2 , and D3 representing demand at successivel y higher 

level s of service. 

FARE 

F 
m 

9-8- 71-12 

RIDERS 

FIGURE 5.1 Demand for Transit as a Fun c tion of Fare 

2. This maximum fare, for example, might be equal to the taxi 
fare . 
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A further assumption about demand that will be made in this model 

is that the rate at which riders can be attracted to the transit 

system purely by service increases will begin to decline after some 

number of bus trips and that the number of passengers that can be 

attracted to transit even at zero fare wil l approach some maximum 

number as service approaches the continuous l evel . 3 Under this as

sumption, the funct i onal rel ationshi p of r iders to service levels 

at various fares woul d be simil ar to that shown in Figure 5-2 , with 

A representing the rel ationship of riders to service at zero fare 

and Band C representing the rider- servi ce rel a t ionship at succes

sivel y higher fares . 

RI DERS 

9-8-71-13 

A 

B 

C 

BUS TRIPS 

FIGURE 5.2 Demand for Transit as a Function of 
Level of Service 

3. Continuous both in terms of the s chedul ing of service along 
a l l routes and in terms of a route structure so dense that every 
street lies on a bus route. 
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The assumptions about demand described in Figures 5-1 and 5- 2 

make it possible to specify a three-dimensional demand relationship 

such as that shown in Figure 5- 3a . Demand for transit service is 

represented by a surface connecting A, the functional relationship 

of passengers to service levels at zero fare , and F, the fare at 
m 

which no riders will be attracted to the transit system, regardless 

of the level of service that is provided . n
1

, for exampl e, measures 

the number of riders using the transit system at different fare 

levels if T1 bus trips are provided . D2 represents the rider- fare 

relationship if T2 bus trips are provided . Thus, if the fare charged 

is F1 , R1 riders will use transit if T1 trips are provided , and R
2 

riders will use transit if the level of service is increased to T
2

• 

Given the demand relationship specified in Figure 5-3a , the re

l ationship of total revenue to riders and service levels would be 

similar to that shown in Figure 5- 3b . Curve A is exactly the same 

in Figure 5- 3b as it is in Figure 5- 3a. Total revenue is zero at 

zero fare . Total revenue also equals zero if the fare is set equal 

to or higher than F. 
m TR1 is thus the total revenue relationship 

resulting from holding service constant at T
1 

and increasing fare 

from zero to Fm. TR2 is the total revenue relationship resulting 

from the same variation in fares but with ser vi ce level T2 . 

Production costs are assumed to be functiona lly related to the 

l evel of service in a manner similar to that shown in Figure 5- 4 . 

This cost function is assumed to include some fixed costs and a l so 

t he cost of capita l or normal return . As Figure 5-5a indicates , 

profit possibil iti es confront i ng the transit supplier can thus be 

derived by drawing the cost function as a plane intersecting the 

total revenue function devel oped in Figure 5- 3b. Any excess of 

total revenue over total cost represents positive economic profits. 

The profit function in Figure 5- 5b is t hus directl y derived from 

Figure 5- 5a . n 0 on Figure 5- 5b represents all the points in 5- 5a 

at which total cost plane intersects the outer edges of the total 

revenue functions . It is , in other words, a locus of a ll the rider

service combinations at which the firm will earn r evenue exactly 
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FIGURE 5 . 3a Demand for Transit as a Function 
of Fare and Service Levels 
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FIGURE 5.3b Total Revenue Function 
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FIGURE 5.4 Product Cos t Function 

equal to the cost of providing the service, including a normal re

turn on capital. For service levels T1 and T3, for exampl e , there 

exists a fare-ridership fare at which the firm will just be able to 

break even. The maximum total revenue attainable at these service 

levels will just equal the cost of providing the service . If T2 
trips are 

either at 

or at the 

is set to 

and earn a 

supplied, the firm will earn no profit if fare is set 

the level which attracts R1 riders to the transit system 

lower level sufficient to attract R3 passengers . If fare 

maximize total revenue, the firm wil l carry R2 passengers 

profit of n2 . 

If the outer poi nts of successively higher horizontal s l ices of 

function in Figure 5- 5b are projected onto the passengerthe profit 

service plane, an isoprofit relationship such as the one in Figure 

5-6 emerges. Each isoprofit curve represents the l ocus of al l pas

senger service combinations at which a given absolute amount of 

profit can be attained. n0 is simply repeated from Figure 5- 5b. 
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REVENUE , 
COSTS 

0 

9-8-71- 17 

BUS TRIPS 

FIGURE 5.5a Total Revenue and Total Cost Function 
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FIGURE 5.5b Profit Function 
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FIGURE 5. 6 Isoprofit Relationships 
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Isoprofit curves interior to n0 represent successively higher amounts I 
of profit. (Conversely, if the firm operates at any point exterior 

t o n0, it will operate at a l oss . ) Maximum profit , nm ' is represented ' 

by a singl e point interior to all other isoprofit curves. I n the 

absence of regulation, the transit firm will provide T trips and 
m 

set fare such that R passengers would ride the buses . 
m 

2 . EFFECT OF REGULATION ON RIDERSHIP AND LEVEL OF SERVICE 

We will assume that the objective of public regulation is to in

crease ridership and/or increase the amount of transit service that 

would be provided if the firm were permitted to operate at [Rm ' Tm] . 

However, a regul atory objective of maximi zing riders hip and an ob-

jective of maximizing the level of service are not harmonious . 

conflict between the two objectives can be seen by returning to 
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Figure 5- 6 . As long as transit service is provided by private enter

prise, regul ators are constra i ned in the achievement of t heir objec

tives with respect to ridership and service by isoprofit curve n0 . 

In the absence of subsidization , no private firm wi ll be able to 

operate for any appreciable length of time at any point exterior to 

n
0

• The optimal regulatory policy will force the firm to operate 

at some point on isoprofit curve n0 . (It is possibl e to move from 

any point interior to n0 to a point on n0 which provides both a 

higher level of service and greater ridership.) The regulatory 

policy that maximizes ridership will force the firm to operate at 

point X in Figure 5- 6. T trips4 are supplied and fare is set such 
m 

that R riders are using the transit system. The regulatory policy 
r 

that maximizes the level of service will produce operation at point Y. 

A larger number of trips will be suppl ied than the ridBrship-maximizing 

solution, but fewer passengers, R, will be riding the buses .
5 

s 
Given the necessity of making a trade- off between ridership and 

service levels, regulators may not adopt a policy of either ridership 

or service maximization . Instead , they may choose to operate at some 

point such as X' in Figure 5- 6 . The optimal regulatory pol icy will 

I 
I 

result in an operation on isoprofit curve n0 at or between points X 

I 4 . The demand and cost assumptions of this model are such that 
the profit- maximizing l evel of service and the ridership maximizi ng 

I d
l 7vfefl oft~etrvdicef areththe samf7t. Th7 ~i~ership

1
-mt~ximbizing

1
solutfion is 

1 eren ia e rom e pro 1 - maximizing sou ion ya ower are, 

I 
I 
I 
I 
I 
I 

In l ater discussion the notation T will be used to refer to the 
ridership-maximizing l evel of service in order to correlate the no
tation for maximum r idership (R) and the level of service required 
to achieve maximum ridership (T~) . 

5. The assumptions about publ ic objectives made in this paper 
may seem extremel y general . Public objectives are , in fact , often 
stated in more specific terms of easing traffic congestion , assuring 
public transit service for nondrivers , assuring l ow fares for poor 
people. The model devel oped in this paper cannot handle this mult i
plicity of objectives except in the most general sense of assuming 
that the objectives of maximizing ridership or service are possibl e 
surrogates for other public objectives , i . e ., minimizing automobile 
usage or providing service to nondrivers, respectivel y . The pri
mar y point to be made is that no unique regulatory sol ution will 
achieve all public objectives with respect to transit. 
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and Y. It is possible to move from any point interior to TIO or on 

TI0, but exterior to the region bounded by X and Y to some point 

within that region which provides both a higher level of service 

and greater ridership. 

In order to achieve their objective, regulatory authorities can 

control two key variables in the model, fare and l evel of service. 

The effectiveness of a l ternative regulatory policies in achieving the 

the objectives of public regulation can be anal yzed using Figure 5- 7 . 

Imposed on the isoprofit curves are a series of the passenger- service 

relationships described in Figure 5-2. Each curve is associated with 

a unique fare. A is the zer o fare case. B, C, D, and E are the 

rider-service relationships at successively higher fares . 

RIDERS 

m 

I 
I 
I 
I 
I 
I 

E 

0~---------------=l------=----~;------
Tl \ T BUS TRIPS 

9 - 8-71 -20 

FIGURE 5.7 Effect of Regulatory Policy 

I f the regulatory body relies solely on fare regulation to 

achieve its objective , it will not succeed . There are , in fact , onl y 

two possible fares that can be set by the regulators that will as

sure operation on TI0 in the absence of additional regul atory 
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I 
I constraints and neither is consistent with operation at or between 

points X and Y. Fare Bis the minimum fare and fare Ethe maximum I fare that can be charged consistent with allowing the firm to cover 

its operating costs. A regulatory requirement that either of these 

I fares be charged will result in operations at points B' and E', re

spectively.6 Fare C is necessary to achieve maximum ridership, but 

I 
requiring that. fare to be charged is not sufficient to achieve the 

regulatory objective. In the absence of additional regulatory con

straints, the firm is free to operate at any point along ray C. It I will choose to operate at that point that allows the maximum amount 

of profit to be earned. Maximum profit is achieved by providing T1 I bus trips. Ridership at this point will be R1 , less than the objective 

of Rr. Similarly, fare Dis necessary to achieve operation at Y, but 

I in the absence of constraints other than a requirement. fare D be 

charged, the firm will not supply T trips, but instead will maxi
s 

I 
I 
I ,, 
I 
I 

mize profit by providing T trips. r 
If the objective of the regulators is to maximize service, fare 

regulation is unnecessary. Regulators can simply require the firm 

to provide level of service T. Given this requirement, it is im-
s 

possible for the firm to operate at any point other than Y. To 

achieve operation at X, however, or at any point between X and Y, 

both the level of service and the fare must be set by the regulatory 

body . 
A key determinant of where the transit system operates with re

spect to the trade- off between service and passengers is the manner 

in which the firm is allowed to respond over time to changing demand 

and cost conditions. Private transit systems in most cities are 

6 . Rays Band E are target to isoprofit curve TIO at B' and E', 
respectively. The tangencies determine the onl y points at which 
profitable operations are possible if these fares are set by the 
regulators. This raises an interesting issue. If regulatory 
authorities should choose to adopt fare as an objective r ather than 
an instrument of control and seek to minimize fare, they may well be 
sacrificing both ridership and service levels. Both ridership and 
service can be increased by movement from B' in Figure 5-7 to some 
point on isoprofit curve TI0 within the region bounded by X and Y. 
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confronted with rising costs and generally declining demand. There 

appears to be substantial reliance on fare increases to maintain 

profitable operations, with service reduction being adopted only as 

a last resort. As Figure 5-8 shows, this policy will almost 

inevitably bias the system towards the service-max,imizing solution. 

An increase in costs will result in an inward shifting of isoprofit 

curve n0 similar to that shown by the dotted curve in Figure 5-8. 

Actions that can be taken to maintain the earnings of the firm are 

service adjustment or fare increases , or some combination of the two. 

It is immediately ·apparent from Figure 5-8 that if the firm was 

providing any level of service greater than TT prior to the cost 

increase, some service reduction must be allowed to prevent the firm 

from operating at a loss . However, regardless of where the firm 

was operating prior to the cost increase (as long as it was between 

X and Y), the regulatory action that minimizes service loss will 

not minimize passenger loss. If, for example, the firm was 

operating at X prior to the cost increase, the effect of alternative 

regulatory action with respect to fare and service adjustment can 

be defined in terms of movement within the areas bounded by rays 

B, F, and FT. Reduction in service, with no change in fare, will 

move the system to some point on ray B. Movement along rays F and FT 

result from holding service const ant and decreasing or increasing 

fare, respectively. Thus, movement to any point within the area 

bounded by FT and B (and to the left of FT) is the result of some 

combination of fare increase and service reduction. (Conversely, 

movement within the area bounded by F and B results from combining 

service re9uction and a fare decrease .) If regulators rely solely 

on a fare increase to maintain the earnings of the private firm, the 

firm will operate at point x1 • This is not the policy that minimizes 

passenger loss, however. That policy would involve movement to x
2 

on Figure 5-8 by combining a fare increase less than the one required 

to attain x1 and reduction in service to T;. 
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FIGURE 5.8 Regulatory Adjustment in Fare and Service Levels 
Fol 1 ow i n g a n I n c r'e a s e i n Co s ts 

3 . EFFECTS ON EFFICIENCY 

A key issue in the regulation of any industry is that of 

possible adverse effects of the regulation, especially imposition 

of a regulatory-earnings constraint, on th_e firms' incentives to 

produce in the most efficient manner. The divergence between 

possible profit and allowed profit resulting from fare and service 

regulation can weaken , the firm's incentive to minimize product.ion 

costs by making it possible for the firm to produce inefficiently 

without being penal ized by a reduction in the level of profit it is 

able to attain. A return to Figure 5-8 can help clarify this point 

Inefficiency increases production costs for all levels of service 

and thus will result in an i nward shifting of isoprofit curve n0 
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similar to that shown by the dotted curye in Figure 5- 8 . A profit-

I 
I 
I 

maxi mizing firm will be indifferent with respect to operations at 

some point on the heavy exterior isoprofit curve or on the dotted 

interior curve, since the absolute level of profit is exactly the 

same in both cases . The social cost of the inefficiency is immedi- I 
ately apparent, however. The inefficiency reduces the number of 

riders the transit system can profitably attract at any level of I 
service (i . e., necessitates a higher fare at every level of service 

to achieve profitable operations) and a l so reduces the maximum level ,-

of service that can be provided by the transit system (to T'). , 

Especially important in an industry such as transit, in which labor 

1
. 

costs comprise a substantial portion of total costs, is the possi

bil ity that a regulatory earnings constraint will result in dis

proportionate wage increases emerging from the collective-bargaining I 
process . As long as the profit position of the firm can be maintained 

through adjustment of fare or service levels or both, management has 

no real reason to resist union demands and possibly bear the cost of 

a strike. 

Theoretical analysis of the economics of regulation indicates 

that imposition of an earnings ·constraint can not only weaken the 

incentive to minimize costs but can, in fact , provide positive 

incentives for inefficient behavior . The nature of the inefficiency 

varies with the method of measuring earnings for regulatory purposes 

I 
I 
I 
1 

adopted by the regulatory authorities . The primary conclusions of 

the analysis are: (1) that if the firm is constrained to achieve I 
some maximum percentage return on i t s invested capital, and if the 

allowed return exceeds the cost of capital (i.e., allows some positive I 
economic profit) but is below that required for profit maximization, 

the firm will be able to achieve a higher level of profit by utilizing I 
capital and labor resources in proportions such that the ratio of 

capital to ' l abor is greater than that which minimizes costs; and 

(2) if the operating ratio is employed and demand is inelastic, the 

firm will be able to achieve a higher level of profit by any arbitrary 

increase in production costs. 
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I 
I Figures 5- 9 and 5- 10 present a simpl e geometric clarification of 

I
- the former case . 7 If we assume that the amount of capital employed 

in the production process increases with the level of service pro

vided , an earnings constraint that a llows a return to capital gr eater I tha n the cost of capital can be drawn as a pl ane intersecting the 

· profit function (taken from Figure 5- 5b ) such as is shown in Figure 

I 5- 9. (The plane slopes upward with increasing service levels since 

a constant percentage r eturn on capital will obviously result in a 

greater amount of profit as the base against which the return is 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

measured increases.) 

In Figure 5- 10, the problem is r educed to a two- dimensional 

figure to simplify the exposition. n1 measur es the maximum profit 

attainabl e at each level of service and c1 the r egulat ory earnings 

const raint. The firm will be abl e to maximize profits s ubj ect to 

t he constraint by providing T1 trips. Profit wi ll be ni· If the 

firm increases the amount of capital employed in the production 

process above that required to produce at minimum cost, two things 

happen . Possibl e profit (as opposed t o allowed profit) is reduced 

at every l evel of s ervice, since production costs have been incr eased 

by t he inefficiency . n2 measures the amount of profit attainable 

aft er t he i ncrease in costs . However , because the amount of capit al 

empl oyed i n the production process is increased at every level of 

ser vi ce, the regul atory constraint (all owed profit) increases to c2 • 

By overcapital izing, the firm is able to achieve a higher profit 

l evel, n2. 
In cases wher e the earnings constraint is imposed in the form of 

a minimum allowable operating ratio , any increase in operating costs 

7. This ana l ysis is used in an article by Elizabeth Bailey and 
J ohn Mal one, "Resource All ocation and the Regulated Firm, " Bell 
Journa l of Economics and Management Science, I , No . 1 (Spring , 1970 ), 
pp . 129- 141, which a l so contains a mathematical proof of the results . 
A mor e ext ensive geometric proof of the results can be found in an 
arti cle by Wil liam Baumol and Al vin Klevorick, "Input Choices and 
Rat e. of Ret urn Regulat ion : An Overview of the Discussion , " Bell 
J ournal of Economics and Management Science, I , No . 2 (Autumn , 1970), 
pp. 162-189 . 
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FIGURE 5.9 Regulatory Profit Constraint 
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FIGURE 5.10 Effect of Profit Constraints on Efficiency 
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I 
I can i ncrease the amount of profit the firm is able to achieve if 

demand is inelastic . Some simple algebra can clarify this point. 8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Use of the operating ratio i nvolves allowing the firm to 

maintain some constant ratio of operating expenses (OE) all costs 

except the cost of capital -- to tota l revenue (TR). A 10 percent 

increase in labor costs, for example (assuming the l evel of service 

rema i ns constant), must be matched by a 10 percent increase in 

revenue in order to maintain a constant operating ratio (6), That 

is : 

OE= 1.10 (OE)_ 0 TR 1.10 (TR) - • 

However, the increase in total revenue requi red to maintain a 

constant operating ratio increases the rate of return on investment 

that the firm is allowed to achieve . This return (R) is measured 

by the ratio of total revenue minus operating expenses to the 

capital i nvestment (K) of the firm . Prior to the cost increase 

and the accompanying adjustment in total revenue allowed by the 

regulators, the rate of return is as follows: 

TR- OE 
-K-=R. 

A 10 percent increase in both costs and revenues required to 

maintain a constant oper ating ratio produces the following result: 

1.lOiTR-OE) = 1.lO(R) • 

If t he firm was earning a return of 7 percent on its investment 

prior to the fare increase, it will achieve a return of 7.7 percent 

after t he increase. 

8 . For a generalized mat hematica l and geometric proof of 
these results, see Bailey and Mal one , .£E· cit . 
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D. KEY REGULATORY ISSUES 

The model devel oped i n the preceding section and t he i nterviews 

conducted with transit and r egul a t ory official s in several localities 

suggest a number of major issues in the area of transit regulation. 

I These issues r e~ate primarily to the role of regulatory constraints 

in causing the observed decline of private transit enterpr ise and to 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t he implications the existence of these constraints have for Federal 

policy. 

1. RELATIONSHIP OF REGULATORY CONSTRAINTS TO THE DECLINE 
OF PRIVATE TRJ\NSIT ENTERPRISE 

A f ew of the more important questions that must be answer ed 

with respect to the r ol e of regul atory constraints in t he decline 

of private transit enterprise are l isted below: 

(1) To what extent are regulatory authorities actually 
aware of the trade-off between service l evels and rider
ship'? 
(2) Do regulat or s consistently set fares t oo l ow? 

(3) Are service r equirements t oo l ar ge and inflexible? 

(4) Is regulatory lag a seri ous problem for most transit 
firms, especially when r api dly rising costs have neces
s i t at ed more frequent requests f or fare i ncreases? 

(5) Have r egulat ory service requirements and profit con
straints, especially use of the operating ratio, resulted 
i n transit firms adopting i nefficient labor practices? 
Have these practices become institutionalized, resulti ng 
in serious i nflexibility i n the response to changing de
mand conditions? 
(6 ) Do regul a t ory c onstraints prevent f i rms from adopting 
more dema nd r esponsive modes of transport ation ? 

(a) Do limits on intramodal competi tion present 
serious difficulties i n providing attractive and co
ord i nated service in urban areas served by mo·re than 
one transit firm? 
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(b) Do constraints on intermodal competition prevent 
firms from adopting innovations that represent a de
parture from the traditional nature of transit serv
ice? For example, can a transit firm provide dial-a
bus service that would compete with taxi service? 

(c) Is restricted entry into the transit market neces
sary or desirable? 

2. FEDERAL POLICY IMPLICATIONS 

The answers to t he questions listed above have important impli

cations f or Federal policy with respect to urban mass transit. Some 

of the more important issues that are raised are listed below . 

(1) If regulatory constraints are a cause of the low 
profitability of priva te transit enterprise, are federal 
subsidies, either capital or operating, desirable or 
feasible in the absence of any changes in the regulatory 
framework? 

(a) Will the avail abil ity of Federal funds simply 
provide regulatory authorities with an option to 
avoid approving needed fare and service adjustments? 

(b) Will Federal. funds be required in continuing and 
continually increasing amounts t o sustain private 
transit operations? 

(c) Will Federal funds support inefficient transit 
systems and possibly provide further incentives for 
inefficiency? 

(2) Does public ownership change anything? 

(a) Does public ownership and the increased possi
bility of public subsidy merely perpetuate an in
efficient transit system? 

(b) Will the management of public transit authori
ties be any more willing than public regulatory 
authorities to make fare and service adjustments if 
subsidi es are available. 

(3) Can the Federal government effectively administer a program 
of operating subsidies without control of the two key vari
ables, fare and service, each of which affect the size of 
the operating deficit? 

(a) Is removal of regulatory constraints a feasible 
alternative to public subsidy of urban transit? 

5- 32 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I (b) Is ~t possible to develop any standard criteria 

for evaluating the adequacy of the fare and service 
levels of an urban transit system that can be used by 
Federal administrators in determining relat:ive need 
for Feder a l aid? 

RECOMMENDATIONS FOR FURTHER STUDY 

As indicated above, regulatory constraints imposed on urban 

transit operations by either state or local governments may seriously 

limit the long- term effecti veness of some Federal programs in i nI creasi ng the suppl y and utilization of urban mass transit facilities. 

I 
I 

This paper presents only a very general survey of transit r egulation. 

I n view of the potential impact of transit regulation on federal 

programs, further study of a more empiric nature would undoubtedly 

be beneficial to Federal pol i cymakers. Such a study would be geared 

first to attaining quantitative a nswers t o the questions raised in 

I 
Subsection A of this section , and then determining the exact nature 

of t he interface of Federal programs with the regulatory framework 

I 
and developing specific r ecommendations for Federal policy. With 

respect to Federal policy, not only should an effort be made to 

I 
I 
I 
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design Federa l programs that minimize the potential adverse ef

fects of regulatory constraints , but a major question that should be 

examined is whether removal of regulatory constraints is a feasible 

alternative to Federal subsidies of transit operators. 
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CHAPTER VI 

U. S, AND CANADIAN RAIL RAPID TRANSIT OPERA TIONS 
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I 
I 
I SUMMARY 

I Rail rapid transit systems are defined herein as rail facilities 

I 
operating within urban areas on exclusive (or nearly exclusive) 

rights -of- way , whether below ground, above ground, or at surface 

l evel. Rail rapid transit syst ems generall y use vehicles that are I, lighter and capabl e of higher acceleration than conventional rail-

road equipment . 

I definition of rail rapid transit systems. Annual data on the physi-

There are ten U.S. and two Canadian properties included in our 

1 cal characteristics and operations of nine of the ten U.S. and both 

Canadian properties are presented, by property, in both graphic 

I 
and tabular form for 1960 through 1970. 

For the eight U. S . propert ies that existed in 1960, total annual 

I 
I 

revenue passengers declined by 7.3 percent from 1960 to 1970. Total 

revenue, on the other hand, increased by 75 percent, reflecting fare 

increases. However, the increases in revenue were not as large as 

the increases in expenses. As a result, the U.S. industry as a 

whole shifted from a loss of $0 .4 million in 1960 to a gross deficit I of $80 million in 1970 (not including any depreciation or interest 

charges). 

I A number of 11performance" ratios are calculated for the different 

properties. These ratios included such items as operating ratio, 

I 
I 
I 
I 

cost per car-mile, revenue per passenger, passengers per car, etc. I A comparison of these rat ios across properties indicates that prop

erties are quite heterogeneous in their characteristics. This 

finding implies that measures to improve financial conditions might 

be different for different properties. 
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I 
I A. INTRODUCTION 

I The 1970 Urban Mass Transportation Assistance Act authorized t he 

Federal Goverrunent to provide more than $3 billion to aid urban mass 

transit over the next five years . A large proportion of these funds 

I will be channel~d i nto rail rapid transit . Ten year capital i nvest-

ment requirements for rail rapid transit alone (excluding commuter I rail) have been estimated to be between .$16 and $22 billion, and it 

is presumed that t he Federal Government will provide the major I share .
1 

The probable magnitude of the Federal Government involvement 

I wit h rail rapid transit makes it especially i mportant that all 

aspect s of such operations, including their economic and technical 

I 
I 
I 

characteristics, be reviewed and understood . This paper focuses on 
the economic aspects. First, it examines the general economic pro

files of individual systems from 1960 through 1970, Then, the in

dividual profil es are compared to determine whether there are signi-

ficant similarities or differences in behavior. 

1. 

I a . 

BASIC CONCEPTS 

Rail Rapid Systems 

I 
Rail r apid transit systems are defined herein as rail facilities 

operating within urban areas on exclusive rights-of-way, whether 

I 1. Range derived from statements by Dr . Ronan, President, Insti
tute for Rapid Transit , Hearings before the Subcommittee on Housing .

1 
and Urban Affairs, U.S . Senate, July 23, 1969, and F. M. Graves and 
R. E. Rechel, Estimates of Prospective Capital Investment in Urban 
Public Transportation, Institute of Public Administration (Washing
ton, D. C. October 15, 1969) . 

I 
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below ground, above ground, or at surface level. In the larger 

cities the rights- of -way are usually below ground level in the 

center of the city and at ground level in the outlying areas of the 

city. We have included systems which largely have their own rights 

of-way but which operate, to a minor extent, on regular streets or 

cross-roads at grade level at some points . Rail rapid transit sys 

tems generally use lighter vehicles capable of higher acceleration 

than conventional railroad equipment. We include in our definition 

of rail rapid transit the 11high-speed trolley"--a streetcar line on 

its own right-of-way. We have excluded streetcar operations t hat 

share city streets with automobile traffic; these operations are 

generall y being phased out and no plans exist for building new sys
tems of this type. 

b. Property 

The term property is used throughout the industry to refer to a 

certain urban transit activit y , e.g., rail rapid transit, bus, com

muter rail, etc. It is about synonomous with the notion of a single

I 
I 
I 
I 
I 
I 
I 
I 
I 

plant operation. Thus , the New York rail rapid 

property (or plant). Its bus operation is also 
transit system is a I 
a property, and so on. 

c . Total Operating Revenue 

Total operating revenue is all revenue from all operations of 

the property during the given year; it does not include subsidy 

revenue. Typically, well over 95 percent of this revenue is from 

passenger operations, but some freight and other revenue, such as 

advertising and station concessions, is included. 

Total operating revenue is the most meaningful measure of revenue 

because it reflects t he overall economic viability of the property. 

Moreover, total op~rating expenses i nclude some nonpassenger activi

ties which are not separated for direct comparison with the revenue 

they generated. Thus , total operating revenue, rather than passen

ger revenue, is more comparable to total operating expenses. As 

noted below, the use of total operating revenue presents a minor 

degree of noncomparability when computing revenue per passenger. 
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Operating Expenses 

Operating expenses are defined as Total Annual Operating Expenses 

I 
less annual depreciat ion. This measure of expense -best reflects the 

out-of-pocket operating costs of the properties. Moreover, there 

are large inconsistencies in reporting depreciation. For an old I system whose facilities and rolling stock are completely depreci-

ated, this item could be zero, whereas for a new system it could be 

I substantial. Further, the amount of public capital subsidy, the 

time period over which the capital stock is depreciated, and the I depreciation schedule all affect bookkeeping treatment of depreci-

ation. Hence, to obtain consistent data between systems, we believed 

I t hat depreciation should be excluded. Operating taxes, which con

s i s t mostly of social security taxes, are included. 

I nterest expense is an important item that is not included for I t'NO reas ons, First, the amount of interest is usually dominated by 

I 
the size of capital expenditures and for thi s reason the proportion 

that can be assigned to annual operating expenses is somewhat arbi-

trary. Second , some systems, e.g., the Massachusetts Bay Transpor-1 tati on Authority (MBTA) also operate bus systems that are financed 

on a systemwide bas i s. The interest expense for each mode is not I reported separately. 

Gros s Operating Profit (Deficit) 

I 
I 
I 

e . 

Gross Operating Profit is defined simply as Total Revenue minus 

Operating Expenses. Both interest and depreciation must still be 

deducted to arrive at a net operating profit concept. 

f. Operating Ratio 

Operating ,Tatio is Operating Expenses divided by Total Revenue. 

A ratio less than one indicates that revenues cover out-of-pocket I expenses, i.e., there is a gross operating prof it. A rati o greater 

than one indic~tes t hat the operation is not covering out-of-pocket I expenses , i.e., the pr operty has a gross oper ating deficit. 

I 
I 
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g. Revenue Passengers 

Revenue passengers are passengers (annually) from whom a fare has 

been collected somewhere in the system. It does not include passen

gers who have transferred free onto the system from another mode, 

free passengers, or passengers for whom payment is made via 

subsidies . 

h . Revenue per Passenger 

The revenue- per-passenger ratio is defined as Total Operating 

Revenue divided by the number of revenue passengers and is approxi

imatel y equal to average fare. The term 11fare 11 is used i nterchange

ably in this paper with 11revenue per passenger11 or 11average fare, 11 

and should not be confused with specific fares. The figure refl ects 

not only the basic adult fare but reduced fares to senior citizens 

and children as well as transfer fares . Revenue other than from 

passengers causes the ratio to be slightly greater than average fare 

i n some cases. This difference usuall y cannot be detected at the 

two-significant-digit level; therefore, the ratio is stated only to 

two significant digits. Some properties have a single fare for the 

entire system, while others use a 11zone 1
-' fare system wherein the 

fare varies with the length of trip . For zone - fare systems , the 

revenue per passenger reflects the mix of zone fares collected. 

i. Passenger Car-Miles 

Passenger car-miles is the sum of the total number of miles that 

each passenger car has moved during the year . 

j. Active Passenger Cars 

Active passenger cars are those cars in the fleet that are a ctu

all y used, as opposed to those that have been ret i red but may still 

be on the books as part of the fleet . In most cases, there is no 

difference between total cars i n the fleet and active cars. 
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Miles of Single Track 

The miles -of-single -track figure corresponds to single-lane 

mileage in a highway system. It represents all of the trackage in 

the system, including multiple trackage in terminals. 

NATURE OF THE DATA 

Data Sources 

A complete and consistent data series for all rail transit propI erties is not available in the open literature. The best source of 

data are the Annual Operating Reports published by the American 

I Transit Association (ATA), but these reports do not include all 

properties . Moreover, some of the properties that are included 

I 
have not reported all data to the ATA. Accordingly , although we 

have used the ATA data as a primary source of consistent data for 

individual properties, these data have been supplemented by data 

I from annual reports, Interstate Commerce Commission reports, other 

published sources, and data obtained directly from the properties I when it could not be obtained from the open literature. 

b. Data Categories 

I The basic data categories used are those adopted by the ATA 

(see Appendix VIA) which are, t hemselves, based on the ICC system I of accounts. The aggregates used in this paper were determined 

after we made sure that the individual categories added properly to 

I the totals . Thus, it is reasonably certain that at least the aggre-
gates are comparable. However, it should be noted that for proper-

I ties which are also part of a general operation--which might include 

bus, trolley-bus, surface rail , or all of these--it was necessary to 

1 
use all ocation procedures to estimate the rail rapid transit portion. 

c . Geographical Representation 

In addition to U.S. properties, we have included the Montreal 

Toronto systems because both are post-World War II systems. Of I the U. S. properties, only the Cleveland system a,nd the Lindenwold 
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Line between Phi ladelphia and southern New Jersey have been built 

since World War II. 

d . Data Limitations 

I t should be r ecognized that the da ta are limited with respect 

to t he l evel of detail required to explain the economic behavior of 

e-ither t he individua l properties or t he rail rapid t ransit i ndustry 

in general. Much more detailed data are necessary if t he problem 

of causal relationships is to be address ed . 

3. ORGANIZATION OF REMAINING SECTIONS 

The remainder of t his paper is organized i nto two sections. 

Section B focuses on individual properties and presents f or each 

property the severa l trends of key operating statistics . Section C· 

is devoted to a comparative analysis of the operations of the prop

erties. Among other things , the properties are ranked according t o 

rel ative operating perfomance, as reflected by certain performance 

ratios computed from the basic data. 
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I 
I 
I 
I B. RAIL RAPID TRANSIT PROFILES 

I The profiles of the individual properties involve descriptive, 

graphic , and tabular presentations. For convenience, the descrip-

1 
tive material for each property is confined to a single page which 

appears opposite the corresponding graphs. Each table contains t he 

basic data for the graphs and some additional ratios that are used 

I in the next chapter. 

Note that all graphs have semi-logarithmic scales. Therefore, I they can be compared in relative terms, i.e . , the same· slope on two 

or more curves implies the same percentage change . The same cycle 

I semi-logarithmic paper was used for all graphs. The lines on the 

graphs merely connect annual data points; they do not reflect 

I 
monthly values . 

Most of the profiles cover the 11-year period, 1960 through 

1970. These profiles, by individual property, are discussed in 

I order of descending total operating revenue for 1970, Much of t he 

descriptive material on the properties was obtained from Urban 

I Transit Development in Twenty Major Cities, published in 1967 by 

the Automotive Safety Foundation, Washington, D.C. Data for the I tables and graphs were obtained from the ATA, the individual 

properties, or both. 

I 
I 
I 
I 
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NEW YORK CITY TRANSIT AUTHORITY 

The policy of t he Authority, at least until 1970, has been to 

keep fares low to stimulate use of the transit system as an essen

tial component of t he economic welfare of the city . Operating 

deficits are made up by the city of New York . 

Over the ten-year period from 1960 t hrough 1 969, this property 

incurred steadily increasing operating losses . In 1960 , total 

operating revenue was only approximately $1 million lower than 

operating expenses, while by 1969 this deficit had widened to 

approximately $80 million. The operating ratio increased from 1 .01 

to 1.28. Effective January 4, 1970 , t he basic fare i ncreased from 

20 to 30 cents. As a result, total operating revenue in 1970 was 

$1 09 million greater than in 1969. However, operating expenses 

increased to $86 million, so that the operating loss was reduced t o 

$56 million, and the operating ratio dropped to 1.14 . 

Over this period, the number of passengers fluctuated consider

ably, but in 1970 it was about 7 percent lower than in 1960. The 

revenue per passenger reflects a fare increase of from 15 to 20 

cents, put into effect in July 1966. This fare increase apparently 

reduced t he ridership over the period 1965 to 1967. The large drop 

in ridership in 1966 was at least partly due to a two-week strike 

i n January 1966 which completely halted all services . The big fare 

increase in 1970 apparently again reduced ridership sharpl y. 

Passenger car-miles were constant from 1960 to 1966; from 1966 

to 1970 they steadily increased by a total of about 19 percent. 

The pattern of number of active passenger cars is roughly 

opposite that of the car-mile pattern; the number of cars increased 

from 1 960 to 1966 by a total of about 8 percent, then remained 

approximately constant through 1 970. Note that the number of cars 

and car-miles both increased significantly from 1 960 to 1 970, while 

ridership declined. The track mileage shows that the system has 

been expanded only slightly. 
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NEW YORK CITY TRANSIT AUTHORITY 
SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1960-1970 

! tell 1960 1961 1962 1963 1964 1965 1966 1967 1968 

Total Operating Revenue 
($ thou•and•) 

213, 050 215,732 219 , 762 216, 869 223, 349 236,593 231 , 297 272,534 272,031 

Total Operating Expenses 
Le:ss Depreciation 
($ thousands l 

215, 090 222, 385 229 , 370 239 ,805 252, 333 261,080 267, 975 302, OL3 337,797 

Gross Operating Profit (deficit) (1, 232) (6,653) (9 , 608) (22, 936) (28 , 984) (24,487) (36, 578) (29,509) (64 , 966) 
,~ thousands l 

O;>erati ng Ratio 1.01 1.03 1.04 1.11 1.13 1.10 1.16 1.11 1. 24 

Revenue Passenger s 1,348.9 1,359. 9 1 , 383.5 1 , 356.8 1 , 383.2 1,354.1 l t 76?. 9 l, 30? 6 1 , 305 . 9 
<millions 1 

Total Revenue per Revenue 
Passenger .16 .16 . 16 .16 .16 .ll .18 .n .n 
<dollars) 

Passenger Car-Miles 
(millions) 305 . l 300 . 8 304 . l 306 . 1 314 . 3 314. 7 3D2 . 0 319 . 7 339. 8 

A.ctive Passenger cars 6 , 482 6,601 6 , 51 6 6 ,559 6 , 655 6,707 6 ,969 6,958 7,080 

Total Miles o f Single Track 837 841 841 841 041 841 841 046 847 

Cost per Revenue Passenger .16 .16 . 17 .18 . 18 . 19 . 21 . 23 . 26 
(dollars 1 

Cost per Passenger car-Mile . 70 . 74 . 75 • 78 . 80 . 83 . 89 . 94 . 99 
(dollars l 

R~venue p2r Passerq2r car- Kile . 70 . 72 .n . 71 . 71 . 75 • 77 .es .80 
(dollars) 

Passerurers oer Passemer Car-Mile 4.42 4 . 52 4 . 55 4.43 4.40 4 . 30 4.18 4 .07 3 .84 

Passengers per Active Car 208 .l 206 .D 212.3 206 . 9 20, .s 201.9 181. 2 1B7 . 2 184. 4 
<thou sands J 

Car-Miles per ictive Cur 47.l 45 .6 46 . 7 46 . 7 47 . 2 ~6.9 43.3 45. 9 48.0 
(thousand•) 

Source: Annual Reports of t he American Tr~nsit Associa.t ion. 

- - - -
1969 1970 

201, 0D2 391, 21 2 

362,015 447 ,781 

(80 , 213) (56, 569) 

l. 28 1.14 

1,343.3 1,257. 6 

. 21 . 31 

344 . 6 359.8 

6 ,951 6 , 924 

842 842 

. 27 . 36 

1.05 1. 24 

. 8 2 1.09 

3 .90 3. 49 

193 . 0 181 . 6 

49.5 52 . 0 



CHICAGO TRANSIT AUTHORITY (CTA) 

The CTA is an independent authority . Total operating revenue 

has increased over the period shown, apparently as a result of fare 

increases which have been especially high since 1967 . Operating 

expenses were very nearly equal to revenue from 1960 to 1969 . The 

operating ratio for these years fluctuated narrowly between 0 . 97 

and 1 . 03 . However, in 1970, the financial results worsened marked 

ly. The operating profit of about $1 .1 million in 1969 became a 

deficit of about $5 , 3 million in 1970; the corresponding operating 
ratios increased from 0 . 98 to 1 .11 . 

The nwnber of revenue passengers has fluctuated but in 1970 

was lower than in 1960, apparently as a result of sharp fare in

creases in recent years . The revenue per passenger increased over 

t he time period covered; the basic adult fare was raised from 

25 cent s to 30 cents in November 1967, to 40 cents in December 
1968, and to 45 cents in July 1970 . 

Passenger car-miles remained constant from 1960 through 1969 

but i ncreased significantly in 1970 . The nwnber of passenger cars 

has fluctuat ed over this period , but was somewhat greater in 1970 

than in 1960 . A five- mile , non- stop run named ''Skokie Swift" was 

opened in April 1 964. Single-track mileage was increased by about 

35 miles in 1969 with the opening of the Dan Ryan and Kennedy 
Expressway routes . 
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CHICAGO TRANSIT AUTHORITY 
SELECTED RAIL RAPID TRANSIT OPERATI NG STATISTICS, 1960-1970 

Iten 1960 1961 1%2 1963 1964 1965 1 966 1 967 1968 

TOtal Ope rat" i ng Revenue 29,709 29, 853 32,077 31 , 085 31, 324 31,990 33, 290 35,603 38 , 4 S2 

IS thousands) 

Total Operat i ng ~penses 
Less Depreciat ion 29 ,817 30, 424 31,712 31,076 31 , 4Jl 32 ,979 34 , 450 35 , 499 37 , 883 

I$ thousands ) 

Gross Operat i ng Profit (deficit) (108) ( 571) 365 10 (77) (989) (1 , 160) 104 569 

IS thousands) 

Operating Ratio 1.00 l , 02 .99 1.00 1.00 1.0 3 1.03 1.00 . 99 

Revenue Pas:senger~ 112 . 9 110 .l 114.l 111. l 111.2 114 , 6 117 . 6 1 20 . 7 110 . 8 

l11illionsl 
Total Revenue per Revenue 

Passerger . 26 , 27 . 28 . 78 . 28 . 28 . 23 . 29 . 35 

/ dollars) 

Passenger Car - Miles 44.63 44,19 43. 96 43.82 43 . 86 44,17 45.44 45 . 08 44. 79 

I millions) -
Active Passeng-er Cars 1, 220 1 , 176 1,170 1 ,168 1 , 234 1,160 1,159 1 , 158 1 , 157 

Total Miles of Single Track 204 203 202 202 211 211 211 211 209 

Cost per Revenue Passenger 
/dollars l 

. 26 . 28 . 28 . 28 . 28 . 29 . 29 . ?9 .34 

Co:st per Passenger Car-Mile 
ldollaro' 

.67 . 69 • 72 . 71 • 72 . 75 . 76 .79 . 85 

Reverue per Pa~senger Cur-Hile .67 . 68 • 73 .71 . 71 .72 .73 • 79 . 86 

'dollars' 

Passenaers nar Passeraer Car-Hile 2. 53 2 . 49 2 . 60 2 .53 2 . 54 2 . 59 2 . 59 2 . 68 2 . 4 7 

Passe~ers per Active car 
t thousams l 

92.6 93 . 6 97 . 5 95 .1 90.1 98.8 101.4 104 , 3 95. 8 

Car-Mi les per Act:ive car 36.6 37 .6 37 . 5 37. 5 35 . 5 38 . 1 39 . 2 38 . 9 38 , 7 

(thousands) 

Ba5ed on "Comparative St.:Jtcnient of Income and Ex:pense hy Types of Service," obtained directly 
from Chicago Tronoit Authority. 

- - - -
1969 1970 

45 , 044 49 , 348 

43, 940 54, 605 

1,104 (5 , 257) 

. 98 1.11 

103. l J 05 . 5 

, 44 . 4 7 

45 . 62 51.49 

1,155 1, 246 

243 243 

. 43 , 52 

. 96 1.06 

.99 . 96 

2 . 26 2 . 05 

89 . 2 B4 . 8 

39 . 5 41. 3 



MASSACHUSETTS BAY TRANSPORTATION AUTHORITY (MBTA) 

The Metropolitan Transit Authority (MTA) was estatllished in 1947 

and covered an area including Boston and 1 3 surrounding cities and 

towns. The MTA was superseded by the MBTA in 1964 with its juris

diction extended to cover 78 cities and towns in the Boston region, 

A major feature of the legislation setting up the MBTA was the 

authorization of a $225 million revenue bond issue supported by a 

statewide two - cents -per- pack tax on cigarettes. However, operati ng 

deficits must be assessed to t he various cities and towns comprising 

the MBTA area. These jurisdictions raise this money mainly from 
property taxes. 

The MBTA operates about 34 miles of high-platform rail rapid 

transit lines and 36 miles of streetcar lines, about 18 of which are 

also considered to be rail rapid transit for they are in subways or 
grade-separated rights-of -way . 

From 1960 through 1969 operating expenses and revenue were 

approximately equal; the operating ratio fluctuated between 0.93 and 
1 

1.06. However, in 1970, operating expenses increas ed sharply while 

revenue dropped; as a result, the operating ratio jumped from 1. 06 

to 1.32. The number of revenue passengers declined from 1960 to 

1963, remained constant for several years, then started to climb in 

1967 and 1968. The first fare increase in seven years went into 

e f fect in December 1968, when the basic adult fare was increased 

from 20 cents to 25 cents. Apparently as a result of this fare in

crease , the number of revenue passengers dropped in 1969 and 1970. 

The number of car-miles declined slowly but fairly steadily from 1960 

to 1970. Number of passenger cars was fairly constant until 1970, 

when the fleet was increased by 95 cars. Some trackage was closed 

in the early 1960s, but track mileage has remained constant since 
1963. 

1. The operating ratio for the total MBTA system, which includes 
buses and streetcars , is much higher; for example, in 1963 it was 
1.74 and in 1969 it was 1.46. 
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MASSACHUSETTS BAY TRANSPORTATION AUTHORITY (MBTA) 
SELECTED RAIL RAPID TRANSIT OPERATI NG STATI STICS , 1960-1970 

Item 1960 1961 1 962 1963 1964 1965 1966 1967 1968 

Tot~ Operating Revenue 21, 560 22, 030 24,040 23,620 24 , 650 23,830 24 , 800 27 , 000 29 , 300 

I t ho usands ) 

Total Operati ng Expens e s 
Less Depreciat ion 22,452 22 , 354 22, 266 22, 403 23 , 593 25 , 358 24 , 588 26, 448 29 , 535 

1s t oou5ands , 

Gross Opera t ing Profit (de f icit) 
I S thousands 1 

(B92 ) ( 324 ) l, 774 l, 217 1 , 057 472 212 1 , 352 (235) 

Opera ting Ratio 1.04 1.01 . 93 • 95 , 96 . 98 . 9 9 . 9S 1.01 

Revenue Passengers 116 . 7 113 . 3 104 . 6 101.3 103. 0 100. 9 102 , 8 104 . 4 110. 0 

I millions ) 

Tot al Revenue per Revenue 
Passenger .18 .19 . 22 . 23 . 24 . 24 , 24 . 27 . 2 / 

/ dollars ) 

Passenger Car-Miles 15. 795 15. 005 14 . 740 14 . 558 14. 920 14 .626 14 .640 14 . 540 14 . 285 

<millions \ 

Active Passenger Cars 649 636 61 8 650 643 642 64 2 642 623 

Total Miles o f S i ngl e Track. 160 1 58 1 52 151 1 51 151 1 51 151 151 

Cost per Revt!nue Pa.sscrqer 
/ dollars) 

. 19 . 20 . 21 . 22 . 23 . 23 . 24 . 25 . 27 

Cost per Pas senger car-Hi l e 1.42 1.48 1.51 l. 54 l , 58 l. 60 1.68 1.82 2 .0 7 

<dollars' 

Re venue per Passenger Cat'-Mile 1 . 36 1 .47 l..63 l.62 1.65 1.63 l.69 l. 91 2 . OS 

Cdol.larS) 

Passengers per Passenger ~ r - Mile 7.37 7 . _55 7 . 09 6 . 95 6 . 90 6 . 89 7 . 02 7 . 18 7 . 10 

Passengers per Acti ve car 179, 8 l.78 . l 169 , 3 1 55 . 8 160. 2 1 57 . 2 lGO. l 162. 6 176 . 6 

(thousands, 

Car- Miles per 1\ctive car 24 . 3 24.8 24 , 6 23 . 2 23 . 4 23. 5 23 . 5 23 . 5 24 . 2 

( thous ands ) 

Dat:a were obtuincd direct l y frcm t he MST~. 

- - - -
1969 1 970 

33 , OOQ 31 , 600 

35,049 41, 800 

(2, 049) (1 0 , 200) 

1.06 1. 32 

102. 2 100 . 9 

. 32 . 31 

13. 826 1 3 . 652 

623 718 

1 51 151 

. 34 . 41 

2 . S3 3 . J6 

2 . 33 2 . 31 

7 . 39 7 . 39 

164.0 140 . 5 

24 . 2 21.0 



TORONTO TRANSIT COMMI SSION 

In 1953, t he Municipality of Met ropolit an Toront o was incorpor

ated as a federation of the Cit y of Toronto and 1 2 neighboring 

suburbs . Public transport at ion was among the f unct ions t aken over 

by the Metropol itan government , and the Toronto Trans it Commission 

was formed to operat e al l transit f acilities . In 1954, the Yonge 

Street subway was opened ; i t was t he f i rst new subway syst em opened 

in North Amer i ca aft er World War II . Since then, several extensions 
t o t he syst em have been opened . 

Operat ing expenses have been l ess t han r evenue i n every year 

except 1963, when t hey were l ess t han one percent greater than 
l 

revenue. From 1966 to 1969 , the operat i ng rat io improved markedl y , 

going from 0 . 96 to 0 . 73 ; i n 1970 i t rose s lightly to 0.76 . Over 

this period, new trackage was opened and fares increased s i gnifi

cantly . The f i gures shown for revenue passengers exclude passengers 

who have t ransferr ed free onto t he syst em from another mode . Actual 

passengers carri ed on the r apid t ransit system are est imated by the 

Commi ss i on at 1 . 6 times the fares collect ed on t hat syst em . Revenue 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

passengers have incre ased roughly i n pr oport i on t o t rack mi leage . 

Passenger car -mil es and number of cars have been increa sed a long I 
wit h the extension of the track mil eage . 

I 
I 
I 
I 

1. Figures are i n Canadian dol lars. I n 1960 Canadi an and U.S . I 
doll ars were approxi mately equal; in 1961 a Canadi an dol lar was 
valued at about $0 . 96 U. S .; from 1962 t o 1970 i t was valued at 
appr oxi mat el y $0 . 93 U. S . I 
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TORONTO TRANSIT COMMISSION 
SELECTED RAIL·RAPI D TRANSIT OPERATING STATISTICS , 1960-1970 

Item l.960 1961 1962 1963 1964 l.965 1966 1%7 1968 1969 

Tot~ ~~:~~;)Revenue 
5,030 4,990 4 , 950 s, 550 6 , 600 6 ,870 11,680 15, 030 18 , 320 23 ,300 

Total Operating Expenses 
Less Depreciation 

r S thousands) 
4 ,336 4 , S43 4 , 654 5,577 5 ,926 6 ,169 11,221 1 2, 655 14,833 17, 021 

Gross Operating Profit (de f icit) 694 447 296 (27) 674 701 458 2, 375 3,488 6 , 279 

r S thousands J 

Operating Ratio .86 .91 . 94 1.00 . 90 .90 , 96 . 84 . 81 . 73 

Reverruc Passengers 34 , 7 33, 0 32. 9 36. S 38 . 1 39. 7 67 . l. 75 , 8 8~ . 2 95 .4 

<millions) 

Total Revenue per Revenue 
Pas:seng'er . 15 . 15 . 15 , 15 .17 .17 . 17 . 20 . 21 . 24 

ldolluo ) 

Passenger Car - Miles 7 . 1 7.0 7 . 0 9 .0 9 . 5 9 . 3 17. 8 16.4 20 . 5 22 . 7 

/million• l 

Acrive Passenger Car5 140 140 158 170 170 170 334 334 334 334 

Tctal Miles of Single Track l3 13 1 3 18 18 18 46 46 60 60 

cost per Revenue Passenger .13 ,14 .14 .15 .16 . 16 ,17 . 17 .17 . 18 

!(lollars) 

Cost per Passenger car- Mile ,61 .65 . 67 .62 . 63 . 66 . 6 3 • 77 . 72 . 75 

(dollars' 

Revenue per Passenger Car-Mile .71 . 71 .71 .62 . 7 0 • 7'> . 66 . 92 . 89 1.03 

I dollars) 

Passengers per Pas6enger Car- Mile 4, 91 4. 7 0 4. 73 4.07 4 . 0 2 4.25 3. 77 4 . 62 4.34 4 . 21 

Passerger:s per Acti ve Car 247 .6 235 . 7 208 , 1 214 . 7 223 . 7 233 . 7 200 . 9 226 . 9 267,l 285 . 7 

r thousands l 

c.ar- Miles Del' Active Car so. 4 50 . l 44. 0 52 . 8 55 . 7 54. 7 53 . 3 49. 2 61.S 68 . 0 

(thousands) 

The ATA does not publish rail rolpid transit data for Toront'o. Data 'were obtained from (l) Toronto Trans i t 
Corrmission Annuol Report s , (2) Toronto Transit Commission annual data sheets, "Servi ce Costs for t he 
Period (colenda.r year) Divided Among Types of Equipment Operated," and (3) Daninion Bureau of Statistics , 

· Urban Transit annual reports . 
Revenue i s not broken down by 1'1\0de of service; the t ot al revenue was proraced in pt'oportion to the number 
o f revenue passerger:s carried by each mode . 

Some co111I1on expense cott-g0ries wer-e not broken down by mode. These common expenses were prorote-d in pro-
portion to the dirt-ct operating expenses of each mode. 

- - -
1970 

24 , 400 

18,548 

5, 852 

. 76 

98 .S 

. 25 

22. 7 

334 

60 

.19 

.82 

1.07 

4 . 34 

294 . 9 

68. 0 



I 
SOUTHEASTERN PENNSYLVANIA TRANSPORTATION AUTHORITY (SEPTA) I 

In 1968, SEPTA acquired t he Philadelphia Transportation Company-- I 
at that time the nat ion 's largest remaining privately owned urban 
transit system. SEPTA report s two rail property operations to the 

ATA--one covers rapid transit operations and the other covers street

car operations on city streets . We will consider rapid transit 
operations (as we define them) only. 

SEPTA's rapid transit total operating revenue has increased 

markedly over the time period shown, despite a drop in r idership 

from about 75 million to about 63 mill ion passengers . Fares have 

been increased fairly steadily but slowly over the entire period so 

that total revenue has generall y increased even though the number of 

passengers has decreased . Operating expenses were well below revenue 

f or the entire period 1960 t hrough 1969 . During this period , t he 

operating ratio fluctuated narrowly between 0 . 88 and 0.93. In 1970, 

expenses exceeded revenue for the first time and the operating ratio 

jumped from 0.92 in 1969 to 1.02. Passenger car-miles, which de 

clined from 1960 to 1963, have since r'emained constant . The number 

of passenger cars dropped in 1961, but has been nearly constant 

since then. Note that from 1960 to 1970 t he capacity of service 

offered, in terms of car-miles and number of cars , has been reduced 

in line with the drop in number of passengers. Seven miles of single 
track were abandoned in 1969. 

Figure 6.5 does not include data for SEPTA's Red Arrow Division, 

which was acquired along with other transportation properties of the 

Philadelphia Suburban Transportation Company and its subsidiary, Red 
' . 

Arrow Lines, Inc., in January 1970. The Red Arrow Division includes 

two separate rail transit operations--one a grade-separated rapid 

transit line and the other a conventional streetcar-type operation . 

Since the 1950s, cost and performance data for the two rail networks 

have been consolidated ; hence, data needed for analysis of the rail 
rapid transit operation simpl y are not available . 
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Table 5 .5 

SOUTHEASTERN PENNSYLVANIA TRANSIT AUTHORITY (SEPTA) 
SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1950-1970 

Item 1960 1961 1962 1963 1964 1965 1966 1 967 1968 

Total Operating Revenue 
(S thousands 1 

1 5, 04S 1 6 , 542 15,8B6 l4 • 797 16,J 09 16 , 883 17,612 18,461 19,364 

Total Operairg Expenses 
Less Dep!'eciat ion 13,872 14,582 14 , 645 13, 765 14 , 343 14 J 834 lS , 523 16,661 17 , 709 

IS thousands\ 

Gross Opera tirg Profit ( deficit ) 1,173 1,960 1,241 1,032 1 , 766 2, 049 2, 089 1,800 l , bSS 

IS thous a nds l 

Operating Ratio .n . 88 . 92 , 93 . 89 . 88 . 98 . 90 . 91 

Revenue Pa ssengel's 74 . 5 76 . 6 72. 6 61.6 67 .1 66 . 0 68 . 4 68 . 5 70 . l 
Cmillionsl 

Total Revenue per Revenue 
Passenger 

(dollars\ 
. 20 . 22 . 22 . 74 . 24 . 26 . 26 . 27 . 28 

Passenger Car-Miles 
(million:; 1 

17. 516 1 6 . 770 16. 264 14. 922 J.5 . 384 14 . 779 14. 797 14. 78 2 14,673 

Active Passenger Cars 553 496 496 496 496 493 493 493 493 

Total Miles of Single Track 65 65 65 65 65 65 65 65 65 

cost per Revenue Passenger .19 .19 . 20 . 22 . 21 . 22 . 23 . 24 • 25 

(dolla rs) 

Cost per Passenger car- Mile . /9 . 87 . 90 . 92 . 93 1.00 1.05 1.13 1.21 
(dollars) 

Revenue per Passenger Ca:r- Mlle 
I dollars\ 

.86 .99 . 98 . 99 1.05 1.14 1.19 1 . 25 1. 32 

Passenger:s per Passenger Car- Hile 4.25 4 . 57 4 .46 4 . 13 4. 36 4.47 4 .63 4.53 4 . 79 

Pas·sengerSper Active Car 134 . 7 154 .4 146.4 124 . 2 135. 4 133. 9 138 . 8 138 , 9 1•2. 7 

( thousands) 

car- Miles per Active Car 31. 7 33 . B 32 . 8 30 . l 31.J 3::> .C 30.U 30 . 0 n .1 
(thousands) 

Host of the expen::.e d'1t.:i .... ere obt J.1nc-d c:hrcctly from SEPTA, which provides coavnon system expenses and 
direct operating expenses for each of the four modes operated: bus, trackless trolley, surf ace railway, 
a.nd rapi d t:ransit . Connon ::;y::;tem expen::.ec; were J.llocatcd to rupid transit in proportion to the relative 
direct operating- expen5es . A ~mal l discrepancy exi.3t5 in the SEPTA. dvtv ; the sum of the operating ex-
pen5e5 for the four modes, plus the cOJTmon sy:;tem ex;,en5es, do not CKV<.."tly c-qual total opc-ratirg expenses . 

I:,, the "Stati:stics 11 section, ATli doJ.t'() were 5upplcmcntcd by da.t.J obtained directly from SEPT,\ . In the fe~• 
cases where the sources did nc,t ogree , the data obtained dir-ectly fro1\ SEPTA were used. -

- - - -
1 969 1 970 

21 , 006 20 , 30S 

19, 301 20,628 

1,705 (373) 

. 92 1.02 

66 .o 6 2 . 7 

. 32 . 32 

14,566 14 ,790 

467 490 

SB 58 

. 29 . 33 

1.33 1.39 

1.44 l.?7 

4 . 53 4.24 

141. 4 1 27 . 9 

31. 2 3J . 2 

--



MONTREAL URBAN COMMUNITY TRANSIT COMMISSI ON 

The Montreal subway was opened in October 1966.1 The system, of 
_French design, is the onl y one in Canada or the United States in 

I 
I 
I 

which the cars operate on rubber tir es and concrete rails. Its total I 
operating revenue has exceeded total operating expenses less depre 

ciation in each year to date . Because of the start -up period in 

I 
I 
I 
I 

1966, EXPO during t he summer of 1967 , and a month-long strike in the 

fall of 1967, the comparability of the relationships of expenses to 

revenue i s somewhat questionable for the first two calendar years 

which should not be considered normal operating years. Operating 

ratio climbed steeply in the fir st t wo years but has stabilized in 

the last three years between 0 . 82 and 0 . 84, The peak in revenue 

passengers and revenue associated with EXPO is clear ly s hown in the 

profile . Free transfers are allowed between the subway and the sur

face bus syst em, so that total subway passenger s are about 74 percent 

1 greater than revenue passengers. There have been two fare increases 

over the period shown- -one. in January 1967 and one in March 1969 . 

The number of car-miles has declined steadily from the peak i n 

1967 , despite an increase in the number of passenger cars in 1969 . 

1. Data for 1966 appear in Table 6 . 6 but have not been plotted 
in Figure 6 . 6 because of operations started near the end of the 
year, Figures are in Canadian dollars . 

6- 30 
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FIGURE 6.6 Montreal Urban Community Transit Commission 
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MONTREAL URBAN COMMUNITY TRANSIT COMMISSION 
SELECTED RAI L.RAPID TRANSIT OPERATING STATISTICS , 1960-1970 

Iter> 1960 1961 1962 1963 1964 1965 1966 1967 1968 

Total Operating Revenue 
, ~ thousards \ 

2 , 458 21 , 200 1 6,573 

TotaJ. Operating Expenses 
Less Deprec iation 

(S thousarxls l 
1 , 399 

0

i3 , 054 1 3,960 

GI'oss Opera.ting Profit ( deficit ) 1,059 8 , 146 2,613 
<S thousams l 

Operat i ng Ratio . 57 . 62 .84 

Revenue Passengers 14 . 5 91.0 71 . 4 
(million:sl 

Total Revenue per Revenue 
Passerqer .17 . 23 . 23 

( dollars ) 

Passenger car- Miles 4,675 24 . 213 20 . 363 
{millions) 

Active Pc1sserwJel" cars 324 324 324 

Total Mil.es of Singl.e Track • 27 33 33 

Cost per Revenue Passenger .10 . 14 • 20 
(dollars) 

Cost per Passenger Car-Mile 
(dollars l 

. 30 • 54 . 69 

Revenue per Passenger car- Mile . 53 . 88 . 81 
(dollars) 

Passengers per Passerger Car- Mile 3 .10 3 . 76 3 . 51 

?assenget"Sper Active Ca-r 44 . 7 ?80 . S 220.4 
( thousamsl 

Car-Miles per Active Car H . 4 74 . 7 62.8 
(thousarxls) 

Tot al operating e,)(penses were obtained directly fro:n the COmlission because of incomplete report:ing of 
expenses to the ATA. The Corm.ission keeps i ts books on a fiscal-year basis wit h the fiscal year ending 
April 30, while the J\TA data are recorded on a calendar- year basis ~ Accordirgly, it was necessary to 
adjust the c><pcnscs t o a calendar -year basis. 

- - - -
1969 1970 

17, 753 lB, 240 

14 , 510 15, 400 

3,24 3 2 , 840 

. 82 . 84 

66 . 4 65 . 9 

. 27 . 28 

19. 351 18. 370 

369 369 

33 33 

. 22 . 23 

. 75 . 84 

. 92 . 99 

3.43 3. 59 

179.9 178. S 

52 . 4 49 . 8 



PORT AUTHORITY TRANS HUDSON CORPORATION (PATH) 

PATH began operations in 1908 as the privately owned Hudson and 

I 
I 
I 

Manhattan Railroad. In 1962, following passage of legislation by New 

Jersey and New York, PATH, a subsidiary of the Port of New York I 
Authority (PONYA), was created to acquire, operate, and modernize the 

bankrupt interstate transit system, which faced the prospect of aban- I 
donment . This is a 14-mile system operating from Newark, Jersey City, 

and Hoboken to terminals in downtown and midtown Manhattan. It 

serves as the major connecting link between the New Jersey suburban 

railroads and the Manhattan business district. In 1960 and 1961, its 

1 operating expenses were less than operating revenue . However, since 

1961 , expenses have grown more rapidly than revenue. From 1961 to 

1965, the operating ratio rose rapidly from 0 . 98 to 1.66, This I 

I 

increase was due to large wage increases won by the uni0ns and to a 

general upgrading in service following takeover by the Port of New I 
York Authority. Since 1965, the operating ratio has fluctuated 

between 1.53 and 1.66; in 1970 it was 1.57 . The number of revenue I 
passengers declined through 1965, but since then has increased mark

edly. This increase was due, in part, tb the introduction of 162 new I 
air-conditioned cars that were on the tracks by the end of 1965 . To

gether with 47 1958-model cars, PATH provided the first fully air

conditioned rail transit fleet in the United States . Passenger growth I 
was further spurred by the abandonment of two railroad ferry services 

across the Hudson River in 1967. In addition, in April 1967, service I 
was extended westward from Journal Square 'in Jersey City to Penn 

Station in Newark. The revenue per passenger since 1962 has been 

fairly constant; ther~ have been no fare increases since PONYA took I 
over the property in 1962. I 

With t he opening of service to Newark in 1967, the number of pas-

senger cars was also increased . Passenger car-miles were fairly con-

1 stant from 1960 to 1965. Since then, car-miles have increased 

sharply, as would be expected from the increases in number of passen-

gers, number of cars, and mil es of track. I 
5 .. 34 
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PORT AUTHORITY TRANS HUDSON CORPORATION (PATH) 
SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1960-1970 

ItQJ:l 1960 1961 1962 196 3 1964 1965 1966 1967 1968 

Tot~ ~:~~; 1Revenue 7, 666 7 , 909 B, 353 B,lll 8,1 27 7 , 627 7 , 948 9 , 275 10,778 

Total Ope r ating Expenses 

IA!~i ~~~;;on 
7 , 51 0 7, 723 9 ,174 10,132 11, 276 12, 646 13,085 14, 93? 17,086 

- -
1969 1970 

11,624 12, 062 

17, 819 18, 902 

Gro;; ~~=~~; ,t>rofit (defic it) 156 186 (821) (2,021) (3,149) (5,019) ( 5,131) (5 , 657) (6,308) (6 ,195) (6,840) 

Operat i ng Ratci o .98 . 98 l.l.O l.. 25 l.. 39 1.66 1.65 1.61 l. 59 1.53 1.57 

Revenue Passengers 31.4 31.6 29 . 2 28 .o 28 . 1 26 . 4 27 . 8 30 . S 34 . 8 37 . 8 39. 0 
t millions l 

Total Revenue per Revenue 
Passenger 

fdollars l 
. 24 . 25 . 29 . 29 . 29 . 29 . 29 • 30 . 31 . 31 . 31 

Passenger car- Mil.es 
I millions 1 

S. S32 6.108 S.981 6 . 371 6 . 230 s. 799 7 . 647 8 .668 8 . 876 9 . 476 9.251 

Active Passenger cars 223 223 212 211 211 213 215 253 253 252 252 

Total Hiles of single Tra c k 21 21 2l 21 21 21 21 34 34 35 35 

cost per Revenue Passerqer . 24 . 24 . 31 . 36 . 40 .48 .47 .49 .49 .47 . 49 
<dollarsl 

Cost per Pass enger car -Mile 1 .36 1.26 1.53 1.59 1.81 2.18 1. 71 1. 72 1.92 1.88 2 . 04 
(dollars ) 

Revenue per Passenger Car- MilE! 1 . 39 1.29 1.40 1.27 1. 30 1. 32 1.04 1.07 1. 21 l. 23 1. 30 
fdollars 1 

Pass engers per Passenger Car- Mile 5.68 5.17 4.88 4.40 4 . 52 4 . 55 3. 64 3 . 52 3 . 92 3 . 98 4 . 21 

Paosengetl! per Active car 141.0 141.S 137. 7 132. 9 133. 3 123 . 9 129. S 120. 6 137 . s 149 , 8 1S4 . 6 
I thousands 1 

car-Miles per Active Car 24.8 27 .4 28. 2 30 . 2 30 . 0 27 . 2 35 . 6 34 . 3 3S . l 37 . 6 36 . 7 
(thousands ) 

PATH data wer e published by t he ATA only tor 1968 and 1969 . A un.iform set of data were obtained di re ct l y from t his 
property t or 1961 t hrough 1970 . Where i t differed from the ATA d at a , we used the PATH data . We also had availahle 
ICC repotts f or PATH for 1960 through 1968 . Miss ing 1 960 datca """" estc lmat:ed by using ICC d atca tor 1960 , 1 961, a nd 
1962 and tche data obtcained d irectly from PATH for 1961 and 196 2 . 

- -



PORT AUTHORITY TRANSIT CORPORATION OF 
PENNSYLVANIA AND NEW JERSEY 

(LINDENWOLD LINE) 

I 
I 
I 

This "corporation11 is a publicly owned subsidiary of t he Delaware 

River Port Authority and is often referred to as t he Lindenwold Line. I 

It w~s opened January 4, 1969. Automat ed t rains travel at speeds up 

to 75 mph between Lindenwold , New Jersey, and downtown Philadelphia, I 
a 14-1/2 mile trip that takes 22 minutes and costs 60 cents . All 

cars and stations are air- conditioned. Closed-circuit television I maintains constant surveillance of fare-collect ion zones and entry 

gates in the line 's stations. Electronically coded tickets are sold 

1 from vending machines and collected in automatic gates . With the 

small number of employees needed with a new, highly automated sys 

tem, the line was expected t o operate profitably; however, in the 

first two years, revenue failed to cover operating expenses . The 

operating ratio improved considerably in 1 970 to 1, 04 from 1.29 in 

1969; the management expects it to be about the same in 1 971 as in 

1970. Number of passengers increased over 40 percent in 1 970. 

Fares were the same in both years; the slight increase in average 
revenue per passenger was due to a change in the mix of zone fares 

collected . Passenger car-miles were about 25 percent greater in 

1970 than in 1969. 

unchanged . 

Number of cars and miles of track remained 
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PORT AUTHORITY TRANSIT CORPORATION OF PENNSYLVANIA AND NEW JERSEY ( LINDENWOLD LINE) 
SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1960-1970 

Item 1 960 1961 1962 1963 1964 1965 1966 1967 1 968 1969 1970 

Total Operating Revenue 
I S thousands ) 

2, 822 4 , 1 9S 

Tot al Operat ing Expense s 

1e:: ~~~~~;{on 
3 , 654 4 , 342 

Gross Operat i ng Profit (deficit ) ( 8 32) (147 ) 

IS thousands ) 

Ope r a t ion Ratio 1.29 1.04 

Revenue Passengers 
l r:1illions l 

6 . 04 8 . 66 

Tot al Revenue per Re venue 
Pu3:>engcr .47 . 48 

ldollurs l 

Pa.55enger Car -Mil.es 2 . 933 3 , 670 

I millions l 

Active Passerqer- Cars 75 7S 

Total Miles of Si ngle Tt-acl<. 3,4 3,4 

Cost per Revenue Passerger .60 . so 
/ dollars l 

Cos t per Passenger Car- Mile 1. 25 1.18 

<dollar s l 

Revenue per Pas~enger car-Mile . 96 1.14 

(dollars\ 

PassengeIS per Paosenger Car-Kile 2 . 06 2, 36 

P'a.sse rger., per Act ive Car 80 . 6 11~ . 4 

r ttousnnds) 

car- Miles per Act ive Cdr 39 . l 48.9 

I t housa nds, 

A.ll data obtained fro,. A.rmual Reports of t he American Transit Associ a t ion . 

-



I 
CLEVELAND TRANSIT SYSTEM I 

This municipally owned system, opened in 1 955 , i s one of the two I 
post-World War II systems in the United States. It was built largely 

on existing railway rights- of-way. The total operating revenue1 

exceeded expenses by a significant percentage in 1960, 1961, and 

1962, but since then expenses have increased more rapidly than 

revenue, until in 1969 the operating ratio had increased to 1.15, 

In 1970 , at least partly due to a strike from July 1-17, operating 

r evenue dropped. Expenses continued to increase in 1970, so that 

the operating ratio jumped to 1 . 34. For the period shown to 1968 

the total number of passengers declined steadily . Following the 

opening in late 1968 of Cleveland's Hopkins International Airport, 

a slight increase i n the number of passengers was reported in 1969. 

However, with the strike and continued fare increases, t he number 

of passengers dropped sharply in 1970 . Revenue per passenger has 

increased over the period covered and this increase has been rela

tively rapid since 1966. 

Car-miles decreased in every year except 1969; this increase was 

associated with the opening of the airport line: The number of 

passenger cars was increased markedl y_ in 1967, apparently in antici

pation of the opening of the line to the airport . 

1. Although we have used the total operating revenue reported 
by the Cleveland Transit System (CTS) to the ATA, · the management of 
CTS believes that the rail rapid transit revenue potential is greater 
than the revenue reported, which represents rapid transit fare box 
cash, plus a proration of system pass and ticket sales because bus 

I 
I 
I 
I 
I 
I 
I 
1· 

i 
I 

and rapid transit operations·are run as an integrated system; both 
types of op eration are on the same fare structure . In many instances, 
it is possible to pay the full rapid transit fare on a "feeder" bus I 
and receive a transfer to the rapid system. Not hing is deposited i n · 
rapid transit fare boxes for this type of ride . As a result, in 
1970 rapid transit fare box revenue represented only 12 percent of I 
the total passenger revenue, while rapid-transit mileage represented 
16.4 percent of the total vehicle miles, (Refer ence: letter of 
Wil l i am E. Deckman , Comptroller, CTS, to Dr. John Wells, IDA, of 

I 
I 

July 9, 1971,) 
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CLEVELAND TRANSIT SYSTEM 

SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1960-1970 

Item 1960 1961 1962 1963 1964 1965 1966 1967 1968 1%9 1970 

TotoJ. Operating Revenue 
( S thouoands) 

2, 563 2 , 613 2 , 552 2,538 2, 612 2 , 6 51 2 ,667 2 , 814 5, 078 3 , 635 3, 3,15 

Total Operatiny Expensesb 
Less Depreciation 

IS thousands ) 
2 , 237 7 , 269 2 , 398 2,675 2 ,935 2 , 928 3 , 102 3,124 3, 462 4 ,180 4,4 73 

Gross Operati ng Profit (deficit) 
(S thousands) 

326 344 154 (135) ( 323) (277) (435) ( 310) (304 ) ( 545) (1 ,1 28 ) 

Opel"at ing Rat io . 87 . 87 . 94 l.05 1.12 1.10 l.16 l.ll 1.13 1.15 l.34 

TOtal Passengersa 1 8 . 3 17. 8 17 . 3 17 . o 16. 0 
( mill.ions ) 

lG. 7 16 . 6 16 . 3 16. 2 16 . 5 14 .1 

Total Revenue per Passenger . 14 
(dollars) 

.15 . 1 5 .15 .16 . 16 . 16 . 17 .19 . 22 . ?4 

Patscnger CJ.r-Hiles 
(millions) 

L, 703 4 . 529 4 . 529 4 , 467 4 .433 4 . 258 4.198 4.149 4.065 4 . 810 4 . 561 

Active Passenger Cars 88 98 88 88 88 88 88 108 108 106 117 

Total Miles of Single ':'rack 34 34 34 34 34 54 3L 34 43 43 43 

cost per Total ?assengera .17 .13 . 14 . 16 . 18 
(dollars) 

. 18 . 19 . 19 . 21 . 25 . 32 

COs't per Passenger Car- f1il.e . 48 . so . 53 . 60 .66 
(dollars) 

. 69 . 74 . 75 . 85 . 87 . 98 

Re venue per Pas senger Car- Mile 
(dollars) 

. 54 . 58 . 56 . 57 . 59 . 62 .6• . 68 . 76 . 76 . 73 

Passcngcn; per Pat:ccngcr fur-Mile 3 . 89 3. 93 3 . 82 3 . 80 3 . 78 3. 91 3 . 97 3 . 93 3 . 98 ~.43 3.09 

PoJ~oengers per Accive Car 207. 9 202 . 3 
(thousands ) 

196 . 8 1S2. 8 H0 . 5 189 . 3 139 . 2 150 . 8 1•~ -7 lSS . 5 123. S 

Car-Miles per Active Car 53 . 5 51.5 51.S 50 . 8 50. 4 
( thousands) 

48.4 47 . 7 38 . 4 3/ . b 4 5 . 4 39 . 0 

aRevenue pa.ssengers :'l.Ot t-epor-tc:-d . 

bOpcrating c><pcnse~ presente<l herein were o'.:>tained by using date from the Clevelond Trans it System annual 
reports for 1960 through 1959 and datu obt ained directly from CTS for 1970. 'Ihese reports show expenses 
for each of the four rr.odes operated by C'l'S and an unall ocated "Admini5trative and General "' account. The 
11P.dministrative and General." account 'A'ti S allocated to the rapl d tron::;it mode i n proportion co its r eJa-
t ive direct operating coses . The :-esult s o f t his method of allocat ion checked wi th the rapid t ransit" 
o~eNting expenses reported by the ATA for 1968 ond 1969 . 



SHAKER HEIGHTS DEPARTMENT OF TRANSPORTATION 

This line, compl et ely owned and operated by the city of Shaker 

Heights, connects t hat community with downtown Clevel and . Built in 

t he 1920s , it i s 13 miles long. The service cons i sts of PCC cars 

(streetcars) operating in multiple on a grade- separated r i ght -of- way 

I 
I 
I 
I 

for most of the route from downtown. In Shaker Heights, the line 

diverges and continues at surface l evel in the median stri p of two I 
arterial street s'; the service involves no street r unning at all, but 

t here are some grade crossings. I 
I t s total operating revenue has exceeded total operating expenses, 

l ess depreciation, over the entire period shown . I t appeared that 

this company was to suffer t he fat e of most companies in t he period 

1960 t hrough 1967 , during which expenses slowly approached total 

operating revenues; however, in 1968 and 1969 , due to fairly heavy 

fare increases, the operating ratio improved . In 1970, operating 

expenses again nearly equalled r evenue . The number of revenue pas

sengers has declined steadily over t he period shown, whil e average 

fares have increased . The number of car-miles has been remarkably 

stable . The system has not changed phys i cally insofar as number of 

passenger cars and miles of t rack are concerned. 

I 
I 
I 
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I 
t 
I 
I 
I 
I 



I 
I (RATIO SCALES) 

I 
I 
I 
I 
I 
j 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.,, 2.5 r---------------- ---- - ----------
z 2 2.0 
~ 1. 

5 
L,_ __ __.c,_.....,;T.,:O:.,;T_A:.::,L_:O:_;P_:E:.:,:RA_:;T:.:.:IN_...;G.,.;R,:_-;E.;,V;,E;._;N,;UriE __ ,.,,.....,,.. 

• •·········· · ·-~.:.::oPERA 1 i NG· e~;e~;·Es "' 1.0 ,__ _ _._ _ _ _.__ _ __._ __ .....___.....L __ ...,_ _ __. _ _ _._ __ ...._ _ _,__ __ ,.1__ __ 

g -::: [ OPERATING RATIO ~ i o.att=:::==~=::;::;;;;;;;;;;;~ ...... -------...._=__.-----jl 
0.6 ,__ _ __._ _ _ .....__ _ _._ __ ...L,_._.....L _ _ _._ _ _JL_ _ _L __ ,.1___......1.. __ .L,__ _ _J 

Vl z 
0 
::::; _, 

Vl 
1-

z 
UJ 
u 

4~
87 : j-------------------
t REVENUE PASSENGERS 

: r REVENUE PER PASSENGER ---------

20 [__~ ~~ 1 I I J 

~_,-_,z ~:~ ~-------------------------

r PASSENGER CAR-MI LES ] 

~ 1 .o L---.L---.L--_ ........ _,__: -----1-------1-------1-------1----L--L- ---'-- _J-

ffi 
a, 
~ 
::::, 
z 

9-8-71-9 

""' ACTIVE PASSENGER CARS 

45
8"~0' t:L~==================::::::=======================-....1....-_J _ ___J~ 

I 

3400 ~-----..;.;.;;,;.:,;:;..;;:..:....::;.:;.;.;:;.:,:;..:.::::.;;,;;:~----------• MILES OF SING LE TRACK j 
20 ,.__ _ __._ __ .,__ _ _._ __ ...L,_._....,L _ _ ...,_ _ _J __ ....1.... __ ...._ _ _,__ __ ,.1__ _ __J_ 

1960 1961 1962 1963 1964 1965 1966 1967 
CALE NDAR YEARS 

1968 1969 1970 1971 1972 

FIGURE 6.1 0 Sha ke r Heigh t s Department of Transpo rtation 

6-47 





-

en 
I 
~ 
U) 

- - -· ... - ... .. - - .., ... - -Table 6.10 

SHAKER HEIGHTS DEPARTMENT OF TRANSPORTATION 
SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1960-1970 

I1tem 1960 1961 1962 1963 1964 1965 1966 1967 1968 

-

Tot~ ~:::~1t•venue 
1,408 1,430 1,481 1,449 1,455 1,452 1,499 1 , 535 1 , 685 

Total Operating Expenses Lest Depreciation 1 , 211 1,275 1,314 1,325 1,387 1 , 409 1,471 1,518 1 ,648 

I t:housands 1 

Gross ~ •rating Profit (deficit) J.97 155 167 124 68 4? 28 17 38 

,~ thousar<ls l 

Operating Rat:io . 86 ,89 . B9 , 91 . 95 . 97 . 98 . 99 .98 

Revenue Passergers 6 ,18 6.04 5 . 78 5.65 5. 54 5 . 48 5.38 5 . 27 s . 20 

<millions\ 

Total Revenue per Revenue 
Passenger .23 ,24 . 26 . 26 , 26 . 27 . 18 . 29 . 32 

ldollo.rs l 

Passenger Car- Miles 1 , 274 1.265 1.250 J..HO 1.246 1.247 1 . 238 1. 232 1.235 

'millions l 

Active Passenger Cars 55 55 55 55 55 55 55 55 55 

Total Mile• of Single Track 30 30 30 3J 30 30 30 30 30 

cost: per Reverwe Pa,senger . 20 . 21 . 23 .23 . 25 .26 . 27 .29 . 32 

I dollars 1 

cost per Passenger Car-Hile . 9S 1.01 1.05 1.08 1.11 l.B 1.19 1.23 1.33 

{dollal'S \ 

Revenue Per Passenger ca.r--Mile l.ll 1.13 1.18 1.18 1 .17 1 , 16 1.21 1. 25 l.36 

I dollars \ 

Passengers per Passerger car- Mile 4.85 4.77 4.62 4 . 59 4,45 4, 39 4. 35 4. ?8 4 , 21 

Pa5senge-rs per Active car 112 . 4 109. 8 105.1 102 . 7 100.7 99. 6 97 . 8 95 . 8 94 . S 

I thousands\ 

car-Kiles per Active Car 23 . 2 23 . 0 22 , 7 22 . 4 22 .7 22. 7 22 , S 22 .4 22.S 

(t:housand•) 

All dot• obtained ft'Olll Annual Reports of the l\merican Transit Association. 

- - -· -
1969 1970 

1,815 1,908 

1,680 1,074 

B S 34 

.9~ . 9B 

4 . 98 4 . 83 

. 36 . 40 

1.221 1.226 

55 55 

30 30 

• 34 . 39 

l. 38 1. 53 

1.49 l. 56 

4,08 3.94 

90.5 87 . 8 

22 . 2 22 , 2 



PUBLIC SERVICE COORDINATED TRANSPORT, NEWARK 

The Newark subway is a four-mile route operated within t he ci ty 

of Newark by privately- owned Public Service Coordinated Transport. 

It utilizes a fleet of 30 PCC cars (streetcars_). The only signifi

cant interruption in operations occurred during a 16-day strike in 

March, 1964. Total operating revenue has exceeded total operating 

expenses less depreciation since 1965, This is the only U.S. prop

erty that has shown a long-term trend improvement in operating ratio 

over this period of time; i t has dropped from about 1.10-1.15 at 

the beginning of the period to 0 .92 i n 1970 . After a slow decline 

over several years, the number of passengers increased moderately 

in 1969 . The company believes that this increase was due at least 

partly to the opening of new housing near the route, including some 

for senior citizens. The number of passengers in 1~70 was about 5 

percent lower than in 1961 •. Average fare has increased fairly 

steadily since 1963, Car-miles decreased only about 5 percent from 

1961 to 1970 . Rolling stock and track mileage have remained 

constant. 
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PUBLIC SERVICES COORDINATED TRANSPORT, NEWARK 
SELECTED RAIL RAPID TRANSIT OPERATING STATISTICS, 1960-1970 

Item 1960 1961 1962 1963 1964 1965 1966 1967 1968 

Total Operating Revenue 591 S52 S54 541 637 659 G76 745 

I~ thousand~\ 

Total Operatirg Expenses 

Le:~ ~~~~!~~;;on 639 624 626 629 675 65? 660 744 

Gross Operating Profit (deficit) (48} (72) (72) (88) (38) 7 16 1 

· IS thousands 1 

Operatirg Ratio 1.08 1.13 1.13 1.16 1.06 . 99 .98 ]. 00 

Revenue Passengers 3 . 96 3 . 70 3 . 71 3 .48 3 . 44 3 . 54 3 . 48 3. ?8 

/rniJ.Hons\ 

Tot al Revenue per Revenue 
Passenger . 15 .1S . 15 .16 . 19 . 19 . 19 . 23 

I dollars' 

P.J5sengcr Car- M.Ues 0 . 539 0 .626 0 . 635 0 . 608 0 . 637 0 . 612 0 . 598 O. 585 

/millions\ 

Active Passenger Car s 30 30 30 30 30 30 30 30 

Total Mile• of Single Track 9 9 9 9 9 9 9 9 

Cose per Revenue Passenger . 16 .17 .17 .18 . 20 .18 . 19 . 23 

(dollars 1 

Cost per Passenger Car-Mi le 1.00 1.0J 1.00 1.03 1. 06 1.07 1.10 1.27 

/dollal'S \ 

RevenuE per Passenger Car - Mlle . 92 . 88 . 87 . 89 1.00 1.08 1.13 1.27 

/dollars\ 

Pa.~scnge:s per Passerger car-Mile 6 ,19 S.91 5 . 84 s.n S , 41 s. 78 5 . 82 5 . 61 

P'assenger.;pcr Active Car 131.8 1 23 . 5 1 23 . 7 116.0 114. B 11B.0 116 . 0 109.3 

(thousands) 

Car- Miles per Active Car 21.3 20 . 9 21. 2 20 . 3 21.7 20 . 4 19 . 9 19.S 

( thousa nds) 

The Cjty of Newark owM the :.ubway right -of-way ,:tn<l the company p.,1id the city an "operating rent" of 
$120 , 0 00 per yedr for the entirc- period . This payme:1.t is equivalent to a depreciation charge for 
companies owning their own right-of- way , For 1'36? through 1965 , the ATA included this payment in 
··,Total Operating Ex.penses , " but" did not include it in any of the component e)(:pense items. Accord-
ingly, we added $120 , 000 to "Depreciation1' tor thE-Se years . St.arting in 1966, the Ar.A included the 
$120,00J in '"Generol Miscellaneous" (line 10); for 1966 thL'OUgh 1970 , we transferred the $ 12n , ooo 
fror,. "GenPral Miscellaneou~" to 11 Deprecia.ticn.

11 Hence, for- the entire period, the $1.20 J 000 is nor 

incl uded in our definition of ttTot.11 Operating Expenses Less Depreciat ion." 

- - - -
1969 1970 

914 1 , 077 

859 988 

ss 89 

. 94 . 92 

3 . 80 3 .69 

.?4 • 29 

0 . 592 0 . 60< 

30 26 

9 9 

. 23 . 27 

1.45 1.64 

1. 54 1. 73 

6.42 6 . 10 

1 26 . 7 141.9 

19.8 25 . 3 

-



STATEN ISLAND RAPID TRANSIT RAILWAY COMPANY 

The Staten I sland Rapid Transit Rail way Company operates a 14-

mile, 48 -car rapid transit line on Staten Island, The line operate s 

on tracks over which freight is also carried. It carries approxi

matel y 14,000,000 passengers annually--about equal to the number of 

rapid transit passengers carried by the Cleveland Transit System. 

The City of New York has made a commitment to purchase the line from 

its present owners, t he Baltimore & Ohio/Chesapeake & Ohio Railway, 

at a cost of $3 .5 million. When this transaction is completed, the 

system will be run by the Stat en Island Rapid Trans-it Operating 

Authority, which will be a subsidiary of the Metropolitan Transpor
tation Authority (MTA). 

New York State, through the MTA, and New York City are planning 

to rehabilitate the line and provide 52 new air-conditioned cars . 

The state has committed $18 . 75 million for modernization , and the 

city will pay the remaining cost, about $25 million.1 

It was not possible to obtain operating data on this system from 

its present owners in time for t he data to be used in this report. 

1. First National Ci ty Bank, Public Transportation in the New 
York Region (New York City, November 1970) , pp. 22··24 . 
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I 
I C, COMPARATIVE OPERATING CHARACTERISTICS 

I The previous chapter examined the properties on an individual basis, 

this chapt er compares their operating characteristics. To accomplish 

I this , the statistics pertaining to each firm discussed in Sect ion B 

have been rearranged and compared by propert y . The general tables 

I 
appear in Appendi x VIB . 

following sect ions. 

Only the key features are explored in the 

RELATIVE SIZE OF OPERATION 

It is important t o recognize that there is considerable variation 

in the sizes of the operations , and t hat the relative posit ions of 

the firms sometimes change, depending upon the variable used to I indicate size . This is shown in Tables 6.12 through 6.14. In 1970 , 

the New York system accounted for roughly 70 percent of the total I for all U.S. firms , regardless of the size measure used (including 

operating deficit); the l one exception was "miles of s ingle track" 

I 
where it r epresent ed about 58 percent. Chicago was next in s ize and 

occupied an intermediate position between New York and a group of 

five propert ies that are all about the same size , i.e., MBTA, I Toronto , SEPTA, Montreal and PATH. The next two proper t ies, Cleve-

I 
I 

land and Lindenwold, are about the same size, approximately one

third t he size of the previous group . Shaker Heights and Newark can 

be cons idered together as t he smallest group. 

Some additional points are worth noting. First, there is little 

or no relationship between t he size of the firm and its 11profita-

I 
bility. 11 In 1970 the only U. S . operations that showed profits were 

t he two smallest properties. In 1969 , these and two large properties 

I 
showed profits . In 1960 , all t he middle-sized firms showed profits 

while the largest and smallest showed deficits . 
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Prooertv 

New York 

Chicago 

MBTA 

SEPTA 

PATH 

Cleveland 

Lindenwol d 

Shaker Heights 

Newark 

Total, u. S . Sys tems 

Toronto 

Montreal 

Total , u. s . 
~ew Yor i< 

Chicago 

MBTA 

SEPTA 

PATH 

CJ.eveland 

Lindenwold 

Shal<er Heights 

Newark 

- - -

Table 6.12 

SIZE INDICATORS FOR 1970, BY PROPERTY 

Total Oporating Gross CDEr.a.ting 
Revenue Passenger 

Revenue · Expen5es PI'ofit Deficit Pvs.:Jenger.:J Car-Mil es 
( S thousands) ($ thousands) (S thousands) ($ thousands) fmillioM) (millions) 

391, 212 447, 781 (56 , 569) 1, 257 .6 359.82 

49, 348 54, 605 ( 5 , 257) 105. 6 51 .49 

31 , 600 41, 800 (10 , 200) 100.9 13.65 

20,305 20, 628 ( 323) 62. 7 14.94 

12, 062 18,902 ( 6,840) 39.0 9.25 

3,345 4,473 ( 1 ,128) 14.l 4. 56 

4,195 4,342 ( 147) 8 . 7 3 .67 

1 , 908 1,874 34 4 . 8 1.23 

1 , 077 988 89 3. 7 . 60 

515,052 595, 393 123 (80,464) 1,597 .1 459.21 
(80,341) 

24 ,400 18, 548 5,852 98 . 5 22. 7_ 

1 8 , 240 15, 400 2 ,840 , 65 . 9 18. 37 

Percentage Distribution of U. S . Properties 

1 00 . 0 100.0 100.0 100, 0 100 . 0 100 . 0 

76 . 1 7 5. 3 70.3 78. 7 78 . 4 

9 .6 9 . 2 6 . 5 6 . 6 11.2 

6 .1 7 . 0 12. 7 6 . 3 2 . 9 

3,9 3.4 0 . 4 3.9 3. 3 

2.3 3 . 2 8 . 5 2 . 4 2 . 0 

0 . 6 o. 7 l.4 0 . 9 1.0 

0 . 0 · 0 .7 0.2 0 . 5 o.a 
0.4 0 . 3 27.6 0 . 3 0 . 3 

0 . 2 0 . 2 72 . 4 0 . 2 0 .1 

- - - - - - - - -

Active Total Hiles 
Pa5senger of Sirgle 

Cars Traci< 

6 , 924 842 

1 , 246 243 

718 151 

490 58 

2B 35 

117 43 

75 34 

55 30 

30 9 

9 , 908 1,445 

334 60 

369 33 

100.0 100 . 0 

59 . 9 5.8 . 2 

1 2 . 6 16.8 

7 . 2 1 0 . 5 

4 . 9 4 .0 

2 . 5 2 . 4 

1.2 3 .0 

0 . 8 2 .4 

0 . 6 2 .1 

0 . 3 0 . 6 - - - -
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Pronert v 

New Yor k 

Chicago 

MP.TA 

SE?l'11 

PATH 

Cleveland 

Li nde nwold 

Shaker Height• 

Newark 

TOt al , U. S . Systems 

1'oronto 

Montreal. 

Tota.l., u . s . 
New York 

Oli cago 

MBTA 

SEPTA 

PATH 

Clevel.and 

Lindenwold 

Shaker Height s 

Newark 

- - - - - - - - -Table 6 .13 

SI ZE INDICATORS FOR 1969, BY PROPERTY 

G'l:'oss .........,ratina 
Total Operat ing Revenue Pa:s:senger 

(~ ~~~~;:.,.) . Expenses Profit Defici t Pa5sengers Car- Mile • 
(S thousands) t $ t housa nds) ($ thous,mds) (millions) /millions ) 

281,802 362, 01 5 (80 , 213 ) 1, 343 . 3 344 . 57 

45, 044 43, 940 l,104 103.l 45 . 62 

33, 000 35, 049 ( 2 ,049) 102. 2 13. 83 

21, 006 19, 301 l , 705 66 . 0 14 . 71 

ll, 624 17 , 819 (6, 195) 37 . 8 9 .48 

3 , 6 35 4,180 ( 545) 1 6 . 5 4 . 81 

2 , 022 3 , 654 ( 832) 6 . 0 2 . 93 

1 , 815 1,680 135 5 .0 l. 22 

914 8 59 55 3 . 8 . 59 

401 , 662 488 , 499 2,999 (89,834) 1 , 683 . 7 4 37. 76 

(85, 835) 

23,300 17,021 6 , 279 95 . 4 22 . 7 

17, 753 14,510 3, 24 3 66 . 4 19. 35 

Percentag e Di s tribution of u . S . Propertieo 

100.0 100. 0 1 00 . 0 100 . 0 100. 0 100. 0 

70 . 2 74. l 89 . 3 79 . 8 78 . 7 

l l. 2 9 . 0 36 . B 6 . l 10. 4 

8 . 2 7 .1 2 . 3 6 .1 3 . 2 

5 . 2 4 .0 56 . 9 3.9 3 . 4 

2 . 8 3 . 6 6 . 9 2. 2 2 . 2 

0 . 9 0 . 9 0 . 6 1.0 l..l 

0 . 7 o . 7 0 . 9 o.• 0 . 7 

0 .5 0 . 3 4.5 0 . 3 0.3 

0.2 0 . 2 l , 8 0 . 2 0.1 

- - - -
Active Tot al Miles 

Passenger o f Single 
Cars Track 

6 , 961 842 

1,155 243 

623 151 

467 58 

252 35 

106 43 

75 34 

55 30 

30 9 

9 , 724 1,445 

334 60 

369 33 

100 . 0 1 00. 0 

71.6 58 . 2 

11. 9 16 . B 

6 . 4 10,5 

4 . 8 4 . 0 

2 . 6 2. 4 

1.1 3. 0 

0.8 2. 4 

0.6 2. l 

0.3 0 . 6 
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Table 6.l4 

SIZE INDICATORS FOR l ~60, BY PROPERTY 

Gross Oner at im 
Total Operating .Revenue Passenger 

Revenue Expenses Profit Deficit Passengers Car- Miles 
Pronei:-t~ IS thousands l , s thousands, rs t housands l <S thousands l (millions\ ! millions\ 

New York 2!.3,858 215, 090 (1,232) 1,349 . 9 305·,1s 

Chicago 29, 709 29, 81 7 (108) 112. 9 44.6J 

KllTA 21 , 560 22, 452 (892) 116 . 7 15. 80 

SEPTA lS , 045 13,872 1 ,173 74, S 1 7 . 69 

PATH 7,666 7,510 156 31.4 5 . 53 

Cleveland 2, 563 2,237 326 1 8. 3 4. 70 

Shaker Heights 1 , 408 1, 211 197 6 . 2 l.. 27 

Newark 591a 639 ( 48) 4 . 0 . 64 

Total, U. S . SysteJlls 292,400 292, 828 1 , 852 (2, 280) 1 , 713 . 9 395 . 41 

(l28) 

Toronto 5 , 030 4 , 336 694 34 . 7 7 . 1 

Percentage Distribution of U. S . Properties 

Tot dl , U. S . 100.0 100. 0 1 00 . 0 1 00.0 100 . 0 100. 0 

New York 73.1 73, 5 54 . 0 78 . 8 77 . 2 

Chicago 10. 2 10. 2 4 . 7 6 . 6 11. 3 

MBTA 7.3 7 . 7 39,l 6 . 8 4 . 0 

SEPTA 5.1 4 . 7 63. 3 4.3 4 .5 

Pl\TH 2 . 6 2 . 6 8. 4 1.8 1.4 

Cleveland 0 . 9 o.e 17. 6 1.1 1. 2 

Shaker Heights o.s 0.4 10. 6 0 .4 0.3 

Newark 0. 2 0 . 2 2.1 0 . 2 0.2 

aAssumed to be the SUie a s 1 961. 

- - - - - - - - - - - .. 

Active Total Hiles 
Passenger of Single 

Cars Tt'ack 

6,482 851 

1, 220 204 

649 160 

I 553 65 

22 3 21 

88 34 

ss 30 

30 9 

9 , 300 1 , 374 

140 13 

100.0 100.0 

69 . 7 62 . 0 

lJ.l 14 . 8 

7 . 0 11 .6 

5 . 9 4 . 7 

? . 4 1.5 

0 . 9 2 . S 

0 . 6 2 . 2 

0 . 3 0 . 7 

- - - -



I 
I Second , there have not been major changes in the s izes of U.S . 

properties from 1960 to 1970 . Toronto has, of course, increased I considerably. Montreal entered the scene in 1966, and t he Lindenwold 

Line started operations in 1969. I Finally, it should be noted that a major change in 11 profitabilityn 

occurred from 1969 to 1970; for this reason, we have included 1969 in 

I 
all subsequent analyses. In 1969, five of the nine U.S. firms had 

operating deficits, and New York accounted for 89 percent of the 

I 
total deficit. The i ndustry as a whole had a larger deficit i n 1969 

than in 1970, but this was almost entirely due to the New York sys 

tem operations . In 1970, seven of the nine firms had deficits, but, 

I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
I 

because of the New York system's relative improvement, t he industry 

as a whole showed a lower total deficit. This i s a clear example of 

how industry figures that include New York can be misleading. 

Generally, the occurrence of operating deficits was more widespread 

i n 1970 than in 1969, but the total figure showed an improvement. 

To sum up, with few exceptions, t he size relationships have been 

maintained from 1960 to 1970. New York is the largest system by a 

factor of 6 or 7 times Chicago, and Chicago is about t wo or three 

times the size of a group of five properties that are all about the 

same size. These, in turn, are two or t hree times the size of t he 

remaining firms . The nature of the operations also differs . Shaker 

Heights and Lindenwold, for example, are long-line operations while 

Newark is a short - line operation. These size comparisons, and the 

fact that different technologies are involved, should be kept in 

mind when the remainder of this section i s considered. 

2 . GENERAL TRENDS 1960 TO 1970 

As indicated earlier, tables comparing individual operating 

statistics for the 1960 to 1970 period appear in Appendix VIB, but 

only certain general trends are considered here. 



a. Industry- wi de Changes 

I 
I 

Even t hough t he New York operation dominates i ndustry-wide aggre -

1 gates , the reader may neverthel ess be interested i n the overall 

changes t hat have taken place, Table 6 .15 shows the changes in 

oper ations f rom 1960 to 1970 for the eight U.S. properties that I 
existed i n 1960 . The Lindenwold Li ne and, of course, the Montreal 

and Toronto properties have been excluded from the totals . 

In aggregative terms , the number of annual revenue passengers 

declined by 7 . 3 percent from 1960 to 1970 . Total revenue , on the 

other hand , i ncr eas ed by 75 percent, reflecting fare increases. 

However, the increases in revenue were not as large as the increases 

in expenses . As a result, the industry as a whol e• shifted from a 

loss of $0.4 mill ion in 1960 to a gross deficit of $80 million i n 
1970 . 

Table 6 .15 

CHANGES IN TOTAL U.S . OPERATIONS FROM 1960 TO 1970 

(Excludes Li ndenwol d Line) 

Actual Percent 
01:1erating Characteristics 1960 1970 Change Change 

Revenue Passengers 
(millions) 1 , 713 . 9 1,588.4 -125 . 5 - 7 . 3 

'Total Revenue 
($ millions) 292.4 510 . 9 218. 5 74.7 

Operating Expenses 
($ mil lions) 292 . 8 59l.l 298.3 101 . 9 

Gross Profit (Deficit) 
( $ millions) (0 . 4) (80 . 2) - 79 . 8 

Passenger Car-Miles 
(millions) 395 .4 455. 5 60.1 15.2 

Active Passenger Cars 9,300 9,833 555 5.7 
Total Mil es of Single Track 1,374 1 ,411 37 2. 7 
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I 
I Despite the decrease in passengers, service levels appear to have 

increased. Annual passenger car-miles increased by 1 5 percent and 

I t he number of cars increased by 5. 7 percent. Track mileage showed 

I 
only a s light i ncrease of 2 .7 percent. Thus, t he cost increases 

involve some increase i n the l evels of physical inputs as well as 

their associated pric€s. 

I b. Trends in I ndividual Property Operations 

I 
I t is interesting that the aggregative figures do , in fact, re -

fleet the general trends in individual property operations . Table 

6 .16 shows that six of the eight U. S . firms t hat existed in 1960 I had declines in number of passengers ranging from - 0 ,18 percent per 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 6 .16 

AVERAGE RATES OF CHANGE PER YEAR IN REVENUE PASSENGERS, 
T0rAL REVENUE AND OPERATI NG EXPENSES, 1960 TO 1970 

(Percent) 

Property Revenue Total Operating 
Passenqers Revenue Expenses 

New York - 0 . 29 2.07 2 . 88 

Chicago - 0.18 2 .00 2.11 

MBTA - 0.37 l. 76 2 . 42 

SEPTA - 0.53 1.41 1. 63 

PATH 0.98 1. 90 4 . 24 

Cleveland - 0 . 75 l. 36 2 . 91 

Shaker Heights - 0.98 1.18 l. 70 

Newarka 0,27 2. 93 1.88 

Toronto 5 .72 8 .11 7.23 

aFor the 10 years 1961 through 1970. 

Note : Rates of change should be interpreted as compounded 
rates; i.e., estimates of the parameter, b, in the 
equation 

Y = a 
b 

• X 

where Y is the variable, x ( = 1 , 2, ... n ) denotes 
the order of years. 
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year for' Chicago to - 0,98 percent per year for Shaker Heights. PATH 

and Newark were t he only properties to show increases. Note t hat 

Toronto experienced a 5.7 2 percent per year increase from 1960 to 

1970 , most of which occurred after 1965 (see Figure 6.4). 

With respect to revenue versus expenses, all but one of the U. S . 

properties (Newark) showed a more rapid average increase in ·ex

penses than in revenue. The effect of this oh Gross Profits and 

Operating Ratios is shown in Tables 6.17 and 6.18, respectively. 

The former table shows that in the early 1960s, revenues of the 

majority of the U. S. properties were covering ope-r·ating expenses, 

but the gap n~rrowed until, by 1970, all but two had deficits. 

Newark's experience was the opposite. This property had a deficit 

in 1961, 'but enjoyed its highest profit in 1970. ( Newark, incident

ally, is the only privately owned property . ) New York had a deficit 

during the entire period, and it has generally inc:ceased in magni

tude. PATH and Cleveland show a similar pattern. 

Table 6 .18 shows that because expenses increased ctt a more rapid 

rate than revenues, virtually all of the operating ratios increased, 

and by 1970 all but a few had crossed the 1 . 0 threshold . As ide from 

Toronto and Montreal , the two smallest properties are the only ones 
whose operating ratios remained under 1.0. 

It is clearly shown in Table 6.19 that some U. S . properties 

have reduced operating levels and these appear to l>e the same firms 

that have staved off deficits t he longest, e .g ., Newark, Shaker 

Heights, and SEPTA. The New York and Chicago systems increased their 

operations in the face of rising costs and declining ridership . A 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

fare increase improved the New York system's operating ratio in 1970 , 

but the general position of the three U. S. firms that have increased I 
their car-miles seems to have deteriorated . 

Thus, with few exceptions, the ability of the r•ail rapid transit 

properties to cover out -of- pocket expenses with revenues has de

creased and, i n fact, in 1970 the typical U. S. property had an 

operating deficit . But it must also be noted that the properties 

differed considerably in their capability to cover cos t s, This 
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Table 6 .17 

GROSS OPERATING PROFIT (DEFICIT) OF RAIL RAPID TRANSIT PROPERTIES, 1960 THROUGH 1970 

(Thousands of Dollars ) 

Property 1960 1 961 1962 1963 1964 1965 1966 1967 1968 196 9 1970 

New York (1, 232) (6 , 653) (9 , 608) 22 , 936) (28 , 984) (24 , 487) (36 , 5·19) (29,509) (64 , 966) 80 ,213) 56 ,569) 

Chic ago (108) ( 571) 365 10 (77) (989) (1,160 ) 104 569 1,104 (5 , 257) 

MBTA ( 892) (324) l , 774 1 , 217 l , 057 472 21 2 1 ,352 (235) (2, 049) (1 0 , 200) 

Toronto 694 447 296 (27) 6 74 701 458 2, 37 5 3,488 6 , 279 5; 852 

SEPTA 1,173 1, 960 1 , 241 1 , 032 1 , 766 2 , 049 2,089 1 , 800 1 , 655 1,705 ( 323) 

Montreal 1, 059 8 ,146 2 , 61 3 3,243 2 , 840 

PATH 1 56 186 (821) (2,021) (3,149) (5,019) (5 , 137) (5,657) (6 , 308) (6 , 195) (6 , 840) 

Cleveland 326 344 154 (135) (323) ( 277) ( 435) (310) ( 384 ) ( 545) (1,128) 

Lindenwold (832) (147) 

Shaker Heights 197 155 167 124 68 42 28 17 38 135 34 

Newark ( 48 ) (72) (72) ( 88 J ( 38) 7 16 1 55 89 



0) 
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Property 

New York 

Chicago 

MBTA 

Toronto ... 
SEPTA 

Montreal 

PATH 

Cleveland 

Lindenwold 

Shaker Heights 

Newark 

l.:l6U 

1.01 

1.00 

1.04 

. 86 

.92 

. 98 

. 87 

. 86 

Tabl e 6-18 

OPERATING RATIO, BY PROPERTY, 1960-1970 

1961 1962 1963 1964 1965 1966 

1.03 1. 04 1.11 1.13 1. 10 1.16 

. 1.:02 . 99 1.00 1.00 1.03 1.03 

1.01 .93 . 95 .96 .98 . 99 

. 91 . 94 1.00 . 90 .90 . 96 

.88 . 92 .93 . 89 .88 . 88 

.57 

.98 1.10 1. 25 1. 39 l. 66 1. 65 

.87 . 94 1.05 1. 12 1. 10 1.16 

.89 .• 89 ,91 . 95 .97 . 98 

1.08 1.13 1.13 1.16 1. 06 .99 

1967 1968 1969 1970 

1.11 1.24 1.28 1.14 

1.00 .99 . 98 1.11 

.95 1. 01 1.06 1. 32 

. 84 .81 .73 .76 

. 90 .91 . 92 1. 02 

. 62 .84 . 82 .84 

1. 61 1. 59 1. 53 l. 57 

1.11 1. 13 1.15 1. 34 

1.29 1. 04 

. 99 . 98 .93 .98 

.98 1. 00 .94 .92 

------------------
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Table 6 .19 

AVERAGE RATES OF CHANGE PER YEAR IN PASSENGER CAR-MILES, 
ACTIVE PASSENGER CARS, AND MILES OF SINGLE TRACK, 

1960 THROUGH 1970 

(Percent) 

Passenger Active Miles of 
Property Passenger Single Car-Miles Cars Track 

New York 0 .69 0 . 38 0 . 03 
Chicago 0.39 - 0 . 03 ' 0 . 70 
MBTA -0 . 46 0 ,17 -0.19 
SEPTA - 0 . 71 -0. 35 -0,41 
PATH 2.50 a.so 2. 77 

Cleveland -0.17 1. 26 1.11 
Shaker Heights -0.15 0 . 00 0 . 00 
Newarka -0.37 - 0.34 0 . 00 
Toronto 6.15 4.78 8.36 

aFor the 10 years 1961 through 1970, 

Note : See note in Table 6 .16 . 

implies t hat there may be some differences in performance characterI istics--the subject of the next section, 

COMPARISON OF PERFORMANCE RATIOS 

Several 11performance 11 ratios are used i n 

to compare the operations of the properties. 

ratios and what they are designed to measure 

the following analysis 

Definitions of the 

appear in Table 6 . 20. 

I 3. 

I 
I Ideally, many measures could and shoul d be used. Those used here 

can provide no more than a sketch of relative performance , The 

I actual values of the ratios for the period 1960 through 1970 appear 

in Appendi x VIB and should be examined at this point. 

I 
I 

6- 65 



-

en 
I 
en 
en 

Performance Ratio 

Operating ratio 

Cost per car -mile 

Cost per passenger 

Revenue per car-mile 

Revenue per passenger 

Passengers per car -mile 

Passengers per car 

Car-miles per car 

- - - -

Table 6.20 

PERFORMANCE RATIO DEFINITIONS 

Definition Measurement 

Operating expenses~ operating revenues Ability t o cover out - of -
pocket expenses with revenues 

Operating expenses + passenger car- miles Cost of moving cars irrespec-. tive of whet her or not pas-
senger s are on board 

Operat ing expenses; revenue passengers Cost of moving passengers 
irr espective of the length 
of movement 

Operating revenues ; passenger car - miles Revenue production of rolling 
st ock 

Operating revenues ; r evenue passenger s Average fare per passenger 
trip 

Revenue passenger T passenger car -miles Passenger boardings per car 
per mile 

Revenue passenger; active passenger cars Passenger boardings of cars 
irrespective of length of 
movement 

Passenger car- mile ; active passenger cars Car movement or 11activity" 
of car 

- - - - - - - - - - - - -



I 
I Table 6.21 presents the rankings of the ratios in 1969, Note 

t hat "adjusted" costs are used in the two ratios involving expenses . I The adjustment i s for substantial wage-rate differentials among the 

cities (see Appendix VIC) . I n addition to wage -rate differentials , 

I 
I 
I 

there are important diff erences in employee benefits , payments f or 

split-shift work.schedules, etc., that have not been included in our 
"adjusted" costs . The ranki ngs of t he unadjusted cost ratios in 

Table 6.21 lead to approximately the same conclusions with respect to 
general ranking . 

The rankings can be examined both horizontally and vertically . 

The horizontal ranking indicates where each property stood in 1969 I with respect to the specific ratio. For example, Toronto had the 

lowest operating ratio (operating rat io is ranked lowest to highest, 

I 1 -H), PATH had the highest . Toronto also had the lowest adjusted 

cost per car- mile, and MBTA the highest. MBTA, on the other hand , 

I 
had the highest revenue -generating capability as reflected i n revenue 

per car-mile (ranked highest to lowest, H-L) and passengers per 
car-mile. 

I The vertical rankings g ive a profile of the individual proper 

ties , and these are, perhaps , the most i nteresting. In 1969, New I York had one of the highest operating ratios , yet it ranked next to 

the lowest in its cost per car-mile and next to the highest i n pas I sengers per car . Its inability to generate revenue was apparently 

the l ow fare. The property r anked l ast i n revenue per passenger, 

I which is ranked from highest fare to lowest ( H-L). In 1969, therefore, 

New York could be characterized as a low-cost, high-passenger-

1 
I 

density, low-fare system. 

Now consider the Chicago property. Although it ranked sixth in 

terms of operating ratio, it still was able to cover operat ing ex

penses . It ranked fourth in cost per car -mile, tenth in passengers 

per car-mile and passengers per car, and next to highest in revenue I per passenger. 

passenger-density, high-fare system. 
Chicago can be characterized as a moderate-cost, low-

I 
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Tabl e 6.21 

RANKINGS OF PERFORMANCE RATI OS BY RAIL RAPID TRANSIT PROPEPI'Y, 1969 

Performance Ratio 

Adjusted Adjusted Passengers Unadjusted 
System Operat ing Operating Cost per Cost: per Revenue per Revenue per per Car- Passengers Car-Miles Cost per Ratio, Ratio Car -Mile Passenger Car - Hile Passenger Mile per Car per Car Car-Mile Actual (L-H l /L-Hl (L-H) CH-Ll (H-L) (H-L) {H-Ll (H-L) <L-Hl 

llew York 1.29 9 2 3 10 11 7 2 3 5 
Chicago . 98 6 4 lO 7 2 10 10 5 4 
MBTA 1.06 7 11 6 l 4 l 4 9 ll 
Toronto .73 l l l 6 8 4 l l 1 
SEPTA . 92 3 7 6 4 4 3 7 8 7 
Montreal . 84 2 2 4 9 7 8 3 2 l 
PATH 1. 53 ll 9 9 5 6 6 6 7 10 
Cleveland 1.15 8 5 5 ll 10 8 5 4 3 
Lindenwol d 1. 29 10 6 1l 8 1 ll ll 6 6 
Sha ker 

Height s .93 4 10 8 3 3 s 9 1 0 B 
Newark . 94 5 8 2 2 8 2 B 11 9 

L-H = Lo~~st to highest . 

H-L = Highest to lowest . 

-

- - - - - - - - - - - - - -

Unadjusted 
Cost per 

Passenger 
(L -H) 

5 

9 

7 

l 

6 

2 

l0 

4 

11 

7 

3 

- - -



I 
I MBTA 1 s operating ratio of l.06 ranked seventh. MBTA has unusual 

characteristics, and it would be worthwhile to spend some time ex-

I amining the tables in Appendix VIB to understand its relative be

havior. MBTA 1 s cost per car-mile is the highest of all systems. 

I 
This high cost per car-mile is at least partially caused by low car 

use (MBTA ranks ninth in car-miles per .car). Apparently, due to 

r~stricted running during nonpeak hours, MBTA is able to achieve the I highest number of passengers and revenue per car-mile, even though 

revenue per passenger is moderate. Because of the restricted runI ning, the number of passengers per car (per year) is moderate even 

though passengers per car-mile are the highest. Despite the fact 

I that the cost per car-mile is the highest, MBTA 1 s cost per passenger 

is moderate because of the large number of passengers per car-mile. 

I 
MBTA can be characterized as a high-cost, high-passenger-density, 

moderately priced system. 

Toronto stands out as a high-performance system. Its operating I ratio was the lowest in 1969. It was the lowest-cost system and 

ranked highest in passengers per car and car movement. Its revenue I per passenger was moderate. Toronto can be characterized as a low-

cost, high-passenger-density, moderate~fare system. 

I The profiles of the other systems can be obtained in the same 

way. Tables 6 . 22 and 6.23 present similar rankings for 1970 and 

I 1960, respectively, while Table 6.24 summarizes the rankings for all 
t hree years by property. 

The main point brought out by these tables is that the profiles I differ considerably and any policies addressed to t heir improvement 

must be tailored to individual characteristics. For example, in I 1969, New York was a low-cost, high-passenger -density, high-car

movement system, but'its fare was low. The latter was the primary I reason for its very high operating deficit. A policy directed to 

decreasing costs would have yielded little return since it was 

I already a low-cost system. MBTA, on the other hand, is a high-cost 

system, but passenger density is not a problem. Policies directed 

I 
toward improving MBTA I s performance should 

cost side. 
6-69 

I 

probably focus on the 



-

0) 
I 

--.I 
0 

Table 6 . 22 

RANKINGS OF PERFORMANCE RATIOS BY RAIL RAPID TRANSIT PROPERTY, 1970 

Performance Rat io 

Adjusted Adjust ed Passengers unadjusted System Operating Operating Cost per Cost per Revenue per Revenue per per Car- Passengers Car - Hihs Cost per Rat io, Ratio Car-Mile Passenger Car - Mile Passenger Mile per Car per Car Car- Mile Actual (L-H) _{ L-H) ( L-H ) _{H-L_2 (H-L) (H-L_2 ( 11- L l (H-L l ( L-H ) 
lie-, York 1.14 8 4 4 7 s 8 2 2 6 

Chicago 1.11 7 3 10 10 2 11 11 5 4 

MBTA 1.32 9 11 7 l 5 1 6 11 11 

Toronto . 76 l l l 8 10 3 l l l 
SCPTA 1.02 s 7 6 4 4 4 7 8 7 

Montreal . 82 2 2 2 9 9 7 3 3 2 
PATfl 1.57 11 9 8 5 s 5 4 7 10 
Cleveland 1 . 34 10 5 5 11 11 9 8 6 3 

Lindenwold 1.04 6 6 11 6 l 10 9 4 5 

Shaker 
Heights .98 4 10 9 3 3 6 10 10 8 

Newark .92 3 8 3 2 8 2 5 9 9 

L-H = Lcwest to highest . 

H- L = Highest to lowest . 

- - - - - - - - - - - - - -

Unadjusted 
Cose per 

?assenger 
(L- H) 

6 

11 

8 

l 

5 

2 

9 

4 
I 

10 

7 

3 

- - -
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RANKINGS OF PERFORMANCE RATIOS BY RAIL RAPID TRANS IT PROPERTY, 1960 

Performance Ratio 

Adjusted Adjusted Passengers Unadjust ed System Operat i ng Operating Cost per Cost per Revenue per R€venue per per Car- Passengers Car -Miles Cost ;,er Ratio, Ratio Car-Mile Passenger Car-Mile Pa ssenger Mile per Car per Car Cd!" - 11ile 
I L-Hl (L-H) (L-H) IH-Ll 111-L\ (H - L) IH- L\ ( H-J.) ( L-H\ 

New York 1. 01 7 2 2 7 6 6 2 3 4 

Chicago l . 00 6 3 9 8 l 9 9 4 3 

MBTA 1.04 B 9 s 2 s l 4 7 9 

Toronm . 86 l 4 2 6 7 4 l 2 2 

SEPTA . 92 4 5 6 5 4 7 6 5 5 

PATH . 98 5 8 7 l 2 3 5 6 8 

Cleveland . 87 3 l l 9 9 8 .l l 1 

Shaker 
Heights . 86 l 6 7 3 3 5 8 8 6 

Newarka 1.08 9 7 4 4 7 2 7 9 7 

ai\ssumed to be the same as 1961. 

L-H = Lowest to highest:. 

H-L = Highest to lowest . 

- - -
Unadjusted 
Cost per 

Passenger 
( L -H\ 

3 

9 

5 

2 

5 

8 

1 

7 

3 



Tabl e 6. 24 

COMPARATIVE RANKINGS OF PERFORMANCE RATIOS BY RAIL 
RAPID TRANSIT PROPERTY, 1960, 1969 , AND 1970 

P"rformonce Rc,t i o 

Adjus t ed Adjusted Passengers 
Sy :;t em Operating Cost per Cos t per Revenue per Revenue per per Car - Pass engers 

Rat i o Car-Hile Passeng-er Car-Mile ?assenger Mlle per car 
/ L-H\ I L- Hl / L-Hl (H- L) (H- L ) ( H- L ) ( H-L) 

New York. 

1960 7 2 2 7 6 6 2 
1969 9 2 3 10 11 7 2 
19 70 8 4 4 7 s 8 2 

Chicago 

1960 6 3 9 8 1 9 9 
1969 6 4 10 7 2 10 10 
1970 7 3 10 1 0 2 11 11 

MBTJ\ 

1960 8 9 5 2 5 1 4 
1969 7 11 6 1 4 l 4 
1970 9 11 7 1 s 1 6 

Toronto 

1960 1 4 2 6 7 4 1 
1969 l l. 1 6 8 4 1 
1970 J. l. l 8 J.O 3 l 

SEPIA 

1960 4 s 6 5 4 7 6 
1969 3 7 6 4 4 3 7 
1970 5 7 6 4 4 4 7 

Montreal 

1960 
1969 2 2 4 9 7 8 3 
1970 2 2 2 9 9 7 3 

PATH 

1960 s 8 7 1 2 3 5 
196 9 11 9 9 5 6 6 6 
1970 11 9 8 5 5 s 4 

Cleve land 

1960 3 1 1 9 9 8 3 
196 9 8 5 5 11 1 0 8 5 
1970 1 0 5 5 11 11 9 8 

Lindenwol d 

1 960 
1969 1 0 6 11 8 l 11 11 
1970 6 6 11 6 l 10 9 

Shaker Heights 

l.960 1 6 7 3 3 s 8 
1 969 4 10 8 3 3 5 9 
t 970 4 10 9 3 3 6 10 

Newarka 

1 960 9 7 4 4 7 2 7 
1 969 5 8 2 2 8 2 8 
1 970 3 8 3 2 8 2 5 

4 Asswr.ed t o be s ame as 1961. 

L-H = Lowest t o highest. 
H- L = Hi ghes t t o l owes t . 
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I 
I Table 6 . 24 brings out the point that these profiles have re-

mained relatively stable over the years. The New York system's 

I costs have always been low. MBTA' s , on the other hand, have always 

been high . The Chicago system ' s passenger density has always been 

low, and its fare has a lways been high. Apparently, policies 

I directed t oward improvement of t he Chicago system must be focused 

on. increasing the passenger-load factor. Hence, different manage

I ment acti~ns _may be required for each property to improve its 

operating economics. 

I 
4 , COST RELATIONSHIPS 

I The previous discussion has indicated that there are substantial 

differences in operating costs per car -mile.1 This section examines 

I the possibility of cl ear-cut patterns that may suggest explanations 

for differences. In the following , wage -rate-adjusted costs per 

I car-mile are related first to total car -miles (per year) and then 

to car-miles per car (per year). The first comparison is concerned 

I 
with whether or not unit costs are related to t he size of the opera

tion in terms of car- miles. The second is concerned with whether 

or not unit costs are related to utilization or movement per car. 

I Scatter diagrams rather t han regression equations are used to 

show the relationships because the number of observations is too 

I small to obtain valid statistical comparisons, and the purpose of 

the analysis is to determine the general patterns only. The values 

I for the observations in the diagrams 

a. Unit Cost and Level of Output 

are given in Table 6 . 25 

I Figure 6.12 presents the relationship of adjusted cost per car

mile to passenger car -miles for 1960, 1969, and 1970, Except for 

I MBTA, the points have a downward sloping pattern that flattens out or 

I 1. The operating -cost concept excludes capital costs . There
fore, only variable costs are examined here, 

I 
I 
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Tabl e 6. 25 

VALUES FOR SCATTER DIAGRAMS , FIGURES 

Car- Miles Car-Miles 
(millions) Per car 

Prooertv 1960 1969 1970 1960 1 969 1970 1960 

New York 305 .15 344.57 1359 . 82 47.1 49. 5 52 . 0 . 70 

Chicago 44.63 45. 62 51.49 36 . 6 39.5 41. 3 .67 

MBTA 15 . 80 13.83 1 3. 65 24.3 24 .2 21.0 1 . 42 

Toronto 7 .1 22 . 7 22 . 7 50 .7 68.0 .61 

SEPTA 17.69 14.71 14 . 94 32,0 31.5 30.5 . 78 

Montreal 19. 35 1 8 . 37 52.4 49 . 8 

PATH 5 . 53 9 . 48 9 . 25 24.8 37.6 36 .6 1. 36 

Cleveland 4.70 4 . 81 4 . 56 53. 4 45.4 39 . 0 .48 

Lindenwold 2 . 93 3 . 67 39 . l 48.9 

Shaker Heights 1.27 1. 22 1.23 23.l 22 . "2 22.2 .95 

Newarka . 64 . 59 .60 21 . 3 19 . 7 20 . 0 1.00 

al960 assumed t o be same as 1961 . 

Costner Car- Mile 

Act ual Wacre Rate Adiusted 

1969 1970 1960 1969 1970 

1.05 1.24 . 70 1.05 1.24 

. 96 1.06 . 72 1.11 1. 23 

2. 53 3. 06 1.51 2, 97 3 . 59 

.75 .82 . 76 1.02 1.12 

1.31 1. 38 . 92 1.66 l. 75 

. 75 . 84 1.05 1.17 

1.88 2 . 04 1.36" 1.88 2 . 04 

. 87 . 98 . 57 1. 21 1. 37 

1. 25 1.18 1.58 1.49 

1. 38 1. 53 1.12 1.92 2 .1 3 

1.45 1.64 1.14 1. 75 1.98 

------------------
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I 
I increases s lightly after it reaches the output of the i ntermediate-

I 
s i zed firms. 

In all three years there i s an indications that, whi l e very 

small operations tend to have higher unit cost, intermediate-s ized 

I operations can have unit cos t s as low, i f not l ower, than the largest 

operations . The l ea st-cost pos it i on may, i n f act, be at some i nter 

mediate l evel (see Cleveland, point 8 , in 1960 ) . 

I It is interesting to note that the unit cos t of the Lindenwold 

Line (point 9) decreased from 1969 to 1970 , wher eas all others 

I experienced increases. This suggests t hat the new line was still 

"shaking down" in 1969 and had not reached (and might still not have 

I reached by the end of 1970) its least-cost posit ion. 

b . Unit Cost and Car Utilization 

I A strong relationship appears to hold between unit cost and car 

utilization . As can be seen in Figure 6 .13, t he poi nts follow a 

I downward - sloping pattern . This implies that t he higher the car 

utilization, the lower the cost per car-mile. It is i nt er esting that 

I size has littl e to do with the relat i onship . If the car utilization 

of t he large firms is low (e .g ., MBTA, PATH, and SEPTA), their costs 

In all three years, the lowest cost per unit was associ-I are higher. 
ated with highest car utilization, and these were inter mediate - sized 

properties . Cleveland ( point 8) in 1960 was actually ranked eighth 

I 
I 
I 

in size . 

The consistency of the relationship suggests that car utilization 

is a better independent variable than size of output for estimating 

the unit cost of the firm. High car utilization implies that turn

around times are low, cars are moving rapidl y, there is very little 

downtime, mai ntenance schedules are tight and being met, etc . All 

I of which would i ndicate that both capital and labor ar e being used 

efficiently. Obviously, it would be better to have data on these 

I 
more detailed aspects of the systems, but it is inter esting that one 

variable seems to capture the overall effects . 

Further work is necessary to establish t he rationale behind these 

I relationships. 
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Appendix VIA 

BASIC INFORMATION CATEGORIES 

Item REVENUES 

1. Total Operat ing Revenue 

2 . Passenger Revenue 

3 , Freight Revenue 

EXPENSES 

4 , Way a:1d Structures (Excluding Depreciation) 

5, Equipment (Excluding Depreciation 

6 , ?ower - ~aintenance (Excluding Depreciat i on) 

7 . Power - (Purchased-Generated) 

8 . Conducting Transportation 

9 . Wages of Trainmen 

10 . 

11. 

12 . 

13. 

14 . 

1 5 

16. 

17 . 

18 . 

19. 
20 

21 

22. 

23 . 

24 , 

25 . 
26 . 

27, 

28, 

29 . 

30. 

General Miscel laneous 

Injur ies and Damages 

Traffic 
Depr eciation 

Operating Taxes 

Total Operating Expenses 

STA't'ISTICS 

Miles of 1st Main Track (December 31) 

Total Miles of Single Track (December 31 ) 

Number of Cars Owned (Total ) (December 31) 

Passenger Cars Owned-Active (December 31) 

Cars in Peak- Base Schedule 

Number of Employees (Average) 

Car- Miles Operated (Total ) 

Passenger Car-Miles 

Freight Miles 

Car Hours Operating (Total) 
Passenger Car Hours 

Freight Car Hours 

Total Passengers 

Revenue Passengers (Line Service) 

KW-hr. (D . C.) Consumed 
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Appendix VIB 

COMPARISON OF OPERATI NG CHARACTERISTICS BY PROPERTY 

The tables in t his Appendi x contain the same figures repor ted in 

I 
I 
I 
I 
I 
I 

Tables 6 .1 through 6 .11 in Sect ion B. However , they are rearranged 

I to allow easi er comparisons of the propert ies . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Property 

New York 

Chicago 

MBTA 

Toronto 

SEPTA 

Montreal. 

PATH 

Cleveland 

Lindenwold 

Tabl e 68 . l 

TOTAL OPERATING REVENUE, BY RJ\IL RAPID TRAIISIT PROPERTY, 1960 THROUGH 1970 

(Thousands of Dollars) 

1960 1961 1962 1963 1964 1965 1966 1967 1968 

213,858 215,732 219 , 762 1216,869 223,349 236,593 231 , 297 272,534 272, 831 

29, 709 29 , 853 32 , 077 31,086 31,324 31,990 33,290 35,603 38,4 52 

21 , 560 22,030 24 , 040 23 ,620 24 , 650 23,830 24,BOO 27 , BOO 29 , 300 

5 , 030 4,990 4, 950 5,550 6,600 6 , 870 11,680 15, 030 18,320 

1 5,045 16, 542 15, 886 14,797 16, 109 16 I 883 17,612 18 , 461 19,364 

2,458 21,200 16 , 573 

7 ,'666 7 , 909 8 , 353 8,111 8 , 127 7,627 7 , 948 9,275 10, 778 

2,563 2 , 613 2, 552 2 , 538 2,612 2,651 2,667 2, 814 3 , 078 

Shaker Heignts 1 , 408 1,430 1,481 1 , 449 1,4 55 1 , 452 1,499 1, 535 1,685 

Newark 

Property 

591 552 554 541 637 659 676 745 

Tabl e 6B. 2 

TOTAL OPERATING EXPENSES LESS DEPRECIATION , BY RJ\IL RAPID TRANSIT PROPERTY, 
1960 THROUGH 1970 

( Thousands of Dollars ) 

1960 1961 1962 1 963 1964 1965 1 966 1967 1 968 

1969 

281,802 

45, 044 

33 , 000 

23,300 

21 , 006 

1 7 , 753 

11, 624 

3,635 

2,822 

1 , 815 

914 

1969 

New York 215, 090 222 , 385 029 , 370 239,805 252,333 261, 080 267,875 302, 043 337,797 362,01 5 
Chicago 29, 817 30 , 424 31 ,712 31, 076 31,401 32,979 34 , 450 35, 499 37, 883 43,940 

MllTA 22, 4S2 22,354 22, 266 22,403 23 , 593 23,358 24 , 588 26 , 448 29 , 535 3S, 049 
Toronto 4, 336 4,543 4 , 654 5 , 577 5,926 6, 169 11, 221 1 2, 655 14 , 833 17, 021 

SEPTA 13, 872 1 4, 582 1 4 , 64 5 13, 76 5 14,343 14 , 834 1 5 , 523 16,661 1 7 , 709 19, 301 

Mont r eal 1 ,399 1 3 , 054 13, 960 14, 510 

PATH 7,51 0 7,723 9,174 1 0 , 132 11, 276 12,646 13,085 14,932 17,086 17 , 819 

Cleveland 2 , 237 2,269 2 , 398 2,673 2 , 935 2,928 3 , 102 3,124 3 ,462 4,180 

Lindenwold 3 , 654 

Shaker Heights 1,211 1 , 275 1,314 1, 325 1,387 1 , 409 1,471 1,518 .l, 64 8 1 , 680 

Newark 639 624 626 629 675 652 660 744 859 
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1970 j I 
391, 212 I 

49 , 348 

31, 600 11 

24,400 

20,305 11 
18, 240 

12,06~ I I 
3 , 345 

4 , 195 

1 , 908 . I 
1 , 077 

I 
I 

1970 I 
447,781 

54, 605 I 
41,800 

18, 548 

20 , 628 I 
15,400 

18,902 I 
4 ,473 

4 , 342 

1 , 874 I 
988 

I 
I 
I 
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Property 

New York 

ChicaJO 

HBTA 

Toronto 

SEPTA 

Montreal 

PATH 

Cleveland 

Lindenwolc 

Shaker Heights 

Newark 

Table 68 . 3 

REVElnJE PASSC~GERS, BY RAIL MPIJ TRANSIT PROPERTY, 1960 THROUGH 1970 

( Milllons) 

1960 1961 1962 1963 1964 1965 1966 19G7 1968 

1, 348 . 9 ) , 359 . 9 1,383 . 5 lJ. , 356 . 8 1 , 383. 2 IL, 354 .1 1 , 262 . 9 1 , 302. 6 1 , 305 . 9 

112 . 9 110 .1 11'- . l 111.1 111 . 2 114 . 6 117 .6 12] . 7 110 . 8 

116 . 7 113 . 3 104 . 6 101 . 3 103 . 0 100 . 9 102 . 8 104 .4 110 . 0 

34 . 7 33 . 0 32 . 9 36 . 5 38 .1 39 . 7 67 .1 75 . 8 39 . 2 

74 . 5 76 . 6 72 .6 61.6 67 .1 66 .0 68 .4 &8 . 5 70 .1 

14 . 5 91.0 71.4 

31.4 31.6 29 . 2 28 . 0 28 . l 26 .4 27 . 8 30 . S 34 . 8 

)6 . 3 17 . 8 17 . 3 1 7 .o 16 . 8 15 . 7 16 . 6 lb. 5 16 . 2 

6 . 2 6 . '.l 5.8 5 . 7 5 . 5 5 . 5 5 .4 5 . 3 5 . 2 

4 . :J 3. 7 3 . 7 3 . 5 3 . 4 3 . 5 3. 5 3 . 3 

Tabl e 6B . 4 

1969 

1,343 . 3 

103.1 

102 . 2 

95 . 4 

66.0 

66 ,4 

37.3 

16.5 

6 . 0 

s.o 

3 . 8 

TOTAL REVENUE PER REVENUE PASSENGER, BY RAIL RAPID TRANSIT PROPERTY, 1960 THROUGH 197J 

(Dollars) 

Property 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 

New York .16 .16 .16 .16 .16 .17 .18 . 21 . 21 . 21 

Chicago . 26 . 27 , 28 . 28 . 28 . 28 . 28 . 29 . 35 . 44 

HBTII .18 .19 . 22 . ?3 .24 . 24 . 24 . 27 . 27 , 32 

Toronto .15 .15 .15 .15 .17 .17 .17 . 20 . 21 . 24 

SEPTA , 20 . 22 , 22 . 2'1 . 24 . 26 . 26 . 27 . 28 • 32 

Montreal .17 . 23 • 23 • 27 

PAIB , 24 . 25 . 29 . 29 . 29 . 29 . 29 . 3::l . 31 . 31 

Clc:vclanda .14 .15 .15 .15 .16 .16 .16 .17 .19 . 22 

Lindenwol d . 47 

Shaker Heights . 23 . 24 . 26 . 26 . 26 • 27 . 28 . 29 , 32 . 36 

Nei.-.1ark .15 .15 .15 .16 .19 .19 .19 . 23 . 24 

a 
':'otal Revenue per Passenger 
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1970 

1, 25/ . 6 

105.6 

100 . 9 

98 . 5 

52.7 

65 . 9 

39 . 0 

14 . l 

8 . 7 

4 . 8 

3. 7 

1970 

. 31 

.47 

. 31 

. 25 

. 32 

. 28 

. 31 

. 2'1 

. 48 

.40 

. 29 



Property 

New Yor k 

Chicago 

MBTA 

Toronto 

SCPTA 

Moncreal 

PATH 

Cleve lane 

Lindenwold 

ShakEr Heights 

Kewark 

Property 

New York 

Chicago 

tIBTA 

Toronto 

SEPTA 

Montreal 

PATH 

Cle velan 

Lindenwold 

Shaker Height s 

Newark 

Table 6B . 5 

PASSENGER CJI.R-t•C:.ES, BY RAIL RAPID TRANSIT PROPCRTY, 1960 THROUGH 1970 

( 1':illions o!' Car - Miles) 

1960 1961 1962 1963 1964 1965 1966 1967 1968 

305 .15 300 . 82 304 .14 306 . 09 314. 30 314 . 69 30 2. 03 319 . 7 3 559 . 79 

44 . 63 44 .19 43 . 91 43 . 82 43 . 86 44 .17 45 . 44 45 . 08 44 . 79 

15 . 80 15 . 01 14 . 74 l', , 56 14 . 92 14 . 63 14 .64 14 . 54 14 . 29 

7.1 7 . 0 7 . '.l 9 . 0 9 . 5 9 . 3 17 . 8 16 .4 20 . 5 

17 . 52 16 . 77 16 . 28 14 . 92 15. 38 14 . 78 14 . 80 14 . 78 14 . 62 

4 . 67 24 . 21 20 . 36 

5 . 53 6 .11 5 . 98 6 . 37 6 . 23 5 . 80 7 .65 8 .67 8 . 88 

4 . 7J 4 . 53 4 . 53 4 , 47 4 . 43 4 . 26 4 . 20 4 .15 4 . 07 

1. 27 1. ?7 1.25 1. 23 1.25 1.25 1. 24 1.23 1. 24 

. 64 . 63 . 64 . 61 . 64 .61 . 60 .59 

Table 68.6 

ACTIVE PASSENGER CARS , BY RAIL RAPID TRANSIT PROPERTY, 1960 THROUGH 1970 

1960 1961 1 962 1963 1964 1965 1966 1967 1968 

6 , 482 6 , 601 6 ,516 6 , 559 6 , 655 6 , 707 6 , 969 6 , 958 7, 080 

1 ,220 1,176 1,170 1 ,168 1, 234 1 ,160 1 ,159 1,158 1 ,157 

649 636 618 650 643 642 642 642 623 

140 140 158 170 170 170 334 334 334 

553 496 496 496 496 493 493 493 493 

324 324 324 

223 223 212 211 211 213 215 253 253 

88 88 88 8B 88 88 88 108 108 

55 55 55 55 55 55 55 55 5~ 

30 30 30 30 30 30 30 30 

6- 84 

1969 

344. 57 

45 .62 

13 . 83 

22 . 7 

14 . 57 

19 . 35 

9 .48 

4 . 81 

2 . 93 

1. 22 

. 59 

1969 

6, 961 

1, 155 

623 

334 

46 7 

369 

252 

106 

75 

55 

30 

1970 

359.82 

51.49 

13 .65 

22 . 7 

14. 79 

16 . 37 

9 . 25 

4 . 56 

3 .67 

1. 23 

.60 

1970 

6 , 924 

1 , 246 

718 

334 

490 

369 

252 

117 

75 

55 

26 
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Table 6B . 7 

TOT/IL ).!ILES OF SI)JGLE TRACK, BY RAIL RAPID TRANSIT PROPERTY, 1960 THROUGH 1970 

Proper1;y 1960 1951 1967 1963 1964 1965 1966 1967 1968 1969 

New York 837 841 B41 841 841 841 041 846 847 B42 

Chica~o 204 203 202 202 211 211 211 211 209 24.l 

MBTA 150 158 152 151 151 151 l 51 151 1 51 1 51 

Toronto 13 13 13 18 10 18 46 46 60 60 

SEPTA 65 65 65 65 65 65 65 65 65 58 

Montreal 27 33 33 33 

?ATH 21 21 21 21 21 21 21 34 34 35 

Cleveland 3L 34 34 34 34 34 34 34 43 43 

Lindenwold 34 

Shaker Heights 30 30 30 30 30 30 30 3J .lU 30 

Newark 9 9 9 9 9 9 9 9 9 9 

':able 6B . 9 

OPERATING CCBTa PER REVENUE PASSENGER, BY RJ\IL RAPID TRANSIT PROPERTY, 1960 THROUGH 1970 

(Dollars) 

Property 1960 1961 1952 1963 1964 1965 1966 1967 1968 1969 

New Yori<. .16 .16 .17 .18 .18 .19 • 21 , 23 . 26 . 27 

Chi cago . 26 . 28 . 28 . 28 .28 . 29 . 29 . 29 . 34 ,43 

1-IBTl\ .19 . 20 . 21 . 22 . 23 . 23 . 24 . 25 . 27 . 34 

Toronto . 13 . 14 .14 .15 .16 .16 .17 . 17 .17 .18 

SEPTA . 19 .19 . 20 .22 . 21 . 22 . 23 • 24 . 25 .29 

Montreal .10 .14 . 20 . 22 

PATH . 24 . 24 .31 . 36 . 40 . 48 . 47 .49 . 49 .47 

Cl eveland , 12 . 13 .14 .16 . 1 8 .18 .19 .19 . 21 .25 

Lindenwold . 60 

Shaker Height s . 20 . 21 . 23 . 23 . 25 . 26 , 27 . 29 .32 .34 

Newark .16 . 17 .17 .18 • 20 .18 .19 . 23 . 23 

a Total Expenses less Depreciation 
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1970 

842 

243 

151 

60 

58 

33 

35 

43 

34 

30 

9 

1970 

. 36 

. 52 

. 41 

.19 

. 33 

,23 

, 49 

. 32 

. so 

.39 

. 27 



Table, 6B . 9 

O:'CRATING COST PER PASSEN:;ER CAR-MILE, BY RAIL RAPII: T~N5IT PROPERTY, 1960 THROUGII 1970 

Pro~crty 19G0 1961 1962 1963 1964 1%5 1966 1967 1968 . 1969 1970 

New York . 70 . 74 . 75 . 78 .80 . 83 , 89 . 94 , 99 1. 05 1.24 

Chicago . 6 7 .69 . 72 • 71 . 72 . 75 . 76 .79 . 85 . 96 1.06 

MOTA 1.42 1.48 1.51 1. 54 1.58 1 .60 1.68 J.82 2.07 2 . 53 S . 06 
Toronto . 51 . 65 .67 . 6? .63 . 66 . 63 • 77 . 72 . 75 .82 
SEPTA . 73 .87 .90 . 92 .93 1.00 1.05 1.13 1 . 21 1. 33 1. 39 

Montreal . 30 . 54 . 69 .75 . 811 

PIITH l. 3G l. 26 1.53 "- . 59 1.81 2.18 1. 71 1. 72 1.92 1.88 2.04 

Cleveland • 43 . 50 . 53 . 50 . 66 .69 . 74 . 75 . 85 . 87 . 98 

Lindenwold 
1.25 1.18 

Shaker lieights . 95 1.01 1.05 1.08 1.11 1.13 1.19 1.23 l. 33 1.38 1. 53 

Newark 1.00 1.00 l.OJ 1.03 1.06 1.07 1 .10 1. 27 l. ~5 1. 64 

Table 6B .10 

REVEN"JE ?ER ?ASSENGE~ CAR-MILE, BY RAIL RAPID 1'RANSIT PROPERTY, 1960 THRO:JGH 197D 

?roperty 1960 1961 1962 1963 1964 1965 1966 1967 1 968 1969 197D 

New York . 70 . 72 . 72 . 71 • 71 . 75 . 77 .BS . 80 . 82 1.09 
Chicago . 67 . 68 . 73 . 71 • 71 . 72 . 73 . 79 . 86 . 99 . 96 

MBTP. 1 . 36 1.47 1.63 1.62 1.65 1.63 1.69 1 .91 2 . 05 2 . 38 2 . 31 

Toronto . 71 . 71 .71 .62 . 70 . 73 . 66 .92 . 89 1.03 1. 07 

SEPTA . 86 . 99 . 98 .99 1.05 1.14 1.19 l. 25 1. 32 l.44 1. 37 

'1ontr-eal . 53 . 88 . 81 .92 . 99 

PATH 1. 39 l. 29 1.40 1. 27 1. 30 1 . 32 1.04 1. 07 1. 21 1.23 1. 30 

Cleveland . 54 .58 . 56 . 57 . 59 . 62 . 64 . 68 .. 76 . 76 . 73 

Lindenwold 
. 96 1.14 

Shaker Heights 1.11 1.13 1.18 1.18 1.17 1.16 1. 21 1. 25 1. 35 1.49 1. 56 

Newark . 9, .88 . 87 .89 1.00 1.08 1.13 1. 27 1. 54 1.78 
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Propert y 

New York 

Chicago 

MBTA 

Toront o 

SEPTA 

Montreal 

PATH 

Cleveland 

Lindenwold 

Table 6B . ll 

REVENUE PASSENGERS PER PASSENGER CAR- MILE, BY RAIL RAPID TRANSIT PROPERTY, 
1960 THROUGH 1970 

1950 1961 1962 1963 1964 1965 1966 1967 1968 

4 .42 4 . 52 4.55 4.l,3 4 . 40 4 . 30 4 .18 4 . 07 3 . 81\ 

2 . 53 2. 49 2.60 2. 53 2. 54 2 . 59 2. 59 2.68 2. 47 

7 .37 7. 55 7 . 09 6 . 95 6 . 90 6 . 89 7 . 02 7 .18 7 , 70 

4 . 91 4 . 70 4 . 7 3 4.07 4 . 02 4 . 25 3.77 4 . 62 4 . 34 

4 , 25 4 . 57 4 . £.6 <Ll3 4 . 36 4.47 4.63 4.63 4 . 79 

3.10 3.76 3 . 51 

5 . 68 5 .17 4 . 88 4 . 40 4 52 4, 55 3,64 3,52 3 . 92 

3 . 89 3, 93 3. 82 3 . 80 3. 78 3.91 3.97 3 . 93 3 . 98 

Shaker Heights 4 . 85 4 , 77 4 . 62 4 . 59 4 . 45 4 .39 4 . 35 4 . 28 4 , 21 

l\ewark 6 .19 5 . 91 5 . 84 5 . 73 5.41 5.78 5 . 82 5. 61 

Table 6B.12 

1969 

3 . 90 

2. 26 

7 . 39 

4 . 21 

4 . 53 

3 . 43 

3.98 

3. 43 

2. 06 

4 . 08 

6 . 42 

ANNUAL REVENUE PASSENGERS PER ACTIVE PASSENGER CAR, BY RAIL RAPID TRANSIT PROPERTY, 
1960 THROOGH 1970 

(Thousands of Dollars) 

Property 1960 1961 1962 1963 1964 i96S 1966 1967 1968 1969 

New York 208.1 206 .o 212. 3 20Q . 9 207 . 8 201.9 18J.. 2 187 . 2 184.4 193. 0 

Chicago 92 .6 93.6 97 . 5 95 .1 90 . l 98 . 8 1 01.4 104 . 3 95 . 8 89 . 2 

MBTA 179.8 178.1 J.69 . 3 155 , 8 160.2 157 . 2 160 .l 162. 6 176 .6 164.0 

Toronto 247 .6 235 . 7 208,1 214 . 7 223,9 233. 7 200 , 9 226 . 9 267 .1 285 . 7 

SEPTA 134 . 7 154 , 4 146.4 124 . 2 135.4 1 33. 9 138.8 138 .9 142 . 2 141.4 

MOntreal 44. 7. 280 . 8 220 . 4 179 .9 

PATfl 141.0 141.5 137 , 7 132.9 1 33. 3 123 .9 129.S 120 . 6 137. 5 149. 8 

Cleveland 207 .9 202. 3 196 . 8 19 2. 8 190 . 5 189 . 3 189 . 2 1 50,8 149 .7 155.6 

Lindenwold !30.6 

Shaker Height~ 112.4 109 . 8 105.1 102. 7 100.7 99 . 6 97 . 8 95.8 94 . 5 90.5 

Newark 131 . B 123, 5 123. 7 116. 0 114 . 8 118. 0 116.0 109.3 126, 7 
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1970 

3 . 49 

2. 05 

7 . 39 

4 . 34 

4 . 24 

3. 59 

4.21 

3.09 

2.36 

3.94 

6 .10 

1970 

181.6 

84 . 8 

140 . 5 

294.9 

127 . 0 

178 . S 

154.6 

120. 5 

115.4 

87.8 

141 .9 



Table 6B.13 

ANNUAL PASSENGE:R CAR-MILES PER ACTIVE PASSENGER CAR, BY RAI L RAPID TRA~IT PROPERTY, 
1960 THROUGH 1970 

(Thousands) 

Property 1960 1961 1962 1963 1964 1965 1966 '1967 · 1968 1969 

New York 47 . 1 45.6 46 .7 46 . 7 47 , 2 46 . 9 43 , 3 35, 9 48 . 0 49 . 5 

Chicago 36 . 6 37 . 6 37 . 5 37.5 35 . 5 38.1 39. 2 38 . 9 38 , 7 39. S 

MBTA 24 . 3 24.8 24.6 23 . 2 23.4 23 . 5 23.5 23 . 5 24 . 2 24 . 2 

Toronto 50 .4 50.1 44. 0 52. 8 55 . 7 54 , 7 53 . 3 49 .e 61. 5 68 . 0 

SEPTA 31. 7 33 . 8 32. 8 · 30 .1 31.0 30 . 0 30 . 0 30.0 29 . 7 31. 2 

Mont real 14 ,4 74. 7 62 . 8 52 . 4 

PATH 24 . 8 27 . 4 28 . 2 30 . 2 30 . 0 27 . 2 35 .6 34. 3 35.l 37 ,6 

Cleveland 53 . 5 51. 5 51.5 50. 8 50 .4 48 . 4 47.7 38.4 37.6 45 . 4 

Li ndenwold 39 .1 

Shaker Heights 23 . 2 23 . 0 22 . 7 22. 4 22 . 7 22 . 7 22 , 5 22 .4 22.5 22 . 2 

Newark 21.3 20 . 9 21. 2 20 . 3 21. 2 20,4 19 . 9 19 . 5 19 . 8 
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1970 

52. 0 

41.3 

21.0 

68 . D 

30 . 2 

49.8 

36 . 7 

39 . 0 

48.9 

22 . 2 

23.3 
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Appendix VIC 

ADJUSTMENT OF COSTS FOR WAGE DIFFERENTIALS 

I The tables in this Appendix i llu strate the procedure for adjusting 

cost (operating expenses) per car-mile and cost per passenger f or 

It differences i n wage rat es among the various cities . The wage rates 

■,are the maximum hourly r ates for ra i l rapid transit motormen . It is 

as sumed that wage rates for ot her clas s i fications of .rail rapid I transit employees have the same relationshi ps. 

Table 6C.l shows the wage rat es as of July 1 , 1968 and J uly 1, I 1970. The i nformation was obtained from different sources. Wage 

rates for Lindenwold and Shaker Heights were assumed t o be t he same 

11 

as for SEPTA and Clevel and , respectively . Those of PATH were 

assumed to be t he same as for New York. Note that the indexes show 

I
- about the same relationship in each year. For this reason, t he 

1970 index wa s used t o adjust both t he 1969 and 1970 cost ratios. 

Each ratio was divided by the i ndex for the property. 

A s imilar procedure was used for 1960 (see Table 6C.3) . Because 

wage rates were not available for Tor onto, it was assumed that its 

rates bore the same rel ationship to t hose of U.S . systems as they 

did in 1970 , i.e ., s l ightly below the lowest U.S . figur e . 

In addition to wage-rate differentials, t here are important dif

I 
I 
I ferences i n employee benefits, payments f or split- shift work I schedules , etc., that were not included in these adjustments . 

I 
I 
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Table 6C.l 

ADJUSTMENT OF COST PER CAR-MILE FOR WAGE-RATE DIFFERENTIALS , 1969 AND 1970 

New York 

Chicago 

MBTA 

Toronto 

SEPTA 

Montreal 

PATH 

Cl eveland 

Lindenwold 

Shaker Heights 

Newark 

July 1 , 1968 

wagea 
Rate 

4.21 

3.66 

3.83 

3.00 

3,26 

3 . 10 

4 . 21 

3. 28 

3 . 26 

3.28 

3. 66 

Index 
(New York 

= 1. 0) 

1.0000 

.8693 

.9097 

.7125 

• 7743 

• 7363 

1.0000 

.7790 

. 7743 

. 7790 

.8693 

July 1 , 1970 

wageb 
Rate 

4 . 82 

4.17 

4.11 

3 . 53 

3 . 81 

3.45 

4 .82 

3.46 

3.81 

3 .46 

4 . 00 

Index 
(New York 

= 1.0) 

1.0000 

. 8651 

. 8526 

.7323 

. 7904 

.7157 

1.0000 

.7178 

.7904 

. 7178 

.8298 

Cost per Cc r -Mi le 
(dollars) 

Actual 
1969 I 197b 

1.05 I 1. 24 

. 96 1 1. 06 

2.53 3. 06 

.75 I . 82 

l. 31 1. 38 

• 7 5 I . 84 

1.88 I 2.04 

• 87 I . 98 

1. 25 I 1.18 

1. 38 I 1.53 

1.45 I 1.64 

Adjust ed 
1969 I 1970 

1.os I 1. 24 

1.11 I 1. 2 3 

2. 97 I 3 . 59 

1. 0 2 I 1.12 

1.66 1. 75 

1.os I 1.17 

1.ss I 2 . 04 

1. 21 I 1.37 

1. s8 I 1.49 

1.92 I 2 .13 

l. 75 I 1.98 

Sources: a. U.S. Department of Labor, Union Wages and Hours: Local -Transit 
Operat ing Employees, July 1, 1968 ( Bulletin No . 1620). 

b . American Transit Association. - -
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Property 

New York 

Chicago 

MBTP. 

Toront o 

SEPTA 

Montreal 

PATH 

Clevel and 

Lindenwol d 

Shaker Heights 

Newark 

Table 6C,2 

ADJUSTMENT OF COST PER PASSENGER FOR 
WAGE -RATE DIFFERENTIALS, 1969 AND 1970 

July 1, 1970 Actual Cost per Adjusted Cost per 
Index Passenger Passenger 

New York (Dollars) (Dollars) 
= 1.0 1969 1970 1969 1970 

1.0000 • 27 .36 . 27 .36 

.8651 .43 .52 • 50 . 60 

. 8526 . 34 . 41 .40 .48 

. 7323 .18 . 19 . 25 . 26 

.7904 . 29 . 33 . 37 . 4 2 

• 7157 . 22 . 23 • 31 . 32 

1.0000 .47 . 49 . 47 .49 

• 7178 .25 . 32 . 35 . 45 

. 7904 . 60 . so . 76 .63 

.7178 • 34 .39 .47 .54 

. 8298 . 23 .27 . 28 . 33 
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Table 6C.3 

ADJUSTMENT OF COST PER CAR- MILE AND PER 
PASSENGER FOR DIFFERENTIAL WAGE RATES , 1960 

July_ 1 , 1960 Cost per Car -Mil e Cost per Passenger 
Property Wage Index (Dollars ) (Dollars) 

Rate (N . Y. 
(dollars) = 1. 0 ) Unad-j ust ed Adjusted Unadi ust ed Adiusted 

New York 2. 630 1 . 0000 . 70 . 70 .16 .16 

Chicago 2. 436 . 9262 . 67 . 72 . 26 • 28 

MBTA 2. 478 . 9422 1.42 1.51 .19 . 20 

Toronto . 8000a . 61 . 76 .13 .16 

SEPTA 2 . 230 . 8479 . 78 . 92 .19 . 22 

PATH 2 . 630 1.0000 1. 36 1. 36 . 24 . 24 

Cleveland 2, 230 . 8479 .48 • 57 .12 .14 

Shaker Heights 2.230 . 8479 . 95 1.12 . 20 . 24 

Newark 2. 300 . 8745 l.OOb 1 .14 .16b .18 

aAssumed t o bear about t he same rel ationship to t he New York 
system a.s in 1970. 

bAss umed t o be same as 1961. 

Source of Wage Ra.t es : U.S . Department of Labor , Union Wages a.nd 
Hours : Local -Transit Oeeratin~ Emeloy_ees , 
July 1 , 1960. 
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CHAPTER VII 

U. S. COMMUTER RAILROAD OPERATIONS 

by 

Norman J . Asher 
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I 
I SUMMA.RY 

I- Commuter railroads are railroads that have daily passenger 
servi ce designed to haul passengers between cities, towns, and 

villages outside metropolitan areas and points within the areas. I The service is usually oriented around t he work trip. 

An analysis of 14 of the 16 railroads in the United States that I provide commuter service indicates that, in 1970, commuter passenger 

service was a money-losing operat ion. When i ncome and expenses from 

I all sources are considered, 12 of the 14 railroads registered net 

deficits . The overall deficit for the 14 railroads amounted to 

I about $36 million . 'Ihe aggregate operating deficit 1 amounted to 

$41 million (about $212 million expenses and $171 million revenues). 

Only 3 of the 14 companies achieved operating profits: Burlington I Northern, Chicago Northwestern, and Illinoi s Central, all in the 
Chicago area . I The analysis of figures on revenue and cost per passenger-mile 

indicates that the vari ous railroads i ncur operating deficits or I profi ts for different reasons. Some railroads have both high reve-
nue and costs per passenger-mile . Others have low revenue and high 

I cost per passenger-mile. The t hree profitable railroads had t he 

lowest unit costs but also below average revenue per passenger-mile. 
These variations in the reasons for deficits imply that the I remedies t o the financial conditi on of the railroads are probably 

specifi c to the railroad . Some may require reductions in operating 

l cost; while others may require stimulation on the revenue side . 
Still others may require improvements on both sides of the operation. , ___ _ 

1 , Revenue from passenger operations mi nus operating expenses. 

I 
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Trends in patronage from 1960 to 1970 are presented for t he 

five cities having important commuter operations (New York, Chicago, 

Philadelphia, Boston, and San Francisco ). After a drop from 142 

million passengers i n 1960 t o 126 million in 1965, New York 1 s pa 

tronage has remained stable at about t he 126 to 128 million level. 

Chi cago and Philadelphia have experienced increases in patronage. 

The former increased from 62 million in 1960 to 68 million in 1970 . 

The latter increased from 24 million to 35 milli on over the same 

I 
I 
I 
I 
I 

period . The ridership in Boston decreased from about 13 milli on to 

about 11 million, and in San Francisco from about 7 to about 6 milliorj 

Interstate Commerce Commission data for the period 1964 to 1970 

show that, in general, passengers, passenger revenue, and passenger- ,, 

miles have increased over that period. The average trip length re-

mained stable at about 22 mi les. Nearly all railroads experienced 

an increase in revenue per passenger (average fare ); the average 

increase for all railroads was about 20 percent over the 1964 to 
1970 time period , Revenue per passenger-mile also increased at 
about the same rate. 
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I A. INTRODUCTION 

DEFINITION 

Commuter railroad operati ons differ from rail rapid transit 

I operations in several respects . First, the commuter operation is 

designed to haul passengers to and from cities, towns, and villages 

. some d istance outside l arge metropolitan areas. For this reason I the trip length is somewhat longer (averaging about 22 miles) than 

for r ail rapid transit operations. Second, the passenger cars used I are usuall y heavier t han those used by rapid transit. Third, the 

operations a re run by railroad companies as part of their overall 

I passenger and freight service. In terms of management , t hey are 

not regarded as part of the metropolitan rapid transit systems . 

NATURE OF 'IRE DATA 

,, At the outset, it should be pointed out that reliable data in 

this field are difficult to find because commuter services are 

intermixed with the other railroad operations . 

I The "commuter" railroads carry not only 11 commutersn (passengers 

going to work in t he morning and home in the evening) but other pasI sengers as well (housewives on shopping tri ps , theater goers, etc.). 

The railroads report ncommutation and multi ple -r ide passengersn to 

' the Interstate Commerce Commission (ICC). These are passengers 

riding on commuter or multiple-ride tickets. However, many 11com 

l mutern railroad passengers pay regular 

the actual nwnber of commuter railroad 
fares, so that in many cases 

pas sengers i s greater than 

'

t he ICC figures would indicate. The railroads appear to vary in 

this respect. In some cases , the ICC figures seem to be very 

nearly equal to the total number of passengers; in other cases t hey 1. cover only about half t he total passenger traffic. 

7- 3 
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Another problem arises where railroads provide commuter services 

to more t han one city. Since railroads report to the ICC only on a 

system-wide basis, their commuter traffic must be allocated among 
ci ties when more than one city is served. 

The actual cost of commuter service is also difficult to estab
lish. The commuter services are generally intermixed with freight 

service and regular intercity passenger service. The allocation of 

total costs among these services is quite difficult and arbitrary . 

Because of the,. problems noted above, we have attempted to locate 

many sources of data, correlate them, and present our best estimates 

of the actual·figures for commuter railroa~ operations. 'Ihe sources 

of the data are clearly indentified to facilitate further research. 

3 . ORGANIZATION OF 'IHE SECTION 

'Ihe remainder of t his section is arranged into three subsec
tions. Subsection B contains a detailed analysis of the financial 

operations of 14 commuter railroads for the year 1970. 'Ihe data 

were provided by the Association of American Railroads (AAR). Sub

section C presents ribest estimates" of trends in commuter railroad 

patronage in t he five cities in the United States with important 

levels of rail commuter service. The estimates were derived from a 

variety of sources, including the ICC, Finally, Subsection D con

tains an analysis of data on commuter railroad operations for the 
period 1964-1970 , The data were provided by the ICC and have the 

advantage of consistency of definition. 

Taken together, the three subsections provide a general idea of 

the nature and extent of the operations during the 1960-1970 time 
frame. 
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I B. COMMUTER RAILROAD OPERATIONS IN 1970 

11, NET INCOME 

When all sources of revenue and expense are taken into consid 

l eration, commutation passenger service in 1970 was generally a 

money -losing operation. Table 7 .1 shows t hat the aggregate defici t I for 14 commuter railroads amounted to about $35 . 7 milli on and only 

2 of the 14 registered a net profit .1 The table also shows, however, 

I that there was a great deal of variati on in nonoperating revenue and 
in interest and depreciation charges . 

NET OPERATING REVENUE 

I 
A better measure of the financial results of actual operations 

appears in Table 7 . 2. Here, operating expenses (whi ch exclude 

depreciation and interest on equipment obligations) have been s ub-

1 ,tracted from revenue generated from commuter passengers . Thi s 

yields net operating revenue. In addition, the "operating ratio" 

l has been calculated by dividing operating expenses by commuter pass 

enger revenue . Note that only t hree railroads--all of them serving I the Chicago area--yielded a net operating profit i n 1970 . Moreover, 
the operating deficit for all 14 railroads was over $41 mi llion. 

REVENUE AND COST ~TIOS 

I The r elative perfonnance of the railroads in terms of revenue 

and cost ratios i s compared in Table 7 .3. The first two columns 

I 1, Data for Penn Central and Pennsylvania -Reading Seashor e 
Lines were not complete and are excluded from t he analysis . 

I 
I 
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Tabl e 7,1 

SUMMARY OF COMMUTER RAILROAD OPERATIONS, BY RAILROAD, 1970 

(All Figures in Thousands) 

Income Exoenses 

Revenue 
From 

Corrrnut- State & Interest 
t er Pas- Local Opera - on Equip-
senger Govern- Other ting ment Ob- Depre- Net 

l<ailroad Total Revenue ment Income Total Ex:.penses licrat:ions ciation Income 

Boston and Maine 9 , 373 5 , 260 4,113 0 9,353 8 , 747 16 590 20 
Burlington Northern 6 , 275 6 , 227 0 48 7,005 5 , 872 152 971 - 730 
Central of New Jersey B, 675 4 ,166 4 , 409 100 9 , 291 8 , 392 648 251 - 616 
Chicago , Milwaukee, St. Paul, and Pacific 4 ,968 4, 956 0 1 2 5,955 5 , 194 218 543 - 987 
Chicago Northwestern 21 , 149 21, 036 0 113 19, 237 15 , 196 1 , 290 2 , 761 1 , 912 
Chi cago, Rock Island,and Pacifi c I 4 , 289 4 , 26 4 0 25 5 , 824 5 , 132 283 409 - 1 , 535 
Chicago , South Shore, and South Bend 3,441 3 , 442 0 -1 5 , 238 5 , 092 0 146 - 1 , 797 
Erie Lackawanna 16,572 10, 872 5 , 000 700 19, 025 19, 025 0 a I -2 . 453 
I.ll inois Cent ral 11, 025 11, 006 0 19 11 , 31 5 10, 870 0 445 - 290 
Long Island 85,1 89 85 ,189 0 0 108,523 103, 250 0 5 , 273 - 23,33L 
Pittsburgh and Lake Erie 97 55 0 42 626 599 0 27 - 529 
Read i ng Co:npany 13, 716 9 , 01 6 4 , 700 0 1 6 , 473 15, 183 717 573 - 2 , 757 
Southern Pacific 4 ,124 4,001 0 123 6 , 777 5,767 156 854 - 2 , 653 
Staten Isl and Rapid Transit ~ ___h212 2, 549 14 ~ ~ ~ ~ ___ o 

Tot al, 1 4 Railroads :!.92, 533 170 , 567 20 , 771 1,195 228 , 282 211, 823 3 , 525 12, 934 - 35, 749 

a Equipment is bei ng retir ed and replaced by t he St ate of New Jersey , 

Source : Association of American Railroads . 

- - - - - - - - ~ - - - -

Commuter 
Commuter- Passenger 
Passenqers Miles 

5 , 556 91 , 9 5:. 

9 , 726 113,654 1 

6,516 123,758 

5 , 954 134,261 

25,046 523, 966 

6,197 99,697 

2 , 682 81 , 058 

15,839 325 , 217 

18,785 310 , 241 

70 , 069 1 ,760 , 614 

69 1 , 497 

13 , 699 195,405 

5,826 144, 429 

___iilll 39 , 022 

190,621 4 , 004 , 770 

- - - -
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Table 7.2 

NET OPERATING REVENUE AND OPERATING RATIO, BY RAILROAD , 1970 

(Dollar Figures in Thousands) 

Commuter I Net Passenger Operating Operating 
Railroad Revenue Ex ensesa Revenue 

Bost on and Maine 5,260 8 , 747 - 3,487 
Burlingt on Northern 6 , 227 s, 872 355 
Central of New Jersey 4,166 8,392 -4 , 226 
Chicago, Mil waukee, St. Paul,and Pacific 4,956 5,194 - 238 
Chicago Northwestern 21, 036 15 , 196 5, 840 
Chicago , Rock I s l and,and Pacific 4,264 5, 132 - 868 
Chicago , South Shore, and Sout h Bend 3,442 5,092 -1, 650 
Erie Lackawanna 10, 872 19, 025 - 8 ,153 
Illinois Cent ral 11,006 10 , 870 136 
Long I sl and 85 ,189 103,250 -18 , 061 
Pittsburgh and Lake Erie 55 599 - 544 
Read i ng Company 9 , 016 15,183 -6,167 
Southern Pacific 4,001 5 , 767 -1, 766 
St aten Island Rap i d Transit 1, 077 3,504 -2 , 427 

Total, 14 Railroads 170,567 211 ,823 -41 , 256 

a Excludes Depreciat ion and Interest on Equipment Obligations . 

I Operating 
Ratio 

1. 66 

.94 

2 . 01 

1. 04 

. 72 

1. 20 

1.47 

1. 74 

. 98 

1. 21 

10.89 

1.68 

1.44 

3 . 25 

I 1.24 



Table 7 . 3 

SELECTED REVENUE AND COST RATIOS, BY RAI LROAD, 1970 

(All Figures in Dollars) 

Passenger Operating 
Passenger Operating 
Revenue Per Cost Per 

Revenue Per Cost Per Passenger - Passenger -
Railroad Passenqer Passenqer Mile Mile 

Boston and Mai ne . 95 1. 57 . 0572 . 0951 
Bur lington Northern .64 .60 . 0358 .0338 
Central of New Jersey .64 1. 29 . 0336 . 0678 
Chicago, Milwaukee, St . Paul, 

and Pacific . 83 . B7 . 0369 . 0386 
Chicago Northwestern . 84 . 61 , 0401 . 0290 
Chicago, Rock Island, and 

Pacific .69 . 83 .0427 . 0514 
Chicago, South Shore, and 

South Bend 1.28 1.90 . 0424 .0628 
Erie Lackawanna . 68 1.20 . 0334 .0584 
Illinois Central .59 . 58 . 0354 .0350 
Long Island 1. 22 1.47 . 0483 . 0586 
Pittsburgh and Lake Erie . 80 8 . 68 . 0367 .4001 
Reading Company .66 l.ll . 0461 . 0777 
Southern Pacific .69 . 99 .0277 . 0399 
Staten Island Rapid Transit .23 . 75 . 0275 .0897 

Average for 14 railroads . 89 l.ll . 0425 . 0528 
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I 
I indicate that there is considerable variation in passenger revenue 

per passenger (average fare) and even more variation in operating I cost per passenger . These variations can be caused by differences in 

trip length, fare structure, relative efficiency, passenger load I factor, and other aspects of the operation. Adjustment for t rip 
length can be made by placing revenue and costs in terms of passen

ger-miles as shown in the last two columns of Table 7.3. Here it 

becomes clear that passenger revenue per passenger-mile is much more 
W1iform than operating cost per passenger-mile. The former ranges 

from $,0275 to $ , 0572, with an average of $.0425. The range of the 
l atter is $,0290 to $.4001 with an average of $ , 0528. Even without 

I 
I 
I 
I 

the Pittsburgh and Lake Erie Railroad, the range of cost per pass

enger -mile is much greater than that of passenger revenue per pass

enger-mile. 

The two columns also indicat e that the various railroads incur 

To give some I operating deficits or profits for different reasons. 
illustrations: The Boston and Maine had the highest passenger rev -

I 
enue per passenger-mile ($.0572); however, the railroad's operatinJ 

cost was next to the highest ($,0951). At $ . 0358, t he Burlington 
2 Northern had below average revenue per passenger-mile , but it man-I aged to keep its cost per passenger-mile even lower($ . 0338) and was 

able t o make a profit . The key to the Chicago Northwestern's sue

I cess was obviously its low cost per passenger-mile ($.0290); for its 
revenue per passenger-mile ($.0401) was some¼hat below the average 

I for the group . Finally, the Southern Pacific had below average cost 
per passenger-mile($. 0399) , but its revenue per passenger-mile 

I 
($.0277) was next to the lowest of the group and -was not large 
enough to cover costs, 

The illustrations imply that the remedies t o the financial conI diti on of the railroads are probably specific to the railroad. 

I 
I 
I 

ger 
The 
~e 

2, The Burlington Northern was formed in early 1971 by the mer
of the Chicago, Burlington, and Quincy and the Great Northern . 
commuter data reflects the Chicago-area commuter operations of 
predecessor Chicago, Burlington and Quincy. 
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Some may require reductions in operating cost; while others may 

require stilmulation on t he r evenue side. Still others may require 

improvements in both the revenue and cost side of the operation . 

4 . DISTRIBUTION OF OPERATING EXPENSES 

Tables 7.4 and 7.5 present t he dollar and percentage distribu

t ion respectively, of operating expenses according to certain ex

pense cat egories. Transportation Expense refers to all expenses 
having to do with the actual movement of people and equipment. 

Traffic Expense refers to expenses a ssociated with setting fares, 

scheduling, ticketing, advertising, etc. The other categories are 
self -explanatory. 

Table 7 , 5 shows that in 1970 Transportation Expense for the 14 

railroads represented over 52 percent of Total Operating Expenses . 

Maintenance of Equipment and Maintenance of Way represent about 21 

percent and 11 percent, respectively. There is considerable varia
tion in t he percentages for these three categories , and there does 

not appear to be a specific pattern associated with failure or 

success in obtaining operating profits. The three railroads that 
had operating profits for 1970--Burlington Northern, Chicago North

western, and Illinois-Central--have somewhat different distributions. 

Moreover, other railroads that had deficits have a variety of dis

t ributions, some of which are similar to the successful railroads. 
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Table 7 . 4 

I BREAKDClf/N OF OPERATI NG EXPENSES, BY EXPENSE CATEGORY AND B",' RAIL.~OAD, 1970 

(Thousa nds of Dollars) 

Total Maintenance Maintenance 
Operating Trans- of of 

Railroad Ex enses ortation Wa E i ment Traffic 

Maine 8, 747 5,076 435 1 , 961 34 
Northern 5,872 3,295 575 950 114 

Central of New Jersey 8 , 392 5,134 817 1 ,104 56 
Chicago ,Milwaukee , St . Paul, a nd Pacific S, 194 2, 635 214 592 24 
Chicago Northwestern 15,196 8,382 1,216 2 , 91 3 254 
Chicago, Rock Island, and Pacific 5, 132 2 , 799 299 1 ,168 36 
Chicago, South Shore,and South Bend 5, D92 2,14D 572 737 6CJ 

19, 025 9 , 01D 3, 090 5, 205 62 
Illinois Central 10,870 5,673 l , 248 1,686 122 

103 ,250 52,578 13, 230 24 ,420 338 
Pittsburgh and Lake Erie 599 412 38 41 2 

ead i ng Company 15,183 8 ,368 1,436 2, 658 352 
Southern Pacific S,767 3,607 310 l, 248 43 
Staten Island Rapid Transit ~ 1,634 282 ~ _l!.._ 

Total , 14 Railroads 211,823 11D, 743 23,862 45 , 287 1 ,508 

aincluded in other categories. 

Sour ce: Association of American Railroads . 

I Table 7. 5 

Non-Income 
Tax 

Pa ents 

1, 071 

581 

771 

207 

1,434 

491 
4CJ9 

a 

1,447 

6 , 022 

65 

1 , 440 

488 

~ 

15,174 

PERCENTAGE DISTRIBUTION OF' OPERATING EXPEtlSES, BY EXPENSE CATEGORY AND BY RAILROAD , 1970 

I 

I 

Railroad 

Boston and Maine 

Burlington Northern 
Central of New J ersey 

Chicago,Milwaukee , St, Paul , and Pacific 

Chicago Northwestern 
Chicago , Rock Island,and Pacific 

Chicago , South Shore,and South Bend 
Erie Lackawanna 

Illinois Centr al 
Lor,g Island 

Pittsburgh and Lake Erie 
Reading Company 

Southern Pacific 

Staten Island Rapid Transit 

Total, 14 Railroads 

aincluded in other categories . 

Total 
Operating Transpor-
Ex enses tation 

100 .0 58 .0 

100 . 0 S6.1 
100.0 61.2 

100 . 0 S0.7 

100 . 0 55 . 2 
100.0 54.5 

100 . 0 42 .0 
1D0,0 47 . 4 

100.0 52 . 2 
100 . 0 50 .9 

100.0 68 . 8 

1D0.0 55.l 

100 . 0 62 . 5 

!.QQ..:.Q 46 .6 

100.0 S2 . 3 

7-ll 

Non -
Mainte - Mainte- Income 
nance nance of Tax 
of Wa ui ment Traffic Pa 1ment s 

5. 0 22 . 4 0 ,4 12 . 2 

9 . 8 16 . 2 1.9 9 . 9 
9 . 7 13 . 2 0 . 7 9 . 2 

4 .1 11.4 0 . 5 4 . 0 

8 , 0 19 . 2 1. 7 9 .4 
5 . 8 23.1 0 . 7 9 . 6 

13 . 2 14 .5 1. 2 8 . 0 
16 . 2 27 . 4 0 . 3 a 

11.5 15 . 5 1.1 13. 3 
12 . 8 23 . 7 0 . 3 5. 8 

6 . 3 6.8 0 . 3 10 . 9 

9 .5 17.5 2.3 9.5 

5.4 21.6 0 .7 8 . 5 
8 . 0 16 . 7 0 . 3 21.3 

11. 3 21.4 0 . 7 7 . 2 

Other 

170 
357 

510 

1 , 522 

997 

319 

1,074 

1,658 

694 

6 , 662 
41 

929 

71 

245 

15 , 249 

Other 

1.9 

6 .1 

6 .1 

29 . 3 

6 . 6 
6.2 

21.l 

8 . 7 

6 . 4 
6 . 4 

6 . 8 

6 .1 

1. 2 

7 . 0 

7. 2 
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C. TRENDS IN PATRONAGE 

In this subsection an attempt is made to provide "best I est:i.mates 11 of commuter railroad patronage for the period 1960-1970. 

The data are arranged by railroad according t o the five major cities I in the United States with important levels of rail commuter service. 

In descending order of number of passengers, they are: New York, 

I Chicago, Philadelphia, Boston, and San Francisco . Some other cities, 

such as Washington, D.C, have limited commuter service but the vol-

umes are far less than for the five cities noted above, and they I have not been considered in this paper. The sources of the data are 

I 
I 
I 
I 
I 

given in the tables presenting the details for each city. In addi-

t ion, the ICC data of Table 7 .11 and the Association of American 

Railroads data from Table 7 .1 were used. Appendix VIIA discusses 

the problems of definition involved in deriving these 11best 

estimates . " 

1. SUMMARY BY CITY 

Table 7.6 summarizes the number of annual commuter rail 

passengers, by city, from 1960 to 1970. Total traffic declined 

about 6 percent from 1960 to 1965, and then increased so that by 

1968 it was back to the 1960 level. From 1968 through 1970 it 

I 
remained virtually constant, The drop in traffic from 1960 to 1965 

was due almost entirely to the decrease in New York traffic. Since 

I 
I 

1965, New York traffic has been quite constant, mile traffic in 

Chi cago and Philadelphia has increased. 

2 . NEW YORX CITY 

Table 7.7 shows the breakdown of New York City passengers, by I railroad , The Pennsylvania and New York Central railroads merged 
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City 

llew York 

Chicago 

Philadel phia 

Boston 

San F'rancisco 

TOTAL 

Source: Deri ved 

Centr al of llew 
J ersey 

Erie Lackawanna 
Long I s l and 
New York, New Haven 

& Hartford/Penn 
Central 

New York Central/ 
Penn Central 

Pennsylvania/ 
Penn Central 

TOTAL 

1960 

142 

62 

24 

13 

7 

248 

Tabl e 7 . 6 

COMMUTER RAI L PASSENGERS BY CITY 
(Annual Passengers in Mi llions) 

1961 1962 1963 1964 1965 1966 

140 134 131 129 126 126 

62 60 60 61 62 64 

24 24 26 27 28 29 

11 11 13 12 11 12 

7 7 7 7 7 7 

244 236 237 236 234 238 

f r om da ta supplied by all available sources. 

Table 7. 7 

1967 

127 

67 

31 

11 

7 

24 3 

NEW YORK CITY COMMUTER RAIL PASSENGERS BY RAILROAD 
(Annual Passengers i n Millions) 

1960 1961 1962 1963 1964 1965 1966 1967 

6 6 6 6 6 6 6 6 
16 16 1 5 15 14 14 13 13 
69 68 66 64 63 61 62 63 

21 21 19 19 19 18 18 18 

22 22 21 20 20 20 20 20 

8 7 7 7 7 7 7 7 

142 140 134 131 129 126 126 127 

1968 1969 1970 

128 127 128 

70 72 68 

33 33 35 

11 11 11 

7 6 6 

249 249 243 

1968 1969 1970 

6 6 6 
14 15 16 
63 61 61 

18 18 18 

20 20 2D 

7 7 7 

128 127 128 

Sources: 1. Report prepared for t he Commi ttee on I nt er state and For eign Commerce , U.S . Senate , 
Co~~uter Transportat ion : A Study of Passenger Transpor tat i on in the New Jersey-New 
York-Connect icut Metroe2litan Reg:ion wit h Particular Rererence to Railroad Com-
mutat ion . (Washington, D.C. , 1961.) 

2. New Jersey State Highway Department Division of Rail r oad Transportat i on , The Erie 
Lack4wanna Railroad Com2anl and Suburban Passeng:er Service i n New Jerse~. ( March 1 955.) 

3 . First Nat ional Cit y Bank, Publ i c Trans2ortation in t he New Yor k Reg:ion . ( New York , 1/ovember . ) 
4 . Metropolitan Transportation Aut hority, Annual Report . (l\ew York, 1967 . ) 
s . Donald s . Ber r y, et al , The TechnolQg~ of Urban Trans2ort ati on . (The Transportation Resear ch Center , Northwestern University, 1963 . ) 
6 . St antoro Research I nst i tute, U.S. Passenger Transportation: An Invent ory of Re-

sources and a n Anal~sis of Ca 12abilities or Sur_£ace Moo es. ~1'18n.L□ ,-arI<, l.:ali-
rorn:la, Ma re!, 1967 . 
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I 
I- in February 1968, and the Penn Central took over t he New York, New 

Haven, and Hartford on December 31, 1968. The number of passengers 

I 
for the Penn Central is allocated to its original component rail-

roads after their incorporation into the Penn Central. 

I 
Table 7.7 indicates that total number of passengers in New York 

City decreased significantly from 1960 to 1964 and since then has 

remained at about the same level. The number of passengers de I creased from 1960 to 1970 on all railroads except the Central of 

New Jersey and the Erie and Lackawanna. 

I 3, CHICAGO 

I Table 7 , 8 shows the breakdown of Chicago passengers by railroad. 

Total passengers declined slightly fron 1960 through 1963, but t hen 

I increased by about 20 percent through 1969, due in large part to the 
growth in passengers on the Chicago North1A·~stern . However, in 1970, 

I 
t he total number of passengers dropped again to approximately the 

1967 level. 
In addition to t he six railroads listed in the table, the Penn

I sylvania; Norfolk and Western; and Gulf, Mobile and Ohio railroads 
carry small numbers of passengers on commuter lines into Chicago. 

I However, they have been omitted because the volumes of passengers 

on these three lines are so small compared with the other Chicago 

I commuter railroads. 

I 4. 
FBILADELPHIA 

Table 7. 9 shows the breakdown of Philadelphia passengers by 

I 
railroad. The Southeastern Pennsylvania Transportation Authority 

(SEPTA) provides subsidy payments to the two railroads to stimulate 

rail commuter service in the Philadelphia area. As a result of I this subsidy program (started under t he Passenger Service Dnprove 

ment Corporation and administered by SEPTA since 1964) the number 

I of passengers increased by almost SO percent from 1960 to 1970. 

These data ( except for 1970) are all taken from SEPTA annual reports 

I and are believed t o be of high quality. 
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Railroad 

Chicago , Burl ington 
& Quincy 

Chicago , Milwaukee , 
St . Paul & Pacific 

Chicago Nortrwestern 

Chicago, Rock Island , 
and Pacific 

South Shore Chicago , 
& South Bene · 

Illinois Central 

TOTAL 

Sources : 1. Inst:it:ut:e 

Table 7 . 8 

CHICl,GO COM/1.J':'ER RAIL PP.SSENGERS BY RAILROAD 
(Annual PassengPrs in Mi llions ) 

1960 1961 1962 1963 1964 1965 1966 

9 9 9 9 9 9 9 

4 4 4 5 5 5 5 
18 19 19 20 21 21 23 

7 7 7 6 6 6 6 

4 4 3 3 3 3 3 
20 19 18 17 1 7 18 18 

6 2 62 60 60 61 62 64 

for Rapid Transit , Rail 
(Second Edition, December 1965 . ) 

Passe:iger Service i n the 

1967 1968 1969 1970 

9 10 10 10 

6 6 6 6 

24 25 26 25 

6 6 7 6 

3 3 3 3 

19 20 20 18 

67 70 72 68 

Chicago Metropolitan Area. 

2 . Sout hward Transit Area Coordinat:ion Study. Prepared for the Illinois Department of 
Public Works and Build i ngs in Cooperation with t he Sout hward Transit Area Coordina-

3 . 

4 . 

s. 

6 . 

7 . 

3 . 

Railroad 

Pennsylvania/ 
?enn Cen~ral 

Reading 

TOTP.L 

tion Corrmittce . (Chicago, December 1970. J 
Chicaoo Area Transportation Studv. Volume I Survev F'indirgs, (December 1959) ; Volume II Data Pro jections, (Jul y J.96U . ) 

Automotive Sufety Foundation, 
(Washington , D. c., 196 7 . ) 

Urban Transit Develo2men~ i n 'lwent)'. Major Cities . 

Natioral Capital Transportation Agency , Office of Finance , United St:at:es RaEid Transit Sys tems . (Washirgto:1 , o.c. ' OctobeT' 1963. ) 

~ational Capital Transport:ation Agency, Office of Public I nformation a nd Community 
Services, United States Raeid Trunsit S)'.stems . (Washirqton , D. C., September 1965.) 
)onald S. Berry , 
Research Center, 

et al , The Technoloov of Urban Transoortation. 
Northwestern University , l%3 . ) 

(The Transportation 

Stanford Research Insti tute , U. S. Passenqer Transnortation : 
sources and an 1mal~sis of Caeao1 .. ut:1es or surf ace Moaes . 
r orn~a, Maren I~;7_ 

Table 7 . 9 

P~ILADELPHIA COMMUTER RAIL PASSENGERS BY RAILROAD 
(Annual Passengers in Millions) 

1960 1961 1962 1963 1964 1965 1966 

14 14 14 15 16 17 18 

10 10 10 11 11 11 11 

24 24 24 26 27 28 29 

An I nventorv of Re-
\Me=o ParK , =.n-

1967 1968 1969 1970 

18 20 20 21 

13 13 1 3 14 

31 33 33 35 

Source : Southeastern Pennsylvania Transportation Authority, Annual ReEorts . (1964, 1965, 
1966 , 1967 , 1968, 1969 . ) 
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I 
BOS'IDN 

The breakdown of Boston passengers , by railroad, appears in 

Table 7,10. The total number of passengers has declined some¼hat 

from 1960 to 1970. 

The report by t he Boston Redevelopment Authori ty contains excel 

lent data, by year, from 1960 through 1967. Unfortunately, the 

I s. 
I 
I 
I Authority does not plan to publish lat er editions of this report. 

Accordingly, the,.figures after 1967 were projected using ICC data . 

I After 1967, the figures become progressively less accurate, but 

they should 'be fairly accurate over thi s .relatively short extrapo -

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

lation time period. 

Ta ble 7 ,10 

BOSTON COMMUTER RAIL PASSEr-.GERS HY RAILROAD 
(Annual Passenger-s in Millions) 

Railroad 1960 1 961 1 962 1963 1964 1965 1966 1967 1%8 1969 1970 

Boston & Maine 7 6 6 8 7 6 I 6 6 6 

New York, New Haven , 
& Hartford/Penn 
Central 5 4 4 4 4 4 4 4 4 4 

New York Cc ntral/ 
Penn Centr al l l 1 1 l l l 1 l l 

TOTAL 1 3 11 11 13 12 11 12 11 11 11 

Sources: 1. 1 960- 1967 , Boston Re<ievelopmem: Authority , TransE,grtation Facts for the Bostor. 
Region, 1968L1969 Edi tion . (Boston, August 1968 . ) 

2. 1968-1970 , I nterstate Commer-ce Commission . 

6. SAN FRANCISCO 

All of the commuter rail passengers to San Francisco ar e 

carri ed by one rail r oad, the Southern Pacific. Therefore, the 

f igures in Tabl e 7. 6 are f or t hat railroad and are not repeated 

here. Note that through 1968 the ( rounded ) figures were constant 
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I 
at 7 million passengers per year, but the 19 69 and 1970 levels were I 
at 6 million. 

The following are the sources for the San Francisco data: I 
1. Stanford Research Institute, U.S. Passenger Transportation: 

An Inventory of Resources and an Analysis of Capabilities I 
of Surface Modes. (Menlo Park, California, March 1967 . ) 

2 . Automotive Safety Foundation, Urban Transit Development i n I 
Twenty Major Cities . (Washington, D.C. 1967.) 

3. Wolfgang s. Hamburger, Urban Mass Transit Planning. 
Institute of Transportation and Traffic Engineering, ,-
University of California. (Berkeley, California, 1967.) 
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I 
I 

D. OPERATING TRENDS 1964-1970 

The remainder of this section presents commuter rail operating I data provided by the Interstate Commerce Commission . The figures 
have the advantage of consistency, but there are some problems of 

I definition, as discussed below. 

NATURE OF 1HE DATA 

The railroads report to the ICC three items of infonnation on 

I "commutation and multiple ride passengers11
: number of revenue pas-

sengers carried, passenger revenue, and number of revenue passenger-

I 
miles. Note that all these data pertain to passengers riding on 

commuter or multiple-ride tickets . However, many 11commuter" rail-

I 
I 
I 

road passengers pay regular fares, so that, in many cases, the 

act ual number of commuter railroad passengers is greater than t he 

ICC figures would indicate. The railroads appear to vary in t h is 

respect. In some cases, the ICC figures seem to be very nearly 

equal to the total number of passengers; in other cases they cover 

only about half the total passenger traffic. Accordingly, the I CC 
f igures differ from those of Secti on B, which were obtained from t he 

I 
AAR, and those of Section C, which are "best estimate 11 traffic 

figures based on all available sources. 
The basic data are reported on ICC Form 08-B , Unfortunately, 

I data prio~ to 1964 were not available . 

REVENUE PASSENGERS 

Table 7.11 shows the trend in commuter revenue passengers for 

each railroad and the total for all railroads. There is littl e 

uniformity in the trend of number of passengers among the railI roads; on some railroads, commuter passenger traffic increased 
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Railroad 

Boston &. Maine 

Central of Ne\-.' Jersey 

Chica.go , Burl.tngton, QJincy 

Table 7 .ll 

AK~l:AL COM~Ttl< RAIL REVEIJUE PIISSENGERS 
( ~illicns) 

1964 1965 196G 1967 

4 . 6 3 . 9 3 . 6 3.9 

4.1 3 . 9 3 . 5 3 . 6 

9 .2 8 .8 9 . 2 9 .4 

Chicago , Milwdukee, St . Paul & Pac1f1c 4.8 5 .0 5 . 2 5 . 6 
' 

Chica.go North\rio-estern 20 . 5 21.4 n .1 24 . 3 

Chic.igo, Rock Iolond & Pocific 6.0 5 . 7 5.8 6 . 2 

Erie Lackaw.Jnn.J 11.2 1 0 . 8 10. 5 10 . 0 

Illinoi$ Centrill. 16. 9 18 . 1 18 . 2 19 . 2 

Long Island 55 . 0 53 . 8 ss .o 55 . 7 

NEW York , New Haven €. Hartford 13. 7 13 . 2 13 . l 13 . 2 

New York. Central 1 6 . 1 16 .o 16. 4 16.0° 

Pennsylvania/Penn Central 19. 0 18 . 8 19. 2 18 . 8 

Read1ll,7 Coopany 5.8 5 . 7 5 . 4 5 . 7 

Sout hern Pacific 5. 9 5 . 9 5. 9 5.8 

Total , All R~ilroe.ds 192 . 8 190 . 9 193 . 7 196 . l . . Estilr.aced . 

1 968 

3 . 0 

3 . 5 

9 . & 

5.9 

25.0 

6 .5 

11.l 

20 . 4 

55 . 1 

13.l 

-

36 . 5 

5 . 9 

5.4 

201. 9 

Source: Derived fl'om data supplied by the lntersta t e Ccrtmerce Commission . 

Railroad 

Boston & Maine 

Central of New Jersey 

Chicago, Burlington, QJincy 

Chica!Jo, Milwaukee, St . P~ul, & 

Chicago Nol"tm.:estcrn 

Chic.ago, Rock Island, & Pacific 

Erie Lacka:.ianna 

Illinois Central 

Long Island 

New York, New Haven, & Hartford 

New York Central 

Pcr.nsylvc1nia/Penn CentrcLl. 

Reading Company 

Southern Pacific 

Total, All Rail.reads . . EstiJ>Oted • 

Table 7 . 12 

AIIIIUA~ CDMmTER RAIL PASS!':1'1:;ER RF.VEI/Ut 
( Millions of Dollars) 

1964 1965 1966 1967 

2 . 7 2 . 4 2 . 4 2 . 6 

3 . 4 l . 2 2.9 2 , 4 

4 .6 4 .8 s.o 5. 2 

Pdcific 3 . 7 3. 9 4 . 0 4. l 

14 . 6 lS, 2 16 . l 17 . l 

3. 6 3 . 8 3 . 8 a . l 

7 . 4 7, 2 7 . 0 6 . 8 

9 . 4 8 . 9 a.a 9 . • 

42. 0 43 . 7 45 . 0 46 . 0 

12 . 9 12 . S 12 . 7 12 . 9 

12. 3 12. 8 13 . 3 B .s• 
11..5 11 . 4 ll. . 7 12 . 3 

2. 6 2. 6 2 . 9 3 .1 

2 . 8 2 . 8 2 . 8 2 . 9 

132 . 4 135 . 2 138 •• 142. 9 

1%8 

2 . 9 

2 .1 

s. 7 

4 . 7 

18 . 4 

4 . 3 

7. 5 

10 . 0 

so .o 

13. 2 

-
27 . 5 

3 . 3 

3 . 1 

152.2 

Source : Deri ved f['()JTI dota supplied by t:he Intersta.te Corrmcrce ColflJlli:s:sion . 
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1969 1970 I 
3 .G 3 .8 

3. 9 4 . 0 

9 . 7 9 . 7 I 
6 . 0 6 . 0 

25 . 7 25 . 4 

6 .6 6 . 2 I 
12 . 0 12 . 5 

20 . 2 18 . 3 

53 . 3 53. 5 I 
- -
- -

54 .o 54.0 I 
6 .l 6 . 2 

5 . 4 5. 2 I 
206 .6 204 . 6 

I 
I 

:969 l 97C 

3.0 3 . 3 I 
2 . 3 2 . 4 

s. 9 6 . 1 • 

5.0 4 .9 I 
19 . 4 2J . 2 

4. ~ •.2 

8 . ? 8 . 6 I 
10. l 10 . S 

50 . 2 56 .4 

- - I 
- -

45.4 4 7 , 3 

3 . 6 LB I 
3.1 3 .l 

160 . 7 170.8 I 
I 
I 



I 
I while on others it decreased . 'Ihe total for the 14 railroads 

increased about 6 percent from l964 to l970 . 

I 
I 

3. PASSENGER REVENUE 

Table 7 .l2 shows the trend in commuter passenger revenue for 

each railroad and the total for all railroads . Passenger revenue 

I increased on all railroads except the Central of New Jersey. The 

total for the l4 railroads increased by 29 percent from l964 to l970 . 

REVENUE PASSENGER-MILES 

Table 7 .13 shows the trend in commuter passenger-miles for each 

railroad and the total for all railroads . As in the case of revenue 

I 
passengers, t here is little uniformity in the trend of passenger

miles among the railroads. The total for the 14 railroads increased 

about 9 percent from 1964 to 1970, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5. AVERAGE TRIP LENGTH PER PASSENGER 

Table 7.14 shows the trend in average trip length per passenger 

for each railroad, and the weighted average for all railroads. The 

trip length figure has remained fairly constant for most of the 

railroads . The figure for the Penn Central increased after the 

merger with the New York Central and the take -over of the New York, 

New Haven, and Hartford . The Central of New Jersey evidently drop -

ped some of its longer runs since its miles per passenger dropped 

significantly. Over this period, the miles per passenger varied 

from a minimum of l4 for t he Reading to a maximum of 28 for t he 

Central of New Jersey. The weighted average for al l railroads re 

mained constant at about 22 miles. 

6. REVENUE PER PASSENGER 

Table 7.15 shows the trend in revenue per passenger for each 

rail road, and the weighted average for all r ailroads. This figure 
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Table 7 . l ~ 

ANNJAL COHM\l7 CR ~ I L REVEi/UC PASSENGE!H(ILES 
( Million:,) 

Railruad 1964 1%5 1966 1967 

Botton S- Ha.ine 95. ? 65 s 63. 2 66 .4 

Central of New Jcr:.ey 114 . 6 109 . 9 98. 2 83.l 

Chicago, B".lrlingtcn, Q,uincy 155. 4 150 . 7 157 . 3 l bl . 9 

0-,j c,ago, Mil.•Naukee, St. Paul,& Pacific 108 . 9 113 . 5 119 . 2 126 . 7 

Chicago No~t"l;,.,estern 437 -~ 453 .0 485. 0 509 . 9 

Chicago, Rock !:!S1arl"..,. & Pacif i::? 90 . 3 E6 . l 87 . 9 95 .1 

Crie Wlckawa:1na 275. 2 215 . 3 212 . J 205 . 3 

Illinoi:. Central ?Go . 8 283. 4 284 .o 2% , S 

Long I sland l, 368 .8 1 , 549.3 1,379. 4 l ,1U. S 

New York 1 flew Haven, 6 Ha.rt ford 355 . l 347.? 349. 3 351. 8 

N?w Yer k Central 335 . 7 335. 4 344 . 0 35?.&a 

Pennsylvr1nia/Penn Ce:1tC'al 365 . 2 358 .l 362 . 7 3B2 . 5 

Reiadirg Co111pany 02 .l 79. o 76 . 3 B0.4 

Southern Pacific 113 , 6 144 , 6 1<2 . 5 141.0 

Total, All Railroadc:; 4 , 176 . 8 4,091 . 0 4 , 161 .0 4 , 264 , 7 .. Estima:cd • 

Source : Derived from data supplied by the Interstate Corrr.ierce Ccmnission. 
'-----

Table 7 . 14 

AVERAGE T,TP LEKGTH PER CO'!.'IJTER l<AlL PASSE'<'.,ER 
(Milos) 

Railroad 1964 1965 I ]966 1967 

Boston & Mair.~ 18. 5 16 . a 17. 4 17 .1 

Central of New Jersey 27 . 7 28 . 0 28 , l 23 . 4 

Chicago, Burlir.gton, Q.ui:icy 17. 0 17 . 2 17 . 2 17 . 2 

01icago , Mil.waukee , St . Paul, & Pacific 22. 7 22 . 8 22 . 9 22 . 7 

Chicago North<Nestern 21.3 21 . 2 21.3 21 , 0 

ChiC4go , ~ock Isliand, & Pacific 15. l 1 5 . l 15. 2 15 . • 

Erie Lac ka:11anna ?4 . 7 19 . 9 20 . 3 20 . S 

Illinois Ce:itral 15. 5 15 . 6 15 . 6 15 . 4 

Leng Isl and 24. 9 25,] 25 . l 25 . 3 

NEW York, New Haven,& Hartford 25, 9 26. 4 ?6. I 26 . 7 

New York Cen:ral 20 . 8 21.0 21. 0 21.c • 

Pennsy.lvani a/?enn Central 19 , 2 19. 0 18,9 20. 4 

Reading Con pa nv 14. 2 13. 8 14.1 14 . l 

Southel'n Pacific 24 . 4 24. 4 24 . 2 24 . 4 

Weighted Avec-a;,e, P.11 Raihoads 21. 7 21.4 21 . 5 21.6 . . f:st1m3ted . 

1968 19&9 1970 

64 . l 62 , 2 64 . J 

76 . 0 84 .o 85 .8 

165. o 168 . 4 171.8' 

132.9 135 .4 134 . 2 

517 . 4 534 . 9 524 .0 

99 . 4 103 . l 99.6 

228 . 4 247 .1 261.9 

319 . 0 :32 1.S 310 . 2 

1,40•- 7 l , 379 , 4 1 1 3B3. 2 

352 , 6 - -
- - -

770, I 1, 260 . l 1, 308 .1 

85. 2 87 .l 88 , l 

134 .0 132.l ~26 . 6 

4 , 350 . 4 4 , 515. 2 4 , ~58. 8 

1968 1969 1970 

11 . 0 17 . l 17 . l 

21.5 21 . 5 21 . 6 

17. 2 17 .4 .17 . Ga 

22 , 4 22 . 4 22. 6 

20. 7 20 .8 20, $ 

15. 4 1~ . 5 16 . l 

20. 5 20 .6 21.0 

15, 6 15 , 9 17 . 0 

25. 5 25. S 25 . 9 

26 . 9 - -
- - -

21.l ?3 . 3 24 . 2 

14 . 3 H . 3 14. 3 

2•. 7 24 . 5 2L . 5 

21 . 6 21.9 22 . 3 

Source : Derived fror.i dat:a supplied by t he Intcrstete Colflllle:rce Cotnission. 
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Tabl e 7 .15 

CC,,,,MUTER RAIL REVLN\JE PER PASSEtCER 
( Dollar• l 

Railroad 1964 1965 1966 

Boston & Maine . 59 . 61 . 66 

Centrd.l of New Jer.,ey . 82 . 91 . 93 

Chic4go , Burlington 1 Quincy . so . 55 . 55 

Chicago , Milwaukee , St . Paul, & Pacific • 77 . 78 • 77 

Chicago Northwcs t'~rn • 71 • 71 .71 

Chicago, Rock l6land, t- Pacific . 60 . 66 . 66 

Erie LacKowanna . 66 .67 . 67 

lllinoi s Central . so .49 .48 

Long Island . 76 , 81 . 82 

New YorkJ Ne..., Haven, & Hartford . 93 , 95 .97 

New York Central. • 76 , 80 , Bl 

Pennsylvania/ Penn centr al , 60 , 61 , 61 

Reading Company , 4S , 4S . 53 

Southern Pie.cific . 4 8 .•1 . 48 

Weighted Average , All Railroads .69 .71 • 71 

. . Es timate<! • 

1 967 19&9 

. 67 . 77 

. 68 . 59 

.55 . 59 

. 77 , 79 

. 70 • 74 

.66 . 67 

. 68 . 67 

,49 . 49 

. 83 .90 

. 98 1.01 

. 02• -

. 66 • 75 

. 54 • 56 

. 50 .57 

. 72 , 75 

Source: De't'ived from data supplied by the lnters t,te CCIM\e'I'C@ Coa:\ission. 

Table 7 .16 

REVENUE PER CO)1MIJTER RAIL PASSE~GER- HILE 
(Dollars ) 

Railroad l.964 1965 1966 1 967 

Boston S. Maine . 032 . 037 . 038 , 039 

Central o f New Jersey . 030 . 029 .030 . 029 

Chicagos Burlirqton, Quincy . 0~9 . 032 . 032 . 032 

Chicago, Milwaukee, St . Paul. & Paci fic . 034 .034 . 034 . 034 

Chicago Northwec;tern . 033 .034 . 033 . 034 

Chicago , Rock Island, & Pacif:ic .o•o . 044 . 043 . 043 

Eric & Lackawanna . 027 . 033 .033 . 033 

Illinois Central . 032 . 031 ,031 .032 

Leng Island ,031 . 032 .033 .033 

New York , New Have n, & Hartford . 036 . 036 , 036 . 0 37 

New York Centtal , 037 . 038 . 0 39 . 039 

Pennsylvania/Penn Central . 031 . 032 .032 .032 

Readi ng- company . 032 .033 .038 . 039 

Southern Pacific . 019 . 019 . 020 . 021 

Wiighted Average 1 All Railroads , 032 . 033 . 053 , 033 

.. Estimated . 

1968 

.045 

. 028 

. 035 

. 035 

. 036 

, 043 

,033 

, 031 

, 035 

. 037 

-
. 036 

. 039 

. 023 

, 035 
. 

Source : Derived t rom data supplied by t he Interstate Cornr,erce Commission . 
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1969 1970 

. B3 .88 

. 59 .60 

. 61 .63
3 

. 83 , 82 

• 75 • 79 

. 68 . 68 

, 68 . 69 

. so • S7 

. 94 1.05 

- -

- -
• 84 . 88 

. 59 .62 

• 57 .60 

• 78 . 83 

1 969 1970 

, 049 . 0 51 

. 027 .028 

. 035 . o3s' 

. 037 . 037 

. 036 . 039 

. 044 ,042 

, 053 ,033 

.031 , 034 

.036 . 041 

- -
- -

. 036 . 036 

. 041 . 043 

, 023 . 024 

, 036 . 037 



represents the average fare paid by those passengers riding on 

commuter or multiple -ride tickets . The regular fares paid by other 

passengers are someim1at higher, so that the average fare for all 

passengers would be slightly higher t han the figures in the table. 

Between 1964 and 1970, the revenue per passenger increased on all 
railroads except the Central of New Jersey . In 1970 the revenue per 

passenger varied from a low of $.47 on the Reading to a high of 

$1 . 05 on the Long Island . The weighted average for all railroads 
increased from $.69 in 1964 to $ , 83 in 1970. 

7. REVENUE PER PASSENGER-MILE 

Table 7.16 shows the trend in revenue per passenger-mile for 

each railroad, and the weighted average for all railroads . As dis 

cussed in the previous paragraph, the average revenue per passenger

mile for all passengers would be slightly higher . Over t his period 
of time the revenue per passenger-mile has increased on all rail

roads, again with the exception of the Central of New Jersey. In 

1970 the revenue per passenger-mile varied from a low of 2 . 4 cents 
on the Southern Pacific to a high of 5 .1 cents on the Boston an:i 

Maine. The weighted average for all railroads increased from 3 , 2 
cent s in 1964 to 3,7 cents in 1970. 
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I 
I 
I 
I APPENDIX VIIA 

VARIOUS DEFINITIONS OF PASSENGER TRAFFIC 

I The literature on commuter rail operations defines passenger 

I 
traffic in several ways. To make matters worse, it is often not 

clear just which definition is being used, All the results in 

I 
Section Care presented in terms of total passengers annually; 
i.e., number of individual fares collected (or tickets punched) 

during a year, In arriving at these annual figures it was often 

I necessary to convert from other definitions of numbers of passen

The most often used measures. of passenger traffic are: 

I 
I 

gers. 

1. 

2. 

3. 

4, 

5. 

Weekday peak hour (AM) inbound only 
Weekday peak period (7 AM to 10 AM) inbound only 

Weekday all day, inbound only 

weekday all day, inbound plus outbound 

Annually, inbound plus outbound 
The numerical relationships among these definitions vary by city I 

and by individual rail lines within a city. Where actual relationI ships are available, they should of course be used. However, ....nere 
they are not available, it is necessary to use "ball park" conver
sion factors. The following are representative numerical relation-I 

I 
I 
I 
I 
I 

ships, based upon empirical data, from the sources cited in Section 

VII for these various definitions using the nwnbers associated with 

the definitions above: 
Definition 2 = 1.5 x Definition 1 

Definition 3 = 1.5 x Definition 2 
Definition 4 = 2 x Definition 3 

Definition 5 = 300 x Definition 4 
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With these relationships, one can convert from any definition to 

other definition. For example, if we know that 5,000 passengers 

arrive downtown on a railroad during the peak hour of a weekday 

morning, the number of passengers annually can be estimated as 
follows: 

5,000 X 1.5 X 1.5 X 2 X 300 = 6,700,000 
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CAHPTER VIII 

CHARACTERISTICS OF THE URBAN TAXI CAB TRANSIT INDUSTRY 

by 

John Wells 
Fred Sel over 





I 
I 
I 
I SUMMARY 

I I n aggregate terms, taxicabs i n urban a r eas transport more people 

t han rail rapid transit systems and over one -half a s many as bus 

I transi t systems. More revenue is generated by taxi cab operations 

than th2 canbined,. total of other mass -transit operations. In some 

I 
urban communities, the taxi cab is the only form of ur ban public 
transit. · 

Taxicabs are used mostly by housewives and white collar workers, 

I particularly in the professional and managerial categories . Most 

riders are white, of wor king age, and their rides are either t o 

I home or to work. However, significant percentages of riders fall 

outside these categories. Service and household workers often r ide 

l cabs to noncentral area destinations, and there is substantial (26 

percent) ridership by student s and unempl oyed, ret i r ed , and incapac-

1 itated persons. 

I n terms of numbers, the taxicab i ndustry is domina ted by small 

fleet s (two or more taxicabs under one ownership) and owner/operators. 

I There are about 7 , 200 fleet operations in t he United States operating 

i n about 3,300 "carununities" or regulatory jurisdictions. 

I This paper i s devoted primarily to the development of a profile, 
a s of 1970 , of taxicab operations. Numerous statistics are presented 

l that provide information on costs and revenue -generating activities. 

I 
I 
I 
I 
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I 
I 
I A. INTRODUCTION 

I 
Although the taxicab is not regarded as a form of urban~ transit, 

it is a public transit vehicle that plays an important role in mov

ing people within urban areas. The distinguishing feature of the 

I taxicab is that i t is t he only publi c transit form that simulates 

the features of t he private automobile. Moreover, the taxicab opera

I tion is demand -activat ed rather than scheduled. A person can telephone 

for taxicab service, and (assuming t hat the taxicab operation is well -

I run) within a few minutes receive confortable door-to-door service 

similar to that provided by an automobile. Moreover, he does not 

I have to drive or park the vehicle ! Because of this servi ce , taxicabs 

are used extensively by businessmen, housewives, the old , the handi

capped, the young, out-of - town vi sitors, and others who cannot or 

I do not wish to drive, or who have no autcmobile available to them 

and need the door-to-door service that scheduled mass transit vehicle s I do not provide. 

Clearly, the taxicab is an important mode of urban travel; yet 

I relatively little is known about taxicab operations and the taxicab 

industry. The purpose of this paper is to present and analyze sta-

1 tistical information that has been provi~ed by the International Taxi

cab Association, The paper is descriptive and relatively free of 

I 
technical analyses since our objective is to present data for others 
to consider. 

I 
I 
I 
I 
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I 
I B. TAXICAB INDUSTRY CHARACTERISTICS 

I 1. 
RELATIVE SIZE AND PERFORMANCE 

I 
a. Overall Size 

According to the International Taxicab Association, there are 

about 7 ,200 fleet operations in the United States and more individual 

I operations . The se fleets operate in about 3 ,300 communities and, in 

many cases, are the only form of public transportation available .1 

I Moreover, in several respects the taxicab transit industry is larger 

than the bus, trolley coach, and rapid rail passenger transport in-

I dustry combined (see Table 8 .1). First, the industry operates about 

three times as many vehicles for twice as many revenue vehicle miles . 

I 
Second, in 1970, passenger revenues in the taxicab industry amounted 

to $2,221 million, or about 600 million more than the combined total 

I 
revenue of the bus and rail industries. Finally, taxicabs move far 
more passengers than rail rapid transit and over one-half as many as 
bus transit. 

I b. Employment Level Trends 

I 
Trends in employment indicate that the taxicab industry is increas

ing in importance . The annual average employment level in the taxi

cab industry declined from 121 ,000 persons in 1960 to 109,000 in 

I 1966 (see Table 8.2) , but frcm 1967 to 1970, the level stabilized at 

about 11+,000 . In contrast, empl oyment in other local and suburban I transit has continued a downward drift over the period until there 

were 18,000 fewer employees in 1970 than in 1960 . 

I 1. These "communities" are actually "jurisdictions" within which 
taxicabs are franchised to operate under specific fare structures 

I 
and/or operating regulations. These terms are used interchangeably 
throughout this paper. 

I 
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Table 8 . 1 

SELECTED URBAN TRANSPORTATION ANNUAL STATISTICS, 1970 

Bus . Rail, and Trolle ✓ Coach 

All Trolley I Commuter 
Modes Taxicab Total Bus Raila Coach Railb 

Revenue Passengers (Millions) 8 ,557 2, 378 5, 932 4, 058 1 , 746 128 I 247 

Percent of all-mode total 100 . 0 27 .8 69.3 47 . 4 20 .4 1.5 2. 9 

Passenger Revenue 
(Millions of Dollars) 4,065 2,221 1,6 39 1,194 415 30 205 

Percent of all -mode total 100 . 0 54 . 6 40.3 29 . 4 10.2 0 . 7 s.o 

Revenue miles traveled (Millions) - 3 , 417 1 , 884 1 , 409 441 33 d 

1 

Number of vehicles (Thousands) - 170 62 SD 11 1 d 

Average emploY.!'lent level 
(Thousands) c I I I I I I I 

-

- 111 138 d d d 

aincludes elevated and subway rail rapid transit, grade- separated surface rail , and 
streetcar operations . 

bUrban passenger rail service provided by railroad companies. 

cTaxicab empl oyment believed to be underestimated . 

dNot available. 

Source : For bus, r a i l, and trolley coach data: American Transit Association, 1970- 71 
Transit Fact Book. 

d 

For t axicab dat a : International Taxicab Association, American Automobile 
Association, Bur eau of Labor Statistics, Employment and Earnings, United 
States 1909- 70 (Bulletin 1312- 7) . Empl oyment figures are believed to be understated . 
For commuter rail: Interstate Commerce Commission, commuter railroad 
companies and several independent studies. 

- - - - - - - - - - - - - - -
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a . 

b, 
c. 

' 

Table 8 . 2 

ANNUAL AVERAGE EMPLOYMENT LEVELS IN THE URBAN 
PASSENGER TRANSIT INDUSTRY 1960- 1970 

(Thousands ) 

Other Local 
Year Taxicab and Suburban 

Transit 
1960 120 . 7 156 . 4 
1951 114 . 3 151. 8 
1962 112 , 5 149.l 
1963 111 . 9 147. 2 

1964 109 .S 144 , 8 

1965 109 . S 145 . 0 
1966 109. 2 144.3 
1967 111. 3 146.l 

1968 111. 2 143. 6 
1969 111 . 3 140.9 
1970 111. 3 138 . 0 

: Source : Compiled from infomation presented i n Appendix VII IA . 

Tabl e 8 . 3 

INDEXES OF PUBLIC TRANSI T FARES 
ANNUAL AVERAGE 1964-1970 

Basic Indexesa Converted to 1.965 = 100 
Year All Publ~c Local. Taxicabs Conswner 

Transit Transite Dec . 1963 = 
All Public Local Taxi cab Price 

195 7- J.959 J.957- 59 = 100 100 
Transit Transit Index 

1964 119 . 0 122 . 8 101 .9 98 .0 97 . 9 97 . 5 98 .3 

1965 121.4 125 .4 104 . 5 J.00 .0 100.0 100.0 100.0 
1966 125.8 130 .9 1.09 .9 103. 6 J.04.4 105 .2 J.02 . 9 
1967 132 . l 140 . 2 116 . 7 J.08 .8 111..8 J.ll.7 105 . 8 
1968 138 . 2 148.2 1.21. 7 113.8 118 . 2 J.J.6. 5 ll0 . 3 
1969 J.48 . 9 150 .4 126 . 7 J.2 2 . 7 127 . 9 121.. 2 116 . 2 
1970 169 . 5 188.6 1.34 . 2 139.6 J.50 .4 J.28 .4 123.l 

Sources : U.S . Department of Labor, Bureau of Labor Statistics , Handbook of Labor Statis-
tics , 1958, Table 108, p . 250, and February issues of Monthly Labor Review , 1969, 
1970, 1971 . 

Includes airline , intercity rail, intercity bus, a s well as urban transit. 
Bus and rail ra pid transit. 
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I 
It is important to recognize that t he figures in Table 8 .2 are I 

average annual employment levels derived by averaging monthly employ

ment levels reported to the Bureau of Labor Statistics. The figures I 
do not show how many individuals were actually employed during the 

year.1 Unfortunately, official figures on employment turnover i n I 
the industry are not available, but it is well known that t he industr}' 

employs many part- time and temporary workers , especially during I 
periods of economic recession . Employee turnover rates of three to 

six times the average monthly level of employment are not uncommon 

for individual companies . Moreover, until recently, most companies I 
experienced driver shortages of as much as 20 percent, even though 

unemployment rates have been averaging around 5 percent. This means I 
that many firms have not been able to fully utilize their taxicab 

f leets, and t his in turn has constrained passenger movement and 

attendant revenues. I 
c. General Trends i n Fares 1965 through 1970 I 

Table 8.3 presents information regarding the relative growth of 

public transit fares. The right section of the .table indicates that I 
taxicab fares have increased 28.4 percent from 1965 to 1970 as com

pared with 50 . 4 percent in other local transit and 39.6 percent for I 
the overall public transit industry . Note that, up to 1968, taxicab 

and other local transit moved virtually in parallel, but in 1969 and I 
1970 local transit fares increased sharply . 2 Both indexes have in-

creased more rapidly t han the consumer price index, but the disparity 

1 is much greater for local transit. 

I 1 . The I nternational Taxicab Association estimates that the in
dustry employs over 600,000 persons annually. 

2. The effects of t his disparity in fares should be analyzed I 
carefully . One would expect that, as taxicab fares become relatively 
more attractive, people will shift from t he scheduled mass transit 
vehicles (bus and rail rapid transit) to t he more convenient and I 
comfortable demand -response vehicles . Unfortunately, sufficient data 
a r e not yet available to allow such an analysis . 
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I 
I 2 . TAXICAB RIDER CHARACTERISTICS 

Data on taxicab r i der characteristics are somewhat sparse, but 

I three major studies conducted in the Chi cago, Pittsburgh, and New 

York areas seem to give consistent resul ts, as discussed below . 

I a . Taxicab Trip Destinations 

I 
Beimborn ' s analysis of the 1956 Chicago Area Transportation Study 

(see Table 8.4) shows that over 50 percent of the taxicab trips were 

to home or to work, :with the former being the largest category. 

I Trips to the central area were about equall y divided between home , 

work, and personal business destinat ions; bot trips to the noncentral 

I area were predominantly home destinations, and social- recreation and 

personal business were about the same order of magnitude . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Tabl e 8 .4 

PERCENT OF TAXI CAB TRIPS IN CHI CAGO AREA 
BY TRIP PURPOSE, 1956 

Taxi to Taxi to 
Trip Purpose Central Area Non central 

Area 

Hane 27 . 9 52.9 
Work 23 . 2 6.4 

Shop 4 . 2 2.3 

School 0 .4 l. l 

Social-recreat ion 13 .6 18 . 5 
Eat meal 7 .l l.6 
Personal bus i ness 23 .6 17 . 2 --- ---

Total 100 .0 100.0 

All 
Taxi 

42.4 

13 .4 

3.1 

0.8 

16.5 

3.9 

19.9 ---
100.0 

Source : Edward A. Beimborn , "Characteristics of Taxicab Usage , 11 

Highway Research Record, Number 250, 1968 , p. 86 . Data 
are derived from the 1956 Chicago Area Transportation 
Study . 

A more recent (February 1969) study of the Tri- State aJ'.'.E?a around 

New York City shows approximately the same ridership characteristics 
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I 
as in the Chicago study.1 In the Tri-State area, about 60 percent of l 
the taxicab ridership was either to home or to work, and a somewhat 

larger percentage (approximately 36 percent) were home trips. Home I 
and work trips in the Manhattan area were about evenly divided, which 

suggests that trips outside this area were largely oriented to home 

1 destinations . I n the overall Tri- State area, social-recreation ac

counted for about 12 percent of the trips and personal business for 

I 
I 

about 17 percent. 

Thus, home, work, social- recreation, and personal business are 

the predominant trips in both studies. Stated another way, shop

ping, school, and meal trips are relatively unimportant as trip 

destinations . 

b. Occupational Characteristics 

Housewives accounted for most of the trips to the central and 

noncentral area of Chicago (see Table 8.5), but there is a consider

able difference in the overall trip distribution among various 

occupations. In the central area, 32 . 3 percent of t he trips were 

made by housewives. In the noncentral area, 54.2 percent were made 

by housewives , but non-white - collar workers , particularly service 

workers , made a larger proportion of the remaining trips. 

A predominance of taxicab use by housewives was also noted by 

I 
I 
I 
I 
I 

S . Rosenbloom in an analysis of the 1963 Pittsburgh Area Transporta

tion Study (see Table 8 . 6). According to Rosenbloom, 60 percent of I 
all taxicab trips were made by housewives , students, and unemployed , 

retired, or incapacitated persons . Housewives accounted for 34 per- I 
cent of the t otal. (Nfte that 6.8 percent of the trips are not 

accounted for.) 

The Chicago figures for t he noncentral area suggest that family 

income may play an important role in taxicab ridership . Housewife 

I 
I 

l. Tri- State Transportation Commission, Regional Profile : Who 

1 Rides Taxis? Vol. I, No. 11, February 1969 . The figures given bel ow 
are estimated from a graph on p:ige 3 of that document. From this 
point on, this study will be called the "Tri -State study." 

I 
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Table 8.5 

TAXICAB PERSON-TRIPS I N THE CHICAGO AREA 
BY OCCUPATIONAL GROUPS, 1956 

Destination 
Nbncentral Percent 

Occupational Central Area Area All Areas (exclusive of 
Grouo Trips Percent _ Trios Percent Trios Percent housewives) 

Professional and 
technical 8 , 749 20 .7 6,855 11.8 15,604 15.6 28 . 2 

Farmers 0 o.o 0 o.o 0 0 .0 X 

Managers, etc . 7, 425 17.6 3,712 6 . 4 11, 237 11.1 20 . 2 
Clerical 3,796 9 . 0 4 , 981 8.5 8,777 8.8 15. 8 

Sales wor kers 5,235 12 . 5 2,734 4.7 7, 969 7.9 14.4 
_ Operatives 1,143 2 . 7 2, 000 3.4 3,143 3.1 5.7 

Private household 
workers 97 0 . 2 918 1.6 1, 015 1 .0 1.8 

Craftsmen, 
foremen 935 2.2 977 1. 7 1,912 1.9 3.5 

Service workers 1,01 5 2 . 4 3, 924 6 . 7 4 , 939 4 . 9 9 . 0 
Laborers 153 0 . 4 570 1.0 723 0.7 1. 3 
Housewives 1 3,586 32.3 31,607 54.2 45,193 45,0 X 

Tot al 42,166 100.0 58,340 100 . 0 100,506 100 . 0 100.0 

Source: See Table 8 . 4 . 

Proportion 
of Pooulation 

1 2.l 

X 

9 . 0 

20 .5 

7.9 

20 . 3 

1.4 

15.4 

8 . 8 

4 .6 

X 

100.0 



Table 8 . 6 

TAXI PASSENGER TRIPS BY OCCUPATION OF 
THE TRIPMAKER: PITTSBURGH, 1963 

Occupationa l Group Percent of 
Total Trins 

Housewives, Student s, Unempl oyed , Retired , 
or I ncapacitated 60 . 0 

Professi ona l, Technical, Kindred Workers 9, 0 
Managers , Officials, Proprietors 8,9 
Servi ce Workers 5. 0 
Sal es Workers 4 . 6 
Craftsmen, Foremen, Kindred Workers 3.0 
Private Household Workers 1 , 3 
Laborers , Farm Workers 1.2 
Operatives, Kindred Workers 0 . 2 
Other _..§.J! 

Total 100.0 

Source: s. Rosenbl oom, "Characteristics of Taxicab Supply 
and Demand in Select ed Metropolitan Areas, 11 (Santa 
Barbara, California: Genera l Research Corporation , 
October 1967), p. 25. Data were derived from t he 
Pittsbur gh Area Transportation Study , 1963. 

Table 8,7 

PERCENTAGE DISTRIBUTION OF TAXICAB PERSON-TRIPS 
IN TRI- STATE AREA, l969 , AND I N CHICAGO, 1956, BY 

OCCUPATIONAL GROUPS 

Tri -State Chicago 
Area Area 

Occupational GrQup 1959a 1956b 

Professional and Technical 26 . S 28 . 2 
Managers 21. 8 20.2 
Clerical 1 8. 7 15.8 
Sales 15 .4 14 .4 
Service s 7.1 9 .0 
Craft smen 5 .2 3 .5 
Operati ves 3.4 5.7 
Privat e Household 1.0 1.8 
Laborers 0 .0 1. 3 

Total 100 . 0 100 . 0 

a. Figures fran Tri-State Area Study . 
b. Excl udes housewives and farmers , see Table 8. 5. 
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I 

ridership in noncentral areas is very high and i t is likely that the 

fares of the service and househol d workers are often paid by employ

ers . The Tri -State Study shows that there is a much higher use of 

I taxicabs by high- inc-0me groups.l 
Table 8.7 presents an interesting comparison which excl udes 

I housewives from t he occupational groups . Note that t he distributions 

among occupations are similar for t he Tri-State and Chicago areas 

I despite the time and space differentials. As would be expected, the 

concentration is in the white- collar groups , particularly the profes-

1 s iona l and managerial occupations. 

c . Personal Characteristi cs 

I I n terms of the total area , the Chicago and Pitt sburgh area 

studies have very simil ar profil es (see Tabl e 8.8) . Taxicab rider

I ship is predcrninantly female (59 t o 61 percent) , but the Chicago 

data show that this is probably true only for the noncentral area 

I destina t ions which, it wil l be recal led, are predominantly home trips . 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Tabl e 8 .8 

PERSONAL CHARACTERISTI CS OF TAXI CAB RIDERS I N 
CHI CAGO, l956 , AND PITI'SBURGH, 1963 

Chicago Pittsburgh 
Characteristic 

Central Area Noncentral All Trips Destination Destination All Trips 

Sex 
Male 41.2% 52.5% 32.9% 39 .0% 

Female 58 .8 47.S 67 .1 6l.O 
Race 
--wFi':ite 90 .2 95 . 7 86 . l a. 

Nonwhite 9.8 4 . 3 l3. 9 a. 
Drivers 

Female 
Drivers 28.8 39.5 22 .4 24.8 
Nondrivers 71.2 60 . 5 76 .6 75.2 

Male 
Drivers 68 .1 80 .4 53 . 8 51.8 
Nondrivers 31.9 19 . 6 46.2 48.2 

a. Not available 
Source: See Table 8. 5 . 

l. Ibid., p . l. 
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In 1956 , onl y about 10 percent of the ridership in Chicago was 

black, but there was a considerable variati on between the central 

and noncentral areas. This i s consistent with the observation made 

earlier that a greater proporti on of household and service workers , 

a high proporti on of whom are probably nonwhite, r ide taxi cabs in 

the noncentral area . 

I n both Chicago and Pittsburgh , well over 70 per cent of t he fe 

male riders were nondrivers . Pittsburgh had a greater proportion of 

male nondrivers t han Chicago f or all trips , but t he destination 

pattern was comparabl e to Chicago 1 s noncentrai area . 

With respect to the age of taxicab riders, Beimborn reports that 

in Chica go 78.6 percent of all taxicab rides were taken by persons 

30 or older, although this group constituted only 51 .8 percent of 

the popul ation; the percentage difference is even more pronounced in 
1 the cent ral area . Similar results are repor ted in t he Tri-State 

study which shows that 68 percent of all taxicab t r ips are made by 

persons in the 25 to 64 age group, and this group consti tutes only 

47 percent of t he Tri- State area popul ation . 

To summarize, three studi es appear to give strikingl y similar 

results , even though there are significant t i me and space differen

tials. It is not surprising that taxicabs are r i dden mostly by 

housewives (family income probably well above average), and white

collar worker s , particularly in the prof essi onal and managerial 

categories. Most riders are white , of working age, and t heir rides 

are either t o hone or to work . On the other hand, significant per

centages fall outside these categories . Service and household 

workers often ride cabs to noncentral area destinations, and the 

Pittsburgh Area Transportati on Study indi cated substantial rider

ship (26 percent) by students and unemployed , retired , and i ncapaci

tated pers::ms. 

l . Be imborn , _£p . cit • , p . 9 3 . 
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I 
13. THE SUPPLY OF TAXICAB SERVICES 

A gross measure of the supply of taxicab services is the number 

l of taxicabs per l,000 population . These figures are presented in 

Tables 8 . 9 through 8.12 . Some words of explanat·ion are necessary 

I before the tables can be analyzed . 

.1 
Table 8. 9 

SELECTED SUMMARY MEASURES OF TAXI CAB SERVICES, 1970 
(Sample of 741 Canmunities) 

Stati1$tic First 
Quartile Median Third 

Quartile 

Licenses in community 

Populat ion served 
(thousands) 

Licenses per 1,000 
population 

14 

30 

.364 

Total nwnber Li cense s in Sample 
Total Population in Sample (000 ) 
Licenses per l, 000 populati on 

26 

47 

. 568 

77,064 
83,1 30a 

.927 

56 

88 

.900 

Range 

1 to 11,754 

2 to 7,867 

.03 to 11.13 

a . I ncl udes some overlapping of jurisdict ions , therefore, the mean 
licenses per l,000 is overstated . 

Source: See Appendix VIII Band Table 8.10. 

The I nternational Taxicab Association reports licensing and fare I information for 741 "jurisdictions" in the United States . These juris

dictions are communities or sets of conmunities in which individual 

I 
taxicab companies are franchised to operate under specified fare 

structures and operating regulations. The population figures in 

I 
Ta ble s 8.9 through 8 .12 r epresent estimates of the population served 

by t he t axicabs in the jurisdictions (cal led 11 communitie s 11 in the 

I 
tabl es). In most cases, these figures were obtained from the 1970 

census . 

census 

In a few cases where a jurisdiction overl a ps two or more 

areas , the population served in the jurisdiction was estima

the taxicab operators . For example, the populati on served in I ted by 
the Van Nuys jurisdiction includes several surrounding areas and I should not be construed as indicating the official census figure . 
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Table 8 .10 

DISTRIBUTION OF TAXI CAB LICENSES PER 1,000 POPULATI ON IN 1970 
( Sampl e of 741 Communi ties) 

Licenses per 1,000 Popula tion Number of Percent 
Communities of Total 

Under .2 72 9 . 72 
. 2 and under .4 1 50 20 . 24 
.4 and under .6 168 22.67 
.6 and under . 8 116 15.65 
.8 and under 1. 0 70 9 .45 

1.0 and under 1.2 61 8.23 
1.2 and under 1.4 24 3 . 24 
1.4 and under 1. 6 20 2 . 70 
1. 6 and under 1.8 10 1. 35 
1.8 and under 2. 0 14 1.89 
2 .0 and over 36 4 .86 

Total 741 100.00 
First Quartile (Ql) = . 3636 
Median = . 5682 
Third Quartile (Q3) = .9000 
Range = . 0300 - 11.1257 

Tabl e 8 .11 

CUMULATIVE DISTRIBUTION OF TAXICAB LICENSES 
PER 1,000 POPULATION, 1970 
( Sample of 741 Communit i es) 

Licenses per Number of Cumulat ive 
Percent of 1,000 Population Cc:mmunities 

Total 
Under .2 72 9. 72 
Under .4 222 29 . 96 
Under . 6 390 52.63 
Under . 8 506 68.;29 
Under 1.0 576 77 . 73 
Under 1.2 637 85 . 96 
Unerr 1.4 661 89 .20 
Under 1.6 681 91.90 
Under 1.8 691 93 .25 
Under 2 . 0 705 95 .14 
Under 12 .1 741 1 00 . 00 
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Table 8.12 

TAXICAB LI CENSES PER 1, 000 POPULATION ORDERED ACCORDING 
TO POPULATION OF JURISDICTION SERVED 

(1970 Population 500,000 or more) 

Population Licenses per 
City Served Licenses 1,000 

(Thousands) Population 

New York 7,867 11,754 1.4 9 

Chicago 3,366 4,600 1. 37 

Los Angeles 2,816 1,024 .37 

Philadelphia 1,948 1,750 .90 

Detroit 1,511 1,358 .90 

Houston 1,232 473 .38 

Baltimore 905 1,151 1.27 

Dallas 844 507 .60 
a Van Nuys 790 50 .06 

Washington 764 8 , 500 11.13 

Cleveland 750 560 .75 

Indianapolis 744 482 .65 

San Francisco 71 5 756 1.06 

Milwaukel;! 713 423 . 59 

San Diego 696 304 .44 

San Antonio 654 518 .79 

Boston 641 1,575 2.46 

Memphis 623 400 .64 

St. Louis 622 1,267 2.04 

New Orleans 593 l, 500 2. 53 

Phoenix 581 95 .l6 

Columbus 539 351 .65 

Seattle 530 315 . 59 

Jacksonville 528 270 . 51 

San Gabriel 525 52 .10 

Pittsburgh 520 550 1.05 

Denver 514 317 .62 

Kansas City 507 542 1.07 

Includes parts of surrounding communities. 
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In other words, the population figures should be regarded as the 

International Taxicab Associati on 's best estimates of popul ation 

served by corresponding number of t axicabs (l icenses) --not as offi 

cial estimat es of t he coromunity ' s popul ation . 

I 
I 
I 

As Table 8 .9 indicates, a very large number of small jurisdic- I 
tions are served by taxicabs . The median size of jurisdiction , in 

terms of population , is 47 , 000 , and 75 percent of the jurisdictions 

1 have populations of 88 , 000 or l ess (the third quartile) . The median , 

I 
number of l icenses per 1,000 population is . 568, or sl ightly over 

one taxi cab for e very 2, 000 persons . 

The mean number of licenses per 1,000 is . 927 . Th i s is consider-

extremely hi gh ratios in big cities as well as a sl ight degree of 
I ably larger than t he median and indicates the influence of some 

doubl e counting because of overlapping jurisdictions. 

The more detailed distributi ons appear in Tables 8 .10 and 8.11. i 
These tables show that t he main concentration is between . 2 and .8 I 
licenses per 1,000 population, but ther e are , i ndeed , a f ew communi - · 

t i es with very high ratios . Nearly 5 percent have two taxicabs or 

I 
I 
I 
I 

more per 1,000 populat i on, and about 23 percent have one or more. 

I n Table 8 .12, the ratios for jurisdict i ons wi t h popul ations of 

500 ,000 or more are presented . New York and Chicago have ratios 

well over 1.0, but Los Angeles is well below the median a t . 37. 

There are both high and l ow ratios within t his range of populati ons . 

Although larger cities tend to have higher- than-average ratios, 

a better explanation appears to be the geographical locati on and 

age of the cities . New ci ties in the West and Southwest a ppea r t o 

have low ratios. Ol der cities in the East and t hose with tourist 

attractions appear to have high ratios . However, there are enough 

except ions to t his to suggest that the actual expl anation of t he 
1 variation i s quite complex . 

1 . S. Rosenbloom ha s related licenses per 1,000 population to 
several indices of city economic activity a nd f ound rel atively lit 
tle correlation. See S . Rosenbloom op. cit . , Secti on III . Rosen
bloom argues that constraints on the number of li censes permitted 
has an i mportant bearing on t he ratios. 
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I Special note should be taken of the ltJashington ratio of 11.13 . 

This is one of a few cities that has virtually free entry into the 

I t axicab business . A very large number of the taxicabs are driven 

only a few hours per day by their owners, if at all. If all ratios 

were converted to "full- time equivalents," Washington 1 s figure would 

be mor e in line with the others . In fact, t his conversion would 

undoubtedly account for a great deal of the variation in the ratios . 

I 
I 
I 4 . 

TAXICAB OPERATI ONS 

a . Organizational Characteristics 

I Although several types of companies exist in the taxicab indus 

try, it is convenient to consider taxicabs in terms of the rel ation-

I ship between drivers and vehicles . I n this context , taxicabs are 

e i ther fleet or owner/operator cabs . Fleets hire drivers who are 

I 
I 

compensated by some form of incentive system, whereas owner/operators 

are private entrepreneurs who may have different incentives and 

motivations than the fleet drivers . 

A f l eet may exist in any of several or ganizational forms (partner-

ship, corporation, etc .). The essential element of a fleet is t hat I it consists of more than one passenger vehicle, rather than indivi 

dual cabs , and i s considered as the entity . Fleets typically provide 

I maintenance and repair facilities as well as dispatching service; 

however , t hese services are sometimes pr ovided by a separate enter-

I 
I 

pri se , an associat ion, or a management company . 

Some taxicab "companies" act as dispatching services only . This 

type of company negotiates with the l ocal government agency for the 

location of t axicab stands, advertises , and provides dispatching 

service for a fee . Individual owner/operators or f l eets may use the 

I service provided by this type of company . The owner/operator bene -

fi ts from group advertising and dispatching . The small fleet owner 

I limits his capital investment by buying a service that he may not 

be able to support as part of his own fleet . Because some canmuni-

1 ties limit taxicabs to radi o operation , the avail ability of this 
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dispatching service on a contract basis from t his type of company, 

or from a relatively large fleet, enables the taxicabs of private 

owner/operators to function effectively. 

I 
I 
I The association or management canpany is conposed of owner/ 

operators or fleets. These associations are organized for many I 
reasons. They enable the owner/operator to purchase insurance, fuel, 

oil, maintenance and other good s or services at lower prices than 1· 

they would be able to obtain as individuals. I n sane areas, associ- · . 

ations proyide dispatching service for their member owner/operators 

1 or fleets . One major function of associations is to represent the 

membership in negotiations with local government agencies . 

b . Nature of Regulation 

The regulation of the taxicab industry is primar ily a local 

government activity. The government activity or agency interacts 

with associations, fleets, and owner/operators i n regard to the 

taxicabs on the street. Fleets or owner/operators may negotiate 

directl y with the l ocal government , or they may conduct the negotia

tions through an association . The owner/operator who buys dispatch

ing service from a fleet usually negoti ates through the fleet . Mat

ters for negotiation typically include (1) rate of fare, (2) number 

of taxicabs, (3) i nsurance requirements, (4) licensing of drivers , 
and (5) mode of operation. 

The rate of fare is a particularly critical item f or taxicab 

operators. Revenue must exceed expenses i f t he company is to stay 

in business. The rate of fare is generally expressed in terms of 

" f lag drop" and a certain number of dollars for each additional mile 

or fraction thereof. For example, the fa re may be expressed as 50 

cents for the first fifth of a mile (flag drop) plus 10 cents f or 

I 
I 
I 
I 
I 

each addi tional fifth of a mile . Becau se of heavy traffic congestion I. 
in many urban areas, most taxi meters i n these areas now include a 

"live clock". The l ive cl ock aut omatically records the time the 

driver is delayed (not moving) because of traffic or other factors 

and adds t he cost of this waiting to the cost derived fron the 
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I 
I distance factor. Typically, wait ing- time rates range from $ 3. 00 

to $6 .00 per hour, computed in increments of 1 .0, 1 . 5, or 2 .0 min-

utes. This waiting- time or traffic-delay factor may add 20 percent I or more to the basic fare in dense urban areas such as New York City 

or Chicago. I n effect, the traffic delay factor i•s a form of dif -

1 fe rential fare, with the actual fare being greater i n heavy traffic . 

Another significant fare factor concerns trips outside franchised I or normal operation areas. These fares are nonnally assessed at a 

flat rate to specific destina tions or a specified rate per mile , 

I with the fare refl~cting the fact t hat t hese are typically one- way 

trips (no rev~nue on return portion). 

I 
Most communities limit the number of taxicabs that are a llowed 

to operate in a given area. The basis for this limitation is gener-

- all y a 11 Publ ic Convenience and Necessity Cl ause" which, typica l ly, I is stated as follows: 

I 
Licenses shall be issued for public convenience 
and necessity and the safety of existing vehicul ar 
and pedestrian traffic requiring such limitations . 
Public hearing shall be hel d to detennine if addi -
tional licenses should be granted to meet the I demand for service . l 

· A few cities, e.g., New York, have specific l imits on the number of I licenses , and a few, e.g ., Washington , D.C., have unlimited licenses. 

Most jurisdictions, however, issue licenses on the basis of conven-

I 
ience and necessity. 

Another item of concern to local governments i s personal injury 

·1 and property damage insurance for the taxicab companies . Although 

the minimum insurance requirements vary from community to canrnunity , 

typi cal coverage amounts to $100 ,000/$300,000 bodil y i njury plus I $10,000 property damage . The taxicab company may purchase t he re 

quired coverage from an insurance company or they may deposit 

I securities as a guarantee of self-insurance . I n most areas, t he 

insurance rate is based on prior experience, or there is a flat rate I plus a variable amount which is dependent upon cl aims during the 

I 
I 

l. Statement provided by the I nternational Taxicab Association . 
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coverage period. Normally, the individual owner/operator pays a 

somewhat higher fee for comparable insurance coverage than a fleet, 

because the insurance canpany is unable to spread the risk over a 
large number of vehicles . 

Local goverrunents also license taxicab drivers, usually for the 

purpose of screening those with criminal records or poor driving 

records. Although temporary licenses are frequently issued within 

a few days of application, permanent licenses are typically withheld 

until a fingerprint check has been made and the driving record in
vestigated . 

Local governments are also concerned with the mode of operation 

of taxicabs. In a dense urban area such as New York City or Chicago, 

taxicabs may "cruisen the streets seeking passengers at random . 

With experience, a cab driver learns where he is most likely to find 

passengers at different times of the day. In the suburban areas, 

however, customers are widely distributed and cruising is not as 

productive. Moreover, residents of suburban areas do not want taxi

cabs cruising the residential ne ighborhoods . For these and other 

reasons, taxicabs in suburban areas normally are notified by radio 
of specific telephone requests. 

For the cruise mode, the primary path is from the garage to 

cruise . The crui se mode continues until the cab finds a passenger 

for a revenue trip . At the end of t he trip the cab immediately 

returns to the cruise mode in search of another passenger. At the 

end of the work day the driver switches to the off mode, cruises to 

the garage or, if necessary, into service and t hen to the garage . 

At any point the driver has the option of going into the "off" mode. 

This often makes it difficult for dispatchers to l ocate drivers and 
, 

vehicles and is one of the main problems in maintaining a high l evel 
of productivity .1 

I n t he radio mode , the driver usually cruises from the garage to 

a taxi stand where he waits for a radio call. When a telephone 

1. Much research has been conducted to develop automatic vehicle 
location devices that will alleviate this problem . 
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I 
I request for a taxi comes in to the dispatcher, the nearest stand is 

identified and a radio call is put out for the first cab at the 

I 
stand. The first cab responds , is given the l ocation of the pick

up, and cruises to meet the customer. If there are no cabs at the 

stand nearest the customer, a radio call is put out to the next near

I est stand . After the revenue trip, the cab cruises to a stand to 

await another radio cal l. As in the case of the cruise mode, the 

I driver may go to the "off!' mode at any time. 

Although many suburban areas prohibit cruising, drivers in sub

I urban areas are usually more productive if t hey use the taxi stand 

and the radio. Taxi stands on public property are typically provided 

I. by the local government at no cost to the taxi company and may be 

used by all cabs licensed to operate in the area. Exclusive use of 

I 
stands at locations such as airports or train stations typically 

includes some form of compensation to the government for the exclusive 

license . 

I c . Operating Statistics 

I 
Turning now to the detailed operating aspects of the taxicab 

business, sample data on taxicab operations provided by the I nt~r-

1 
national Taxicab Association shows reasonably consistent results, 

regardless of the size of the operation or of the sample. A sample 

of 194 communities or "jurisdictions" in 1969 indicates that taxi

' cabs carry about l .6 passengers per trip for an average trip length 

of 4.5 miles (see Tabl e 8.1 3).1 Typically, they carry about 14,000 

I passengers per year and drive their cabs 40 , 000 miles for an average 

of .35 passengers per total vehicle-mile. 2 

I ___ _ 
I 

1 . Trip mileage includes a l l mileage associated with the pickup 
and delivery of the passenger to his destination . This includes so
called "dead-head" mileage from the cab stand to the pickup point and 
from the destination to the nearest stand. 

The fact that the arithmetic means and medians of the ratios I 2. 
are very close, even though there is high positive skewness in the 
original distributions , suggests relative uniformity of operations, I regardless of locality. 
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I 
Smaller samples of about 25 fleet operations give similar resul~s 1 

but they tend to be more indicative of the larger fleet operations. 1 

Item 18 in Table 8 .14 shows that there were from 1.3 to 1 .4 passen- I 
gers per trip and that trip lengths ranged from 5 .62 to 6 .10 mil es 

per trip (item 12). ~ miles per trip average about 50 percent of I 
total miles per trip, or from $2 . 90 to $3 . 20. 

The figures in Table 8 .14 present a rather extensive profile of 

t he nature of taxicab operations. In 1970, cab receipts ran about 

$ . 31 per mile and $.65 per paid mile . Each trip generated about 

$2 .00 of revenue, and each shift $37 . 00 (averaging nine hours per 

driver) . Operators paid about 44 percent of the revenue to drivers 

in the fonn of canrnissions. Of a total revenue of about $4.10 per 

man- hour, about $1 .85 per man hour was paid out in the form of com -
missions . 

drivers. 
Thi s usually did not include fringe benefits paid to 

Cabs were driven about 115 miles per day or about 12 miles per 

man-hour. The former figure represents about 42,000 mil es per 365-

day year, which is consistent with the figures presented in Table 
8 .13 . 

I 
I 
I 
I 
I 

An interesti ng figure is item 17, the percentage of trips origi

nating from phone orders . These averaged about 86 percent , an indica- 1 

. tion that relativel y little revenue is generated from "cruising . 11 

I 

I t is also interesting that the values for all items shown f l uctuate I 
within narrow margins during the year, i.e . , they show little seasonal 
variation . 

Table 8 .15 shows t rends in receipts and miles traveled per trip 

for the same sample of companies . From 1965 to 1970, receipts per 

trip increased 63.4 percent, but receipts per mile travel ed increas

ed only 37 . 5 percent, because the number of miles traveled per trip 
increased substantial ly (19 . 7 percent) . 

1. The sample has broad geographic coverage ; see Appendix VIIID . 
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Table 8.13 

SELECTED ANNUAL STATI STICS ON TAXICAB OPERATIONS IN 194 COMMUNI TI ES, 1969 
(Based on Annual Data) 

Per Fl eet Arithme- First Median Third Range tic Mean Quartile Quartil e 

Si ze of Operation 

Number of Licenses 211 10 20 57 l to ll, 779 
Annual Passengers Carried 2,9 56 155 322 880 3 to 200,000 

(000) 

Total Miles Traveled (000) 8,501 433 893 2 , 500 9 to 700,000 

Total Trips (ODO ) l, B71 100 219 550 l to 180,000 

Operati ng Char acteristi cs 

Passengers per mile traveled . 348 .267 .35 5 . 429 .103 to 1.499 

Passengers per trip 1. 580 1. 260 1 . 500 l. 766 .667 to 6.227 

Passengers pe r license 14 . 0 9 . 5 13 . 7 16 . 9 2.2 to 66.7 
(1,000 per year) 

Miles traveled per license 40 . 2 33 . 3 40 .1 50 . 0 6 .0 to 106 . 2 
(1,000 per year) 

Miles traveled per tri p 4 . 543 3 .620 4.670 5.767 1. 3 to 13.7 

Source: I nternationa l Taxicab Association. 
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Table 8 . l4 

MEDIANS OF SELECTED RATIOS DESCRIBING TAXICAE OPERATIONS , BY MONTH, l970 

Item ii Range During 
Ratio Jan. Feb. Mar. /\or. Mav June J uly Aucr. Seo. Oct. Nov. Dec. Year 

Cab Receipts($) 
02 per mile .31 . 31 .32 .31 . 32 .31 . 30 .31 .31 . 32 . 32 .31 . 30- . 32 03 per pai d mile . 66 . 66 .65 .65 . 66 . 65 . 66 • 65 . 64 . 64 · . 64 . 64 . 64- .66 04 per man hour- total 4.13 4 . 12 4.24 4.34 4 .39 4 . 13 4 . 13 4 . 18 4 . 24 4.17 4 . 29 3 . 89 3 .89- 4.39 05 driver commission 1. 78 1.83 1.88 1. 90 2 .05 1.93 1. 79 1. 75 1.91 l. 88 1.88 1.81 1. 75- 2 . 05 percem: of total 43 .10 44.42 44 . 34 43 . 70 46 . 70 46 . 73 43 . 34 41.87 45.05 45 .08 43.82 46. 53 41.87- 46. 73 06 per trip 1.97 l. 90 1.86 1.98 l. 95 1. 95 l. 95 1.94 2 . 04 2 . 06 2 . 06 1.99 1.86- 2 . 06 07 per shift 37. 16 37.65 36 . 98 37 . 04 38 . 71 38.18 39.29 37 . 81 38.84 36 . 06 36. 65 35.75 35 . 75- 39.29 

Cab Mileage 
10 per cab owned per day 120 . 00 112. 00 129 . 50 118. 00 112 . DO 109. 20 106.70 101.70 106. 00 106 . 70 112 . 00 108 . 6D 1D1. 70- 129 . 50 
11 per man hour 11. 70 11.80 12 . 30 12. 05 12.10 12.10 12 . 05 12 .30 12 . 20 12. 30 12 . 10 12 .1.0 11. 70- 12 . 30 
12 per trip- total 5.90 5 . 70 5 . 62 5.90 5 . 70 5 . 90 5. 85 S .90 5 . 90 5 . 80 6 . 00 6. 10 5 . 62- 6.10 13 paid miles 2 . 90 2 . 90 3 .00 2 . 95 3.00 3.00 2 . 95 3 . 00 3.00 3 .00 3 .00 3. 20 2 .90- 3. 20 14 percent of t otal 52. 00 so .as 51.00 52 . 00 51. 00 50.00 49 .45 49. 00 50.60 51. 50 50. 00 46. 70 46.70- 52 . 00 
15 per gallon of gas 10. 35 10. 30 10. 60 10 . 60 11.20 11.50 11.45 11.35 11. 20 11. 15 10. 70 10. 60 10. 30- 11. 50 

Trips 
16 per man hour 2.10 2 . 20 2 . 20 2. 15 2 . 20 2 . 20 
17 percent from phone 

2 . 15 2 . 25 2 . 10 2 . 10 2.10 2 . 15 2 . 10- 2 . 25 

orders 87 . 50 83 . 10 82 .00 82.50 84 .00 84 . 00 88.15 88 . 00 82 . 90 87.00 83.20 90 . 00 82 . 00- 90 . 00 
18 passengers per trip 1.35 1.35 1. 35 1. 40 1. 35 1.40 1.30 l. 30 1.30 1.30 1. 35 1. 40 1.30- 1.40 

Other 
08 hours per shift 9 . 00 9. 00 9 . 00 8 . 75 9 . 00 9. 00 
09 phone orders per . 

9 . 00 9 . 00 8 . 80 8 . 75 8.50 8 . 50 8.50- 9.00 

shift 15 . 20 15. 00 15 . 55 15.15 16 . 50 15.95 16 . 45 16 . 30 15.60 15. 40 14. 85 15 . 10 14. 85- 16 . 50 

Source : I nter national Taxi cab Association, Cab Research Repor t : Monthli Digest of Cab Qperat ions. See Appendix VIII D f or 
companies in the sample . 
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I 
Operating Costs 

A recent survey of 50 fleet operators in New York City, involving 

5,426 cabs, provides a breakdown of taxicab operating costs in that 

area (see Table 8.16). In 1970, total expenses, incl uding deprecia-

1 tion and interest, exceeded revenues by 4 . $ percent. Total operating 
1 expenses were 94.2 percent of revenues. Driver cost represented I 59 . 5 percent of totaY revenue, 56.9 percent of total expenses, and 

63.1 percent of total operating expenses. I Sane cost information on a per-mi le basis is also availabl e fran 

ITA for a sample of 27 fleets outside New York City (see Table 8.17). 

I 
Unfort unately, all of the categories were not reported, but it is 

possibl e to make some comparisons with the New York data. First, 

total expenses as a percent of total revenue averaged 88.9 percent, a 

I considerably better profit picture than for New York. Depreciation 

charges as a percent of revenue at 5.2 percent were slightly less I than the 6,2 percent for the 27 compani es, but there was a considerable 

difference in driver costs. These are 49 .1 and 59 . 5 percent 

I 
I 

for the sample of 27 ccrnpanies and New York companies, respectively. 

I n fact, if the New York cab companies had the same percentage for 

driver costs, their total expenses would be well below revenues. All 

of the ·other cost items are of about the same magnitude, but slightly 

I 
higher for New York . 

A rough check on the credibil ity of t he taxicab per-mil e costs 

I 
I 
I 

can be made by comparing them with similar pri vate automobil e costs 

published by the Bureau of Public Roads (see Table 8.18) . The auto-

mobil e costs are based upon the assumption that the owner will operate 

his car 100,000 mil es over a 10-year period. As Tabl e 8.18 shows, 

taxicab depreciation costs per mile are lower (because taxis are 

driven farther), but maintenance costs are higher. Generally, cab 

ccrnpanies have maintenance facilities and try to drive their taxiI cabs at least 200,000 miles before replacing them . 

I 
1. This compares with 94.4 percent for bus transit in 1969. 

Section III, Table 3 .5 . 
See 

I 
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Year 

1965 

1966 

1967 

1 968 

1969 

Table 8 .15 

AVERAGE (ARITHMETIC MEAN) 
RECEIPTS PER MILE TRAVELED, RECEIPTS PER TRIP, AND 

MILES TRAVELED PER TRIP FOR A SAMPLE OF TAXICAB COMPANIES 
1965 to 1970 

Recei pts 
Number of per Mile Mil es 
Companies Traveled Receipts Traveled 
Reporting (Dollars) per Trio per Trip 

14 • 24 1. 34 S.59 

16 .25 1.53 6 . 02 

16 . 27 1.53 5 .• 75 

21 . 31 1.92 6.19 

21 .33 2.10 6 .50 

1970'~ 21 .33 2.19 6 . 69 

INDEXES 1965 = 100 

1965 100.0 100 . 0 100.0 

1 966 104.2 114.2 107.7 

1967 112.5 114.2 102 .9 

1968 1 29.2 143.3 ll0.7 

1969 137.S 156. 7 116.3 

1970 137.5 163.4 119. 7 

Source: International Taxicab Association. See Appendix VIIID 
for the list of companies in the sample. 
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Table 8 .16 

FARE REVENUES AND COST AGGREGATES FOR 50 TAXICAB FLEETS (5,426 CABS) 
I N NEW YORK CITY, YEAR ENDI NG JUNE 30, 1970 

Percent of Percent of 
Revenue or Cost Classification I Dollar Amount I Gross Fare Total 

Revenue Expenses 

Gross Fare Revenue 132,619,182 100 .0 

Total Expenses 138,572,162 104 .5 100 . 0 
Depreciation 8 , 598,836 6 . 5 6 . 2 
Interest 4,992,000 3 .8 3 . 6 

Total Operati ng Expenses 124,981,326 94 .2 90 . 2 
Driver Cost 78,884,077 59.5 56 .9 
Vehicle Operation 11,600,814 8 . 7 8 .4 
Ma·intenance 8,607 ,143 6.5 6 . 2 
Garage 4 ,401,485 3.3 3 . 2 
Public Liability 9,919,353 7.5 7.2 

(insurance )a 
General and Administrative I 11, 568,454 I 8 . 7 I 8 .3 I 

a. Most companies are self-insured . 

Percent of 
Total 

Operating 
Expenses 

100 .0 
63 .1 

9 . 3 
6 . 9 
3 . 5 
7 .9 

9 . 3 

Note: The 5
3
426 taxicabs represent about 80 percent of the fleet cabs in New Yor k City. 

Source: Price Waterhouse and Co . Financial Survey of New York City Taxicab Industry, 
October 1970. 



Table 8 .17 

SELECTED COST I TE~S FOR 27 TAXICAB FLEET OPCRATIONS , 1970 

Revenue or Cost Median Percent of Percent of 
Classifica t i on Value per Total Total 

Mile Recei pts Expenses 

Cab Recei;::its . 3172 100 .0 
Total Expenses . 2821 88 . 9 100 .0 

Depreciation . 0166 S. 2 5 .9 
Interest a a a 

Total Operating Expenses a a 0. 
Driver cost .1556 49 . l 55 . 2 
Vehicl e Operation .02sob 7 . 9b 8 . 8b 

Tires . 0029 0 .9 1.0 
Ga soline . 0221 7 .0 7. 8 

Maintenance . 0197b 6 . 2b I. ob 
Labor . OJ l? 3 . 5 L .o 
Parts . 0085 2 . 7 3 . 0 

Garage a a a 
Public Liability 

(insurance)b 
. 0160 5 . 0 5 . 7 

General and Administrative a a a 
a . Not available . 
b . Asswned to be swn of two subitems . 
Note : The sampl.e comprises 27 individual compani es covering a wide 

geographical distri bution (see Appendix XIII D) . New York com
panies are not included . 

Source : I nternaLional Taxicab Associatio~ , Cab Research Report : 
Composite Re port on Operating Coses . 

Table 8 .18 

SELECTED PRIVATE AUTOMOBI LE AND TAXICAB 
PER-MILE OPERATING COSTS, 1970 
(Fig ures are in cents per mile) 

Cost Item Private 
l\utomobilc Taxi cab 

Deprecia t i on 
Repairs , maintenance, 

and accessories 
Re;::ilaccmcnt tires 
Gasol~ne and oil 
Insurance 
a . Excl.udes taxes . 

3 .19 
l. 55 

_39a 
2 .69 
1 . 72 

1. 67 
1.97 

. 29 
2. 21 
1.60 

I 

I 
I 

Source of Automobile Da La : E .M. Cope and C. L. Gauthier , "Cost of Oper
a ting an Automobile , 11 Bureau of Public Roads : Februar y 1970 . 
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I Repl acement tires, gasoline , and oil costs are slightly lower for 

taxicabs , since cab companies can obtain discounts through volume I buying . The lower insurance cost for taxicabs , however , is rather 

surprising . One explanation may be Lhat most companies in the sample 

I self- insure , and thus realize some economies . 

I n any case , the taxicab per-mile costs appear to be reasonably 

I in line with private automobile costs obtained from the independent 

analysis of t he Bureau of Public Roads . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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APPENDIX VIIIA 

DETERMINATI ON OF VALUES FOR TABLES 1 AND 2 

I VALUES FOR TABLE 8 .1 

Table BA . l presents the model used i n estimating the values for I t he taxicab industry which are presented in Table 8 .1. With the 

exception of the number of taxicabs, the parameter estimates (items 

12, 4, 6, and 8 ) are obtained from the sampl e information pro.vided 

by t he International Taxicab Association ( ITA) and presented in the 

I 
specif ied tables in the paper. 

The number of taxicabs used in the table represents what appears 

to be a reasonabl e esti mate based upon a number of sources and 

l methods of calculation. In early 1970, t he International Taxicab 

Industry reported that there were 152,400 taxicabs operating in I f leets or associat ions in the United States. This information was 

based upon figures reported by the Association's membership, Ex

l trapolation of figures from another source (see Table BA . 2) shows 

about 175, 000 taxicabs in fleet s , Finally, Table 8 . 9 in the paper 

I shows t hat t he mean number of l icenses per 1,000 population is .927. 

Because t here is a small degree of double counting of juri sdicti ons , 

assume this figure is about . 9 . I n 1970 there were about 193 million 

l people living in nonfarm areas t ha t are served by taxicabs,1 The 

appl icat ion of . 9 per 1, 000 to this f i gure yields an estimate of 

1 173,700 taxicabs . It appears that the ITA estimate is somewhat low, 

and the number chosen for the calculations in Table BA .l (170,000) 

1 seems rea sonable . 

I 1. The Bureau of Census reports a 1970 total of 203 million 
persons in the United States , 9 .7 million of whom are on· farms . 
Bureau of Census series , P-23, No . 42 . 

I 
I 
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Tabl e 8A .l 

CAI.Ct.n.,ATI ON OF VALUES FOR TABLE 8 .1 

Item 

1 . Estimated number of taxicabs i n the U.S . , 
1970 

2 , Vehicle miles traveled per cab per year 
(see Tabl e 8 . 13) 

3 . Estimated total cab mil es traveled in 1970 
(millions ) 

4. Paid mile factor (see Table 8 .14) 

s. Estimated total revenue-miles travel ed 
(millions ) 

6 , Revenue per paid mile in 1970 (see Tabl e 8 .14) 

7. Estimated total revenue (millions) 

8. Passengers per mile ( see Tabl e 8 ,13) 

9 , Total passengers (mil l i ons), I tem 8 x Item 3 

Table 8A . 2 

TAXI CABS IN FLEETS , 1966 TO 1970 

Number of 
Taxicabs 

Year (thousands) 

1966 142 

1967 146 
1968 153 
1969 169 
1970 175a 

a. Estimated from trend l ine . 
Source: Automobile Manufacturers 

Association, Automobile 
Facts and Fi~ures (1967, 
1968 , 1969 , and 1970 
issues) . 
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Value 

170,000 I 
40 2200 I 

6,834 

I x . so 

3 , 417 I 
x , 65 

2 , 221 I 
. 348 

2 , 378 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I Employment Estimates (Table 8 .2) 

I Table BA . 3 presents estimates of urban tra~sit employment from 

two sources , the Bureau of Labor Statistics (BLS) and the American 

Transit Association (ATA) . The former is the only known official I source of figures on taxicab employment . Note that for the BLS , 

total urban transit employment is computed by ded~cting Intercity I and Rural Highway transit employment from total local and interurban 
passenger transit employment. Then, taxicab employment is sub-

I tracted to obtain nontaxicab empl oyment . Except for a small number 
representing nonlocal transit employees mi xed in with charter ser-

I vice employees and termina l and service facility empl oyees , t his 

nontaxicab employment figure should be comparable to the ATA figures. 

I However , the ATA figures do not include school bus employees , and 

compar e conceptually with SIC 411, Local and Suburban Transit. 

I n fact, the BLS figures severely underestimate employment in I l ocal and suburban transit . A reasonably accurate "rule of thumb" 

I 
i s t hat there are about 1 .75 bus transit employees for every bus 

in the United States . Si nce there are about 50 , 000 active buses , 

this means that there are about 87 , 500 employees i n bus operations I alone , exclus ive of school bus opera tions . For these reasons , the 

ATA figures have been used in Table 8 , 2 . We s uspect that the number 

I of taxicab employees i s also understated, but i t is used here for 
lack of an a l ternative , 

I 
I 
I 
I 
I 
I 
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Tabl e 8A. 3 

EMPLOYMENT IN URBAN TRANSI T, l960 TO l970 
(Annual aver ages of mont hly empl oyment on a gi ven day i n mi d-month) 

Item 1970 1969 1968 ].967 1966 1965 1964 1963 1962 1961 1960 

Total Local and Interurban 
Passenger Transit (SIC 41 ) 284 .5 282 . 3 281 . 5 279. 4 270 . 5 268 . 8 266 . 9 269.2 270 . 7 276 . 9 2B4 . 4 

Less: Intercity and Rural 
High•..iay Transit (SIC 4)3) 43.2 43 .1 43. 2 43. 8 41.9 41.8 42.1 40 .8 41. 3 40 .9 40.5 

Equals : Total Ur ban Transita 241 . 3 239 . 2 238. 3 235 . 6 228.6 227 .0 224 . B 228.4 229 . 4 236 .0 234 . 9 

Less : Taxicab operat lons 
(SIC 412) 111 .3 111.3 111 . 2 111 . 3 109 . 2 109 . 5 109.5 111.9 112 . 5 114 . 3 120 .7 

Equals : Nontaxicab Ur ban 
Transit 130 .0 127 .9 127 .1 124 . 3 119 .4 117 . 5 115 . 3 116 .5 116 . 9 121. 7 123 . 2 

Local and Suburban 
Transit (SIC 411 ) 76 .4 73 . 6 77 .1 78 . 4 77 . 7 78 .1 79 . 3 83.8 86 . 6 93 . 3 95 . 5 

School Buses (SIC 415)b c . 46 . 4 41.B 38 . 4 35 .6 31.3 28 . 3 c. c . c . c . 

Char ter Service 
(S IC 414)b 

Terminal and Service b c. 7 . 1 7 . 2 6 . 7 6 .0 6 . 0 6 .1 5.3 c . c . C • 

Facilities (SIC 417) 

Total of SIC 411, 415, 
414, 417 c . 127 .1 126 .1 123. 5 119.3 115 . 5 112 . 9 - - - -

Statistical dis-
crepancy c. 0 .8 1 . 0 0.8 0.1 2. 0 2.4 

American Transit Association 
Estimates of nontaxicab 
urban transit 138 . 0 140 .9 143 . 6 146.1 144 . 3 145. 0 144 . 8 147 . 2 149 . 1 151. 8 156 . 4 

a• Includes some nonlocal act ivities in SIC 414 and 417 . 

b . As of March of the given year . 

c . Not available . 

Source : U. S . Bureau of Labor Statist ics , Em21ovment and Earnings , United States, 
~ (Bulletin 1312- 7) • - - - - - - - - - - - - - - -
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I 
I 
I APPENDIX VIIIB 

I The tables in this Appendix comprise distributions of the basic 

data used in determining the values in Tables 8 .9, 8.10, and 8 .11 in 

thi s paper. The reader is reminded that the term "community" is synon-1 ymous with the jurisdiction in which the taxicab licenses are issued 

and where fares and operations are regulated. The population fig

I ure s are estimates of the population served by the licensees in the 

j ur i sdiction and correspond to 1970 census figures, except where I jurisdictions overlap. Where juri sdictions do overlap , the population-

served figures were provided by the operators. The degree of overlap 

I is believed to be very small. 

The International Taxicab Association is the source of all data in 

1 
this Appendix. 

I 
I 
I 
I 
I 
I 
I 
I 
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Table 8B.l 

DISTRIBUTION OF TAXICAB LICENSES ISSUED, 1970 
(Sampl e of 741 Communities) 

Number of Percent 
Number of Licenses Communities of Tot al 

Under 10 115 15. 52 

10 and under 20 160 21.59 

20 and under 30 1 32 17 . 81 

30 anGl under 40 68 9 .18 

40 and under so 51 6.88 

50 and under 60 39 5.26 

60 and under 70 27 3.64 

70 and under 80 17 2 . 29 

80 and under 90 13 1.75 

90 and under 100 11 1.48 

100 and under 200 45 6 . 07 

200 and under 300 30 4.05 

300 and under 400 6 . 81 

400 and under 500 4 ,54 

500 and under 1,000 12 1.62 

1,000 and under 10,000 10 1.35 

10,000 and over l .13 -
Total 741 100.00 

First Quartile (Ql ) = 14 

Median = 26 

Third Quartile (Q3) = 56 

Range == 1 to 11,754 

Source: International Taxicab Association 
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Tabl e 8B. 2 

CUMULATIVE DI STRIBUTION OF TAXICAB LICENSES I SSUED , 1970 
( Sample of 741 Communiti es) 

cumulative 
Number of Percent of 

Number of Li censes Communities Total 

Under 10 115 1 5. 52 

Under 20 275 37.11 

Under 30 407 54 . 93 

Under 40 475 64 .10 

Under so 526 70 . 99 

Under 60 56 5 76 . 25 

Under 70 592 79 .89 

Under 80 609 82 .19 

Under 90 622 83 . 94 

Under 100 633 85 .43 

Under 200 678 91 . 50 

Under 300 708 95 . 55 

Under 400 714 96 . 36 

Under 500 71 8 96 , 90 

Under 1, 000 730 98 ,52 

Under 10, 000 740 99 , 87 

Under 11, 755 741 lOO .00 
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Table 8B.3 

DISTRIBUTION OF POPULATION SERVED BY TAXICAB FLEETS, 1970 
(Sample of 741 Communities) 

Population Number of Percent 
{Thousands) Communities of Total 

Under 10 30 4 . 05 
10 and under 20 48 6.48 
20 and under 30 103 13.90 
30 and under 40 134 18.08 
40 and under 50 59 7.96 
50 and under 60 72 9.72 
60 and under 70 48 6 . 48 
70 and under 80 35 4 . 72 
80 and under 90 32 4. 32 
90 and under 100 23 3.10 

100 and under 200 89 12.01 
200 and under 300 17 2.29 
300 and under 400 16 2.16 
400 and under 500 7 . 94 
500 and under 1,000 22 2. 97 

1,000 and over 6 .81 

Total 741 100.00 

Firs t Quartile (Ql) = 30 

Median = 47 
Third Quartile (Q2) = 88 

Range = 2 to 7,867 
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I 
I Table 8B . 4 

I 
CUMULATIVE DISTRIBUTION POPULATION SERVED BY TAXICAB FLEETS, 1970 

(Sample of 741 Communit ies) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Population 
(Thousands) 

Under 1 0 

Under 20 

Under 30 

Under 40 

Under 50 

Under 60 

Under 70 

Under 80 

Under 90 

Under 100 

Under 200 

Under 300 

Under 400 

Under 500 

Under 1,000 

Under 7,868 

8- 41 

Cumul ative 
Number of Percent of 

Communities Total 

30 4.05 

78 10.53 

181 24.43 

315 42. 51 

374 50 . 47 

446 60 .19 

494 66 . 67 

529 71.39 

561 75.71 

584 78 . 81 

673 90 . 82 

690 93.1 2 

706 95 . 28 

713 96.22 

735 99 .19 

741 100 . 00 
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APPENDIX VIIIC 

This Appendi x presents the basic data underl ying t he summary 

I 
I 
I 
I 

statistics presented in Table 8 .13 of the text. The International 

I Taxicab Association is the source of all data . 

The term 11 comnun1ty11 is synonymous with the 11 j ur1sd1ct1on11 _which 

I issues t he l icenses and regul ates t he taxicab fares and opera tions . 

I 
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Table 8C. l 

DISTRIBUTION OF TAXICAB LICENSES ISSUED, 1969 
(Sample of 194 Communities) 

Numbe r of Licenses Number of 
Communities 

Under 10 39 

and under 20 45 

a nd under 30 30 
and under 40 1 8 
a nd under 50 7 
and under 60 7 
and under 70 2 

and under 80 4 

and under 90 2 

and under 100 0 
and under 200 14 
a nd under 300 9 
a nd under 400 5 
a nd under 500 3 
and under 1,000 3 
and unde r 10,000 5 

a nd ove r 1 --

Percent 
of Total 

20.10 

23.20 

1 5 .46 

9.28 

3.61 

3.61 

l.03 

2 .06 

l. 03 

0 . 00 

7.22 

4 .64 

2. 58 

1. 55 

1. 55 

2.58 

. 52 
Tot al 194 100 .00 

First Quartile (Ql) = 10 
Median = 20 

Third Quar tile ( Q3) ;;; 57 

Range = l to 11,779 
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Tabl e 8C. 2 

CUMULATI VE DI STRIBUTION OF TAXICAB LICENSES , I SSUED 1969 
( Sample of 194 Communiti es) 

Number of Cumulative 
Numbe r of Licenses Communities 

Percent of 
Tot al 

Under 10 39 20.10 

Under 20 84 43 . 30 

Under 30 114 58 .76 

Unde r 40 132 68 . 04 

Under 50 139 71.65 

Under 60 146 75 . 26 

Under 70 148 76 . 29 

Under 80 1 52 78.35 

Under 90 1 54 79 . 38 

Under 100 1 54 79 .38 

Under 200 168 86 .60 

Unde r 300 177 91 . 24 

Unde r 400 182 93 . 81 

Under 500 185 95 . 36 

Under 1 ,000 188 96 . 91 

Under 10 , 000 193 99 .48 

Under l l , 780 194 100.00 
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Tabl e 8C. 3 

DISTRIBUTION OF ANNUAL TAXICAB PASSENGERS PER CCNMUNITY, 1969 
(Sample of 1 94 Communities) 

Annual Taxicab Number of Percent 
Passengers_(Thousands) Communities of Total 

Under 100 31 15.98 

100 and under 200 29 14.95 

200 and under 300 26 1 3 . 40 

300 and under 400 23 11.86 
400 and under 500 10 5.15 
500 and under 600 11 5.67 
600 and under 700 5 2. 58 

700 and under 800 6 3.09 
800 and under 900 5 2.58 

900 and under l, 000 4 2. 06 
1 ,000 and under 2,000 14 7 .22 

2,000 and under 3,000 13 6. 7•0 
3,000 -and under 4,000 4 2.06 
4,000 and under 5 ,000 3 1. 55 
5,000 and under 10,000 4 2 . 06 

10,000 and under 50,000 s 2 . 58 

50,000 and over 1 .52 --
Total 194 100.00 

First Quartile (Ql) = 155 

Medi an = 322 

Third Quartile (Q3) = 880 

Range = 3 to 300,000 
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Table BC .4 

CUMULATIVE DISTRIBUTI ON OF ANNUAL TAXICAB PASSENGERS 
PER COMMUNI TY, 1969 

(Sample of 194 Communities) 

Passengers Carri ed Number of 
Cumulative 
Percent of 

(Thousands) Communities Total 

Under 100 31 15 . 98 

Under 200 60 30 .93 

Under 300 86 44 .33 

Under 400 109 56.19 

Under 500 119 61 . 34 

Under 500 1 30 67 .01 

Under 700 1 35 69 . 59 

Under 800 141 72 . 68 

Under 900 146 75 .26 

Under 1 , 000 1 50 77 . 32 

Under 2,00.0 164 84 . 54 

Under 3 , 000 1 77 91. 24 

Under 4 , 000 181 93 , 30 

Under 5,000 184 94 . 85 

Under 10,000 188 95 . 91 

Under 50,000 193 99 .48 

Unde r 300 , 000 194 100 . 00 
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Tabl e 8C . 5 

DISTRIBUTION OF ANNUAL TAXI CAB MI LES TRAVELED 
PER COMMUNITY , 1969 

(Sample of 194 Communities ) 

Annual Miles Traveled Number of Percent 
(Thousands) Communities of Total 

Under 100 2 1.03 
100 and under 200 1 2 6 .19 
200 and under 300 14 7 . 22 
300 and under 400 1 7 8 . 76 
400 and under 500 14 7 . 22 
500 and under 600 11 5. 67 
600 and under 700 5 2 . 58 
700 and under 800 11 5 . 67 
800 and under 900 1 2 6 .19 
900 and under 1,000 4 2 . 06 

1,000 and under 2,500 43 22.16 
2 , 500 a nd under 5,000 16 8 . 25 
5 ,000 and under 10 , 000 13 6 . 70 

1 0 ,000 and under 100 , 000 17 8 . 76 
1 00 ,000 and over 3 1. 55 --

Total 194 1 00 . 00 

First Quartile ( Ql) = 433 

Median = 893 
Third Quartile (Q3) = 2 , 500 
Range = 9 to 700 , 000 
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Table 8C .6 

CUMULATI VE DISTRIBUTION OF ANNUAL TAXICAB MILES TRAVELED 
PER COt-~~UNITY, 1969 

(Sample of 194 Communities) 

Annual Number of Cumulative 
Mil es Traveled Percent of 

(Th~usand s) 
Communities Total 

Under 100 2 1.03 

Under 200 14 7 .22 

Under 300 28 14 .43 

Under 400 45 23.20 

Under 500 59 30 .41 

Under 600 70 36 .08 

Under 700 75 38 .66 

Under 800 86 44 .33 

Under 900 98 50 . 52 

Under 1,000 102 52 . 58 

Under 2,500 145 74 .74 

Under 5 , 000 161 82.99 

Under 10,000 174 89.69 

Under 100,000 191 98 .45 

Under 700,000 194 100 .00 
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Table 8C . 7 

DISTRIBUTION OF ANNUAL TAXICAB TRIPS PER Ca1MUNITY, 1969 
(Sample of 194 Communities) 

Annual Trips Number of Percent 
(Thousands) Communities of Tot al 
Under 100 48 24 . 74 

100 and under 200 40 20 . 62 
200 a nd under 300 29 14 . 95 
300 and under 400 1 5 7 .73 
400 and unde r 500 9 4.64 
500 and under 600 9 4 .64 
600 and under 700 6 3.09 
700 and under 800 1 . 52 
800 and under 900 6 3.09 
900 and under 1,000 1 .52 

1,000 and under 2 , 000 1 3 6 .. 70 
2,000 and under 10 , 000 13 6.70 

10 , 000 and over 4 2.06 
Total 194 1 00 . 00 

First Quartile (Ql) = 1 00 
Median = 219 
Third Quartile ( Q3) = 550 
Range = 1 to 180,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 8C . 8 I 
Cill1ULATIVE DISTRIBUTI ON OF ANNUAL TAXICAB TRIPS PER CC11MUNITY , 1969 I 

( Sample of 194 Communities) 

Total Trips 
(Thousands) 

Under 1 00 
Under 200 
Under 300 
Under 400 
Under 500 
Under 600 
Under 700 
Under 800 
Under 900 
Under 1,000 
Under 2 , 000 
Under 10,000 
Under 180,000 
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Number of 
Communities 

48 
88 

117 
132 
141 
1 50 
1 56 
1 57 
163 
1 64 
177 
190 
194 

Cumulative 
Percent of 

Total 
24. 74 
45 . 36 
60 . 31 
68 .04 
72 . 68 
77 . 32 
80 . 41 
80 . 93 
84 . 02 
84. 54 
91. 24 
97.94 

100 . 00 

-
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Table 8C.9 

DI STRIBUTI ON OF PASSENGERS PER TAXI CAB MILE TRAVELED , 1969 
(Sampl e of 194 Communities) 

Passengers Per Number of 
Mile Travel ed Communities 

Under .1 3 
.1 and under . 2 22 
. 2 and under . 3 45 
. 3 and under .4 67 
.4 a nd under . 5 25 
. 5 and under . 6 13 
. 6 and under .7 7 
.7 a nd under . 8 4 
.8 a nd under .9 1 
.9 and under 1. 0 1 

1. 0 a nd over 6 
Total 194 

First Quartile (Ql) = .267 
Median = .355 
Third Quartile (Q3) == .429 
Range == . 019 to 1.499 

Tabl e 8C .10 

CUMULATIVE DISTRIBUTION OF PASSENGERS 
PER TAXI CAB MI LE TRAVELED, 1969 

(Sampl e of 194 Communities ) 

Pa ssenger s Per Number of 
Mile Travel ed Communities 

Under .1 3 
Under . 2 25 
Under . 3 70 
Under . 4 1 37 
Under . 5 162 
Under . 6 175 
Under . 7 l82 
Under .8 186 
Under .9 187 
Under 1.0 188 
Under 2.5 1 94 
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Percent 
of Tot a l 

1. 55 
11 .34 
23 . 20 
34 . 54 
12 .89 

6 .70 
3.61 
2 .06 

. 52 

. 52 
3.09 

100 . 00 

Cumulative 
Percent of 

Total 

1. 55 
12.89 
36.08 
70.62 
83 . 51 
90 . 21 
93 . 81 
95 . 88 
96 .39 
96.91 

100 . 00 



Table 8C .11 

DISTRIBUTION OF PASSENGERS PER TAXICAB TRIP, 1969 
(Sample of 194 Communi ties) 

Passengers per Trip Number of Percent 
Communities of Total 

Under 1.0 3 1. 55 
1.0 and under 1. 2 34 17 . 53 
1.2 and under 1.4 40 20.62 
1.4 and under 1.6 35 18 . 04 
1.6 and under 1.8 35 18 . 04 
1.8 and under 2 . 0 6 3.09 
2 .o and under 2.2 19 9 . 79 
2 .2 and under 2 .4 4 2.06 
2 .4 and under 2.6 4 2.06 
2.6 and under 2.8 2 1.03 
2.8 and under 3 .0 0 0.00 
3 .0 and over 12 6 .19 

Total 194 100.00 
First Quartile (Ql) = 1.260 
Median = 1 . 500 
Third Quartile (Q3) = 1.766 
Range = .125 to 20 .000 

Tabl e 8C. 12 

CUMULATI VE DISTRIBUTION OF PASSENGERS PER TAXI CAB TRIP , 1969 
(Sample of 194 Communiti es) 

Number of Cumul ative 
Passengers per Tri p 

Communities Percent of 
Total 

Under 1. 0 3 1. 55 
Under 1.2 37 19.07 
Under 1.4 77 39 . 69 
Under 1.6 112 57 . 73 
Under 1.8 147 75 . 77 
Under 2.0 153 78 . 87 
Under 2.2 1 72 88 . 66 
Under 2 .4 1 76 90. 72 
Under 2.6 180 92.78 
Under 2 . 8 182 93 .81 
Under 3 . 0 1 82 93 .81 
Under 21.0 194 100 .00 
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Table BC .13 

DISTRIBUTION OF ANNUAL PASSENGERS PER TAXICAB LICENSE, 1969 
(Sample of 194 Communities) 

Annual Number of Percent 
Passengers per License Communities of Total 

Under 6,000 13 6 ,70 
6,DDO and under 8,000 14 7.22 
8,000 and under 10,000 23 11.86 

10 ,ODO and under 1 2,000 28 14 .43 
12,000 and under 14,000 21 10.82 
14,000 and under 16,000 28 14 .43 
16,000 and under 18,000 23 11.86 
18,000 and under 20,000 10 5.15 
20,000 and under 30,000 22 11.34 
30,000 and under 40,000 5 2.58 
40,000 and under 50,000 3 1.55 
50,000 and over 4 2.06 

Total 194 100 .00 

First Quartile ( Ql ) = 9,529 
Median = 13,719 
Third Quartile (Q3) = 16,931 
Range = 1,000 to 66,667 

Table 8C.14 

CUMULATI VE DISTRIBUTION OF ANNUAL PASSENGERS 
PER TAXICAB LICENSE, 1969 

(Sample of 194 Canrnunities) 

Number of Cumulative 
Passengers per License Canrnunities Percent of 

Total 

Under 6 ,000 13 6.70 
Under 8,000 27 13.92 
Under 10,000 50 25. 77 
Under 12,000 78 40 . 21 
Under 14,000 99 51 .03 
Under 16,000 127 65.46 
Under 18,000 150 77.32 
Under 20,000 160 82 .4 7 
Under 30,000 182 93.81 
Under 40,000 187 96.39 
Under 50,000 190 97.94 
Under 66 ,667 194 100.00 
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Table BC.ls I 

DISTRIBUTION OF ANNUAL MILES TRAVELED PER TAXICAB LICENSE, 1969 I 
(Sample of 194 Communities) 

Annual Mil es Traveled Number of 
per License Communities 

Under lO, 000 4 
l0,000 and under 20, 000 6 
20,000 and under 30 , 000 21 
30,000 and under 35,000 29 
35 , 000 and under 40 ,000 35 
40,000 and under 45 ,000 24 
45,000 and under 50 , 000 23 
50,000 a nd under 55 ,000 21 
SS ,000 and under 60,000 9 
60,000 and under 70 ,000 7 
70 ,ooo and under 80 ,000 7 
80,000 and over 8 

Total 194 

First Quartil e (Ql) = 33 , 333 
Median 
Third Quarti l e 
Range 

= 40,152 
(Q3) = 50 ,000 

= 6,042 to 106 ,2 50 

Table 8C.16 

CUMULATIVE DI STRIBUTION OF ANNUAL MILES 
TRAVELED PER TAXICAB LICENSE , 1969 

(Sampl e of 194 Canmunities) 

Percent 
of Total 

2.06 
3 .09 

10.82 
14. 95 
1 8.04 
12.37 
11.86 
10.82 

4. 64 
3 . 61 
3 . 61 
4 .12 

100. 00 

Number of Cumulative 
Mil es Traveled per License 

Communities Percent of 
Total 

Under lD,000 4 2 .06 
Under 20, 000 lO 5.15 
Under 30 , 000 31 15 .98 
Under 35,000 60 30.93 
Under 40 ,000 95 48.97 
Under 45 ,000 119 61 . 34 
Under 50 , 000 142 73 . 20 
Under 55 ,000 163 84.02 
Under 60 , 000 1 72 88.66 
Under 70,000 1 79 92.27 
Under 80 ,000 1 86 95 . 88 
Under 106 , 251 • 194 100 .00 
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Table 8C.17 

DI STRIBUTION OF MILES TRAVELED PER TAXICAB TRIP , 1969 
(Sample of 194 Communitie s) 

Miles Traveled per Trip Number of 
Communities 

Under 2 3 
2 and under 3 19 
3 and under 4 47 
4 and under 5 56 
5 and under 6 30 
6 and under 7 17 
7 and under 8 5 
8 and under 9 4 
9 and under 10 3 

10 and under 20 6 
20 and over 4 

Total 194 

First Quartile (Ql) = 3 .620 
Median = 4 .670 
Third Quarti le (Q3) = 5 .767 
Range = .400 to 109.589 

Table 8C .18 

CUMULATIVE DISTRIBUTION OF MILES 
TRAVELED PER TAXICAB TRIP, 1969 

(Sample of 194 Communities) 

Miles Traveled Number of 
per Trip Communities 

Under 2 3 
Under 3 22 
Under 4 69 
Under 5 125 
Under 6 1 55 
Under 7 172 
Under 8 177 
Under 9 181 
Under 10 184 
Under 20 190 
Under 111 194 

8- 55 

Percent 
of Total 

l. 55 
9.79 

24 . 23 
28.87 
15 . 46 

8 . 76 
2 . 58 
2 . 06 
l. 55 
3 . 09 
2.06 

100.00 

Cumulative 
Percent of 

Tota l 

l. 55 
11.34 
35. 57 
64 .43 
79 .90 
88.66 
91 . 24 
93.30 
94.85 
97.94 

100.00 
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APPENDIX VIIID 

CITIES REPRESENTED BY SAMPLE OF 27 TAXICAB FIRMS 

Below are the cities represented by the sample of 27 taxicab 

I finns used in generating t he data in Tables 8 ,14, 8, 15 , and 8 .17 . 

Except where indicated, each city is represented by a single finn . 

I Arlington Heights, Illinois 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Bethel Park , Pennsyl vania 

Binghampton, New York 

Cincinnati, Ohio 

Denver , Colorado 

De s Moines, Iowa 

El Monte, California 

Indianapolis, Indiana 

Los Angeles, California 

Louisville, Kentucky (3 firms) 

Medford, Oregon 

Mesa, Arizona 

Mil waukee, Wisconsin (2 f irms) 

Oakland, California 

Onaha, Nebraska 

Palm Springs, California 

Phoenix , Arizona 

Pomona; California 

Saginaw, Michigan 

St . Charles, Missouri 

San Francisco, California 

San Jose, California 

Terre Haute, Indiana 

Van Nuys, California 
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EXTERNAL EFFECTS OF URBAN TRANSIT OPERATIONS 
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CHAPTER IX 

SOME AI R POLLUTION, ACCIDENT , AND NOISE FACTORS 
DUE TO MASS TRANSI T SYSTEMS 

by 

Murray Kamrass 
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A . INTRODUCTION 

I One of the tools that has been developed within DOI' for evaluating 

I 
I 

alternative transportation plans is a computer model called the 

TRANS model (Ref . 1) . This model, which is continuously being 

refined, is capable o~ accepting inputs that describe transportation 

external costs.1 If the inputs can be expressed in monetary terms, 

t hen they are so used . However, if they cannot be so expressed, then I they are expressed in other terms that will at least permit considera 

tion and acknowl edgment of the trade-offs that are made by the 

I selection of specific transportation systems . 

This chapter presents some data that can be used in the TRANS 

I model for evaluati ng transportation system external costs . Three 

types of external-cost data are presented--air pollution, accidents, 

and noise--each in a separate section. The first two types are 

I treated as though they add linearly to the general cost level in an 

area, In the case of air pollution, for example, operation of a bus 

I or an electric-powered transit vehicle superimposes pollution com

ponents on the general level of pollution that derives from other I sources, including automobiles, manufacturing, heating, and power 

generation. The data are presented on a vehicle-mile basis. Because 

I the public transit displacement of automobile vehicle miles can be 

represented in the TRANS model, these public transit polluti on data 

will permit the calculation of transportation- caused pollution in a I pa rti cula r community . 

1 . External costs are social costs not accounted for in the I cost-pricing system of the operation. Specifically, we are referring 
to air and noise pollution and accident costs that have not yet been 
fully allocated within urban transportation systems and imply a I general discomfort to the community. 
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I 
Similarly, only public transit accident data a r e presented. For I 

an examination of transportation a ccident rates from the ccmmunity 

viewpoint, these must be superimposed on the total number of acci- I 
dents, including automobile accidents . The TRANS model does this on 

a per- vehicle-mile or passenger-mile basis and, to the first order , I 
represents the case where public transi t is substituted for the private 

automobil e. However, there are possible interactions here that might I 
become significant if the proportion of public to private transit 

changes greatly , but we have no data on hand t hat woul d permit the 

evaluation of these interactions. I 
We have treated noise somewhat differently than the other t wo 

external effects factors because noise effects cannot be added linearj. 

To deal with transportation noi se in a community, it is desirable to 

start with a basic background level that is usuall y due primarily to I 
autc:rnobile traffic. This basic level is increased by the presence of 

larger vehicles, particul arly t rucks. Even if trucks comprise as 

little as 5 percent of the vehicles , t hey wi ll dominate the average I 
noise level. In such a cir cumstance, buses will add litt le measura- J 
ble noi se . However, if there are no trucks, then buses mi ght increa s 

the average noise level , depending on t heir proport ion to the total 

I traffic. 

All of the data presented here apply to the nati onal situat ion, 

and local situations are likely to be different. We have attempted I 
to i ndicate the sources and magnitudes of the errors involved in 

using these data for specific localities . Although it may be necessarl 

to use these data at times, greater accuracy can be obtained by col

lecting the appropriate information for specific urban areas. The I 
method we have used can readil y be used for cal culating such specific ' 

cases . 

I 
I 
I 
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B. MASS TRANSPORTATION AIR POLLUTION FACTORS 

The purpose of this section is t o present some factors that can be 

used in the TRANS model (Ref. 1) to represent air pollution due t o 
mas s transit facilities. This section deals with only two kinds of I pollution source.~--electric gener ators used to power electr ic rail

ways and diesel engine s used to power transit buses. Consider ation I is given only to commonly recognized pollutants. Only emissions are 

considered and not t he level of pollution that might result. 

I The figures presented are based upon average s that are considered 

appl icable to t he n~t ion as a whole. However , for any part icular 

I urban area they are likely to be in error, although they may be use

ful for rough calculations . The methods of calculation and the 

assumptions that were used in deriving these factors are discussed 

I below. The calculated factors can be easily corrected if better 

'I 
I 
I 

or mor e specific inf ormation beccrnes available. 

l. ELECTRIC RAIL TRANSIT 

Electric energy f or the operation of rail transit systems is 

suppli ed by generating stations using either fossil fuel, nucl ear 

fuel , or water power as primary energy sources. Fossil fuel cur

rently provides about 82 percent of all the power generated in t he 

I United St ates. Nuclear fuel provides less than 2 percent, and water 

power contributes about 16 percent (Ref. 2). Because neither nuclear 

nor water power systems create pollutants of the type we a't'.E! dis-I cussing here, we shall confine our discussion to f ossil fuel power 

plants . We note, however, that the proportion of power generated 

l by nuclear plants is increasing and that the net air polluting emis

sions per unit of electrical energy generated are likely t o be I reduced in t he future. 
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The basic formula for relating stationary fossil fuel power pl ant l 

emissions to vehicle (rail car) miles is : 

where : 

E. 
Q - l T -r 

Q = lbs of emissions per car-mil e 

E. = stack emissions of constituent i in l b/unit of fuel 
l 

K = energy output of the plant in KWH per unit of fuel 

T = transit energy used in KWH/car mile 

Fuel units: coal = 1 ton 

gas = 1000 standard cubic feet 

oil = 1 U.S. gallon (approx . 7 .45 lb . ) 

I 
I 
I 
1· 

Each of the factors i n the fonnula is vari able, depending on the I 
location . Eis primarily a function of the fuel used (gas, oil, 

coal), and it varies somewhat with the specific kind of coal or oil, I 
which depends in t urn on th,e economics of the fuel supply a nd the age 

of the power plant . 

1 K, the power output of the plant p~r unit of fuel , depends on t he 

plant's efficiency which might vary, depending on t he age of t he 

pl ant, from about 1 5 percent to 33 percent or bett er ( some modern 

plants are approaching an efficiency of 40 percent) . 

Finally T, the transit energy used, is a function of the transi t 

system characteristics. 

The tabulation below contains the basic values that were used in 

the calcul ati ons shown in Table 9 -1: 

Coal Gas Oil 
Fuel Unit 1 ton 1000 cubic ft 1 gallon 

I 

I 
I 

Energy of Combustion 26 X 10
6 

10
6 

(BTU/unit) 
1 40 X 1 0

31 
Heat Rate 1 0,000 10,000 

(BTU/KWH) 
10 , 000 

KWH/unit 2600 100 14 

The energy of combustion used in the calcul ation is an assumed 

approx:iJnate value that depends on the specific kind of f ue l (ga s , 

oil or coal) bei ng used. I n general, the range of combustion energy 
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I 
l ~s within 5 percent of the values shown in Table 9.1. The heat rate 

is a measure of the thennal efficiency of the power plant. We used 

I 
a value of 10,000 BTU/KWH . Some of the more efficient plants have 

achieved values of more than 9000; the national average i n 1965 was 

about 10,500 (Ref . 3). Thus, t he error i n this quantity, when ap-

1 plied to a specific l ocal situation, might be about 1 0 percent. 

The stack emissions given for each fue l are taken from Ref, 4 . I They represent the results of various tests for which we do not have 

the data and therefore cannot estimate the accuracy . A major factor l in the emissions of coal and oil is the sulfur content, which can 

vary considerably. In the case of coal, the general range of sulfur 

'

content is from about 1 percent to about 5 percent (Ref . 5). Since 

the sul fur oxide emissions are propor tional t o t he amount of sulfur 

in the fuel, the local situation should be determined for more accu-

1 racy. For the results presented i n Table 9 .1 , we have used a value 

of 2 percent . 

. 1 The sulfur content of oil varies from essentially zero to some

thing over 2 percent . About two-thirds of all the oil produced in 

I the United States i n 1966 had a sulfur content of less than O . 5 per-

cent, and only about 8 percent had sulfur content in excess of 2 

I percent (Ref. 6). However, the low sulfur content of U.S. oil is 

offset by the larger proportion of high sulfur oil from the Middle 

East and South America. In 1966 the weighted average sulfur content 

I .of oil used in the United States was 0.67 percent, a decline fran 

the 0.73 percent level in 1955. I n Table 9.1 we have used a value I of O. 5 for' the sulfur content of oil, but it i s obvi ous that a speci
fic local situation may be different. 

I The ash content of coal is also highly variable; the general 

range is from 4 percent to 15 percent ( Ref. 5). We have assumed 10 

I percent for this calculation . 

The factors t ha t determine the consumption of energy by rail 

l systems i nclude acceleration rates, frequency of stations on the 

routes, and the weight of the cars , Table 9.2 presents annual energy 

consumption in kilowatt hours and average energy consumption i n 

I 
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Tabl e 9 .1 

CALCULATI ONS AND AIR POLLUTION EMISSI ON FACTORS FOR RAIL TRANSI T POWER 

Fuel Type Coal Gas Oil 

Stack Gas lb lb lba lb lb l ba lb lb lba 
Emissions TiriIT iooo KWH 1000 llnit 1000 KWH 1000 Unit 1000 KWH IooTI 

car miles car miles car mil es 

Aldehydes 0.005 .0019 0 .010 0 .001 0 .01 .053 0 .0006 0 .043 0 . 23 

carbon o. s 0 .19 1 .00 neg . --- --- 0 . 00004 0 .0029 0 . 015 
Monoxide 

Hydrocarbons 0 . 2 .077 0 ,41 neg . --- --- 0 . 0032 0 . 23 1. 2 

Oxides of 20 7 . 7 41 0 .390 3 ,9 21 0.104 7.4 39 
Nitrogen 

Oxides of 38S 2 . 9b 15 . 4 0 .0004 0 . 004 0 .021 0.160S 5. 7c 30 
Sulfur 

Particulate 16A Gld 32 .3 0 .015 0 .15 0 . 80 0 .010 • 71 3 . 8 

a . Assumes 5 . 3 KWH/car mile . 
b . Assumes 2 percent sulfur (S = fue l sul f ur content in percent) . 
c . Assumes 0 .5 percent sulfur. 
d . Assumes 10 percent ash (A = fue l ash content in percent). 

Tabl e 9 . 2 

ENERGY CONSUMPTION OF RAPID TRANSIT SYSTEMS 

1960 1 960a 1970b 

Measure Cleve- Toronto Phila- Chi cago New Sum of ATA ATA 
land delphia York Five Total Tota l 

Annual Car Mil es 4 . 703 7 .053 10 . 20 44 . 63 305 .6 372 . 2 465 . 7 440 . 8 
(Millions) 

Annual Energy Used 17 36 60 203 1 , 660 1,976 2 ,491 2 , 41 8 
(Million KWH) 

Average Energy 3 .6 5 .1 5 . 9 4 . 5 5, 4 5 .3 5 .3 5. 5 
(KWH/car mile) 

a. ATA data include surface rail way . 
b. 1970 data are pr eliminary . 

Sources : A . S . Lang a nd R. M. Sobennan , Ur ban Ra 11 Transit : I t s EconO'llics and 
Technol ogy, MIT Press, Cambridge , Mass . and 170- 171 Transl t Pact fuoK, 
Ameri can Transi t Associat ion , Wa shington , D.c . 
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I 
I t will be noted that there is a I 

kilowatt hours per car mile . 

signi f icant variability among these systems with Cl eveland conswning 

only 60 percent of the car-mil e energy used in Philadelphi a. The I difference is attributed to the relatively low station frequency of 

the Clevel and system and the high weight of t he Philadelphia cars. 

I 
conditioned cars that would tend to i ncrease power conswnption . This 

Since 1960, there has been an emphasis on t he development of air-

I development, however, i s offset by the development of lighter-weight 

cars that require less power to operate. Some of this new equipment 

I incorporates dynamic braking that returns significant amounts of 

energy to the system when the train is braked to a stop. The data 

between 1960 and 1970 provided by the ATA (Ref. 8) for all systems I indicate l i ttle change in the average energy consumed per car mile 

but this may reflect these offsetting factors . I n the calculation I shown in Table 9 .1 we have used an average value of 5 . 3 KWH/car mile. 

This figure i s largely determined by the gigantic New York system, I and the error in using it for other cities can be deduced from Table 
9.2 . 

DIESEL BUSES 

This subsection provides factors that represent the contributions 

buses to area polluti on . The data are applicable to 45- to SO

I 
passenger city buses powered by two- stroke cycle 

have no emission controls. Minibuses, which are 

line engines , are not represented in these data . 

I 

diesel engines that 

likely to have gaso-

The basic equation for specifying emissions is the following: 

I where 

I 
I 
I 
I 

Q 

Q 

i 

j 

T. 
J 

= quantity of emission in lb/hour or standard cubic feet/ 
hour (SCFH) 

= emission quantity per hour in operating mode j 

denotes emission type 

denotes vehicle operating mode. 

proportion of time in operating mode j 
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I 
The data sources typically specify four operating modes : (1) idlel 

(2) acceleration (3) cruise (steady) and (4) deceleration . However, 

these modes are not standardized by speed, load, or rate. Therefore, I 
the tests are not t ruly comparable , and they cannot be precisely 

related to any specified driving pattern. The one set of dat a that I 
comes closest to this is provided by Ref. 9. The data in Tables 9 .3 

and 9.4 are taken from this reference . Table 9 . 3 shows the oerforman1 

of three buses , A, B, C, selected as typical buses frcm the fleet of 

the Chicago Transit Authority . They are all 45- passenger coaches 

equipped with two- cycle diesel engines having a 

cubic inches . The mileage since major overhaul 

ranged from 126,000 to 217,000 mile s . 

displacement of 426 

on the t hree buses 
I 
I 

Table 9 .4 shows three typical motor coach dr!ving patterns for 

three different cities (unidentified). The patterns are based on I 
rush-hour and off-hour operation in both downtown 

areas . Table 9.5 presents a comparison of diesel 

data from several reference sources (Refs . 9, 10, 

and residential 
/ 

bus exhaust emissionl 

11, and 12) . The 

variations shown in the table could be due to differences among the I 
vehicles as well as variations in the methods of testing. The infor

mation available was insufficient to evaluate the methodol ogies . 

Therefore, we have chosen to present in Table 9.6 the range of the I 
data and two sets of calculated data. One set (GM) was originally 

presented in Ref. 9, .based on t he City A driving patter n and the I 
average emissions of the three buses tested. The second set is a lso 

resed on the City A driving pattern but uses the midrange val ues of I 
emissions from all the references shown in Table 9.5. These calcula -

tions can be readily modified for other driving patterns and other 

vehicle emission data that might become available. 

Also shown in Table 9 . 6 are the emissions that would result from 

buses cruising on expressways where traffic moves freely. Although 

the cruising speeds were generally not specified in the references, 

they are probably in the 35 to 50 mile- per- hour range . 

I 
I 
I 
I 



-----------------Tabl e 9 . 3 

<.O 
I 

\.0 

EXHAUST COMPONENTS OF DI ESEL COACHESa 

Exhaust Carbon Hydrocarbons Nitrogen 
Flow Monoxide Oxide 

Volume Vol ume 
Operating (Per- (Per-
Condition Vehicle SCFM cent) SCFH cent) Lb/Hr PPM SCFH 

I dl e A 98 0 . 0 0.0 0.04 7 0.363 60 0.353 
. 

B 95 0 .0 o.o 0 . 017 0.132 50 0 .285 

C 159 0 .0 0.0 0.053 0 . 633 68 0 . 648 

Aver a ge 117 0 .0 o.o 0 . 039 0 . 376 59 0 .429 

Accelerate A 44 7 0 . 0 0 . 0 0.018 0 . 550 827 22 .2 

B 461 0 .1 27.7 0 .023 0 . 833 863 23 .9 

C 529 0.05 1 5 . 9 0.021 0.677 856 27 .2 

Average 479 0.05 14. 5 0.021 0.683 849 24 .4 

Cruise A 395 0 . 0 0 .0 0.013 0 .478 310 7 . 35 

B 279 0.0 o.o 0 . 000 0 .000 224 3.73 

C 360 0 . 0 0 .0 0 .015 0 .423 178 3.85 

Average 345 0 . 0 o.o 0 . 009 0.300 237 4 . 98 

Decelerate A 350 0 . 0 0 .0 0 .061 2.00 40 0.840 

B 238 0.0 0 .0 0 .000 0 . 0 42 0.600 

C 318 0 .0 0 .0 0 .038 38 . 7 9 0 .171 

Averaae 302 0.0 0 .0 0 .033 37 .1 30 0,537 

a . Applies t o 45 passenger coaches with 426 cubic inch, two-cycle diesel 
engines . Mileage since major overhaul 126, 000- 217 , 000. 

Source : M.A . Ell iott , et al , "Composition of Exhaust Gases f r om Diesel, 
Ga soline , and Propane-powered Motor Coaches . " Journal of APCA, 
Vol . 5, August 1 955. 

Fonnal dehyde 

PPM SCFH 

6 0 .035 

4 0 .023 

1 7 0.162 

9 0.073 

7 0.188 

6 0.1 66 

37 1.173 

17 0 . 509 

4 0 .095 

19 0 . 318 
9 0.195 

11 0.203 

7 0 .147 

10 0 .143 

70 1.335 

29 0 . 541 



I 
Table 9 .4 

TYPICAL MOTOR COA.CH DRIVING PATTE:Rlf I 
Percent of Time Scent 

City Idle Accelerate Cruise Decelerate Stop I 
A 35 15 30 15 5 

B 25 20 30 25 --- I 
C 30 15 40 1 5 ---
a. Driving patterns are based on rush- hour and off - hour 

operation i n both downtown and resi dential areas. I 
Source : M.A. Elliott, et al. "Cornposit ion of Exhaust Gases from 

Diesel , Gasoline, and Propane -powered Motor Coaches . " 
Journal of ·APCA, Vol . 5, August 1955. I 

Table 9.5 

EXHAUST COHPONE:NTS OF DIESEL COACHES I 
Carbon Hydro- l'Oxides of Formal-

Monoxide carbon Nitroaen dehvde 
Condition Reference SCFH Lb/Hr SCFH SCl'H 

Id l e 9 D 0 .376 0.429 0 . 073 

10 2 . 10 0 ,3B6 1. 51 --- I 
11 --- --- --- 0 . 122 
12 2. 10 0 , 290 --- 0 . 049 

Approx. 1.05 0 . 338 0.982 0 .081 

Midpoint 
I 

Accelerate 9 14. 5 0 ,6B3 24.4 0 . 509 

10 29.0 1.523 17,9 ---
11 27.6 --- --- 0.927 I 
12 S,80 0. 979 --- o. 778 

Approx. 17 . 4 l.038 21. 2 0 . 718 

Midooint I 
Cruise 9 0 0.300 4.98 0.203 

10 6 . 20 2,01 8,22 ---
11 0 --- --- 0 . 203 I 
1~ 20 . 7 0,668 --- 0.425 

Appr ox . 13 . 4 l.165 6 . 60 0 . 314 

Midpoint 
Decelerate 9 0 0 .96 0 . 537 0. 541 I 

10 5. 4 1.52 2 . 62 ---
11 --- --- --- ---
12 3. 6 1 ,46 -- - 0.187 I 

Approx. 4.5 1.25 1.61 o. 374 

Midpoint I 
I 
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Table 9 . 6 

DIESEL COACH HOURLY EMISSIONS 

Carbon Oxides of 
u~nr.xide u •• dr "rbon Porrnald<>h""~ 

»;~,;_ ___ 

El ements of CFH Lb l-lr CFH CFH 
Driving Pattern GMa All GM All GM All GM All 

I dle 0 1.05 0.376 0. 34 0.073 0. 081 0 .429 0. 98 

Accelerate 14 . 5 17.4 0. 683 1.04 0. 509 0. 72 24.4 21 

Cruise 0 13. 4 o. 300 1.16 0 . 203 0.31 4. 98 6. 6 

Decelerate 0 4. 5 0.96 1.25 0 . 541 0.37 0 . 531 1.6 

Stop -- -- -- -- -- -- -- --
Total Emissions 
in City A pattern 2 7,7 0, 47 o.ai 0,24 0 .28 5.4 5. 7 

Freeway (Cruise) 
Emissions 0 13. 4 0. 3-00 1.16 0 . 203 0. 31 4 . 98 6.6 

a . GM data are from Ref. 9 and are i n SCFH (except hydrocarbon). 
Other vol umetric data are not s tandardized. 
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I C. ACCIDENT FACTORS FOR THE EVALUATION OF 

URBAN MASS TRANSPORTATI ON SYSTEMS 

of the factors that can be used for the evaluation of transporta

. t ion systems is their safety or accident rate. The TRANS model (Ref. I 1) can accept accident rates as nonmonetary factors or , by establish -

ing some average cost for accidents, the model can include accident I costs if this is desired . This section presents accident rates for 

urban bus and subway systems . The data are taken from Ref. 13 and I appl y to the calendar year 1968 unless otherwise specified. 

BUS ACCIDENT RATES 

Three bases appear useful in evaluating transportation safety; 

I vehicle mil es, passenger miles , and passenger trips. For buses, t he 

data known are the number of passengers and operating mileages . The 

I 
lengt h of the average ride has been estimated as 2.5 miles on buses 

and trolleys, 2.75 mil es on surface railroad. Passenger accident 

and traffic accident data for 1967 and 1968 have been calculated I using ATA data (Ref . 1 5) and are presented in Table 9.7. Fatalities 

I 
and fatality rates are shown in Table 9 . 8, the basic data for which 

are taken from Ref. 14. These figures do not include subway data . 

SUBWAY ACCIDENT RATES 

Wi t hin the United States, there are at least eleven rail rapid 

transit systems in operation , and new ones are under construction . 

This section presents accident data on three of the subway systems i n 

I New York, Boston , and Philadelphia . 

The size of these three subway systems varies considerably . New 

I York has by far the largest subway system, carrying six times as 
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Table 9. 7 

OPERATING ACCIDENT RATES FOR I NTRACITY MOTOR BUSES 

Traffic Acci dent Rates Per One Million Miles Operated 

1967 1968 
Total Traffic Accidents 

Collision with Pedestrian 
Collision with Company Vehicle 
Collision with Other Motor Vehicle 
Collision with Fixed or Other Object 

78 . 47 
2 . 68 
1.85 

68 . 04 
5 . 90 

Passenger Accident Rates Per One Million Passengers 
Carried 

Total Passenger Accidents 
Boarding (excl udes door accidents) 
Alighting (excl udes door accidents) 
Caught/Str uck by Doors 
Accidents on Board 

5 .81 
0 . 64 
1.22 
0.70 
3 . 25 

77 .68 
2 .61 
1. 69 

67 . 69 
5 .69 

S . 4 7 
0 . 54 
1. 03 
0 . 70 
3.19 

Sources : Harriet Biddl e and Murray Kamrass , The Use of Accident 
Data for Evaluating the Safety of Urban Transportati on, 
Note N-742(R) , Inst itute for Defense Analyses , Arling
ton, Virginia, August 1970; and Comparative Operating 
Accident Rates for Calendar Year 1967-1968, Report No . 
58, ATA Accident Data Exchange, American Transit 
Associ at ion, March 1969 . 

Table 9 . 8 

FATALITI ES FOR THE TRANSIT I NDUSTRY, 1968a 

Per Million Per Million 
Nwnber of Per Million Passenger Passenger Category Fatalities Vehicle Milesc Miles Trips 

Passengers b 
15 0 .098 0 . 001 . 003 Non Passen-

135 0.880 gers 0 .009 .023 

Total 150 0.980 0 .010 .026 
a. Includes surface rail and trolley coach, but predominantly motor buses. 
b . Passengers--5,981 milli on 
c . Vehicle Miles--1,533 million . 
d . Passenger Miles--15,000 million (approximatel y 2.5 miles average 

ride) . 
Source: American Transit Associat ion, Estimat es of Fatalities . .• 

Transit I ndustry, Calendar Year 1968 , Washington, D.C., 
April 24 , 1969 . 
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I 
., many passengers and traveling eight times as many car miles as Boston , 

the second largest system. Boston carries 1 . 8 times as many passen-

1 
gers and travel s three times as many car miles as Philadelphia. 

Table 9.9 indicates the relative size of the three systems as well 

as the total number of accidents for the year 1968 . I In order to compare the number of accidents of the three subways 

by cause, accidents were grouped in several categories as shown in 

I Table 9 .9. There seem to be significant differences in the rates, 

part of ~hich can be attributed to the use of different criteria by 

I the three transit authorities in categorizing accidents . For example, 

Boston categorized much of its data as Miscellaneous Collisions. 

I 
Philadelphia divided Miscellaneous Accidents into Miscellaneous 

Transportation and Miscellaneous Station Accidents, and New York had 

I 
six categories of Miscellaneous Accidents. Hence, the category 

"Traffic Accidents11 is not consistent among the three systems , but 

the other categories seem to be generally consistent, so that there I are some real differences in the accident rates of each system. 

The original data showing the various breakdowns used by the sub-

I way authorities are given in Ref. 13 . Most subway passenger accidents 

occur in the station rather than on the train . The largest single 

I category of accident cause is staiI'\1,/ays and escal ators in all three 

systems. 
The death rate of passengers is very l ow when they are on board, I boarding, or alighting from the train. However, a significant num

ber of deaths result from a category of accident called 11 fall or 

I jumped to tracks . 11 For example, in 1968 the three subway systems 

examined had 240 passenger deaths (Ref. 16), nearly all of which are 

I attributed to this cause. The three systems produced over 400 mil

lion car mil es, most of these in New York . If we use the New York I system average of 22 passengers per car, then the three subways pro-

duced a total of 8 , 8 billion passenger miles in 1968. The passenger 

I 
death rate then is 0 . 027 per million passenger miles. Because t here 

is a clear possibility that a significant number of these incidents 

I 
may be willful, it is questionable whether the system should be 

charged. with such fatalities . 
9-15 
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Table 9.9 

RELATIVE SIZE, SUBWAY ACCIDENTS, AND ACCIDENT RATES 
FOR NEW YORK, BOSTON, PHI LADELPHIA SUBWAY SYSTEMS , 1968 

Items New York Boston Phila. 

Relative Size 
Passengers (Millions) 1 , 324 194 108 
Million Car Miles a 343.4 42 . 6 14.7 
Million Passenger Miles 7,550 937 323 

Total 

1,626 
400 . 7 
8,810 

Accidents 10,355 1,219 1,465 13,039 
Per Million Passengers 7.8 6.3 13.6 8.0 
Per Million Car Miles 30.2 28.6 100 32.5 
Per Million Passenger Miles 1.4 1.3 4.5 1. 5 

Passen~er Accidents in Station b 6,504 367 1,080 7,951 
Per Million Passengers 4.9 l .9 10 . 0 4.9 
Per Million Ca~ Mil es 18.9 8 .5 73 .5 19 . 8 
Per Million Passenger Miles 0 .86 0.39 3 . 3 0.90 

Passen~er Accidents on Boardc 3,617 187 2.68 4,072 
Per Million Passengers 2.7 1.0 2. 5 2.5 
Per Million Car Mil es 10.5 4.4 18 .2 10 .2 
Per Million Passenger Miles 0.48 0.20 0 . 83 0 .45 

Traffic Accidentsd 234 665 117 1,016 
Per Million Passengers 0.2 3 .4 1.1 0.6 
Per Million Car Miles 0 . 7 1 5 . 5 8.0 2.5 
Per Million Passenger Miles 0.03 0.71 0.35 0.12 

Passen~er Deaths --- --- --- 240 
Per Mill ion Passengers 0.15 
Per Million Car Mil es 0.6 
Per Million Passenger Miles 0.027 

a . Asswnes 22 passengers per car . 
b. Includes miscell aneous for New York. 
c . Includes boarding and alighting. 
d . Includes miscellaneous collisions for Boston . 
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I 3 . SUMMARY AND CAVEATS 

I 
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Table 9.10 presents a swnmary of the transit acci dent rate data 

that are computed in Ref. 13 . We suggest consideration of the fol 

l owing caveats in using these data to make comparisons between modes: 

(1) Buses operating on city streets tend to have high accident rates. 

This is a result of their sharing streets with pedestrians and other 

vehicles. Buses on exclusive roadways woul d probably have much bet-

ter accident records . (2) Subways have many accidents that are 

associated with t heir stations rather than wi th their train opera

tions . I t is easy to call such incidents passenger accidents because 

it is reasonable to assume that nearly everyone in a subway station 

is a passenger. However, bus accidents a re designated as passenger 

accidents only if the passenger i s invol ved while a l ighting, boarding , 

or riding on the bus. Except for these kinds of accidents we have 

seen no data that designates 11 passenger accidents11 at bus stops and 

terminal s.- Therefore , it is likely that the bus passenger accident 

rate is understated ccmpared to the subway passenger accident rate . 

(3) As we have already noted , significant numbers of the subway pas

senger accidents may be wil lful. 

Tabl e 9 .10 

COMPARATIVE ACCIDENT RATES FOR BUSES AND SUB\tvAYSa 
1968 

Category Per Million Per Million Per Mill ion 
Vehicle Miles Passenqer Miles Passenqer Trios 
Bus Subway Bus Subway Bus Subway 

Accidents 
Total 32.5 1.5 8.0 
Traffic 77.68 2 . 5 0.12 0 . 6 
Passenger 30.0 1.4 5 .47 7.4 

Deaths b b b 
Total 1.00 0 .6b 0 .010 .027b 0.026 0 .15b 
Traffic 0.90 0 0 . 009 0 0.023 0 
Passenger 0 .10 0 .6 0 . 001 . 027 0.003 0.15 

a. Subway rates are based on combined New York, Boston, and Phila-
delphia data. 

b. This assumes that all deaths in the subway system are passengers. 
Actually, sane may be employees . 
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I 
I 
I D. HI GHWAY TRANSPORTATION NOI SE 

I This section provides data that can be used for the evaluation of 

transportation noi se . The data presented are limited to vehicle 

I 
noise that occurs when t r affic is flowing at constant speed--the 

kind of background noise ccmmon to most urban a r eas in the daytime . 

However, the data do not i nclude l ocal noise increments caused by 

I accelerations, cl imbing hills, and braking . Rail noise data also 

are not included, 

I 
l. GENERAL MODEL 

I Several approaches can be taken to modeling communi ty noise levels. 

One of these is described by Thiessen i n Ref. l7 . In this model a I grid of noise sources is superimposed on a community having a ci rcu

iar boundary of radius r 4 • (See Figure 9 .l). All noise sources 

I radiate q watts per unit area at unit di stance . 

sound at midpoints of each grid rectangle can be calculated approx-

The i ntensity of 

I imately by 

I = 
7i log n 
r i 

I 
I 

where n = the number of sources. The results of t his cal cul ati on 

must be decreased by 15 db t o account for t he effects of shielding 

caused by bui l dings . 
Thiessen shows that this model can be used to calculate the gener-

1 al background level of traff ic noise in a canmunity. However, the 

model i s limited to use away from concentrat ed sources (such a s free I ways and noisy factories). The model seems simpl e enough to be useful 

I 
I 

for determining some general ized effects , such as the influence of 

changing the size of an area , the effects of traffic density on 
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I 
background noise, and t he effects of indi vidual sources on background I 
noise . For example, Thiessen ' s paper shows t hat i n a situation where 

heavy trucks consti tute only 5 percent of the vehicles i n a n area , tht 
trucks contribute more to t he average l evel of backgr ound noi se t han 
all t he other vehicles . 

Source: (Ref. 17 ) 
P3-29-71-1 

FIGUR E 9 . 1 Commun ity Back ground Noise Mod e l 

A model which seems more useful for pl anning and predi cting 

purposes i s presented in Ref . 18 . The geometric basis of t he model 

is shown i n Fi gure 9.2, wh i ch represents a set of noise sources 

arrayed a l ong a s t rai ght l i ne . I f the noi se emi ssion of ea ch source 

is known , then the total noise received by t ne observer can be cal

culated . The paper presents a single noise spectrum for automobil es 
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Source:(Ref. 18) I p 3-29-71-2 

FIGURE 9 . 2 Simulated Lane of Traffic 

I and a second spectrum for l a r ge trucks . Al though a di fferent spectrum 

l evel is suggested for buses, none is presented in t his report . I The model described in Ref . 18 ha s been used in a seri es of simu

l ations invol ving randcm distributions of vehicles and speeds. 

I However, for t he simulations that are r eported, uniform vehicle spac-

i ng was used. No estimate of the error invol ved i n t his choice is 

I available . The resul ts of the simulations have produced estimates 

of the noise of various densiti es and composi tions of t r affic . We 

I 
shal l present sane of this i nformati on here, along with estimates of 

the effects of potentia l modifying factors . 

I 2 . MEASURES OF NOI SE 

I 
Numerous investigations have been under taken to define acoustic 

mea sures that reflect l oudness, noisine ss , or annoyance . These 

i nvestigati ons have resul t ed in the definiti on of such measures as I dBA (decibel s on the A- scal e) , Phons, Sones, Speech Interference 

Level ~ Noys , and Perceived Noi se Level (PNdB) . Theoreticall y, l oud
However whenever real noises I ness and noi siness are not the same . 

(as opposed to l aboratory-generated noi se s ) a r e canpared in t erms 

I of l oudness (d.BA ) and noisiness (PNdB) the correlations are generally 

I 
9 - 21 



I 
very high. The dBA is a physical measure of noise in decibels. A I 
special weighting of the noise is used, such that -"::he low frequen-

cies are weighted less than the high frequencies. This weighting is I 
shown in Figure 9 .3, taken from Ref . 19 . 

5 

0 

~- i.---- V BAND C 
CALE ~ / 

WEIGHT IN/ 

/ 
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FIGURE 9.3 Frequency-Response Characteristics 
in the American Standard for Sound-Level Meters, Sl.4, 1961 

The C-scale shown in Fig. 9 .3 is an unweighted scale used to 

measure the purely physical level called the sound pressure level of 

a sound . The Band A scales are weighted to approximate the fre 

·quency response of the human ear at values of the sound pressure 

level bel ow 85 and 55 dB, respectively. By measuring a particular 

sound with all three scales, it is possible to make an approximate 

anal ysis of spectral content without a f requency analyzer. 
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I 
I Although the A-scale weighting was intended to provide an approxi

mation of human perception of loudness at generally low sound levels, 

I it correlates highly with measures of annoyance associated with 

transportation noise and is often used for this purpose when more 

I elaborate instrumentation is not availabl e . 

I 
3 . VEHICLE SOURCE NOISES 

Traffic noise at any point is the sum of the noises reaching that 

I 
point from individual vehicles. The contri buti on of each vehicle 

depends on t he speed of the vehicle, the kind of vehicle, road 

characteristics, and the distance between the point and the vehicle. 

I It also varies with the operating condition of the vehi cle, accelera

tion, cruise, deceleration, or hill climbing . For our purposes, we I consider all vehicles to be cruising at constant speed. 

The major noise sources for individual vehicles are their engines, 

I exhausts , and tires. Depending on the speed, one or the other of 

these sources tends to predaninate . However, i n the case of trucks, 

I 
tire noise is never great enough t o predominate unless the vehicle 

is coasting . We have no data that would indicate whether this is 

I 
al so true of buses. In spite of t he variation of predaninant noise 

source with speed, the overall spectrum of automobile noise is rela

tively smooth and can be represented with good accuracy by the dBA 

I through the entire speed range, Ref, 18 gives the following equati on 

for the level of auto noise : 

I L = 50 - 20 loglO d + 30 logl OV 

I where 

L = overall noise level in dBA 

I 
d = distance to the observer in feet 

V = speed of the auto in miles per hour. 

I 
The same reference also shows that trucks and automobiles tend to 

have a similar noise spectrum, although that of trucks is higher by 

about 15 dB. This reference presents no data f or buses. However, 

I 



I 
Ref. 22 has indicated that, except for acceleration, urban diesel bus I 
noise is about the same a s that of gasoline engine trucks , typically 

about seven dBA higher than automobile noise. Thus, a bus produces 

approximately the noise equivalent of about five automobiles, while 

a truck produces the noise equivalent of about 30 automobiles . This 

comparison, however, applies to individual vehicles and not to a 

stream of traffic . 

4 . TRAFFIC NOISE 

I 
I 
I 

Using their model, the authors of Ref . 18 simulated various traf - I 
fie conditions t o determine typical values of traffic noise. These 

data are shown in Figure 9.4 . This figure presents curves for esti 

mating mean noise level in dBA, 100 feet frcm a lane of automobile 

traffic, as a function of vehicle speed and roadway density . 

The values shown in Figure 9 . 4 are the mean values of fluctuating 

quantities . Refe rence 18 indicates t hat the standard deviations of 

these quantities are variable, depending on the density of traffic, 

I 
I 
I 

the distance fran the roadway, and the proportion of trucks. The I 
smallest fluctuations, perhaps 0 .1 dBA standard deviation, occur with 

the highest density, all-automobile condition at the greatest distancel 
(1500 vehicles per mile of roadway at 1000 feet . ) The highest flue-

t uations in the range tested are about six dBA standard deviation at 

100 feet which occurs when the density is 15 vehicles per mile of 

roadway and at least 5 percent trucks . With the same flow densi ty 

but no trucks, the standard deviation is about three dB at 100 feet , 

The values shown in Figure 9 . 4 should be corrected for the fol-

l owing factors: 

Distance : Figure 9 . 4 shows results for a position 100 feet from 

the line of traffic. An increase in distance decreases the 

average noise level with approximately the first power of dis 

tance . For 300 feet the mean noise l evel can be estimated by 

subtracting about six dBA, and for 1000 feet the mean noise 

l evel can be estimated by subtracting 1 5 dBA . 
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Presence of Other Vehicl es : If truck s or buses are included in 

the vehicle mix , the amount of noise is increased as shown i n 

Tabl e 9 .11 . I f both buses and trucks are included, the truck 

data appl y u~til there are about 5 times as many buses as trucks . 

Note , however, that the bus i nformation is rough and is based on 
lit tle data. 

Multiple -Lane Roadway : If a multiple- lane roadway is involved, 

a single pseudolane is considered, and all vehicles are assumed 

to be at the distance associ ated with the pseudolane. The pseudo

lane distance is defined by its displ acement away from the near

est lane in lane widths as seen in Table 9.12 . 

Highway Configuration : The difference in noise emanating from a 

highway i n a cut and a highway at grade level ranges from nothing 

at about 30 feet to about seven dBA less for the depressed high 

way at about 400 feet frcm the centerline of the l ane . (See 

Figure 9 . 5). At distances l ess than 30 feet, the noise l evel 

will be higher for the cut than for the on-grade roadway . An 

elevated highway is five to ten dBA less noisy t han the on-grade 

highway for l ocations within 200 feet , but beyond 400 feet the 

noise l evels of the two confi gurations are the same . 

Shiel ding: The effect of shielding due to buildings, hills, 

etc. is to reduce the calculated noi se 10 to 20 dBA, according 

to Ref. 23 . 

Vehicle Operati ons : The data above app l y to freely f l owing 

traffic moving at constant speed . If accelerations or steep 

hill c l imbing are present additional noise will occur , but we 

have no estimate of i t s magnitude . 
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Table 9 .11 

EFFECTS OF ADDING TRUCKS OR BUSES TO VEHICLE MIX 

Percentage Percentage 
of Trucks of Buses Additional 
i n Traffic in Traffic dBA 

0 0 0 

2:s 12 l 

5 25 2 

1 0 a. 4 

20 a. 8 

a. Not considered. 

Source: M. A. Elliot t, et al . "Composition of Exhaust Gases 
from Diesel, Gasoline , and Propane -powered Mot or 
Coaches. II Journal of APCA, Vol. 5, August 1955 
r,,v,...ent h11ses) _ 

- . 

Table 9 .12 

PSEUDOLANE LOCATI ON 

Displ acement Away 
Number of Lanes From Nearest Lane, 

I n Lane Widths 

2 l.4 

3 1. 7 

4 2 . 0 

5 2. 2 

6 2. 5 

7 2.7 

8 2.8 

Source: William J. Galloway et a l . Hi~hwa~ Noise Measurement, 
National Cooperative Simulation and Mixed Reactions . 

Highway Research Program Report 78. Highway Research 
Board, 1969. 
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