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Executive Sunrrnary of a Study on 
Efficiency Indicators of Urban Public 

Transportation Systemsi Primary Services vs. Support Functions 

The concept of efficiency is an elusive one in the field of urban public 
transportation systems (UPTS). Although it essentially focuses on the 
effectiveness with which inputs of resources are applied to the system in order 
to produce desirable outputs, the concept of efficiency involves much more 
than that. An UPTS may easily be seen producing service outputs which are 
well below desirable levels, well above needed levels or, even producing 
service outputs greatly different than desired ones. Furthermore, an UPTS 
may easily be found demonstrating a different level of achievements in one 
segment of it than in another. It is thus an obvious requirement~established 
from the outset on any efficiency analysis of UPTS;the need to intergrate 
with any such analysis important notions of the desirability of service outputs 
and of the divisibility of the system into several interacting but substan
tially independently performing system components. 

The present study on efficiency indicators of UPTS is based on such an 
initial set of considerations. In essence it attempts to study the relation
ship between service outputs of the system and the manner of distribution of 
input resources into the various primary and secondary functions and compo
nents of the system. The objective of the study is clearly methodological, 
in that it attempts to study the methods, problems and requirements of deriving 
efficiency indicators of UPTS and not to assess and compare any specific UPTS 
systems. 

For the purposes of this study the UPTS is divided into three major 
components, i.e. the primary services component, the support functions 
component and the systems' network component. Input requirements and pattern5 
of distribution within these components were then the primary targets of the 
project. A secondary target was the measurement of the inputs to an outputs 
from each system component. The association of these two items and their 
relative distribution produced the efficiency indicators that the project _ 
studied. 

An all inclussive approach was also followed in searching for, and 
counting in, system inputs and outputs. For this purpose four contributors 
to and/or beneficiaries from the UPTS have been identified and taken into 
account, the following: (a) the system's qperators. Traditionally the 
operators were in the center of any efficiency studies, and in fact they 
were almost universally considered to be the only actors concerned with the 
efficiency of an UPTS. (b) the direct users of the system. This second 
contributor seems to represent a second, very important aspect of efficiency 
analysis for UPTS. Obviously, the point of view of the user, and the 
efficiency of a technological system in meeting his needs constitute important 
factors in the welfare of that system. (c) similarly the third and the fourth 
contributors to the UPTS; the society at large and the government at all levels J 
represent currently important aspects of an efficiency analysis, now when UPTS 
are so important wi.thin urban areas and are so extensively depended upon 
systematic governmental assistance for their welfare. 



The search for efficiency indicators leads into the definition and 
measurement of three types of such indicators, the following: 

(a} Ratios of system inputs to system outputs. This type of indicator 
is expressing really unit costs of outputs in terms of any predetermined 
sets of inputs. Labor costs per vehicle mile is just one indicator of this 
type. They represent convenient, easy to measure and communicable indicators, 
but are usually very little informative for the analyst as to what is the 
problem within a particular system; 

(b} Ratios between inputs in primary services and inputs in support 
functions, or more generally, ratios between inputs of the various system 
components. A ratio of manhours in conducting transportation (primary services) 
over manhours in repairs and maintenance (support functions) represent an 
indicator of this type. This type of indicator are primarily technical and 
primarily technical and therefore present problems in communicating them to 
the general public. In fact they are difficult, at times, to understand even 
by professionals, without specific experience. These types of measures are 
very revealing and instructive in understanding what is the problem in a 
particular system. Inbalances in resource allocation, waste, and mismanage
ment can frequently be gauged by just reviewing a set of measures of this type. 

(c) Ratios of component inputs to component outputs. For instance a 
ratio of vehicle miles over labor inputs to only conducting transportation 
represent one such ratio. Also a ratio of vehicle miles per bus between 
breakdowns and labor in repairs and maintenance represent another ratio of 
this type. These types of measures are very revealing of the specific 
accomplishments of specific efforts, i.e. of the effectiveness with which input 
resources are carrying out prograimned tasks. Managerial shortcomings, super
visory deficiencies, lack of skills, lack of material and many other sources 
of concern may reveal themselves with the help of such system measures. 

The project follows a hierarchial structure in developing efficiency 
indicators from single functions and tasks to entire system components. By 
using sequencial elimination and progressive aggregation of data sets the 
projects,derive efficiency indicators of successively larger data basis 
corresponding to higher levels of managerial responsibility. 

Three test regions were used for empirical data ranging from a small 
region of 0.5 million residents and a single bus system (Wilmington, Delaware) 
to a large region of 3.5 million residents and five modes of public transpor
tation (the Pennsylvania side of the Delaware Valley). Since the objectives 
of the study were clearly methodological and not the objectives of a case 
study, the selection of the three test regions with the variety of circumstances 
they presented served well the purposes of the study. 

The results of the effort can be summarized as follows: 

(i) The relationship between inputs to primary services and those to 
support functions is central to a well planned and managed UPTS. 

(ii) Similarly, the distribution of inputs to the various tasks within 
the support function)is critical in achieving a well performing UPTS. 



(iii) The total inputs required for the operation of UPTS far exceed 
those reported and/or controlled by the operator of the system alone. The 
contributions of the government to UPTS frequently may equal and even exceed 
those by the operator. Also, although the "fare" contributions of the direct 
users frequently cover almost (or only) half of the operator's budget, 
the total contributions of the direct useware indeed several times greater 
than the value of the fares. Finally, society at large is found contributing 
only minor amounts to the operations of UPl'S. 

(iv) The fares of the direct users are found to cover only about one
third of the out-of-pocket expenditures required for the operation of the 
larger system studied while they cover more than twice as much the expenditures 
of the smaller system studied. Although the data basis is not enough to 
draw a definite relationship between size of the system and proportion of 
governmental support required, the evidence indicates that as the system grows 
in size, additional expensive services are required, and greater labor and 
capital unit costs are occuring for each task performed. 

(v) A comparison among UPTS modes reveals that the various modes have 
different characteristics in the distribution of input resources. For instance 
bus systems require different levels of support functions than light rail 
and still different from subway rapid transit. The study of these relation
ships by each mode seems to be the key in determining optimum level of inputs 
in each case. 

The overall conclusion of the study points clearly towards the signifi
cance and the complexity that efficiency studies for UPTS hold. From the 
limited evidence ayailable, the indications are clear that substantial funds 
might be wasted annually and even significant operational difficulties might 
be experienced by an UPl'S, simply because of inappropriate allocation of input 
resources to the various functions and tasks within the system. Efficiency 
analysis of the operations of UPTS represent the key to better management and 
planning for such systems. Efficiency analysis of the type suggested in this 
voluma may be directly instrumental in avoiding substantial waste of funds 
and in achieving a well performing urban public transportation system in any 
region of the country. 
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Preface 

This project was in effect an effort to test with actual data some of 

the conceptual developments of a previous project sponsored by the Univer

sity Research Program of the Department of Transportation that focused on 

the conceptual analysis of Productivity, Efficiency and Quality of Service 

of the entire complex of an urban transportation system. The previous proj

ect was general in its approach and conceptual in nature. Thus the need 

for the work of the current project, essentially an extension of the pre

vious effort and an actual test of the ideas expressed in the original 

project. The current project utilizes three test regions and focuses on 

the public transportation component of the total urban transportation 

system. 

Since the project was to last only 12 months and since its budget did 

not include funds for any original data collection effort, it was naturally 

required to use only data already available. This turned out to be an im

portant limitation of the project especially in securing and utilizing the 

detailed data associated with the various support functions of two of the 

three test regions. The reader also needs to bear in mind that no quality 

control could be maintained in any area of the data inputs. Of course, the 

objectives of the project were not to focus on three specific regions as 

such, but to utilize data from three test regions in order to demonstrate 

some central and generally applicable concepts of analysis. This objective 

can be met even with incomplete or even slightly inaccurate data sets, in 

terms of detailed breakdowns of aggregate totals. This is exactly what the 



project, reported in these volumes has tried to do. 

The project was assisted by a team of graduate students who worked 

under the guidance of Dr. Anthony R. Tomazinis, Principal Investigator. 

Dr. Shiv Gupta, Associate Investigator, served as an advisor and reviewer 

of the project and contributed in this manner immeasurably to the 

successful completion of the project. The graduate students who par

ticipated in this effort were the following (in alphabetical order): 

Mr. Steven Beier, Mr. Barton Betz, Mr. Arthur Foran, Mr. Alan Kurtz, 

Mr. Kamil Siddiqi, Mr. Steven Stryker and Ms. Jeh Wang. In a smaller 

capacity and shorter duration, the following students also contributed 

to this project: Mr. Larry Eisenberg, Mr. Howard Evoy, Mr. Barry Owen, 

Mr. Ramana Rao, Mr. Timothy VanEpp and Mr. Zachary Johnson. 

While the contributions by the various members of the team, and 

those of the Monitoring Officer of oar, Mr. Douglas Gerleman, are 

gratefully acknowledged, the responsibility for the remaining shortcomings 

of this report belongs, of course, to the primary author and Principal 

Investigator. 

Philadelphia, June 1976 Anthony R. Tomazinis 
Principal Investigator 
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CHAPTER I 

PROJECT DESCRIPTION 

Introduction 

This Final Report is the result of a research project on Urban Public 

Transportation Systems (UPTS) performance indicators, with emphasis on ef

ficiency indicators. The project was sponsored by the U.S. Department of 

Transportation (US DOT), Office of University Research, and was carried out 

by a research team at the Transportation Studies Center of the University 

of Pennsylvania, before its discontinuation in the middle of 1976. The 

scope of the project was initially somewhat different in terms of where the 

exact emphasis of the work was to be placed. This is indicated by the 

initial title of the project, "Primary Services vs. Support Functions in 

Urban Public Transportation Systems", which clearly suggests a concentra

tion on the relationships between primary services and support functions. 

The project contemplated, in fact, pursuing these relationships with data 

from more than twenty UPTS of various sizes and location. This initial in

tention of work program and project scope was substantially modified as 

soon as the problems with the required data became evident. In addition, a 

review of other research activities in the country and within US DOT, plus 

an articulation of the immediate research needs of various parts of the 

US DOT, voiced by the project's monitor, suggested a desirable turn in the 

project's direction. As a result, the emphasis manifest in this Final 
' 

Report wai established bearing two essential characteristics, i.e., first 
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a major concern with data inputs for efficiency studies for UPTS, and 

second, a direct concern with efficiency indicators only instead of 

abstract relationships or generalized system performance measures. 

A second historical note is pertinent here in terms of the conceptual 

development of the project. This is, in fact, the second phase of a re

search effort that started in 1973 on "Productivity, Efficiency and Ouality 

Studies in Urban Transportation Systems". The first phase of the effort 

produced directly, a Final Report on October 1974, and indirectly, a major 

book publication in November 1975 • .!..tl/ During the first phase of the work, 

the central conceptual issues of productivity and efficiency within UPTS 

were explored. The need to relate efficiency with quality of service was 

also noted and a number of general cases were discussed in some detail. 

Phase One concluded with the establishment of a general theoretical frame

work for studies in pro productivity, efficiency and quality of service in 

UPTS. The same study concluded also with a list of problems that product

i vity and efficiency and quality analyses are bound to face in urban trans

portation. Among the problems identified were the data availability and 

reliability problems in detern1ining, in sufficient detail and accuracy, both 

the inputs to and outputs from an UPTS. This first project concluded with a 

comprehensive list of productivity, efficiency and quality indicators that 

would need to be calculated in any specific study in the future. 

ll A.R. Tomazinis, et al, Final Report. Vol. I: Concepts, Issues 
and Measures in Efficiency Analysis of Urban Transportation Systems. 
Vol. II: Concepts, Issues and Measures in Productivity Analysis of Urban 
Transportation Systems. Oct. 1974. 

2/ A.R. Tomazinis, Productivity, Efficiency and Quality in Urban 
Transportation Systems, Lexington Books, D.C. Heath & Co. Lexington, Mass. , 
1975. 
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Phase Two of the effort, i.e., the current project, pick s up whe re 

Phase One has left off and proceeds with a specific test case. For this 

reason, the essential objective of the current study becomes the test of t he 

feasibility and meaningfulness of the efficiency indicators suggested in 

the previous project. The test is carved out on the basis of the data 

available in three test areas, varying in size from 0.5 million to 3.5 mi l

lion population, and in complexity from a simple small town bus system to a 

complex, five-mode system of a metropolis. The emphasis in this phase of 

the work has shifted, of course, from the total urban transportation system 

to only the public urban transportation system of the three test regions. 

1.0 The Basic Approach 

The general approach followed in this project is consistent with the 

conceptual approach developed in the previous phase of the research eff ort 

on productivity and efficiency. It essentially includes three important 

elements as follows: (1) the division of the total UPTS into three funda-

mental components; (2) the inclusion in the analysis of four actors that 

interact with the UPTS; and (3) the development of specific rather than 

generalized input-output relationships by function and system component. 

1.1 System Components 

The overall UPTS is conceived as being formed by three fundamental 

components: the network of the systems, the primary services provided ove r 

the available network, and the support functions that make the possib l e 

functioning of the network and the availability of the primary services. 

The allocation of system inputs is based upon activity-specific, o r 

functional and temporal criteria. The expenditure of funds, labor or ener gy 

was always associated with one of the system components. De f init ionally, 

each of the components was specified as follows: 

3 



Primar y Services: Those activities, expenditures and resources 
that are both necessary and sufficient to 
produce an optimum travel service. 

Support Functions: Those activities, expenditures and resources 
consumed in the non-daily operation and main
tenance of the network and primary facilities, 
and of the overall system. 

Network: Major capital expenditures for fixed assets-
links, nodes, stations and terminals. 

These definitions are normative and mutually exclusive. According to 

those definitions, Primary Services include all the services that are per

formed on the network (links, stations and terminals) as well as all the 

associated facilities such as rolling stock. Labor devoted to these serv

ices plus all directly associated operational and managerial devices are in

cluded as inputs to these primary services. The Support Functions include 

all the supportive facilities, managerial staff and facilities, regulatory 

provisions, computer controls, repair shops, maintenance facilities, train-

ing facilities, etc. The Network includes all the fixed facilities such as 

links, stations, nodes and terminals. 

Questions immediately arise as to passenger stations -- are they net

work or primary? Also, would a maintenance man involved in the daily care 

of a revenue vehicle be considered primary service or support function? To 

resolve these and other definitional problems, the definition of primary 

services must be detailed so that it is less ambiguous, and thus more clear

ly includes those activities, expenditures and resources utilized in re

lations to the direct provision of an optimum transportation service. For 

this reason, specific definitional determinations were made for each dis

t inctive part and function of the system. Appendix Hof this report pre

sents these definitional determinations. 
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1.2 System Actors 

From the outset, the problem of interaction between an UPTS and its en

vironment was conceived as including more actors than simply the operator

supplier of the system. Of course, the important role that the operator 

plays in all cases is quite obvious and therefore, it seems imperative that 

any productivity and efficiency study takes, first of all, the concerns of 

the operator into account in determining efficiency requirements and produc

tivity objectives. 

Beyond, however, the role of the operator, the analyst rm.1st recognize 

the role of the direct user of the system in this interaction. It seems 

quite apparent that the user makes direct inputs to the system from which 

he needs outputs that meet his needs quantitatively and qualitatively. It 

seems, therefore, obvious that an efficiency analysis of an UPTS would need 

to include efficiency measures from the point of view of the user if such 

an analysis is going to reach any level of completeness. 

In addition to these two actors, it seems. apparent in today's set of 

circtDD.stances that an urban public transportation system does not operate 

within an insulated vacuum that includes only the system's operators and 

users. In fact, it is quite obvious that society at large has a major con

cern with regard to these systems. So many essential societal functions de

pend on a properly functioning UPTS to make such a system an essential con

cern for the society at large. In this respect society takes the place of 

a third actor in this complex interaction, which, although it includes the 

operator and the direct user per~, it encompasses much more than that. In 

essence, society encompasses all the interest, population groups and ob jec

tives that a given region may include. 
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Fi nally, in today's realities, in which government at all levels is 

found directly being involved with urban public transportation systems 

(controlling them, riding them, and finally, funding them) ·it seems appro

priate to include government as the fourth bona fide actor in the interac

tion between an UPI'S and its environment. Government, acting in the name 

of society which it serves, takes many direct and indirect actions which 

involve substantial inputs. For this reason, any reasonable efficiency 

analysis would need to include the point of view of government in assessing 

inputs to and outputs from an UPTS, if such analysis is going to reach con

vincing conclusions. 

These four actors together with the three system components form then 

the "assessment space" within which the present study evolves in exploring 

efficiency concepts and measure~ together with all the associated problems 

and limitations. 

1.3 Inputs Outputs Framework of Relationships 

The overall methodological approach followed in this can be charac

terized by three essential concepts that dominated the study, i.e., the 

structure of inputs and outputs; the relationships between inputs and out

puts; and the process of aggregation of inputs and outputs from individual 

entities into larger aggregates. Each concept needs some more explanation 

before it is used. 

Figure I-1 indicates the inputs-outputs structure or framework for 

UPTS. As it can be seen, the inputs of each of the four actors enter essen

t ially into each discreet component of the system, i.e., primary services, 

support functions, and the network. From each component, some internal out

puts are then produced that can be combined to effectuate an "operational 

network" and an "effective service potential". From these two intermediate 

s t eps , t he internal outputs are then produced in order to effectuate the 
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"operating primary service" of the system. From these last junctions (the 

effective service potential, the operational network, and the operating 

primary services) the actual 'deliverable' outputs are more available to all 

four actors of the system. Of interest is also the fact that both the prim

ary services and the network of an UPTS usually also produce undesirable, 

negative outputs, i.e., air pollution, environmental degradation, etc. 

These outputs are taken into account by this structure of inputs outputs by 

the additional inputs that they require in order to control them and/or 

ameliorate their negative inputs. This fact is shown in Figure I-1 by the 

loops that originate from and return to the primary services and the network. 

The second essential concept of the methodological approach is shown 

in Figures I-2 and I-3. Figure I-2 indicates the first set of relationships 

sought. They are associations between inputs to the system and outputs from 

the system. The inputs are divided into fiscal and physical inputs while 

the outputs are divided into total system outputs (products) and only these 

outputs that have actually been utilized by the users. These relationships 

need to be traced, of course, for all four actors and for the system-wide 

totals. 

Figure l-3 presents the second set of relationships explored in this 

study; those involving inputs between various system components. Since the 

emphasis in this study is on primary services vs. support functions, the in

put-to-input analysis focuses on the relationships of inputs in those two 

system components. 

While the first set of relationships between outputs and inputs pro

duce essentially a set of unit costs for all the system outputs for each ac

tor, and for all actors put together, the second set of relationships are 
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essentially comparisons expressing the relative assistance that each system 

component receives or requires. 

\ 
This methodological approach in relating outputs to inputs has also 

been followed in tenns of specific mathematical functions. For instance 

the function: 

may represent the cost per vehicle-mile (y) in tenns of direct labor inputs 

(x1), maintenance labor (x2), managerial labor (x3) and cost of rolling 

stock (x4 ). The co-efficient:may also represent fixed costs of the system, 

which the co-efficients b,c,d, and e, would represent to the extent to which 

the variables x1, x2, x3 and x4 , are important in detennining the value of 

y. 

The third essential methodological concept is centered on the aggre

gation requirements of an efficiency study, Figure .1::i indicates these

quence of aggregations necessary for efficiency studies. As it can be seen, 

the foundation is established on single element efficiency indicators which 

focus on single functions within the system and which correspond to the 

level of responsibility of a single supervisor. A second set of efficiency 

measures are derivable at the level of a whole sector within a system's com

ponent. rt corresponds to the level of responsibility of an operations or 

branch manager, and they can be fonned by aggregation of input and output 

data from the single element to that of a whole sector. A third set of ef-

ficiency measures are derivable on the system component level by aggregating 

all the sector based data sets. This level of efficiency measure may cor

respond to the level of internal responsibility of Division Head. Finally, 

a fourth set of efficiency measures is derivable on a system-wide level. 
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This can be accomplished by combining data sets from three system components 

by proper aggregation and elimination. This set of measures corresponds 

with the st¥:ieral manager level of responsibility and are then addressed to 

internal and external need, for control and reporting. 

2.0 The Three Test Regions 

In agreement with the Contracting Officers Technical Representative, 

the Principal and Co-principal Investigators of this Project, it was de

cided that three test cases will be used for the purposes of this study. 

The three test cases involve the selection of three test regions with ap

propriate urban public transportation systems that can provide the data and 

the conditions for a promising test. The finally selected three regions 

(and systems) are the following: 

(a) the New Jersey portion of the DVRPC Study Area (NJ Region); 

(b) the Pennsylvania portion of the DVRPC Study Area 
(Pennsylvania Region); and 

(c) the Wilmington SMSA (Delaware Region). 

The first region is primarily served by PATCO's Lindenwold Line and 

the bus lines of Transport of New Jersey. Its resident population is about 

1.5 million, includes four counties, a central city, and is entirely in one 

state. 

The second region is served by SEPTA (Southeastern Pennsylvania Trans

portation Authority) as the chief operator in the area with an extensive 

network of rapid transit, light rail, buses, streetcars and trolley coaches 

distributed in its region. It is further supported by extensive commuter 

service largely contracted by SEPTA from Penn Central and Reading Railroads. 

It includes a resident population of about 3.5 million, five counties, a 
. 

major central city, and is entirely within one state. 
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The th i rd region is a bus- oriented region, entirely. Its resident 

population is about O.S million, it includes three counties, a medium size 

central city, and is spread into three states. 

3 . O Data Needs 

An efficiency study of this nature is based heavily on the quality of 

data available. For instance, let us consider the labor aspect of the total 

urban transportation system and have SEPI'A as our frame of reference. SEPI'A, 

as the chief transit operator in the Pennsylvania portion of the Philadel

phia region, has three divisions under it. They are City Transit Division 

(CTD), Red Arrow Division (RAD), and General and Contract Division (GCD). 

Two of these divisions have several modes comprising them and serv

ing along different routes and various influence areas. The CTD has rapid 

transit (subway) , light rail (streetcar/trolley/subway-surface car), buses 

and trolley buses among its multi-modal fleet. The RAD has light-rail as 

';vell as b1.1ses operating on its various routes. The GCD contracts services 

from Penn Central and Reading Railroads, which provide transit facilitie3 

t o the bulk of co:nm:iters ,;v-o-r-king in this area. The labor inputs to such a 

complex system are intricate and quite difficult to measure in all its de

tailed characteristics. 

Also• the labor inputs 'When examined from the operator's point of 

view, should again be disaggregated into the various system components. 

For instance, the support functions would include at least the following: 

(1) Managerial functions; 

(2) Repair and maintenance functions; 

( 3) Information and marketing functions; and 

(4) Physical facilities functions. 
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Each of these will have their own subclassifications of labor inputs. 

For instance, labor input in the managerial functions may be further dis

aggregated by labor engaged in the following: 

(l) Management and administration functions; 

(2) Scheduling and dispatching of vehicles; 

(3) Personnel and training functions; 

(4) Procurement of resources; and 

(5) Financial and accounting functions. 

Therefore, when examining from a particular point of view, a specific 

system component and a specific input (such as the labor input), there is a 

need for extensive disaggregation into very specific classes of that input. 

Such specific classes of inputs must be defined even further according to 

the various units of measurement whose quality is equally important. For 

in stance, labor input should be measured in man-days rather than man-years , 

or even better, man-hours in preference to man-days. On the other hand, a 

v ery specific kind of labor input, performing a very specific function, may 

be further qualified by full~time, part-time or on overtime basis. 

Such detailed analysis is required for all the other system inputs 

that are realized by the different actors. The same is required of outputs , 

associated with quality measurements, before the analyst undertakes the de

velopment of efficiency indicators of the system components and also toe

volve measures of total system productivity. 

Furthermore, in order to compare and analyze various measures of urban 

transportation systems productivity and the efficiencies of its various com

ponents, it is important to be able to understand such transi t operating 

characteristics as the area and population served, the s ize of the transit 

vehicle fleet ·and the size of operations, operating and capital expenses 
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and revenues, ridership,and other system outputs such as vehicle-or seat

miles. Also, the detailed disaggregation of expenditures incurred in the 

production of primary services and support functions, the manpower involved 

in the production of various system components or resources,such as energy 

consumed at various levels, are vital for arriving at any logical conclu

sion. 

4.0 Study Limitations 

There are several limitations or constraints that must be acknowledged 

from the outset of this study. First, the limitations imposed upon the 

study by the availability and quality of data have already been referred to 

earlier. These type of limitations are important indeed for some types of 

analytical work that the team may desire to undertake. For instance, the 

fact that the study is essentially an exploratory one, involving only three 

test regions, precludes any extensive correlation or regression analysis and 

the establishment of any empirical functions since there can only be at 

maximum three observation points. 

In order to overcome this limitation the study was initially intended 

to cover five fiscal years for each test region (1970-74). However, it soon 

became apparent that there hardly was any reliable information available for 

1970 and 1971. Beyond even this realization came the fact that the years in 

the recent past were formative years for all the systems in the three test 

regions. For the Delaware region DART (Delaware Authority of Regiona l 

Transportation) was formed early in the 1970 1 s and it was, then, in its 

formative years. For the Pennsylvania Region SEPI'A (Southeastern Pennsyl

vania Transit Authority), while it was established on paper in 1963, had 
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its first year of full operations fo r the CTD di vision in 1969 and for 

RAD (Red Arrow Division) in 1972. For the New Jersey Region the TNJ (Tr ans

port of New Jersey) faced many adjustments after the construction of 

the Lindenwold Rapid Transit line (PATCO) in 1969 and after the 1971 agree-

ment for feeder bus lines. 

As it was stated earlier, this study is in essence Phase Two of the 

r esearch effort on productivity, efficiency and quality of urban transpor

tation systems. This sequence of events carries also several implicit lim

i tations for the study. First of all,it becomes deliberately a study tha t 

intends to test some specific ideas, developed in some preliminary manner 

during a previous phase of the research effort. Second, the study l imit s 

i tself of interest to only the public transportation system of urban areas . 

The data limitations, then, together with the subject matter limita

tions imposed by the sequence of the research efforts, establish for thi s 

project its major character. It is for this reason that the emphasis of 

this research project i s essentially twofold: 

First: To set up the elements of the problem by collecting 
the data and forming in all possible detail the 
matrices for inputs and outputs, including fiscal 
and .P,hysical inputs and outputs as well as direct , 
estimated and proxy data elements. 

Second: To carry out a set of the essential calculations i n 
establishing efficiency measures for three actual 
test regions, and discover, then, the feas i bility and 
meaningfulness of the actual measures. 

5.0 Re port Outline 

The present report follows a discreet presentation of each subject 

matter in which the item was hand led during the actual work program of t he 

project. Thus Chapt er I I of t h is Final Repor t is focused on t he actual der i -
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vation of the efficiency measures for the three test regions as discussed 

earlier in 2.3 of this chapter. Problems and results of this aspect of the 

effort are presented there. The next Chapter III presents an overview of 

the set of inputs that ente-r an UPTS. This chapter is followed by five 

chapters, all focussed on the inputs of UPTS. Chapter IV deals with the 

fis,::al inputs to the system. Chap~er V deals wi.th the .e_hysical inputs or 

the discreet entities of inputs, i.e., labor, land, rolling stock, etc. 

Chapter VI deals exclusively with the labor input_E in both the physical 

s:~nse and their fiscal translatio":l. Chapter VII deals with the capita'!, 

in.1?.ut~ to the system in te:cms o~ the fix2d assets that the system needs, 

and in cet"ms 0f the annual ~nK.>i:-ti.zatio'.':l cost that m.1st be considered for 

ea~h syste1n. Chapter VIII deals with the energy inp•.1ts to the system in an 

ad h~~ ma:-mer.. 

Chapter IX deals finally with the outp1.1ts of the system, in all their 

fo1.-;rio This is tl1e only chapter that deals ·11ith the system outpui.:s in this 

project. In this respect an imbalance of effort might be seen but it seems 

that there was little that this project could add to what this chapter al

ready includes. Chapte-rs X, XI, and XII deal agai-:i with inputs but this 

tLrne £ran the point of view of strictly each actor, i.e. the~ inputs 

(Chapter X), the inputs that~!.~ at large makes for UPTS (ehapter XI). 

a'.':ld the inputs that the _££~~men~ makes (Chapter XII). As can be seen no 

special chapter is devoted to inputs from the point of view of the operator. 

This is so because essentially this is done in the chapters of fiscal in

puts as well as in the chapters on labor and capital inputs. 

The final ehapter XIII includes some of the conclusio":l s that were 

r eached by the project. 

Final l y , nine app endice s are included at t he end of t his volume with 

addit ional i nformation pertaini ng to the discussions and calcula tions i n the 

precedi ng chapter s . 
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CHAPTER II 

DEVELOPMENT OF EFFICIENCY MEASURE S OF UPTS 

Introduction 

The development of efficiency measures for our urban public transpor

tation system can pose a number of major questions from the outset. 

First, the question of what a system measurement is,needs to be an

swered. An UPTS can be seen as a static composition of parts or as a dynamic 
} 

mechanism. Obviously as a static composition of parts, the UPTS would sug-

gest a quite different list of measures than in a dynamic system that re

quires continuous inputs, carries flexible operations, and produces contin

uous and variable outputs. For the purposes of this research effort, the 

UPI'S should be seen primarily as a dynamic system that carries out a pro

duction process. In this respect measurements need to be developed indica-

tive of the production process that takes place within the UPTS. Further

more, since the inputs to and outputs from the system produce additional 

outputs outside the system itself, it seems necessary to develop measure

ments which are also indicative of or sensitive to the outputs of the sys

tem and to its inputs outputs relationships produced in its immediate envir-

onment. 

The above observation suggests that the traditional benefit-cost anal

ysis (which leads to a ratio between costs and benefits) of urban transpor

tation systems is quite pertinent to the main issue of system measurements. 
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If benefits are considered all the beneficial outputs of the system, and 

costs, all the inputs that the system requires, then their relationship 

would indeed produce a measurement which would be quite indicative of the 

desi rability of the system's performance. Such a measure however bears cer

t ain important limitations. First, the costs and benefits would need to be 

a ssociated with the particular contributor or receiver. Second, the costs 

and benefits in the traditional application of benefit-cost analysis are 

usually the increments of an existing or prevailing situation. In this re

spect, the comprehensive conditions of the system, as already exist, are not 

really taken into accormt. Third, a B/C ratio can hardly focus on system 

components and their specific input output associations. For all these 

reasons, it seems desirable to develop system measurements which are more 

comprehensive and more incisive than the typical B/C analysis. 

What really is at stake is the measurement of the system in tenns of 

the productivity of the entire system and in terms of the quality of serv

ices offered by the system. Although these statements are almost obvious 

in terms of stating objectives, the problems of how, indeed, efficiency, 

productivity and quality in UPTS can be measured, remains unsolved. There 

are, in fact, many problems that reveal themselves as soon as the analyst 

attempts to initiate such an undertaking. The previous project has bela

bored on these problems,11and, in essence, has established the central ques

t ions that the current project is attempting to answer in an actual situa-

tion based on three test regions. 

l / . Tomazinis, !.R. £.e.• cit . , 1974. 
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1.0 The Needed Measures of Performance 

In terms of further definition of the needed syst em mea sur ements, the 

work of this project revealed that such measurements need to be character

ized by several features. 

First, it seems apparent that each measure mt1st be associat ed wit h 

primarily one of three system performance objectives set forth above . Tha t 

is, each measure should be indicative of the efficiency or productivity or 

quality of service of the system. After that association ha s been e stab

lished, then, each measurement would need to take the form of an indicat or 

that carries the following four characteristics: 

(a) It is expressive of what is measured, and of what contr ib

utes in its measurement . In this respect, the indicator should not 

be an abstract number nor should it be produced indirectly and wit h 

data not clearly identifiable. 

(b) It is sensitive to the detailed operations of t he syst em 

and of the environment within which the system operates. I n t his 

respect, the indicator should not be a gross number which does not 

perceptively change when an important change in inputs or output s 

has occurred. 

(c) It is doable (or calculable) within the typical f r amework 

of a well-organized transit system. In this respect, the system in

dicates what is needed should be derivable with the use of data that 

can easily be extracted from our UPTS and that can be manipulated. 

These data inputs should be divisible and additive so that the analyst 

can trace the corresponding data into smaller or lar ger aggregations 

of operations. 

(d)' It is easily understandable by t hose indi viduals t ha t need 
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to make planning or managerial decisions and by those policy makers 

that need to derive policy directions. In this respect, the needed 

system indicators should be as direct and as clear as a policy issue 

usu~lly needs to be for public debate and public scrutiny. If a set 

of system indicators are going to be used by decision makers (at any 

level) these indicators need also to be relatively few in number and 

mutually reinforcing. 

2.0 The Methodological Approach 

In the previous chapter, the main outline of the methodological ap

proach followed in this research project has been presented. Before the 

actual use of this approach some additional insights might be helpful. 

The essential approach is expressed by the formulation of ratios be

tween (a) inputs and outputs and (b) between inputs into the various system 

functions. 

The first type of ratios, of outputs over inputs, are essentially ex

pressive of unit costs of each type of output. Interestingly enough, by ex

pressing outputs in physical terms (i.e., passenger trips) and inputs in 

monetary terms, the dollar unit cost of each output is established. Con

versely, if the inputs are also expressed in physical terms (i.e., amount 

of labor), then the functional relationship between outputs and inputs is 

established. In this project, the reader must notice that no use is made 

of the monetary revenue of a UPI'S as a fiscal output of the system. This 

is so because of the severe controls that this industry faces, and the pe

culiar circumstances it encounters. Thus, the fares are almost in all cases 

set on the basis of political realities or policy directions. In this re

spect, the revenues produced by the operations of the system can hardly be 

considered as a satisfactory output measurement for the system. This sit-
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uation is, of course, peculiar to this system and is in contras t t o other 

industries where the most effective output measure is the revenue produced 

by the operations. 2/ 

Another observation with regard to the input output ratios is the 

fact that both inputs and outputs can be directly related to a particul ar 

actor who contributes the inputs or receives the outputs. In t his respect, 

t he analyst may also have the opportunity to establish which one of t he ac

tors contributes more than he receives, or for the sum of the four action s 

which system requires more inputs or produces more outputs. And, in t he 

particular case where total fiscal inputs are used together with a fis cal 

presentation of outputs (i.e., direct user contributions) the analyst can 

establish, for this case, the extra contribution the system needs in mone

t ary form for its operation (i.e., total operating deficits). 

The second type of ratios, of inputs over inputs, has also particular 

significance. Stating both inputs in fiscal or physical terms the analyst 

may reveal the proportional support that a particular function receives 

within the system. This type of analysis is particularly relevant to the 

i nitial objectives of this project to explore support functions in compari

s on with the primary services of a UPl'S. The analysis can be carr ied out 

i n great detail as well as on a total system component basis. Because of 

t his flexibility, the number of input to input ratios can indeed be qui te 

great ; at the same time, these ratios can also be directed to various c l i ent 

groups or analysis purposes. As shown in Figure I-3 of the previous chap 

ters, such specific comparisons can be formed within each system component, 

as well as between system components or specific functions . 

_g/ Provided that the variations in the structure of price s have also 
been t aken into account. 
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In actually developing a mathematical relationship between amounts of 

output items and specific sets of inputs, or between unit costs of output 

items and propo~tions of contributing partial inputs, it soon became evident 

that with only three regions, there was not sufficient statistical 

basis for such an undertaking. For this reason, no mathematical functions 

were attempted in this project. 

The problems of aggregation proved to be more vexing and complex than 

an initial review may reveal. Figure II-1 indicates the process followed. 

Combining this figure with Figure I-3 of the previous chapter can assist the 

analyst to assess the difficulties. The problem is accentuated by the in

troduc t ion of the requirement, presented earlier in Section 2.0 of this 

chapter , that system indicators must be easily understandable by decision 

maker s and even the general public. Furthermore, in addition to this re

quirement, the system indicators should be few in number and mutually sup

portive. Taking all these aspects of the problem, one can soon realize that 

any approach followed would be replete with problems. The approach followed 

in this project was the combinat~rial tree analysis 'With sequential execu

tions of eliminations and combinations. As the process moves from the par

tial, function-specific ratios to larger entities and broader definitions of 

functions, many ratios are eliminated as irrelevant or inapplicable. Addi

tionally, many similar sets of data are being combined to produce new sums 

which then can be u sed to form new ratios. Finally, combinations can be 

formed by using multiplications or divisions of previous ratios in order to 

obtain composite new ratios. 

The results of all the above processes and steps are presented in the 

f ollowing section. 
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3. 0 Derivation of Measures (Indicators) 

The derivation of the actual system measures, with emphasis on the 

efficiency of the operations, can reasonably well start with a table like 

Table II-lA and II-lB in which the meaningfulness of each input output re

l ationship is being scrutinized. Table II-lA and II-B include only 130 and 

117 relationships that can be considered meaningful in terms of revealing an 

i mportant condition. This represents a ratio of about 1/3 of the total po

t ential relationships in each of these two tables. Of course, the analyst 

may also notice that these two tables include only 11 of the 27 output var

i ables included and discussed in Chapter IX of this report (eight in direct 

outputs, six as estimated outputs, nine as proxy outputs and four as unspec

ified outputs). Also Table II-lA includes only 33 out of 120 input varia

bles, included in detail in the Fiscal Input Matrix described in Chapter IV 

of thi s Report. Correspondingly, Table II-lB includes only 27 input items 

out of the 45 input variables included in the Physical Inputs Matrix de

scribed in Chapter V of this Report. Notice also that the entire discus

sion is done on the basis of input variables related to the operator only, 

i. e . , a single actor out of the four actors identified already and discussed 

i n detail in Chapters b XI and XII of this Report. It is clear, therefore, 

t hat the analyst needs first to scrutinize the meaningfulness and relevancy 

of the potential relationships between the pairs of input and output items . 

Only a very small proportion of the vast number of ratios possible will 

prove meaningful, and still, a much smaller number of actual ratios should 

be f i nally calculated. Thus, the innnense data requirements of a complete 

set of r ela t ionships are reduced materially. 

From Tab le s II-lA and II-lB the effort moves to the act ual estimation 
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Table II-IA. MEANINGFULNESS OF INPUT/OUTPUT RATIOS(OPERATOR) 

FISCALJ'.I'E~~- MODAL OUTPUTS 3UCiiT/,L OUTrU'l'.::i 

VH PM)',, PH VII PT RPT POP EHPL1
' AREA -,r 

IPRU!ARY INPITT 
New Capical T/D# 0 0 0 0 0 0 0 0 0 

Ex~enses TLD X 0 () 0 ')( )( )(. C> 0 

-Trans I & Fuel ;r,. 0 u 0 X X X 0 0 
-Other 0 c.) 0 0 0 0 0 0 0 
Old Capital T/E -... 0 0 0 ',{ i< ~ c.' i) 
-Old Way )< 0 <.l 0 X, 

)( X 0 0 -Existing Equip. '>( 
0 )<. ;< 0 0 0 i(. 0 

Labor Total LE 'I( 0 ~ ')I; )(. )(, X 0 0 -Direc tions ... 0 ,( ~ :,c;_ ;,<. )(._ c> 0 
-All others l( D ·,t_ i<... )(._ /(_ '>(__ 0 c,_) 

Energy Total/E "- 0 0 0 X t., X 0 0 

-Op. stations \( 0 0 0 " 0 X C' 0 
-Daily Ma int. ·,r. 

0 0 0 X c., X 0 C> 

SUPPORT INPtJr 
Hew Capital T/DU 0 0 0 0 0 0 0 6 0 

Expenses T LD !I, 0 0 0 X ',( )( 0 0 -Hgt. & Adm i n. I( 0 0 0 )C )( X 0 C 

-Repair & Naint )( 0 0 0 )( ]( X 0 0 

-Traffic promo J( C 0 0 )( X X 0 0 

-All other )< X 0 D ,c: 0 0 0 X 
Labor T LD )( 0 X )<, 7-- X >< 0 0 

-Mgt. & Admin. "J( i) )(, JI. X )( X 0 0 

-Repair & Maint ,( 0 X )< IC X X 0 () 

-Info. Systems J( 0 )( ~ )( 
.,.. "' 0 0 

-All other )l 0 X X )(. X. "l'.. 0 0 

NETWORK INPITT 
New Capital T/Dfl 0 0 0 0 0 0 0 0 0 

Old Capital TfE X 0 0 0 )( /C, X. 0 (I 

-Existing way ,: 0 0 0 )( )(. ><: 0 0 
-Ex isting Bldgs ,: 0 0 0 )( )( le: C 0 
&Stations 

-Existing Equip X 0 0 0 )( ,x X 0 0 

SYSTEM-WIDE INPUT l E " A I N E 

1 
I 'I E MS 

Capital T /D+E )l I( ~ l( 

Op• Expense T/D CT] \°3] w X. 
Labor T/D+E )c )( X X )( l( 

I Energy T /C )( X. X, 

-

VM c: Vehicle-miles POP = Population Sc rve<l 
PH= Passenger-miles EMPL O Employment Sc1·vcd 
PH = Passenger-hours AREA = Geographic Arca Served 
VH = Vehicle-hours TAXES = Operator Ta xes 
PT = Passenger-trips GOV'T O::lJ. = •Achievement of 
RPT = Revenue Passenger-trips Government Objectives 

NOTE: Uhde rs cored itP.mS ind icatc aggregated input item. 
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.. :~OV-JFr . o;;r::; i 1'3 
TAXES'f; GOV'T OllJ •• 

0 0 
() 0 

0 0 

0 0 

0 0 

V 0 

0 0 

c) 0 

0 .. 0 

0 0 

0 0 

(> 0 

0 0 

0 0 

c) 0 
0 0 
0 0 
0 0 
0 CJ 

0 0 

0 0 

0 0 

0 D 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

D :; Direct 
E = Estimate 

1x = Hc..:mingful J 
2 = ~jcani ng les s 

= Output Elimi n otc d 
fi = Input E liminoted 
T c:: To:,;iJ 

= Included in 
Table II - 2 



Table II-lB. MEANINGFULNESS OF INPUT/OUTPUT RATIOS(OPERATOR ) 

PHYSICAL ITEMS HODAL OU'l'PUTS SuCii'.:TAL OUTPUTS G0V ::IDl. OIJT?UT.3 

Wl 

PRU!All'l WPl.Tl' 
Cnpital 

-T 'fleet Size ')( 

.. peak Hr Fleet )( 

-Vehicles )t 

Deployed 
Lnbor {Di rcct JI{ 

Trnns.) X 
-Hours 
-Ho. Employees X 

Encrr.'l X 

-Kim Generated ·,t. 

oUPPORT IUPlIT 
Copit.11 

-Floor Arca "l( 

{Maint. Sho~s} 
-No. Parking ~ 

Spaces 
-Ave 1. No. Vehi- J/.. 

cles in Garage 
-No, Bus Reeair )( 

pays 
Labor 

-Hgt. Employees X 

-Hgt. Labor Hrs. )l. 

- Hnjor Repairs l( 

Employees 
-Labor Hrs. in ,.. 
Major Repairs 

-Routine Maint. )l 

Employees 
-Labor Hrs. in J( 

Routine Haint. 
-T Su~port Empl. )( 

-T Support L.:ibor )l 

Hrs. 
NETWORK INPln' .. 
- Hiles \fay Track "' 
- ~o. St.:1t ions {Stoes) 0 
- No. Stations 0 

(Amt. Floor Arco) 
- llollte Uilea (2-wny X 

;ysTE?-HHDE UIPlH 
Nct\101:k & Capi- J(. 

tal/T 
Labor/T 0 
Enerr,y /T ,,.. 

V.M = Vehicle-mi.les · 
PH= Passenger-miles 
PH= Pa:.;seng-cr-hours 
VB = Vehicle-hour3 
IT= Passenger-trips 

P1•1~:- PH VH 

0 0 0 

0 0 0 

0 0 0 

)( )( 

0 )( )C 

0 X X. 

0 0 0 

0 0 0 

C> 0 0 

0 0 0 

0 0 0 

0 J/.. .,.. 

0 i{ )<. 

C, )< )C 

e )( )(. 

0 )( X. 

0 )(. ')(. 

0 X 'X 

0 ~ ')(. 

0 0 0 

0 0 t. 
0 0 0 

0 0 0 

)(.. )( 

RIT ""Revenue Pn!isenger-trips 

}k x-
PT 1!?T POP .-~'-IPL ARI;:;\ TAX~S \~0\1 IT OPJ. 

"' X. X 0 C> 

)( X. ;,(_ 0 0 

X ,c X. ~ 0 

'I(. X )( 

'I(. X. 0 )(, 0 

... }< 0 ~ 0 

"" )(, X 
JC. ><. 0 0 )I. 

.. 'II. 0 0 0 

)C X 0 0 0 

)I. )( 0 0 0 

0 () 0 0 0 

')(. )r.. 0 )(. 0 

l(. X. 0 :,,:.. 0 

X. II.. 0 X 0 

X X. 0 X 0 

I( X 0 x 0 

)C. )C 0 X 0 

)(. )i. 0 X. 0 

X. )(. 0 X 0 

X X ')( 0 X 

X X l( 0 
")( 

')(.· )(. ;,.. 0 X. 

X X X. 0 )(. . 
~ 

)( X. X X 

0 0 X. 

.:.. )( X. 

POP= Populntion Served 
EHPL "' Ea1ployraent Served 
ARE.Ac: Geographic Arca Served 
TAXES= Operator Taxes 
COV 1T OBJ. == Achievement of 

Government Obje_ctives 
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0 0 

0 D 

0 0 

0 0 

0 0 

. o 0 

C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

C 

0 

0 

0 

0 

0 

0 

(i 

D O Direct 
E = Esti.In:ite 
X "' Hcnninr.ful 
O O ~aninr,less * 0 Output E 1 ir:1inatcd 
:(J 0 Input E lir.iinoted 
T • Total 



of ratios . Tables II-2A and II- 2B present a sampl e of wha t can be and has 

been estimated for the purposes of this projec t . Not ice t hat Tables II-2A 

and II-2B include ratios of only inputs to outputs, but t hey include repre

sentative ratios for all four actors of the system. However, these two 

tables 1nclude ratios for each~ of the transit operators in the three 

test regions, with subdivisions for inputs and output s applicable to only 

the primary services, or the support funct i ons or the entire transit system. 

Furthermore, each ratio needs to be reviewed carefully because t hey involve 

both fiscal and physical units of measurements in a mixed sequence (in con

trast to the clarity included in Tables II-IA and II- lB where fiscal input 

variables are included in one table and physical input variable s are in

cl uded in the other). Finally, the analyst may notice t hat Tables II-2A 

and II-2B are for only one year, i.e., 1974. 

Obviously a structural presentation of the various rat io s between in

puts and outputs is absolutely necessary. Thi s is attempted i n Tables II-3A, 

II-3B, II-3C and II-3D. The formation of the se tables involve al so t otal 

system variables and a focus on composite measures of eff i ciency. I nput s 

and outputs are also classified by actor so that each measure of efficiency 

is formulated with a specific actor in mind . Further, t he input s are di s

tinguished as fiscal or physical inputs, while the outputs are c lassified 

into total outputs produced by the system and outputs actually utilized by 

the users of the system. 

From the vast number of ratios that can be formed , Tables II-3A, 3B, 

3C and 3D include, finally, only 45 measures of efficiency subdivided in a 

manner that permits the analyst to focus on small er aggregat ions as is needed. 

For instance, there are only eight measure s f or government , and, among these, 

only two focused on outputs produc0d and f isca l government al inputs to the 
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TABU: 11-?A • PERFORMANCE MEASURE COMPARIS ON : : 1974 ~\· 

A~ SYSTS,,I SEPTA - CTD SEcrA._:-- R An ~"J;'TYT'h _ r.rn 

~ 
0 

; ~ ; ; o s ----------------------- PHIM !SUP? 'JDTP.L PRIM 3UPP TOTAL PRIM '>1J PP ' IDTAL 

USE R 
~ a ll travel costs/pass.-trip $ 2.58 $ 2.58 $ 3.96 $ 3.96 8.37 $ 8 . 37 
~ all travel costs/veh . -mi. $ 10.00 $ 10.00 $ 11.20 $ 11.20 $ 18.44 $18.44 
z in-system travel costs/pas s .-trip $ 1.06 I $ 1.06 $ 1 . 72 $ 1.72 $ 2.66 $ 2.66 
z. in-system travel costs/veh. - mi. $ 4.16 $ 4.16 $ 4 . 83 $ 4.83 $ 5.87 $ 5.87 
~ access costs/pass. -mile $ 0.55 $ 0.55 $ 0 . 35 $ 0.35 $ 0.44 $ 0 . 44 
accident costs/pass .-mi. $ 0 . 005 $ 0.005 $ 0.003 $ 0.003 $ 0.003 $ 0 . 003 
accident costs/veh.-mi. $ .05 $ 0.05 $ 0.06 $ 0.06 $ 0.09 $ 0.09 
pass.-trips/accident 249,900 249,900 125,900 125,900 191,300 191,300 
veh.-mi./accident 63,900 I 63,900 44,700 44,700 86,900 86,900 
:z. all travel costs/pass,-mi. $ 0.93 $ 0.93 i!: n i;1 i! n e:., i! n e:.c;: ... ,.. ,.,. 

y ..... --

SOCIETY 

air pollution damage costs/pass.-mi. 0.01 $ 0.01 $ 0.012 $ 0.012 $ 0.0005 $ 0.005 
air oollution damage costs/veh.-mi. 0.09 i:: n no ,:: n ?~ ~ 0 ?~ i! n ni ,., - --

- y -·--

GOVERNMENI' 

z. all costs/pass. - trip $ 0.46 $ 0.01 $ 0.47 $ 0 . 34 $ 0.03 $ 0.37 $ l.04 $ 1.04 $ 1.08 
~ all costs/pop. served $ 28.95 $ 0.76

1 
$ 29.70 $ 1.73 $ 0.16 $ 1.89 $ 8.15 $ 0 . 33 $ 8.48 

~ all costs/veh. -mi. $ 1.80 $ 0 . 051 $ 1.85 $ 0 . 95 j $ 0.09 $ 1.04 $ 2;30 $ 0.09 $ 2.39 
l abor hrs./oass.-mi. I 

I ' I .~~~ I ! 
::: all costs/pass.-trip $ 0.54 I $ 0.351 $ 0.97 $ 0.84 I $ 0.49 $ 1.58 
~ all costs/rev. pass.-trip $ 0.61 $ 0.40l $ 1.09 $ 0.96 ! $ 0.55 $ 1.80 
:z: all costs/veh.-mi. $ 2.12 $ 1.37: $ 3.79 $ 2.37 i $ 1.37 $ 4.45 
pas s. trips/no. employees 54,000 113,000: 36,700 44,100 j127,600 32,800 46,500 28 800 17,800 
rev. pass>trips/no. employ. 48,200 100,200' 32,600 38, O 1112,100 28,800 46,500 2

8
:9oo 17,800 

labor hrs./pass.-trip 0.05 0.02 0.06 0.05 .01 0.07 
labor hrs./revenue pass.-trip 0.06 0.02 0.07 0.06 .02 0.08 
veh.-mi./no. employees 13,900 28,900 9,400 15,700 45,300 11,600 21,100 13,100 8,100 
labor hrs./veh.-mi. 0.19 0.06 0.25 0.15 . 04 .19 
pass.-trips/fleet veh. 132,500 132,500 102,100 102,100 88,100 88,100 
rev. pass.-trips/fleet veh. 117,600 117,600 89,700 89,700 88,200 88,200 
veh.-mi./fleet veh. 33,900 33,900 36,200 36,200 40,000 40,000 
no. stations/so. mi. 

-:, The numbers are indicative only; not necessarily accurate for all systems . 
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TABIE II-2B • PERFORMANCE 1-EASURE COMPARISON : 1974 

SYS'l'~M PATCO 'l"IIT T' 

ACTORS 
1 3UPP & RATIOS PRI '1 TOTAL P:tIM SUPP TOTAL 
I -

USER 
-~ all travel costs/pass.-trip $ 6.87 $ 6,87 $ 7.69 $ 7.69 
z·all travel costs/veh.-mi. $ 17.62 $ 17.62 $ 7.42 $ 7.42 
z. in-system travel costs/pass.-trip $ 1.34 $ 1.34 $ 3.92 $ 3.92 
:E.in-system travel costs/veh.-rui. $ 3.43 $ 3.43 $ 3.78 $ 3.78 
zaccess costs/pass.-mile $ o.65 $ 0.65 $ 0.28 $ 0.28 
accident ccsts/pass.-mi. $ 0.004 $ 0.004 $ 0.002 $ 0.002 
accident costs/veh,-mi. $ 0.09 $ 0.09 $ 0.03 $ 0.02 
pass.-trips/accident lll.,100 111,000 62,300 62,300 
veh.-mi./accident 43,300 43,300 64 ,400 64,400 
""- all travel costs/oass.-mi. S 0.81 $ 0.81 t- n r:a 1 1 n ";R 

SOCIETY 
ai, pollution damage costs/pass.-mi. $ 0.004 $ 0.004 $0.007 $ 0.007 
air oollution damaQe costs/veh.-mi. S 0.09 S O.OQ ~ n no s "no 

GOVE RNME NI' 
:Eall costs/pass.-trip 
2- all costs/pop . served 
~ all costs/veh.-mi. 

I 
I 

labor hrs./oass.-mi . \ 

OPERATOR 
I I I 

:= all costs/pass.-trip $ 3.3 . $ o.so! $ 8.74 I 
.::: all costs/rev. pass.-trip $ 3.37 $ o. so; $ 8.74 

I 
! 

:z all costs/veh.-mi. $ 8.64 $ 1.28: $ 22.41 i 
pass. trips/no. employees 241,500 49,2001 40,800 18,800 48,800 13,600 
rev. pass . -trips /no. employ. 241,500 49,2001 40,800 18,800 48,800 12,600 
labor hr s./pass.-trip 0.02 0.13 0.05 0.18 
labor hrs./revenue pass.-trip 0.02 0 15 0.05 0.20 
veh.-mi ./no. employees 94,200 19,200 15,900 19,500 50,600 14,100 
labor hrs./veh. -mi. 0.04 

I 0.13 0.05 0.18 
pass.-t r ips/fleet veh . 154 ,300 1s4,3oo I 
r ev . pass . -trips/fleet veh. 154,300 154,300 I 
veh .-mi ./flee t veh. 60,200 0,200 
no. s tations / s o. mi. I 

DART 

PRI!I: SUPP I TorAL 

$ 4.74 $ 4.74 
$ 9.18 $ 9.18 
$ 1.30 $ 1.30 

2.51 $ 2.51 
$ 2.10 $ 2.10 

$ o.oos $ 0.005 
$ 0.03 $ 0.03 
97,400 97,400 
50,283 50,283 
S ? _ Q1 S ?.Ql 

. 
$ o.o $ o.o 

~ n n, s n_n._ 

. 
I 
I $ 1.20 $ 0.83 1 $ 0.37 

$ 1.20 $ 0.83 1 $ 0.37 
$ 1.61 ! $ 0.72 $ 2.33 
38,300 jl87,300 31,800 

· 28,300 1187,300 31,800 
0.06 1 
0.06 

19,800 1 96,700 16,400 
0.11 I 

56,000 , 56,000 
56,000 : 56,000 
2a, 900 I 28,900 

I 



TABLE II-3A . COMPOSITE EFFICIENCY MEASURES(OPERATOR) 

~ ~ OUT?UT TYPES 

'½ ~ OUTPUT UTILIZED OUT?UT PRODUCED 

a. PT a. VM 
op.exp.,capital,labor,energy op.cxp.,capital,labor,energy 

RPT VH 
b. op.exp.,capital,labor,energy b. total labor costs 

....:I 
PH ~ 

0 op.exp.,capital,labor,energy Cl) c. 
H 
f-x-4 

POP 
-d. op.exp.,capital,labor,energy 

! 
i a. PT i. PH a. VM i. EMPL 

# #labor # stations labor fleet deployed 

PT 
b. VM j. EMPL b. miles of track: 

miles of track hrs.labor 

c. PT 
VM fleet deployed c. 

# of labor i--1 
~ 

PT 0 
_, ... 

d. VM h # labor Cl) 

~ hrs. lat:or 
0... 

PT e. 
VM hrs. labor e. 

energy used 

f. POP 
f. AREA fleet deployed # of stations 

g. POP 
VH # of stations g. 

"# of labor 

h. PH h. VH hrs. of labor hrs. labor 
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TABLE II-3B . COMPOSITE EFFICIENCY MEASURES (USER) 

OU T?U T TYPES 

a. 

b. 

c . 

OUTPUT UTILIZED 

POP 
fare cost,accident,travel 
time and access cost 

PT 
farecost,accident,travel 
time, and access cost 

PT 
user fare cost 

d. PM 
total access cost 

e . PH 
total fare cost 

f . ' PH 
total travel time cost 

OUTPUT PRODUCED 

a. VM 
user fare cost 

b. VM 
total acciden t cost 

c. VH 
total travel time cost 

t---+-----------------f-----------------
a. PM 

b. 

c . 

total# of accidents 

PT 
total# of accidents 

POP 
total# of accidents 

d. POP 
total user travel time 

e . PH 
total user travel time 

a. VM 
total# of accidents 

b. VH 
total user travel time 
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'rA.RT,F. TT - 3r.. COMPOSITE EFFICIENCY 
MEASURES (GOVERNMENT ) 

O'I T ,1 T "!"f:',~'l 

QlJTPUT IJTI J,IZF.D O'.l'l'PUT PPo m cEn 

a, POP a, v·1 
Total r.overn;nont trar.s, exp. operatir..i: 8ubvcnt1ons 

b, PT b, VM 
Total government trana, oxp. Total r,ovonunant trans.exp. 

c , PT 
operating subventions 

d, PT 
taxes lost 

a, ?T 
Total govcrnmcn t 1,.bor hrs, 

b, PK 
Total govorn~ent 1aGor hrs, 

\ 
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TABLE I I-3D. COMPO~S EFFICIENCY 
MEASURES (SOCIETY) 

OOTi'\l TYl',:'l 

01J Tl',JT <J Til,JZF,J) OUTPUT Pnoxr•l) 

a, "OP a. V-el 
t otal societal costs Total societal c~sis 

b, l'T 
Total socic, tal costs 

c , RrT 
Total 11oc i etal costs 

I 

TABLE II• ) 0 



UPTS. By fonnulating such measures for each UPI'S and for each year of op

erations , the analyst can easily trace the relative governmental contribu

tions to each UPTS • 

. The set of Tables II-3A to 3D are very helpful for total system as

sessment by actor or for the surrnnation of all actors and all system opera

tions. However, more detailed efficiency measures are necessary for the an

alyst who needs to study the system in detail . The previous Tables II-1 and 

II-2 have already provided the first glimpse of the division of inputs by 

system component. In fact, Table II-2 includes the first efficiency ratios 

that focus separately on primary services and support functions for two ac

tors, i.e. , the operator and the government. For instance , one can see from 

Table II-2.A that taking into account all the operator's cost s applied to 

primary services, the cost per passenger trip for CTD of SEPTA is 54¢. Tak

ing into account all the operator's costs applied to support functions , the 

additional cost per passenger trip is 35¢. The stnn of all costs is 97¢ per 

passenger trip in the City Transit Division of SEPTA (all modes ). Still, 

the material revealed by this table is not expressive enough. Additional 

information, important to the analyst, is available iu Table II-4. In this 

table the relationship of inputs to primary services vs. inputs to support . 

functions of the UPTS are shown. For each specific mode within the three 

test regions , input analysis was carried out on a system-wide basi.s for 

primary vs. primary services, and for primary services vs. support functions, 

for each year: 1972, 1973, 1974. The input variables of Table II-4 are 

expressed in terms of dollar costs, employees, labor hours or proxy measure

ments of other costs, as in the case of user costs or society costs. Table 

II-4 includes 38 variables applied to all the eleven modes operating within 

the three test regions. The list of variables is, of course, not all-inclu

sive (although it includes input variables from the operator, the user and 
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TABLE II-4. INPUTS TO INPUTS RATIOS; 1974 . 

lNTffi:•IE!JIATS PER!''OR:!Jd~C.i!:: ;·IE.AS1JRES, l;J'/4 .PRD1f\RY vs- .~IPP(R'T' 

GTD cm CT.:J . CTl) CTD Bl.:.'D 
f"T <" m r• Tf "''V~ rnr 1 '" I P I im >J..., .! .-'~,.,. ;; ..., it_ , .d ,, _ fl.Ji • H!•. L PGGR uf..T~ H IS 

~.C\S 4,4-S ~ .\t,5 "2..~~ ?>.s, \ C\ ,S 

O,CO\ o. 07)2 0,0007 o .ooo 5 ·o .oooc, O.cc \ 
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\£-,OZ l.A.SS 3.45 4. \o I °I,\ 1 42,1 

to. C, C, (o -8Cc, . ~- 4C) s .. 2.1 C.,4S 3S 
9 ,4b 2. 2 ,lo \.'1..~ . '·S1' 4 ,lP'b 3,C,; 

S, \7 l,.o~ '2. .C::>8' \.l_p, '3,01 "?>."2..1 
o. 001 0,DC>4 c.~o~ a,oo~ 0 .cc'?> 0.0<.., 

l,o,q°t 6, Ce'9 (. .. 4~ 5.-i.., ~.45 ~~ 

0,00~ 0 .003 0.00\ o.oo t 0 .bD2. 0 ,C>0'2-

s 1.\/ lo, 0~ ~ -0?!, \. lo°?> '3.07 3 ,£..\ 

3A .1>2 t, ~.3 60. S ~ 2.. fo°I 4 2. ') C\S,"'1 

'~-1. 2\.r 7, 'e 1 2 2.,7 \\o, s 1,4, 2. 
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0 .o., 0-~\~ 

s '30 .. 0~ 

0,00?_ o. 00<.. 

3. \"(o !>,LO,. 
\ '2.. \ °) 3 3,4 

2. '2.,7 2 ~, S 
4 \, '2. uk>d 
-,~b \.SSC\ 

~~ o .. o~ 

~~ \ .. \~ 



w 
-..J 

TABLE II-4. (Continued) 

CTD CTD CTD . CTD CTD MD I JNTEft1EDIA- TS PERFORHJ..NCB MEAS1JRES, 197 4 . PRIM/IR v 

ms TRO LL.IDS TP.OLL.RL. RAP . R/\IL AGGRI-X', J.. TP. Fl JS ~------ ~-- ~ ------

RID I RAD 
'T'ROLT, , RT,_. NHiB.ffiA'l'F'. 

PCI/SC I 

'.)C I /SGE 

?Cl/Si,l 

PO~/SOE 

P02/SLI 

POE/s:::r_ 

PLI/sm; 

PLI/SLI 

PLI/S:SI 

PEI/SO E 

'.)~,'T/:::LJ 
• J...I ._ "-' 

?~I/SEI 

'J /SCI 

./SOE 

f/ / SLI 

V/ SEI 

V/MA (hrs ) 

,.'\to 

C>.~1 

2,0\ 

\, 31 

2 .. e~ 
\\5,7 

\ 'L\(p 

3.oz. 

\ '2.. 3 

0,0lt> 

0\\'2_ 

S :?..b 

S,S4 

6,7<. 

\,2S 

I, S4 

'2.\o7 

so.s 
\. Slo 

2 .. ~C\ 

So,9 

o. \lo 

0, L8 

~,~4 

0,000\ ~ 0.00b2. 

0.00DOS 10,t>CO\ 

0 • l> 00, I O, t> OD t 

o,oos I 0,bD7.. 

o.ooi. I 0.002 

1S,\oS \ 7. 3S I \ \ . \ I 2 "7 4 I 7. 1 I ~, ~ ~ 
Od.oB , .. 4 4 1· o "9 q I o . 9 s I 2. ~ o s I L 3 7 
\ ,87 \~C\9 ___ \_ .. 9s '2.'"44 3.03 

0,77 _ j \,\o \,\4 \.2..\ \."2..\i 

(.. '\ ~ \.,S'3 c. .. "t.c.. '"3 . \o '2. .. \C\ Z,"<.-Z 

SS,la ~4.lD I to3,t I \o\.\ I 3q,2. I la'3,2 

0,Slo o , c:, ·1 I \. o 7 I I , 4 4 I o." s 3 I \, 2. I 

\ ,SS ) , "2. lp I "2 -, D B I ~. ~9 I L S \ I i. ~8 

40. 'Z. 2..8,:t:> I S9,"2. I \2.o,S I "2.1,\ I ~'3,3 
0 ... 01 0,\, I 0,0°) I o~ob I O,\lo I 0,\0 

0.2.o o,"2..~ I O, ,g I D, \to I o.•3o I o,z, 
s.-2.~ s:z.to I S,'?..S I s.~<1 I S, '2.S I s. '28 

o,orioooi 0. 0 00 \ O.con\ 1-0.0002. 10.ooeo2. 6 ,66~~ S 

o.~oOD'2. Io .OOJ)o_°?> I O,b_DD04 I o .. oooo<o 10.00003 o .Oboes 

o.~Ob\ 10.cDooA 10.ooot11 0.0002. lt'>-t>oo, tJ . DOD \ 

o. Ot>'2. I O. oo \ I 0,0()2.. I o.oos I 0,0D \ 0. 00 2. 
0,002 I o.oo l I 0.002 I D- C> \ IO.DO l, 0 .DOC) 



L,,) 

co 

I~ E 

PSI/SCI 

?SI/SUE 

?SI/SLI 

r'ol/ ::;u 

TABLE II-4. (Continued) 

1NTEJl:£DIATE PERFORW.NC.i'.: MEAS:JRES, 1)'/4 .PRIMJ RY vs. ~TPPfi1'T' 

CTD CTD CTD . CTD CTD fil1) 
ms TROLL.ms TROLL.RL. RAP. RJ\.IL AGGR!'DATE ms 

0 .-2. :?.> D, ?>S O.t7 o.~o 0."'2._~ O. ~ 1 

0 ,O°) o.oi . 0-0\o 0 .D8 . o.os o.~4 

(l,lS 0,'2.3 0.\'2. 0' \<. 0, \~ o .. ao, 
) f) \ t\ 4-.7,...7 3 I\\ 2.,lol s ,l)r, "2. 9 

RI D r..,;D 
TROLL. Pf. t~i.RW.A'f2 

0, \S o.~s 
0,'2..<.. 0" 3 \ 
o ,48 0,10 

8. "'S \ l.:, ~ L,; 



l.,.) 

'° 

~ E 

V /!-'.A(//) 

V/OCFtM(hrs) 

V/OCRi-1 (#), 

JCCT /HA 
(hrs) 
DCCT /~tA ( !/ ) 
(hrs ) 
o::;cT /OCHM 

(hrs)/(:1r:,) 
J..;C T /OCg}'l 
(!, rs)/ (,1) 

u=:CT(ti )/1'-lh ( hrs 

')CCT(// )/HA(#) 

PCCT(/1 )/ocm-i'ii 

t>:: cT(# )/ocm1U1 

ru r/scr 

PiJI/sm: 

PUI/SLI 

l'UI / SSI 

/,&J/r.1:A ( #) 

J..~I/OC?.11( II) 

TABLE II-4. (Continued) 

:Jr.lTEJt1EDIATS PERFOR:-IAHCS i•IEAS1JRES, 19'/4 . PRIMJ T1Y vs. SIJPPOR1' 

GCD lGCD GCD . SEPTA PATCO ITNJ 
PEiBJ Ct,11T. REA DHlG AGGREDATE AGGREGATE . 

IN.J. \!".ART 
I AGGREGATE 

6-7..1 '2. .7 4 L\\'2,4 4 ,SL:, *~ ~'.Jr:- ~~ b•5:> 

4f ~ ~~ . ¾ 1k 
.r· --------- ... - ~. o ·; o.oo \ ~ • p~ -¥ ~~ l.\<. ~ ** 

0.7t:, 0 ,lo~ 0~7 \ 2 ,(), * ~ * ~~ -~i> ·:·sTl. \ ;s, <o 
.J, ~ ... " ..,;-,, ~~ ~ 1't r~-·.,11~ -\'. --!{ ~ -48 6 .4s-,. -¾ ~ 

tf§:,T:if *~ r~--. - ........ _~"' ~-,--., ... ~ 1) 

~~ * ~ ~ ~ ~ ~ tl 7 o 3.4 J70~4 .. '• 

?¥: W( ~ ... 
" ~ ~ * 

r · · ·--,·c ,,, ~ 4 , t.oB ~.(o~ ~ ~ {b.(;ot A( 

~ ~ 
r, . - ••• 

r,o~~~~ .'Vt ~ "< ~ t14,5 -· ~ ~ \0\\0'3 "(-:¥ ,.,, ,, JII. 

~ -~ ~ ~ 
r--· .... - :,P 

~ ~ .0.00"2.. 
--- - ·- - - .... . d> 

~~ -~ Y< ~ :, O. Do 4i e>,OO'l.. ; 

7."'2..,\ 4,oo, S \41 · LP.C\4 ~ ~ ~-'\~ . 
fy,'•'" -~ 
;b,. 9" i 7.47 

~ ¾: ~ ¾. ~ 
.... .._ ._ ... . "'; I> * ~ ~ •, . ·---~ 

~ 
~ , o.bt:>12._ 0.0 D 2. 0.002.i. ~ "' -

0. '?>~ 0 ,9'?) O.C\o ~- "S ~ ~ 4 ,, 3 r 4:·1 p- 'f' \ 4.c 
-3( ~ '¼ ¾ ~ ~ 

•·"-;-· " ., . 
~2. .\ . ~ ...SZ-l re 7S ,~ . &,2. t · * 2 \\4 --£..s.11 2 ~,\ \ C\ ,C !> ~ o.c. 

\ L, '"" 
-is. 9 \4,1 

~ -¥ ~ ~ * ;Jt lt;.S,\ ·* ~ L\9, b r•4 9 .·e:,-.. f \ ::, \ 
B25 lP<\"2. 7 ~\ ies \C> ~°I ,cg~ lDS3 \Doi 

2 .I~ O.loC, \.~~ 0,,S[q * * ~-~ ~~ ~ ~ 

. o, -ita 0, lto 0.'2, ~ o,e~ ~ ~ ~ ~ ~~ ~ ~ 



~ 
0 

~ J.' 

?CI/SCI 

?CI/SOE 

?CI/SLI . 

fOE/SOE 

POE/SLI 

POE/SSI 

PLI/SGE · 

PLI/SLI 

PLI/SEI 

~-·r/~o~ ,r.. ...., ~ 

?U/SLI 

PEI/SEI 

V/SCI 

V/SOE 

V/SLI 

V/SEI 

V /:'iA( hrs) 

IA1TEit1SDIATE PERFORNANCE w:ASJRES, 1974 PRJMJ RY vs • .t-UPPC rn 

GCD GCD GCD . SEPTA PA TCO TNJ 
Pi~N CEN T. RF.J\DitlG P.GGREDATE AGGREGAn 

~ ~ ~ ~ ~~ r~·-:4·~ • \4 .-~3 ~* 
~ ~ ~ -~ . ~ * t ·--14r~ .,_o. .l \C>. s ~ ~ 

~ ~ ~ ~. .),,( * ·2..is 4 .. -,.~ 
-'K * ~ i-

C> ,7' \.()'2, 0-'2>3 \ .os o \G\s \. \ Ip 

* ~ ¼: *' ~ ¼ ~. \o I ~ ~ °:) ,4 & 

~~,S '2.. 1, 4 21.4 +i.' \t.,S 4C\,.s 

~ l( ~ ~ ~ ~ D. to3 0,'2..G\ o.qc, 

~ ~~ ~ ~ * ~ ~. ,4 ~~ "2-' °'1 
~ ~ ~ * -3,( ~· 2C\.' ~.04 l.o4.q~ 
o. \4 O.?..,O C). \~ 0 \ \' 0. ~\ 0 .os 
~ -l.( ~- ~ ~ ~ 0. ~°l ~ ~ D.2..~ 

S-L~ E>,1,,'1:> S.1..S S.1...S ~ ."L.<e S.7-7 
~ ¾ ,}< ~ -\' ~ C) .. t)t)() \ O-t>ooo3 ~ ~ 

.00002. 0.()bO D\ o. ooooz o.ocoo~ C>,6b6o2.. ~ * 
~ ~" ~ ~ ~ ~ ~-bO()l· ~ ~ * ~ 
o. 0007 0 .. ()00 $ 0 ,b()C)(o 0. 002. 0 .0004 * ~ 
~ ~ ¼' ~ * ~ 011 0 b<-. ~ ~ ~ ~ 

N.J. Ul,RT 
AGGRSGATE ,.,.... ... ____ ...... 
f\ 4.~ 3 , , l l,o 

,- ·. · -,;,o 
, .\o ... S{ L3i 
r---- ----...... 
. - I, \ (_. 4 

,.,o \.?., 1 
r4· ~'=>-o -r \ \, 4 

46.'2. 87, ~ 
o .. ec \ .. 07 

,-;----·- --- ,• 
{ 2-91 r q.Sl, 

"2.-~ .,l) ~ t 3 .41 

o, \4 o .o~ 
,.~---.. - - ----- 0 
~ 0.1;;,(Y 0.10 

s.~s -S., ~' 
;· - . " 
o. 00003 0,C>Ob-:\ 

0,DDD62.. o.oooot. 
~ ~ 0.00D(o 

O--0~t>4 o.eo4 
~-i' ~ ~ 



+:' 
t-' 

·~ 
' 

- :n,; 
?SI/SCI 

PSI/SOE 

PSI/.SLl 

r :::t,l /.l!ic.L 

-

TABLE II-4. (Continued) 

IUTEnMEDIATB PERFORMANCE MEASURES, 19'/4 PRIMJ RY vs. ~TPPr n'T' 

GCD GCD GCD . SEPTA PA TCO TNJ 
PENN CENT. READING AGGREDATE AGGREGATE 

~ttm::!\m · - A>WWWSd".W;;;w- ce-mruw, 

~ ~ ~ * ~i ~ 0 :2.s, 0, \lo ~~ -?I. 

O \ Dt>lp 011t>()7 . o. D07 O.D'o 0.\'2... 0' \<.. 

* ~ * ~ * ~ o .1., l ~~ o::; ~ 
0,2,\p ~,lb 0. 1,_,3, ~,70 '2.,o3 '7.C\\ 

-

: .... 

N.J. !.);RT 
_AGGREGATE 

(.; . .,....._ _&,"' fl> 
0 .. 1 -~ 0 .. 41 

0,.\(., o"c" 
~- . -·;, t; 

tt>."3fo 0,7~ 

+:~s -~ .'lS 



the society), nor all the variables there are of the same degree of perti

nence. Nonetheless, it is a very revealing table. For instance, the analyst 

can use this table to compare the primary to support relationship in the 

four bus sub-systems in the three regions or the two rail trolley sub-sys

tems, or in order to carry an_inter-mode comparison. As Table II-4 indi

cates, for example, the ratio of the number of employees in the function of 

directly conducting transportation (DCCT) to the number of employees in re

pairs and maintenance in the four bus sub-systems for 1974 are: 

5.14 for CTD 
3.10 for RAD 
4.13 for TNJ 

and 14.00 for DART 

While the ratios for CTD, RAD and TNJ appear to be within the realm of rea

sonableness, the ratio of DART reveals an abnormality which might be in the 

their system of classification or in the newness of the system. 

Another example can be drawn from the ratio of operating expenses in 

primary (POE) vs. support functions (SOE). The ratios for 1974 are: 

1.37 for CTD 
1.21 for RAD 
1.16 for TNJ 
1.27 for DART 

All ratios appear reasonable with the best ratio registered for 

SEPTA's CTD and the worst for the Southern Division of TNJ. Similar exam

ples can be drawn for many detailed functions. Thus, provided that the data 

is accurate, and the classifications correct, the analyst may explore the 

relationships between primary service functions and support functions in all 

aspects. Furthermore, contrast of ratios formed on the basis of dollar 

costs VS 8 other ratios forn1ed with variable expressive of physical inputs, 

i.e., labor hours, number of employees, etc., can be pursued to reveal dis

crepancies and disproportional allocations. 
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4.0 Concluding Comparisons 

The previous analysis focuses on the analyst who needs t o delve i n 

depth into transit system efficiency and productivity. It seems appropriate 

at this time to proceed with further structuring the analytical effort s i n 

a manner that permits effective efficiency in the study itself. This is 

what is suggested with Tables II-5 and II-6 and Figure II-2. 

In order that the analyst focus his efforts as soon as possible on the 

crucial issues of an UPI'S Table II-5 is suggested. In th i s table an associ

ation is suggested between a specific ratio of inputs to outputs with a 

sphere of influence or area of concern. By forming this table, and i nclud

ing actor characterizations, the analyst may be guided directly towar ds his 

most pressing needs. 

Another table that may prove very useful for the analyst is the trend 

establishing comparative table of a single input item, presented i n all pos

sible forms, as shown for labor in Table II-6. As can be seen from this 

table, the labor inputs, expressed in labor hours, number of employees and 

labor cost, for three bus sub-systems and for three test years, are placed 

in a single table for easy comparison. While the labor input variables are 

much more complex than suggested by Table II-5 (see Chapter VI), their di

rect comparisons are always very helpful. In Table II-6, the ratio of labor 

inputs in primary services are compared with the labor inputs in support 

functions over a three-year period in three sub-systems. 

Finally, the analytical work with each system component and mode may 

also lead into policy review and change. As the aggregation of analysis 

proceeds and overall conclusions are reached for entire syst em components 

and whole modes of transit, the top management of the system plus its policy

making body may wish to review their general pol i cies with regard to their 

system organization and resources allocation throughout the system. This is 

shown schematically in Figure II-2. 
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TABLE II-5. PERFORMANCE MEASURES AND SPHERE OF INFLUENCE. 

Measures 

A. OPERATOR 

1. Pass.Trips/Total 
Monetary Costs 

2. Vehicle Miles/Total 
Monetary Costs 

3. Pass. Trips/Fleet 
Deployed 

4. Pass. Trips/No. 
Laborers 

s. Pass. Trips/Labor 
Hours 

6. Vehicle Miles/Fleet 
Deployed 

7. Vehicle Miles/No. 
Laborers 

8. Vehicle Miles/Labor 
Hours 

9. Area Served/No. Stations 

B. USER 

10. Pas~. Trips/Total 
User Costs 

11. Vehicle Miles/Total 
Accident Cost 

12. Pass. Trips/No Accidents 

13~ Vehicle Miles/No. Accidents 

14. Pass. Hours/User Travel 
Time 
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Influence 

Productivity as Related to 
Capital Grants 

Productivity as Related to 
Operating Grants 

Efficiency as Related to 
Change in Fleet Size 

Productivity as Related to 
Change in Transit Employment 

Efficiency as Related to 
Operator Labor Expense 

Efficiency as Related to 
Change in Vehicle Operation 

Productivity as Related to 
Operator Provision of UPTS Service 

Efficiency as Related to 
Operator Provision of UPTS Service 

Demographic Coverage of UPTS as rela
ted to Productive Measure 

Productivity as Related to U~er 
Total Economy 

Efficiency as Related to UPTS 
Liability 

Efficiency as Related to UPTS Safety 

Efficiency as Related to UPTS Safety 

Efficiency as Related to Time of 
Movement 



TABLE II-5. (Continued) 

Measures 

C. SOCIETY 

15. Pop.Served/Sum of Social 
Costs 

16. Pass.Trips/Social Costs 
Minus Air Poll. Damage 

17. Pass.Miles/Air Pollution 
Damage 

18. Vehicle Miles/Pollution 
Costs 

D. GOVERNMENT 

19. Pass.Trips/Total 
Government Expenditure 

20. Vehicle Miles/Total 
Government Expenditure 

21. Pass. Hours/Total 
Government Labor Hours 
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Influence 

Productivity as Related to 
UPTS Societal Expense 

Productivity as Related to 
Social Cost Borne by UPTS 

Efficiency as Related to 
Environmental Degradation 

Efficiency as Related to 
Environmental Degradation 

Productivity as Related to 
Government Provision of UPTS 
Service 

Productivity as Related to 
Government Provision of UPTS 
Service 

Productivity as Related to 
Government Provision of UPTS 
Service 



TABLE II-6 . PRIMARY SERVICES VS. SUPPORT FUNCTIONS INPUT COMPARISON 

(Ratios of inputs in primary services over inputs in support function:) 

YEAR 

1974 

1973 

1972 

SEPTA BUS 
CTD 

L ·H N 0 E L$ L H -- -
5.3 3 3 3.6 

5.9 3.2 3.3 3.5 

6e2 3.4 3.5 3.8 

LH = Labor Hours 
NOE a Number of Employees 

L$ = Labor Cost 

TNJ 
RAD Southern Division ,,,.....____, 

N O_E L$ L H N OE L$ --
2.9· 3.7 2.7 2.6 3 

2.9 4.2 2.9 3.1 3.1 

3.2 3.9 3 2.7 3 
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CHAPTER III 

AN OVERVIEW OF UPTS INPUTS 

Introduction 

With this chapter, the identification, discussion and presentation 

of the inputs and output accounts of an UPTS is initiated. The intent is 

to represent, in quantitative and tractable terms, those items that are 

inputs to the UPTS and which in combination with the outputs of that 

system, form the basis for determining and assessing the productivity and 

efficiency of a urban public transportation system. 

1.0 System Components 

The input accounts, represented in matrix format, are designed to 

comprehensively incorporate and refle~t the many and varied types of in

puts to and within the urban transportation system. The UPTS have been 

classified into the primary services, support functions and the network. 

System inputs and contributions can then be associated with these three 

system components. In order to facilitate the understanding of this 

classification scheme of the input accounts, their relationship with the 

system components is stated as follows: 

Primary: Expenditures which are necessary and sufficient 

to produce an optimum level of travel service. 

Support: Expenditures which are necessary in non-daily oper

ation, and maintenance of the primary service and the network of 

the system. 
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Network : Expenditures f or major capi t al f ixed assets such a s 

li nks, nodes, stations, and terminals . 

System-wide: Those expenditures which are nece ssary fo r all 

t he three system components. 

These associations provided the basis f or ca t e gor iz i ng expenditures 

wi thin the purview of each of the actors contributing to the UPTS. Fur

ther s ub-classifications of these functions (and actor ca t e gories) would 

a l low for the disaggregation of inputs data into more t r ac table ca tegories 

of Capital, Operating Expenditure, Labor and Energy. 

2. 0 The Actor s 

As indicated previously, four major actors are considered to be 

t h e contributors to the urban public transportation systems. They a r e the 

Operator, the User, Society at large, and Government at all levels . Ea ch 

provides inputs to the system in the form of the two traditional economi c 

commodities , that is, Labor and Capital. 

The fo l lowing discussion focusses on an overall picture of the in

puts provided by these four actors, and the implications for ana lys i s 

that these inputs necessitate. Substantive concerns of each of t he se types 

of inputs are addressed in subsequent chapters. The intent here is to 

provide an overview of the entire spectrum of inputs to a n UPTS, and to 

su ggest an overa l l approach with regard to the specifica t i on and inclusion 

of inputs in the analysis of UPTS. 

3.0 I nputs to the UPTS 

The f ir s t t wo genera l a nd important categories of actor inputs, i.e., 

l abor and capita l, a re associ a t ed with all ac tor s , bu t pa rticularly so 
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with the Operator and the User. 

3.1 Labor 

Within the Labor category, two major sub-classes can be identified . 

First, there is the class of hired labor. Such labor is usually provided 

by the Operator, with possible addition for labor contributions by the 

Government. It includes all types of employees who contribute their time, 

for which they are paid. Their effort can be viewed from several per

spectives. It can be studied as purely time spent, or as a dollar equiv

alent based on the value of that time as indicated by the different wage 

levels. 

Second, there is non-hired labor. This classification includes 

all the time spent by the users of the transportation system for which 

there is no direct compensation. Time spent in traveling to and from 

the system, waiting,and during the actual transportation experience, is 

a non-compensated input. It is, nevertheless, an important input to the 

functioning of the system and needs to be considered as such when user 

inputs are examined. 

These types of labor can be measured as number of employees, or pass

engers man-hours, or as total dollar labor cost. The derivation of these 

measurements required several stages which are discussed in Chapter VI: 

"Labor Inputs Accounts (for the Operator-Supplier)" and Chapter X: "User 

Inputs". 

It should be noted that labor, as presently defined, is specifically 

excluded from the network of the system. This is due to the definitions 

established at the beginning of this sec tion for primary, support, and net

work. 
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3.2 Capital 

Capital inputs represent the second general category of inputs and can 

also be divided into two major types. The first type includes all fixed 

assets necessary in the system. Land, buildings, permanent construction 

and all technical works such as power generation and transmission facilities/ 

structures, etc. that are necessary for network development and operation. 

Rolling stock, equipment, electronic controls, and all signalization equip

ment are also considered as part of the "capital stock" of the transpor

tation system. 

The second type of capital includes the materiel used in the daily 

operation of the system. Expenditures for fuels and energy falls within 

this classification of capital along with all non-labor inputs in the system. 

Because of the diversity of factors comprising capital inputs, and 

the need for standard valuation, the mo st generally utilized unit of measure 

is dollars. Where applicable capital inputs in discreet forms (i.e., buses, 

repair units, special facilities, miles of routes, etc.) a re also utilized 

in the matrix of physical inputs. 

The standard conventions that have been used to "value" capital 

inputs must be utilized with caution. For example, in the cases of many 

inputs, the law may allow any of several methods of depreciation to be used-

e.g., straight-line, declining balance, double-declining balance--which 

seek to ascribe value to a particular capital quantity but in distinctly 

different ways. Some Operators may understandably choose that method which 

yields them the maximum profit by distributing the value and consequent ex

pense of capital over an extended period of time relative to their income. 

Productivity and efficiency analysts should careful ly consider which valua

tion procedure provides the most consistent and realistic estimate o f t he 

capital worth (i.e., inputs) of the system. 
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3 . 3 Societal Inputs 

From the point of view of society all inputs to the transportation 

system come ultimately from society. For the purpose of an efficiency 

study, all contributions of inputs not specifically accounted for by the 

other actors on the system shall be considered to be Societal Inputs. This 

approach will avoid double accounting which might otherwise occur. In some 

cases, measuring Societal Inputs through their market prices the analyst 

may not always succeed to include their actual value to society. 

The specific consideration and introduction of Societal contributions 

to the UPTS represents an expansion of the traditional analytical approach 

toward UPTS productivity and efficiency analysis. It has been considered 

here for the following reasons: 

(a) Society, as defined, includes not only direct users of the system 

but also, and particularly, non-users. The objective is to include inputs 

from and outputs to these non-users of the UPTS. 

(b) Society, in relation to the other actors of the UPTS, is 

important. In both a practical and theoretical sense, society would be 

concerned with larger issues which involve all points of view, not normally 

attributable to any particular point of view. 

(c) In the case of transportation services, the inclusion of the 

society's point of view is particularly warranted because of the potential 

conflict that may exist between the provision of transportation service and 

the attainment of certain societal objectives such as air quality, land and 

energy conservation, and accessibility. 

(d) Societal inputs are generated by the negative outputs of the 

system. These are classified as externality costs and are included as 
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inputs, in terms of the direct costs they produce or the costs they 

necessitate in controlling or alleviating them. 

Society contributes and must pay both the externality costs and the 

opportunity costs associated with a transportation system. All resources 

including land, labor, and energy can, ostensibly, be utilized for alter

native purposes. It is, thus, reasonable and prudent for society to choose 

that combination of resource utilization that maximizes the net output of 

those expenditures. Opportunity costs are incurred through this process of 

selection. Opportunity costs represent the additional costs that arise 

from foregoing the benefits of resource transfers to the UPTS. Opportunity 

cost doctrine is simple, yet far-reaching, for it postulates that the true 

cost of an investment can be measured by the loss of value between the chosen 

alternative and the best alternative which must be foregone when the action 

is taken. 

The externality cost is based on the negative outputs which the system 

produces. Externalities are, by definition, the negative outputs of the 

UPTS, and the costs they produce are, by convention, considered as inputs to 

the UPTS by Society. They are generated by the operation of the UPTS and 

sometimes by its very presence. Pollution (air, noise and aesthetic), con

gestion, differentials in accessibility, the incidence and distribut ion of 

crime, and accidents, are typical externalities that arise. These negative 

outputs are visualized as an input to the system imposed on the societal 

actor. 

Externality costs, attributable to air and noise pollution, congestion 

on jointly used facilities, differentials in accessibility, crime, need to 

be similarly defined in terms of their quantity and value. Accident costs 
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associated with the UPTS may, ·more appropriately, be considered under 

the user input accounts, even though some accidents clearly involve non

users of the UPTS. This is so in order to avoid double-counting, and to 

facilitate the analysis. Also, some of the externality costs can be 

associated with certain system components. Pollution, for example, could 

only be associated with a primary or support component of the system and 

not network. Where such quantitative specification is not possible, these 

items are excluded from further consideration. (See Chapter XI: "Societal 

Inputs Accounts".) 

3.4 Governmental Inputs 

Government at all levels, is an actor of considerable import to the 

transportation system. In the execution of public transportation assist-

ance programs, determined in response to the perceived needs of society, 

government provides grants, subsidies and loans to operate, improve and 

construct new transportation systems. These programs also include areas 

of research and development of new technology, policy formulation and 

refinement of overall technical planning skills. These contributions rep

resent significant inputs to the UPTS. Furthermore, governments at all levels 

provide services (i.e., labor) and physical capital in kind to the UPTS, 

such as police and fire protection, maintenance of jointly used rights-of-

way and the use of governmental capital facilities. As discussed in greater 

detail in Chapter XII: "Governmental Inputs", these contributions are aimed 

at providing an economic climate for transportation activity beyond that 

which the market can provide. 

Governmental contributions affecting the production of urban public 

transportation services are of two types, i.e. capital or labor expenditures . 

Capital inputs can, also, be sub-classified into the following categories : 
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( 1) Monetary Capital. These inputs are usually in the f orm of 

purpose-specific direct transfers of monies on the federa l, state or 

l ocal level (purchase of service subsidy, funds for technica l studie s 

etc.). They are generally of a non-reimburseable subvention nature 

and may be given to any public agency, or entity, authorized to operate 

public transportation. 

(2) Physical Capital. These inputs are defined as t he t r a n s fer 

of the physical elements of the transport system for the excl us ive or 

shared use of urban public transportation. These inputs constitute a n 

i ndirect transfer of physical facilities for UPTS use. In Phi l ade l 

phia, the Broad Street and Market Street subway tunnels and veh icles 

would represent such an indirect transfer. The City owns and leases 

would represent such an indirect transfer. The City owns and leases 

t o SEPTA the use of this physical capital, yet, for example, the 

major maintenance and repair costs associated with the tunnels are 

absorbed by the City. Such arrangements can include the use o f add 

i tional capital facilities and equipment including rolling stock, 

stations and trackage and, therefore, can represent considerable cap

ital investment. 

Other transportation elements can be, and have been, considered 

within this input category. Highways, bridges and road and s treet net

works t hroughout the region would represent another level of govern

ment al i nput. Associated with these facilities is rout ine maintenance 

and the necessary cost associated with the equipment a nd hardware need

ed. These expenditures, apportioned to reflect the equitable alloca

tion of costs t o public and private transpor tat ion activities, represent 

a gain a sizable contribution made by governmen t . 
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(3) Governmental Capital Facilities. Consonant with the expan

sion of government's role in public transportation, has been an in

crease, in the need for capital facilities, to house the agencies, 

services, and functions the government provides. 

The expansion in staff and programs at the Federal level as well 

as the increasing number of state level departments of transportation, 

both with their associated local and regional offices, represent clear 

governmental inputs to the urban transportation system in toto, and, 

as with the allocation of physical capital inputs, should be propor

tioned to the extent possible. 

(4) Governmental Operating Expense. In addition to the mone

tary and physical capital and facilities contributed in the production 

of public transportation, governments also engage in functions or have 

departments for controlling, monitoring or improving services vital to 

the public welfare. The focus considered here is on those services 

and activities created directly for the improvement or maintenance of 

public transportation. On the Federal level, UMI'A (Urban Mass 

Transportation Administration) operates under the auspices of the 

Department of Transportation and its funding programs. On the local 

level, the cities maintain traffic engineering departments. Transit 

Offices are also maintained by most cities. Each of these agencies 

maintains jurisdictional responsibilities for daily operations and 

services related to public transportation planning and operations. 

The costs incurred in the administration of these activities, as 

we l l as those of other agencies associated with public transportation, 

e .g. , air pollution control (Dept. of Health), transit crime and van

da l ism (Pol i ce and local townships), should be included and propor-
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tionately allocated to reflect appropriate transit oriented 

contributions. 

3.5 User Inputs 

In addition to the inputs contributed by the Operator, Society and 

Government, the User of the UPTS contributes other very significant inputs 

to the urban public transportation systems. The users, while consuming the 

services, also invest their own assets such as money, time, risks, efforts, 

etc. In return, they expect to receive transportation between origins and 

destinations at an acceptable level of comfort and convenience. 

The identification and specification of these User contributions re

quire the synthesis of two major research efforts. The first involves the 

determination of appropriate unit costs to be applied to the increments of 

distance travelled by the User. The second concerns the number of trip or 

amount of service consumed by the Users of each region. These data sets 

need then to be synthesized to provide total User costs by mode. The data 

collected and the results reached are detailed in Chapter X: "User Input s 

to the UPTS". 

In determining User costs, the traditional economic inputs of capital 

and labor, associated with the usage of the UPTS, were categorized as follows: 

1. Capital Expenditures 

A. Fares 

B. 'Access' Costs 
Access Mode Purchase 
Parking Costs 
Access Mode Operating Costs 

C. Miscellaneous Costs 
Personal Injury 
Property Damage 
Property Loss 
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2 . Labor Expenditures 

A. Travel Time 
Access Time 
Wait Time 
In-vehicle Time 
Egress Time 

B. Travel Time Value 

A third, important input, is also discussed in Chapter X. This 

input considers the Effort Expenditures of the User as follows: 

3. Effort Expenditures 

A. Mental (Efforts) 
UPTS operating orientation 
Personal Risks/Security 
Personal Risks/Accidents - Safety 

B. Physical (Exertion) 
UPTS station and vehicle design 
Microclimate 

The data available on these inputs largely represents aggregate figures 

deri ved from national statistics and selected data derived within each of 

the study regions. 

4.0 Summary 

In summary, the four major actors of urban public transportation 

systems contribute capital and labor inputs in many forms. Capital and 

labor inputs can also be subdivided according to the system component that 

makes use of each input. This distinction by system elements allows for 

greater vi sibility of the extent of interaction within UPTS. 

Various levels of understanding can be derived from the input matrixes 

of the two chapters that follow. The structure and organization of the 

matrixes allow for both categorical and sub-categorical inclusions of 
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information. The matrix categories included also those types of data which 

are beyond the particular scope of this study. This is done in order to 

present as complete a picture of all direct and indirect inputs as possible • 

• 
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CHAPTER IV 

FISCAL INPUTS ACCOUNTS 

Introduction 

This chapter deals with the fiscal inputs of the urban transportation 

systems of the three test regions of this project. The fiscal inputs are 

organized in a comprehensive manner and presented in a matrix form. One 

such matrix is presented at the end of this chapter with the best possible 

collection of information from the three test regions. The results of the 

calculations of the inputs contributed by the four system actors, to the 

three system components, are presented in this matrix for 1972. 

1.0 Matrix Organization and Structure 

The fiscal input matrix is organized in a two-dimensional system of 

entries. Each year requires an individual matrix. (See Appendix I). 

On the horizontal axis of the matrix the three regions are presented, 

along with individual classification for each subsystem and each specific 

mode. On the vertical axis the various entries carry a much more com

plicated arrangement. On the outset the entire set of data is divided 

into three distinct groups according to the quality of the quantitative 

data available. The first group represents data on input variables which 

are discrete and firm. Such data sets are usually the ones that refer to 

input variables reported by the operator and the government. The class

ification also includes data on fares paid by the user. The second group 

represents data on input variables which are approximate estimates of 

quantities for which no specific, detailed accounts are available. Such 

data sets are usually encountered in the use of detailed input information 
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about system components contributed by the operator. Data sets on certain 

governmental inputs and user inputs are also included in t hi s c lassi f ication . 

The third group represents data on input variables which are quantif i able 

only through proxy values. Such data sets are typically the ones tha t in

volve certain types of user inputs as well as societal costs . 

According to this initial classification,the input variable s of each 

actor may be found in any of the three data groups, according t o the actual 

nature of the available data. Within each actor, then, the various input 

variables are classified in association with the system component with which 

they are associated (i.e. primary services, support functions and the 

network). At this point the actual nature of each i nput is examined a nd 

grouped into four distinct groups, the following: Operati ng Expenditure-., 

Capital Inputs, Labor Inputs, and Energy Inputs. In turn, each of t he four 

groups includes specific variables for detailed inputs , plus t he t otal inputs 

in each group. For instance,for operating expenditures the matr ix i nc lude s 

in each case variables referring to: 

Or 

(a) Total operating inputs for support functions 
(b) Managerial and Administrative inputs 
(c) Traffic promotion inputs 
(d) Repairs and Maintenance inputs 
(e) All other operating inputs for support functions 

(a) Total operating inputs for primary services 
(b) Managerial and Administrative inputs 
(c) Transportation functions and Fuel inputs 
(d) All other primary functions inputs 

Finally, the fiscal input matrix carries along the ver tical axis 

aggregate inputs amounts along several lines. One s uch l ine is total 

system-wide inputs for "all actors" and for all system components. Another 

such aggregate measure is for each data quality level (discrete, estimated, 

and proxy) for all actors and for al l system components. The last entries 
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in the -fiscal input mat rix along the vertical axis are for system-wide 

input variables for each actor, but for all levels of data quality, and all 

system components. 

2. 0 Discussion of Results 

The fiscal inputs matrix is very revealing indeed in terms of the 

contributions of the various actors, the nature ~f their contribution, the 

magnitude of each contribution, and where exactly within each system each 

contribution is applicable. The matrix is also revealing of the complete

ness or paucity of data in each case. 

Let us examine the fiscal input matrix for 1972 in some detail. One 

of the f i rst observations one can make is that the entries are more complete 

as one moves from each mode to totals for each system, as well as one moves 

from each system component to the system-wide data on inputs. A second 

observation is that the number of entries increase as one moves from discrete 

measures, to estimated measures, to proxy measures, and finally to the 

summation of all three for system-wide reporting. 

In more detailed examination of the 1972 Fiscal Inputs matrix, one 

may notice that for a particular region (i.e. the Pennsylvania test region 

where SEPTA operates) the total discrete inputs in terms of operating ex

penditure s is 148.3 million as reported by the operat~ng agency, plus 

8.5 million as explicitly expended by government in supplementary functions 

and network expenditures. Usually this second type of expenditure is not 

included in the annual UPTS reports of any agency. Subdividing these two 

sums one may notice that there is considerable difficulty in attributing 

the funds to each mode included in the system and each system component, 

and each function within the individual component. For instance, it was 
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possible to specify that of the 148.3 million the user contributed 

107.1 million in terms of fare, and the government the remaining 41.2 

in terms of operating subventions. Also, the same 148.3 million were 

separated into 76.0 million on primary service and 72.2 on support functio ns, 

leaving only 0.18 million for actual expenditures for the network. The 

difficulties increase when the analyst attempts to identify expenditures for 

labor and capital separately and when he tries to pursue this identification 

further to each function within each system component and each specific mode . 

As it can be seen, the F. I. Matrix is missing most important entries at 

this level of data identification. 

Moving to the second classification of data, i.e. the estimated inputs 

to the UPTS,one may observe that a significantly larger number of entries is 

available. This is so because the analyst may proceed to establish input 

estimates for each system component, each type of input, and each function 

from secondary sources; a procedure which includes considerable ambivalence 

and inaccuracy. For 1972 and for the Pennsylvania region, the F.I. Matrix 

reports that the sum of the estimated inputs by the operator is 285.4 mi llion 

accompanied by another estimated u~er input of 284.1 million. No government 

or society inputs are identified. 

The 285.4 millions of operator estimated inputs are inclusive of the 

previously mentioned 148.3 million of discrete operator inputs. The 

285.4 million of estimated operator inputs include 170.9 million estimated 

primary services inputs (consisting of operating expenditures and previously 

unaccounted capital inputs), 93.4 million of support functions inputs 

(including previously unaccounted capital inputs) and 21.0 million of networ k 

capital inputs, previously unaccounted. 

The user estimated inputs of 284.1 consists of primarily two items : 
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i . e . the value of travel time (275.2 million) and the worth of fuel for the 

access vehicles from and to the UPTS facilities, (8.9 million). Both of these 

items are discussed in detail in Chapter X, "User Inputs to the UPTS". 

Travel time in particular is translated into dollar value on the basis of 

the conventional method of accepting an equivalent (conservative) value of 

$2.60 per hour, after Lisco (1967). 

Moving to the third classification of data, i.e. the proxy calculation 

of inputs to the UPTS, which include primarily the indirect inputs con-

tributed by the users of the UPTS. Two major items are included here, e.g. 

the value of the access time to and from the UPTS and the value of the 

access vehicles. The value of the access time is estimated with a set of 

numbers that are less specific than the numbers related to the travel time 

itself. Hence the separation of the two estimates of the value of time. 

Similarly the value of the access vehicles is rather difficult to determine 

because ,of the "sharing" characteristic of the use of these vehicles. The 

calculation of these two proxy inputs reaches $346.5 million for the access 

time (at $7.20/hour after{(Lisco 1967)) and $166.8 million for the access 

vehicle (including a shared cost of the access vehicle); a total of 

$544.2 million contributed by the user of the UPTS. (See Chapter X). 

The other proxy measure refers to costs contributed by the society in 

terms of externality costs of the UPTS. The amount is only $6.3 million 

indicating the relative minor social costs that urban public transportation 

systems impose on society. (See Chapter XI.) 

The Fiscal Inputs Matrix as presented at the end of this chapter in-

eludes also aggregate inputs on system-wide basis. The following numbers 

extracted from the matrix indicate the summary picture derived for the 

Pennsylvania region for 1972: 
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(a) Total system-wide, all actors inputs 
Total Primary services, all actors inputs 
Total Support functions,all actors inputs 
Total Network functions,all actors inputs 
Total Other(system-wide)all actors inputs 

(b) Operator total inputs 
User totat input~ 
Government toal inputs 
Society t~tal inputs 
Mixed actor inputs 

Total System Inputs 

$ 1. 265 .million 
$ 920.million 
$ 126.million 
$ 26.million 
$ 19 3 . mi 11 ion 

$ 285.million 
$ 935.million 
$ 27.million 
$ 6.million 
$ 12.million 

$1. 265. mi 11 ion 

Similarly, tracing of the inputs of the other two test regions reveal 

commensurate augmentation of total system inputs by component and con

tributing actor. Notice should, of course, be made here of the fact that 

all capital inputs which are contributed by government, one way or another, 

are being included in the "operators" classification. In fact, however, 

government inputs are as follows: 

Capital Contributions: 
Operating Subsidies: 
Government Expenses: 

285-148= 
148-107= 

= 

Total Government Inputs 

3.0 Summary and Conclusion of Fiscal Inputs 

$ 137,.0 million 
$ 41. 0 million 
$ 8.5 million 

~ 186".5 million :;> 

The matrix presentation of the fiscal inputs for any single year 

presents a comprehensive and revealing picture of what is contributed during 

a year for the operation of an urban public transportation syst'em. Within 

this picture the usually reported operating budget of the operating agency 

represents a small proportion of the total system inputs. A still smaller 

proportion is represented by the direct fares paid by the users of the 

system. Interestingly enough, the users do contribute the lion share of the 

total system inputs, i.e. 935 out of 1265 million, only a small proportion 
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of which represent direct fares contributed the system (i.e. 107 out of 

935 million, the remaining $828 million being contributing cost in terms 

of travel time, access time, and access vehicle cost). Another interesting 

and revealing finding is that in terms of out-of-pocket public costs the 

UPTS in the Pennsylvania Region in 1972 absorbed the following inputs: 

$ 107 million User Fares 
$186.5 million Government Expenditures 
$293.5 million 

This sum of direct expenditures corresponds to about $1.06 per passenger 

trip completed at that year (274 million trips). 

The discussion in this chapter of the results presented in the 

Fiscal Inputs matrix, focused only on the summary column of one region. 

However, similar observations can easily be made for the other two regions 

and for the other years included in this test (1973 and 1974). The detailing 

of the data into each operator and each mode is of course relevant for only 

such a complex region as the Pennsylvania region. The numbers in each 

column is usually mutually exclusive except in the cases where a discrete 

number is missing and reference is made to the estimated category (E/C) in 

which case the estimated number is inclusive of the corresponding discrete 

but unavailable number. In cases where no number was available or could be 

estimated the matrix indicates a shaded blank. Similarly in cases where 

any number would be inapplicable for a particular item. 
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CHAPTER V 

THE PHYSICAL INPUTS MATRIX 

Introduction 

Physical units are useful in understanding the relationship of the 

various inputs and outputs of an UPTS. For the operator of urban public 

transportation services, physical inputs play a highly visible role. The 

operator combines the various physical inputs in an optimum mix to produce 

the outputs of the system. Symbolically, the operator is operating under 

similar laws as a chemist who combines elements in a pre-specified formula 

to produce a compound. The process is visualized below. 

A (Seat-miles)= B (Rolling Stock)+ C (Labor-hours)+ 
D (Management-hours)+ E (Maintenance Facilities+ 
F (Way Facilities)+ (Repairs and Maintenance hours) 

Of course, the operator must also evaluate expected revenues and input 

limitations when considering major decisions,but clearly the importance 

of physical measures of inputs is crucial to decision-making. 

Physical measures also play an important role removing unit price 

distortions. The variety of accounting and valuation techniques also pre

sent certain distortions of inputs. The use of physical counts of various 

inputs, however, removes such distortions. Still, physical counts tend 

to introduce another type of distortion. For example, measures based 

on simple vehicle inputs cannot reveal differences among vehicles. A 

33-seat bus differs from a 53-seat bus both in price and service, for 

example. Such differences are only visible if disaggregated data for each 

bus type is available. In addition, physical measures do not account for 
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the portion of price difference is attributed to quality differentials. 

More specifically, while both the Market Street Subway cars of SEPTA (rail

rapid system) and the cars of the Lindenwold Line are used to produce 

seat-miles, significant differences in quality of the two services are not 

apparent from inventory information alone. Such differences can be expressed 

better in the price differences of the two vehicles, once historical and 

inflationary differences are extracted. 

Finally, the physical inputs matrix can provide for a uniform measure 

over time intervals. Such uniformity of measure is not produced by mani

pulation of data through price indices or other ad hoc methods, but rather 

is explicit within the measure. It becomes very useful in understanding 

the flow and mixture of inputs over time frames and in more clearly identifying 

the effects of various input combinations. 

The physical inputs matrix is particularly useful for representing 

labor inputs. This is so because the variability of wage rates, the addi

tion of fringe benefits, and the regional differences tend frequently to 

conceal as much as they reveal of the·real labor inputs in the production 

of any given set of outputs. 

1.0 Types of Physical Inputs 

The physical input matrix is not based on a common denominator, or 

unit of measurement, but it utilizes a variety of types of measures for each 

actor as well as for each system component. The following high description 

highlights the variety of measures utilized for each major type of inputs. 

1.1 Capital Inputs 

The units of measurement of capital inputs include the rolling stock, 

fixed facilities·and equipment, of all systems components. The primary 

69 



service s system utilizes measures of the rolling stock. The support 

functions system component is dominated by floor area measures and by 

measures related to the support functions provided within the system. For 

instance , the floor area available for maintenance activities and the number 

of repair bays are felt to be critical factors in establishing system cap

a bi lities. For the network system component, the units of measurement focus 

on the extent of the system in terms of trackage, route miles or number of 

r outes. Finally , a partial measure of system availability is introduced by 

counting the number of stations or stops. While a more detailed incorporation 

of capital categories i s possible and indeed was initially used in this 

project, it is believed that the above measures "capture 11 the essence of the 

capital inputs of an UPTS. 

1.2 Labor I nputs 

Headcount data and labor hours provide a satisfactory measure of 

labor inputs for most analytical needs of an UPTS. Additional measures, 

s uch as overtime and weekend working hours, would have been very helpful in 

most cases, too, but such measures are usually not made available by the 

various operators . Labor inputs are divided for the purposes of this study 

i nto five discernible service functions, the following: 

(1) Labor providing the direct transportation service; 

(2) Labor incidental to directly providing service; 

(3) Labor in management and administration functions; 

(4) Labor performing major repair; and 

(5) Labor performing routine maintenance. 

Gover nment also provides sizable labor inputs to UPTS in various 

type s of service funct i ons. The use of local police for patrol, safety and 
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enforcement related to public transit is a valuable input which has been 

considered. The administration of grants, subsidies and contracts for 

UPTS is a second major labor input of government at various levels. 

Finally, the labor of local traffic engineering directly assists UPTS in 

planning routes and optimizing the services provided by the operator. 

The sum total of these government inputs of labor represents a signi

ficant and necessary element of supplying public transportation services. 

While such labor data is difficult to obtain,the inclusion of such data 

should find a place in Productivity, Efficiency, and Quality studies to 

represent this significant input. 

1.3 Energy Inputs 

Measures in kilowatt hours are the only measures of energy included 

in the Physical Matrix. This type of inputs represents the energy utilized 

to directly conduct the transportation system. 

2.0 Data Classification 

A variety of sources and forms of data have been utilized to develop 

the Physical Matrix. To represent the reliability and variability of the 

data, a system of categories was developed to present the differences of 

data quality. Differences in quality stem, generally, from either i nhe r e nt 

aspects of the measure or the lack of available# data directly measuring t he 

measure indicated. 

2.1 Direct Data 

Direct data is characterized as being clear and requiring no mani 

pulation, i.e., data readily available for use. Such items as t he numbe r of 

vehicles in a fleet and the number of employees by work t ask ca tegory clearly 

reside in this category. Elements of this subset are characterized, moreover 

71 



by high reliability and accuracy as well as being free of a priori 

assumptions which "soften" the quality of the data. The dominance of 

the direct data in the Physical Matrix is not surprising, since physical 

measures are denoting specificity. In the matrix this data is included 

in the discrete data group. 

2.2 Indirect Data 

Several inputs to UPTS are not characterized by discrete measures of 

direct data and are thus formed using two at least data sources. For instance, 

by dividing or multiplying two data items the analyst produces an estimated 

measure. Thus the estimated input data represent a less distinct and dis

crete data basis. For example, two general methods are available to compute 

regional average trip time. One may sample a population and use the mean 

value as representative of average travel time. This procedure is more 

costly and time consuming than an alternative method, such as the method 

utilized by the system operators who usually derive their estimations on the 

basis of the actual vehicle users in their system. This is done utilizing 

average vehicle speed over all routes, average vehicle trip length, and average 

vehicle occupancy. 

2.3 Proxy Measures 

While none of the categories selected for inclusion in the Physical 

Input Matrix are classified as proxy, a brief discussion of this data category 

is in order. Through the use of data from external sources such as national 

averages, regional averages, or system averages, several measures of UPTS 

may be developed without the use of individual operator data. A brief exam

ination of the categories of the proxy measures indicated in the Fiscal Matrix 

(see previous chapter) shows the difficulty inherent in obtaining other data 
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for these input variables . 

2.4 Conceptual Measures 

Certain inputs =o UPTS may defy quantification , even wi t h t he use o f 

any proxy variable because they are, still, conceptually unfetter ed or a 

methodology for measurement remains undeveloped. For example, it has 

frequently stated that travel produces fatigue for the traveler . Howe ver , 

i t is unclear, for instance, how such fatigue can be measured, what kind of 

fatigue it is meant, and how much does each trip contributes. 

Many issues of importance need to be addressed in quantifying such 

i nput measures. While detailed discussion of these issues is beyond the 

scope of this work, the problem components can be identified as follows : 

(1) Definition of the concept 

(2) Identification of the factors constituting the concept 

(3) Specification of the factor relationships 

(4) Determination of the magnitude of the factors 

(5) Development of the methodology for measuring the concept 

(6) Verification of the methodology for concept consistency 

3.0 Discussion of Results 

The 1972 matrix of Physical Inputs at the end of this chapter (and 

the 1973 ·and 1974 Physical Input Matrice, included set Append i x I of this 

Volume), reveal a number of findings of particular interest. 

The significance of the physical data is that the information her e in may 

reveal for the analyst important data. Such information may r e l ate to all 

three major groups of inputs to the system, i.e. capital, labor , and energy. 

Although tpe 1972 Physical Input Matrix does not include much of the 

desired data, it can still provide important insights. For i ns tance, one 
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may observe the to tal number of vehicle units actually utilized by each mode, 

the number of r oute, the route miles, the number and size of the station and 

all other actual, physical dimensions of each system. Instead of their 

dollar cost the analyst has in his availability the actual system parts and 

parce ls. Any output accomplishments of the system will have to finally be 

referred back to the various and specific system components which contributed 

in producing the system's output. If the analyst be able to also have in his 

disposal the variations of the system's units during the various operational 

stages of the system (peak hour; off-peak hour; base period, weekends; past, 

present and future variations, etc.) he then can carry a much more detailed, 

accurate, and revealing analysis of the system's performance. For example, 

one may notice in the 1972 Physical Inputs Matrix that the bus system of the 

City Transit Division (CTD ) of SEPTA have 1485 buses available of which only 

1112 were utilized during the peak hours, while during a typical day up to 

134 9 buses were used by the system. This information is very instructive 

i n many ways. For instance, the ratio 1112 /1485 = 0.75 is far too low for 

immediate comfort for any system since it suggests that about one quarter of 

the buses were not needed (or used) even during the hours of peak demand. 

The explanation in this case can be found in the ratio 
1349 

0.9 that about 
1485 

90% of all buses of the system were used sometime during a typical day in 

1972. The explanat ion goes further to indicate that more than 15% of buses 

in use during a typical day in 1972 were in need for replacement (breakdowns , 

accident s , etc.). Obviously, improvements in any system would have to be 

sought in such areas of unsatis factory state of affairs . 

Another set of pertinent ob servations can the analys t make with regard 

the labor inputs to the system. For ins tance, observing the summary column 

of SEPTA (Pennsylvania Region) the analys t may compare the actual physical 
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unit of labor devoted to each system componen_t in terms of either headcounts 

or working hours. Comparing inputs of labor units to support functions vs . 

primary services,the analyst may notice that while the distribut ion of oper

ating costs between the two system components was in 1972 almost 1 to 1. 

( see Fiscal Input Matrix 72 and 76 millions are entered for the two system 

components). the labor units ratio is only 0.40 (1974 are 4700). Pursuing 

this comparison one step further, one may notice that in terms of workhours 

the ratio is only 0.28; another important drop indicating the extreme 

concentration of overtime in the provision of service, rather than in support 

functions. 

Further within the support functions, a number of important observation s 

can be made. With regard to Repairs and Maintenance one may notice that t h is 

function absorbs 71% of the workers of support functions, but utilizes 74% 

of the workhours; indicating again that, within support functions, the 

overtime work is primarily placed within the Repairs & Maintenance functions. 

Comparing Repairs & Maintenance functions with primary services, one may notice 

that while it absorbs 29% as much workers as the primary services ( 1432 ) it 
(4700) 

utilizes only 20% as much actual workhours than the primary services. Again 

the relative excessive concentration of overtime in the provis ion of primary 

services is revealed. 

Detailed accounts of the physical inputs of an UPTS are indeed i n-

strumental for crucial managerial and planning decisions for the system i n 

any region. Unfortunately the presen t project was able to collect on l y a 

fraction of the important data for each region and subsystem. For th is 

reason no detailed and specific comparisons of each system a nd mode within 

the three test regions can be made. However, the project's ob jec t i ve that 

focussed on the need to reveal and organize the important data a ppropr iately 
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for intensive efficiency studies is well served with formulation of the 

Physical Inputs Matrix and the few entries, exemplary entries that are 

included herein. 
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Introduction 

CHAPTER VI 

LABOR INPUTS ACCOUNTS 

In this chapter, the measures of labor inputs are being d i scussed. 

The term, "labor inputs" used here refers to three measurement units: 

number of employees, man-hours and total dollar labor cost. The deriva-

tion of these measurements passes through several stages of preparatory work . 

The first stage requires the disaggregation of total labor headcount data 

provided by each operator in order to divide labor inputs according to the 

division of the system into components and functions, i.e., direct trans

portation operation, other primary operations, administrative and managerial 

operation, repair and maintenance, and lastly transportati on promotion and 

marketing. The second stage involves the derivation of man-hour data. This 

is calculated by multiplying a work unit factor with the total headcount data 

(the work unit factors represent the average workhours per employee in each 

component and function of the system. The last stage requires the dis

aggregation of labor expenses for each labor category. This disaggregation 

is made either according to the distribution of the total number of workers 

or by employing a fixed distribution factor derived from a partic ular year 

where detailed available information is available. 

The procedures listed above involve continuous cross-checking and data 

consistency checks. The following sections present a general overview of 

the data sources, level of detail in data classification and of the com

prehensiveness in the data availability. In addition, this chapter discusses 

some of the general problems encountered and the need for severa l gene ral data 

modifications that arise in processing the pertinent data. 
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This chapter can also be read in combination with Appendices C and G - _ , 

in which additional details and specific discussion items central to the 

understanding of labor inputs are also presented. 

1.0 Definition of the Labor Input Categories 

By definition, those workers who are allocated to the provision of the 

daily transportation services belong to Primary Services Component of the sys

tem. This group may include drivers, yardmen, some field supervisors, and 

some primary maintenance labor, etc. In contrast, workers who are engaged 

in major maintenance or repair, and supervision of system-wide activities, 

are included in the suppo:rrt functions component of the system. This group 

also includes workers in major maintenance of facilities, rolling stock, 

as well as all the managerial personnel of the system. 

The network component includes workers who are engaged in major con

struction of new networks and stations. Since, however, most of the net

work construction workers were hired only during construction of the network, 

they are not included in any operational report and thus are not included in 

the present analysis. Therefore, in processing the operator's labor input 

variables, we are only concerned with primary and support function labor. 

In an UPTS, there are three distinct labor groups: (1) labor which is 

directly and immediately related to the provision of transportation services ; 

(2) labor devoted to maintenance and repair activities (of both rolling 

stock and fixed facilities); and (3) A broad classification of manageria l and 

administrative personnel that is responsible for a variety of functions 

within the system. 

By definition, the first category belongs to primary function ; with 

regard to the second category, however, some problem arises as t o whe ther 

part of the maintenance labor should belong to the primary f unc t ion (i.e., 
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fare box maintenance , air condition repairing, etc . ) and the other part 

( i ~e ., major maintenance of structure) should belong to support functions, 

~ ~ - Therefore , it was necessary to separate the maintenance labor into 

routine maintenance labor (primary services) and major maintenance labor 

( support functions). The third category is placed under support function 

since they are clearly supportive the provision of transportation services. 

In order to examine more closely the relationship between the labor pro

ductivity in the "promotion of transportation" operations, an attempt is 

made to extract another labor category, i.e. workers responsible for 

providing telephone information, and receiving and processing complaints 

a nd requests from the public. 

Thus, the following five labor classifications are included: (1) 

labor in direct transportation operation; (2) labor in other primary operations 

(including primary maintenance labor); (3) labor in administrative and 

managerial support activities; (4) labor in major repair and maintenance 

support acti vities; and (5) labor in transportation promotion. Each group 

i ncludes the following: 

( 1) Labor in Direct Transportation Operation. In terms of 

headcounts, this category includes all the employees who are directly 

engaged in the provision of daily transportation service, i.e.~ 

t ranspor tation operators (drivers and trainmen), tower men, yard men , etc. 

( 2) Labor in Other Primary O,2_erations. This category includes 

a ll e mp loyees wh o are not directly related to the Provision of dail y 

transoortation servic e b ut are necessary in providing bette r s e rvices . 

Th i s gr oup inc lude s depot and o ther direct s uper vision of transport-

at ion ope rat ion ; route c on t roll e rs and checkers; power plant operat i ons ; 

mi nor repair and maintenance for rolling stock only , i.e. , f a r e box 
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repair , heat / air conditioner maintenance and /or other minor 

electrical equipment inspection and maintenance . 

(3) Labor in Administrative and Managerial Suppor t Acti vities. 

This category includes all the management and administrati ve personnel, 

and all supervisory staff who are not directly engaged in the pro

vision of daily transportation performance. Also , employees, whose 

activities relate to transportation training programs are included in 

this category. 

(4) Labor in Major Repair and Maintenance Support Activities. 

These activities include major maintenance work for ro lling s tock a nd 

physical assets and thus include the following ope r a t ions : (a ) major 

overhaul; (b) major maintenance of rolling stock; (c) maintena nce of 

way; (d) maintenance of track and structures; and (e) maintena nce of 

buildi ngs. I n addition to these maintenance activities, th i s category 

also includes those employees engaged in servicing activities. 

(5) Labor in Transportation Promotion and Market i ng Support 

Activities. Employees in this category are responsible for provid ing 

telephone information, receiving public complaints and requests, 

maintaining contacts with news media, and the provision of other 

passenger services. 

2.0 Di stribut i on and Sh i f t o f Man power 

From the above deriva t ion proc e ss , it can be concluded that most of 

t he in ter- or i ntra- f unc tional dis t ribut ion were made according to the dis 

tribution of headcounts . Here f ore, i n thi s s ection, headcounts are taken as 

an i ndex t o show the inter- or int ra -functional manpower distrib ut i on a nd 

shift of each ope r ator . 
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2.1 Distribution of Manpower 

(a) Comparison of Inter-modal Distribution of Labor. 

Table VI-4 shows SEPTA CTD total headcounts distribution. Table VI-4 shows the 

percent of primary and support workers for each mode. From these figures, 

it can be noted that the percentages of primary service workers on bus and 

trolley bus lines are higher than those of trolley rail and rapid transit 

line s. A plausible reason for this difference might be that trolley rail 

and rapid transit modes require more maintenance labor for the track main

tenance and structure maintenance activities. This is especially true in 

rapid transit systems where more than 40% of the workers belong to the sup

port function. (The major difference is the higher percentage of repair and 

maintenance labor.) 

Examining Table VI-5 for the case of SEPTA RAD, the relatively low 

percentage of administrative workers that can be observed is due to the ag

gregation of SEPTA's personnel structure. The Administrative and Finance 

Departments in SEPTA, as shown in most operating statements, is under the 

CTD classification. 

In general, all bus systems tend to have more labor involved in the 

primary services whereas rail systems required more labor in support func-

tion. 

(b) Comparison of Inter-Systems Distribution of Labor. 

Table VI-5 shows the labor distribution among the var ious transit modes in 

the three test regions and the four basic functional divisions. The interest

ing observati ons that can be made from this table are several . First, con

cerning the four bus systems in the t hree regions the percent of headcounts 

in the primary services varies from a low of 57.5% for SEPTA-RAD to a high 

of 66% for DART. With regard to managerial and administrative personnel a 
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TABI.E VI-4.. PERCENT OF PRIMARY AND SUPPORT WORKERS BY MODE 1974 . 

% of worke?r s in % of workers I in a IT 
OPERATOR MODE PRIMARY FUNCTION SUPPORT FUNCTIONS 

SEPTA-CTD Bus 75.0% 25.0% 

Trolley 76 • 'Z'/o 23.8% 
Bus 

Trolley 61. Tio 38.8% 
Rail 

Rapid 55.8% 44. Tio 
Transit 

SEPTA-RAD Bus 74.8% 25 . Tio 

Trolley 72.0% 28 .0% 
Rail 

SEPTA Total 74.3% 25 . 7% 

DART Bus 83.0% 17 .0% 

TNJ Bus 72.0% 28.0% 
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CX) 
.p.. 

TABLE VI-5. INTRA-FUNCTIONAL LABOR DISTRIBUTION OF EACH MODE 

MANAGEMENT REPAIRS 
TRANS PORT OTHER PRIMARY and and 

PPERATOR MODE OPERATION OPERATIONS ADMINISTRATION MAINTENANCE 

SEPTA- Bus 62.6% 12.3% 9.9% 14.6% 
CTD 

Trolley 62.8% 13.4% 10.3% 12.8% 
Bus 

Trolley 48.5% 12.6% 8.7% 20.6% 
Rail 

Rapid 41.0% 14.9% 9.9% 33.6% 
Transit 

CTD TOTAL 54.4% 13.1% 9.7% 22.2% 

SEPTA- Bus 57.5% 17.3% 1. 9% i( 23.3% 
RAD 

Trolley 51.8% 20.8% 4 .3%')'( 23.1% 
Rail 

RAD TOTAL 56.1% 18.1% 2.5% 23.3% 

DART Bus 66.0% 16.9% 9.8% 6.0% 
TNJ Bus 60 . 3% 11.8% 9.4% 17.6% 

NOTE: These data were derived from 1974 Headcount Data. 

OTHER 

0.6% 

0.7% 

0.6% 

o.6% 

0.6% 

1.3% 

0.9% 



distinct similarity can be seen in the three regions with the on ly exception 

of SEPTA-RAD for which the managerial personnel is provided by SEPTA-CTD. 

With regard to repairs and maintenance personnel the distribution var i e s 

dramatically from a low of 6% for DART to a very high of 23 . 3% for SEPTA

RAD. Second, concerning the two light rail (trolley rail) systems i n t he 

Pennsylvania region the distribution of personnel appears s i milar except 

t hat, again, the total personnel devoted to primary services in SEPTA-CTD is 

only 48.5% of the total. This is so because of, perhaps, the inclusions of 

all RAD managerial personnel in the CTD statistics. Still one may not i ce 

that repairs and maintenance personnel for CTD is considerably higher tha n 

the corresponding personnel for RAD. Finally , concerning the rapid trans it 

system in the region the data available states that for strictly primary ser

vices only 41% of the total personnel is allocated. Another 14 . 9% i s devoted 

to maintenance functions. 

On the basis of this data, Table VI-5 clearly suggests that differ e nces 

in labor distribution are more due to the modal distribution than to t he 

scale of operations. Although significant differences in the labor dis

tribution within systems are also present, the difference associated with the 

modes seem to be more distinct than the differences associated with t he scale 

of operations. 

2.2 Shift of Labor Distribution Over Time 

From Figures VI-1 through VI-5, several general observations can be 

made. For example, for SEPTA CTD and DART a perceptible upward movement on 

labor inputs is discernable, even within the short period of only three years 

(1972-1974). For TNJ, on the other hand, a small contraction of manpower 

is shown. With.regard to the distribution of manpower among functions, a 

relative stability can be observed, with the possible exce ption of the bus 
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system of SEPTA-CTD where a relative proportional increase of support 

functions labor can be observed. 

Unfortunately no detailed data on labor distribution from PATCO could 

be obtained. 

3.0 Overview of Data 

At this point a number of observations need to be made concerning the 

labor data of the three test regions, and by extension concerning the avail-

ability,readiness, and quality of data on labor inputs for UPTS in 1976. 

First, each of these operators operate at a different scale (geographic 

coverage as well as different levels of financial resources) and thus the 

consequent information provided by these operators are at different levels 

of detail and comprehensiveness. Second, the breakdown by mode is generally 

not distinct or clear-cut. Therefore, modification of the data to represent 

modal distributions were necessary. Third, in the year 1974-1975, SEPTA 

changed its accounting system, thus the classifications given for 1974 data 

are totally different from that of 1973, 1972, and 1971. This necessitated 

a revised and extremely careful processing procedure for data disaggregation. 

Fourth, Penn Central and Reading are now in bankruptcy proceedings and were 

operated under the jurisdiction of the Federal District Court on a day-to-day 

b . 1/ 
asis.-

completed. 

The takeover was scheduled for July 1975, but it is still not 

Most of the Rail Division staff of 1974 has remained to help 

preserve and improve railroad service performance and facilities maintenance 

during the takeover period. After the acquisition, SEPTA plans to re-evaluate 

the staff positions. Therefore, the SEPTA General Contract Division, Rail, 

1/ SEPTA, Resources Utilization Plan, 1974 and 1975. (See "Commuter 
Rail Operation" section.) 
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(4) Employee s in the Direct Conduct of Tr ansporta tion 
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cannot be considered as normally operating organization. 

Concerning CTD of SEPTA, detailed descriptions about the tasks 

performed by each labor group were available and thus it was not difficult 

t o distribute the headcount data into the 5 major labor input categories. 

However, for SEPTA RAD, TNJ and DART, there was no such detailed- information 

available. Thus a high level of potential error in disaggregating total 

headcount for these groups is possible. This is especially true in distri

buting maintenance labor between primary and support functions. 

The breakdown of data among modes represents another important problem 

for multi-mode regiamal systems such as SEPTA. Headcount data is not 

generally given in a modal breakdown format. For example, supervisor and 

administrative labor in SEPTA's Administration Department serves the entire 

system and, therefore, distinctions between CTD and RAD, as well as by mode, 

become almost impossible. 21 Also, Man-hour figures are not usually available. 

Only from the accounts of "employee lost time", and overtime data can these 

figures be derived. These data are actually, however, labor paid-hours, 

rather than actual work hours. Thus, one still does not have available actual 

work hours by mode and by function. 

The disaggregation of labor costs also encounter problems. For 

efficiency studies, labor costs should be calculated on the basis of total 

actual work hours and the individual's pay scale rather than on the general-

2/ For the sake of completing the breakdown of data in all cases, 
the research team of this project utilized the only available 
alternative, i.e. disaggregating the headcount data according 
to the total number of passengers or total vehicle miles of each 
specific mode. A similar assumption was applied for the modal 
breakdown of transportation promotion labor. However, it should 
be realized that the produced results would probably yield very 
little revealing information, since the modal distribution of input 
data were made according to the distribution of the out-put data. 
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ized distribution of total employee salaries. However, individual pay scale 

data is not generally available, nor is actual employee work hour data avail-

3/ able.-

In general, the consistency (i.e., reliability) of data sources, 

needed to provide an accurate region-wide basis for productivity measurements 

represents a major problem. As discussed in Appendix_Q_z_ each operator main

tains its own accounting classifications. In order to compare systems, it 

is necessary that the level of detail in respect to the tasks performed be 

consistent among operators. For example, more detailed information about 

maintenance activities is necessary in order to provide a more accurate 

minor/major maintenance breakdown. 41 Other particular data concerns focus 

on the man-hour inputs such as employee lost time, overtime, actual work 

hours vs. paid hours, etc. All such data are instrumentally important and 

need to be provided directly from all the operators, in order to derive 

accurate and comparable productivity measures. 

The second major concern is the possible errors arising in the data 

synthesis process. This concern focuses on the need to incorporate the 

"qualitative" aspects of labor inputs such as age structure, sex composition, 

working experience mixture,- education, etc. In most studies, as well as 

in this one, due to the limitations of time and data availability, this in

formation is not included. 

3/ For the sake of completing the tables of this section, both of 
these data sets were derived using aggregate labor costs and total 
head count data, utilizing a method that is based on disaggregating 
total labor cost data according to the distribution of total head
count within each operator. Thus, some degree of inaccuracy may 
exist in cases where there are different accounting systems for 
headcounts and labor cost. 

4/ Detailed minor/major maintenance disaggregation tables for 
SEPTA CTD 1974 were included in Appendix _Q_ as a reference. 
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Another major concern arising from the synthesis of labor inputs in 

this study stems from the lack of detailed data on overtime work hours. 

Since there were no comprehensive overall overtime work hours data for 

PATCO, DART and SEPTA (CTD and RAD), the overtime distribution was assumed 

to be uniform over the modes and the operators. In the case where no 

employee overtime was mentioned, it was assumed that all employees worked 

only on regular schedules. 

4.0 Technology Changes 

One issue that is usually left out of the quantative analysis is the 

changes of technology. In most short-term analysis, the external factors are 

considered as unchanged over the years studied, but in the real world, 

technology does have some influence on the system even within a few years 

time. This influence may be in two different ways: 

(1) Changes which increase output but do not affect the marginal 

rate of substitution between labor, capital, or other systems in

puts. This can be easily measured from input/output analysis. 

(2) Increasing capital/labor ratio. For example, technological 

change could reflect a labor saving substitution, or it might imply 

the upgrading of labor skills. Both types of technological changes 

only marginally were taken into account in the present study because 

of lack of data available from all operating systems in the three 

test regions. 

Another issue in labor cost adjustment concerns the regional variations 

in wage rates. In comparing transportation labor costs across several regions, 

differentiation in quality of labor inputs will produce differentiation in 

wage rates which may, then, influence the outcome of productivity measurements. 
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This can be especi~lly crucial when dealing with the already well developed 

regions versus a developing region. However, in t he current study , the 

three test regions are rather similar to each other. Thus, such regional 

variations were not taken into account in the current study. 

The composition of labor distribution for each operator varied little 

across the years, but a significant difference appears when distributions 

are compared among regions. One conclusion that can be drawn is that when 

the system is operating at a smaller scale, a larger proportion of labor will 

be involved in primary transportation operation (drivers). As the operation 

scale of the system becomes larger, it tends to diffuse into more differ

entiated levels of intermediate functions. Thus, the percentage of ad

ministrative and managerial staff will tend to be increased to facilitate 

larger system needs. Therefore, in cross-regional comparisons, we must 

recognize that the differences in each labor input variable imply not only 

the differences of productivity but also the differences of operationa l 

scale. 

5 .0 Conclusions 

Most of the analytical information included in this discussion of 

labor inputs to the UPTS in the three test regions came from SEPTA' s City 

Transit Division. Clearly this division of SEPTA is the best prepared one 

to search for productivity and efficiency optimization solutions . The rela• 

tionship between primary services and support functions only in this division 

can be traced into sufficient detail and be revealed. This project, for 

instance, could have progressed very little without the data and the assist

ance provided from this division. Furthermore, many of the assumpt ions 

that were necessary in pursuing the exploration of the other systems within 

the three test regions were based on the data provided by the CTD. 
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In terms of the evaluation of data availability it seems also clear 

t ha t the 1974 data was the most complete and usable. The initial intention 

was to carry out an analysis of the five year period 1970-74. However, it 

turned out that there were hardly any complete data sets available for 

1970 and 1971. As the years approached 1975 the data availability on labor 

distributions and specifications improved markedly. Following this trend, 

and taking into account the new data requirements of Section 5 of the 1974 

U.S. Mass Transportation Act, plus the UMTA's decision to move ahead toward 

the implementation of the FARE system it seems clear that labor data for 

1975, 1976 , and thereafter would be much more complete, available and suit

able for the triple analysis of productivity, efficiency and quality of 

service. , Within such a context, the relationship between primary services 

and support functions would easily be illuminated and scrutinized. 
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CHAPTER VII 

CAPITAL INPUTS TO THE UPTS 

Introduction 

This chapter discusses the capital inputs to the UPTS . The dis c u ss ion 

is divided into t.ur parts. First, an extensive classification and des

cription of the various capital inputs is carried. Then a brief discussion 

of the special evaluation difficulties is presented. Third, a brief dis

cussion of the various capital accounting methods is included. The chapter 

concludes with a brief presentation of the approach followed in this projec t 

in taking into account the capital inputs of the various UPTS within t he 

three test regions. 

The present effort departs from previous investigations, because it 

attempts to distinquish capital inputs by type and by component of the system 

where each input item is applied. 

Further, the data on capital inputs is also subdivided according to 

the nature and the reliability of the data sets themselves. 

Two basic approaches, the fiscal one (i e., using dollar values) and 

the physical one (i.e., using discrete units of facilities) are available 

for analyzing capital inputs. Within these generic groups any specific 

type of capital assets can be identified. Two such types are the fixed 

capital assets and the liquid capital assets. Fixed capital items provide 

the inventory of fixed assets such as land, buildings and networks. 

Liquid capital includes the resources consumed in the operation and main-

tenance of the system. The data items are grouped according to the i n

trinsic quality of each data input. Only values for fixed capita l i nput s 

are discussed. The values of liquid capital are included in the category 

of operating expenses in order to separate that type of capital f r om fixed 
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assets . Such a distinction is both useful and informative. Liquid and 

fixed capital vary not only conceptually but also in the nature of their 

use in the UPTS. Further, disaggregation of capital in this manner better 

facilitates the separate analysis of capital and labor contributions to the 

productivi ty of an UPTS. 

The capital inputs discussed below are clearly represented in the 

Matrix of Fiscal Inputs. Capital items are identified according to the 

system components (Primary Services, Support Functions, and the Network) 

in which they are applied and according to the actor that contribute them. 

1.0 Multiple Classification of Capital Inputs 

The analysis of the capital inputs of UPTS requires that each type 

of capital inputs be examined carefully and properly be included in the 

system's capital accounts. Three systems of classifications appear rather 

obvious. One according to the actor who contributes each specific input, 

a second one according to the functional role of each input; and a third 

one according to the fiscal aspects of the specific input. 

1.1 Actor Classification of Capital Inputs 

(A) Operator Capital Inputs 

This type of capital inputs should be distinguished according 

to the extent which each input item is discrete, estimated or proxy. 

Discrete Capital Inputs. Discrete capital inputs can be 

defined as those inputs whose source and value are readily identifiable. 

Operators, for example, employ discrete inputs such as rolling stock, car 

shops and garages and mile s of subways to provide transportation services. 

Estimated Capi tal Inputs. The category of derived capital 

inputs is most closely related to the calculation of replacement costs of 
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inputs. In a very real sense, the use of replacement factors involves 

capital valuation indirectly. That is, knowing replacement cost of a par

ticular equipment with given service characteristics, the analyst may 

proceed to estimate the capital inputs to the UPTS, based on the optimum 

service characteristics displayed by the equipment. Clearly, the most likely 

categories for indirect measurement are rolling stock, way equipment and 

buildings. 

Proxy Capital Inputs of Actors. The use of proxy data is most 

directly linked to the capital category of land valuation . For all trans

portation suppliers (but especially fixed guideway systems), land occupied 

by buildings and by the network are critical inputs. The characteristics 

of these two categories of land, however, vary significantly. This 

variation suggests the use of different valuation procedures. 

(B) Government Capital Inputs 

One element which clearly distinguishes transportation services 

from other industries, is the involvement of the public sector. Sig

nificant capital inputs are made by the government into nearly all aspects 

of providing transportation services . In the area of capital for urban 

public transportation systems these inputs are more clearly defined than 

in the other system's components. 

Discrete Public Capital Inputs. Publicly owned land, rolling 

stock and structures are the prominent categories of public capital inputs. 

In many cities, close co-operation between the governmen tal unit and the 

transit operator have resulted in joint ownership of various capital items. 

For example, SEPTA and the City of Philadelphia are the owners of rolling 

stock, of miles'of subway tunnels, and of elevated lines. 

Estimated Public Capital Inputs . For the UPTS, derived public 
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capital inputs include items such as land which have been supplied to 

transportation operators indirectly ranging in scale from scale 

from Federal Land Grants to acquiring lands under eminent domain. 

(C) User Capital Inputs 

The capital inputs that the user contributes ~o the UPTS are 

limited and restricted into one type of user: i.e., the suburban commuter. 

This type of user usually needs an approach vehicle in order to move to and 

from the public transportation facility. This approach vehicle represents 

then a singular capital investment by the user. Its total cost, or a 

proportion of its costs, depending on the pattern of its use, should be 

considered as a capital input to the operations of the UPTS itself. 

1.2 Capital Inputs by System Components 

Capital inputs are provided by various UPTS actors and are u~ed in 

serving the various system components. Each operator contributes the 

majority of capital inputs to the UPTS but government contributions are 

becoming increasingly more substantial. In general, capital items can be 

segregated by the service they provide through the system components. 

Primary Capital Inputs. Included in the primary inputs category are 

resources both necessary and sufficient to produce optimum transportation 

service. The major categories of primary inputs suggested are shown in 

Table VII-1. While such items as passenger equipment are clearly primary 

inputs, the criteria for inclusion of categories such as interlockers is 

related to the provision of an optimum service. Such controlling mechanisms 

allow sa~er operation as well as contributing to faster travel times. Clearly, 

the electrical distribution systems of operators provide the energy necessary 

to operate the service and are included in the list of primary service 

capital inputs . 
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The ab ove categori zation holds for modes genera lly clas sified a s 

rail rapid transit. For the three test regions , the high speed l ine s of 

SEPTA , the commuter rail lines of Penn Central and Reading, a nd the 

Lindenwold Line were considered using this suggested ca t egorizat ion. 

Table VII-1 lists the various types of capital inputs of the primary services 

associated with each specific mode of travel within a n UPT S. 

Support Capital Inputs. Defined to inc l ude u se of r esources 

for all support functions of a UPTS, such as major maintena nce a nd repair 

of the primary and network components , manageme nt and administ r a tion, 

training and personnel services, etc. the capital inputs for support functio ns 

are dominated by buildings and structures. Table VII-1 sh ow s t he dis

tribution of these support inputs by each individual mode of a n UPTS. 

The data available for the operators within the three test r e gi ons, 

with the notable exception of SEPTA, can be disaggregated by mode with little 

difficulty. Most of the SEPTA data for City Transit Division (CTD ) is, 

unfortunately, aggregate for two or more of the four modes of travel gr ouped 

i n this Division. 

Network Capital Inputs. The category of network ca pi tal input s 

includes major expenditures for fixed assets. Primarily, the assets 

considered in the network group are related to fixed guideway s in such 

systems and to the general way structures which perform transportation 

services in the three test regionR under consideration . Tab l e VII-1 in

dicates the types of capital inputs that each mode may require for its network. 

1.3 Functional Capital Inputs 

Previous productivity studies have examined capital inputs to 

transportation systems at an aggregate leve l of input. Such a level of 

analysis, however, avoids direct confr ontation with the problems the analyst 
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TABLE VII-1. CAPITAL INPUTS BY SYSTEM COMPONENT 

~ 

~ >. >. + >. (I) (I) 

"O ctl ,-4 ,-4 ~ 

Capital Input ~ p::; ~ ,-4 ,-4 ,-4 0 System 0. p::; ..0 0 •.-1 0 fJ_ ,I.al fJ) 

Component Categories ctl ::i ~ ctl ~ ::i 0 ::i 
p::; + CF.l E-t p::; E-t ~ ~ ~ 

Primary Passenger Equipment:Rolling Stock X X X X 
Services Passenger Equipment:Pass.Shelters X X X X 

Service Equipment(i.e. Fare Col-
lection) X X X X 

Signals to Interlockers X X 
Communication Systems X X X X 
Underground Conduity X X 
Electrical System X X 
Information System X X X X 
Safety System X X X X 

Support Repair Shops X X X X 
Functions Garages X X X X 

Burn Houses X X X X 
Administration Building X X X X 
Miscellaneous Service Buildings X X X X 
Maintenance Depots X X X X 
Shop Equipment X X X 
Roadway Equipment X X X 
Land in Support Functions X X X 

Network Rights-of-way X X 
Roadway X X X 
Tunnels X X 
Bridges X X X X 
Viaducts X X X 
Elevated Structures X X X 
Stations X X 
Parking Lots X X X X 
Terminals X 

100 



soon encounters when he undertakes to carry out disaggregated analysis. 

The distribution of capital investment should also be made along 

functional lines. Four general categories were developed for use in the 

analysis of capital stock. 

(1) Way Capital. The way capital can be best defined as 

capital investment directly associated with or physically located 

on the path of the mode. Items included in this category are, for 

example, land used for right-of-way, tunnels and subways, and the 

fixed guideway components. (Rails, ties, fastenings, etc.) 

(2) Buildings and Structures Capital. The category of buildings 

and structures poses few, if any, conceptual difficulties. Obvious 

examples of this category are general office buildings and maintenance 

facilities. 

(3) Equipment Capital. Previously discussed as either permanent 

or short-duration operating equipment, it conceptually includes 

those items which are necessary for the proper utilization of other 

capital stock. For example, the lighting fixtures and associated 

relays, switches and transformers are all necessary for the proper use 

of the passenger vehicles. 

(4) Transportation Capital. Transportation capital is utilized 

to facilitate the provision of public transportation. Such investments 

as parking lots, bus shelters, operator owned billboards or other pro

motional or informational investments are examples of such capital. 

1.4 Fiscal Accounts of Capital Inputs 

Capital items are characterized by their heterogeneous nature. Because 

of this, the use· of monetary values has been frequent in incorporating capital 

inputs. However, the use of monetary values should not be made without first 
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examining where the data to be used is coming from, especially since there is 

a variety of methods that can be used to assign monetary values to capital. 

The capital equipment supplied as inputs by the operator must also be sep

arated into "short-duration" and "permanent" equipment. The life expectancy 

of these two types of capital differ markedly, resulting in different im

pacts on productivity. Short duration equipment is usually found in the 

primary services and support function components of the system. Permanent 

equipment is usually found as part of the network component of the system. 

To categorize equipment, the susceptibility of the equipment to technological 

innovation should also be taken into account. That is, equipment readily 

improved, (i.e., fare collection equipment), is entered as short duration, 

operating equipment. {See Also Appendix B). 

Incorporating the dollar value of new capital includes some additional 

difficulties. The dollar value of new capital is readily available from 

governmental sources as well as from the annual balance sheets of transit 

operators. The dollar value of new capital investment is usually then 

mixed with accounts of previous capital investments using "book value" of 

these investments. The aggregation of new capital dollar values with 

depreciated values of capital stock results in a hybrid of dollar values 

which can often become misleading. 

The dollar value of capital utilized should also be examined for 

the impact that time plays on the value of capital. The transit industry, 

possibly to a greater extent than other industries has been faced in the 

recent past with rapidly rising costs of capital investment. Industry 

publications and the Federal Bureau of Labor Statistics provide indices 

of both an aggregated price index and of specific commodity indices. The 

vulnerabiltty of transit capital to rapidly escalating costs suggests the 
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use of corrnnodity indices for such purpo ses e specially if data is 

available concerning inventory, original cost, and age distribution 

of the capital stock. (See Also Appendix B) 

2.0 Special Valuation Difficulties 

Several capital items require special attention to highlight the 

idiosyncracies of the items and the elusive nature of their value. 

(1) Land. The land occupied by buildings used by transportation 

suppliers is perhaps the less difficult category to value. Clearly, the low 

level of sales of land of such proportions precludes the use of a market 

approach to valuation. Additionally, developers are not usually drawn to 

such sites for a wide variety of reasons related to the site, market con

ditions, or financial constraints. The alternative use of a site can be 

used to determine the value of land in such situations.~/ For example, SEPTA 

land occupied by the 2nd and Wyoming complex is adjacent to residential 

properties. Lacking qualities normally attributed to commercial and indus

trial uses, it would be reasonable to assume the alternative use of the tract 

would be residential. It is a rather simple matter to transform the value 

o f the alternative use using generalized land values for the surrounding areas. 

The land occupied by rights-of-way pose a different and more difficult 

matter to resolve. Varying in width from 50 to 400 feet, rail rights-of-

way for roadbed sections are at a minimum 37 feet. In a s imilar fashion, 

line lengths vary from 3.9 miles to 33 . 3 miles on the Penn Central Manyunk 

and the Reading Trenton lines. Finally, the right-of-way passes through the 

entire spectrum of land values from central bus iness district t o agricultural. 

1/ A majbr failure of this approach is the exclusion of a factor 
related to the higher value of assembled land versus subdivided land in 
urban areas. While this exclusion leads to an underestimation of va lue, 
the rare sale of such assembled tracts in urban areas precludes any but 
arbitrary values being assigned to the assembly factor . 
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(2) Buildings . The specialized nature of transit related 

buildings and the non-existent file of current sales virtually 

el~minates the use of market valuation techniques. Additionally, 

advances in the art of construction and the use of new materials 

suggest that transit facilities erected today would bear small resemblance 

to facilities erected as recently as 10 years hence. The analyst is therefore 

left with less than optimum alternatives. Book values as one alternative 

include distortions already discussed. Unit costs for replacement of the 

structure, however, avoid manifest preferences for structural form and 

composition. Ultimately, the analyst should tailor the valuation to per

ceived preferences of the operator as well as local policies. 

(3) Rolling Stock. Intensely affected by rising costs, rolling 

stock is particularly difficult to assess. In their discussion of capital 

inputs in Transportation Productivity, Scheppach and Woehlicke propose a 

workable approach. The suggestion is to develop blocks of homogeneous capital 

inputs, based on their functions and service characteristics within the UPTS. 

Assuming that the efficiency of the block declines at an increasing rate as 

a function of time, efficiency indicators based on historical data then are 

applied to deflate the inputs of the entire block. This framework suggested 

Scheppach and Woehlicke is most useful in structuring depreciation schedules 

to reflect the rate of depreciation. 

(4) Way Structures. (tunnels, bridges, viaducts, elevated frames, 

stations, etc.) This represents a special functional class of capital assets, 

all of which is usually included under the classification of the system's 

network. The problems included in this class of capital assets are based 

on both functional obsolescence of a facility as well as on its structural 

deterioration. Finally, major policy decisions concerning urban development 
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at large may increase or decrease the significance and/or value of a way 

structure . 

3.0 Accounting Methods of Capital Assets 

It is generally acknowledged that the capital assets of the urban 

public transportation system decline in value through use. (land ho ldings 

in the urban public transportation system is a notable exception.) To 

account for this consumption of resources, depreciation of the origi nal 

value over an estimated useful life for the asset is used. There are three 

general methods in the field as follows: 

(1) Straight Line Depreciation: As the name implies, straight 

line depreciation reduces the accounting value of assets uniformly 

throughout the useful life of the asset. Specifically, the account is 

annually reduced by an amount 1/N, where N equals the projected useful 

life. The uniformity of this procedure is most appreciated for predict

ability and stability. 

(2) Sum of Years Digits Method: Essentially, this method allows 

slower recapture than the declining balance approach. The annual depre

ciation is calculated through the use of a fraction whose numerator is 

the remaining years of useful life and whose denominator is the projected 

useful life normalized over all the years of the projects projected life. 

This method implies that an asset depreciates by declining amounts as the 

years of useful life are consumed. 

(3) Non-Accounting Methods: The main non-accounting approach in 

capital valuation is the use of replacement cost of the capital item. Two 

alternative methods are generally identifiable within this general approach. 

(a) Market Replacement Cost Method. The market replacement philosophy 
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require s va l uing as se ts us i ng replacement c osts of presently available 

i t ems . For example, this method requires that the "Eighty footers" used 

by area c ommuter li nes be "replaced" by "Silverliners" even though the 

service characteristics of the items are not related one to o t, e. This 

philosophy implies a uniform level of service for all lines serviced 

by the Pe nn Central and Reading, although, in reality, the "Silverliners" 

operate only on par ticular lines. (b) Historical Replacement Method . The 

historical approach requires estimation of the current replacement cost to 

r eproduce an identica l item. While price indices may be used to develop 

t he requi r ed values , considerations of technological innovation and "optimum" 

se rvic e for each period enter in determining the meaningfulness and/or 

a cceptability of even c onsidering the costs of reproducing an identical and 

al ready ob s ol ete fa c ility. 

As an i ndication of the problems inc l uded in choosing one 

of the avai l able acc ounting methods one may point to the fac t that frequently 

the court s are called upon to determine the social value of the capital assets 

of a transpor t a t ion system. The judicial branch of government has often 

been likened t o a "social barometer . " In the field of tra nsportation, the 

co urts have often ser ved as soc i al de terminants of the social value of a 

given facility. 

An early deci sion of the I . c.c., Excess Income of St . Louis & O'Fallon , 

124 I.C.C. 3 ., invo lve d r ec overing income in excess of cont empora r y r a t e s of 

return . ''What the Connni ss i on a pproved was a synthetic va luat i on , cons i s ting 

· of present land values, of re pr oduction costs at 1917 unit prices for old 

structures installed prior to J une 30, 1914, and of both the e st i ma t ed and 

recorded actual investments of the new st r uc ture s installed t hereaf ter.,,I/ 

2/ Wu , Shao-Tseng, Ra ilroad Va luation and Fai r Ret urn, Unive r si t y of 
Pennsylvania Press, Philadelphia, 1930, p. 19. 
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The final determination of this matter by the U.S. Supreme Court held, 

in fact, that the cost of reproduction must be given equitable consideration 

in valuation attempts. 

Of course, cost of reproduction can be calculated by two ways. In 

the economic sense, cost of reproduction is most clearly associated with a 

substitute item, providing, presumably, service reflecting technological 

innovations. The courts have, on the other hand, repeatedly associated 

reproduction cost with the provision of an identical item. 

While in 1930, the Supreme Court in United Railways v. West,(280 

U.S. 234) held that the annual depreciation charge should be based on the 

" present value" instead of on the original cost of the depreciable property,l/ 

(together with an unstable depreciation rising and falling in harmony with 

prices), a 1944 decision, Federal Power Commission v. Hope Natural Gas Co., 

(320 U.S. 591),reversed this position. 41 

The ambivalence of the judiciary can be viewed as a reflection of 

societal uncertainty in dealing with the issue of capital depreciation. 

Capital costs need to be developed for an optimum urban, public transportation 

system (UPTS). A system can be characterized, as optimum on the basis of 

either of two determinations. In the first sense, optimum can be based on 

the physical usefulness of a capital item. Second, an optimum facility can 

be characterized as such on the basis of the functional role it plays; for 

instance a capital item may be evaluated on both physical obsolescence and 

on time obsolescence. 

ll Locklin, Philip D., Economics of Transportation, 1972, Homewood, 
Illinois. p. 343 . 

4/ Ibid, p. 355 . 
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As explained earlier, market replacement may detennine values of present 

equipment through the use of state-of-the-art substitutes. At first it 

would seem that the first adjustment to capital cost valuation would be 

the inclusion of the difference in cost between the simple replacement 

of the old equipment and the depreciated cost of substitute, modern day 

equipment. (See Also Appendix B). 

To create a more realistic approximation, the capital cost produced 

above should be adjusted and factored into constituent components by in

troducing control variables. For example, one may use price indices, 

inflation indices and quality improvement coefficients as control variables. 

The quality improvement coefficients can then be factored into components of 

speed, comfort, energy use, etc. The various components may then be valued 

through the use of proxies or indirect standards to generate costs per unit. 

While complex and potentially arbitrary, the above procedure is a 

tool useful in determining the capital costs of sub-optimum facilities and 

equipment at a given year. Alternatively a procedure has been suggested 

for use in the FARE proposal which does not possess the complexity of the 

above procedure but does provide the uniformity of information necessary 

to compare systems in different urban areas.1./ 

Adjusting historical cost through the use of price indices assigned 

to the capital category, adjusted costs are then utilized to determine 

book value, accumulated depreciation and annual depreciation. The formula 

5/ Project FARE Task IV Report, UMTA, Nov. 1973, Vol. II. 11Reporting 
System Instructions," p. 9 . 3-2. 
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d . 6/ as reporte is:-

C(Adj.) 
X PIN 

= C (Hist.) PI 
A 

where, C(Adj.) 

C(Hist.) 

= price-level adjusted cost 

= historical cost represented by acquisition year 

= price index for current year 

= price index for acquisition year 

4.0 Valuation Methods Used In The Test Regions 

Primarily as a function of data availability, the capital values 

which appear on the Fiscal Matrix represent the various accounting methods 

in each region. The search for a uniform presentation of capital value 

for the three regions was not successful. The use of book values were 

6/ 
system, 
ficant. 
are most 

Within the suggested improvements included in the FARE reporting 
improvements in reporting of capital items are especially signi
Specifically, three reporting forms recommended for use in FARE 
significant. 

(1) Form 110. Part A of Form 110, "Property Subsidiary Schedule," 
provides for reporting by mode additions to and retirements of Transit 
Operating Property. Various vehicle types are listed with appropriate 
columns to enter the value of additions and retirements of revenue 
vehicles. Part B of Form 110 provides for an accounting of the 
physical units added and retired; again by vehicle categories. In 
combination, the forms provide a detailed examination of revenue vehicles 
flow. 

(2) Form 111. Form 11, "Revenue,Vehicles," provides extensive 
inventory information for the flow of revenue vehicles, including 
such information as year of acquisition, number of vehicles and 
acquisition cost. Form 111 allows the analyst to trace a vehicle 
from acquisition to retirement. 

(3) Form 112. ''Fixed Assets" includes of the categories of 
service vehicles, of building and of structures, support equipment, 
office equipment furniture as well as all land holdings. Form 112 
presents the monetary value of the assets. 
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adopted purely on the basis of prevalence and availability. Indeed, the 

paucity of capital data for several operators cannot be explained easily. 

Good management of resources suggests visibility of present and past 

assets. The lack of such information clearly points to the use of less 

than optimum management practices. 

Pennsylvania Region: SEPTA 

City Transit Division (CTD). Complete data for CTD is available for 

additions and retirements to the capital stock. The values represented 

are book values and represent the state-of-the art for CTD capital stocks. 

To facilitate distribution of inputs, three procedures were utilized to 

tailor the data to the criteria established for support inputs. 

(a) The categories of rails and rail fastenings, miscellaneous 

way expenses, special work items, distribution bonds, tunnels 

and subways and signals and interlockers were distributed on the 

basis of the percentage of track miles of each mode. 

(b) The categories of shops, carhouses and garages and 

miscellaneous buildings and structures were distributed using the 

model percentage distribution for bus, trolley bus and trolley 

rail modes. 

(c) The categories of general office buildings, service 

equipment, passenger equipment, shop equipment, furniture, automotive 

equipment and land holdings were distributed using the passenger 

mile percentage contribution of the four City Transit Division 

modes. As stated earlier, for all other operators the more general 

distribution of accounts shown on Table VII-1 was utilized. 

Red Arrow Division (RAD). Data available for RAD is disaggregated 

by modes and is presented for all years under consideration. Book values 
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were once again the most readily available data for all capital inputs. 

General Contract Division (GCD). The only available information for 

the capital stock of the commuter rail lines, Penn Central and Reading, 

is the appraisal performed by the United States Railway As sociation (USRA). 

The R-1 form filed by Reading with the Interstate Commerce Commission was 

reviewed. Unfortunately not all property dedicated to commuter rail service 

is highlighted in this form and several major assumptions were necessary to 

produce useful information. 

New Jersey Region: PATCO 

Values of capital presented for PATCO were developed using straight

line depreciation of reported capital values. Direct comparisons of per

formance measures based on capital inputs between PATCO and other modes 

must consider the differences associated with the valuation technique 

employed to avoid incorrect conclusions. 

New Jersey Region: Transport of New Jersey (TNJ) 

Capital values for TNJ are presented on a system-wide basis. Thus 

major assumptions are required to disaggregate this data. For this reason 

the value of capital assets of the southern division of TNJ is available 

for only one year and it represents simply the book value of these assets. 

Delaware Region: DART 

Book value of assets is also presented for DART for the years under 

consideration. This data required conversion from fiscal to calendar 

year presentation to provide uniformity with values presented for other 

operators. 

111 



CHAPTER VIII 

ENERGY INPUTS TO THE UPI'S 

Introduction 

The energy involved in providing mass transportation service is a 

comprehensive as well as an evasive quantity to compute. It is comprehen

sive in that finding the total energy consumption by a mode of transit in

volves more than a cursory assessment of tractive effort expended. The 

estimation of energy used for transit service is an evasive task in that 

there are both tangible and intangible factors which are combined in deter

mining the energy "needs" of an operator who provides transit service for 

the other three actors--the user, society, and government. 

The organization of this chapter is based on the contribution made by 

each actor with regard to energy. For each actor, the primary, support, 

and network categories (as previously defined) will be scrutinized, in turn, 

to explicate the input data and input analyses, the output data and output 

analyses, and the derived measures of transit system performance. Nonethe

less, there are sufficient insights presented at this juncture to elicit 

further comment and potential expansion of some areas toward developing 

energy elements in greater breadth and depth. 

The operator will be assessed in three areas along the energy dimen

sion. First, for the primary functions, the annual amount of energy con

sumed in providing vehicular traction and the cost of that amount will be 

computed for each mode over the period 1970-74. Then using the passenger 

miles and the veh i cle miles traveled by each mode, sets of load (occupancy 
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per vehicle) curves by mode and for all modes are developed . Cost figures 

also are relatively compared over all modes for the period studied. Second, 

maintenance and repair of all transit elements are examined as partly prim

ary, partly support functions. Third, construction and manufacture energies 

are discussed under the network category. 

1.0 Primary Functions 

1.1 Concepts and Measures 

The annual energy amount and energy cost associated with vehicular 

traction were computed for each mode. The general method used was to 

calculate the annual transit energy amount for 1970-74. This includes the 

energy used for vehicle traction, energy used for vehicle, stat ion , and 

facility operation. Using a relationship developed in assessing the 

Lindenwold High Speed Line by Boyce and others;Y. the average tractive power 

exerted in vehicle locomotion was established at 84% of the total energy 

use. Similarly station operation accounts for an average of 14% of the 

total energy and maintenance functions for another average of 'l% of the 

total energy needs 0f an UPTS. Of course, the relative percentage of energy 

used for traction does differ from mode to mode. Yet, for the purposes of 

the current analysis these average proportional distributions are satisfac-

tory. 

The outputs included in this analysis are annual revenue passenger

miles and vehicle-miles for the years 1970 through 1974. 

_!/D.E. Boyce et al., Impact of Rapid Transit on Fuel Consumption and 
Cost for the Journey to Work: An Analysis of the Philadelphia-Lindenwold 
High Speed Line , Regional Science Dept., University of Pennsyl vania , 1975. 
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The objectives in carefully and thoroughly analyzing energy use pat

terns are threefold: 

(1) to determine the changes in energy consumption intra
modally over the time period; 

(2) to determine the changes in energy consumption among the 
test regions over the time period; and 

(3) to assess ways of conserving modal energy. 

In persuing these objectives, the performance measures are transformed 

within an energy framework by using energy precepts in a public transport 

context. Since efficiency measurements express how well a component of the 

transit system is functioning, the measures of energy efficiency (generally 

a ratio of output to input variables) as applied to primary ·services in 

order to indicate the extent to which energy conservation is being achieved. 2/ 

The total annual passenger-miles divided by the total annual vehicle

miles for a mode is one way of computing the average number of passengers 

3/ 
per vehicle for that mode.- This method was used to compute load factors 

for all modes for the years under investigation in this project, too. Rel

ative percentages of maximum loading capacity were also calculated for each 

mode by accepting that on the average one-third of the fully-loaded bus, 

trolley rail car, and trolley coach car are standees, two-thirds of a fully

loaded rapid transit car or High Speed Line car are standees, and 0% of a 

fullrloaded commuter train are standees.4/ (See Table VIII-1.) It was further 

J:/A.R. Tomazinis, Productivity, Efficiency2 and Quality gt_ Urban 
Transportation Systems, Lexington Books, D.C . Heath & Cos, Lexington, 
Mass., 1975, CH. 5. 

4/1974 National Transportation Study Data, Penn. Portion, Phila.
Trenton Urbanized Area, Report No. NTS-X-1, Revision B, Delaware Valley 
Regional Planning Commission, May 1973. 
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assumed that the maximum vehicle capacity figur es r emained i nvariant with 

respect to the time period of the project . 

1.2 Vehicle Efficiency 

Energy efficiency is expressive of the distance traveled by a transit 

vehicle per unit of fuel consumed. This quantity is a measure of how well 

fuel is converted into usable vehicle traction . Units are in t erms of ve

h icle-miles per BTU. Another measure of energy efficiency i s defined by the 

distance traveled by people (using a transit vehicle) per unit of fuel con

sumed. This quantity is a measure of how well a public trans port mode per

forms its primary function--the movement of people. Units are in terms of 

passenger-miles per BTU. (Figures VIII-1 to VIII-4.) 

The extent to which the transport services provided ar e considered 

desirable and thereby usable from the consumer's viewpoint def i ne quality. 

From the operator's vantage point, measures of quality are reflected in 

how well he can supply the user with the type of service that t he latter 

wishes. There are many pertinent quality measuress' in each UPTS but for the 

purposes of the present project one such item would be enough . Frequency of 

service has been chosen and scrutinized later on in this chapter from the 

energy savings accrued from harmonic variation of modal stoppi ng patterns. 

1.3 Loading and Cost Curves 

Loading curves give the variation of vehicle energy e f f iciency as 

loading ratios increases for a particular transit mode in a particular year. 

The method employed to derive the loading curves is to f i rs t compute the 

original loading factors for the mode. Next, thi s or igina l loading factors 

are changed in order to find (for- the vehicle efficiency measure) what the 

1/Tomazinis , p. 20 . 

115 



0 ...... 

5 r:-:~- -- .-:--~----i- ~ . . - i - . I . . I I ; 
• . I - 1 • . • •• 

' . ' . -.L~-i : ' : ~ 1 '' 

. ·-------- -
.· i ' .. i 

1-
1
i ~~--;_ ~ . i .; Lt ; ~='.-- ~ ; ; ~ · : ~~:1 ~ : L __ : '. 

: ! • . ! . .I I t -I '. ,_.;. : • ~ ~ • • _J I . • ... . -
;........--1---,-1-~-~---~---1--

• · ; 

i .. -~ .. ' 

-71---7·---
. •:: -H '.: : : ·: 

' ' w. 
i - t' 
' I 

,'. j.: j' ~ :_ , : 

---~~1-
1 I , ~ j 

I : : : . ... ... 
·: ..., . 

- I , +-·---
. I 

. : · I 
--· -· ·----t- ' ; ----- -i- -

f -=- -=-~ r - . --
. "7;--
-....: i.--; 
- ; -~ -
•• . ~ 4,.. -

I ~--- --· __ _,._I ___ ,, 

r· ' emi1a· 
I· ~~e ; ' :: 1-~~ ~ _·-: ~-:-::-~-'!--_-_ -:. :-,--j 
j - -- 1 -· · • - I · _,_ -.. ; I .. · · I 

2 ;--· trdtl --=-~==::;:::::=;;:=;.._.~;--:-:-
r. -- rariY ._ 

i . - . - i 
• . ; - -1 •. 

! 

. I 
! 
I • 

t 
• I 

I 
. I 

I 

~ -- ··--r-· -

. I 

bu~ 

' :Reading 

-· --- - ,--
' 

' 
'' i 

! 
; . . -- ---1 .. 

·-High.., Soeedl,ine 
rap1'-' rransil 

' l -
P,enn~entral ----· 

! 

·· ·-- trolley-rail---- · !~~;: ..•. ~=:~• -1:.: f · ..•.. 
--~-- trollm-- , · ' ___ ·--L - -

i= ~1:c ,. ;. t : · 7;7 : • i i : • I i . .. -- -

~ ·~ =:=rii~i::_ -~ ~:~~ i- = < ~ I . ~ :- ! : : l i t ro:ley-coach ~ ;-
, . .. -- : _~ ~~-LP- -·-·-·-· . - ·--· - '. l . I . I ; : ' 

Ji . t I t 
1 

,1 I ,..----r --+-,- ~ --•- __ _. _ _ _ ; ---,-. ~-·••·----; • • 

I • ---:- -· -, •-· :-r-r -: - ·A - • • -- :. - • , - 1 · · ! I · , I · , · ' 
-- .. ·- -- - -.--,-- -'+ t · -· ---.- --- --· ·-- l - · · · ' · 1 ! · 

j • : == ~~~=:::: d~-- ~ =~ :'~ ~- -7 
, I : • .• l . , i 

_.._--f------- ----·---·--•' 
[ .. .. -, • ! • -· , - , L , .. ,. • . ! . I ' . 

~-~-~~~--: -~~-.t.·: ~, -:-.-~~:.=-:-.- -~ ~--- ··•·. -- i ' I · · · · l j 
• - - ~- - -- ,--- ------ "-:- i . I 

-:~~=~~:~ )_· l~ f
1
~- -:: : _:_: : I 

,-- -..,... . • l 

i-·--. ..-! - - 1-:-- -- ----·-
' ! ' ' 

' ------+----+----+ --- ---- -- -- - --· 
:· r <-1. , ;· : - ... , . I ' , i . j I , . ; : ~ t 2 _: _: -~ .: .. _: , . _ : : • ! . : ! 
◄ '~ -_ i. .~-~"~ · ~-~- ' • I •• -i. ' ! _ __ I I ___ j_ _____ .l ~ 

1q10 l'\11 l<t12 ('f1.3 

FIGURE VIII-I. ENERGY PRODUCTIVITY BY MODE 
(PASSENGER MILES PER BTU) 

116 

'i 

- -----;--. 

' I • • I 

., ..J __ _t__ 



1.4 •-·-c . 

t
·,-c- • ~: ----- -- ' -· . 
------- •-...-o··-· 

I : _j__c ...;_i_ -
1-3 : ' ~-: -:~· ' 

1-------:---"-
~-,.....-i-- -

.&-.,. .. __ 

0 I -

1'110 M72 

i 
i 
I 

trol I ey-c'.)ach _____ i __ _ 

i 
I . : I: -:-----r--

1 

t r ,G>lley
rai! 

.. I 
I 

-- -----!-. 

____ J. 

·---L--.. 

- i 

•·+ 

M1.3 

High Si:-eed Line 

penn-Central 
rapid transit 

i. 

bus ---- -

i 
I 
j -

I 
•.• I 

~--t 
- -

I 

- l 

- I . r 

-· r 

--1 

I 
.. •. 1 

- I 

. - 1 

--- ---------<--

FIGURE VIII-2. ENERGY COST PER PASSENGER MILE 

117 



so --' ' 1 1 ~- .. t \ ---,~l---- ----·- ... 163 -
I 
I I ; . : 

~ 4 1 -I • 1 ·: - ~ 1 t • .. 
. 1 • I l_. i .. T--+ ~. ~ ~ J -~ J. •.. j.. .: -~. : J 

.. i 1 ' 
• ..J ➔ · • 

•· ·t- · 

·""1""--"--·--.... -~ ....... -

t.~:~-:.:-i :+~HJ: , \:; .. , . ·- •·. ,_: f : ' : ,-~ bu I ; ; : : ! : __ : 
. _ _ ,,J. T-=--7 

4l_:_:-T-+· :-~~-·-:-:+.·-·;_-~--~--~-+---+-·---+-~_..,..~-:-~-+·. --~-:-'-'.-'-! +--_;-~_•·: __ .:_ .. r-, -----+-- I~= l 1-------:-r-
~ - --! -;__ '-•+ t ' c +-~- t · · - - · -i1--ri .. , .. _. ·j' I j i 
f ·-· - . -;- - -~ ,· · - 1- . .l:__._·,_:._:.t; -- -•,: •··-• ·--~ i,• _"_- ;. r J.. ~ • -· • I • j 

u,, -·--;- ·- --r •-- - ·-· ... • -· · -· ;· I I """r ~---~--- ... 
,-· --- -- _"'t"_ ... _:_ •• - t. : 
t - - ·----~ .. . , .• -- , ••• ~ : - I 
' ~ . . , , .. , •· '-· ·1-
1 ·:~~.T ___ .;..~~ I j.-t-i .-~- t~~~--~- -··- .. , , . I 

• I 

r- --- , 
I - ·-•- ---• -~---•·•--- ......- - -,-.- -••-·· • ·- ---
1 '' L.,.i . ....... . 

35 i ~~= ~-~: ~; :~_ .~·.•· ·. · .. 
' -- _.J. _ _ 

----...----·----·- · - -·- --
••• - .. I 

t ~ -· • j 

,--·-·- -•-, ·-,--", 
-------i---- -

--- --- ~- •·- ·---~ ,_ 
I _j_ ! . j. _. --•• . '• •-

0 ; .'.:::~ ·-;-;_+} ·- . --·- . -
·•-. ~ 

~ I 

: -- I - . 
j 

-+---+---+---f------- --- ... - ---------
L _-:_ . .. 

l .. , ' . -

: .... 

i 

----l---+~-+---+ ---.----+----+---------- --·---------
.. --1 : t·: -~ ::..:= 1·::s-:. -~-- ~-~: .,. ' -

... --- ... j ·-

: ,:_ j : 
20 •---- - - ! I I 

~~=?_'l!J~tti , ~ · --j -: . : · 11 ·: 

; 

0 

F=-,. F' --~l-~ ~ --~ ~~--1 -__ 

i=: =:; ' f 
--·-·· 

,,, __ " ,. -· - •- -~- ·-. !. .j. 
!----, . - ... _I- . ...-- ···-•·· ·r-: 

.. , .- : l • 
--·-n- ' ' 

I i - ... 
t ' 

; 

trolley-coach ___ _ 

trolley-rail 

Rapiq transit 
Reading 

High- Speed Line 

.. - ---·---··· 
' 

Tonn-Central 

.. _,_ .. _',,_ .. ,!-'-.:,.· - ~-1 . -r- ....i r --· ·· ·- ... -t· .- · 1-~ . 
i-= :-~: -• , t~- ~~T:i~~: _;:~.-: T Ti :.r. I i 
L_-~_-_ :·-1-·-----·•·_- 1--·..;_· ...:.' -' - ' .j....J. __ -,_--_ ••• _;-➔- _-•_·_r-·-_•_-+ -- ·_J __ , ______ ; +-'-;_· ·:----+---t----·-· -+-·--_' - -+----""'. ----.....,....------

i: __ J~ _: .: i • - -~ 
i --··· -· -

j • I r j; ___ ; -r-. L i _/_ 
t: 

l-· -_ __.. _____ ]. _____ _,_ ___ _ 
l'l11 l'l1Z. l't13 

, I 

' --···-·-i- .. ___ _,,_ __ 

l'f74 

FIGURE VIII-3. ENERGY EFFICIENCY PER VEHICLE MILE - VEHICLE MILE 

118 



Q) -.... 
~ 
Q) -0 .... 
.c 
~ 

~ _i_· ~ j_ 
- - -L- ! -__ J.--+ 

,. -,·r-1-· -.. · 1· I •-.' I • ' . 
,- -j ,---! • I • i. 

• • I 

L.~ I ~ 

- ..;--

;_j 
! I 

. i· i 
, · -----+----+-,----1r----r-+----+----t----r-- --··----

f-···:--. --·· _-,- --···-- .. 
2.S ~ ' 

I•---

[ --- '-~ 

24---+-__ __._ _____ ..__ ______ -,---+-.,----' 

-•- I - -----,. - ,-- --• • -;,•....,.. 

---'·-, 

--·r--,-· 
·r-- :·:- ---t· · · 

-__,--r- ~. ·:·-
'- -;- .. -· 

High SpeP.d Line 

22 ,----------.--.-.. -._-, - _+_-. _-, .. -.• -. -_ ----.• -_-_-_-.+-.----_-__ - .-. _-+----
--_ i _~_~-

-----~ - ----,.---

---·--f-- ...... -- --
i 

• I 
- -·j --··-·•--

18 ( -~ R-~-~~-~ ~-g--.-l~!-:-:--_---~-::-+-----:;;""-__ ... __ .·---.~-.t-l--~-.-.~-~--~-+-h-=-:~--~--~-~~--.-. ------o---+-- r:;~:e::::~i-t -

!{,-. -~ 

· trolley-coach 

~ .... 

I t 
... I j 

~1 1 - f-~---C ...... : i- i-~ :.:-~ ·. : 
- ~- .. - - -- -,--- ... ~_:_:· . - •6 - I . --

-'c=.--=..-1 ---.-. -_-_- .+---+-.-,-.• - .:---.-+_----+_ .... : ___ '. __ ..,_,..._-_ ..... -,---.,_-_-+--,--+ .--bus---- ' . _ 
·:-!.,.... t------~- :-,-, -~ - .. •-·-r ;---- .. ~--- : ,. -~ - - 1---·-·•-' -· -'·-'-- - :_~_·;:...-: --r:-_·, -, -- -· ---•--· - ~ -- I 

--t-? •· 

-· I - I . I 
--~·~·-·· ··· ·· •·~··· · ·~- ·- - ·-+-~- '· ·-•-~!- ·]}I-. . . . . ' 

- ·· ~ • -· ·.-•·-· - 1 .. J- , -~ -•- · 7- :--:- ... ·-· ~- --~ 
!"-t r-;- -~4-i ·- ·-t- --T--l.... . I •• -. -'. - -- -t-1-r I • • 

-t ti -._ ~ :~i _-:_·_:.~j __ ~: ·~~~+---~_··~t_-!_:~-~;_.~;~~-·-,~· -~:~ ~ : ~ - :: } . :. --·· -
,,14 

FIGURE VIII-4. ENERGY COST PER VEHICLE MILE 

----
119 --------·-



vehicle miles traveled would be. The vehicle-miles are, in turn, divided 

by the energy consumption for that year in order to find the vehicle effi

ciency values of each loading factor. The loading curve computed is thus 

repeated for all years of the mode and over all modes. Changing the loading 

factors reveals also what the passenger-miles would be while keeping vehicle 

miles constant at its given value. Similarly cost curves can also be drawn 

to present how the energy cost per vehicle-mile (at the original value of 

vehicle efficiency) varies from 1970 to 1974 amongst the modes. 'file energy 

cost per passenger-miles from 1970 to 1974 varies amongst the modes can 

also be graphically shown. (See Also Appendix E). 

Data from SEPTA, Reading, Penn Central, and PATCO provided the pas

senger-mile and vehicle-mile data for all modes except the High Speed Line 

6 7 8 I over all years. ' ' Data from SEPTA also provided energy amount and cost 

information for all non-commuter rail modes.1 For these latter modes, data 

was used from the Reading and Penn Central companies separately. 10,ll/ 

Finally, the data on the High Speed Line came from work previously done by 

Boyce. 12 I 

.§./Information from Chris Skierski, Senior Accountant, SEPTA, Nov. 19 
and Dec. 5, 1975. 

7/Information from William Boone, Assistant Manager, Operational 
Planni;-g, SEPTA, Nov. 24, 1975. 

8/Information from Jim Melvin, Manager, Accounting-Rail Division, 
SEPTA, Nov. 20, 1975. 

_2./Tomazinis, ch. 5. 

10/Information fr0111 Ed Deery, Manager, Passenger Service, Reading Co., 
Nov. 11, 1975. 

11/Information from E.F. Strain, Manager, Suburban Accounting, Penn 
Central Transportation Company, Nov. 16, 1975. 

12/Boyce, Impact of Rapid Transit 
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TABLE VIII-1. LOADING CAPACITIE S 

MODE AVERAGE SEATS AVERAGE NUMBER TOfALLY LOADED 
PER VEHICLE OF STANDEES VEHICLE 

Bus 50 25 75 

Trolley Rail 50 25 75 

Trolley Coach 50 25 75 

Rapid Transit 60 120 180 

Penn Central RR 80 0 80 

Reading RR 90 0 90 

High Speed Line 75 150 225 
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study was conducted which also integrated energy considerations into ·the 

analysis.12../ In this study it was found that as bus stops are reduced or 

signal timing made progressive, fuel consumption can be reduced and vehicle 

speed be increased. In the analysis that follows a similar task is under

taken. Herein, each mode will be analyzed with regard to the differences 

per unit of fuel consmned, associated with differences in frequency of 

service. 

For all on-street modes (bus, trolley rail and trolley coach) the rou 

route data was taken from the Delaware Valley Regional Planning Connnission.!.§../ 

The strategies and related variables (particularly the variation of the 

frequency) of the bus energy study,17/ are extrapolated to include Trolley 

Rail and Trolley Coach. For all fixed rail modes (Rapid Transit, connnuter 

rail, and the High Speed Line), the frequency variations during off-peak 

and peak periods are of different magnitude. 

Figure VIII-5 gives the number of stops per common distance (assuming 

an original value of 8, then 6 and then 4 stops per mile) for each on

street mode, and the subsequent change in energy consumption, and therefore, 

vehicle efficiency associated with the frequency variation. The relative 

percent changes in fuel consumption are taken from the i intra-city bus energy 

study and assumed to be the same for diesel and electric vehicles. 181 The 

change in number of stops occurs under a non-progressive traffic signal 

control system. The base energy consumption and vehicle efficiency info~ 

15/A. Muzyka et al., "Bus Operations and Energy Conservation," 
Traffic Engineering, Vol. 45, Nov. 1975, pp. 18-22. 

16/1974 National Transportation Study Data. 

17/Muzyka, pp. 18-22. 
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tion are taken from the section A-3 above for this example. The energy con

sumption figures are obtained by multiplying the base figures by the per

centage change in the bus fuel consumption achieved by reducing the number 

of stops.19/ The new set of figures generated are used to compute vehicle 

efficiency for each number of stops (holding the original vehicle-miles con

stant). This procedure is identically executed for bus, trolley rail, and 

trolley coach. 

The graphs show that as the number of vehicle stops is reduced, the 

modal energy consumption is decreased, and the corresponding vehicle effi

ciency is increased. The intra-modal and inter-modal variations of vehicle 

efficiency are similar to the load curves. Of course before any action 

along these lines the analyst should incorporate passenger needs into the 

decision-making process. In order to conserve fuel, the passenger must be 

retained and sustained if the system is to successfully operate under any 

energy-modification plan. 

2.0 Support Functions 

In this discussion, all maintenance functions are lumped together for 

ease of clarification. Using the Boyce percentage of 'Z'lo (for consistency 

in modal analysis) of the total energy demand being allocated to maintenance 

purposes,201 a chart of maintenance energy used in each year for every mode 

can be composed from the infonnation in Section 1.3 of this chapter. (See 

.!.2/Ibid. 

20/Boyce, ~m£aCt of Rapid Transit. 
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Table VIII-2.) However, to properly decompose thi s energy by work task) 

implement and facility for each mode in a transit system is not feasible 

under the current accounting system for the two operators discussed here

in.~/ As an example, under the present procedure for cost assessment, SEPI'A 

does extract the cost of lighting and heating all maintenance facilities, by 

mode; yet, this cost is aggregated. The proposed FARE System is a step to

wards this needed disaggregation and standardization of the expense report

ing procedure for transit agencies. 22 / As examples of how this system could 

help define elements of maintenance energy , consider the following: some 

categories for a mode which are included in the FARE System, yet not found 

with present SEPIA accounting practices, are : 

(a) a category for heat, light, and power purchased from 

an outside utility company for purposes other than propelling 

revenue vehicles; 

(b) a category for gasoline, diesel fuel, lubricating oil, 

etc. used ro operate service vehicles; and 

(c) the costs of the various types of energy and total 

consumption that are given in an Energy Consumption Schedule. 

The above three illustrations are for non-cormnuter rail modes. For the 

passenger train, a different FARE System is proposed that disaggregates 

energy consumption into energy consumed by maintenance of switching facili

ties, way, cars, and transmission facilities. 

21/Conversations with William Boone, Assistant Manager, Operational 
Planning and Chris Skierski, Senior Accountant, SEPrA, Dec. 2 & 3, 1975. 

22/Project FARE Task IV Report, Task IV Report for July 1973-
Nov. 1973 Period and Project Summary, Vols. I - V, Dept. of Transportation
Urban Mass Transportation Administration, Nov. 1973. 
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TABLE VIII-2. MODAL MAINTENANCE ENERGIES 

MODE UNITS 1970 1971 1972 1973 1974 

BUS 1olO BTU 3.63 3.51 3.54 3.65 2.16 
(Hypo the- 103 Dollars 31.52 30.53 30.79 32.19 52.93 
tical) 10-q¢/ BTU 2.07 2.07 2.07 2.09 5.81 

TROLLEY 1olO BTU 1.53 1.30 1.29 1.16 1.47 
RAIL 103 Dollars 18.36 22.13 25.6 3 4 .59 38.86 

10-6¢/ BTU 2.66 4.04 4.71 7.09 6.26 

TROLLEY 1olO BTU .29 .24 .24 .26 .29 
COACH 103 Dollars 3.20 3.31 3.93 3.74 6.62 

10-6¢/ BTU 2.64 3.24 3.85 3.42 5.45 

RAPID 1010 BTU 2.99 2.52 2.50 2.68 2.85 
TRANSIT 103 Dollars 28.73 31.22 36.63 3 1.85 61.34 

10-6¢/ BTU 2.28 2.95 3.47 2.83 5.12 

1olO BTU 1.30 1.35 1.75 2.35 2.56 
PCRR 103 Dollars 22.33 28.3 35.35 38.66 41. 74 

10-6¢/ BTU 4.09 4.97 4.80 3.92 3.88 

lOlO BTU 1.37 1.23 1.31 1.28 1.27 
RR 103 Dollars 25.59 29.2 31.48 32.80 45.71 

10-6¢/ BTU 4.45 5.66 5.69 6.09 8.57 

HIGH lOlO BTU . 77 .75 .78 .77 .85 
SPEED 103 Dollars 10.63 13.13 14.47 15. 72 23.71 
LINE 10-6¢/ BTU 3.33 4.04 4.28 4.76 6.66 
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Thus, the set of input energy data for support functions should in

clude figures for vehicle, station facility, and way maintenance. Also, 

infonnation as to the relative energy efficiencies of certain maintenance 

equipment would be needed. Equipment which consumes less energy in its 

manufacture and operation should be noted. Such information should be noted 

for both rolling stock and maintenance equipment. 

Concerning data on outputs from support functions the information 

needed would consist of support functions achieved with a given amount of 

energy. Such data would focus on such items as the utilization of electro

mechanical and insulatory modification processes to the heating and cooling 

systems, primarily, of both the mobile and stationary objects within the 

transit system. 

One set of efficiency indicators could be derived from total system 

operations. Examples include the fraction of energy cost for units of sup

port functions as part of total support function cost, as well as the frac

tion of energy used for support functions as part of total support function 

energy. (In this analysis, it is explicitly assumed that maintenance energy 

and its cost account for 2% of total energy and total energy cost, using the 

work of Boyce.111 In future research, one could relax this constraint to in

vestigate what effect varying maintenance energy both intra- and inter

modally would have on energy use patterns.) 

Another set of efficienc7 indicators would be more specifically 

geared to repair and maintenance only and include total vehicle miles oper

ated per unit of energy used in maintenance or vehicle miles generated per 

unit cost of energy spent to maintain vehicles and facilities. Also , the 

~/Boyce, Impact of Rapid Transit • 
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average amount of ener gy needed to do maintenance on a vehicle , the energy 

used in vehicle s t orage, and the energy used in maintaining and repairing 

user- or i ented par king facilities could be requested. 

3.0 Ne twork Variables 

Unlike primary service.s or support functions, network variables pose 

d ifferent r equirements with regard to energy. The major goal of an energy 

analysi s of UPTS networks is to find the energy requirements in construct

i ng the t ransit network and the associated facilities. Such items as net-

work, e l ectrification, track work, stations, terminals, tunnels, parking 

areas, and ove rhead structures are included. 24 , 25 / The objective needed to 

achieve t he above goal is an input/output analysis. Network components are 

fixed as se ts within the framework of an UPTS consequently they play little 

role , if any , in the efficiency of the day-to-day transit system operation. 

Thu s , deve loping measures of efficiency , to assess transit operation per

f ormance , fr om the network perspective, is not necessary. 

24/De laware Valley Regional Planni ng Commission, Capital Cost for 
Transi t Proj ects, June 1973 . 

25/R.A . He rendeen and c.w. Bullard , Energy Costs of Goods and 
Services , 1963 and 1967, Center for Advanced Computation, University of 
Illinois, CAC Document No . 140 . Nov . 1974. 
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CHAPTER IX 

IDENTIFICATION AND MEASUREMENT OF OUTPUTS FROM UPTS 

Introduction 

The proper identification and accurate measurement of the outputs 

of an Urban Public Transportation System is a difficult task and is a 

challenge for the planner. 

The principal source of difficulty in the measurement of such 

outputs lies in the fact that, from its very inception, an Urban Public 

Transportation System (UPTS) starts generating continuous direct outputs, 

which, in turn, produce many and complex indirect repercussions throughout 

an urban region. 

This chapter is an attempt to highlight the conceptual output defini

tion and measurement and also to offer a more complete explanation of the 

mechanics of output production from an UPTS. It also presents a summary 

of two output measured in the three test regions. 

The following section of the Chapter sets certain criteria for the 

definition of these outputs. It then discusses the mechanics of output 

production and clarifies the reasons for the problems of measurement of 

outputs from an UPTS. 

Section 2.0 deals with the output variables that are included in 

this project. Section 3.0 deals then with a system of classification 

of output variables and finally, Section 4.0 discusses some of the problems 

of aggregation of output variables. The chapter concludes with the Outputs 

Matrix for 1972, (for the years 1973 and 1974 see Appendix I). 
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1 . 0 Definitions of Outputs and Problems of Measurement 

1.1 Definition of Output 

The outputs of an Urban Public Transportation System (UPTS) may 

generally be understood as the consequences produced by the UPTS through 

the process of its translation of inputs into services. The important 

point to understand in this statement is that outputs cannot be produced 

unless the process of input translation takes place, or, simply, until 

services are produced. 

From this standpoint, "passengers" per se are input elements and 

can even be viewed as society's input to primary services;/ whereas, 

person-trips completed are clearly outputs produced by the system. 21 

The passenger-mile is an output since this reflects the translation of the 

passenger in~t into a certain length (miles) of service. In other words, 

an output can be said to have been produced only when service has actually 

been provided. Similarly, the rolling stock (vehicle) is an input made 

by the operator to the primary services and the vehicle-mile is an output 

of one of its t ranslated forms. The vehicle-hour may be viewed as the 

"service time," an output translated form of the rolling stock (vehicle) 

input, and so on. 

1/ A detailed explanation of this view is presented later on under 
the discussion of specific outputs. 

2/ For the purpose of this project , to simplify the matter, each 
passenger is assumed as implying only~ completed person-trip. 
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The statement on "outputs" woul d howe ver be mo r e comprehensive 

and accurate if two more qualifications were included in i t. 

The first qualification is that onl y the positive consequence s can 

be viewed as outputs. The logic is very clear in this case beca use the 

negative consequences entail additional expenses . These are simply extra 

operating or capital inputs which the system must pay to e l i minate or 

negotiate the harm it does to individuals or t o socie ty (as pollution, 

noise, etc . ) in its area of operation. Thus, accidents, i n juries, damage s , 

pollution, and so on are some of the negative consequences pr oduced by the 

urban public transportation system and which on the basis o f the argument 

presented above, can best be understood as "effective i nputs ." 

The second qualification to the statement on outputs i s tha t ou t puts 

should be considered as being producible from only those port ions of 

services which are intended and, therefore, effective according to s ystem 

design. Thus, the vehicle-mile presented in annual reports of variou s 

agencies may be partly misleading if ·operating agencies do not isolate the 

portion of vehicle-miles which is necessary in movements of vehicles to 

and from their overnight stations. In other words, the net output must be 

associated with only services available to the public. 

Thus, a more accurate definjtion of outputs should take i nt o account 

three essential ·caveats: 

(l) Outputs can exist only when the system t r anslates inputs 

into actual services. 

(2 ) The positive and not the negative consequences of the 

UPTS account for outputs from the system. 
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( 3 ) The effective part, only, of the vehicle-mile pro

duced by the UPI'S should be considered. 

Therefore, the final definition of the outputs of an UPI'S may be stated 

as follows: 

The outputs of an UPTS may be defined as the positive 
consequences produced by the UPTS through the process of 
translation of System inputs into effective services. 

1.2 The Mechanics of Output Production 

Output Production in UPTS is a complex process and may be best 

understood as a continuous process of supply of outputs in response to 

a demand for such outputs at a given period of time and at a given lo

cation. The process may be said to begin with the inception of the 

system and may continue as long as the system is functioning. Thus, 

there are three d~stinct aspects to Output Production in UPTS: 

(a} Output production potential of th~ system; 

(b} Potential demand for outputs; and 

(c) Production of outputs by the system. 

-
The total potential of the system to produce outputs depends 

on such factors as the quality of inputs, quantity of inputs, distribu-

tion of inputs, the availability of resources in the region (whether it 

be in the form of capital, labor or energy) and so on. Outputs supplied 

immediately by the system are in reality, the direct consequences of the 

process of input conversion (or simply, service provision) by the system. 

These are the "direct" outputs. Examples are vehicle-miles, passenger

miles, vehicle-hours and so on. However, the UPTS unlike many other systems, 
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is an open system and its performance is often strongly influenced by the 

environment within which it operates. Thus the total system potential 

can be divided into the "direct" system potential due to intrinsic system 

characteristics, and into potential due to environmental association with 

which a given system is bound. ( See Figure IX-1). Certain environmental 

associations are economic vitality of the region and the locational 

distribution of its markets. 

Thus, the total system's potential to produce outputs essentially 

depends on two factors: 

(i) Intrinsic characteristics of the UPTS; and 

(ii) Significance of the environmental associations of the 

~ystem. 

The production of outputs by the UPTS may be defined as the proceF~ 

of matching demand for and supply of outputs in the area of influence 

of the System during a given period of time. 

The pattern of the production of outputs is a critical factor affect

ing directly the utilization of these outputs. If a proper control on 

the production process is not maintained, undesirable and wasted outputs, 

both systemic and accidental (particularly the former), may be produced •. 

The regulation of the production of outputs should be associated with the 

correct interpretation of the potential demand for the outputs. Problems, 

however, arise when the demand is latent. For instance, in the case of 

sections of the society that are transportation disadvantaged, actual 
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need and desire for travel is seldom expressed , and thus frequently 

insufficient amount of transportation service is provided. The reverse 

can also be observed in other sections of an urban region where over

production of outputs may result. 

The pattern and level of production of outputs of the UPTS must 

necessarily be based on the purpose for which the system exists i.e. is 

it there to provide optional serv~ces, or as a social services delivery 

system to provide essential services 
3/ 

for all residents of an urban region?-

Another· aspect of the mechanics of output production is that most 

of the outputs of the system are produced by the primary services of the 

system. The network also produces some limited outputs primarily of 

indirect nature. No outputs that are meaningful outside the system are 

produced by the support functions of an UPTS. With regard to the receivers 

of outputs it should be noted that the direct user of the system is the 

receiver of the most direct outputs of the system.· The operator "receives" 

also several outputs from the system ' s primary services and these outputs 

are also those outputs that the operator puts in the market. The society 

is usually the receiver of most indirect outputs and the government re

ceives whatever else indirectly is being produced by the network and the 

primary services of the system. 

1.3 Reasons for the Problems of Measurement 

Problems of output measurement arise because many outputs of the UPTS 

are dynamic in nature and because other outputs are the consequence of a 

continuous process of production. For instance, "areal organi zation of 

space;' an output discussed later on, is a phenomenon which is r eall y a 

3/For a clear enunciation and a deta iled treatment, s ee t he f o l lowing 
texts: (a) Tomazinis, A.RG, Urban Transportation Systems Viewed as Social 
Services Delivery Systems, Transportation Studies Center, University of 

Pennsylvania, 1974, and (b) Williams , E.N., ed . , De livery Sy s tems for Model 
Cities: New Concepts in Serving the Urban Communit~ Cente r f or Polic y 
Study and Center fgr Urban Studies, University of Chicago , 1969. 
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"dynamic process" rather than a "static happening." "Accessibility to 

employment," another output discussed later on, is continuously affected 

by changes in job distribution in. any region, and again the result of a 

dynamic process. The very nature of a transportation system symbolizes 

dynamism, and expresses a continuous process of change in the urban 

environment. 

This dynamic nature of the Urban Public Transportation System's 

outputs and the external impacts of the environment on the UPTS are the 

principal causes of the difficulty experienced in output measurement. 

2.0 Output Variables 

The following twenty-four output variables appear very pertinent 

for urban public transportation systems. Their detailed definition 

and brief description is helpful in understanding their significance in 

an efficiency analysis of UPTS. 

2.1 Vehicle-Hours Output 

"Vehicle-Hours" may be defined mathematically as follows: 

n 

Total Vehicle-Hours =~ (Vixhi) 
i=l 

where, v1 , v2 , •••• Vi are the number of vehicles providing 

h1 , h2 , ••••• hi hours of service. 

The "vehicle-hour" is a direct output of the Urban Public Transporta

tion System. It may be viewed as an output produced by the system through 

the process of using the rolling stock (vehicle) during a certain period 

(vehicle-hours) of actual service provision. 
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2.2 Vehicle-Miles Output 

The "vehicle-miles" may be defined mathematically as follows : 

n 
Total Vehicle-Miles=~ (V1 x1m J 

1=1 
where, V 1 , V 2 , • • • • Vi • • · T n are the number of vehicles providing 

• • •. mi •. m miles of service. n 

The "vehicle-mile" is another direct output of the Urban Public 

Transportation System. It may be understood as an output produced by the 

System through the use of the rolling stock (vehicle) for a certain length 

of distance (vehicle-miles) in actual service provision. 

The vehicle-mile, measures should not include for instance, vehicle 

travel from and to overnight depots. 

2.3 Total·Passenger Trips Completed 

This output variable is very obvious. It is a direct output of the 

system and of direct interest to the operator and the user of the system. 

It includes all passenger trips regardless of fares paid. 

2.4 Revenue Passenger Trips Completed 

This output variable is exactly like the one before but includes 

only passenger trips for which fare has been paid in some manner. 

2.5 Passenger-Miles Output 

The "passenger-mile" output variable may be defined mathematically 

as follows: 
n 

Total Passenger-Miles = £.. (Pi x mi) -i=l 

where, P1 , P2 ••• Pi, •• Pn are the number of passengers 

utilizing m1, m2 ••• mi •• mn miles of service. 
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The "passenger-mile" is a direct output of the UPTS . The "passenger

mile" output is probably the single most important direct output produced 

by the UPTS and truly symbolizes the purpose of the system as a means of 

conveyance for the public. 

One of the most significant uses of the "passenger-mile" as an 

expression of the extent to which services have been utilized is in its 

relation to the "vehicle-mile" which expresses the quantity of services 

offered by the UPTS. 

2. 6 Seat-Miles Output 

The seat-miles output variable is more than the vehicle-mile, 

representative of the production (supply) of outputs of a system and may 

be defined as the distance-translation of the rolling stock (seat) input 

for the provision of services by the UPTS. 

Mathematically, it may be stated as 
n 

Total Seat-Miles = ~ ( si X Vi X II½_) 

i;;::l 

where, v1 , v2 , ••• V are the number of vehicles 
n 

providing m
1

, m
2

, ••• mi , •• mn miles of service 

and Si= average number of seats in Vehicles Vi 

The seat-miles variable, per se, is a direct output of the system. 

2.7 Operating Vehicle Seat Hours 

This output variable presents the amount of service available to the 

public during the working hours of a vehicle, a line , or a whole system. 

Seat hours also reflect the amount of "uncompromised" service available in 

a vehicle. It is,of course, an extension of the vehicle hour~ outout 

var i able presented in 2.1 above, and i t adds a dimension related to the 

si~e of the vehicles themselves. 

138 



2.8 Satisfaction from Travel Experience 

This output may be defined in terms of a ratio between supply of 

service to the demand for service, (i .e., the user's service need). 

This is then more properly a measure of the quality of the output than of 

t he quantity of output. 

The measure of quality of outputs concern primarily the user of the 

system. However the measures for the qual ity of service are quite nebulous 

and arbitrary and usually discussed and described with the help of proxy 

measures. 

2.9 Information Not Related to Trave l Exper i ence 

This output is conceptionally self-explanatory. However its measurment 

i s again quite di fficult . One way of doi ng so, using again proxy measur

ments is to use the number of advertisements in a veh icle which as an 

indicator reflects only to a certain degree , the information obtainable 

by the user. For the purposes of quant ificat i on we may specify that a 

single piecy of advertisement can give only one piece of information. 

2.10 Safety Gained from Travelling wi th Mode 

This output may be defined as: the extent to which the transit 

system has a better record of accident or inc ident occurrence than other 

parts of the city (region). 

For example, 

if: the accident record in house s is: 12 accidents/100,000 user h rs. 

and the transit system accident r ecord is: 5 accidents/100,000 user h r~ . 

System Safety Output gain is: the n , (12 - 5) = 7/100,000 user hrs. 
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2.11 Mobility Provided 

Mobility of a given population in a given region may be defined as 

its potential for movement, provided by the UPTS between various activity 

centers in the region. 

There are three aspects to mobility of any given population in a 

given region. The first aspect is the population's expressed demand for 

mobility which depends on the socio-economic characteristics of the 

population in the influenced area. The second aspect is the supply 

situation existing in the UPTS. The third aspect is the latent travel 

demand within a region. 4 1 

Thus, the mobility provided by the Urban Public Transportation System 

might be measured in terms of a proxy variable as a ratio between the 

supply and demand in a region. Another measure might be the total ability 

of the system to move about residents of the region. In this case the 

mobility provided by the system would be equal to the seat-miles that the 

system offers at a given period of time. 

2.12 Accessibility Provided 

Accessibility proveded by a system within a region may be defined in 

terms of the ease of movement provided between activity centers, and can be 

expressed, indirectly, as the relationship between travel time and oppor

tunities available within intervals of travel time. 

Accessibility to population and accessibility to ·employment centers 

are two distinct outputs of an Urban Public Transportation System and are 

produced as consequences in two completely different demand situations. 

Whereas "accessibility to popul~tion" depends on population size and a 

4/see, for instance, Hoel, L.A., et. al., "Latent Demand for Urban 
Transportation," T.R$ Research Report, Carnegie-Mellon University, 
Pittsburgh, 1968. 
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demand characteristic which is generally stable, the "accessibility to 

employment" depends on numerous unstable demand-influencing factors. The 

economic health of a region, and the spatial distribution of employment 

influence the significance and the measurement of this output variable. 

Thus accessibility to employment centers may be conceived as a rela

tively indeterminate output and should be treated differently. A suitable, 

but proxy, indicator for accessibility is possible in terms of the percent

age of population and employment within a specific traveling distance. 

2.13 Areal Organization of Space 

The output variable "areal organization of space" in any region may 

be defined as the consequence of the system on the relationship between 

spaces and activity centers in that region. 

Areal organization of space is perhaps one of the most critical 

outputs of the Urban Public Transportation System. In its simplest inter

pretation, it may be viewed as a consequence of such other outputs as acces

sibility and mobility. 

However, what makes "areal organization of space" particularly diffi

cult to measure is its dynamic nature, and incremental scale. Also its 

relationship with the land market is fluid and difficult to pin down 

because of its dependence on factors such as the economic, social, political, 

locational and technological situations and the interrelationship existing 

between them and the total urban system. 

2.14 Image of System 

The output variable "image of a system" may be defined as the per

ceived value of the UPTS and can be said to exist in the minds of users and 
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non-users , who are influenced by the service quality components of the 

system. 

Factors indirectly influencing the "image "variable are all the 

direct outputs of the system and other indirect outputs like accessibility 

(of both population and employment), mobility of the population and employ

ment the areal organization of space, system's usefulness during natural 

calamities, and man-made catastrophes, the extent of population, area and 

employment served and so on. 

Undoubtedly, since the "image" is a dynamic concept, the output be

comes generally indeterminate. However, indicators like "letters of com

mendation/complaint" books or articles written in important news media go 

a long way in unravelling this putput. 

2.15 Non-Transportation Use of Transportation Facilities 

This output may be defined as the extent to which the UPTS facilities 

produce utility for other urban purposes. This may happen in cases where 

the UPTS facilities are used for educational purposes, or for other com

mercial purposes. No specific measurement unit appears available for this 

kind of system output. 

2.16 Taxes Contributed 

This output is self-explanatory and refers to any taxes contributed 

by the UPTS towards the needs of the government (federal, state and local). 

2.17 De f ense Potential 

This output may be defined in terms of the system's manpower and 

e quipme nt potential to assist in the protection and movement of people 

a nd goo d s during war hostilities and other man-made as well as natural 

ca t a s t rophes. 
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The critical factors which influence the contribution of an UPTS to 

defense potential are the areal organization of space, the system's bui l t

in flexibility to respond to various natural and man-made catastrophes, and 

so on. Such factors themselves are dependent on accessibi.lity and mobility 

which the system can offer to the population. Another important factor 

determining the defense contributions of the system is the extent to which 

the system's transportation facilities have utility for non-transportation 

purposes (in this case, defense). 

Many factors make this output indeterminate, plus such exogenous in

fluences as the general economic welfare and the existing political situa

tion which sets constraints on the production of this important output. 

A very broad indicator may be suggested in this case in terms of 

"value of existing areal organization of space per dollar of governmenta l 

expenditure on defense purposes at a given price level." 

2.18 Usefulness During Natural Calamities 

This output has been defined as "the extent to which the system is 

responsive during a given natural calamity." 

This output is an indirect output produced by the UPTS depending 

predominantly on the society's need for protection against various natural 

calamities. Floods (a common occurrence in various parts of the country), 

earthquakes, heavy snowing, torrential rains, cyclones, etc. create a need 

for building into the system, a kind of quality which can withstand such 

shocks, protect the system's potential users and thereby respond to various 

trying situations. 

The system's built-in responsivene ss to various calamities is gener

ally indeterminate since the nature, magnitude and location of those c alam

ities cannot be determined. 
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However , a stochastic estimate can be made based on the frequency of 

occurrence of specific natural calamities of various magnitudes which are 

common to different regions and thereby "system's responsiveness design 

cost" determined. It can be evaluated, for instance, as is done in the 

construction of dams, using probability theory to account for calamities 

of various types and magnitudes. 

2.19 Promotion of Governmental Social Objectives 

This output may be defined as the "degree to which the UPTS is instru-

mental in the promotion of government's social objectives." 

"Promotion of governmental social objectives" may be viewed as a 

particularly important output that can be expected from the UPTS. This 

output cannot be said to exist in totality at any particular point of time 

but may be understood as starting as a process and gradually dissipating 

until it has served its purpose. 

It is, therefore, a dynamic output produced indirectly by the UPTS 

and may be viewed as being dependent on such factors as creation of job 

opportunities, social integration, creation of social interaction opportun-

ities, defense potential, image of system and sense of national security. 

Figure IX-2 presents a sequence of such dynamic relationships concluding with 

the promotion of governmental social objectives. 

The problem of measurement may be attributed to various indeterminate 

external factors influencing it, such as economic welfare and the general 

political situation. The latter is the most immediate external influence 

and is chiefly responsible for making this output indeterminate. 

2.20 Area Served 

The "area served" may be viewed as an indirect output being produced 

as a result of the production of vehicle-miles output in a given regi on . 

The "area served" in effect is the actual influence area of the Urban 

Public Transportation System. 
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Figure IX-2. PROMOTION OF GOVERNMENTAL SOCIAL OBJECTIVES OUTPUr 
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It should be considered as an output simply because it is the effect 

of actual transit operation rather than a cause. Besides, this output 

(area served) can be produced only after certain input translation into 

outputs (vehicle-miles) by the UPTS has taken place. The "area served" 

figure generally reported by the operating agencies is based more on con

venience in terms of size of the region in which the UPTS operates, whereas 

the effective area served should take into account the actual proximity of 

transit lines to the users. For this reason, unserviced sections of a 

region should be excluded from regional totals. 

2.21 Population Served 

The "population served" output may be considered as an indirect output 

produced by the UPTS as a consequence of production of the "passenger-mile" 

output. The population served may therefore be attributable to only that 

portion of the population who become direct or indirect users of the system 

at one time or another and who may be considered as "served" by the UPTS. 

The "population served" figure stated generally by agencies is partly 

misleading because it frequently represents all the population that live 

within the region in which the UPTS functions. 

2.22 Employment Served 

Employment served is an output indirectly produced by the UPTS based 

on the existing employment and the areal organization of space. It is 

further affected by the generation of additional employment by the UPTS. 

There are basically two types of employment which a re served by the system 

as a consequence of the system's translation of inputs into services: 

(a) Existing employment and 

(b) Generated employment. 
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Since it is difficult to isolate t he gener a ted emp l oymen t , this 

limi t ation has been accepted for the project and the f igures presented by 

operating agencies have been considered with this limitation i n vi ew. 

2.23 Creation of Job Opportunities 

This is an indirect output which is even more dif f icul t t o mea sure 

tha n the previous one. This output also affects the extent to which the 

government's social objectives are achieved, the system ' s i mage , national 

prestige and so on. (See Figure IX-3.) 

"Creation of job opportunities" may again be viewed as a n indeter

minate output dependent on the indeterminate external influence-- t he genera l 

economic situation, i.e., conduciveness of the economy towards t he creation 

of new employment opportunities in the area of influence of the UPTS. 

2.24 Economic Growth 

The economic growth as an exclus ive output from the UPTS may be ob

served as directly being produced by the increase in land values , and / or 

employment, due to the UPTS. 

This output itself depends on several factors: 

(a) The increase in land values due to the UPTS ; 

(b) The state of the region's economy; and 

(c) The region's resource potential. 

Since all influences affecting it are indeterminate, it becomes 

extremely difficult to measure this output. No indicators ha ve therefo re 

been suggested. 

3.0 Output Variab l es Classification 

Based on the extent to which an output variable r epresents a measure 

directly derived from the system's operations, one can easily di vi de the 
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twenty-four output variables presented in Sec tion 2 . 0 into four ma jor 

groups or classes: 

(1) Direct output variables , 

(2) Estimated output variables , 

(3) Proxy output variables, and 

(4) Conceptually definable outputs . 

Another classification that needs to be int r oduced in reviewing output 

variab l es is with regard to the actual sources o f out put genera tion within 

each UPTS. In fact there are three sources of output genera tion within each 

system, i.e., the primary services, the support functions , and the network 

component of the system. 

Finally there is a third classification system in accurately per 

ceiving the complex set of output variables from an UPTS . Th is c l as s i f i

cation system is based on the receiver of each output. There are in fact 

frequently recognized in this report, four actual receivers, the ope ra tor s, 

the users, the society at large, and the government at all le vels. 

The organization of the output variables along this triple c l assi f i

cation system is shown in the Output Matrix, presented at the e nd of this 

chapter for 1972 and in Appendix I for 1973 and 1974. 

A note would need to be made at this point concerning three essential 

problems usually found in output analysis. First, one shoul d no t e, that 

most transportation system outputs are perishable commodities which i f not 

consumed at the moment and point of their production are l ost forever. 

Second, one can easily note that the lis t of output va r iab l es include great 

variability as to unit of measurement (real or proxy , or conceptual only). 

For this reason there is considerable doub t whether a ll the system outputs 

can ever become additive. In many cases one may e ven see variations of 

measurement of the same item. This ob serva t ion brings the concern to the 
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third problem, i.e., the great risks that are apparent in the list of 

output variables for double counting in any effort to aggregate output 

variables to any "total measure". 

3.1 Rationale for Conceptual Reclassification of UPTS Outputs 

Returning now to the first classification of output variables it seems 

intuitively important to carry it out in order that a better understanding 

of the identification and the measurements of the outputs be achieved. 

The four new conceptual categories are presented below with their rationale 

along with the specific outputs involved in each category. 

Direct Outputs. This category includes all those di-rect and 

measurable UPTS outputs which were immediately produced by the system through 

the process of its translation of system inputs into effective services. 

The following seven completely tangible output variables are considered 

in this category: 

(a) Vehicle-Miles 

(b) seat-Miles 

(c) Passenger-Miles 

(d) Vehicle-Hours 

(e) Seat-Hours 

(f) Total Person-Trips Completed 

(g) Revenue Person-Trips Completed 

Vehicle-miles, seat-miles, vehicle-hours, and seat-hours are expressive of 

what has been produced and made available to the user. Passenger-miles, 

person-trips completed, and revenue person-trips completed are expressive of 

what has been consumed. 

Estimated Outputs. This category in'cludes those derived indirect 

outputs for which a satisfactory and direct proxy measure or indicator is 

possible. 
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Thus , essentially, between categories 1 . 1 and 1.2 all those outputs, 

which are easily identifiable and satisfactorily measureable, are included 

thereby dividing the entire set into, basically, the tangible a nd inta ngible 

outputs, the latter being comprised of the remaining two categories . The 

UPTS Outputs, which may fall under the direct proxy category, are: 

(a) Population Served 

(b) Employment Served 

(c) Mobility of Population 

(d) Area Served 

(e) Area Accessibility to Population 

(f) Taxes Contributed by the System 

The first five output variables are of direct concern to society at large. 

Taxes contributed, if any, are of primary concern to the government . 

Proxy Outputs. This classification is expressive of 

those indirect outputs of the UPTS which could be, though, in reality, they 

are very difficult to measure without a unifying proxy variable. 

The proxy indicators suggested for this category of outputs are almost 

always approximate in character. The Outputs included in this category are: 

(a) Satisfaction from Travel Experience 

(b) Information not Related to Travel Experience 

(c) Safety Gained from Traveling with Mode 

(d) Non-transportation Use of Transportation Facilities 

(e) Creation of Job Opportunities 

(f) Usefulness during Natural/Man-Made Catastrophes 

(g) Promotion of Governmental Social Objectives 
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Conceptually Defined Only Output Variables . This last category 

is suggested for inclusion in the UPTS Output Matrix because such outputs 

are not only indirect and indeterminate in nature but are also extremely 

hard to measure in any satisfactory manner, and frequently are even diffi

cult to conceptualize with clarity. 

This group of output variable is frequently desireable to be included 

in order to reduce conceptual ambiguities of the other output vartables, and 

in order to, on occasion, avoid excluding from consideration UPTS contribu

tions of major significance for a particular locality and time period. 

They are: 

(a) Areal Organization or Space 

(b) Defense Potential 

(c) Inducement for Economic Growth 

(d) National Image or Prestige 

3.2 Rationale for Classifying Outputs by the Receiving Actor 

One of the principal benefits from the classification of outputs in 

terms of the various UPTS actors is the contribution that is added to a 

comprehensive framework for evaluation of UPTS. To this end, such an 

approach also allows evaluation of the role of various UPTS participants 

wh o act as investors as well as receivers of outputs from the UPTS. 

It would be unsatisfactory, for instance, to consider an UPTS only 

from the opera tor's perspective since the operator-producer does not control 

or invest all the required inputs nor is concerned with all outputs from 

the system. Besides, the perishability of the commodity (services) produced 

and the fact that only a proportion of the services produced is actually 

consumed introduces grave doubts as to whether productivity studies from 

the perspective of the operator alone can serve the purpose. 
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The various output s at t ri bu t ed to par ticula r actors in the Output 

ma t rix reflect the areas of concern of each partic ipa nt and their specific 

interests in helping the UPTS towards t he ach i evement of its objectives. 

For instance, the operator who i s i nvolved with the co nstruction, 

operation, maintenance, and overall mana geme n t of the UPTS is the major 

receiver of the "Direct Outputs," e. g., primary services such as vehicle

miles, seat-miles and so on, because thi s i s what he puts up "for sale" i n 

the market and his survivabilit y is assured only as long as he can make 

these services available to the user . 

The user, on the other hand , i s primarily interested in the completion 

of his trip and is not the least b i t inte re sted in the extent of services 

offered by the operator as long as h i s need is being met . Thus, the user's 

ch ief concern is with the direct output , "Person-Tr i ps Completed ." The 

user's secondary interest is i n such non- quant ifiable, indirect outputs as 

sat i sfaction fro m travel exper i ence and infor ma tion and safety gained from 

travelling. The user ' s concerns, i n general, may be viewed as complementary 

t o that of the operator in the sense t hat he (the direct user) is the 

raison d'etre of the system, and so, the operator-s upplier strives for the 

complete satisfaction of the user-consumer. 

Classification of outputs by actors fu r ther hel ps us understand tha t 

the operator and the user are generally the direct receivers of out pu ts from 

the UPTS while the society and the government are largely the indirec t 

beneficiaries. The role of the governme nt can be simpl ified as being a n 

instrument of the society to achieve co llective goals. The government 

invests while the society-at-large co l lects. Thus, the government derives 

such indirect and generally, intangible outputs as promot ion o f gove rnmental 

social objectives, defense potentia l, system's usefulness dur ing catas trophes 
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and national image--all of which have a direct influence on society's 

collective welfare. 

The society's interest, on the other hand, to the extent to which 

the UPTS produces desirable outcomes, reduces production of undesirable 

outcomes and restricts the need for additional societal inputs to the 

system. Thus, such indirect, conceptual and sometimes indeterminate out

puts as mobility, accessibility, creation of various opportunities and areal 

organization of space simply reflect the role of the UPTS as producer of an 

intermediate good, from the society's perspective, towards the achievement 

of general social welfare. 

4.0 Problems of Aggregation of Output Measures 

Problems in aggregating the measures of various UPTS Outputs arise 

because of many reasons, all of which may be attributed to the nature of 

the UPTS Outputs. In essence, the problems may be associated with: 

(a) the mechanism of production of the UPTS Outputs, 

(b) the nature of the UPTS Outputs, 

(c) the nature of ilie measures of the UPTS Outputs, and 

(d) the limitations of the available actual methods of 
aggregation. 

The purpose of this section, is therefore, to throw some light on these 

problems, explore possible ways of negotiating them and finally derive 

conclusions on the suitable course of action for the project. 

4.1 Aggregation Problems Associated with the Mechanism of UPTS 
Output Production 

As observed earlier, the UPTS Outputs are both the translations of 

system inputs into tangible services as well as the consequences of inter-
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action of these outputs not only within themselves but also with the envi

ronment in which they exist. As the consequential production of outputs 

takes place with combinations of first-round of outputs giving rise to 

second round of outputs, the new putputs become increasingly difficult to 

isolate and chances of double-counting arise. 

Under such circumstances, when there are possibilities of double

counting (for example, "the accessibility" output generated in 1975, which 

includes contributions from earlier years) a gross aggregation of all output 

measures will result in a very high degree of inaccuracy being built into 

the assessment of UPTS Outputs. Such problems become increasingly dominant 

as the specificity of outputs decreases. The figures on the following page 

may be considered as conceptual indicators of the possible range of such 

problems. 

4.2 Aggregation Problems Associated with the Nature of the UPTS 
Output 

The problems associated with the nature of the UPTS Outputs may be 

examined from basically the following two perspectives: 

(a) the nature of the outputs, and 

(b) the relationship between outputs and "actors'.' 

An explanation of these situations that produce aggregation problems would 

run as follows: 

The Nature of the Outputs. The main purpose of the Urban Public 

Transportation System is to provide the public with essential and continuous 

services which constitute the primary output of concepts. Derived or second

round outputs of the system are also outputs that can best be understood as 

the consequence of a continuous process of production. For instance, "areal 

organization of space" is a phenomenon which is really a dynamic process rat

ther than a static happening. "Accessibil{ty to population" is another UPTS 

output continuously affected by changes in job and housing distribution 
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in any region, and is again the result of a dynamic process. 

Thus, any gross aggregation of the UPTS Outputs measures will include 

an increasing degree of inaccuracy, because of intangible and indeterminate 

elements that include an increasing degree of error. 

Differences of Utility to Different Actors. Another problem 

that is included in any "lump-sum approach" in aggregating outputs may 

result from ascribing uniform utility of an output to a particular actor. 

Different actors usually derive varying utilities from the same UPTS Outputs. 

Furthermore, another problem of aggregation arises from the fact that the 

same output can, on occasion, have variable utility for the same actor, 

under different set of circumstances. A very illustrative example is pre-

sented by the following excerpt: 

"In a commuting situation, for example, let us consider a man 
who works in the central business district from 9 a.m. to 5 p.m. 
and resides in the suburbs 15 miles away. By leaving his home 
at 8:30 a.m., he can walk to a train station, catch the 8:35 
(cost$.SO), arrive downtown at 8:55, and walk to his office. 
For 50 cents (money), 10 minutes of walking (effort), and 30 
minutes of total travel time (time for walking, waiting, and 
riding), he accomplishes one trip which enables him to earn 
his income. If the train should arrive £our hours late, his 
inputs (specifically time and stress) would increase substan
tially. On the other side, he would still be completing one 
trip (of the same length}, but since his working day was cut 
in half, the opportunity to earn money will most probably be 
only a fraction of his previous potential. Obviously, the 
utility of the second is far lower than the utility of his 
typical trip. Unfortunately, there is hardly anything in the 
field that can assist the planner-analyst in an actual quan
tification of these variations, in a manne~ that will permit 
him to utilize the rP-sultant measures in an efficiency and 
productivity study. 115 

4.3 Problems Associated with the Nature of the Measures of the UPTS 
Outputs 

Problems of aggregat'ion associated with the nature of the measures of 

5/A.R. Tomazinis, Productivity, Efficienty and Quality in Urban Trans
portation Systems, Lexington Books, D.C. Heath & Co., Lexington, Mass., 1975. 
p. 170. 
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the UPTS Outputs are of major importance because there seems to be little 

that can be done to effectively overcome them. For example, one cannot add 

apples and oranges to obtain a satisfactory and representative aggrega te 

total, except if he shifts into another unit of measurement and a more 

generic classification system. In UPTS it is questionable whether vehicle 

mile, can or should be added to vehicle hours, or to passenger hours or to 

seat miles. Each variable is a discreet quantity total. Considering also 

the fact that each output variable frequently measures the same quantity, or 

a variation thereof, in a different manner the analyst can understand the 

equation that is required. 

4.4 Possible Methods of Aggregation 

In spite of all the above concerns, there appear to be three possible 

general approaches which can be thought of as usuable, with various degrees 

of reservation, in aggregating different UPTS Outputs: 

(a) the microeconomics (utility) approach, 

(b) the systems approach, and 

(c) the "dollar-value of output" approach. 

The Microeconomics (Utility) Approach 

This approach is based on the assignment of a utility to each measure 

from all the points of view which then can be added in a cardinal manner. 

The assignment of utilities is,of course, not a simple matter, and would 

require extensive empirical work. 

The Systems Approach 

This approach involves ranking and weighting all the outputs in terms 

of their priorities from the planner-analyst's overall systems perspective. 
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The ranking would then be added to reach a total proxy ranking of each 

system's output. This is a subjective approach and the quality of the 

results would heavily depend on the understanding and judgment of the 

individual(s) who assign the ranking to each output measure. 

The "Dollar-Value of Output" Approach 

This approach is relatively the simplest one to apply in the sense 

that it only requires dollar "proxy" values for limited number of specific 

outputs. The dollar outputs can then be compared rather easily with the 

dollar values of the inputs that were made to the system. 
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CHAPTER X 

USER INPUTS TO THE UPTS 

Introduction 

The direct users of UPTS while consuming the services of these systems , 

they invest important assets of their own such as money, time, risks, efforts : 

etc . In return they expect to receive transportation at an acceptable level 

of comfort and convenience. This section is concerned with these inputs of 

the direct user of an UPTS. 

This chapter presents the results of estimations of u ~er costs for 

the three te s t regions as well as some of the data and methodological issues 

encountered, as well as the definitions and assumptions used in the der

ivation of the user cost estimates . 

1.0 Determination of User Cost Items 

In properly assessing user costs, two parts of such costs needs to 

be included. One part of user costs is associated with travel to or from 

t he UPTS mode . The other part is associated with the use of the service 

of the UPTS mode. The first user cost includes all items related to travel 

that are external to the main UPTS mode or its stations. The second part 

of user costs includes all the items related to travel that are internal to 

the main UPTS mode. 

Thus, two separate fi?ancial structures (Access and Transit) are used 

to assess the full costs in each user. The purpose of this section is to 

present the full cost e quatio n of each part of the cost as well as to show 

the derivation of each particular component. 

1.1 Access User Costs 

The user access costs, for any mode, can be stated with the equation: 
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below: 

Also, 

AC= AT+ VC +PC+ CR+ AAC + SC (1.0) 

where , AC = total access cost (in dollars per passenger mile for each 
completed access round trip) 

AT = access time cost· 

vc = vehicle cost 

PC = parking and/or tolls cost 

CR = crime cost 

AAC = accident cost 

SC= social costs (including delay and pollution costs) 

Each of the terms on the right hand side of the equation are discussed 

Access Time Cost. This is represented as:AT = (aT1 +bT2) / pm 

where, AT= total access time cost (in dollars per passenger mile per 
access round trip) 

T1 = time from origin to UPTS boarding station (hours) 

a= value of access time to user (dollars per hour) 

T
2 

= time from UPTS exit station to destination(hours) 

b = value of egress time to user (dollars per hour) 

= 

(1. 1) 

aT1 alTls + a2Tl0 (1.11) 

where, Tls = travel time between origin and UPTS station 

TlO = return travel time 

al = value of user travel time in getting to station 

a2 = value of user time in returning to trip origin 
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Also, 

Also, 

(1.12) 

where, Tzs = travel time between UPTS exit station and destination 

T2d = return travel time 

bl = value of user travel time in getting from exit station 
to destination 

b2 = value of user travel time in returninB from destination to 
exit station 

pm =f vm (p I v). (1.13) i i 1. 

where, pm = passenger miles traveled fro the access round trip 

vmi = vehicle miles logged at access stage i of trip 

(p / v). = passengers per vehicle at access stage i of trip 
1. 

i = trip stage (generally, one of four states: origin-boarding 
station, exit station-destination, destination-exit 
station, or boarding station-origin). 

Data on user access and egress times as well as value of user time 

can be obtained from regional attitude surveys. 

Vehicle Cost. Basically, this figure is the composite vehicle 

cost factored for only access and egress usage. So that the equation used is: 

Also, 

vc 

where, VCk, 

=i vc 
k ' 

= vehicle cost for each mode over the access round trip 
(dollars per passenger mile) 

(1. 2) 

where, O~ = operating costs for vehicle k (dollars per vehicle mile) 

NOCk = non-operating costs for vehicle k (dollars per vehicle mile) 

Pll\ = passenger miles traveled per access round trip, as in (1.0) 

(1.21) 

where,VMki = vehicle miles traveled at access stage i by mode k 

(p / v)ki = passengers per vehicle over access stage i in mode k 
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and : 

= ( f+ m + t) 
k 

where f = fuel cost for mode k 

m = maintenance cost for mode k 

t = tires, accessories & miscellaneous 

NOCk = (d+ i)k 

where d = depreciation for mode k 

i = insurance cost for mode k 

(1.22) 

cost for mode k 

(1.23) 

Data for vehicle costs can be obtained from a wide variety of 

1 2 3/ 
Sources. ' ' A ag a d d. b ver e ccess an egress istance can e found in the 

4/ 
National Transportation Study,- as well as in specific surveys for early 

sy stems. 

Parking and Toll Costs. This figure is obtained in a straight 

forward manner. 

where PCk = parking and/or toll costs for mode k, or 

where p. 
i = parking costs at access stage i for mode k 

1. = toll costs at access trip stage i for mode k 
i 

(1. 3) 

Pfi\ = passenger miles traveled by mode k per access round trip 

1/"Costs of Operating an Automobile," U.S. Department of Transpor
tation, April, 1972. 

'l:_/S. Wildhorn et al. "How to Save Gasoline: Public Policy Alterna
tives for the Automobile," Rand Corp., Santa Monica, Calif., Oct., 1974. 

2/T.E. Keeler et al. The Full Co~ts of Urban Transport, Part III, 
"Automotive Costs and Final Intermodal Cost Comparisons," Institute of 
Urban & Regional Development, Univ. of Calif. Berkeley, Monography #21, 

July, 1975, 
4/Federal Highway Administration. National Transportation Study, 

Report-4f8 "Home-to-Work Trips and Travel," U.S. Department of Transoorta tion, 
August, 1973. 
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Data for parking costs can be collected through field studies .1/ 

Crime Costs. Although difficult to report, crime costs per transit 

access/egress round trip can be viewed as: 

where C~= crime cost per mode k (dollars per passenger mile) 

CRk=((VAk + PAk+ POk)~i VMkij/ p~ (1.4) 

where VAk= vandalism to mode k (dollars per vehicle mile) 

PAk= personal assault in connection with mode k 
(dollars per vehicle mile) 

PO= personal offense in connection with mode k 
k 

p~= access passenger miles traveled by mode k 

VMki= vehicle miles traveled by mode k at access trip stage i 

Vandalism includes theft or impairment of the mode. Personal assaults 

include robbery, sex offenses and homicide. Personal offenses include 

vagrancy, disorderly conduct and narcotics offenses. Attaching numbers 

to these types of crime costs can be achieved by using recorded data and 

expanding the set to include the universe of incidents. Vandalism is 

covered in many cases by vehicle insurance; personal assault generally re

quires medical treatment in which statistics could be compiled as to the 

location, cost, and transport situation related to the crime. Finally, 

personal offenses include fines to the UPTS user for illegalities. Studies 

have recently been conducted that try to assess how true crime costs might 

be quantified in a UPTS system. 6 z7 , 8/ Yet, much work remains to be done in 

5/See for instance, Highway Research Board, Parking Principles, Special 
Report-#125, 1971. 

6/E.J. Thrasher and J.B. Schnell. "Scope of Crime and Vandalism on 
Urban Transit Systems," Transportation Research Record 1ft487, 1974, pp. 34-36. 

7/R.obert Shellow. "Central Issues in Transit Security," in Proceedings -
15th A;;nual Meeting, Transportation Resear~h Forum, 1974, pp. 235-239. 

8/Ronald C. Johnson. "Mass Transit Security in Chicago;' in Proceedings -
15th Annual Meeting, Transportation Research Forum, 1974, pp. 225-234. 
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properly tabulating and translating information to fit the crime cost 

equation given above . 

Accident Costs. As with all of the other categories above, some 

information is also available about this category. Yet, the problem still 

remains to quantify what the accident costs are. 

9/ 
Using an accident analysis method,- presented in a fairly recent 

paper, the following equation is derived: 

where AACk= accident cost per mode k (dollars per passenger mile) 

AA Ck= [(F Ak + I + PDk) f . VM_ .-:i / pm. ( 1. 5) k 1 --ln K 

where FAk= fatal accidents of mode k (dollars per vehicle mile) 

I= personal injuries sustained while using mode k (dollars/ 
k 

vehicle mile) 

PD= property damage incurred by mode k (dollars per vehicle mile ) 
k 

pmk= passenger miles of access traveled by mode k 

VMki= vehicle miles traveled by mode k at access trip stage i 

Again , much work is needed in properly collecting and manipulating 

the data needed above to produce an accurate picture of accident costs. The 

. 10 11/ 
proper achievement of usable cost data about these accident types ' is 

essential to any further accident analysis. 

The equations (l),(l.l),(l.2),(l.3),(1.4) and (1.5) serve to illustrate 

the component parts which are required to fully assess user-inputed access 

costs. The equations are necessarily similar and linear for ease of con-

veyance of the cost factors. A sensitivity analysis of these equations over 

9/G. Hartman. "Societal Costs of Motor Vehicle Accidents, Nat iona l 
Highway Transportation Study, April, 1972. 

10/P. Abra~son. '¼n Accident Evaluation Analysis, Transportation 
Research Record #486, 1974. 

ll_/11City Transit Division Fact Book," SEPTA, 1974. 
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various trip types and socio-economic levels both geared to a regional 

perspective would be very desirable of course, but beyond the scope of 

this project. A few studies have already been conducted of access mode 

12,13/ 
usage. Yet, no study to date has attempted to produce an explicit 

method of access user cost accounting. 

This is in essence the nature of the equations (1.) to (1.5). 

1.2 Transit User Cost 

The structure of analysis applicable to this part of user costs, 

closely parallels the above equation set. The assumptions of linearity, 

common units and fully-distributed costs by completed round trips are the 

same here as under Section 1.1. The basic user access data obstacles, in

cluding regional emphasis, data gathering procedure, quantification of factors 

and use in forming performance measures, are similar for the transit user 

cost accounting as well. The total transit user cost equation parallels the 

total access user cost equation with the following basic exceptions: 

(1) vehicle cost is replaced by total fare cost (including transfers and 

special rates for elderly, handicapped, etc.); (2) there is no parking or 

toll cost; (3) the vandalism category of the crime cost is not applicable 

here (the operator absorbs the vandalism costs); (4) in this case, because 

the user cannot be both a passenger and an operator of a vehicle (as in 

the case with the access modes), the property damage factor under accident 

g/s.L. Dickerson and E. Goodson. "A Low-Cost/High Performance Resolution 
of the Urban Transportation Problems of Congestion, Energy and Pollution, 
Intersociety Conference on Transportation, Atlanta, July, 1975. 

Q/P. Fisher and P. Vitan. The Full Costs of Urban Transport, Part I, 
"Economic Efficiency in Bus Operations: Preliminary Intermodal Cost Compar
i sons and Policy Implications," Inrtitute of Urban and Regional Development, 
Univ. of Calif., Berkeley, Monograph #19, Dec. 1974. 
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cost is not relevant; (5) passenger miles and vehicles are for tran si t 

miles accumulated; and (6) the access time cost is replaced by transit 

time cost. 

Thus, the main equation for transit user cost is: 

TUC= FC +TT+ CR+ TAC (2.0) 

where TUC= transit user cost 

FC = fare cost to user 

TT= transit time 

CR= cost to user 

TAC = transit accident cost to user 

For fare cost we have: 

where FCk= fare cost on mode k (dollars per passenger mile) 

FCk =GAkii ~iJ / p~ (2. 1) 

where FA= f are cost on mode k (dollars per vehicle mile) 
k 

~i= vehicle miles traveled at trip stage i by mode k 

pm= passenger miles traveled per round trip as in 1. 
k access cost accounting (for transit u ser cost s VM=pm) 

For transit time cost we have: 

(2.2) 

where TI= total transit time user cost (dollars per passenger mile 
per completed trip) 

T
3 

= waiting time for UPTS mode (hours) 

C = value of waiting time to user (dollars per h our) 

or (2.21) 

where T
3

d= station waiting time for to destination trip 

T
30

= station waiting time for to origin trip 

c
1 

= value of user time in waiting for to destina t ion tri p 

c2 = value of user time in waiting for to origin tri p 

167 



Likewise , 

or 

where 

again: 

where 

T4 = transit travel time (hours) 

d = value of transit travel time to user (dollars per hour) 

dT4 = d1T4d + d2T40 (2.22) 

T4d = transit travel time to destination trip 

T40 = transit travel time for to origin trip 

d = value of user time in traveling to i:lestination 
1 

d2 = value of user time in traveling to origin 

pm =~iVMi (p/v)i (2.23) 

pm = passenger miles traveled per transit round trip 

VMi = vehicle miles logged at in-vehicle stage i of trip 

(p/v)
1 

= passengers per vehicle at in-vehicle stage i of trip 

i = transit trip stage (generally, one of two: origin station 
to destination stop or destination station to origin stop) 

Crime user cost is expressed with an equation similar to equation (1.4) 

but without VAk(vandalism cost to mode k). 

Transit user accident cost is expressed with an equation similar to 

equation (1.5) but without property damage component. 

One observation concerning transit cost data is that the availability 

and format of this type of information is better and more plentiful than 

with the access user cost data. However, the requirements for data complete-

ness and usability are still quite large. 

2.0 Data and Methodological Issues 

The task of measuring user costs encounters similar data and method

ological problems to those associated with the other cost measuring aspects 

of this research project. That is, problems of variable definition and data 

aggregation, scale, specificity, conformity and consistency. Serious 
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methodological questions are, of course, imbedded in all these aspects. 

2.1 Specific Data Issues 

Six particular observations can be made with regard to the data 

issues that user cost measurement encounters: 

(a) Most data sets required to derive travel unit costs for 

access and transit are generally available on a national basis. 

Such data, however, may frequently be found devoid of cost differentials 

between systems and study regions. Localized data, as it exists, may 

also be aggregated over all the modes in use in a system. 

(b) Specific local data on operating and maintenance costs of 

'access' vehicles as well as value of time by category (access, wait, 

transit, transfer and egress time) is either P-Ot directly available 

or is derived for use within or for particular analytical frameworks. 

(c) Data consistency remains a key issue. Often such data sets 

are either represented inconsistently or are not derived in a uniform 

manner (i.e., considers different variables/factors in formulating 

identical measures). Thus the analyst may frequently find studies with 

similar analysis, and similar data, yet, very dissimilar results. 

Whether such differences result from computational inaccuracies or 

methodological inequalities - it is uncertain. 

(d) Trip purpose and time of trip (i.e., peak and off-peak) cor-

relate to the value of time. Analysis that considers total user costs 

must therefore not only consider the work trip, and "other" trips 

(home-based and non hone-based), but also the time of day each trip 

was made. Unfortunately data sets are considerably more prevalent for 

an analysis of the work-trip market than for other trip purposes and / or 

time of day variations. 

.. 
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(e) For this project the estimation of user costs, regardless of 

purpose and/or trip characteristics are based upon actual and not 

perceived costs incurred. The differential can be considerable. 

Studies have observed the mode choice behavior of individuals to 

be very sensitive to perceived costs (e.g. out-of-pocket costs) 

r elative to the total costs of the trip. If this criterion of 

perceived cost is followed, then in the evaluation of productivity, 

and efficiency, the full monetary and resource inputs by the user 

would not be included. However, the notion that actual cost varies 

considerably from perceived costs requires that the variation between 

t hem be documented and fully explained. 

(f) In the Philadelphia and New Jersey Study regions, considerable 

di fferences exist between the correlations of mode, areas of origin and 

the values of tirr~, crime, risk and effort. In order to meaningfully 

evaluate the attributes of the UPTS, relative to the quantity and 

qualit y of user inputs, these differences by mode and areas of origin 

must be identified and considered. 

2.2 Specific Definitional Issues 

The determination of user cost items makes use of severa l variables 

which include considerable ambivalence a nd there need particular 

definitional constraints. The following defin i tions are therefore 

supplemen ta ry descript ive explanations to the items already in

corporated in section (1.0). 

(1) User Time Cost. These costs are borne by the user of t he 

UPTS system. They include the travel time from the place where the 

tr ip begins to the spot where the UPTS vehicle is boarded (access 

time costs), the time spent transferring from one vehicle or route to 

a nother (transfer time costs), time from the place of the last stop 
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to the destination point of t h e jou rney (egres s t ime costs). 

The literature on time valuation a nd t rans p orta tion i s vol-

uminous. 1411 · 47 d. 1961 h Haney-- ists s t u ies, up to in t e transpor tation 

l iterature which used a value of time. Abou t 15 of the s e st udies 

derived a value of time using a methodology based on consumer b ehavior. 

15/ 
Boyd and Walton- summarize several estimates of tra ve l time value for 

contemporary intercity travel . Research i nto the va lue t ravelers 

place on travel time has occupied many t r anspor t at i on spe cial ists, 

because savings in travel time usually is one o f t h e l a rgest benefits 

of an investment in new or improved h i ghways o r other t ransportation 

facilities. 

To have empirical validity , a numerical dollar value of travel 

time must be based on observations of travelers' behavi or. Travele rs 

often have choices between alternatives offering differen t c ombinations 

of time and money costs. Transit versus private automobi le, t oll 

versus free roads, and train versus airplane are examples o f such 

choices. Statistical techniques (including probit, logit , a nd dis

criminant analysis) have been used to explain modal cho i ce o f individual 

travelers, on the basis of time cost differences (amon g oth e r factors) 

between alternative modes. Time valuation is inf erred f r om the 

relative weights found for time differences, which establ i shes a rate 

of exchange between dollars and hours. Explanati ons of these stat

istical techniques and the ir app lication to mod a l choice and travel 

14/Haney, Dan G., The Val u e of Time f or Passenger Cars: A 
Theoretical Analysis and Descript i on of Preliminary Experiments, 
Menlo Park, Cal_ifornia: Stanford Re sear ch I ns titute, May 1967. 

15/Boyd, J. Hayden and Gary M. Wa lton , " Th e Social Saving s o f Ninet e enth 
Century Rail Passenger Services , " Ex plo r ations in Economic His t orv, Sp r ing 
Summer, 1972. 
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16/ . 17/ 18/ time valuation can readily be found in Warner- Lisco-- and Quarmby-

among others. 

Recent research into the valuation of urban commuters' travel time 

has shed light on two issues relevant to this study: (a) the relation of 

travel time value to the traveler's wage rate or average hourly earnings, 

and (b) the relation between the value of in-vehicle travel time and the 

value of walking and waiting time. There is limited information on the 

value travelers place on "comfort" or on the relation of the value of 

travel time to total time of the journey. Nevertheless, there is some 

evidence that comfort and total time are important influences on 

travel time valuation. 

There is substantial evidence that the perceived value of transit 

(in-vehicle) time is less than the traveler's wage rate. An early 

study by Beesle~
1
using a limited comparison of money and time dif

ferences, found that the average the perceived value of time to be 

is about one-third of the average hourly wage for his sample. A large

scale study by Quarmby201 replicated Beesley 1 s result when only money 

.!.§_/Warner, Stanley L., Stochastic Choice of Mode in Urban Travel: 
A Study in Binary Choice, Evanston, Illinois: Northwestern University Press, 
1962. 

Q/Lisco, Thomas E., The Value of Commuters' Travel Time: A Study 
in Urban Transportation, PhD. Dissertation, University of Chicago, June 1967. 

18/Quarmby, D.A., "Choice of Travel Mode for the Journey to Work: 
Some Findings," Journal of Transport Economics and Policy, September 1967. 

19/Beesley, M.E., "The Value of Time Spent in Traveling: Some New 
Evidence," Economica, Vol. 32, 1965. 

20/Quarmby, D.A. ~ cit. 
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and time differences were considered. Consideration of other vari-

ables such as walking and waiting time and whether the car was used for 

work, resulted in an average in-vehicle travel time perceived value of 

20 to 25 percent of average wage rate. Stratified estimates showed 

this proportion to be roughly constant across income. Lav~/in

corporated a factor of proportionality between time value and hourly 

wage directly into his estimating relationship. Using this method

ology, he found in-vehicle time valuation equal to 42 percent of 

hourly w~ge. 
22/ 

Thomas and Thompson-- found that in-vehicle time value 

increases $.40 per hour for every $1.00 per hour of hourly wage. 

There is also some evidence that out-of-vehicle time is valued 

at a higher rate by the user than in-vehicle time. 
. 231 

L1sco- found 

walking time values on the order of $7.20 per hour, based on the decline 

of parking lot charges with distance from the Chicago Loop. This 

compares with his estimate of about $2.60 for in-vehicle time, im-

plying walking time valuation 2.8 times the in-vehicle time. 
24 / 

Quarmby--

concludes that "walking and waiting time are worth between two and 

three times in-vehicle time. 11 These findings are also con s istent with 

21/Lave, Charles A., "A Behavioral Approach to Modal Split Forecasting," 
Transiw'rtation Research, Vol. 3, pp. 463-480, December 1969. 

22/Thomas, Thomas C. and Gordon I. Thompson, "The Value of Time for 
Commuting Motorists as a Function of their Income Level and Amount of Time 
Saved," Highway Research Record, No . 314, 1970. Also, "Di scussion , " by 
Thomas E. Lisco. 

23/Lisco, Thomas E.,.£.e_ cit. 

24/Quarmby, D.A. ££_. cit. 
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other work by Goldberg251as quoted by Quarmby26 /. 

Travelers are apparently willing to pay a premium for the comfort 

of private auto over transit, even when money and time costs are 

equal (also taking into account the differences in weights placed on 

in-vehicle time, walking time, and waiting time). There is, as yet, 

only limited empirical evidence of the relationship of this premium 

to transit or auto attributes. By conjecture only the crowding 

characteristic of conventional peak-hour transit may explain much of 

this premium, since the differential attributable to walking and 

waiting time has already been explicitly accounted for. Other limited 

evidence suggests that passengers value other attributes as well; 

i.e., privacy, safety, etc. that are peculiar to each travel mode. 

It may be that average travel time valuation is not independent of 

total time spent on the trip, as assumed. Evidence on this point as 

it applies to urban travel is unclear. A study by Institute for 

Defense Analyses271 found that transatlantic air passengers valued 

time at a higher proportion of their incomes than domestic passengers. 

This was determined on the basis of passenger willingness to pay jet 

surcharges. h d h 28,29/f d 1· . . . h 1 Tomas an T ompsun oun non 1near1.t1.es 1.n t e va ue 

of travel time but they considered time value as a function of the 

ZS/Goldberg, L., "A Comparison of Transportation Plans for a Linear 
City,-"-Paper presented to the International Conference on Operations Research 
and the Social Sciences, organized by the Operations Research ~ociety, 
Cambridge, England, 1964. 

26/Quarmby, D.A • ..£2.• cit. 

27/Asher, Norman J., et al, Demand Analysis for Air Travel by Supersonic 
Transport, Institute for Defense Analyses, December 1966. 

28/Thomas, Thomas C. and Gordon I. Thompson, ..£2.~ _£it. 1970. 

29/Thoma s , Thomas C. and Gordon I. Thompson, "Value of Time Saved by 
Trip Purpose , " Highway Research Record, No. 369, 1971. 
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difference in time between the two alternatives, rather than as a 

function of the total time. 

Most of the studies indicate that transit (in-vehicle) time is 

given a value of approximately 40 percent of the traveler's wage rate . 

Further, the studies discussed indicated that walking and waiting time 

are valued at approximately two and one-half times in-vehicle time. 

Hence, the perceived value of walking and waiting time would be 

approximately equal to the travelers wage rate. 

(2) Access Vehicle Operating and Maintenance Costs. These costs 

are defined as those user expenses associated with the usage of t he 

UPTS, as follows: 

(a) Fares - out-of-pocket expenditures 

(b) Access costs - (only those capital expenditures used 
directly for access to and egress from the UPTS). They are: 

- Access vehicle purchase costs 
- Repairs and Maintenance 
- Replacement tires 
- Accessories 
- Gasoline 
- Oil 
- Insurance 
- Garaging, parking 
- Tolls 
- Taxes 

(c) Miscellaneous costs 

- Personal injury: 

- non-reimbursed health care 
- loss of salary 

- Property damage: 

- non-reimbursed property value 
- non-reimbursed cla im expenditures 

- Property loss: 

- non-reimbursed property value 
- non-reimbursed claim expendi tures 
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(3) Accident Costs. The direct costs involved with travel accidents 

are defined as the overall costs to the user caused by accidents. Total 

costs include loss of property due to damage, medical costs, legal and 

court fees, values for loss of work time, loss of vehicle use, loss of 

future earnings, pain and suffering. 

(4) Crime Costs. The costs of crime to the user/consumer may be 

viewed analogously to that of accident costs. They are defined as 

loss of property due to theft or damage, medical costs, legal and 

court fees, values for loss of work time, loss of future earnings, 

pain and suffering. Appendix F contains an extensive inventory and 

discussion of crimes within the UPTS in the Philadelphia region. 

(5) Risk Costs. Risk is defined as that potential for loss 

associated with the uncertainty of the psychological and physical 

environments that the user will encounter on his trip. These un

certainties would be associated with what kind of route will one 

traverse, the people one will contact, how long will it take, whether 

transfers will be necessary, and if so, how will this be accomplished 

and where will one end up? 

Risk can be further defined in association with a particular 

choice situation as comprising four categories: 

(a) risk of time loss (time lost); 

(b) risk of hazard loss (crime ratios); 

(c) risk of ego loss (ratio of captive/choice ridership); and 

(d) risk of money loss (fare and time differentials between 
modes. 

The measurement of the above suggests the need for further re

search. However, if each risk category is viewed as the differential 

between modes on a system-wide basis, then valuation is possible. This 
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hypothesis will be tested in subsequent tasks of this projec t. 

(6) Effort Costs. The effort required in traveling is a nother type 

of input contributed by every user of public transportation sy s tems. 

These inputs are mental as well as physical and both are, unfor tunately, 

only marginally measurable. In spite of the difficulty in mea suring 

effort, it seems that there is evidence to sugges t tha t the level of 

effort required from the user can affect his choice of tra ve l modes 

as much as the time and out-of-pocket cost requi rements. There are 

two d istinguishable types of effort associated with the use of UPTS; 

the following: 

Mental Effort. The primary mental effor t r equi r ed of a 

user is a heavily "front-end loaded" investment for pub lic modes. 

These users must gain an understanding of the network , the s chedule 

and the fare structure of each mode. The required con tinuing mental 

effort drops to a relatively low level once the use r becomes familiar 

with these characteristics. 

Physical Effort. The task of establishing unit costs for 

physical effort is very important. Units of measuremen t for effort 

inputs can be based on several conceptual formulations. One such 

.measurement may relate pounds of weight and energy consumed to hori

zontal and vertical movement required in order to use the various modes 

of t r ansportation . 

A s tudy may use an a verage exp e nditure of energy 

ut il i zed i n us i ng each mode of t ravel. Recognition may also be give n 

to t h e f a ct t hat s ome people need or enjoy some physical exercise while 

others cannot tol er a te or sus t ai n a ny extra effort. 

Anot her mean s of measuring physical effor t in travel 
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is the ratios of standees to seated travellers in any mode. This is 

a more direct but "proxy" method of measuring physical effort,and 

because of its directness and availability of data, it is frequently 

suggested for use in actual comparative measurements. 

3.0 User Costs in the Three Test Regions 

Following the relationships presented in section (1.0) and the 

definitions and constraints elaborated in sections (1.0) and (2.0), an 

e ffort was made to estimate the user costs in the three test regions. The 

step-by-s tep calculations are shown in a schematic way in Appendix Hof 

this volume , utilizing the PATC0 as an example and choosing only one year. 

The results of these estimations are shown in Table X-1 for PATC0 High 

Speed Line and for the years 1971, 1972, 1973 and 1974. Table X-2 presents 

the results for all the three major operators in the three test regions 

( SEPTA, TNJ, PATC0). Data for DART has been inserted directly to the 

Fiscal Input Matrices because of its simplicity. 

Reviewing Tables I and II, the analyst may notice that two more 

columns are inserted with Access Vehicle energy cost and energy amount consumed. 

Because of the current interest in energy consumption it was thought desirable 

to produce these accounts, although energy cost per~ is included in the 

operating cost of the access vehicle. 

Tables I and II also r eveal that fr om the total user cost the proxy 

costs of access time accounts of about 40% of the total cost, more than twice 

as much as transit time cost. Also,the cost s of fares accounts for about 15% 

of the total "proxy" cost inputed by the user while he travels with UPTS . The 

sum of time costs (access and tra nsit) account for as high a percent as 80% 

of total cos ts. Taking into account "out of pocket" costs (i.e., Parking costs 

and Fares) one may notice that these costs account for about again 15% of 
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the total "proxy" user costs. Obviously the best of parking is relatively 

small as is the costs for accidents, taken in an aggregate form . 
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t-' 
00 
0 

Year Access 
Time 
Cos6 (10 $) 

1 2 

1971 16.94 

1972 19.75 

1973 18.28 

1974 19.40 

Access 
Vehicle 
Opera ting 
Cost 
(106 $) 

3 

5.36 

6.48 

6.44 

8.44 

TABLE X-1 . OPERATOR - PATCO HIGH SPEED LINE 

Parking Access Access Access Transit 
Cos6 Vehicle Vehicle Vehicle Time 
(10 $) Energy Energy Accident Cos6 Cos6 Consumption Costs (10 $) 

(10 $) (lolO BTU) (10 6 $) 

4 5 6 7 8 

.84 1.30 48.88 .28 7.59 

.98 1.58 56.98 .34 8.84 

.92 1.56 52.74 .34 8.19 

.98 2.22 55.96 .38 8.69 

Fare Transit Total 
Revgnues Accident fo r 
(10 $) Co~t Yea; 

(106 $) (10 $) 

9 10 11 

4.54 .02 35.57 

5.83 .02 42.24 

5.54 .02 39.73 

6.16 .02 44.07 



TABLE X-2. OPERATOR TOTALS (SEPTA- TNJ-PATCO) 

Year Access Acces s Parking Access Access Access Transit Fare Transit Total 
Time Vehicle Cos~ Vehicle Vehicle Vehicle Time Rev5nues Accident for 
Cos6 Operating (10 $) Energy Energy Accident Cos~ (10 $) Cos6 Yea9 (10 $) Cos6 Cos6 Contumption Cos6s (10 $) (10 $) (10 $) 

(10 $) (10 $) (10 O BTU) (10 $) 

1 2 3 4 5 6 7 8 9 10 11 

1971 706.93 25.27 10.32 5.97 258.06 1.25 328.77 116.99 2.14 1.192 
r-' 
co 
t-' 

1972 680.18 25.61 9.44 6.12 242. 15 1. 31 308.35 111.06 3.04 1.139 

1973 65 9 .89 26.25 9.14 6.38 182.3 1.36 303.41 113.69 2.46 1. 116 

1974 661. 93 35.52 9.40 8.87 222.71 1. 53 306.31 124.76 2.54 1.142 



CHAPTER XI 

SOCIETAL INPUTS ACCOUNTS 

Introduction 

In the broadest sense, society is the generator of all inputs and the 

recipient of all outputs of the Urban Public Transportation System (UPTS). 

Society is, also, the source of the expressed desire for increased public 

transportation facilities. The identification of society as an actor 

often presents a confusing situation due to the non-mutually exclusive 

nature of society's constituents, i.e., the operator, the user, and the 

government. 

In examining society's inputs within the rigorous framework of the 

Fiscal and Physical Input Matrices, careful analysis and consistent account

ing is required in order to avoid double counting of inputs from operators, 

government and users. 

1.0 Types of Societal Inputs 

The concept of an input to the UPTS, from any of the actors, suggests 

a sacrifice or contribution of either money, physical facilities, or labor. 

Most of the more tangible input i terns are more properly detailed under user·, 

operator and government. What remains are the intangible contributions 

which only society as a whole entity provides. These are primarily the costs 

produced from the adverse impacts of the UPTS, and, secondarily, the costs 

representing the opportunities sacrificed. For the present study, these are 

referred to as opportunity and externality costs. Figure XI-1 (see page 185) 

provides a schematic layout of these two types of societal inputs. 
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1.1 Opportunity Costs 

The argument for inclusion of opportunity cost focuses on the scope 

of its definition regarding the UPTS. The concept of opportunity cost, 

stated simply, is: 

"If 'X'' amount of dollars, manpower, resources and effort 

is invested in one alternative, what is the sacrifice incurred 

by not investing 'X' in some other alternative? This sacrifice, 

if a ny, is then the opportunity cost of the 'X' amount of investment. " 

This cost is intuitively as important as the actual costs which society 

incurs for the UPTS. However, some difficult conceptual issues are remaining 

unresolved with regard to the opportunity cost of UPTS. If, for instance, 

soci ety expresses a desire for improved public transportation and the govern

ment funds the appropriate programs to serve this desire, should an opportunity 

cost be added for not "investing" those funds in, say, housing programs? 

Or should the opportunity cost to society be derived from not investing these 

fund s in a highway program? Or, more generally, is there an opport unity cost 

a t all given for any government funding programs? To introduce specific 

opportunity cost for UPTS funding raises major issues which are beyond the 

scope and intent of this study. Therefore, the notion of opportunity cost 

has been dropped from consideration as an input to the UPTS. 

1.2 Externality Costs 

Throughout this study, externality costs have been defined as the neg

ative ou tputs or infringement upon society from construction and operation 

of the UPTS. Typical items that are externality cost inputs include the ad

verse envi ronmental impacts due to air and noise pollution; the i ncreased 
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incidence of crime on transit facilities; the aggravating congestion levels 

due to mixed traffic on common use facilities; and the acquisition of rights 

of way or impairment of its aesthetic qualities. Transportation planners 

strive continually to minimize the effects of these impacts when evaluating 

different alternati ves. Nonetheless, the costs that these inputs produce 

on the society as a whole must be considered. 

2.0 Input Discussion 

The societal externality costs presented above, are further categor

ized according to the system's component that necessitate these costs, i.e. 

into primary, support, network and system wide inputs. Following another 

system of classification based on the immediacy of the occurrence, the same 

externality costs can be clas sified as follows: 

(1) Primary Externality Cost. Impacts resulting directly from 

constructing and providing the transportation service (roadways, 

railways, tunnels, bridges, stations, terminals, parking facilities, 

vehicles, etc.) 

(2) Secondary Externality Cost. Impacts resulting indirectly 

from the provision of the services or the support functions, including 

maintenance areas and equipment for transit vehicles, automobiles and 

truck service facilities, roadway and railway maintenance shops and 

equipment. 

(3) Tertiary Externality Cost. Impacts resulting from those 

portions of industries, directly or indirectly related to UPTS service 

(vehicle manufacturers, oil refineries, power generation, steel and 

concrete manufacture, etc.) 

3 . 0 Individual Externality Elements 

Societal externality system inputs are extremely difficult to quantify 

and frequently as difficult to satisfactorily define. Amounts of some types 
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of costs, such as the costs that air pollution produces, mean nothing to 

society unless it affects the quality of life. Nevertheless the analyst must 

come to grips with the situation -- measure what can be measured and inter

pret the consequences to society. What follows is a discussion of each pre

viously presented externality input item and comments on each input. 

3.1 Air Pollution Cost Inputs 

The operation of the UPTS results in emissions of air pollutants which 

i ncur costs. The costs of controlling or mitigating air pollution are ex

penditures planned, paid and accounted for by the government as an operating 

expense. The residual cost incurred to members of society at large are the 

externality costs of air pollution which are considered here as additional 

societal cost inputs to the UPTS. 

Externality costs are caused by the emissions which are uncontrolled 

or unavoidable. These costs are numerous and diverse, ranging from the 

l aundering of soiled clothes to losses in property values and losses of 

human life. Some of the more direct, or tangible, damage costs can be quan

tified using the results of several national studies. (See Table XI-1). 

However, many impact costs of air pollution are more indirect, less tangible, 

and therefore less quantifiable. These are costs that are including the 

costs of long-term cumulative effects of low levels of pollution, and the 

cos ts of synergistic effects where two pollutants may combine in the atmos

phere to produce, under certain circumstances, an even more harmful, third 

pollutant. 

The quanti fication of impact costs represent at best an estimated 

proxy number. An approach suitable for obtaining such impact costs from 

UPTS i s as follows: 
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TABLE XI- 1 . SOCIETAL COSTS_!/ (Pollution) 

ITEM cosi (1968) 
(10 dollars) 

Repainting steel structures 

Commercial laundering, cleaning & dyeing fabrics 

Washing cars 

Damages to agricultural crops & livestock 

Damages to air travel 

OTHER QUANTIFIABLE ITEMS 

Replacing & protecting precision instruments 

Maintenance of cleanliness in production of 
food, beverages, and other consumables 

Maintenance of homes & furnishings 

Decrease in property values 

Fuels wasted in incomplete combustion 

Medical costs: chronic diseases (asthma, emphysema, 
bronchitis) & lung cancer 

100 

800 

240 

500 

40-80 

COST NOT ESTIMATED 

CNE 

CNE 

CNE 

CNE 

CNE 

CNE 

1/Source: Council on Environmental Quality, 1st Annual Report, 1970. 
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(1 ) Establish vehicle-mile relationships for annual operating 

statistics, for each travel mode and variations of operating conditions, 

(2) Use the best available and most recent data found for air 

pollution production and damage costs to society (i.e., as documented 

by the Environmental Protection Agency). Estimates can be per vehicle 

mile, or for the summation of the transportation operations of each mode. 

Data on pollution production and resulting damages are usually available 

on a national basis (See Tables XI-2 and XI-3), or on a regional basis, as

sociated with each major sector of the economy: industrial, commercial, 

residential, power generation and transportation and for the five major 

pollutants: carbon monoxide (CO); hydrocarbons (RC); nitrogen oxides (NO); 
X 

sulfur oxides (SO); and particulates (P's). By relating these data to the 
X 

operations of UPTS in the three test regions for each test year, an indication 

of the costs borne by society from air pollution from the UPTS can be com

puted. 

The data in Table XI-4 was treated in a number of steps to develop 

local statistics characteristic of the three test regions.!/ Further dis

aggregating calculations based on SEPTA and DVRPC travel statistics yielded 

the disaggregate results as presented in the 1974, 1973, and 1972 Fiscal 

and h . 1 . 2/ P ys1ca Input Matrices.-

A major assumption in generating these dollar values is that all 

modes retained the air pollution control levels of 1972. Actually, this is 

a valid assumption for all electrified modes, as the Philadelphia Electric 

1/City of Philadelphia, Dept. of Public Health, Air Management Serv
ices,-"Emission Inventory and Air Quality Data Report to the Air Pollution 
Control Board", Oct. 1974 (revised). 

~/DVRPC , AADV Primary and Second Road System, 1970. 
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TABLE XI-2. ESTIMATED NATIONAL AIR POLLUTION COSTS FOR 1968 

TYPE OF COST 

DAMAGE COSTS 
Materials damage 
Damage to crops 
Cleaning of soiled materials 
Damage to human health 
Damage to animal health 
Reduced property values 
Other 

AVOIDANCE COSTS 
TOTAL 

ANNUAL COST {xlO~ dollars) 

1/ 
$4.8z; 

.1-
(3)4/ 
6.1-
(3)5/ 
5.2-
(3) 
{3) 

$16.2 

1/ Includes damages to approximately 50 materials thought most 
susceptible to air pollution deterioration. 

2/ Includes direct visible damages affecting the yield, quality, or 
marketability of field crops and forests 

3/ Not estimated 

4/ Includes estimated expenditures on treatment and prevention 
of illnesses caused by air pollution (in excess of the primary 
air standards) plus income lost because of morbidity and early 
mortality. 

SOURCE: The Cost of Air Pollution Damages; A Status Report, EPA, 1973 . 
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TABLE XI-3. ESTIMATED NATIONAL AIR POLLUTION DAMAGE COSTS 
WITH NO POLLUTION CONTROL, 1968 and 1977. 

DAMAGE CLASS 

HEALTH 
RESIDENTIAL PROPERTY 
1'1ATERIALS and VEGATATION 

1/ I n 1968 dollars 

'l:_/ In 1970 dollars 

1968.!./ 

$6.1 
5.2 
4.9 

$16.2 

$9.3 
8.0 
7.6 

$24.9 

SOURCE: The Cost of Air Pollution Damages; A Status Report, EPA, 1973. 
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TABLE XI-4 . AIR POLLUTION COSTS AS A SOCIETAL INPUT 

NOTE : These proxy figures were derived for Pa . -N.J.-Del. test regions in 1974. 

EXTERNALITY COST IN DOLLARS 
( DMtAGE 

SEPTA 
1. HEALTH 

~?2, LJO_, 104 

2 #- VFDATATION AND $1,970,JSh YiATERIALS 

3. R.ESI ::JENTIAL 
DAK/\GE $f,101,711 

4. O'I'nER PRO? ::'.RTY 
$ 768,8L.8 

DAAAGES 

TOTAL PErHJ SYLVAN IA RffiION $7, 336,730 , , 

TOTAL NZ'ili JEJ.SEY RSG ION ~~l, 388, 5l9 
' 

TOTAL DELAt,:ARE REGIOI'J ~-'-It' 131_, 263 

SOURCES: 
1. SEPTA Rail Statistical Data 1974. 

2. RAD Operating Statement, SEPTA, 1974. 

3. Economic Evaluation of Transit Plans for KCMR, MRI 1975. 
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Company has not yet i nstalled air pollution controls . However, this is not 

true for SEPTA 's buses which has been increasing their fleet with tail 

exhaust s t acks and other air pollution control equipment between 1972 and 

1974.l/ Consequently, the cost estimates for 1973 and 1974 might be 

slightly overestimated for the bus fleet of SEPTA. 

For those public transportation modes representing stationary sources 

of air pollution, i.e., the electrified trolley rail and bus, subways and 

corn.muter rails, another approach was taken. City of Philadelphia emissions 

data indicate that power generation accounted for 6.8% by weight, of total 

1974 Philadelphia emissions. To determine the portion released to public 

transportation, the electricity purchases made by SEPTA in 1974 for its 

electrified modes was divided by PECO's total revenues for 1975.
4

/ These 

statistics were used to allocate costs among SEPTA's various divisions and 

modes (using vehicle miles traveled figures from the Output Matrix). 

Finally, to further allocate total damage costs to damage type for 

the Pennsylvania test region, health, materials and vegetation , and property 

damages, proportional to the 1974 national totals, were estimated. These 

data were entered into the Inputs Matrix for 1974. 

3.2 Noise Pollution 

I n the daily operation of the UPTS, noise is continuously emitted 

from the rolling stock, such as buses, rail rapid transit cars and the com

muter trains. The decibel levels they achieve frequently border on the 

maximum threshold level of pain to the human ear. The suffering from such 

excessive noise is spread between users and non-users and thus represent a 

3/Control mechanisms on the buses are, however, operator cost inputs 
to control negative system outputs. 

4/PECO, "Financial Supplement to the 1974 Annual Report," 1974. 
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type of societal cost. These costs, are important soc i e t al costs to be 

considered, but unfortunately very elusive of all quantification efforts . 

The government inputs section describes the additional costs of con

trolling noise pollution through engineering remedies currently employed. 

Generally, the degree of investment is directly proportional to the noise 

level generated by the UPTS. The Federal Noise Standards, shown in 

Table XI-5, indicate the threshold limits that society is willing to accept 

for various modes of transportation. In order to meet these standards, there 

i s frequently a need to undertake additional expenses in the construction 

and / or operation of various UPTS modes. Such expenditures are usually ap 

plied by the operator-supplier of the system and are invested on the following: 

(1) improved bus mufflers, 

(2) cushioned railroad and rail rapid transit ties, 

(3) silencers on subway ventilation shafts, 

(4) acoustical tile designs of subway platforms and station s , 

(5) welded rail for rail transit, and 

(6) bailing arrangements both structural and natural. 

It is the difference between these standards and the actual noise levels in 

a community that produces the additional societal costs of noi se. Table XI-6 

indicates clearly how great the differences between standards and actual 

levels can ·be. When transportation facilities produce such extensive noise 

levels, especially during moments of work or relaxation, the societal costs 

can be quite important. Unfortunately, even in these cases, the analyst 

can do very little in quantifying societal noise costs unless there i s 

evidence of some kind of permanent physical harm. Even then the translation 

of some hearing . loss into equivalent dollar loss represents a difficult 

analytical step. 
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TABLE XI-5. FEDERAL NOISE STANDARDS 

Source 

Urban Land Use - Commerical 

Urban Land Use - Residential 

Urban Land Use - Park 

Automobile 
20 mph 
40 aph 
60 mph 

Truck (any speed) 

Diesal Bus 

Transbus 

Metro Car (40 mph) 

SOURCE: Federal Registrar 

Maximum 
'l~vel 

75 dBA 

70 dBA 

65 dBA 
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Distance from roadway 
25 feet 100 feet 

56 dBA 50 dBA 
64 58 
70 64 

82 76 

86 80 

76 70 

83 77 



TABLE XI -6. PUBLIC TRANSPORTATION NOISE - PHILADELPHIA.!/ 

Source 
Type and Location 

Subway-Elevated Train 

inside cars 
on boarding platform 
at cashier's booth 

Trolley Car (Subway-Surface) 

inside cars 
on boarding platform 
at cashier's booth 

Below Ground 

82-95 dBA 
92-98 
90-93 

74-87 dBA 
84-100 
83-84 

Above Ground 

78-90 dBA 
83-93 
82-88 

65-75 
80-85 
none 

_!/J~ H. Botsford, in Proceedings, of Transportation Noises, A Sympos i um 
on Acceptability Criteria, edited by J. D. Chalapnik, Univer~l ty of Wash i ng t on 
Press, 1970. 
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3 . 3 Transit Crime 

Throughout the United States, crime levels have been steadily increas

ing in all areas. This is also the situation in most UPTS facilities. Just 

to what extent a portion of transit crime statistics can be attributed to, 

transit services or facilities, is somewhat doubtful. However, the fact 

r emains that crime 'does occur on UPTS facilities. Do such facilities induce 

or facilitate criminal activity? If the answer to this question is positive 

and an intrinsic relationship between crime and UPTS is presumed then, of 

course, additional societal costs i nputs to the UPTS due to the occurrence 

of crime must be added in all cases. (See Also Appendix F). 

Estima.ting a dollar equivalent or societal cost of damages related to 

transit crime would need to include hospital costs, disability payments, 

loss of income, other family losses as well as, insurance premiums. No such 

effort was possible with the confines of the present project. 

3.4 Other Societal Input Items 

Of the initial list of societal externality inputs, the preceding 

inputs were found to be the most worthwhile for further consideration. The 

remaining inputs of traffic congestion, land value losses, and aesthetic 

consequences were found to be highly desirable as cost inputs, but extremely 

difficult to pursue both conceptually and quantitatively. On this basis, 

these items were excluded from further consideration. 
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CHAPTER XII 

GOVERNMENTAL INPUTS 

Introduction 

Traditionally, studies examining the cost of urban public transportation 

systems (UPTS) h ave focused on contributions by the system's user, and/ or 

the system's operator. Rarely has the government's point of view been con

sidered. With increased government involvement, and multiple direct and 

indirect contributions, on all levels, pertaining to public transportation 

operations, construction, and planning, the government's side of the entire 

system requires greater attention. 

In providing public transportation inputs, the government's role 

is one of responding to the needs of society by: 

(1) Defining the public priorities and appropriate policy action. 

(2) Collecting the taxes for funding policy implementation 
programs. 

(3) Allocating the tax resources to the most critical priorities 
and programs for implementation. 

In the execution of the implementation programs, government has been pro

viding land, facilities, grants, and loans to improve our nation's public 

transportation systems. These programs have also included areas of research 

and development for new technology, policy formulation and refinement, as 

well as improvements of overall technical planning skills. Thus, contri

butions from government at all levels represent significant inputs to the 

total UPTS. 

In previous chapters, the various actors participating in the UPTS 

have been discussed in extensive detail. The government's contributions 

are in addition to those from the user, operator and society. The total 

UPTS inputs are the sum of operator, user, society and governmental contri-
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butions. Each actor's contribution is the aggregate of his respective 

individual component inputs. For government these component inputs are 

divided initially into two major categories, capital and labor, which ·are 

further subdivided into specific capital and labor components. A descrip

tion of these major categories ·and the rationale supporting their develop

ment is subsequently discussed. 

In this chapter the government inputs to the UPTS of the three test 

regions are described and quantified to the extent possible. Conceptual 

and practical problems related to developing the data base are also being 

presented. The results of the estimations are presented in the Fiscal and 

Physical Input Matrices discussed in chapters IV and V. 

1.0 Types of Governmental Inputs 

Governmental inputs affecting the production of urban public trans

portation services are of two types, either capital or labor contributions. 

Capital items may be further subdivided into a number of categories: 

(1) Monetary Capital 

(2) Physical Capital 

(3) Governmental Capital Facilities 

(4) Governmental Operating Expenses 

On the other hand, labor inputs are evident within a broad spectrum of 

government services associated directly or indirectly with the support or 

administration of public transportation services. Typical examples include 

the salaries and related costs for planning, administration, tax collection 

and security enforcement by different agencies from all levels of government, 

i.e., Regional Planning Agencies, City Planning and Transportation Agencies, 

the local UMTA regional office, etc. 

Figure XII-1 displays the range of government input items which have 
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been considered within the scope of this study. 

1.1 Capital Inputs 

A distinction must be drawn among the differing connotations affixed 

to capital inputs. For this study, capital inputs refer to both monetary 

and physical transfers of resources for UPTS use . Monetary Capital inputs 

to the UPTS are usually in the form of direct transfers of monies on the 

federal level, purchase of service subsidy on the local level, and funds 

for technical studies on the regional level. Physical Capital can be de

fined as the transfer of physical elements of the transport system for 

the explicit or shared use of urban public transportation . Items within 

this category include in these regions the Broad Street and Market Street 

Subway/Elevated tunnels, the Benjamin Franklin Bridge which supports the 

Lindenwold Line, and numerous parking facilities throughout the region used 

as transit "park-'n-ride" facilities. The single most important element 

within this classification is the existing highway network. The use of 

these f acilities by public transportation is most certainly a sizable 

governmental contribution to the provision of public transportati on services. 

Monetary Capital. The UPT S are usually the recipients of 

various governmental monetary inputs characteri zed by s pecific purposes. 

These inputs are of a non-reimbursable grant or subvention variety , origin-

ating from all levels of government. On the federal level , monetary capital 

inputs may be given to any public agency permitted to operate or improve 

public transportation . Thus, Urban Mass Transportation Administration (illITA) 

funding for Section 3 capital facil ity construction and right-of-way acqui-

sition, may be given to local townships , counties, cities or state gover n

ments)_! This tnoney may be used for each of the three ma jor service components 

1/Section 3,5,9 funds are appropriated for public transportation under 
the Urban Mass Transportation Act of 1964 , as amended. 
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of the UPTS; network construction and rehabilitation, primary services 

(rolling stock}, and support (maintenance) facilities. These funds are 

currently provided on an 80% federal share and 20% local share basis. 

Prior to 1972, the split was 2/3 federal and 1/3 local. 

Another source of monetary input falls within the provisions of 

Section 5 of the same Act. Section 5 funds may be used for either purchase 

and construction of facilities or for operating subsidy. The choice is up 

to the individual grant recipient as to the usage. These funds are 

provided on a 50% federal share and 50% local share basis. 

A third source of funds is the Section 9, technical study grants of 

the same Act. For the most part, these grants are made to regional plan

ning agencies or· state Departments of Transportation for transit planning 

analyses, transit operating studies or for special projects. 21rn each region 

of the area, these are usually given to the Metropolitan Planning Organ

ization for distribution to the specific operating agencies. 

A final source of UMrA funding is with the grants available for re

search, development and demonstration projects under Section 6 provisions. 

Although these funds are ostensibly inputs to each specific UPTS, the 

realization of their direct impact upon specific productivity levels of 

individual UPTS is somewhat doubtful. For this reason, this funding source 

is not included in the analysis. 

Physical Capital. The Physical Capital items, as previously 

mentioned, constitute the indirect transfer of physical facilities for 

UPTS use. The Broad Street and Market Street Subway tunnels in Philadelphia, 

provide an excellent illustration of an indirect transfer. Under a nominal 

2/Additional money is available under Section 12, for elderly and 
handicapped studies. 
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lease agreement of $1.00 per year, SEPTA may operate transit services 

within these rights of way. Other arrangements include the use of various 

capital facilities and equipment including rolling stock, stations and 

trackwork and represent sizable capital investments of the government 

devoted to the UPTS of the region. Moreover, the maintenance and repair 

costs associated with these facilities are paid for by the City of 

Philadelphia budget.J/Again, the amortized cost of these facilities in 

add ition to maintenance and upkeep expenditures are important inputs 

contributed by government to the UPTS. 

Other transportation elements that are also governmental physical 

capital inputs include the highways, bridges, and road and street networks 

throughout the region. As in the case of the subway tunnels owned by the 

city, the proportional costs of these highway facilities should be credited 

as the governmental physical capital contribution to the region's UPTS. 

Thus, right of way, relocation, construction, and bond interest costs for 

such facilities are input credits to the UPTS. 

Associated with the fixed highway facility are the auxilliary or 

support functions such as traffic control, snow removal and routine main

tenance. Each of these functions requires equipment and hardware; i.e. 

trucks, compressors, service vehicles and tools for maintenance; traffic 

control devices to insure free flowing traffic movement; and specialized 

public transportation equipment, e.g. bus pre-emption equipment, exclusive 

bus lane channeling controls, grade-crossing safety devices, etc. 

For all of the items just mentioned, certain difficulties ar ise when 

use of facilities is shared by more than one mode, i.e. auto, truck and 

I/These input costs are include d in the Governmental Operating 
Expense classification; and are mentioned here for emphasis. 
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transit. To determine an equitable allocation of the costs attributed 

to each mode's individual use, a formula needs to be developed similar 

to the "user" cost placed on the trucking industry. Thus, all shared 

use of road and highway construction, right of way, maintenance (equipment ) 

and related physical costs would be totaled; amortized and discounted by 

appropriate interest and life cycle assumptions and allocated to each mode 

on the basis of its proportionate use. 

The growth of the governmental role in urban transportation has 

also produced, in many cases, an additional need for capital investment, 

i.e., the capital investment required in order to house the agencies, ser

vices, and functions the government provides. Many cities (and counties ) 

have buildings, parts of buildings, garages, and other facilities tot ally 

devoted to servicing, in one way or another, the public transportation 

system of their region. Even many states have urban transportation admin

istrations. On the federal level the increased importance and activities 

of the Urban Mass Transportation Administration and that of the Urban 

Planning Division of the Highway Administration are well known. These 

last mentioned facilities on the state and federal levels constitute clear 

governmental inputs to the urban transportation system in toto and, there

fore, require parceling out to the various urban regions. Although the 

tendency has been to avoid the inclusion of these elements, it is impor

tant to point out the relative significance of including this type of 

governmental input. 

1.2 Governmental Operating Expenses. 

Governmental entities, at all levels, have f unctions or departments 

for controlling, monitoring or improving services vital to the public's 

welfare. Many of these services are created directly for the improveme nt 
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or maintenance of public transportation. For example, on the federal 

level, the Urban Mass Transportation Administration falls under the 

auspices of DOT policies and funding programs. On the local level, the 

City of Philadelphia, for instance, maintains a traffic engineering 

department plus a transit office within the Department of Public Property. 

Each of these agencies maintains daily operations and services related 

to public transportation planning and operations. Each incurs adminis

trative and overhead costs, all for the purpose of enhanced urban 

mobility (see Table XII-1). The proportionate transit based contribution 

of these agencies' operating budgets has fo~ the most part been ignored as 

worthwhile input to the UPTS. Moreover, other agencies and departments 

also contribute to the benefit of the UPTS. These include, for example, 

the Department of Public Health in the City of Philadelphia, which main

tains an air pollution control program; the police department of the City 

of Philadelphia and all local townships, which control transit crime and 

vandalism; and the judicial system of each jurisdiction, that hears cases 

of transit vandalism, crime and transit accident cases. 

Other entries as shown in Figure XII-2 are discussed subsequently and 

indicate other governmental control services such as noise and air pollu

tion control and safety. Again, the costs allowable in this category are 

only those related to operating expenses directly or indirectly paid for 

by government. 

Noise Pollution Control. Relatively recently, governments 

have been instituting programs to combat intolerable noise conditions 

within our cities. The state of the art in transit technology, has pro

gressed to the point where some North American systems have taken positive 

action to reduce noise pollution due to the UPTS. Toronto, for example, 
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TABLE XII-1. DIRECT AND INDIRECT GOVERID£NTAL INPlfl'S!./ 

CITY Ol' FHIIJ\lll·:U•iUA 
Ol'r.RATU.C: FlltUiS 

S'UTfHFJff OF J\l'l'~Ol'l:llr\TION ACTIVITY n'! PROCP.IJ! 
FOR ;nu: FISCAL Yf.At:. umr.:> JU~a; 30, 1974 

! £ ~S!. 8:1! AdJua·ted 

Su~:.~~~ ~a.:! l'hcal 1971, 
1::le,, • .-ut ~l!ro2rtot Ion! Encumhrnnce11 ~nditurea 

tr£nsp,o,t~t1on Progr&111 
H.au l'r.mr.it 

i\,blic Tr.nijport3tion S~rvicea $_14, 151.055.84 $ 201.010.00 $...ll, 9lt9&7 .04 

Stre.:i.s ,·1t1J illghw.n7s 
(;.)n,; truction ~nJ 1-1,,int:euance $ 14 ,soo, 6 v •• sl $ 3,442,5'•8.79 $ 10,6~5,836.46 
Su a·eyi:ii uutl l::n3 ln•~•~ rf na Dcalgn 2,61S.:j53.23 7,127.41 2,598,547.80 
Street Lighting 6, 19~.o·.o.oo 049,912.01 5,)41,444,55 
C,·.::.:r.al Su?pc>rt 7Yt,%S.OO 65.27 753,122.20 
l: .. '!f?ri;..::,1cy s~cu R::..i.::.vn 1 17.J,~[7.00 25 I 00'!_._0Q 11s 1 61,o.r,9 

$ 24 ,~42..l~_-!>1 $_i,324 1 6H.t.3 $ 19.505.591.70 

TTefflc <'.0•1trol i,,t :::-..1fo-ccem~ut 
Tra f!ic ~C&Ula~lon 3~tl Enforce~lt'nt $ 11,843,900.00 $ 35,185.98 $ 11,727,860.13 
·rr .. ffk C011rt Opel-ell: lens 2,528,928.00 27,037.06 2,423,616.57 
Acc!rlBdt RecJrcs Qe~ort 

:-t:?pt.x!uction. 11,359.00 694.20 9,171.40 
Trafiic lngi~~cring 2,401 ,as, •• oo 116,297.67 2,275,645.95 
T,ll fU,: Safety 69,J94.00 5!>,300.66 
r~.-!rl.ig Mct,!r C,>ll~ctions 243,901.GO 8,530.52 2n.ooo.20 
l'tt,ld:ig Enforcu,ent Ol.'fic:ers 963,064.00 92,649.91 827,301.52 
t111klng M~ter Naintennr.ce 369,078.00 15,165.17 209.07,t.ll 
?~tl~&lrlnn Safety - Strc~ts 2,896.51 2,896.51 
l'••\l.:st1·i·an Safety • P.ilic:e '12,970.00 
tllth\l•ty Saiety T:-:>.Hk £i~;im!.:!r1ag 52,00:).19 - 52,089.19 
i:a ft le Operutl.:ins ~,0~1-um 129,249.93 110,342.06 
hatfic unJ l1.ii;l-:1o:1:, r~!neering 

Tt":tining _P:-ojcct . 2S ~ 3-'35.00 
Er.:eri:eucy To~lng 30,0,.1 .oo 14,177.88 
Provision of Rctir~ment Benefits 191,tl76.0ll 127,092.83 
f-•t:il Ac:cid('nt ~.::Juction 

tafor~c~cut PruirNn 4,000.00 4,000.00 
f.ciplovc..•cs 1 t-i~lfoc~ ~l.in 50,1,60.00 36,900.00 
$odul Sl!curit)' Pay:::cots . l0,616.00 60,616.00 
fl:blic '!'c.m:1it Crf.t'lr H,~,l,1ction 

l'r0Kr111,i - Dlscr~ti.,:,un·y Grant l,000,8J9,00 66,636.37 381,193.00 
!cJ~stci1111 S11f'"t~_ t:',oir:-.m. - Strce:t:i 7 i.. 10i.1,·J 15.899.ll 
tr<1fflc ~ntrol !J('':ll-.::ot: Inv~nlory 

Pro2raQ 182, lll.31 114,765.75 
~proJuction of A,·r.fdent Rcporta 

~rohrc.a · :;t_ '\. °-.I'.! __ 3:.1.00 

$_ ~!!..14J 1 \ 13. ~B $ 362 1446.;,a $_!!!.t.2Z~ ?U:~ . 69 

'!oul 
ObU~atlonl! 

$ 14 1 156 1 ~55.04 

$ 14,138,355.25 
2,605,675.21 
6, Bl , 355.55 

75J,lb7,47 
14111;40. 69 

$~~ 10,245. 18 

$ 11,763,046.11 
2,450,703 .63 

9,865.60 
2,391,943.62 

53,300.66 
239 , 5:!0.72 
919.951.43 
224,236.30 

2,896.51 

52,089.19 
110,342.86 

14,177.88 
127,092.83 

4,000.00 
36 , 900 . 00 
60, 616 .00 

448 ,02?. 37 
15,~?9.ll 

114,76:i.75 

t1 4 J , 00 

.~ 19. 01, "2, D?,57 ~ 

Unencumbe r e d 
l\aln :1cc of 

A~~roorio l f ons 

$ '2 1 1;00, BO 

$ 368 ,229,53 
10,983. 02 
6. 663 .,.~ 
1,777.5) 

31 • .; ) 6.)! 

$ l,l9 1309.E:l 

$ 80,853, d-J 
78 . 224.}7 

1 , 503.41) 
11,950 .'.!3 
11, . 093 ,)r.. 
,. , 371 , 2:1 

43,112. 57 
144,841.70 

12, 970 .00 

18,907.12 

25 , 385 ,00 
15 ,869 .11 
G!t,783.17 

13.560.00 

552,829.6) 
56,282, 3-3 

67 ,346,06 

$_!..l.116 ,StD .~ 

1/Source: City of Philadelphia. Director of Finance. Annual Re port, 
1974. 
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has rubbe r -t ire vehicles , BARTO has special floating slabs supporting the 

trackwork, and the new oar sponsored Transbus is equipped with special 

mufflers . Aside from these capital intensive features, some city govern

ments have experimented with controlling UPTS noise levels by more cost

effective techniques, such as spraying acoustical treatments (fluffy 

absorbant materials) on the interior subway walls. For the most part, 

t hese control costs have been financed with federal and local participating 

governments under Section 3, of the UMrA program and extend to major 

noise control projects including the following: 41 

(a) Welded rail on new rail transit systems; 

(b) Acoustic tiles throughout the subway interior; 

(c) Silencers on ventilation shafts; 

(d) Floating slabs on trackwork; and 

(e) Physically baffling designs or innovative landscape 
architecture. 

For these agencies, all expenses related to every day transit 

r elated operations, is an indirect transfer of capital inputs. Maintenance 

costs of supervisory vehicles, special equipment for conducting public 

transportation analyses, including traffic counters and travel question

naires, and rudimentary office supplies are operating costs absorbed by 

t he government but not usually credited as an input to the UPTS. 

Air Pollution Control. The operation of the UPTS results in 

emissions of air pollutants, largely attributable to bus operations. Many 

government agencies have initiated programs designed to mitigate or 

control the adverse environmental impact of these pollutants. 

4/This type of governmental input cost would, of course, be more 
appropriately entered under the capital input cate gory of "Monetary Capital". 
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In the City of Philadelphia, for example, an air resource management 

program within the Air Quality Division has been operational since 1969. 

For 1974, the budget for this program amounted to approximately $1 million.ii 

The major functions of the division are to maintain a real-time air quality 

surveillance system and to accumulate a data bank of air quality measure

ments. In relation to the UPTS, these efforts can provide pollutant 

estimates resulting from the various fonns of public transportation to 

determine their degree of compliance with national air quality standards. 

Transit Crime Control. The area of transit crime also results 

in governmental expenditures to the UPIS. The maintenance of an aggressive 

cr ime reduction program generates costs for watch dog and transit police 

facilities, alarm boxes, and closed circuit monitoring of station facilities. 

The attendant administrative costs of providing these security forces , and 

the costs of bringing criminals and vandals involved in transit crimes to 

court are oftentimes overlooked. Table XII-2 details some of the vandalism 

statistics for the Philadelphia area commuter railroads. The central 

costs of keeping crime as low as possible is an important element in pro

viding an attractive level of transit service. Consequently, these expen

ditures are as valuable to the UPTS as costs of more frequent service or of 

new rolling stock. The reason being that if the UPTS is not safe, the 

potential or present user will not use it, regardless of how comfortable, 

convenient or attractive it is in comparison with a safer alternative. 

During 1975, the Philadelphia Police Department maintained a 22~ 

officer and 56 dog transit police force for CTD of SEPTA. Based on a 

conservative average of $15,000 per officer, this amounts to almost 

'J./1974 Budget; City of Philadelphia. Office of Finance Director, 
1974. 
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TABLE XII-2. VANDALISM -- COMMUTER AREA RAILROADS: SEPTAl/ 

Vandalism Type Number of Incidents by Year 
1971 1972 1973 1974 

Stoning involving Passengers 1370 994 977 893 

Windows Broken in Passenger 1388 858 665 422 
Cars 

Personal Injury to Passengers 258 104 116 72 
while on Train 

Personal Injury to Passengers 174 141 202 174 
in Station 

Track Obstructions 511 563 784 760 

Switch & Signal Damage 375 628 744 541 

l/Source: DVRPC, Planning and Developing Transit in the Delaware 
Valley~ July 1975. 
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$3.5 million in direct salaries alone. Moreover, in 1974 the City of 

Philadelphia initiated a crime reduction program of $381,000. As it 

can be seen, then, the control of crime is requiring an increas ing amount 

of government expenditures. 

Traffic Control. The major portion of any governmenta l 

budget dedicated to traffic control is highway based. The cost s of insuring 

that the highway networks are operating at a reasonable level of service 

include planning studies, traffic count programs, signalization equipment 

and the overall administrative and overhead expenses for normal operations. 

Transit benefits directly and substantially from these expenditures for 

improved highway operations. In a corridor where traffic congestion is 

to be relieved by highway improvements, overall travel speeds will improve. 

Consequently, the buses operating in mixed traffic will be capable of 

achieving higher speeds, which ultimately improve their level of service 

and operating costs. These costs of traffic control are also inputs to the 

UPTS and should be apportioned by a calculation similar to the allocation 

rationale of Physical Capital inputs. 

Maintenance Expense of UPTS Facilities . An oftentime over

looked expense borne by local governments is due to the part-time main

tenance and upkeep of local UPTS facilities. These facilities can range 

from bus stop benches to major "park and ride" facilities. Maintenance 

includes repainting, mowing of grass, paving of entrance ways to local 

streets and possible installation costs for any UPTS facility which im

proves the comfort and convenience for each jurisdiction's transit user. 
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1.3 Labor Inputs 

Labor inputs to the UPTS occur at various l evels of government which 

support or provide control in public transportation planning and operations. 

The major categories, as shown in Figure XII-1, include: adminis tration, 

planning, financing, maintenance, law enforcement, and legislative or reg

ulatory functions. These functions, and the labor inputs they necessitate, 

may be strictly local or they may be state or federal ones, at which time 

they may cover in their jurisdiction more than one urban region (i.e., the 

Federal Environmental Protection Regional offices). It may be noted that 

these same functions have been previously described in detail under capital 

inputs or operating expenses. Labor inputs may thus be logically viewed as 

labor based contributions, labor costs and working hours, which are 

necessary to implement the capital inputs, and to carry out operations. 

Clearly, from the discuss ion in ::iect ion 1. 1, "Capital Inputs, 11 

numerous problems arise in disaggregation when a modal separation of comnon 

use facilities is necessary. In labor inputs, these identical situations 

are present. At all levels of government, the appropriate governmental 

inputs would have to be apportioned by the mode and proper functio n before 

they -could be used in a study on efficiency. 

1.4 Sl.lllUllary of Governmental Input Sources 

The deta~led outline of the individual input items which government 

may contribute to the UPTS was shown in Figure XII-1. A clarification of 

the concept of government participation from all levels can be schematically 

seen in Figure XII-2. As can be seen, the UPTS is the recipient of the 

total inputs from all levels of government, local, state , regional , and 

federal. 
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2.0 Governmental Inputs By System Component 

As discussed within prior sections of this study, the UPTS include 

three major components: the network, the primary transportationservices, 

and the auxiliary or support functions. Each of these system components 

receives both capital and labor contributions from the government, in 

the form of either direct or indirect transfers. 

A signif icant portion of analysis requires the identification and 

association of the nature and magnitude of governmental capital (monetary, 

physical or transfer of use) investment in each component (i.e., network, 

primary, and support services) and the resulting impact on system outputs 

derived from the expenditure. Thus, ID-frA Section 3 monies, as an example, 

dedicated to sys tem-wide capital improvements must be segregated by amounts 

spent on network facilities, primary services and support functions. More

over, these disaggregations must be further divided among the various modes 

comprising the system. 

This methodology has been followed in this study for government inputs 

from all levels. Consequently, the coordinated funding packages among 

federal, state, regional and local agencies, necessitated individual scrutiny 

to determine if funds were earmarked for a particular system facility or 

service. The results are included in the estimates reported in the Fiscal 

and Physical Input Matrices for each region. 

3.0 Considerations of Government Input Measurement 

Conceptually, the task of account ing for government inputs is quite 

simple. However, completing this task represents a difficult eff~rt in 

terms of data collection, refinement and assignment to the appropriate gov

ernmental contributor. The sources of governmental input data are many and 

include city, county, state and federal budget publications, capital budget

ing programs, resources utilization plans and individual transit property 
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operating statements. 

As described in the initial sections of this report, the present 

study has been innovative in tenns of attempting to evaluate total system 

inputs of resources and outputs of transit services. Unfortunately, most 

of the data sources and agencies are not currently geared to accounting 

procedures and data inventories required by such a study. This situation 

dictated the development of assmnptions and ground rules for an equitable 

identification and distribution of monetary and resource transfers. Some 

sample problems and necessary assmnptions are given subsequently. The 

resultant data is presented, of course, in the Fiscal and Physical Input 

matrices as well as in the Output matrix for each year and region. 

3.1 Detennination of Magnitude and Value of Indirect Transfers 

A major problem arises in determining the quantity and dollar value 

of the indirect monetary and resource transfers. For transportation 

facilities providing multiple mode use (e.g. the highway network), an al

location formula must equitably apportion total costs (capital, operating, 

and maintenance) in relation to the individual mode usage. In order to 

allocate the indirect monetary or resource transfers, simple proportions 

were developed based on total vehicle-miles traveled by all modes and the 

vehicle-miles traveled by the public transportation modes. 

3.2 Allocation of Direct and Indirect Transfers to Appropriate 
Govermnent Level 

In collecting data for operating subventions, as an example, the total 

amount of funds entered on a SEPrA operating statement must be disaggregated 

to indicate the participating local jurisdiction's contribution, and the 

sub-modes (i.e., trolley, bus or rapid transit} share of the contribution. 
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4.0 Data Collection 

The data inventory and research required for specifying the govermnen

tal inputs represents a formidable undertaking. Although in principle, the 

notion of government inputs is clearly straightforward, the collection of 

meaningful statistics in some instances is virtually impossible. These dif

ficulties are largely due to the varied accounting procedures among govern

ment agencies at all levels. 

It is unfortunate that government agencies in addition to the individ

ual transit properties do not follow a uniform procedure for assembling and 

presenting the detailed data important to this study. This difficulty alme 

represented the single most important chance of data collection error or 

inaccuracy. During the conduct of the study the following data checks and 

balances were encouraged: 

(a) Data Collection Procedures. The widespread nature of 

the study area, which included three states, four operators and 

numerous local governments and planning agencies, required the 

judicious assignment of staff personnel for interviews and statis

tical searches. Telephone and letter requests were the most corranonly 

used methods of making contacts with the various government agencies. 

The degree of cooperation and expediency in responding to data 

requests varied considerably. However, a general trend appeared 

that indicated that the larger the governmental agencies, the greater 

the difficulty in retrieving the requested data. 

(b) Typical Data Collection Problems. As previously mentioned, 

the single most important data problem involved reconciling each 

agency's "in-house" accounting system against each other. The manner 

in which budget entries of postponed debt, depreciation, listing of 
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receivables (i.e., ordered but not delivered capital grant items) 

and conversion of fiscal year to calendar year statist i cs were 

handled variously throughout the hierarchy of governmental J.evels. 

(c) Data Reliability and Verification. All data underwent 

a certain amount of processing and refinement. Checks were com

pleted for accuracy and consistency in dollar magnitudes by a 

cross-checking with related services. Trends were verified as to 

reasonableness by contacting the individual governments. On the 

aggregated scale all federal capital grants and operating subsi

dies were checked to detennine if the approximate split required by 

the local governments were on the order of 80 - 10 - 10 percent 

(Section 3, federal, state, local), and 50 - 50 percent (Section 5, 

federal, local). 

5.0 Government Input Results 

Upon reviewing preliminary data, it became evident that the re

trieved data was of varying degrees of reliability. This is not to say 

that the data was incorrectly interpreted or reported, but rather that 

estimated or derived data had to be developed to meet the needs of the 

study. The results were the establishment, again of three class of input 

data the following: 

(Group 1) Hard Data. For government inputs, a hard data 

item was one which was taken from a published direct source or from 

direct contact with the appropriate agency. For instance, in 

detennining the individual operating subsidies that the various 

governmental units make to SEPTA operations, direct contac t with 

the budget departments of these agencies were the basis of each 

entry. 
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(Group 2) Estimated Data. This class of data was based on 

estimations from indirect sources. For instance, given a statistic 

such as the ntnnber of transit officers employed, and applying an 

average salary, an annual expenditure was developed. 

Due to the nature of government inputs, no data fell into the category of 

proxy data on inputs, and consequently did not have to be further 

elaborated. The actual data collected for each region and system operator 

is shown in the Fiscal and Physical Input Matrices. 
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CHAPTER XIII 

CONTRIBUfIONS AND CONCLUSIONS OF THIS PROJECT 

This chapter of the project on efficiency studies of urban 

public transportation systems concludes with a brief list and des

cription of the contributions and findings that the research effort 

reported herewith, is believed, has produced. 

1.0 Contributions 

Three types of contributions one may cite are coming out from the 

research effort of this project, the following: 

1.1 The Matrix Format of Inputs and Outputs of UPTS: 

In Chapters IV, V and VI a detailed description is provided of 

the three essential elements of this project , i .e., in Chapter IV 

the matrix that presents the UPTS inputs in a fiscal (dollar based) form; 

in Chapter V the matrix that presents the UPTS input s in physical (dis

tinct units) form; and in Chapter VI the matrix that presents the outputs 

of the UPTS in physical, distinct unit form. This presentation of inputs 

and outputs of UPTS came out of continuous efforts to present the inputs 

and outputs of UPTS in a comprehensive and illuminating form that would 

permit a more accurate and detailed understanding of what is taking place 

in such systems. As can be seen, three essential characteristics are 

included in these matrices. First, they include in a cumulative manner 

all the inputs contributed by each of the four interacting actors, i.e., 

the systems operators, the direct users, the society at large and the 
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government at all levels . Second, they include a specification of 

where exactly within an UPTS the inputs are applied, i.e., the primary 

service component, the support functions component, or the network. 

Third, they include a differentiation of the information according to the 

f irmness and directness of the data related to each input or output 

variable. Thus, the variables in each matrix are divided into direct data 

input and output variables, estimated data input and output variables, 

and finally variables with proxy data that can be established on the basis 

of s ome acceptable or plausible convention. 

Such a comprehensive and lucid presentation of input and output data 

is absolute l y necessary for any comprehensive analysis of the efficiency 

and productivity of UPTS. While the matrices as presented in this report 

may still be improved in detail and clarity, the essential contribution 

t hey make toward such studies should not be underestimated. 

1 . 2 The Uses of Efficiency Measurements: 

The second important contribution that this report offers is in the 

kind of applications it suggests of the efficiency (and productivity) 

measures that can be derived for each UPTS. 

Essentially there are three types of meaningful relationships be

tween inputs and outputs that can be derived. While the derivation of 

such ratios per~ represent no innovation in the field, by any means, 

t he richness and the variety of such ratios are, of course, new dimen

sions of this analytical tool. The three types of meaningful ratios (or 

relat ionships ) are the following: 

(a) System outputs over system inputs: expressive of unit 

costs f or each output in terms of the input used. 

(b ) Component inputs over component inputs: expressive of the 
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comparative support that is provided for each system component. 

(c) Component outputs over component outputs: expressive of 

relative production capabilities of each system component or system funct i on . 

These three essential types of ratios (or relationships) can, then, 

be seen being helpful in the five following points of concern: 

(i) Mode Comparisons. Any and all the three types of the 

ratios above are usable in at least three situations, i.e . , when a 

comparison is desired of a mode of travel over a number of years (trend 

analysis); when a comparison is desired of the efficiency of a mode over 

several regions (interregional system analysis); and when a comparison 

is desired of the efficiency between modes of travel (intermodal analysis). 

(ii) Regional Comparisons. Again the three types of ratios 

can be very useful in three other types of situations, the following: when 

a comparison is desired among UPrS operating in regions of distinctly dif

ferent types; when a comparison is desired among UPrS serving regions of 

distinctly different scale; when a comparison is desired among UPIS in 

different regions governed under dist i nctly different managerial styles or 

approaches. 

(iii) Actorial Comparisons. The three types of ratios can also 

be proven very helpful in the cases where comparisons are desired between 

inputs and outputs as related to each actor that interacts with the UPrS. 

Such comparisons involve usually several systems, and any or all four act

ors of UPTS. Conunensurability between inputs and outputs for each actor can 

thus easily be traced and compared. 

(iv) Comparisons Between Types of Inputs: Ratios of the input

to-input type c.an frequently be proven very helpful (as well as rat i os 

of outputs over inputs) when a comparison is desired of t he effective -
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ness of each type of input (labor types, capital types, or labor vs. 

capital) in achieving pre-determined system objectives. 

(v) Comparisons of Component Effectiveness. All three 

types of ratios between inputs and outputs can frequently be proven 

instrumental in situations where comparisons are desired of the effect

iveness with which inputs applied to the various system components (primary 

services, support functions, networks) can produce system outputs. In 

many respects a central part of the present project focused on this exact 

type of comparison. 

1.3 A Vertical System of Efficiency Measurements: 

The third type of contribution that one may cite is the vertical, 

and sometimes cumulative, system of efficiency indicators that is being 

introduced and discussed in Chapters I and II. This system of measurements 

is of particular significance because of its flexibility in meeting dif

ferent levels of responsibility in managerial and planning concerns. 

Clearly the efficiency and productivity of UPTS needs and must be exam

ined at several levels of decision making, from the simple function of 

the superintendent of a single function to the level of the division 

chief, the level of the executive manager and even that of the chief pol

icy maker of a metropolitan region. The contribution that this project 

introduces is a cumulative system of indicators with ever-enlarged data 

basis and a sequential elimination procedure of partial indicators. 

Should a planning or a managerial problem emerge in a UPTS with such a 

system of performance indicators, the analyst would always be able to 

identify and trace the relationships that reveal the roots of the problem. 
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2.0 Conclusions 

The research effort reported in this project can be conclu~ed with 

eight major findings-conclusions as listed below. As this project was 

primarily exploratory and methodological in nature, no specific finding is 

reported with regard to the specific systems operating within the three 

test regions. The eight findings reported here are thus procedural and 

substantive rather than system specific. 

(1) The operator inputs to OPTS are among the easiest to ac

count for. Although they are quite substantial, they usually include only 

part of the inputs required for the normal operations of the system. The 

inputs by the operator can also be traced relatively easily to the point 

of their application within the system, i.e., the primary services, the 

support functions, the network, or other more specific functions within 

the system. 

(2) The government at all three l evels, contributes substantial 

indirect inputs for the installment and operation of OPTS. The amounts 

vary but are extensive and in some ways can even be half as much, or more, 

as the actual operating costs of the system itself. These governmental 

inputs are above and beyond any direct subventions usually necessary for 

the operations of the OPTS. They include many types of governmental ex

penditures that are devoted to urban public transportation under one aus

pices or another. Such expenditures include governmental inputs for capital 

expansions, or for facilities used or owned by one governmental level or 

another but devoted to the operation of OPTS. They also include other 

direct operating expenditures for governmental functions that are devoted 

to the need of public transportation. Because of this diversity of ex

penditures of this type, and because of the indirect s ources of these 
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governmental inputs to UPTS , they are usually overlooked and they are not 

taken into account when inputs inventory is undertaken. Based on the sig

nificance of these type of inputs, however, it seems imperative to sug

gest that they must be included in any future analysis of UPTS cost inputs, 

regardless of the difficulties in data identification and collection. 

(3) The contributions of the direct users of UPTS are indeed 

extensive and multiple, far beyond the often-cited, out-of-pocket fare 

payed by the user to the operator of the system. These contributions, or 

inputs, include the extra travel time required, the risks for accidents and 

incidents, and of becoming the victim of a crime, the inconvenience and 

discomfort experienced, the muscular effort needed to exert in going to and 

from the facilities of UPTS, or the effort needed in getting in and out 

of the vehicles and, sometimes, while traveling through the system. Also 

such inputs include the investment needed for supplementary modes of 

trave l for getting to and from the facilities of UPTS. 

Obviously, user inputs are many and quite important from the point of 

view of the user. According to conventional translations of such inputs 

into proxy dollars, the total user costs can be seen as being 5 to 10 times 

as much as the typical fare paid in most urban public transit systems. This 

finding is very disturbing indeed, and, if generally true, can explain much 

of the relative demand inelasticity found to fare variations within urban 

areas. Also the findings of the present studies suggest that additional 

studies must be undertaken for a comprehensive and accurate accounting of 

user inputs for UPTS. Such studies must also include the means of trans

lating the diverse user inputs into uniform and additive accounts. The 

findings of the present study indicate that the challenging task of incor-

porating the user inputs into efficiency and productivity studies is also 
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one of the most important tasks in the field, indeed. 

(4) The societal inputs to UPTS are found to be much smaller 

in magnitude, and even in significance than the inputs of the other three 

actors. These inputs are primarily externality costs and, it seems, they 

are getting to be either stable or even slightly smaller, as the air pol

lution and noise pollution effects of buses are placed under control. The 

estimates of the present study indicate that society contributes inputs to 

urban public transit through the additional costs that these systems nec

essitate because of the negative outputs that these systems produce in their 

everyday operations. The second type of probable societal costs are the 

opportunity costs which some authors have suggested. In the present project, 

such costs have been considered as inappropriate and excluded from the 

estimates. 

(S) The labor inputs to the UPTS have been found to be extremely 

important within the accounts of the operator of the system. With the elim

ination of capital recovery costs from most UPTS operator accounts, labor 

costs winded up representing 70 to 80% of the reported annual operating 

costs of UPTS. The analysis of labor inputs for an efficiency and product

ivity study have proven to be both very complicated to complete and very 

important to include. The complications stem from the variety of such in

puts. Labor inputs can be counted in tenns of labor costs in dollars paid, 

in terms of individuals employed, and in terms of the amount of working 

hours invested in the production process. Each measurement has its own 

problems. Labor costs involve the analysis of direct and fringe benefits 

costs. It also involves skill's com.position and wage rates in each system. 

Headcounts face the problem of full-time and part-time employees, and the 

lack of specificity about the extent of employment during_the year for 

each employee. Working hours is on·one hand, the most sensitive measure of 
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labor inputs, but, on the other hand, face the problem of counting 

separately overtime, or weekend working time. 

In addition to these complications, labor inputs need to be allocated 

carefully to each system component and each system function. In fact, this 

detailed allocation of labor inputs need to be matched with similar 

specifications of output measurements. The complication in this effort is, 

of course, that outputs have frequently different divisibility character

istics than labor inputs. For instance, supervisory or managerial labor can 

be allocated to specific products only in a proportional manner, or be re

tained as managerial labor per se, without any specific product association. 

Labor input analysis for UPTS has been found much more important than 

t he emphasis it has received until now. Efficiency improvements in the oper• 

ations of UPTS rest almost exclusively on the efficiency with which labor 

is utilized in these systems. Such utilization involves very detailed all

ocation of labor into specific functions, as well as specific relationships 

between detailed functions within the system. Unfortunately, until now, only 

gross labor counts have been maintained by most systems and only gross, 

and generalized efficiency measurements for the entire system have been 

carried out. 

(6) Capital inputs present another problem. Current input ac

counts, and typ i cal efficiency studies for UPTS have tended to exclude 

capita l inputs from their concern5 For a number of years, such inputs came 

from distinct governmental actions in the fonn of special grants to UPTS or 

t o othe r governmental units. Since these grants did not include, as a rule, 

provis ions for repayment, no capital recovery factor had to be detennined. 

It is rather meaningless, and at times very misleading, to exclude 

capital i nputs from efficiency and productivity analysis. Capital inputs 
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contributed by the operator (or the govermnent) take many forms. Fixed 

assets, rolling stock, land and even materiel, are included in this 

classification. All types of capital inputs need, then, to be annualized 

for their proper incorporation. In this respect two major questions arise: 

i.e., the matter of life expectancy of each capital asset and the matter of 

potential interest on the capital invested. Capital investment, current and 

past, need to be associated with a specific life period during which the in

vestment is useful. There is great uncertainty as to what is the useful life 

of most transit facilities. In many cases a determination is made on the 

basis of the prevailing circumstances and the political climate. 

The problem of choosing a capital depreciation method enters also, 

along with the problem of whether or not to include any interest rate for 

the invested capital. The determination of the annual capital inputs to an 

UPI'S requires the satisfactory resolution of all these questions before it 

can be effected. The present study reveals some of these problems and call 

for more intensive studies. 

(7) Energy inputs to the UPTS have also emerged as an important 

component of the problem. Efficiency analysis of such systems would need 

to incorporate concerns of energy efficiency with regard to both certain 

modal characteristics as well as certain operational characteristics of 

each system. This study has only just touched this part of the problem. 

Further studies would need to delve in depth into such aspects of UPI'S as 

vehicle selection, route selection, route characteristics, speeds, as well 

as several support functions characteristics. 

(8) The outputs of the urban public transit systems have also 

been found to be very elusive and difficult to both define and measure. 

Beyond the few output variables which have traditionally been taken to 
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represent system outputs (i.e., vehicle miles , passenger miles, seat 

miles, and vehicle hours) the problem of incorporating secondary or in

direct outputs of UPTS into efficiency and productivity studies repre

sents still a major challenge. In this project only direct outputs, was 

possible to be utilized for efficiency and productivity measures. Output 

variab les utilizing estimated data and/or proxy data were avoided because 

of the uncertainty that they introduce. Hopefully such data will soon be 

accepted broadly enough to permit its use for comparisons and analytical 

studies. 

3.0 Further Considerations 

At the conclusion of this list of findings, it seems important to 

. stress two important observations. First, this project was not able to 

complete the counting of all the inputs and all outputs of the UPTS in 

the three test regions. Time limitations, budget limitations and lack of 

authorizations to extract promptly all pertinent data from the various 

operators within the three regions prevented the research team from com

pleting the comprehensive, and exhaustive study of inputs and outputs 

that originally was expected. Hopefully the Planning Agencies and the 

various Operating Authorities within the three test regions will under

take such a task in the near future. 

Second, this project has not been able to complete the detailing 

of all the inputs by function and system component. In this respect, the 

effic iency indicators presented in Chapter II are not yet accurate and 

complete enough for comparative conclusions. Again, the local Planning 

Agencies and the Operating Authorities within the region would, hopefully, 

unde rtake such a task in the near future. 
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In both cases the fact of the incomplete or not detailed data basis 

did not prevent the project from reaching its primary objective, which 

was methodological and conceptual rather than a case study of three regions. 

Finally, another important point should be made concerning the 

difference between the emphasis of this study and the emphasis of the 

typical planning studies. Planning Agencies usually focus their studies 

on additional physical facilities and their manifestations, i.e., a 

typical construction cost and a typical type of service offered. Un

fortunately, Planning Agencies seldom focus on operational costs and 

problems. Either they ignore such problems or implicitly accept that 

the best possible accomplishments have already been reached by the pre

vailing practices in the field, and that the remaining dominant need is 

for additions and extractions of facilities and services. In contrast 

to their emphasis, the present study focused on actual operations of 

UPTS. Such an emphasis includes both the task of incorporating all in

puts to the system as well as the task of determining a system-wide 

optimality in the allocation of these inputs within the system and within 

the pattern of the offered services. In regions where current operations 

of UPTS are draining the financial capabilities of the local institutions, 

there are few expectations that such systems will be expanded and/or im

proved substantially. For instance, it is rather difficult to expect 

strong support for a major expansion and improvement for a system like 

SEPTA when the analyst discovers that its current annual operations re

quire from the various governments, more than $100 million in direct 

subventions and more than $150 million in indirect subventions for a 

level of operations that does not exceed 100 rides per person per year. 

This level of governmental support exceeds 70¢ per ride, or twice as 
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much as the direct user contributes. If the analyst adds to these ac

counts, the inputs required from each user, beyond the payment of the 

fares, in terms of extra time inputs, and risk of accidents, incidents 

of crime, plus in terms of supplementary investments needed to move to 

and from the UPIS facilities, he may soon realize the great magnitude of 

the costs involved and the drain in resources its current annual oper

ations necessitate. 

The realization of this situation suggests that there is a major 

need in the field of urban transportation for planning studies that ex

tensively and intensively focus on the subject matter of this study, 

i.e., the productivity, efficiency and quality of the operations of UPIS. 

It seems rather appropriate to state here, at the conclusion of the pres

ent study, th2.t it is high time for modern urban transportation planning 

to place major emphasis on the operating productivity, efficiency, and 

quality of the urban public transportation systems that are profusely 

being planned in the various metropolitan regions of the country. 
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APPENDIX A 

DEFINITIONAL DETERMINATIONS OF SYSTEM COMPONENrS 

The UPTS is functionally divided into three major system components. 

The definition of each of these components has been formed as follows: 

(a) The Primary Services Component. Included in the primary 

services component are those activities, expenditures and resources 

necessary and sufficient to produce optimum travel service. The critical 

aspect of this definition is the production of optimum travel service. 

While it is generally held that the simple ability of a vehicle to negotiate 

a guideway (fixed modes only) is enough, increasing evidence mounts that 

aspects of level of service (L.O.S.) are important ingredients to the very 

definition of travel service. For instance, it is not enough that a bus 

simply arrives at a stop, it is important to add that the bus arrives on 

time, is clean, comfortable and reliable. Using this definition and 

concept of optimum primary service, the following capital inputs are in

cluded in the primary services system component. 

It is readily understandable that revenue vehicles which deliver the 

transit service should be included in the primary component. Additionally, 

those revenue vehicles held in reserve as replacement units for vehicles 

manifestly delivering the service should be included. It also follows that 

the wreckers, service cars and other "first-aid" type services should be con

sidered as primary becuase of their direct role in providing optimum service 

i n the event of breakdowns. Finally, funds used to purchase revenue equip

ment must be considered as part of the primary component. Carbarns and other 

parking or vehicle overnight storage structures in which activities such as 
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cleaning, minor repair and other primary serv ices might also be perfo~d. 

Station services and the activities adjoining stations should be included. 

As a clarification, only those areas of the station used in providing 

transit service should be included in this input. 

The inclusion of signals and interlockers as a primary service 

capital input is logically derived from the concept of L.O.S. consideration. 

These devices are undeniably essential to providing fixed guideway transit 

service. The importance of safety to travellers is evident in the litera

ture of transit service. The use of signals in such fixed systems is a 

firm and unbending engineering principle. The engines or locomotive units 

of transit service must also be considered as primary components. 

Typically, urban transit systems on fixed ways are operated using 

third-rail or overhead catenary distribution systems. It is apparent that 

the provision (generation), transmission and distribution of electrical 

service is a necessary factor in delivering transit service. Transit oper

ators must also input land in various uses into the provision of transit 

service. Clearly, the land occupied by the structures that are parts of 

the primary services are vital to the provision of such services and is, 

thus, part of the requirement in the provision of primary services. 

(b) Support Functions Component. Includes the activities, 

expenditures and resources consumed in the non-daily operation and mainte

nance of the primary and network facilities. The support component is 

largely explained by maintenance and shop facilities and equipment. A 

crucial element of the support component is the non-daily aspect of the 

support function • . The primary component which has been indicated to in-
. 

elude daily cleaning, maintenance and repair, highlights this distinction. 

231 



The physical structures of garages and shops wherein major maintenance 

and repairs are performed are included in this classification. As with 

structures of the primary component, the land upon which these structures 

are situated is also considered an element in the support component. Add

itionally, the equipment necessary to perform major maintenance and repair 

activities is enveloped by the support component. Work cars are also in

cluded in the support function. Clearly, the distinction between daily and 

non-daily holds for this factor as for others. Towing vehicles, sand/salt 

cars perform primary functions while supply cars, rail grinders perform sup

port functions. 

Another category included in the support component are miscellaneous 

way structures. Typically section houses, storage facilities along the 

way, parking lots and garages, and similar structures are included. Finally, 

all management, administration, central computer services, personnel, 

finances, training and acquisitions departments, and the associated facil

ities, land and equipment are clearly parts of the support functions of an 

UPTS. 

(c) The Network System Component. The network system component 

includes major capital fixed assets $UCh as links, nodes, stations and 

terminals. The network is viewed as a clearly identifiable group of 

elements. These elements often are the obvious manifestation of the ex

istence of a transit system. 

For all transit systems, the terminals and stations are most clearly 

related to the network. It is at these points that the user of the system 

enters or exits a transit system. These loci draw the user and are seen as 

·, the most direct manifestation of transit usage. The links which exist to 

connect the various stations also serve a network function. While for bus 

systems the link is the highway along a specified route on a map, for fixed 
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guideway systems, the link is paramount and more obvious . Namely , the 

link, in fact, guides the way and includes ground level facilities, 

funnels, bridges, or elevated structures or various combinations thereof . 
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APPENDIX B 

OPERATOR INPUTS : CAPITAL ASSETS 

Contained in this appendix are the following items of 

information: 

1.) Graphic present at ion of Depreciation and "Gapping" 
due to Increased Replacement Costs -- Figure B-1. 

2.) Selected Wholesale Price Indices -- Table B-1. 

3.) Data on Operator Capital: Inputs Unit Cost -- Table B-2. 

4.) Depreciation Schedule - PATCO -- Table B-3. 
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Figure B-1 

GRAPHIC PRESENI'ATION OF 

DEPRECIATION AND "GAPPING" 

DUE TO INCREASED REPLACEMENT COSTS 

Replacement Cost 
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TABLE B-1. 

SELECTED WHOLESALE PRICE INDICES 

(A) WHOLESALE ffiICE INDEX RAILROAD ROLLING STOCK 
YEAR INDEX YEAR INDEX 
1961 1 00. ?. 1968 106.8 
196?. 100.5 1969 112.4 
1963 100.5 1970 119. 2 
1964 100.5 1971 1?.1.1 
1965 100.9 197? 128.77 
1966 101.? 1973 134. 7 
1967 103. 6 1974 163. 8 

(B) WHOLESALE PRICE INDEX MO'J;'OR BUSES (19 67=100) 
1949 7?7 19 6?. 96. 6 
1950 73.3 1963 96. 7 
1951 75. 7 1964 96.8 
1952 76.7 1965 96.8 
1953 78.3 1966 97.7 
1954 78. 6 1967 100.0 
1955 79.3 1968 103.6 
195 6 83.6 1969 106.9 
195 7 90.? 1970 111. 2 
1958 93.7 1971 115. 0 
1959 96.0 197? 117. 3 
1960 95.8 1973 120.0 
1961 96. 6 1974 1?9.6 

(C) CONSUMER PRICE INDEX, ALL ITEMS (1967=100) 
YEAR INDEX YEAR INDEX 
]949 71. 4 196?. 90. 6 
1950 7?. 1 1963 91. 7 
1951 77.8 1964 9?.. 9 
195? 79.5 19 65 94.5 
1953 80. 1 1966 97.3 
1954 80.5 1967 100. 0 
1955 80.? 1968 104.? 
195 6 81. 4 1969 109.8 
1957 84.3 1970 116. 3 
1958 86. 6 1971 1? 1. 3 
l 959 87.3 197? l?,5. 3 
1960 88. 7 1973 133. 1 
1961 89. 6 1974 147. 7 

SOURCE; Evaluation of Rail Rapid Transit and Express Bus Service in the Urba ·n 
Commuter Market, Institute for Defense Analysis, U.S. Department of 
Transportation, 1973. 
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TABLE B-2. 

DATA ON OPERATOR CAPITAL INPUTS UNIT COOT 

Listed below are the various units costs and price indices used 

to generate values presented in the charts attached to the main report. 

Item 

Parking Space 
51 Seat Bus 
46 Seat Bus 
45 Seat Bus 
39 Seat Bus 
33 Seat Bus 
Third Rail 
Catenery 

Concrete Subway 
Mainline Track 
Yard Track 
Elevated Track 
Commuter Rail Car 
Market-Frankford Cars 
Patco Cars 

Trolley Rail Coach (RAD) 
Broad St. Subway Cars 
Subway Surface Cars 
Tunneling 

Unit 

(1) Space 
(1) Bus (W A/C) 

Bus (W A/C) 
Bus (W A/C) 
Bus (W A/C) 
Bus (W A/C) 

78,550 Linear Feet 
1 Mile, 1 Track 
1 Mile, 2 Track 
Linear Foot 
Linear Foot 
Linear Foot 
Linear Foot 

(1) "Silverliner" 
(1) Multiple-Unit Car 
(1) Multiple-Unit Car 
(1) ·Single-Unit Car 
(1) Single-Unit Car 
(1) Single-Unit Car 
(1) Single-Unit Car 

Linear Foot 

S.PYl(tE: Capital Costs For Transit Projects 
DVRPC~ June 1973. 
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1973 Unit Cost 

$ 600 
40,000 
37,291 
36,700 
36,508 
29,000 

1,147,494 
69,190 

113,000 
1,495 

35 
30 
61 

255,000 
178,000 
256,000 
191,000 
168,300 
214,000 
262,500 

1,495 
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I. C. C. 
Account 

No. 

501 
502 
503 
504 
505 
506 
507 
508' 
510 
511 
513 
515 

516 

517 
518 
521 

. 523 

524 

52l+-l 

530 
~33 
536 
536-1 
537 
539 
51~4 
551 

TABLE B-3. 

DEPRECIATION SCHEDULE l 
DELAWARE RIVER PORT AUTHORITY - SOUTHERN NEW JERSEY RAPID TRANSIT SYSTEM 
SCHEDULE OF INVESTMENTS IN FACILITIES AT COST AS OF DECEMBER 31, 1971 AND 

DEPRECIATION ON THESE FACILITIES FOR THE YEARS 1970 AND 1971 

Estimated Assctc 
Account Life Balance 

Dcscr:i ption (Years) _.l?) _ _'31 / 71 1971 _l-970 

Enesinecring 100 $6,736,911 $ 66,160 $ 65,240 
Right of wo.y 11,219,130 
Other land 3,953,51~2 
GradinG 100 10,657, 9112 105,621 106,184 
Ballast 53 398,989 7,541' 7,356 
'ries 32 777,380 24,332 24,106 
Rails 37 2,260,9G4 61,011-6 60,660 
Special T,rork-track 35 711~, 091 20,423 15,46!~ 
Track and roadway labor 35 2,1~27 ,281 69,1~20 67,258 
Paving 16 295 , 1~71 18,467 18,11-20 
Tunnels and subws.ys 100 5,454,954 51,723 11-8, 873 
Bridges, trestles and 

culverts 75 6,115,l~37 80,925 80,254 
Crossings, fences and 

signs 20 1, 562,l:96 77,950 77,664 
Signals and interlocks 34 2,938,840 86,118 82,121 
Communication systems 32 · 1,256,351 39, 32l1. 38,305 
Distribution 40 5,421,660 135,490 131,518 
Shops, carhouses o.nd 

garages 46 2,007,572 113,606 43,139 
Sta.tiom; a.nd miscellanCr)US 

buildings 50 10, 311-2, 778 205,994 196,865 
Statioi1s and mi scellaneous 

buildings-escalators 25 l1-3 , 993 1,760 880 
Passen13;er cars 25 8,342, 628 334:517 331,089 
Electric equipment of cars 15 5,492,072 366,530 365,839 
Shop eqtlpmc nt 25 525,603 20J210 19, 111-2 
Miscellaneous equipment 10 58,536 4,284 1,1102 
Furniture 15 502,571 32,105 33, 1~,9 
Power plants 4o 751~, 888 16,159 18,695 
Transmission equipment 30 6,397,085, 217,193 212,""(44 
Ccnstruction and equip:nent 

work in progress 236,584 

}962825, 749x- $'2· ~_q:b , 098 ~;2 ,_~~G ,6U 

*Cost of the facilities was allocated to the above accounts in 
a ccordance with the code of Federal Regulations for e lectric railways --
Part 1202 . 

238 



APPENDIX C 

ENERGY USAGE BY UPTS VEHICI.ES 
(1971 - SEPTA) 

A. Mo~or Bus (for CTD and RAD Divisions Combined) 

(1) (a) Motor fuel expenditure (CTD) 

(b) Motor fuel expenditure (RAD) 

(c) Total motor fuel expenditure 

$1,113,021 

$ 138,481 

$1,251,502 

(2) (a) Unit cost of motor fuel (CTD and RAD) -- $.1199 / gallon 
diesel fuel 

(b) Motor fuel consumed (CTD) 

(c) Morot fuel consumed (RAD) 

(d) Total Motor fuel consumed 

9,282,911gallons of diesel fuel 

1,154,971 gallons of diesel fuel 

10,437,882 gallons 

(3) Total energy consumed -- 1.44043 x 1012 BTU (from (2d) and 
conversation factor) 

(4) Total vehicle operation energy --(1971) 1.22436 X 1012 BTU (85 % of (3) ) 

(5) Total Vehicle operation energy cost--(1971) $1,063,777 (85% of (le)) 

B. Trolley Rail (CTD only) 

(1) (a) Electric power expenditure -- $ 951,099 

(b) Total Vehicle Operation Energy Cost -- $808, 434 (85 % of (la)) 

(2) (a) Unit cost of electric power -- $0.013203/kwh 

(b) Total electric energy consumed -- 72,036,582 kwh 

( c) 12 Total energy consumed--0. 7708 X 10 BTU (from ( 2b) and 
conversa t ion fact ors ) 

(3) Total vehicle operation energy--0 .6552 X 10
12 

BTU (85% of(2c)) 
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C. Rapid Transit 

Electric power expenditure -- $561,261 (1) (a) 

(b) Total vehicle operating energy cost -- $1,326,072 (85% of (la)) 

(2) (a) 

(b) 

(c) 

Unit cost of electric power -- $0.013203/kwh 

Total electric energy conswned -- 118,250,470 kwh 

12 Total energy consumed--1.2653 X 10 (from (2b) and conversion 
factor) 

(3) Total vehicle operation energy--1.0755 X 10
12 

BTU (85% of (2c)) 

D. Commuter Railroad -- Reading 

(1) (a) Electric power demand -- $ 606,100 

(b) Electric energy-

(c) Diesel fuel --

666,400 

65,500 

(d) Total energy expenditure $1,338,000 

(2) (a) Unit cost for electric power demand -- $2.99/kwh 

(b) Electric power demand consumed -- 202,709 kwh (from (la) 
and (2a)) 

(c) Unit cost for electric energy -- $0.0137/kwh 

(d) Electric energy consmned -- 48,642,335 kwh (from {lb) 
and (2b)) 

(e) Total electric energy consumed -- 48,845,034 kwh (sum of 
(2b) and(2d)) 

(f) Total BTU equivalent of(e)-- 0.52264 X 10
12 

BTU 

(3) (a) Unit cost for diesel fuel -- $.1262/gallon 

(b) Total diesel fuel consumed -- $19,017 gallons (from(lc) 
and (3a)) 

12 
(c) Total BTU equivalent of(b)-- 0.0716 X 10 BTU 

12 
(4) Total energy consumed -- 0.5942 X 10 BTU (sum of (le) and (3a)) 

(5) (a) Total vehicle operation energy -- 0.5051 X 1012 BTU 
(85% of (4)) 

(b) Total vehicle operation energy cost -- $1,137,300 
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APPENDIX D 

II . DATA ON FARE STRUCTURES 

All of t he public modes in the study area have a fare structure 

for their use r s which determines a portion of their mone tary input. 

The following inventory of exist i ng fares is arranged in orde r to treat 

each operation separately, i.e., 

( a) Pennsylvania Region: 

(i) CTD and RAD Fare Structures: Sunnner 1975 

Fare Type 

Base Fare 
Senior citizens (off peak hours) 
Senior citizens (peak hours) 
RAD increments per zone 
Transfers 
Increment for trip beyond City limits 
School children 
Handicapped persons (off peak hours) 
Handicapped persons (peak hours) 

( ii ) Penn Central and Reading Fare Structures: 

Within the city limits of Philadelphia: 

.60 

.50 
one way (peak hours) 
one way (off peak hours) 

Fare 

35¢ 
Free 
10¢ 
10¢ 
05¢ 
20¢ 
10¢ 
Free 
25¢ 

Al l fares for trips between the Philadelphia CBD and stations 

beyond the city limits, including Wissinoming, Tacony, Holmesburg Junction 

and Torresdale on the PC Trenton branch, are mileage based and are quoted 

in special tables; they vary from 55¢ to $1.45 . 

A joint fare arrangement between SEPTA and Penn Cent r a l & Reading 

Railroad provides reduced fare transfer privi leges a t 36 stat ions with 

port ions of 32 i ntersec ting SEPTA bus r outes. Reduced fares are available 

for travel between non-tenninal s t at i ons on t his sytem. A penalty of 10~ 
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is incurred when fare is paid on the train by a user boarding at a 

station with an open ticket office. 

The fare structure of SEPTA is generally a "flat fare" arrangement 

in contrast to the commuter railroad fares which are related to the 

various lengths of trips in miles. 
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b) . FARE STRUCTURE OF THE NEW JERSEY REGION 

The fare structure within the New Jersey Region of this study 

is shown in the following Table D-1. 

TABLE D-1. 

Distance PATCO Fares T. N. J. Fares 

Zone A $.35 (Philadelphia $ . 4 0 (Basic Fare) 
to Camcien) 

Zone B $. 50 (Philadelphia $.50 
to Ferry Ave. ) 

Zone C $. 60 (Philadelphia $. 55 
to Haddonfield) 

Zone D $.75 (Philadelphia $. 60 
to Lindenwold) 

NOTE: (1) Transfers between T. N. J. routes= $.10 

(2) School fares = 2/3 adult f."lre (T. N. J. ) 

(3) Each succeeding zone=$. 05 additional (T. N. J.) 

(4) Between stations in New Jers ey $ . 45 (PATCO) 
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c). WILMINGTON/DART REGION 

DART has a base cash fare of $.35 with free transfer privileges . 

The fare structure is presented in Table D-2 below. 

TABLE D-2. 

CURRENT DART FARE STRUCTURE 

SINGLE-ZONE FARES 

Adult Cash Fire 

Tokens Five for $1.50 
(301! ,verage f,rel 

Boole. of 36-Ride Tickets $9.00 (25,t average fire) 

• Boole of 10-Ride, 2-Zone $4.00 (4°' averige fare) 
Tldcetl 

Tnnsfer Free 

·10-Rlde St1.1dent Tickets• $1.50 (15,average fare) 

School Hours only 

10-Rlde Student. 
Ticket• Valid Anytime 

Book of 20-Ride Senior 
Citizen Tickeu • 9:30 A.M. 
to 3:30 PM. only 

$2.00 (2°' average fare) 

$3.00 (show Medicare card 
at time of purchase 1 S,t 

aver age fire I 

,WO-ZONE FARE 
(ANY ONE OF THE FOLLOWING) 

"WCash 
1 Token plus 251! 
2 36-Ride Tickeu 
I 2-Zone Ticket 
1 DART Transfer plus 251! Cash 
1 DART Transfer plus 1 36-Ride Ticket 
2 Student Tickets 
2 Senior Citizens Tickeu 
1 DART Transfer plus 1 Student Ticket 
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THREE-ZON-E FARE 
CANY ONE OF THE FOLLOWING) 

2TolteN plus 54! 

2 36-Ride Tickets plus 1°' 

1 2-Zone Ticket plus 15' 

1 DART Transfer plus 35,t 

1 DART Tr1nsfer plus 1 Token plus Si 

1 DART Transfer plus 1 36-Ride Ticket plus 

1°' 

1 DART Transfer plus 2 Senior Citizen Tickets 

1 DART Transfer plus 2 Student Tickets 

3 Senior Citizen Tickets 

3 Student Tickets 
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LOAD CURVES AND ENERGY CONSUMPTION 

Chart E-1 contains information on the vehicle mileage (at a give~ 

passenger mileage) resulting for different load factor levels. Energy 

consumption per vehicle mile and energy costs per gallon are given. 

Vehicle energy efficiencies at the actual load factor and for a range 

of load factors are then calculated. Energy cost on a vehicle mile 

basis is found and is called energy efficiency. The foregoing analysis 

is done for five modes. 

Chart E-2 contains information on the passenger mileage (at a given 

vehicle mileage) resulting for different load factor levels. Energy 

consumption per vehicle and energy costs per gallon are again given. 

Energy productivities at the actual load factor and for a range of load 

factors are then calculated. Energy cost per passenger mile is found and 

is called energy productivity. The foregoing analysis is done for five 

modes. 

Graphs E-3 and E-4 (derived from Charts E-1 and E-2) illustrate 

relative energy factors versus load factors percentages for modes under 

study. 

Graphs E-5 and E-6 (derived from Charts E-1 and E-2) represent 

relative energy costs versus energy measures over all modes. 
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APPENDIX F 

CRIME, RISKS , AND ACCIDENrS IN THE PHILADELPHIA REGION 

(a) Some Crime Statistics 

The traveler's desire for safety and security influence his 

travel decisions. For instance, a large number of people will ride 

subways only during peak rush hours with the idea that the crowded 

conditions made it a safer enviromnent. A number of riders fear 

travelling on subways after 6 p.m., and, even around 3 p.m. when schools 

let out for the day.* 

Travel by bus versus by subway is frequently influenced by the 

feeling that buses were safer. When users were questioned as to their 

awareness of police protection on UPIS, it was found that people are not 

generally aware of the presence of police except around City Hall and 

primarily during the day. Upon being questioned about the user's know

ledge of crime on the UPI'S, several people admitted to being armed with 

the full intent of using their weapons if threatened. Most riders agree 

the main problem is related to the platform area. Many stations are 

dark, dingy and unsupervised. 

The total crimes reported in the subway-elevated system of SEPTA 

for 1971 totaled nearly 800 (See Table F-1). There were well over 200 

reports of the more serious offenses, including 15 rapes, 166 robberies, 

-AJI'his finding is verifiable through many literary sources, but per
tinent information was also provided by the Mayor's Criminal Justice Im
provement Team, Philadelphia, based on data gathered from the policy and 
security management consultants during an evaluation study of SEPTA's 1973 
application for funds from the U.S. Dept. of Justice, Law Enforcement 
Assistance Administration. 2S2 



19 aggravated assaults, 14 burglaries and 20 cases of lerceny over $50 . 

In the class of less serious crime, there occurred 88 cases of larceny 

under $50, 68 assaults, 235 counts of vandalism, 24 weapons offenses, 

34 sex offenses, 4 narcotics offenses, 1 charge of gambling, 68 reports 

of disorderly conduct, 4 vagrancy and 62 miscellaneous crimes. 

TABLE F-1. 

TGrAL CRIMES IN SUBWAY-EIEVATED SYSTEM 
FOR 1971 AND 1972 WITH PERCENTAGE CHANGE 

Part I 

Homicide 
Rape 
Robbery 
Aggravated Assault 
Burglary 
Larceny (Over $50) 

TGrAL 

Part II 

Larceny (Under $50) 
Assault 
Vandalism 
Weapons Offenses 
Sex Offenses 
Narcotics Offenses 
Gambling 
Disorderly Conduct 
Vagrancy 
All Others 

Tf1rAL 

TOTAL OFFENSES 

1971 

0 
15 

166 
19 
14 
20 -

234 

88 
68 

235 
24 
34 

4 
1 

68 
4 

62 

558 

791 

253 

1972 

1 
5 

177 
21 

9 
26 

239 

82 
54 

124 
31 
42 
13 

1 
28 

6 
50 

431 

670 

% Change 

+100 
-66.6 
+6.6 

+10.5 
-35.7 
+30.0 

+2.1% 

-6.8 
-20.s 
-47.2 
+29.1 
+23.5 

+225.0 
o.o 

-58.8 
+so.a 
+19.3 

-22.7% 

-15.3% 



Tab l e F-2 presents similar statistics der i ved from crime incidents 

reported on the surface veh i cles of SEPTA f or t he same year . 

TABLE F-2. 

TOTAL CRIME ON SURFACE VEHICLES FOR 1971 AND 1972 WI TH PERCENTAGE 
CHANGE 

Pa rt I 1971 197?. % C~::, r. ;·r: ---
Hom icide 2 1 -~/) . 0 
Robbery 3 14 +366.7 
Ag[;rnvnted A.ssault ?7 20 -25.9 
Burglnry 1 -10(). 0 
Larceny (Over $50 ) -2 10 +11.l 

~OTAL 42 45 +7 . 11~ 

Par t II 

Larceny (U:ider S50) 26 31 +19 . 2 
Oth<:r As[.,llUl ts 27 18 -33 . 3 
Vnndalis:n 63 46 -?..7 . 0 
Weoponfi Offenses 2 2 o.o 
Sex Offenses 3 2 -33 -3 
Narcotic Offensen 2 l -50. (, 
Dii;orderly Conduct 16 7 -50.3 
Other _J_ 10 +42.9 

TCYrAL 146 117 -19.9~ 

TOTAL f,!'°'FENSES 188 162 - 13.e~; 
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Of course, there were also many other types of incidents that were not 

reported to the Police, ; but which were still dangerous or at lea~t bother

some to the 222,621,034 Philadelphia area transit riders in 1971. These in

cluded minor thefts and assaults; loud, boisterous behavior; horseplaying, 

youths running and frightening riders; holding doors and delaying vehicles; 

and shaking down persons riding alone. 

Finally, the results of a survey conducted in Philadelphia in 1971 can 

be noted. A total of 5771 individuals were asked about safety on the SEPTA 

system. Up to 2997 people living within 6 blocks of the subway were tele

phoned, while another 297 were approached while riding on the train. Another 

303 individuals were questioned while waiting on the platform. The remaining 

2177 were stopped on the street as they approached the transit stop. Of this 

group, fully 46% flatly stated that they felt unsafe while being a passenger. 

The graphs on the next page in Table F-3 indicate the responses 

received to some of the central questions of the 1971 survey: 
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TABLE F-3. 

TOTJ.1 H~SPONSES 
(N=5771) 

A. I n the past yea r do you feel crime 
in the subways or on buses has 
i ncreased or decreased? 

B. 

100% 0 
w 0 z 
(/) w 0 

75% - -.r (I) z w <! ,r: Id n. 
60% -

u a: 0 z u 0 

~ 
w :! 
9 r .... 25% -· ~:·i lfil ~~1 \,' ,... F=i :» C\J •. 

. _t;;::_ 
2 ~ 

How do you feel when you ride 
the subway or bus? 

100%-

50% -

256 

c. ln the past year, has anyone 
mugged, robbed or threatened 
you while you were riding the 
subway or cus? 

D. 

l00°/,1 0 
z 

z 
75% - 0 

;~ 

51)% (I_ 

(f) 0 
w b 

25%, >-· z 
~ ~ 0 
V) 0 

~1 
N 

7 

In the past year, do you know 
anyone who was mugged, robbed, 
beaten, or threatened while \ 
they were riding the subway or 

100% 

75"/" -

50"/4 

bus? 



(b) UPTS Risks 

The Table F-4 below illustrates the vandalism activity that users 

of the colIDlluter railroads were exposed to from January 1971 through 

December 1974. 

Number of 
Stoninss 
Incillcn ts 
Pil.!!scngi:-r-

TABLE F-4. 

1/N,D/ILISH /\CTIVITY ON °1'1lll.J\D!!:LPllI ... COl'.'«JTER .._REA R/\lU.01.l:lS 
COHP~RlSO~ OF INCIOE:.~TS DURING VF.JI.RS 1971 T!IRO'JGK 1974 

Personal 
Injury 

t-'lll!lbe r of With Cle.im 
Windows Pot-,ntial Paesenger Number Caeee 
Broken - Oue to Station Track 
Passengers · v.~r.d2lism Vandal is, ., Obstt·uc:t:ivnci 

Switch & 
Signal 
t a.~:J.C ~ 

.'.1! :.n. :.] 2. .'.2i .'.1! .:u. .'..ll .'.2i .'..ll :.n. .'.1l 2i .'.1! .'.11. .'.1l 2i .'..ll .:u. .'.1l .'.2i .'.1! .'.11. .'.1l ~ 

January 47 S7 34 S9 50 54 .32 18 13 12 3 3 24 9 22 16 32 38 46 so 18 23 38 31 

Februa.cy 109 48 46 61 84 40 32 27 12 7 3 2 13 6 16 22 Sl 38 4S 3S 31 43 31 2~ 

March 157 130 85 134 ·149 119 S6 S3 36 7 . 9 8 14 12 23 18 60 ss 67 117 34 46 so 84 

1'pril ne 132 :.1s 110 178 12S 93 64 37 12 14 13 22 9 23 21 53 '83 81 105 36 68 94 4S 

M,,y 183 167 183 lOl 197 130 ll7. S9 27 17 16 16 1S 19 17 17 56 78 131 84 33 96 209 8!_ 

..lune Hl 101 83 101 179 93 53 52 33 9 12 12 12 10 22 15 33 SB G9 SB 39 82 59 ss 

July 69 63 64 78 S9 46 4l 34 19 8 6 4 12 12 16 7 36 33 49 n 38 39 49 4C 

1'ugust 80 61 82 73 96 48 24 27 19 5 8 5 13 6 9 8 36 39 66 57 17 31 59 41 

SeptCTl\ber 78 70 60 47 86 47 34 26 20 9 7 4 9 13 16 13 25 29 59 Sl 13 3l 49 33 

O<:tober 140 80 118 61 133 64 104 32 17 10 30 l 12 19 15 16 43 Sl 73 64 41 54 39 38 

~ovc:nbcr 91 43 56 30 79 4~ '43 10 12 6 s 3 13 11 10 7 so 34 72 33 36 62 .36 28 

Dece!l'.ber 97 42 48 38 SB 47 36 20 13 a 3 l 1S ·15 13 14 36 27 26 3S 39 53 31 24 

TOTI\L _l, 319 994 977 893 _1, 3011 858 665 422 258 104 ll6 72 (J.!!_141 202 174 r su · 563 784 7Go ,;;;; G28 744 SH -
" Chango '74-'73 (8.G) (36.S) 

".change '74-'72 (10.2) (SO.Bl 

"Chang~ '74-'71 (34.8) (69.6) 

SOURCE: DVRPC, 1975 
Planning & Developing Transit 
In Delaware County 

(37 .9) 

(30.8) · 
(72.l) 

,, 
' (13.9) (3.1) (27. 

23.4 34.9 (13. 

o.o 48.7 ◄ 4. 

Users of a transit system have to encounter the risk of an accident 

or incident over which they have little ability to avoid or control if 

vandalism took place while the facility is in use. In addition to these 

acts of vandalism, the risk of other incidents must seriously be taken into 

account. For instance in 1971, the SEPTA system recorded approximately 

38 complaints per 1,000,000 riders. Of these nearly 65% were dissatis-

faction with employees with the balance due to service difficulties or 

the behavior of other system users. 
257 



N 
u, 
0, 

TABLE .l:i: 
TRANSIT SYSTEM - OUTPUT MEASURE 

PUBLIC COMPLAINTS . AND COMMENDATIONS PER MILLION RIDERS 

1973 1974 1975 

RATE PER l ,000,000 RIDERS 

- Complaints about Employees 19.5 
- Complaints about Service 10.5 

22.3 21.0 
15.6 14.0 

RATE PER 
1,000,000 RIDERS - Total Complaints 30.0 37.9 35.0 = -====" 

Commendations 5.1 5.7 5.7 

40 

TOTAL COMPLAINTS 
30 

20 

10 

_,,·-·-·· ~· . r . . -...,. 
.,,, . . ...... ,. --o--.;-o 

c-- • ....... • ---· • ..... --~ ,- .h -- • ,e,,-• COMPLAINTS ABOUT 
--•--•-o-_...• EMPLOYES ·---------o- ~,,- -- .. 

. _ _. ---• r ,_..-e . .__ ____ _,,__, COMPLAINTS ABOUT 

t>----o----c- • SERVICE, TRACK, ETC. 

~- C ___ , ---:-
- I,_,,_-~ - - ; -0 COMMENDATIONS 

- -- _J 
1966 1967 1968 1969 

..o-------4> 

1970 1971 1972 1973 1974 7975 
ESTIMATE FORECAST 

SOURCE: SEPTA. '1975 RESOURCES UTILIZATION PLAN.' 
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Lost time and/or service delay data indicate the success of SEPTA 

in adhering to their established schedule . These risks are displayed 

in the chart below (see Figure F-1). All manpower related delays of more 

than 5 minutes have been plotted to show annual service delays per 

100,000 miles. 

Figure F-1. 

CITY TRANSIT DIVISION 
TRANSPORTATION RESPONSIBILITY SERVICE DELAYS 

DELAYS PER 
100,000 HILES 

18 

16 

14 13. 7 

1971 

* 5 MINUTES OR MORE 

DELAYS* PER 100,00 MILES 

16.9 

1972 1973 

13.6 

1974 

ESTIHATE 

~ IN-SERVICE 
■ DEPOT DEPARTURE 

13.0 

1975 
FORECAST 

SOURCE: 1975 Resources Utilization Plan,- SEPTA, Oct. 1974 
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(c) UPTS Accidents 

The accident rate as portrayed in the chart (see Figure F-2) below 

indicates one of the user's risk inputs as stated as a measure of how 

well the service is delivered. SEPTA has displayed only the surface 

accident rate because they state that subway-elevated accidents usually 

involve passengers that fall on stairways and platforms as opposed to 

accidents due to employee action. 

Figure F-2. 

SURFACE ACCIDENTS PER 100,000 MILES 
CITY TRANSIT ,01v1s10N 

ACCIDENTS PER 100,000 tuLES 

■ PASSENGER ACCIDENTS 

~ TRAFFIC ACCIDENTS 

14 

12 
11.1 

4 

2 

0 
1968 1969 1970 1971 • 

* STRIKE 
SOURCE: 19 7 5 Resources Utilizatior:1 Plan, SEPTA, Oct. 19 7 4. 
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APPENDIX G 

LABOR INPUIS DETAILING AND SUPPLEMENTARY TABLES 

1.0 The Derivation Process 

This section describes the process of deriving the labor i nput measures 

and the assumptions that have been made to facilitate the disaggregation of 

the total labor input data. As each operator maintains its own accounting 

system and labor classification, it would be more appropriate if each oper

ator is treated individually. In general however, the derivation process 

involves three stages: 

(1) Disaggregation of the total headcount data; 

(2) Derivation of the man-hours. 

(3) Distribution of the total dollar labor cost data. 

Since employee fringe benefits and pensions, in most cases, are not 

included in the employee payroll accounts, the fringe benefits and pensions 

were distributed either according to the direct dollar labor cost (average 

salary per employee) or to the headcount distribution. 1 

1.1 SEPTA - CTD 

(a) Total Headcount. For the year 1974, SEPTA's CTD has the most 

detailed information both on headcounts and the work breakdowns. In those 

situations where there is no sufficient information (e.g., 1971-1974), 

1/Part of the fringe benefit costs are related to salary (i.e., pen
sion t~ retired employee, pension funding, FICA, fringe benefit billed, etc.) 
and others are related only to the headcount rather than the salary (i.e., 
Blue Cross & Blue Shield, group life insurance, sick leave , unifonn & tool 
allowance, workman's compensation, etc. Thus, in distributing fringe bene
fit expenses, items were handled separately with respect to headcounts and 
average salaries. 
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input measures were derived by applying those relationships already derived 

for 1974 under the assumption that all employee distribution factors would 

be constant throughout the previous years concerned. The derivation pro

cess is described as follows: 

(1) Direct Transportation Operation. This category includes 

all those employees directly instrumental in the provision of serv

ices--d~ivers, trainmen, yardmen, and towermen etc. The 1974 data were 

taken from "SEPTA Resources Utilization Plan 1975", and for the years 

1971-1973, data were taken from"SEPTA - CTD Departmental Payroll 

Reports". Because this data source provided consistent information 

both in headcounts and labor cost from 1972 to 1974, the error which 

might have occurred later in~ deriving of labor cost was eliminatedo 

Since there are no distinctions made in the data for yardmen for the 

years 1971-1973, the data were disaggregated according to the dis

tribution factors derived from the 1974 data. 

(2) Labor in Other Primary Operations. This category includes 

direct transportation supervision P/T check, power plant employees 

and those engaged in minor maintenance activities. Modal breakdown 

of the transportation supervision and P/T check were made according 

to the headcount distribution in the "Direct Transportation Operation" 

category that have been derived previously. The task description of 

all maintenance activities supplied by "SEPTA Work Unit Report" were 

very explicit for inter-functional as well as inter-modal breakdown. 

As shown from the data, 336 employees out of 840 maintenance workers 

in the Rolling Stock and Shop Department were involved in minor main

tenance activities, i.e., 40% of the workers in the Rolling Stock 

and Shop Department were involved in primary function and the other 

60%·in support function. This distribution ratio was held constant 
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for all previous inter-functional years since de tailed data wer e not 

available for those years. In addi tion , t he modal di str ibution fac

tors for power plant operators in 1974 was similarl y der ived and held 

constant for the pr evious years. 

(3) Labor in Administration and Manageria l Act i vities . This 

category includes employees in the admini strative and finance depart

ments and the supervision staff in the transportation department 

(depot and field supervision). Engineer s and people who work on sched

ule planning were also consi der ed with i n this category. Since no de

tailed information was available, the i nter -modal br eakdo~m wa s made 

according to the passenger distribution among each mode . 

(4) Labor in Repair and Maintenance Activi ties . The remaining 

maintenance labor in Rolling Stock and Shop (exc luding those in the 

primary function) represents 505 out of t he tot al 840 employees,or 

60% of t his cat egory . In addi t ion, t he r e sidual emp loyee s in the fa

cility department (excluding those who oper ate power pl ant s and engi

neers) were also included in this category. The two set s of inter

modal distribution factors for Rolling Stock and Shop and Facility 

Departments respectively were derived from 1974 "SEPTA Work Unit Re

p~rt" and were held constant throughout the previous year. 

(5 ) Labor in Transpor tation Promotion and Marketing Activities. 

Total headcount data for this category wer e available for each year 

and modal breakdowns were made accordi ng to the t otal passenger dis 

tribution of each mode 

(b) Man-hour Data. In order to derive man-hour data, employee lost 

time and o~ertime data had to be detennined. With this information, the 
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work time multiplier per employee was then derived, after some further data 

adjustments. Considering the data availability and convenience of calcula

tion, each ~orktime multiplier was simply converted into man-hours per year 

per employee and then multiplied by the total headcount data. 

The employee lost time data from "SEPTA Work Unit Report 1974" were 

given partially on the department level and partially according to each 

task performed. These data was averaged by using the number of employees 

in each task and a proper level of aggregate data was derived. Then, by 

using the following equation, the man-hour inputs for each labor input 

category was derived.!/ 

(365 days - employee days lost - weekends - holidays) x 8 hours= 

man-hours/years or 8•(?65-(x+y+zJ= Actual Man-hours/year/employee 

Based on the above calculation, the following equation is applied for the 

final derivation of man-hour data: 

man•hours x number of employees= total man-hours/year. 
employee/year 

There are some arguments about the results derived from this process. 

They arise primarily from the homogeneity of skill in labor inputs. Labor, 

age and sex, structure, differential in working experience, and overtime 

conversion factor; all these affect the qualitative as well as quantitative 

aspect of modification of man-hour input. However, all these items do not 

enter, yet, the determination of man-hours estimated for each function. 

(c) Labor Cost. Most of the labor cost data were available . in ag

gregate form only. The only detailed labor cost information is the SEPTA 

!/Employee "lost days" includes authorized leave. 
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1974 payroll printout, but this only accounts for one month (Dec. 1974). 

Thus a set of functional as well as inter-modal breakdowns are first derived 

by using this source of data. Then this distribution of costs is used 

to derive labor cost from other data sources that give more comprehensive 

breakdowns for each year. 

Distribution of fringe benefits were made in two ways: (a) those re

lated to annual salaries were distributed according to total labor cost of 

each labor category, and (b) those relating to headcounts such as medical 

care expenses were distributed according to headcounts. 

One exception, however, is that the labor cost data from "SEPTA Pay

roll Statement 1975" shows that the distribution of labor costs for Roll

ing Stock and Shop among primary and support function is about 360/588, in 

spite of the indication that the employment ratio is about 0.4 to 0.6. Thus, 

the distribution of labor expenses among primacy and support function for 

Rolling Stock and Stock and Shops department are assumed to be made accord

ing to the ratio 0.4 : 0.6. This distribution is held for the years 1073_ 

1972, and -1971. 

1. 2 SEPTA - RAD 

(a) Total Headcount. The 1974 and 1973 data were taken from 

" SEPTA Resource Utilization Plan", 1974 and 1975. The 1972 were taken fro:n 

" SEPTA RAD Department Payroll Report" and "SEPrA RAD Operating Expense s 

Report". 

(1) Direct TranspoEf~tion Operation. In 1974, 50 employees 

out of 390 were transportation supervision staff. Therefore, the 

breakdown of transportation labor in direct transportation operation 

and other primary operations was made according to this ratio for the 

years 1972 and 1973. Also, the inter-modal breakdOivn was made accord-
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ing to the ratio derived from 1974 data. 

(2) Labor in Other Primary Operations. This included the 

transportation supervision staff, P/T checkers and minor maintenance 

labor. Since no detailed information is available to subdivide the 

maintenance labors into primary and support function, the interfunc

tional distribution ratio that had been derived from City Transit 

Division (CTD) was used from the "1974 SEPTA Work Unit Report." 

However, it should be noted that both Rolling Stock and Shop Depart

ments and the Facility Department in City Transit Division were re

lated to the major or minor maintenance activities. Thus, in calcu

lating the inter-functional distribution ratio, the aggregated head

counts data was used . Based on the 1974 data, the interfunctional 

distribution ratio should be 0.3 : 0.7, i.e., 30% labor in primary 

functions and 70% in support functionsi/ This ratio was held constant 

for all the previous years. Since no detailed information was given 

for inter-modal breakdown, the assumption is made that the total head

counts are to be distributed according to the percentage of passengers 

that each mode carried. 

(3) Labor in Managerial and Administrative Activities. This 

category includes administrative employees only and the modal break

down was made according to the number of drivers of each mode. 

(4) Labor in Repair and Maintenance Activities. Data for the 

above categories were given in the "SEPTA RAD Departmental Payroll Re

port", for 1972, 1973, 1974. Inter-functional and inter-modal break

downs were made according to the same assumptions as mentioned in (2) 

above. 

2/There were 2058 employees related to maintenance activities (1278 
in the-Rolling Stock and Shop Department and 780 in Facility Department)out 
of which 601 employees were in primary function (Sns in minor maintenance 
and 96 in power plant operation). Thus, altogether, there were 30% (601/2058) 
of the total maintenance employees i~

6
grimary function and 70% in support 

functions. 



(5) Labor in Transportation Promotion and Marketing Activities. 

No labor data was specifically designated and, therefore, available 

for this category. According to 'BEPI'A Operat i ng Expenses R~ port" the se 

data were combined with that of the City Transit Division (CTD). 

(b) Man-hour Data. So far as the limitations of data ava ila-

bility are concerned, employee lost time or overtime data for RAD cannot be 

established. Therefore, it is recommended that the work time multiplier for 

each labor input variable of CTD be utilized here in order to provide a more 

feasible approximation. 

(c) Labor Costs Data. Labor expense data were taken from the 

11 SEPI'A RAD Departmental Payroll Reports"for 1974 and 1973 with the cost dis

tribution among employee groups made according to the headcount distribution. 

Then,the possible labor cost data was extracted from the 1974 operating ex

penses report, adjusted according to those previously derived from the de

partmental payroll reports. 3/ Through this process, labor cost data for 1974 

was derived as well as for 1973 and 1972. 

Part of the fringe benefits· that is related to labor cost -were distrib

uted according to the labor cost in each labor category (i .e., aggregated 

labor cost in administrative and managerial activities). The remaining 

fringe benefits were distributed according to headcounts. 

1.3 DART 

(a) Total Headcount. The onl y available headcount data was 

given as in the following Table G-1: 

3/The 1974 labor costs distribution were compared with the 5 labor 
catego~ies of the already derived 1974 data. Then, through an ad
justment process, these expenses were made equal to those of the derived set 
of data. Since the data were given consistently throughout the years, the 
same adjustment factor can be a pplied to the years 1972 and 1973. 
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TABLE G-1 • LABOR BREAKDOWN BY TASK PERFORMED FOR DART 

Fiscal TOTAL Officials Office & Skilled Operatives Laborers Service 
Year Cle~ical Craftsmen Semi-Skilled Unakilled Workers 

1972 

1973 

1974 

1975 

127 

141 

153 

178 

13 

19 

17 

18 

4 

5 

4 

6 

268 

10 

11 

12 

14 

92 

95 

101 

119 

6 

4 

11 

9 

2 

7 

8 

12 



No distribution among each labor category can be determined to permit 

labor category disaggregation. A considerable amount of uncertainty as to 

the distribution of tasks and employees significantly diminishes the disag

gregation results. In this situation, an approximation was made according 

to the asstllllption that employees are grouped in such a way that the average 

salary per person under~ labor category would be on the same level, i.e., 

approximately $10,000 per year per employee~ This assumption inevitably pre

cludes the fact of different skill/different level of income. Since no ad

ditional labor cost information was available, it is very difficult to deal 

with this problem at this moment. Further discussion about this issue is 

included in the last section. Based on the above assumption, headcount data 

were regrouped. An interfunctional breakdown of maintenance labor was made 

by using the ratio 0.3: 0.7, derived from SEP'fA CTD data in order to main

tain the consistency of data processings. 

(b) Man-hour Data. The only direct man-hour data available was 

drivers pay hours (under Direct Transportation Operation). These data 

were standardized by the multiplier factor 1.26, which closely approx

imates that of SEP'fA operator (1.23). Thus, both overtime and shift 

work adjustment are assumed to have already been included. 

For all other labor categories, further problems arise as to whether 

to use the same work unit multipliers derived from SEPTA CTD data for each 

of the labor categories and thus remain homogeneous cross-regionally or 

to introduce a proxy factor for all the categories so as to retain homo

geneity within the system cross-yearly. Considering the various operational 

characteristics of each system and the probable cross-year productivity 

changes within each system, it seems to be inappropriate to apply the 

same factors to different transportation systems. This is especially 
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true when one considers the different level of technology and labor skill 

structures within each system. 

Thus far in this section, the work unit multiplier for full-time 

employment has been defined as follows: 41 (104) (10) (12.5)-
(365 - weekends - holidays - uncontrollable man-days lost) 

X 8 hours/day= 226.5 X 8 = 1908. 

However, it should be noted that these (approximate) work unit multipliers 

were calculated on the basis of full-time employees. Certain quantitative 

modifications could have been made if the percentage of full time and hourly 

rated employee data were known. For DART, this level of detailed data was 

not available. In order to derive a set of more accurate man-hour data for 

DART we used the work unit multiplier (1776 man-hour/year) derived for 

SEPTA maintenance labor. 

All the work unit multipliers were listed. Then, by multiplying these 

unit factors with all the headcount data (number of employees) for each 

year, a set of man-hour input data was derived. 

(c} Labor Cost. The detailed cost of Labor has been divided in 

five typical groups, the following: 

(1) Direct Transportation Operation. Regular and charter 

service expenses are included in this expense accounting. The data 

were given directly from DART. 

(2) Labor in Other Primary Operations. These expenses in

clude the costs of transportation supervision and again as above, it 

includes the supervision costs for regular and charter service opera

tions. 

4/This data is derived by averaging all the uncontrollable man-days 
lost of SEPTA category A: Payroll Employees (Supervision and Managerial 
Employees). 
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(3 ) Labor in Managerial and Adminis t rative Ac t ivities. Two ex

pense categories are included here: the first is related to general 

admini strative employee costs (this refers to executive staff and of

ficers) and the second category is labor expenses related to insurance 

and safety activities. 

(4) Labor in Repair and Maintenance Act i vities. Detailed main

tenance labor information necessary for the intra- and inter - function

al cost disaggregation and distribution was not available . Ther efore , 

it was assumed that by using a 0.3 : 0.7 expense distribution factor , 

which had been derived from the 1974 SEPTA CTD data, that primary and 

support maintenance expenses distributions could be est i mated . 5/ Al

though some arguments might arise questioning the accountab i lity of 

this disaggregation the limited data permits no other resolutions in 

t h is circumstance. Therefore, all of the labor input measures f or the 

Delaware region were calculated using the assumptions itemized ab ove. 

(5) Labor in Transportation Promotion and Marketing Activi t i e s. 

The distribution of employee fringe benef its and pensions were again 

grouped into two categories and then di stributed according t o e ither 

headcounts or labor cost. 

1.4 Transport of New Jersey (Southern Division) 

The data for TNJ provided no breakdown for the Southern Division. 

Therefore, it was necessary to follow the procedure stated in t he DVRPC 

r eport , New Jersey Area , in which the following equation was used to 

derive t he data for the TNJ Southern Division: 
Derived 

Total TNJ Measure X Total Vehic l e-mile Southern Div. = Southern Div. 
Total Veh i cle-mile TNJ System Measure 

5/This is derived according t o t he l abor expenses distribution between 
support maintenance and primary minor maintenance categories. 
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Therefore, the following measures resulted from applying this ratio 

for each of the years in the study period. 

(a) Total Headcount. All the headcount data were grouped into the 

five labor categories without too much modification, except in the inter

functional breakdown of maintenance workers. AsSlDllptions had to be made 

here by using the ratio 0.3: 0.7 which had been derived from the 1974 

SEPTA CTD data to breakdown minor/major maintenance labor. 

{b) Man-hours. All of the man-hour data for each labor category 

were pay-hours instead of actual work-hours. As shown, supervision personnel 

were paid for 260 days out of one year. That is to say, uncontrollable man

days lost were not included. Thus, the aggregate man-hour data of TNJ might 

be slightly greater than that of SEPTA, since SEPTA man-hour data had 

already excluded those uncontrollable man-days lost. 

(c) Labor Cost. Since labor cost data were taken from the same 

data source, very little modification was needed in regrouping these labor 

costs. The minor/major maintenance labor cost were distributed using the 

same 0.3: 0.7 factor derived for SEPTA. 

As stated in the data source, fringe benefits and pensions had 

already been included in each labor category. 

2.0 Problems and Issues in Labor Inputs Derivation 

This section focuses on the specific and detailed problems that are 

usually present when the labor inputs of major regional operators of an UPTS 

are expected to be included in analysing the productivity and efficiency of 

the primary services and the support functions of the system. The importance 

of such an analysis is rather obvious when one realizes that labor costs 
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correspond to proportions usually varying between 0.60 and 0.85 of the total 

operating expenditures of UPI'S today. 

2.1 Data Requirements. The data collection and reduction prob

lems discussed in the previous parts of this section, particularly with re

spect to data variations and inconcsistencies, are even more clearly evident 

in the derivation of a labor data base. This task was pursued in three 

phases. These are listed below and discussed subsequently: 

1. Manpower Data Collection 
2. Labor Work Units Structure 
3. Labor Cost Calculation 

1. Manpower Data Collection. Three steps were required to com

plete this sub-task. First, it was necessary to inventory all of the 

operators to extract any and all available data on manpower, labor 

cost, employee working time, lost time, fringe benefits , etc. Some 

operators maintained these data by skill categories, others did not , 

while still others maintained only aggregate data by modes. Due to 

the wide discrepency in reporting, it was necessary to compile all 

available data in detail, i.e., their descriptions, sources, year r e -

ported, etc. 

Second, it was necessary to organize the· data into a uniform, 

efficient and comprehensive format that would consider all the manp ow

er labor inputs and would provide for a more accurate (and e f f icien t ) 

way to reduce and synthesize the raw data . For example, the mos t com

prehensive data we have for any operator is from SEPTA f or 1973 and 

1974. Therefore, using SEPTA as an example, the following funct i onal 

breakdown of manpower data was accepted: 

273 



1
c.T.D. 

Tran~;porta.tion Dept . L_ R. A. D. 

£
C.T.D. 

---RoLLng Stocks&Shop 
Dep~.. R. A. D. 

---Mode --- Skill 

---Mode-- Skill 

---Facilities Dept. ----------Mode ___ Skill 

---Administration & 
Finance Dept. 

--------------skill 

In order to derive this classification, several intermediate 

steps of data disaggregation and synthesis were required. These pro

cedures will be stated later. 

Third, from the results of steps 1 and 2, it was possible to 

set up an intermediate labor matrix based on the finest level of labor 

disaggregation available for each operator. For SEPTA, this was ac

complished by individual skill categories. With this qualitative de

scription of labor, it was then possible to collect and organize Em

ployee Work Time data (i.e., labor work units). 

2. Labor Work Units. Data was required on the following items: 

a. Suspension or Authorized leave, which includes: 

•Sick leave 
•Union leave 
.Authorized leave 
•Vacation leave 
•Suspension leave 

b. Employee Overtime 

c. Shifts of Work time, this information is important 
when calculating actual employee working time. 
For example, a Mechanic may stay in the gara.ge 
for 8 hrs. but actually work 3 hrs. because of 
delays in supplying tools, material, etc., or 
he may not finish in time and the vehicle comes 
out 11 late 11 while the driver waits -- these kinds 
of data would be desirable if availabl e. 
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From these data it would be possible to calculate actual work

ing units on pay time. 

3. Labor Cost Calculations. After the collection of data on 

employee work time units (either man hours or man days}, labor cost 

can be determined provided that additional data is available on PAY

ROLL and FRINGE BENEFIT expenditures, i.e., data on: 

-{

Payroll 
Employee Cost 

ringe Benefit 
•Pensions to retired employees 
•Pension Funding arrangements 
•Blue Cross & Blue Shield 
•Group life insurance 
•Sick leave 
•Uniform & Tool allowance 
•F.I.C.A. 
•Workman's Compensation 
•Fringe Benefit Billed 

The above data requirements are necessary in order to facilitate 

the labor cost data calculations discussed below {by sequence): 

First Collect payroll and fringe benefits data and place 
them into the labor matrix. In view of the format 
of the available data, care must be used, with re
gard to the number of employees this figure accounts 
for. Usually Fringe Benefit costs are lump sum data 
given for one department or mode. What is needed is 
to specify exactly the recipient of each expense item 
in order to provide an easy way of cross-checking and 
to insure against double counting. 

Second In order to reduce possible inaccuracy and improve 
data consistency, a method needs to be derived that 
unify data bases, e.g., usually Payroll data are 
given monthly or on an annual basis. The process 
of data base unification will be described in the 
next sect ion. 

Third Derive a unit labor cost equation which may be stated 
in terms of $/man hour or $/man day, as follows: 

Unit labor cost= Payroll and Fringe Benefits 
Employee Pay time (or employee 

working time) 
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Each operator utilizes a different manpower classification 

structure. Thus the data from the three regions are obviously not ready 

for a uniform labor input analysis. The data were also, in some cases, 

internally inconsistent. On the other hand, the available details were 

frequently variable, i.e., by mode, by division, or by department. It 

was thus necessary to decide which level of classification should be 

finally utilized. In order to do this, all the available data including 

manpower, labor cost, and man-hours inputs were reviewed. This was 

necessary because if one just fonned the classification base on manpower 

only (ntnnber of employees), it would have been impossible to distribute 

variation of expenses or variation of employee lost time, to each division 

of the system. 

Two major data sources were used: the ''Work Unit Manual" and 

"Sl: PTA Resources Utilization Plan" for 1973 and 1974. From the ''Work 

Unit Manual" detailed information on manpower, employee lost time, and 

overtime was broken down first by Department and then by skill. The 

division of this data was as the following diagram indicates: 

Dept. Division 

Transp. Dept. 

Rolling Stock & 

Modes 

Shops --~0-:>----t--~._ I : 
Facilit ies 

Skill 

: 
I : 
I i 

Adrninist. & Finan.------------+--I : 
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From the "Resources Utilization Plan", manpower data were 

first broken down by department then by division, then by mode. 

In Sl.Dl1Illary: 

Dept. Div. Modes Skill 

Transp. De.pt. • • Facility • • Rolling Stock & s • • Administration & • Finance 

A third data source, the "City Transit Division Payroll Data" 

provides details on operating expenses on labor. There, the sequence 

is as follows: 

Div. Dept. Mode Skill 

Transp. 
Rolling stock & shops 
Facilities 
Administration & Finance 

Thus, in order to derive the most effective & comprehensive way 

of data processing,the final quantification of labor inputs would have 

to be achieved from the simultaneous use of these three basic types 

of data sources. 

Dept. Division Modes Skill 

Transp. • • • 
Rolling Stock & Shops-~e-----------•--------•• 
Facility----------------•--------~•• Adminis. & Finance ____________________ __ 
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3. 0 Summary 

The data problems enumerated represent a considerable task. Clearly , 

the focus on the SEPTA system, is intended to demonstrate the major com

plexities and difficulties inherent in formulating the translation of 

the agency data into useful, tractable and reproducible data. None of 

the other operators within the three test regions present such problems. 

The exercise is an important one though. The labor component of the total 

inputs to any UPTS constitutes the most important segment in any product

ivity, efficiency and quality of service analysis of UPTS. 
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Table G-2 • LABOR REVENUE VERSUS LABOR EXPENSE 
(Bus mode for 1974 for primary labor category (drivers only)). 

Operator Vehicle-Mile Revenue Salary Monetary 
/Employee /Employee /Employee Different ic1l 

CID 16,902 $19,399 $15,126 + $4,273 

RAD 20,275 $14,685 $13,325 + $1,360 

TNJ 19,500 $21,414 $13,992 + $7,522 

DART 19,800 $13,030 $14,356 - $1,326 
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Table G-3. 

HEADCOUNT FOR SEPTA R.A.D . BY MODE: 1974 

SEPTA R.A.D. 1974, Bus Trolley Rail Total 1} 

I .-
TRANSPOHTA TION OP~ TION ' 

Driver 
Yardmen 

Total 2b9 72 3-4-/ ) 

ALL OTHER OPERATIONS -Supervision ,"j4 
>-I 

lb r::jO ' ) 

p:: Minor Reoair & ;\fuint . 4-7 13 hO ' ' 
i'! Onerate Power Plant - - -
H PIT Check 8:: - - -

Total i I 21 I ID 

PRIMARY FUNCTION 
350 IO/ 4-5/ Total 

MANAGERIAL & AD~NISTRATIVE 
Admi nistration & Finance - - ·-
Schedule - - --
Sunervision - -
Engineering - - -, 

Total q 6 I'S 

REPAI R & :1AINTENANCE 
E--t Rollinfr Stocks Maint. - -p:: 
0 Facilities Maint. - -
0... -
0... 
~ Total 109 32 141 Cl) 

TRAFFIC PROMOTION - - -
·-

SUPPORT FUNCTION 
118 Total 38 /rJ6 

~µ1 SYSTEM-WIDE TOTAL. E--t ~ 

~ ~ 468 13? 6°7 en o 
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Tab le .J!•4. 

HEADCOUNT FOR SE?TA C. T.D. BY MODE: 1974 

i 

Rapid 
SEPTA C.T.D. 1974 Bus Trolley B. Trolley R. Transit Total 

'IRANSPORTA TION OPERATION 
* Driver 
* Yardmen 

t' 
Total 2.JGO 104 S51o 71q 3599 

--.,L----·------

AU. OTHER OPERATIONS 

>-t 
* Supervision ISO /7 ~9 02 25~ -- ~5 5u0 i -;'f- Minor Repair & Maint. 270 20 130 
* Ooerate Power Plant 0 -~ 22 64. P,9 

~ * PIT Check 7 - - !£ 23 -

Total 4-27 35 14 5 262 2(// 

PRIMARY FUNCTION 
Total 2587 jqq 70 I Vfil *JbY , 

MANAGERIAL & AD11INISTRA"l'IVE 
* A~ministration & Finance - - - - 395 

! * Schedula - - .57 - - I 

' -·-------~---- ----* Suoervision - - - - 132 j 
>-- -* Engineering - - - - 60 I 

~ ··-··-

Total 344 27 (00 I 73 l44 I 

REPAIR & MAINTENANCE -* Rolling Stocks Maint. 427 29 /Db 2// E-i 773 ( 
p:! * Facilities Maint. 73 4 z3/ 37b (. F:4 0 1 P.. 
P.. 

U5 Total 500 33 337 sr7 ;.:J57 

TRAFFIC PROMOTION 2/ 2 7 II 4-I l 
------ -·--·-

SUPPORT FUNCTION 8(;5 Gl 4-4-4- 77/ 7 j_? Total _, '-

' 

~~ SYSTEM-WIDE TOTAL. E-i A 34-52 2b! I 145 1, ..;? GbiO 
~~ I I ' -- L -ls -- 1Mi 
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Table G-5. 

HEADCOUNT FOR DART BY 1vIODF.:: 1974 

D. A. R. T. 1974 Headcounts I Man-hour Labor Cost 
pw1 ro ll o,d.-'-1 I 

TRANSPORTATION OP~ TION ! 

* Driver 
~1- Yardmen 

' 
Total 10/ fl) I 278 337 rG) (, 1~7 90£ (7) 

ALL OTHER OPERATIONS 
* Supe rvisi on - - -

?--i -~ Minor Re pa ir & ,"taint. -- : - -; 
-:i- Op e r a te Powe r Plant - i -

H * PIT Chec k - I - -8:: 
Total 2b 12.) - I 26/(14 l f? ) 

PRIMARY FUNCTION 
[,2 £4 f 82 0 Total 127 -

MANAGERIAL & ADMINISTRA'TIVE 
* Ad min i strati on & Finance - - -
* Schedule - - -
* Sup ervision - -
* Engineering - - -

Total 15 0) - /0( ,448 l'1 ) 

REPAIR & :-iA.INTENANCE 
~ * Rolling Stocks Maint. - -
i:i::: 

-:i- F'acili t ies f1a int. -0 -p.., 
p.., 

c1 I 7, ·7c, 4-5s Total (4) - (l O) 

TRAFFIC PROMOTION 2 6) - q_qb7 (II) 

SUPPORT FUNCTION 26 121 ,20 11 Total -
,._ 
·~ i::£l SYSTEM-WIDE TOTAL. H i=:l 

! 53 -- t)93,6ZCf :/) t=l 
-1$ 
f) I 
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APPENDIX H 

NUMERICAL APPLICATION OF USER COST ESTIMATES 

The equations developed in Section (1.0) of Chapter X are the foundation 

for a complete user cost assessment. However, because of the shortcomings 

discussed in Sections (1.0) and (2.0) of Chapter X, distinct modifications 
\ 

ought to be made in the system of user costs equations. The following 

example illustrates how the aforementioned cost accounting method can be 

applied to one mode over a five-year study period. The High Speed Line of 

PATCO is chosen for this test of the degree of usage of the cost methodology 

currently possible. 

Access Time Cost. For purposes of computation, access cost includes 

cost of origin to linehaul mode, and linehaul mode to origin only. For 

PATCO, the access time· cost is defined as the time cost per passenger needed 

to travel from an origin to a station. We assume an average access time for 

a PATCO passenger of fifteen minutes (which also applies to the commuter 

rail modes). For SEPTA CTD and RAD service, the access time is shortened to 

ten minutes, by postulation;/ A recent document from the New Jersey Department 

of Transportation shows the modal split of access modes to PATCO as follows:~/ 

MODE 

Auto 

Bus 

Rail 

Walk 

1/See Computations Note 1 

ACCESS PER CENT 

79% 

7.7% 

1.0% 

12.3% 

2/New Jersey, Dept. of Transportation, "New Jersey Public Transporta
tion Study, Phase B, Technical Memorandum," draft, Feb. 23 , 1976. 
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Therefore, knowing the number of passengers using PATCO in 1970,-J./ 

and using a monetary value for access time developed by Lisco of $7.20 

4/ per hour,- the total access cost is $15,580,800. The analysis is applied 

to all subsequent years by using the "passengers carried" figure for that year . 

Access Vehicle Operating Cost. Tne figures for this category are taken 

from the G.s. Department of Transportation paper on automobile costs 

U.S., Dept. of Transportation, April, 197~. Essentially the cost breakdown 

for a compact car (chosen as prototypical of the more common car types) is: 

Item 

Depreciation 
Repairs & Maintenance 
Tires and accessories 
Gasoline 
Oil 
Insurance 
Taxes 
TOTAL 

Cost (cents per vehicle mile) 

2.70 
1. 79 
0.39 
1.68 
0.11 
1.30 
1.03 
9.0 

In terms of the PATCO case, the average length of the access trip is 

found to be 5.34 miles.21 Knowing the percent of passengers driving from 

before and multiplying this figure by the trip length gives the 1970 access 

passenger miles accumulated which is 36,516,201. Dividing the last figure 

by the average work trip load factor (assumed to be 1.4 from the National 

Personal Transportation Study, Report #1, U.S. Department of Transportation, 

April, 1972), gives 26,053,700 access vehicle miles logged_..§/ 

3/D.E. Boyce et al. "Impact of Suburban Rapid Transit Station Loca
tion,-Fare and Parking Availability on User's Station Choice Behavior -
Analysis of the Philadelphia-Lindenwold High Speed Line, Regional Science 
Dept. Univ. of Pennsylvania, Dec., 1974, pp. 148-149. 

4/D.E . Boyce et al. "Impact of Rapid Transit on Fuel Consumption and 
Cos t for Journey to Work--Analysis of the Philadelphia-Lindenwold High 
Speed Line," Philadelphia, Univ. of Pennsylvania, June, 1975. 

5/T.E . Lisco. The Value of Commuters Travel Time: A Study in Urban 
Transportation, Ph.D. dissertation, Univ. of Chicago, June, 1967. 

6/See Computation Notes 2,3, and 4. 
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Finally, multiplying the vehicle miles by the operat ing cost gives $2,344,832 

for PATCO. For more recent years, the fuel cost is doubled a nd a~ inflation 

factor is applied to the other cost factors. The method outlined above is 

identically applied to the commuter rail modes presuming the same constant 

values for the parameters. For the bus and trolley modes, however, it is 

stipulated that the percentage of access mode split is basically reversed, 

and the access trip length is 1/8 and 1/3 mile, respective ly. For the rapid 

transit case, the percentage of access mode split is changed somewhat to 

80% non-vehicle, 20% vehicle access and the access trip length is postulated 

7/ 
to be 1/4 mile.-

Parking Cost. It is known that there are 11 ,984 toll parking spaces 

available on a daily basis for PATCO commuters.~/ Thus finding the average 

work day access vehicles used as 8832, and assuming 80% par~ a nd ride and 

80% of those use paid parking spaces, one sees that on a daily basis, 5653 

parking spaces are revenue producing. Thus, on an annual basis this number 

is multiplied by a per cent of $.25 giving $390,749 as the 1970 parking 

income of those commuters using PATCo.2/ Following the same reasoning as 

above, parking costs can be generated for all other modes. 

Crime and Social Costs. There was not sufficient data available to 

compute these costs. Figures for pollutants emitted appear elsewhere in 

this report. Crime statistics for SEPTA are listed in Appendix F by mode 

and by type of offenses committed (where data exists). 

7/Conversations with Bill Boone and Arlene Steinfield, SEPTA, 
Feb. 27, 1976. 

8/"1974 National Transportation Study, New Jersey Portion," 
Report =If NTS-X-2, Delaware Valley Regional Planning Commission, June, 1973 . 

9/See Computational Notes 5 and 6. 
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Accident Costs . Using the relationship of 8 . 88 accidents per million 

h · 1 · 1 1 d · · l O / d 1 1 · h O 7a, ve ice mi es trave e past an intersection,- an ca cu ating tat . ~ 

are fatal, 15.7% are i n jurie s and 84% are property damage with an average 

aggregated 1970 dollar cost of $520 per accident,ll/one can compute a rcugh 

estimate of access vehicle accident expenses to the user. The annual variance 

f or any mode is based on the change in vehicle rules and inflation. For 

1970, the accident figure for PATCO is $11 , 267.Jl_/ 

Transit Time Cost With PATCO. Herein, for 1970 there were 8,656,000 

wh o rode the High Speed Line. The average waiting time (the median value 

between zero and the a verage headway) for the Line was five minutes. The 

aver~ge t rip length is 9.1 miles, and the average vehicle speed is 40 mph 

(all figures from the 1974 NTS paper, DVRPC, 1973). Thus, dividing trip 

length by vehicle speed gives an average travel time per passenger of 

. 23 hour. The total annual passenger hours is the sum of waiting plus travel 

13/ time (.31 hour) for all passengerS-- or 2,683,360. Using Lisco's value 

for travel time of $2.60 per hou~/gives an annual, total travel time cost 

of $6,976,636. 

Fare Cost. The annual revenue produced through ridership is found for 

each mode in the statement of income of each operator. On the other hand, 

l.Q/J.E. Baerwald, ed. Traffic Engineering Handbook, Institute of 
Traffic Engineers, Washington, D. C., 1965, p. 254. 

11/Illinois Dept. of Public Works & Buildings, Div. of Highways, "Cost 
of Motor Vehicle Accidents to Illinois, 1958," Dec., 1962. 

12/See Computational Note 2 

.!]/See Computational Note 8 

14/Lisco, Thomas E., The Value of Commuters' Travel Time: A Study 
in Urban Transportation, PhD. Dissertation, University of Chicago, June 1967. 

286 



using figures from Boyce and 1974 NTS paper, the f are-box revenues for 

PATCO are total passengers carried times the average fare or 

8,656, 000 X $.SO= $4,328,000. 

Crime and Social Costs of Riding PATCO. As with access costs, there 

are not data available to convert quantities into dollar amounts. Crime 

statistics are taken from Appendix D of this report and directly entered 

into the matrix. Pollutants are given elsewhere in the report (although 

their effects on the user are not). 

Accident Costs of Riding PATCO. Using information from two SEPTA 

sources 15 •16 /and making certain extrapolations and assumptions where data 

are unavailable, is developedll/showing accident rates for all operators a nd 

using the consumer price index are applied uniformly to all modes for each 

18/ 
year's cost.-

15/SEPTA, "1975 Resource Utilization Plan," 1974 . 

. l~/SEPTA, "City Transit Division Fact Book," 1974 . 

17/See Computational Note 3 

18/See Computational Note 10 
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COMPUTATION NOTES OF APPENDIX H 

NOrE 1:' 

Access Cost= x times passengers 

where x =\hour access/passenger X $7.20 time value/ hour 

x = 1.8 (for PATCO and Commuter Rail) 

x = 2.4 (for CTD RAD and TNJ modes) 

NaIE 2: 

Access Trip Length = 5.34 miles (tATCO and Commuter Rail) 

= 1/8 mile (CTD modes of SEPTA excluding 
rapid transit) 

=. 1/3 mile (RAD modes of SEPTA and TNJ) 

= \ mile (CTD - Rapid Transit) 

NOrE 3: Access Mode Split 

Ope re to..!:_ i; ~uto % Non-Auto 

PATCO and Commuter Rail 79 21 
CTD-- Bus and Trolley 10 90 
CTD - Rapid Trans i t 20 80 
RAD - Bua and Trolley 30 70 
TNJ 30 70 
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NorE 4: Vehicle Mile Calculation 

Access Vehicle Miles= (Passengers per line haul mile ) XY 
y = {Access vehicle trip length) X (% Auto Acces s) 

Passengers/Access Vehicle 

Access Vehicle Miles= (Passenger per linehaul mode) X Y 

where 
L 

6.02 
. 018 
.072 
.142 
.142 

NOTE 5: Access Vehicles 

Operator 

PATCO & Connnuter Rail 
CTD - Bus$ Trolley 
CTD - Rapid Transit 
RAD - Bus & Trolley 
TNJ 

Access Vehicles= (Passengers per linehaul mode) X (% Auto Access ) 
(passenger/ access vehicle) 

or 

Access Vehicles= (Passenger per linehaul mode) X g 

where 

a -
.562 
.072 
.144 
.214 
.214 

NorE 6: Paid Parking 

Operator 

PATCO & Cormnuter Rail 
CTD - Bus & Trolley 
CTD - Rapid Transit 
RAD - Bus & Trolley 
TNJ 

Parking Cost = (Access Vehicles) X (% Park & ride) X (% Pai d Parking 
spaces used) X (Cost per vehicle) 

or 

Parking Cost= (Access Vehicles) X P 

where 

p 

.16 

.224 

.224 

.224 

.16 

Operator 

PATCO & Commuter Rail 
CTD - Bus & Trolley 
CTD - Rapid Transit 
RAD - Bus & Trolley 
TNJ 
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NOTE 7 : Energy Consumption 

The conversion -factor for gallons to BTU is 
1 gal. gasoline= 138,000 BTU 

NOTE 8: Average Transit (In-Vehicle) Travel Time * 
Operator Avg. Avg. Avg. Avg. Total 

Waiting Trip Vehicle Movement Travel 
Time Length Speed Time Time 
(Min.) (mi.) (mph) (min.) (hours) 

SEPTA 
CTD-Bus 9.5 2.38 14 10.2 .33 
CTD-Trolley Rail 5 2. 16 9.1 14. 2 .32 
CTD-Trolley Bus 5 1. 70 7.1 14.2 .32 
CTD-Rapid Transit 3 5.39 21.3 15.2 .30 
RAD-Bus 9.5 8.08 14 34.6 .74 
RAD-Trolley Rail 6 5.88 21. 9 16.1 .37 
GCD-PCRR 20 12.4 35.4 21 .68 
GCD-RR 25 12.9 30.8 25.1 .84 

PATCO 
High Speed I,ine 5 9.1 40 13.7 .31 

TNJ 
Southern Division 20 1.6 23 41. 7 1.00 

-Bus 

* 1974 National Transportation Study -- Philadelphia and New Jersey Portions, 
Report No. NTS-X-2, DVRPC, June, 1973. 

NOTE 9: Access Vehicle Capital Expenditure 

Capital Cost= (Access Vehicles) X ((8% (new car price)+ 

14% (used car price))= Access Vehicles X Q 

where 

.JL Year 

368.55 1970 
387 1971 
405 1972 
437.40 1973 
494.10 1974 
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NOTE 8 : Average Transit (In-Vehicle ) Travel Time * 

Operator Avg. Avg. Avg. Avg. Total 
Waiting Trip Vehic l e Movement Travel 
Time Length Speed Time Time 
(Min.) (mi.) ('1ph) (min . ) {hours) 

SEPTA 
CID-Bus 9.5 2.38 14 10.2 .33 
CTD-Trelley Rail 5 2.16 9.1 lL~ . 2 .32 
CTD-Trolley Bus 5 1.70 7.1 14 . 2 .32 
CID-Rapid Transit 3 5.39 21.3 15.2 .30 
RAD-Bus 9.5 8.08 14 34 . 6 .74 
RAD-Trolley Rail 6 5.88 21. 9 16 . 1 .37 
GCD-PCRR 20 12.4 35.4 21 .68 
GCD-RR 25 12.9 30.8 25. 1 .84 

PATCO 
High Speed Line 5 9.1 40 13. 7 .31 

TNJ 
Southern Divsion 20 1.6 23 41.7 1.00 

-Bus 

* 1974 National Transportation Snudy -- Philadephia and New J ersey Portions, 
Report No. NIS-X-2, DVRPC, June , 1973. 

NaI'E 7: Energy Consumption 

The conversion factor for gallons to BTU is 1 gal. gasoline= 138,000 BTU 

NOTE 9: Access Vehicle Capital E,penditure 

Capital Cost= (Access Vehicles) X (8% (new car price ) + .14% (used car price 

= Access Vehicles X Q 

where 

_q_ Year 

368.55 1970 
387 1971 
4,05 1972 
437 .40 1973 
494.10 1974 
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NOTE 10: Additional Data of Computations 

ITEM 1970 1971 1972 1973 1974 

(1) Access Vehicle 
1 21 Operating Cost-'- $ 0.09 $0.0945 $0.0981 $0.1053 $0.13 

(per vehicle Mile) 

(2) Access Vehicle
1 2 

. 
Purchase Price' I $2457.00 $2580.00 $2700.00 $2916.00 $3294.00 

(3) Access Vehicle 1 21 Fuel Cost/Per Gal-?-=- $ 0.35 $0.3675 $0.3815 $0.4095 $ 0.55 

(4) Access Vehicle Annual 
Accident Cost 
Per Vehicle1 , 3/ 

$ 520.00 $ 546.00 $ 567.00 $ 608.00 $ 681.00 

(5) Annual In-Vehicle 
Accident 1 4/ 

Cost Per Vehicle;.z....:. $ 520.00 $ 546.00 $ 567.00 $ 611.00 $ 603.00 

!/Monthly Labor Review, Vol. 98, No. 1, Jan., 1975. 

1,/"Costs of Operating an Automobile," U.S. Dept. of Transportation, April, 1972. 

]/"Costs of Motor Vehicle Accidents to Illinois, 1958," Div. of Highways, 
Illinois Dept. of Public Works, Dec., 1962. 

4/"City Transit Division--Fact Book," SEPTA, 1975. 
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NOTE 11: Accident Rate Data 
(number 9f accidents per hundred thousand of vehicle miles) 

OPERATOR 1970 1971 1972 1973 

SEPTA 

CTD - Busl I 5.2 5.2 5.2 5.2 
CTD - 1/ 8.0 8.0 8.0 8.1 - Trolley Rail-
CTD - Trolley Bus!./ 2 / 6.0 6.0 6.0 6.0 
CTD - Rapid Transit- 6.6 6.6 6.6 6.6 
RAD - Bus2 I 1.9 1 .. 9 1.9 1.8 
RAD - Tro1~7y Rail 2 / 2.9 2.9 2.9 2.9 
GCD - PC~,- 115 1.5 1.5 1.5 
GCD - RR- .7 .7 .7 .7 

PATCO 

High Speed Line4 / .9 .9 .9 .9 

TNJ- Southern Div. 

Bus4 / 1.6 1.6 1.6 1.6 

1/1973-74 data from CTD Fact Book; other years, by extrapolation. 

2/Data extrapolated using CTD Fact Book - 1974 and 1975 Resource 
Allocation Plan. SEPTA. 

1974 

5.2 
8.5 
7.0 
6.8 
2.2 
3.5 
1.5 

.7 

.9 

1.6 

3/Using 1974 data from 1975 Resource Allocation Plan, other years completed 
by backward extrapolation. 

4/Using 1974 NfS Report (New Jersey Portion) to find base figure , then use 
as a constant. 
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APPENDIX I 

INPUI AND Ol.ITPUT MATRICES 

FISCAL INPUT MATRICES 

1) Fiscal Input Matrix, 1973 
2) Fiscal Input Matrix, 1974 

PHYS !CAL INPUI MATRIX 

1) Physical Input Matrix, 1973 
2) Physical Input Matrix, 1974 

OUTPUI' MATRICES 

1) Output Mntrix, 1973 
2) Output Matrix, 1974 
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