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The Costs of Transit Fare Prepayment Plans 
and Their Distribution Systems 

PATRICK D. MAYWORM and ARMANDO M. LAGO 

ABSTRACT 

A cost structure is outlined for the analy­
sis of transit fare prepayment plans and es­
timates of the costs of prepayment in 11 
transit companies. Twelve cost categories 
are analyzed: order preparation, order de-
1 ivery, direct sales, recording and account­
ing, design, printing, inventory, advertis­
ing, miscellaneous handling, administration, 
general overhead, and cost of funds. In ad­
dition, the costs of alternative methods of 
distribution (e.g., transit-operated out­
lets, public and employer outlets, direct 
mail, and telephone order) are compared. 
Costs of prepayment by type of plan (passes, 
tickets, punch cards, and tokens) are ana­
lyzed and recommendations are developed for 
cost-saving strategies. 

The last few years have witnessed an increased in­
terest in transit fare prepayment. Spurred by the 
Huron River Group, Inc., report (!) on fare prepay­
ment, UMTA's Office of Service and Management Demon­
strations has conducted demonstrations on aspects of 
pricing (2-6), traveler responses (7,8), and distri­
bution methods (6,9,10). However~ -the knowledge 
about the factors thatexplain the cost performance 
of prepayment plans is scant. The basis of this 
paper is the costing concepts developed by Ecoso­
metrics, Inc. (10) in the design of the Sacramento 
demonstration o;;-d istribution systems for fare pre­
payment, and the results of research on the costs of 
transit fare prepayment plans in 11 transit compa­
nies are summarized (!.!) • The transit companies in­
cluded Southern California Rapid Transit District 
(SCRTD), Los Angeles I Southeastern Pennsylvania 
Transportation Authority (SEPTA), Philadelphia; Met­
ropolitan Transit Commission (MTC), St. Paul; Munic­
ipality of Metropolitan Seattle (METRO); Queen City 
Metro, Cincinnati; Tri-County Metropolitan District 
of Oregon (Tri-Met), Portland; SunTran, Tucson; 
Dart, Delaware; Tidewater Regional Transit, Norfolk: 
Greater Richmond Transit Company; and Sacramento Re­
gional Transit District. Analyzed as part of the 
study were (0 different plans including 20 pass 
plans (of which 9 were monthly passes, 2 were weekly 
passes, and the rest included diverse programs such 
as tourist passes, day passes, and annual passes), 
11 ticket plans (of which 5 were 10-trip ticket 
books and 2 were 20-trip ticket books), 2 punch-card 
plans, and 3 token plans. The distribution methods 
analyzed consisted of transit-operated outlets, pri­
vate and public outlets, employer outlets, direct 
mail, telephone order, and on-board sales programs. 
In addition, the fare prepayment plans featured sev­
eral different methods of order delivery to outlets, 
such as delivery by transit staff, courier service, 
or postal service. This rich data base enabled the 
authors to develop parametric approaches to the 
costing of fare prepayment pl,ms. 

OVERALL STRUCTURE OF THE PARAMETRIC APPROACH 

The costing methodology employed consisted of a se­
ries of building blocks that related resource re­
quirements (i.e., productivity parameters) and basic 
resource costs, such as wages and postage (resource 
parameters), to cost-driving variables (program pa­
rameters), such as the number of outlets, number of 
prepayment instruments sold, and so on. 

The cost-estimating relationships were expressed 
in parametric fashion to gain flexibility in their 
use. The parametric representations of productivity 
relationships were standardized across many settings 
and systems to permit generalizations to other tran­
sit settings, thereby incorporating some of the fea­
tures of standardized costing. Although the costing 
methodology traced the cost of incremental activi­
ties associated with prepayment plans, it neverthe­
less included the costs of inherited resources 
within the prepayment program, resources that were 
valued at replacement costs. In the discussion that 
follows, a fare prepayment instrument refers to the 
individual item purchased (e.g., 30 instruments may 
refer to 30 monthly passes, to 30 weekly passes, or 
to 30 ten-trip ticket books). A fare prepayment 
transaction refers to the actual sales activity and 
is usually equal to the number of instruments sold. 
An exception is the monthly pass with zone stamps, 
which corresponds to two instruments but only one 
sales transaction. 

COST CATEGORIES 

Both capital (one-time) expenses and recurrent oper­
ating costs were considered. Capital costs included 
vehicles, equipment (e.g., pass counters, token 
wrappers, photographic equipment, telephones, and 
ticket or pass shredders), and promotional advertis­
ing campaigns. The recurrent or operating costs in­
cluded labor (wages and fringe benefits), materials 
(envelopes, postage, business forms, etc.), space or 
rent, and miscellaneous services, such as commis­
sions to outlets, courier service, design and print­
ing, and normal advertising activities. All capital 
costs were amortized using capital recovery factors 
at 12 percent interest rates. 

FUNCTIONAL ACTIVITIES AND COST CATEGORIES 

The operation of a fare prepayment program may in­
volve as many as 21 separate activities, which were 
grouped into the 12 major cost categories presented 
in Table 1. These cost categories range from order 
preparation and delivery to sales outlets, recording 
and accounting, and other miscellaneous functional 
activities. From an analytical viewpoint these cate­
gories can be grouped into the two basic categories 
presented in Table 1. Transaction-oriented costs 
were those affected by the size and frequency of 
fare prepayment sales and deliveries. A second set 
of cost categories had been grouped into non-trans­
action-oriented costs because they were not directly 
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TABLE 1 Key Variables Affecting Prepayment Costs by Functional Activity and Sales Distribution Method 

Sales Distribution Method 

lra1usiL-UperaLmi ?ullu<..: ami rr1vaLe Uire<..:L ivia1i T depi1une U11.ita Vu-Dua1U 
Cost Category Cost Element Sales Outlet Sales Outlet Program Program Pass Sale 

Transaction oriented 
Order preparation 

Sales outlet Labor, equipment Per outlet served Per outlet served 
On-board sale Labor Per day issued 

Order delivery 
Staff Labor, vehicles Per outlet served Per outlet served 
Courier Courier service Per outlet package Per outlet package 
Certified mail Postal service Per outlet package Per outlet package 

Direct sales 
Transit-operated outlet Labor Per transaction 
Public and private outlet Commissions Per revenue dollar 
Direct mail program Labor, materials Per transaction 
Telephone order program Labor, materials Per transaction 

Recording and accounting 
Recording sales Labor Per transaction Per transaction Per transaction 
Accounting sales Labor Per transaction Per transaction Per transaction Per transaction 
Accounting on-board sales Labor Per day issued 

Non-transaction-oriented 
Design Design service Per design change Per design change Per design change Per design change 
Printing Printing service Per unit of volume Per unit of volume Per unit of volume Per unit of volume Per unit of volume 

printed printed printed printed printed 
Inventory Storage Per unit of volume Per unit of volume Per unit of volume Per unit of volume Per unit of volume 

stored stored stored stored stored 
Miscellaneous handling Labor, equipment Per instrument Per instrument Per instrument Per instrument Per instrument 

handled handled handled handled handled 
Advertising Labor, media Per instrument Per instrument Per instrument Per instrument Per instrument 

advertised advertised advertised advertised advertised 
Alirnin;'-!tT::itinn !.ab..Q.r Per pr0grarn size Per p!ogram she p,,.r prngr::im ..:17,,. PPr nrnor::i m 1.:i 7P Per pr0gr~rn size 

category category category category category 
General overhead 

Transit-operated outlets Labor Per dollar of labor 
Headquarters Labor Per dollar of labor Per dollar of labor Per dollar of labor Per dollar of labor Per dollar of labor 

Cost of funds Interest Per day of delay 

related to the transaction per se, although in a 
loose sense they may have been correlated with total 
sales volume (e,g., advertising). This segmentation 
of the 12 major cost categories into the two cost 
groups provided the basis tor the structure or the 
cost model. 

In Table 1 each cost category is disaggregated 
into detailed components all the way down to the 
cost elements. Al so presented in Tabl e l are the key 
variables that dominated the cost behavior within 
each function. Table 1 summarizes the analytical 
framework of the cost methodology and its building­
block structure. 

As shown in Table 1, order preparation and order 
de l ivery costs wen, driven primarily by the number 
of sales outlets served. Direct mail and telephone 
order programs did not require bulk order prepara­
+-.; !"\nl!"'! !"\'!"" !'=l""'l"v"""-'!"".;f".H'.'! b~,...~'H"'"""' earoh "''!""n~!t"' ~aJ~~n by mail 

or telephone was processed individually. Direct 
sales costs at transit-operated outlets and at head­
quarters for direct mail and telephone order pro­
grams were a function of the number of sales trans­
actions. The only sales costs recognized for public 
and private sales outlets ( including employer pro­
grams) were the expenses incurred in sales commis­
sions. This does not imply that there were no other 
costs involved in these activities but simply that 
these costs were not borne by the transit company. 
Similarly, there were no costs for recording indi­
vidual sales transactions at public and private out­
lets because this function was performed at the out­
lets at no extra cost to the transit company. 

Finally, the costs of some functional activities 
(e.g., design, printing, and inventory) were in­
curred irrespective of the sales distribution method 
used. Overhead costs were computed separately for 
transit-operated outlets because the rent and sup­
plies for this space were usually independent of the 
transit company's headquarters offices. 

DESCRIPTION OF COST CATEGORIES 

Order Preparation Costs 

Order preparation consisted of preparing a new sup­
ply of fare prepayment instruments for distribution 
to sales outlets and on-board sales. In the case of 
sales outlets (transit operated, public, and em­
ployer) these costs included the labor and equipment 
costs involved in assembling and packaging the ap­
propriate number of instruments for each outlet and 
preparing invoices for the outlets. 

The labor requirements of order preparation for 
sales outlets varied from a high of 1.20 to 1.40 
man-hr per outlet preparation in Los Angeles and 
Seattle to O .11 man- hr per outlet preparation in 
Philadelphia. These labor requirements appeared to 
be more dependent on internal procedures followed 
than on the size of orders. Some transit companies 
required that the contents of each order be care­
f:ni, y ,..,a,.."',....:1a~ (e.g. r noting serial numbers) before 
distribution to outlets. Typical labor requirements 
for this function were 0.25 man-hr per outlet prepa­
ration when normal procedures were followed. Equip­
ment requirements consisted of token wrappers, three 
of which were used by Cincinnati's Queen City Metro, 
and a pass counter, used in Sacramento. 

The order preparation costs of on-board sales 
covered the labor requirements of preparing passes 
for driver pickup. These labor requirements varied 
between 15 min per day of pass sales in Sacramento 
to 30 min per day for weekend passes in St. Paul and 
Tucson. Some economies of scale appeared to be pres­
ent as shown by the longer preparation time per day 
for weekend day passes than for the daily pass 
program. 

Order Delivery Costs 

Delivery of fare prepayment instruments to outlets, 
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whether transit operated, public, or employer, was 
performed by one of three modes: transit staff, 
courier, or certified mail. Half of the transit com­
panies interviewed used transit staff delivery, if 
not for all outlets, at least for those outlets with 
the greatest sales volume. Staff delivery times per 
outlet were found to decrease by city size and dis­
tance between outlets. In Seattle the 25 outlets 
served by staff were located downtown, thereby re­
quiring only 10 min of delivery time per outlet de~ 
livery. In Portland the staff delivered plans to all 
109 outlets, some located 18 miles from downtown 
Portland, thus requiring 60 min per outlet delivery. 
Half of the transit agencies used vans for staff de­
livery and the other half used large or intermedi­
ate-sized automobiles. Philadelphia's SEPTA used an 
armored truck for staff deliveries. 

An alternative to the high costs of order de­
livery by transit staff was courier service. SEPTA 
was the only transit system interviewed that used a 
courier service. In that case 75 packages were de­
livered each week to outlets at a cost of $5.00 per 
package delivery. However, because of the limited in­
surance coverage of local messenger service, addi­
tional insurance coverage was secured by the transit 
company. 

The u.s. Postal Service was used by 4 of the 11 
transit companies interviewed to service low-volume 
outlets. However, certified mail was inadequate to 
serve the distribution of ticket ·books and tokens, 
which were too heavy to be sent economically by this 
method. Another problem of using the mail was its 
inadequate insurance coverage. Because the maximum 
liability of insured mail was only $400, only 20 
monthly passes valued $20 apiece could have been 
sent per mail package. Guidelines will be presented 
later for choosing between these alternative de­
livery methods. 

Direct Sales Costs 

The direct sales costs included labor, materials, 
commissions, and equipment costs of selling prepay­
ment instruments at outlets and by direct mail and 
telephone order. Of the 11 transit companies ana­
lyzed, 8 operated their own outlets. The labor re­
quirements for effecting a prepayment transaction at 
transit outlets varied between 1. 5 and 2. 5 min per 
transaction; the time per transaction was inversely 
related to the number of sales transactions. At out­
lets where many photographs are taken for the pre­
payment instruments, the labor requirements exceed~ 
min per transaction. Equipment requirements and 
costs included photographic equipment, validation 
stamps, and so forth. 

All the transit companies analyzed used public 
and employer sales outlets. These included banks, 
savings and loan institutions, department stores, 
hospitals, schools, and employers. A significant 
number of the outlets charged a commission on sales. 
These cormnissions could be based either on a per­
centage of prepayment sales or on a fixed rate per 
instrument sold. Commission rates ranged from none 
to 3 percent (Los Angeles). In general, the larger 
companies appeared to incur greater commission rates 
than the smaller ones. 

Direct mail sales of prepayment plans were con­
ducted by five of the transit companies analyzed. 
The direct mail costs included labor requirements 
and materials, such as order forms, envelopes, and 
postage. Material costs alone were approximately 
$0.50 per direct mail transaction. On the basis of 
the records of the companies analyzed, no relation­
ship was discernible between the sales time per 
transaction (which varied from l to 6 min) and the 
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number of transactions. The reason for this was that 
other factors unique to each company, such as re­
porting requirements, credit card verification, and 
bad check follow-ups affected the transaction times. 

Telephone sales were similar to direct mail order 
in that the transactions took place at the transit 
company headquarters. However, telephone orders were 
placed by charges to the customer's major credit 
card. Only one site, Wilmington, operated a tele­
phone order service, and their records indicated 
that their labor requirements ( 3 min per transac­
tion) were not significantly different from those of 
a direct mail program. Equipment and material costs 
included telephone installation and monthly service 
charges ($30 to $50 per month), bank credit card 
service charges ( 4 to 6 percent of sales) , window 
envelopes (at $0.03 each), and first-class postage. 

Recording and Accounting Costs 

A recurrent task in prepayment transactions was re­
cording all sales and accounting for all revenue in­
come. These two tasks were usually performed by dif­
ferent personnel at different times. Recording fare 
prepayment sales was a function that applied only to 
transit outlets and headquarters. Sales were re­
corded by a fare agent at the time the sale was 
transacted. No recording costs were incurred by the 
transit company at public and employer outlets. The 
labor requirements for recording sales depended on 
the procedures used and the volume of transactions. 
These labor requirements ranged from O. 25 min per 
transaction in the large outlets and headquarters to 
3 to 4 min at the smaller transit-operated outlets. 

Accounting costs were incurred in all the prepay­
ment sales methods. Accounting operations included 
several activities, primarily posting the accounts 
receivable by the transit company accountants or 
making a book entry on the consignment accounts on a 
periodic basis as the sales outlets were serviced. 
Economies of scale were present in this function. 
The labor requirements per transaction varied from 
0.08 min in the larger companies (SCRTD, SEPTA, and 
MTC) to 0.35 to 0.45 min per transaction in Norfolk 
and Tucson. 

Accounting for on-board sales transactions also 
exhibited economies of scale. The accounting labor 
requirements varied from 1.0 to 3.5 hr per day, de­
pending on the number of transactions. 

Design Costs 

Designing prepayment plans included choosing the di­
mensions of the instrument, the type of paper stock, 
and the artwork on both sides of the instrument. 
Tickets, tokens, and punch cards incorporated simple 
standardized designs with inconsequential costs. 
Passes were different altogether in that more atten­
tion was placed on the design and artwork to make 
the pass attractive, functional, and counterfeit 
free. The design costs of pass plans ranged from as 
low as $57 per design for punch cards in Tucson to 
$3,500 per design for passes in Philadelphia, De­
signs were changed every 6 months in some instances 
(Norfolk and Portland) and every 2 to 3 years in 
other cases (Tucson and Philadelphia). In general, 
these costs were minor, amounting to at the most $5 
(in 1981 dollars) per 1,000 instruments printed. 

Printing Costs 

Except for SunTran in Tucson, all the other transit 
companies analyzed used outside professional print-
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ing companies for printing the prepayment instru­
ments, As a general rule, printing costs were af­
fected by four factors: the type of prepayment 
pi.an, tne qua.L1cy oi materials anci pc .ini:.iuy, '-"~ 
volume printed annually, and the printing frequency. 
There were economies of scale in printing: the unit 
cost of printing materials diminished until order 
sizes of between 100,000 and 200,000 instruments 
were reached and remained constant after this level 
had been reached. Costs per 1,000 instruments 
printed (in 1981 dollars) for orders of 150,000 and 
more were $25 for passes, $20 for ticket books, $7 
fut punch Cdtcls, dlld $7!:i for bral!ll!I tokenl!I of 
0.984-in. diameter. 

Inventory Costs 

Inventory costs included the storage of prepayment 
instruments. i'-wo facb.J1. s a.Lft:ct~U the space r€-qu.ire­
ments for fare prepayment storage: the type of pre­
payment plan and the size of each printing order. 
Thus, there was a cost trade-off between printing 
frequency and inventory space. Normal space require­
ments were 220 instruments per cubic foot for con­
ventional plans. The storage costs were estimated as 
$0.06 (in 1981 dollars) per cubic foot per month. 

Miscellaneous Handling Costs 

Three of the 11 transit companies analyzed performed 
special functions on the operation of their ticket 
and pass programs. Norfolk, for example, counted all 
new passes arriving from the printer and destroyed 
unsold passes during the month that the passes were 
still valid. Wilmington and Portland both separated 
tickets from the farebox, weighed them, and de­
stroyed the tickets with a shredding machine. 

Adve·rtising 

Few of the transit companies interviewed operated 
on-going advertising programs. Three companies 
(SCRTD, SunTran, and METRO in Seattle) incurred 
monthly advertising and publicity costs. In addition 
to these companies, three others (Tri-Met, Sacra­
mento Regional Transit District, and SEPTA) incurred 
one-time promotional campaigns to introduce new pre­
payment programs or to advertise new sales outlets. 
In amortizing the effect of advertising expenses, ic 
was assumed that recurrent advertising expenditures 
would have a short-term effect on sales fully depre­
ciable during 1 year. The one-time introductory pro­
motional campaigns were assumed to have a sales ef­
fect within an 18-month period. These assumpcions 
corresponded to the amortization rates of advertis­
ing for nondurable and durable goods (.!1_). The costs 
of one-time introductory campaigns were estimated at 
$0.03 to $0.05 (1981 dollars) per instrument sold. 
The recurring expenditures were estimated to vary 
between $0.12 per instrument sold for the Los An­
geles monthly pass to the much larger $0.65 to $0.80 
per instrument sold in Tucson and for the Los An­
geles tourist pass. 

Administrative Costs 

Administration of the prepayment programs included 
operations such as staff supervision and administra­
tion of transit-operated outlets. In addition, there 
were the expenses of support and maintenance of the 
existing public and employer outlets and the market­
ing efforts in outlet expansion. The administrative 
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costs depended on the extent of effort committed to 
outlet promotion and expansion. In Philadelphia, 
where no significant outlet expansion programs were 
. -- - -- . .. · - . . --- --· " - ------.I.JI ~1..Lt;:c..;\,., J~ 1110.u-uL };JC'L JllUiH .. U fl'CL'C .;>1:-'CJI\,, .A.II ""'\..It' ..... 

visory activities. In St. Paul and Seattle, which 
had significant outlet promotion efforts, 100 to 173 
man-hr were spent by supervisory personnel per month. 

General Overhead Costs 

The program overhead costs included general sup­
pliel!I, telephone, utilitiel!I, mointcnanoc, and rent, 
These expenses were estimated as percentage of di­
rect labor costs. The general overhead costs of the 
transit companies were estimated as a percentage of 
direct labor costs from the Section 15 Reporting 
System (13) and applied to all the direct labor 
costs in~rred in the transit fare prepayment pro-
l'TFQffl 

:J --·· ·· 

SUMMARY RESULTS OF THE COST ANALYSIS 

The costs incurred at each of the 11 case sites were 
analyzed in detail in order to develop the para­
metric cost equations that appeared in the technical 
report (11). A summary of the results of this analy-
~ia ~o p-;=-oa"~aA haPa
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Fare Prepayment Plan Costs by TrBn.sit Company 

The 11 transit companies reviewed offered a variety 
of fare prepayment plans to their riders. Nearly all 
of them offered at least one pass plan (usually a 
monthly pass) and an unlimited-duration ticket or 
token plan. The number of plans offered varied be­
tween one and four. 

The principal plans offered by the 11 transit 
companies are presented in ~ahle ~ along with their 
unit costs. Monthly passes In Los Angeles cost $0.95 
each, whereas in Norfolk they were only two-thirds 
that price. However, because Los Angeles pass hold­
ers used their pass more than 70 times each month, 
the cost per monthly pass trip in Los Angeles was 
only slightly higher than the cost per trip in Nor­
folk. Of the 11 transit companies, only those in 
Norfolk and Portland offered comparable programs, 
and their costs were remarkably similar. Both tran­
sit companies sold monthly passes and 10-trip ticket 
books. Costs per instrument were slightly higher in 
Norfolk than in Portland because of the difference 
in the size of the two programs. More than eight 
times as many plans were sold in Portland than in 
Norfolk, which reduced its unit costs by about 25 
percent. 

The unit cost per fare prepayment transaction has 
been disaggregated into its cost categories and is 
presented in Table 3 in order to provide an opportu­
nity to compare costs across sites. As shown in 
Table 3, among the transaction-oriented costs, those 
for order preparation were fairly consistent across 
sites. Cincinnati was the most costly site in this 
category because of the cost of wrapping tokens. 
Norfolk had unusually high order delivery costs be­
cause all outlets were serviced by staff and rela­
tively few passes were sold, thereby bringing the 
average cost up. Direct sales costs were extremely 
high for the four largest transit systems because of 
commissions paid to sales outlets. In Richmond and 
Tucson neither sales outlets were operated nor com­
missions were paid to public outlets. Accounting 
costs were relatively low for most programs except 
for Cincinnati's, and design costs were insignifi­
cant. 

iii 
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TABLE 2 Prepayment Costs in Selected Transit Companies 

Cost ($1981) 

Location and Instrument Per Instrument Per Trip 

Los Angeles 
Monthly pass 0.95 0.016 
Tourist pass 1.82 0.171 
Individual ticket (I 0)3 0.38 0.038 
Ticket book (I 0-trip) 0.56 0.056 

Philadelphia 
Monthly pass 1.02 0.018 
Weekly pass 0.77 0.055 
Token (IO)" 0.54 0.054 

St. Paul 
Monthly pass 0.96 0.020 
Ticket book (I 0-trip) 1.45 0.145 
Punch card (l 0-trip) 0.92 0.092 
Token (20)' 1.44 0.072 

Seattle 
Annual pass 8.91 0.018 
Monthly pass 0.90 0.021 
Ticket book (20-trip) 0.96 0.048 
Ticket book ( 40-trip) 0.96 0.024 

Cincinnati 
Token (20)' 0.48 0.024 

Portland 
Monthly pass 0.45 0.009 
Ticket book (I 0-trip) 0.41 0.041 

Norfolk 
Monthly pass 0 .6 1 0.013 
Ticket book ( I 0-trip) 0.49 0.049 

Sacramento 
Monthly pass 0.58 0.012 
Token (20)" 0.57 0.028 
ID card 2.71 N.A. 

Richmond 
Weekly pass 0.15 0.014 
Ticket book (10-trip) 0.13 0.013 
Ticket book (20-trip) 0.13 0,007 
Ticket book ( 45-trip) 0.13 0.003 

Wilmington 
Monthly pass 0.42 0.009 
Strip ticket (l 0-trip) 0 .11 0.011 

Tucson 
Semester pass 2.96 0.019 
Monthly pass 0.34 0.008 
Punch card (20-trip) 2.96 0.148 

a Assumed sold in quantiHes indicated. 

Focusing on the non-transaction-oriented costs, 
printing costs were high in Philadelphia, Seattle, 
Cincinnati, and Norfolk. In Seattle and Norfolk rel­
atively small volumes were printed of some of the 
plans: in Cincinnati costs were exclusively minting 
costs for tokens. A special printing process was 
used in Philadelphia to reduce the opportunities for 
counterfeiting, which explained its high printing 
costs. Inventory and miscellaneous handling costs 
were minor for most systems. Advertising costs were 
insignificant for most programs, although they were 
significant in some systems. More than $0.10 was 
spent on ~ach fare prepayment instrument sold at the 
three sites with advertising programs. Administra­
tive and overhead expenses were high for the large 
fare prepayment programs and the two demonstration 
sites. 

As a percentage of cost, direct sales costs 
clearly increased with the size of the program. Once 
again this reflects the fact that managers in small 
programs could usually persuade banks and department 
stores to sell fare prepayment plans without charg­
ing a commission. At large volumes, however, most 
public outlets required a commission on sales or an­
other form of payment. 

Order delivery, accounting, printing, inventory, 
and overhead costs generally increased as a percent­
age of total costs as the size of the program de­
creased. Thus, although direct sale was the dominant 
cost factor in large programs, accounting, overhead, 
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printing, and delivery incurred the most costs in 
small fare prepayment programs. Understanding the 
differences in the cost elements is critical when 
planning a fare prepayment program. 

Generally, large fare prepayment programs in­
curred a higher unit cost than small programs as 
shown by the data presented in Table 3. Transit com­
panies with large fare prepayment programs spent 
proportionally more money in two aspects of the pro­
gram than companies with small programs. These in­
cluded 

1. Sales commissions to public outlets (small 
transit companies could usually secure a network of 
public outlets without having to pay commissions) and 

2. Advertising (small transit companies with set 
programs usually did not advertise). 

As shown in Table 3, the largest fare prepayment 
programs spent $0. 86 ( in 1981 dollars) for each in­
strument they sold. Average-sized programs spent 
$0.44 per instrument and small programs spent only 
$0.14. In both Sacramento and Tucson high costs were 
incurred, in part because of the demonstration ac­
tivities at these sites. 

Costs by Type of Prepayment Pla·n 

The prepayment plan cost estimates for the 11 tran­
sit companies are summarized in Table 4 according to 
the major types of instrument. In this section a 
comparison of the unit costs of the fare prepayment 
plans in all 11 transit companies are presented. For 
a true cost comparison, however, the standardized 
costs of operating selected fare prepayment plans 
are also presented. As shown in Table 4, the cost 
per trip was generally higher for the short-term in­
struments ( such as 10-tr ip ticket books and weekly 
passes) than for prepayment instruments of longer­
term duration. The cost of issuing a weekly pass was 
only two-thirds the cost of issuing a monthly pass 
because the normally higher volume of weekly passes 
sold each month resulted in some economies of scale. 
A weekly pass program, however, was twice as expen­
sive as a monthly pass program on a per-trip basis. 
This was generally because of the higher printing 
and delivery costs. 

However, because the prepayment programs at the 
11 sites were not identical, too much should not be 
read into the comparisons presented in Table 4. In­
stead, the costs of a typical program have been es­
timated by standardizing some of the resource costs 
and program parameters. Thus, the standard costs 
presented in Table 5 assumed 1981 wage rates of 
$8.25 per hour for order preparation, delivery, and 
outlet personnel: $9.50 per hour for accounting per­
sonnel: and $11.00 per hour for supervisory per­
sonnel. Fringe-benefit rates of 36.2 percent and 
headquarters overhead rates of 39.5 percent were as­
sumed. Prepayment instruments were assumed to be 
sold at headquarters, at two transit-operated out­
lets, and at 150 outlets, of which two-thirds 
charged 2 percent commissions on sales. Staff de-
1 ivery times were assumed to be 30 min per outlet 
delivery. No promotional expenses were included 
among the costs. The resulting costs by type of plan 
are presented in Table 5. 

As shown in Table 5, weekly passes and 10-trip 
ticket books were the most costly of the six plans 
to implement because they were consumed and replaced 
so rapidly. Tokens were slightly more expensive than 
tickets of the same quantity. Monthly passes and 
40-trip ticket books, the two plans with the longest 
duration, were the least expensive. Thus, when de­
cisions are made on the selection of an appropriate 
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TABLE 3 Unit Transaction Costs by Cost Cate~ory, 1981 

Cost Category' ($1981) 

Recording 
Order Order Direc: and 

Site Preparation Delivery Sales Accounting Design 

Los Angeles 0.017 0.0 l(J 0.6Cl 0.033 0 
Philadelphia 0.002 0.015 0.4:!2 0.054 0.001 
St. Paul 0.026 0.020 D.8'.!9 0.026 0.00] 
Seattle 0.059 0.00I:: 0.3E8 0.027 0 
Cincinnati 0.075 0.044 D.OC4 0.131 0 
Portland 0.016 0.038 O.l'i4 0.070 0.002 
Norfolk 0.020 0.10 :i D.112 0.079 0.003 
Sacramento 0.027 0.03:: 0.2'.'3 0.070 0.003 
Richmond 0.006 0.03D 0 0.030 0 
Wilmington 0.002 0.00'.! 0.014 0.043 0 
Tucson 0.029 0.037 0 0.068 0.001 

Weighted avg 0.017 0.01 ·.1 0.4c3 0.043 0.001 
Percent of total 2.2 2.2 60.3 5.6 0.1 

aComputed by dividing each cost by the tctal number of month .y transactions at each site. 

TABLE4 Average Unit Costs for Selected Prepayment 
Plans 

Cost ($1981) 

Per 
Instrument Instrument Per Trip 

Annual pass ( one plan) 8.91 0.018 
Semester pass (one plan) 2.96 0.019 
Monthly pass (nine plans) 0.69 0.014 
Weekly pass (two plans) 0.46 0.035 
Ticket book (20-trip) (two plans) 0.55 0.028 
Ticket book (I 0-trip) (six plans) 0.53 0.053 
Token (20 each) (three plans) 0.83 0.038 
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Mis:ellaneous 
Printing Inventory HandliI1g Advertising Administrative Overhead Total Cost 

0.040 0.002 0 0.116 0.025 0.04'J 0.893 
0.153 0 0 0 0.005 0.082 0.744 
0.045 0.001 0 0 0.034 0.026 1.018 
0.117 0.001 0 0.260 0.029 0,036 0.925 
0.110 0.002 0 0 0.023 0 .09: 0.480 
0.044 0.002 0.010 0 0.007 0.062 0.425 
0.129 0.004 0 0 0.002 0.063 0.537 
0.028 0.001 0 0 0.153 0.225 0.773 
0.018 0.002 0 0 0.004 0.045 0.137 
0.030 0.001 0.013 0 0.005 0.022 0.134 
0.066 0.006 0 0.431 0.057 0.134 0.829 
0.079 0.002 0.001 0.063 0.021 0 .061 0.768 

10.3 0.3 0.1 8.2 2.7 8.0 100.0 

TABLE 5 Standard Costs p1ir Iruitrument for Six Fare Prepayment Plans by Cost 
Category 

Instrument Cost ($1981) 

Monthly Weekly JO-Trip 20-Trip 40-Trip 20-Token 
Cost Category Pass Pass Ticket Ticket Ticket Roll 

Order preparation 0.010 0.010 0.002 0.005 0.010 0.020 
Order delivery 0.025 0.025 0.006 0.012 0.0'...3 0.012 
Direct sales 0.303 0.080 0.080 0.147 0.281 0.147 
Recording and ac-

counting 0.044 0.023 0.023 0.030 0.0'-4 0.030 
Design 0.002 0.001 0 0 0 0 
Printing 0.038 0.038 0.020 0.020 0.010 0.026 
Inventory 0.002 0.002 0.002 0.002 0.002 Negligible 
Administration 0.011 0.003 0.003 0.005 0.010 0.005 
General over head 0.035 0.024 0.014 0.02!. 0.033 Qfill 
Total per instrument 0.470 0.206 0.150 0.242 0.423 0.267 
Total per trip 0.011 0.021 0.015 0.012 0.011 0.013 

.... ... 
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fare prepayment plan, the relative costs presented 
in Table 5 should provide an indication of the 
monthly and unit costs that will be incurred. 

Standar d Delivery Costs by Alternative Delivery 
Methods 

As discussed earlier, three methods were generally 
used in the delivery of prepayment plans to outlets, 
namely, transit staff delivery, courier delivery, 
and certified mail delivery. To compare the costs of 
alternative delivery methods, standard costs of a 
typical system were developed by using identical as­
sumptions to those presented earlier. 

Based on these three methods of delivery, the 
standard cost of delivering fare prepayment plans to 
each sales outlet can be as low as $2.05 per outlet 
with -certified mail or more than $20 per outlet if 
staff are used for the delivery. The actual cost per 
outlet in a particular setting will depend on the 
number of outlets served, the average distance be­
tween outlets, the density of the city, and the num­
ber of fare prepayment instruments delivered to each 
outlet. Given this information, it is possible to 
choose the least costly method of fare prepayment 
delivery. 

Figure 1 shows the costs of servicing each outlet 
in a medium-density environment. All three methods 
of fare prepayment delivery are represented. Certi­
fied mail costs increase as the number of passes 
sent per outlet increases. Courier delivery costs 
are not affected by the volume of passes sent to 
each outlet but rather by the number of outlets 
served. It is assumed that more than 50 sales out­
lets are served during each delivery period. Transit 
staff delivery costs depend on the distance (and 
time) between outlets. The delivery costs per outlet 
for 1- and 2-mile average distances between outlets 
are shown in Figure 1. 

With the costs of the three delivery methods su­
perimposed on Figure 1, it is possible to determine 
which method results in the least cost to the tran­
sit company at different volumes of passes de­
livered. Certified mail is the least costly method 
at volumes below approximately 50 passes per outlet. 
Beyond that volume, transit staff delivery is the 
most economical method if outlets are typically 
spaced 1 mile apart. If the distances between out­
lets are greater than 1 mile, courier service is 
less costly. 

Any one of the three methods can be the lowest­
cost delivery method depending on the set of condi­
tions under which the transit company is operating. 

_.,$5,00 
~ .... .., 

15 

Moreover, because the same volume of passes is usu­
ally not sent to all sales outlets, utilization of 
more than one delivery method could result in the 
lowest operating cost to a transit company. For ex­
ample, in a low-density site where outlets are typi­
cally spaced 2 miles apart, transit staff should be 
used for the delivery of passes to high-volume out­
lets only; that is, staff delivery should be em­
ployed only when more than 50 passes are delivered 
to an outlet. For those out l ets receiving less than 
50 passes, certified mail should be used. Thus, the 
combination of staff and certified mail dellvery 
will resul t in t he lowest operating c ost fo r the 
program. 

Standard Sales Costs by Sales Method 

Standard costs following the assumptions presented 
earlier were developed for five sales methods, in­
cluding transit-operated sales outlets, public and 
employer sales outlets, public outlets with sales 
contracts such as the Seven-Eleven contract with 
Portland's Tri-Met, direct mail order, and telephone 
order programs. The standardized sales costs by 
sales method are summarized in Figure 2, which also 
shows that with the exception of sales contracts 
that provide variable commission rates, sales dis­
tribution methods exhibit economies of scale at rel­
atively low sales volumes. At high volumes all five 
methods have constant average costs. 

As shown in Figure 2, telephone order and direct 
mail programs are relatively expensive programs to 
operate with little or no economies of scale. In 
order to make them cost effective, they should only 
be employed at low volumes and marketed to those 
transit users without access to the less expensive 
sales outlets. 

Depending on the sales commission rates asked by 
public and private sales outlets, it may be less ex­
pensive for the transit company to staff and main­
tain a sales outlet if high outlet volumes are 
obtained. In this analysis it was found that a 
staff-operated outlet is less expensive than public 
outlets charging more than 2. 5 percent in commis­
sions only at volumes of more than 10,000 pass sales 
per month. Because few staff-operated outlets meet 
this test, most staff-operated outlets must there­
fore be judged and justified on grounds other than 
pass sales. Finally, transit managers should seri­
ously consider negotiating a contract with a retail 
chain for the distribution and sales of fare prepay­
ment plans, because such contracts can be less ex­
pensive if public outlets charge higher commissions. 

Certified Ma.11 r-----------
g 4.oo 
M 

r--------J 
Tra.nait Sta.t r - 2 Milea 

~ 
0. 

~ 3 .00 
0 u 

I 
I 

r- ..J CouTier .. l" ........ - ..................................... .... . ............ . 

Trans i t Starr - l Mile 

200 00 00 00 1000 

Number or Pas ses Delivered Per Outlet 

FIGURE 1 Comparison of delivery-method costs in a medium­
density environment : 1981. 
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FIGURE 2 Comparison of average costs for five distribution methods at ingh saies 
volume: 1981. 

In addition, contracting for the distribution and 
sales of fare prepayment plans frees the transit 
company from these activities. 

CONCLUSION: THF. NF.ED FOR COST REDUCTIONS 

The authors have shown in a recently completed paper 
(7) that the potential benefits of transi t fare pre­
p°iyment programs can be between $0.78 a nd $1.05 per 
prepaid instrument sold. At these benefit levels, 
fare prepayment programs are cost effective if prop­
erly priced to avoid farebox revenue losses because 
the potential benefits exceed the costs presented in 
Tables 2 and 3. However, a conscious effort should 
be made by managers of large fare prepayment pro­
grams to reduce costs because there is no technical 
or operating reason why the unit costs of large pro­
grams should be greater than the unit costs incurred 
in medium-sized programs. 

The opportunities for reducing the prepayment 
program costs are several. Staff delivery of fare 
prepayment plans to outlets should only be used when 
the distance between outlets is short, A cost-effec­
tive alternative to staff delivery is either a cou­
rier service or certifien mail for the smaller sales 
outlets. Because the largest single cost of prepay­
ment plans is the sales comm i ss i on at the l arger 
companies, every attempt should be made to develop a 
network of sales outlets without paying commissions, 
Finally, a more prompt collection of funds from 
sales outlets is warranted so that the transit com­
pany can earn interest on the revenues from prepay­
ment collected in advance of services being rendered 
and thus take advantage of one of the benefits of 
prepayment programs. 
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Performance Assessment Methods and Results for 

Transit Automatic Fare Collection Equipment 

JOSEPH M. MORRISSEY 

ABSTRACT 

Performance assessment methods and results 
for transit automatic fare collection (AFC) 
equipment are presented. The methods devel­
oped are based on the experience gained from 
a series of performance assessments con­
ducted at eight U.S. and three foreign tran­
sit systems. The methods are intended to 
assist rail transit systems in their assess­
ment of equipment, promote uniformity in ap­
plications, improve communications between 
companies, and help achieve a better under­
standing of problems and issues. The devel­
opment effort has been conducted as part of 
the UMTA Rail Transit Fare Collection Proj­
ect, the overall goal of which is to aid in 
the development of improved AFC systems for 
rail transit. The expected benefits from the 
project include improved operating effi­
ciency and reduced labor and maintenance 
costs at the transit systems. In this source 
document for assessment methodology key AFC 
terms and concepts are defined, and perfor­
mance methods as well as the results of the 
systems assessments and industry AFC con­
tract specifications are presented and dis­
cussed. 

UMTA, U.S. Department of Transportation, initiated 
the Rail Tr:ansit Fare Collection (RTFC) Project in 
1979 in response to a critical need by the U.S. 
transit industry £or improved au.tomatic fare collec­
tion (AFC) systems. 

Currently there exists a clear lack of standardi­
zation in both performance measurement and specifi­
cation of fare collection equipment. This has re­
sulted in, among other things, increased procurement 
costs and the need to regularly •reinvent the 

wheel." In recognition of this, the RTFC Project was 
targeted at the development and application of uni­
form AFC performance assessment methods. 

In this paper uniform performance assessment 
methods for AFC equipment are presented, In add i­
t ion, the results of the systems assessments are 
summarized and discussed and compared with industry 
performance specifications. 

AFC SYSTEMS AND EQUIPMENT 

An AFC machine is a self-service device that pro­
vides a fare collection revenue service or function 
and that represents a complete unit to a passenger. 
AFC machines include farecard or ticket vendors, 
automatic gates, addfares, transfer dispensers, and 
change makers for bills or coins or both. 

An AFC machine subsystem is a part or assembly of 
parts tha·t accomplishes a specific c-evenue function 
or transaction service and ca·n be. considered, for 
the sake of maintenance, a discrete unit. Major sub­
systems of AFC machines include bill validators, 
coin acceptors, ticket transports, transfer dis­
pensers, barrier mechanisms, and control logic units. 

Of t .he operating rapid rail and commuter rail 
systems in the United States, the following cur­
rently use AFC equipment: Metropolitan Atlanta 
Rapid Transit AuthQrity (MARTA) 1 Washington Metro­
politan Area Transit Authority (WMATA); Bay Area 
Rapid Transit (BART), San Francisco; Port /luthority 
Transit Corporation (PATCO), Philadelphia and Cam­
den; Illinois Central Gulf (ICG), Chicago; Chicago 
Transit Authority (CTA); Port Authority Trans-Hudson 
Corporation (PATH), New York and New Jersey; Massa­
chusetts Bay Transportation Authority (Ml3TA), Bos­
ton; New York City Transit Authority (NYCTA); south­
eastern Pennsylvania Transportation Authority 
(SEPTA), Philadelphia; and Baltimore Metropolitan 
Transit Authority (BMTA). In addition to these, the 
Metro-Dade Transportation Administration (MOTA) sys­
tem currently under construction in Miami will use 
AFC equipment. 


