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FOREWORD 
The papers in this RECORD discuss a number of issues that a.re of interest to planners, 
administrators, and professionals in the field of public transportation. The topics in
clude funding sources, determination of market sectors, operations, and levels of 
service. 

A continuing concern at the national level is the real need and cost of urban public 
transportation services. The 1972 National Transportation Study was undertaken to 
assess the need and priorities for transportation funds in urban areas. Weiner de
scribes how this study was undertaken and the type of information it collected. A 
general overview of the results is given. Hedges examines the urban transportation 
problem and argues for solutions of noncapital and low-capital alternatives that reduce 
the demand for vehicle trips and increase the effective capacity of existing transport 
systems. He also discusses some of the difficulties of such approaches and the 
activities of the U.S. Department of Transportation in this area. He concludes with 
a review of policy implications of the proposed shift in emphasis. 

In recent years research has increasingly focused on understanding groups whose 
transport needs are unmet by existing systems. The term "latent demand" refers 
to the potential for necessary trip-making by an individual who has no access to an 
automobile or convenient access to public transportation. Anderson and Hoel present 
an analysis of latent demand at various levels of service of public transportation in 
rural and small towns. They used data from a household questionnaire of 4 represen
tative cities in Minnesota. 

Benson discusses surburban transportation plaruting. He identifies unique suburban 
approaches to transportation plaruting, including the irrelevancy of the existing transit 
patronage data, the availability of technologies suited for suburban areas, orientation 
of high-speed transit lanes to existing rights-of-way, and need for a marketing plan 
to stimulate ridership or new services. Wilson, Hultquist, Peterson, and Kendall 
discuss the marketing aspects of transit in more detail. They believe that the best 
promotion is an actual invitation to use the transit service. They report on a study 
in a small section of Cedar Rapids, Iowa, where promotional material and free bus 
trips were considered to generate an increase in noncaptive patronage. 

Mix and Dickey report on a study of rural transportation problems and needs con
ducted in Virginia. Travel in most rural areas is now confined to the automobile. 
Because of financial or physical difficulties, certain groups have no access to a car 
and therefore must forego or depend on others for necessary travel. The authors 
analyze the transportation problem and suggest different ideas that might be used to 
implement public transit systems in rural areas. Included are the types of systems 
that might be used, organization, and funding. 

Two papers treat the general subject of service standards for public transportation, 
Vuchic, Tennyson, and Underwood discuss application of guidelines that have been 
issued by the Pennsylvania Department of Transportation. This is a unique effort by 
a state to formalize evaluations of local transit operations. The state based distribu
tion of funds among transit agencies on their compliance with the guidelines. Botzow 
describes a system of patron service variables that can be applied to all public trans
portation modes to determine which mode may be selected or upgraded on the basis of 
its ability to fulfill a desired level of service. The variables are those directly per
ceived by the user and include speed, delays, and comfort factors such as density, 
acceleration, jerk, temperature, and noise. The author suggests that an overall 
level-of-service factor be based 40 percent on speed and delay and 60 percent on 
quantifiable comfort factors. 

V 



NATIONAL REQUIREMENTS FOR 
URBAN PUBLIC TRANSPORTATION FUNDS 
Edward Weiner, Office of Transportation Planning Analysis, 

U.S. Department of Transportation 

The 1972 National Transportation Study was undertaken to assess the need 
and priorities for transportation capital funds for states and urban areas. 
This paper describes some of the results of that study with respect to urban 
public transportation. The results indicate that substantial funding is 
needed for urban public transportation in both the short and long term and 
that funding requirements vary widely between urban areas of different 
sizes and between urban areas of similar size. Capital funding require
ments over time also vary. Major public transportation implementation 
programs peak in funding requirements midway in the programs. Operat
ing costs as a proportion of total capital and operating costs are higher 
for existing public transportation systems than for new public transporta
tion systems because existing systems are almost fully depreciated. Even 
with two-thirds federal funding for capital improvements, the state-local 
share of the 2 5-year cost to construct and operate urban public transporta
tion systems is likely to be substantial. 

•THE TRANSIT industry has been declining since the end of World War II. Figure 1 
(1) shows the severe decline in annual revenue transit passengers and the sharp rise 
in fares since 1945. Transit fares have risen faster than the consumer index since 
1965 (2). 

Thetransit industry has been locked into a decline spiral that has been difficult to 
reverse. Decentralization of residences, jobs, and commercial activity has created a 
dispersed pattern of travel that is difficult to serve with public transportation, espe
cially on a financially sound basis. In addition, rising incomes, major investments in 
highways, and poor transit service have led to significant increases in automobile 
ownership. Rising labor costs and operating costs have caused continuing increases 
in transit fares, which have further suppressed transit ridership. Figure 2 shows 
that, even if fares increase, costs increase faster than revenues. 

However, patronage has declined less severely on rail rapid transit than on bus 
transit (Table 1), but deficits have been sizable (2). Rail transit systems accounted 
for 43 percent of the nationwide transit operating deficit in 1970 (~). 

It is clear that the demand for and the environment within which urban transit oper
ates have changed considerably within the last 20 years. However, it is not clear how 
the transit industry has perceived these changes and to what extent transit systems 
have been modified to adapt to these changes. There is little indication of changes in 
services, innovative approaches, marketing campaigns, or other efforts by transit oper
ators in most urban areas to maintain and increase their share of the travel market. 
Further, most' of the legal and institutional barriers to improving the efficiency and 
utility of public transportation still stand with little attempt to eliminate them. 

The taxi industry has done much better. During the period from 1960 to 1970, 
annual revenue passengers dropped 20 percent on bus transit and 6 percent on rail 
transit but increased 31 percent in taxicabs (Table 1). In general, taxicabs operate 
under many of the same regulatory constraints as transit companies, have had in
creasing costs, and in some locations must carry a high-cost "medallion" burden as 
well. According to Wells et al. (4), the annual taxi revenue now exceeds the revenue 
of the total transit industry plus rail commutation even though taxis haul less than half 
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Figure 1. Average fare per revenue passenger from Figure 2. Transit revenues and expenses from 1961 
1935 to 1970. 
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Table 1. Urban public transportation annual revenue 
passengers in 1960, 1965, and 1970. 

to 1971. 
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Percentage 
Passengers (millions) of Change 

From 1960 
Mode 1960 1965 1970 to 1970 

Surface rail 335 204 172 -43.7 
Subway and elevated rail 1, 670 1, 678 1,574 -5. 7 

Total 2,00~ 1,882 1,746 -12.9 

Commuter rail 248 233 247 -0,4 
Trollev coach 447 lAR 1?R -71 4 

Motor bus 5,069 4,730 4,058 -19.9 
Taxicab 1,820 1,960 2,378 30.7 

Table 2. Urban public transportation operations in 1970. 

Revenue Passengers Passenger Revenue 
(millions) (millions of dollars) Revenue-

Miles 
Mode Number Percent Amount Percent (millions ) 

Rail" 1,746 20.4 415 10.2 441 
Trolley coach 128 1.5 30 0. 7 33 
Bus 4,058 47.4 !, 194 29.4 1,409 

Subtotal 5,932 69.3 1,639 40.3 1,884 

Commuter raile 247 2.9 205 5.1 
Taxicab 2,378 27 .8 2,221 54.6 3, 417 

Total 8,557 100.0 4,065 100.0 

N 

"' ~ 

alncludes elevated and subway ra il rapid transit, grade ,separated su rface rail, and streetcar operations 
bNot available. 
curban passenger rail service provided by railroad companies, 
dTaxicab employment believed to be underestimated , 

Table 3. 1970-1990 urban public transportation needs. 

Type As of 1970 1970 to 1980 1980 to 1990 
of 

.. .. .. 
~ ..... 

+(<, ........ 
.,.,_"'t'.., .... 

(:> ....... 
~ .... ~ 

VQ,,,,, .. ,,/.; 
(.," ..... ~ 

~~ ............ 
~', .... 

~Cj ...... 
q<c:. ........ 

~+:,," 
:<..'~~ ••• •• .,.v'i.. 

...~"' ,,• .._-,E: 0~ ,,,•' ~ 
,,,, ~\'NG, 

,•••• o~t~~ 

M .. "' "' .... <D "' 12 "' ~ "' "' "' "' "' ~ ~ "' ~ ~ "' "' 

Vehicles 
Avg 
Employment' 
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1970 to 1990 
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"' 

Project Amount Percent Amount Percent Amount Percent Amount Percent 

Bus 2,971 35 4,099 18 5,242 2 12,312 21 
Rail 8,620 ~ 19,159 82 22,232 ..!! 50,013 79 

Total 11,591 100 23,258 100 27,476 100 62,325 100 

Note: Amounts are in millions of dollars, 
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as many revenue passengers (Table 2). The transit decline may, therefore, be due in 
part to the character of its service. 

1972 NATIONAL TRANSPORTATION STUDY 

As part of the 1972 National Transportation Study, states and urbanized areas were 
requested to provide to the U.S. Department of Transportation information on their 
capital needs and separate statements of their program priorities under 3 federal pro
gram assumptions for urban public transportation (; E, ~ 1, ~). This comprehensive 
survey provides the first complete picture of the nation's needs for urban public trans
portation capital funds and the priorities for those funds. Further, these data on urban 
public transportation are placed in the context of the needs and priorities for capital 
funds for all transportation modes so that the relative needs of urban public transpor
tation with respect to other modes can be assessed. 

Data were requested for 3 time periods: as of 1970, 1970 to 1980, and 1980 to 1990. 
The capital improvement programs were requested for 2 time periods: 1974 to 1979 
and 1980 to 1990. 

PUBLIC TRANSPORTATION NEEDS 

Table 3 gives a summary of the data on urban transportation needs provided by the 
states and urban areas as part of the 1972 National Transportation Study. The needs 
for capital funds for public transportation during the period from 1970 to 1990 for urban 
areas having populations of 50,000 and more are $62.3 billion, 79 percent of which is 
for rail rapid transit projects (; E, fil. These estimates are unconstrained by any 
budget limitations or federal program requirements. Fifty-six percent of the rail 
projects and 58 percent of the pus projects occur in the first 10 years. 

The highway and public transportation needs are given by urban area population 
group in Table 4. There is a wide variation in the percentage of public transportation 
needs that are for rail rapid transit. Larger urban areas show greater needs for rail 
rapid transit both in absolute dollar terms and as a percentage of public transportation 
needs. Rail rapid transit needs as a percentage of public transportation needs range 
from 22 percent for the 50,000 to 100,000 population group to 87 percent for the more
than-2-million population group; the nationwide average is 79 percent. 

Table 5 gives the transportation needs for the urban areas having a 1990 population 
of 1 million or more. Those urban areas have the greatest needs for public transpor
tation-92 percent of the national public transportation needs of which 85 percent is for 
rail rapid transit. Of the 35 urban areas in the more-than-1-millionpopulationgroup, 
26 indicated some rail rapid transit needs and 10 indicated that more than 90 percent of 
these public transportation needs are for rail rapid transit. The data in Table 5 show 
the wide variation in urban public transportation needs; the percentage of total needs 
for public transportation ranges from 1 to 69 percent, and the percentage of these public 
transportation needs for rail transit ranges from Oto 95 percent. 

Table 6 gives the needs per capita by population group. Highway needs per capita do 
not vary greatly by size of urbanized area, but urban public transportation needs per 
capita sharply increase as urban area size increases. The total highway and urban 
public transpo1·tation needs per capita do not reveal a pattern by size group except for 
those urbanized areas having a 1990 population of more than 2 million. The higher 
overall investment needs per capita of these are largely due to their higher public 
transportation needs per capita. 

The implications of these results are that urban areas have different needs for public 
transportation capital funds, and flexibility may be required in the apportionment of 
those funds on a nationwide basis. 

PUBLIC TRANSPORTATION PRIORITIES 

As part of the 1972 National Transportation Study, states and urban areas were 
asked to delineate capital improvement programs under 3 federal funding alternatives 
(; E, 1, ~- Two of these are discussed below. 
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Table 4. 1970-1990 transportation needs by mode and urban area population size. 

Public Transportation Needs 
1970 Highway Needs" 

1990 Population Population Percent Total 
Group (mllllons) Amount Percent Amount Percent for Rail Needs .. 

Less than 2 million 
1 to 2 million 18.4 24,439 82 5,395 18 55 29,834 
500,000 to 1 million 13.3 15,899 86 2,598 14 33 18,497 
250,000 to 500,000 10.5 16,402 94 1,043 6 18 17,445 
100,000 to 250,000 10.3 15,357 96 708 4 21 16,065 
50,000 to 100,000 6.5 8,624 94 522 6 22 ~ 
Subtotal 59.0 BO, 721 89 10,266 11 90,987 

More than 2 million 66.0 89,081 63 52,063 37 87 141,144 

Total 125.0 169,802 73 62,329 27 79 232,131 

Note: Amounts are in millions of 1969 dollars. 
8 Not including local roads or the cost of completing the Interstate System. 

Table 5. 1970-1990 transportation needs by mode and urban area having 1990 population of more 
than 1 million. 

Public Transportation 
Expenditures 

Highway 
1970 Expenditures• Percent 
Population for Total 

Urban Area (millions) Amount Percent Amount Percent Rail Expenditures 

Atlanta 1.17 1,548 54 1, 301 46 92 2,849 
Dallas 1.34 4,414 84 825 16 Bl 5,239 
Seattle 1.34 2,189 84 419 16 0 2,608 
Miami 1.22 1,102 69 487 31 91 1,589 
Milwaukee 1.25 927 86 148 14 0 1,075 
Cincinnati 1.20 1,312 75 434 25 0 1,746 
Kansas City 1.10 1,231 70 534 30 92 1,765 
San Juan 0.82 1,241 59 853 41 66 2,094 
PhnPnix 0 AS !, ! 54 ~3 B~ 7 C "-1""""1 

New Orleans 0.96 824 83 169 17 79 993 
Denver 1.05 902 99 12 1 0 914 
San Antonio 0.77 610 92 56 8 0 666 
Columbus 0.79 534 75 181 25 23 715 
Indianapolis 0.82 381 84 70 16 0 451 
Buffalo 1.09 1,142 Bl 270 19 79 1,412 
Louisville 0.74 929 85 165 15 0 1,094 
Memphis 0.69 410 24 147 26 69 557 
Portland 0. 75 I, 964 93 155 7 01 2,119 
Fort Worth 0.68 2,738 88 361 12 94 3,099 
Fort Lauderdale 0.61 435 94 27 6 7 462 
New York 17.36 20,354 61 13,037 39 93 33,391 
Los Angeles 9.31 9,872 59 6,873 41 83 16,745 
Chicago 7.10 8,369 78 2,410 22 74 10,779 
Philadelphia 4.30 8,315 73 3,153 27 94 11, 468 
San Francisco 4.01 5,201 50 5,101 50 85 10,302 
Detroit 3.97 7,827 73 2,827 27 46 10,654 
Boston and Providence 4.23 6,874 80 1,710 20 79 8,584 
Washington 2.48 4,125 53 3,718 47 96 7,843 
Cleveland 2.15 2,632 69 1,183 31 84 3,815 
St. Louis 1.88 2,492 62 1,497 38 94 3,989 
Houston 1.68 3,692 80 910 20 75 4,602 
Minneapolis and St. Paul 1. 70 1,135 57 866 43 92 2,001 
Baltimore 1.58 1,949 36 3,450 64 94 5,399 
Pittsburgh 1.85 3,449 73 1,273 27 87 4,722 
San Diego 1.20 1,245 31 2,753 69 97 3,998 

Note: Amounts are in millions of 1969 dollars. 
1 Not including local roads or the cost of completing the Interstate System. 



Table 6. 1970-1990 transportation needs per capita 
by mode and urban area population size. 

1990 Population 
Group Highway' Transit Total' 

Less than 2 million 
1 to 2 million 1,328 293 1,621 
500,000 to 1 million 1,195 195 1,390 
250,000 to 500, 000 1,562 99 1.,561 
100, 000 to 2 50, 000 1,491 69 1,560 
50, 000 to 100, 000 1,327 80 1,407 

Subtotal 1,368 174 1,542 

More than 2 million 1,350 783 2,139 

Total 1,358 499 1,857 

Note: Amounts are in 1969 dollars and are based on 1970 population. 

' Not including local roads, or the cost of completing the Interstate Svstem. 

Table 7. Expenditures for capital improvement programs from 1974 to 1990. 

Alte rnatl ve 2 Alternative 3 

Percentage 
Percentage of Public Percentage 

Urban Area Mode Amount of Total Transportation Amount of Total 

All Public transportation 
Bus 7,965 30 8,650 
Rail 18,046 70 22,244 

Subtotal 26,011 20 100 30,894 23 

Highways 106,191 ~ 104,155 77 

Total 132,202 100 135,049 100 

New York Public transportation 
Bus 634 12 703 
Rail 4,603 88 6,328 

Subtotal 5,237 35 100 7,031 47 

Highways 9,689 65 7,941 ~ 
Total 14,926 100 14,972 100 

Chicago Public transportation 
Bue 472 32 474 
Rail 1,010 68 1,008 

Subtotal 1,482 25 100 1,482 23 

Highways 4,414 75 5,097 77 

Total 5,896 100 6,579 100 

Los Angeles Public transportation 
Bus 673 49 659 
Rall 699 51 660 

Subtotal 1,372 14 100 1,319 16 

Highways 8,100 86 7,063 84 

Total 9,472 100 8,382 100 

Note: Amounts are in millions of 1969 dollars. 
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1. Alternative 2- For fiscal years 1974 to 1978, and for fiscal years 1979 to 1990, 
all federa lly funded transportation programs are given that operate with existing legis
lative constraints, matching r atios, and funding levels. The matching ratio for all pro
grams is 66% federal and 33:,'s s tate or local or both. 

2. Alternative 3-Funding levels are those authorized under existing legislation, with 
a matching r atio for all pr ograms of 66% federal and 331/3 state or local or both and re
moval of legislated program constraints to permit transfer of funds among programs 
and into any transportation capital program. {Operating and maintenance costs are not 
included.) 

Some of the information is given in Table 7. More total funds will be spent on high
ways and transit in urbanized areas under Alternative 3, the more flexible arrange
ment, than under Alternative 2. There are 2 reasons for this. The greater flexibility 
permitted some states to use more of the federal apportionments beneficially, and a 
slightly increased local matching percentage in some areas encouraged the states to 
Rp.,.nil ninl'.,. nf th.,_;., mun fnnilR tn nht,:i;n ,:ill th.,_;.,. f.,.il.,.1'<11 appnl'Hnnni.,.ntR, 

A comparison of the 2 alternative capital improvement programs (Table 7) with the 
needs estimates (Tables 4 and 5) indicates that a lower amount of funds will be ex
pended under the capital improvement programs than under the unconstrained needs 
estimates. The percentage that the capital improvement programs were of the needs 
was 50 percent for public transportation, 61 percent for highways, and 57 percent for 
total capital expenditures. For urban public transportation, a slightly lower propor
tion of funds will be expended on rail transit: 79 percent for the needs, 70 percent for 
Alternative 2, and 72 percent for Alternative 3. 

Data in Table 7 also show how the increased flexibility was used by several of the 
largest urbanized areas. New York shifted large amounts into rail transit, in part, 
from highways. Chicago changed its public transportation expenditures very little. 
Los Angeles cut both programs, apparently choosing to spend its transportation dollars 
elsewhere in the state or for other forms of transportation. 

These findings indicate-that increased flexibility in the use of federal transportation 
.fn..,,rllC!I n,.:11 ..,,,,.+ ,.,.. .. 'IIC!l.f""t. ._,, .... .;_..,. ..--rlr1l IC!llt..;,l+IC!I ""'" n ..,,,,..+.;n...,,nl l,,,.,,IC!l.;IC!I Un.'lt7.f""t...rr.f""t...., f-1,,.a .;nn"l'l.t'"U"IIC!l.f""t.~ 
.L\oLl.&-1,..Y YY.L.L,L .&.&V"' """""4""'""' .&.&.L""JV.L .a..a.&v--... ..... && ........ ~ ..., ...... - ,1&"4,1,.LV&.&11,4..1, '-I_ ............ .L.LVl'f'"'"""' ... , .. a ... '"'-... - ....... - ....... -

flexibility will be used by individual urban areas to better tailor transportation invest
ments to local objectives. 

TIME PHASING OF TRANSIT EXPENDITURES 

Tn ,:iililitinn tn thP lPvPl nf r,:ipit!>l nPPilR, timP ph:iRing nf thPRP nPPilR mnRt hP invPRti

gated to understand the nationwide requirements for capital funds for urban public 
transportation. The phasing of public transportation expenditures over time requires 
that 2 issues be examined: (a) time phasing of an implementation program within in
dividual urban areas and (b) time phasing of requirements on a national basis. 

Figure 3 shows actual and planned annual expenditures of a major transit implemen
tation program, which is typical of similar programs in other areas. Expenditures 
during the life of a major transit implementation program are not uniform, but tend to 
reach a peak in the middle years, which can sometimes represent 7 times the expendi
tures in the early or later years. This indicates that the demand for funds for indivi
dual urban areas will vary considerably over time. 

Table 8 gives some additional information on major transit implementation pro
grams in several urban areas. The data suggest that, if several urban areas carry out 
major implementation programs during the same time period, the annual requirements 
for public transportation capital funds on a national basis could and likely would vary 
considerably. 

OPERATING COSTS OF NEW TRANSIT SYSTEMS 

Table 8 also gives the total capital cost of new transit systems and the costs to 
operate those systems for a 25-year period (depreciation is excluded). The 25-year 
operating costs range from about 27 to 80 percent of the capital costs. The operating 
costs must be paid for by revenues and, where necessary, suppiemented by state or 
local tax sources. If the federal contribution is % for capital costs and none for 
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Figure 3. Phasing of public transportation program in Atlanta. 

..; 400 

.J 

i 
~ 

"' ... 
ct: 
:, ... 300 

a z ... ... 
X ... ... 
"' 200 
0 
u 
.J 

;! 
ii: 
<( 
u 

100 

0 
CY 1972 1973 1974 1975 1976 19n 1978 1979 

Table 8. Major transit implementation programs. 

Year of Total 
Maximum Total Operating 

start of Funding Type of Transit Capital Cost for 
Urban Area Program Requirements Program Cost 25 Years• 

San Francisco 1962 1967 Rail 1,527 575 
Waehlnglon, D.C. 1968 1975 Rail 2,980 800 
Miami 1972 1976 Rail 391 311 
Atlanta 1972 1975 Rail 1,271 
Baltimore 1973 1976 Rail 656 
Buffalo 1971 1974 Rail 277 143 
Dallas-Ft. worth 1974 1976 Primarily rail 2,000 
Puget Sound 1974 1980 Bus 97 
Milwaukee 1974 1980 Bus 151 101 

Note: Costs are in millions of dollars. 

•ooes not include depreciation. 

operating costs, the local area must cover between 47 and 63 percent of the total capital 
and operating costs for 25 years of system operation. 

OPERATING COSTS OF EXISTING TRANSIT SYSTEMS 

The split between capital and operating costs of new systems is quite different from 
the split for existing systems. Existing systems are almost fully depreciated, and the 
variable portion of the operating costs (i.e., total operating costs less depreciation and 
amortization) dominates the capital input. 

The variable cost of existing public transportation systems represents a major por
tion of their total operating cost. In 1970, the median cost of operating a bus transit 
system ranged from 63 to 85 cents per vehicle-mile; the higher costs were fo1· the 
larger systems (!). Of this cost, approximately 93 percent was variable costs and 7 
percent was depreciation and amortization (4). Since these figures are from data on 
current operations, the depreciation and amortization are probably understated. 

The 1970 operating cost for existing urban rail systems ranged from 85 cents to 
$2.15 per vehicle-mile (4). The wide variation in rail operating costs is due to a num
ber of factors including labor costs, operating conditions and efficiencies, demand con
ditions, and accounting procedures. Depreciation ranged from 3 to 17 percent of 
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operating costs for those systems that keep a depreciation account. These depreciation 
accounts probably w1derstate the a.imual amortization of capital because the majority of 
existing rail plants are old and fully depr eciated in an accounting sense. 

Clear ly the variable cost of existing urban public transit operations represents the 
largest portion of operating costs. This is an important consideration in determining 
policies and programs for rail transit. The most recent rail system, the Lindenwold 
Line, achieved profitability after 4 years of operation (4). How other new systems will 
do financially remains to be seen. -

CONCLUSIONS 

Public transportation continues to decline in terms of revenue passengers while 
taxicabs attract increasing ridership. This may indicate that taxicabs are providing 
the type of service that is more attractive to the public. 

The urban public transportation capital needs from 1970 to 1990 are substantial and 
highly variable among urban areas of different sizes and among large urban areas 
within the same size group. There are substantial capital needs for urban public 
transportation, particularly rail rapid transit. 

About half as much urban public transportation expenditures will be programmed 
under current federal funding levels as under the unconstrained needs estimates; rail 
transit systems will have a slightly lower proportion. This does not necessarily mean 
that the earmarked transit funds should double. Under a flexible federal funding policy, 
urban transportation funds for public transportation will slightly increase on a nation
wide basis, directed for the most part for rail transit. A flexible federal funding policy 
will allow individual urban areas to better tailor their transportation programs to their 
individual needs. 

The need for capital funding of major urban public transportation programs varies 
considerably during the implementation of the programs. If several urban areas im
plement programs during the same time period, the annual requirements for capital 
funds on a national basis for public transportation are likely to vary considerably over 
time. 

The costs to operate new rapid transit systems are likely to be considerable, rang
ing from about 30 to 80 percent of the 2 5-year cost of construction and operations for a 
sample of urban areas. The proportion that operating costs are of the total cost of 
existing rail transit systems is considerably higher than for new rapid transit systems 
in that these existing systems are almost fully depreciated. 

EYen ,1.rith t,.1.10-thirds federal funds for capital improvements, the state and local 
share of the 2 5-year cost to construct and operate public transportation systems is 
likely to be substantial. 

The 1974 National Transportation Study is collecting data on plans and programs for 
transportation by the states and urban areas. These plans and programs, in contrast 
to needs and priorities in the 1972 study, will likely produce a more accurate picture 
of the national requirements for urban public transportation funding. 
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LET'S ATTACK THE REAL 
URBAN TRANSPORTATION PROBLEM 
Charles A. Hedges, Office of Transportation Policy Development, 

U.S. Department of Transportation 

Thia paper examines different interpretations of the transportation prob
lem and its solution and argues for an interpretation that takes as its point 
of departure the near term and the present supply of urban transportation 
resources and that gives greater weight to the economic forces influencing 
the behavior and performance of the urban transportation market. It sug
gests a range of noncapital and low-capital alternatives that reduce the de
mand for vehicle trips, increase the effective capacity of existing systems, 
or do both. Policy considerations and the advantages and obstacles of the 
low-cost approach are discussed, and policy implications are developed. 

•THE DEMANDS for transportation services continue to strain the capacities of urban 
transportation systems, particularly during the peak hours. Transportation planning 
has consisted essentially of forecasting demands for 20- to 30-year periods, determin
ing the capacities that would be needed to provide the desired levels of service, and 
designing systems accordingly. The planning approach, the institutions, and the financial 
assistance programs are geared to long-term, capital-intensive improvement programs 
that emphasize pure technologies, e.g., roads for private automobiles and rail transit 
systems operating on their own rights -of-way. 

In the process of pursuing the Golden Age when a system scheduled for completion 
in the relatively distant future will provide optimum service, we tend to overlook the 
present and the immediate future. On the one hand, we overlook the capabilities of our 
present urban systems. As the result of previous investments, we have excess capacity 
in terms of both rights-of-way and vehicles during the off-peak, or 80 to 90 percent of 
the time. More surprising, we also have sufficient capacity during the peak periods to 
provida much higher levels of service if 1.1.re 1.1.rcuJ.d only use our transportation resources 
more efficiently (average automobile occupancy during the peak is 1.2 or less). On the 
other hand, we overlook the urban institutions (e.g., regulatory practices) and the char
acteristics of urban travel demand that contribute to poor performance (e.g., automo
bile travel tends to be highly concentrated in a relatively few corridors, especially 
during peak hours). An examination of the demand for and the supply of urban trans
portation services within the institutional setting reveals a continuum of alternatives 
to capital-intensive programs. They range from noncapital (e.g., charging economic 
prices for travel and parking in congested areas) to comparatively low-capital alter
natives (e.g., separate rights-of-way for buses and possibly for car pools and con
solidated pickup and delivery of small freight shipments) that could improve perfor
mance by reducing peak-hour demand or by increasing the people-carrying capacity 
of the system or by doing both. Not only would more efficient use be made of the ex
isting system but also the suggested shift in emphasis would reduce damage to the en
vironment, consume less energy, cause less disruption to urban form, expand the range 
of future options by preserving flexibility, and reduce future capital needs. In fact, 
unless existing systems are used efficiently, estimates cannot be made of the capacity 
needed for efficiency in the future and the levels of investment necessary to attain it. 

OPPOSITE APPROACHES TO THE PROBLEM AND THE SOLUTION 

Theory and Practice 

Congestion has been considered the urban transportation problem in U.S. cities for 

10 



11 

more than 2 decades, particularly during the journey to work. To quote Meyer, Kain, 
and Wohl (!, p. 5) : 

The focus is on the problem of moving passengers into and out of cities during the peak or rush 
hours, occurring morning and afternoons on weekdays. It is these movements that tax the capacity 
of existing urban transportation facilities and create the congestion and delays that most people 
associate with ... the urban transportation problem. 

In the same view', Netzer states (~ p. 138): 

The urban transportation problem, however, can be more narrowly defined. Public policy is con
cerned with travel at the times and along the routes that involve congestion and additional invest
ment to improve service. 

Creighton (3) is more comprehensive: "The urban transportation problem is the 
summation of things which people don't like about transportation." He places congestion 
at the top of the list, which includes noise, pollution, and accidents, and emphasizes 
"problem-reducing actions consisting of investments in new facilities ... to provide 
new channels of movement." 

In short, the problem is congestion, and the solution is additional capacity. [Some 
of the other difficulties associated with urban transportation are related to congestion. 
For a given number of vehicle-miles traveled, progress in reducing congestion will also 
reduce urban goods movement costs, environmental degradation, and fuel consumption 
and possibly improve the financial position of bus transit if improved service attracts 
more passengers. Pratsch gives an excellent discussion of the opportunities to signif
icantly reduce peak-hour vehicle-miles of travel (VMT), congestion, air pollution, and 
energy consumption by comparatively modest increases in peak-hour automobile oc
cupancy (4).] 

Urban transportation planning in the United States has been oriented almost entirely 
toward long-range, capital-intensive programs to expand capacity, especially highway 
capacity. Based on 20- to 30-year forecasts of urban population, boundaries, and peak
hour travel volumes on the one hand and on the levels of transportation service specified 
to meet urban goals on the other hand, the estimation of future capacity and design re
quirements, present capacity and design deficiencies, engineering (construction) re
quirements to meet future demand, and "needs" or the dollar costs of improvements 
and additions to existing capacity was seen as a fairly straightforward process(~~ 1)· 

Results 

The results of this approach to urban transportation planning are described in the 
1972 National Transportation Report (8). Total federal expenditures on urban highway 
construction amounted to approximately $21 billion during the period from 1957 to 1970 . 
The total street and highway mileage of municipalities was 560,000 miles in 1970, an 
increase of 30 percent from 1960. On the other hand, electric railway track mileage 
in 1970 was 2,100, a decrease of 32 percent since 1960, and round-trip motor bus route
miles were 112,700 or an increase of only 4 percent since 1960. 

In contrast, the amounts obligated to make more efficient use of existing systems 
through fiscal year 1970 were $8 million under the Traffic Operations Program to In
crease Capacity and Safety (TOPICS) funded by the Federal Highway Administration, 
while the amounts authorized for TOPICS were $200 million each year for 1970 and 1971 
and $100 million each year for 1972 and 1973 (9). For the urban corridor demonstra
tion projects, $2 million of obligations were shared evenly by FHWA and the Urban 
Mass Transportation Administration in 1970. Subsequently, an additional $12.2 million 
was obligated for the corridor program ($9. 7 FHWA and $3 .5 UMTA) and approximately 
$250 million for TOPICS during the fiscal years from 1971 to 1973. Adding the amounts 
authorized or obligated for bus purchases still leaves the federal contribution to efforts 
to make better use of existing facilities up through fiscal year 1973 at something less 
than $2 billion. 

As a result of substantial investments in rights-of-way and vehicles in the past 
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(especially since World War II), we now have an impressive collection of assets, Ex
cluding all of our freight systems and our urban transit, commuter rail, and potential 
commuter rail systems and concentrating only on our passenger motor vehicle sys
tems, we had in our urban areas in 1972 560,000 miles of right-of-way, of which ap
proximately 48,000 miles are major arterials and approximately 9,000 miles of those 
are freeways or expressways (10); 70 million automobiles, or slightly more than three
fourths of a total of 90 million registered in the United States (8); 175,000 taxicabs (8); 
50,000 transit buses and trolley coaches (,!!); and 39,000 intercity buses, of which a -
large proportion probably could be used to provide commuter service (11). 

The new facilities-Le., the highways-constructed in urban areas during the past 2 
decades have increased the range of mobility for automobile owners and have made it 
possible for people to commute longer distances and to enjoy higher average speeds 
during the off-peak hours. And although average peak-hour speeds frequently have 
been higher, the peak-hour users generally have not enjoyed for long the levels of ser
vice for which the facilities were designed and which the commuters anticipated, e.g., 
level of service A or B and volume capacity ratios ~ 0. 7 or from 0. 7 to 0.8 respectively 
(12). Partly because of their propensities to attract traffic from other routes and to 
generate additional vehicle trips, levels of service regarded as hfgh, acceptable, or 
even tolerable (i.e., level of service D and a volume-capacity ratio ~ 0.9) have been 
maintained by continually adding to capacity (or by increasing effective capacity via 
traffic engineering improvements). 

However, the gains from the urban highway program and from private automobile 
travel have been purchased at high social costs with respect to displacement of families 
and businesses and disruption of personal ties, damage to the environment and con
sequently to health, and consumption of fossil fuels. Moreover, these social costs 
have resulted in constraints to the highway solution. The constraints now exist in a 
number of forms, but especially in legislation passed within the last 10 years to miti
gate the displacement and environmental impacts of transportation, in highly organized 
citizens' revolts against urban freeways, and in the evolving measures to conserve 
energy. We can safely assume that over the long run these constraints will become 
stiffer and that new constraints will be added. 

Capital and Noncapital Approaches in the 1972 National 
Trans portation Study 

Two different approaches to improving transportation performance were highlighted 
in the 1970-1990 National Transportation (or Needs) Study, particularly in the treat
ment of urban transportation. The purpose of the study was to obtain estimates of 
1980 and 1990 total capital needs (to include replacement as well as additional capacity} 
based on local goals, desired levels of service, and federal guidelines and to obtain 
proposed capital improvement program (CIP) priorities based on project costs and 
different levels of federal funding. The methodology employed in the study was based 
on the techniques used to estimate highway capacity needs (6). When the guidelines 
were prepared to assist the cities and states to respond to requests for urban public 
transportation information (13), it became apparent that 

1. Given the desired levels of service, the cost estimates would be quite sensitive 
to the values assumed for key parameters such as average automobile occupancy, modal 
split, and the ratio of peak to off-peak travel; and 

2. These parameter values would depend on a number of public policy and adminis
trative decisions in each city with respect to the regulation of public transportation, to 
transit vis-a-vis automobile levels of service, to transportation pricing and financing, 
to parking policy and parking rates, to scheduling of work hours, and to many other 
local decisions relating to environmental quality, land uses, and urban form. 

Consequently, the guidelines (13) requested the cities to consider to what extent their 
1980 to 1990 goals and desired transportation service levels could be achieved-and 
their capital needs reduced-by a number of noncapital and low-capital alternatives. 
Noncapital alternatives were assumed to require no net investment to implement, for 
example, changes in transit regulations, staggering of work hours, changes in parking 
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rates, and certain other pricing changes. Low-capital alternatives were assumed to 
require some capital costs but no additional rights-of-way, for example, traffic engi
neering changes, modification of streets and highways to give priority or exclusive use 
to buses, and the purchase of additional vehicles. 

The information provided by the cities and states is found in the 1972 National Trans
portation Report (8). For urban areas of 50,000 population and more, the total uncon
strained urban transportation capital needs reported for the period from 1970 to 1990 
are $232 billion, of which 73 percent are highway needs (Table 1). For CIP alternative 
3, the total urban transportation public capital expenditures proposed (Table 2) were 
slightly more than half the amount of the unconstrained needs. (Under alternative 3, 
the states and cities were requested to indicate their proposed CIPs for the period 
1974-1990 under the high federal funding level of $140 billion, i.e., a federal matching 
ratio of 662/J percent for all eligible capital expenditures, no support for operating costs, 
and complete flexibility to allocate transportation funds between rural and urban areas, 
among local programs, and between modes. Alternative 2 provided the same level of 
funding as alternative 3, but allowed no flexibility to reallocate funds among programs. 
Alternative 1 also permitted no flexibility and provided $70 billion federal support.) 
However, for both the needs estimates and CIP alternative 3, the highway-transit mix 
is relatively constant; approximately three-fourths of the expenditures are proposed 
for highways. Similarly, the proportions of public transit funds to be devoted to rail 
transit-79 percent and 72 percent respectively-are roughly the same. The data given 
in the tables reveal the greater capital intensity of passenger travel in larger cities. 
Expenditures per capita are an increasing function of city size, and the percentage of 
rail to total transit needs and expenditures is higher in larger cities-especially those 
in the 1-million-and-more group. 

To induce the urban planning groups to give serious consideration to the use of non
capital and low-capital alternatives and to get a better picture of the extent to which 
planners use (or even consider) nonbuilding solutions to urban transportation problems, 
a request was made that urban planning groups complete a table indicating whether they 
employed, attempted, or even contemplated the use of noncapital means to improve 
transportation performance (Fig. 1). A summary of the results is given in Table 3. 
The findings of the survey support the contention of this paper, i.e., that we have only 
scratched the surface in our attempts to employ nonconstruction alternatives-particularly 
economic incentives-to improve transportation. It is significant, however, that the 
most extensive use of noncapital alternatives to date has been in the most densely 
populated areas, where environmental and congestion problems are the worst and the 
costs of CIPs are the highest (!, 14). 

The Problem Reconsidered 

Given our previous investments in urban transportation resources, the existing stocks 
of assets, the number and the range of noncapital and low-capital options open to us, 
and our failure to exploit these options except in a relatively small proportion of our 
cities and on an individual and ad hoc basis, we can clearly obtain substantial improve
ments in transportation performance without massive CIPs, particularly without dou
bling urban highway mileage by 1990 to 647,000 miles at a cost of $170 billion (1969 
prices) to satisfy 1990 needs (!!, 10). 

To repeat, the conventional approach has not solved the problem. The reason it has 
failed is that the problem it is attacking-congestion-is but a symptom of our failure 
to attack the more basic problem-poor use of urban transportation resources. In other 
words, the problem involves not capacity but economics. The best example of this is 
the way we treat highway resources. When a capital improvement program is com
pleted, the product-the highway-is not used very productively, for there is excess 
capacity during the peak hours as well as during the off-peak hours. As a case in point, 
the Washington, D.C., Metropolitan Council of Governments recently estimated that 
during the morning peak period every weekday the number of empty seats in passenger 
cars entering the District of Columbia exceeded the number of transit riders entering 
the city. There are other shortcomings to the emphasis on new facilities: 



Table 1. 1970-1990 transportation needs by mode and per capita by urban area population size. 

Highway Needs" .Public '1'ransportat10n Needs 
1970 Total Needs per Capitab 

1990 Population Population Amount Amount Percent Needs 
Group (millions) (millions) Percent (millions) Percent for Rail (millions) Highway"' Transit 

Less than 2 million 
1 to 2 million 18.4 24,439 82 5,395 18 55 29,834 1,328 293 
500,000 to 1 million 13.3 15,899 86 2,598 14 33 18,497 1,195 195 
250,000 to 500,000 10.5 16,402 94 1,043 6 18 17,445 1,562 99 
100,000 to 250,000 10.3 15,357 96 708 4 21 16,065 1,491 69 
50,000 to 100,000 6.5 ~ 94 522 6 22 ~ 1,327 80 

Subtotal 59.0 BO, 721 89 10,266 11 90,967 1,368 174 

More than 2 million 66.0 89,081 63 52,063 37 87 141,144 1,350 789 

Total 125.0 169,802 73 62,329 27 79 232,131 1,358 499 

Note: Amounts are in 1969 dollars 

aNot including local roads or the cost of completing the Interstate System, bBased on 1970 population , 

Table 2. 1970-1990 transportation expenditures under capital improvement alternative 3 by mode and per 
capita by urban area population size. 

Highway Expenditures ... Public Transportation Expenditures Total 

Total 

1,621 
1,390 
1,561 
1,560 
1,407 

1,542 

2,139 

1,857 

1970 Expendi- Expenditures per Capitab 
1990 Population Population Amount Amount Percent tu res 
Group (millions) (millions) Percent (millions) Percent for Rail (millions) Highway" Transit Total 

Less than 2 million 
1 to 2 million 18.4 16, 895 82 3, 673 18 41 20,568 918 200 1,118 
500,000 to 1 million 13.3 10, 841 86 1, 701 14 ::3 12,542 815 126 943 
250,000 to 500,000 10.5 9, 682 93 677 7 26 10,359 922 64 986 
100,000 to 250,000 10.3 B,136 94 502 6 22 B,638 790 49 839 
50,000 to 100,000 6.5 4,774 93 344 7 22 ~ 734 53 787 

Subtotal 59 .0 50,328 88 6,897 12 57,225 853 117 970 

More than 2 million 66.0 45,907 66 23,997 34 81 69,904 696 364 1,060 

Total 125.0 96,235 76 30,694 24 72 127,129 770 247 1,017 

Note: Amounts are in 1969 dollars 

'Not including local roads or the cost of completing the Interstate System 
~Hasea on 1tf1U popunmon 

Figure 1. Fonn for providing information on noncapital alternatives. 
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Table 3. Percentage of urban areas by 1990 population size practicing noncapital alternatives. 

Entire 1 to 2 500,000 to 250, 000 to 100,000 to 50,000 to 
Alternative Country >2 Million Million 1 Million 500,000 250,000 100,000 

Staggering of work hours 25.7 35.7 53.3 48,3 21.6 22.6 18.8 
Measures to encourage car 

pooling 6.8 14.3 13.3 6. 9 2.7 6.0 6.8 
Banning private automobiles 

from the CBD 0.7 0.0 o.o o.o 2.7 1.2 o.o 
Raising tolls on toll bridges 

and tunnels during peak 
hours o.o 0.0 o.o 0.0 0.0 o.o 0.0 

Lowering tolls on toll bridges 
and tunnels during off-peak 
hours 0.0 o.o o.o 0.0 0.0 0.0 0.0 

Increasing CED daytime park-
ing rates 19.6 28.6 33.3 24.1 16.2 21.4 15.4 

Raising transit fares during 
peak hours 0.3 7.1 0.0 0.0 0.0 0.0 0.0 

Lowering transit fares during 
off-peak hours 3.7 42.9 6.7 0.0 2. 7 3.6 0.0 

Unrestricted entry at 
taxicabs 21.6 50.0 26.7 20.7 18.9 17.9 21.4 

Unrestricted entry of jitneys 9.8 7.1 20.0 13 . 8 2. 7 10.7 9.4 
Reserved lanes for buses 7.8 50.0 20.0 13.8 8.1 4.8 I. 7 
Restrictions on curbside 

loading and unloading in 
congested areas 51.0 85.7 73.3 58. 6 48.6 56.0 39.3 

Evening delivery by trucks 
in downtown areas 9 ,1 21.4 20.0 10,3 10.8 6.0 7. 7 

1. Long lead times between initial planning and final completion; 
2. Right-of-way and construction costs, which were conservatively estimated in 

1968 to average $1.3 million per lane-mile for urban freeways (.!fil; 
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3. High accident rates of motor vehicle travel (highway fatalities constitute 90 per
cent of total transportation fatalities) (8); 

4. High energy costs required for the construction of highways as well as for motor 
vehicle travel (roughly 45 percent of total vehicle-miles traveled are in urbanized 
areas, where congestion and delays waste fossil fuels) (8); 

5. Propensity of new fac ilities to generate additionaltrips (and to encourage traffic
generating land uses); and 

6. High environmental costs associated with highway construction and with motor 
vehicle travel. 

With regard to environmental costs, air quality has declined to dangerous levels in 
many areas, and motor vehicles now account for roughly one-third of the total nitrogen 
oxides, one-half of the hydrocarbons, and two-thirds of the carbon monoxide. These 
pollutants are emitted mostly on 10 to 15 percent of our land area (8). Traffic noise 
is now viewed as the most annoying kind of unwanted sound, and it exceeds that from 
any other source throughout the greater part of urban areas. Forty-five decibels are 
sufficient to interfere with conversation, but traffic-produced median levels of 73 deci
bels at night were found in cities tested by the Environmental Protection Agency (16). 
Large amounts of urban land are devoted to the movement and parking of vehicles~ 
The acquisition prices of rights-of-way have increased sharply in recent years, and 
the opportunity costs in the form of open space and parkland sacrificed have been suf
ficiently high to arouse considerable opposition and organized resistance. 

The Solution Reconsidered 

Apparently a major shift in transportation policy and methodology is to attempt to 
significantly improve levels of service by better management of transportation sys
tems. Until quite recently, this approach has received very little attention in govern
ment (especially at the federal level). The philosophy of transportation agencies, their 
organization (especially state and local highway departments), their financial assistance 
programs (both absolute amounts of funds and matching shares), and the planning pro
cess (methodologies, technical manuals, training programs) all have minimized or 
ignored the potential for improving transport services by making more efficient use 
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of previous investments. The urban planning literature also reflects the capital bias. 
For example, Creighton emphasizes that he is not concerned with improvements in 
management, administration, regulation, and education, although he acknowledges (; 
pp. 14-16), "These are probably the most important kinds of actions which can be taken 
because they are related most directly to the social, economic and governmental nature 
of the problems." 

As suggested earlier, the means to achieve increased efficiency are many and varied. 
The key is to treat as variables what we have regarded previously as givens, parameters, 
or constraints-Le., average automobile occupancy, work hours, modal split, transit 
levels of service, economic regulations, prices, and even modes or variations of exist
ing modes (for example, the jitney and subscription bus service). Although these are 
commonly viewed as "institutions," which change over the long run (if at all), such 
changes are virtually the only means of achieving very much in the way of better ser
vice in the short run when the scale of the physical plant-the rights-of-way-is fixed. 
Moreover, we are in a period of changing institutions, partly as a result of the 1975 air 
quality standards set by the Environmental Protection ... L\.gency a...11.d the energy situation. 

Before we examine some suggested low -cost improvements, we should consider 
some factors that contribute to congestion during the journey to work. Congestion oc -
curs because the demand for transportation services is highly concentrated in terms 
of time periods, routes, and directions. In developing alternatives to reduce congestion, 
we must identify the journey-to-work characteristics that produce this concentration. 

1. Hours of employment coincide for most people (e.g., 9 to 5). The result is that 
the vast majority of work trips occur during 1 or 2 hours in the morning and again in 
the afternoon. 

2. Places of residence and employment typically are separated, leading to com
muting to work. 

3. The automobile is used for most work trips, more than 82 percent nationally (8). 
4. Individuals tend to drive to work by themselves. Automobile occupancies aver

age 1.2 to 1.5 per car, depending on the city. More than half of the automobiles carry 
only 1 person (8). 

5. Most workers commute along a relatively small number of corridors to their 
places of employment. 

6. Automobiles as well as all motor vehicles impose external costs on others, 
chiefly, air pollution, noise, and higher time and operating costs. 

7. Most motorists underestimate or are not conscious of their commuting costs (in
,..1u,Hng rlop-rol"i'=lltinn) n-r f'lnQtQ that ":l'rO Avto,-.n-.:11 tn thAl"Y'I. 

8. Public transportation (and car pools as well) is unavailable, inconvenient, or con
sidered demeaning by many people. 

Paradoxically, some urban travel characteristics that contribute to congestion can 
be used to alleviate it, e.g., low average automobile occupancy and travel peaking. The 
following section describes a number of techniques that may be used to restructure the 
demand-supply relations that create congestion and to improve transportation performance. 

TAXONOMY OF NONCAPITAL AND LOW-CAPITAL ALTERNATIVES 

Noncapital and low-capital alternatives may be grouped into 2 broad categories: 
demand-oriented programs that take the capacity of a system as given and seek to re
duce the number of vehicle trips (or at least peak-period vehicle trips) and capacity 
or supply-oriented programs that seek to increase the people- moving capabilities of 
a system. 

Demand-Oriented Alternatives 

1. Pricing-Increasing the price of peak-hour travel will reduce the demand for 
peak-hour trips. There are strong economic grounds for raising the price of peak
hour travel to levels commensurate with marginal social costs (principally the addi
tional travel time costs created by congestion, but also the related operating, risk, air 
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pollution, and noise costs) by means of self-canceling tickets, toll changes on existing 
toll facilities, and higher parking charges ~ ~ ~ 23). 

2. Spreading Travel Peaks-If the total number of passenger and vehicle trips per 
day is accepted as given, peak volumes can be reduced by measures to reduce certain 
nonwork trips (e.g., afternoon baseball games), by staggering of work hours, and by 
gliding time. As the 4-day work week gains acceptance, 4 days of work can be spread 
over 5 or 6 days (~ ~ 26). 

3. Group Riding-If the number of peak person trips is accepted as given, increas
ing average vehicle occupancy by car pooling and bus pooling would reduce the number 
of motor vehicle trips (~ 27). 

4. Improving Urban Public Transportation-An unknown but potentially large pro
portion of automobile commuters can be attracted to public transportation by improved 
service. For example, express bus service can reduce line-haul times; subscription 
service, changes in schedules and routes, and more imaginative use of taxis, jitneys, 
and demand-responsive vehicles can facilitate collection and distribution; better co
ordination and integration can facilitate transfers between modes and service areas of 
different transit companies; dismanteling of most of the economic regulations can in
crease innovation, reward private initiative and risk, and ease the restrictions that limit 
the number of taxicabs and prohibit jitney operations; and service improvements com
bined with more aggressive marketing can improve the public image @ ~ 29). 

5. Restructuring Com.muter Rail-Satisfactory commuter service and some reduc
tion in automobile commuting can be achieved in corridors in many U.S. metropolitan 
areas by the initiation of commuter rail service on existing track, use of idle rolling 
stock, and provision of parking lots (~ !!., 32). 

6. Improving Urban Goods Movement-In some cases the interference between 
freight and passenger movements can be decreased (and freight costs lowered) by a 
reduction in the number of urban truck trips. Ways to 1·educe truck trips include con
solidating terminals and coordinating pickup and delivery, rescheduling the times that 
freight is picked up and delivered, restricting curbside loading and unloading, and using 
special routes or lanes for trucks (g ~ 35). 

7. Facilitating Bicycle Travel-Use of the bicycle for the journey to work can be 
encouraged by the provision of bicycle lanes on streets, secure storage areas for bi
cycles at transit stations and places of employment, and buses and rail cars that ac-
commodate bicycles (36). · 

Capacity-Oriented Alternatives 

8. Improving Traffic Operations-The effective vehicle capacity can be increased 
by traffic engineering, e.g., reversible lanes and coordinated and computerized signals, 
and traffic regulation, e.g., banning of curbside parking during peak hours (37). 

9. Using Larger Public Transportation Vehicles-The passenger capacity of streets 
and highways can be further augmented by the use of larger vehicles. For example, 
articulated and double-decked buses have long been in service in Germany and the 
United Kingdom respectively (38). 

10. Givin Priorit to Hi h-Ca acit Vehicles-Giving priority to high-capacity ve
hicles i.e., buses, or possibly buses and car pools) can provide high-speed passenger 
capacity (i.e., 50,000 to 60,000 seated passengers per hour per lane) sufficient to serve 
the demand in almost any radial corridor in any U.S. city (~ 39). 

POLICY CONSIDERATIONS IN CHOOSING AMONG ALTERNATIVES 

Because so little attention has been devoted to low-capital improvements to trans
portation, the state of the art of planning and the understanding of policy considerations 
are primitive. This section will discuss factors that should be considered in developing 
noncapital and low-capital improvement programs. These considerations are also ap
plicable to more capital-oriented programs. 
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F.nergy and Environmental Implications 

During the period from 1965 to 1970, motor VMT and their expenditures increased 
at the annual average rate of 4.2 percent; at that rate, they would double every 17 years 
(8). Gasoline consumption has grown at a rate of 5 to 6 percent, or a doubling every 
12 to 14 years (40). The 1972 National Transportation Report forecast a rate of growth 
of VMT of 3.8 percent for the 1970 to 1980 period, or a doubling every 20 years. Rates 
of growth of this magnitude are not compatible with the world's dwindling supplies of 
fossil fuels and the present national policies to conserve energy. 

Alternatives 1, 3, 4, 5, 6, 7, and 10 would have the effect of reducing VMT; alterna
tive 1 would offer the most potent tool. Alternatives 2 and 8 would tend to increase 
average speeds and thus, other things being equal, would generate additional vehicle 
trips. Because reducing VMT is fundamental to transportation environmental and 
energy goals, the emphasis should be placed on noncapital alternatives that would re
duce or at least not increase VMT. 

Complementarity and Substitutability 

Not nearly enough is known about the interrelations among the alternatives recom
mended in this paper. No city has attempted some of the alternatives (e.g., pricing 
and the 4-day work week), much less all of them collectively. Nevertheless, 2 types of 
relations are evident. 

There are strong complementarities or synergistic effects among the alternatives. 
On the demand side, measures to correct the price-cost distortion among modes (i.e., 
higher prices for automobile driving and parking, especially the journey to work) would 
encourage peak spreading through encouraging nonwork trip-makers to travel during 
off-peak hours and by providing greater incentive to stagger work hours. Those mea
sures would also encourage car pooling and would divert more riders to public trans
portation. The demand for public transportation would also be increased by changes 
in the regulatory environment, by better marketing, and by measures to improve transit 
speed, whether by ae:rvice ir.t1proven1errts (e.g., axp.tess Uus op~raiiun:,,) or by improve
ments on the supply side (e.g., reserved lanes for buses and car pools) or both. Re
ducing interference between passenger and freight vehicles could improve the travel 
times of both and would reduce freight delivery costs. 

There is also substitutability among some of the alternatives, and trade-offs would 
be required if those alternatives are· implemented simultaneously. Programs to stagger 
work hours may complicate efforts to increase vehicle occupancy. On the other hand, 
gliding time facilitates car pooling and reduces the 15- and 30-minute transit peak de
mands by permitting employees to rearrange working hours. Transit improvement 
programs may divert commuters from car pools and other transit modes as well as 
commuters who drive alone. The effects of these and other conflicts can be mitigated 
by increasing the size of the area and the number of people affected to expand the range 
of choice (e.g., southwest Washington, D.C.) and by careful planning. Or, one alterna
tive (e.g., group riding) may preclude the need for others. Greater reliance on economic 
incentives and the market would assist individuals in making the proper trade-offs 
(e.g., between car pools and buses). Obviously, the alternatives selected and their 
manner of implementation would vary among and within cities. 

Cost Comparisons 

Because of their disparate nature (e.g., staggered hours vis-a-vis commuter rail), 
alternatives cannot be compared on a passenger or seat-mile basis. Studies recently 
completed for the U.S. Department of Transportation provide rough comparisons. Table 
4 (19) gives operating costs of the various highway alternatives, and Figure 2 (18) shows 
passenger trip-miles per vehicle-hour related to costs. Table 5 gives costs ofcom
muter rail (43) and implementation costs associated with reserving a freeway lane for 
buses and forconstructing an exclusive bus lane (18). Revising transit regulations, 
changing work schedules, and certain improvements to facilitate bicycle travel are even 
cheaper to initiate and administer. 



Table 4. Travel time savings and cost characteristics of busways in 7 urban areas. 

Time Saving 

Bue Over Bus Over Former 
Automobile Bus 

Busway 
Length Amount Amount 

Site (miles) (min) Percent (min) Percent 

Freeway 
New Jersey 1-495 2.5 na' na 10 na 
Long Island Expressway 2 15 85 na na 
Boeton Southeast Expressway 8.4 7.5 42 14 58 

Specially constructed 
Washington, D.C., Shirley Highway 

a.m. 9 13 33 na na 

p .m . 9 20 54 na na 

Artor1Al ,, 
Loulavllle Third street Slower Slower 5.5 to 12' 13 to 28' 

Indianapolis College Avenue na na na na na 

San Juan Fernandez Juncos and 10.4 na na 30 38 
Ponce de Leon 

•Not available. 
btncrease1 in speeds were noted for all eastbound traffic whether traveling the bus lane or not. 
cNot representative because of post.setting equipment. 
dFor total bus route; data are not available for the portion of the trip on the exclusive bus lane. 

Figure 2. Relation of passenger trip-miles per vehicle-hour and costs. 
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OUTPUT 
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Implementation 

750,000' 
50,000 (est.) 
50,000 (est.) 

620, 000/mlle 

30,000 (est.) 

Very low 

100,000 plus 
stall time 

600 700 

Table 5. Costs of highway alternatives 
and commuter rail. 

Operating Coal per Seat - MJleJ 
Including Dopreclal lon (conle 

Alternative Range Avg 

Automobile 12 to 18 14.2 
Car pool 2 to 3 2.4 
Bus pool 1 to 4 1.8 
Bus transit 1.5 to 4 1.B 
Commuter rail 3 to 40' 5,3 

'Per passenger-mile . 

Operating 
(attributable to 
exclusive lane) 

171,000/ yc,ar 
500/d~y foal . ) 
500/ day (CBI,) 

Insignificant from 
prior costs 

Insignificant from 
prior costs 

Insignificant from 
prior costs 

Insignificant from 
prior costs 

800 1250 
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Demand and Equilibrium 

Implementation of some of those alternatives will set in motion market forces that, 
after a period of adjustment, will reduce somewhat the improvements in congestion and 
travel time. Thus, staggering work hours, car pooling, and increasing public trans
portation use will reduce peak automobile volumes and increase average speeds. The 
reduction in travel time will mean that the average cost or price of peak-hour auto
mobile travel will be lower, and at the new reduced price some trips that previously 
had been taken during the off-peak will be attracted to the peak. Similarly, some com
muters who previously had used public transportation or car pools will choose to drive 
their cars because the price is now below the threshold necessary to induce them to 
make such a change. The volumes that occur at the new equilibria will depend on the 
elasticities of demand, the alternatives used, and the effectiveness of implementation. 
To prevent such erosion of the gains from these alternatives, some means must be 
found to ration the available capacity, particularly during the peak hours. One means 
is restrictions of various types, including cutbacks in the supply of fuel available. Eco
nomic means (for example, peak-hour tolls and higher commuter parking rates) have 
the advantage of being less arbitrary, of allowing greater choice, and of permitting 
people to express their preferences on the basis of willingness to pay. The chief prob
lem is to gain public acceptance (the equity issue can be resolved by providing alterna
tives so that no one is penalized). 

Over time, the demand for transportation services changes in response to changes 
in income, population density and distribution, and tastes. The levels of service will 
depend on the patterns of demand in terms of mode, time of day, route, direction of 
travel, and the degree of capacity utilization in terms of these factors. Based on 
historical experience, the number of automobile trips will probably have to be restrained 
at least during peak hours if high service levels are to be maintained without invest
ment in additional capacity. As noted earlier, if the emphasis is on the movement of 
persons rather than vehicles, capacity will be sufficient in all but perhaps the most 
heavily traveled corridors to provide high-quality passenger transport. What the 
emphasis should be, of course, is a policy issue, which will include environmerrt11.l, 
energy, demand, supply, and cost considerations. 

ADVANTAGES AND OBSTACLES 

Advantages 

The strongest argument for the approach suggested here is that it explicitly ad
dresses the congestion problem, the question of economic efficiency, and other inter
pretations of "the urban transportation problem." The author is convinced this is the 
only approach that offers at this point any real hope because it employs a more diverse 
and sharper set of tools than other approaches he has seen and deals explicitly with the 
underlying market forces. Other advantages are discussed below. 

Potential for Service Impr ovements - Dramat ic changes in peak t ravel times can be 
achieved if t hese alternatives {or even a subs et of them) are employed simultaneous ly 
on an areawide basis, particularly if they are accompanied by some form of congestion 
pricing and higher commuter parking charges. 

Range of Choice-These alternatives would provide urban travelers with a greater 
range of choice in terms of price and service characteristics, particularly commuters 
who now have (or who perceive that they have) no other choice than to drive alone. 
Some of the alternatives, for example, relaxing constraints on taxi and jitney opera
tions, would improve mobility for inner-city residents and in addition provide employ
ment opportunities for drivers. 

Transit Sul:)sidies-Implementing para-transit alternatives (e.g., replacing low
patronage bus routes with shared-taxi and jitney services and diverting some bus 
travelers to lower cost subscription services and thereby reducing bus peak demands) 
might reduce or eliminate the need for subsidies on some routes. 

Medium- and Small-Sized Communities-Given the funds available for subsidies 
under the present transit programs and those likely under future transit progrnms, 
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many communities are not large enough to generate the demand necessary to sustain 
a conventional bus transit system. For such communities the choice appears to be 
public transportation in the form of para-transit (and possibly commuter rail for new 
towns) or no public transportation. 

Cost-The costs of the alternatives are quite low except for improvements involving 
actual construction of reserved lanes, and even those costs are modest on a passenger 
or seat-mile basis relative to automobile-highway and rail transit alternatives. 

Time-Not including planning time, the time to implement the improvements de
scribed here is a matter of months, sometimes weeks, in contrast to a minimum of 
several years for capital programs (or sometimes not at all, as in the case of the San 
Francisco Embarcadero Freeway). 

Energy and Environment-Although the proposals advanced here are oriented pri
marily toward improving efficiency and reducing congestion, they are the same pro
posals advanced to improve environmental quality and conserve energy, particularly 
the proposals that reduce VMT. Moreover, these alternatives are much less damaging 
to the environment than capital-intensive programs. 

Flexibility-Because of the pace of change in urban values and goals and develop
ments in transportation technology, flexibility is a quality that will become increasingly 
important. By their very nature, capital improvement programs tend to be irrevers
ible. In contrast, noncapital and low-capital alternatives increase the range of future 
options. 

Future Capital Programs-Low-capital alternatives could reduce substantially the 
amom1ts of capital needed in the future to improve transportation service. Moreover, 
this approach would provide some of the information we now lack for long-range plan
ning. How much are people willing to pay for (i.e., how much do they value) different 
types of transportation service? After an "optimum" solution is achieved in the short 
run, how much (and what kind of) investment is needed to achieve a long-run optimum? 

Obstacles 

The obstacles to low-capital improvements are primarily institutional, or at least 
progress is retarded by institutional rigidities. 

Construction Orientation-Our construction orientation is not surprising, given our 
heritage: a subcontinent where until the 1940s the transportation problem was seen as 
one of providing links between cities or between farm and market. Now that we have 
extensive urban highway systems in various stages of completion, we have difficulty 
conceiving of the problem as being something other than capacity and the solution as 
being something other than a choice among capital-intensive, "pure" technologies, i.e., 
highway (automobile) or transit (rail). This bias is reflected in the professional lit
erature, in textbooks, in college and university curricula, in short courses conducted 
by professional organizations, and in governmental studies and programs. 

Aid Programs-Existing aid programs, particularly federal, are capital oriented. 
With the exception of TOPICS (which will not receive separate funding after 1975), no 
ongoing federal program finances technical studies or capital grants or operating pro
grams oriented toward noncapital improvements. 

Organizational-Jurisdictional-At the metropolitan level, normally no metropolitan
wide central agency has authority for all aspects of transportation planning, financing, 
administration, and regulation. Mayors do not have the power to bring all the actors 
together, and full cooperation is usually impossible to attain. At the U.S. Department 
of Transportation, responsibility for grom1d transportation is split between FHW A and 
UMTA. Low-capital projects frequently need funds from both administrations, but each 
has its own goals, priorities, procedures, and time schedules, making an integrated 
program difficult. To date, there have been little concentrated effort and no central 
focus for noncapital and low-capital programs. 

Lack of Information-Most planners are not aware of the full range of alternatives 
available to them. If they are, they lack sufficient information to evaluate some of 
them, for example, economic incentives. 
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Lack of Methodologies-We have numerous manuals on trip generation, modal split, 
and network as signment. Although there are technical reports on many of the alterna
tives described here, the first technical manual for field use was published early in 
1973 (27). 

Momentum of Capital Programs- The conventional approach, including ongoing pro
grams involving annual expenditures of several billion dollars of federal funds matched 
by state and local expenditures, has generated considerable momentum. 

Delivery Delays for New Buses-Although the production of new automobiles exceeds 
the demand and inventories are accumulating of both domestically produced and im
ported cars, several months to a year are required for a transit agency to obtain a new 
bus. This time lag was particularly painful for transit bus operators during the 1973-
1974 energy crisis because they were not in a position to fully take advantage of the in
crease in demand for bus travel. 

Vested Interests-Probably the greatest opposition will be from those who have a 
stake in the status quo (or at least who perceive that they do). For example, transit 
operators and some elected officials will resist changes in economic regulations to 
permit greater use of para-transit, and similarly for labor unions. By the same token, 
highway departments will resist having their construction programs curtailed. 

Lack of Sex Appeal- Low-cost improvements do not have the exotic flavor of SSTs, 
TLVs, TACVs , DARTs, and PRTs or even METROs and BARTS. More aggressive 
marketing is needed to tailor service to meet local demand and to promote the principle 
of noncapital alternatives at all levels of government. 

CONCLUSIONS AND POLICY IMPLICATIONS 

Conclusions 

This paper suggests an alternative definition of the urban transportation problem and 
alternative means of dealing with the congestion issue, especially with respect to the 
journey to work. The principal conclusions are the following. 

1 Th o ,, ,..'I-\.., ,... + ..... ,.. ""'C!I_,... ,..,. "' +.; ,...,.... ""''""1-.,1 ,.,.__... .; ..,. ,..._ ,..,.. ,..._...,._,,,.:,,.. -- ...... 1... 1 .... _. ---- ---- -.I! ----~ 
.... ..,. .................. IVIIA...I.& ...... C,4.,1,.1. ... t,'V.&. """".I.V.L.I. fl.I. VUl.~.L.1..1 . .I.~ a.u. 'li:i~V11V.1.U .J,\.., !}.I. V Ul.C JlJ, .11uu.1 u oic: U J. U U.1 

present transportation resources to deal with today's transportation issues. 
2. The setting of urban transportation has changed in the past decade or so. As a 

result of the Interstate program and other urban highway improvements (not to mention 
rail transit systems in operation or nearing completion), we now have at least the 
rights-of-way for extensive urban transportation systems in our cities and unused 
capacity during the peak hours (e.g., underused railroad track, empty seats in private 
automobiles, and potential bus lanes). 

3. We are discovering that we have the capability to improve urban transportation 
service-in many cases reducing average trip times by one-half or more-in the near 
term and with public sector outlays, which are modest by means of a rich and diverse 
set of opportunities, to use urban transportation systems more effectively. Even more 
surprising, for a large share of journey-to-work trips, it may be that the only way to 
achieve better service is to devote fewer resources to transportation, for the primary 
concern-congestion-is created by an excessive number of motor vehicle trips during 
the time period in question. People will be able to travel at higher speeds only as the 
ratio of passenger trips to vehicle trips increases during the peak hours. 

4. Private individuals and local governments have shown considerable initiative in 
implementing low-cost improvements. Although some of the recent successes in the 
United States have been federally sponsored, e.g., the Shirley Highway exclusive bus 
lane, others have not, e.g., the exclusive bus lanes in Puerto Rico, demand-responsive 
service in Davenport, Iowa, and numerous bus-pool and car-pool projects (.!!!, 19). 

5. Increased transportation efficiency appears to be occurring for reasons other 
than the sole purpose of providing better service or increasing revenues. The proposals 
advanced here are also advanced in the interests of energy conservation and of meeting 
air quality standards. These and other influences (e.g., the opposition of citizens to 
urban freeways) are gaining momentum and may exert more force than transportation 
or efficiency considerations per se. 
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6. To say that we are on the threshold of a revolution in our theory and practice 
regarding urban transportation may be an exaggeration. Certainly the textbooks and 
the thrust of government programs do not support such a view. Yet the alternatives 
discussed in this paper have their real-world counterparts in terms of individual com
muters, entrepreneurs, and local government. Examined in isolation, they do not sug
gest major changes in urban transportation. Taken collectively, they imply a major 
shift in emphasis, particularly if they were planned and implemented as a group in any 
given city as part of a "continuing, comprehensive, cooperative transportation planning 
process." In 1990, we may look back and conclude that a major shift in emphasis from 
capital-intensive to noncapital solutions did indeed take place in the 1970s (41). 

Policy Implications 

1. The conventional wisdom concerning the urban transportation problem, the solu
tion, the role of government (particularly federal), the role of the private sector, and 
the question of incentives need to be reexamined. The emphasis should be on near
term, noncapital, and low-capital alternatives, and a new set of concepts and meth
odologies should be developed. The basic building blocks would include the full range 
of alternatives available, greater attention to environmental and energy considerations, 
greater emphasis on economics and on market forces, improved methods of forecasting 
travel demand, and more emphasis on citizen participation. 

2. A federal program consistent with the approach recommended here involves 
changing the past direction almost 180 degrees. The suggested shift in emphasis offers 
greater potential for achieving the official U.S. Department of Transportation goals of 
economic efficiency, environmental quality, safety, and facilitation of local determina
tion than the present long-term, capital-intensive orientation. 

3. The elements of an urban transportation program that emphasize making more 
efficient use of present systems would include the following: 

a. Aid programs that make implementation of low-capital programs a prerequisite 
for obtaining CIP funds and that make much larger amounts of funds available for local 
planning, implementation, and administration of noncapital and low-capital improve
ments; 

b. Promotion of user charges, fares, and prices that reflect the economic cost (in
cluding external costs) of transportation services; 

c. Assistance in reducing the institutional constraints, particularly those concerned 
with economic regulations and support of labor rules and practices that inhibit public 
transportation; 

d. Amending the federal highway code to permit cities to charge congestion tolls on 
federal-aid facilities; · 

e. Research and demonstration in the whole area of low-cost improvements, with 
emphasis on support of local initiative; 

f. Development of methodologies to assist urban planning groups in evaluating and 
implementing low-cost improvements; 

g. Revising the urban transportation planning process to give first priority to near
term, low-cost improvements and to link them with long-term, capital-intensive pro
grams; 

h. Dissemination of information, especially technical manuals and experience gained 
from application of new ideas; and 

i. Marketing efforts to promote the low-capital approach to urban transportation. 

These are bold changes. Even in a period of changing orthodoxies, a program of 
this nature will be a significant departure from the past. 
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ESTIMATING LATENT DEMAND AND COST 
FOR STATEWIDE TRANSIT SERVICE 
Robert B. Anderson, General Analytics, Inc.; and 
Lester A. Hoel, Carnegie-Mellon University 

In 1968, the U.S. Department of Housing and Urban Development commis
sioned a series of studies to define the potential demand for new systems 
of urban transportation. Among these was a study of latent demand for 
urban transportation to focus specifically on urban groups who have trans
port needs that are not met by existing systems. Emphasis was placed on 
the needs of the elderly, the poor, the young, and the handicapped. Need 
was identified through a series of questionnaires of select groups in 
Pittsburgh and Baltimore. In a Minnesota study, transit needs were estab
lished through a latent demand survey conducted to determine the extent of 
travel that would occur under various levels of transit system improvement. 
The survey also developed information on the perceived needs of individual 
travelers. The analysis of latent demand at various levels of transit ser
vice for rural communities is the subject of this paper. 

•IN RECENT years, attention has been focused on the transportation problems of 
persons without access to the private automobile. In a nation where mobility has 
been increasing for a large portion of the population, the plight of those segments of 
society made captive because of an inability to gain access to the highway system has 
become more pronounced. 

Two groups of travelers have been identified as representing the principal catego
ries of captive riders: inner-city dwellers and the rural poor. Studies have been 
directed at identifying the critical transportation needs of these groups as well as 
determining the most appropriate transportation facilities and services to satisfy 
these unmet needs. The urban captive rider has been further identified into catego
ries such as elderly, young, poor, ha...1dicapped, and housewives. Each of these 
groups has specific transportation needs that are not met by present transport sys
tems. Perhaps the elderly represent the group for which needs have been most clearly 
defined. Present transit systems provide service to the elderly on a daily basis as 
well as through special programs such as reduced fares, new routes connecting senior 
citizen projects, and special tours. 

In 1968, the U.S. Department of Housing and Urban Development commissioned a 
series of studies to define the potential demand for new systems of urban transportation. 
Among these was a study that focused specifically on urban groups whose transport needs 
are not met by existing systems. Emphasis was placed on the needs of the elderly, the 
poor, the young, and the handicapped. Need was determined through a series of ques
tionnaires of select groups in Pittsburgh and Baltimore. Latent demand was defined 
as the necessary trip-making potential of individuals who live within metropolitan areas 
and have no access to an automobile. 

More recent studies have focused on specific transport solutions, for example, 
demand-responsive transportation and medi-cab, or have refined means for deter
mining mobility deficiencies. Two basic measures have been attempted. The first, 
based on access opportunities, measures mobility in terms of the number of trip 
opportunities within a stated time-distance of the origin zone. The second, based on 
differential trip generation rates, measures deficiencies in transport services, for 
example, the difference between trip generation rates of families with and without an 
automobile. A variety of trip-making variables can be identified, such as income, 

26 



transit service availability, age, and family size. Latent demand, however, deals 
also with perceived transport needs, and a third approach relies on personal contact 
with affected individuals. In this latter approach, problems, trip priorities, and 
major deficiencies in the present transport system are identified through personal 
interviews and discussions. 
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The intention here is not to recount in detail the research results that have been 
forthcoming in the area of latent demand since the HUD Study. The references give 
publications dealing with latent demand, mobility, and related topics; the preponder
ance of research has been directed to urban and center-city problems. A significant 
omission to date has been investigations concerning the latent demand in suburban 
areas. Transport studies of the noncentral city portions of major metropolitan areas 
have focused primarily on problems of freeway congestion, highway safety, parking, 
traffic control, and the like. Closer examination of the relevant issues, however, 
reveals that wunet transport needs exist in suburban areas that may equal or exceed 
those in the inner city. Public transportation is either nonexistent or of lower ser
vice level in suburban areas than that in the central city, and transit lines are CBD 
oriented during work hours. Many segments of the population living in the suburbs 
are without access to an automobile; these segments include housewives in 0- or 1-car 
families, children, the elderly, and the poor. In fact, the population mix in suburban 
areas is becoming increasingly diverse, and an increasing proportion of the travel 
needs of suburban residents is wunet or poorly served. 

The most recent interest in latent demand has developed at the state level in con
nection with rural and small-town needs for public transportation facilities. Data from 
statewide origin-destination studies do not reveal latent demand because the surveys 
record travel on existing systems. In a Minnesota study, transit needs were estab
lished through a latent demand survey conducted to determine the extent of travel that 
would occur under various levels of transit system improvement. The survey also 
developed information on the perceived needs of individual travelers. The analysis of 
latent demand at various levels of transit service for rural communities is the subject 
of this paper. 

LATENT DEMAND FOR TRANSIT SERVICE 

The latent demand for transit service represents the potential number of people who 
would use transit if new or improved service were provided. It primarily reflects the 
potential ridership among people whose mobility is restricted because they do not now 
have access either to an automobile or to transit. A quantitative evaluation of laten.t 
demand is necessary to estimate the number of people who need transit and are not 
now served, to ascertain the potential ridership response to various levels of service 
improvements, and to provide a basis for estimating the revenues and costs of alter
native service levels. 

The latent demand in rural Minnesota was determined through a questionnaire mailed 
to a sample of households in 4 representative cities selected from among 41 cities having 
populations greater than 5,000. Mankato and Bemidji were selected as representative of 
cities with local transit service and Albert Lea and Crookston as representative of cities 
without local transit. Questionnaires were sent to households within the corporate limits 
of each town and in surrounding areas. The returned questionnaires were then edited, 
and the responses were coded for computer tabulation. The results were factored to 
appropriately represent the population of each area and analyzed to obtain a profile of 
the sample population, their travel habits, and potential ridership on improved public 
transportation systems. 

Questionnaires were sent to the 4, 100 randomly selected sample households or about 
10 percent of the households in each city and its surrounding area: 1,650 in Mankato~ 
1,150 in Albert Lea, 850 in Bemidji, and 450 in Crookston. The overall response rate 
was 32 percent, resulting in a sample of 3 percent of all households in the 4 cities. 

The questionnaire contained 2 groups of questions. The first asked about household 
location, income, age distribution, automobile availability, weekly transit trips, and 
daily trips by all modes. The second group asked about additional trips desired by 
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members of the household but not taken because of either poor access to public transit 
or unavailability of an automobile or a driver's license. Three questions were designed 
to evaluate the influence of access time to the transit stop on potential ridership. The 
alternative access times proposed in the questionnaire were 15 minutes, 5 minutes, and 
immediate (door-to-door service). Response to this group of questions provided a 
measure of the latent demand for transportation in terms of alternative levels of ser
vice. 

For each city the mean values were computed and tabulated for data on household 
size, income, age distribution, number of automobiles and licensed drivers per 
household, daily trips by mode and purpose, weekly transit trips by purpose, taxi 
trips by purpose, and estimated weekly trips on improved transit. 

Some of the parameters that describe the latent demand for transit, as derived 
from the survey, are given in Table 1. The data show the sensitivity of ridership to 
access time. The responses constitute quantitative measures of the willingness of 
people to use transit as a function of its accessibility. The potential ridership among 
in-town residents on systems having 5-minute and door-to-door access is higher for 
the cities without transit than for the cities with transit. The estimated ridership per 
capita by out-of-town residents of Mankato and Bemidji on any of the alternative types 
of service was similar to that of in-town residents, indicating that these people would 
like to be offered service similar to the service that their neighbors in town have. 
The data given in Table 1 were used to estimate the annual ridership on improved tran
sit systems, as described later in the paper. 

Another indicator of the need for transit is the percentage of households in which 
people have difficulty in getting to where they want or need to go. In the 4 cities sur
veyed this figure ranged between 12 and 15 percent. If trip-making were made easier 
for these people, the number of transit trips per household could increase by 50 per
cent in Mankato, 80 percent in Bemidji, 500 percent in Albert Lea, and 1,400 percent 
in Crookston. 

LEVELS OF SERVICE 

The provision of a suitable level of transit service on a statewide basis requires a 
thorough evaluation of the trade-off between the benefits of improved service to cur
rently unserved or immobilized segments of the population and the costs of providing 
the service. The number of people who will be affected by improved service, the 
ridership and revenue that improved service will generate, and the cost of implemen
tation and operation depend on the level of service provided. Before decisions can be 
made on an appropriate level of service or mix of services on a statewide basis, the 
implications of alternative service levels should be explored. For this reason, sev
eral alternative service levels were described and analyzed. Estimates of the rider
ship that each service level might generate were based on the responses to the latent 
demand questionnaire and a ridership model derived from a study of present transit 
operations in 11 cities. Revenues and operating costs were estimated from the rider
ship model and from an operating cost model based on present transit operating data. 

Four service levels were defined as they might apply to out-of-town areas in terms 
of the number of cities served, the areal extent of service inside and outside of each 
city, the population of the area served, and the average access time to transit. These 
levels of service were then used to define transit service for the appropriate cities or 
city areas for 1973 and 1975. The alternative service levels were then compared 
according to the following service paJ.'ameters: annual patronage, bus-miles, revenue, 
revenue per passenger, amortized capital costs, operating costs, total costs, revenue 
less costs, and revenue less costs per passenger. 

The levels of service defined for latent demand analysis are given in Table 2 and 
described below. 

Level of service 1 retains the present bus system in the 11 cities that have transit. 
The number of bus-miles and the fare in each city are the same as at present. The 
average access time for current transit riders remains the same. The service area 
includes the in-town populations, approximately 430,000 people, of Duluth, Moorhead, 
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Figure 1. 1973 
patronage, costs, 
and revenue by 
level of service. 

Within City Outside City 

Access Time Mankato Bemidji Albert Lea• Crookston• Mankato 

Immediate 
(door-to-door 
service} 45 40 50 42 33 

5 minutes 20 10 29 16 17 
15 minutes 6 3 8 1 7 

•currently without transit service. 

Level 
o! 
Service 

Access Time· 

Description Zone Ab Zone B' 

Present system 5 
15-minute access to out-o[-town areas 
5-minute access to in-town areas 
Door-to-door !are ot 5 cents/ passenger-mile 

5 
5 
5, I 

1 5 and 15 are minutes, and I is immediate or door·to door service 
bArea within city covered by transit or area in major traffic corridors, 
c:Area within city outside zone A. 
dArea within region but outside city. 

Access Time 
Level by Zone 
of Cities Population 
Service Served A B C Served 

1973 

I II 5 431,000 
2 II 5 15 15 830,000 
3 II 5 5 15 830,000 
4 II 5, I I I 830,000 

1975 

J II 5 431,000 
2 II 5 15 15 830,000 
3 II 5 5 15 830,000 .. II 5, I I I 830,000 

Passengers 

6,400, 000 
7, 900,000 
9,400.000 

29,650, 000 

5,800,000 
7,200,000 
8,500,000 

26,700,000 

15 
5 

I 

Revenue 
(dollars) 

1,500,000 
1,800,000 
2,100, 000 
7, 300, 000 

1,300,000 
1,600,000 
1,900,000 
6,600,000 

Bemidji 

26 
14 

6 

Zone Cd 

15 
15 
I 

Cost 
(dollars) 

2,600,000 
3,700,000 
6,100,000 

19,500,000 

3,000,000 
4,200,000 
6,800,000 

22,230,000 

Albert Lea• Crookston 

18 20 
10 II 

I I 

Revenue Less 
Revenue Cost per 
Less Cost Passenger 
(dollars) (dollars) 

-1,100,000 -0.17 
-1,900,000 -0.24 
-4,000,000 -0.42 

-12, 200,000 -0.41 

-1, 700,000 -0.28 
-2,600, 000 -0. 36 
-4,900, 000 - 0.58 

-15, 640, 000 -0.59 

30...-~~-.-~~~,--~~-.-~~~ Figure 2. 1975 
patronage, cost, 
and revenue by 
level of service. 
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Table 4. 1973 and 1975 patronage and costs for Mankato. 

Access Time Amortized Revenue Less 
Level by Zone Capital Operating Total Revenue Cost per 
of Vehicle- Revenue Cost Cost Cost Less Cost Passenger 
Service A B C Passengers Miles (dollars) (dollars) (dollars ) (dollars) (dollars) (dollars) 

1973 

I 5 297, 000 161,000 60,000 0 117,000 117,000 -57,000 -0.19 
2 5 15 15 472, 000 465,000 95,000 30,000 202,000 232, 000 -137,000 -0.29 
3 5 5 15 687,000 1,600,000 138,000 144,000 377,000 520,000 -382,000 -0.56 
~ 5, I I 2,400,000 4,177,000 595,000 99,000 1,563,000 I, 662,000 - 1,067,000 -0.44 

1975 

1 271,000 161,000 54,000 0 134,000 134,000 -80,000 -0.30 
2 15 15 429,000 465,000 86,000 30,000 231,000 261,000 -175,000 -0.41 
9 5 15 624,000 1,600,000 125,000 144,000 433,000 576,000 -451,000 -0.72 
4 5, I I I 2,160,000 4,177,000 535,000 99,000 I, 797,000 I, 896,000 -1,381,000 -0.63 
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Rochester, St. Cloud, Mankato, Winona, Austin, Faribault, Hibbing, Bemidji, and 
Cloquet. For purposes of calculations the in-town populations of Superior, Wisconsin, 
and Fargo, North Dakota, are included with those of Duluth and Moorhead in the esti
mates. 

Level of service 2 includes an extended service providing 15-minute average access 
time to those who live in the 11 cities with transit but do not now have access to tran
sit and to those who live in areas around these cities. The combined service areas 
contain 830,000 people, or approximately twice the in-town populations. The fare 
structure is the same as at present. 

Level of service 3 is the same as level of service 2 except that average access 
time of 5 minutes is provided to the entire in-town population. 

Level of service 4 provides door-to-door service at a fare of 5 cents per passenger
mile for the people who live within and in the area of the 11 cities that now have transit. 
The regularly scheduled bus services in these cities are assumed to operate as at 
present. The total population of the service area is 830,000, the same as for levels 
of service 2 and 3. 

The inventory of present operations and the latent demand survey provide a data 
base for estimating general service and financial parameters at a statewide level for 
each of the previously delineated levels of service. The records of transit operation 
of 11 companies for the period from 1967 to 1971 were used to develop a patronage 
model and an operating cost model. 

Initial review of the operating data suggested that patronage could be related func
tionally to fare, number of regularly scheduled bus-miles supplied, and time. Review 
of the transit company statistics on a city-by-city basis showed that patronage declined 
with decreases in bus-miles, increases in fare, and passage of time. 

The model that was used to correlate these parameters is of the following form: 

( 1) 

in which p_ R_ and F are resner.tivelv ni:itrnni:ive nnmher nf re1r11larlv sr.heclnlecl hns-
miles suppli;d, and revenue per pis;e~g-e~ -i;;-y~~~-t;--ruid P 

0
-, - :s:, -~ci" F

0 
rep~;~~nt 

these parameters in a base year t 0 • The exponents O', (j, and y were calculated by 
regression analysis techniques in which data for 11 cities during a 5-year period 
were used. The model with calibrated constants is 

(2) 

The operating statistics for each transit company provided information to develop 
an operating cost model that relates annual cost of regular route service to the number 
of bus-miles supplied and to time. The cost model is 

in which C and Bare the annual cost and the number of bus-miles of regular route 
service supplied in year t, and C0 and B0 represent the same parameters for year 
t 0 • The exponents X andµ were evaluated by a regression analysis of the operating 
data. The model with calibrated constants is 

(3) 

(4) 

The patronage model and the operating cost model provide a measure of the sensi
tivity of patronage to fare and the supply of service in terms of route bus-miles, sen
sitivity of operating cost to supply, and correlation of patronage and cost to time. 
These models were used with other relevant information to estimate the annual ser
vice and financial characteristics for each of the defined levels of service both in a 
statewide basis and separately for each of the 4 cities surveyed. The results are de
scribed in the following sections. 
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APPLICATION OF DEMAND AND COST MODELS 

The levels of service defined previously were analyzed for potential patronage, 
revenue, and annual cost for the years 1973 and 1975. Specifically, estimates were 
made of annual ridership, bus-miles, revenue, revenue per passenger, amortized 
capital cost, operating cost, total cost, revenue less cost, and revenue less cost per 
passenger. These estimates are given in Table 3. Patronage, costs, and revenues 
are shown in Figures 1 and 2. The following describes briefly how the results were 
developed for each level of service. 

Level of Service 1 

The operating data supplied by the transit operators in the 11 cities with transit 
were used as the basis for transit cost and patronage determinations. Quantities were 
added to yield statewide totals and averages for the most recent year that data were 
available. 

The formulas for patronage and cost developed previously were used to project these 
parameters from the base year to 1973 and then 1975. Basically, these time-variance 
equations predict changes in patronage and cost respectively from year to year. The 
cost equation accounts for inflation, which was calculated to be approximately 7 per
cent per year, and the patronage formula accounts for an approximately 5 percent 
yearly attrition in transit ridership. The base-year patronage and cost figures and 
the assumption that the fare and vehicle-miles supplied in 1973 and 1975 would be the 
same as the base-year figures were used to derive the other 5 parameters for each 
city for 1973 and 1975. The total cost is estimated to exceed total revenue by more 
than $1.1 million in 1973, or 17 cents per passenger, and by $1.6 million in 1975. 

Level of Service 2 

The latent demand survey revealed that if a 15-minute access were provided to all 
cities that have transit, patronage would increase 80 percent. According to the patron
age model, which relates changes in ridership to changes in fare and bus-miles supplied, 
an 80 percent patronage increase would require a 592 percent increase in the number of 
bus-miles. This large increase in supply implies that service to the new areas would 
have the same frequency of bus arrivals as currently exists in the present service areas. 
Provision of a high frequency service to all outlying areas was judged to be an unrealis
tic assumption and, accordingly, the number of bus-miles was reduced to reflect lower 
frequencies for some new in-town service areas and for out-of-town areas. The corre
sponding assumed number of bus-miles represented a 188 percent increase over pres
ent service. The patronage model estimated a resulting increase in ridership of 37 
percent. Thus, the 80 percent increase in ridership represents an upper bound, and 
the 37 percent increase represents a lower bound estimate of patronage if service 
were increased to level 2, or an average increase of 59 percent. According to the 
cost model, which relates changes in cost to changes in bus-miles, an increase in 
bus-miles of 188 percent results in a 72 percent increase in cost. 

Because of its relatively large size and extent, the Duluth-Superior transit system 
was treated separately. Application of the latent demand survey results to Duluth in
dicated that patronage would rise by 5 percent for level of service 2. The corresponding 
increase in bus-miles and cost could be 17 percent and 9 percent respectively. 

These changes in patronage, cost, and bus-miles were used to calculate the other 
service and financial parameters for the base year in each of the 11 cities. Then the 
cost and patronage equations were used to project the figures to 1973 and 1975, and 
statewide totals and averages were calculated for each year. A change from service 
level 1 to service level 2 results in a patronage increase of 25 percent, but the deficit 
increases from $1.1 million to $1.9 million in 1973 and from $1.7 million to $2.6 mil
lion in 1975 (Table 3). 

Level of Service 3 

The method of calculation of level of service 3 is the same as that for level of ser
vice 2. The base-year patronage was estimated to increase by 131 percent, bus-miles 
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by 890 percent, and cost by 222 percent over service level 1. For Duluth-Superior, 
service level 3 is considered the same as service level 2, for the average access time 
for most of the in-town population is about 5 minutes at the present time. Costs of ser
vice level 3 exceed revenues by $4 million in 1973 and $4.9 million in 1975 (Table 3). 
The ridership generated by level of service 3 is 47 percent greater than that for level 
of service 1. 

Level of Service 4 

The results of the latent demand survey (Table 1) were used to estimate ridership 
for door-to-door service within the 11 cities that now have transit. The patronage and 
cost models were not applied to door-to-door service because these models were de
rived from and are reflective of regularly scheduled route service. Instead, estimates 
of ridership were based on consideration of parameters such as travel speed, travel 
distances, loading factors, peaking factors, and population to describe door-to-door 
ser vice characteristics. Revenue estimat~s were based on an asswned value of 5 cents 
per passenger-mile. Based on the use of small vehicles for this type of service, esti
mates are $0.025 per vehicle-mile for amortized capital costs and $0.36 per vehicle
mile for operating and maintenance costs. The results show an estimated annual rider
ship of more than 29 million in 1973 in the 11 areas that now have transit. This includes 
ridership on the existing system and on door-to-door service, an increase of 23 million 
over the existing service. The corresponding figure for cost less revenue is $12.2 mil
lion. 

Detailed Cost and Ridership Analysis 

A more detailed analysis of each alternative service level was made for the 4 cities 
that were included in the latent demand survey. Each of the levels of service was used 
for Mankato, Bemidji, Albert Lea, and Crookston. The results given in Table 4 are 
for Mankato. The analysis showed that the subsidies necessary to support regular 
route Rervice as now supplied would be 20 to 30 cents per passenger in Mankato and 
35 to 50 cents in Bemidji. To provide similar service would require a subsidy of 
50 to 67 cents per passenger in Albert Lea and 87 cents to $1.14 in Crookston. Gen
erally, the subsidy per passenger is higher for higher levels of service. For the 
smaller cities, however, door-to-door service appeared to be more efficient than 
regularly scheduled route service. 

SUMMARY 

This paper describes a method for determining the statewide transit demands and 
associated costs for various levels of service. The results of the techniques developed 
were applied to rural communities in Minnesota, and estimates were developed for the 
amount of subsidy required at each level of service. Latent demand was established 
through a special survey that determined probable ridership. Cost-patronage models 
were used to establish the levels of investment and revenue that would accrue for each 
level of transit service. Although the techniques reported are of general applicability, 
the results of the analysis are directly useful to decision-makers in establishing the 
extent to which transit will be supported in communities throughout the state. 
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SUBURBAN TRANSIT PLANNING AND FORECASTING 
Daniel E. Benson*, Wilbur Smith and Associates 

Problems and policy issues of particular concern to suburban transporta
tion planners are identified, including dispersed trip-making, high income 
and automobile ownership, low densities, significant transit-dependent 
population, increasing peak-hour freeway congestion, growth policy issues, 
and short-term availability of less expensive or nonunion labor. Ex
perience in Orange County, 4 areas of Los Angeles County, and Chicago 
suburbs is discussed. Unique suburban approaches in the planning process 
are identified, and forecasting problems are discussed. For forecasting 
implications, 3 high-quality suburban-to-CED transit services are com
pared with the range of calibration values for the LARTS model in southern 
California. Variables compared include the system characteristics in the 
marginal utility mode-choice model, socioeconomic characteristics of 
trip-makers, attitudes of trip-makers, and resultant trip-making be
havior. The last category focuses on transit's market share, which ap
pears to be a more appropriate planning statistic than the percentage of 
all trips using transit, as called for in mode-choice models. Some uniquely 
suburban transit organizational and planning process issues are discussed. 

•EVERYONE is familiar with the suburban stereotype of endlessly sprawling single
family homes whose owners use 2 or 3 cars to make 6 to 12 trips per day to downtown 
jobs, second jobs, schools, and shopping. If a suburban area has any buses at all, they 
are used by the elderly, children, and domestic workers. 

The problem of achieving radically improved levels of transit ridership indicates a 
need for significantly improved service levels-short headways, possibly door-to-door 
service, and even preferential treatment. Suburban public officials are beginning to 
ask for transit service that can attract the owners of 2 cars. In addition, a large num
ber of handicapped, elderly, young, and economically depressed individuals are being 
identified among these automobile-oriented families. Both high-speed, uncongested 
commuter service to the central business district for drivers and local service for 
transit-dependent groups are needed. Experience with these transit problems in 
Orange County, 4 areas of Los Angeles County, and Chicago is outlined in this paper. 

PROBLEMS AND POLICY ISSUES 

Dispersed Trip-Making 

Travel patterns in suburban areas are generally scattered. Except for some con
centration to the CBD, to the airport, or to large shopping centers and industrial parks, 
travelers do not concentrate in corridors where they could be served by a bus or rapid 
transit system. Automobile dependency and freeway construction have caused acces
sibility to become distributed rather evenly throughout the suburbs. We need to find 
which suburban travel markets have the best potential for efficient transit. 

High Income and Automobile Ownership 

As their incomes rise, central city residents move to the suburbs and acquire a 
second car to maintain their mobility. Local-service bus routes simply cannot com-

*The author was with the Orange County Transit District when this research was done. 
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pete with automobile travel speeds for a resident who has a car in her or his garage 
and a place to park at the destination. 

Low Densities 
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Standard-sized buses are designed to concentrate trips along street corridors. This 
is difficult in the suburbs because of the predominance of single-family homes on large 
lots. Fewer passengers results in less frequent service, which in turn discourages 
patronage. 

Suburban Transit Oper ations 

Remaining operators of bus services in the suburbs generally have had old vehicles, 
which are poorly maintained and unreliable. 

Governmental Responsibility 

The fractionalized local governments in suburban areas have been too small in size 
and too short of funds to help transit. Metropolitan transit operators and metropolitan 
planning agencies have in the past concentrated on the more critical problems of bus 
operations in the central city, where they have recognized that the higher densities and 
lower incomes create the greatest demand for transit and where any new funds are 
automatically sunk into higher salaries and operating costs. Only in the last few years 
have these agencies recognized suburban accessibility problems, and the results are 
evidenced in ridership. 

Large Transit-Dependent Populations 

Regardless of the high income and automobile ownership in the suburbs, a large 
number of transportation -disadvantaged persons must depend on others or simply not 
make trips when they need to travel. Curry (1) reported on this need, and the high 
populations in these groups indicate a substantial need, regardless of the scattered 
distribution. 

Peak-Hour Freeway Congestion 

Even in suburban counties, freeway construction programs are being slowed or 
stopped by local officials and lawsuits. Congestion on existing freeways in the rush 
hours is spreading deeper into suburbia. The growth-inducing experience of freeways 
contributes to the congestion and leads to the conclusion that many of these freeways 
cannot possibly retain reasonable peak-period speeds unless attractive transit service 
can divert that number of drivers that makes the difference between a free-flowing 
freeway and a congested one. 

Expandin_g Transit Need 

Growth and development create a demand for improved transit service in newly sub
divided areas. This has especially been recognized in new communities, some of 
which have included transit services in their planning and investment programs. Under 
these conditions, above-average transit usage has occurred if the short trips and non
work purposes involved are considered. 

Air Quality and Energy Conservation 

Regional transportation planning agencies have recognized that, to produce a signif
icant improvement in air quality in the ,region, a significant improvement in transit 
service and disincentives to the car may be needed as part of the short-range trans
portation plan. In fact, such plans for most major metropolitan areas have already 
been prepared by the U.S. Environmental Protection Agency. Because a significant 
portion of the vehicle-miles of travel in a region occurs in the suburbs, they are being 
included in restrictions on distribution of gasoline, reductions in parking, and replace-
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ment of the Ll'avel by bus am.I car-pool lanes on all major streets and freeways. How
ever, few buses are available to accommodate a mode shift. To reduce air pollution, 
congestion, and energy consumption, suburban transit districts may have to use free
ways with or without priority treatment if they hope to seduce suburban drivers from 
cars. Fixed bus routes on local streets cannot compete, and only a few passengers 
per bus times a few bus-miles per gallon equals the same passenger-miles per gallon 
that automobiles achieve. 

Transit Industry Efforts 

Transit operators are beginning to recognize the importance of a total marketing 
program in building ridership. Assisted by expanded capital grant programs of the 
Urban Mass Transportation Administration, some transit districts are developing a 
comfortable and attractive suburban product and are promoting their services agres
sively with significant advertising budgets. Without long-standing transit habits to 
sustain patronage as in central cities, new services must be aggressively marketed. 

State Legis lation 

Legislators in recent years have done much to stimulate interest in suburban transit 
by providing capital or operating subsidy funds to metropolitan or suburban agencies. 
In states such as California that provide funds to transit districts, suburban riderships 
are expanding. 

Labor Costs 

Small fleets of buses run by suburban municipalities are often able to save 2 5 to 40 
percent of central city operating costs by paying lower salaries (2). Larger regional 
and suburban transit districts generally cannot maintain such a situation for long. 

SUBURBAN TRANSPORTATION PLANNING PROCESS 

Certain key patronage forecasting elements of the transportation planning process 
are being given increased attention and funding in suburban studies and in suburban 
elements of regional transportation network plans. Regional network plans have been 
prepared everywhere, but increased attention must be given to the suburban elements 
of those plans, particularly because the forecasting and mode-choice models are less 
reliable in suburban areas than they are in the central city. Bus improvement studies 
whose scopes are entirely within suburban areas are receiving increased attention be
cause of the need to serve transit-dependent groups and commuters who work in the 
suburbs. In the past, suburban planning efforts concentrated on line-haul systems to 
bring people to their jobs in the city and neglected the internal trips. The following 
elements of the planning process focus on patronage forecasting problems that do not 
generally receive sufficient attention in studies of metropolitan freeway corridors or 
central city rapid transit systems, or if they do, they are not sufficiently important to 
the agencies. 

Inventory of Existing Transit Operations and Ridership 

This traditional element of a transit plan will receive less attention than it has in 
the past in suburban studies. Existing high-fare, dilapidated transit operations carry
ing few riders on routes that were successful 20 years ago may only create confusion 
in the transit study by emphasizing obsolete use. But such an analysis in a central 
city transit improvement study may be useful in projecting ridership on a faster bus 
or to a rail line. New buses, lower fares, and more frequent service are primarily 
dependent on completely new ridership coming from new routes designed to serve 
today's transportation patterns. 

Suburban Technologies 

Because of the problems with suburban transit in the past (dispersed trip-making, 
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high automobile ownership, and low densities) more modern buses with frequent operat
ing schedules will be needed to attract drivers. For the major corridors, competition 
between bus and rail modes continues. Benefits of rail rapid transit include comfort
able operation, short headways, and reliability. Bus rapid transit provides its own 
feeder service so that no transfer is required and can be readily implemented on free
ways. Because of its flexibility as a feeder, the express bus can serve a broad area 
of trip origins with several distributor routes focused on a line-haul busway to the CBD. 
Generally, a bus can operate on a freeway with exclusive lanes if it is mixed with car 
pools, if there is a significant bus volume (30 to 60 buses/ hour), or if it is on a bypass 
for a metered ramp. A much lower investment cost may be needed for bus than for rail 
rapid transit (3). On the other hand, rail rapid transit has a much lower operating cost 
because it can-be automated and several cars can be coupled to eliminatethe need fora 
driver for each vehicle. Of course, its investment cost is higher than for buses on an 
existing freeway. 

Variations on the line-haul technologies include use of rapid transit with a demand
responsive feeder system. This would provide high-quality and flexible door-to-door 
feeder service and could also serve local trips. Cost is an important consideration, 
but an equally important consideration is the type of operation that will maximize rider
ship. Although rail transit is penalized by change of mode to the feeder, the bus on the 
freeway disperses feeder routes so that frequency of service drops, and one or the 
other may generate more ridership, depending on local conditions. The primary virtue 
of demand-responsive service is that it is so similar to automobile or taxi operation 
that it generates more ridership than a fixed bus route. Rather than operate on fixed 
routes and schedules, which in suburban areas would have to be expensive to be fre
quent because of the low density, demand-responsive vehicles respond to a specific 
telephone call to pick up the prospective rider and deliver him or her to the door of the 
destination or a line-haul station. A disadvantage to either mode is that its higher 
operating cost as compared with poor fixed-route service requires a higher fare; but 
suburban income is also higher, and subsidies or free fares could be provided directly 
by welfare agencies. 

Alignments 

Alignments for high-speed rapid transit lines either make use of existing freeway 
lanes or ramps or may take over existing linear rights-of-way, such as those of old 
interurban railroads and high tension power lines. This approach minimizes the capital 
cost for alignment, but may put a transit line where the people are not and thus reduce 
patronage. A suburban corridor, however, must depend primarily on park-and-ride 
and feeder bus service anyway because the area will not be concentrated enough to 
generate significant walk-in traffic. 

Bus-on-freeway proposals must give strong consideration to the potential for e;,c
clusive bus lanes or ramp-metering bypass lanes in terms of the potential detrimental 
impact on freeway operations and disincentives for automobile use. A recent NCHRP 
report describes nationwide experience with busways (~). 

Sketch Planning 

The theoretical basis for sketch planning is complex, but this paper will describe its 
use in preparing ridership forecasts. Sketch planning is a miniplanning process in 
which, during a short period of time, a relatively comprehensive analysis, forecasting, 
and evaluation process is completed for transportation planning without the use of a 
metropolitan computer model. It depends on availability of a comprehensive range of 
base data, mapped onto McHarg type of overlays, so that the technical team can take a 
broad perspective and propose a series of reasonable alignment alternatives. The 
team computes "indicators" of ridership forecasts, construction costs, and impact 
evaluations for a wide range of network alternatives in a fairly rapid fashion. The 
method is particularly useful in a suburban situation where transportation and develop
ment corridors are not well defined by historical patterns and a wide range of align
ment alternatives is possible. The method allows rapid evaluation of this range of 
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alternatives and reduction to 3 or 4 reasonable alternatives without the time and cost 
of multiple computer forecasts. Sketch-planning forecasts should not be confused with 
top-of-the-head "instant plans," which may have received little analysis. 

If carefully documented, sketch plans can immediately be submitted for public re
view and comment and for coding as inputs to the metropolitan transportation planning 
computer package. 

Suburban Forecasting Problems 

Data Base-In any transportation study the analyst will usually complain about the 
age of the home interview survey data. Unless the survey was conducted within the 
last 2 years, the income, trip rate, trip distribution, and trip length results that are 
assumed to be consistent over time may have shifted. However, the data become ob
solete much faster for the suburban portion of the metropolitan area than for the region 
as a whole because the most intensive growth occurs in the suburbs. In most suburban 
areas, the home interview survey data does not include disaggregate survey design or 
parameters, and key data items are not updated. Residential, commercial, and in
dustrial development may have completely changed the character of many suburban 
areas and also the types of trips that are generated; in the central city, few major 
changes may have occurred. 

The following approaches to updating the suburban data base for transit planning 
should be considered (they are not mutually exclusive): 

1. Market research sampling of transit and automobile behavior, characteristics of 
transportation system used, socioeconomic characteristics of trip-makers, attitudes of 
trip-makers, and advertising media response and forecasting consistency; 

2. Annual home interview survey of residents of developing areas, especially a 
small census-stratified sample survey; 

3. Before and after surveys of major service innovations, such as the BART impact 
surveys; 

4. Complete home interview survey that is compatible with a previous outdated 
mt:i.rupulii.an :survt:y i>ui. iucluut::s ui:saggrt:gai.t: :samplt: :sdt:ci.iuu auu uai.a; 

5. Sample surveys of travelers to major trip generators; and 
6. Screen-line counts, vehicle occupancy counts (for preferential treatment), and 

parking surveys at maximum traffic volume points with revised survey instruments. 

Unless the metropolitan home interview survey is recent, no suburban bus improve
ment needs study should be undertaken that does not include surveys. 

Growth Constraints-The rapidly growing areas of the suburbs are also faced with 
great uncertainty regarding governmental policy on growth and the possible impact of 
environmental lawsuits on both shore-line and interior growth rates. For example, 
one water district in a rapidly growing area of Orange County is under court order to 
limit the water supplied and the connections made for the next 20 years. Thus, the 
population and travel forecast levels are suspect. 

High Socioeconomic Groups -Suburban areas characterized by high income and 
multiple automobile ownership may be undergoing changing attitudes toward high-quality 
transit service. These groups can afford to exercise their latent demands for travel 
and will do so if quality of service is good. Existing forecast models such as the LARTS 
model show an inverse relation between income and transit use (!, E_). However, sur
veys taken in suburban areas where significant transit service improvements have been 
introduced, such as the Skokie Swift in the Chicago area, exhibited a fairly even dis
tribution of transit use propensity throughout the income range (6). 

Transportation- Disadvantaged Group Forecasts-A relatively invisible but large 
number of transit-dependent populations in suburban areas may or may not benefit 
from transit services that are developed for a majority of high-income travelers who 
work in the CBD. We need to forecast who will benefit from our proposals. Unless 
base-year and forecast disadvantaged populations are prepared for each analysis zone, 
the benefits of the proposals will be difficult to assign to those who will receive them. 

Freeway Congestion-A general assumption is that alternative rapid transit proposals 
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will have alternative impacts on freeway congestion in a city area. The impact can be 
estimated in the transportation study model, but the effects of special freeway bus 
operations must be added. Both bypass lanes for ramp metering and exclusive bus or 
exclusive bus and car-pool lanes may have a significant impact on congestion for the 
remaining cars and affect ridership as was described earlier. Travel models that are 
not capacity constrained now show 1990 volumes, if no further freeways are built, that 
would congest a 12-lane freeway on what is now 6 lanes. If this is true, then high
speed transit must be seriously considered. 

Significant Service Improvements-The transportation planning forecast models 
generally produce better results for minimum and expected improvements in service 
level than they do for radical improvements in transit service, as will be discussed 
below. Special services that have differing measures of service quality may make the 
results suspect. New rapid transit lines with short headways have captured as 
much as 40 percent of all possible trips in the corridor. These values appear to 
fall at the extremities of mode-choice curves where the regional model is most 
uncertain. 

Three suburban corridors where radical improvements in transit service· were 
made, radical increases in transit's market share occurred, and some useful data were 
collected were compared (Table 1) to determine whether the data are sufficiently con
sistent to establish other points on the modal-choice marginal utility curve or whether 
a different mode-choice model is needed. 

Marketing Factor-None of the transportation planning forecasting models takes into 
account the extensiveness of the marketing and advertising effort that has been invested 
in a new transit service. This type of evaluation is routinely done in the marketing 
research field, where marketing expenditures must usually be justified by the extent to 
which they change peoples' attitudes and choices. Thus, for example, dollars of mar
keting investment per dollar of operating cost (not per dollar of gross revenue, which 
is misleading in comparison with unsubsidized private industry) could be considered a 
system characteristic and might be calibrated like other system characteristics such 
as frequency of service. 

Suburban Mode-Choice Model Verification 

As part of the subregional transportation planning work program, the mode-choice 
model should be able to replicate suburban mode-choice behavior in situations where 
radical improvements in transit level of service are proposed. There are 2 types of 
travel behavior or transit market to replicate: suburb to central city (external) and 
suburb to suburb (internal). Also different methods can be used to verify a mode
choice replication in a suburban area: 

1. Obtain data on suburban response to radically improved transit service in other 
metropolitan areas and apply the data to the marginal utility equation; 

2. Use market analysis survey results to calibrate an additional independent variable 
in the mode-choice equation-either attitudes toward transit, a trip-maker characteristic, 
or percentage of operating cost for marketing, a system characteristic; 

3. Develop a disaggregate, stochastic, behavioral demand model that replicates the 
suburban life-style; 

4. Code a ubiquitous transit system in which a saturation bus system provides ser
vice everywhere and transit ridership is never constrained by capacity or level of 
service (12); 

5. Verify the Gumbol distribution calibrated for the Blue Streak service in Seattle 
(this distribution estimates marginal utility of transit from a policy forecast of business 
miles per capita, assuming standard fixed-route express service, and has been im
plemented in Orange County for internal trips); 

6. Code a sample sector or subarea of transit improvements and innovations and 
use suburban transit-calibrated diversion curves to compare travel time and cost im
pact on diversion by calibration from high-quality suburban transit experience; and 

7. Disaggregate total work trips from 1970 census reports or tapes and from home 
interview survey data, factor out unlikely employers, and factor in population growth. 
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The verification approach for suburb-to-CBD trips will be analyzed here by 
method 1. The responses of suburban residents in 3 areas where radically im
proved suburban commuter service was recently instituted were compared to the 
Los Angeles Regional Transportation Study (LARTS) mode-choice model parameters 
and other useful measures of actual ridership (Table 1). For each of the LARTS 
parameters, the range of transit market share was determined. Market share for 
transit can be defined as the percentage of total trips between 2 zones and intervening 
zones that are using the transit mode, or the percentage with a reasonable choice riding 
transit. The share could be further refined to delete construction workers carrying 
tools, salesmen using their cars during the day, and those having other occupations 
that prevent their using transit, but that was not considered here. An arbitrary judg
ment factor in the definition is the zonal area served, such as circumscribing 95 per
cent of all existing transit users. 

Four types of mode-choice characteristics are compared to normalize the data on 
3 suburban response areas in the LARTS calibration. The first, system characteris
tics, including almost all of the transit system design factors that might affect rider
ship, are included here and are included in the LARTS model. Values of these model 
factors are generally within the range of calibration of the LARTS model, but the large 
percentage of total trips captured by transit sometimes far exceeds the range of market 
share percentages that have been calibrated as a percentage of total trips. However, 
market share is a more disaggregate and therefore more consistent statistic than per
centage using transit because neighborhoods vary widely in predominant occupation 
among commuters to the CBD or some other trip-end zone, and some obviously cannot 
be served by fixed-route transit. 

We can then define potential market share with one equation: 

MS 
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x 100 percent 

where market share equals the percentage ratio of total trips from zones1 to zonesJ for 
occupations or industries x, y, and z to all trips made from zones1 to zonesi; origin 
zones1 are residential zones within '12 mile of a bus route or within 4 miles of a park
and-ride lot or site; and destination zonesJ are employment (peak period), medical, 
shopping, and so on, trip destinations within '14 mile (% mile for park-and-ride) of the 
bus route. Destination zonesJ can be interpreted as the 1970 census CBD, if it is suf
ficiently compact. Each trip purpose or market segment can be separated, as in 
census journey-to-work trips to be served by express buses. Fixed routes would 
serve all trips in their corridor; major transferring trips would be handled separately. 
Demand-responsive areas would serve all internal trips or all trips from many origins 
to few destinations. Shuttles would serve internal or screen-line and noncordon trips 
in a small area. Travel time differences and other system technology variables 
establish not the potential market share but only a particular system's response and 
are not part of this equation. The equation is fairly obvious; it is the concept that is 
not generally understood. 

H the transit route serves more than 2 zonesi these can be added in until only, say, 
5 percent of transit trips come from outside the group of zones. Occupation or industry 
data are generally available from home interview survey data or by census tracts, 
which can usually be aggregated to zones. 

For family income, the one socioeconomic characteristic of the trip-makers used 
in the LARTS model, high-incomevalues in the model equation would predict a low 
share of total trips in the corridor going by high-speed transit, whereas high-income 
trips tend to be long trips and are susceptible to express buses and rapid transit. 

Among the measures of trip-making behavior, market share appears as 20 percent 
of all possible corridor trips on the Skokie Swift and as 36.9 percent of all possible 
trips on the Shirley busway, where only 54. 7 percent of all cordon trips are considered 



43 

a part on the potential market. These figures exceed most of the percentages of trips by 
transit that might be predicted by the marginal utility model using Skokie and Shirley sys
tem characteristics. The 36.9 percent market share of the Shirley busway is partic
ularly impressive in light of the fact that 57 percent of the riders had a car available. 

A fourth group of ridership measures, attitudes of trip-makers toward transit, is 
proposed as a third independent variable affecting mode choice with the automobile and 
one that is highly competitive not only for a few trips or one corridor but for a large 
percentage of the trips in the suburban area. If, as in southern California, there is an 
immediate need for improvement, then programs such as preferential use of express 
buses on freeways and major streets, local demand-responsive service, car-pooling 
computer programs and incentives, and subscription bus services may be considered. 

Impact Estimation 

If high-speed fixed-rail transit service is to be considered for a suburban area, the 
effects of such investments on concentration of trip-making in corridors should be in
vestigated. Shopping centers and industrial parks could be sites for transit terminals 
and collection points. Higher densities would be developed in these areas rather than 
at scattered sites. Such concentration and development may not be appropriate or de
sired for some suburban areas. 

Marketing Plan 

Selecting a transportation network plan and forecasting ridership on that network 
require an assumption about promotion and marketing that is almost never made ex
plicit in planning studies, even if any assumption has been made. Any level of patron
age that is forecast shall be achieved with either no advertising or some level of ad
vertising and marketing investment. When any new service or product is introduced, 
a marketing program is necessary to introduce it to the public, stimulate interest, and 
sustain ridership growth. This is much more essential to new suburban service de
velopment than it is for an existing and fairly well-known transit route in the central 
city, because the service is often new and because suburban homes have high turnover. 

Marketing is a misunderstood term and is generally incorrectly equated with ad
vertising or promotion. It is both, but it is also much more. It is making sure that 
the product or service that is designed, such as a new transit service, will meet the 
need and be accepted by the public. Such marketing goals derive from the public's 
goals. They ensure that the service will be provided where it is needed and not where 
it is not needed. Marketing ensures that the cost of the transit service-the fare-is 
acceptable and can be paid in a way that minimizes resistance, such as a monthly pass. 
Marketing is also promotion, telling the public and the news media what the product is 
and how to use it, answering the telephone on the first ring, and advertising in the ap
propriate media for riders. In summary, marketing includes product design, place of 
availability, price or amount and method of payment, and promotion with advertising 
and information services. 

A design variable in the Skokie Swift program was an investment of 20 percent of 
gross operating revenues from the project in marketing (Table 1). Either dollar 
amounts or percentage of gross operating costs is a useful means of bringing the 
marketing factor into the system design and into the mode-choice model. Patronage 
results of marketing programs are fairly readily measurable by standardized market
ing analysis techniques, such as before and after studies. Such an evaluation program 
is under way (13). 

An important concept in marketing is the term "share of the market." The concept 
has been used here to determine the total number of trips that could ever be served 
by the transit service with any reasonableness, as was explained in the forecasting 
discussion. Any transit ridership forecasts should include explicit consideration of 
the percentage of operating costs that will be spent on marketing for that route during 
the next year. 
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Table 1. Comparison of mode-choice characteristics in corridors where radical service improvements were made. 

Mode-Choice Characteristic 

System charactertstics 
Percentage o! gross revenues or oper-

ating caste used for marketing 
Transit acceee time• (walk or drive) 
Transit walt tlmc or headways•, min 
Automobile terminal time• 
Transit running time·, mph 

Automobile running time\ mph 
Transit fare\ cents 

Parking cost, cents 
Automobile operating cost-, dollar/mile 
Automobtie parking cost., dollar/day 
Off-peak headways, min 
On-time performance, percent 

Trtp-maklng behavior 
Average trip length, mtlea 
Automobile occupancy 
Riders/seat during rush hour 
Percentage o! riders shifted to traneil 

from automobJlee 
Ridership 

Weekday 
Peak 

Market ehare, percent 
Park-and-ride, percent 
Feeder bue, percent' 

Socioeconomic characteristics of trip-
makers and community 

Family income\ dollars 
Automobiles owned 
Second worker, percent 
Have car avaHable, percent 
Elderly, percent 
Population per eq_uare mile 

Altitudes of trip-makers 
Reason for using car 
Priority design feature 
Priority service variable 
Attractiveness or mode 
Comfort 

"From LARTS marginal utllity mode-choice model. 

Suburb to CBD 

Lindenwold (1) Shirley (]_, ll_) 

na 
na na 
10 II to 18 
Lots fill up Space avallable 
47 • 35 

12 to :rn 10 to 20 
35 to 75 40 to 80 
25 

1. 75 Generally free 
10 No service on most 
99, 5 min, but labor 32, 6 min 

stoppages 

8.5 

1.4 

40 

41,500 
8,000 
na 
35 
9 

14,000 
1.3 

37 
na 
3,400 

No parking space 
Inadequate capacity 
Labor stoppages 
Modern 
Smooth ride 

12. 7 
1.35 to 1. 61 
1.1 

25 

24,300 
8,000 
36,9 
8 
0 

16,400 
1.5 
40 female 
57 choice 
0.8 
3,700 

Bus too expensive 
Air conditioning 
Reliable and faster 
No interior adR 
Assured seat 

CONCLUSIONS 

LARTS 

Market Share 
Calibration Range Calibrated 

Skokie (~, ~) (~. !!) (percent) 

20 
2 miles max. 2 to 18 min 0 to 30 
2
1/2 o to 16 Oto 19 

Lots fill up 
46, 5 miles 
30, 12 miles 0 to 10 min 0 to 41/z 
30 to 40 27.7, 1 to 20 miles 3 to 14 
45 35 + B/zone 
25 
0.075 0.0476 
0. 75 to 3.00 46 percent Cree in CBD 
15 
Good 

15 10. 2 20 to 29 
1.35 to 1.61 1.1 to 1.2 

14 to 20 

na 
1, 400 
20 
30 
17 

10,000 7,818 0 to 38 and 60 
1.4 1.4 

27.5 
57 .6 licensed 
na 8.2 
7,000 5,000 

1. A strongly suburban point of view needs to be taken and expressed in metropolitan 
transportation planning programs in order to develop advocacy for improved transit 
service in the suburbs. Most central city or regional transit operators are preoccupied 
with what appears to them to be overwhelming problems in the central city, where they 
must try to maintain financial solvency on a daily basis. 

2. Urban transit forecasting models in use today are criticized by others for a 
number of simplifications and artificialities. However, they are even more uncertain 
in the suburban areas where growth and change are rapid and response to high-quality 
transit service cannot always be based on low income. Suburban transit studies will 
generally produce patronage forecasts with dubious reliability wiless primary data 
collection surveys of some type are undertaken. The patronage forecasting effort 
should include consideration of comparable improvements in other suburban areas 
and the ridership response that occurred in those cases. 

An important innovative design element of patronage forecasting is estimation of the 
level of expenditure on marketing transit services. Applying market analysis tech
niques can help to measure the patronage impact. 

3. Data are now available to indicate that certain transportation technologies are 
particularly adapted to the suburban environments. Research presented at various 
demand-responsive transportation conferences indicates that this mode of operation 
can provide an attractive, suburban-responsive, low-density-area service that can 
become almost as efficient as a short-headway, fixed-route service at those densities. 
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RECOMMENDATIONS 

1. Further detailed comparison of suburban-only ridership response to significantly 
improved quality of transit service is needed for 2 markets: from suburbs to central 
city CBD and within suburban areas. A number of case studies and demonstrations 
have been conducted and should be systematically evaluated by the use of additional 
approaches. 

2. Further analysis of the similarities between market forecasting and transporta
tion planning model forecasting approaches should be made so that each may benefit 
from the strengths of the other. 

3. Further field testing of alternative demand-responsive operations is recom
mended where low densities and high-income populations discourage the development 
of efficient fixed-route bus services to determine under what conditions its costs are 
comparable to fixed-route service. 
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MARKETING CONVENTIONAL TRANSIT: 
INFORMATION PROVISION AND INTRODUCTORY REWARDS 
Eugene M. Wilson, John F. Hultquist, Stanley J. Peterson, and 
Kenneth W. Kendall, University of Iowa 

This paper addresses one aspect of a complex issue: the attempt to de
velop viable transit systems through the generation of noncaptive patron
age. Two general premises underlie the action-oriented study on which 
this report is based. The first is that middle-income and upper-middle
income residents do not consider public bus transportation as a reason
able mode for intracity travel and in fact do not possess sufficient infor
mation to do so. The second is that the best promotion is an actual 
"initiation" to the services of the bus system. Results from a study involving 
a small section of Cedar Rapids, Iowa, seem to substantiate the assump
tions. In the study, promotional materials and free bus trips were com
bined with several questionnaires, both before and after a free-trip period. 

•THE UNQUESTIONED use of private automobiles is one of the reasons for the poor 
vitality of public transit in U.S. cities. A strong case can be made for using transit as 
an aid in solving transportation problems from a simple physical distribution sense. 
This will permit practical solutions to intraurban travel problems only if psychological 
issues can be adequately overcome. Increased transit patronage requires either diver
sion from automobiles or generation of extra trips or both. Except for the presumably 
-----11 -------1---- -.I! _..J...'1.!,1,,!----1 .,__.! __ ..,. ...... -L -- -..l------- !.I! ___ .,_ .C-----...l ,_ __ .C.--1 ---'"=---=--- ---
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significant cost increases, must be accomplished by persuading the traveler to leave 
the car at home. The task of persuasion is the concern of the transit system, and when 
this is publicly controlled and subsidized, as is almost uniformly the case, then the 
promotional effort should be of wide concern throughout the supportive governmental 
structure. 

Underlying the concern for understanding promotional mechanisms and making ef
fective use of these for transit is the belief that most urban areas will have to con
tinue operations with essentially their existing systems. A few cities, for example, 
Iowa City, have been able to initiate completely new bus operations. In Iowa City, the 
changeover worked to provide its own publicity and promotion. This changeover was 
sudden and dramatic; it was coincident with the return of nearly 20,000 students and 
with the start of a free on-campus shuttle and during the high point of environmental 
concern. Operators of continuing systems working with existing resources must rely 
on more subtle application of promotional efforts. The allocation of these scarce re
sources requires an understanding of people's knowledge about transit and transporta
tion, their conception of transit to serve their trip needs, and the role low-cost efforts 
can play in effecting changes in travel-oriented decision-making. 

Underlying this study, then, is the belief that patronage on existing transit systems 
can be increased through low-cost public education programs, advertising, and promo
tional activities (1). As long as fares are charged and subsidies provided, the public 
seems to be the beneficiary of increased patronage. Increased patronage could reduce 
the necessary subsidy or, better, justify expanded service. Such effects must be con
sidered as positive contributions toward the quality of life in America's urban areas. 

One further note should be tendered before continuing with the paper. According to 
consumer sovereignty, a fundamental principle of economics [although rigorously re
jected by Arrow (2), Baran (3), Rothenberg (4), and others] is that consumers deter
mine with their doilar votes what will be produced during the long run. One could 

46 



47 

consider that the marketing correlate to this principle is the concept that advocates 
that firms begin with consumer needs and work backward to develop products that fill 
these unmet needs. Kotler has often noted this as long-run profits through customer 
satisfaction @). In fact, he has gone one step further, because of the contr~>Versy, to 
call for a societal marketing concept. His formulation calls for a customer orientation 
backed by integrated marketing aimed at generating customer satisfaction and long-run 
consumer welfare as the key to attaining long-run profitable volume. 

The point of this paper is not to extend, evaluate, or refute any of the concepts noted 
above. This paper is concerned with a product for which demand is derived from the 
need to acquire income, to buy food and clothing, and to meet other consumer and social 
needs. Obviously, when one is thirsty for beer, one is not too concerned about the con
tainer in which it arrives for consumption. Nevertheless, Alcoa and other companies 
advertise and assume that aluminum is a more desired container than others. And 
presumably, as in the case of Denmark, if consumers want their beer only in bottles, 
there will be no demand for aluminum cans. The point is that derived demand may not 
adhere to the same characteristics as that which applies to the marketing concept. 
Furthermore, the central issue of providing public transportation is a societal question 
that may or may not be applicable to the societal marketing concept. The component of 
the viability of public transportation addressed in this paper is whether the product is 
even considered in the consumer's cognitive set. Thus, the assumption that people do 
not ride the bus because they do not recognize its potential for fulfilling their trip needs 
is a realistic one. 

PROPOSAL AND HYPOTHESES 

Much, although not all, of transit patronage today is captive; that is, riders have no 
other available transportation mode. This is especially true in the sm:::Jl- and medium
sized cities. The captive user initiates the retrieval of public transportation informa
tion out of necessity. A possible assumption is that the small percentage of choice 
riders indicates few noncaptive riders make similar efforts. The purposes of this 
study were conceived with recognition of the limited resources of smaller cities or 
towns and directed toward how these resources might be effectively applied to transit 
promotion. The main objectives of this study were 

1. To determine the level of knowledge the middle-income household now has about 
the city's transit systems, 

2. To determine whether a low-cost promotional effort could effect a change in the 
level of knowledge, and 

3. To induce people to ride the city bus .system through various low-cost promo
tional efforts. 

Most products in our society are advertised. These include industrial products 
such as toothpaste and public services such such as libraries or united aid funds. The 
marketing of the urban transit service has been limited. The small percentage of 
noncaptive riders indicates, in part, that few potential users have enough knowledge 
to use the existing system. Thus, a strong case can be made for marketing urban 
transit. At this stage little can be said as to the direction of this advertising. What 
can be said is that there needs to be a concerted effort to understand the nature of 
transit ridership and the potential for promotional activities. 

There is no lack of precedent for the task since public libraries, zoos, and the like 
frequently engage in promotional activities. Insofar as such activities could increase 
transit ridership through diverted or new demands, the public good would appear to be 
served as long as there is no deleterious effect on the ratio of total expenditures to 
services rendered, assuming the total public subsidy does not exceed the capability of 
the community. Although display space and other means are frequently used to promote 
transit to the captive rider, much less effort has gone toward reaching the choice rider. 
This is unfortunate because, although the latter group is of most concern with regard 
to the purpose of public subsidy of the operation, the former group's patronage is pro
motionally more rewarding. One must assume that captive riders will make an effort 
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to learn of and use the system, and thus the return on promotional expense at this level 
is marginal. This does not argue for eliminating existing informational services for 
such groups because a certain awareness of the system is required for any use to take 
place. Rather, what is being argued is that the return on promotional activities is 
potentially greater in the arena of choice ridership. 

The consumers or users of urban transportation, naturally enough, are interested in 
getting to and from work or school, to and from homes of friends and family, and to and 
from locations of recreational activities as economically and expeditiously as possible. 
To the consumer, moreover, satisfactory transportation implies not only economy and 
speed but also comfort, privacy, protection from bad weather, schedule frequency and 
flexibility, and a host of other considerations. In short, urban transportation is a con
sumer good or service and, like others, is purchased because of intangible as well as 
tangible considerations. One of the least understood aspects of urban transportation is 
exactly what value consumers place on each of these considerations in making their 
choices. 

Blattberg and Stivers tried to test and evaluate various methods of promoting transit 
(6). Some of the marketing research of the project indicated that information about 
transit service is an important factor in determining whether people ride the bus. Their 
main purpose was to present a mathematical model that can be used to test the effect of 
potential promotion campaigns. 

The Blattberg and Stivers study of inner-city residents tested the hypothesis that as 
people know more about available conventional transit service they will use the bus 
more often. Advertising in their study consisted of distributing a detailed transit map 
along a particular route. The route in question was changed by 1-block deviation and 
was billed as a new route. The results of this study showed that shoppers are more 
affected by added information than are those who ride (or might ride) the bus to work. 

In terms of administrative analysis, Schneider (7) suggested that the promotion func
tion be separated from the existing public relations-position under which it functions 
in most transit systems at the present time. The "new" position would focus on ad
vertising and a continuing program of timetable distribution. This function would, as 
a first objective of a promotional campaign, inform actual and potential riders of the 
speed, time of departure, and price of existing service. 

Intracity transportation has characteristics of both a public and a private good. As 
a public good there is the responsibility of providing a quality service within the tech
nological limits of the era and the capability of the economy to provide required sub
sidies. As a private or consumer good the transit operation is competing with other 
modes of transportation. In this competitive aspect the public system should attempt 
to attract riders and promote the system. Little is known about how this might best 
be accomplished. This study was an initial attempt to grapple with this complex 
problem. 

THE CITY AND THE SYSTEM 

Located in eastern Iowa, Cedar Rapids is an urban region of approximately 125,000 
inhabitants within an area of about 100 square miles. The development of the region 
is typical of many other similar-sized communities that have increasing economic 
growth and diversity. Planned regional shopping centers, major discount stores, and 
light industrial districts have contributed to the dispersal of trip origins and destina
tions, The Interstate Highway System was constructed within the city during 1972 and 
1973 so that its impact on transit is yet to be realized. 

The public transit operation in Cedar Rapids is the Regional Transit Authority 
(RTA). In 1973, there were 11 scheduled routes throughout Cedar Rapids. During the 
previous 5 years these routes were revised, combined, or altered to increase service 
to homes, to provide better running time, to reduce duplication of service, or to reduce 
the operational losses. Buses run 12 hours daily from 5:45 a.m. to 5:45 p.m. with 
either 30- or 60-minute headways, depending on the route. The bus system has re
duced services on Saturdays and does not run on Sundays. 

The area selected for this study contained 693 nouseholds and 3 large apartment 
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complexes with a total population of approximately 3,400. This particular neighbor
hood was chosen as the study area because it represents a typical young middle-income 
section of Cedar Rapids. Incomes in the neighborhood range from $8,000 to more than 
$25,000. A bus route with 60-minute headways serves this neighborhood with 20-
minute service to the downtown area. 

THE STUDY 

The rationale of the study is that automobile-oriented young families neither con
sider transit as a viable transportation alternative nor are fully aware of its potential 
for meeting their needs. The study was initiated to investigate this general concep
tualization through a design fashioned to determine the informational impact of several 
experimental treatments, each of which would encourage a transit trip in a differing 
manner. Pre- and post-treatment levels of transit-related knowledge, combined with 
monitoring of patronage to and from the sampling area, were employed. The control 
group consisted of 103 residences, which were selected in a dispersed pattern in the 
study area. A detailed questionnaire was used to assess the level of lmowledge con
cerning the existing system. This questionnaire concentrated on the system's fare 
policy, schedules, routes, and subsidy and the resident's use of the system. 

Promotional and advertising materials were then distributed to preselected house
holds. The 4 treatments (different combinations of those listed below) were dispersed 
throughout the study area. Each group consisted of 40 households. The promotional 
and advertising stimuli consisted of 

1. Free tickets (each household received 4 tickets that could be used any day during 
a 2-week period), 

2. A map (this map indicated the route of the bus through the study area to the 
downtown Cedar Rapids area and included the schedule of this bus route), 

3. Informative letter (this letter indicated the destination and scheduled departure 
time from the area of the Cedar Rapids Miami Extension and special programs of the 
RTA system). 

Approximately 3 weeks after the period in which free rides were allowed, the resi
dents who received the promotional material were interviewed. The primary intent 
was to focus on the level of knowledge and the effectiveness of the various stimuli. 
Additional controls were also employed in this study. The ridership to and from the 
study area was monitored daily beginning 1 month before the study and concluded 1 
month after the free-ride period. An on-board questionnaire was also used a month 
after the completion of the free-ride period. 

RESULTS 

The general characteristics of the 2 respondent groups as obtained from the home 
interviews were similar. Minor variations in the income distributions of the 2 samples 
occurred in the groups having incomes of less t)lan $10,000 and between $14,000 and 
$16,000. An increase of 14 percent in the $14,000 to $16,000 income category of the 
post-survey group is primarily accounted for in the reduction in the number of house
holds having incomes less than $10,000. This shift to a higher income level for the 
treatment group indicates that the incentives and information distributed were not 
directed toward a more captive user group. No attempt was made to seek adults within 
a household that possessed knowledge regarding the bus system. The neighborhood 
residents interviewed were primarily distributed in the 30 to 50 age group. More than 
76 percent of the households had 2 or more cars; only 1 percent did not own an auto
mobile. With respect to bus use, a negligible difference in the response patterns oc -
curred. In both the control and treatment groups a large minority (27 to 29 percent) 
indicated some use of the bus system as a means of intercity travel even though only a 
few (2 percent) ride daily. The ridership responses were for those individuals inter
viewed and may not be representative of the entire household. 

Also of interest in characterizing the individuals are their places of employment with 
regard to the sampling area. About 30 percent of all those interviewed worked within 
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the sampling area, a figure attributable mostly to women homemakers. The major non
home employment was in the central business district, where 25 percent of the re
spondents had jobs. Trip time from the study area to the CBD by bus is approximately 
20 minutes. The average commuting distance to the out-of-home employment locations 
is approximately 3 miles; the maximum is 9 miles. 

Information Levels 

During the course of this study, 199 individuals were interviewed. Ninety-six of the 
households interviewed had received some form of treatment designed to increase their 
level of knowledge and promote usage of the system. A total of 160 households received 
promotional material, and 120 of those households received 4 free tickets, either alone 
or in combination with other material. The remaining 40 households received a letter 
explaining the RT A system and a map indicating the route and schedule of the Miami 
Extension through their neighborhood. In the postsurvey, an attempt was made to in
terview all 160 households. Of the 60 percent interviewed, only 72 percent recalled 
that they had received promotional material. 

The general information levels concerning the RTA system of the adult individuals 
contacted in this study are given in Table 1. The majority of these individuals were 
within 2 blocks of the bus route· the maximum distance to the bus route was less than 
1/4 mile. Fewer than two-thirds of the sample knew the location of the nearest bus stop, 
and only one-third knew when the bus was scheduled through the neighborhood. Most 
surprising, however, was the small percentage that knew the name of the bus route and 
the fare. The overall change regarding this fundamental knowledge is positive in every 
case except for the arrival time of the bus. 

Use of Promotional Tickets 

Three of the 4 treatment groups received free tickets. Each household in these 
groups received 4 tickets, which could be used for a free ride on the RTA system dur
ing the 2-week period beginning July 17, 1972. 

Use and dispos1uon 01 tne tickets by each group are given in Table 2. Free tickets 
were returned from approximately 1 out of every 4 households. An average of 2. 7 
tickets were returned by each of these households. The group receiving just free 
tickets and no additional promotional and advertising material returned the highest 
percentage. The returns of the 2 groups receiving the supplemental promotional ma
terial were similar; the group receiving maps had only a slight increase in returns. 

Initial prestudy thoughts were that the groups receiving additional promotional ma
terial would have the highest returns, not the lowest. Free tickets alone necessitate 
the individual's retrieval of route and schedule information to use the system; supple
mental materials supply that information. Several explanations for such findings are 
possible. 

A high quantity of advertising mail is received by middle-income households. Much 
of this is in the form of a packet of material similar to that distributed for this study. 
A very small percentage of advertising and promotional material received by a house
hold actually provides something free. Thus, it is conceivable that the packet of pro
motional material elicited a junk-mail reaction. 

Another possible explanation is that the households reacted negatively to the supple
mental material. Coercion can boomerang. Brehn and Cole postulated that, when a 
subject's freedom to act is restricted, he or she will react by attempting to regain that 
freedom (8). Applying this postulated reaction to this study, the people who received 
only tickets felt that they, in fact, had a choice to make. However, the people who re
ceived a letter or a map and a letter with the free tickets felt that, by this explicit in
formation, their freedom of choice was being channeled and controlled. Thus, they re
acted by derogating the restricting agency-the bus-and thus did not use the free 
tickets. The bus system not only is new to nonusers but also has a very negative 
image. Thus, if their choice is perceived as being restricted, then they avoid using 
the system. Possibly the free tickets alone did not present this threat. 

The distribution of treatment groups with respect to the route should not have been 
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a factor. Each treatment group was spatially distributed with respect to the route in 
approximately the same manner. Of the 33 households using the free tickets, 58 per
cent were located within 1 block of the route and 36 percent were located between 1 
and 2 blocks. 

Study Area Generated Patronage 

Daily tallies of boardings and departures within the study area were kept by the bus 
driver before, during, and after the promotional activity. The tallies began on June 19 
and were continued until August 2 5. Figure 1 shows a summary of the average daily 
patronage . The low ridership monitored on July 3 and 5 was not included in the aver
age daily patronage shown in this figure. The bus system did not oper ate on July 4. 
Ridership on Mondays, Fridays, and Saturdays exhibited the desired result ; patronage in
creased during the free-ticket period and was sustained thereafter. 

Any interpretation here must be caut ious . There is n o way of det ermining whether 
the people choosing to use free tickets on Tuesdays and Thursdays did not choose to 
ride again or whether they then rode on a Monday, F r iday, or Satu rday. The patronage 
data record the result of aggregate behavior over time and not individual behavior. 
Only an extended trip diary would appear to offer a solution to the behavioral questions 
raised by these data. 

DISCUSSION OF RESULTS 

This section summarizes factual findings of the research, gives conclusions 
regarding bus system use and promotion among middle-income households, and re
flects on the study with a view to improving similar promotional efforts and their 
evaluation. 

The research reported here focused on courses of action relating to the marketing 
and promotion of urban transit. It presumes that, barring substantial improvements 
in service levels or radical changes in attitudes , the appeal of convent ional urban 
transit to choice riders rests largely on marketing strategies. It s uggests that aware
ness about the service, its quality, and the expected return all influence the probability 
of choice ridership. The purpose of the study was to examine the level of t r ansit 
operation knowledge among potential choice riders and to evaluate the effectiveness in 
terms of information gain and ridership increase of several promotional activities. 

Findings 

With regard to the study area and the methodology conducted to date, the following 
are the principal findings emanating from this effort. 

1. The majority of the middle-income households having the availability of bus 
transportation in their immediate neighborhoods did not possess sufficient information 
to use the service that they subs idize. The percentage of those knowing the minimal 
information necessary to complete a trip by bus-the name of the route, the fare, and 
the schedule-reflects the 1·elatively few regular and occasional r iders . 

2. The promotional effo rts incr eased the level of knowledge of those r eached (based on 
the assumption that the comparison between the control and treatment groups is valid). 

3. To discern variation in information gain with respect to treatments was not 
possible, but in terms of ticket usage, more than half of the tickets returned were from 
the ticket-only treatment. 

4. Free tickets were returned from approximately 1 out of every 4 households, 
although it was determined that not all of this usage was new or first -time ridership. 
In several instances occasional riders used the tickets; in a few other cases the tickets 
were given to domestic help. However, a majority of the free tickets used represents 
newly generated use from the study area, as determined by post-treatment surveys. 

5. Bus ridership, as measured by departures from and arrivals to the study area, 
increased during the free-ticket period. The additional ridership was most strongly 
r eflected in the number of bus boardings (departures from the study area) on Tuesdays 
and Thursdays. 
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Table 1. Percentage of group expressing correct information. 

Control Treatment Relative 
Information Group Group Change 

Normal adult fare 18.4 34.8 89.1 
Name of bus route 19.4 29 .0 49.0 
Uniformity of daily schedule• 32.0 42.0 31.2 
Nearest stop to home 57.3 62.5 9.1 
Number of routes In RTA system 0.0 4.3 
Time of bus through neighborhood 34.0 29.4 -10.6 

'With the exception of a 5-minute perturbation during the peak evening hours, the schedue is 
uniform, end that information wes given in the letter sent to the treatment groups. Therefore, a 
uniform schedule is interpreted as the correct response. 

Table 2. Disposition and use of free tickets. 

Tickets Returned 

Treatment Number Percent 

Free tickets alone 50 31.3 
Free tickets with promo-

tlonal letter 17 10.6 
Free tickets with promo-

tional letter and map with 
schedule 23 14.4 

Total 90 18.8 

Households Returning 
Tickets 

Number Percent 

17 42 .5 

7 17.5 

9 22.5 

33 27 .5 

Figure 1. Average daily patronage from sample area during 
promotional study. 
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6. The ridership increase was not fully sustained following this period, but con
tinued at a slightly higher rate than before the promotional activities. 

Conclusions 
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1. Middle-income households do not generally possess enough information about the 
existing transit operation to evaluate this alternative in fulfilling their trip purposes. 
A minority of the households interviewed knew the basic prerequisites for use: name 
of the bus route, schedule, fare, or where the bus stops. 

2. Information levels of middle-income households regarding existing public transit 
systems can be improved through relatively inexpensive promotional activities. The 
change in information level will not necessarily equate to changes in ridership levels, 
however. 

3. Free-ticket incentives, which are almost no cost to the bus operation, apparently 
prompted the individuals to acquire information about the transit operation. Free 
tickets distributed in conjunction with additional promotional material were used less 
frequently. 

4. Methods of promotion used in this study appear able to generate short-term in
creases in ridership; long-term effects could not be determined from this study. 

Reflections 

In the past decade researchers and theorists have discussed in the transportation 
literature the concept of mode choice. The real or abstract attributes of a transporta
tion mode are viewed as being evaluated by the choice rider. Such work appears to 
suffer from 2 complementary problems. The first of these weaknesses rests on in
adequate understanding of evaluatory mechanisms.· that is, a psychological behavioral 
approach has only recently begun receiving adequate treatment ~). The second weak
ness stems from an incorrect assessment of how people actually behave. The distinc
tion between the 2 problems is this: The first asks how choice or evaluation takes 
place given all relevant information about the courses of action, modes, or whatever 
is the object of evaluation; the second asks whether people actually engage in this 
evaluatory process before making a trip in an urban area. The research being dis
cussed reflects on the second of these 2 issues. 

To exemplify the issue being raised, consider the usual association hypothesized 
between automobile ownership and mode choice. A transit trip by an automobile
owning family is usually interpreted as a choice ride within this schema. However, 
ownership and availability are not synonymous so that many such trips may result 
from temporary captivity. Nevertheless, in either case information is required to 
make use of the transit service. The choice may have been not one of which mode but one 
of whether a trip would be made. Many intraurban trips that might be made by transit 
may possibly be delayed until the family automobile becomes available. The question 
then is not one of mode choice; if a trip is not considered, a mode cannot be chosen! 

The trip-delaying behavior and nonconsideration of modes other than the automobile 
may be attributable to the knowledge level requirements that must be satisfied prior 
to use, or they may be a function of a preordained decision to travel only by private 
automobile and exclude all other less desirable modes. The former problem is ame
nable to transit-marketing strategies as attempted in the present research. The latter 
behavior would seem to require a major mental adjustment that might be, but is not 
likely to be, attained through such approaches. Therefore, interest is directed pri
marily at the knowledge-consideration dilemma as expressed above. 

How does an individual make the decision regarding the existing public transit sys
tems? Does the choice individual examine the exterior and interior design of the ve
hicles, the system's fare, route, and schedules and then evaluate the set of opportuni
ties and amenities against his desire set? Or is there a more simplistic decision 
process? 

Evidence from this study seems to point toward a near absolute type of decision 
rule: When the automobile is available, make the desired trip. When the automobile 
is not available, delay the trip if possible; otherwise, consider other modes. The 
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"otherwise" clause in the above decision rule may on occasion initiate consideration of 
the public bus system. More often than not, however, it initiates a phone call to a 
friend or neighbor I 

When use of the bus is considered by an infrequent user or nonuser, the evaluation 
process requires the attainment of considerable knowledge about the system. Since in 
almost all cases this requires the individual's initiative, his or her desires to use 
public transit on an occasional basis may be diminutive. In essence, why should the 
effort be made when the automobile is readily available or soon will be? A substantial 
number of individuals in this study within 3 blocks of the bus route did not know and 
were not interested in knowing the name of the bus route, where the bus went in the 
neighborhood, and where it stopped in the neighborhood. If forced into a temporary 
captive position in conjunction with a necessary trip, maybe then they would seek out 
the information. It is reasonable to assume that with only 1 automobile in a family 
there are times when occasional usage of transit would be desirable or required. 
A group less than 20 percent of the total interviewed occasionally used the system 
and possessed a basic knowledge of the system's attributes. The variability in 
their information levels indicates that many initiate information on a trip basis, 
probably in part a function of the time since the last use. 

Boosting information attainment among the occasional users may promote ridership 
because the intent is not a major alteration of behavior but rather an encouragement to 
continue past patterns. The key group in promoting choice ridership, however, is the 
current nonuser who lacks information and experience but has not ruled out the mode 
entirely. The precise size of this group is currently unknown but probably includes a 
majority of the nonusers. How can the public transit system get these individuals to 
try the system for the first time, provide the ability to evaluate the system on its 
merits, and thereby place the bus system within this group's consideration? Not all 
will become regular users, but occasional use should be promoted including other than 
temporary captive situations. Free tickets, as demonstrated in this study, are suf
ficient incentive to promote some usage by this group. This is an extremely low-cost 
incentive. Other levels of incentives, such as ride-and-shop programs, cost even less 
and have demonstrated some success. Stilll others :irA nAP.rlArl ll.!!d :p0ss!ti!e. !! the 
Flint, Michigan, study is a yardstick, amenities on board the bus may be an overly ex
pensive and nonproductive means of attracting initial riders, but in the long run may 
be effective in retaining riders. 

For travel to a desired destination, even a system having user-preferred design 
characteristics and amenities may never actually compete with the private automobile. 
Unless people know about and understand the bus system, it cannot be used as a means 
of accomplishing a desired trip and it will not be evaluated on the attributes whether 
minimal or extravagant. To accomplish this, the individual must try the system to 
personally perceive and evaluate its merits. 
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RURAL PUBLIC TRANSPORTATION IN VIRGINIA 
Charles V. S. l\.1ix and John W. Dickey, 

Virginia Polytechnic Institute and state University 

Travel in most rural areas is now confined to one mode: the private auto
mobile. Those who cannot own or operate cars either do not travel or must 
arrange, sometimes paying high prices, for others to take them where they 
need to go. Public transportation should be made available to those in 
rural areas. This paper analyzes the rural transportation problem in 
Virginia and suggests how public transit systems can be developed and op
erated in rural areas of the state. A number of projects are reviewed that 
are in operation or are proposed for rural areas in other states. The study 
concludes that, although scattered, sufficient resources are available in 
Virginia for the planning and development of rural public transportation 
systems. 

•MOBILITY in rural regions has almost always been limited to one mode: the private 
automobile. Most governmental attempts to increase the mobility of the rural populace 
have been confined to road development or improvement. Yet, certain groups-the 
poor, the young, the elderly, and the handicapped-derive few benefits from such_pro
grams. They are either unable to afford the purchase, maintenance, and operating 
costs of an automobile or incapable of driving one. Some are forced to own a car even 
though the cost of this ownership limits their purchasing power for other necessities. 

Several states have initiated studies of public transportation in rural areas. This 
paper attempts to bring together information on identification of _!lrohlemR :rnrl e-0::il-,, 
types of data needed, types of solutions, availability of funding, and organizational al
ternatives. Various solutions as they relate to situations in Virginia have not yet been 
tested. 

PROBLEM 

Some very basic human needs are not being met because of the lack of travel op
portunities for many rural people. In our increasingly mobile society these individuals 
are, in a sense, being left behind. The physician, hospital, and health clinic are non
existent to those who have no means of getting to them. Welfare programs such as food 
stamps or job training, educational, recreational, and religious facilities cannot be 
used by those who do not own an automobile and cannot afford to hire a taxi or have no 
family or friends who can transport them. Even obtaining essential goods like groceries 
and medication is difficult. 

The Resource Management Corporation studied 5 rural areas and found that the poor 
in rural America make only 15 percent of the trips that the average American makes 
(1). statistics for rural Virginia counties within the Appalachian region show that 30.6 
percent of the households have no access to cars, one of the highest percentages in the 
entire Appalachian region (12). And in one somewhat typical case, a woman was found 
who owned no car, lived in arented, dilapidated shack 15 miles from town with her 2 
mentally r etarded sons, earned $2,000 per year as a domestic helper, and spent $20 a 
week (or $1,000 per year) for taxi fare to town to pick up groceries and go to the welfare 
office. Obviously many rural residents of the state are suffering economically, socially, 
and physically because of their inability to travel. The lack of a car means that fewer 
trips can be made, which in turn decreases one's opportunities for self-betterment. 
The situation can almost be characterized as a downward spiral: The $10 paid an 
acquaintance to drive to the drug store is that much less money available for medica
tion or food stamps. 

56 
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Not only is the single individual or family harmed by the lack of transportation but 
so is the rural community as a whole. Because those persons lacking transportation 
cannot participate fully in the activities of their community, valuable manpower is going 
unused. The economy of most rural areas cannot afford the loss of the potential income 
of those who are unemployed because they have no way to get to jobs. Retailers lose 
business; taxpayers must pay relief for the unemployed; labor is not available, and 
fewer industries move into the region; those who are mobile (especially the young) leave 
for better job opportunities; even groups such as community volunteer organizations lose 
potential workers. 

The loss of jobs is of particular interest in rural Virginia. Data from the Bureau of 
Labor statistics show that the fastest industrial growth is in the South, particularly in 
small towns and rural areas (8). Many reasons account for this industrial growth: at
titude of officials toward industry, lack of unions, low wages, and available labor supply. 
Unfortunately, Virginia's share of this growth has been small compared with most other 
southern states. According to a report in the Roanoke Times (8), "In terms of capital 
investment in new and expanded industry in 1972, Virginia trailed eight of the other ten 
Southern states. And growing industrialization has not yet made much dent in the poverty 
of cotton-belt blacks or Appalachian whites. Probably those groups will run behind the 
pack indefinitely. More will have to be done to help them catch up." Although not the 
only solution to Virginia's lag, public transportation in some form would certainly help 
make labor more available, thereby attracting firms to rural areas of the state. 

Why all this fuss now over public transportation? Rural folk seemed to get along be
fore without it. The most important reasons are urbanization and technology. With the 
improvement in the efficiency of farming techniques, the number of people dependent on 
farming has declined. In 1950, 3.8 million southerners were employed in farm work 
and 2.4 in manufacturing. In 1972, 1.5 million still were on the farm, but 4.4 million 
were in manufacturing (8). Instead of staying home and working their own land, the one
time farmers now must commute to factories or other places of employment. In addi
tion, services are tending to congregate in certain locations. Less visible today is 
the county grocery store or rural family doctor. These functions are now found in the 
urbanized areas, especially in large shopping centers. The small rural businesses find 
it hard to compete and are forced out of business. Trips become longer. 

A second reason for the present need of public transportation, especially for the 
elderly, is the decline of the extended family. Relatives do not always live near by and 
thus cannot be depended on for transportation. Sons and daughters leave early in life to 
find jobs and usually establish their homes in distant cities. 

GOALS FOR A RURAL TRANSPORTATION SYSTEM 

Before a rural transportation system is designed, goals must be established. Al
though the goals may vary somewhat depending on the characteristics or needs of the 
areas, most rural transportation systems should accomplish these basic goals: 

1. Improve the mobility of those who cannot provide their own transportation; 
2. Increase the poor person's income by offering low-cost transportation; 
3. Provide a means for the rural poor, elderly, handicapped, and young to take 

advantage and receive the benefits of existing resources and opportunities, such as 
mental and health care, welfare programs, employment, job-training and other edu
cational facilities, religious facilities, recreational and cultural activities, and shopping 
areas; and 

4. Promote community interaction. 

DATA AVAILABILITY IN VIRGINIA 

Little information on the need for public rural transportation is now available in 
Virginia; that is most likely the case throughout the country. Most research and data 
collection has focused on metropolitan areas where funds have been available for such 
studies. Origin and destination surveys have been taken for Virginia's metropolitan 
areas (and for urbanized areas with populations over 3,500), but not for rural areas. 
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Even the U.S. census is biased toward the urbanized areas. Valuable transportation 
information such as means of transportation to work, place of work, income, and auto
mobile ownership is available only for SMSAs, urbanized centers, census tracts, and 
unincorporated places of 1,000 inhabitants or more. The rural area researcher is in
terested in enumeration district data, which unfortunately include the more general 
information. 

Some information is available at the county level, especially from community action 
agencies, welfare and health offices, and some planning districts. These agencies can 
give a general idea of the transportation needs of the region and have data on the number 
of individuals for whom transportation should be provided. Yet this information rep
resents only the visible need and does not recognize those individuals who might not be 
in contact with the human resource agencies even though in need of transportation. 
Neither do we have good estimates of the latent demand for transportation services, 
which may be great. 

The only coordinated data collection effort concerning rural transportation in Virginia 
was a questionnaire distributed by the Division of State Planning and Community Affairs 
to 6 state human resource agencies (Education, Health, Mental Hygiene, Vocational 
Rehabilitation, Welfare and Employment), 19 planning district commissions, and the 
cooperative extension agents in each county (20). The questions concerned existing pro
grams or projects designed to provide rural public transportation, needed programs and 
their nature, and means of funding rural transportation. Although the questions were 
general in nature, the survey clearly indicated that little was being done about trans
portation problems in rural areas and action is needed. 

That action will require more data including an inventory of potential public trans
portation facilities in every rural area, a survey of present travel patterns, and a sur
vey of the transportation needs of the rural resident. (In 1973, the Virginia Highway 
Research Council started the latter 2 types of studies; volunteer interviewers from the 
particular rural area were used.) 

A variety of ideas might be applied to help solve the rural transportation problem. 
Each idea, of course, is not feasible for every rural area, but depends on the charac
teristics of the region, such as available human and monetary resources , population 
density, and travel needs. Two or more systems could be used together. A number 
of options are available for the operation of each of these systems. They might be 
privately owned and operated for a profit. A cooperative may be formed with sub
scription service, or some governmental agency might be responsible for its operation. 
Again, the organization depends on the characteristics of the region needing the system. 

Transit 

Conventional Bus System-A conventional bus system has 30 to 60 passenger buses 
running on fixed routes and fixed schedules. A variation, which might be more feasible 
for low-density, rural areas, is periodic scheduling where buses serve different areas 
on different days of the week. Every citizen is then offered a dependable means of 
transportation at least once a week to the 'local town or closest urbanized area. In 
this manner capital and maintenance costs are kept low because of the small number 
of buses needed. Also, the system need not use new, expensive buses, but could use 
school or church buses, governmental surplus vehicles, or even old buses from urban 
areas that have acquired new ones under UMTA programs. 

Minibuses-The minibus has a capacity ranging from 12 passengers in most vans to 
2 5 in the larger models. Because of their low capital and operating costs, minibuses 
can operate on routes that are economically infeasible with conventional buses. Also, 
they can be more easily maneuvered on the narrow, rough roads near which many rural 
people live. Another potential use for minibuses is as a feeder system: Passengers 
are collected on the back roads and dropped off at waiting stations on the main routes 
where they are picked up by larger buses. Special designs could be made for the elderly 
and handicapped (10, 26). 



59 

Demand-Responsive Buses-No matter how small and economical the bus, the de
mand m many rural areas 1s too small and too scattered to warrant fixed schedules and 
routes. Demand-responsive systems may be more feasible. They use minibuses and 
offer door-to-door service as requested by telephone (4). In many situations, a 24-hour 
reserve-a-bus system for citizens may be more practic al. If the rural area is charac
terized by low telephone ownership, the postal system may be more effective as a means 
of transmitting information concerning desired rides. Requests put in the mailbox dur
ing the day would be collected at the post office that night by a dispatcher who would then 
schedule buses for pickups and deliveries the following day. In some situations, the 
mail truck itself could serve as a passenger conveyence, as has been done in England. 
Other possibilities include the use of highway department, telephone, milk, and electric 
company vehicles. 

Jitneys- The jitney is partially demand-responsive. It is usually a private passenger 
car or station wagon that travels basically one route but will vary it somewhat to offer 
door-to-door service. The jitney may offer reserved seating but more often cruises 
along until waved down by an individual desiring a ride. In urban areas no strict sched
ules are adhered to, but in rural areas a somewhat fixed schedule would be necessary 
because of the fewer number of jitneys traveling on the back roads. 

School Buses-Most rural areas are served by a central school system, which usually 
has a fleet of school buses that generally are idle most of the day and could be used 
for other needed transportation functions. In addition to legal problems in most states, 
another difficulty is scheduling: School buses are available for nonschool purposes in 
the late morning and early afternoon, which is not when work trips are made. Part
time drivers for the short period of nonschool use would have to be found, and use dur
ing the off-peak periods might hinder maintenance operations in the bus garages. De
spite these problems, the Virginia General Assembly has just passed a law allowing 
certain counties to use school buses for purposes other than the transporting of school 
children. ' 

Rail-Rail transportation is extremely limited in its usefulness because of difficulties 
in scheduling and limited access to rail lines by many rural residents. In some partic
ular cases, though, the railways might offer a feasible solution. 

Personalized Modes 

Taxis-Taxis, unlike jitneys, are completely demand-responsive. One problem with 
the taxi is that the practice of carrying only a few passengers makes the cost of using 
this mode prohibitive to many rural families. Yet, if subsidized or coordinated with 
other modes, the taxi could help i n solving the rural transportation problem, especially. 
for the following: (a) passengers who can split the cost of a taxicab that has been filled 
to capacity by a dispatcher-controlled operation; (b) service organizations that can pool 
resources and hire taxis by the day so that they do not have to purchase and maintain 
their own transportation system and i n addition do not waste employee tilne by sending 
them out in departmental cars to pick up patients or other service recipients; (c) those 
requiring emergency services where ambulances or rescue squads are not readily avail
able; and (d) intercity bus passengers who must rely on taxis to complete their trips. 

Automobile-Although not all people in rural areas are located on good roads, most 
are at least on roads passable by car. Therefore, one solution is to provide cars to 
members of the rural population either through subsidies or extended loans, reduced 
prices, or outright donations of surplus vehicles to those who are able to drive on the 
condition that they take care of the transportation needs of those in the surrounding area 
too old, young, or handicapl)ed to drive. Junk cars could be given to automotive-repair 
classes in the local school (or prison) for practice and then when repaired to needing 
families. 

Car Pools-Car pools can be used not only for work trips but also for shopping or 
other frips. All that is needed is a major trip generator, a means of informing the pub
lic as to the pool's availability, and a way of processing trip offers and requests ( 15). 

Vehicles of Community Volunteer Groups-In some rural areas, community groups 
volunteer their time and cars to provide transportation to those needing it. They usually 
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operate like a taxi company and publicize a telephone number to call to request trans
portation. Requests are filled according to the availability of cars and the nature of the 
need. Members take turns driving during the week and receive no payment for their 
services. 

Other Solutions 

Relocation-Relocating dispersed rural residents and congregating people moving into 
a rural area will ensure easier pickups by a transportation system serving the area. 
However, rural families may not want to move from their homes to more accessible 
locations. 

Mobile Services-Instead of moving people to the services, services can be trans
ported to the people. In areas where there are railways, trains can be used as an inter
agency service vehicle (16). On the train would be a general medical clinic, an X-ray 
machine for detecting T~ counselors in nutrition, family planning information, social 
security information, a dental clinic, legal services, and so on. The train would move 
to different locations as needed. On a less comprehensive scale, vans or tractor 
trailers can be used to take services to a central location in the community. 

FINANCING 

Although urban public transportation receives federal aid in the amount of approx
imately $1 billion a year, rural transit is virtually ignored by all major funding pro
grams. state funds for such projects are even more scarce, but fortunately federal 
and state funds are slowly becoming more available. Discussed below are some poten
tial and currently used sources of funds for rural transportation systems. 

Federal 

DeSartment of Transportation-Until the Federal-Aid Highway Act of 1973, the trans
porta on department's concern for public transportation was limited to urban areas. 
Th o 10'7~ ,;a,-.t hn,1u::s,uo,.. cno"i-fil'!lillu ,..a,,..ncrnit7oC! ,.,,,.!Ill t,-.,;anc::!nn-rt,;atinn in ~A,..tinn 1A.7 ,uhir-h ----- -- ·- --- ---··-·-- --r---------., ----o----- ----- -------r ------------ -------- --·, ··------
states: 

To enhance access of rural populations to employment, health care, retail centers, education, 
and pub I ic services, there are authorized to be appropriated $30,000,000 for the two-fiscal-year 
period ending June 30, 1976, of which $20,000,000 shall be out of the Highway Trust Fund, to 
the Secretary of Transportation to carry out demonstration projects for public mass transporta
tion on highways in rural areas. 

The funds can be used for projects such as the construction of passenger-loading areas 
and facilities and the purchase of passenger equipment other than rolling stock for fixed 
rail. 

Revenue Sharing-Approximately $ 3 billion was appropriated in 1973 to the 50 states 
and more than 38,000 localities under the revenue-sharing plan. The guidelines for this 
program stipulate that these funds can be used for the capital, maintenance, and oper
ating expenses for public transportation. 

Office of Economic Opportunity-Although OEO has been the largest source of funding 
for rural transportation projects, it does not earmark funds for such projects. Instead 
local community action agencies (CAA} can request funds to be used for such programs 
in their general budget. These requests for aid generally cover the cost of transporting 
those in special programs, such as children in the Headstart Program. But funds can 
be made available for general transportation projects that are designed to assist low
income families, including the elderly poor. 

Deaartment of Agriculture-Funds may be made available for the development and 
opera 0 on of transportation systems through the Rural Development Act of 1972, but the 
specific guidelines have not been completed at this time. The language used in the act 
itself suggests that transportation projects might be eligible for funds as long as they 
facilitate development of private businesses in rural areas. 

Department of Health, Education and Welfare-The Older Americans Act makes a 
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number of provisions for the transportation of the elderly. Under Title III, grants can 
be made available for transl?ortation services where necessary to facilitate access to 
social services (Section 302), for special model projects that provide transportation 
for the physically and mentally impaired older persons (Section 308), and for special 
transportation demonstration projects (Section 412) . 

Also, under Titles I, IVA, X, XIV, and XVI of the Social Security Act, federal funds 
can be given to the states to ensure transportation for those eligible for the social ser
vice programs outlined in this act. The funds are available to the state on a matching 
basis-federal 75 percent and state 25 percent-and must be used for the payment of 
taxi or bus fares incurred by those eligible to receive assistance under the act. This 
money cannot be used as grant funds to develop or subsidize a transportation system. 

Funds are also available to cover the cost of transportation to health facilities for 
those who receive Medicare funds (Title XIX). These funds are distributed to the states 
on a formula basis, the federal share ranging from 50 to 83 percent. The funds cannot 
be used for project grants. 

State 

Little coordination now exists among state human resource agencies in their attempts 
to provide rural transportation: Each provides its own funds to pay taxi and bus fares 
or uses its own employees to drive departmental vehicles. These efforts are costly in 
terms of both money and employee time and are only partial solutions in that the rural 
public generally cannot use these systems. One solution to financing, therefore, is to 
have all agencies use one public transit system. Each agency would pay the fares for 
those passengers connected with its program, and the income might be enough to sub
sidize an inexpensive transit system for the general public. Listed below are some 
potential sources of funding for such a system. 

1. The Board of Vocational Rehabilitation has funds to pay taxis, though they could 
be paid to a rural transportation system on a prorated basis. 

2. The Department of Mental Hygiene has no funds available except for those who 
are being committed to mental hospitals. 

3. The Employment Commission through the Work Incentive Program (WIN) makes 
funds available on a prorated basis. WIN enrollees could be used as drivers. 

4. The Commission on Visually Handicapped pays the fares of the blind to needed 
services and of the blind counselors to points of assignment. 

5. The Office on Aging has funds available through the Older Americans Act and 
could make prorated funds available to transportation systems for the elderly. 

6. The Department of Health has funds only for emergency ambulance service and 
Medicaid recipients. The high cost of the present alternatives limits this depart
ment's ability to fund transportation for those not eligible under the above programs. 

7. The Department of Welfare and Institutions either includes transportation money 
in an individual's monthly public assistance grant or uses local agency cars driven by 
the employees, but could make funds available on a prorated basis to a rural trans
portation system. 

8. Action funds RSVP, a federal program to organize elderly volunteers for projects 
that benefit the community, and has money available to cover transportation costs of the 
volunteers. 

9. The Virginia Department of Highways and Transportation has funds available 
under the amended Transportation District Act of 1964, which allows local bodies or 
transportation district commissions to use state highway funds for transit facilities 
such as bus lanes, shelters, and possibly in the future buses. Upon approval by the 
State Highway Commission, these funds are used in lieu of proposed local road projects. 
Operational costs are not covered. Funds distributed to the state by the Federal High
way Administration can also, upon approval by the State Highway Commission, be used 
for capital costs of a transit system. As of July 1, 1974, buses may be purchased under 
this program. Although both of these laws were meant to be used basically to help solve 
the urban transportation problem, funds can be approved for rural systems if a strong 
case is made before the highway commission. 
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ORGANIZATION 

Virginia has a number of options with regard to who should be responsible for the 
planning and development of a rural transportation system: 'lbe Virginia Department of 
Highways and Transportation, the Office of the Secretary of Transportation, or the 
Transportation Services Section of the Division of State Planning and Community Affairs 
has the capability. 'lbese agencies already possess the organizational skills necessary 
for planning and developing a rural system. Other options include the following. 

Cooperatives 

'lbe people of rural areas could own and operate transportation cooperatives in a 
fashion similar to the highly successful rural electrification cooperatives, which pro
vided power to local farmers when the electric companies found the profit margin too 
small to enter an area. 'lbe members would determine policies and operating criteria 
for the cooperatives, but would receive technical and planning assistance from the gov
ernmental body responsible for providing the service. 'Ibis agency might be an existing 
organization or could be an agency set up specifically for this purpose. If funds were 
available, this agency might also provide low-interest loans to those cooperatives whose 
projects meet the approval of the agency. 'lbe advantage of this form of organization 
is that it combines technical and local inputs and places the planning close to the people 
who know local conditions. 

Private Enterprise 

A privately owned charter service should be an efficient operation, for it is guided 
by marketplace demands and is motivated by profit incentives. Unfortunately, most 
rural systems would not be money-making operations and would require some sort of 
subsidy. This aid could be given directly to the charter company (e.g., grants for 
capital equipment or deferred taxes) or could take the form of increased ridership by 
giving the rural poor money to be used for the purchase of transportation. 

Public Corporations 

A government- regulated corporation that provides transportation could be recognized 
by the state. Because it would be nonprofit and pay no taxes, this corporation would 
need less income than a private company to continue operation. 

Transportation Districts 

Like public corporations, these districts would be nonprofit and tax free and could 
issue bonds to cover the costs of operating a transportation system. Advantages of the 
districts are that the lawmaking provisions for their formation have already been passed 
and that they can use state highway funds for transit facilities. 

Community Action Agencies 

Since CAAs work closely with the local people, could make use of in-house skills 
and personnel, and do have some experience in the operation and funding of rural trans
portation systems, they might be used as the organizing body. This potential is de
pendent on the fate of OEO. 

School Boards and Welfare and Health Offices 

'lbese organizations work closely with the local populace and are confronted with the 
rural transportation problem. A drawback, though, to their interests is that they are 
directed toward specific groups. A general public transportation system would be out 
of their jurisdictions. 

SOME EXISTING APPROACHES TO THE PROBLEM 

'lbe approaches given here are probably the most successful. 'Ibey, along with 
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One of the most interesting studies done on rural transportation was completed in 
1969 by Burkhardt (1, 6). This study evaluates the impact of the free bus service that 
ran in Raleigh County,-West Virginia, from September 1967 to May 1969. The project 
was funded entirely by grants from the Office of Economic Opportunity. Although dis
continued because of termination of the demonstration funding, the system had the fol
lowing impacts: (a) the average rider saved $8.94 a month in transportation expenses, 
(b) the ~xtra trips made because of the free bus would have cost $2.09 per person per 
month otherwise, (c) the benefits from additional program participation {food stamps, 
welfare, Social Security) raised the rider's income by $8.12 a month, {d) the r'ider 
saved $2.55 per month by being able to travel to lower priced stores, and (e) an es
timated $100 per year per person in health care was provided to many riders who re
ceived such care for the first time with the operation of the free bus. 

The Mercer County (West Virginia) Community Action Agency uses 6 driver
education cars donated by a local car dealer to provide transportation for the poor 
within the community. The cars are distributed to individuals (usually the elderly) 
who have safe driving records and volunteer their time for driving. Those needing a 
ride call the volunteers at their homes and request a ride at some date in the future. 
No fare is specified, but contributions are requested to cover gas costs. The CAA 
provides the money necessary for taxes, licenses, and insurance. Besides being used 
for driver education and transporting the poor, the cars are also used for the hot-meal 
program in which food is distributed daily to those poor who are eligible for the pro
gram. The cars are also occasionally used for long-distance trips to large urban areas. 

The Pride-in-Logan CAA, also in West Virginia, has set up a nonprofit contract 
carrier corporation using a CAA grant and short-term loans. The corporation's 7 mini
buses ~re contracted at 30 cents per mile by prog1•ams such as Headstart and WIN and 
by the Board of Education (Expecting Mother Program) to transport recipients to and 
from training centers. The funds received from these charters are then used to "sub
sidize" free transportation offered to the poor and elderly. The drivers of the buses 
are WIN enrollees, who will receive, after their training period, a full-time salary for 
their work. Administrative costs are low because of the use of CAA personnel. This 
program is now realizing a profit and is expected to expand. 

The West Virginia Department of Welfare will undertake a Transportation Remuner
ation Incentive Program (TRIP) to partially underwrite public transportation costs "to 
insure that low-income elderly and handicapped individuals can purchase transportation 
services deemed appropriate and necessary for their health and -general welfare" (25). 
The program will operate like the food stamp program in that those eligible will bea ble 
to buy transportation stamps at less than their face value. These stamps can be used 
for all local trips; the transportation provider redeems them at face value at the local 
welfare office. The intent is to increase the consumer's ability to pay for transporta
tion so that the existing transportation systems will find the rural routes more profit
able. Where transportation services do not now exist in rural areas, funds will be made 
available to nonprofit agencies to develop such. Proposed funding will be from the state 
and the Office of Economic Opportunity. 

Progress-on-Wheels is a program sponsored by the Northwest New Jersey CAA in 
which surplus General Services Administration and privately owned vehicles are co
ordinated to provide public transportation for this rural area. Funds were made avail
able through OEO and by a community campaign, which collected trading stamps to be 
redeemed for cash. Vehicles include 2 vans, 8 sedans, and 3 station wagons. The 
program's emphasis is directed toward the elderly, and even 30 of the 32 employees 
are older persons. The operation is on a demand-responsive basis; the elderly phone 
in trip requests to the dispatcher at various POW offices. The amount drivers are 
paid depends on whether they own the vehicle, mileage driven, and time accrued. Most 
drivers prefer part-time work to keep their incomes below $1,680 a year, the amount 
above which they start losing their Social Security benefits. 

The Green Eagle Rural Transportation Cooperative was formed when OEO made a 
grant through WA"MY. (the CAA for the Watuga, Avery, Mitchell, and Yancy counties of 
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western North Carolina) to study the feasibility of transportation cooperatives. In this 
rural area where the lack of transportation has always been a problem, residents could 
pay a $ 5 membership fee, which entitles all family members to ride on the bus. Mem
bership reached a peak of approximately 530 members, and 4 cooperative buses op
erated within the region. Because of lack of subsidy, this system has now been dis
continued. 

SUMMARY 

The rural transportation problem is slowly coming to light. Major groups of rural 
people are being identified who must have public transit to be mobile. Planners and 
governmental officials are realizing the effects of urbanization on the poor living in 
rural areas; one is that opportunities are now much farther away than they once were . 
Public transportation is needed by some individuals to get to those services and op
portunities. 

The resources necessary for the planning and implementation of rural public trans
portation systems are few and scattered. In Virginia, few data exist on the specific 
transportation needs of the rural poor, elderly, and handicapped. No coordinated state 
effort has been undertaken to determine where and how these people travel, where they 
would like to travel, how much they pay for transportation, and what opportunities are 
missed because of the lack of it. More research will be done as interest increases in 
this area. Although no agencies or organizations are responsible for public rural trans
portation in Virginia, a number of them could provide this service. Funds are not 
overabundant and are spread throughout many different sources, but they are there. 
More should be made available in the future, especially as the purposes for which fed
eral and state highway funds can be used become more varied and as more agencies 
realize that there is a mobility problem in rural areas. The solutions are present; 
all that is needed is coordination, cooperation, and commitment to solving the rural 
transportation problem. 
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APPLICATION OF GUIDELINES FOR IMPROVING 
TRANSIT SERVICE AND OPERATING EFFICIENCY 
Vulcan R. Vuchic, University of Pennsylvania; and 
Edson L. Tennyson and William C. Underwood, 

Pennsylvania Department of Transportation 

Considerable public funds are being allocated for transit operations, and a 
method is needed to ensure improved quality of transit service and in
creased efficiency of operations. Operating guidelines and standards de
veloped in Pennsylvania specify elements of service, such as speed, 
reliability, capacity, and comfort, that must be provided under different 
conditions. Transit agencies are also required to improve public informa
tion, undertake marketing, and collect technical, operating, and financial 
data and submit them to the state transportation department on a regular 
basis. The department uses the data to evaluate operations of each agency 
and bases distribution of funds among the applicants on their compliance 
with the guidelines. The department also provides all applicants with pro
fessional assistance for improvement of operations. 

•THE POTENTIAL of transit systems to improve mobility in urban areas, provide 
reliable transportation, contribute to more desirable forms of urban development, re
duce air pollution and other adverse environmental aspects of transportation, and use 
energy more efficiently is being recognized. Support by the public and among profes
sionals for improving the systems is broadening. 

Ou i.i1t: ui.iu::r i:;iut:, upt:rai.ing cu1:1i1:1 ui iran1:1it 1:1ystems nave been rapidiy increasmg. 
The policy that the operating expenses must be covered exclusively by revenues from 
fares has been largely abandoned, for it proved to be self-defeating in terms of the 
social goals of public transportation. The required fare increases and service re
ductions lead to decreases in patronage, deterioration of service, and further need for 
fare increases. In many areas, transit has been eliminated or reduced to low-quality 
service at high fares and used nearly exclusively by captive riders. 

Despite an increase in funds to public transportation at the local, state, and federal 
levels, the problem of financing is far from resolved, particularly the provision of 
operating expenses for transit agencies. The subject of this paper, however, is not the 
source of funds but their use in achieving improved transit service. The paper dis
cusses guidelines that have been developed in Pennsylvania and are being applied, 
tested, and evaluated. 

STATE TRANSIT PROGRAMS AND LEGISLATIVE POLICY 

Since 1965, Pennsylvania has been financially assisting various urban areas in 
providing necessary transit services. This assistance, which has consistently re
ceived bipartisan support in the General Assembly, has been of 2 general types: (a) 
matching grants for transit capital improvement projects and (b) matching grants to 
help finance transit studies, demonstration projects, and advertising and promotion 
campaigns and to help maintain essential local transit services where fare-box rev
enues are insufficient to meet the actual costs of providing such services. As much 
as two-thirds of such annual operating losses have been financed by the state, and the 
remainder is paid from local public sources under what have been designated Purchase 
of Service agreements with the local transit agency. 

The financial assistance contributed to transit by the state has been significant: 
More than $100 million in state matching funds has been authorized by the General As-
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sembly for transit capital improvement projects, and more than $140 million in general 
funds has been spent in support of transit operations. Compared with other states, 
Pennsylvania ranks high with respect to the scope of the program and magnitude of the 
expenditures for transit. 

Two other pieces of legislation spell out rather precisely the state's general policies 
with respect to public transportation. Expressed in Act 7 of the Pennsylvania Urban 
Mass Transportation Assistance Law of 1967 and in Act 8 of 1968, the legislative policy 
states: 

1. The social and economic development in urban areas is dependent upon efficient and co
ordinated urban mass transportation systems, facilities, and services. 

2. Mass transportation is essential to the solution of urban problems. 
3. Mass transportation will promote the health, safety, convenience and welfare of the 

citizens of the Commonwealth. 

Based on these policies, Act 120 of 1970 specifies the following powers and duties of 
the Pennsylvania Department of Transportation relating to public transportation sys
tems: 

1. To develop programs designed to foster efficient and economic public transportation ser-
vices in the State. 

2. To prepare plans for the preservation and improvement of the commuter railroad system. 
3. To develop plans for more efficient public transportation service by motor bus operation. 
4. To prepare and develop plans and programs for all modes of urban transportation, including 

in addition to commuter rail and motor bus, rapid rail, trolley coach, surface rail, corridor rail, 
and other innovative modes of urban transportation. 

PRESENT CONDITIONS 

Implementing this legislative policy is confronted by extremely difficult conditions 
in those urban areas that have transit operations. For several decades transit agencies 
and companies have had survival rather than progress as their main objective. Starved 
from any capital improvements, they tried to minimize the immediate costs of the sys
tem, thus developing gradually into highly undercapitalized systems with high operating 
costs per passenger. Urban transit systems are typically characterized by the fol
lowing major deficiencies: 

1. Obsolete equipment, inadequate fixed facilities, inefficient operations, and low 
level of service; 

2. Partial or total neglect of transit services by other agencies, such as transporta
tion planning bodies, traffic engineering departments, and public utility commissions; 

3. Ineffective management that has became discouraged by many years of adverse 
developments for transit and no assistance from any side, is unaware of modern de
velopments in public transportation, particularly in other countries, and is reluctant to 
initiate many changes, even some that would lead to improvements (for example, some 
transit agencies believe that improving public information about transit systems is a 
wasteful proposition I); and 

4. Apathetic public that has been exposed to deteriorating service and increasing 
fares, is often unaware of potential improvements to the system, and is discouraged 
about the prospects for change in the downward trend. 

In this situation, if transit agencies are simply provided with funds to operate their 
systems, they will likely use the funds to perpetuate the existing low-quality service. 
The required amounts of funds will thus steadily increase, and the quality of service 
and the ridership will remain constant or decrease. From the point of view of operat
ing efficiency, there is a danger that eliminating the break-even requirement for sys
tems operation might weaken the stimulus for efficiency unless the operations are con
trolled by certain standards and guidelines. 

Despite the bleak picture of the present conditions of transit, several examples in 
Pennsylvania cities clearly indicate that improvement in service does result in a 
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favorable response l>y the public. First, commuter railroads in Philadelphia have had 
steady track deterioration and only limited rolling-stock renovation, but their high 
speed and constant high reliability have led to a steady increase in patronage from 
23. 7 in 1960 to 32.0 million annual riders in 1972. Second, the Lindenwold Line from 
Philadelphia into low-density, automobile-oriented suburbs of southern New Jersey 
has attracted 42,000 daily passengers. Third, free bus service provided after the 
flood of 1972 in Wilkes-Barre resulted in more than doubling (a 108. 7 percent increase) 
of ridership. Although the emergency situation in the city has undoubtedly played a 
significant role in this increase, the continuing high ridership at the present 15-cent 
fare (still lower than the initial 35-cent fare) indicates that the response was not only 
forced but also induced by increased and improved services. Fourth, the city of Allen
town introduced a new ride-and-shop service (transit-validation program), which was 
intensively promoted and recorded significant increases in ridership on several of its 
bus lines (exact passenger counts were not made). Fifth, in the city of Erie a highly 
competent transit authority management took over the private company in 1967, and 
ridership has been increasing steadily from 3.3 million to 4.0 million annual riders in 
1972. 

PROGRAM OBJECTIVES 

The Pennsylvania Department of Transportation and a research team from the 
University of Pennsylvania developed a program for improvement of transit services 
and efficiency of operations (Fig. 1). The objectives of this program are 

1. Determine the required quantity and quality of public transportation service in 
various urban areas; 

2. Evaluate the efficiency of transit operations; 
3. Analyze the effectiveness of transit management in implementing the policies, 

objectives, and procedures established for the administration and operation of the 
transit system; 

4. Identifv areas in which improvements could or should be made in the manage
ment and operations of the transit systems; 

5. Provide a mechanism by which transit authorities and agencies can evaluate and 
analyze their operations; 

6. Form the basis on which the department will allocate funds under the state's 
Mass Transportation Assistance Program; and 

7. Assist the transit agency in defining its own realistic needs for capital improve
ments. 

The program will provide tool for controlling the quality of transit service and ef
ficient use of allocated funds and for obtaining operating and service data that in most 
cases are either inadequate or nonexistent but needed by management. In addition, the 
transportation department will provide to both public and private agencies expertise 
that they cannot afford to include on their staffs. 

OPERA TING GUIDELINES 

The technical guidelines and standards were developed on the basis of practices of 
the best managed transit systems on this continent and in Europe. To define, largely 
in quantitative terms, transit service aspects that are valid for a considerable number 
of diverse cities is not an easy task. There are great differences in scale between the 
Philadelphia multimodal transit system, which accounts for some 65 percent of total 
transit ridership in the state, and a small-city system, which may have fewer than a 
dozen buses. Therefore, we had to specify policy and planning procedures in general 
terms only and to define service in relation to the demand and type of service required. 
Those requirements that could be precisely (usually quantitatively) specified were 
defined as standards, and compliance with them is mandatory. Other requirements are 
recommended. Some of the guidelines are summarized here. 

1. The transit network service area is the area within a 5-minute walk from stop or 



Figure 1. Public transportation improvement program. 
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2. Exact specifications are given for computation of offered capacity for both off
peak and peak hours. 

3. Headways are specified with respect to their length as well as to their actual 
values. Except in special cases, headways must always be divisible in an hour so that 
they are repeated every hour and are therefore easily remembered by passengers. 

4. Ele.ments of vehicle design influencing speed are specified as well as a number 
of regulatory measures, such as optimal stop locations, preferential treatment at the 
intersections, reserved lanes, and private rights-of-way. In addition, information is 
given on increasing speed through different types of scheduling, express services, re
duction of stop density, and improved fare collection methods. 

5. Reliability of service is specified precisely in standards for peak, off-peak, and 
weekend services with different headways. The measurement is given in terms of per
centage of trips on time where all departures between O and 5 minutes late are con
sidered on time. 

6. Passenger comfort and convenience are provided by requirements for vehicle 
maintenance, seating capacity, cleaning of interiors and exteriors, lighting, and pas
senger shelters. 

7. Directness of service is discussed in general terms. 
8. Fares are specified in considerable detail, including aspects of different fare 

structures, fare levels, and various potential promotional and experimental actions. 
9. Standards for marketing activities specify the forms of public information in 

terms of maps, schedules, transit stop signs, and so on. Possible advertising and 
promotional schemes and required marketing analysis are also specified. 

10. The guidelines specify the information that transit agencies must submit when 
they apply for Purchase of Service funds. The first requirement is that they specify 
the goals and objectives established by the local government and the transit agency. 
They must also submit detailed information on services. The agencies are also re
quired to project Purchase of Service needs for the following year and to develop a plan 
for improvement in the transit service. Since the compliance with the guidelines will 
in some cases increase the cost of operation, the agencies are required to estimate 
these increased costs and inform the transportation department about this specific cost 
increment. The department will then review the planned improvements and approve 
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them or suggest modifications. The agency is required to define capital improve
ments and to develop a plan for their implementation. An increased emphasis in the 
evaluation of proposed capital improvements is the analysis of their impact on in
creased ridership and increased efficiency of service, which will be directly reflected 
inthe compliance with the guidelines. 

Data on Transit Services and Operations 

Traditionally, transit companies were considered primarily as business undertakings, 
and their reports consisted of financial data only. The data were reported in a non
standard way so that comparisons among the companies are difficult to make. (UMTA 
is sponsoring a study (!) on standardizing the financial reporting of transit agencies and 
compa.nies). However, reporting of data on service and operations has been extremely 
poor so that data are not available on basic operations such as the number of passen
gers carried, average trip length, commercial speed of vehicles on lines, and hourly 
fluctuations of demand. Analysis of system improvement is difficult without such data. 

Data have been requested on 3 questionnaires that were sent (a) to city planning 
agencies for data about the city and metropolitan area, (b) to transit companies in large 
cities, and (c) to transit companies in medium and small cities. 

The questionnaires were designed to obtain all the information required by the 
Pennsylvania Department of Transportation, the U.S. Department of Transportation, and 
the Public Utility Commission so that duplication of requests for information is avoided 
or minimized. Only the minimum data needed to compute various indicators were 
requested. The indicators are computed by the state transportation department to 
minimize the paper work of the transit agencies and to provide higher accuracy. 

The questions are in 4 categories: (a) information on city and metropolitan area, 
including size of area, population, employment, automobile ownership, and parking 
capacity in CBD; (b) transit service offered to the passengers, including number and 
length of lines, cycle times, headways, number and characteristics of vehicles, fares, 
and reliability of service; (c) use of the system, including revenue and total number 
of passengers, dailv fluctuations, average passenger trip lP.ngt:h; :i_nn :i.nn•_!:l.!p?.SSe!!ge!"
miles; and (d) organization and finance, including number of employees and their clas
sification, number of garages and rail yards, and work performed in terms ofvehicle
hours and vehicle-miles. 

DATA FILE 

When the completed questionnaires are received, their data are transferred to data 
file forms. In addition to this basic information, the data file contains a number of 
computed indicators. Examples include annual seat-miles offered per square mile of 
served area, annual revenue rides per capita, annual passenger-miles per mile of line, 
passenger-miles per seat-mile, average operating hours per vehicle per day, average 
miles per vehicle per day, average weekday passengers per operating employee, and 
total revenue per vehicle-hour. 

Implementation of the Guidelines 

The main purpose of the guidelines is to improve transit service and operations, 
but agencies may not volw1tarily comply with them. Therefore, financial aid in the 
form of Purchase of Service can be used as a leverage for compliance. Consequently, 
the guidelines explicitly state that compliance will influence the Purchase of Service fund 
allocation by the transportation department. Thus, an objective method to evaluate 
compliance was needed. 

The standards, i.e., the specific, exactly defined requirements within the guidelines 
were selected to be used as the major basis for rating an agency in the compliance evaluation. 
The evaluation items are divided into 4 categories: city, transit agency, planning and 
marketing; transit service; transit usage; and financial and administrative aspects. The 
data for the evaluation are taken from the data file, other reports submitted by the 
agencies, meetings and discussions with their officials, and field surveys. The most 
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important 24 items are selected for quantitative evaluation, and each item consists of 
several elements. A total of 400 basic points are distributed to the 24 items. Each 
item thus has the maximum number of points that can be allocated to it and exact break
down of these points to all elements of that item. 

In addition to the 400 basic points, a maximum of 100 bonus points can be allocated 
for changes that an agency implements. In the first year the agency is evaluated only 
on the basis of the 400 points. In each succeeding year the basic points are allocated 
not only on the basis of the status of the system but also on the difference in each item 
from the preceding year. This difference determines allocation of bonus points in the 
case of an improvement or subtraction of them in the case of deterioration. 

If an existing deficiency is caused by forces outside the agency's control (such as 
traffic congestion or poor timing of traffic signals), the agency is required only to 
prove that it has done everything in its power to improve the condition. If it has done 
so, all points are given, regardless of performance. If it has not, the evaluation is 
based on the current performance exclusively. 

Use of Compliance Evaluation 

The total number of points given to an agency, divided by 400, represents its guideline 
compliance rating. This rating and the general evaluation, which includes some sub
jective elements, such as organizational conditions for implementing improvements 
and characteristics of the population and of the region, are used in the allocation of 
Purchase of Service funds based on the following 2 conditions. 

1. There are adequate funds. If funds are available, an agency that obtains 400 or 
more points (more points may be obtained in the years in which improvements take 
place) is allocated the full amount required. If the agency has fewer than 400 points, 
downward adjustment in the amount of money is made. 

2. Available funds are lower than the requested ones. If adequate funds are not 
available, money is allocated to agencies according to their ratings. The allocation 
formulas are being devised and tested. 

PROGRAM EVALUATION AND FUTURE PERSPECTIVES 

Already there are indications that the guidelines, including the technical standards, 
instructions, and suggestions, the data file, and a continuing program of evaluation of 
agency operations are useful tools in helping the agencies to improve their services, 
in equitably distributing Purchase of Service funds, and in ensuring their efficient use. 

The major difficulty is that compliance with the guidelines in some cases increases 
immediate costs. Although the transportation department believes that these increased 
costs are justified and will eventually be recouped from increased ridership, higher 
revenues, and improved transit service, the fact remains that these funds must be 
found. If the funds appropriated by the legislature (as well as the required local match-, 
ing funds) for this purpose are adequate to satisfy all requests for Purchase of Service 
and also contain a sum that could cover the additional costs of complying with the 
guidelines, the program will operate smoothly. But if funds are insufficient to cover 
all the requests, the problem of cutting the least necessary expenses will usually 
eliminate first liny changes that will increase costs. This may defeat some portions 
of the program. However, compliance with the guidelines in some cities will result in 
actual demonstrable improvements in services, in ridership, and in mobility so that 
the usefulness of the guidelines will thus be proved and their acceptance by transit and 
other agencies will be facilitated. 

The basic question about the permanent financing of contributions to operating ex
penses of transit agencies is outside the scope of this paper. The solutions may be 
found in forming metropolitan area transit districts that have taxing powers, in con
tinuing the state contribution of two-thirds of the funds and the local contribution of 
one-third, or in creating a federal program for transit operating subsidies. Whatever 
solution is found, the progress achieved through the program described here will be 
extremely useful in this or somewhat modified form because it helps to ensure good 
service and efficient operations when the transit agency is not financially self-supporting. 
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Experience will also show how effective the state's professional guidance provided 
through this program will be in the internal operations of the agencies. At this time, 
the state may be able to provide greater professional expertise than individual agencies 
have and at the same time develop a more manageable program than the federal govern
ment would be able to do. However, the federal government already has direct contact 
with some agencies, particularly with respect to the capitalimprovementfinancing. Im
proved cooperation among all 3 government levels is important to ensure that duplication 
of work, potential discrepancies in intentions, and excessive paper work are minimized. 
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LEVEL-OF-SERVICE CONCEPT FOR EVALUATING 
PUBLIC TRANSPORT 
Hermann Botzow, Port Authority of New York and New Jersey 

A system of evaluating service variables common to all public transport 
modes is proposed so that an existing system may be managed or improved 
and a new system may be built on the basis of its ability to fulfill a desired 
level of service. The variables discussed are those directly perceived by 
the user regardless of mode: overall trip speed and en route delay and 
comfort factors associated with the vehicle including density, acceleration, 
jerk, temperature, air flow, and noise. Improving one or more of these 
measurable variables bears an associated cost and design requirement. 
Since better service is desirable in certain situations while average ser
vice is sufficient in others, levels of service A through F are adopted for 
each variable. In the proposed system, level of service is determined by 
the use of a weighted average of rankings assigned to individual factors. 
Within tolerable limits, 40 percent of the overall ranking should be based 
on speed and delay and 60 percent on comfort factors. When an individual 
comfort variable becomes intolerable, the entire ride is at service level F. 
Application of the procedure results in reasonable comparisons of both 
systems and individual trips within a system. 

•SINCE the late 1950s, Americans have sought improved public transport. The tech
nology of the automobile has continued to advance, and efforts are being made now for 
public transport technology to catch up. A host of new, innovative transport concepts 
are being tested, and the Bay Area Rapid Transit System in San Francisco has just 
started operations. What is needed is a precise way to measure public transport ser
vice so that transit systems can become more competitive with the private automobile. 
A service measurement system could be used for daily rating and managing of existing 
modes as well as for specifying the desired level of service for planned improvements. 

Each mode of public _transport has a different assortment of physical characteristics; 
but all modes have common service characteristics such as speed and density, and the 
most important characteristics, particularly as they affect patronage, are those that 
the user perceives directly. Speed, density, and other individual characteristics such 
as acceleration, temperature, and noise are easy to measure individually. This paper 
proposed that the individual measurements be combined to determine an overall level 
of service for each mode of public transport. 

SERVICE CHARACTERISTICS 

Other system features such as design standards, operating costs, access, fares, 
and safety requirements are directly related to basic service characteristics. For 
example, higher speed, a service characteristic, involves better design standards, 
more costly construction, and higher operating costs for energy and track maintenence. 
This section discusses the selection of those characteristics common to all modes of 
transport that most reflect the quality of service. 

One of the basic level-of-service characteristics in highway design is speed (1, p. 7). 
The speed advantage that users associate with automobiles occurs in part because auto
mobile trips are made directly from origin to destination without intervening transfers, 
another important service characteristic. However, there is even more to the popu
larity of the automobile than speed or direct routing. For example, the driver fre
quently has the ability to vary speed and route. The transit patron can neither select 

73 



74 

the e:xact leaving time nor detour if the route is congested. Thus schedule frequency 
and delays to patrons also must be considered in establishing the level of service for 
public transport. 

Another basic characteristic of level of service is density. The density of automo
biles on the highway is related to speed of,service; poor service occurs at low speeds. 
The density of the motorist's personal space is self-determined because he or she se
lects the vehicle and the passengers. A sedan encloses 25 ft2 (2, g. 35). Typically, 
automobiles carry 1 or 2 passenger s so that each has 25 to 12.5ft. The space inside 
the automobile cannot be reduced even in the most severe traffic snarl. In a subway 
car or local bus, personal density is routinely reduced to as little as 2 ft2/passenger. 
This crowding coupled with the absence of personal control of the vehicle can lead to a 
feeling of panic for transit users and has probably resulted in the diversion of large 
numbers of persons to the privacy afforded by automobiles. 

The absence of control on a public transport vehicle denies the transit patron other 
service advantages enjoyed by the motorist. The motorist not only can detour around 
delays but also has a better opportunity to avoid bumps and potholes and can accelerate 
and decelerate gently so that passengers are not thrown against the seat. The rider of 
public transport must accept whatever ride is offered whether it be on cobblestone 
streets or unaligned track. The motorist can cool, heat, or cir culate air in the auto
mobile for his or her comfort. The public transpor t patron must increasingly accept 
whatever conditions the vehicle can provide. 

THE CONCEPT 

This paper discusses levels of transport service (LOTS) to apply to all line-haul 
systems of public transport. The values are based on the patron's environment and 
travel speed. Comparisons can then be made of the relative service offered by differ
ent modes and of variations within the same mode such as those that may occur for 
different trips on the same route. All transport systems can be compared, but the 
process described in this paper is intended primarily for commuter trips in the 2- to 
An _ ........ ;1 n ,.~""'°' 
.LW' ............... _ .. - .. "'t:,""• 

Level of service is frequently associated with the peak hour. However, an off-peak 
level of service also may be computed. For complete analysis, LOTS value must be 
computed for each pair of stops on a given route. In practice, computations may only 
be made for selected station pairs to establish a range of service values achieved on a 
particular system. If a single value is to be applied to a route, a weighted average 
should be used. The average is computed by multiplying the percentage of total traffic 
between each pair of stations by the level-of-service values for that pair. 

CHARACTERISTICS USED TO ESTABLISH LEVELS OF SERVICE 

The following paragraphs discuss each of the major characteristics used to establish 
the levels of service for public transport systems. 

Travel Time 

In selecting a transit mode, most commuters regard travel time as the most im
portant factor. Travel time depends on average speed on the system. Some systems 
now operate equipment that can travel 80 mph, while local buses traveling through a 
heavily congested district may average less than 6 mph. Speeds this low or lower are 
comparable to walking on high-volume people-moving mechanisms such as moving belts 
and moving stairs. 

More than 90 percent of all automobile commutation trips are 20 miles or less (2). 
A transit system could accommodate these trips with a maximum travel time of 3 5 min 
if the system achieves an average speed of 35 mph. This means that if 25 min is al
lowed to reach the public transport mode and to go from that mode to the ultimate des
tination the total commuting would be 1 hour or less. Therefore a speed of 35 mph is 
selected as a desirable goal. For exurban areas served by commuter railroads, an 
even higher average speed might be a more appropriate design goal. 
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In central business districts, commuting trips often are no longer than 5 miles. An 
average speed of 6 to 15 mph would keep total trip time under 1 hour in these locations. 
A design goal of 15 mph is the minimum that is recommended, although in existing sit
uations a speed of 6 mph may be tolerated. Higher rates of acceleration and decelera
tion can save time, but excessive rates of starting and braking are uncomfortable. 

Headway 

The automobile commuter experiences no delays due to scheduling. Thus, people 
may be discouraged from using public transport if the time between departures is ex
cessive. Transit headways also interact with density since the latter can be reduced 
by scheduling more trips on all but the busiest transport routes. Headways are re
flected in the calculation of average speed by adding half the headway to the basic travel 
time on heavily traveled routes. But this would unduly penalize low-density routes with 
infrequent headways. Therefore, the maximum headway allowance can be limited to 
5 min; 

Transfers 

The public transport user may make one trip from his home to the public transport 
station and a second trip from the station to his or her destination. A method of ac
counting for the first trip, the access trip, is given later in the discussion of multimode 
trips. The computation is omitted from the initial procedure because computing a typ
ical access time is extremely difficult if various patrons use different access modes. 
Any additional transfers within the transit system represent inconvenience, and a trans
fer penalty of 5 minutes per en route transfer is added to the basic travel times for the ap
proaching and the departing route. Also added are the walking time associated with the 
transfer and half of the headway on the departing route. 

Fare Collection 

Automated fare collection is definitely a patron convenience. The major causes of 
patron inconvenience probably are waiting to purchase fares and waiting to enter the 
system. Fare collection should be included in computing trip speed when the delay to 
the patron exceeds 30 sec. 

Speed Adjustment and Values 

The following computations show average adjusted peak- and off-peak travel times 
for the 8.9-mile ride on the Port Authority Trans-Hudson system between Newark and 
the World Trade Center in downtown Manhattan. The computations yield adjusted av
erage speeds of 26 and 22 mph respectively. Normal running times are used to com
pute speeds and are defined as the time that the commuter generally encounters rather 
than the published running times. Fare collection in the example usually takes less 
than 1 minute, and no en route transfer is needed. 

Item Peak (min) Off-Peak (min) 

Fare collection 0 0 
Headway (0.5 X 3)= 1.5 (0.5 X 10) = 5 
Running time 19 19 
Transfer 0 0 

Total 20.5 24 

The selected LOTS values for scheduled line-haul speed plus fare collection, head
way, and transfer adjustments are as follows: 
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Adjusted LOTS 
Speed (mph) Value 

>60 A 
35 to 60 B 
25 to 35 C 
15 to 25 D 
6 to 15 E 
0 to 6 F 

Delay 

Delays represent a reduction in the level of service and are defined in this paper as 
unexpected increases in normal running time. They are introduced so that unique oc
currences may be reflected when a level of service is needed on a daily basis. Board
ing delays are not a characteristic of travel by private car. Therefore, the absence of 
boarding delays is particularly important in attracting motorists to public transport. 
In this analysis delay is expressed as minutes per trip. The times for individual delays 
that occur during a selected trip are added to obtain a total delay time for that trip. If 
a trip involves 2 or more transit services, the delays on each service are added to de
termine total peak-hour delay. The level-of-service values are as follows: 

LOTS 
Delay (min) Value 

0 A 
0 to 1 B 
1 to 2 C 
2 to 4 D 
4 to 8 E 
>8 F 

Individual delays could be included in the previous computation of overall speed. 
They are considered separately because they represent a more immediately correctable 
situation. Delays are frustrating because users are aware that the basic capability of 
the system is not being used but they are powerless to take corrective action. 

Density 

Speed and delay are service characteristics that relate to travel time. Density and 
the other remaining characteristics deal primarily with user comfort. Passenger den
sities encountered inside the vehicle reflect, in part, the level of service of a trans
port system. Actually, the reciprocal of density, area per passenger, is used to avoid 
fractional values. Table 1 gives examples of space offered on transport vehicles in the 
New York metropolitan area. 

The area per passenger varies markedly from a commuter railroad with spacious 
seating arrangements and no standees to a jammed subway car with few seats and many 
s tandees. Fruin's descriptions of the various levels of service for standing passengers 
in ter minals are given in Table 2 (3). 

The areas given bear an interesting relation to those given in Table 1. The cost of 
producing b·ansportation is reflected in the absence of public transpor t vehicles with 
levels of service A and B. (An example of level of service A is railroad parlor cars 
used for intercity travel.) The Erie-Lackawanna Railroad cars are level of service C. 
Those cars are equipped with doors at each end and are used for long commuting trips. 
Rail cars allow for an appropriate degree of circulation, and the subway car, which 
has 4 doors on each side to reduce the need for interior circulation and a minimum 
number of seats to permit maximum loadings, is at the low end of the density scale. 

The Fruin standards ( Table 2) naturally were not intended to account for sitting pas
sengers. In the railroad cars, each seated passenger occupies at least 3. 5 ft~ leaving 
too little space in the aisle to achieve an average density of 2 ft2 /passenger when the 



Table 1. Space on transit vehicles. 

Vehicle Operator Seate 

Normal Peak 
Passenger 
Loading 

Interior 
Area .. 
(ft') 

Commuter rail car 
Suburban hue 
City bus 
Subway car 

Erle-Lackawanna 
Transport of New Jersey 
Transit Authority 
Transit Authority 

108 
50 
40 
46 

'Includes area for seats, but excludes areas allocated to ooerators and conductors. 

108 
50 
80 

272 

Table 2. Levels of service for standing passengers in terminals. 

Description 

Adequate area for standing and free circulation 
Adequate area for standing and restricted circulation 
Same as B except circulation occurs by disturbing others 
Can stand without contacting others, but circulation severely restricted 
Adequate standing room, but contact with others is unavoidable and 

circulation le impossible 
Equivalent to body area, close unavoidable contact, physical and 

psychological discomfort; and potential for panic 

Table 3. Level-of-service values. 

Characteristic A B C 

829 
272 
290 
535 

Area per 
Person 
(ft') 

13 
10 to 13 
7 to 10 
3 to 7 

2 to 3 

11/, to 2 

D 

Level 
of 
Service 

A 
B 
C 
D 

E 

F 

E 

Area per 
Passenger 
(ft') 

7.7 
5.4 
3.6 
2.0 

F 

Adjusted speed, mph >60 35 to 60 25 to 35 15 to 25 6 to 15 0 to 6 
Delay, min 0 0 to 1 1 to 2 2 to 4 4 to 8 >8 
Space, ft' / passenger >13 10 to 13 7 to 10 3 to 7 2 to 3 <2 
Horizontal acceleration, ft / sec' <1.0 1.0 to 2.0 2.0 to 3.0 3.0 to 3.5 3.5to4.0 >4.0 
Vertical acceleration, ft / sec' <1.5 1.5 to 3.0 3.0 to 4.5 4.5 to 5.2 5.2 to 6.0 >6.0 
Jerk, ft/sec' <1.0 1.0 to 2.0 2.0 to 3.0 3.0 to 4.5 4.5 to 6.0 >6.0 
Temperature, deg' F 72 to 76 68 to 78 64 to 80 58 to 84 50 to 90 <50 to >90 
Ventilation, ff/min/passenger >35 30 to 35 25 to 30 20 to 25 15 to 20 <15 
Noise, dB <60 60 to 75 75 to 85 85 to 90 80 to 95 >95 

Table 4. Points for achieving each level of service. 

Characteristic A B C D E F 

Adjusted speed 30 24 18 12 6 0 
Delay 10 8 6 4 2 0 
Space 25 20 15 10 5 0 
Acceleration and jerk 10 8 6 4 2 0 
Temperature 15 12 9 6 3 0 
Ventilation 5 4 3 2 1 0 
Noise 5 4 3 ~ 1 0 

Total 100 80 60 40 20 0 

Range 100 to 90 90 to 70 70 to 50 50 to 30 30 to 10 10 to 0 

Table 5. Hypothetical level of service on 
BART system. 

Level of 
Characteristic 

Adjusted speed (34-min travel time and 
3-min gap for 28 miles = 48 mph) 

Delay 
Space [no standees, 647 ft', 72 seats = 

9 n /passengo.r) 
Acceleration (3 ft/ sec') 
Temperature• 
Ventilation' 
Noise 

Total 

1 Level assumed by author. 

Service Points 

B 24 
A 10 

B 20 
C 6 
A 12 
B 4 
A 5 

B 81 
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aisle is filled. However, the cars are not intended for use at these densities. The 
subway car, in which higher densities are intended, has fewer seats, and standees 
share the leg room allocated to seated passengers. Therefore, the above standards 
are offered as a satisfactory first approximation for public transport vehicles. 

Passenger Comfort 

The effect of crowding on passenger density has been noted. Levels of comfort on 
public transport systems also are affected by temperature, odor, ventilation, noise, 
vibration, acceler ation, deceleration, and position change (or jerk>. Each of these ef
fects can be divided into 3 tolerance levels ( 4): 

1. An upper physiological limit beyond which the condition is physically intolerable; 
2. A limit beyond which the body survives but is uncomfortable; and 
3. A psychological condition in which the body is comfortable but the situation is 

not pleasant. 

This area of transport service is much talked about, but there are a number of seri
ous deficiencies in the present selection and application of standards of tolerance. A 
level of service F for even one comfort factor is far more serious to the passenger 
than a level of service F for characteristics such as speed or delay. In other words, 
the author's opinion is that the operation of one comfort factor at service level Fat any 
point in a trip causes the patron to judge the transport service as completely unsatis
factory. 

In setting minimum comfort levels, one should also keep in mind that the commuta
tion trip is normally made about 500 times a year. A motorist may never encounter a 
physica lly intolerable situation (serious accident) during a driving lifetime. A daily 
i ntr usion on upper physiologica l limits would leave transit systems riderless. The 
more appropriate design limit might be the second in which the body will survive but 
be uncomfortable. Such was the case in stalled traffic prior to air conditioning. How
ever, even this limit should never be a recurrent feature of a public transport system, 
fv:r th~ thc~ght Gf f::.~ir1; 2. psychclcgi!!-::Jl!y 11.!!CO!!!f0rt~bl':' rict~ ~~r.h nay will also divert 
users to other modes. Therefore, comfort levels should be established within the area 
of psychological comfort. 

Acceleration 

Fast acceleration and deceleration (backward acceleration) yield an increase in sys
tem speed at the expense of passenger comfort. Rapid acceleration is more easily 
tolerated by a seated passenger than by a standee, although the latter can make adjust
ments if the speed changes are consistent. Even long commuter trains will handle oc
casional standees. Therefore, the levels of service are selected with the comfort of 
standing passengers in mind. The positive effect of acceleration on speed is reflected 
indirectly in the previously discussed service standards for overall trip speed. 

Accelerations also occur in other axes, with both linear and torsional (rotational) 
cha1·act eristics. The most common on public transport systems include sway and jounc
ing. Therefore, acceler ation standards ar e adopted for both the horizontal (longitudinal, 
later al, and other horizontal) and vertical planes. As with other comfort values, the 
maximum desirable comfort value for acceleration is considerably less than the physi
cal limit of 1 g or 32.2 ft/sec~ Furthermore, the maximum value need only be reached 
once during a ride in order to have the system rated at the associated lower level of 
service. Values below service level D should occur rarely, and values below service 
level E should occur only at the time of an accident. The selected acceleration values 
are as follows(§_, Tables I and II and Figs. 1, 2, 5, 6, 7; ~: 

Horizontal (ft/sec 2
) 

<1.0 
1.0 to 2.0 
2.0 to 3.0 

Vertical (ft/sec2
) 

<1.5 
1.5 to 3.0 
3.0 to 4.5 

LOTS 
Value 

A 
B 
C 



Jerk 

Horizontal (ft/sec2
) 

3.0 to 3.5 
3.5to4.0 
>4,0 

Vertical (ft/sec2
) 

4.5to 5.2 
5.2 to 6.0 
>6.0 

LOTS 
Value 

D 
E 
F 
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Jerk is defined as the buildup in acceleration and is given in feet per second per 
second per second. The effect of jerk in the axis of travel is most noticeable to pas
sengers on side seats during the final phase of deceleration. Jerk values also should 
be applied to changes in lateral or vertical acceleration caused by faulty track or poor 
roads. Values presented for this condition are considered tentative pending further 
research (5, pp. 3-4, Figs. 3, 4, Table 11). Random testing of actual systems is advo
cated, for a poor operator can negate many of the ride benefits of an excellent roadbed, 
vehicle suspension, and throttle control. 

Temperature 

Jerk (ft/sec3
) 

<1.0 
1.0 to 2.0 
2.0 to 3.0 
3.0 to 4.5 
4.5 to 6.0 
>6,0 

LOTS 
Value 

A 
B 
C 
D 
E 
F 

There is general agreement that 72 F is a desirable temperature for heating trans
port vehicles and 76 F is a suitable temperature for air-conditioning equipment. How
ever, the actual temperature will vary with the amount of clothing that people wear in 
the vehicle. During the winter, thermostat settings on subways and local buses should 
be lower, say 60 F, so that the passenger is not uncomfortably hot in a topcoat. Heat
ing units should provide the heat needed to raise interior temperatures to comfortable 
levels when outside design temperatures are reached. In New York City, a design 
temperature of O F can be used, but in colder cities, temperatures as low as -40 F 
may be appropriate. 

Air-conditioning or cooling equipment must be designed to offset heat loads caused 
by heat transmission through walls and ceilings and heat generated by passengers, 
lights, motors, and outside air that is circulated for ventilation. The heat load from 
passengers is often the largest load. However, the effect of door openings at stops 
also is significant for local bus and subway routes. The design temperature for cool
ing is usually 95 Fin New York City and may be as high as 115 Fin southern locations. 

The level of service is determined by taking the worst value of temperature that oc
curs inside the transport vehicle during the line-haul portion of the trip. For systems 
where the patron is faced with a potential wait of more than 5 minutes, the temperature 
of the waiting area should be assessed because the patron achieves thermal equilibrium 
or a steady-state condition of comfort or discomfort after 5 minutes (7). The LOTS 
values are as follows (!, ~): -

LOTS 
Low (deg F) High (deg F) Value 

72 76 A 
68 78 B 
64 80 C 
58 84 D 
50 90 E 

<50 >90 F 
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A subway car temperature of 60 F in winter could be given a value of A if the patron 
wears sufficient clothing so that he or she perceives a temperature of 72 F. 

Ventilation 

Ventilation is closely associated with temperature. Thus, outside air required for 
heating and air-conditioning systems can be modulated to provide needed ventilation as 
well as comfort dui·ing off seasons. Usually 2 5 percent outside air represents good de
sign. Ventilation standards are expressed in cubic feet per minute per vehicle (8, pp. 
62, 68, 71). It is proposed that the standai·ds be revised to provide cubic feet ofai.r per 
minute per passenger at maximum contemplated passenger occupancies. A sufficient 
amount of air is required to maintain a comfortable envirorunent and prevent strong 
odors from persisting (8, p. 10). As with temperature, the worst en route ventilation 
controls and the standards ailply to stations if waits of more than 5 min occur. The 
LOTS values are as follows(!, p. 38; !!_, pp. 10, 62, 68, 71): 

Associated Characteristics 

Ventilation 
(ft3 /min/passenger) 

>35 
30 to 35 
25 to 30 
20 to 25 
15 to 20 
<15 

LOTS 
Value 

A 
B 
C 
D 
E 
F 

More sophisticated standards might include requirements for associated character
istics such as air filtering and humidity control. Also important to the passengers are 
separate safety standards that relate to carbon monoxide and other noxious gases. 

Noise 

Noise is defined as noise perceived by passengers while inside the transport unit. 
Loud noise is universally recognized as an undesirable feature of a transit system. The 
selected unit of measure is decibels or noise level sound pressure ratio. A recent 
Port Authority design specified a maxi.mum permissible noise level of 68 dB for an 
airpo1-t people-move1· that traveled at 30 mph and had auxiliaries and air conditioning 
in operation (9). A system is rated F if vehicle or station noise exceeds 90 to 100 dB, 
for 2 hours per day of sound of 100 dB or more can cause pe1·manent hearing loss (10). 
The selected LOTS values are as follows (!, p. 56; 11): -

Vibration 

Noise (dB) 

<60 
60 to 75 
75 to 85 
85 to 90 
90 to 95 
>95 

LOTS 
Value 

A 
B 
C 
D 
E 
F 

Vibration is defined as repetitive, oscillatory movements in any direction. Severe 
vibrations described by the Institute for Rapid Transit (11, pp. 43-44) should be elim
inated during equipment testing. Occasional vibrations should show up during acceler
ation and jerk tests. Therefore, a set of values is not recommended for vibration at 
this time. 



81 

LEVEL OF SERVICE 

The following is a discussion of the individual levels of transport service that lead 
to an overall service rating for each pair of stops on a transit system. A summary is 
given in Table 3. Since a weighted average is used, the desired value for all individual 
characteristics does not have to be attained to achieve an overall level of service of the 
same value. 

Level of Transport Service A 

Average speeds are 60 mph or more after adjustments are made for processing and 
en route transfers and no peak-hour delays exist. Personal space is at least 13 ft2/ 
passenger. Horizontal acceleration and deceleration are no more than 1.0 ft/sec~ and 
temperature does not vary more than 2 deg from normal. Ventilation is 3 5 ft3 /min/ 
passenger, and noise levels are below 60 dB. Only intercity rail systems operate at 
this level today. Design of commuter systems at this level of service is suitable for 
exurban commutation systems that have light volumes and line-haul distances of more 
than 40 miles. 

Level of Transport Service B 

Average adjusted speeds are between 35 and 60 mph, and delays do not exceed 1 min. 
Personal space is 10 to 13 ft2/passenger. Standards of temperature, ventilation, and 
noise are maintained at high levels. The Bay Area Rapid Transit System meets or ex
ceeds most of the criteria for level of service B, which is a standard for modern public 
transport systems that carry moderate volumes and serve suburban communities. 

Level of Transport Service C 

Average adjusted speeds are between 25 and 35 mph, and peak delays are no more 
than 2 min. Personal space is 7 to 10 ft2/passenger. Acceleration of 3.0 ft/sec 2

, a 
temperature range of 64 to 80 F, and a noise level of 85 dB are permitted. Level C is 
a suitable standard for an urban transport system that has moderate to heavy use. 

Level of Transport Service D 

Average adjusted speeds a1:e between 15 and 25 mph, and peak delays are no more 
than 3 min. Personal space is 3 to 7 ft2 / passenger . Acceleration and deceleration of 
3.5 ft/ sec2 are acceptable, the temperatur~ and other environmental features are 
within tolerable limits. Level D would be suitable but not desirable for a heavily used 
urban transport system that carries predominately short trips or has construction costs 
such that heavy use of the system is desirable or has both of these characteristics. 

Level of Transport Service E 

Average adjusted speeds are a s slow as 6 mph, and peak delays are as long as 8 
min. Personal space is 2 to 3 ft2/ passenger. Acceleration and environmental featu res 
approach the border line of human psychological tolerance. Level E is not used for de
sign, but may occur as maximum capacity is reached on existing systems or for short 
periods on new systems that are designed for higher levels of service. 

Level of Transport Service F 

Average adjusted speed is below 6 mph, delays are more than 8 min, and personal 
space is less than 2 ft2/passenger. Acceleration, deceleration, temperature, ventila
tion, or noise exceeds human psychological tolerance levels . That is, horizontal accel
eration is more than 4.0 ft / sec~ high temperatures are above 90 F, low temperatures 
are below 50 F, ventilation is less than 15 ft3/ min/ passenger, and i nterior noise is 
more than 9 5 dB. 

Transit systems operating with any one of the above comfort features at level F are 
not suitable and should be upgraded as soon as possible. When speed, delay, or density 
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reaches level Fon an occasional basis, the operating system should be halted until the 
deficiencies are corrected. Daily or near daily operation at level F should lead to im
mediate improvements or, if this is not feasible, to either intentional diversion of pas
sengers to other modes or a forced reduction in demand. 

WEIGHTING OF SERVICE CHARACTERISTICS 

Not all service attributes are equally important. What is most difficult to determine 
is the relative importance of those attributes for which LOTS values are proposed. One 
of many available surveys found the following criticisms of public transportation by 
residents of Washi ngton, D.C., where transit is provided by surface buses (12, Vol. 1, 
p. 18): -

Criticism 

Overcrowding 
Waiting 
No seat 
Slower than car 
Cannot choose own time 
More walking 
Not so dependable 
Hot 

Respondents 
(percent) 

60 
57 
54 
50 
38 
25 
25 
21 

The same study notes that time savings and comfort are the 2 most desired char
acteristics of a new system (12, Vol. 2, p. 18). The criticisms deal with many of the 
previously discussed characteristics such as density (overcrowding, no seat), head
ways (waiting problem, cannot choose own time), speed (slower than car, not so de
pendable), and temperature (hot). Empirical weightings are proposed below to reflect 
the results of this and other studies. The weights are tentative pending further research 
into their relative importance. 

~ 
Speed is of paramount importance in attracting patrons from automobiles to public 

transport. As the primary service feature, it is assigned the highest value that is used, 
30 out of 100 total points. 

Delay 

Delay is given a weighting of 10, which is selected so that an unexpected increase in 
travel time has a slightly greater effect than a recurrent speed reduction. A total of 
40 points are allocated to speed and delay, leaving 60 points for comfort features. 

Density 

The most important comfort feature in modern systems is believed to be adequate 
space for each passenger. Therefore, this feature is assigned 25 points. 

Acceleration and Jerk 

Rapid or uneven acceleration is one of the most important causes of discomfort. 
Therefore, these 2 items are given 10 of the remaining 30 points. The points were se
lected on the basis of the worst condition that occurs for either characteristic. 

Temperature 

Temperature and humidity are closely related and are important because the transit 
user cannot personally control these items as he or she can in an automobile. A 
weighting of 15 is assigned. 
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Ventilation 

A weighting of only 5 is used for ventilation, for its requirements are often satisfied 
if the temperature requirements are met. 

Noise 

This characteristic is assigned a weight of only 5 because the proportion of patrons 
upset by severe noise is deemed to be small. It must be included, however, since the 
affected riders will be lost to the system if reasonable levels are exceeded (13, p. 68). 

SERVICE MATRIX 

The service matrix is given as Table 4. Values for each characteristic of an exist
ing or proposed public transport service are converted to equivalent levels of service 
established in the text. The points of each characteristic are added to determine an 
overall level of service. A hypothetical analysis of a trip during the peak hour with all 
seats filled on the Bay Area Rapid Transit System from Concord in Contra Costa County 
to downtown San Francisco is given in Table 5. 

Effect of Weighting 

Under the weighting process, a system may offer an overall level of service that is 
higher or lower than the level of service indicated by an individual characteristic. This 
is particularly important for existing systems whose geometrics may preclude any re
medial action aimed at increasing speed. On some systems, the same route may ex
hibit a high level of service between a remote station and a downtown terminal and a 
low level of service between a close-in station and the CBD terminal. This is entirely 
appropriate, for lower levels of service can be tolerated for short trips. 

Multimode Trip 

The level of service can be determined for a multimode trip by the use of a weighted 
average for each characteristic of each mode based on the time spent riding that mode. 
The time to transfer between the 2 modes and a 5-min transfer penalty are suggested 
when overall speed is computed. The multimode technique is useful when the quality 
of access is studied. An example is a comparison of a commuter bus offering local 
pickup services to a rail transit line that requires users to drive to the station. 

CONCLUSIONS 

Many of the individual LOTS standards are based on firm findings. The list of se
lected characteristics is not necessarily complete and is subject to revision. The 
weighting process is the least firm because of lack of data. Nevertheless, the overall 
level of service obtained by the application of the weighted values to various existing 
modes of transit does produce relative rankings that are consistent with the level-of
service concept. (In some CBDs, the level of service of existing transport is very low. 
However, the user is forced to ride the system because surface congestion and parking 
costs make the automobile an even worse alternative.> The rankings provide a more 
precise measure of service, which is the intent of this paper. 

Uniform standards capable of quick and easy measurements can assist in selecting 
a mode for a new service or pinpointing the places along an existing route where in
ferior service is rendered. The values can be combined with costs to select an option 
for upgrading an existing service. 

A set of uniform national standards of service such as those advocated in the pre
ceding pages appears desirable to facilitate both the daily management and the uniform 
improvement of public transport. Federal capital assistance programs might then be 
based on local conditions and a local plan for attainment of appropriate minimal levels 
of service. Priorities could include upgrading the routes that exhibit the lowest levels 
of service. Local and other operating subsidies could be based on the maintenance of a 
specified level of service if the contributing organization finds that LOTS values pro-
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vide a more rational basis than those now used for monitoring performance. 
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