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Abridgment 

Interfacing Transportation 
Modes for Access to a 
Central Business District 

Snehamay Khasnabis, * Department of Civil Engineering, Wayne State University 
Harvey R. Joyner, Barton-Aschman Associates, Inc. 
John G. Pickard,* Colin Buchanan and Partners, London, England 

A regional Metrorail system currently under construc
tion in the greater metropolitan Washington, D.C., area 
is designed to create high-accessibility corridors in 
the region by providing a 156.8-km (98-mile) transit
network system. The city of Alexandria, Virginia, is 
located approximately 16 km (10 miles) south of Wash
ington, D.C. The proximity of Alexandria to the nation's 
capital and the historic nature of that area render a 
flavor to this city that is somewhat different from the 
majority of urban areas. There will be two Metro sta
tions located on the western edge of the central business 
district ( CBD), and the Metro route will parallel the ex
isting railroad right-of-way. 

It must be recognized, however, that the Metro sys
tem will not offer a panacea to all of the transportation 
problems in the region. For example, the system will 
not provide a door-to-door transportation service. The 
success of the system is partially contingent on an ade
quate interfacing of the Metrorail (the primary mode) 
with a proper distributor or minitransit system (access 
mode) that will provide critical linkages between the sta
tions and the diverse land uses within the CBD area. 

The specific objectives of this study were 

1. To estimate the desires of travelers in the CBD 
area of Alexandria in relation to the two Metro stations; 

2. To investigate a series of small-scale transit 
systems that would interface between the primary and 
access modes, and to select a generic type of vehicle 
that is based on level of demand, urban design, and op
erational, environmental, and community-acceptance 
criteria; and 

3. To recommend a series of preliminary corridors 
for the proposed minitransit system. 

The study area essentially covered the entire CBD of 

Publication of this paper sponsored by Committee on Public Transporta
tion Planning and Development. 

*Messrs. Khasnabis and Pickard were at Barton-Aschman Associates, 
Inc., when this study was conducted. 

Alexandria. The area is bounded on the west by a rail
road line, on the north by the limits of development along 
an existing parkway, on the south by a controlled-access 
highway that surrounds the metropolitan area, and on the 
east by the Potomac River. The railroad, freeway, and 
river present physical barriers to movements and chan
nelize traffic through a few portals into and out of the 
study area. 

STUDY APPROACH, METHODOLOGY, 
AND RESULTS 

Land Use Modeling 

The system approach that was established at the outset 
of the study used travel demand estimates that were de
veloped from the critical inputs of the land use model for 
the design year 1992. It was recognized that the study 
area could develop in a number of ways under different 
sets of growth assumptions. Thus, two alternative growth 
plans for the study area (residential growth aud commer
cial growth models) were developed. These models were 
designed to reflect the extremes of growth potential over 
the next 20 years (1). Estimations of population and em
ployment figures for the residential model were 2 5 900 
and 17 500 respectively, and the corresponding figures 
for the commercial model were 23 600 and 20 700. 

Travel Forecasting Model 

TRIMS (Transportation Integrated Modeling System) was 
developed by the Mefropolitan Washington Council of 
Governments (COG) and was used to develop patronage 
estimates for the p1·oposed minitransit system <;!). The 
model was designed as a quick-response transportation 
planning procedure and has the capability of focusing on 
a small area (micro level) within tlle context of a regional 
background (macro level). The model had already been 
calibrated by COG with regional data. The following 
process within the model was used to estimate travel de
mand: 

1. A regression technique to determine trip gen
eration, 
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2. A gravity model technique to determine trip dis
tribution, 

3. A modal split (disutility function) to separate 
person trips between automobile and transit, 

4. A model for automobile occupancy to convert per
son trips by automobile into driver and passenger trips, 
aud 

5. Assignment of automobile trips to a travel network. 

Essentially, the modeling was performed at the macro 
level in two parallel channels that represented the two 
basic trip purposes of work and nonwork. The work-trip 
distribution was on a person basis, and then a modal
split model was applied to separate the transit trips 
from automobile trips. The person work trips by auto
mobile were subsequently adjusted for a proper 
automobile-occupancy factor to yield driver trips by 
automobile. Thus, the non-work-trip distribution was 
accomplished for automobile trips only and for three 
separate nonwork purposes. The resulting table for 
nonwork trips by automobile was merged with the work 
trips by automobile, was split to zone level in the micro 
analysis area, and was assigned to the highway network. 
Since nonwork transit trips were not accounted for in the 
basic TRIMS model, a procedure for estimating these 
trips was developed as a part of this study. Walk-in and 
tourist trips constituted a third element in the candidate 
trip table. These trips were not included in the TRIMS 
output, but were independently compiled and added to the 
total tr ip matrix (4). 

The transit trip table obtained from TRIMS was ad
justed to include the nonwork component of such trips, 
since TRIMS could only account for transit work trips. 
The transit trip table was also split from the district to 
the zone level to make it compatible with the table for 
automobile trips. A third important adjustment to the 
transit trip table was to assign the internal-external 
trips to one of the two Metro stations in the study area. 

The zonal trip table obtained from the TRIMS program 
was reformatted to include only the internal-internal trip 
interchanges since these trips were considered the only 
candidates for the minitransit system. The table for 
driver trips by automobile was converted into a table for 
person trips by automobile by applying an appropriate 
automobile-occupancy factor. 

Trip Desires Relative to the Minitransit 
System 

An assessment of the order of magnitude of the travel 
demand for the minitransit system was made by applying 
a high and a low modal split (secondary) on each of the 
candidate trip tables and then by combining the respec
tive tables. The assumptions that led to an assessment 
of these secondary modal-split factors for transit, 
driver trips by automobile, and walking trips were re
spectively as follows. 

1. A relatively high range of modal split (80 to 100 
percent) was assumed in view of the potential attractive
ness of minitransit service, the absence of any parking 
facility in the station areas, and the problems associated 
with having to coordinate the schedules of two people to 
make a single trip (kiss-and-ride). 

2. It was assumed that between 20 and 50 percent of 
the candidate person trips by automobile would actually 
be attracted to the minitransit system. The rest would 
continue to drive their automobiles for trips within the 
study area. 

3. It was assumed that 50 percent of the candidate 
walking trips would be diverted to the minitransit system. 
Theoretically, all walking trips may be diverted to the 

minitransit system, if the quality of service is considered 
ideal. The figure is likely to be substantially lower when 
factors such as cost, convenience, walking distance, and 
waiting time are considered. 

Results of Patronage Forecasting 

1. The range of trips projected for the minitransit 
system in 1992 varied from 30 000 to 40 000 trips/d. The 
range is caused by the use of the two alternative growth 
model projections that allow for both liberal and conser
vative assumptions concerning changes in population, 
housing, employment, and income during the study period. 

2. The 2-h peak-morning traffic, which is expected 
to use the proposed transit system under varying land use 
and modal -split assumptions, was estimated to be within 
a range of 6400 (low) to 8600 (high) (5). These numbers 
were the basis for calculating the number of vehicles and 
schedules for the proposed transit system. 

3. The patterns for the traveler's desired lines for a 
minitransit system indicated heavy volumes for both 
Metro stations. It was indicated that the highest level of 
interzonal demand is between the north waterfront, where 
dense residential development is expected, and the Brad
dock Road station. 

4. The analysis showed that the critical areas to be 
served by the minitransit system are the two Metro sta
tions and the core of the downtown area. The peak hours 
of the internal trips are likely to occur during the midday, 
due to a large number of walking trips. The peak hours 
for travelers using the Metro for work trips are expected 
to be during 7 to 9 a.m. and 4 to 6 p.m. 

SYSTEM ANALYSIS 

Urban Design and Community Impact 
Factors 

In view of the historical nature of the study area, it was 
recognized that the impact of an overhead transit system 
such as perso1tal r apid transit (PRT) vehicles moving on 
a fixed guideway would be very different from that of a 
minibus system. In general, an overhead structure that 
supports transit vehicles would have columns with con
crete beams spaced every 15.3 to 22.9 m (50 to 75 ft). 
The catenaries that provide power for an electric street
car or trolley would generally require poles every 30.5 m 
(100 ft), and the arms that suppo1't the wires would pro
ject into the center of the street. After a careful analysis 
of the visual impact of wires and fixed guideways in vari
ous parts of the study area, it was concluded that the 
general effects of an overhead structure in the residen
tial areas of Old Town would be so severe that considera
tion of such a system for the whole study area was pre
cluded. This decision was substantiated by a survey in 
which different transit system concepts were presented 
to community groups, merchant associations, and the 
historic area committee. 

Technological Analysis 

Over the past 5 years, many new forms of urban trans
portation have been developed that include a number of 
small-scale transit systems for the distribution of pas
sengers over small areas. The advantages and disad
vantages of these systems were weighed. These sys
tems were then compared to more conventional forms of 
transit -distributor systems (6). 

The three transit possibilities analyzed were people
mover, light rail, and bus systems. The advantage of 
people-mover systems and elevated guideways is the 
ability to carry large volumes of passengers at relatively 
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1 Fixed Gui deway Sys terns 2 Spec- 3 Light 
A B Demand- ia 1 i zed Rai 1 

Objectives Headway Sys terns activated PRT Bus Systems 

Figure 1. Systems evaluation matrix. 

(Medium capacity) (low capacity Systems 

1. MINIMIZE VISUAL INTRUSION 0 0 • 1"I 
2. Minimize air pollution • • 0 • 
3. Minimize energy consumption 0 0 • C!I 
4. Reduce auto traffic congestion C!I 1"I C!I C!I 
5. Enhance A 1 exandri a' s image ? 1 ? ? 

6. Maximize ease of travel • • • • 7. Minimize land for stations/ 
structures 

0 0 • • 
8. Minimize land for parking etc. • • • • 9. Encourage development in de-

fined corridors • • C!I • 
10. SYSTEM CAPAC ITV COMMENSURATE 0 I! • 1"I 

li!TH PEP.K DEMAND 
11. Maximize wide-area service 0 I! • 0 
12. Minimize on-system time C!I • 0 0 
13. Maximize route flexibility 0 0 • 0 
14. Minimize vehicular conflicts • • 1"I 0 

15. Maximize system reliability C!I I! • C!I 
16. Minimize operating costs/fares* C!I I! 0 0 
17. Minimize capital cos ts* 0 0 • C!I 
18. Minimize physical problems of 0 • • • integrating system into area 

19. Maximize personal Security C!I 0 • • 
20. Provide pleasant riding environ- • • C!I t'I 

ment 

'Specific costs 1<ill be developed in Phas e II of the study . 

• Very Good 
~Sa t isfactory 
D Poor 

high average speeds with minimal labor cost. The major 
disadvantages are the visual impact of the guideways, the 
relatively short experience of operating in commercial 
situations, and high capital costs. 

The advantages of light rail systems are clean, non
polluting operation, undefinable charisma of the vehi
cles, and ability to operate relatively well in a semi
reserved street right-of-way. The disadvantages are 
similar to those of an elevated guideway system, with 
the exception that the overhead structures are less ob
trusive. The light rail systems also require manual 
operation. The ubiquitous bus has achieved its prom
inence by being relatively cheap to install, flexible to 
operate on a variety of routes, and able to penetrate 
most areas where the automobile can go with minimal 
visual impact . On the other band, buses have polluting 
engines, must operate in mixed trailic (although special 
bus lanes can he created), and 1·equire manual operation. 

Evaluation Criteria 

As a part of the evaluation process, each of the three 
systems was described according to a set of factors that 
included operating characteristics, physical features, 
use of resources, and environmental impact. Under the 
elevated guideway system, two subsystems, namely 
Medium Capacity Headway System and Low capacity 
Demand Activated PRT System, were considered in the 
evaluation matrix. 

The information developed was a major input to the 
overall system evaluation process. Each type of vehicle 
was assigned a rating to indicate whether it satisfied an 
objective well, moderately, or poorly. Because of the 
disparity among the objectives, between those that were 
suited to quantitative and qualitative evaluation, this 
broad qualitative rating system was applied as the low
est common denominator. 

A comprehensive set of objectives was developed that 
encompassed transportation planning, community urban 
design, and operational aspects of the proposed system. 
The system evaluation process indicated that the ma-

jority of the objectives were totally satisfied by a small 
bus system, and that only three objectives were not sat
isfied. As shown in Figure 1, these objectives were air 
pollution, length of travel time, and operating costs. 

It was concluded that all further analysis in this study 
should be in the area of small bus systems. This con
clusion presents a wide range of options from the twin 
coach models to the articulated minibus; from the con
ventionally power ed diesel bus to the batte1·y-opera ted 
Electrobus; a nd 'from the rear-engined Flexette to the 
low-platformed, front-wheel-drive Ginkelvan. 

CONCLUSIONS 

1. The range of demand indicates that there are suf
ficient trips to justify a minitransit system in the central 
area of Alexandria under all foreseeable circumstances 
of growth to 1992. 

2. A small fleet of minibuses is well suited to ac
commodate the 30 000 to 40 000 daily trips that are an
ticipated by 1992. Even the highest peak-hour volumes 
in 1992 do not justify the fixed guideway system. 

3. The initial public reaction supports the view that 
a fixed, elevated guideway would be incompatible with 
the historic and residential environments of the study 
area. 

4. Depending on the modal-split assumptions, between 
18 and 30 small 25-passeuger buses will probably be re
quired to satisfy peak-hour demand. This demand will 
allow between 90 and 60-s headways respectively. These 
figures are tentative and will be subject to more rigorous 
scrutiny in phase 2 of the study when operations, sched
ules, and costs will be analyzed in more detail. 

5. The ultimate selection of a minitransit vehicle 
should give strong weight to considerat ions of comfort, 
pleasant interior design, and particularly the attractive
ness of the vehicle as it contributes to the city street
scape. 
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Abridgment 

Rural Public 
Transportation: 
Alternative Systems 

Robert L. Martin and Mary C. Oppermann, Kimley-Horn and Associates, Inc., 
Raleigh, North Carolina 

There are many people in rural areas who are either 
unable to or cannot afford to operate an automobile . The 
mobility of these transportation-disadvantaged people is 
severely restricted because usually there is no other 
form of public transportation available to them. A rural 
public transportation system would greatly benefit the 
transportation disadvantaged. It would remove their 
dependency on others who provide transportation at in
frequent intervals; it would provide access to employ
ment and education for those who are unemployed or are 
unable to become employed because they have no trans
portation; and it might decrease the number of people 
receiving unemployment and welfare benefits. It would 
also increase the use of community and social services , 
by eligible persons (clients), due to their impr oved 
mobility. 

Different segments (target groups) of the rural popu
lation impose varying requirements on any transporta
tion system to fulfill their travel needs: It is necessary 
to explore a number of alternative concepts for rural 
transportation systems that might have the potential to 
increase the level of service available to and the overall 
mobility of various target groups who require transpor
tation. One concept or combination of concepts, depend
ing on the unique requirements of each area, could then 
be incorporated into the rural public transportation sys
tem best designed for the specific transportation
disadvantaged population. In many rural areas, espe
cially those with a relatively low population density, the 
cost of initiating and operating an extensive transporta
tion system is prohibitive. Therefore, the alternative 
transportation concepts considered include some using 
existing vehicles and some requiring the purchase of 
new vehicles with a wide range in operating (and capital) 
costs {_!). 

Publication of this paper sponsored by Committee on Public Transpor· 
tation and Development. 

SYSTEMS REQUIRING NEW 
EQUIPMENT 

Demand-Responsive System 

A demand-responsive system operates in response to 
specific requests for transportation from designated 
origins to designated destinations (known travel desires). 
It can be adapted to diffuse rural-rural travel but is more 
appropriate to concentrated rural-to-urban trips. It pro
vides flexible, personalized service in response to indi
vidual travel requests rather than operating in anticipa
tion of rider demand. Clients request transportation 
service, usually at least a day in advance, through a 
central communications system. These demands for 
service are then grouped by location and time of pickup 
to efficiently serve the greatest number of people per 
vehicle trip. The system operates for a known demand, 
thus eliminating the operation of vehicles on fixed routes 
in areas where or when there is little or no demand for 
transportation service. 

Fixed-Route System 

A fixed-route (and fixed-schedule) system operates 
on a r egular schedule over the s. "e routes in an
ticipation of travel desi r es . . It is generally oriented 
to rural-to-urban trips; the routes begin and end in 
developed areas where needed services are available 
to the target population. For efficiency of operation, 
service can be scheduled for home-to-work travel 
during peak hours and for transportation of clients 
to urban locations where they can shop, receive medical 
treatment, conduct personal business, or receive aid 
from local social service agencies during the day. A 
fixed-route system is less complicated to operate and 
use than a demand-responsive system. 

Feeder System 

A feeder system functions by using several small vehicles 
that operate on a demand-responsive basis to pick up pas
sengers at their homes and feed them to fixed-route lines 
operating on primary highways. This kind of system can 
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serve a greater proportion of those needing transporta
tion service than can a fixed-route system and can op
erate more efficiently than a demand-responsive system. 
Most rural families tend to be concentrated on or near 
primary roads where the fixed-route portion of the ser
vice would opP.ratf~, but, along secondary roads where the 
population is not sufficiently concentrated to warrant 
fixed-route service, vehicles could operate on a demand
responsive basis, feeding into the fixed-route service. 

Subscription Service System 

A subscription service system provides door-to-door, 
preprogrammed transportation on a regular schedule to 
a relatively constant clientele. A client may subscribe 
to service on a daily basis, such as for a home-to-work 
trip, or for less frequent use, such as weekly trips for 
regular medical appointments or for shopping. This 
prearranged service provides basic, regular transpor
tation to employment centers, medical centers, educa
tional institutions, shopping centers, and for social
service trips. The system is primarily a fixed-route 
operation in its service to a regular group of clients 
going to particular destinations ; however, the routes are 
flexible enough to be changed to accommodate new clients 
who have need for the service (or to accommodate new 
destinations). 

Rural Family Transportation System 

A rural family transportation system (2) functions under 
a cooperative organization in which heads of households 
of rural low-income families join at little or no cost and 
share in a group approach to the acquisition and operation 
of privately owned automobiles or pickup trucks. Knowl
edgable professionals assist in the purchasing, financing, 
insuring, maintenance, and operation of lhe privalely 
owned vehicles. The individual participant benefits by 
obtaining the best vehicle for his money with reasonable 
financing and insurance and with regularly scheduled ad
vice on the care of the vehicle, including preventive 
maintenance. The program has a central headquarters 
and outlying inspection stations within selected sectors 
of the total area served. The headquarters coordinates 
the purchasing, financing, insurance, and major repairs. 
The outlying inspection stations consist of small garages, 
service stations, or technical education centers staffed 
by qualified mechanics who perform preventive mainte
nance inspection of the vehicle and advise the owner of 
needed repairs and the estimated costs involved. Special 
training activities are performed at the headquarters. 
This system provides the family with a private vehicle 
to be used for all trips. 

Institutional Commuter Vans 

Worker-driven, institutionally owned commuter vans 
provide a transit service that generally uses 12-
passenger vans driven by one of the passengers and 
provides door-to-door, home-to-work commuting for 
employees of the institution. The institution buys the 
vehicle and provides it to an employee who is willing to 
operate the van poo l. Fares are normally p1·iced at the 
break-even level \vi.th special privileges (incentives) 
such as free transportation and use of the vehicle in 
off-hours for the driver. During working hours, the 
van can be part of an intrainstitutional (campus) transit 
system. A commuter van service is easy to implement 
and can be viewed as a logical step from a car-pool 
program. 

SYSTEMS USING EXISTING EQUIPMENT 

Neighbor Compensation System 

In a neighbor compensation system the owner of a vehi
cle shares rides with a neighbor who does not have ac
cess to a vehicle. The individual providing the service 
either picks up a neighbor who needs to make the same 
trip, or arrangements are made with the vehicle owner 
to provide special trips for neighbors. The vehicle 
owner is then reimbursed on a per mile basis. In order 
to match people who need rides with those who are mak
ing the same trip or who are willing to provide transpor
tation, a central dispatching agency must be established. 
This agency also keeps records of the number of miles 
driven by each person providinf': tranRportation, for rP.
imbursement purposes, and, if the passenger is being 
charged a portion of the cost, of the number of miles 
ridden, for billing purposes. Because this transporta
tion is provided by automobiles, the neighbor compensa
tion system can be easily used by elderly and handicapped 
persons who may have difficulty boarding buses or vans. 
It also generally provides door-to-door service. 

Volunteer Driver and Vehi cle Sys tem 

A volunteer system operates either in the same way as 
a neighbor compensation system, but without the vehicle 
owner being reimbursed, or as a demand-responsive or 
fixed-route system in which volunteer organizations such 
as church groups or civic organizations, who own the 
vehicles, provide the service. A volunteer transporta
tion system is the most inexpensive system to operate 
because no capital expenditure is necessary and the only 
cost of operation is a dispatching service that matches 
riders to vehicles and plans routes. 

Leased Personal Vehicle System 

In the lea8ed ptH"8onal vehicle system, an individual or 
family without direct access to transportation leases a 
private vehicle from a friend or neighbor who has a vehi
cle that is not being used to its full potential. There is 
an agreement between individuals or families for the one 
without transportation to lease the other's vehicle for 
certain times of the day, or days of the week, when it is 
not needed by the owner. 

Social Service Provide r System 

A social service provider system takes some of the ser
vices performed by social service agencies and other 
organizations to the rural disadvantaged population rather 
than transporting this scattered population to the urban 
center. Some of the services that may be taken to the 
people include public health education, public health im
plementation, education on self-reliance and creativity, 
education on social control, and specific services such 
as food commodity package delivery, food stamp and 
welfare payment distribution, banking, and postal ser
vice. This service could be provided by nurses for 
health care services or by trained drivers who use their 
own or social service vehicles for personal business 
services. This program especially benefits the elderly 
and handicapped who cannot travel or have difficulty do
ing so. 

Group Trips (Charter Service) 

This service is, as the name implies, a contracted ser
vice to provide transportation for specific groups for 
particular trip destinations. Groups such as clubs for 



the elderly, societies for the handicapped, youth groups, 
church groups, women's clubs, or social service agen
cies could arrange this kind of transportation service 
either for one-time trips or for regular, repetitive trips 
such as those for medical, educational, or social and 
recreational purposes. Public agency vehicles and buses 
used in regular daytime transportation systems could be 
used for this service, but special equipment to accom
modate certain elderly and handicapped persons would 
have to be available. 

Intercity Bus System 

A bus transit system to provide transportation on a 
fixed-route and fixed-schedule basis within a rural re
gional setting is similar to the intercity services cur
rently provided by numerous private bus operations, 
both large and small, throughout the nation. Users would 
have to reach a central area or location on the route that 
the bus travels, either by walking, by riding with some
one, or by using another transportation service operat
ing as a feeder system. This kind of system would pro
vide service to only a small proportion of the rural 
population needing transportation because, as it is fixed
route, it is usually confined to main highways between 
urban areas. Greater coverage and a higher level of 
service could be accomplished by scheduling feeder ser
vices from the rural areas to meet the intercity bus 
schedules. Because of the infrequent schedule times of 
the intercity (and intercounty) bus service now available 
in most rural areas, trips for social and recreational, 
medical or dental or both, personal business, and shop
ping purposes would predominate. Trips for work and 
educational purposes would be difficult to make unless 
arrangements could be made with bus companies to re
vise the usual methods of operating and scheduling. A 
completely new level of service for intercounty commut
ing to work would have to be established, based on the 
services provided by private enterprise and by building 
additional work routes ~). 

Combined School Bus System 

This transportation system could operate in the same 
manner as some of the other bus systems described. 
Because school buses usually are operated only for short 
periods during weekdays, they could serve many trans
portation needs of the disadvantaged between delivery 
of pupils to and from schools, at night, and on weekends. 
Privately owned and operated systems that contract with 
school districts or counties to provide school service 
would be likely candidates for operators. The intent 
would be to make maximum use of little-used vehicles. 

SUMMARY 

Transportation systems such as those described above 
are becoming increasingly necessary in rural areas. As 
more services become concentrated in urban centers it 
becomes more difficult for people without automobiles 
in rural areas to obtain these services. With some form 
of public transportation available, people who were pre
viously restricted in their travel opportunities would be 
able to make trips to obtain education and employment 
to increase their income, to make the necessary basic 
life maintenance trips, and to have more freedom to 
travel because they would no longer be dependent on 
other individuals for transportation. Efficiently pro
vided rural public transportation would offer low-cost 
transportation alternatives to rural residents ~. ~). 
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Abridgment 

Busway Versus Rail Branch: 
Analysis of Atlanta's 
Tucker-North DeKalb 
Corridor 

Richard M. Stanger and Manuel Padron, Metropolitan Atlanta Rapid Transit 
Authority 

- The purpose of this study was to evaluate comprehen
sively the costs, operational effects, and patronage as
pects of bus way versus rail rapid transit in the Tucker
North DeKalb (T/ ND) Corridor in Atlanta. 

Conceptually , the t•ole of transit in this corridor i s 
to p1·ovide t ributary ser vice to the East Rail Line .f.Two 
alternatives are considered: a rail branch providing di
rect, no-transfer service to Five Points; and a busway 
terminating at East Lake Station and requiring a trans -
fer to the East Rail Line. : The rail branch would oper
ate essentially as a separate radial line and, from the 
users' perspective, be a separate line-haul service. 
The busway alternative would be a feeder service route. 
Each facility would provide a different set of costs and 
benefits. As a busway, the T/ ND Line is somewhat 
unique and offers a new type of busway for analysis. It 
is similar to rail in operating concept, yet also provides 
direct area coverage. Specifically, unlike any existing 
busway, (a) it is not part of a freeway, (b) it provides 
optional intermediate stops in its line-haul section, and 
(c) its purpose is to feed a rail trunk line. 

BACKGROUND 

Atlanta is a rapidly growing region. In 1970, the Atlanta 
urbanized area had a population of 1 172 000. The 1973 
estimated population of 1 587 000 in the seven-county 
area (Clayton, Cobb, DeKalb, Douglas, Fulton, Gwin
nett, and Rockdale) is expanding at an annual rate of 3.4 
percent. The official estimate for the year 2000 regional 
population is 3 500 000. The 1970 median household in
come for the area was $10 698, and the typical household 
had 1.4 automobiles. DeKalb County, where the subject 
corridor is located, is generally a more affluent area. 
The median household income was $12 137 in 1970, and 
the average household had 1.65 automobiles. During the 
last decade, 42.5 percent of the growth in the 1970 At
lanta standard metropolitan statistical area occurred in 
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Planning and Development. 

8 

DeKalb County, which encompasses only 15.6 percent of 
the land area. Figure 1 locates DeKalb County within 
the region. The T/ ND corridor is a wide sector oriented 
northeast from the East Lake Station of the East Rail 
Line, 4.8 km (3 miles) from central Atlanta. It is gen
erally similar to the rest of the county in socioeconomic 
characteristics and has undergone similar recent and 
rapid g r owt h. However, its population density i s 1020 
persous/ kro2 (2650 persons/ mile2)-twice t hat of DeKalb 
County overall . 

DESCRIPTION OF ALTERNATIVES 

Rail Alternative 

Just west of the East Lake Station, the T / ND rail branch, 
which has three stations, diverges north from the East 
Line. The first station is the North Decatur Road Sta
tion 6.5 km (4 miles) from the East Line turnout, where 
there are 850 parking spaces. The second station i.s 2.4 
km (1.5 miles) farther out at North Druid Hills Road and 
has 1200 parking spaces on both sides of the tracks. At 
the end of the line, east of Cooledge Road , is the terminal 
station, which has 3500 spaces. 

Busway Alternative 

The busway starts at the East Lake Station of the East 
Rail Line , where there are provisions for easy and con
venient transferring, and follows the Seaboard Coastline 
Railroad right-of-way to the Cooledge Road Station, al
ways east and south of it. It is shorter than the rail al
ternative: 11.4 versus 14.3 km (7.1 versus 8.9 miles). 
The North Decatur Road Station has on-off ramps into 
the busway and enlarged curb-side loading areas off the 
busway through lanes. The North Druid Hills Station has 
a 1000-space parking lot, as well as on-off ramps for 
busway access. Cooledge Road is similar, but larger, 
with 2800 parking spaces, bus storage and turnaround 
facilities, and other station amenities. 

Feeder Bus Routes 

Common to both rail and busway system alternatives is 



an identical network of feeder bus routes. A total of 19 
feeder routes would use the busway. In all, more than 
90 percent of the population in the corridor is within 0.4 
km (0.25 mile) of a bus route. 

PASSENGER ATTRACTION 

The same mode choice model was used in both analyses 
of patronage attraction. The forecasts reflect some ad
ditional growth expected around stations in specific 
zones, with all other zones remaining equal for both 
modes. The techniques used to derive these figures 
are standard and based on an unconstrained demand. 
The sizes of the stations, parking lots, or feeder bus 
fleets were not developed until after the total uncon -
strained demand by access mode had been determined. 
Access time was found to be the primary variable. 

The raw output of the mode choice model was adjusted 
because some zones are relatively equidistant to two rail 
facilities. Thus, a certain number of trips from each 
zone in the corridor were reassigned to the North and 
East Rail Lines to reflect a more realistic use of these 
facilities. The access mode to the line-haul stations 

Figure 1. DeKalb County 
and the Tucker·North 
De Kalb corridor. 

Table 1. Summary of comparative analysis. 

Feature or Cost 

Project length, km 
Peak-hour passengers (one-way) 
Total daily passengers (two-way) 
Load factor 
Number of buses 
Additional rail cars 
Operating vehicle-kilometers 

Bus vehicles• 
Rail cars' 

Operating costs 
Bus vehicles, $" 
Rail cars, $' 
Road or track, $ 
Station, $ 

Total cost difference, $ 
Cost of lower revenues (at 251'/t rip), $ 
Total operating cost difference, $ 
Total capital costs, $ 
Capital cost per kilometer (construction 

plus vehicles), $ 
Amortized cost per year (at 8i; rail con

struction, 50 years; bus construction, 
25 years; buses 10 years), $ 

Total annual cost differential, $ 

Notes: 1 m = 0.62 mile. 
All costs in 1975 dollars. 

Bu sway 

11.43 
4480 
26 900 
1.49 
115 
0 

11 714 000 
9 518 000 

6 644 000 
4 '129 000 
75 000 
100 000 
340 000 
120 000 
460 000 
102 000 000 

8 909 00(1 

10 180 000 

10 640 000 

8 T /ND corridor service only. bFrom Candler Park East only. 

Rail Branch 

14.41 
6070 
36 400 
0.89 
84 
8 

6 179 000 
13 289 000 

4 184 000 
6 603 000 
150 000 
270 000 

180 000 000 

12 462 000 

15 320 000 

15 320 000 
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was then determined by analyzing the relative attractive
ness of each access mode {bus, walking, kiss-and-ride, 
or pa.J.•k-and-ride) for each of the zones contribut.iug pa
trons to the line-haul stations. The busway is estimated 
to carry a morning peak-hour volume of 4480 persons in 
1995. The rail line volume for the same year is esti
mated to be 6070. The rail alternative will attract 35 
percent more patrons than the busway because of its 
shorter total travel time, which results principally from 
the elimination of the transfer at the junction of the T /ND 
branch and the East Line in the rail alternative. The ad
ditional 1590 riders projected on the T/ ND rail branch 
comprises three components: 

1. Patrons diverted from automobiles to transit (70 
percent), 

2. Patrons created by urban development in the im
mediate vicinity of the rail line stations ( 10 percent), and 

3. Patrons created by the shift of some patrons from 
the East and North lines to the T/ND rail branch to take 
advantage of the elimination of the transfer of modes at 
the junction with the East Line. 

With regard to component 2, the inherent advantage of 
the busway alternative, the elimination of the surface 
feeder-to-trunk line transfer, works against the creation 
of accessibility nodes. Component 3 does not, of course, 
represent a net increase but is highly desirable ope1·a
tionally because the North Line is othe1·wise projected 
to be loaded beyond seating capacity by 1995. 

CAPITAL COSTS 

The rail line is far more costly to build and equip than 
the busway alternative. Estimates place the total capi
tal cost of the rail branch, including design management, 
escalation, and contingencies, at $180 000 000 in 1975. 
The busway alternative is estimated to cost $101 000 000. 
Excluding all costs but those for construction, the rail 
and bus alternatives are estimated to cost $97 000 000 
and $54 000 000 respectively. 

OPERA TING COST 

Table 1 summarizes the operating features and costs as
sociated with the two alternatives, including the revenue 
difference (calculated at 25 cents/ trip with free transfers) 
resulting from increased rail patronage. The rail line 
shows a slight operating cost advantage. However, two 
points must be kept in mind. The first is that the costs 
are very sensitive to the physical design of the system 

. such as the terminal and turnback track locations. The 
second is that the assumed cost per kilometer of opera
tion, no matter how accurately developed from operating 
experience, can never be precisely known beforehand. 
Any operating cost trade-off analysis must therefore be 
done with a great deal of knowledge of system design 
givens and thorough operations planning analyses. 

QUALITY -OF-SERVICE FACTORS 

1. Area coverage: The residential collection and dis
tribution bus routes for the two alternatives are identical 
and, consequently, provide equal area coverage. 

2. Frequency of service: Automobile-access patrons 
will have service headways of 1 min using busway-only 
buses, but they must transfer to the rail line, which, be
cause of larger train capacity, operates on 3 .4-miu head
ways in 1995. 

3. Reliability: Both modes should have high schedule 
reliability. 

4. Speed: The rail line speed to Candler Park aver-
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ages 74 km/h (46 mph), slightly higher than the busway 
alternative. 

5. Comfort: The primary index of comfort is seat 
availability, often expressed as load factor. The rail 
alternative provides a lower load factor because of 
larger unit train capacities. 

6. :Number cf transfers: Over 49 percent of the bus
way users (those using the automobile as part of the 
work trip) require two transfers to reach downtown, a 
distinct disadvantage over the rail alternative. Almost 
89 percent of rail line users transfer once, the rest 
walk, but none must transfer two or more times. 

7. Capacity: Under maximum expected volumes, or 
any reasonable increase, neither alternative has a ca
pacity problem. 

CONCLUSIONS 

For the circumstances of the T/ND corridor under the 
given assumptions, several major conclusions can be 
drawn: 

1. Patronage will be 35 percent higher for the rail 
alternative; 

2. Capital costs are estimated to be 45 percent 
lower for the busway; 

3. Operating costs are estimated to be slightly 
lower ($500 000/year) for the rail branch; and 

4. Quality of service offered the user will be higher 
with the rail alternative. 

These conclusions, in specifics, are limited to the 
conditions of the study corridor. However, several 
generalizations can be made. 

1. Capital costs of busways are almost invariably 
lower than those for rail branches. This results mostly 
from the more substantial station costs needed, in part 
to handle more riders, and the additional cost of elec
trification; 

2. Operating costs are extremely sensitive to dis
tances involved, turnback locations, and scheduling. 
other than to say that it is doubtful that a rail alterna
tive will be more costly to operate than a busway feeder 
alternative, it is dangerous to generalize; and 

3. Rail service into a branch corridor will invari
ably be of a higher quality than will a busway feeding a 
main rail line. The reasons for this include the need 
for more transfers with a busway alternative, the lower 
headways on rail feeder bus services with the same (or 
even a smaller) fleet size, and the higher level of com
fort that rail vehicles naturally offer. 

For these reasons, a rail branch will attract a substan
tially greater number of riders than will a busway alter
native. 



Nature of Equilibrium 
in the Market for 
Taxi Services 

Charles F. Manski and J. David Wright, School of Urban and Public Affairs, 
Carnegie-Mellon University 

This paper reports an investigation of the mechanism by which demand and 
supply are equilibrated in the regulated taxi market. A simple model is 
developed in which the demand for taxi trips, as measured by the pas· 
senger arrival rare, is a function of a set of exogenous variables, including 
fares, and of the endogenous variable, taxi availability, is developed. The 
profitability of taxi operations is determined by exogenous factors and 
by an endogenous variable, tad utilization. The number of taxi vehicles 
supplied is determined by the profit function and by the industrial struc· 
ture. Taxi av;iilability, which is measured by expected waiting time, and 
utilization, which is measured by the expected proportion of time the 
vehicle is occupied, are determined by both the passenger arrival rate 
and the number of taxis operating. The complexity of the taxi merkot, 
particularly its spatial and temporal aspects , makes considerable idealize· 
tion necessary for its analysis. Evon the simple model developed here 
does not admit a closed form solution for its oquilibrium conditions, 
thereby constraining tho work to a numerical example. The most striking 
feature of tho model is its demonstration that in the taxi market supply 
generates demand and vice versa since an exogenously caused Increase in 
the m1mber of taxis operating will decrease waiting times and thus in· 
crease the passenger arrival rute. which will increase the taid occupancy 
rate and thus increase profits and, hence, the taxi supply. This supply· 
demand interaction can be explosive but eventually must damp out. 

Recognition of the value of low-capital-cost, flexible 
public travel modes as alternatives and complements to 
conventional public ti·ansport is growiug among trans
portation planners and researchers. Inevitably, this 
recognition has focused increasing attention on the one 
low-capital, flexible mode currently in widespread use, 
i.e., the taxi. 

Evidence of the desire to transform the taxi from 
somewhat of a residual mode into an integral part of the 
urban transportation system is found in a va1·iety of ex
perimental programs now ongoing or being proposed. 
For example, Washington, D.C., has recently instituted 
regulatory changes that attempt to increase taxi avail
ability by permitting l'ide sharing dlll'ing all hou1·s of the 
day. In numerous places , there have been proposals 
to deregulate the taxi industry in one way or another. 

Publication of this paper sponsored by Committee on Urban Transport 
Service Innovations (Paratransit). 

It is unfortunate that the regulatory changes imple
mented thus far and those now being contemplated have 
proceeded largely on the intuitions of their advocates 
and without the benefit of any real analysis of their con
sequences. This situation, which arises from the pres
ent absence of a coherent framework within which the 
operation of the taxi market may be understood, has 
prompted us to begin an effo1·t to provide the necessai·y 
structure. This pape1· reports the first results of the 
work. 

OPERATION OF THE TAXI MARKET 

Many characteristics distinguish the taxi market from 
the idealized market of conventional economic analysis. 
Of these, two are of particular importance. These are 
the pervasiveness of regulation in this market and the 
inherent temporal-spatial nature of the taxi service. 

Regulation of taxi fares is almost universal and 
regulation of entry into the industry nearly so. Ignoring 
welfare considerations the presence of such regulations 
creates an important question about the manner in which 
the taxi market operates. That ts, if, in this market, 
price, the usual short-run market-clearing variable, is 
exogenously fixed, how can we characterize a short-run 
equilibrium of the taxi market? And similarly, when 
entry is restricted, what is the essence of long-run 
equilibrium? 

A second set of issues derives from the nature of a 
taxi service. Being one of transportation, the taxi ser
vice necessarily consumes time as well as material 
resources. This basic fact, coupled with an irregular 
pattern of customer arrivals and of travel times to 
destinations, introduces special concerns to both the 
users and suppliers of the taxi service. On the demand 
side, it forces potential taxi users to consider taxi avail
ability as well as fare in making their mode-choice 
decisions. From the supply perspective, the taxi firm 
must concern itself with the rate of utilization of its 
vehicles as well as with trip revenues and costs. More
over, taxi availability, through its influence on the level 
of taxi use, indirectly affects the vehicle utilization rate 
and the utilization rate, through its influence on the level 
of supply, in turn affects taxi availability. Hence, the 
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Figure 1. Relations between taxi availability and taxi utilization. 
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supply of and demand for taxis are intertwined in a 
manner that is not considered in traditional market 
models. The essential elements of these relationships 
are shown diagrammatically in Figure 1. 

There have been a number of past attempts, partic
ularly those of De Vany (!), Douglas (~), and Orr (6), 
to study the difficult analytical issues posed by the -
taxi market and to examine the market under alter
native. regulatory conditions. In addition, Douglas 
and Miller (~) and Mohring (5) have considered sim
ilar problems in their analyses of the airline market and 
bus routings respectively. Each of these authors has rec
ognized in one way or another that the demand for and 
supply of taxi services are connected through the in
tervening variables of availability and utilization. How
ever, for a simple yet subtle reason none of these 
studies succeeds in obtaining a satisfying model of the 
demand-availability-utilization-supply relation. That 
reason is their common attempt to analy:l.e a temporal 
problem within the inherently static framework of con
ventional supply-demand analysis. 

In contrast, we have developed an explicitly temporal 
market model through the use of elementary queuing 
theory. In this model, the demand for taxi trips is mea
sured by the passenger arrival rate (A.), which is a func
tion of exogenous variables including fare and of the 
endogenous variable taxi availability. The profitability 
of taxi operations is determined by exogenous factors 
and by the endogenous variable taxi utilization. The 
number of taxi vehicles supplied (S) is then determined 
by the profit function and by the industrial structure. 
In the model, taxi availability is measured by expected 
waiting time [E (W)] and taxi utilization by the expected 
fraction of time a taxi is occupied [E (U)J. The two vari
ables E (W) and E (U) play the market-clearing role 
normally assigned to price. 

The complexity of the taxi market makes considerable 
idealization necessary for its analysis. Even the simple 
model developed here does not admit a closed-form 
solution for its equilibrium conditions. As a result, 
much of the discussion of the properties of the model is 
through a numerical example. · 

This work, nevertheless, offers interesting insights 
into ~he operation of the taxi market. Conceptually, the 
queuing framework is a far more satisfying perspective 
for viewing the market than that given by static demand
s upply analysis. Moreover, we can, even at this early 
stage, offer some tentative policy-relevant findings. In 
particular, the analysis suggests that, at least within 
some range, an increase in the number of taxi vehicles 
operating will be beneficial to both consumers and firms. 

In what follows, the model is presented, the taxi 
market equilibrium in a semirealistic example is de
termined, and the findings are discussed. 

MODEL OF A TAXI MARKET 

Assumptions 

1. Trip origination-All taxi trips are initiated at a 
single origin at which a cabstand is located. At this 
stand, ta.xis queue for passeneP.rs and passengers for 
taxis. 

2. Demand for trips-Passenger arrivals are Poisson 
distributed with a mean arrival rate of A· Where A > O A. 
is a linear function of a vector of exogenous variables ' 
including fares and of the endogenous expected waiting 
time. Otherwise, A. = 0. 

3. Trip times-Travel times to passengers' destina
tions are exponentially distributed with a mean of 1/ µ 
where µ is exogenously determined. The return to th~ 
cab stand of a vaca.nt taxi takes the same time as the 
outbound trip. Loading and unloading times are in
significant. 

4. Taxi cost function-Taxi operations have constant 
returns to scale, both in fleet size and in the length of 
time a given taxi operates daily. Costs for vacant and 
occupied vehicles are identical. All taxi vehicles are 
identical with respect to costs. An infinitely elastic 
supply of taxi drivers exists. 

5. Fare structure-The regulated fare structure is 
such that trip prices are proportional to travel times. 

6. Industrial structure-Market equilibrium under 
three alternative regulated industrial structures will be 
examined. These are (a) monopoly franchise (b) com
petitive firms restricted in number by medallion limita
tions, and (c) competitive firms with free entry. Firms 
ai·e always assumed to be expected-profit maximizers. 

Queuing Process 

The above system is a queuing process with servers in 
parallel, a single queue with Puissun arrivals, expo
nentially distributed service times, first in-first out 
service order, and unlimited queuing capacity. Such 
processes have been extensively studied and lht! re
sults are well-known. 

Let n be the number of passengers in the system, 
both those waiting for a taxi and those being served. 
(For purposes of the queuing model, a passenger will 
be considered to be being served until his taxi returns 
to the cabstand. This convention simplifies the pre
sentation.) Let S be the number of taxis operating. Let 
P be the probability that all taxis are in service that 
is P = Prob (n ""S). Let p "' A/µ. ' 

Then, a steady-state queue distribution will exist so 
long as p/ S < 1 and E (W) will be as follows : 

E(W) = P/(µS - A.) (I) 

where P = [ 1 + (S !/p5) (1 - p/S) ~~: pl/j 1]-1
. E (U) will 

be as follows: 

E(U) = p/2S (2) 

The factor two in the denominator of this equation arises 
because the taxi, in this model, is occupied only on the 
outbound journey but is in service for the entire round 
trip. 

Behavior of Consumers and Firms 

By the second assumption, consumer behavior is fully 
summarized by the following statement: For any given 
values for the regulated fare and other exogenous vari-



Figure 2. Example of a solution of the system for 
s = 1, ... , 11. 
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ables, there exist a1, a2 > 0 such that 

A= d'.1 - CT1E(W) [ifo1 - CT1ECW) > OJ 
= 0 (otherwise) (3) 

This form for the utility guarantees that for a given S 
a steady-state queue distribution exists. To see this, 
observe that p/ S ~ 1 - E (W) = co .. >.. = 0 - p/ S = 0. 
Hence, there is a contradiction and p/ S must be less than 
one. Thus, the condition p/ S < 1 is necessary and suf
ficient for a steady state to exist. This argument only 
ensures a steady state conditioned on S. Proof that a 
steady state continues to exist when S is allowed to vary 
in accordance with taxiii.rms' behavio1·s is not avail
able. In the numerical example, a steady state uncondi
tional on S is obtained . 

Firm behavior, which determfoes S, depends on the 
industrial structure assumed. Let F be the fare for a 
trip of unit time length and let C be the opel'ating and 
prorated capital cost per taxi per unit time. Then the 
expected industry profits per unit time (E(1r)) are 

E(ir) = [E(U)F-CJS (4) 

Under a monopoly system, the single expected-p1•ofit 
maximizing firm will select a fleet size (Sm) as follows: 

Sm= (any S: [E(U)F- CJ S > [E(U)F-CJ S', all S' > O} (Sa) 

A set of Sm values may satisfy these conditions and 
E (U) Is, by Equations 1, 2, and 3, implicitly a function 
of S. In a competitive free-entry market, the resulting 
supply (Sc) will satisfy the following condition: 

Sc= {any S: [E(U)F - CJ S > 0 and [E(U)F - C](S + I) < O} (Sb) 

Equation 5b essentially expresses the zero profit cri
terion for competitive equilibrium but recognizes that, 
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since S is integer valued, equilibrium profits may be 
positive. Again, Sc may be set valued. The equilibrium 
conditions expressed by Equation 5b may be said to 
imply a certain myopia on the part of firms. In par
ticular, the conditions state that new entry will cease 
whenever the addition of a single vehicle would be un
profitable. It is possible, and indeed occurs in the nu
merical example, that the addition of one taxi is unprofit
able but the addition of two taxis is profitable. Under a 
regulatory structure allowing only owner-drivers and 
no fleets, tl1e conditions of Equation 5b are fully realistic. 
In a competitive market constrained to a maximum 
number of licenses (L), the supply (S1) will be 

S1 =[any S < L: SE Sc] UL if [E(U)F - CJ S > 0 (S = L) 

= [any S .;; L: SE Sc] (otherwise) (Sc) 

Market Equilibrium 

An equilibrium in the market for taxi services is a set 
of values for E 0N), E (U), >.., and S that simultaneously 
satisfies Equations 1, 2, 3, and, depending on the in
dustrial structure, 5a, 5b, or 5c. The complexity of 
this system, particularly Equation 1 and the set Equa
tions 5a, 5b, and 5c, makes analytical efforts to discover 
its properties difficult. Therefore, this paper is largely 
limited to an example in which the system is solved for 
given values of the parameters µ, F, C, a1, and Cl'.2. 

Solution of the System-An Example 

Assume the following values for the parameters of the 
model system: l / µ = 0.25 h/ passenger, F = $20/ 
passenger-h/ taxi, C = $7( h/ ta.xi, ai = 30 passengers/ h, 
and Cli2 = 100 passengers/ h . For any given value of S, 
the subsystem of Equations 1, 2, 3, and 4 may be solved 
for E (W), >.., E {U), and E (1T) respectively. Under the 
assumed values for the system parameters, each such 
solution exists and is unique. The solutions for S = 1, 
... , 11 are shown numerically below and graphically in 
Figure 2. 

A. E(U) 
s E(W) (passengers/ (passenger- E(ir) 
(taxis) (h) h) h/h) ($/h) 

1 0.28 2.1 0.26 -1.8 
2 0.24 5.6 0.35 0 
3 0.21 9.1 0.38 1.8 
4 0.17 12.6 0.39 3.5 
5 0.14 16.0 0.40 5.0 
6 0.11 19.2 0.40 6.0 
7 0.08 22.1 0.39 6.3 
8 0.05 24.6 0.38 5.5 
9 0.03 26.6 0.37 3.5 

10 0.02 28.1 0.35 0.3 
11 0.01 29 .0 0.33 -4.5 

The equilibrium fleet size (S), and hence the equilibrium 
E 0N), >.., and E (U), are determined by the industrial 
structure through Equations 5a, 5b, and 5c. The var
ious possible equilibria are 

1. Monopoly franchise: Sm = 7; 
2. Competitive free entry: Sc = 0 or 10; and 
3. Competitive licensing: Si = 0 if L s 1; = 0 or L if 

1 < L s 10; = 0 or 10 if L > 10. 

It is of some interest to observe how the value of a 
medallion changes with L. Let T be the number of 
operating hours in a year and r be the discount rate. If 
L is the equilibrium number of taxis under competitive 
licensing, then the expected discounted profit stream 
to a taxi owner, i.e., the value of a medallion, is 
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Abridgment 

Car-Pool Information 
Project: Innovative 
Approaches Improve 
Results 

James I. Scheiner, Simpson and Curtin Division, Booz-Allen and Hamilton 
Stephen A. Keiper, Luzerne County Transportation Authority, Pennsylvania 

On January 15, 1974, the U.S. Department of Transpor
tation requested state highway (transportation) depart
ments to cooperate in attempting to reduce transportation
related energy requirements. Car pooling and other 
energy conservation programs were to be developed by 
making optimum use of existing Federal Highway Admin
istration (FHWA) and Urban Mass Transportation Ad
ministration programs and the powers of the 1974 Emer
gency Highway Energy Conservation Act. 

By July 1974, 59 percent of the urbanized areas in 
the country had plans completed or in preparation. ·car
pool information systems were the nucleus of this effort, 
having been initiated in 37 states in which over 3 000 000 
car-pool matching questionnaires had been distributed 
(1). Car-pool information activity has increased in many 
localities through 1975, and car pooling has been consid
ered to be a major program with which to reduce energy 
consumption (2). 

While the potential for car-pool benefits is impres
sive, the realization of these benefits has proved to be 
extremely difficult. In Los Angeles, where the largest 
car-pooling·1n·og1·am in the country was undertaken, only 
12 000 commuters out of a target population of 4 000 000 
drivers (3) initially requested car-pool information. Of 
20 programs evaluated in September 1974, 15 percent 
were rated very effective, 20 percent moderately effec
tive, and 65 percent not very effective (1, 4). Moreover, 
these effectiveness ratings were based On respondents 
and computer matches, not on the actual formation of 
car pools. At a car-pooling seminar held in December 
1974, it was reported (5) that, "Employer involvement to 
date has been considered insufficient. This is believed 
to be a primary problem area." 

More formal evaluations of car-pool information sys
tems are now becoming available. In Boston, a radio
sponsored areawide car -pool information system has 
been reported as only marginally successful (6). In Sac
ramento, on the other hand, 1573 persons have become 
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car poolers as a result of the car-pool information effort 
(7). In Portland, where the formation of 22 000 car pools 
during the first year of car-pool information activity 
(which began at the time of the January 1974 gas shortage) 
was projected, only 611 car poolers were directly 
matched by the in-house computer (8). The pUllJOSe of 
this paper is to add an objective description and evalua
tion of the Wilkes-Barre car-pool information system to 
this growing body of knowledge. 

In the Wilkes-Barre urbanized area (population 
220 000), the Luzerne County Transportation Authority 
(LCTA), in coordination with the Lackawanna-Luzerne 
County Transportation study and the Luzerne County Plan
ning Commission, responded to the energy conservation 
request by preparing a Transportation Action Plan for 
Energy Conservation in Wyoming Valley. The plan con
tained three elements: a transit and car -pool information 
project, a park-and-ride project, and a long-range energy 
conservation plan. 

By being the lead agency, LCTA, a transit operating 
agency, demonstrated the inter modal nature of energy 
conservation. Information obtained from the car-pooling 
questionnaire could also be used for wider purposes than 
computerized matching. Bus pools or club bus arrange
ments could be considered, and more importantly, where 
a commuter could make his trip by transit, appropriate 
schedule information could be sent to inform him of this 
energy-saving transportation alternative. 

THREE POTENTIAL CAR-POOL 
MARKETS 

Three approaches were used to compile the data base 
from which car-pool lists could be formulated. Each ap
proach was aimed at a different ta1·get population, and 
their results were markedly different. 

Areawide Approach 

The areawide approach involved extensive radio, televi
sion, and newspaper marketing efforts to achieve three 
goals. First, the general public was made aware of the 
project and provided information as to how to become a 
part of the effort. Second, employment concentrations 



where there was no single major employer were made 
aware of the project. Third, the areawide information 
reinforced the idea of car pooling for employees who 
had already received forms at work. 

Major Employers Program 

Early in the project it was decided that initial efforts 
would be directed toward major employers-companies 
with over 200 employees. Of the approximately 80 000 
people employed in the Wilkes-Barre area, 40 percent 
are employed in manufacturing. Forty-three major 
manufacturing employers having a total of 16 890 em
ployees and 2 nonmanufacturing employers having a total 
of 850 employees were identified. Of these 45 employers, 
23 agreed to participate in the project. 

LCTA visited each employer to outline the purpose of 
the project and explain the car-pooling form. A large 
grid map of the city of Wilkes-Barre and its vicinity was 
left with the employers for posting in a prominent place 
to enable employees living in densely settled areas to 
easily locate their home grids. 

Employers were encouraged to partially complete the 
forms for their employees before distribution, but only 
1 company chose this method of distribution. A second 
method, which was discouraged, was that of posting an 
announcement informing employees that a car-pool pro
gram was being conducted and that forms were available 
on request. Only 1 employer exercised this passive ap
proach. The remaining 43 employers chose a third 
method that consisted of distributing forms to all em
ployees with a memorandum explaining the project and 
endorsing energy conservation. Within this method, 
management commitments varied considerably. 

Labor Union Participation 

Labor union participation was the third alternative used 
to attract commuters to the car-pooling program. Ini
tially, one union was asked to aid in the car-pooling ef
fort by providing names and other necessary information 
on their members. This information was coded and 
added directly to the project data base. 

Unlike the major employer and areawide approaches 
where, in most cases, the individual was required to 
prepare a form, the union approach required no em -
ployee effort to enter the data bank. In this service, 
called automatic enrollment by LCTA, the union repre
sentative and the LCTA accumulated and coded the data. 
(The union leadership viewed the car-pool program as 
a service to the membership.) 

EVALUATION 

The computerized transit and car-pool information pro
gram was carried out, for the most part, during the 
latter half of 1974. In the evaluation of this program, 
an attempt was made to measure the incremental im -
pact of the program to create transit use of car pooling 
beyond that which was already being practiced. 

Table 1. Summary of bus-pool and car-pool information effort. 

Car-Pool Employees Matched 
Forms 

Numbe:r of For For Bus 
Approach Employees Out In Car Pool Service 

Major employers 16 215 9 435 990 699 626 
Labor union I 525 990 990 954 610 
Areawide 24 24 24 _ 2 7 

Total 17 764 10 449 2004 1655 1233 
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Evaluation Baseline 

LCTA discovered in talking with major employers and in 
reviewing the present mode of travel answers on car
pool form returns that car pooling was already wide
spread in the Wyoming Valley. In most cases, the ar
rangements had been made informally between employees 
without employer assistance although, in some cases, 
employers had posted car-pool information boards or 
provided travel assistance through the personnel office. 
RCA had even operated its own computerized matching 
program during the gasoline shortage. 

To quantify this baseline car pooling, LCTA took auto
mobile counts at selected outlying employment sites for 
which walking or good bus access were not available. 
The ratio of actual day-shift employees to the number of 
automobiles parked in the lots ranged from a low of 1.35 
to a high of 1. 76, with a mean greater than 1.5 em
ployees/ car. 

Two observations can be made from the automobile 
count data. First, there appears to be some correlation 
between automobile occupancy and employer car-pooling 
effort. Second, the Wilkes-Barre area appears to have 
a higher automobile occupancy rate for work trips than 
the national average. Whereas nationally about 140 em
ployees are transported to work per 100 automobiles, in 
Wilkes-Barre this number probably exceeds 150 em
ployees. 

Transit and Car-Pool Information 
Project Participation 

Altogether, 17 740 employees were exposed to the proj
ect directly, either through their employer or their union. 
Indirectly, the entire Wyoming Valley labor force of 
about 80 000 had the chance to participate through the 
advertised telephone information system. Over 10 000 
car-pool forms were distributed to major employers. 
Of these, 990 were completed and returned. At 22 of the 
45 major employers, at which 3580 forms were distrib
uted, there were no returns at all. The results from the 
areawide advertising campaign were even more disap
pointing-only 24 telephone calls were received. Labor 
union automatic enrollment accounted for another 990 
forms received, bringing the data bank total to about 2.5 
percent of the urban area work force. Of the total 2004 
program participants, 1234 received LCTA bus time
tables and a letter explaining how the bus system could 
be used to make the work trip. These data are sum
marized in Table 1. 

Of the forms that were returned, over 80 percent 
were matched into car pools by the FHWA computer pro
gram operated by the Pennsylvania Department of Trans
portation (PennDOT}. The computerized car-pooling in
formation system worked well technically. After a quick 
preprocessing by LCTA, the forms were sent in batches 
to PennDOT who returned the computerized car-pool 
matching lists within 2 weeks. LCTA then reviewed 
these lists for reasonableness prior to mailing, but there 
were very few cases of bad data. 

Thus, LCTA (with a total of 2004 forms entered into 
the car-pool data bank, 1655 car-pool matches, and 1234 
bus system matches) completed one of the most compre
hensive transit and car-pool information programs in the 
United States relative to the size of the work force. 
From this standpoint, the effort could be judged a suc
cess. However, the more relevant issue for energy con
servation is information use. In order to measure this, 
LCTA conducted a follow-up telephone survey of selected 
project participants. 
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Follow -Up Telephone Survey Results 

I11 P.flrly Hl7fi; T.CTA surveyed 87 randomly selected 
employees out of the 1655 who had been matched in car 
pools (a 5 percent sample). Of this sample, 36 had orig
inally received car -pool information through the major 
employer approach, 51 through their labor union, and 
none through the areawide approach. Some of the ques
tions asked and the responses are shown below. 

Question 

Have you received the computerized car-pool 
information sheet? 

Have you received bus timetables from LCTA? 
Have you had occasion to use either the car-
pool or bus information? 

Major employer approach 
Labor union approach 

Total 

Yes Responses 

Num- Per-
ber cent 

81 
59 

8 
9 

17 

93.1 
67.8 

22.2 
17.6 

19.5 

Thus, of the survey respondents, 93 percent had re 
ceived the computerized car-pool information sheet and 
about two-thirds had received LCTA bus timetables, 
which was roughly in proportion to the number mailed. 
Only 19.5 percent of the survey respondents reported 
using either the car-pool or bus information, however. 
Applying this factor to the total number of employees 
who received either car-pool matching sheets, bus time
tables, or both, about 350 people are projected to have 
used the information. Of these, over 200 (58.8 percent) 
used LCTA timetables to ride the bus. Only about 20 
car pools (5.9 percent of the respondents) are estimated 
to have been formed as a result of the effort. The re-
maining persons (23.5 percent) used the information to 
find occasional rides or for other purposes ( 11. 8 per
cent). 

Of the almost 80 percent who did not use the informa
tion, over 30 percent already had a ride or shared driv
ing responsibility in a car pool. Just over 40 percent 
said they continued to drive after receipt of the transit 
and car-pool information. Almost 6 percent of those 
who did not use the information had lost their jobs, due 
to increased unemployment in Wilkes-Barre. 

Although only one person in five used the information 
provided in late 1974, one person in three thought that 
such information could be useful in the future. Almost 
one-half of the automatically enrolled labor union partic
ipants thought the program was not useful , whereas only 
one-third of the self-enrolled major employer partici
pants considered it not useful. However, automatic en
rollment proved superior to the voluntary efforts with a 
ratio of 1 person using the information to 6 forms dis
tributed for automatic enrollment, compared with 1 use 
to 45 forms distributed for voluntary fill-out. This 
suggests that there are many people who will not take 
the trouble to fill out a car-pool information form, but 
will use transit and car-pool information if it is pro
vided. Even those who reported that the information 
was not useful did not object to being automatically en
rolled. 

RECOMMENDATIONS 

In 1974, the car-pooling efforts in the Wyoming Valley 
resulted in the creation of a smoothly operating car -
pool information system. Although relatively small 
numbers of people were attracted to car pooling during 
this period of a plentiful gasoline supply at 13 cents/L 
(50 cents/gal), the car-pooling information program 
capability is being maintained (inactively) in the event 

of future gasoline scarcity. 
In future applications, the car-pool information pro

cess would be run essentially as developed in 1974, with 
the following steps: 

1 T.-1,...,..+..:.f.,..,. ,......,... ...... 1,....,..,.,..._,... 1.-.\...,.,,...,. •• ..,..;,..,...,,,,.... ,.....,...:J ,.,~J..,..,- ,........,,,.,. •• .._,...., 
.... J.\ .. u:a.LL.L.LJ 'CUJ.p.&.vy 'l;;;;;.L .:JI' .Lc:t..IJV.L uu.1.v.uo, a.HU UL.UC.I. 5.1. VUJ:JO 

willing to participate in an automatic enrollment car-pool 
information program; 

2. Assist automatic enrollment groups to fill out car
pool information forms; 

3. Prescreen travel desires for potential transit use 
and mail bus timetabies; 

4. Computer-process batches of car-pool information 
forms; and 

5. Transmit car-pooling information to program par 
licipanls. 

The relatively low level of new car -pool formation in 
Wilkes-Barre in 1974 can be attributed to the following 
factors: 

1. There were no incentives to car poolers, or dis
incentives for single -occupant cars, applied in conjunc
tion with the project; 

2. For the duration of the car-pool information sys
tem, gasoline was plentiful in the area at a 13 cents/L 
(50 cents/gal) price; 

3. At the beginning of the project, the area already 
had a relatively high level of car pooling and transit use; 
and 

4. During the project, the unemployment rate in the 
area hindered new car -pool formation. 

If the results of the Wilkes-Barre car-pooling experience 
are to be applied to other areas , the above four factors 
must be considered. The tecl'.u.~iques of automatic enroll 
ment and transit preprocessing improved program re
sults and could be applied in other urban areas. 
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Abridgment 

Para transit Planning for 
Urban Activity Centers 

Charles E. Barb, Jr., School of Civil Engineering and Environmental Science, 
University of Oklahoma, Norman 

This paper describes an experiment that was an out
growth of the federally funded regional car-pool pro
gram begun in the Seattle area in July 1974~ By January 
1975, it was r ecognized that public interest in a car-pool 
matching service in this area was limited without the 
i mpetus of long gasoline lines (1, 2). At the same t ime, 
othe1· approaches in other cities were becoming avail
able. Two developments were particularly noted else
where: (a ) In areas wher e car-pool pr omotion was pa1·t 
of the tr anspo1'tation sur vey questionnaire, there was a 
higher applicat ion r ate for ca.r-pool matching than that 
being experi enced in Seattle; and (b) in some areas, car
pool applicant information was being used to develop 
ot her paratransit alternatives . Thus, the Seattle pro
gram was reconsidered within the following revised 
principles: 

1. The broadest range of alternatives to single
occupant private automobile use should be promoted 
since the marketing of car pooling is too narrow and 
limited an operational objective; 

2. An attempt should be made to develop an inte
grated and more cost-effective mix of transportation 
services within a region rather than continue promotion 
of one or two modes; 

3. A different approach for transportation marketing 
should be t ried, and i t s hould focus on particular trans
portation problems and needs of individuals rather than 
on the abstract statistical needs of an anonymous public; 
and 

4. A questionnaire approach that is pointedly 
designed should be tested to see if it stimulates citizen 
thinking about transportation alternatives. 

Consequently, it was decided to initiate an experimental, 
questionnaire-based planning program that would com
prehensively address the transit and para.transit needs 
of employee commuters who worked in the major em-
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ployment centers in the Seattle area. The first opera
tional test of the approach was with the downtown hospital 
service node in Seattle that is popularly known as Pill 
Hill. Pill Hill is a congested neighborhood that is ad
jacent to but isolated from the Seattle central business 
district by a freeway and steep topography. Currently, 
only two bus lines serve the area. 

The operational objectives initially defined for the Pill 
Hill experiment were three-fold. The first objective was 
to develop, tm·ough a comprehensive, confidential, ques
tionnail·e s ur vey, ldetailed infor mation about the work
related transpor tation needs and interests of individual 
employees· The second objective was to attempt the op
erational application of survey information in planmng 
improved transit SerVfce, employer Shift and parking I 

management; city-controlled neighborhood parkil)g and j 
access, and the development of paratransit alternatives 
that include car pools, van pools, taxi pools, jitney ser
vice, parking lot shuttles, subscription bus service, and 
special interinstitutional bus and van service. The !!}!.ril 
objective was to develop and enroll hospital employees 
in operational paratransit programs. Also fundamental 
to the initial program concept was the formation of a 
prototype interagency planning team to carry out the 
above. The proposed team was to include regional car
pool staff, hospital employer representatives, regional 
transit property staff, and city traffic engineering staff. 
Figure 1 shows the survey planning process. 

PROCESSING THE HOSPITAL 
SURVEY 

The survey questionnaire for hospital employees was de
veloped with employer advice and professional survey
design assistance. The two-page questionnaire was de
signed to obtain the principal characteristics of an em
ployee's work-related transportation behavior and his 
or her general interest in alternative commuter ser
vices. The employee's name and home address, also 
solicited in the questionnaire, established a potential 
communication link for marketing and for follow-up sur
veys, and the street address was used to derive the prin
cipal geographic codes. 

The survey questionnaire was distributed through ad-
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ministrative channels to all hospital employees. There 
were eight hospitals in the canvas area wiLh a Lulal of 
7020 employees. There was an overall response rate 
of 66 percent (4622 questionnaires), and the response 
rate by hospital ranged between 42 and 84 percent. The 
questionnaires were subsequently edited, keypunched, 
computer-geocoded, and processed ~). (Computer
geocoding is the automated translation of respondent 
street addresses to X-Y plotting coordinates and other 
geographic codes.) 

Initial review of the summary tabulations and com
puter plots produced the following unexpected findings: 

1. The residential distribution of the hospital em
ployees is more dispersed in the region than was pre
viously anticipated; 

2. A large number of employees are meter-feeders 
and absorb about 10 percent of all daytime metered park
ing in the neighborhood and about 50 percent of all free, 
daytime, on-street parking spaces; and 

3. Employee interest in improved transit service, 
paratransit options, and car pooling is higher than ex
pected, and car pooling is more frequently reported than 
transit riding, which was popularly believed to be the 
major carrier in the area. 

But, as emphasized earlier, the planning strategy in the 
experiment was market-oriented rather than descriptive
oriented; data processing and analysis were not limited 
to the above findings. 

Principal data products were developed around the key 
questions in the survey that ·solicited interest in transit 
and paratransit options. These included interest in 

1. Transit service if a better time schedule was 
available, 

2. Transit service if a more direct service was 
available, 

3. Transit service if a better downtown-connecting 
service was available, 

Figure 1. Schematic of the hospital node 
paratransit-transit survey and planning concept. questionnaire 

editing and 

4. Direct shuttle service from outlying parking lots, 
and 

5. Direct home-to-work (i.e., any of a number of 
paratransit) services. 

For each interest question, cross tabulations and histo
grams were developed to describe general employee re
sponse. Then, an employee market subset was defined 
as a planning target. Employee market subsets were gen
erally defined as those employees who were (a) very or 
moderately interested in a proposed service or service im
provement (listed above), (b) p.resently using an automo
bile to get to work, (c} Tegular s hift worke r s and (d) in
frequent users of their automobile during the workday 
(5 or fewer days per month). Employee markets were 
further described with cross tabulations and histograms, 
computer plots of residential distributions, and detailed 
descriptive listings of individual employees in the em
ployee market. The fundamental tool for subsequent 
planning became the computer plots of the home location 
of individual employees, and these plots were the basis 
of various home-to-work pools, transit routes, or sched
ule proposals. 

The total extent of the questionnaire processing in
cluded 119 cross tabulations, 28 histograms, 11 com
puter maps, and 5 descriptive employee listings. The 
approximate cost of questionnaire development, survey, 
and data processing totaled 1065 h of staff time (excluding 
hospital support in the s urvey), 165 h of computer time, 
19 weeks of elapsed time, and $1 0 300 in cost . The hos
pital survey and data-processing effort described above 
included considerable development efforts . It is esti
mated that subsequent surveys that use substantially the 
same questionnaire and established batch-processing 
procedures should require about half the time and effort 
reported above. 

PLANNING ACTIVITY TO DATE 

During the summer of 1975, two reconnaissance studies 
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were made to appraise the utility of the questionnaire 
data and to develop illusfrat1ve transit service and pai-a
transit proposals. As a result oC these studies, it was 
generally concluded that the followi,ng paratransit con
cepts warrant further development: 

1. Short headway taxi and van jitney service to bet
ter connect the hospitals with downtown transit routes 
(these might operate as an interim service until the 
feasibility and nature of transit service could be defined 
and a route implemented); 

2. Prescheduled commute1· taxi pools to serve em
ployees who are poorly served by existing transit routes 
and who live within 3.2 to 4.8 km (2 to 3 miles) of the 
hospitals; 

3. Employee-driven van pools to serve employee 
commuters who live 16 km (10 miles) or more from the 
hospitals; and 

4. An interinstitutional bus service that connects the 
major Seattle hospitals and ties them to the Unive1·sity 
of Washington l~ealth science complex, outlying pa1·king 
lots, and transit intercept points. 

It has further been recognized that any service develop
ment, iJ it is to be adequately accepted and used, must 
be introduced with a complementary parking policy for 
the hospital neighborhood, which is more restrictive .in 
terms of hospital employee parking. 

At this writing, use of the survey has been limited to 
the narrow objective of the above reconnaissances. Use 
of the data in detailed planning and operational service 
development has not yet taken place. It has been found 
that, before paratransit programs can be operationalized 
in the Seattle area, city and state legislation must be 
changed, and the comprehensive parking management 
plan for the Pill Hill neighborhood, noted above, must 
be implemented. 

PRELIMINARY CONCLUSIONS 

Although the hospital service experiment has not yet con
cluded, some preliminary conclusions have been drawn. 
First ....flata analysis suggests that the sul·vey question
naire is serviceable and inchtdes an appropriate level 
o.f detan:J Tbere was concern that employees would 
react negatively to providing thelr names and addresses, 
but no objection materialized and only 4 percent of the 
respondents failed to provide the information. It was 
also confirmed tJ1at (_IT1e questionnaire does serve as an 
effective thought-provoking promotional tool.'. A ten-fold 
increase in hospital employee interest in the car-pool 
matching service over an earlier car-pool-only solicita
tion is an indicati·on of this. 

Prelimina1·y experience with the information produced 
from the questionnaire rovided considerable insightinto 

!"' a relatively extensive, latent market for transit and 
para.transit development.) About 2000 of the 4600 hos
pital employee respondents expressed an interest in not 
using their cars if transit service improved, and about 
2800 or better than half of the respondents expressed 
interest in paratransit alternatives. 

From a planning perspective, two principal insights 
were obtained. First, the planning team approach for 
service development that was tested in this study is only 
marginally feasible. At the time of the experiment, 

\ eX:isting agencies in Seattle that operate the traditional 
Urban transportation services were limited in their 
ability to immediately participate in pal'atransit plan
ning. This limitation is due to restrictive legislation or 
perceived mandates and the existing work program pri
orities and budget's. The Seattle program is primarily ad
vancing through the efforts of the internal car-pool staff. 
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Second, it appears that a publicly financed survey 
planning approach that leads toward specialized transit 
and paratransit services is an economical alternative. 
This alternative is relative to the existing level of tax 
subsidy that is being used to support and expand tradi
tional transit. The benefit to cost projections for the 
service are only tentative, but they suggest that attrac
tive savings will be realized if employees do not use 
their automobiles. The cost of the hospital-employee 
survey fo1· 7000 people, the processing, and the planning 
will total about $15 000 ($2.10/employee). Assuming 
that 10 percent (350) or the employees driving alone to 
work convert to shared-ride or transit service, then the 
survey planning and marketing service costs will be 
about $43/employee. Further, assuming that a car 
driver realizes an incremental savings of about $2.00/d 
when he or she converts to shared ride or $2.20/d when 
he or she converts to transit service, then projected 
annual savings for the 350 employees and public costs 
would be as follows: 

Employee Public 
Mode Savings ($) Costs ($) 

Self-supporting, shared-ride pools 175 000 15000 
Transit without incremental public subsidy 

increase 195 000 15 000 
Shared-ride pools and transit 

Without incremental pub I ic subsidy in-
crease 185 000 15000 

With incremental public subsidy increase 185 000 100 000 

Of the $100 000 for shared-ride pooling and transit with 
incremental subsidy increase, $ 85 000 was for transit 
subsidy and $15 000 was for service costs. Of course, 
there are additional benefits derived from the 350 auto
mobiles not traveling into the hospital neighborhood. 
These benefits include hospital capital not committed to 
parking, relief to the congestion-impacted neighborhood 
residents, and potential gasoline savings of 34 068 L/d 
(9000 gal/d) for the community. However, the actual 
effectiveness of this personalized marketing approach 
to change individual travel behavior is not yet known. 
Further research is needed. 
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Structured Approach to the 
Evaluation and Comparison 
of Alternative 
Transportation Plans 

Edward A. Beimborn, Center for Urban Transportation Studies, University of 
Wisc on sin - Milwaukee 

The process of evaluating alternative transportation plarls is examined in 
an attempt to provide an overall structure to the process. A set of ques
tions that can be used to define the evaluation process are given. These 
questions consider such issues as the scope of the process, its interface 
with other activities such as model development or plan design, the ac
tual process of evaluation, and t he interpretation of evaluation results. 
Within this framework a mul tidimensional evaluation process is described. 
This process involves the corcful onalysis and distillation of information 
contained in an evaluation matrix through a series of steps aimed at iden
tifying significant dlfferenoos among alternatives. Procedures are sug· 
gested for eliminating criteria that are not relevant to o decision and fo r 
eliminating alternatives that are clearly inferior. Such e process allows 
for a more careful examination of the trade·offs among alternatives and 
the implications of the criteria used to meagure plan performance. 

The process of evaluation may be one of the most cru
cial phases in the selection of an alternative course of 
action that best meets a previously defined set of goals 
and objectives. The final choice of the appropriate plan 
should be not only a choice of the best plan, but also a choice 
that has been strengthened through careful interpretation 
and that has been tested and found significantly superior 
to the alternative plans. 

While there have been extensive efforts in the past 
to accurately forecast future travel-demand conditions, 
environmental impacts, and other factors, the levels 
of effort to develop evaluation procedui·es have not been 
as extensive. These previous effo1· ts (1, 2, 3) have con
centrated on defining the overall process oCevaluation 
and outlining some basic principles to be applied to the 
process . The major emphase s have been on the roles 
of differ ent interest groops in the evaluation, the use of 
a systematic approach, the importance of an iterative 
process, and the need to consider nonquantifiable fac
tors in the evaluation. These efforts have provided a 
substantial framework on which evaluation can be based. 
However, when the process of evaluation as it is prac
ticed in many transportation agencies is viewed, one 

Publication of this paper sponsored by Committee on Transportation 
Systems Design. 
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finds that there is a substantial gap between what is ac -
tually done and what should be done. Too often the actual 
evaluation process is overly mechanical, poorly docu
mented, and done without consideration of many of the 
principles discussed in the references above. More
over, the techniques and procedures used vary consider
ahly from agency to agency. There is a need to define 
in greater detail a more open, yet structured, process 
of evaluation as it ca..-i be performed under the con
straints of a transportation agency. This paper presents 
an attempt to structure the evaluation process and to 
suggest methods whereby it can be accomplished. 

The paper has two parts. In the first part, a series 
of questions have been prepared that can be used to de
fine the overall scope of the evaluation process, its in
terface with other activities, the nature of the process, 
and the interpretation of evaluation results. The second 
part outlines a step-by-step procedure that can be used 
in a plan evaluation that attempts to clearly define the 
trade -offs among the alternative plans. 

STRUCTURING THE EVALUATION 
PROCESS 

Some basic questions must be addressed in order to 
structure a procedure for the evaluation of alterna
tive land use and transportation plans. The ques
tions are fairly general, and their purpose is to shape 
the sequence of steps that can be used for evaluation. 
(For the purposes of this paper, evaluation shall be 
defined fairly narrowly as the process of selecting 
the best plan from a given set of alternative plans 
according to a given set of objectives and criteria.) 
As will be illustrated by the set of questions, there are 
important links between evaluation and other phases of 
the planning process that must be carefully defined and 
analyzed. 

Scope of the Evaluation Process 

There is a need to define the scope of the evaluation pro
cess. The answers to the following questions may have 
a significant impact on the amount of time and effort that 
are necessary to perform an evaluation. 



1. What should be the area levels of the evaluation? 
A plan that is good for an overall region may be very 
poor for certain subareas and very good for others. 
Other plans may have different subregional impacts. If 
these subregional impacts are significant, there may be 
a need for evaluation at subregional levels. 

2. Should the evaluation be conducted separately for 
different population subgroups? Since different popula
tion groups may be affected in different ways by the 
plans, there may be a need to examine the plans sepa
rately for each subgroup. What subgroups should be 
analyzed and how should such evaluations take place? 

3, For what time periods should the evaluation take 
place? Since the plans may be implemented at different 
rates, should separate evaluations take place, for ex
ample, for 1980, 1990, or 2000? 

4. What procedures should be used to answer ques
tions 1 to 3? How does one determine what subareas, 
subgroups, and time periods to analyze? 

Interface of Evaluation Process 
With Other Activities 

The evaluation process has important interfaces with 
other activities such as the development and the analysis 
of the alternatives, and answers to several questions in 
this area are needed. 

1. To what extent is it possible to return to the anal
ysis or development of alternative phases of a planning 
effort during the evaluation phase? If new alternatives 
emerge during the evaluation process is it possible to 
return to these phases and iterate the process? 

2. What potentials exist for making partial decisions 
at one time and other decisions at a later time when ad
ditional information is available ? 

3. How will alternative elements of a plan be com
bined? When one element is included in a plan, its 
presence may dictate that other elements also be in
cluded so that a workable system exists. 

Evaluation Process 

Other questions relate to the procedural steps that will 
take place during evaluation and to the methodology that 
will be employed. 

1. What general method will be used to examine the 
evaluation matrix"? Two basic methods can be used to 
examine an evaluation matrix. These are weighting 
techniques in which the information in the matrix is col
lapsed into single-number and multinumber techniques 
in which the matrix is kept intact as comparisons are 
made. Single-number techniques have some advantages 
but can also lead to difficulties if not used with extreme 
care. Some of these difficulties are the masking dif
ferences and trade-offs between alternatives, problems 
in assigning weights, dealing with intangibles, and 
mathematical inconsistencies. Multinumber techniques 
allow for a more careful analysis of the trade-offs be
tween alternative plans but have not been used widely. 

2. What rules can be used to combine or eliminate 
criteria? If all alternative plans perform equally well 
on certain criteria, these criteria can be eliminated 
from the matrix because they will not affect the decision. 
Some rules are needed (for example, if all are within 5 
percent) to eliminate these criteria. 

3. What is the significance of the measures used to 
indicate plan performance? General statements of goals 
will have to be interpreted by a set of quantitative and 
qualitative measures of plan performance. There is a 
need to ensure that the measures used adequately repre-
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sent the interest of the goal and that they are sensitive 
to differences in plans. 

4. Can the criteria be interpreted on a linear basis? 
For example, is a travel time of 10 min really twice as 
bad as one of 5 min? 

5. What are the threshold values of certain criteria? 
There may be certain minimum levels of goal attainment 
that are necessary for an alternative to be considered. 
If this is the case, procedures must be developed to de
termine these values. 

6. How will value systems be represented? Certain 
criteria are more important than others and there must 
be a procedure to determine a value system. This could 
also be a set of value systems if different subgroups of 
people are being examined. 

7. Who will do the evaluation? Who will be involved 
in the evaluation process and how will this involvement 
take place? 

8. Who will make the decision? What is the relation 
between the decision maker and the persons developing 
and analyzing alternative plans? How does communica
tion take place ? 

9. What are the mechanics of the evaluation proce
dure? How will the various persons and committees 
involved operate? What are their information needs? 
What turnaround time is needed? How well-defined are 
the roles of the various persons involved in the process? 

Interpretation of Evaluation Results 

Once a tentative decision has been made there is a need 
to make it a strong decision. Interpretation of the deci
sion is necessary to develop confidence in the choice 
made and to assess its relative merit over other alter
natives. 

1. Are differences in the preferred plan significant 
from a sensitivity point of view? The selection of a plan 
may be sensitive to a number of factors such as basic 
input data, definition of networks and zones, types of 
models used, parameters of the models, choice of cri
teria, parameters used in the evaluation itself, and pro
cedures used to interpret the evaluation matrix. If 
slight changes in key parameters and assumptions shift 
the choice, further work to refine the choice may be 
necessary. 

2. How well does each plan perform in situations that 
may not be probable but are still possible ? An analysis 
should identify the possible contingencies, describe how 
they might occur, forecast the performance of the alter
natives in the contingent situation, and compare these 
performances. Plans that perform well in a contingent 
situation should be preferred to those that do not. Some 
contingencies that might be considered are changing 
population and economic conditions, changing resource 
availability and environmental conditions, changing land 
use patterns, and changes in governmental policies. 

3. What are the variations in plan performance that 
are necessary to make the second-best plan equal to the 
preferred plan? If these variations are major differ
ences, there should be a greater degree of confidence 
in the preferred plan than if they are minor differences. 

4. How well do the criteria reflect the goals? How 
can they be interpreted to reflect the goals? What are 
the subjective interpretations of how well each plan meets 
the goals? 

MULTIDIMENSIONAL EVALUATION 
PROCESS 

Evaluation can be conducted at a number of different 
levels. It can be conducted at the overall regional level, 
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for subareas of the region, for subgroups of the popula
tion, and for different periods in time. What may be a 
good plan at one level may not be a good one at a differ
ent level. If a plan performs well at the regional 
level, it should be further analyzed to determine how 
well it performs at some of the sublevels. Since the 
process of land use and transportation planning is a con
tinuing one, some subregional evaluations should take 
place before and during the process of implementing a 
regional plan. It is important to clearly define the de
cisions that properly should take place at the regional 
or systems level and those that can be properly con
sidered at a later stage. The initial evaluation should 
be undertaken with a set of alternatives that define a 
broad spectrum of options. From the testing of these 
initial alternatives, a second series of alternatives 
should be developed to represent the balance between 
the extremes of the earlier alternatives. This second 
set of alternatives should be tested against a wider set 
of criteria and under alternative future conditions, and 
it may be possible at this point to eliminate a number 
of alternatives because of obvious shortcomings or in
feriority. Certain other plans may be eliminated be
cause they seriously fail to meet ovenidi'ng oni;ichn·a
tions for plan development and thus cannol be imple
mented. This would narrow the choice to a few alterna
tives that could be studied in greater detail at the re
gional level. In this analysis, the alternative plans 
would be compared to each other on an objective-by
objective basis. 

After the regional level analysis, additional analyses 
can take place by subarea, subgroup, or time period. 
After these analyses, a tentative choice would be made 
and would then be subject to interpretation to determine 
whether 1t is a valid chuice. II the tentative choice 
meets further tests and analyses, it can become a final 
choice and move toward regional adoption. All of the 
steps in the process should be fully documented and 
presented to the decision makers at key points in the 
process. The sequence of steps that would be used in 
the overall process is given in the following sections. 

Feasibility Test of Each Alternative 
Plan 

Each plan should be tested to see whether it meets the 
needs of the overriding considerations for plan develop
ment. These considerations might, for example, be 
that each proposed alternative must constitute an inte
grated system, that it must be within the economic ca
pability of the agency to implement the plan, and that 
the plan must be in compliance wUh national and state 
regulations and standards. If a plan fails one or more 
of these tests, it should be dropped from further con
sideration, alU1ough if some dispute exists as to whether 
or not a plan meets the needs, the plan should remain 
for flt1·ther analysis at subsequent phases of the evalua
tion. 

Overall Evaluation 

The remaining alternatives should then be compared on 
a regional level, but a plan should be acceptable on an 
overall basis before it is examined on a sublevel basis. 
The following steps should be used for such an evalua
tion. 

1. Test the adequacy of the measures used as cri
teria. The means used to measure how well an objective 
is met should be reexamined to determine whether they 
portray the objective in a proper manner. Criteria can 
be measured as totals, averages, or as a net change 

over a base. The change caused by a plan may be insig
nificant when compared on a total or average basis hut 
significant when the increment over a base value is ex
amined. 

2. Develop a set of rules for eliminating criteria. 
If all plans are equally or almost equally successful at 
meeting certain criteria, those criteria will not affect the 
decision and can be eliminated. 

3. Eliminate criteria by using the rules developed in 
step 2. 

4. Eliminate plans by principle of dominance. If 
any plan falls below any other plan in all criteria, it is 
dominated by the superior plan and can be eliminated. 

5. Examine the remaining criteria to determine 
those that are (a) threshold values that must be met, but 
are not significant beyond that, (b) characteristics of the 
input used to develop the alternatives, or (c) representa
tive of differences in the ability of each plan to meet the 
overall objectives. Possibly some of those in the first 
two categories can be eliminated since they may not be 
relevant to the decision. 

6. Combine criteria where possible. If a set of 
criteria are similar in what they are measuring, they 
can he combined into a single measure. 

7. Repeat steps 3, 4, and 6 as often as necessary 
until no more changes occur. At that point, a reduced 
evaluation matrix in which no one plan dominates and all 
criteria measure significant differences in the remaining 
alternatives will remain. The subsequent steps in the 
evaluation will be aimed at defining the trade-offs between 
the alternatives and the issues involved in each choice. 

8. Study the marginal costs and gains. Arrange the 
remaining plans in order of increasing costs and exam
ine the marginal gains as the costs increase in a manner 
similar to marginal benefit-cost analysis. Some plans 
will have a lower marginal gain per unit cost than others 
at this point and can be dropped from further considera
tion. 

9. Define the trade-offs. By this point the matrix 
will be reduced to a more manageable size and the dif
ferences between plans should be evident. These trade
offs should be defined, and an attempt should be made to 
present the issues involved in as concise terms as pos
sible for the decision makers. The trade-offs can be 
developed by comparing the alternatives in pairs in a 
sequence of increasing costs and should indicate the gains 
that would occur if the more expensive plan were chosen 
over the less expensive one and the costs necessary to 
obtain these gains. 

10. Develop additional alternatives. At this point 
new alternatives that combine some of the best features 
of the earlier alternatives may be developed. These 
alternatives would then be analyzed in a manner consis
tent with the original alternatives and carried through 
the above processes. 

11. Select plans for sublevel analysis. From the 
information obtained from steps 2, 9, and 10 certain 
plans can be eliminated from further consideration be
cause they are unacceptable at the overall level. Among 
the plans that are acceptable, there are three possible 
outcomes: (a) One alternative may be clearly preferable 
to the others in nearly all respects; (b) a number of al
ternatives may be essentially equal in nearly all cate
gories; or (c) some alternatives may excel in some cate
gories and othe1·s may excel in other categories, but 
there will be no clear choice without serious trade-offs . 
Except for the first outcome, further analysis at the sub
level is necessary. 

Sublevel Analysis 

The plans can be evaluated by subarea, subpopulation 



group, or for different time periods. 

Tentative Selection Among 
Alternatives 

This selection should be labeled as a tentative choice and 
will require careful interpretation before it becomes the 
final choice. It is important that this distinction be em
phasized so that an objective interpretation can take 
place. The option of changing the tentative choice should 
remain open, and adequate time should be allocated to the 
interpretation phase so that all analysis (and iteration, 
if 11ecessary) can be done. 

Interpretation of Tentative Selection 

Once the tentative selection has been made, it should be 
interpreted in order to strengthen the choice. The pro
cess of alternative development and testing involves a 
series of simplifications and assumptions that must be 
examined to determine their effects on the choice, and 
certain factors that have not been explicitly included in 
the analysis and their effects on the choice should also 
be examined. The interpretive phase should involve the 
following activities (not necessarily in the sequence 
shown). 

Break-Even Analysis 

This is an analysis of how much better the best al
ternative is than the second-best. Such an analysis is 
relatively easy to perform with single-number evaluation 
techniques. An important question is, are the differ
ences between the best ru1d second-best alternatives sig
nificantly large enough that they are not within the range 
of diffe1·ences that might be expected from the data and 
procedures used? Such an analysis would be conducted 
in a manner similar to the marginal cost versus gain 
process described in step 8. The marginal gain of the 
best plan over the second-best plan should be examined 
in relation to the process used to delineate the differ
ences in the plans. If the differences are beyond the range 
of variance due to the forecasting techniques, there 
should be a greater degree of confidence in the best plan 
than if the reverse were true. 

Sensitivity Analysis 

The. purpose of this analysis is to identify the effects of 
the various parameters and assumptions used in the fore
casts and evaluation. The results of the forecasting 
procedures may be very sensitive to some parameters 
and insensitive to othei·s. The sensitivity analysis can 
be directed at the criteria themselves 01· at the data 
processing effort. In the first case, the sensitivity of 
the choice of the best alternative to the means used to 
define a criterion is examined. In the second case, the 
sensitivity of the data used and forecasting techniques 

Table 1. Hypothetical evaluation matrix. 
Criterion 

1. Maximum transit headways 
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are examined. Obviously the second case would involve 
considerably more effort than the first. For example, it 
might involve the following steps: (a) Identify the param
eters used in the forecasts; (b) examine the range of 
values used; (c) review the process used to set values on 
the forecasts; (d) estimate the possible range of values 
the parameter could have as the result of statistical, 
conceptual, or assumption errors· and (e) determine how 
these errors would be carried through the process and 
how they might have a differential effect on the different 
alternatives. 

Contingency Analysi:s 

A contingency is an event whose occurrence is possible but 
not probable. For example, the effects of severe long-ter m 
shortages in petroleum -based fuels, the effects of major 
changes in population growth, or the effects of major shifts 
in land use patterns might be viewed as contingencies. Be
cause of the m1certainty of the future, it is desirable to ex
amine how well the be st alternative performs under con tin -
gent situations. Such an analysis might involve the following 
steps: (a) Identify the contingent situations (b) develop 
scenarios as to bow they would occur, (c) forecast the per
formance ofthe best alternative under the contingent situa
tions, and (d) compare the performance of the best alterna
tive under normal and contingent situations. 

Impact and Incidence Analysis 

The impact (upon whom) and the incidence (at what pe -
riod in time) of the costs and gains associated with the 
best alternatives should be examined. The costs and 
gains for two plans may be very similar in the aggregate 
but very dissimilar in their effects on those who rnceive 
them or the times in which they occur. 

Implementation Feasibility 

The relative ease with which a plan can be implemented 
shou.ld be examined. A superior plan with a low prob
ability of implementation might be rejected in favor of a 
lesser plan with a higher probability of implementation. 
In addition, plans might be combined to increase imple
mentation probabilities or efforts might be made to re
duce barriers to implementation if they can effectively 
be identified. 

Qualitative Analysis 

This is a catchall that would include a carefol examina
tion of the best choice iu the light of factors omitted in 
the analysis, assumptions made, factors that could not 
be quantified, uncertainties, and the results of the other 
phases of interpretation. 

Plan A Plan B Plan C Plan D 

Met Met Met Not met 
2. Transit use to major trip generators, 1o 40 42 41 42 
3. Congested highways, km 175 85 70 72 
4. Average speeds, km/ h 

a. Transit 20 25 25 25 
b. Highways 51.3 51.6 51.8 52.0 

5. Total daily vehicle hours 125 000 123 000 122 000 121 000 
6. Households displaced 0 450 1250 1320 
7. Businesses displaced 0 45 125 195 
8. Annual public cost, $ 20 000 000 60 000 000 90 000 000 100 000 000 

Note: 1 km• 0.62 mile. 
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Feedback 

The plans developed should be presented to the appro
priate agencies and persons for theil' reactions and 
subjective eval11ation. This should be a continuing 
process throughout the evaluation phase. The informa
tion developed in the previous steps should be sufficient 
to focus on the differences among plans so that a well
thought-out decision can be made. 

Modification of Plan 

It is probable that in the evaluation and interpretation of 
alternative plans for the region certain features of one 
plan might be combined with other lealures of another 
plan. Such opportunities should be explored and tested 
whenever th.ey occur although it may be necessary in 
some cases to return to earlier steps to compare the 
modified alternative with the other alternatives. 

Selection of Plan 

From the information and analyses developed above, it 
should be possible for the appropriate persons Lo select 
a plan oi actj.on. Once this plan has been selected, it 
should be acloptecl by the appropriate agencies ~utet efforts 
should be initiated to determine the steps necessary to 
implement the plan. 

EXAMPLE 

The multidimensional process described in the preceding 
section can be illustrated by a simple example. Four 
hypothetical plans are to be evaluated againsl nine stan
dards as shown in Table 1. The se four plans are all 
feasible. Plan A is the do-nothing alternative, plan B 
ii; an alternative with limited investment in new facili
ties, and plans C and D both involve major investments 
in new facilities. The number of criteria has been lim
ited to con:;erve space, but it should be recognized that 
additional criteria beyond those shown should be used in 
an actual evaluation. Criteria 2, 4b, and 5 can be elim
inated since they show few significant differences among 
the plans. Criteria 6 and 7 can be combined since they 
both are measures of disruption and are roughly propor
tional to each other. Plan D can then be eliminated since 
it is dominated by plan C, and once plan D is eliminated, 
criterion 1 can be eliminated. The resulting evalua-
tion matrix, shown below, has three alternatives and 
four criteria. 

Criteria Plan A Plan B Plan C 

3 175 85 70 
4a 20 25 25 
7 and 8 0 495 1375 
9 20 60 90 

The choice of a plan then reduces to an examination of 
the trade-offs between the plans. 

Plans 

B versus A 

C versus 8 

Trade-offs 

Gains: Reduction of congested highways by 90 km; 
increase in transit speeds from 20 to 25 km/h 

Costs: Displacement of 495 businesses and households; 
extra annual public cost of $40 000 000 

Gains: Reduction of congested highway by 15 km more 
Costs: Disruption of 880 additional properties; additional 

annual public cost of $30 000 000 

Plan B provides a reduction in congestion and an in
crease in transit speeds at the cost of some disruption 

and an increase in cost. Plan C further reduced conges
tion, but by a small increment and at the cost of further 
disruption and increases in cost. This information and 
earlier steps should be given to the relevant decision 
makers and advisory groups for their consideration. The 
final choice of a plan then becomes a question of the rel
ative degrees of importance placed on each of the asso
ciated gains anct costs. 

This example illustrates that the issues involved in a 
complex decision can be successfully identified through 
a process of carefully narrowing the choices and the cri
teria used for evaluation. Such a process can be used 
as an effective aid to decision making and to overcome 
some of the shortcomings inherent in overly mechanical 
techniques of planning evaluation. 

SUMMARY 

This paper has examined the process of evaluating alter
native transportation plans in an attempt to provide an 
overall structure to the process. This has been done by 
presenting a series of questions that must be answered 
prior to any evaluation effort and by presenting a tech
nique that can be used to narrow the choice to a limited 
number of alternatives having significant trade-offs among 
them. It is important that the process of evaluation be 
given careful consideration and substantial effort, but it 
is even more important that the techniques for evalu
ation be viewed as aids to decision making and not as the 
means for making decisions. That process is one that 
should be made through the best judgment of the decision 
maker with proper consideration of the trade-offs among 
the alternatives and the implications of the choice. To 
assist the decision maker in making this choice, there 
should be careful efforts to ensure that the criteria and 
measures of effectiveness used in evaluation are closely 
related to the goals of the plan, and the carefui interpre
tation of the choice in the light of contingencies, 
sensitivity-omitted factors, and nonquantifiable factors 
should be viewed as an important p~1·t of thP. evaluation 
process. 
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This paper describes a coordinated four-stage interactive graphic process 
for operational transit planning. Stage 1 deals with route, headway, and 
vehicle-type optimization; stage 2 attempts to optimize transfer delays; 
stage 3 designs runs so that the service resulting from the previous stages 
can be oporetionalized; and stage 4 provides computer assistance in mak
ing manpower assignments. The network optimization procedure of 
stage 1 has been previously reported on, and the latter two stages aro 
currently under development. This paper deals principally with the trans· 
fer optimization tool of stage 2. The operational tool to optimize trans· 
fer delays involves the automated-iterative modification of terminal de· 
parture times. An interactive graphic computer approach is used to in· 
crease the transparency of the tool to the planner. The analysis takes 
Into account the calculation of expected waiting times for transfers be· 
tween transit lines with different headways and the interdependence of 
terminal departure times. Within the interactive graphic optimization 
process. the user can request computer-generated and com1>uter-drawn 
charts of transfer movements and delays, time-distance diagrams of in· 
dividual routes, and computer-produced transfer statistics at individual 
stops as well as the entire system. The process has been applied to the 
Basel Transit System in Switzerland, which serves a population of 
500 000. In comparison with the existing hand-generated timetable, the 
optimized timetable reduces the total transfer delays by approximately 
20 percent with no increase in operating costs. 

Operational transit planning has a short time horizon 
and for our purposes can be described as shown in Fig
ure 1. The input to tllis planning process is a number 
of itenia that must, in the short run, be fixed. These 
items are the demand for b:ansit service in terms of 
trip origin and destination {O-D), which are stratified 
perhaps by time of day; a base network {eXl.sting rail 
right-of-way and arterial streets), terminals, depots, 
and other iufl'asfructu.res; and the characteristics of 
available rolling stock. 

The planning )?rocess should generally be guided by 
user objectives (e.g., minimum total travel tbne); it is 
constrained both by the financial considerations of the 
operator (e.g., maximum allowable deficit) and by ex-

Publication of this paper sponsored by Task Force on Computer Graphics 
and Interactive Graphics. 
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isting labor contracts (e .g., required terminal layovers). 
The desired output from the operational planning process 
is the transit routes, the vehicle types serving each route 
and the headway with which they are served, the time
tables, the runs used to operationally service the routes, 
and the vehicle and driver assignments. 

INTERACTIVE GRAPHIC APPROACH 

Past experience has shown that, given the cw·rent state 
of our analytic tools and of compute1· hudware, it is im
possible to treat the entire operational transit planning 
process in one step as shown in Figure 1. In the past, 
the approach has been to treat subareas of the total prob
lem separately, and in most cases disjointedly, and to 
apply to each subproblem an analytic technique that 
seemed best suited to it. 'I11e methods that have been 
used in the past include simulation-modeling techniques 
to design bus routes; mathematical programming tech
niques (integer progumming); and heul"istic techniques 
to construct timetables, define runs, and assign vehicle 
and driver resources. A useful description of some of 
these past efforts is given by Wren (1) . The following 
p1·inciples were used as guidelines to approach the prob
lem of operational transit planning. 

One of the principal desires was to make the entire 
process as transparent as possible to the transit planner 
and to adapt as many as possible of the planner's existing 
methods and tools. 'nus desire was motivated by the fact 
that higbly sophisticated, but nontransparent, computer 
models that employ drastically different methods are only 
reluctantly accepted within the existing planning and op
erations framework of transit prope1·ties. 

It was also decided to build the entire operational 
planning tool around an environment of minicomputer 
hardware by using low-cost storage tubes {cathode ray 
tubes) as shown in Figure 2. Currently, only this type of 
environment gives the user the quick response time 
needed, and at a price that is compatible with small and 
medium-sized transit operators. In the network optimi 
zation stage, a computer with 32~Kwords memory can 
analyze a transit network with 250 nodes, 950 links, and 
60 lines. (This memory is automatically expanded to ac
cow1t for transfer movements to 700 nodes and 2300 links.> 
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Third, and most important, all the functions of oper
ational tnnsit pianning had to be coordinated into a uni
fied p1·ocess . The operational planning process that re
sul ted from these considerations is shown. in Figure 3. 
The problem was segmented into four stages so it could 
lie tractable ·with minicomputers and existing anBJytic 
techniques. However, the data flow between stages is 
explicitly linked to higbligh,t the dependence of one anal
ysis stage on the output of the preceding one and to main
tain the desired coordination of the process as a whole. 
To increase the transparency of the process to the plan
ner and to facilitate the adaption of existiug operational 
planning tools, we adopted the interactive graphic 
person-computer approach . This technique, as demon
sti·ated in past applica:tions, has the added benefit of al
lowing the discovery of mm.1:-oµUmal solutions by use of 
simple analytic techniques and low-cost computer hard
ware (2_, 1, .1). 

Stage 1 (network optimization) has been previously 
reported on (5) and documented (6). This stage was ap
plied to the problem of coordiuatfog the subu.rban and 
urban transit routes in the Basel, Switzerland, ar.ea. Op
tilnum s olutions to this problem, deflned by planner ob
jectives and limited by the iterative search process, 
were efficiently generated (7). This paper describes 
stage 2 (transfer optimization), which has recently been 
operationalized. Stages 3 and 4 (run allocation and man
power assignment procedures) a1·e curi·ently undru.· de
velopment and will be reported on later. 

Figure 1. Operational transit planning defined by input and 
output. 

INPUT: ( fixed in the short - run) 

TRANSIT DEMAND BASE NETWORK 
(O- D MATRIX) 

ROUTES VEHICLE 
TYPES 

HEADWAYS TIME 
TABLE 

OUTPUT 

RUNS VEHICLE +DRIVER 
ASSIGNMENTS 

Figure 2. Typical storage terminal for interactive graphic data. 

TRANSFER-OPTIMIZATION PROBLEM 

Except in the case of a highly sophisticated, fully 
automated transit technology, e.g., personal rapid tran
sit (PRT), most transit operations will require some 
transfer movemeuts from one route to another to serve 
the diverse origin-destinatio11 patterns of t he current 
urban agglomerations. To minimize the adverse e'ffects 
(in terms of the competi:tlon between public transit and 
private automobile), the transit operator must try to 
(a) i·educe the required number of transfers by adjusting 
the routing to the given 0-D pattern of transit trips and 
(b) minimize the transfer delays (i.e., the waiting time 
at the transfer point) . As shown in Figure 2 and cle
sc_ribed elsewhere (5, 6), the first part of this problem 
is solved during i;tage 1. Thus, transfe1· optimization 
can be attained by minimizing transfe1· delays. 

The typical operating day of a transit system can be 
divided into a number of periods that are characterized 
by the level of demand and thus the headway U1at can be 
justified. Typically, there will be the morning and eve
ning peak periods during wh'ich demand is high and con
sequently the headways rather short (from less than 1 
min to about 6 min) and the off-peak pe1·iods during 
which headways can range from 15 to 60 min. The min
imization of transfer delays will be treated separately 
for each of these periods of constant headway. Since, in 
gene1·al, the waiting time is proportional to the headway, 
it is primarily in the off-peak periods that transfer op
timization is important. 

The transfer situation at a given stop is shown in 
Figure 4, and the waiting times between stops on the 

Figure 3. Cuurdinated, four-stage, operational transit planning process. 
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Basel Transit System are given in Table 1. As given in 
Table 1, the 1011gest wait (5.5 min) occurs for transfers 
from line 36 at stop KU to line 15 at stop TE. This 
waiting time could be reduced to 0 min by moving line 
36 ahead by 5.5 min, t hus reducing the total waiting time 
(average waiting time x number of transfers) by 38 min. 
However, the 23 passengers wanting to transfer from 
KU to STB would miss their connection, and their aver
age waiting time would increase by 5. 5 min. Added com
plications arise from the following: 

1. Since a given line will intersect more than one 
other line, then a change in arrival-departure times at 
one stop will have repercussions at a number of other 
transfer points; 

2. Since the headways on two intersecting lines need 
not be the same, then the optimization of the transfer at 
one point in time will not necessarily yield an overall 
optimum transfe1· situation, even at one stop· and 

3. Since the arrival and dep:u-tw·e times are dil'ectly 
linked to terminal layover times, and layover times are 
constrained by labor regulations, then more vehicles 
will be needed to serve a given route, if the layover 
times are longer. 

Thus, transfer optimization can be attained by an 
interactive modification of arrival and ctepartu1·e times 
at stops. This modification is used to reduce the total 
waiting times t hroughout the system by taking into ac
count the added complications of 1mtltiple-transfer points 
on a given lille, nonuniform headways between lines, and 
the interdependence of layover ti.mes and vehicle require
ments. 

INTERACTIVE GRAPHIC TRANSFER 
OPTIMIZATION 

Network Optimizatio11 

The interactive graphic computer approach to transfer 
optimization is pa1:t of a coordinated operational transit 
planning process. As such, the input to tl1e transfer 
optimization is del'ived directly from the netwo1·k op
timization (stage 1). Thus, the following is a brief over
view of the network-optimization system (NOPTS) . Basic 
input to NOPTS consists o! a base network (existing 
streetcar and supway trackage, subset of the street net
work suitable for bus transit, and some pedestrian con
nectors), a transit-frip 0-D matrix, a11d the cJ.iaracter
istics of available rolling stock (capacities and opei-ating 
costs) . A transit system is then designed interactively 
by specifying the routings, vehicle types, and [requen
cies of individual lines. A mltltipath stochastic model 
(81 9) is used to assign the demand to the system of 
i:Outes. Tbis assignment allows the calculation of some 
performance parameters of the particular transit system 
design. By iterating this design-evaluation cycle, the 
planner can quickly approach an optimum transit network 
design that is indicated by the choice of design objectives 
(e.g., minimize operating costs and number of required 
transfers). 

The output from this iterative procedure for network 
optinlization that is important for the subsequent trans
fer optimization is (a) the selected (optimum) route 
structure and headways for each line; and (b) at each 
transfer point, the number of ti·ansfer motions between 
all applicable pairs of transit lines. The fact that the 
detailed transfer movements can be retrieved from the 
trip assignment is an important feature that is obtained 
by using Dial's algoritlun (8). As previously mentioned, 
tl'ansfer optimization is conducted separately for each 
operating period during which headways are constant, 
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and, thus, the route-headway optimization must also be 
done for each of these operating periods. 

Minimization of Transfer Delays 

Since the operating period is a portion of the daily opera
tion during whic11 headways remain constant, then a par
ticular transit line is completely described in time and 
space, during such an operating period, by the following 
three parameters: 

1. The geographic routing (i.e., sequence of stops), 
2. The headway (i.e., the time interval between ve

hicles passing a given stop), and 
3. The terminal offset times (i. e ., the time delay, at 

both terminals of the line, that beglJls at the start of the 
operating period and continues until the departure of the 
first vehicle). 

Parameters 1 and 2 result from the net\vork optimization 
describecl above, and parameter 3 represents the primary 
design vuiables for the transfer-optimization procedure. 
The iterative design process is aimed at fi nding a set of 
terminal offset times that will minimize the aggregate 
transfer delays systemwide; however, "the p1·ocess is con
strained by the operator's desire to keep the operating 
costs (i.e., the number of vehicles required) ataminin,um. 

This cost constraint is important because it limits the 
degree of freedom with which terminal offset times can 
be varied. This phe.nomenon is observed in Figure 5, 
which shows the time-distance diagrams. The terminal 
offsets (the design variables in Uie interactive grapluc 
process) shown 011 the upper diagram have the effect that 
three vehicles are needed, whereas, in the offsets shown 
on the lower diagram, one vehicle can be saved without 
violating the minimum layover time requirements. 

In the optimization process, the terminal offsets (de
parture times at any inte1·mediate stop) are repeatedly 
varied with the objective of reducing the transfer delays 
systeruwide. The complications of multiple line
crossings, nonuniform headways, and the relation be
t.ween layove1· times and vehicle requirements are auto
matically taken into account. To this effect, the planner 
can demand the following tasks: 

1. Display graphically the internal desire lines of any 
transfer point; 

2. Perform input and interactive editing of terminal 
phase offsets; 

3. Display the current set of terminal offsets, lay
over times 1 and the corresponding number of vehicles 
needed; 

4. Display the transfer statistics (arrival time, de
parture time, number of transferring passengers, wait 
times) between any pair of lines at any transfer point; 

5. Display global statistics (sum of transfer delays, 
etc.>; 

6. Display time-distance diagrams of any transit line; 
7. Print timetables (depa1·ture times at all stops on 

any line) · and 
8. Move departut•e times of lines or groups of lines 

forward or backward. 

The number of possible transfer movements (i.e., 
direction-specific pairs of lines at each transfer point) 
is very high, even in a medium-sized city (1200 to 4000). 
Therefore, it would be impossible to iind optimal solu
tions \vithout some degree of automation. A heuristic 
technique was developed that searches all the possible 
terminal point phase offsets of one line (directional) and 
selects the one offset that produces, with all crossing or 
parallel lines, the shortest total of transfer delays. The 
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s arch process ls repeated until the total systemwide 
delays can no longer be reduced. Of course, the heu
ristic technique is only able to locate local minima, and 
it is dependent on the starting point (in terms of the set 
of initial phase offsets) and on the 01·der in which the 
transit iin~:; a1·~ ti~eated tu the iterative process. 

SYSTEM APPLICATION 

To demonstrate the potential reduction in transfer de
lays that can be achieved, we applied this system to the 
existing Basel Transit System shown In Figure 6, which 
had beeu coded for another project (6). The public tune 
sci1edules were used to obtain the plrnse offsets at the 
evening off-peak period from 8:00 p.m. to 12:00 m.n. 

Figure 4. Transfer movements at a typical transfer 
point. 

LINE 

NUMBER OF 
TRANSFER 
MOVEMENTS 

HEADWAYS OF 
LINES N0.15 ANO 36 
~ 8 MIN . 

Table 1. Waiting times between example stops. 

Fro m 
Stop 

STll 
STD 
TE 
TE 
KU 
KU 
zw 
Total 

Line 

15 
15 
15 
15 
36 
36 
36 

Terminal 

Arrival 
at BO 
(min) 

5.5 
5.5 
5.0 
5.0 
0.0 
0.0 
1.5 

During this period, most lines have a headway of 12 min, 
and some lines ope1·ate every 15, 24, 30 01· 3G min. A 
total of 82 vehicles we1·e used. NOPTS was used to as
sign the evening off-peak transit demand to the network, 
and the number of transfers, the transfer point desire 
line~ , b:ansfor wait, and the total transfer delay (pas
senger-minutes per hour) were calculated for each stop. 
The total systemwide transfer delay for 82 vehicles 
operating on this existing service schedule was 20 544 
passenger-min/h. This transfer delay represented the 
state in which an application of the transfer optimization 
can be used for improvement. 

The heuristic technique was applied, and a minimum 
in the total transfer delay was achieved. This minimum 
was 15 600 passenger-min/ h or a reduction of about 25 

LINE NO, 36 

Departure Avg Wait Total 
To From BO al BO No. or Wnit 
Stop Line (min) (min) Transfers (min) 

zw 36 6.0 0.5 9 4.5 
KU 36 7.5 2.0 18 36.0 
zw 36 6.0 1.0 8 8.0 
KU 36 7.5 2.5 9 22.5 
TE 15 5. 5 5.5 7 38.5 
STB 15 5.0 5.0 23 115.0 
STB 15 5.0 3.5 10 3S.O 

259.5 

Figure 5. Relation between terminal offsets and 
vehicle requirements. Offset Elf. Layover 
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Figure 6. Line map of Basel Transit System. 

Figure 7. Transfer delay times before and 
after optimization. 
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Figure 8. Sample time-distance diagram before and after 
optimization for line 3. 
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percent . The optimized set of terminal phase offsets 
proved to require 86 vehicles. Thus, a 25 percent re
duction in total transfer delay was bought by an addition 
of 4 vehicles during this period. 

With the aid of the time-distance diagrams shown in 
Figure 5, these extra vehicles can be eliminated; how
ever, they can generally be eliminated only at the expense 
of increased transfer delays. After eliminating all extra 
vehicles by judiciously shifting the phase offsets at one 
terminal point of the affected H11es, the total transfer 
delay increased to 16 667 passenger-min/h. This in
crease still represents a 19 percent improvement over 
the original state, and there is no increase in the num
ber of vehicles (and drivers) or vehicle-kilometers. 

Figure 7 shows the waiting time distribution. This 
distribution shows that the transferring passengers can 
obtain improved conditions with the optimized timetable. 
Whereas the existing handmade timetable shows an al
most random distribution of waiting times in the interval 
between 0 and 12 min, there is a clear skew to shorter 
delays in the latter. This tendency could be accentuated 
if, in the optimization heuristic technique, longer wait
ing times were weighted more heavily than shorter wait
ing times. 

Figure 8 shows the time-distance diagrams of one 
transit line. The horizontal axis represents time from 
the start of the operating period, and the vertical axis 

10 20 30 40 50 60 

TIME (MINUTES) 

represents distance along the route. Each line corre
sponds to the time-distance description of one vehicle. 
The connections of lines at terminal points incorporate 
the minimum layover times required by labor constraints. 
The dotted lines in the diagram represent the runs of 
other transit lines along common links. It can be seen 
that the runs on the common links through the city center 
are evenly spaced in the case of the existing timetable, 
whereas the transfer optimization produces batches of 
runs. Clearly, the more evenly spaced intervals in the 
first case have the advantage of lower access waiting 
times for trips that begin and end in the city center, but 
the number of these trips is relatively small as compared 
to the number of transferring through trips. These time
distance diagrams are important tools for operational 
transit planners, and this is one of the reasons why they 
were included in the display options of the interactive 
graphic, transfer-optimization system. 

Although much work remains in the development of a 
heuristic technique to assist in this transfer-optimization 
process, this application example has shown that there 
is a potential for improvement over the current operating 
conditions. The example was for evening-period opera
tions only, but it can be safely projected that application 
of this method to all off-peak operating periods would 
reduce the transfer waiting times of the Basel passengers 
by 500 000 h/year. During peak periods, the payoffs are 



smaller because of reduced headways (6 min on most 
lines), and it is difficult to maintain the timetables in 
mixed traffic conditions. 

The example also highlighted the trade-offs that must 
be made between improving the level of service by re
ducing transfer delays and economic considerations, in 
terms of the number of vehicles needed to mount the 
service. It is in evaluating these kinds of trade-off pos
sibilities that the interactive graphic implementation of 
the transfer-optimization system demonstrates its great
est use. 

LII'v1ITATIONS OF APPROACH 

Implicit in the way the problem of operational transit 
planning has been ailpt·oached, there are a number of 
simplifying assumptions. The most important of these 
assumptions is that both transit travel demand and num
be1· of transfers are fixed. One basic input to this op
erational transit planning process in general, and the 
network-optimization stage in particular, is the demand 
for tJ:a11sit trips. It is thus assumed that changes in 
transit routing a11d level of service will not affect the 
demand for the short planning horizon of interest. The 
primary reason for 1uaking this assumption is that data 
on transit trips are generally more available than those 
for travel demand in general. It also avoids the neces
sity of modal-split modeling, which includes additional 
data requirements and uncertainty. 

Each alternative design during the network
optimization stage will, in general, result in a dif
ferent netwo1·k loading (as predicted by the multipath 
assignment algorithm). These loadings are based on ex
pected transfer waiting times. The transfer optimiza
tion, as a separable problem, assumes that ti·ansfer 
time opti,mization will not significantly affect loading 
patterns. This decision of problem separation was made 
primarily on the basis of computational efficiency: Re
computing assignments after every transfer time alter
ation would increase the computing time to the point of 
making the interactive approach of questionable use. 

CONCLUSIONS 

In the past, planners have frequently criticized transit 
operators for a lack of flexibility in adjusting the transit 
service to the changing demand patterns. Even within 
transit companies, route and service planners have often 
found opposition :from the operations departments to ad
justing the routings and levels of service to the user's 
observed patterns of change. On the other hand, the op
erations departments have critic.ized planners for a lack 
of understanding of the complexities of frequent route 
and service changes in ter1ns of the requirements for 
schedule coordination, run design, and manpower allo
cation. Thus, a formalized coordinated procedw·e is 
needed that will account for both the planners' objectives 
a1)d the constraints of operations. It is felt that the co
ordinated, fom·-stage, operational planning tool dis
cussed in this paper is a first step in this direction. 

The transfer-optimization procedure, as stage 2 in this 
operational planning tool, considers in detail the line-to
line transfer movements, the complexities of nonuniform 
headways among h'ansit lines, and the constraints im
posed by the linkage of labor requil·ements, which relate 
to minimal layover times and the numbers of vehicles 
needed and thus the operating cost. If this search tech
nique is applied to this complex problem, then the special 
skills of schedulers and operations experts can be com
bined with the data-handling powers of the computer. Its 
application should he·lp transit companies to serve their 
customers better without increasing their deficits. 
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Computer-Generated Films 
to Document and 
Demonstrate Transportation 
Simulation Models 

Everett S. Joline, Aviation Simulations International, Huntington, New York 

Although simulation has been shown to be a valuable tool for the design 
and analysis of complex transportation systems, thP. use of available simu
lations by transportation planners has been constrained by the difficulties 
in assessing the applicability of a part'iculor model and, then, understand
ing the operation of the modol well enough to apply it effectively. The 
use of computer-generated films to supplement conventional documen· 
tation is proposed as a means to efficiently disseminate Information about 
models to potential users. These films can show which real-world features 
are imd aru nut 11xµlii:itly ;epresented In the model ond show in on ca~ily 
assimilated graphic form the complexities of model dynamics. Two 
compu er·eenerated color lihns have been pl'Oduced that illustrate the 
application of this type of documentation. One film shows the operation 
of the urban tTBHic network simulation inodel. The second film illus· 
trates the application of the film techniques that document the transit 
station simulaliun 111odel. 

For many years, use of computer simulation has been 
i·ecognized as an effective means ot analysis for 
lru:ge-scale tl·ansportatio11 systems such as airports, 
rapid transit systems, and urban htghwa.y b·affic net
works. Since there has been an increase in tbe complex
ity and cost of such systems, the U.S. Department of 
Transportation has recognized the need for using more 
scientific quantitative techniques to design these sys
tems and has sponsored the development of a number of 
simulations that are being made available for general 
use by the plamling community (_!:,; !). 

Although these simulations a.re generally supported 
by comprehensive multivolume documentation, the com
plexity of the models is such that it requires a major in
vestment of the l'otential user's time to learn about the 
model and to determine if it is applicable to the user's 
particula1· p1·oblem. To use the model effectively, the 
user must understand it well enough to be able to 
translate the real-world problem into the often ab
stract structure of the model and to set the model 
pai·ameters correctly. If widespread use of the avail
able models is to be encouraged, and the potential user's 
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understanding of the model operation is to be assisted, 
then improved forms of documentation are l'equil·ed. 

One attractive possibility is the use of computer
generated films that can show, in an easily assimilated 
visual form, how the model works. Such films have been 
used successfully to demoru;trate operations of a complex 
system (4) and to aid in the validation of simulations (5). 
The models used for these films, however, were micro
sco1liC simulation models that were specifically designed 
o provide gi·aphlcs utput. However, most axisting sim

ulation models were not designed with graphics in mind. 
Thei-efore, modifications might be required in the pro
grnm, and an interlace program will have to be developed 
to produce the graphics. If the graphics are to show 
movement of individual entities, it is necessary that the 
simulation be microscopic. If entities are aggregated, 
as in macroscopic simulations, flow and other quantities 
can be indicated by analog symbols such as arrows with 
the size of the symbols proportional to the flow rate or 
the quantity being indicated. 

The effectiveness of the computer-generated films for 
showing simulation operation can be substantially en
hanced if the computer-d1·awn images are superimposed 
optically, during film processing, on a pictorial art wo1·k 
background that depicts the environment in which the sys
tem operates. I have used this technique extensively for 
the production of ai11)ort simulation films (4) and a rapid 
h"ansit film (5). A second technique for showing environ
mental features is the use of colors for the computer
generated images. This technique was used to produce 
the two test films. These films demonstrate use of the 
technique to document and demonsh·ate the operation of 
the two simulations developed by the U.S. Department of 
Transpo1·tation. Although neither of these simulations 
was originally developed with graphics in mind, they are 
both microscopic simulations, and interface programs 
were developed to demonstrate the operation of the sim
ulation. 

URBAN TRAFFIC NETWORK 
SIMULATION MODEL 

The use of color for the computer-drawn images was of 
particular interest in the films made by the Federal 



Figure 1. UTCS1 network schematic for case study. 
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Figure 2. UTCS1 network geometry for case study. 

Highway Administration for the Urban Traffic Network 
Simulation Model (UTCSl). This model is a microscop'ic 
networj( flow simulation that was designed for investigat
ing urban traffic conti:ol sti·ategies by emphasizing the 
relatively sophisticated signal control schemes. 

The use of color made it easy to show the r ed, green, 
and amber traffic light operation in a sufficiently real
istic manner so that the operation of traffic conb:ol over 
a portion of network cal) be easily assimilated by the 
viewer. The vehicles (buses, trucks, and cars) are 
shown as white figures of app1•opriate length and width, 
and street outlines, bus stops, and other aspects of the 
envirorunent are shown iu a subdued blue. The ratio of 
projection speed to real time can be varied to achieve 
different effects . Fo1· large networks shown at high 
speeds, the gross flow patterns and platooning of vehi
cles are clearly evident. For the relatively small net
works shown at slow speeds, the microscopic logic of 
the simulation can be easily studied. The UTCSl capa
bilities that are demonstrated in this film include car 
following, lane switching, queue discharge, left-turn 
gap acceptance, stop-street gap acceptance, lane block
age, fixed-cycle and actuated signals, turn pockets, lane 
chan,nelization, pedestrian-vehicle conflict, bus opera
tions and station dwell, left-turn jumpers, and amber 
phase response. 
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800 

Main Street 

Shown in Figure 1 is the network adopted for the test 
film. 'Ihis network was also the case study network used 
in the UTCSl manual (3). Since the model was not de
signed for graphic outi)ut, the links are characterized 
only by length (stop line to stop line), and the intersec
tions do not have explicit X and Y coordinate assignments. 
Before the model is run for graphics purposes, it is 
necessary to establish a street geometry on an XY grid 
such as t hat shown in Figure 2. This grid is compatible 
with the model input data. The UTCSl model was modi
fied to produce the necessary data for input to the graph
ics program. Since turning behavior at intersections is 
not explicitly modeled in the UTCSl prngram, the graph
ics program, in addition to generating the graphics, 
must augment the UTCSl model to develop a rational 
turning behavim· of the vehicles at intersections. The 
relation of these programs is shown in Figure 3. 

A variety of traffic control teclmiques is illustrated 
in the film. Some intel'sections are controlled only by 
stop signs and some have fixed-cycle controllers. The 
intersection at New York Avenue and Main Sh'eet has an 
actuated signal with traffic passage detectors located 
15.2 m (50 ft) from the i11tersection on New York Avenue 
and left-turn presence detectors located in the left-turn 
pockets on Main Street. The signal cycle for phases A 
and B is given below. 

Phase A 

Advance green (may be actuated) 
Green (30-s minimum) 
Lagging green (red) 
Amber after lagging green 
Amber (3 s) 
All red (2 s) 

Phase B 

Green 
Amber (3 s) 
All red (2 s) 

A comprehensive documentation film using this film 
technique would also demonstrate the effect of variation 
of parameters on intersection behavior. Therefore, the 
user could obtain an intuitive feel for the s ignificance and 
sensitivity of these pa1·ameter settings. A number of sen
sitivity tests that could be used for this purpose and that 
were performed during the validation of the model are 
described in the users manuals. These tests use star and 
linear networks to illush·ate the effects of signal (cycle 
length), flow rates, pedestrian movements, speeds, traffic 
mix, and signal offsets. In addition to the demonstl·ation 
of signalization concepts, the film technique can also be 
used to demonsfrate dedicated lane and street concepts 
and bus priority systems that are of current interest. 
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Figure 3. Development process for simulation film . 
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Figure 4. Movement area concept demonstration . 
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Figure 6. Path selection concept demonstration. 
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Another simulation model that is available from the 
Ur ban Mass Transpor tation Administration is the Tran
sit Station Simulation Model (1 , 2). This model has been 
developed to provide architects and franspor tation sys
tem planners with a tool that is capable of evaluating t he 
alternative transit station designs with respect to pedes
b ·ian flow and pr ocessing requirements . Pedestrian 
flow dynamics are of particular significance for transit 
stations becaus e of the high volumes of pedestrians t hat 
must be pr ocessed and the transient loading character 
istics that r esult from the discrete natur e of transit ve
hicle arrivals and departures . 

Through the use of this simulation model, the transit 

~-------------. STATISTICS 

SI MULATION 
SU l'l' LF./lll!NTf.K V 
SI MULATION 

GRAPHICS 
PROG RAMS 

FILM 

Figure 5 . Service device concept demonstration. 
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station designer will be able to experiment with different 
system conflgurallums, muuber of fare collection gates, 
number of escalators, and the sizing of st.airways and 
platforms. This experimentation \'lill em1ble the designer 
to a1·rive at the most cost-effective desjgn while main
taining high standards of pedestrian safety and comfort 
ovor the full range of anticipated variation in pasAenger 
and vehicle loading. 

The simulation model incorporates a rather general
ized coucept through which submodels provide for the 
basic elements of the system. These elemeuts are as
sembled by the user to represent a complete transit sta
tion or any other pedestrian-processing type of sys tem. 
Although this gener ality is desirable, it does require user 
sophistication in the area of modeling concepts and a de
tailed understanding of the operation of the individual 
modeling elements. These qualifications a r e necess ary 
for trauslating real -wor ld featu res into the abstr act model 
formulation and fol' interpreting t he results obtained. 

The users manuals and program documentation that 
have been developed will provide the ultimate reference 
source for the user. However, these documents may not 
be the most effective means for apprising the potential 
users of the existence and nature of the model or for ex
plaining the dynamic characteristics of the model ele
ments and the relation of these elements to their real
world counterparts . 

The h·ans it station simulation model, like the UTCSl 
model, is microscopic in nature with each pedestrian and 
vehicle modeled individually. In addition to these moving 
entities the simulation world view is comprised of three 
basic elements: 

1. Movement areas (links), 
2. Service devices (nodes), and 
3. Path selection mechanisms. 

To use the model effectively, the user must under-



stand thoroughly the ope1·ation of these elements and the 
effect of their parameter settings on system operation. 
This understanding is necessary for the user to assem
ble the elements into a netwo1·k that represents an ac
tual transit station (corridors, lobbies, fare collection 
devices, escalators, and platforms). 

By showing the dynamic operation of each tYPe of el
ement individually and the variation of its parameters in 
a compute1•-generated film, an intuitive understanding 
of the model can be developed. The pictorial represen
tation used to illustrate the three elements in the film 
is shown in Figures 4 through 6. 

Figure 4 de1rtonstrates how the walking speed of each 
pedesti·ian is selected at random with the mean speed a 
function of the congestion of the movement area (square 
feet per person) (6). (SI units are not given for the vari
ables in this model inasmuch as its operation was de
veloped in U.S. customary units.) Pedestrians moving 
vertically in the diagram are shown in green, and pedes
trians moying horizontally are shown in 1·ed. T)1e inci
dence of conflicts is shown by overlapping areas of the 
individual figure in yellow. On the right side of the 
screen, the functional relations between average speed 
and a1·ea occupancy are shown in coordinated colors 
since these parameters are varied. 

Figure 5 shows the format for the fil111 segment on 
service devices such as fare collection gates that are 
rep1·esented as nodes in the simulation. This sequence 
illustrates that (a) the queue provides high-density stor
age of pedestrians {b) the service device can be acti
vated by doors, (c} the mean processing rate of the ser
Yice device and the spacing between pedestrians leaving 
the device a.re controlled by a statistical distribution 
function, and (d) the queue buildup depends primai·ily on 
the relative means of arrival and departure service time 
distributions. 

The probability distribution function for the device 
is plotted against time interval on the right of tile screen. 
The path selection mechanism incorporated in the model 
is based on a model described by Dial (7). This model 
distributes pedestrians ove1· reasonable-paths as an in
verse function of the travel time for the path. A pa
rameter (el must ·be set by the user to adjust diversion 
sensitivity to differential h·avel time. 

Figw:e 6 shows the format used in the film to show 
the operation of the concept and the effect of tlus pai·am
eter setti1i.g in a sin1ple five-node, six-link network. 
Pedestrians a1·e shown by the moving ellipses and the 
queues are show11 by shaded concentric semicircles at 
the three service device nodes, which are intermediate 
between the diversion node and the destination. At low 
pedestrian flows or low values of 9, most of the flow is 
along the shortest path from origin to destination. As 
either one of these increases and as the queue lengtb 
(travel line) along the direct path increases, the flow 
will divert to other routes. 

After the user has been introduced to the operation of 
the individual elements of the model in the manner de
sc1·ibed in this llaper, a case study ca n be p1•esented 
that s hows how a netwo1•k of these elements can repre
sent an exi.st~ng or pla1med transit station. In this case 
study, the passenger demand rates, transit vehicle head
ways, transit vehicle sizes, munber of service devices 
(such as escalators), and other features can be varied 
to show how alternative designs would be investigated by 
using the model. 

Othet· applications of computer graphics to the plan
ning of transpo1·tation systems that may be of interest 
to the reader are reviewed elsewhere {;Q_). 
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CONCLUSION 

The use of simulation models has been shown to be an ef
fective technique for designing new and complex urban 
transportation systems. However, the use of sophisti
cated tools such as these has been constrained by the 
complexity of the models. Better means are therefore 
needed to disseminate information about the models and 
about user training. The use of computer-generated 
films that show the dynamics of model operation can be 
a valuable aid in this process. 
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Sacramento Car= Pool 
Project: 
Interim Evaluation Report 

Bill Jones and Jack Derby, California Department of Transportation 

This paper describes and evaluates a government program whose purpose 
is to obtain knowledge about and domo11strate the practicality of car 
pooling as a means of conserving fuel, improving air quality, and reduc· 
ing transportation costs by better use of vehi'cles and existing transpor· 
tation facilities. The program accomplishes th is purpose by promoting 
the voluntary formation of car pools. The paper also addresses (a) the 
public benefits that result from car·pool matching projects, (b) the dollar 
benefits to participants in such projects, and (cl the costs to provide the 
benefits. Many insights into the conditions, practices, and nature:> of 
participants that lead to successful car-pooling efforts are furnished, and 
a conclusion is reached that a cost-benefit ratio of 14. 7: 1 can be achieved. 

How can governmental agencies improve transportation? 
One way is to decrease the amount of traffic on the road 
by moving the same number of persons in fewer ve
hicles. This process of increasing the average vehicle 
occupancies can be accomplished in many ways. Some 
examples include exclusive bus and car-pool lanes, 
preferential t reatment for parking facilities, priority 
entrances at freeway on-ramps, higher gasoline prices 
rationing, and flexible working hours. One govel'n 
mental program that increases vehicle occupancy rates 
on a voluntary basis is a matching service that lists or 
matches neighboring commuters to assist them in joining 
car pools. The Sacramento Car-Pool Project initiated 
such a matching service on July 1, 1974. 

The purpose of this paper is to describe the results 
of the first 8 months of the Sacramento project. The 
evaluation addresses three basic questions. 

1. What are the public benefits that result from car
pool matching projects? 

2. What ai·e the dollar benefits to participants in 
such projects? 

3. What does it cost to provide the benefits ? 

Findings about factors that contribute to the successful 
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implementation of areawide car-pool matching projects 
a1·e also documented. 

The basic purposes of the project are to obtain knowl
edge and demonstrate practices related to conservation 
of fuel, improvement of air quality, and reduction of 
transportation costs by better use of vehicles and exist 
ing transportation facilities. The U.S. Department of 
Transportation, the California nApRrtment of Trans
portation, the city of Sacramento, and Sacramento 

ounty jointly initiated the Sacramento project on July !, . 
1974. The effort called for an expenditure of $150 000 
over au 18-month period. The county sponsored the 
effort by allocating $135 000 of Its federal-aid urban 
system funds and by sharing the 10 percent matching 
i•equlrements equally with the city and the state. During 
the first 8 months of the project $55 663 were expended. 

The city and state act as consultants to the county in 
implementi~g the project: The state furnishes the 
matching portion of the effort, and the city hnplements 
a. system of p1·eferential parking 1·ates in its centnl 
area parking fac llities. 

The project provides matching assistance through 
both the organizational services and dial-in programs. 
The 01·ganizational services element of the project is 
directed toward establishing a large clientele of car
pool participants by working through the larger em
ployers of the region. This service is used to rapidly 
build a data base of interested persons from which 
matching lists can be established, and it also provides 
a source of names to be used in assisting those who 
seek help tlu·ough the dial-in service. 

In Sacramento, most of the large employers are 
associated with government. Since the state capitol is 
located in the central city, the headquarters offices of 
most state agencies are also located in the downtown 
area. Many federal, county, and city offices a1·e also 
located in the core a1·ea. ApprolCimately 50 000 people 
commute to this central area each weekday. Although 
the metropolitan area is comprised of approximately 
750 000 people, heavy industry does not predominate. 
Rice, tomatoes, melons, and other agricultural products 
generate rapid buildups and cutbacks in the work force. 
Thus, this situation does not facilitate the task of creat
ing car pop ls. 



Although the matching element of the organizational 
services provides an oppo1·tunity to rapidly build a data 
base, the project staff recognized that many of the pe1·
sons who most needed car-pooling assistance were em
ployees of smaller companies. Furthermore, an esti
mated 40 pe1·cent of the 110 000 workers of the region 
are em ployed in organ izations with fewer than 200 workers. 
The dial-in service was established to respond to the 
needs of this user group. Without the use of dial-in 
service, it would have been impossible to establish an 
integrated system that provides a complete service 
and meets the needs of all of the potential car-pool 
participants of the l'egion. Furthermore, the car-pool 
office, with its easily l'emembered telephone number 
(445-.POOL), serves as a coordinating unit fo1· all car
pooling, van-pooling, and bus-pooling efforts in the 
region, whether the pooling efforts are a part of the 
Sacramento project or not. 

The tbree largest nonstate employers in the 1·egion 
are two ail• force bases and the Aerojet General Cor
poration. The1·e are 18 000 people working at McClellan 
Air Force Base, 7 000 worki11g at Mather Air Force 
Base, and 2700 working at Aerojet. The two ah· force 
bases have their own computer-matching services but 
lrequently coordinate with the project staff in seeking 
poolers for special situations such as long-distance 
commuting. 

The Sacx·amento project personnel assisted McClellan 
Air Force Base in developing their system, but re
search for this paper does not include data from either 
McClellan or Mather Air Force bases. The aerojet 
facility did not become a part of the Sacramento project 
until July 1975· thus, the results from these matching 
efforts are not included in this study. 

ORGANIZATIONAL SERVICES 

Both the organizational services and the dial-in system 
stimulate car pooling by soliciting prospects and by 
giving them the necessary information to find ride -
sharing partners. The organizational services program 
solicits prospects indh·ectly through the 1a1·ge employe1·s 
in the region. The project staff initiaUy contacted com
pany personnel officers who provided direct assistance 
or an introduction to an appropriate manager. The em
ployers were generally cooperative since their time 
and money expenditures were insignificant, and the 
progi·am created a sense of good will with employees. 
Upon employer agreen1ent to participate in the project 
the project staff supplied posters for display in p1·om
inent locations. These posters provided advance pub
licity for later organizational service efforts. Many 
fll·ms have also given the matching service excellent 
advance promotion in their company newslette1·s. 

In most cases, a company executive signs a letter 
addressed to all employees that is then reproduced by 
project staff along with app1·opriate informational fliers 
and applications for participation in the program. The 
applications request the name of the prospective car 
pooler, approximate home location, phone numbei', 
wol'king hours, and means of commuting. These ap
plications are distributed to all employees with the 
transmittal letter, and intel'ested persons are requested 
to fill in the needed information and return the applica
tions to a central collection point in the organization. 
The applications are then picked up by a project ~·epre
sentative and delivered to the data processing center. 

Keypunchers transcribe the information from the 
questionnaires onto tape for computer input. The com
puter then produces printed lists of prospective car 
poolers who have similar departure and destination 
points. Each prospective cal' pooler receives a list 

39 

and is encouraged to use it to assist in forming a car 
pool. The computer program used is a modified version 
of the car-pool matching program of the Federal High
way Administration. 

Since the inception of the organizational service two 
features have been changed. During the first few 
months of the project, all employees were requested to 
complete questionnaires whether they were interested 
in car pooling or not. This practice was discontinued 
after it became apparent that persons sincerely in
terested in starting car pools became discouraged when 
they contacted others on their matching lists who really 
did not care to be bothered. 

The second feature that changed was the use of grid 
maps. At first, the maps were posted throughout em
ployment areas. The maps divide the Sacramento area 
into 1.6-km (1-rnile) squares. Participants were asked 
to provide both street address and grid coordinates 011 

the applications. Finding the map posting locations that 
were easily accessible to all employees was time con
suming and cumbersome. Inexperience in map reading 
frequently led to errors in coding. Under the current 
system, employees merely list major street intersec
tions near their homes, and project personnel code the 
grid coordinates for machine entry. Private sector 
participation increased substantially after these two 
changes were made. 

DIAL-IN SERVICE 

The dial-in service was designed to make matching ser
vices available to the entn·e commwiity. Access to the 
system is gained through phone calls by any prospective 
ca1· pooler, regardless of the size or location of the Cal' 
pooler's place of employment. When the potential car 
pooler phones the car-pool number, a receptionist com
pletes the questionnaire and provides the names of all 
project participants from a master file. The file is 
periodically updated to show the names of people still 
interested in car pooling. Car-pool receptionists try 
to respond to dial-in requests within a maximum of 
three days and frequently create new car pools within 
a matter of hours when the need is urgent. 

Sacramento has a large number of small employers 
dispersed throughout the metropolitan area. It would 
be impractical to contact each of these employers on an 
individual basis; therefore, various approaches were 
used to publicize the matching service of the project. 
For instance, significant but smaller work-center areas 
in the region were saturated with fliers and posters. 
Car-pool project staff appeared on news and talk show 
programs on radio and television. These shows px·ovided 
good opportunities fo1• promoting the dial-in service and 
for explaining both the community and individual benefits 
of car pooling. 

Car-pool promotion spots were placed on three of the 
local radio stations with traffic airwatch programs. 
These programs provided commltte-period traffic infor
mation du·ectly from an ail'borne announcer to a large 
clientele. Other promotion was provided by advertise
ments in a local weekly newspaper and by billboard ad
vertisements that were paid for in hall by the League of 
Women Voters. 

RESEARCH DATA 

The evaluation study was begun after 6 months of project 
operation. At the conclusion of the study, the data were 
expanded to cover the first 8 months of operation. The 
primary purpose was to measui·e the goals achieved, 
fuel conserved, air quality imp1·oved, and transportation 
costs reduced. As each goal element corresponds to 
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vehicle-kilometer (vehicle-mile) reduction, it was 
necessary to determine the m1mbt:r or vehicle
kilometers (veh.icle-miles) that were l·educed by car 
pooling. Al13orequired was the percentage of prospects who 
formed car pools as a result of project efforts. These 
nata were obtained by interviewing the persons who ap
plied for the matching service. 

At the time of the sm·vey, there were 5083 names in 
the organizational services data base. Standard statis
tical methods indicated that a sample size of 754 inter
viewees was appropriate for this population. It was as -
sumed that 15 percent of the applicants had joined car 
pools. A random process was used to select the actual 
interviewees, and interviewers contacted approximately 
84 percent of the sample population. At the end of the 
a-month period, thP. organizational services data base 
had grown to 6225 prospects. Survey findings were ex
trapolated to this number. 

Afte1· 6 months, 573 prospects had contacted the pro
g1·am through the dial-in service. The prospects who 
were supplied names of potential ride-sharing partners 
through dial-in were requested to in.form the cai·-pool 
office of their successes in forming car pools. Conse
quently, it was !mown tl1at 254 of the 573 callers had 
formed car pools, a success rate of 44 percent. Of the 
254 successful applicants., 92 a1>plicants (36 percent) 
we1·e interviewed as a sample population. At the end of 
8 months, 372 of 998 dial-in prospects or 37 percent of 
the applicants had been placed in car pools. 

Table 1 gives the data irom these interviews. The 
most significant items of information are described 
below. 

1. Of those interviewed, 21.8 percent were placed in 
car pools (:n percent from d:ial-in services an<l 19.3 per
cent from organiZational services); 

2. Of those placed, only 15.2 percent dropped out 
during the study period (10.9 percent from dial-in ser
vices and 18. 5 percent from organizational services); 

3. Those who did drop out remained in car pools for 
an average of 16.6 weeks before Leaving the car pool 
(8.2 weeks for dial-in services and 20.4 weeks for or
ganizational services), and the most common reason 
given for dropping out was change in work situation; 

4. Weekly kilometer savings by users of the system 
averaged 143.2 km (89.0 miles) [187.3 km (112.4 miles) 
for dial-ln services and 128.4 km (77.1 mlles) for or
ganizational services]; and 

5. or those interviewed, 76 percent said that their 
vehicles for commuting were not used on days they did 
not drive (72 percent for dial-in services and 78 percent 
for organizational services). 

The other significant survey findings not given in 
Table 1 are 

1. The trend by car poolers toward the use of 
smaller sized cars was 27 percent for subcompacts, 14 
percent for compacts, and 59 percent for conventional 
sized cars; 

2. Most car poolers (57 percent) had previously 
driven alone or were in another car pool (33 percent), 
but few (7 percent) were diverted from transit, i.e., 
Sacramento Regional Transit bus service; 

3. There were 2.15 drivers and 1.98 automobiles in 
the households in which vehicles for commuting were 
idle. There were 2.41 drivers and 1.66 automobiles in 
the households in which vehicles for commuting were not 
idle; and 

4. The average occupancy for each car pool was 3.2 
persons. 

Figure 1 shows the distribution of car pools by dally 
one-way commute distance. Figure 2 shows the dis
tribution of poolers by weekly decreases (or increases) 
in commute-kilometers driven. An increase occurs 
when a car pooler who drives or shares driving was 
formerly a rider only or a commuter by transit. 

ANALYSIS OF DATA 

The data obtained were used to determine the dollar 
value of public benefits that resulted from the car-pool 
program a:nd to measui·e program effectiveness. It is 
possible to estimate the savings to the individual con
sumer (the commuters who become car poolers). The 
savings for individual consumers are a direct function 
of the reduced vehicle-kilometers for their personal 
automobiles. 

The consumer's cost of operating an automobile is 
7.0 cents/ km (11.2 cents/mile) for a subcompact, 8.0 
cents/ km (12.9 cents/ mile) for a compact, and 9.9 cents/ 
km (15.9 cents/ mile) for a conventional size automobile. 
For the Sacramento project, these costs were adjusted 
to correspond to the mix ofcar sizes used by the surveyed 
car poolers. The operating cost for car poolers in the 
project [8.8 cents/ km (14.2 cents/ mile) represents the 
car-pool vehicle. 

The dollar value of savings to individual users is 
$818 400/year [8.8 cents/km (14.2 cents/mile) x 9 300 000 
km (5 766 500 miles) of J'educed vehicle travel]. After 
establishing this value for consume1· benefits, the ques
tion of cost to provide the savings was addressed. Anal
ysis of cost-accounting records for the project indicated 
expenditures totaUng $55 663 for the first 8 months of 
the effort. The return for the first year was $818 400; 
the rate of return was 1470 percent. Thus, thP. projP.ct 
has a 14.7:1 benefit to cost ratio for individual users plus 
an unquantifiable value of benefits to the general public. 

To arrive at the 14. 7: 1 ratio we assumed that the life 
of a car pool is 1 year. This assumption appears con
servative since car pools tend to perpetuate themselves; 
when one member drops out, the remaining members 
seek a replacement. It is not difficult to interest a sig
nificant proportion of commuters in car pooling. After 
a months the dial-in service had generated 998 prospects 
and the organizational service had generated 6225 pros
pects, a total of 722.3 prospects. This total 1.s approxi
mately 1 percent of the population of the Sacramento 
metropolitan region. 

A significant proportion of inquiring commuters were 
motivated to join and stay in car pools. Overall, 21. 8 
percent of the prospects joined car pools (37 percent of the 
dial-in prospects and 19.3 percent of the organizational 
service prospects). There were few dropouts: Only 11 
percent of the dial-in se1·vice and 18.5 percent of the 
organizational. service customers placed in car pools 
discontinued car pooling. The cost to place a commuter 
in a car pool is low compared to the benefits derived. 
Of the 372 dial-in prospects (actual count) and the 1201 
organizational service prospects (extrapolated), a total 
of 1573 were placed in car pools during the 8-month 
pei·iod. The total cost was $55 663, and the cost for each 
prospect placed was $35. Comparisons with other car
pool programs indicate that the $35 placement rate is 
very competitive. 

Benefits to the general public are given in Table 2, 
and a dollar value was not assigned to them. Table 2 is 
based on data (1) for a 1970 automobile that was the 
typical model according to the survey. The 14.7:1 
benefit-cost ratio applies to user advantages only. The 
general public benefits are described in greater detail 
below. 



41 

1. Transportation facilities are designed to provide 
capacity for peak commuting periods. Any reduction 
in use of vehicles by commuters directly affects the 
traffic flow during the peak period and reduces the high
way facilities needed. The car-pool project reduced 

which acts to stimulate the economy. Reduced fuel 
import requirements help the country's balance of pay
ments. The reduced use of fuel will prolong the life of 
one of our valuable natural resources. 

the facility needs by 9 280 300 vehicle-km (5 772 346 
vehicle-miles) of travel per year during peak commuting 
hours. There is a corresponding increase of efficient 
commuter traffic flow that resulted in savings of time 
and fuel. 

2. Many of the dollars previously spent for fuel are 
now available for the purchase of manufactured goods, 

Table 1. Survey data. 

3. Although figures for industrial and governmental 
costs in reducing pollutants are not i•eadily available, it 
is felt that they are significant. All reductions in pol
lutants will help to attain state, federal, and local goals 
of improving air quality. 

4. The use ofcentrala1·ea land £or storage ofidle ve
hicles is not a highly productive use of the land. However, 
because of the parking needs generated by the commuters' 

Item 
Dial-In 
Service 

Organizational 
Service 

Combined 
Total 

Persons interviewed 
Interviewees placed in car pools 
Interviewees placed and later dropped out 
Interviewees placed, percent 
Interviewees placed and later dropped out, percent 
Average length of participation for dropouts, weeks 
Average one-way commute, kilometers 
Commuting kilometers reduced per week per car pooler 
Increased home use kilometers pe~ week per car pooler 
Net kilometers saved per car poolor 
Average annual kilometer savings per car pooler' 
Cars idle when not used !or commuting, percent 

92 
92 
10 
37 
10.9 
8.2 
36.2 
221.6 
34.3 
187.3 
8610 
72 

615 
119 
22 
19 .3 
18. 5 
20.4 
27 .4 
141.8 
13.4 
128.4 
5905 
78 

707 
211 
32 
21.8 
15.2 
16.6 
29.6 
161.9 
18. 7 
143.2 
6589 
76 

1 In conv4ning weekly kilometer savi09s, to annual savings (45 weeks). an allowance of 6 weeks was made for vacation, sick leave, 
and days when automobile must be driven for pen:or1al reasons. 

Figure 1. One-way distance to work. 
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Table 2. Public benefits. 

It em 

Reduced travel, vehicle-km / year• 
Conserved fuel, L l year' 
Reduced pollutants, kg / year 

Carbon monoxide 
Oxides o[ nitrogen 
Hydrocarbons 

Total 

Reduced parking needs, spaces~ 

Note: 1 km= 0 ,6 mile; 1 L = 0 2 gal; and 1 kg= 2.2 lb. 

,) Extrapolated from survey results 
"l'Assum1ng 21 km/L. 

Amount 

9 280 300 
1 679 200 

i56 900 
31 400 
26 200 - --

214 500 

600 

t Assuming 1.3 and 3.2 persons/vehicle before and after pooling respectively, 

use of automobiles, most cities have found it necessa1·y 
to require property owners to provide parking for em -
ployees and customers. The parking facilities designed 
to economize on land use require approximately 16.6 m2 

(200 ft2)/ parklng space including driving lanes, Con 
sequently, the reduction of 600 pa1•king spaces created 
by the p1·oject ls equal to 12 138 m2 (3 ac1·es) of expensive 
downtown land. 

CONCLUSIONS 

A number of conclusions can be drawn from the re
search. It is acknowledged that conditions may differ 
in other locales; however, we believe that the con
clusions drawn may serve as guidelines for those who 
plan car-pool projects in other typical metropolitan 
regions. 

1. Car-pooling projects can be used as cost
effective methods for reducing commuter transportation 
costs. User benefits to cost ratios of 14.7:1 are at
tainable. 

2. Roth dial-in and organizational services must be 
provided if all of the potential car poolers of the region 
are to be appropriately served. 

3. Expenditures can be held to approximately $35/ 
person placed. 

4. The average pe1·son placed reduces the use of his 
or her personal automobile by about 6400 km (4000 
miles)/year. 

5. Of the commuting car poolers, 72 percent do not 
use their vehicles on days when they are not required 
for car-pool travel. 

6. Most car poolers placed are taken from single
occupant vehicles (57 percent) or smaller car pools 
{37 percent). 

7. If a good transit service is provided such as in 
Sacramento, a low percentage (7 percent) of new car 
poolers are drawn from transit. 

8. A luge percentage of cu poolers drive small 
vehicles (27 pe1·cent fo11 subcompacts, 14 percent for com
pacts, and 59 percen.t for standard size). 

9. La1·ge expenditm·es for advertising and other 
forms of promotion a1·e not required to motivate sub
stantial numbers of commuters to joh1 car pools: Of 
the total $55 663 expended, only $4000 was spent on the 
promotion of car pools . 
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Urban Transportation 
Planning System: 
Philosophy and Function 

Robert B. Dial, Urban Mass Transportation Administration, U.S. Department 
of Transportation 

This paper describes the philosophy behind and the functional require· 
ments of a computer-based system for urban transportation planning. It 
begins with a view of the current transportation problem and the result· 
ing new demands on the planner. After outlining a planning framework 
composed of three analytical activities, long-range planning, short-range 
planning, and system surveillance, it outlines the functions of a software 
~ystem, the Urban Transportation Planning System, that would effec· 
tively support the transportation planner of today. Such a system is pres· 
ently under development at the Urban Mass Transportation Administra
tion. 

Sometime in the 1950s a certain Hudson Valley trans
portation planner, a direct descendant and namesake of 
Rip Van Winkle, dozed off over his drawing board to 
sleep for the traditional 20 years. While this latter-day 
Van Winkle dreamed his unimodal dreams, undistu1·bed 
by social and envtronmental nightmares and unaware of 
energy crises, his more lively colleagues slaved away. 

On awakening in the 1970s, he sleepily looked out of 
his office window and immediately perceived the ap
parent ineptitude of his old colleagues. It was obvious 
that while Van Winkle had slept, Americalls had invested 
trillions of dollars in automobiles, roads, parking fa
cilities , trai.fic signals, policemen, traffic courts, hos
pitals, insw·ance companies, tire factories, oil indus
t.l'ies, drive-ins, and billboards-all in deference to the 
private automobile ai1d highway system. Yet in spite of 
this eno1·mous capital expen.diture, ~ongestion still para
lyzed the cities, which smelled awful and looked worse 
than they had 20 years before. 

Coming to tJ1eir own defense, his fellow planners 
argued that they should not be faulted for the current 
state of affairs. They had been misguided in their ig
nox·ance of the issues. No one had w·ged them to con
sider costs and benefits except those who had supported 
the popular demands for more cars and more roads. 
T.hey had lacked both tJ1e teclmical and fiscal wherewithal 
to plan, much less to build, for anything but the auto
mobile. 

Publication of this paper sponsored by Committee on Transportation 
Systems Design. 

It was not until the 1960s that the planners had ad
mitted that urban man does not move by car alone and 
that transit is also necessary. Like an aged football 
player abruptly recalled from retirement to substitute 
for the limping superstar, public trnnspo1·tation was 
dusted off, given an aspirin, and sent into the dying sec
onds of the game. Renamed mass transportation (per
haps to connote the movement of slugs rather than people), 
it was ordered to reduce congestion so tJ1at automobiles 
might go faste1·. With less than 1 percent of tJ1e capital 
budget spent on the automobile and highway system, it 
was asked to solve the problems of the automobile as 
well as those that the automobile had caused. And to 
make matters worse, it was given no federal subsidy for 
operation. 

After Van Winkle rubbed the sleep from his eyes, he 
dutifully examined the records for the 20 years of his nap. 
Something of a student of human nature and of history, 
and now with the freshest mind in tJ1e business, he was 
neither surprised nor alarmed by the misconceptions or 
the misdirections . He i·egret:ted the waste of time, 
money, and talent, but he unde1·stood it in terms of the 
political economy and was not disposed to judge it harshly. 

Van Winkle was most disappointed to see that the 
present planning procedures differed so little from those 
he had been using when he dozed off. He saw tJ1at the 
technical expertise needed to solve problems (problems 
unknow11 in the 19 50s) had increased by an o.rde1· of mag
nitude. It was ilnmediately clea1· to him that he would 
need new methods to deal with ideas that he had neve1· 
heard of priority lanes, congestion pricing, dial-a-ride, 
personal rapid transit, environmental impact statements, 
energy conservation, quality of life, Urban Mass Trans
portation Administration (UMTA) capital grants, and 
others. The problems were new and the ground rules 
for their solutions had changed, but Rip saw that the 
present-day tool kits held the same tools that had rusted 
to pieces in his battered old box as he slept. 

We must now let our brave old friend, and our newly 
awakened planner, go back to work. We should ac
knowledge our debt to Van Winkle's llerspective as 
we begin to describe the current concerns and goals 
or UMTA. That historical perspective is very im
portant to us, as UMTA research and development begin 

43 



44 

to reflect the recent federal awareness of the very dif
ferenl planning problems of a new era with new com
plexities. 

LESSONS LEARNED 

Certainly there are four lessons that Van Winkle's ex
perience teaches us, and we must learn them with him 
if future transportation planlling is to be success[ul and 
save OUl' urban transportation systems from inexorable 
decay. 

The first lesson is that the transportation problem 
can be solved only at the local level. It is apparent that 
the problem was made worse IJy Lhe Iederal tilt toward 
highways during the last 20 years and by federal policies 
that earmark funds fo1· specific modes, regardless of 
local needs and desires, which aggravates rather than 
ameliorates the situation. Any effective solution will 
probably requil·e a better use of the automobile as well 
as vastly improved public transportation. 

The second lesson is that we must make better use of 
the tra11sportatio11 resources that we have and not auto
matically assume, in response to a problem, t hat what 
we need is more. Our superb highway system is 50 per
cent underused about 90 percent of the time. Too often 
roads are conceived of as p1·ov'ding for the movement or 
cars and trucks, J.'ather than of people and goods, while 
in fact at certain times it is advantageous to ban ca1·s 
and trucks from some segments of the road sy ·tern. 
Public transportation passengers, pedestrians, and 
cyclists should receive much higher priority in the plan
ner's mind and on the city's streets. 

The third lesson is that urbru1 transportation plarming, 
implementation, and operation must be coordinated with
uul au arWicial administrntive and jurisdictional p~ r
titioning of functions and responsibilities. Planners 
must guide builders . Ope1·ators must trust planners. 
Flannel's must be informed by builders and operators. 
In the past, these people scarcely knew one another, but 
today they must wo1·k together. 

The fourth lesson is that the plam1er must consider a 
much larger set of options and issues. He must look for 
more and better transportation alternatives. The eval
uations of these alternatives will, in large measure, be 
based on nontransportation issues. Not only are the 
problems of today more acute, but also the constraints on 
feasible solutions a re tighter . More technical expertise 
is i·equired. 

Today, the planner must plan a system, not merely 
design appendages to growing freeways. He now must 
justify his recommendations with lengthy alternative 
analyses and examine vastly different attd sometimes 
radical proposa lR. He must describe and defend the 
numerous potential impacts of a proposed plan to im
patient politicians, a vociferous press, and a suspicious 
public whose questions are i;elfisb, diverse, and micro
scopic . A decision to build will never again be based on 
a simplistic fravel time measure. Many other criteria, 
often conflicting, must be addressed. 

NEEDED: IMPROVED PLANNING 
TOOLS 

Since Van Winkle refuses to give up despite tl1e stagger
ing problems of urban transpo1·tation, tl1e least we can 
do is help him to replace his rusty tools. And as we 
awaken with him into a new era of transportation plan
ning, his clear view of the stunning dillerences between 
the 1950s and the 1970s can help us decide what kinds 
of tools are needed. 

The traditional planning techniques now in common 
use are slow ru1d costly: slow because they use a hunt-

and-peck system to find a good plan, and costly because 
of long turnaround times and high data costs. Theil· most 
serious weakness is their inability to evaluate multimodal 
planning alternatives accurately and responsively . At 
best, they plan effectively for one mode, the private 
automobile. 

Local pl~nners are keePly awarA of the!=;e shortcom
ings. They must respond quickly to local policy q~1es
tions. Despite their inadequate resources, they must 
p1·oceed and plan with what they have. Piecemeal efforts 
of local planning agencies to improve tools often cost 
more than their marginal success is worth. The federal 
govermnent's research and development of improved 
planning te hniques will be especially valuable and wel
come at the local level. 

UMTA RESPONSES AND PLANNING 
PHILOSOPHY 

For as many years as there have been large computers 
available, state and local agencies have used them for 
planning. UMTA research and development can help 
local planners best by packaging fo1· their use the best 
research and development products in computer software. 
In this way UMTA can r~quire local planning to improve 
and can provide the teclmical and fiscal support for tl1at 
improvement. 

Accordingly, in 1972, the UMTA Office of Research 
and Development began a program to 

1. Research and develop improved planning techniques, 
2. Implement these techniques in generalized com

puter software, 
3. Pilot test software in urban areas to ensure its ap

propriateness and demonstrate its utility, 
4. Distribute the software to local planners, and 
5. Provide technical backup by training users and 

responding to queries from the field. 

Tbe result of this p1·ogram will be tlle Urban Trans
portation Planning System (UTPS). UTPS is a package 
of computer programs fo1· site-specific planning of mul
timodal transpo1·tation systems. The package is evolu
tionary and is being constantly enlarged and updated. Its 
ultimate goal is a streamlined, easy-to-use set of modu
lar tools applicable to several planning activities. 

'I\vo considerations affect the design of UTPS. First, 
variations in local issues and resow·ces create many dif
ferent planning situations, and no one model fits them all. 
Second, to be easy to use and yet adequately sophisticated, 
the technical complexity must iu large measure be in
visible to the user. 

To accommodate the variety of planning situations, 
UTPS distinguishes three overlapping, sequential, nnd 
iterative pla1ming activities: long-range planning, shol't-
1·aoge planning, and system surveillance {as shown in 
Figure 1) . The first provides a context for the second; 
the second precedes implementation; and the thil'd moni
tors perfonnance to feed information back to the first 
two. Each is discussed below. 

Long-Range Planning 

There are two types of long-range plannlng. One 
searches for a strategy and the other articulates in 
some detail a design within a selected strategy. These 
are called strategic (or sketch} planning and tactical 
plannlng (Figure 2) . Both involve both manual and com
puterized processes . Where computerized, each entails 
the design, coding (for computer consumption), evalua
tion, debugging, and improvement of a transportation 
system concept (Figure 3) . 



Sketch plam1ing is the p1·eliminary screening of pos
sible multimodal configurations or concepts with varying 
assumptions as to alternative futures . It is an aggre
gate, multivariate system evaluator and comparer. It 
is especially necessary for long-range regional planning 
(10 to 20 years), and at minimum data costs gives pre
liminary estimates of the capital and operating costs, 
patronage, wide corridor-traffic flows (by mode), ser
vice levels, and land development implications of pos
sible multimodal networks. It also estimates such fac
tors as energy consumption and ail' pollution. It com
pares all these data with those available about other 
networks and provides the information needed for broad 
policy decisions. 

The demands on such a sfrategic model for long
range planning ue challenging. First, it must make it 
very easy and :fast to evaluate Cl"edibly an alternative 
strategy . The far future options are limitless, scores 
of them must be considered, and thus each must be. done 

Figure 1. Planning process. 
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quickly. Second, the model must be able to simulate the 
performance of modes tba:t are as yet unspecified. Third, 
it must deal explicitly with uncertainty. 'I\vo of the most 
difficult uncertainties are those associated with socio
economic and land developments, and those associated 
with the costs and performances of new transportation 
technologies. 

Sketch-planning input is chru:acterized by a small 
(less than 800 nodes) but rich abstraction of an (abstract) 
multimodal network. By using highly aggregated mea
sures, it compares a la1·ge number of proposed policies 
in just sufficient analytical detail to support strategic de
cisions. Trip generation, distribution, modal split, and 
assignment-traditionally four different technical steps
are handled in a single step . Supply versus demand equ1-
lib1·ia are explicitly considered. Outputs are related di
rectly to issues. A single system alternative is evalu
ated at less tban 10 percent of the cost of existing long
range planning techniques. 

The planner remains in the sketch-planning mode until 
he or she completes his comparisons of possibilities or 
finds a strategic plan worthy of consideration at the tac
tical level. 

Tactical planning treats the details appropriate to 
midrange (5 to 10 years) planning and identifies the best 
configurations within a given strategic concept uncovered 
in the sketch-planning phase. The input and analytical 
techniques are close to those of the state-of-the-art re
gional and corridor-planning studies of today. lnputs in
clude the location of principal highway facilities and de
lineated transit routes. These feed a network model 
that addresses any automobile versus transit vehicle in
teraction. Disaggregate demand forecasting techniques 
are applicable here. 

In contrast to sketch planning, tactical planning can 
provide disaggregated cost and benefit measures that re
late more accurately to the citizens and resources af
fected. At this level of analysis the outputs are esti
mates of transit fleet size and operating requirements 
for specific service areas, refined cost and patronage 
forecasts, level-of-service measures for specific geo
graphical areas, aud where necessary, a program for 
staged implementation. Household displacements, noise, 
localized pollution, and aesthetic factors can also be 
evaluated. 

The cost of examining an alternative in midrange 
planning is 10 to 20 times its cost in sketch planning, 
although default models , which assume away certain 
data requirements, may be run for a relatively inex
pensive first look. Apparently promising plans can be 
analyzed in further detail, and problems uncovered at 
this stage may suggest a return to sketch planning to 
accommodate new restraints. 

Short-Range Planning 

As in long-range planning, there are two distinct types 
of short-range planning activities. One is the quick 
evaluation of broad, areawide transportation strategie~, 
and the other is the preparation of a detailed delineation 
of an optimal system design reflecting a given strategy. 
In the former, the difference from long-range strategic 
planning is that the short-range case requires more ac
curate cost versus beneiit estimates, but fortunately 
greatly improved accuracy is obtainable. In contrast to 
the long range, the feasible transportation options in the 
short range are very limited, and the costs and capabil
ities of individual system components are accurately 
known. In addition, in the short range, human behavior 
and demand for transportation are less difficult to fore
cast. Thus, a much more precise evaluation is possible. 
Some examples of the kinds of policies a short-range 
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strategic model can address are (a) areawide dial-a-
ride service, (b) widespread designation of au.tomobile
free zones, (c) road-user taxes 01· increased gasoline 
taxes, (d) order of magnitude increases in transit neet 
size or exclusive guideway (lanes), and (e) broad changes 
in parking policy. 

Detailed deiineation of the plan and the expected costs 
and benefits of the system are required prior to a final 
decision to implement. The outputs of long-1·ange tac
tical plarming models and short-range strategic models 
are usually too abstract for engineering design purposes, 
but as the time to implement projects draws near ( 5 
days to 5 yea.rs) detailed simulations can be used to re
fine design pai·ameters. Some examples of activities at 
this stage are 

1. Detailed evaluation of the extension, rescheduling, 
or rep1·icing of existing bus service· 

2. Simulation of bus priority lanes or signal systems; 
3. Al1alysis of passenger and vehicle flows tJu·ough a 

transportation tertnina1 or activity center; and 
4. Comparis on of possible routing and shuttling strat

egies for a demand-activated system. 

Analysis at this detailed level can be pi•ohibitively ex
pensive except for subsy.stems whose implementation is 
highly probable and in which such design refinements 
bring s ubstantial increases in ser'Vice or significant re
ductions of cost or uncertainty. It is et:Iective in plan
ning only when the large number of exogenous variables 
can be accurately observed or estimated. 

Surveillance 

Desides permitting a continual scrutiny and evalnRtinn 
of transportation services, performance, osts, and use, 
the data from a good surveiiiance program support 
near-term planning to eliminate problems such as over
loaded Unks, inadequate transporl:ation opportunity, and 
tl1f1 1111rferuse of existing resources. .Kllowledge of the 
current state of affairs is a prerequisite to any planning. 
It is essential that existing highway and transit systems 
and their users and the environment be monitored to 
ascertain the service provided, to whom, and at what 
cost. Such data are needed for supply-and-demand 
model verification and calibration as well as for system 
evaluation. In addition to the traditional traffic counting, 
user-oriented surveys of such things as convenience and 
tra'Vel time must also be maintained. Information about 
the citizen; s travel patterns and socioeconomic attributes 
are also needed. 

The development of good short-range planning and 
surveillance tools brings the greatest return for the 
model-development dollar. This is especially true be
cause the strong tradition o:f pure highway plamling, 
which is preoccupied with long-range, capital-intensive 
prog:rams, is of little help in the evaluation of immediate
actiou programs. Short-range planning requires the 
tools and analytical techniques that are needed to evalu
ate and to optimize the use of a city's existing transpor
tation resources, and the development of these tools has 
high priority at UMT A. 

UTPS FUNCTIONAL CHARACTERISTICS 

To support the planner in the four stages identified above, 
UTPS acts as a highly interactive system 'that uses time
shared computers with on-line graphics terminals and 
is vastly different from the present slow-motion, enor
prone batch operations. Internctive browsing through 
network and land use data, both digital and graphic, 
speeds up the planner's evaluations. Maps, charts, and 

graphs replace the millions of numbers that now o'Ver
whelm him. Graphic input via an e lectronic tablet speeds 
his dala entry and run setup. An interactive network de
sign model allows him to specify or to modify his plan 
virtually instantaneously. Many analytical processes are 
run while the planner waits at the cathode ray tube, which 
gh·cs inst::mt turnaround. To gt r:intP.e Ruccessful 
execution, longer analyses that require batch processing 
are dry run interactively before submission. Later the 
planner interactively browses through the outputs of the 
batch process. 

The UTPS p1·og1·am library includes data-management 
routines, graphics routines, algorithms far statistical 
and mathematical programming packages, and specific 
planning models, all of t11e software needed to examine 
ti·ansportation supply and demand at each of the three 
planning levels described above. UT:PS modules meet 
uniform software design standards, and adherence to 
those standards allows UTPS to add new software and 
provide improved analytical techniques as they become 
available. 

Among the most important modules are those for sys
tem evaluation, demand estimation, network aggregation, 
data acquisition, and data management. 

System Evaluation 

The system evaluation tool is an open-ended set of ana
lytical repo1·ts and graphics selected for the use of local 
pla1mers, who may also include their own processes and 
reports on local issues. UMTA adds new reports as na
tional issues arise. Local planne1·s can compare signifi
cantly different network conceptions and make detailed 
analyses of the minor pertm·bations o! a given network. 
They can evaluate p1·esent and proposed systems accord
ing to current and future demands. The other modules 
described below also directly suppoi·t i:;ystem evaluation. 

Demand Estimation 

Planners making demand estimates may choose from 
three kinds of models: off-the-shelf default models for 
local use without site-specific parameter estimates, de
fault models with locally calibrated parameters, and 
user-made models that can be integrated into existing 
modules with little programming effort. 

Algorithms for establishing supply-and-demand equi
libria provide the capacity to determine route and mode 
selection equilibrium, origin-destination demand equi
librium, and land development-transportation equilib
rium. The software supports the development, calibra
tion, and application of both aggregate and disaggregate 
models. 

Network Aggregation Models 

Among the improved tools being reseai·ched are the net
wo1·k aggregation models that a.re useful at all levels of 
planning. The automatic reduction in s i.ze of the coded 
network description speeds the computing process by 
providing the data base that is most efficient for an anal
ysis. There are three network aggregation teclurlques : 
subarea windowing, regionwide abstraction, and subarea 
focusing. 

Subarea windowing is tlte most straightfonvard tech
nic1ue. There is software that physically exh·acts a sub
a1·ea of the nehvork and collapses the external demand 
for it to within its periphery. This technique can be used 
for detailed analysis and short-range planni11g when ex
ternal demands are assumed to be fixed. 

Regionwide abstraction is technically more difficult. 
The computer reduces detailed nehvorks to a specified 
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level of abstraction by aggregating links, nodes, and 
zonal data, yielding a network amenable to sketch plan
ning. This permits movement Il·om the tactical or 
sho1•t-1·ange stage back to the sketch-planning stage and 
thus allows rapid mac1·oscopic evaluations of detailed 
networks. 

Subarea focusing is the most difficult technique be .. 
cause it combines windowing and abstraction. A sub
area of interest is wfodowed, but the links outside the 
window ai·e not deleted but abstracted, so that any mod
ification of the inte.rnal network ot the subarea can have 
the appropriate effect on external demand. This is ac
complished by increasing the network abstraction as the 
distance from the window increases. Subarea focusing 
gl'eatly improves the effectiveness of traditional long
range (tactical) planning by reducing its cost and in
creasing its accuracy. 

Data Acquisition 

While data collection is essential to planning in general 
and system surveillance in particular, the notoriously 
large sums of money spent fox· data acquisition should 
be channeled into more productive analyses. To do this, 
planne1·s need more efficient data-gathering techniques. 
UTPS must couple modern sampling techniques with the 
power of an on-line, time-sba1·ed compute1· and modern 
data-enti·y hardwa1·e to speed the collecting, editing, and 
correcting of data and i·educe their cost. A disaggregate 
travel demand data base is available to researchers to 
eliminate the need for more data in certain cases. De
tailed netw·ork coding manuals show the planner the 
quickest way to input the characteristics of his or her 
transpol'tation system. 

Data Managem.ent 

The data-management system is used to specify network 
and land use configurations, edit data, and evaluate sys
tems. A good data-management system must allow the 
planner to execute programs and interact with the data 
base without detailed knowledge of the design of the data 

base. It should also be possible to provide a common 
source of data for all UTPS modules, allow efficient 
data-base modifications, avoid a proliferation of data 
files, and furnish a repository for output from computa
tional modules. 

Besides the many computational similarities (e.g., 
matrix manipulation), there are many common data re
quirements, such as network descriptions, land use data, 
and graphic data, among the three levels of planning anal
ysis . 'I11erefore1 the data preparation tilne and user
training time are reduced and the software is fully ex
ploited. At any time, the user may modify the basic 
network or lru1d use data by using the interactive network 
design program. Tl1e modifications can be additions, de
letions, or the updating of any or all elements, but t he 
basic integrity of the original design and its predecessors 
is preserved in a treelike file structure. At any time, 
the planner may analyze any version of the network. In 
UTPS a s ingle data base might contain sco1·es of net
works, all quickly available for analysis . 

The planner can design his network while describing 
it to the computer in a nanu·al, graphic fasoion. He sits 
at a cathode ray tube and uses a stylus or lightpen to 
draw the network. He draws it eitJ1er by e:xplicitly enter
ing nodes, links, transit lines, and such, or alternatively 
by circumscribing geographical areas of homogeneous 
ser vice that is described parametrically (e.g., street 
spacing, number of bus stops, and such). 

The UTPS package can generate maps, charts, or 
graphs . When the software processes a i·equest for 
graphics, it preserves t he results in the gi·aphics file 
of the data base. The file contains the !Joints, lines, and 
annotations t11at constitute the graphic in a standard for
mat . The planner may browse through the available 
graphics at any time, recalling, combining, modifying, 
or displaying those needed, without the expense of re
generation. Attribute or land use data can be overlaid 
on network plots and the graphic directed to a display 
tube or hru·dcopy plotter. 
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CONCLUSIONS 

All of the components and capabilities described above 
are among the c\ll'rent fllture objectives of the UT.PS 
development effort. All are at present in a research or 
ctevP.lopment stage. A few initial products have already 
been released to the planning community, but most are 
scheduled for future delivery. 

In its present, skeletal state, UTPS (Figu1·e 4) is 
13 software modules and the attendant documentation to 
form a fairly powerful suite of programs that run in the 
batch mode on tl1e IBM 360/370 series of computers. 
It basically comprises a traditional transportation model 
and best supports long-range tactical plannillg, but it 
can provide limited service to the strategic or short
range planner. It includes highway and transit network 
analysis models, demand-fo1·ecasting models, matrix 
manipulation, and limited graphics capabilities. It can 
be installed easily at the user's computer facility and is 
being continually improved. 

It is hoped that, witltln 3 years, UTPS will evolve to 
include all of the capabilities discussed above. It will 
be in a form that allows it to be fairly readily installed 
ou non-IBM computers and will exploit minicomputer 
and nationwide computer network technologies. The re
sult will be a ubiquitously available software system, 
which will aid our Rip Van Winkle and other federal, 
state, and local planne1·s who search for effective solu
tions to today's complex and vexing transportation 
problems. 
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