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Foreword 
With the forecast limitations on highway access and parking facilities, an 
alternative for handling congestion and increasing demand is the use of 
public transit systems. The Highway Research Board's Committee on 
Passenger Transportation Economics and Special Committee on Inter
national Cooperative Activities held a day-long symposium during the 49th 
Annual Meeting of the Highway Research Board to examine the potentials 
of public transportation to airports. Seven speakers from different parts 
of the world were asked to address the symposium regarding their current 
plans for public transportation to airports. The presentations and informal 
notes of several of the speakers are included in this RECORD. 

The conferees discussed current transit facilities at airports in the 
United States, Europe, and Asia. In Tokyo there is a separate monorail 
facility running from downtown Tokyo to Tokyo International Airport. In 
Cleveland, Boston, and London and at a number of airports throughout the 
world there are existing subway and railroad links connecting the airport 
to the rest of the transitand railroad systems. For a number of airports, 
there are downtown check-in terminals, and buses are used on existing 
streets and arterials to get to the airport; and for several airports , con
sideration is being given to separate bus rights-of-way between the central 
business district and the airport. 

The RECORD begins with a paper by Kenneth E. Cook, economist for 
the Highway Research Board, in which he presents a summary of the bene
fits and problems of the various forms of public transportation to airports. 
Also included is a paper that discusses the devel0prnent of an origin
destination survey technique for airline passengers at the Philadelphia 
International Airport. 
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Mass Transit to Airports-An Overview 
KENNETH E. COOK, Highway Research Board 

•REQUIREMENTS for future transportation to airports include increased demands not 
only by air passengers but also by other users of the airports such as airport and air
line personnel, sightseers, well-wishers, and employees of businesses located at or 
in the immediate vicinity of airports. Current planned highway capacity to airports will 
not be sufficient to meet forecast growth in airport usage. 

The current airport problems are a combination of interrelated problems of which 
getting people and freight to and from the airport is only one facet. Ground access times 
to airport facilities have not decreased at the same rate at which jet aircraft have re
duced flight times. This has resulted in a growing disparity between the time necessary 
to make the air flight and the total time nece,ssary for the trip. 

Airport operators, airlines, and federal and state agencies are currently looking at 
ways to reduce the processing time and delays occurring at the airport terminal. Im
proved ticketing and baggage handling and improved air traffic control procedures may 
improve the terminal delay and congestioD problems. It is, however, difficult to attack 
the airport access problem. Capital investments and costs resulting from improved 
passenger processing procedures are minimal in comparison to required expenditures 
to improve the ground access to the airport. In addition, the cost of airport improve
ments can be recouped through direct charges to the air traveler, the airlines, and 
other users of the airports. 

By comparison, the required highway investments necessary to adequately handle 
forecast peak-hour traffic volumes are extremely high and may result in substantial 
disruption and relocation in urban areas. Although airports are large generators of 
highway traffic, they do not bear a continuous high enough volume of traffic to amortize 
the tremendous cost of investment or to overcome the growing public resistance to fur
ther development of high-capacity road systems in urban areas. 

It is becoming evident that in many cases it will be financially and socially impos
sible to develop enough freeways to cope with the airport access problem or sufficient 
parking sites at the airport to meet the forecast demand for private automobile parking. 

MASS TRANSIT ALTERNATIVES 

Because of the investment costs and length of time required to develop fully opera
tional systems the so-called new technology systems are not feasible as a short-term 
solution. Four alternatives that appear to be feasible for existing airports or those 
currently under construction are (a) railroads and subways using separate rights-of
way; (b} railroads and subways using common rights- of-way with other rail traffic · (c) 
buses and limousines using separate highway rights-of-way· and (d ) buses and limou
sines using existing highways and city street systems. 

CURRENT PATTERNS IN AIRPORT ACCESS AND 
FEASIBILITY OF MASS TRANSIT 

Origin and destination studies of airport users indicate a wide geographic distribu
tion throughout the metropolitan areas. On the average only about 25 percent of air
line passengers come from or go to a central business district. Studies at Logan Air
port in Boston show that the rail link to the airport carries only 5 percent of the total 
passengers . Similarly, at Cleveland 10 percent of the enplaning passengers are carried 
by the airport subway spur line. The Cleveland line carries about 2,000 passengers, 
well-wishers, visitors. workers. and others to and from the airport a day. A subway 
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spur connected to a large hub airport such as Kennedy International in New York City is 
forecast to carry only 2,500 passengers during the peak hours. 

The peak-hour capacity of a subway system is 24,000 people or ten times the fore
cast demand. With low usage of the system, with the present modal-split patterns, and 
with high investment costs that cannot be adequately amortized through user revenues, , 
the investment in totally new separate mass transit systems was generally viewed by 
the conferees as not an economically justifiable solution to the access problem. 

Because of the continuing low-density decentralization patterns in urban areas, there 
is little probability that a high-capacity mass transit system over a fixed routing could 
induce the necessary modal shift away from automobiles. However, the investment 
required to connect existing railroad and subway facilities to airports is not of the same 
magnitude as that for creation of a totally new rail system. Therefore, the degree of 
demand for such services may justify investments in short spurs to airports that would 
interconnect with existing facilities. 

ADVANTAGES AND DISADVANTAGES OF MASS TRANSIT SYSTEMS 

There are a number of disadvantages of mass transit systems in comparison to pri
vate automobiles, rent-a-cars, and taxis. The use of an automobile to an airport offers 
door-to-door delivery on demand along with the capability of carrying the luggage. 
There is no transfer of vehicles from the time you enter the car until you reach the air
line terminal. The automobile has the disadvantage of high cost-for taxi fare, car 
1·ental perating and parking costs of the individual driver, or multiple round trips if 
the airline passenger is being driven to the airport. The automobile has the additional 
disadvantage of being sensitive to time delays caused by traffic congestion. If adequate 
parking facilities could be provided at the airport and if time in route were more pre
dictable and less sensitive to traffic congestion, the automobile would continue to be 
viewed as the most desirable mode of airport access because of the wide diversity of 
trip origins and automobile convenience. 

In comparison, the rail transit vehicle offers other advantages. Its advantages are 
that it is less sensitive to time delays and that it can haul a greater number of people 
over a facility of similar size to that of a highway. Because it is not sensitive to high
way congestion during peak traffic hours it may make better time in route. The rider 
also does not have the problem of parking in congested areas. Finally, it offers a gen
erally much lower cost for the service compared to the total operating and parking costs 
of automobiles, taxi fares, or rental car services. 

Its major disadvantage is that it is a fixed-route system, which requires high popu
lation densities in order to provide sufficient demand to economically justify investment 
and operating expenditures. It has fixed schedules r-~ th~r than a demand-actuated oper
ation. However, the departure times may be varied according to the level of demand 
instead of a fixed-time spacing. Although fixed-time scheduling is more predictable for 
the rider, it has high operational costs. The problem with demand scheduling is the 
lack of service in off-peak hours. Because it is a fixed-route system, stations may be 
remote from the ultimate destination of passengers who may require taxis or automobiles 
to reach their final destination. Likewise, because of route limitations, multiple trans
fers in route may be required. 

Unless the rail system to the airport is a totally separate entity or uses separate 
cars on common facilities, airport passengers will have to compete with other users of 
the transit system. The airport fraveler may have the additional burden of canying 
baggage. Even if there is special provision for handling baggage on the mass transit 
system, the bag-carrying passenger will have problems of loss and pilferage, transfers 
on the system, and difficulties in crowds. If the transit system is run on the basis of 
volume of demand, it is difficult for passengers to know schedules in order to plan their 
trips. 

The a irline traveler constitutes frequently less than one-third of the total traffic to 
an airport. The majority of the people who work at an airport live relatively close to 
the facility, and demand studies would have to be made to determine the justification 
of additional transit systems between home and work to determine if special rail services 
for this segment of airport traffic is economically feasible. 



3 

PRICING OF AIRPORT ACCESS 

Unless we are going to prevent people from driving their cars to the airport and force 
them to use mass transit facilities by government regulation, the principal inducement 
for using mass transit will be the price differential between transit and one of the forms 
of automobile transportation. The greater the differential is, logically, the greater the 
use of transit. 

In today's political and social climate, it is not reasonable to believe that government 
could win support of the concept of prohibiting the use of the automobile for access to 
airports. The air transportation industry would be severely affected by such a prohib
itive program, and it would not gain substantial voter support. The problems in trying 
to prevent automobiles from coming to the airport and substituting mass transit are the 
same as those involved in prohibition of automobiles in central business districts. 

The price differential between transit and automobile access to airports will have to 
be based primarily on the sensitivity of demand. Another problem in pricing mass 
transit is that transit prices are based on a per-user charge, whereas automobiles and 
frequently taxi charges are based on the price per trip regardless of the number of 
riders. 

POTENTIAL APPLICATIONS OF RAIL TRANSIT TO AIRPORTS 

The potential application of rail access to airports is extremely limited in the United 
States. There are currently about 523 points served by scheduled airlines. Of the total 
commercial airline passengers, 45 percent are enplaned at 10 cities and 96 percent are 
enplaned at 142 cities(l). By way of comparison, there are over 200 metropolitan 
areas in the United States with populations over 50,000 people. This means that there 
are relatively few cities that have the density of population and airport usage to warrant 
consideration of rail access . When New York City, with its high core density and high 
airport usage, forecasts a rail mass transit directional peak ridership of only 2,500 
people, the feasibility of rail access even in terms of an additional spur to existing 
trackage is remote for the vast majority of cities. 

BUS TRANSIT TO AIRPORTS AND DOWNTOWN TERMINALS 

Another alternative to rail transit to airports is special separate high-speed busways 
from the airport to a downtown terminal. The proposal for such a special busway for 
the new Kansas City International Airport was discussed at the conference. The pri
mary value of such a separate express busway system is that it is not impeded by peak
hour traffic congestion as are buses using local street and highway networks. The 
buses may operate at speeds equivalent to those of rail transit and thus make substantial re
ductions in ground transportation time . Bus systems also provide greater reliability 
for remote airline passenger check-in. 

Many of the aspects of a special busway system are similar to those of rail transit. 
It is designed primarily as a device for handling peak-hour airline passenger traffic 
during periods of high traffic congestion. Although airport employees may use the system, 
its primary justification is for expediting airline passenger travel. Airport buses would 
be specially designed to accommodate the airline traveler and his baggage. The regular 
buses for transporting airport employees and high-speed mail trucks might also use 
such a system. 

A number of systems are possible for distributing passengers to a downtown terminus 
using the exclusive bus way. One is the construction of a terminal at the end of the facility, 
which will perform the functions of passenger check-in, baggage handling, and automobile 
and transit interchange. The terminal can provide facilities for collector buses and 
transit systems as well as limited parking space. The passenger may enter the terminal, 
check his bags, and board a bus that will take him directly to the airport and to his air
line terminal. By utilizing this check-in service, the traveler may reduce anxiety over 
missing his flight at the airport or further concern with his baggage. However, there 
are a number of problems in utilizing satellite facilities that are causing airlines to 
review their willingness to underwrite such activities. Baggage not delivered directly 
to the airline passenger at the airport terminal must be re-sorted and forwarded to the 
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downtown satellite terminal. This multiple handling of baggage may cause passenger 
delay and increase the loss of baggage. Likewise, if airline passengers do use the remote 
terminal check-in facilities, they must be assured that once they have checked in they will 
not miss the scheduled departure time. Therefore, aircraft departure times will be con
tingent on the ability of the transit operators to maintain the bus service on schedule. 

Because of the problems of baggage handling and potential delays caused by urban 
traffic congestion, the alternative of having multiple urban satellite terminals with col
lector buses feeding into a central terminal at the end of the exclusive busway or into 
the airport via the busway does not appear to be feasible. The regular bus system in
terconnecting at the terminal will have to be used as the distributor system. If it is to 
divert a substantial number of automobile users, there will have to be adequate parking 
facilities within walking distance of the downtown terminal check-in point. 

Acquiring the necessary right-of-way will be one of the problems encountered in de
veloping these exclusive bus lanes. It is becoming increasingly difficult to develop 
freeways that are heavily used by all segments of the population. It will be even more 
difficult to relocate people for special rights-of-way for air travelers, who are still a 
special minority of the total population. 

Another mass transit alternative is the development of a satellite transit terminal in 
the central business district that relies on bus connections to the airport using existing 
city streets and freeways. The terminal would act as an intermodal transfer point col
lecting airline travelers and airport employees from other mass transit systems or 
from private automobiles or taxis. Such a system would result in the least disruption 
and relocation of the community and would require the least investment cost. However, 
it has the limitations of being subject to congestion delays on local streets and losing 
its reliability for connection with specific airline flights. Its principal advantage is that 
it may reduce the necessity for private automobile parking at airports and reduce air
port vehicular traffic congestion. 

PASSENGER PROBLEMS WITH TRANSIT SYSTEMS TO AIRPORTS 

The three principal problems involved with airline passengers' use of transit systems 
are (a) walking distance requirements; (b) baggage handling needs; and (c) knowledge of 
the transit system. 

Probably the greatest deterrent to the use of transit as a means of airport access is 
the number of transfers involved in using the system. The automobile driven to an air
port provides the airline passenger with the maximum comfort, minimum walk, and 
least anxiety compared with transit. If an air passenger uses transit where transfers 
are required, there is the danger of getting lost on the system, losing baggage, having 
to wait because of transfers, having to waik <.:urn,iderable distances carrying liaggage, 
finding inadequate seating and baggage-handling facilities on the transit vehicle, and 
losing time because of baggage handling and entering and exiting the vehicle. If mass 
transit facilities are to be utilized for airport access, every effort will have to be made 
to minimize the transfer requirements, to facilitate the comfort and reliability of the 
system, and to make it attractive in comparison with automobile access. 

In comparison to other needs for limited public funds, the importance of improving 
airport access for airline travelers has a comparatively low priority. Therefore, the 
air transportation industry is beginning to look to other alternatives to assist in solving 
the problem of ground access to airports and airport congestion problems. V/STOL 
aircraft and satellite airports that are less disruptive to the urban community and that 
can be financed through user charges are receiving increased attention. 

The problem of ground access to airports has received considerable attention during 
the past few years. A balanced transportation system of both private vehicles and public 
transportation is required. Balancing the system will have to be according to public 
demand, cost and benefits of alternative systems, and the impact that such transporta
tion systems will have on the urban environment. 

REFERENCE 

1. Economics of Civil Aviation . Aeronautics and Space Engineering Board, NAS, Dec. 
1968, pp. 10-11. 



The Airport Access Problem in Tokyo 
TORU AKIYAMA, Japan Airport Terminal Company, Ltd. 

•AN EXTENSIVE NETWORK throughout Japan has been developed by the Japanese 
National Railways (JNR) during their 80 years of operation. Domestic air routes over
lap this network, connecting the main urban centers. Therefore, the two systems are 
highly competitive. The Japanese domestic air industry has developed remarkably 
thanks to recent innovations in air technology, and in 1967 it became the world's second 
largest in the number of passengers carried, des'pite its comparatively late start and 
limited geographic area. 

AIR VERSUS RAILROAD SERVICE 

The merits and demerits of the two transportation systems are evaluated by the 
public. Safety, comfort, fares, and time are the chief factors of comparison. At one 
time it was believed that air travel was inferior with respect to safety. With the recent 
good performance record, however, safety has become a less important question in 
air travel. Comfort in the air itself is far better since the advent of jet aircraft. Fare 
and time considerations are the keenest points now in contention. In Japan air fares 
are fixed with careful consideration of the railroad fares. The growth of air traffic and 
the progress in aircraft technology tend to lessen the operational cost. On the other 
hand, the railroads face serious cost-inflationary trends. In the future, fares between 
the two modes may become even more competitive. 

But what about the time comparisons? Air travel is believed to be much faster than 
rail as far as the trip time between air terminals is concerned. But the user's concern 
is the time it will take him from the point of origin to the point of destination of his 
particular trip. The railroad usually has its terminals in the centers of cities because 
of its linear nature. On the other hand, the air carrier has its terminals in the suburbs 
or at a distance from the center of a city because of its operational requirements. 
Access to the airport and terminal transfer have not been serious problems until recent 
years. They pose one of the most serious problems of the air industry now, however, 
because of the rapid growth of air traffic volume and the increase in the number of 
automobiles, which are causing congestion on existing highway facilities. The advan
tages to be brought to the air industry by an increase of aircraft size (e.g., jumbo jets 
and air buses) and the increase of speed (e.g., the SST's) are being offset by the dis
comfort and delays resulting from problems of getting to and from the airport. 

Is a conventional railroad transit system an answer? The railroad has been in ser
vice more than 100 years. It was indeed a revolutionary innovation when introduced, 
and it has established its own mode of services and flourished. The automobile was 
invented and brought into practical use much later than railroads and has advantages 
over some railroad services. Some people say that "riding on the air" is preferred 
to the "friction between steel". This is not the only reason for people's preference 
for automobiles. The door-to-door convenience and the instantaneous availability of 
the automobile are insurmountable advantages of an automobile over the scheduled, 
point-to-point nature of rail service. It is going to be very difficult to get people to 
abandon their cars as a way of getting to and from airports. If we are going to depend 
on some railroad type of service to the airport, we have to work out special devices 

Paper sponsored by Committee on Passenger Transportation Economics and Special Committee on International 
Cooperative Activities and presented at the 49th Annual Meeting. 
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to satisfy the needs of airport passengers and to make this service more attractive to 
them than that of existing railroads; otherwise, it will be a business failure due to "re
jection reaction" by the public. 

The airport access problem is both a domestic and an international air service problem. 
After the advent of SST's, it is predicted that air travel time on major segments of the 
world air routes will be drastically cut. It seems ridiculous to think that, after flying 
from Hong Kong to Tokyo in 1 hour and 35 minutes, the same passenger will spend 2 
hours getting from the airport to downtown. 

HISTORICAL DEVELOPMENT OF THE TOKYO INTERNATIONAL 
AIRPORT ACCESS PROBLEM 

Tokyo International Airport is located some 18 km from downtown Tokyo and half
way between Tokyo and Yokohama. The greater Tokyo metropolitan area (including 
Kawasaki and Yokohama) spreads like a big fan, with Tokyo International Airport acting 
as the rivet. 

In Tokyo, public transportation systems are well developed. There are the Japanese 
National Railways electric train network, subways, street cars, private railroads, and 
bus lines. The Japanese National Railways network is the main artery of passenger 
flow in this area (Fig. 1), but the network is mainly directed to the downtown area. 
There were only three routes to Tokyo Airport before the Olympics in 1964, as shown 
in Figure 2. The three routes were (a) by the local primary highway routes; (b) by the 
Japanese Nati onal Ra,ilways to Kamata Station, then by bus or taxi to the airpor t; and 
(c} by the Keihin Express Railroad (KER), which is a private r ailr oad, and then by bus 
to the airport. The route using the Japanese National Railways, then transferring to 
the Keihin Express Railroad, again changing cars to the airport spur station (which is 
2 km from the airport terminal building), and then by bus to the terminal is so cumber
some that the general public has never patronized it. Only employees working at the 
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Figure 1. Relationship of Japanese National Railways and Tokyo International Airport. 



airport who lived alongside the 
railroad used it. Thus, there 
were really only two main ac
cess routes: Japanese National 
Railways and the public road. 

Using the Japanese National 
Railways network to go to the 
airport required a change in 
transportation at the Kamata 
station from th~ railroad to a 
bus or a taxi. This route was 
not favored by the public but was 
patronized by airport employees 
for commuting and by a small 
number of people who came to 
the airport from the south. 
Most traffic to the airport de
pended on the public roads. 
With the development of the 
Japanese economy, these routes 
began to becotne very congested 
because they were the most im
portant highways connecting To-
kyo and Osaka and Tokyo and 

laxi route 

JNR - Japan National Railway 
KER • Keihin Express Railroad 
---- bus and taxi routes 
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Figure 2. Three access routes to Tokyo International Airport prior 
to the 19_64 Olympics. 

Yokohama. Just before the Olympics, it took 1 to 1 ½ hours from downtown to the air
port, and the time became utterly unpredictable because of the congestion. 

In 1964, immediately prior to the Olympics, the Tokyo Monorail and the Metropolitan 
Expressway were opened (Fig. 3). After the completion of the expressway system, the 
travel time between the downtown area and the airport was cut from 1 ½ hours to 30 
minutes. The Tokyo Monorail achieved an impressive showing during the initial months, 
but, with the general recognition of the convenience of the expressway, the monorail 
lost a crippling share of passengers to the expressway. The resulting loss of business 
was such that the monorail had to undergo a financial reorganization. 

In November 1969, the Metropolitan Expressway System was extended to Yokohama, 
the extension starting just outside Tokyo International Airport. With the opening of 
the extended expressway between Tokyo and Yokohama, traffic poured onto that part 
of the system linking the downtown area and the airport, swelling the number of vehicles 
using that segment to 90,000 compared to the designed daily load of 60,000 vehicles. 
There has developed a chronic slowdown of traffic, and, once an accident occurs, queues 
of cars extend as long as 2 to 3 km. Not infrequently, it takes more than an hour to 
reach the airport. In the meantime, the reorganized monorail has built a bridge linking 
its terminal with the adjacent Japanese National Railways Hamatsucho station, and a 
new station at the separate maintenance area at the airport. To facilitate its utilization, 
fares have been reduced. Thanks to such renovations, the patronage of the monorail 
improved by 18 percent over the preceding year. Because of the lack of facilities for 
handling baggage, however, passengers carrying baggage-especially international pas
sengers-still could not use the monorail with ease. 

The congestion on the expressway is increasing daily and slowdowns caused by traffic 
accidents or other reasons not only delay passengers beyond the scheduled departure 
times but also thwart the efforts of the airlines to maintain punctuality of their services. 
Recently the airlines abolished their check-in service at downtown offices and their own 
bus services on the expressway. The punctuality of the monorail is highly appreciated 
by the airlines, and they have started a campaign to recommend that their passengers 
use the monorail as often as possible. For whatever the reasons, the number of pas
sengers using the monorail is steadily increasing, although it will not become profit
able probably until there is a doubling of air traffic. To improve the access further, 
studies for another highway link to Tokyo International Airport are being conducted. 
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Present routes to TIA 

Figure 3. Metropolitan Expressway and Tokyo Monorail routes to Tokyo International Airport. 



TABLE 1 

GROUND TRAVEL TIMES AND COST BY MODE 
FROM DOWNTOWN TOKYO TO TOKYO 

INTERNATIONAL AIRPORT 

Time Cost 
Mode (min) (yen) 

JNR and bus 60 90 
JNR and taxi 50 300a 
JNR and KER and bus 60 120 
JNR and monorail 35 180 
Bus via expressway 30-60 120 
Taxi via expressway 30-60 1,000 
Taxi via local roads 50-60 850 

a Five may ride for same price 

TABLE 2 

TRAFFIC BY MODE TO AND FROM 
TOKYO INTERNATIONAL AIRPORT 

Mode Total 

JNR and bus or taxi 3,698 
JNR and monorail 5,834 
KER 1,210 
Bus 1,726 
Company bus 49 
Automobile 22,407 
Charter bus 2,800 
other 2,872 

Total 40,596 

STATISTICAL ANALYSIS OF THE TRAFFIC TO 
TOKYO INTERNATIONAL AIRPORT 

9 

Percent 

9.1 
14.4 
3.0 
4.3 
0.1 

55.2 
6.9 
7.0 

100 

The comparison of time and cost of the various modes from Tokyo to the airport are 
not necessarily limited to the downtown area. Therefore the data given in Table 1 do not 
mean too much because the traffic to and from Tokyo airport does not come only from 
the central business area. 

The main traffic to the airport, namely air passengers and their related well-wishers, 
uses automobiles nearly 70 percent of the time. More than 55 percent of the total traffic 
depends on highways and automobiles (Table 2). We can easily conclude how important 
the road connection is in the airport access problem and how difficult it is to divert the 
main traffic from automobiles to some railroad type of facility. 

ACCESS PROBLEM TO THE NEW TOKYO AIRPORT 

The new Tokyo airport will be constructed at Narita, 66 km northeast of Tokyo, in 
Chiba Prefecture. Using the existing roads that link downtown Tokyo with Narita takes 
easily 21/2 to 3 hours by car. In an effort to alleviate this problem the East Kanta toll 
road that links downtown Tokyo with Chiba City is being constructed. This expressway 
is the only egress to the east from Tokyo. The traffic condition is already so bad that, 
even though two lanes will be added, the driving time between Narita and Tokyo will 
still be totally unpredictable. There is a lot of talk about future improvements, but we 
are afraid that it may take quite some time before the situation is substantially im
proved. We felt the necessity of a city check-in facility to ease the irritation and anx
iety of international passengers due to the road congestion. 

With a view to drawing some lessons from the experiences of other major airports 
and cities around the world, our company sent a survey team to several cities in 1968 
to investigate their situations. Our findings included the following: 

1. Most of the cities maintain a city terminal in one form or other, from which 
point the passengers are transported by buses or limousine service to the airport. 

2. Only one city, namely Brussels, Belgium, has a railroad link between the city 
airport terminal and the airport. 

3. There were nine city terminals that had passenger check-in facilities, three had 
no such facility, and one handled check-in service for only a special category of passen
gers. 

4. With regard to the method of shuttle bus operation, there were four cities that 
scheduled service for each incoming and outgoing flight, while others operated the bus 
at regular intervals. 

With regard to bus fares, the ratio between the bus fare and the taxi fare is note
worthy. The lowest taxi fare was 2.4 times the bus fare and the highest was 10. 2 times. 
At airports where the taxi fare was high, the number of passengers utilizing the city 
terminal was also greater. The highest percentage of passengers using the city ter
minal was 43 percent, and the second highest was 35 percent. Both were in London, 
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The lowest percentage was 5 percent in Frankfurt. In spite of the high ratio of the taxi 
fare to the bus fare (8.3) in Frankfurt, the number of passengers utilizing the city 
terminal was low. Perhaps this was due to the fact that the city terminal lacked the 
function of checking in passengers. 

To run a bus for each flight undoubtedly suits the convenience of the passenger but 
the operator may run the risk of low seat occupancy rate and delayed flight schedules. 
The organizations that operated the city terminals were classified as follows: 

Those run by the airlines themselves 7 
Those run by independent companies 5 
Those run by the municipality 1 

What about the city terminal served by a railroad instead of buses? Much is expected 
in the future for the city-airport connection using a railroad type of service. It was 
disappointing, however, to learn that the rate of utilization of the airport-railroad link 
in Brussels was so low that the check-in service at the city terminal might be discon
tinued. 

In the case of the Brussesl airport, there existed a railroad right-of-way running 
to the planned site of the airport. Therefore, it was decided to utilize this for the city
airport connection. The cost for the construction of the underground station was to be 
borne by the national railroad and the ground and the second floors of the terminal build
ing by Sabena Airlines. The operation of the railroad was to be the responsibility of 
the national railroad, and the operating expenses and the revenues were the responsi
bility of Sabena. The arrangement seemed ideal. The passengers may check in their 
baggage at the city terminal and then take the train to the airport. At the airport they 
can proceed to the gate lounge entirely carefree (Fig. 4). Disembarking from the air
craft, the passenger also has merely to tell a baggage agent "the city terminal" follow
ing the custom clearance, and the baggage is transported to the city terminal by train, 
ready to be delivered to the passenger upon claim at the claim counter. No other ar
rangement can be more ideal for air passengers. The railroad coach is also specially 

Passenger Flow Lines at Brussels Airport 
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Figure 4. Passenger flow lines at Brussels Airport. 
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designed and looks ·luxurious. However, that it might be discontinued for lack of de
mand leaves much to be pondered. 

The main reason for the lack of interest in such an ideal system on the part of pas
sengers may be general preference for automobiles to a railroad, a kind of "rejection 
reaction" against the railroad service. This reaction seems to be especially strong, 
inasmuch as the distance to the airport is short (16.5 km) and the surface traffic con
dition is not too congested. 

We must therefore be very careful about the optimistic argument that a railroad 
type of facility is the only solution to the city-airport connection problem. 

OUR INTERIM MEASURE TO SERVE THE 
NEW TOKYO INTERNATIONAL AIRPORT 

From this survey, we drew the following conclusions: 

1. A city terminal that has a pasesnger check-in facility is desirable because (a) 
such a facility can ease irritation and anxiety of passengers to travel for such a long 
distance to the new airport over congested highway routes; (b) if such a facility has 
enough space for people to perform the customary courtesy and formalities of well
wishing to incoming and outgoing passengers, it will enable them to eliminate traveling 
the long distance to the new airport; (c) through such a facility passengers are trans
ported en block by limousine or buses, which will help ease the road congestion; and 
(d) if the new airport terminal is designed like No. 1 terminal of Heathrow, London, to 
accommodate separate flow lines for passengers to and from the city terminal, it can 
ease the curbside congestion, save the counter length, ensure a smooth flow of pas
sengers inside the terminal, and eliminate wasteful double investment and double 
handling. 

2. City terminals should be located at a strategic point with easy access to downtown 
and to the new airport. 

3. At the city terminal passenger check-in, service must be of highqualityandwith
out delay. 

4. The limousine/bus service should be established in which the vehicle to be em
ployed should be specially designed, large-sized, and high-speed and have fewer seats 
than an ordinary commercial bus to meet air-passengers' taste, with a special baggage 
compartment to meet the requirement of by-flight operation; the operation of buses 
should be by flight as much as possible; the fare should be less than one-third of the 
taxi fare on the same route; and there should be a city terminal-hotel connection ser
vice as is now being done in Tokyo. 

Based on these conclusions and with the close cooperation of all parties concerned, 
a new city terminal site was selected (Fig. 5) and a new company was established that 
will construct and operate the facility. 

The site is underneath an expressway interchange that connects the expressway down
town network with three feeder highways. It is located northeast of the center of Tokyo. 

The city terminal will be directly connected with the city-bound expressways as well 
as to the expressway leading to the new airport. The ground floor will have passenger 
check-in counters; the second floor, a concourse will have gift shops and a spacious 
waiting lounge; the third floor will house the departure and arrival platforms of limou
sine buses; and the basement will be used for short-term parking. Another feature of 
this project is that there will be terminal facilities for city buses and long- and medium
distance buses to outlying areas. Baggage will be checked-in at the ground floor counters, 
moved down to the basement sorting area by belt conveyors, and after being sorted into 
separate lots by flights, lifted up to the bus platform by means of bucket type of con
veyors. This system is still under study. 

Another project to meet the traffic demand to the new airport is an extension of the 
existing Keisei Line, a private railroad. This will take 1 hour from its Tokyo termi
nal, located about 20 minutes' distance from the center of Tokyo. The line is also con
nected with one of the subway lines, passing near a Tokyo monorail terminal. It will 
take about 70 minutes from there and is expected to be patronized by commuters. 
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Figure 5. Proposed terminal site of new Tokyo airport and access routes. 

THE FUTURE PROJECT 

There are many projects being discussed now. One is the improvement of the ex
pressway system. As previously stated, the bottleneck is the highway system to the 
new airport. Therefore, to ease congestion at the connecting parts of the expressway 
to Tokyo, multiple approaches and a direct route are being studied. 

Also, a new railroad with Tokaido Line standards for the Japanese National Railways 
is being considered between Tokyo and the new airport, which will, when completed, 
cut down the traveling time to 30 minutes. For this plan the necessary investment is 
tremendous, and there is a serious problem as to who should bear the costs and deficit. 
However, in considering such an investment, we have to be very watchful about the prec
edent of the Brussels case. 



Airport Access to Heathrow Airport, London 
GEORGE HOLE, British Airport Authority 

•TO GIVE the proper picture of the public transportation demands of London's airports, 
I will discuss the traffic position of Heathrow, the major airport serving the London 
area. The number of passengers handled at Heathrow in relation to the other major 
airports in the world is high, particularly the number of international passengers. This 
is important in that the high proportion of international passengers, and especially those 
who are not residents of the United Kingdom, affects our attitude toward the provision 
of public transportation. 

Heathrow is to the west of the center of London and connected by a freeway for 9 of 
the 15 miles from the airport to the city center. Gatwick, the second major airport, 
is 27 miles to the south. Stansted, which is a smaller airport, is 33 miles to the north
east. As yet, we do not know the location of the proposed third major airport to serve 
London, but sites suggested by the commission investigating this problem are beyond 
the 45-mile distance. 

A number of scheduled buses operate between Heathrow and airline town terminals, 
and they are based on check-in facilities for departing passengers in town. The disad
vantages of buses operating in mixed traffic are, of course, apparent; and increasing 
road congestion is resulting in increased travel times and a reduction in the use of the 
service between the airport and the city center. 

Gatwick, at which traffic increased by 43 percent last year, is likely to become in
creasingly important over the next few years. It is one of the few European airports 
served by rail as it is located on a main trunk route between London and the South Coast. 
The station, terminal building, and road access are integrated into one passenger
handling unit. The time between the airport station and the city center at Victoria is 
40 min, and about 40 percent of the passengers use the rail link. 

The principal demand for public transportation will be to Heathrow where we anticipate 
that traffic will double in the next 6 to 7 years and be over 30 million by 1980. Demand 
for transportation to the airport for air passengers cannot be satisfactorily met by the 
road system, and public transportation from the city center to the airport is absolutely 
vital to the airport's continued satisfactory growth. At this point I would like to mention 
the difference in ground traffic characteristics of airports serving European cities and 
those serving U. S. cities. These differences are influenced by the nature of the cities, 
with the older European cities having defined city centers, compared with the decentral
ization noticeable in the United States. The city center is the focus of all tourist and 
business activities and attracts a significant number of visitors traveling to the hotels 
in the city. There are severe limitations on the improvement of road access due to the 
character of the city, and public transport, although declining, is still widely used in 
Europe as compared with the United States. The overall effect of this is that public 
transportation between the airport and the city center is a more viable proposition in 
Europe than in the United States. 

Traffic studies at Heathrow Airport that were conducted in 1966 established that 40 
percent of departing passengers originate in central London, mainly in the hotel zone 
of the West End, and 30 percent originate in the suburbs. Fifty percent of passengers 
are nonresidents of the United Kingdom, and 80 percent of those originating in central 
London are nonresidents. About 50 percent of passengers use public transport to reach 
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the airports (principally buses). Passengers originating in central London make the 
greatest use of public transport-about 70 percent use public transport. Therefore in 
London, the principal market to be served by public transportation is passengers between 
the city center and the airport. Most of these passengers are nonresidents of the 
United Kingdom without other means of transportand, inasmuch as London is the hub of 
a rail network serving the whole of Great Britain, a public transportation link to the air
port would also serve passengers originating in the regions outside London. 

To show how public transportation systems can serve Heathrow, it is necessary to 
describe the existing transportation systems that can be adapted to serve the airport. 
The urgency of the need for the service that I have mentioned is such that it is essential 
to limit consideration to current technology. London's public transport system can be 
divided into the following three categories: 

1. British rail services, which serve the commuting region of the remainder of 
Great Britain and terminate at a number of main-line terminals on the circumference 
of the city center and which might be described as conventional duorail; 

2. Subway or underground services, which form a complex network within a radius 
of about 20 miles of the city center, primarily on a radial pattern with interconnecting 
routes within the city center; and 

3. Ordinary London Transport bus services. 

Only the two rail systems could be adapted to serve Heathrow Airport. Schemes for 
both systems have been proposed for many years and, following proposals by both 
parties, the Authority decided that the system offering the most advantage lo the travel
ing passenger was the direct line from Victoria to Heathrow. This service would be 
nonstop between the town terminal at Victoria and the airport, offering check-in and 
baggage-handling facilities and a journey time of 23 minutes. It would operate mainly 
over existing tracks with a 2-mile extension to the airport. The London Transport 
service would be a 3-mile extension of an existing line as far as Hounslow West station, 
without baggage-handling facilities and with a travel time of 35 minutes between the air
port and Hyde Park Corner. 

The subway, or tube line, connects to the general system within London and is not 
designed to serve any specific category of user, although it would provide good facilities 
for some of the 42,000 people who work at the airport. However, its defect as far as 
air passengers are concerned is that it gets very congested as it passes through the 
city center, and WP. doubt the ability of the system to provide the air passenger with a 
satisfactory level of service during the peak hours. In addition, although the main-line 
duorail operates on a 24-hour basis, the subway system is closed for several hours at 
night for maintenance purposes, and buses would have to serve the airport during this 
period. The proposed route to the airport for both systems passes in a lwmel under
neath the runway and taxi systems into a passenger terminal in the center of the airport, 
which presents formidable but surmountable construction problems. All passenger 
terminals will be within easy walking distance of the central station and, with the aid 
of subways and passenger conveyors where necessary, access to these terminals will 
be very good. Therefore, the interchange between the public transportation mode to 
the air mode is easy and potentially one of the best for all major airports in the world. 
The layout of the station is not yet in final form, but early designs covering the ultimate 
implementation of both systems allowed for an interconnecting concourse with easy 
access to terminals. 

Either system is economically viable, although the fare levels necessary to ensure 
this are substantially different. The higher fare level for the conventional duorail re
flects the high standard of comfort and convenience that would apply. As to traffic 
volumes likely to use the fixed rail link, we estimate that by 1980 about 9 million people, 
or 30 percent of Heathrow's traffic, would want public transport to central London. 
This is the equivalent of about 2,000 passengers per hour in each direction. The British 
Rail conventional duorail system would be capable of handling all this traffi c with ease . 
The London Transport system might handle about two-thirds of it or 6 million people, 
leaving 3 million people to be continued to be carried by buses. 
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In conclusion, may I pose two questions that we are trying to answer. We believe the 
answers to these questions are important in the development of public transportation 
to Heathrow Airport. Should public transport serving a large airport be viewed as a 
system designed around the needs of the air passenger, or should it be part of the public 
transportation system that air passengers can use if they so desire? Will air passengers 
of the future expect, in addition to town terminal facilities and associated check-in and 
baggage-handling services, an exclusive transport system to the airport that these 
require, or will they be prepared to use the common system that the public uses to reach 
the airport? 



Providing Ground Access 
to the Kansas City Airport 
WILLIAM ICENOGLE, Kansas City Area Transportation Authority 

•KANSAS CITY International Airport is scheduled to open in 1971, at which time all 
commercial operations will be transferred from the present Kansas City Municipal Air
port. This will be one of the principal regional airports of the United States. It is now 
anticipated that more than 5 million air travelers will arrive, depart, and transfer at 
this airport during its first year of operation, and a rapid growth from this number is 
expected each year thereafter. 

These passengers will be served by some 10,000 men and women who staff the nu
merous operations required by an international air center . In addition, thousands of 
other persons, only indirectly related to the airport, will be employed in the immediate 
area. For example, TWA's overhaul base, serving its own system and those of other 
U. S. and foreign airlines, is located at this airport. It employs 6,000 persons and is 
expected to grow to i0,000 in a year and a half. TWA is now constructing a 450,000 sq 
ft office facility just east of the new airport where 2,000 persons will be employed. In 
addition, the Platte Industrial Park just south of the airport and several other announced 
commercial developments elsewhere near the airport will accommodate an average day
time population of over 10,000 within 5 years. 

At this point, a brief explanation of the geography of the area is necessary for an 
understanding of the problem and the planning in this project. The present airport, 
Kansas City Municipal, is 2 miles north of the Kansas City CBD. Studies made in con
nection with planning on this project showed us that approximately 30 percent of the air 
passengers at Kansas City were transients to the CBD and another 40 percent are resi
dents living in the south and southwest parts of the metropolitan area. The new airport, 
Kansas City International, is located to the north and west of the CBD, 19 miles from 
the CBD. 

Three years ago, the Kansas City Area Transportation Authority, shortly after its 
organization, realized that planning should be commenced on a public transportation 
system to serve this airport. Travel habits and travel patterns would be altered dras
Lically Ly Lhe airpur-L relucatiuu. Ii was thought that , because of the expected and rapid 
development in the airport area, the existing and committed highway and freeway sys
tems would be overtaxed within a few years after the airport opens. 

PLANNING PROCESS 

With the aid of a technical study grant from the Urban Mass Transportation Admini
stration, the Transportation Authority contracted with the engineering firm Howard, 
Needles, Tammen and Bergendoff to examine the problem and to make recommendations 
to the Authority. Specifically, the engineers were commissioned to (a) project to 1990 
the traffic on the freeway system serving the airport and estimate the demand for and 
use of a public transportation system; and (b) examine the various systems that are or 
shortly will be available and recommend a system to the Authority. 
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At the conclusion of several months' work, the engineers made the following recom
mendations: 

1. The development of rapid transit to Kansas City International Airport is not only 
practical but also essential if the airport is to operate efficiently. 

2. The present state of technology does not permit selection of an ultimate high
speed rail or monorail transit system. Several proposals, however, appear promising, 
and steps should be taken to select one of these for in-depth testing. 

3. The problem of rapid transit to KCI cannot await completion of these tests, but 
must be resolved, at least in part, by 1970. A complete system must be operational 
before 1975. 

4. Comprehensive traffic analysis clearly identifies the corridors that would serve 
the largest number of rapid transit users. Therefore, rights-of-way can be acquired 
now for the construction of the transit system. 

5. Preliminary investigation shows that excellent rights-of-way are available within 
these traffic corridors. By and large they are unobstructed open land or consist of run
down property and land already in public ownership. 

6. The initial step toward a rapid transit system should be the construction of a two
lane roadway within the rapid transit right-of-way to accommodate high-speed express 
buses. 

7. As tests are completed, more advanced transit systems can be constructed within 
the same right-of-way. 

8. The principal objective here is to secure without delay a multipurpose, completely 
limited-access, private right-of-way that will be capable of accommodating a transit 
freeway. 

9. The transit system must be augmented by several terminal facilities. The first 
of these should be constructed in the vicinity of 12th and Wyandotte Streets. This ter
minal would accommodate airline ticket offices and check-in facilities. 

10. As a further essential addition to the general transportation system, a major 
parking garage for some 1,500 vehicles could be constructed as an integral part of the 
downtown air terminal. 

DESIGN AND LOCATION OF TRANSITWAY 

In this planning study, a right-of-way was found within the corridor from the CBD to 
the airport that was practically open country or existing public right-of-way. There 
would be no relocation of people or enterprises, with the possible exception of four or 
five obsolete structures on the edge of the CBD. 

After this report was accepted and studied by the Authority, it was determined that 
preliminary engineering of the system should commence. Again, with the aid of a tech
nical study grant from the Urban Mass Transportation Administration, the Authority 
contracted with Howard, Needles, Tammen and Bergendoff to conduct the preliminary 
engineering and design of the recommended KCI rapid transitway. This transitway is 
designed as an exclusive roadway for high-speed buses with all crossings of streets, 
roads, and highways grade separated. 

Route of Transitway 

The south end of the transitway is in the heart of the CBD and is within two blocks 
of the major downtown hotels and a block from the Municipal Auditorium and Exhibition 
Hall. At this point would be constructed the downtown terminal where the airline pas
senger would buy his ticket, check in with the airline, and check his luggage. From the 
downtown terminal the line proceeds north through an open alley for two blocks and then 
on an industrial-type street to the Missouri River on the north edge of the CBD. 

The engineers propose that in this area the transitway be elevated. Figure 1 shows 
that this design is clean and does not detract from the surrounding area. In fact, the 
area through which the transitway is located is a light industrial and warehousing area. 
From the CBD, the transitway crosses the Missouri River (Fig. 2) and heads north to 
the new airport. 
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Figure 1. Proposed design of transitway structure in alley. 

Figure 2. Proposed transitway bridge over Missouri River. 

Just west of the bridge proposed for the transitway, the Missouri River makes its 
great bend to the north. Along the east bank of the river there is located a levee for 
flood control. At this point there is a very narrow corridor available between the river 
and existing railroad yards. One of the primary north streets out of Kansas City is now 
located at this point and an additional two lanes of this street are proposed. Engineers, 
working with representatives of the U.S. Army Corps of Engineers, solved the problem. 
It is proposed that along this section the transitway be constructed on single piers sunk 
through the levee, as shown in Figure 3. 

This levee system is the last real right-of-way problem; and from this point on for 
the additional 14 or 15 miles to the airport, the transitway goes through open country. 
At one point, it will be located within the right-of-way of US-169 from which point it 
will cross Interstate 29 and proceed for about 11 miles on its own right-of-way until it 
crosses I-29 again and goes onto the airport property. 

For about the last 9 miles to the airport, it is planned that the transitway will be lo
cated along an abandoned interurban right-of-way. This land has reverted and will have 
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Figure 3. Transitway along levee. 
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to be reacquired. However, it is still open and no structures have been constructed on 
the right-of-way. It is fortunate that such an open right-of-way still exists and can be 
utilized for this project. 

Design of Transitway at Airport 

Fortunately, in designing the entrance road to the airport, a sufficiently wide median 
strip was left for the transitway, and grade separation structures across the entrance 
road are sufficient so that the transitway can occupy this median strip. Therefore, we 
encountered no problem in the approach to the air terminals. 

At the airport terminal there will be four separate buildings, circular shaped with 
the center open. For the transitway to operate efficiently, it was considered essential 
that, even at the terminal buildings themselves, the buses be on a road separate from 
the general vehicular traffic. This is done by elevating the transitway to the second 
level above the other traffic. 

Figure 4 shows a view of the transitway structure within one of the terminal satellites. 
As can be seen, the vehicular traffic is on the ground level, and the transitway is ele
vated to the second level. Persons using the transitway vehicles will enter the terminal 
building on the mezzanine level. The central open space at each satellite is for parking. 
The plans for the air terminal call for eventual construction of multilevel parking facil
ities in this central area. When those are constructed, the transitway will be incorpo
rated within the parking structure. 

We are of the opinion that the distribution system at the airport will serve another 
purpose. Frequently, persons transferring from one airline to the other will be required 
to go to another terminal building. Transportation for such purpose will be required. 
Therefore, the Transportation Authority would also be able to operate a separate sys
tem of smaller buses (possibly minibuses or similar vehicles) on the transitway struc
ture at the airport to serve those persons transferring. 

TRANSITWAY LEVELS OF SERVICE 

We believe that this proposed KCI rapid transitway is a practical, workable solution 
to our airport access problem in Kansas City. On it, we would operate two levels of 
service. The high-speed, luxury-type, over-the-road bus would be available for the 
airline passenger. This would be a nonstop express trip between downtown and the 
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Figure 4. Transitway within Kansas City International Airport satellite terminal. 

airport. Once the buses were out of the CBD and north of the river, they would operate 
at speeds of 75 to 80 mph, and the trip could be made in 15 minutes at rush hour. This 
compares to an estimated time of 45 minutes to an hour on the Interstate at rush-hour 
periods. 

In addition, on the transitway would be operated regular transit-type buses, with 
running speeds of 50 to 60 mph, for the person commuting to work in the area of the 
airport. Also, park-and-ride facilities could be constructed at points along the transit
way for the use of the residents north of the river commuting to work in the CBD. In 
effect, on this system we will be able to offer both express and local rapid transit ser
vice. All vehicles would be radio-equipped, and, by proper scheduling and operating 
instructions, the local buses woulct not ctelay the airport express veh1cies. J.<Urther
more, this system has other potential uses. For example, it could be utilized for 
handling all the mail between the downtown post office and the airport. 
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the present time. Our demand is not now great enough for rail rapid transit. If in the 
future a new system, for instance the tracked air-cushion vehicle, becomes feasible, 
the transitway can be readily converted to that system. The right-of-way will be there, 
the grading will be completed, and all bridges and structures will be in place. It is a 
system in which the total investment is not lost through obsolescence. 

PROJECT FINANCING 

The engineers have estimated that the total cost of this system, including right-of
way, is now $30 million. On December 16, a general obligation bond issue of $8 mil
lion was presented to the voters of Kansas City. This bond issue together with the value 
of the right-of-way being_ furnished by the city would make up the local share, which is 
a third of the cost. Unfortunately, this proposal, together with about 20 others presented 
to the voters that day, was voted down. We are now giving thought to other possible 
ways of financing this project, as well as consideration of if and when to resubmit the 
bond proposal. However, we are convinced that within a few years this transitway sys
tem will be essential if the airport is to operate efficiently. 



Cleveland Rail Transit Airport Service 
GEORGE F. WIGGERS, Office of the Secretary of Transportation, 

U.S. Department of Transportation 

•THIS STUDY is organized around the recent extension of the Cleveland Transit System 
(CTS) rail rapid transit line to Hopkins International Airport. An objective in this study 
has been to develop the means to make accurate forecasts of transit demand as a sup
plementary mode for airport access, based on the empirical data and experience in 
Cleveland. The rail rapid link to the Cleveland airport represented a unique opportunity 
for such a project; it is the only direct connection of a rail rapid system to a major air
port in the United States and was only made possible through a federal grant under the 
Mass Transportation Act of 1964. To the extent that grant applications for similar ex
tensions may be made in the near future and because of the Department of Transporta
tion's responsibility for coordinating and promoting interstate transportation, this study 
will have a direct application in policy decisions of the Department. It will also provide 
some valuable information that can be used on the state and local levels for regional 
transportation planning. 

STUDY APPROACH 

The approach of the study has been to collect data, both before and after the opening 
of rail service to the airport, relating to the characteristics of airport trip-makers and 
their trips. These sets of data are now being compared to determine the diversion of 
travelers from automobiles, taxis, and limousines to the rapid transit system, as a 
function of time and cost savings and other variables. The following four types of trip
makers have been included in the study: 

1. Inbound and outbound air passengers, 
2. Persons meeting or seeing off air passengers, 
3. Casual visitors to the airport such as sightseers, and 
4. Employees at the airport. 

Two extensive surveys have been undertaken. The first was September 8-14, 1968, 
about 2 months before rail service began to Hopkins Airport. The second survey was 
during September 7-13, 1969, 1 year after the first survey. In addition to the data col
lected in the two special surveys, the 1963 regional transportation data of the Cleveland
Seven County Transportation-Land Use Study are being used. In the two recent surveys, 
almost 80,000 responses were obtained from thevarious population groups being studied, 
representing over 1 million bits of information. At present we are still processing and 
analyzing most of the data. Our timetable calls for completion of the study by June 1970, 
and publication of the results shortly thereafter. 

As background for those who are not familiar with Cleveland and its transportation 
system, the CTS is a publicly owned transit system that, in addition to extensive bus 
operations, operates a 19-mile, two-track rail rapid transit line. There are 17 stations 
on the line, with the airport as the last stop on the west end. The ninth stop from the 
airport is Cleveland Union Terminal, the only downtown station and the transfer point 
to the Shaker Heights rail rapid line. Travel time to downtown Cleveland from the air
port is 25 minutes on the rail rapid line, with a train departing every 10 minutes. Cur
rently there are no express trains. No special services are offered to the air traveler 
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on this line, but there are baggage racks in the newer cars that make some of the runs 
to the airport. Since last spring the fare has been 40 cents. Free parking lots for 
transit patrons are available at most of the suburban stops, except the airport. There 
is standing room only on the system during the peak hours. 

F1NDINGS 

There are some preliminary findings extracted from the data processed to date and 
some qualitative observations regarding the potential of transit as a mode for airport 
access ground transportation. Travel time from the airport on Interstate 71 and Inter
state 90 is just about as fast or faster to most points served by the rail rapid line, ex
cept perhaps during the peak hours. At those times, only a 10- or 15-minute delay at 
most could be expected on the highway. 

Hopkins International Airport is relatively small compared to other major U.S. air
ports, ranking 17th in the number of enplaned passengers. It has only one-sixth the 
number of enplanements as O'Hare in Chicago and one-half the enplanements of Wash
ington National Airport. It has only 3,100 employees as compared to over 40,000 at 
JFK International in New York. Despite its relatively small size as a traffic generator, 
Hopkins Airport has added about 7 percent to the total ridership on the CTS rail rapid 
line. 

Prior to the opening of the rail rapid line to the airport, 62 percent of the air trav
elers ingressed or egressed Hopkins Airport via private automobile, 13 percent by 
limousine, and 20 percent by taxi or rent-a-car. Only slightly more than 1 percent used 
a public bus. Based on preliminary response tabulation of our September 1969 survey, 
about 15 percent of all the originating and terminating air passengers at Hopkins are 
now riding the rail rapid line to and from the airport. 

This, however, does not tell the whole story. Only about 10 percent of the air trav
elers using Hopkins Airport travel to downtown Cleveland. Another 30 to 40 percent 
travel to other areas in Cleveland served by the rail rapid line. The remaining air 
travelers begin and end their trips at rather dispersed locations throughout Cleveland 
and the surrounding counties. A large number, for example, come from such cities as 
Akron and Canton, and even as far away as Columbus. As a result, as many as 50 per
cent of the air travelers coming from some locations served by the rail rapid line are 
riding it to the airport. From downtown Cleveland, which has good highway access to 
the airport, over 40 percent of the air travelers are taking the rail rapid line. 

Hali oi the air traveler::, u::siu~ lh.iis form u.f lrau8purLa.liuu Lu Un:: a.frport boa.n.l. the 
CTS at the downtown station. However, almost 30 percent of those boarding downtown 
transfer from the Shaker Heights rail rapid line, having originated their trip in the 
e::istP.rn suburbs. Almost 20 pP.rcent of the air travelers riding the CTS rapid transit 
originate their trip at Windermere Station in the northeastern suburbs of Cleveland. 
The significance of these statistics is that the line is being used by air travelers not 
only to travel from the airport to the CBD but also, for the most part, to travel between 
the airport and the suburban residential communities. Only 26 percent of the air trav
elers using the line have an origin or destination in downtown Cleveland. Transfers be
tween rapid transit lines and many local stops (as many as 26 stops from the airport to 
the end of the Shaker line) do not appear in themselves to greatly inhibit the use of the 
rail rapid line to the airport. 

In terms of competition with other modes, the airport line has taken its patronage 
about equally from limousines and the automobile in the downtown area. Not all of the 
automobiles are taxis either; there was a 35 percent drop in air traveler use of private 
cars and rent-a-cars from the CBD. 

Three-fourths of all the air travelers riding the transit line between the airport and 
the downtown station are nonresidents of the county in which Cleveland is located. Over 
one-quarter of the air travelers who take the rapid transit walk from it to their final 
destinations. In the CBD, one-half walk to the rapid transit. Only 5 percent of the 
rapid transit riders use the free CTS parking lots. 

Aside from the overwhelming acceptance of the rail rapid service by the air traveler, 
probably the most important finding to date is the peaking characteristics at the airport 
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station as compared with the commuter peaks at the other stations. As is commonly 
understood, transit is primarily geared to commuter peaks. For example, 40 percent 
of all passengers that board at the West Park Station pass through during 1 hour in the 
morning rush. In contrast to these commuter peaks, the peaks at the airport station 
were found to be relatively flat, with significant volumes at midday and as late as 10 
p. m. The volume of weekend trips through the airport station is comparable to that of 
the weekday trips, whereas the rest of the system is comparatively idle on Saturday 
and Sunday. Because the airport is located in the suburbs rather than downtown, much 
of the ridership on the rapid transit to the airport is in the opposite direction of peak 
travel. 

The significance of this off-peak ridership to the airport is found in its effect on the 
fare box. The off-peak rider pays the same fare as the commuter during the peak hour 
but utilizes otherwise unused capacity. To the extent that system peaking is reduced by 
the airport-bound transit rider, the fare for all passengers maybe kept at a lower level. 

TRENDS IN RAIL RAPID TRANSIT USAGE 

It has been found that the ridership on rapid transit from the airport declined some
what after the first 6 months of operation but has leveled off since then to slightly less 
than 2,000 boarding passengers per day. Moreover, since last spring, the ratio of 
people boarding at the airport station to the number of passenger deplacements has been 
about 0.25. In terms of future growth, this ratio has significance. This year was a 
poor year in terms of growth in the air travel market. In Cleveland especially, the av
erage passenger enplanements for September-October 1969 was only 3 percent above 
that of the previous year. This can be compared to an average growth of 12 percent per 
year over the preceding 10-year period. If we were to conservatively assume that a 10 
percent per year growth rate would occur at the Cleveland Airport over the next 10 years 
and that the ratio of rapid transit users at the airport station to airport activity would 
remain fairly constant, then the use of rapid transit to Hopkins in 1980 should be about 
2 ½ times what it is today. If the trend for the other ridership on rapid transit continues 
at its present level, then by 1980 the airport station will be responsible for 15 percent 
of the total ridership as compared with its current 7 percent. As noted earlier, this 
will probably be off-peak ridership to a very substantial degree. 

There are, of course, many other factors that determine long-range demand for 
transit, but it is interesting to note that airport usage has a potential for substantial 
growth in a transit industry that has been noted for growth stagnation and relative de
cline in its share of the market. 

I have emphasized the usage of the rail rapid line to the airport with respect to air 
travelers, in that they constitute almost 60 percent of the riders to the airport. Other 
airport user groups also result in significant transit patronage, with the airport em
ployees and air passenger-related visitors comprising 6.5 and 10.5 percent of the air
port rapid transit ridership respectively. Casual visitors and others acconnt for over 
20 percent. This latter group has had perhaps the most dramatic shift to the rail rapid 
line; 32 percent of the casual visitors interviewed in our second survey had taken rapid 
transit to the airport, whereas in the previous year over 90 percent had arrived by private 
automobile. Little evidence was found of people working in the vicinity of the Cleveland 
airport or commuting to downtown Cleveland by using the airport rapid transit station. 

SUMMARY 

We have found that the rapid transit service to the Cleveland airport has been a sig
nificant benefit to air travelers and other airport users, as evidenced by their accep
tance of the system. Some evidence seems to indicate that the usage of transit results 
from both time savings and dependability of rapid transit in contrast to the advantages 
of comfort and privacy of alternative modes of access to the airport. 

The rapid transit service to the airport also has indirectly benefited the city of 
Cleveland and the regular CTS commuters; the off-peak airport ridership should act to 
hold down transit fares in the long run. 
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Looking further into the potential of transit to airports at other major U.S. cities, 
we should not overlook the possibility of setting transit fares for air passengers more 
on the basis of value of service. This might be implemented by setting a special zone 
fare for trips to the airport, perhaps with discount passes for employees and other 
daily commuters to the airport. The air traveler is generally insensitive to out-of
pocket costs, especially if he is reimbursed for such fares as a business expense. 
Furthermore, as we found in Cleveland, most of the air travelers going to the city are 
not residents of that city, and therefore their private automobile is not available to them. 
The service that these air travelers may be willing to pay for, with substantial benefits 
to other transit users, would be high frequency, dependability, and time savings. 

It is hoped that the research the Department of Transportation is conducting in Cleve
land will result in improved airport access and community benefits to several other U. S. 
cities. The purpose of this research is to develop ways to better estimate demand and 
identify the benefits of providing transit for airport ground access. However, much 
more must be done before such service can be offered where needed. Airport access 
must be included in regional transportation planning such that the benefits to the airport 
users and the community can be identified and evaluated. Coordination between govern
ment agencies and industry groups, some of which historically have had few channels of 
communication, must be established. Such communication between the administrations 
within the Department of Transportation responsible for promoting air and ground modes 
of transportation is being established. More is definitely needed at the local level be
tween the aviation interests and the ground transportation sector. 
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Airport Access Plans for Boston 
RONALD MUEHLBERGER, Massachusetts Bay Transportation Authority 

•LOGAN INTERNATIONAL AIRPORT in east Boston is located closer to the central 
business district than any other major airport in the United States. Although it is only 
2 airline miles from the Airport Administration Building to Boston's City Hall, the air
port is nevertheless somewhat isolated geographically from the people it serves, both 
air travelers and those who work there. This isolation comes about because Logan is 
on a peninsula surrounded on three sides by arms of Boston Harbor. Direct land access 
is from the northwest only . 

Highway access between Logan Airport and rlowntown Boston is via the Mystic River 
Bridge or via the SUmner and Callahan Tunnels (really one tunnel in which Sumner Tun
nel carries westbound traffic and Callahan Tunnel carries eastbound traffic). These 
routes are severely congested during rush hours. To get to and from the airport, the 
people who live in the communities to the west, southwest, and along the south shore 
must face these bottlenecks, not to mention the downtown Fitzgerald Expressway . The 
people on the North Shore are more fortunate. They have the McClellan Highway (Route 
C-1). People who live to the northwest of the city as in Everett and Chelsea face a sys
tem of secondary roads and back streets. 

Until Cleveland opened its new airport transit line, Boston was the only U.S . city 
that could boast a direct rail transit line to its airport, but the situation is not as good 
as it sounds. First of all, the MBTA Blue Line , or east Boston line , only passes by the 
airport and does not go directly to the terminal area. It is necessary to take a shuttle 
bus from Airport station for about a mile or so to the various terminals. Second, the 
Blue Line, when it gets downtown, terminates near Government Center and is not a 
through route. People destined for Back Gay or Brookline (the western and southwestern 
suburbs) must transfer to other rail lines serving these areas. People destined for Cam
bridge, Dorchester, or the South Shore must make two rapid transit station transfers. 

PRESENT ACCESS MODES 

Most persons traveling to and from the airport use automobiles for transportation. 
The largest proportion use private automobiles, but a significant numberuses taxicabs 
or rented vehicles . The proportionate number of persons using MBTA services (i.e. , 
Airport Station and shuttle bus) is approximately 5 percent and has remained at this 
percentage level for the past 6 years during which air travel volumes have increased 
rapidly. This constant percentage has, of course, meant a steady increase in the num
ber of persons entering the turnstiles at Airport Station. For the 5 years from 1962 to 
1967, the daily one-way turnstile count at Airport Station rose from an average of about 
1,000 to 1,600 riders-an increase of 60 percent. 

A 1962 survey of air travelers at Logan Airport indicated that MBTA riders formed 
approximately 5 percent of all traffic to and from the airport. This proportion varied 
little between days of the week. In 1967 the Massachusetts Port Authority surveyed air
port access patterns and found that the use of the MBTA bus was relatively stable at 5 
percent of total airport users. Incidentally, it does not make much difference whether 
we are talking about the MBTA shuttle bus or the rapid transit station, because prac
tically everyone who arrives by rapid transit uses the bus and vice versa. Results of 
these two surveys are given in Table 1. 
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The use of the private automobile has 
increased noticeably, while the MBTA has 
about held its own. The use of taxis, rent
al cars, and limousines has decreased 
proportionately. 

With rapidly increasing air passenger 
volumes and introduction of aircraft with 
200 to 500 seats, the impact on the vehi
cular tunnels between downtown and Logan 
Airport will be severe. Even the present 
volumes, reaching 70,000 vehicles a day, 
cannot easily be accommodated during the 

TABLE 1 

WEEKDAY ACCESS MODE DISTRIBUTIONS FOR 
LOGAN INTERNATIONAL AIRPORT 

Mode 

Private automobile 
Taxi 
Rental car and limousine 
MBTA 

Percentage 

Nov . 1962 

60 
30 
5 
5 

April 1967 

68.6 
23.3 

2.4 
5 .3 

peak hours. The cross traffic on the streets of the downtown side of the tunnels and the 
lack of adequate access roads add to the congestion. The central artery (Fitzgerald 
Expressway) has average daily volumes of more than 100,000 vehicles, and slowdowns 
during adverse conditions are frequent. Traffic during rush hours also backs up on the 
McClellan Highway on the east Boston approach to the Sumner Tunnel. At times the 
airport exit road traffic has been halted as drivers slowly edged onto the McClellan 
Highway. 

ACCOMMODATION OF FORECAST DEMAND 

Proposals for alleviating this central artery overloading primarily center about a 
proposed third harbor tunnel. A study has been completed for the Massachusetts Turn
pike Authority, which calls for a tunnel extending from the present end of the Massachu
setts Turnpike (I-91) under the Fort Point Channel on the Boston side, to the McClellan 
Highway in East Boston. The plan also calls for a new expressway extending north
easterly to a connection with Interstate 95 in Revere. The extension of I-95 southward 
to the Revere Marshes is currently under construction. The proposed third harbor tun
nel will provide adequate relief only if proper approaches and connections are built at 
each end. A suggested alternative to the tunnel would be a high-level bridge. 

Logan Airport started in 1923 as the East Boston Airport. It was taken over by the 
Massachusetts Port Authority in 1959. During 1968, eight million total air travelers 
were accommodated at Logan Airport. Only 10 years ago, in 1958, the total was less 
than 2 .5 million. This more than tripling of air travelers in 10 years indicates the 
magnitude of the growth factors involved. Another six million persons, who were 
neither air travelers nor airport employees, visited the airport during the past year. 
Airport employees number approximately 8,000, including 7,000 persons who are em-
..... 1 .. -... 7" ~ t-..¥ -f- 1,,, .. , .-. .: ..... 1 .: ..... ..-,r, 
p.1.v_yvu JJJ 1,.1,,u;;; a.i.1.i.1.uv .:>. 

The growth rate of total air passengers is running about 14 percent per year. Lan
drum and Brown (.1), who did a study for the Port Authority of Boston Metropolitan Air 
Service Facilities, have forecast 15.6 million passengers by 1980. The Federal Avia
tion Administration and United Airlines have forecast closer to 26 million for the same 
year. 

In 1968 Logan served approximately four million enplaned (one-way) passengers or 
eight million total passengers. This means the airport handles 16,000 enplaned pas
sengers per day and 1,600 at peak hour. Air passengers, however, are only part of 
the total population drawn daily to the airport from the community. The survey of the 
airport population shows that each passenger generated 0.8 nonflying visitors, or al
most one visitor per passenger. The other important part of the population comprises 
the employees of various airport facilities. Total airport population, therefore, is 
more than twice the passenger count. At peak hour, 2,200 cars now enter the termi
nals on the airport road system. At present, 5,800 parking spaces are needed and pro
vided for passengers and visitors. Of these, 3,170 spaces are located in the new three
level parking garage. 

With respect to today's total, the airport will double its passenger volume by 1980. 
Translating these figures into vehicular volumes and parking requirements reflects the 
scale of problems to come. By 1980, 13,700 parking spaces for passengers will be 
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required with 4,000 more spaces needed for employees. The peak-hour traffic will have 
5,800 vel)icles entering the airport, while the present three lanes of entry road could 
only have a capacity of 3,600 vehicles per hour. The ultimate capacity for passenger 
parking on present Port Authority-owned land is 14,600 spaces, if five-level parking 
structures are constructed. 

The airport, from an air and runway capacity point of view, is capable of handling 
15 million annual enplaned passengers. The ground parking and road facilities, when 
expanded to the maximum possible on the land available will be congested by an annual 
level of 12 million enplaned passengers. Long before this point is reached, however, 
congestion will occur on the feeder road system leading to the ah-port. This problem 
will be compounded by the increased traffic to be generated by airport employee growth 
caused by expanding cargo facilities and passenger terminals, inasmuch as the use of 
air cargo is growing rapidly. It will become .n~cessary for many passengers, visitors, 
and employees to find alternate means of getting to Logan Airpo1-t. As a first step 
toward determining what must be done to improve access to the airport by public trans
portation, the Bureau of Transportation Planning and Development of the Massachusetts 
Department of Public Works is applying for a federal technical study grant to assist the 
Port Authority and the MBTAin carrying out an origin-destination study of airport users. 
Before we invest in additional public transportation facilities, we must first determine 
where the airport users are coming from, where they want to go, and why. 

SURVEY RESULTS 

Before we discuss further what needs to be done to improve public transportation to 
the airport, consider the results of a survey of airport loop bus passengers conducted 
for the MBTA by Traffic Research Corporat:lon in 1966. 

More than half of the MBTA patrons are students airport workers, and military 
personnel. Twenty-one percent are students, 21 percent work at the airport (24 per
cent if the 3 percent representing pUots and stewardesses is included), and 12 percent 
are members of the armed forces. More than half of the MBTA riders are in the cate
gories of business, recreation-vacation, and family travel. This is contrary to the ex
perience of public transit operators in many other cities who claim that the great ma
jority of their patrons are airport employees . Twenty-four percent of transit trips to 
Logan are in the category of airport employee work trips. 

The problem of access at any major airport has two basic elements; one is access 
external to the airport, and the other is internal access to the various terminals, facil
ities, and parking al'eas within the boundaries of the airport . 

Logan Airport was not s erved by public transportation until 1945 when the first bus 
service to the airport was provided, with connections to the Maverick Square Station in 
east Boston. Maverick Square was at that time the terminus of the rapid transit line. 
In 1952, the east Boston rapid transit line was extended to the Orient Heights area with 
a stop at the airport, and shortly thereafter to its present terminus at Wonderland in 
Revere. The line now totals 6.13 miles of track, extending between Wonde1·land in 
Revere, and Bowdoin Station in downtown Boston. Trains are normally operated in two
car lengths except during peak hours when four-car trains are used. The length of 
platforms on this line will not permit trains of more than four cars. Most of the cars 
in use on this line seat 48 persons and are 48 ft 6 in. long by 8 ft 7 in. ,vicle. This is 
quite small (capacity is approximately 135 passengers per car or 540 passengers per 
four-car train) for a rapid transit car, but the size of these vehicles is limited by the 
east Boston tunnel under Boston Harbor, which was built in 1904 for use by streetcars. 

When Airport station was constructed in 1952, the transit authority instituted a bus 
shuttle service to the airport terminal buildings. In 1967, Airport Station was modern
ized and refurbished, with escalators to provide improved pedestrian connections be
tween rapid transit and bus services. Modernization of Airport Station is part of a 
general station modernization program being undertaken with federal aid. It is hoped 
that this modernization will attract more transit riders and, with better signing and 
graphics, make it easier for them to find their way through the subway system. Also 
in 1967, the airport shuttle bus line was equipped with new air-conditioned buses with 
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special luggage racks. During peak hours there are two buses on this route, and they 
operate on a 7-minute headway. 

POSSIBLE IMPROVEMENTS TO THE PRESENT SYSTEM 

Regarding external access to the airport by public transportation, the greatest single 
improvement would be an in-town extension of the Blue Line to provide a direct connec
tion with the Green Line, which serves the western corridor with four branch routes 
and traverses the downtown central area and extends to Somerville in the northwest 
corridor bordering on Boston. People in the western suburbs and Boston's Back Bay 
area could then have direct access to Airport Station. People coming in on other transit 
routes would have to make no more than one transfer in downtown Boston. A study of 
the central area rapid transit system, being conducted by the MBTA, is exploring the 
traffic potential, engineering feasibility, and cost of this proposed through route. The 
study is also considering the feasibility of a branch or spur from the Blue Line into the 
airport terminal area to replace the shuttle bus between Airport Station and the air ter
minal area. Although it may prove feasible to build such a spur, it could hardly provide 
the final stage of distribution to the individual terminals that is so badly needed. The 
MBTA is also studying the possible extension of the Blue Line for about 1 mile from 
the present Wonderland terminal to a large parking area close to Interstate 95. Other 
planned improvements include new cars for the Blue Line and modernization of addi
tional stations. Additional capacity could be provided by lengthening platforms for six
car trains, but there are no immediate plans for doing this because the line is still 
operating well below its design capacity. 

The incorporation of a rapid transit line in the proposed third harbor tunnel is another 
possibility but one that would involve many engineering problems and enormous expense. 
Even then, the line would not pass close enough to the terminal areas to provide the 
necessary final distribution. It would also pose the question of what to do with the exist
ing East Boston Rapid Transit Tunnel, inasmuch as two parallel transit lines under the 
harbor would be difficult to justify. A more reasonable scheme would probably be the 
incorporation of an express bus service through the new tunnel between the airport and 
the proposed trade and transportation center, which is planned for construction on the 
site of the present South Station. 

CIRCULATION WITHIN LOGAN AIRPORT 

It is becoming apparent that the present shuttle bus service will deteriorate with the 
increasing volume of automobile traffic with which the buses mix. Currently, peak
hour delays frequently occur, tending to inhibit the use of transit. 

It will probably be many yea.a, bdore lht: MBTA could ju:;tify the construction of an 
additional rail transit line to the airport. There are many higher priority construction 
projects that require funding. Our current planning is aimed at making the best pos
sible use of the existing Blue Line and extending it if feasible. A "people-mover" is 
needed that will be free from surface congestion and that can transfer people and their 
luggage quickly from Airport station and from a central parking area to their desired 
terminals with a minimum of waiting time and a maximum of comfort. High speed is 
not necessary. A regular flow of vehicles, or modules, and adaptability to wide fluc
tuations in demand are more important than high speed. Such a system should be ca
pable of integrated baggage handling so that the traveler will not have to handle his 
baggage as he enters the system. The system should be simple in design and be capable 
of a small turning radius to permit its construction in the existing, rather heavily built
up area. Logan was laid out with primarily the private automobile in mind; little thought 
was given to the future needs for public transportation. 

To do its job properly at Logan, the people-mover would have to serve the following 
areas: a subterminal and parking garage, the southwest terminal, south terminal, north 
terminal, international terminal, hotel, employee parking area, and Airport station. 
Two basic concepts are a loop system and a radial system, with the loop system serv
ing the various terminals and parking areas from a central distribution point. The loop 
system appears to be more practical for Logan. 
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A recent study of possible intra-airport transit systems done for the Port Authority 
by John Carl Warnecke and Associates (3) has recommended a capsule type of system 
as the most practical for Logan because -of its inherent flexibility and baggage handling 
capability. Although most of these systems are still in the development stage, some 
will probably become operational in the next 2 or 3 years. 

CONCLUSION 

I have outlined the problems and described some of the things that are being done 
and should be done to cope with the rapidly increasing surface congestion at Logan. 
The two projects that currently hold the most promise in my opinion are the MBTA 
Central Area Systems Study, which will recommend improvements to the Blue Line, 
and the joint MBTA-MPA Study of Mass Transportation for the Airport. The results 
of these studies will point the way to future improved facilities for convenient access 
to the great airport. 
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The Philadelphia Airport Origin-Destination 
Survey-A Statistical Analysis 
JOSEPH C. CORRADINO, Simpson and Curtin 

Philadelphia International Airport is expecting a threefold increase in air 
travelers between 1967 and 1992. To properly plan for such growth, a com
prehensive survey of airport activity was completed in November 1967. 
This analysis included an in-flight survey conducted during a 5-day period, 
in which over 2,200 commercial flights arrived at or departed from Phil -
adelphia International Airport. These were comprised of 231 inbound 
flights and 22 9 outbound flights, each of which was surveyed once during the 
5-day period. Trip data developed through the in-flight survey enabled 
tests to be performed to determine whether the number of trips made by 
air travelers from locations within the metropolitan area to the airport 
equal the number of trips made from the airport on an average weekday. 
Five statistical tests were conducted. Each was performed for the Phil
adelphia metropolitan area, the individual counties that comprise the 
metropolitan area, and the Philadelphia CBD. Results of these tests in
dicate that a one-directional survey, proJ.'erly designed and conducted, 
accurately mirrors the reverse direction of travel. In this way, one-half 
the in-flight survey effort can be eliminated and survey costs reduced 
without lessening the survey accuracy. A comparison of the trip informa
tion developed by the in-flight survey with comparable data produced 
through a home-interview survey indicates that the latter technique cannot 
be used to fully reconstruct ground travel generated by airports because of 
the absence of data on nonresident air travelers. Any analysis of airport 
ground travel based on data drawn from home-interview surveys should be 
supplemented by an examination of nonresident air passenger traffic. 

•A SURVEY of ground and air traffic at the Philadelphia International Airport was the 
initial step in a comprehensive effort to solve the ground-air interface problems con
fronting airport activities. Through it, new and interesting facts have emer ged that may 
be of assistance in planning other airport studies. This paper presents two of these 
findings: 

1. The statistical adequacy of conducting an in-flight survey in only one direction 
and reversing the results to obtain a complete travel picture of trips made between the 
airport and metropolitan area locations; and 

2. The inadequacy of home-interview surveys to accurately reflect special generator 
traffic patterns. 

Philadelphia International Airport served less than one million air passengers when 
it opened in 1953. In 1967, five million air travelers were processed, and growth to 27 
million passengers is expected by 1985. 

The present airport complex is located approximately 9 miles southwest of downtown 
Philadelphia, with ground access provided solely by the four-lane Industrial Highway. 
On an average weekday, 51,000 vehicles use the highway, with over 65 percent of these 
(33,400) entering and leaving the airport (Fig. 1). 
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Figure 1. Access to Philadelphia International Airport and parking lot capacities. 

Ground transportation to the airport consists of automobile taxi, limousine, and 
surface-bus modes. Private automobiles carry about two-thirds of all the passengers 
to and from the airport, while taxi traffic represents one-sixth of the total. Limousine 
service provides extensive coverage of the metropolitan area (12.6 percent of all traf
fic) with concentration on the Philadelphia CBD where 40 percent of all limousine traf
fic is generated. Direct public transportation is not available from center city, and 
transfer service is provided at no better than 30-minute headways. 

BACKGROUND OF IN-FLIGHT SURVEY 

To meet the ground transportation planning objectives at the airport, a battery of 
surveys was conducted during November 1967. Field studies included in-flight, em
ployee, parking, and ground transportation surveys. The in-flight survey was con
ducted during a 5-day period beginning 12:01 a. m. Monday, November 13, 1967, and 
concluding midnight Friday, November 17. During this period, over 2,200 commercial 
flights arrived at or departed from Philadelphia International Airport. These were 
comprised of 231 distinct inbound and 229 outbound flights, each of which was surveyed 
once during the survey. 

STATISTICAL ADEQUACY OF ONE-DIRECTIONAL SURVEY 

The in-flight survey provided information as to whether the number of trips made 
by air travelers from locations within the metropolitan area to Philadelphia Inter
national Airport equaled the number of trips made from the airport on an average 
weekday. Tests of this hypothesis were performed in an attempt to eliminate the need 
to conduct in-flight surveys in both directions. 

The data used in this analysis were recorded on the traffic district basis-192 dis
tricts (only 150 non-zero trip districts)-established by the Delaware Valley Regional 
Planning Commission. The traffic district was chosen as a base because this is the 
primary level at which socioeconomic, land use, and demographic data are available 
and, as a result, it is at this level that traffic models are developed. It is essential, 
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then, that tests for the "likeness" of inbound-outbound trip distributions be conducted 
on the district basis if the trip distributions are to be useful in model development. 

Five following statistical tests were conducted: simple linear regression, analysis 
of variance (ANOVA), same variance, same mean, and Kolmogorov-Smirnov. Each of 
these was performed at the 99 percent confidence level with the number of trips from 
the traffic zones to the airport as the independent variable. It was assumed that both 
the inbound and outbound trip distributions were normal and independently distributed. 

TESTS AND RESULTS 

Simple Lin ear Regression 

Simple linear regression develops an equation that describes the relationship be
tween two variables. In this case the equation takes the form 

y = a+ bx 

where 

y = dependent variable (inbound trips), 
a = constant, 
b = coefficient, and 
x = independent variable (outbound trips). 

Through this technique a measure of the degree of linear association between two 
variables can be developed. The measure, known as the correlation coefficient r, 
varies between -1 and +1 with an index of O indicating no association and ±1 indicating 
perfect correlation. 

For a comparison of the inbound and outbound distributions of airport trips, the 
equation developed is 

y = 2.1 + 0. 8 (x) 

The correlation coefficient for this relationship is 0. 94 (Table 1), indicating that the 
distribution of outbound airport trips mirrors the inbound trip distribution with a high 
degree of accuracy. 

Analysis of Variance 

In conjunction with simple linear regression, an analysis of variance (ANOVA) can 
be conducted to further test for linearity. The test statistic, F, is the ratio of the mean 
square due to lmear regression to the mean square uI Lhe deviation frorn i"egression. 
This statistic must be larger than the tabulated F-value (1) for the conditions specified 
(1 and 148 degrees of freedom and 99 percent confidence level) if linearity truly exists. 
In this case, the calculated F is 1,027, which is much larger than the tabulated value 
of 6. 82 (Table 1). Therefore, true linearity can be considered a fact. 

TABLE 1 

STATISTICAL TESTS ON OUTBOUND-INBOUND AIRPORT TRIP DISTRIBUTIONS 

Test Name Hypothesis (Ho) Test Calculated Tabulated Conclusion 
Statistic Statistic 

Linear regression x distribution = 
y distribution R = 0.7 0,94 Cannot reject Ho 

ANOVA x distribution = 
y distribution F 1,027 6,82 Cannot reject Ho 

Same variance F 1.37 1.47 Cannot reject Ho 
Same mean t 0.74 2.35 Cannot reject Ho 
Kolmogorov-Smirnov x distribution = 

y distribution D 0.067 0,189 Cannot reject Ho 
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Same Variance 

Another test that can be performed to determine whether two distributions are 
similar is the sameness of variance. In this case, the F-statistic is also employed 
and calculated as the ratio of the larger to smaller sample variances. If the resulting 
value of F is less than that tabulated for specified conditions (149 and 149 degrees of 
freedom and 99 percent confidence level), then the hypothesis that the variances are 
equal cannot be rejected 

Applying this test to the variances of the inbound and outbound distributions of air
port trips results in a calculated statistic of 1.37, less than the 1.47 tabulated F-value 
(Table 1). Therefore, the assumption of same variance cannot be denied. 

Same Mean 

Another essential test for an agreement between two distributions is a comparison 
of sample means to test the null hypothesis, Ho: u1 = u2, The t-test is employed, and 
the calculated statistic must be less than that tabulated for specified conditions (298 
degrees of freedom and 99 percent confidence level) to confirm the hypothesis. In this 
case the t-statistic tabulated is 2.35, which is much larger than the calculated value 
of 0. 74, giving further proof of the agreement between the two distributions. 

Kolmogorov-Smirnov 

The Kolmogorov-Smirnov test examines the goodness-of-fit of two distributions. 
Basically, it compares the relative cumulative distributions of the two samples and, 
based on the absolute maximum deviation between the two, a decision on goodness-of
fit can be reached. A good fit of the two distributions can be considered a fact if the 
calculated statistic is less than that tabulated for specified conditions. 

The relative cumulative trip distributions have a maximum deviation of 0.067. Be
cause this statistic is less than the tabulated value of 0.189 (Tablel), the ability of 
each distribution to accurately reflect the other is verified once again. 

Further Tests 

Each of the tests conducted proved that the outbound distribution of airport trips 
for those districts within the Philadelphia metropolitan area mirrors the inbound dis
tribution with significant statistical accuracy. However, these tests are unable to detect 
the possible existence of geographical bias for subdivisions of the metropolitan area. 
To ascertain whether geographical bias does exist, tests on the inbound-outbound trip 
distributions for those traffic districts in each of the nine counties within the area and 
the Philadelphia CBD were conducted. The five tests performed on the metropolitan 
area data were performed on the data for each of these smaller geographical units. 

The results of these tests indicate that for all but Gloucester County a good fit be
tween the two trip distributions is evident (Table 2). For Gloucester County, both the 
linear regression and ANOVA tests were failed, even though the means and variances 
compared favorably. An inadequate number of trips to and from Gloucester County 
resulting in too few data points is the principal cause of this failure; but, because 
Gloucester County generates only 1 percent of the metropolitan area air traffic, its 
effect is minimal. 

It should also be noted that the ANOVA test for Chester County was failed; however, 
this also can be attributed to an inadequate generation of air trips (only three data 
points). The correlation coefficient for Chester County is 0. 98. Burlington County 
also failed the ANOVA test at the 99 percent confidence level. However, at the 95 per
cent level of significance, it proved to be linear. 

On the whole, these results indicate that there is little geographical bias when in
bound and outbound trip distributions are examined. 
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TABLE 2 

STATISTICAL TESTS ON OUTBOUND-INBOUND AIRPORT TRIP DISTRIBUTIONS 

Number Number 
Area Hypothesis of Tests of Te,sls Conclusion 

Conducted Failed 

Philadelphia County x distribution = 
y distribution 5 0 Cannot reject Ho 

Delaware County x distribution = 
y distribution 5 0 Cannot reject Ho 

Montgomery County x distribution = 
y distribution 0 Cannot reject Ho 

Bucks County x distribution = 
y distribution 5 0 Cannot reject Ho 

Chesler County x distribution = 
y distribution 5 Inconclusive 

Camden County x distribution = 
y distribution 5 0 Cannot reject Ho 

Mercer County x distribution = 
y distribution 5 0 Cannot reject Ho 

Burlington County x distribution = 
y distribution 5 0 Cannot reject Ho 

Gloucester County x distribution = 
y distribution 2 Reject Ho 

Philadelphia CBD x distribution = 
y distribution 5 0 Cannot reject Ho 

Conclusion 

Through these tests, it can be concluded that a one-directional survey properly de
signed and conducted can be "flipped over" to accurately mirror the reverse direction 
of travel. In this way, one-half of the in-flight surveying effort can be eliminated and 
surveying costs accordingly reduced without lessening the accuracy of the survey re
sults. 

It should be noted that this conclusion applies only to a survey designed to sample 
each flight once during 5 consecutive weekdays. It is questioned whether survey re
sults obtained from a single day, thought to be average, are reversible. Further re
search in this area is suggested. 

HOME-INTERVIEW SURVEY INADEQUACIES 

A widely used procedure for gathering information on trip-making and travel char
acteristics in an urban area has been the home-interview survey, Although these sur
veys result in trip reporting that may be as much as 25 percent below actual trip
making, factoring to equal screenline volumes wiii usuaiiy produce an accurate travel 
picture. Subdividing this information into smaller parts, however, may cause some 
problems. A subdivision to reflect travel characteristics of an airport may not reveal 
a true picture of its travel activity. 

To this point, little information has been available to prove or disprove this con
tention. However, the data collected in the ground transportation survey provide an 
opportunity to test this hypothesis by comparing the travel patterns developed with those 
obtained by the Penn-Jersey Transportation Study (now the Delaware Valley Regional 
Planning Commission). The latter are reported by Keefer (~). 

Study Characteristics 

The most significant characteristics of the studies to be compared are as follows: 

1. The Keefer report was based on origin-destination (0-D) data collected in home 
interviews. As a result, the analyses were limited almost exclusively to trip-making 
by residents of the study areas considered, because short-term visitors from other 
areas-particularly air travelers lodging at hotels and motels or those who do not stay 
overnight-are usually missed by the standard origin-destination surveys. (Data for 
Philadelphia are for 1960.) 
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2. The Simpson and Curtin study interviewed air travelers and airport employees 
only. Resident and nonresident travel for social-recreational purposes was not sur
veyed. (Data used in this study represent 1967 conditions.) 

Due to these shortcomings, neither study constructs the total airport traffic picture 
exactly. However, the Simpson and Curtin study shows that, of the 3,200 work trips 
made to and from the airport on an average weekday in 1967, less than 4 percent (122 
trips) were made by nonresidents of the Philadelphia metropolitan area. It would seem, 
then, that nonresident travel is not a significant portion of airport work traffic and that 
the Penn-Jersey 0-D data present an accurate image of trips for this purpose. 

However, the Simpson and Curtin report also shows that, of the 15,093 average week
day air travelers, only about one-third (5,085 person trips) live in the Philadelphia 
study area. The logical conclusion reached, then, is that the data presented by Keefer 
"somewhat underestimate" air travel trips by reporting only resident travel. This also 
causes overestimation of the proportions of airport work and social-recreational traffic 
in the total airport traffic acitivity. 

In particular, the home-interview social-recreational travel statistic of 32.8 per
cent of total traffic to the airport seems to be a gross exaggeration. Considering that 
this classification includes only those trips to shop, to eat meals, and to sightsee, (and 
not those who accompany air travelers as greeters or "Godspeeders") and in light of 
the fact that only 5. 0 percent of the airport terminal floor area and O. 02 percent of the 
airport complex space is devoted to attractions that could support social-recreational 
activities, 32. 8 percent seems to be an extroadinarily high proportion. 

Mode Distribution Comparison 

A comparison of the mode split for air travel trips reveals a marked difference be
tween the two study results (Table 3 ). The Simpson and Curtin study indicates that 
almost 21 percent of all air travelers made their trips by transit, compared to 2. 5 per
cent developed through the home-interview data. About 60 percent of the trip-makers 
used the automobile, in contrast to the 86. 6 percent statistic developed through the 
home-interview survey. 

These differences can be attributed to the underestimation of air travel trips made 
by nonresidents of the Philadelphia metropolitan area by the home-interview technique. 
As a result, many of the limousine transit trips made by nonresidents-particularly be
tween the CBD and the airport-are uncounted. On the other hand, automobile trips, 
the predominant access mode of residents, are counted quite closely. The combined 
effect, then, is to overestimate automobile access at the sacrifice of transit's share 
of the ground traffic to and from the airport. 

The discrepancy between the taxi mode statistics given in Table 3 can also be ex
plained in this same way. 

CBD Traffic 

From the home-interview data, the conclusion has been reached that, perhaps, the 
need for special travel facilities connecting CBD and airport has been overstressed. 
The home-interview data show that only 8.3 percent of all airport trips by residents 
originating in the Philadelphia metropolitan area begin in the CBD. The Simpson and 
Curtin study of air traveler and airport work trips shows that 4. 5 percent of the resident 

TABLE 3 

TRAVEL MODE DISTRIBUTION TO PHILADELPHIA 
INTERNATIONAL AIRPORT 

Study 

Keefer (NCHRP) 
Simpson and Curtin 

Air-Travel Trips (percent) 

Automobile 

86.6 
60.3 

Transit 

2.5 
20.9 

Taxi 

10.9 
16.7 

Other 

2.1 

trips to the airport originate in the CBD. 
However, of the total average weekday 
airport trips (7,132) from points within 
the metropolitan area by workers and air 
travelers (residents and nonresidents), 
17.1 percent originate in downtown 
Philadelphia -more than any other single 
concentrated area. This 100 percent in
crease over the home-interview data re
sults is primarily attributable, once again, 
to the failure to account for nonresident 
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travelers, wh0 represent over 85 percent of CBD airport trip origins and destinations. 
As such, the CBD is the principal originator of airport traffic in the entire metropolitan 
area, and the importance of providing quick and efficient ground transportation between 
it and the airport should not be de-emphasized. 

Conclusion 

It is evident from this comparison that home-interview data cannot be used to fully 
reconstruct ground travel generated by airports. Although the traffic due to airport 
employees may be accurately represented, the absence of data on nonresident air trav
elers distorts the overall result. 

The precision of this analysis can be questioned because of differences in the scope 
and purpose of the two surveys compared. However, the effect is undeniable, and any 
analysis of airport ground travel based on data drawn from home-interview surveys 
should be supplemented by an examination of nonresident air passenger traffic. 
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