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Aviation Forecast Assumptions and 
Discontinuities: Survey Results 
David E. Raphael, SRI International, Menlo Park, California 

Results of a survey of air transportation forecasters, planners, and re­
searchers from four global regions and six industry sectors are reported. 
The survey results cover four major areas: the overall business envi­
ronment in aviation, markets and prices, competition and regulation, 
and operations and technology. Wide variations in assumptions among 
the 120 respondents are noted in several important factors such as 
price levels, price elasticity, and the affect of changing government 
regulations on airline routes and operations. The. most important es­
sumptions identified by tho respondents include changes in real air 
fares and real economic growth, the availability and price of jet fuel, 
government regulation, airport and airway capacity constraints, and in­
flation. The most important modifiers-defined as discontinuities (or 
surprises)-include the disruptive imr>act of a prolonged oil embargo 
by the oil-producing nations, a major recession, further large cuts in 
air-fare discounts, and automobile gasoline rationing. 

This paper discusses a survey of 120 a.viation forecasters 
and planne1·s concerning the assumptions that are critical 
to developing aviation forecasts and assessing the avia­
tion outlook for the 1980s. The purpose of the 118-
question survey was to foster discussion of aviation fore­
casts. In this area, assumptions are frequenUy con­
sidered without being stated or, in many cases, are ig­
nored entirely. This study suggests that these hidden 
assumptions should be stated clearly, whether in quanti­
tative or qualitative form. 

The survey was also designed to aid forecasters and 
planners in assessing aviation forecasts, identifying new 
assumptions or modifiers that may be useful in develop­
ing iutw:e forecasts and making comparisons and re­
solving differences among forecasts. It was also in­
tended to pTovide the basis for further discussion and 
study. 

The statements and trends discussed here are not 
the forecasts per se of any individual or group ; rather, 
they are the collective expert views and expectations of 
more than 100 thoughtful executives and researchers 
from several regions of the world about the major fac­
tors and undet'lying forces that will shape aviation during 
the 1980s. 

The paper covers four major areas: 

1. The overall business environment-the major as­
sumptions and modifiers that will influence air trans­
portation in the 1980s; 

2. Markets and prices-some baseline values for 
economic growth by geographic region, air fares, price 
elasticity, traffic, and regional expansion; 

3. Competition and regulation-the major competi­
tive forces and regulatory changes that will most affect 
aviation demand; and 

4. Operations and technology-the changing level of 
operating costs particularly fuel expenses; values for 
load factors; and an assessment of the shifting fleet mix. 

ThP. survey document was designed in July 1978, several 
months before the passage of the October 24, 1978, U.S. 
Airline Deregulation Act and the subsequent restruc­
turing of the International Air Transport Associa-
tion (IAT A). However, the survey was sent out during 
October 1978, and replies were received during Novem­
ber and December. 

Respondents to the survey come from a Wide spectrum 
of aviation interests: 23 percent from commercial air­
lines, 23 percent from \lniversities ancl resea1·ch cen­
ters, 18 percent from manufacturers of engines, 17 per­
cent from government agencies, 7 percent from airframe 
manufacturers, and 5 percent from airport executives. 
Eighty-five percent of the respondents resided in the 
United States, 10 percent in Western Europe 2 percent 
in Asia, and 3 percent in Canada. It is obvious that the 
numb"er of respondents is too small to provide statistical 
precision· the intent of the comparisons is 1·aU1er to offer 
suggestions and points of divergence as a means of im­
proving our understanding of aviation forecasts by fo­
cusing on their assumptions. Considerable additional 
effort will be required in the future to properly assess 
the values and impacts of the variables and factors dis -
cussed. However, some baseline values are presented 
for selected assumptions in order to facilitate and stimu­
late discussion. 

MAJOR FINDINGS 

Overall Business Environment 

The aviation business environment of the 1980s will be 
complex, competitive, and full of challenge. A number 
of important factors will influence air transportation de­
mand in the decade ahead, including changes in the econ­
omy, energy availability, prices, government 1•egulation, 
and airport and airway capacity constraints. Each of 
the four major areas is discussed in relation to these 
assumptions. 

Six majo1· factors can be identified as crucial assump­
tioi,s that any .forecaster needs to specify when making 
a useful and sound forecast Table 1 gives the ranking 
of these factors as specified by the consensus of respon­
dents. 

Two of the six major assumptions received a very 
high response from the executives who completed the 
survey: Changes in real air fares-prices of air travel 
excluding inflation effects-were specified by 98 percent 
of the respondents, and changes in real economic growth 
were specified by 94 percent. The other four major as ­
sumptions were also nnked high by at least 70 percent 
of tJ1e respondents: jet fuel prices and availability (75 
percent), contraction and expansion of the business cycle 
(75 percent) , government regulation (72 percent), and 
airport and airway capacity constl'aints (73 percent). 

Three of the six modifiers were specified by more 
than 80 percent of the respondents (see Table 2) : an 
Organization of Petroleum Exporting Countries (OPEC) 
oil embargo of at least three months (82 percent), a 
major recession such as the one in the 1973-1975 period 
(91 pe1·cent) , and [urther large cuts in air-fare discounts 
(88 percent). Almost half of the survey participants 
said that an OPEC oil e,nbargo would have a severe im­
pact on their aviation activity. The other three modi­
fiers considered important by more than two-thirds of 
the pa1·ticipating researchers wel"e automobile gasoline 
rationing fo1· at least one year {68 percent), complete 
ail·line deregulatiou (75 percent), and an aircraft fuel­
allocation program (69 percent). About one-quarter of 
the respondents stated that complete global airline de-
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regulation would have a severe effect on their activities. 
There were differences among respondents by region. 

Those in the United States and Canada were more con -
r.P.rnP.rl ::l.~01J.t ('.h~ng'='8 ir! 2.i~ f2.!'e~, ~e~l e~cncmi~ g~c;vth, 
and contractions of the business cycle than were the total 
group of respondents. European participants were much 
more emphatic about assumptions concerning terrorism 
and hijacking, the availability and price of jet fuel, and, 
particularly, the availability of adequate facilities for 
tourism. The greater weight given by aircraft manu-

Table 1. Survey response on importance of various factors in 
influencing air transportation demand. 

Factor 

Air-fare levels in real te rms 
Real economic growth 
Business cycles 
Inflation 
Rates or population growth 
Consumer tastes and motivation 
Terrorism and hijacking 
Unemployment 
Capital shortages or weak 

investment 
Availability and price of fuel 
Government regulations and 

controls (noise, routes, 
fares) 

Airport and airway capacity 
constraints 

Availability of tourism 
facilities and accommo­
dations 

Environmental and ecological 
concerns 

Aircraft utilization and mix 
Rising economic nationalism 

or protectionism 
Threats from competitive 

modes (rail, automobile, 
communications) 

New aircra(t and engine 
technology (new versus 
derivative aircraft) 

Geographic shirts or popula­
tion migration to new urban 
areas 

Percentage of Respondents 

Crucial 

39 
37 
23 
10 

4 
14 

5 
3 

10 
35 

24 

23 

9 

1 
8 

7 

Very 
Important 

59 
57 
52 
56 
35 
54 
10 
32 

43 
40 

48 

50 

61 

32 
42 

32 

12 

29 

35 

Moderately 
Important 
or of Little 
Importance 

2 
6 

25 
34 
61 
32 
85 
65 

47 
25 

28 

27 

30 

64 
50 

61 

86 

66 

62 

Table 2. Survey response on effect various events or factors would have 
on respondents' aviation activity in the 1980s. 

Factor 

OPEC oll embargo lasting at 
least three months 

Major recession such as that 
in 1973 and 1974 

Merger of two or more major 
air carriers 

Aircraft fuel-allocation pro-
gram 

Financial collapse of one or 
more major carriers that 
results in major route 
restructuring 

Complete airline deregu-
lation 

Further large cuts in air-
fare discounts 

U.S. production of super-
sonic transport 

Automobile gasoline ration-
ing for at least one year 

Lilting of airport curfews 
Elimination of Ci vll Aero-

nautics Board regulation 
of air fares 

Elimination of IA TA agree-
ments on air fares 

Percentage of Respondents 

Severe Moderate 
Impact Impact 

48 34 

42 49 

2 13 

21 48 

14 35 

25 50 

36 49 

7 13 

26 42 
2 28 

17 48 

19 32 

Light 
Impact 

13 

7 

47 

24 

36 

18 

13 

37 

26 
50 

27 

37 

No 
Impact 

38 

15 

7 

43 

6 
20 

12 

facturers to assumptions concerning new aircraft and 
engine technology is not surprising. Airlines for the 
most part, gave considerable attention to government 
i'ag-ula.tivus c0raet::rui1ig 1u.J.i.::H::, airvui·-t and airway ca­
pacity constraints, and changing consumer tastes and 
motivations . Government respondents empllasizecl as­
sumptions concerning safety, terro1·ism, and ail·port and 
airway capacity. 

In terms of modifiers, Western European respondents 
gave greate1· weight to the impact of airline deregulation, 
further lru:ge cuts in air-fare discounts, and the lifting 
of airport curfews. U.S. }Jarticipants felt that an Air­
craft fuel-allocation program would have a more severe 
impact on their operations than did the consensus. Air­
port operators and engine suppliers felt that a major re­
cession like the one in 1973 and 1974 would have a dis­
ruptive effect on their activities. 

In spite of uncertainty and concern about these prob­
lems, most of the 1·esearchers were optimistic about 
the future of aviation. About 45 percent stated that 
mostly favorable conditions would prevail in the decade 
ahead, 50 percent believed that there would be a period 
of both favorable and unfavorable changes, and only 5 
percent said that there would be a mostly troublesome 
economic environment. 

Markets and Prices 

According to the questionnaire responses, the period of 
the 1980s will be characterized by relatively buoyant 
economic growth, declining ai1· fttres in real terms, an 
increasing number of special air-fare offerings, au in­
creasing sensitivity of air traffic to price changes, and 
important opportunities in three major regions: the 
United States, Western Europe, and the Middle East. 
The survey produced the following specific assumptions 
concerning economic growth rates. 

During the 1980s, real econon1ic growth in lhe United 
States will average 3 .3 percent, which is close to the 
U.S. economic pace for the past 30 years. It will aver­
age 3.5 percent for Western Europe and 4.8 percent for 
Japan, both of which rates are lower than historical 
growth rates for those nations but relatively higher than 
the rates of economic expansion they realized during the 
1970s. These assumptions are developed by stalisLically 
averaging all of the responses; considerable uncertainty 
accompanies the estimated means, particularly among 
respondents outside the United States. European respon­
dents generally assumed lower U.S. growth rates than 
the consensus. European airlines believed that real 
economic growth in Europe and the United States will be 
much lower than is generally believed. Governmental 
and consulting participants generally specified higher 
rates of economic growth for their baseline assump­
tions, whereas airlines and engine suppliers used much 
lower rates. 

Respondents were asked what the rate of change in 
air fares would be in the 1980s (as measured by yield) 
in comparison with consumer price increases (see Fig­
ure 1) . Sixty-one percent indicated that fares for U.S. 
air carriers would decline, and 32 percent indicated that 
U.S. fares would rise at the same rate as inflation. For 
Western European carriers, 49 percent believed that 
fares would decline and 36 percent that fares would keep 
pace with inflation. Airlines, engine suppliers, and con­
sulting groups believed that inflation rates would be lower 
than did the consensus of respondents ; government par­
ticipants in the survey asswnecl higher rates of growth. 
It was the consensus view that during the 1980s there 
would be 6.6 percent annual growth in the U.S. consumer 
price index. 

Major peak discounts or peak-load pricing policies are 



Figure 1. Survey response on anticipated rate of change in air fares 
(as measured by yield) in the 1980s in comparison with consumer price 
increases. 

Air Fares 
Rise Faster 

Table 3. Survey response on likely price elasticity of demand for air travel 
in the 1980s. 

Type o[ Percentage o( Respondents by Price Elastic ity 
Passenger 
Travel 0.0-0.5 0. 5-1.0 1.0-1.5 1.5-2.0 >2.0 

Overall 6 26 53 11 4 
Distance <806 km 17 29 37 10 7 
Domestic 4 30 51 12 3 
International 6 13 37 33 11 
Business 49 33 14 3 1 
Personal 3 9 35 36 17 

Note: 1 km=- 0,62 mil e. 

foreseen as very likely or probable by 95 percent of the 
survey participants; "no-frill" fares that cover only the 
bare-bones cost of transportation and do not pay for 
meals or beverages are expected by 87 percent of the 
aviation forecasters and planners. Two other types of 
fares were foreseen by at least two-thirds of the par­
ticipants: (a) fill-up fares that provide air transpo1·ta­
tion at reduced prices for passengers but only when space 
is available and (b) first-class fares that are at least 
30 percent higher than coach-economy fares. Airframe 
manufacture1·s and airlines were more empJ1atic about 
the importance of these assumptions than others. On 
the other hand planners in Western Europe gave certain 
types of fares-such as off-peak discounts, fill-up fares, 
and first-class fa1·es-a much higher probability than 
did the consensus of respondents. 

Air traffic demand was seen as sensitive to changes 
in air fares: Overall passenger traffic will rise by 11. 5 
percent for every 10 percent cut in real air fares in the 
1980s. Certain types of air travel markets, however, 
differ from this overall average: Air passenger travel 
for distances less than 806 km (500 miles) and air busi­
ness travel in general are considered to be much less 
sensitive to price changes. International travel -and air 
travel for personal reasons are much more sensitive to 
price changes. There was uncertainty in the survey 
about each of the values of price elasticity (stated here 
as the statistical mean of all respondents), but the great­
est differences among participants were among the values 
for price elasticity for air travel markets where trips 
are shorter than 806 km. There was somewhat greater 

U.S. Air Carriers 

61% 

West European 
Air Carriers 

49% 

3 

confidence in price elasticity for personal trips-e.g. , 
a 10 percent cut in real air fa1·es would result in a 15.5 
percent increase in air travel demaJ1d. 

There is considerable controversy about price elas­
ticity. It is therefore no surprise that assumptions about 
price elasticity differ widely among aviation forecasters 
(see Table 3}. For example, airframe manufach1rers, 
airlines, and consultants believed that the overall pas­
senger tt·ave1 market was much more price sensitive 
than the consensus of x-espondents believed it to be. But, 
on domestic routes, airlines felt that prices were less 
elastic, whereas airframe manufacturers perceived them 
to be more elastic then the statistical average. There 
\Vas an even greater difference in the responses con­
cerning business travel mukets: Airlines and consul­
tants tended to see higher price elasticity here, whereas 
university researchers and engine suppliers saw much 
lower elasticity. Western European forecasters saw 
domestic mru:kets as less price elastic than Americans 
did, probably because of the shorter stage lengths and 
other factors but they believed that business travel may 
be more price sensitive than did other 1·espondents. 

Respondents were asked to which of eight major world 
regions they would direct their efforts in aviation in the 
1980s if they had sole r esponsibility for their organiza­
tion's flight operations, facilities planning, or marketing. 
The results are summarized below: 

Percentage of Respondents 

Greatest Large Some Little or 
Region Effort Effort Effort No Effort 

United States 59 29 12 0 
Western Europe 10 57 22 11 
Middle East 11 50 24 15 
Japan 10 49 26 15 
South America 3 39 41 17 
Canada 2 29 52 17 
Africa 2 22 43 33 
Eastern Europe 1 13 40 46 

According to the consensus view, the greatest amount 
of effort in terms of new aviation facilities, increased 
flight operations, and marketing activities will be di­
rected toward the United States, Western Europe, and 
the Middle East. Almost 60 percent of the survey par-
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Table 4. Survey response on anticipated rate of change in 
operating costs of major U.S. trunk air carriers in the 1980s. 

Cost 

Percentage a[ Respondents 

Costs Will Costs Will 
Rise Faster Rise at Sarne 
than Inflation Rate as Inflation 

Costs Will 
Decline Relative 
to Inflation 

Direct operating costs 47 46 15 
Fuel 77 18 5 
Flight crew and insurance 48 50 2 
Maintenance, flight equipment 18 58 24 
Depreciation and rentals 19 55 26 

Indirect ope ratinc: costs, such 
as food, 
handling 

ticipants identified the United States as the region most 
likely to be the focus of the greatest effort in aviation 
in tl1e 1980s. In terms of traffic growth, however, tlle 
regions with the highest gains were seen to be Japan, 
S011tl1 America (in domestic and international markets), 
aJld Western Europe (in international markets). 

Competition and Regulation 

The aviation environment will be strongly affected during 
the 1980s by sharply rising competitio11 and changing 
government regulation. More than 90 percent of the re­
spondents foresaw major new low-!ai•e p:l'icing strate­
gies, governmental ·egulatory changes , new route 
awards, and new approaches to obtaining better f~nancial 
terms and credit availability as major forces or unpor­
tant competitive factors in the aviation i11dustry. 

About 69 percent stated that acquisitio11s and mergers 
would be a major factor or an important force dm·i.ng the 
decade ahead. U.S. respondents and small aircraft 
manufacturers particularly expected acquisition and 
merger activity to be intense during the 1980s. More 
than 80 percent stated that other competitive factors 
would be the purchase of new-technology aircraft to lower 
operating costs and the ability to attract and retain good 
person·ne! and managers. 

It was considered quite probable that airlines that op­
erate within U.S. markets and airports would meet cur­
rent U.S. noise regulations by 1990. Respondents indi­
cated that the U.S. aviation industry would be most af­
fected by the declining role of government regulation over 
prices and routes but that airline operating economics 
would become more important and increasing the freedom 
of route entry would increase the intensity of competition 
on routes. Government and engine suppliers Ielt that 
reduced regulation would be a major stimulant in the 
growth of regional airlines and that this in turn would 
stimulate the growth of demand in short-to-intermediate 
markets. On the other hand airlines and university re­
searchers were more emphatic about the likelihood that 
airline ov~rating economics would become more impor­
tant as a result of aviation deregulation. 

Operations and Technology 

Table 4 gives the survey response to a question on how 
fast various elements of airline operating costs will rise 
during U1e 1980s, in comparison with U.S. inflation rates, 
for total operations of rnajo1· U.S. trunk carriers. The 
response indicates that virtually all costs dil·ectly re­
lated to aircraft operations (direct operating costs) will 
rise relative to consumer price increases but fuel costs 
will increase most rapidly. 

To a question on how fuel expenses a.re likely to 
change as a proportion of total direct operating costs for 
major U.S. trunk airlines by 1990, the respondents in­
dicated the following (fuel costs were 38 percent of di­
rect operating costs in 1977): 

reservations, ~round 

Change 

Increase (%) 
> 50 
46-50 
40-45 

19 

Remain the same as in 1977 
Decline 

66 

Percentage of 
Respondents 

9 
19 
49 
16 
7 

15 

Engine suppliers and airframe manufacturers were the 
most pessimistic about rising energy costs; government 
respondents generally felt that energy costs might re­
main at approximately the current level. 

In response to questions on load factors and changes 
in aircraft mix, most respondents believed that load fac­
tors 1.1.1ould reach t.11.c 61-65 percent range by 1990 and 
that two-engine wide-body and ne v-Lechnology aircraft 
would be the fastest-growing sectors in aircraft utiliza­
tion in the 1980s. About 63 percent or the respondents 
expected a major increase in p1·oduction of two-engine 
wide-body aircraft· 73 percent stated tl1at there would 
be major growth in the use of new-technology aircraft . 
and their derivatives. Europeans saw greater growth m 
the use of two-engine wid e-body airc1•aft1 nnd a number 
of airlines and most university reseai·chers agreed with 
this view. "Some increase" was seen in the use of three­
engine wide-body airc1·aft by the consensus of respon­
dents; airlines, however, gave growth in the use of this 
type of aircraft a higher rating. 

Near-Term Sales and Earnings Prospects 

In view of the concern about economic problems, fuel 
price increases, and the changing environment of govern­
ment regulation, r espondents to the survey were sur­
prisingly optimistic in rating their own prospects for 
growtl1 until 1985. Most of the participants appeared to 
feel that their own organizations would do better than 
their competitors. Eighty-one percent stated that their 
own sales outlook would be quite favo1·nble or generally 
gc;>od and 67 11er<:A11t that their own growth in earnings 
would be quite favorable 01· generally good . 
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Demand Analysis for International 
Air Travel 
Adib Kanafani and Redha Behbehani, Institute of Transportation studies, 

University of California, Berkeley 

Time-series models for 10 international air travel markets are calibrated. 
These models are used to analyze traffic developments and to investigate 
whether conventional models of traffic demand can be used to forecast 
international air traffic. The models use simple specifications in which 
demand is represented by per capita income and intercountry trade flows 
and supply is represented by prevailing fares. Because of data llmitetioos, 
no attempt is made to model demaod and supply simultaneously. The 
results of the aoalysis are encouragiog and indicate that. although the use 
of traffic demaod modeliog in analyzing international air traffic has many 
limitations, there is a good potential for developing this methodology 
into a useful forecasting aid. 

The use of econometric models of air travel demand 
has been common practice for many yea1·s. Suclt models 
are typically applied in setting pricing policy on the 
basis of estimated elasticities and in traffic forecasting 
on the basis of exogenous forecasts of the demand and 
supply variables of the models. Most applications of 
this type have, however, been confined to domestic air 
travel, and indeed most of this work has been limited 
to U.S. domestic air travel. Apart from some applica­
tions in the No1ih Atlantic and the local European 
mukets, few if any applications of econometric models 
can be found for any of the almost 20 major international 
air travel markets, as defined by the International Ai.r 
T1·ansport Associatlo.n. 

There are many reasons for this disparity in meth­
odological development and application. Apart from 
the simple historic lag in the development of aviation 
between the United states and many othel' 1·egions of the 
world, the most important reason probably has to do 
with the difficulty involved in assembling the informa -
tion necessary for the development of econometric 
models. 

Many countries in the world do not have the advanced 
data-management systems required to keep track of 
the development of aviation and related socioeconomic 
activities. It is ve1·y difficult, if at all possible, to find 
the parity between data systems that is requ1recl to 
establish a "market" data base. A market in this 
regai·d is defined as a pair of regions, each of which 
contains one or more countries and between which 
there is air travel activity of interest. Possibly the 
most important difficulty, however, is that the efficacy 
of modeling ai1· travel between 1·egion pairs ill the world 
can be questioned on the ground that little of the 
1·egularity that permits meaningful modeling exists 
between regions in pa:tterns of development, ti·avel be­
havior, supply characteristics, and dete1·minants of 
demand. 

.Ln the :face of these deterrents, rul attempt has been, 
made to investigate the feasibility of developing a set 
of econometric models for air travel in world markets. 
The purpose of tJiis study is to calib1·ate such models 
and evaluate their efficacy for h·aific forecasting. This 
pape1· repo1is on some of the findings of the study and 
focuses on the results of the analysis for the following 
12 international markets, whicli cover a range of geo­
graphic areas and fraffic densities: No1·th Atlantic, 
Mid-Atlantic south Atlantic, North America-South 
America, North America-Central America, Eu1.·ope­
Northern Africa, Europe-Southern Africa, local 

Europe, Europe-Far East/ Aust~·alasia, North Paci:fic 
and Mid-Pacific, South Pacific, and local Far East/ 
Australasia. 

METHODOLOGY 

Theoretically, it can be said that all variables used in 
traffic forecasting are dependent and should actually be 
combined into a single model system. This mod.el sys­
tem would be estimated simultaneously by using mul­
tivariate statistical techniques. Although this is true of 
demand analysis in general, no attempt was made in 
this study to unde1'take a simultaneous modeling effort. 
The main reason fo1· this is that the data base used is 
rather fragmented and inadequate for complete mul­
tiva1·late analysis. Because of the limited data base, 
the models are calib1·ated individually and are thus 
short-term models that do t1ot take into account long­
term feedback effects 'between demand and supply. Any 
such effects would have to be inputted as scenarios in a 
repeated application of the fo1·ecasting p1·ocess. 

Another limitation in modelli1g traffic demand is 
that, since it cannot be assumed that the different 
n1arkets have the same demand function, each market 
is analyzed separately. This means that the data base 
fo1· each market has to come from histo1·ic data and that 
some sort of time-series analysis ls appropriate. The 
model would have the .following general form: 

(I) 

where 

Tt total market traffic in year t (revenue passenger 
kilometers), 

Qt = values in year t of a vector of socioeconomic 
demand variables, 

§.t = values in year t of a vector of supply variables, 
and 

~t = independent error terms for each year. 

Because it is anticipated that data problems will 
preclude any thorough time-series analysis 01· mul­
tivariate modeling of demand and supply, the specifica­
tion of the models is kept to the s implest possible level. 
Indeed, it was wi:th great difficulty that data for only 
seven years (1970 through 1976) were compiled fo1· the 
study mar)<ets. Model specification is limited to a 
linear form and a multiplicative form with an ex­
ponential price function. By assumhlg that all annual 
errors are independent and identically distributed and 
avoiding to the extent possible the simultaneous specifi­
cation of correlated variables of Q or§ th.e estimation 
is performed with multiple-regression analysis by using 
ordinary least squares. This choice of an estimation 
technique is again based 011 the limited number of ob-
1:1e 1-vatlo11s available for the analysis. 

Another choice severely limited by data availability 
is the choice of the explanatory variables. Demand 
variables are selected from among the following: (a) 
per capita disposable income 1·epresenting nonbusiness 
h'affic demand and (b) export-import trade representing 
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business h'affic demand. These variables are defined 
for each market by taking a weighted average of their 
vaiues for selected countries that are 1·epresentative 
of the regions that make up the 1uarket. The averages 
a1·e weighted bv the ai rltnP fr:rff,,.. nf o,:,,.h nf th"'SC 

countries. In some cases, the variable values fo1, a 
single rnpresentative country are used when complete 
data on the demand variables are not available . Supply 
variables are selected from till'ee: air fare, by using 
either lowest excursion fare or economy fare; market 
yield pe1· passenger kilomete1·; and capacity in avail­
able seat .kilometers. The fare variables ru,e selected 
£or a city pa.ir that is considered rnpresentative in the 
mai·kel. All monetary variables ai-e specified in 
cun·ent te1·ms and in real terms deflated by consume1· 
price indices constructed by using weighted averages 
for cow1tries in either region of tlle market in questio11. 
In some cases i.n which th re a.re insufficient data to 
permit the consti·uction of a weighted average, a single­
country consumer pl'ice index is used instead. 

Different model forms were calibrated for each 
market . The form most commonly used aud consistently 
most significant statistically is the multiplicative !orm. 
However, to permit the possibility of variations in price 
elasticities over time or to detect whether such va1·ia­
tions exist, a model fo ·111 • which the price variable is 
entered exponentially was calibnted. A model that has 
two demand variables (income and tmde) and one supply 
variable {yield) would be ex-vre::,~eci as ioiiows: 

T = a1 · (income)' 2 • (trade)'3 
· exp[a4 · (yield)] (2) 

where the t subsc1·ipt for yea.r has been d1·opped .from all 
variables for simplicity and whe1·e a1, ... a.i., a.1:e the model 
pai-ametexs. In tltis model, the income and trade 
elasticities of demand are, 1·espectively, ~ and aa. 
The yield elasticity, however, is not constant and is 
given by Cn.i · (yield)]. This model form consistently 
p1·oved more significant than the onP. in wnich price 
elasticity is constant. The advantage of this form is 
that it 1·ecognizes a factor that has been found repeatedly 
in earlier demand studies-that elasticity is very low 
when the pl'ice is low and increases with the value of 
price itself. 

Since the1·e ai-e a.nywhe1·e from two to four vuiables 
in the traffic demand model and only six yeru:-s of data 
011 which to calib1·ate it, it should be recognized that 
considerable variation can be expected in the parameter 
values. Although all calibntion results appear to be 
statistically significant at least at the 90 percent level 
and most at the 95 percent level, it is still very im­
portant to recognize the limitations of this type of model 
for forecasting. Recalibration with additional data is 
impP.rative if the model is to be used for forecasting 
beyond, say, tlu·ee years. 

Another cause for skepticism and extreme care in 
using ti•aific demand models for forecasting is that, 
for many markets that include developing countries, the 
efficacy of econometric modeling ca.11 be questioned on 
basic principles. Little regula1'ity exists in these 
markets in patterns of development, travel lJehavior, 
ancl supply characteristics. In the Europe-Northern 
Africa market, for example-which is defined as 
including Western Europe and the countl·ies of Africa 
soutil of Algeria, Morocco, and Tunisia and north of 
Angola, Zambia, and Mozambique-it is hard to imagine 
that the same determinants of tx'avel demand exist in 
both regions. A variable such as pe1· capita disposable 
income is likely to mean much less in terms of travel 
demand in, say, Uppe1· Volta llian in F1·ance. Ideally, 
one would wish to seek otl1er determinants of travel 
demand that might be suitable for the developing coun-

tries of the world, but here one encounters the problem 
o.f data availability and must limit the ru1alysis to as­
sumption and conjecture. The few data available o.n 
developing economies a1·e typically compiled by inter­
national vl'gauizatious such as the United Nations ru1d 
cover "convenuona.l." measui·es of economic activity 
s uch as gl"oss national product and per caplta income. 
Another reason for doubting the ability of ec onometric 
models to forecast ove1· longer periods of time is the 
fantastic growth 1·ates that are occurring in many of 
the developing parts of the world. Technological and 
economic developments a1·e occurring at such a 1·ate 
that what happens during a sP.VAn-y .::11· pe ·iod for which 
one has data to construct a model may not be happening 
during the subsequent period ove1· which one wishes to 
foxecast. On the basis of all this, it is reiterated that 
the models should be used for short-term forecasting 
and their validity should be continuously 1·echecked 
against add 'tional data. To facilitate a. comparative 
:tnalysis that might be intei·est).ng, no attempt was made 
to integ.rate elaborate models in mai·kets where such 
are possible, such as the North Atlantic. Similar models 
were calibrated for all markets under study. Selected 
countries in the regions and markets for which demand 
models are calibrated are given in Table 1. 

RESULTS OF TRAFFIC DEMAND 
MODELS 

The results of the calibration of traffic demand models 
fo1· 12 study ma1·kets are given in Table 2. The only 
market fo1· which a model calibration was not successful 
was the Europe-Middle East market. There are two 
probable reasons for this: 

1. The market has experienced significant increases 
in traffic dtu·ing the 1970-1976 period and appeai•s to be 
continually in a state of flux, which makes econometric 
modeling rather difficult. 

2. Socioeconomic data for Middle Eastern countries 
we1·e 11ot available, and to base tl1e traffic solely on 
demand variables for the European countries was un­
acceptable both theoretically and statistically. 

The results for all of the other study mai·kets appea1· 
to be significant statistically, the F-values bein~ sig­
nificant at at least the 90 percent level and the R -values 
above 85 percent rut.cl in most cases above 95 percent. 
These study markets represent quite a 1·ange in terms 
of market characteristics and traffic volumes and 
trends. The volumes vary between an average of 71 
billion revem1e passenger-km fo1· the study period in 
the No1·til Atlantic and slightly more than 7 billion 
revenue passenger-km in the Europe-Northern Africa 
market. Steady growth is seen in some markets such 
as the Europe-Middle East ma1•ket, in which traffic 
nearly tripled during the study period, whereas rela­
tively low rates of g1·owth-approximately 4-5 percent/ 
ye~·-are observed i.n ma1·kets such as the North 
Atlantic and tile North Amel'ica-Central America 
markets. Some markets appear to be dominated by 
nonbusiness traffic, ruid the inc0me variable appears 
as the one variable in the demand model; othe1·s exllibit 
a balance between business and nonbusiness traffic, and 
both tile i.ncome and trade demand variables appea1· in 
the models. Yield elasticities of demand vary from a 
low of about -0.20 in the Europe-Northern Africa 
market to a high of about -0.3 in the North Amel'ica­
South America market (see Table 3). The fil·st of these 
two markets is one in which 1·ecent increases in 
capacity appear to have induced additional traffic 

iii 
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Table 1. Selected countries within markets and regions. 

Market 

North Atlantic 

Mid-Atlantic 

South Atlantic 

North America-Central 
America 

Region A 

United States, Canada 

United States 

France, Germany, Italy, 
Portugal, Spain, 
Switzerland 

United States, Canada 

North America-South America 
Europe-Northern Africa 

United States, Canada 
United Kingdom, France, Germany, 

Holland, Italy, Switzerland 
Europe-Southern Africa 
Europe-Far East/ Australasia 

United Kingdom 
United Kingdom, France, Germany, 

Italy, Holland, Sweden, Switzer­
land 

Europe-Middle East 
South Pacific 
North Pacific and Mid-Pacific 
Local Far East/ Australasia 

United States, Canada 
United States, Canada 
Australia, New Zealand, 

Philippines, Japan 
Local Europe United Kingdom, France, Germany, 

Italy, Spain, Sweden, Switzerland 

Table 2. Summary of demand model calibration . 

North North 
America- America-

Term South America Central America 

Constant 
Value -12.140 -16.698 
Standard error 6.663 16.182 

Trade 
Value 0.353 
Standard error 0.143 

Composite disposable income 
per capita 

Value 2.379 3.575 
standard error 0.842 1.907 

Yield 
Value 
Standard error 

Fare 
Value -0.0052 -0.012 
Standard error 0.0029 0.005 

Capacity 
Value 
Standard error 

Average r evenue pa,5senger 
kilometers (000 OOOs ) 7151 12 189 

R' 0.962 0.856 
F 17.14 8.97 

Table 2 (continued) . 

Europe-
Northern 

Term Africa 

Constant 
Value -3.383 
standard error 1.398 

Trade 
Value 
Standard error 

Composite disposable income 
per capita 

Value 0.399 
Standard error 0.209 

Yield 
Value -0.047 
Standard error 0.026 

Fare 
Value 
Standard error 

Capacity 
Value 0.996 
btandard error 0.079 

Average re•enue passenger 
kilometers (000 000s) 4057 

R' 0.997 
F 239.27 

Notes: 1 km~ 0.62 mile. 

Region B 

United Kingdom, France, Germany, 
Italy, Switzerland, Holland, 
Sweden 

United Kingdom, France, Germany, 
Holland, Spain 

Mexico, Jamaica, Bahamas, Nether­
lands Antilles 

Venezuela 

Australia, Japan 

Australia, New Zealand 
Japan, Philippines 

North Mid-
Atlantic Atlantic 

3.452 -20.509 
1.990 4.630 

0.763 
0.247 

1.010 3.015 
0.232 0.612 

-0.170 -0.197 
0.097 0.082 

71 417 5804 
0.944 0.985 
15.77 46.79 

Europe- Europe-
Southern Far East/ 
Africa A us!ralasia 

-0.866 - 8. 633 
4.380 6.664 

0.561 
0.172 

0.979 2.431 
0.449 0.794 

-0.083 
0.164 

-0.003 
0.0004 

8593 26 981 
0.975 0.973 
26.22 55.54 

South 
Atlantic 

-6.466 
2.803 

2.146 
0.363 

-0.0017 
0.0007 

5693 
0.972 
19.13 

North 
Pacific 
and Mid-
Pacific 

-26. 709 
16.540 

4.850 
7.089 

-0.0032 
0.001 

12 375 
0.884 
8.14 

Constant ·and fare and yield variables are in exponential form. 

South 
Pacific 

5.570 
L. 055 

0.550 
0.122 

-0.505 
0.064 

4883 
0.967 
58.78 

Local 
Europe 

-8.878 
4.052 

1.666 
0.374 

0.839 
0.832 

-0.0049 
0.0014 

59 468 
0.951 
12.99 

Local Far 
East/ 
Australasia 

-3 .333 
0.593 

0.616 
0.103 

-0.0006 
0.003 

0.825 
0.042 

6641 
0.999 
1127.96 

7 
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Table 3. Elasticities of supply variable. 

Type o[ 
Market Elasticity 1970 

North America-South America Fare -1. 609 
North America-Central America Fare -3.240 
North Atlantic Yield -0.476 
Mid-Atlantic Yield -0.686 
South Atlantic Fare -1.404 
Europe-Northern Africa Yield -0.209 
Europe-Southern Africa Fare -2.289 
Europe-Far East/ Australasia Yield -0.313 
North Pacific and Mid-Pacific Fare -2.470 
South Pacific Yield -1. 692 
Local Europe Fare -0.891 
Luca! Far East/Australasia Fare -0.294 

Figure 1. Comparison of actual and model traffic for North 
Atlantic market. 
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1971 

-1. 711 
-3.156 
-0.471 
-0.583 
-1.294 
-0.194 
-2.163 
-0.270 
-2.134 
-1. 601 
-0.636 
-0.279 

70 71 72 73 74 75 76 77 78 
YEAR 

growth, and capacity appears as a variable in the de­
mand model. 

It is probably more profitable a.t this stage to look 

1972 

-1. 529 
-3 .036 
-0 .413 
-0.544 
-1. 309 
-0.218 
-2.184 
-0.242 
-2 .262 
-1.520 
-0 RM 
-0.297 

at the results of each market separately than to attempt 
a complete comparntive analysis between mai'kets. A 
complete comparative analysis would require an in­
cleptJ1 study of the various demand and supply factors as 
they cliffe1· from market to maxket. 

Detailed results of the calibration for each market 
are shown in Figures 1-12. Each of the markets is 
discusse.d briefly below. 

North Atlantic 

The No1th Atlantic market is by .fai· the largest of all 
t he ma ·kets in the study in te1·ms of trafiic and capacity. 
The verage over the study period is 71 billion revenue 
passenger-l<m; ·a:ffic in 1976 totaled more than 80 
billion l'evenue passenger-km. The model used in this 

1973 1974 1975 1976 

-1.472 -1.576 -1. 565 -1. 544 
-3.000 -3.000 -2.832 -2.976 
-0.411 -0.456 -0.449 -0.415 
-0.473 -0.376 -0.491 -0.481 
-1.380 -1.176 -1.384 -1.241 
-0.168 -0 . 144 -0.151 -0. 155 
-2.259 -2 .112 -1. 926 -1. 740 
-0.217 -0 .207 -0.193 -0.194 
-2.160 -1.978 -1. 878 -1. 709 
-1. 505 -1.480 -1.252 -1.182 
-0.893 0.031 -0 .891 -0.808 
-0.260 -0.255 -0.267 -0.268 

study represents a rather crude and aggregate one 
compared wit!) the type that xnight bA developed for thls 
market. The North Atlantic is perhaps the only mark l 
in which traffic data would allow a detailed analysis of 
demand stratified by trip pm:pose. Indeed, a more de­
tailed demand model of this market has been p1·oduced in 
an earlier study (!). However, for the sake of con­
sistency in modeling and to provide for some com­
pal'ative analysis with other rua.:l'kets, it was decided to 
include a model fo1· the North Atlantic market that is 
similar in structure to the ones used elsewhere. In Ute 
compu.tertzecl integrated forecasting process, it is pos­
sible to incorporate any model. 

The model shown in Figm·e 1 u1cludes income as a 
demand variable but not trade. This is not to say t hat 
business tnfiic is unimportant in this rua1·ket. But, 
since more than 60 percent of traffic in the NortJ1 
Atlantic market is nonbus iness fraffic income re­
mained as the ouly significant demand variable. Real 
yield elasticity is low at about -0. 4 and appears stable 
over time. 

Mid-Atlru1tic 

The i.nte1·esting thing about t he Mid-Atlantic market is 
that, although it is thought of as a market that c01mects 
Euro_pe and the central and northern parts of South 
America, a considerable proportion of its traffic is 
in fact between Europe and the United states via Miami. 
For this reason we find that the variables in the model 
are composite for European countries and t he United 
states. Thus, t11e variable of per capita income is a 
weighted average for Europe and the United states only 
because of the absence of a complete data set of income 
measu1·es for the South American cow1tries of the Mid­
Atlantic mru:ket. 

The Mid-Atlaulic market is a low-volume market 
that in 1976 had only about 10 billion revenue passenger ­
Jun lthe large stage length indicates a low passenger 
traffic volume). Except for two periods of dep1·ession 
in traffic-one ill 1971 and the other in 1974-it has 
undergone relatively steady growth during the 1970-
1976 period (see Figure 2). Trends in trade a nd per 
capita income together seem to reUect similar depres­
sions: Trade declined signHicantly in 1971., and dis­
posable income did not increase in real terms In 1974. 
Yield in the Mid-Atlantic market declined steadily until 
1974, when it rose by about 25 percent. Th1s does not, 
however, seem to have had a significant effect on traffic 
development, and one would e-"'Pect that yield elasticity 
would be low in this market. Indeed, as the model 
shows, the elasticity has declined from -0.7 to - 0.5 
d uring the study period. 

Charter fraffic is insignificant u1 the Mid-Atlru1tic 
ma1·ket, and the trnft1c demand model was constructed 
to include only scheduled traffic. The calib1·ation r e-

ii . -



Figure 2. Comparison of actual and model traffic for Mid-Atlantic 
market. 
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Figure 3. Comparison of actual and model traffic for South Atlantic 
market. 
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sult shows both trade and income to be significant 
variables; income elasticity is a high +3.0 and trade 
elasticity a low +O. 76. It would seem, then, that both 
business and nonbusiness traffic occur in this market 
and that, as expected, nonbusiness demand is more 
elastic than business demand. 

South Atlantic 

9 

The South Atlantic market is another low-volume, long­
haul market; traffic in 1976 was less than 7 billion 
passenger-km. Traffic growth has not been as fast as 
that in other markets, and it seems to have declined 
since 1976 (see Figure 3). Because data were not avail­
able for most of the South American countries of this 
market, it was not possible to represent the changes 
in economic development in these countries, such as 
important phenomena of growth in some (e.g., Brazil) 
and high inflation rates in others (e.g., Argentina). 
The market demand model is based solely on European 
economic indicators, a deficiency that ought to be 
remedied if additional data become available. 

Charter traffic appears insignificant in this market 
as a percentage of the total traffic, and therefore the 
model is calibrated for scheduled traffic only. The 
calibration results show two interesting phenomena for 
this market. One is that income is the only demand 
variable found to be significant, which indicates that 
nonbusiness traffic predominates. The other is 
that fare rather than yield appears to be the signifi­
cant price variable. One reason for this could be 
the fact that yield did not decline much in real terms, 
and this results in a positive correlation with traffic 
and precludes yield as a significant price variable. Be­
sides, there is not a wide choice of fares in the South 

Figure 4. Comparison of actual and model traffic for North America­
South America market. 
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Atlantic market. The Paris-Rio de Janeiro economy 
fare is the price variable for the model. 

Income in the South Atlantic market exhibits an 
elasticity of +2.1, and the fare elasticity varies he­
tween -1.4 and -1.2. None of these values are unex­
pected for traffic that may be predominantly nonbusiness. 

Although the model fit appears statistically acceptable, 
it is important to restate the reservation concerning the 
absence of demand variables for the South American 
countries and the need to update the data base for that 
region. 

Nui-th America-South America 

The North America-South America market has lower 
traffic volumes than the North America-Central America 
market. It experienced moderate growth throughout the 
study period and had traffic volumes of about 5 billion 
and 9 billion reve nue passenger-km i n 1970 and 1976, 
respectively (see Figure 4). It is a market that s erves 
both business and nonbusiness travel. Both trade and 
income appear in the traffic model as variables of de­
mand, although income elasticity (+2.38) is significantly 
larger tban tr ade elasticity (+0.35). This can be ex­
pected, since trade experienced sharp growth during the 
study period whereas income barely increased. 

The North America-South America market has no 
significant charter traffic, and no such traffic was in­
cluded in the demand model. Fare rather than yield 
is used as the price variable, as it was in the North 
America- Central America market, and the excursion 
fare between Miami and Lima is used as a represen­
tative market fare. The fare elasticity, -1.50, is 
lower (in absolute terms) than that for the North 
America- Central America market, possibly because of 
the presence of business traffic. Perhaps for the same 
reason, income elasticity is also lower . 

North America-Central America 

The North America-Central America market is a medium­
sized, short-haul market that had a traffic volume of ap­
proximately 11 billion revenue passenger-km in 1976. 
The market experienced strong growth prior to 1972, 
after which traffic appears to have stabilized (see Fig­
ure 5). Since it is a market of predominantly vacation 
traffic, only income appears in the models as a demand 
variable. Real income in the market, which is a 
weighted average for the United States, Canada, and 
Mexico, appears to have declined after 1973. This is 
probably caused by high inflation rates, which increased 
the composite consumer price index from 100 in 1970 
to approximately 150 in 1976. 

Charter traffic, which constitutes a major propor­
tion of total traffic (more than 20 percent), is included 
in the traffic model for this market. The strong de­
pendence of traffic demand on income in this market 
can be seen from the rather low constant-term value 
(exponent -16.7) and the rather high income elasticity 
(+3. 57). Fare elasticity is also rather high, oscillating 
very close to -3. 00 during the years of analysis. 

A comparison of actual traffic trends with those 
produced by the traffic demand model seems to suggest 
that perhaps a time lag of one year is appropriate in 
the relation between income and traffic. This refine­
ment is to be the subject of further study of this model. 

The absence of wide choices in fare structure 
allowed the use of a specific fare rather than market 
yield as the price variable for this market. Unlike 
many other markets, the real yield did not decline dur­
ing the 1970-1976 period. Many model calibrations in 
which yield was used as the price variable resulted in 

positive elasticities, and consequently a fare variable 
was used instead. The regular economy fare between 
New York and Mexico City was used as the representa­
t i vP. f~rp, in thl .Q m ~ l"k-tl.t iTI n,..Na,.. +n al'v:, lyr7o +-he histc't"'ln 
trend of the price of travel. A pr ice elasticity of ap­
proximately -3.00 was obtained for this market. 

Europe-Northern Africa 

In spite of what the name implies, the Europe-Northern 
Africa market does not include the countries of "North 
Africa" but covers traffic between Europe and countries 
south of Algeria, Morocco, and Tunisia and north of 
Angola, Mozambique, Zambia, and Tanzania. The two 
markets in this study that include Africa-this one and 
the Europe-Southern Africa market-suffer from lack 
of data on the African countries involved, with the excep­
tion of South Africa. 

The income variable for this market is the weighted 
average for European countries only, as is the com­
posite consumer price index. This is a deficiency caused 
by lack of data; ifadditional data on the African countries 
were obtained, it would be highly desirable to recalibrate 
the model. The fact that the model shows an excep­
tionally good statistical fit should not distract attention 
from the need to remedy the data situation (see Fig­
ure 6). 

The Europe-Northern Africa market has experienced 
capacity growth, especially during the period after 1974. 
Between 1974 and 1976, total available capacity in seat 
kilometers increased from 6.8 billion to slightly more 
than 12.3 billion. During the same period, the traffic 
increased from 3. 5 billion to about 7. 5 billion revenue 
passenger-km, which indicates a consistently high market 
load factor . This leads to the suspicion that capacity 
may have been constraining traffic development and that 
it should be included as a demand variable in the model. 
Indeed; capacity turns out to be a significant demand 
variable in relation to which the demand appears to have 
an elasticity in the neighborhood of +1.0. If continued 
fleet and airline expansion in the market results in a 
faster increase in capacity than in traffic, it is likely 
that capacity will no longer be a determinant of traffic 
demand in that market. The development of this market 
should therefore be monitored to assess the need to 
modify the model for future application. 

Ideally, one would wish to estimate a simultaneous 
demand and supply model in which demand is affected 
by capacity and capacity by demand. Such an estimation 
would require a more elaborate technique, such as 
indirect least squares. Further research into this 
question is in order, especially in light of the limited 
data available for model estimation. Simultaneous 
model estimation should ideally be used for all markets 
in which capacity appears to influence traffic develop­
ment. 

Income appears to be the only significant demand 
variable in the model for this market . This indicates 
that nonbusiness traffic may be predominant in this 
market or that the trend in per capita income is suf­
ficiently strongly correlated with traffic that trade does 
not add any explanatory power to the model in a sig­
nificant way. 

A result of the introduction of capacity as a traffic­
influencing factor is that income and yield explain less 
of the variations in traffic and this results in both of 
their elasticities being rather low. Income elasticity 
is constant at +0.4, and yield elasticity varies between 
-0 .2 and -0 .15-unexpectedly low values if the market 
is truly predominantly a nonbusiness travel market. 



Figure 5. Comparison of actual and model traffic for North America­
Central America market. 
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Figure 6. Comparison of actual and model traffic for Europe-Northern 
Africa market. 
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Europe-Southern Africa 

The Europe-Southern Africa market is dominated by 
traffic between Europe and the country of South Africa. 
However, data availability limits the specification of 
variables to European countries. The model includes 
both trade and income as demand variables. This 
would be expected because the market includes almost 
equally important proportions of business and nonbusi­
ness traffic. 

The Europe-Southern Africa market is a medium­
density ma1·ket with an average traffic volume of 8. 5 
billion revenue passenger-km during the study period. 
It experienced strong growth between 1973 and 1976, 
du1·i11g which time the volume inc1·eased from about 8.4 
billion to 13 billion revenue passenger-km. The trends 
indicate that this strong growth in traffic is .related to 
two factors : a decline in air fares (here represented 
by the London-Johannesburg economy fa1·e) and a slow­
ing of the growth of the inflation rate, whicb .resulted 'in 
an increase in U .K . clisposable income per capita. It is 
interesting that the increase i..11 traffic occuned despite 
the decline in trade nows after 1974 (see Figure 7). 
It appea1·s that nonbusiness traffic is taking a more 
important role in this market. 

The absence of complex fare packages in the market 
prompted the use of a single representative fare rather 
than yield in the model. In 11,ddition to its simplicity, 
this appears to have advantages in relation to statistical 
significance. Another indication of the dominance of 
nonbusiness traffic could be the relative price elasticity 
of the traffic, which varies between -2.3 and -1. 74 during 
the study period. 

Figure 7. Comparison of actual and model traffic for Europe-Southern 
Africa market. 
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Figure 8. Comparison of actual and model traffic for local Europe 
market. 
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Figure 9. Comparison of actual and model traffic for Europe­
Far Easti Australasia market. 
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Local Europe 

The local Eu1·ope market is unlike the other markets 
irrrh1ded in this atudy. It is a high-de11sity, short-haui 
market in which traffic grew from 39 billion to 65 
billion revenue passenge:r-krn during the study period 
(see Figure 8). The market exhibits a rnlatively high 
load factor of about 60 percent, but capacity does not 
appea1· to be a constraint on traffic development and 
this variable is not included in the model. Local 
Europe is also a market of re1atively high yield (about 
9 cents/revenue passenger-km in 1976) aml rAl::itively 
high cost (about 5.2 cents/re venue passengeT-km in 
1976). 

Cha1'ter traffi.c constitutes a.bout 47 pe1·ceul of the 
total t.J:affi.c in the market . This percentage did not 
change appreciably during the study period. Con­
sequently, the model does include chartP.r t ·affic . It 
is implicitly assumed that the relative fares of scheduled 
and charter operations have not changed much during 
the study perioel tor else the charter share would have 
changed), and based 011 this assumption the model ts 
constructed with a representative fare as the pl.'iCe vari­
able. rn the analysis, the rue variable always appeared 
more statistically significant than the yield variable. 
The representative 'fr-ire used is tbe London-Rome 
economy fare. 

The local J!:urope market serves both business and 
nonbusiness traffic. Both trade and income appear Ln 
the model as demand val'iables; h'alfic shows a higher 
elasticity for trade (+l.67) than for income ( 0.84). Fare 
elasticity is about -0.8, which indicates a relatively 
i11elastic demand. An interesting plwnomenon in U1e 
ma1·ket is the strong growth pefo.re 1972 and the relative 
stagnation after that. This trend appears to be the re-

Figure 10. Ccmpari:;cn of actuar ar1d rnoUei tn1ffic for South Pacific 
market. 
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Figure 11. Comparison of actual and model traffic for North Pacific 
and Mid-Pacific market. 
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Figure 12. Comparison of actual and model traffic for local Far East/ 
Australasia market. 
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sult of a similar trend in trade combined with an in­
crease in real price (as measured by fare) between 
1971 and 1973. Weighted disposable income also shows 
a stagnation in real terms after 1973. 

This is probably a market in which the data could 
permit a more detailed analysis of traffic demand. 
Country pair modeling is a possibility here. However, 
for the sake of consistency with the other analysis and 
with the integrated forecasting process, such an 
analysis was not attempted. 

Euro1ie-Far East/ Australasia 

The Europe-Far East/ Australasia market is a long­
haul market that connects two 1·egions that a.re rather 
extensive in size and in number of cow1tries. Traffic 
growth has been rather strong: from 14 billion to 39 
billion revenue passenger-km during Ute 1970-1976 
period (see Figure 9 ). The percentage share o( charter 
traffic has consistently declined, from 22 to 7 percent, 
during the same period. Since the total tramc trend 
appears to be rather close to the trend for weighted per 
capita income, income is used as the demand variable 
in the model. 

This market appears to be dominated by traffic 
between the United Kingdom and India and Australia 
and vacation traffic genernted in Japan. Trade does 
not appear to be statistically signi'ficant and is not in­
cluded in the model. 

Despite the rather low charter share in recent years, 
the traffic model includes charter traffic. In using this 
model for forecasting, assumptions have to be made 
about charte1· share in computing passenger revenues 
and other related JJerformance measures. Inflatiou is 
high in this market, and as a result real income growth 
is low and real yield declines considerably during the 
study period. This is perhaps another indication that, 
in order to successfully forecast traffic, a good predic­
tion of the inflation rate is essential. 

South Pacific 

The South Pacific market is a relatively low-density 
market that had an avera.ge traffic volume of only about 
5 billion revenue passenger-km during the study period. 
Growth has, however, been steady: Traffic increased 
from 3.5 billlou revenue passenger-km in 1970 to about 
6.6 billion 1·evenue passenger-km in 1976 (see E'iguxe 
10). Although this market includes the South Pacific 
islands, which are typically tourist attractions, business 
traffic appears to dominate the market. It can be seen 
from tile historic trends for this market that traffic 
volwnes follow a pattern very similar to that followed 
by total trade between the countries of the market 
(here taken as the United States, Canada, the western 
hemisphe1·e, and Australia and New Zealand). Attempts 
to include a nonbusiness demand variable such as in­
come in the model did not prove success(ul. However, 
the model, with trade and yield as the only variables, 
is highly significant statistically and appears to be 
adequate for short-tenn forecasting . It would be 
desi:Iable to recalibrate the model by using additional 
traffic data to see whether income would enter sig­
nificantly as a nonbusiness traffic demand variable. 

The South Pacific market exhibits relatively high 
inflation, as indicated by the latge composite con­
sumer pi-ice index. Consequently, real yield decl11Jes 
appreciably during tl1e study period, and real trade does 
not show much growth. The decline in real yield x·e­
sults in a decline in yield elasticity, as would be ex­
pected from the form of the model. But the magnitude 
of elasticity is raUier high, around -1. 50, for a market 
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with a good proportion of business tl'affic. Th.is is 
p1•obably attributable to the fact that the decline in real 
yield is taken as a reason for the strong gi·o,vth in 
traffic, since real h·ade does not grow l'lppreciab!f !n 
real te1·ms. Another reason is that this is a market 
with a very luge stage length. Fare levels are rather 
high, and one would expect demand to be l'elatively 
elastic. 

Charter traffic ln the S0ut11 Pacific market makes 
up an insignificant propo1·tion of the total traffic-5 
pe1·cent during t110 1970-1976 period. For this 1·easou, 
charter traf11c is not included in the model. 

North Pacific and Mid-Pacific 

'l'he traffic demand model for Ule North Pacific and 
Mld-Pacific market (see Figu1·e 11) has been i-athe1· 
difficult to calibrate. The traffic level is generally 
nther low but underwent strong growth between 1970 
and 976, rising from 8 billion to more than 18 billion 
revenue passenge1·-km. Traffic il1 1972 appears to be 
unexpectedly high, equalillg the va.luc in 1973. This 
cannot be explained by the trends of any of the socio­
economic vai-lables used in the analysis. Indeed, what 
appears as a decline in traffic in 1973 is associated with 
a growth in 1·eal income. Real yield increased in 1972, 
as did traffic. All of this leads one to suspect a data 
probl~m, but there is no ineans of che(;k.lug such a 
suspicion. 

Tbe share oJ charter traffic in the ma1·ket steadily 
inc1·eased during the study period, ri.si.ng from 4.5 pe>:­
cent in 1970 to 22 pe_rcent in 1974 and then d1·opping 
back to 14 percent in 1976. Cha1'ter traffic is theref0re 
included in the demand model, and an assumption must 
be made ill the f01·ecasting process about the fu ture 
charter share. 

With traffic in this market domillated by the United 
states, Canada, and Japan, the variables for these 
three count1.·ies were used to derive the composite 
values for the model. Income appears to be the only 
significant demand variable and fare rather than yield 
to be significant as the price variable. Income 
e lasticity is +4.8, and fare elasticity va1:ies between 
-2.5 and -1.7 during the 1970-1976 pel'iod. Both of 
these values are cortsiderecl too large. The absence 
of trade in a mai-ket believed to contain a significant 
proportion of business traffic is another source of 
concern about the model for this market. All in all, 
it would appear that some additional work on this 
market may be in order. 

Local Far East/ Australasia 

The local Far East/ Australasia market covers a larger 
area than its name might imply: all the area from Ind.la 
eastward to Japan and southeastward, including 
Australia and New Zealand. Any analysis of this 
market is then, by necessity, very aggregate. It is 
a relatively low-density market: Passenger traffic 
amounts to approximately 8.5 bilUon 1·evenue passenger­
km whlch, considel'ing lhe medium stage lengths, is 
rather low (see Figure 12). 

The ma1·ket has l'elatively high load factors; load 
facto1·s vaxied from 57 pexcent in 1970 to 60 percent 
in 1976. This indicates that capacity may be a con­
sti·aint on traific development. Indeed, Ute analysis 
indicates capacity to be a significant variable in the 
demand model, with an elasticity of +0.8. The other 
demand variable in the model is weighted per capita 
disposable income, which indicates that nonbusiness 

traffic may predominate. [ncome elasticity is low at 
+0.62, which probably results from Ule fact that capacity 
has explained a good part of traffic development. The 
t~·affic tr.;ud, whld1 1:1hows a period of stagnation between 
1974 and 1976, is ve1·y similar to the ti·end for income. 
Inflation rates in the market are rathe1· high: The com­
posite consumer price ir,dex rises from 100 to 200 
during the study period. 

Note that the income variable in this case is not a 
weighted composite but Uiat of Japan alone. Since a 
sizable p1·oportion of the traffic is vacation traffic gen­
erated in Japan, this is not too 1·estrictive. 

Price ts represented by the Tokyo-Bangkok economy 
fue. This was found to be appropriate because this 
market does not have any significant choices in terms 
of fares 01· any cha.rter operations to speak of. gain, 
capacity increases seem to explain a significant 
proportion of thfl traffic development, and fare elasticity 
appears to be low-in the -0.29 to -0.27 1·ange. Fares 
have almost doubled dm1ing the study pe1·iod, but the 
high inflation rates result in a decline in real fares. 

SUMMARY 

The results or the calibxation of traffic demand models 
fo · 2 of the 13 study mal'l,ets appear to be generally 
good. In fact, given the natu1•e of the data base anrl the 
vastly varied conditions that exist in th various world 
travel markets, the results al·e surprisingly good. 
With the exception of the North Pacific and Mid-Pacific 
market and the North America-Central America 
market, all models appear to be statistically sig­
nificant and to exhibit good fits with historic trends. 
It is interesting that model structures and, to a certain 
extent, parameter values are quite similar. For ex­
ample, most yield elasticities fall within less tha11 1.0 
of one another; fare elasticities vary by slightly more. 

It w9uld seem that, althoui:;h Iurlhe1· work on t1·aftlc 
demand modelillg ln these international travel markets 
is certau1ly wananted, use of the current models l.n 
short-term forecasting is feasible . The good statistical 
results obtained by using these models show rather low 
standard error values and permit forecas,ting with con­
fidence. 

More work should ue done on the Eul'ope-Midclle 
East market, but such work is feasible only if additional 
data are obtained. Both socioeconomic vai-iables and 
carrie1· data appear to be Jacking for this market, and 
it is a market that must be mocleled with particula1· care 
because of the significant changes in traffic t h.at have 
occun·ecl in l'ecent years . Two other· ma1·kets need 
fu1·ther work: the NorUl Pacific and Mid-Pacific and 
the North America-Centi·al America mal'kets. With 
additional socioeconomic data, particularly for the 
North Pacific and Mid-Pacific markets, it might be pos­
sible to successfully calibnte a traffic demand model. 
These two markets have been integrated in the fol'e­
casting p1·ocess, but their results should be looked at 
with more skepticism t han those fo1· the othe1· markets. 

REFERENCE 

1. A. Kanafani and others. Demand Analysis for North 
Atlantic Ai1· T1·avel. Institute of T1·ansportation 
studies, Univ. of California, Berkeley, Special 
Rept., March 1974. 

Publicotion of this paper sponsored by Committee on Aviation Demand 
Foree.as ting. 

-



15 

Cost Forecasting for International 
Airline Operations 
Adib Kanafani and Huey-Shin Yuan, Institute of Transportation studies 

University of California, Berkeley ' 

Cost models are constructed and calibrated to describe airline operating 
costs in selected international markets. These models are then used to 
den:ionstrate how operating costs can be forecast for relatively short time 
horizons, such as three years. The models confirm the concept that 
operatin~ c~s!s in diff~rent markets of the world air transportation sys­
tem are s1_gn_1f1cantly d,!ferent. The reasons for this include the geographic 
characteristics of the different markets in terms of stage lengths and net­
work structure and the differences in input prices for items such as fuel 
and labor. Fleet mix is also an important determinant of operating costs. 
The use of wide-body aircraft is seen to have a significant impact on re­
duci_ng ~irline operating costs. Recently, operating costs have tended to 
decline in real terms but to increase in current terms. The forecasts made 
for a three-year period indicate that these trends might continue. These 
fo~ecasts, however, are strongly dependent on assumptions regarding fuel 
prices. 

In an era of technological and economic change in air 
transportation, it has become even more important than 
before to assess current operating costs and to forecast 
future costs. Analysis of air transportation policy has 
become more dependent than ever on a sound under­
standing of the factors that affect costs. Air fares have 
to be justified on the basis of airline costs and, in view 
of the novel pricing approaches that are evident in many 
air transportation markets, cost analyses have become 
indispensable. 

Other policy analyses in which cost forecasts con­
stitute an important input include the planning of airline 
capacity, the planning of fleet renewal and aircraft 
acquisition, agreements between carriers or govern­
ments on capacities and fares, and financial planning 
for airline operations. Cost forecasts provide a basis 
for pricing and for financial planning for the year of the 
forecast. In other aspects of airline policy analysis 
the comparison of cost and revenue forecasts provid~s 
the basis for evaluating the potential performance of a 
carrier or a market. 

In this paper, a system of cost models is presented 
that is used to forecast airline operating costs in 13 
~arket~ th:1t cover the majority of world air transporta­
tion activities. Forecasts made by using these models 
are presented as illustrations. These forecasts depend 
on specific assumptions, or scenarios, concerning the 
economic factors that affect costs and that are exogenous 
to the policy framework in question. 

HISTORIC TRENDS OF AIRLINE COSTS 

The evolution of airline operating costs in the past 
decade is characterized by two features. The first is 
the continuous decline in real operating costs until 1973 
and 1974, when the sharp increase in fuel price reversed 
the trend. Thereafter, the tendency of costs is again 
toward stabilization and a decline similar to albeit not 
as rapid as, that preceding the 1973-1974 pe'riod. The 
second feature is the sharp quantum jump in operating 
costs brought about in the 1973-1974 period by increases 
in fuel prices. The rise in costs is significant even 
when measured in real terms. In many markets 1974 
operating costs in real terms were brought back ~P to 
their 1964 levels, and the results of 10 years of tech­
nological advances and productivity increases were lost. 

The 1973-1974 increases in fuel prices were respon­
sible, however, for bringing about some changes in 
operating technologies that resulted in a decrease in 
operating costs. The most important of these is the 
common practice of speed reduction, which resulted 
in significant savings in fuel consumption per unit of 
output. Another interesting result of the fuel price 
change is that, in many markets of the world and for 
the first time, direct operating costs exceeded in­
direct costs, which would indicate that improving the 
efficiency of flight operations became relatively more 
important for reducing costs than improving managerial 
and support-activity productivity. 

These features of operating-cost trends are clearly 
visible in the charts shown in Figures 1 and 2. Figure 1 
shows trends in operating costs for the South Pacific 
(North America-Australasia) market for the period 
1969 to 1976. It is interesting to note that by 1976 com­
plete recovery from the effects of the fuel price in­
creases of 1973 and 1974 was achieved, and a level of 
operating cost was achieved that could have been a con­
tinuation of the decline from 1969 to 1973. It is pos­
sible, of course, that all of the technological possibili­
ties for cost reduction were used to achieve this re­
covery, such as speed reduction, increased use of wide­
body equipment, and higher-density seating. If this 
were the case, further decreases in costs would become 
more difficult to achieve. Figure 2 (!) shows a similar 
operating-cost history for the U.S. domestic trunks for 
the period 1964 to 1975. Although domestic trunk 
operating costs are generally lower than those for the 
South Pacific market, the same general trends are ob­
served. 

The reasons for the decline in operating costs can be 
found in two factors, both of which are related to im­
provements in aircraft technology and airline operating 
efficiency. The first is the increase in fuel efficiency 
brought about by the introduction into the fleet of wide­
body aircraft. This results from both the economy of 
scale of aircraft size and the more efficient engines that 
equip such aircraft. Figure 3 (!) shows trends in fuel 
efficiency for the domestic trunks of the United states. 
Similar fleet-changing trends in international operations 
are resulting in similar improvements in fuel efficiency 
for these operations. The two noticeable downward 
jumps in the curve shown in Figure 3 are caused by the 
introduction of wide-body aircraft in 1970 and the reduc­
tion in speeds that occurred in 1974. 

The second factor that contributes to the reduction in 
operating costs is the increased labor productivity of 
airlines. Aided by such innovations as computer 
ticketing and reservation systems, airlines have been 
able to increase output faster than labor inputs. This 
is also caused by the introduction of larger aircraft, 
which have definite economies of scale. Figure 4 (!) 
shows a trend in airline labor productivity for U.S. 
domestic trunks. Jumps similar to those observed in 
the fuel-consumption trends are evident here as well. 

It may be evident that technological advances have 
contributed to the reduction or at least the stabilization 
of airline operating costs and that with current tech­
nology the airlines can be said to have managed to 
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absorb the effects of fuel price increases. But the 
crucial question for cost forecasting is whether such 
technological improvements have been exhaustect,so 
that costs will start rising again, or whether there 
remain further opportunities to cope with current in­
flationary trends and maintain stability in those costs. 
This question is addressed here by analyzing costs in 
selected international air transportation markets and 
by constructing explanatory models of their evolution. 
These models are then used to forecast costs on the 
basis of plausible scenarios of the technical and eco­
nomi ~ P.nvironmP.nt of international air transportation. 

ANALYSIS FRAMEWORK 

Operating costs can be analyzed either by carrier or 
by market and can be based on time-series or cross­
sectional information. In this study, the analysis of 
costs is based on time-series information for two 
reasons: 

1. Different world markets are likely to differ 
significantly in their technical and economic operating 

Figure 1. Trend of average operating cost per available seat kilometer 
for the South Pacific market. 
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Figure 2. Trend in total real operating costs per unit of distance. 
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environments. Even the same airline is likely to have 
different operating economics in different world 
markets. To pool all markets together in a cross­
sectional analysis would mask many potentially very 
important determinants of operating costs. 

2. This study is aimed at forecasting trends, and 
time-series analysis is more suitable for investigating 
cost trends and future potentials. What cross­
sectional analysis does is to reveal any scale char­
acteristics and permit the quantification of scale econ­
omies. In this case, however, no significant scale 
economies are expected, as many proviouo otudioo 
seem to indicate (~, ~. 

The only cross-sectional analysis done here is in the 
comparison of costs by carrier and by market to deter­
mine which classification is more suitable for cost 
modeling. 

Clearly, most policy analysis is done at the carrier 
level. Thus, cost forecasting needs to be performed at 
that level in order to be useful in such analysis. But, 
since there is strong suspicion that there are important 
intermarket differences that cannot be ignored, it fol-

Figure 3. Trends In fuel consumption. 
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Figure 4. Trends in airline labor productivity. 
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lows that the analysis should be performed by carl'ie1· 
and separately for each market. Such analysis would 
require excessive information regai·ding the economic 
factors that affect each carrie1·'s cost function in each 
market. For U1is reason, it was necessary to limit 
the seope of the analysis to only one dimension-that 
is, either market 01· carrier. After an investigation 
into the histo1·ic evolution of costs Lil 13 Ltitemational 
air travel markets, it became clear that the variations 
in costs between ma1·kets were signi'ficant1y larger than 
the var iations in costs between carriers witllin each 
market. Since two of the ma]o1· inputs-fuel and labor­
are secured locally and their costs vary from place to 
place, this is the expected result. The models are 
the1·efore constructed to estimate total operating costs 
per available seat kilometer or available ton kilometer 
on a ma1·ket-by-market basis. 

Market Definition 

A market is usually defined on the basis of a region 
pair; each region might include a number of cow1tries 
of geographic proximity. [n this study, 13 wol'ld 
markets are defined to cover mo1·e than 90 percent of 
total world revenue passenger kilometers of traffic. 
For the sake of brevity, the results for five markets 
are presented: 

1. North Atlantic-traffic between North America 
and Western Europe and points beyond, 

2. North America-South America-including for 
South America only countries south of Panama, 

3. South Atlantic-traffic between Europe and Africa 
on one end and points in America south of Rio de Janeiro 
on the othe1· end, 

4. Eu1·ope-Middle East-traffic between Western 

Figure 5. Comparison of average operating costs per available seat 
kilometer in different markets. 
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Europe and points in the Middle East no further east than 
Tehran and including Egypt, and 

5. South Pacific-traffic between America and points 
in the Pacific south of Hawaii, including Australia and 
New Zealand. 

Data Base 

The data used in the study were compiled as part of a 
larger data-managen1ent system for the analysis of 
i11tel'1iational air transportation policy that has been 
developed at the Institute of Trn11sportatio11 Studies of 
the University of Califomia, Be1·keley. Included in 
the data base are total operating costs for the pe1·iod 
1969 to 1976, data on total capacity in each market, 
and fleet mix, fuel price, seating configu.1.-ations, and 
inflation rates in selected countries that represent 
each market. For some markets, data were available 
on a carrier basis. These were used to compare the 
variations between carriers with those between markets 
to determine the feasibility of analysis by market (!). 

ANALYSIS 

The cost trends for the markets are shown in Figure 5. 
A remarkable similarity is observed in these trends. 
For all five markets, costs in 1969 appear to have been 
in the neighborhood of 2 cents/available seat kilometer 
(3 .2 cents/available seat mile) and to have experienced 
a major upward jump in the 1973-1974 period, pre­
sumably because of Ule Ltlcrease in fuel costs (throughout 
this paper, seat kilometers and seat miles indicate 
available capacity). By 1976, costs in these markets 
appear to be closer to 3 cents/seat -km (5 cents/seat 
mile), except in the Europe-Middle East ma1·ket, where 
they are 4 cents/seat-km (6.4 cents/seat mile), and U1e 

Figure 6. Comparison of wide-body percentages for different markets. 
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South Pacific mal'ket, where they are closer to 2.5 
cents/seat-km (4 cents/seat mile). The differences 
between market trends are to be sought in the dif­
ferences betw·&en some of the exogt:nouB variaLl~l::i Lhal 
affect costs in these markets. For that reason, and in 
ordex· to permit the forecasting of costs, cost models 
are calibrated. 

The explanatory variables for the cost models are 
allowed to vary from market to market. It appears 
from the results, however, that some explanatory 
variables are significantly universal. Fuel p1·ice is 
perhaps the single most important such variable and 
explains to a large extent the jump observed in costs 
in the 1973-1974 season. Other variations in costs 
have been explained by changes in fleet mix. In 
particular, the perce1 tage of wide-body aircraft in the 
fleet appears to be significant in many marltets. In 
fact, if one looks at Figure 6, which shows the historic 
trend of this variable, one sees the strong correlation 
between it and total operating costs. The North Atlantic 
market, which has the lowest costs, has the highest 
percentage of wide-body aircraft; conversely, the 
Europe-Middle East market, which has the highest 
costs, has the lowest percentage of wide-body aircraft. 
Seating configuration, represented by U1 pe.L'ceutage 
of total first-class available seat kilometers, appears 
in some markets. Finally, total capacity is examined 
to explain some of the cost variations. 

As mentioned earlier, no significant economies of 
scale are expected. However, in some low-volume 
markets, it may be possible to find such economies 
because such markets would still be in the early stages 
of growth and might gain some cost advantages from 
capacity expansions. Thus, although one might not 
expect economies of scale in a market as mature as 
the North Atlru1tic market, it would be no surprise to 
find such characteristics in markets such as the Europe­
r..~idct!e East .:11n.rkct. 

COST MODELS 

1n its simplest form, the cost model will have a linear 
specification with a constant term that indicates a fixed 
average operating cost per available seat kilometer and 
an additive modifier that reflects the effects of the 
exogenous variables. 1n markets that have scale econ­
omies, one of these modifiers will be capacity in avail­
able seat kilometers. The calibrations of the models 
for the five markets are discussed separately below. 

North Atlantic 

Th~ North Atlantic, a mature market, has the largest 
annual volume of any international market. 1n 1976, 
North Atlantic carriers supplied 96 billion seat-km 
(60 billion seat miles) and carried almost 16 million 
passengers. The large proportion of wide-body air­
craft in the North Atlantic fleet contributes to lowering 
average operating costs. The increase in costs shown 
in Figure 5 is attributable mostly to increased fuel 
prices. In attempting to isolate the effects of inflation, 
and since the forecasting of inflation rates is not within 
the scope of this analysis, costs are analyzed in real 
terms. To do this, a composite price index is con­
structed by weighing the price indices of eight countries 
in the North Atlantic market, including the United states, 
Canada, and six Western European countries. 

The resulting linear model of real costs for the 
North Atlantic is 

AVC = 1.8234- 0.005 86(WB) + 0.3054(0IL) 

(0.037) (0.0008) (0.0089) R2 = 0.905; F(2.S) = 24.0 (I) 

where 

AVC average cost {cents/ seat-km), 
WB percentage of total capacity in wide-body 

aircraft, and 
OIL price of U.S. no. 6 at New York Harbor 

($/m3). 

Figures in parentheses below the equation line are 
standard errors of the estimated parameters. 

The results of this calibration are shown in Figure 7. 
Tn rAal terms, it is apparent that oponi.ting coats in the 
North Atlantic have not increased over the past seven 
years. 1n this market, inc1·eased use of wide -body 
aircraft is an important determinant of this result. The 
significance of wide-body equipment is not only that the 
larger ail"crait offer scale economies in the production 
of seat kilometers but also that these aircraft a1·e more 
fuel efficient and therefore permit carriers to absorb in­
creases in fuel prices more easily than they could if they 
used smaller aircraft. For this reason, one would be 
tempted to specify a model with an interaction term 
between the two variables. Such an attempt does not 
seem to produce any statistically significant results, 
however, and the simpler Unear cost model is preferred 
for forecasting pu.L'poses. 

North America-South America 

The North America-South America market is much 
smaller than the North Atlantic market, with 13 
billion seat-km {8 billi011 seat miles) in 1976. It is 
chuactel'ized by the absence of wide-body aircraft 
until 1974, but it is favorably affected by lower fuel 
costs in Venezuela, where a sizeable proportion of 
the traffic passes. The low volume in this market 
suggests that economies of scale may still be present. 
IndE:E:d, ia a linear modei of costs in the North America­
South America market, available capacity appears with 
a significant, albeit small, effect: 

AVC = 2.94 78 - 0.021 215 (WB) + 1.997 (OIL) - 0.000 189 (ASK) 

(0.415) (0.0061) (0.0952) (0.000 06) 

R2 = 0.97 ; Fc3, 3l = 33.9 (2) 

where OIL is the price of fuel {$/m3
), averaged for the 

United states and Venezuela, and ASK is available 
capacity in seat kilometers . All other variables are 
as indicated for the previous model. The real-term 
costs are obtained by using a price index based on a 
weighted average for Canada, the United states, 
Colombia, and Brazil. 

The results of th.is calibration are shown in Figure 8 
(data for 1973 are missing). Again, it can be seen that 
significant reductions in real costs have been possible 
in this market. The sharp increase in the use of wide­
body aircraft, the increase in capacity, and the use 
of some scale economies are p1·obably 1·esponsible for 
that. By 1976, the percentage of wide-body aircraft 
in this market had increased from O percent in 1973 to 
36 percent of the total fleet; this contributed to a total 
decrease in 1·eal ope1·ating costs of almost O. 7 cent/ 
seat-km (1 cent/ seat mile) . The low 36 percent figure, 
in compru:ison witJ1 the 80 percent of the No1'1:h Atlantic 
market, indicates that a potential exists for further 
reduction in costs. 

Available capacity in the North America-South 
America market increased from 9 billion to 13.5 billion 
seat-km (:from 5.6 billion to 8 billion seat miles) in the 
period between 1969 and 1976. This increase contributed 
approximately 0.8 cents to the decrease in real operat-

-



ing costs. Whether such scale economies can be ex­
pected to continue in futu1·e years is not clear. Further 
analysis of cost trends in future years is needed to de­
termine the extent to which these scale characteristics 
will continue. 

The p1·lce of oil has an important effect on total costs 
in this market. Variations in 1·eal fuel price in the 
period of the analysis resulted in an increase in real 
operating costs of approximately 0.8 cent/seat-km (1.3 
cents/ seat mile). 

South Atlantic 

The South Atlantic market has an even smaller traffic 
volume than the North America-South America market. 
In 1976, total traffic in the South Atlantic market 
amounted to 5.5 billion revenue passenge1·-km (3.4 
billion revenue passenger miles), and total capacity 
was 11.3 billion seat-km (7 billion seat miles). This 
market has experienced strong growth, however; 1976 
volumes were almost double those of 1970. Although 
operating costs have risen sharply in market value 
(Figure 5), inflation rates in both Western Europe and 
the southern portions of South America (puticulal'ly 
Brazil) have been of such magnitude that real-term 
costs have in fact declined appreciably. 

The cost model calibrated for this market has the 
same structure and specification as the previous one: 

AVC = 2.2914 - 0.007 (WB) + 0.6447 (OIL) - 0.000 095 (ASK) 

(0.168) (0.0026) (0.018) (0.000 023) 

R2 = 0.978; F<3,4J = 59.3 

The results of the calibration of this model are 
shown in Figure 9, where the sharp difference in the 
cost trends in real and cu1·rc:mt terms is clea1·. A 

Figure 7. Actual and modeled operating costs per available seat 
kilometer: North Atlantic. 
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rather sharp increase in the use of wide-body aircraft 
is instrumental in reducing real operating costs. Wide­
body mix in the South Atlantic fleet increased from 0 
percent in 1971 to 60 percent in 1976, and this contrib­
uted to the reduction of real ope1·ating costs by O .42 
cent/seat-km (0.67 cent/seat mile). The small effect 
of available capacity is indicated by the small (but 
significant) parameter value. The sharp increase in 
South Atlantic capacity from 4.9 billion to 11.2 billion 
seat-km (from 3 billion to 7 billion seat miles) during 
the analysis pel'iod contributed to a reduction of 0.6 
cent/ seat-km (0. 96 cent/ seat mile). WitJ1 a net decline 
in total ope1·ating costs of 0.8 cent/seat-km (1.3 cents/ 
seat mile), it follows that increases in fuel price re­
sulted in an increase of real operating costs of only 
0.2 cent/ seat-km (0.32 cent/seat mile). 

Europe-Middle East 

The Europe-Middle East market is characterized by a 
sharp increase in traffic and capacity during the period 
of analysis. Total traffic rose from 3.9 billion to 9.4 
billion revenue passenger-km (from 2.4 billion to 5.8 
billion revenue passenger miles), and during the same 
period available capacity increased from 8.3 billion to 
15.4 billion seat-km (from 5.1 billion to 9.5 billion seat 
miles). Interestingly, wide-body aircraft were not in 
common use until 1976. As Figure 6 shows, wide-body 
aircraft never constituted more than 15 percent of the 
total fleet in the market and, in fact, declined between 
1973 and 1976. 

Figure 5 shows that the Europe-Middle East market 
was consistently the market with the highest operating 
costs. Not surprisingly, the calibrated model for this 

Figure 8. Actual and modeled operating costs per available seat 
kilometer: South Atlantic. 
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market does not include a WB variable: 

AVC = 3.1462 + 0.2727 (OIL) - 0.000 119 (ASK) 

(0.0608) (O.Ql I) (0.000 01) R2 = 0.98; Fc2 ,sl = 19.8 (4) 

The calibration results of this model are shown in 
Figure 10, where, again, the effect of high inflation 
rates are shown in the large di.fferences between costs 
in real and current terms. Economies of scale are 
probably the principal factor that permits costs to rise 
at a 1·ate slower thaJ1 that of i.nflation. Capacity in­
crease according to this model was responsible for a 
reduction in real operating costs of app1·0Xim.ately 1 
cent/ seat-km (1.6 cents/seat mile). The effect of 
trends in fuel prices in this market is much. less than 
that in the other markets. 

South Pacific 

The South Pacific market has a medium traffic level 
and is characterized by relatively longe'l· stage lengths 
than many of the other markets studied. It experienced 
strong growth during the analysis period: T1•affic and 
capacity doubled between '1969 and 1976. The relatively 
lower operating cosls of this market are prouably due 
to the longel' stage lengths in its operations; although 
there are a numbe1· of multiple-Rto11 routes in it. 
O_perations in tl1is market do not exhibit any economies 
of scale, as shmvn in the following calibrated cost 
model: 

AVC = 1.8914-0.006 25 (WB) + 0.311 (OIL) 

(0.027) (0.0007) (0.006) R2 = 0.94; Fc2.s) = 39.2 (5) 

The results of this calib1·ation are shown in Figure 11, 
where it is seen that, because of the relatively low U.S. 

Figure 9. Actual and modeled operating costs per available seat 
kilometer: South Atlantic. 
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inflation rates, the difference between real and current 
costs is not as large as it is for the other markets. 
Changes in fleet mix contributed significantly to the 
reduction in real operating costs . The percentage of 
wide-body aircraft in the South Pacific rose from O per­
cent in 1969 to 81 percent in 1976 and contributed to a 
reduction in operating costs of appro~mately 0.5 cent/ 
seat-km (0.8 cent/seat mile) in real terms. 

COMPARATNE INTERPRETATIONS 

Somo inoighto into the evolution of airline operating 
costs can be gained from a comparative evaluation of 
the results of the model calibrations for the five study 
markets. First, the table below compares the current 
and real (1970 value) costs for the five markets in 1976 
(1 cent/seat-km = 1.6 cents/seat mile): 

Cost (Ii/seat-km) 

Market Current Real Deflator 

North Atlantic 2.753 1.650 1.663 
North America-South America 3.009 1.498 2.008 
South Atlantic 3.225 1.271 2.537 
Europe-Middle East 3.896 1.766 2.206 
South Pacific 2.531 1.726 1.466 

As mentioned earlier, the deflators used in calculating 
real costs are basecl, for each market, on an average 
of the consumer price indices for a selected number of 
representative countries in the market, weighted by the 
capacity offered by the carrier of each of these coun­
tries. The values of these deflators a.re shown in Fig­
ure 12. Notice that, although there are wide variations 
in current operating costs between the markets, the 
values in real 1970 terms are much closer to their 
mean value of 1.579 cents/seat-km (2.5 cents/seat 

Fi9u1·e 10. Actual and modeled operating costs per available seat 
kilometer : Europe-Middle East. 
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Figure 11. Actual and modeled operating costs per available seat 
kilometer: South Pacific. 
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Figure 12. Actual and forecast consumer price index for five markets. 
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mile). This value is lower than the actual cost average 
in 1970-2.05 cents/seat-km (3.3 cents/ seat mile)­
which indicates that a significant reduction in real costs 
has been possible in these markets during the period 
from 1970 to 1976. Put in another way, it has been 
possible to keep the increase in operating cost to a rate 
lower than that of inflation. This also indicates that 
operating costs are "higher" in markets where every­
thing else is costlier (as shown by the higher inflation 
index), markets such as the Europe-Middle East or the 
South Atlantic markets. If anything, this seems to 
indicate that there are not as many technological dif­
ferences in the production of air transportation between 
the various markets as would be implied by the large 
variations in current-value operating costs. If that is 
the case, one cannot expect any more technological 
opportunities for cost reduction in the newer markets 
than in the more mature ones. Real operating costs in 
the North Atlantic and Europe-Midclle East markets 
were indeed very close in 1976: 1.65 and 1. 76 cents/ 
seat-km (2.6 and 2.8 cents/ seat mile), respectively . 

A comparison of the effects of the various exogenous 
factors on cost trends for the five markets, as indicated 
by the elasticities of the cost function, is given below: 

Elasticity 

Percentage 
Market Wide Body Oil Price Capacity 

North Atlantic -0.275 0.185 
North America-South America -0.51 1.275 -1.710 
South Atlantic -0.336 0.400 -0.847 
Europe-Middle East 0.279 -1.045 
South Pacific -0.295 0.200 

Since the cost functions are linear, implying variable 
elasticities, the elasticity values for 1976 are .calculated 
for comparison. It is interesting to note the relatively 
small ranges for the elasticities with respect to wide­
body fleet mix and capacity, the former being signif­
icantly lower than the latter. This does not, however, 
mean that capacity increase has had a more important 
effect on costs than fleet-mix changes, since the in­
cremental changes in capacity are relatively much 
smaller than those of the percentage of wide-body air­
craft. As mentioned earlier, capacity nearly doubled 
in all five markets during the 1969-1976 period, whereas 
the percentage of wide-body aircraft increased much 
more than that in all markets except the Europe-Middle 
East market. 

An interesting feature of the elasticity values is 
revealed when one compares the elasticities of oil price 
and capacity for the North America-South America 
market with those for the South Atlantic market. These 
elasticities for the North America-South America 
market are large, which implies the presence of large 
but compensating effects of fuel price and capacity. 
For the South Atlantic market, the two elasticities are 
relatively small, which indicates that no single effect 
is dominating. It is hard with the present data base of 
seven yearly cost figures to infer much from this and 
other comparisons. Even though the parameter values 
obtained are highly significant, additional data would 
be needed to improve confidence in the parameter 
values and to allow more elaborate comparisons. 

FORECASTING SCENARIOS 

To forecast operating costs in the five study markets, 
it is essential to define, by assumption or by policy, 
the values of the exogenous variables of the cost models. 
There are in fact two types of variables: exogenous 
economic variables and policy variables. The former 
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are outside the scope of airline policymakers, and 
their values for forecasting have to be assumed. The 
latter are under the control of policymakers, and their 
ValllFH~ ~rP ~IQ<::n~i~tPn ·urith o; c,:it nf pnHro-ioc:t -F"".,.. V,"hicl' 
the forecasts are needed for evaluation. 

The exogenous economic variables in the cost models 
include the inflation rate and the price of fuel. In 
dealing with these two variables, a basic assumption 
is made-that fuel prices will increase by the same 
rate as inflation, as measured by weighted consumer 
price indices, and will in effect remain constant in 
real terms. This assumption is made for all five 
markets and is only considered valid for the duration 
of the forecast, which extends through 1979. The as­
sumptions regarding the inflation rates themselves 
are made essentially by projecting recent trends in the 
consumer price indices. When forecasting for such 
a short range as in this case (three years), simplifying 
assumptions of this type can be made without too much 
loss of confidence in forecasts. 

The policy variables included in the cost models 
are available capacity ill seal kllometei·s and the per­
centage of operations that is provided in wide-body 
aircraft. The determination of the values of these 
variables for planning is a major part of the airline 
planning problem, and it is here that the forecasts 
of cost can be helpful. In other words, the values 
used in a forecast should be thought of as policy alter­
natives subject to an evaluation, and the cost forecasts 
that correspond to these values are inputs to the 
evaluation process. Of course, it often happens that 
these va1·iables are predetermined by othe1· policies or 
constraints. For example, a constraint on fleet ex­
pansion may force a carder, 01· carl'lers, to keep 
capacity unchanged or not to change the percentage of 
wide-body ah-craft. In s11ch cases, tile values for cost 
forecasting ai·e set and no assumptions are necessary. 
Other polir.y s <'en::i,rios ::i,,re possible in which a freeze 
is placed on total operati,ng costs; in stich a case, the 
cost model is used to determine the appropriate capacity 
and fleet policies required to meet that constraint. 

For the forecasts presented here, the policy sce­
narios described briefly below have been defined for 
each of the five markets. The values of the assumed 
policy variables as well as the exogenous economic 
variables for these markets are given in Table 1. 
Again, the inflation 1·ates are based 011 simple p1·ojec­
tions of recent trends, shown in Figure 12, and fuel 
prices are assumed to be constant in real terms. 

North Atlantic 

Tl1c North Atlantic market already has a la1·gti p1·opur­
tion of wide-body aircraft. An increase of 5 percent is 
assumed for 1977, and no :Cul'ther increases are as­
sumed for 1978 and 1979. Capacity does not enter into 
the specification of this model and need not be set for 
fo1·ecasting future average costs. Note, however, that, 
in order to forecast future total costs, an assumption 
concerning capacity would be necessary. 

North America-South America 

The1·e exists a further potential for increasing the use 
of wide-body aircraft in the North America-South 
America market. Many of the South American carriers 
operating in it are still in the stages of relatively 
vigorous fleet expansion. For this 1·eason, the sce­
mu:ios assumed for this market include a 10 pe1·cent 
increase in wide-body aircraft in 1977 and 5 percent 
increases in 1978 and 1979. Much of this increase 
will be the result of fleet replacement rather than pure 

expansion. Capacity will therefore not increase as 
fast. It is assumed that capacity in this market will 
increase by 5 percent in 1977 and 1978 and will not 
.;....., ,..-,-., .... ,.. ... !- 1 n.Mn 
.&.U,\J.L\JQ..OCi .LU . .Li;/ I .;;I• 

South Atlantic 

Similar conditions exist in the South Atlantic market 
for the evolution of the fleet, anct the same values per­
tain for the percentage of wide-body aircraft as those 
assumed for the North America-South America market: 
10 percent in 1977 and 5 percent in 1978 and 1979. 
However, if the latest trends are any indication, 
capacity increases will be larger in this market. It 
is assumed that available seat kilometers would in­
crease 10 percent in 1977 and 5 percent in 1978 and 
1979. 

Europe-Middle East 

In the Europe-Middle East market, wide-body aircraft 
do not enter into the specification of the cost model a 
situation that, as mentioned earlier, must reflect past 
t1·ends and suggests strongly that the models be 1·e­
evaluated by using more recent results. In any case, 
no assumption is made for this forecast concerning the 
percentage of wide-body aircraft. Capacity increases 
are assumed to be similar to those of the South Atlantic 
market, since both markets show vigorous, but not 
necessarily staggering, growth. Thus, 10, 5, and 5 
percent are the assumed increases in capacity in this 
market in 1977, 1978, and 1979, respectively. 

South Pacific 

The South Pacific market has fleet characteristics that 
are similar to those of the North Atlantic market­
namely, ::t large proportion of wide -body aircraft. A 
similar assumption is therefore made concerning the 
percentage of wide-body aircraft for the forecasting 
period: Because of a leveling off of opportunities to 
increase the use of wide-body aircraft in this short 
term, a 5 percent increase is assumed for 1977 and 
no increases are assumed for 1978 and 1979. As for 
the North Atlantic market, the cost model for this 
market does not include a capacity variable, and con­
sequently no assumption on that variable is necessary 
fo1· forecasting avenge costs. 

COST FORECASTS 

Forecasts of total average operating costs are obtained 
Io1· each market for the period 1977 to 1979 by using the 
scenario values discussed above. These forecasts are 
given in Table 2 and shown in Figure 13. A range is 
obtained on each forecast by including the expected 
value within an interval of width equal to twice the 
standard error of the estimate. 

Although the forecasts show rising costs in current 
terms, it can be seen, by comparing the data in Figure 
13 and in Table 2, that costs will decline in real terms. 
In other words, costs will not rise as fast as other 
prices in the markets. Interestingly, the two markets 
that experience a significant increase in wide-body air­
craft-the South Atlantic and North America-South 
America markets-show a decline in operating costs 
even in current terms. The Europe-Middle East market, 
which has no wide-body effect in the cost model, con­
tinues to show the highest· cost figures and the sharpest 
rise. It is doubtful whether this will continue much 
beyond 1979. Recent fleet changes in that market are 
likely to result in an increased role for wide-body equip-



Table 1. Forecasting scenarios. 

Market Year 

North Atlantic 1977 
1978 
1979 

North America-South America 1977 
1978 
1979 

South Atlantic 1977 
1978 
1979 

Europe-Middle East 1977 
1978 
1979 

South Pacific 1977 
1978 
1979 

Table 2. Forecast average operating cost per available seat kilometer. 

Cost($) 

1977 1978 

Market Forecast Range Forecast 

North Atlantic 2.906 2.866-2 .947 3.110 
North America-South America 2.918 2.857-2.979 2.828 
South Atlantic 3.139 3.087-3.190 3.205 
Europe-Middle East 3.844 3.814-3.874 3.961 
South Pacific 2. 668 2.636-2.701 2. 855 

Change (%) 

P e rcentage 
Wide Body Capacity 

+5 
+O 
+O 
+10 +5 
+5 +5 
+5 +O 
+10 +10 
+5 +5 
+O +O 

+10 
+5 
+0 

+5 
+0 
+0 

1979 

Range Forecast 

3.071-3. 151 3. 327 
2. 768-2 .890 3.047 
3.155-3.258 3.526 
3.933-3 ,995 4,358 
2.825-2.889 3.055 

Unit Price 
of Fuel 

+7 
+7 
+7 
+12 
+12 
+12 
+10 
+10 
+10 
+10 
+10 
+10 
+7 
+7 
+7 

Range 

3.289-3 .370 
2.988-3 .111 
3.476-3.580 
4 .330-4.391 
3.026-3.090 
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Inflation 
Rate 

+7 
+7 
+7 
+12 
+12 
+12 
+10 
+10 
+10 
+10 
+10 
+10 
+7 
+7 
+7 

Figure 13. Actual and forecast 
operating costs per available seat 
kilometer for five markets. e NORTH AMERICA-SOUTH AMERICA 
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ment and a savings in operating costs. These recent 
changes are not included in the current data base. 

CONCLUSIONS 

Short-term forecasts of operating costs can be made by 
using simple models with linear specifications. In many 
markets, average costs appear to be constant with 
respect to capacity and to indicate no economies of 
scale. The constant average cost per available seat 
kilometer in such markets is affected by the price of 
oil and by the percentage of wide-body aircraft in the 
fleet mix. In real terms, it seems that operating costs 
have managed to decline despite the rises in factor 

73 75 77 79 
Yea r 

inputs. Most of this decline can be attributed to the 
introduction of wide-body aircraft in the fleet. Markets 
in which further changes in the fleet mix include more 
use of wide-body aircraft show promise of reducing 
operating costs even in current terms. For some 
markets, available capacity appears to have a negative 
effect on cost, which indicates economies of scale . 
This phenomenon seems to occur in the markets that 
have lower volumes; economies of scale tend to dis­
appear as a market reaches higher traffic volumes, a 
characteristic often referred to as market maturity. 

The results of this analysis indicate that the pos­
sibilities of controlling the rise of operating cost are 
linked to the possibilities of fleet modification and the 
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introduction of wide-body aircraft. Of course, they 
also depend on the prospects of controlled rises in fuel 
prices. If it is assumed that fuel prices will not rise 
faster than the rate of inflation, costs can be expected 
to decline. This decline, however, is associated with 
the use of larger aircraft and implies an increase in 
available capacity if level of service, as measured by 
flight frequency, is to be maintained. Therefore, 
whether fleet changes in any one market are feasible 
cannot be evaluated on the basis of the cost implications 
alone. The evaluation would require an integration of 
cost forecasting with the analysis of demand in the 
market in question, particularly with regard to price 
elasticity. It is a known fact in air transportation that 
larger aircraft bring about unit cost savings and a 
reduction in break-even load factors. But the use of 
such aircraft is feasible only if it does not cause more 
reduction in actual load factors, which is a possibility 
when larger aircraft are used. In other words, pro­
ductivity alone must not be evaluated in the absolute 
sense but within the framework of a given market and 
socioeconomic environment. 
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A procedure for preparing forecasts of airport traffic is presented, and its 
use is illustrated through application to Mexico City. The underlying 
objectives are to identify the principal factors that cause changes in air· 
port traffic and then to develop a model of how these causes specifically 
influence growth. In view of the demonstrably poor overall performance 
of purely theoretical forecasts, a pragmatic approach is recommended in 
which much emphasis is placed on identifying key causes of growth. The 
procedure recommended involves four phases: a detailed examination of 
the data to determin_e unusual or particular events, identification of the 
principal causes of past and future changes, introduction of these causal 
factors into statistical analyses to extend recent patterns of activity into 
short-range forecasts, and, finally, creation of long-range forecasts with 
suitably wide margins of uncertainty by use of scenarios of possible de· 
velopments. The case study illustrates each of these phases. The results 
suggest that much of future airport traffic will be caused by external in­
fluences, such as the total recreational expenditures of the United States, 
and is beyond the influence of airport planners. 

This paper treats two topics simultaneously: (a) the 
question of how to forecast traffic, particularly for 
airports, and (b) the specific application of this meth­
odology to the current situation in Mexico. 

The general question of how best to forecast traffic 
is a troublesome one. Airport authorities typically 
spend a lot of money to obtain poor results. A traffic 
study for a major airport in the United states can 
easily cost about $250 000, yet the forecasts generated 
are notoriously inaccurate. An analysis of the five­
year forecasts of total aviation traffic of the Federal 
Aviation Administration has shown that those forecasts 

were off by more than 20 percent half the time (!_). 
And forecasts for any component of the aviation system, 
such as an airport, are necessarily more inaccurate 
since their errors do not cancel each other as they 
would in the aggregate. It does not take much to 
imagine that one might get equal value for less money 
by simply guessing at the future. It is easy to believe 
that the processes now used are highly cost-ineffective. 
The issue is, Can we deploy our engineering and 
analytic skills more productively to obtain reasonable, 
possibly better, results more cheaply? 

This paper presents a suggestion as to how better 
forecasts of airport traffic might be obtained at less 
cost. The specific situation of Mexico City is used to 
illustrate the process. The discussion of Mexico City 
is also interesting as an example of how to prepare 
forecasts for nations similar to Mexico. The issue 
here is how to proceed when the kinds of data we are 
used to in the United states are unavailable and when 
the causes of growth are substantially different. This 
issue is particularly topical because most new airports 
are likely to be built in developing countries. 

BACKGROUND 

Essentially all of the participants in the planning, con­
struction, and operation of the Mexico City International 
Airport were elements of the federal government of 



Figure 1. Increase in population in Mexico 
City metropolitan area. 
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Mexico. This situation, which is typical of many coun­
tries similar to Mexico, is quite different from that 
prevailing in the United states . 

The physical and demographic setting is also remark­
able. Population and wealth are concentrated in the 
capital, coincidentally in the center of the country. In 
1976, 20 percent of the population of the republic lived 
in the metropolitan area of Mexico City; that level has 
risen steadily from 15 percent in 1960 and could easily 
reach 25 percent by the end of the century. In absolute 
numbers, the population of the Mexico City metropolitan 
area has grown, at a compound rate of 5 percent 
annually, from 5.2 million in 1960 to more than 13 
million in 1979 (see Figure 1) (~-~- Mexico City is 
now the size of New York City. Relative to the rest of 
the country, it is even more important than New York: 
A comparable U.S. city would have 45 million inhabitants 
and be growing by 2 million people a year. This degree 
of rapid growth of the central capital city, not uncom­
mon in developing countries, can certainly be expected 
to influence the nature of the growth of airport traffic. 

APPROACHES TO FORECASTING 

Two major approaches to forecasting can be distin­
guished: trend extrapolation and causal modeling. 
Trend extrapolation consists of fitting a line or a func­
tion to past observations and simply extending it into 
the future. Causal modeling consists of trying to 
identify the several causes that affect a situation and 
thus create a formula that might forecast the future 
for a wide variety of situations, some of which might 
occur naturally and others through explicit policies 
directed toward changing the environment. 

Trend extrapolation is by far the easier and the most 
commonly used method. The calculations necessary 
can be carried out almost without effort, now that 
sophisticated statistical computer-based procedures 
are available. The method is especially attractive 
because it is essentially always possible to obtain 
formulas that fit the data well. One merely has to 
rearrange the expressions or add new variables. In 
fact, the mathematics guarantee that one will always 
obtain an equivalent or better fit to the data by adding 
any variable, regardless of how irrelevanl it ma.y !Je 
to the real situation. Gullible clients beware I 

Trend extrapolation can be useful for short-range 
forecasts. Indeed, if the environment changes slowly 
and if the fundamental causes stay fairly constant, it 
is reasonable to believe that the past is a good indication 
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of the immediate future. The irony of this argument 
is, however, that if one justifies a forecast on this 
basis one does away with the rationale for any sophis­
ticated analysis. All one has to do is to observe that 
traffic has grown at X percent annually over the past 
few years and is likely to change similarly in the future. 

The difficulty with trend extrapolation is that under­
lying causes may change. Fares might suddenly jump, 
for example, because of changes in the market or be­
cause of policy decisions either on the fares them­
selves or on the costs of inputs such as fuel. To the 
extent that such changes were not part of the past, the 
forecast based on the trend will not account for their 
effect and will be wrong. 

Planners thus really need causal models to help 
them to forecast traffic. As this becomes more ob­
vious, more analysts are presenting models that are 
identified as causal or, equivalently, as behavioral. 
The problem at this stage is that calling a model causal 
does not make it so. To the extent that a model is de­
veloped by purely analytic, statistical techniques, there 
is indeed little justification for calling the result causal, 
however good the statistical fit. Correlation is not 
causality. Spending money on presents does not bring 
Christmas. 

Evidence abounds of the inability of statistical tech­
niques to detect the underlying motivations of the 
demand for travel. Consider the set of 59 econometric 
analyses of North Atlantic passengers discussed by 
Moore (!_, ~- Each study identifies, among other things, 
how fares influence traffic. The range of estimates 
for this fare elasticity spreads rather evenly from about 
0 to almost -3-that is, from no effect to a significant 
effect. Whatever the influence of fares might be, these 
studies did not determine it. 

The justification for a causal model must rest on 
one or more of the following factors: 

1. Prior knowledge of how parts of the system 
function-for example, of how airlines might schedule 
flights to maintain a desired level of load factor; 

2. Theory, which should be substantiated by addi­
tional evidence as to how particular factors influence 
traffic; and 

3. Specific evidence on how individual factors have 
shifted traffic, as obtained by before-and-after studies 
of the effect of sudden changes in major factors, such 
as fares, while all else remains substantially the same. 

PROCEDURE ADOPTED 

To develop forecasts for airport traffic for Mexico City, 
we attempted to develop a causal model. We used the 
several ways of justifying the components of the model 
outlined above and then used statistical analyses to 
establish its correspondence with the data. 

The procedure adopted to develop the causal model 
consists of four steps: 

1. Examination of the data, 
2. Search for major causes, 
3. statistical analyses to develop short-range fore­

casts, and 
4. Use of scenarios to create long-range forecasts . 

Our recommendation to start with a detailed ex­
amination of the data is based on our experience, which 
indicates that the available data-however reputable the 
source-are often full of errors, inconsistencies, 
changes of definition, and other factors that introduce 
spurious jogs and jiggles into past trends. What we 
have in mind here is not a mathematical analysis but a 
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Table 1. Official data on passenger traffic through Mexico 
City International Airport. 

Passengers by Category (000s) 

Year National International Transit 

1960 682 610 
1961 640 643 
1962 666 706 
1963 799 815 
1964 899 861 
1965 1112 1054 
1966 1167 1154 
1967 1027 1515 190 
1968 1164 1683 196 
1969 1258 1767 181 
1970 1329 1967 158 
1971 1576 2250 135 
1972 2264 2059 142 
1973 2697 2231 236 
1974 3383 2376 295 
1975 4145 2416 207 
197fi 4966 ?.433 1% 

Figure 2. Official statistics on passengers through 
Mexico City International Airport. 
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Total 

1292 
1283 
1373 
1684 
1761 
2176 
2321 
2732 
3042 
3207 
3454 
3961 
4465 
5165 
6064 
6767 
7594 

careful look at the data by someone who is knowledgeable 
about the field and is thus capable of detecting anomalies 
in the reported data. The case study illustrates the 
advantages of this approach. 

A search for major causes for changes in traffic is 
then appropriate. The question here is whether there 
are any factors peculiar to the situation-factors that 
would ordinarily not be included-that should be entered 
into the model. .For Mexico City, the investigation of 
secondary sources revealed at least one major factor 
that should be considered but would not ordinarily be 
part of a theoretical model as typically developed in the 
United states. The statistical analysis then follows, 
focusing on the specific, presumably causal, factors 
identified both through theory and in the previous phase. 
At this point we find out which elements of the model 
are correlated significantly with traffic and whether the 
overall model fits the data. If it does, we have of 
course not proved that the model is correct but that 
it is at least plausible. For short-range forecasts, in 
which matters cannot change drastically, this justifica­
tion is sufficient. And so we prepare a short-range fore­
cast by using the model. 

Finally, it is probably not reasonable to expect that 
the statistical model will provide reasonable forecasts 
for the long range, over which the situation may change 
drastically. Our approach, then, is to develop see-

Figure 3. Corrected statistics on passengers 
through Mexico City International Airport. 
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narios that describe how the major causes of airport 
traffic might change and use them to prepare order-of­
magnitude forecasts of traffic. This is not elegant but, 
in our opinion, it provides an honest projection of likely 
and possible high and low levels of traffic. 

The procedure adopted appears to have several 
advantages. The hope is that, by emphasizing the active 
use of the intelligence rather than the mechanical 
procedures of a computer, more insight into the prob­
lem can be gained. Since the results are consequently 
simpler, they are easier for airport planners to under­
stand. Finally, of course, the total cost of the effort 
may be relatively low. 

EXAMINATION OF THE DATA 

The official statistics on national, international, and 
transit passengers through Mexico City International 
Airport are given in Table 1 and shown in Figure 2 
(2_,.!!). Before our effort got under way, a number of 
econometric analyses had been run in an effort to model 
the data. From the standpoint of usual practice, the·se 
looked like good models-both theoretically, in that they 
included obvious factors such as fares, frequency, and 
gross national product, and statistically, in that the fit 
was excellent. Ultimately, however, these preliminary 
models were worthless because the data were, subtly 
but significantly, wrong. 

Our suspicions concerning the data were aroused by 
peculiarities in the data. For instance, the level of 
transit passengers shifts dramatically between l\J72 
and 1973. In addition, the ratio of national and inter­
national passengers jumps suddenly in 1967 from about 
1:1, which it had been for years, to about 1:1.5. These 
kinds of shifts are highly unlikely to be realistic, since 
patterns of travel are typically stable over the short 
term. 

In looking at some of the supportive data on airport 
operations, we noticed that the numbers of passengers 
per airline operation also jumped anomalously in 1966 
and 1973. Somehow the data did not reflect what our 
experience with airline operations indicated must be 
happening. 

These operations prompted us to cross check the 
official statistics with all available airline sources 
@_-.!!), federal sources (12-~, and international 
s ources such as the International Civil Aviation 
Organization (!Q). Not surprisingly, given our ex­
perience with comparable American and international 
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data, we found a number of inconsistencies that seemed 
to deserve correction. 

A major source of potential error was traced to in­
stitutional changes of the kind that occur everywhere. 
Specifically, 

1. In 1966, the collection of airport statistics 
passed from the Ministry of Public Works to the newly 
created office, Aeropuertos y Servicios Auxiliares 
(ASA), which established the category of transit pas­
sengers and apparently subtracted them from what had 
previously been counted as national passengers. 

2. In 1972, at the start of the next presidential 
term, a new administration altered the way in which 
international passengers were counted. Previously, a 
passenger was considered international if the ultimate 
destination of his or her flight was outside the country; 
afterwards, this same traveler was considered part of 
the national traffic if his or her flight made an inter­
mediate stop in Mexico. 

In addition, there appear to be a few mistakes that 
are attributable to typographical errors. For example, 
the official 1971 figure for total traffic seems too high 
by 300 000 passengers, both in comparison with other 
totals and with the sum of the parts reported by airlines 
and immigration officials. These conclusions thus led 
us to adjust the data to obtain the patterns shown in 
Figure 3 (17) . These adjustments, jus tified in detail 
because ofspecific factors in the process for collecting 
the data, resulted in elimination of anomalies and jumps 
in the data that would be difficult to explain. It is our 
contention that there is usually a need for this kind of 
correction. 

SEARCH FOR MAJOR CAUSES 

The trends in traffic shown in Figure 3 indicate that the 
causal model must explain two phases: a period of 
steady growth in both national and international traffic, 
followed after 1972 by much more rapid increases in 
national traffic while international traffic tapered off. 
In looking for causes, we must therefore identify 
plausible reasons both for the shift in trends around 
1972 and for the subsequent divergence between national 
and international travel. 

The basic structure of the shift in trends is actually 
fairly obvious. Mexico discovered vast quantities of 
oil, estimated by some to equal the reserves of Saudi 
Arabia, and this domestic prosperity increased the 
ability of Mexicans to travel. Simultaneously, the fuel 
crisis depressed the economy of the United states and 
thus dampened the international traffic that, in fact, 
represents the influx of American tourists. 

The preceding period of steady growth in traffic, on 
the other hand, is the expected pattern associated with 
steady demographic and economic expansion. Any of a 
number of variables would represent this effect. 

In general, many variables might stand for the 
underlying causes we have described. To select likely 
factors, a wide variety of candidates were examined. 
By category, these included 

1. Demographics-the population of the nation and the 
city and their ratio, the adult population, and the num­
ber of people gainfully employed (!-~, .!!); 

2. Economics-the distribution of income and the 
percentage of families earning enough to afford to fly, 
price indices for Mexico and the United states, the 
gross national product, real national investment and 
total capital, the expenditures on infrastructure in the 
nation and the capital, the level of imports and exports, 
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and foreign economic factors, specifically the U.S. 
gross national product and recreational expenditures 
as reported by the U.S. Depa1·tment of Commerce (5, 
18-22); -
- 3. Transport-airline tariffs, frequencies, and 
routes and levels of traffic on competitive modes such 
as highways and railroads (1, ~ • .!Q); and 

4. Tourism-the availability of accommodations for 
tourists (.!E). 

From all of these possibilities , we selected the follow­
ing causal variables: 

1. To represent the overall level of activity in 
Mexico City, we took its population in thousands by 
year (POBDFt), which is closely correlated with other 
exponentially growing factors, such as gross national 
product, and stands for them statistically. 

2. To capture the actual market of Mexican pas­
sengers, we chose the number of families able to 
travel-that is, families with incomes greater than 
10 000 (1968) pesos (1 peso= U.S. $Cl.08), by year and 
in thousands (FPV t). 

3. To represent the amount of international tourism, 
we selected U.S. recreational expenditures by year, 
expressed in 1967 dollars per person (RECUSi). Fig­
ure 4 shows the recent evolution of this variable. 
studies of North Atlantic air traffic indicate that this 
is a powerful explanatory variable (23-~. 

4. The effect of the oil crisis was expressed by a 
dummy variable, equal to zero until 1973 and to one 
thereafter (DUMMY). 

5. The cost of transportation for national traffic was 
represented by an index of fares expressed in constant 
pesos, by year (TARNt), As Figure 5 shows, this mea­
sure fluctuated within a narrow range until the 1970s, 
when rapid inflation and prosperity sent the real prices 
tumbling. This is closely associated with the more 
rapid increase in traffic during this period. 

6. Conversely, however, there is little point in in­
cluding a figure for international fares, which are, as 
Figure 6 shows, so closely correlated-although 
inversely-with the trend of U.S. recreational expendi­
tures. One could not distinguish statistically between 
these measures. 

7. A final factor considered was the shift from rail 
to air for intercity travel in Mexico. As Figure 7 shows, 
this has been quite dramatic for the railroads. But, 
considering the small fraction of national air travelers 
this represents and the close correlation of this variable 
with Mexican air tariffs, it was not included. 

These variables, three each for national and international 
traffic, completed the set of presumed major causes of 
change in air traffic for Mexico. More variables could 
easily be justified theoretically, but they would not make 
sense statistically. After all, the available data com­
prise only 16 independent points; more variables would 
severely restrict the ability to estimate the coefficients 
of the model. 

SHORT-RANGE FORECASTS 

The causal models were calibrated by ordinary least 
squares to obtain the following results. For national 
passenger traffic, by year, 

PN, = e-Ms FPY/·32 TARNi0·95 POBDF, 

(5.02) (17.0) (6.13) 

R2 = 0.98 

F = 289 

d = 2.40 (I) 
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Figure 4 . Evolution of U.S. recreational 
expenditures per person. 
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l'igure b. Trend of air fares within Mexico in 
constant pesos. 
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For international passenger traffic, by year, 

Pl, = e·1.7
i RECUS?-06 FPY, - 76 900 DUMMY 

( 4.92) (31.0) 
R2 = 0.99 

F = 959 

d = 1.90 (2) 

Both models have reasonable coefficients, fit the data 
well, and are free from autocorrelation. Given our 
prior reasons for believing that these models make 
sense, the statistical tests encouraged us to use them 
for short-range forecasts. 

It is easy to suggest more sophisticated-and more 
expensive-mathematical analyses that might lead to 
statistically more satisfying models. But would such 
extensions be worthwhile? And would they be cost 
effective ? 

We believe that further analyses would not be 
productive. Indeed, the creation of a formula for 
airport traffic does not solve the problem of generating 
a forecast. The development of the model merely dis­
places the forecasting problem: Instead of having to 
forecast traffic, we now have to forecast many other 
variables. It is hoped that the future trajectory of these 
variables will be reasonably obvious. But uncertainty 
still exists and is, in our opinion, bound to overwhelm 
any marginal improvements that might be made in the 
models. 

In the event, we obtained short-term forecasts by 
using low, medium, and high estimates of each of our 
explanatory variables. The results are shown in Fig­
ures 8 and 9. 

Fairly obviously, forecasts similar to ours could 

Figure 6. Trend of international air fares at 
constant prices . 
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Figure 7. Decrease in first-class intercity rail 
travel in Mexico. 
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have been obtained at essentially no cost at all simply 
by drawing in lines freehand. How much is this, or 
any, analysis worth? We feel that the analysis is useful 
as a discipline to force us to examine the data, to think 
about the possible causes, and to develop a true under­
standing of the reasons why low or high levels of traffic 
might occur. We do not believe that this or any proce­
dure can provide precise predictions. Consequently, 
we also believe that relatively modest efforts, such as 
the one described here, are most reasonable for airporl 
planning. 

LONG-RANGE FORECASTS 

Given the uncertainties of past data, the fact that econo­
metric models are valid only over a relatively short 
term, and the possibility of major technical and even 
political developments, long-range forecasts of airport 
traffic can at best be only estimates of the general 
magnitude of future traffic. 

Our estimates are based on scenarios of how air 
traffic through Mexico might develop. The results are 
validated (to the extent that this is possible) by com­
paring the forecasts with the evolution of passenger traf­
fic at other major airports that have already passed 
beyond the current level of traffic at the Mexico City 
airport. We prepared estimates of the level of popula­
tion in Mexico, its spatial distribution, and the financial 



Figure 8. Short-range 
forecasts of national 
passengers through 
Mexico City International 
Airport. 

Figure 9. Short-range 
forecasts of international 
passengers through 
Mexico City International 
Airport. 
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or touristic attractiveness of each city linked by air to 
Mexico City. Subjective estimates of the probability 
distributions of air passengers on each route were made 
and then merged to obtain a joint probability distribu­
tion. This led to a median forecast of 25 million pas­
sengers for Mexico City in 1992 and 80 percent con­
fidence limits of about :1:25 percent. Figure 10 shows 
these results. 

These long-range forecasts turn out to be close to 
what has already happened at other major international 
airports that have grown beyond the 7. 5 million 
passengers/year who currently use the Mexico City 
International Airport. That these airports either grew 
faster or slower than the upper and lower bounds of our 
forecasts does suggest, however, that our range of un­
certainty may need to be even wider than ±25 percent. 

CONCLUSIONS 

This paper presents a procedure for forecasting traffic 
at airports and applies it to Mexico City. The validity 
of the process, for the purpose of airport planning and 
design, depends on how well it informs the decisions 
that must be made about how much and when to expand 
airport capacity. We believe that the procedure ful­
fills the needs inexpensively. 
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Figure 10. Long-term forecasts of total passengers 
through Mexico City International Airport and 
other major airports. 
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Settlements and Public Works (SAHOP), the agency re­
sponsible for constructing airports in Mexico. We car­
ried out the study as personnel of or consultants to the 
Instituto Mexicano de Planeaci6n y Operaci6n de Sis­
temas, working jointly with the director general for air­
ports in SAHOP, architect Eduardo Luna Traill, and his 
assistant, engineer Jorge de la Madrid (.!!D, The project 
was conducted in close cooperation with the office of 
Aeropuertos y Servicios Auxiliares (ASA) in t):ie 
Secretarfa de Comunicaciones y Transpo1'te-the 
group actually responsible for operating the federal 
airports of Mexico-and with the major Mexican airlines, 
Aero Mexico and the Compania Mexicana de Aviaci6n, one 
private and the other public. 
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Proposed Technique for Identification 
of Market Potential for Low-Cost 
Air Travei 
Martin M. Stein*, Abt Associates, Inc., Cambridge, Massachusetts 
Mark E. Tomassoni*, Simat, Helliesen, and Eichner, Inc., Washington, D.C. 
David L. Bennett, Maryland State Aviation Administration, Baltimore 
Denis Lamdin, Maryland State Highway Administration, Baltimore 
Michael Sasso, University of Maryland, College Park 

A mail-back survey conducted by the Maryland State Aviation Adminis­
tration to assess the interest of Maryland residents in a low-fare, no-frills 
air service from the Baltimore-Washington region to the West Coast is de· 
scribed. The questionnaire used was designed to determine whether or 
not respondents had traveled by air from the Baltimore-Washington area 
to California during the past 24 months and whether they would have 
traveled more often to California (or tor the first time) if a $99 one-way 
fare had been in effect between the Baltimore-Washington region and the 
Los Angeles and San Francisco areas . Results were tabulated and analyzed 
on a computer by using the Statistical Package for the Social Sciences. 
In addition to analysis based on statewide population data, tabulations 
were developed at the zip code, county, and regional levels for more de­
tailed analysis of potential markets. The proposed technique shows how 
the use of existing computerized data on area population can be conve­
niently converted to a representative sample for public policy purposes. 

The diversion of air passenger traffic from one market 
to another was an. important factor in the economic r egu­
latory envfronment of the Civil Aeronautics Board (CAB) 
prior to the recent passage of legislation deregulating 
the airline industry. The more diversion there was, the 
less likely the CAB would be to award the new authority. 
By attempting to show that additional air passenger de­
mand could be produced by the new service, an argu­
ment could be made for allowing additional air carrier 
supply without apparent diversion of traffic from ex-

isting services. Such an argument removes one of the 
principal grounds for CAB disapproval of low-fare pro­
posals. 

With the evolution of a more procompetitive regula­
tory policy, the need for carriers (and communities) to 
argue the absence of diversion for new service has been 
eliminated. Moreover, communities are now in a posi­
tion to seek to convince suitable air carriers, rather than 
the CAB, that their market would be the most advanta­
geous for a carrier to commit its limited equipment and 
resources. 

In an effort to demonstrate that new air passenger 
travel would be generated by low-fare, transcontinental 
service, the Maryland State Aviation Administration 
conducted a mail-back survey designed to measure ob­
jectively the additional traffic that would be produced by 
new service. The survey had, as a major constraint, 
the need to produce a mailing list that was representa­
tive of the entire geographic area under question-in this 
case, the state of Maryland. 

In the design of surveys to elicit the general opinion 
of this potential market, it is inappropriate to use com­
monly "manufactured" mailing sources that may tend to 
be biased toward higher-income groups or to concen­
trate geographically on urban areas. In addition, it is 
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Figure 1. Proposed technique for identifying market potential for low-cost air travel. 
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Table 1. Comparison of survey respondent characteristics with statewide 
population characterist ics for variables of race and income. 

Sample Response Households Statewide 

Variable Number Percent No. (OOOs) Percent Ratio• 

Race 
Black 90 5.5 215.3 15 .6 2.80 
White 1545 94.0 1156.0 83 .8 0.89 
Other 8 __Q,l 8.3 __Q,! .!:.!Q 

Total 1643 100.0 1379 .6 100.0 1.00 

Income {$) 
< 10 000 158 9.6 345.0 25.0 2.60 
10 000-15 000 251 15.3 234.6 17 .0 1.11 
15 000-20 000 332 20.2 220.8 16.0 0.79 
20 000-25 000 296 18.0 179.4 13.0 0.72 
> 25 000 ~ 36.9 400.2 ~ 0.79 

Total 1643 100.0 1380.00 100.0 1.00 

8 The ratio of sample respondent characteristics with statewide population characteristics was compared 
to determine if there was a statistically significant difference in the proportions of the sample responses. 
If the sample response was significantly different, adjustments to the survey responses were de\leloped 
to account for the differences. 

necessary to identify a broad cross section of the market 
that includes residents of nearby areas who may be in­
duced to take longer ground trips to take advantage of 
lower air service rates. By designing a computerized 
process to identify a representative sample of residents, 
a major step in developing an innovative and efficient 
procedure to rapidly elicit responses to air travel 
changes was created. With minor modifications, this 
procedure could be used in other states to produce simi­
lar results. Results of the analysis are weighted to deal 
with problems of reporting bias obs erved for low-income 
blacks, and a computerized matching program, in which 
zip codes from the original file of names are related to 
respondents' completed forms , is used to permit sub­
market analysis of particular geographic areas. 

COMPUTERIZED TECHNIQUE 

The sample selection program was constructed in the 
FORTRAN language for execution on a Burroughs 6700 
series computing system. The program operated in two 
phases . First , a pseudorandom sequence of 10 000 
floating poi nt fractions (in the range 0., 1.), with a uni­
form distribution, was generated (see Figur e 1) . Each 

member of this sequence was multiplied by the number 
of records in the driver's-license master file, and the 
integer portion of the result was used to identify a rec­
ord to be selected. A linear congruential method was 
used to generate the uniform sequence. 

The second phase of this program was designed to 
read the driver's-license master file; it produced an 
output file that consisted of those records whose position 
in the input file was identical to a value in the trans­
formed pseudorandom sequence. The resulting sample 
file contained 9923 records. Each record specified a 
value for the data fields : name, address, date of birth, 
sex, race, and survey number. The number of re­
sponses returned was 1702; these were keypunched and 
enter ed into a file that wa s manually edited, and 1643 
responses were retained. 

Another FORTRAN program was written to add the 
demographic variables-race, age, sex, and zip code­
to each record in the respondent file that contained 27 
variables. The first 22 are based on survey respondents' 
experience and preference. Income level was supplied 
by the respondent, whereas the other four demographic 
variables were obtained from the sample file. 

A third FORTRAN program was written to partition 
the sample file into two subfiles. One subfile contained 
sample records that corresponded to respondents, and 
the other subfile represented nonrespondents . The se­
lection criteria were based on the existence of a com­
mon set of record identifiers in both the sample and the 
respondent file. 

At-test comparison of sample means was performed 
for the variables of r ace, sex, and age. The two sam­
ples corresponded to the two subfiles, and tests required 
two independent samples. Tests given either common 
or unequal population variances were performed based 
on an F-test of sample variances. A pooled estimate of 
variance was used for the t-test on sex, whereas sepa­
rate estimates of variance were calculated fo1· the race 
and age tests. Only the null hypothesis (equal popula­
tion means) for the variable of race was rejected at the 
0.01 level of significance. 

On the basis of the above statistical tests, joint mul­
tiplicative weights were computed. These weights were 
obtained by calculating the ratio of the proportion of each 
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Figure 2. Probability tree for analyzing sample responses. 
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Table 2. Data on households whose members had previously 
traveled to the West Coast and would make additional trips if 
one-way fare were $99. 

Households Surveyed Number or 
Trip Maryland 
Destination Number Percent Households 

Los Angeles only 132 8.1 111 568 
San Francisco only 119 7.3 100 780 
Other Cali[ornla desti-

nations only 27 1.7 22 819 
Los Angeles and San 

Francisco 42 2.6 35 809 
Los Angeles and other 

destinations 8 0.5 7 267 
San Francisco and other 

destinations 9 0.6 7 965 
Los Angeles, San Fran-

cisco, and other 
destinations 7 0.4 6 033 

No response ~ ~ 22 399 

Total 374 22.8 314 640 

Note: Results are based on expanded results of Maryland State Aviation Administration 
survev . Use of the percentacie of households surveved causes minor errors in 
household estimates 

level (value) of a given variable in the respondent file to 
the proportion of the same levels of the given character­
istic of the population. This was done separately for 
the variables of income and race (see Table 1). There 
were 15 weights of income and race: 

Income ($) Black White Other 

<10000 7.38 2.31 3.12 
10 000-15 000 3.15 0.98 1.33 
15 000-20 000 2.24 0.70 0.95 
20 000-25 000 2.04 0.64 0.86 
>:l!i 000 2.24 0.70 0.95 

These weights were computed for each combination of 
income level and race category by multiplying the ratio 
of proportion for income by the ratio of proportion for 
race. They are based on the number of survey re­
spondents who have particular characteristics. For ex­
ample, there were 7.38 times the number of low-income 
blacks in the state as there were in the survey. The 
survey results therefore required a factor of 7 .38 to 
adjust the responses so that there would be an accurate 
representation of statewide population characteristics. 

The weights were conditionally assigned to respon­
dents through the Statist ical Package for the Social 
Sciences (SPSS) case-we ight intrinsic var ia ble (1). All 
weighted sample sizes were rounded to the neare st in­
teger value. Adjusted frequency tables for all variables 
in the respondent file were computed by the SPSS pro­
cedure FREQUENCIES. 

The SPSS COMPUTE and conditional compute (IF) 
facilitie s were used to generate compos ite variables fo r 

Table 3. Data on households whose members had not 
previously traveled to the West Coast but would travel if 
one-way fare were $99. 

Households Surveyed Number o[ 
Trip Maryland 
Destination Number Percent Households 

Los Angeles only 171 10,5 144 263 
San Francisco only 154 9.4 129 490 
other California desti-

nations only 50 3. 1 42 556 
Los Angeles and San 

Francisco 94 5.8 79 514 
Los Angeles and other 

destinations 14 0.9 12 020 
San Francisco and other 

destinations 0. 5 7 235 
Loe Angeles, San Fran-

cieco, and other 
destinations 27 'l.? 23 066 

No response 25 -1.:i ~ 
Total 547 33.3 459 540 

Note: Results are based on data from the Maryland State Aviation Administration. Use 
nf norront::ana., ,.,;.,,...., rninn,. .,,.,....,!! in h"'"""'hnl~ a.+;....,.,.,...,~, 

each entry in the respondent file. Eight variables were 
generated on the basis of survey results : 

B = previous business travel, 
NB = previous nonbusiness travel, 

BINC = additional business travel, 
NBINC = additional nonbusiness travel, 

NTBINC = new bus iness travel, 
NTNBINC = new nonbusiness travel, 

T = total previous travel, and 
TINC = total additional travel. 

These variables were aggregated by accumulating the 
sum of particular responses from the survey for each of 
the variables. For example, B = VAR02 + VAR03 + 
VAR04 and NB= VAR05 + VAR06 + VAR07. The dif­
ference between additional and new travel is, of course, 
that the former is generated by those who previously 
traveled and the latter is produced by those who pre­
viously did not. 

Another computation of variables was performed to 
ensure that each set of variables could be defined in a 
mutually exclusive manner. This permits the use of 
probability-tree analysis such as that shown in Figure 
2. For example, total previous travel is partitioned 
into three components: 

TPB = total previous business travel, 
TPNB = total previous nonbusiness travel, and 

TPBNB = total previous business and nonbusiness 
travel. 



Thus, a given entry in the respondent file will have a 
nonzero value for the computed variable TPB only if the 
value of the computed variable B (defined above) is non­
zero and the value of the computed variable NB (defined 
above) is zero. 

The sample was partitioned into 54 conditionally com­
puted variables that represented all possible mutually 
exclusive combinations of previous, additional, and new 
travel for business and nonbusiness purposes to all pos­
sible combinations of California destinations. 

The definition of the survey, the use of weighted re­
sults based on statistical tests, and the use of mutually 
exclusive variables are analytic features of the program 
that permit a clear and logical interpretation of the sur­
vey results. The use of various computer programs to 
manipulate files of survey data, socioeconomic data, 
and driver's-license data facilitates the development of 
a comprehensive and detailed set of data that can be used 
to generate an estimate that is representative of state­
wide and regional responses to proposed changes in air 
service. 

RESULTS OF APPLICATION OF 
TECHNIQUE 

By expanding the survey to encompass all Maryland 
households, the following conclusions can be drawn. 
First, 28 percent of total Ma1·yland households (392 000) 
had traveled by air from the Baltimore-Washington re­
gion to California during the past 24 months. The re­
sponse data on this question, which are based on ex­
panded survey results, are given below: 

Households Surveyed Maryland 
Response Number Percent Households 

Yes 466 28.4 391 920 
No 1176 71.6 988 080 
Total 1642 100.0 1380000 

Of the total expanded households, 23 percent (315 000) 
indicated that they would have made additional trips to 
California from the Baltimore-Washington International 
Airport (BWI) if the one-way fare had been $99. The 
greatest percentage oI these r espondents were interested 
in traveling to Los Angeles or San Francisco (see 
Table 2). · 

As data given in the table below indicate, 31 percent 
(121 000) of all respondent households that had traveled 
to the West Coast during the past 24 months had done so 
for business pru·poses, 47 percent (185 000) for non­
bus iness purposes , and 20 .Percent (78 000) for both pur­
poses: 

Households 

Purpose Number Percent 

Business 121 103 30.9 
Nonbusiness 184 986 47.2 
Both business and 

nonbusiness 77 992 19.9 
No response 7 839 2.0 

Total 391 920 100.0 

Seventy-three percent (231 000) of the respondent house­
holds in which one or more members made at least one 
air trip to California in the past two years indicated that 
they would have made additional trips for nonbusiness 
purposes if the $99 fare had been instituted: 

33 

Households 

Purpose Number Percent 

Business 31 464 10.0 
Nonbusiness 230 631 73.3 
Both business and 

nonbusiness 30 206 9.6 
No response 22 339 7.1 

Total 314 640 100.0 

Eighty-one percent of the households that had not made 
trips (371 000) indicated that they would have traveled 
for nonbusiness purposes if the low fares had been in 
effect: 

Households 

Purpose Number Percent 

Business 35 385 7.7 
Nonbusiness 370 389 80.6 
Both business and 

nonbusiness 32168 7.0 
No response 21 598 4.7 

Total 459 540 100.0 

The results presented in the final three tables above are 
based on expanded results of a Maryland State Aviation 
Administration survey. 

Of the households that had not traveled to the West 
Coast during the p1•evious 24 months, 33 percent (460 000 
households) would have made trips with the reduced 
fares but 38 percent (529 000 households) would not have 
made trips (see Table 3). 

Figure 2 shows this system of questions and responses 
presented in percentile figures in the form of a proba­
bility tree. Each branch of the tree represents one log­
ical split in the respondent's set of decisions·. A yes 
and no split, a destination, or a trip purpose are the 
three categories of decisions that face the respondent. 
This probability tree helps in analyzing, in a logical and 
unambiguous format, the results of a set of survey ques­
tions. The tree can be used to isolate particular ele­
ments of the travel decision-making process for further 
evaluation and comparison. For example, it is rela­
tively easy to identify the proportion of respondents who 
have not previously traveled to the West Coast and would 
not take a West Coast trip if fares were reduced. This 
proportion of respondents can be identified by locating 
the relevant branch of the probability tree. Thus, the 
second level of the left branch shows 37 percent who 
made no previous trips and would not take additional 
trips if fares were reduced. 

In addition, responses by income groups were classi­
fied by geographic area. In this way, an attempt was 
made to determine the number of trips that would be 
added from the Baltimore area versus those for Prince 
George's and Montgomery Counties in the Washington, 
D.C., area. 

According to the survey results, the greater a per­
son's income was, the more likely it was that he or she 
would have made a trip to the West Coast during the 
previous 24 months. For example, 42 and 46 percent 
of the households in the highest income category had 
traveled to the West Coast during the previous two years 
from the Baltimore and Washington suburban areas, 
respectively. 

In the $20 000-$25 000 income range, there is nearly 
a doubling of the households in both areas that would have 
taken trips with the lower fares. In the $15 000-$ 20 000 
bracket, approximately 2.5 times as many households 
would have traveled than actually traveled with the low 
fares . Finally, in both the $ 10 000- $ 15 000 and 
<$10 000 ranges, approximately three times as many 
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persons as actually traveled would have traveled had the 
lower fares been in effect. 

CONCLUSIONS 

Changes in air service are usually the result of a com­
plicated process that involves carriers, airport man­
agement, and various government agencies. The estab­
lishment, expansion, or contraction of service may have 
a vital impact on successful airport operation and is a 
matter for public policy analysis. Service expansion, if 
not supported by a potential market, could result in ac­
tual loss of service if existing service is eliminated be­
cause of the failure of the new service to develop a vi­
able market. The economic vitality of regions depends 
on access to markets for goods and services; in our in­
creasingly service-oriented economy, rapid service 
often requires air access. The methods currently used 
to test market availability and sensitivity range from 
small, nonrepresentative samples to the use of elasticity 
ratios to indicate whether new service will be acceptable 
and successful. 

The technique proposed in this paper shows how the 
use of existing computerized data on the population of an 
~-rP~ P~n h,::::,, ronnuPniPnthr ronn,r,::i,,-.fprl tn '::li '1"Pn1""P<=!Pnt'.:IH,ro - - - ,- ----, -------w-J -- .. ~· _ ...... - ...... ..,_ - ... -r .. _....,_ ....... - ...... -

sample for public policy purposes. Although the tech­
nique requires the use of computers and the availability 
of socioeconomic data, the results of the application de­
scribed here served as a cost-effective tool in policy 
development. This represents a new area for the ap­
plication of methods of socioeconomic analysis in the 
formation of public policy as it relates to transportation 
improvements. 
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Airline Deregulation and Its Impacts 
on Intercity Travel Demand 
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Norman 

Some of the policy questions that arise as a result of deregulation 
of the airline industry are examined. A national intercity travel 
demand model that is different in many respects from the conven­
tional aggregate or disaggregate models is presented. The model uses 
travel distance as a variable of interest, calibrated on nonsurvey in­
dustrial data. The model is consistent with the neoclassical theory 
of consumer behavior and uses a representative consumer concept. 
It answers many transportation-related policy questions, such as 
questions about the impact of air-fare reductions and the impact of 
the introduction of faster aircraft on the intercity market shares of 
public transportation. 

Economic efficiency through competition is the basic 
motivation behind the deregulation of the airline industry. 
The deregulation creates many interesting transportation 
policy questions. How does deregulation change the 
market structure of the intercity transportation industry? 
How does the fare reduction affect the demand for air 
travel and the other competing public modes? How does 
the introduction of faster airp!!'lnes, such as supersonics, 
affect the market structure of intercity passenger indus­
tries? What is the best strategy for the airline industry 
to expand its intercity market? 

To answer these questions, we introduce a national 
intercity travel demand model that is, in many respects, 
different from conventional aggregate or disaggregate 
models (1-5). Conventional models use number of trips 
as the variable of interest, whereas the model discussed 
here uses distance of travel. Use of travel distance in­
stead of trips simplifies the understanding of intercity 
travel demands by eliminating many trip-related vari­
ables such as origin, destination, and length. It ties in 
directly with many policy-related variables such as the 

energy consumption in intercity transportation, market 
shares of the intercity transportation industry, accident 
frequency, and pollution control measures. Distance, 
which is a continuous variable, can be meaningfully added 
to answer those policy questions. 

Our demand model is designed to evaluate national 
transportation policies. Our interest is not to identify 
the travel behavior of individuals but to answer broad 
intercity travel-related policy questions, such as the 
impact of airline deregulation on market shares, energy 
consumption, substitution behavior, and so on. 

Conventional travel demand models, both aggregate 
and disaggregate, are calibrated on survey data. Our 
model is calibrated on nonsurvey data. Survey data may 
reflect the travel behavior of an individual in the survey 
area. The problem of transferring survey data to other 
geographical areas and over time is still unresolved. 
Instead of answering national transportation policy ques­
tions from an aggregation of the disaggregate model, we 
answer those policy questions directly from a national 
intercity travel demand model that was built on national 
nonsurvey data. 

The basic properties of the theory of consumer be­
havior-summability, homogeneity, and symmetry-are 
imposed. The substitutability of public travel modes is 
measured in terms of compensated cross elasticities. 
Conventional travel demand models have a loose tie with 
the neoclassical theory of consumer behavior, and mar­
ket cross elasticities are a popular form of measuring 
substitutability. A previous study shows that compen­
sated cross elas · cities are theoretically more defend­
able and empirically more reliable (6). 

Finally, we use the concept of the- representative con-



sumer instead of the individual consumer for the national 
transportation policy evaluation. The modal choice of an 
individual trip maker could be any one of three modes­
airline, rail, or bus. But the representative trip maker 
which is conceptually defined, could choose all alterna- ' 
tive travel modes. When the representative trip maker 
chooses more air travel in response to the air-fare re­
duction, it should be interpreted as some portion of bus 
or rail riders switching to the air mode since they can 
now afford it because of the fare reduction. 

THE MODEL 

It is assumed that the consumer has an additively sep­
arable utility function in terms of highly aggregate group 
commodities such as intercity travel, urban travel 
leisure, and all other consumption. Consume1·s h;ve 
a time budget (TTL They may allocate the time budget 
to travel, work, and leisure. We assume that their 
working hours are exogenously determined. Their money 
budget (y) depends on wage rate (w), number of working 
hou1·s (H), and nonwage income (c0; i.e., 

Y=w · H+cx (I) 

Given income Y and nonworking hours (TT - H), con­
sumers allocate their lncome to intercity travel (x), 
urban travel (z), and consumption (c) and allocate their 
nonworking hours to intercity travel, urban-travel, and 
leisure (L) (the cons umption is an aggregate quantity 
index of all consumption)· i.e., 

Max U = U(x, z, c, L) 

subject to 

Px · X + Pz · Z + Pc · C = Y 

Vx • X + V, • Z + L = TT - H 

where 

(2) 

(2a) 

(2b) 

x, z, c = quantity indices of intercity travel, urban 
travel, and aggregate consumption, re­
spectively; 

p., p., Pe = price indices of x, z, and c, respectively; 
and 

v x and v, = speed indices of intercity travel and urban 
travel modes. 

Since L is unobservable, we can reformulate the model 
as follows: 

MaxU=U[x,z,c, (TT-H-vx ·x-v, ·z)) 
x,z,c 

subject to 

Px ' X + Pz · Z + Pc · C = Y 

A convenient index for aggregation is the divisia in­
dex (7). 

(3) 

(3a) 

The money budget (M = Px • x) and the time budget 
(T = v, · x) are determined in the first-stage decision 
process. At the second i:;tage, consumers allocate inter­
city travel money (M) and time (T) budgets to various 
travel modes to achieve the g1·eatest pe1·sonal satisfaction: 

Max v= U(x1 , ... ,xm) (4) 
x1 • . .. ' Xm 

subject to 
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(4a) 

m 

L tixi=T (4b) 
i = l 

where p 1 is the user cost of intercity travel per unit dis­
tance by the ith mode and (1/t 1) is the speed of the ith 
mode. 

The usual Lagrangian solutions of intercity travel 
distance by the i th mode are 

Xi= xi (p,, ... ' Pm , t1, ... , tm, M, T) (i=l, ... ,m) (5) 

From Equations 4 and 5, we can formulate an in­
direct utility function of intercity travel demand; i.e., 

U= V(p1, , .. ,Pm, t1 ,, .. , tm , M, T) (6) 

We assume that the consumer has three alternative 
modes for intercity travel: airline, bus, and rail. (In­
cluding the automobile would provide much greater real­
ism and predictive power, but difficulty in collecting a 
consistent set of national data for intercity automobile 
driving forces us to exclude automobile driving from the 
model.) We further assume that the consumer has a 
translog indirect utility function. Consider the following 
time- and speed-adjusted translog indirect utility functio n: 

log v = La;log(p;/M) + (1/2) L L bu Jog (p;/M) Jog (p·/M) 
I j j J 

+ L bil log (p;/M) · t + L bi, log (p;/M) log (SR) (7) 
• i 

We impose the following restrictions: 

1. For symmetry, bq = bJu b1t = bt1 , b 1 , = b. 1 ; 

2. For normalization, f a 1 = -1; and 

3, For homogeneity, ~ b,J = t b1, = t b1 , = 0. 
I ! ! 

By means of these restrictions, we derive the following 
homogeneous indirect translog utility function: 

log v = log M + L a1 log Pi + (l /2) L L b;; log Pi · log P; 
I I J 

+ t ~ b11 log Pi+ log (SR) L bi, log Pi (8) 
I i 

The homogeneous translog expenditure function can 
be obtained from Equation 8, as follows: 

log M = log v - L a; log Pi - ( 1 /2) L L bi; log P· log P· - t L b·, log p· 
i i j l J I I I 

- log (SR) L bi, log Pi (9) 
j 

The compensated demand equation is obtained from the 
expenditure function by taking a derivative of the equa­
tion with respect to log pJ: 

a log M/a log P; = (p;/M)(aM/ap;) = - a; - f bii log Pi - b;t 

x t - b;, Jog (SR) (!Oa) 

x; I =-[a;+ L bi; log Pi+ b;, · t + b;, log (SR)) [M(v0 )/p;J (!Ob) 
V = V0 I 
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Table 1. Estimation of parameters. 
Air Equation Bus Equation Rail Equation 

Variabi.t: t' a.c•amt: lt:r l-3lalisih: Parameter c-5ladsnc Yarameter 1-Bcausnc 

Air fare -0.045 7 -2.87 
Bus fare 0. 012 7 1.94 
Rail fare 0.033 0 2.53 
Time trend 0.003 35 4.97 
Speed ratio -0. 136 -6.20 
Intercept -0.642 -20.2 
R' 0.607 
Standard 

error of 
rogroooi on 0,006 37 

D-W statis-
tics 0.784 

0.012 7 1.94 
-0.005 54 -0.786 
-0.007 19 -1.93 

0.000 195 0.833 
-0.015 7 -2. 79 
-0.027 5 -2.71 

0.033 0 
-0.007 19 
-0.025 8 
-0.003 54 

0.152 
-0.330 

0.706 

0.006 63 

0.979 

2.53 
-1.93 
-2.26 
-6.17 

7.96 
-12.2 

• Parameters are derived from those of air and rail equations by imposing the summability, normality, and symmetry constraints , 

Table 2. Demand elasticities. 

Air Bus Rail 
Demand Change b;quation b;quation l!.:quation 

Market Air fare -0.945 -0.315 -0.268 
Bus fare -0.015 -0.863 0.058 
Rail fare -0.039 0.178 -0. 790 
Speed 0.163 0.390 -1.24 

Compensated Air fare 0.522 0.568 
Bus fare 0.025 0.099 
Rail fare 0.083 0.301 

where 

M(v0 ) = exp [log v0 - Lai log Pi - (1 /2) LL b;i log P; · log Pi 
i i j 

-t Lb;, log P; -log (SR) Lb;, log p;] 
i i 

J:tu ncinrr thP c!'.llrrinlP YnP~nc nf n .~R 1\!T ~nrl t ~nrl thP 
~J .............. '"b ........... ...,. ............ .t' ... - ....... -- ................ .I:"' 1, ........... , ....... , --··- - --··- -··-
estimated parameters of the equation, the utility level 
(v) is estimated from Equation 8. With the given utility 
level v 0 , we simulate the compensated demand by using 
Equation 10. This simulation is the compensated simu­
lation. Instead of fixing the utility level, we can assume 
that M is fixed and simulate the model. This is the mar­
ket simulation. 

By using Roy's identity (8, p. 94), we obtain the fol-
lowing: -

si = -[ai + .L bi; log (p;/M) + bit · t + bi, log (SR)] 
'" 

where i, j E c and c = (air, bus, rail), and 

s J = budget share of the j th mode, 
p 1 = user cost of the i th mode, 

t = time trend, 
SR = ratio of airline speed to bus-rail 

speed, and 
aJ, bJi, bJ,, bJ, = regression parameters. 

(11) 

The summability, normality, and symmetry conditions 
are imposed as follows: 

1. 

2. 

3. 

For summability, ~- sJ = 1, 
J<C 

For normality, ~ aJ = -1 and aJ < O, and 
Jee 

For symmetry, b 1J = bJ 1 for i F j. 

Various elasticities are derived from Equation 11 
[for j, k E c and c = (air, bus, rail)]: 

1. The market own elasticity-ekk = -(bkk/sk) - 1, 

2. The market cross elasticity-eJk = -(bJk/sJ) 
for j F k, 

3. The compensated own elasticity-Ekk = -(bkk/sk) 
-1 + sk, 

4. The compensated cross elasticity-EJk = -(bJk/s) 
+ sk, 

5. The Allen- Uzawa pairwis e partial elas ticity of 
substitution (9)-d1~ = E;k/sk , and 

6. The speed ratio elas ticit:y-ESi = bJ. / s 1• 

DESCRIPTION OF DATA AND 
EMPIRICAL RESULTS 

The data used are annual series data that cover the 
period 1947 to 1974 and were obtained from various 
sources. Intercity passenger kilometers , prices per 
passenger kilometer (calculated by dividing revenues by 
passenger kilometers and then deflated by the consumer 
price index for bas e year 1967), and the number of pas­
c:.en.g,::q,c:. hy P~f'h rnnf"lf:l, WPl"l=I PnllPPtPf'l frnm thP Tr~n~pnr­

tation Association of America (10). Price per passen­
ger kilometer is calculated by dividing revenue by pas­
senger kilometers and deflating by the consumer price 
index for base year 1967. The average annual speed of 
airline service was obtained from the Civil Aeronautics 
Board (11). The average speeds of bus and rail were ob­
tained from the Federal Highway Administration and 
Amtrak, respectively. 

Data on rail speed include both intercity and suburban 
trains. Waiting time is included in the estimation of rail 
speed. The air and bus speeds are the average maximum 
trip speed excluding waiting time. There is not much 
difference in speed between the bus and rail modes. As 
the speed variable in this study, we used a ratio of air 
speed Lo Lhe average of bus-rail speed. 

The money budget for the representative consumer is 
obtained as follows: 

M = Pa · Xa + Pb · Xb + P, x, (12) 

where P., Pb, and p, are the price of airline, bus, and 
rail service per kilometer, respectively, and x., xb, and 
x, are per capita passenger kilometers of respective 
modes. 

We estimate the parameter of the share equations 
(Equation 11) by using a nonlinear maximum likelihood 
estimation method with proper constraints to meet the 
summability, normality, and symmetry conditions. 
Table 1 gives the parameter estimates and relevant sta­
tistics. 

Table 2 gives both market and compensated demand 
elasticities. A 1 percent increase in air price decreases 
air passenger demand by 0.945 percent. It also de­
creases passenger demand for rail and bus service: 
Demand for bus decreases by 0.3i5 percent and that for 



rail by 0.268 percent. Such decreases in bus and rail 
demand are caused by income effects. When the air fare 
increases, the purchasing power of the intercity travel 
budget becomes smaller. We exclude the income effect 
and estimate the compensated cross elasticities for bus 
and rail service. A 1 percent increase in air fare re­
sults in a 0.522 percent increase in the compensated de­
mand for bus and a 0.568 percent increase in the de­
mand for rail. The model predicts that a change in air 
fares has the most significant impact on intercity travel 
demand and a change in rail fares the next most signifi­
cant impact. A change in bus fares has a minimal im­
pact on the intercity market structure. A 1 percent in­
crease in bus fare causes a 0.863 percent decrease in 
the demand for intercity bus service. To evaluate the 
substitutability among alternative travel modes, we ex­
clude the income effect and estimate the compensated 
cross elasticities. A 1 percent increase in bus fare re­
sults in a 0.025 percent increase in air travel demand 
and a 0.099 percent increase in rail travel demand. 

The own price elasticity of rail demand is -0,79, the 
smallest among the three modes. The compensated 
cross elasticities of rail are 0.083 and 0.301 with re­
spect to air and bus demand, respectively. 

The market cross elasticities fail to show substitut­
ability among alternative modes. Previous studies on 
intercity travel demand, such as the Northeast Corridor 
models (1-3) and some disaggregate models (4), had 
negative market cross elasticities; i.e., as the fare of 
one mode increases, there is a decrease not only in the 
demand for that mode but also in the demand for com­
peting modes. Previous empirical studies attempt to 
correct this apparent inconsistency by using the 
inequality-constrained least-squares estimation method 
(12, 13). Our study shows that this inconsistency is 
caused by income effects and not necessarily by specifi­
cation errors in the model. Actual average passenger 
kilometers during the sample period are 929, 248.4, and 
100 km (576, 154, and 62 miles) for air, rail, and bus, 
respectively. The model predicts an average passenger 
demand of 913, 247, and 99.8 km (566, 153, and 61.9 
miles) for the three modes, respectively (see Table 3). 

It is interesting to observe how passengers react in 
response to various fare and speed changes. We con­
sider two cases: (a) a market simulation in which the 
money budget (M) remains unchanged and (b) a compen­
sated simulation in which the utility level remains un­
changed. These results also are given in Table 3. 

Our model does not assume a constant elasticity. The 
value of the price elasticities may vary depending on 
which point we evaluate. We decided to evaluate pas­
senger kilometers by varying various passenger fares 
and the speed ratios. 

The deregulation of air fare is expected to provide 
lower air fare by providing various types of discounted 
trips. We simulate the model by decreasing 10 percent 
of air fare. The 10 percent reduction should be inter­
preted as the average reduction per customer because 
of the introduction of more discounted classes of air 
fares. The 10 percent fare reduction increases the av­
erage passenger kilometers of airline service from 913 
to 1009 km (from 566 to 626 miles), a 10 .1 percent in­
crease. The reduction in air fare increases the pur­
chasing power of the intercity travel budget. Because 
of this income effect, passenger kilometers by bus and 
rail also increase. Passenger kilometers by bus in­
crease from 99.6 to 102.8 km (61.9 to 63.9 miles) and 
passenger kilometers by rail also increase from 246 to 
252 km (153 to 157 miles) because of the increased pur­
chasing power of the intercity travel budget. The same 
simulation was done by excluding income effects, a pro­
cess called compensated simulation. A 10 percent re-
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duction in air fare increases air passenge1· kilometers 
to 922 (573 miles) from the original 913 (566 miles). As 
expected, bus passenger kilometers decrease from 99 .6 
to 94 (from 61.9 to 58 .5 miles) and rail passenger kilo­
meters also decrease from 247 to 232 (from 153 to 144 
miles). 

A fare reduction affects passenger demand in two 
ways: (a) through an increase in real income and (b) 
through the price attraction. Table 4 gives the details. 
For example, a 10 percent decrease in air fare increases 
air passenger kilometers by 96 .7 (60 miles), of which the 
85.4-lon (53-mile) increase is a result of higher real in­
come and the remaining 11.2-km (7-mile) increase is a 
result of the attractive lower fare. Higher real income 
also increases the demand for bus and rail service by 
8.7 and 21 km (5.4 and 13 miles), respectively. How­
ever, since the prices of bus and rail are not attractive 
in comparison with the reduced air fare, intercity pas­
sengers switch to airlines. Therefore, bus demand and 
rail demand decrease by 5.5 and 14.5 km (3.4 and 9 
miles), respectively, because of the substitution effects. 
It is interesting to observe that the largest income ef­
fects are on air travel demand, followed by those on rail 
and bus. This is attributable to the fact that air service 
has the largest share of the intercity travel budget (ap­
proximately 83 percent). Income effect is measured by 
budget share times the marginal change in demand at­
tributable to income change [s J (ax/om)]. 

Another interesting question for transportation policy­
makers is how industries share their markets in re­
sponse to fare and speed changes. Data given in Table 5 
show that the predicted average market shares of the 
model for the sample period are 83.67 percent for the 
airline industry, 4.04 percent for the intercity bus in­
dustry, and 12 .29 percent for the rail industry. A 10 
percent reduction in air fare shrinks the air travel mar­
ket share from 83.67 to 83.19 percent. Since the in­
elastic price elasticity of air fare (-0.945) has already 
been seen in Table 2, these results are not surprising 
(the revenue of a firm declines as the price is lowered 
if the firm is selling a product that has an inelastic price 
elasticity). However, the 10 percent reduction in air 
fare expands the market shares of the bus and rail in­
dustries. The bus industry expands its market share 
from 4.04 to 4.17 .percent, and the rail industry expands 
its share from 12.29 to 12.64 percent. This is partially 
caused by income effects and partially by the inelastic 
price elasticity of air fare. Similar results are ob­
served when bus fare or rail fare decreases. Because 
of inelastic fare elasticity, a reduction in fare reduces 
the market share of that industry. For example, a 10 
percent reduction in bus fare reduces the bus market 
share from 4.04 to 3.98 percent. The airline industry 
is the only gainer from the reduction in bus fare " The 
air market gains from 83.67 to 83.80 percent, whereas 
there is a slight reduction in the rail market share. A 
10 percent reduction in rail fare reduces the rail market 
share from 12.29 to 12.02 percent. It also reduces the 
bus market share from 4.04 to 3.96 percent. Such a re­
duction is caused by the expansion of the air passenger 
market. The airline industry boosts its market share 
from 83.67 to 84.02 percent. 

The model is simulated by increasing air speed by 10 
percent. Competition among airlines is expected not 
only to introduce lower fares but also to improve the 
quality of service by means of faster aircraft. A 10 per­
cent increase in the speed of air service could expand 
the air travel market by as much as 84.97 percent, which 
is approximately a 1. 54 percent increase. The loser 
from the air speed increase is the rail industry, whose 
market share decreases from 12 .29 to 10.84 percent. 
The market share of the bus industry increases from 
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Table 3. Results of price simulation. 

Table 4. Decomposition of income 
and substitution effects. 

Measure 

Average passenger kilometers 
predicted by the model before 
simulation 

Kilometers with fare decrease 
Air 

10 percent 
25 percent 

Bus 
10 percent 
25 percent 

nail 
10 percent 
25 percent 

Kilometers with fare increase 
Air 

10 percent 
25 percent 

Bus 
10 percent 
25 percent 

Rail 
10 percent 
25 pP.rcent 

Note: 1 km= 0.62 mile. 

Measure 

Effect of 10 percent decrease 
in air fare on 

Air demand 
Bus demand 
Rail demand 

Effect of 25 percent decrease 
in air fare on 

Air demand 
Bus demand 
Rail demand 

Note: 1 km = 0.62 mile, 

Table 5. Simulation of market revenue share. 

Measure Air Bus Rail 

Predicted average market share 
before simulation• 83.67 4.04 12.29 

Market share with fare de-
crease 

Air 
10 percent 83.19 4.17 12.64 
25 percent 82.35 4.40 13.24 

Bus 
10 percent 83 .80 3.98 12.21 
?.5 pere.nnt 84.04 3.88 12.08 

Rail 
10 percent 84.02 3.96 12.02 
25 percent 84.62 3.83 11.55 

Market share with 10 per-
cent fare increase 

Air 84.11 3.92 11.98 
Bus 83 .55 4.09 12.36 
Rail 83.36 4.11 12.54 

Market share with change 
in speed ratio 

10 percent increase 84.97 4.19 10.84 
25 percent increase 89.18 4. 68 6.14 
10 percent decrease 82.24 3.87 13.89 

• Average market share of each industry for the sample period. 

4.04 to 4.19 percent. The increase in air speed hurts 
the rail industry and benefits the air and bus industries. 
One possible explanation is that the bus is used for 
short-distance trips and air and rail are used for long­
distance trips. 

What, then, are the best strategies by which the air-

Market Simulation 

A!r Bus 

912.9 99.7 

1009.6 103 
1198.3 108.8 

914.5 97.9 
917. 7 94.6 

917. 7 108. 7 
924 127. 7 

835.4 96.7 
740 .3 92.7 

913 92 
909.6 82.3 

909.6 101.4 
904.8 103. 7 

Change (km) 

Total 

1009.6 - 912.9 = 96 . 7 
103 - 99.7 = 3.3 
253 - 246.7 = 6.3 

1198.3 - 913 = 285.3 
108.8 - 99.8 = 9 
266 - 246. 7 = 19.3 

Compensated Simulation 

Rail Air 

246.7 912 .9 

253 924 
266 943.5 

245 911.3 
242 906.4 

267.7 906 .4 
309.6 893.5 

240 .3 904.8 
232 892 

240.4 916 
250 919.3 

229 921 
206 .4 930.6 

Due to the Real­
Income Increase 

Bus 

99.7 

94.3 
85.6 

108.8 
126.3 

96.6 
91.4 

104.8 
112 

92 .3 
83 

102 .7 
106.7 

1009. 6 - 924 = 85.4 
103 - 94.3 = 8.7 
253 - 232 = 21 

1198.3 - 943 .5 = 254.8 
108.8 - 85.6 = 23.2 
266 - 209.6 = 56.4 

Rail 

246.7 

232 
209.6 

243.5 
240.3 

264.5 
298.3 

261.2 
280.6 

250 
251.6 

23.2 
213 

Due to 
Price Incentive 

96. 7 - 85.4 = 11.2 
3.3 - 8.7 = -5.4 
6.3 - 21 = -14 .7 

285 .3 - 254.8 = 30.5 
9 - 23.2 = -14.2 
19.3 - 56.4 = 37.1 

line industry can expand its market share? The model 
suggests that increased air speed is the most effective 
way to increase the air share of the travel market. Fare 
reduction is not an effective way to improve the market 
share. The study shows that airline service is not a 
luxury but a necessity. The inelastic price elasticity 
reduces revenue as the airline industry lowers the air 
fare. The industry could expand its market share 
through the introduction of higher-speed aircraft, not 
through the reduction of air fares. Our conclusion is 
based on the given intcrcily lravcl budget. If the inter­
city travel budget increases, the airline industry be­
comes the largest beneficiary since the air mode has the 
largest income effect. 
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Airport Planning: A Consultant's 
Viewpoint 
Edward M. Whitlock, Wilbur Smith and Associates, New Haven, 

Connecticut 

The evolution of airport development, the util ity and benefits of airports, 
and ·the problems of expanding or implementing a major new airport fa­
cility in ltght of the many constraints imposed by opposition groups are 
briefly examined. The responsibility of government in planning airport 
operations and expansion is discussed. It is concluded that too many 
agencies are responsible for accomplishing a sound airport transportation 
system and that one overall agency should be responsible for ensuring 
adequate airport development in all areas- roads, the groundsidc, end the 
airside. 

The past decade has witnessed extreme frustration in 
the evolution. of aircraft, the forecasting of air travel, 
and the expansion of existing airports and provision of 
new airports to serve a growing need. This paper begins 
with a brief recap of the evolution of air travel and air 
facility development, highlighting some of my own ex­
periences in planning for the growth and expansion oI a 
number of regional airports in this country and abroad . 

Between 1965 and 1970, there was phenomenal growth 
in air travel, in both passenger and goods movement. 
Government, state, and municipal groups responsible 
for airport planning became acutely aware of capacity 
restraints imposed on this growth and readied many 
plans and funding programs to proceed expeditiously 
with airport development. 

In the past five yea1·s, there have been some major re­
ductions in the growth of air travel as well as a number 
of major changes in the overall transportation industry. 
The oil crisis of 1972 and 1973 afreeted the airline indus­
try harder than most. In contrast to the period of 
meteoric expansion during the 1960s, the situation has 
now somewhat reversed. Before the downturn, new 
aircraft were in the making and interface facilities 
were being constructed at airport terminals. But 

administrative officials have become very reluctant to 
spend additional money at the earlier pace. In addi­
tion, environmental considerations have moved to the 
forefront in the 1970s to such a degree that air quality 
and noise levels are considered as important as eco­
nomic recession and inflation and the energy crisis in 
the decision making on all investments in airport 
planning and development. 

OVERVIEW OF THE PAST 
20 YEARS 

The first era of air travel after World War II was one 
of general accord among aircraft, airports, people, 
and the environment. Propeller-driven aircraft pre­
dominated until the end of the 1950s, when turboprop 
engines were introduced. This was the golden age, in 
which aviation lived in a state of amity with all of its 
neighbors, but it was relatively short-lived. Tbe image 
of aviation was by no means a negati ve one. The typical 
ail'port was rather modest, short on ma1-ble walls and 
multi-story parking fac.ilities. Most airport terminals 
featured single-story buildings with a back door to the 
airport apron and a front door to the parking lot. You 
could actually see the aircraft! 

In general, aviation was accepted by local communi­
ties as a good source of employment and a necessal'y 
support to local service Industrie s and commerce. 
Although many problems had already been encountered 
in t he development of new and existing airports, such 
as Idlewild in New York (now known as Jolm F. Kennedy 
International), no one yet understood tbe severity of the 
problem of afrport development. 

Further development of aircraft into the jet age and 
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the jumbo jet age-from the Viscount to the 707, the DC 
8, the VClO, the BACl-11, and now the Concorde, with 
its noise and negative environmental impacts-has 
'l"'l'rl':Jt'lt-;,..o:;1lln ot-,.7.......,;0rl +.ho A,.. .. .,,..1,.....,......,..,... ... +, ...... , -"••• ,...,:_._.,...,,..."-.-
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The past two decades have also seen marked in­
creases in flying speed. From the operator's point of 
view, this produced an increase in the number of 
kilometers a plane could fly in a given period of time 
and especially reduced amortization cost per aircraft 
kilometer. Simultaneously, larger aircraft were being 
introduced, accompanied by projections of substantial 
economies in both capital and operating cost per seat 
per kilometer. This phenomenon triggered additional 
growth and a whole new market for leisure and holiday 
flying. It is not surprising that runway capacity, as 
well as groundside parking and access systems and 
terminal buildings themselves, came under pressure. 

On the subject of noise, the emphasis has shifted 
from purely local issues to national and international 
issues. 

FUTURE PROSPECTS 

In the past two years, air travel in most corridors has 
grown by 10-15 percent annually. Most airlines are back 
in the black, and prognostications of future growth 
trends in air travel appear positive. Most experts now 
seem to agree that annual growth l'ates of approximately 
15 percent/year will probably not 1·ecur, but growth in 
passenger travel in the range of 10 percent/year is now 
reasonable. This points up the necessity to continue 
planning and building airports, since it is doubtful 
that equilibrium or a ceiling level will be reached. 

Today's problems and prospects in planning for 
future airport access facilities can be outlined as 
follows: 

1. The difficulty of forecasting growth in patronage; 
2. Confusion about responsibility for airports when 

there may be a state plan and a city plan and a question 
as to who is to fund improvements; 

3. The question of who benefits from a proper 

Figure 1. Major reasons for airport ground delays. 
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response-(a) owners, (b) carriers, (c) owners of ad­
jacent property, or (d) travelers; 

4. The question of who is to pay for (a) energy 
cv5ts, (t,} cuvii-Oiiiiltrital Ueilay:;, (..:;) iuuUiug, u~l~yts, 
and (d) congestion delays; and 

5. How to plan compatibly to serve both existing 
and future needs. 

Technological advances will continue to reduce total 
cost, although these advances may well be less dramatic 
than those of the past 15 years. Additional marketing 
strategies to attract charter traffic will be developed. 
Essentially, more people will continue to use the air 
mode to link origins and destinations separated by great 
distances. International air travel is forecast to in­
crease more drastically than domestic air travel, and 
a high proportion of the predicted growth in demand is 
in the leisure rather than the business sector. 

Airlines will be placed under more pressure to 
develop greater fuel economy and reduce aircraft noise. 
They will have to accelerate the retirement of older 
equipment from main-line service, which will add to the 
need to reduce their capital for the purchase of new air­
craft and ancillary facilities. 

Another point that bears mentioning is that, with 
larger aircraft and greater payloads, airside facilities 
(runways and aprons) will reach capacity at a slower 
rate than grow1dside facilities (roads and pa1·king facil­
ities) and terminal buildings that accommodate person 
movements. The concentration of curb-frontage activity 
and related pressures in central parking areas will be­
come a more serious problem on the groundside and 
necessitate major expenditures on vertical expansions 
of enplaning and deplaning levels and on parking areas 
and roads. 

Twenty to thirty years ago, the airport was a major 
attraction for recreational trips and sightseeing. Be­
cause of land availability, the airpoit was vie-wed in a 
rural context and thought of only as a support facility 
to the community. Today, the airport is urban rather 
than rural in context and a most important part of the 
urban fabric. We must treat it accordingly, not only as 
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a place to arrive and depart by air but also as a place 
to shop, to work, and to conduct business. 

FUTURE PROBLEMS 

Previous studies have indicated that there are four 
prime issues in landside planning for airports (see 
Figure 1): 

1. Origins of trips from home or work to the air­
port are so dispersed in urban areas that few, if any, 
justifiable transit corridors exist to facilitate the trip 
linkage between home or work and the airport. This 
makes it necessary to use private, semipublic, or 
public vehicles on the road system to effect the linkage, 
which further adds to demands for more and better 
highways. 

2. Few major regional airports have more than one 
major highway linkage to the major regional highway 
networks. This adds to the problems of congestion and 
delay during hours of peak airport use, work-shift 
changes, and so on. 

3. Too much parking has been placed in the central 
terminal area in close proximity to the airport terminal 
for a proper balance among terminal capacity, parking 
capacity, and roadway capacity. This further increases 
congestion and confusion in the central terminal area. 

4. Too much pressure is placed on enplaning and 
deplaning linkage between vehicles and terminals. 
Curb frontage is perhaps the most precious real estate 
at any airport terminal facility because of this great 
need. 

In my opinion, there are institutional constraints 
that are also paramount in the proper development of 
new and improved airport facilities. These constraints 
involve the interaction between the government groups 
responsible for airport planning and development. 
Airport development is largely supported by federal 
funds. Formulas have been conceived to facilitate this 
development, but they are not realistic, acceptable, 
and fair in all cases. This fact alone causes great con­
cern among many people and results in animosities and 
disputes that stymie good, timely airport planning 
and development. Funds that were designated to be 
spent on the basis of zero-budget funding are thus en­
cumbered and not used as intended. 

Federal regulations are, in many instances, mis­
used to delay airport development. Environmental im­
pact statements alone can set back an airport program 
for as much as 10 years. It is easy to see that, when the 
growth of patronage continues and airport improvements 
are delayed, the problem is further compounded and the 
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losers are usually travelers, their businesses, and their 
families and ultimately, in some cases, the community 
and the owners of the airport complex. From my van­
tage point, the most difficult institutional problem is the 
inertia and discord among airport planners, sponsors, 
and benefactors. It is unlikely that major changes or 
improvements will occur, but I believe that, if funding 
mechanisms at the federal level could be more stream­
lined and funds used more readily for their intended 
purposes, it would offer the greatest challenge and 
benefit to airport growth and development. 

Another paramount issue in improving airports and 
expanding existing ones relates to the groundside compo­
nents of roads, parking facilities, intra-airport trans­
portation, and pedestrian linkage between the automobile 
and/or public transportation and the airport terminal 
building. Employee parking must be differentiated 
from public parking . Public parking should be dl,fferen­
tiated as to short-, medium-, and long-term duration. 
Short- and medium-term parking should be accommo­
dated close to the terminal; in most cases, long-term 
parking can be more remote from the terminal and 
some shuttle bus service can connect interim origin 
and destination at the airport. 

Travel needs know no fixed areal subdivision, owner­
ship, or municipal boundaries. Highway planning and 
fixed-rail planning for access to airports tend to be 
jeopardized because of the infrastructure of planning 
responsibility, airport ownership, and regional trans­
portation development needs. Most airport road systems 
are primarily planned only by the owner, to the boundary 
of the airport property. The state or city or county 
responsible for the roads that lead to the ai.rport from 
the regional network of highways is then 1·esponsible 
for the external road system. Case history after case 
history clearly emphasize the resulting breakdown in 
the planning and facilitation of roads that link highways 
and airports. In my view, if some changes could be 
made uniformly throughout the country to give the re­
sponsibility for airport access to a single agency, this 
situation would be markedly improved. 
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Decision Tool for Analysis of Capacity 
of Airport Terminal Buildings 
B. Frank McCullough, Department of Civil Engineering, University of Texas 

at Austin 
Freddy L. Roberts, Austin Research Engineers, Inc., Austin, Texas 

A systems approach to the analysis of the airport system is presented. 
Airport managers currently do not have a viable tool for determining the 

effects on capacity of altering the location, operation, or design of indi­
vidual components within an airport. Models currently exist for analyz. 
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ing airside capacity, but there has been no means available for comparing 
and balancing the capacity of all landside components. The technical 
literature does not contain a method for analyzing these units as a sys­
tem. A new definition of the airport system and a new svstems­
analysis-based definition of capacity in relation to level of service are 
presented, and an algorithm and a computer program that analyze 
the flow of passengers through the airport system as a function of 
time are discussed. 

Currently used methods of analyzing the capacity of air­
ports may be termed a "component approach". In these 
methods, analytical models and simulations are used to 
determine the capacity of an individual component inde­
pendent of the rest of the airport system. The problem 
with using such an approach is the absence of a mecha­
nism for balancing flows in all the components, which 
results in providing excess capacity in some compo­
nents and congestion in others. 

'T'hP ::tltPrnl'ltP ::tpprn::ir.h tn thP prnhlPm nf ilPtPrmining 

airport capacity is a systems approach. The systems 
approach forces the analyst to use a broader, more 
comprehensive frame of reference than that typically 
used in air transportation. Thus, the capacities of the 
individual components are computed and compared and 
all the components can be balanced. 

A systems procedure for analyzing air terminal flow 
has been presented in a series of reports that were part 
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of Transportation (DOT). A report by Gualda, McCul­
lough, and Dunlay (1) outlines the basic modeling for 
the components. Chmores and McCullough (2) report 
on the collection, at a number of airports, oT data that 
were used for model development and verification. 
Park and Dunlay (3) report on the development of models 
for intervening activities. Chambers and McCullough 
(4) report on the overall computer program and the 
development of a user's manual. These reports should 
be examined for a detailed explanation of the study. 

The objective of this paper is to present an overall 
summary of the ACAPl program and briefly demon­
strate its capabilities and applications. More detailed 
information on the procedure is available in the develop­
ment reports (!-_i). 

APPROACH TO THE PROBLEM 

In a systematic approach to design, the limits of the 
system are first defined, then various approaches to 
capacity are discussed, and finally the approach used 
in the study is selected. 

Airport System 

For the purposes of this research, the airport has been 
designated as a system whose boundaries are specified 
as the airport entrance gate on the landside and the air­
space under the control of the approach-departure air 
traffic control facility on the airside. However, sites 
of general aviation activity as well as sites of other 
noncommercial passenger-related airport activity, 
such as air cargo facilities, mail-handling facilities, 
and government agency and airport administration 
areas, are not considered. 

To analyze a large, complex system such as an air­
port, it is necessary to divide the system into subsys­
tems. In this study, the airport system was divided 
into four subsystems: (a) the on-airport access-egress 
subsystem, (b) the terminal building subsystem, (c) the 
apron subsystem, and (d) the airside subsystem. 

The on-airport access-egress subsystem entails the 
movement and storage of vehicles that enter the airport 
grounds and proceed directly to the terminal building 

curbside or parking area. In this subsystem, the pro­
cessing unit is vehicles. Within the terminal building 
subsystem, the processing unit changes from vehicles 
' - - - - , • - J. ,., ' ~ 
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through the terminal building subsystem, passengers 
and baggage move into the apron subsystem, where both 
the loading of passengers and baggage and the cleaning 
and servicing of the aircraft occur. Here the process­
ing unit changes from passengers and baggage to air­
craft. The airside subsystem includes the movement 
of aircraft from the apron to the boundaries of the 
terminal airspace. 

Because many activities occur in each of the sub­
systems, it is necessary to further divide each sub­
system into individual components. In systems engineer­
ing terminology, a component is the smallest element 
into which a system is divided for the purpose of analy­
sis. In this paper, the term "component" is used to 

A schematic representation of the airport system is 
shown in Figure 1. It should be noted that in the past 
most schematic diagrams of airports depicted an exact 
functional flow through the different components, 
especially in the terminal building, but this is not the 
case in Figure 1. The subsystems are fixed close to 
actual flow paths, but their exact linkages are left un­
specified. The exact linkages between components are 
not defined in order to provide flexibility in adapting the 
system definition to any airport configuration. 

This paper deals only with the terminal building sub­
system and those components within the terminal build­
ing that are involved with passenger movements from 
the building entrance up lo and including the jetway into 
the aircraft. 

Airport Capacity 

Capacity is an index of the performance and capability 
of an airport in servicing the processing unit. Histori­
cally, the capacity of an airport was assumed to be 
limited by the airside operation. As a result, research 
and development in airport capacity have concentrated 
primarily on airport runways and gates. However, the 
growth in the number of passengers processed at air­
ports has shifted the emphasis of the capacity problem. 
There is increasing evidence that the landside is be­
coming the constraint on airport system capacity. Be­
cause of the prior work in airside capacity and the shift 
in emphasis to the iandside, the terminai building sub­
system was chosen as the starting point of this re­
search study. 

As it became evident that the landside was becoming 
the constraint on capacity, DOT asked the Transporta­
tion Research Board to convene a workshop conference 
to discuss problems that relate to airport landside 
capacity. The subjects for consideration at the 1975 
workshop included (a) level-of-service methodologies 
to quantify airport landside capacity, (b) engineering 
techniques to increase landside capacity, and (c) ana­
lytic tools for use in improving landside level of 
service. 

A review of papers presented at the conference (5-
8) shows that it is becoming increasingly common to 
consider capacity with a corresponding level of service. 
For example, Heathington and Jones (5) point out that, 
"Capacity is the physical provision required for a given 
demand at a given time at a specified level of service" 
and ''When capacity is defined as ultimate or maximum 
capacity, it is generally associated with the lowest 
level of passenger service. " This concept is similar 
to the concept of highway capacity (9 ). 

In order to develop a capacity that relates to level 



Figure 1. Generalized schematic representation of the airport system (flow lines omitted) . 
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Figure 2. Calculation sequence of ACAP algorithm. 
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of service, definitions of the following terms are 
necessary: 

1. Level-of-service measure-a physical measure 
of how a component subsystem or system performs, 
and 

2. Level-of-service criterion-a specified maxi­
mum tolerable limit on the level-of-service measure. 

The capacity of the airport system, as well as its 
subsystems and components, is a direct function of 
three concepts: 

1. The level-of-service criteria for the system, 
subsystems, and components of the airport in question; 

2. The period of time over which capacity is to be 
determined; and 

3. The pattern of demand of passengers, aircraft, 
baggage, and ground vehicles for the airport in 
question. 

The following definitions of airport capacity (desig­
nated ACAP) have been adopted for use in this study: 

1. Airport system capacity-the maximum level 
of demand of a given pattern that can be imposed on an 
airport system in a given interval of time without vio­
lating any specified level-of-service criterion for the 
airport system as a whole for any of its subsystems or 
components, 

2. Airport subsystem capacity-the maximum level 
of demand of a given pattern that can be imposed on a 
subsystem in a given interval of time without violating 
any specified level-of-service criterion for the particu­
lar subsystem or any of its components, and 

3. Airport component capacity-the maximum level 
of demand of a given pattern that can be imposed on a 
component in a given interval of time without violating 

a specified level-of-service criterion for that compo­
nent. 

As defined above, a level-of-service measure is a 
physical measure of how a system or part of a system 
performs. But the opposite measure-level of 
congestion-is much easier to visualize and quantify. 
Level of congestion is defined as a measure of how 
poorly a system or a portion of a system performs. 
Thus, the more a level-of-congestion measure increases, 
the worse the system, subsystem, or component per­
forms, and vice versa. In this papor, mcusurcs of con­
gestion such as queue length and waiting time are used 
to denote system, subsystem, and component per­
formance. 

MODELING TECHNIQUES 

To develop a computer program for modeling passenger 
and baggage flow within an airpo1·t terminal, a bas ic 
algorithm was established for the flow ne twork and a 
series of submodels for various components in the 
terminal, e.g., ticket counters, security check, and 
lounge area. As mentioned previously, prior work in 
this area has been very limited because most of the 
de velopment has been on the airside of the airport. 
Thus, we decirlect to either use pre•.riously developed 
models or develop mathematical models based on field 
observations. 

The basic algorithm for the ACAP model is pre­
sented below, and two modeling procedures are demon­
strated. One method is component modeling by the use 
of regr e ssion analys is or experimental observatiou; 
the other method is a conventional modeling proces s of 
mathematically describing experimental observations. 

ACAP Algorithm 

Since the number of people at a given component at any 
time is a function of the flow of people thr o.ugh preceding 
activitie s, a stagewise or rec.ursive algorithm was 
selected as the most suitable means of modeling flow 
through an airport. Because of the complexity of many 
airports and the highly time-dependent nature of some 
passenger flows, a single steady-state description of 
the airport that applies for all times, or even for an 
interval of a few hours, was not possible. The arrival 
of passengers at a check-in is an example of a flow that 
varies dramatically with the flight schedule. 

The algorithm adopted accomplishes two pur poses: 
The first is to determine the change in the status of the 
demands at the various activities from one time interval 
to the next, and the second is to determine the congestion 
measures at each activity during the previous time inter­
val. Reasonable time intervals for use in an analysis 
should be from 1 to 5 min. 

The ACAP algorithm performs calculations in the 
following sequence, as shown in Figure 2. 

1. Calculate the flows into the system during the 
next time interval from the groundside and from the 
airside on the basis of data input by the user. Increment 
the appropriate counters to indicate the increased num­
bers of units at all components affected by current flows. 

2. Set I = 1. 
3. Call a subroutine to calculate the flow from ac­

tivity I to each activity J for which flow from activity I 
to activity J ·exists. Decrement the counter for com­
ponent I to indicate this outflow. 

4. Increment the counters for activities J to reflect 
the inflows that occur during the following time interval. 

5. Test to determine if I is less than the total 
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number of components. If it is, increment I by one and 
go to step three; otherwise, go to step six. 

6. Calculate the measures of congestion for each 
activity as a function of the flow to that activity during 
the following time interval, the service rate, the 
number of servers, and on to completion. 

Because the capacity of an airport is affected by the 
number of users at the initial condition, it is usually 
suggested that the starting time for the calculations be 
midnight or early morning or some other time when 
the airport can be considered empty, except possibly 
for some long-term parking. These initial conditions, 
then, will have little or no effect on the calculations per­
formed for the day or evening, when the capacity of the 
airport is most likely to be approached. 

In its stepwise nature, the algorithm above, which is 
repeated once for each time interval for the period dur­
ing the day to be analyzed, is reminiscent of simulation, 
but it differs from simulation in the following basic 
ways: 

1. The method described above deals with network 
flows during discrete time intervals rather than stepping 
individuals through the airport and scheduling successive 
arrivals at all facilities for all persons as distinct 
events. 

2. In the ACAP algorithm, the average waiting times 
and queue lengths during discrete time intervals are 
computed internally by using analytical models. In 
simulation, however, the exact number in each queue, 
transit, or service is tabulated continuously throughout 
the analysis period, and then the average measures of 
congestion are computed externally, on a strictly 
empirical basis, after the simulation is completed. 

Because of these factors, the proposed method requires 
considerably less computer time than a simulation 
model would. 

Component Modeling by Empirical 
Methods 

The executive algorithm handles flows from node to node 
in a very general and computationally efficient way. 
Thus, each of the component models focuses on the ac­
tivity at a particular node or type of node. 

The executive algorithm handles the flows within 
discrete time steps, the durations of which are input 
by the user. At the beginning of a time step, at a given 
node, the present queue length Lq is known, as is the 
total number of people T who will desire service at 
that node during the time step. T, then, can be thought 
of as the number of people in the system at the begin­
ning of the step plus new arrivals at the node du1·ing the 
step. The algorithm requires computation of (a) con­
gestion measures at the end of the time interval and (b) 
the number of services during the interval. 

In view of the fact that the user inputs the time step 
At, this quantity must be treated as a variable in the 
analysis. 

The approach used for developing component models 
through regression analysis is illustrated below for the 
security check and the ticket counter to demonstrate the 
concepts. 

Security Check 

To treat the time step At as a variable, the data are 
grouped into successive time intervals with lengths that 
vary randomly from, say, 0.5 to 5 min. The data are 
then arranged as follows: 

queue length at the beginning of the j th 
time interval, 
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number of people who desire service 
during the j th interval (Lqi plus the 
number currently being served plus the 
number of arrivals during the interval), 
number of services during the j th interval, 
average service rate during the j th in­
terval, and 
length of the j th interval. 

Then the following regressions are performed on termi­
nal observations: 

Lqj+1 = f(Lq;, Tj, µ;, lit;) 

FOUTj = g(Lq;, Tj, µ;, lltj) 

A 

An estimate of Lqi+1 can be obtained from FOUTi: 

S;+1 = T; - FOUT; 

(I) 

(2) 

(3) 

is the number in the system at the end of the j th time 
interval. Then, 

Lqi+1 ={0
s I 

j+l -

ifS;+1 = O 
otherwise 

(4) 

But an attempt to compute FOUTi in terms of Li+1 in­
volves an ambiguity of one if LqJ+1 = 0. 

The treatment of µl requires additional considera­
tion, since observations indicate that the service rate 
increases as the queue length increases. It is con­
venient, however, to use a constant overall service 
rate µ and allow the predictors Lqi and Tl to account 
for increased numbers of services when there is con­
gestion. 

There are analytical methods for computing the 
average time spent in the queue as a function of queue 
length (10). However, the following is more consistent 
with thecalculation of measures of congestion for a 
point in time and requires no assumptions regarding 
stationarity. As discussed.previously, the queue length 
Lq at the end of an interval is calculated; thus, the time 
spent in a queue of this length is 

Lq-1 

~xi (5) 
i=O 

where X1 (i = 1, 2, ... , Lq - 1) = service time for other 
members of the queue who arrived earlier and Xo = time 
required for the service currently being performed. 
But the mean of this sum is Lq/µ. 

The fact that the current service may be partly com­
pleted when the Lq th person entered the queue has been 
disregarded above. The average waiting time Wq so 
obtained is the average waiting time that corresponds 
to a queue length of Lq, not the average waiting time 
during a period of time during the day. This calculation 
of Wq, moreover, involves no prior assumptions re­
garding probability distributions, services, or inter­
arri val times; the only assumption is that the average 
service time is known. Whatever random properties 
are exhibited in the data, however, are reflected in 
Wq. 

Ticket Counters and Check-In 
Stations 

The check-in stations and ticket counters are modeled 
as discussed above, except that the number of servers 
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must be treated as another variable. Thus, the follow­
ing regression formats were developed: 

Lqi+t = f(Lqi, Ti , µi , Ci , L'>ti) 

FOUTi = g(Lqi, Ti, µi, Ci, L'>t;) 

where CJ is the number of servers during the j th 
interval. 

Empirical Limitations 

{b) 

(7) 

A weakness of this approach is that the models de­
veloped are, strictly speaking, valid only for the air­
ports for which data are included in the analysis or for 
other airports that are very similar to them. This prob­
lem was partially solved by collecting data from as di­
verse. a set of circumstances as possible and including 
meamngful parameters in the regression models so as 
to allow the models to be adapted to a wide set of 
conditions. 

It should also be noted that any approach to compo­
nent modeling would involve either developing empirical 
models or using analytic queueing models on the basis 
of empirical validation. Thus, the only way to avoid the 
limitations of empiricism is to refrain from developing 
any models at all. 

Intervening Activities Modeling 

A method was used to include an "intervening activities" 
model in the airport capacity algorithm. This in­
volved characterizing the intervening activities engaged 
in by airline passengers from an algorithmic standpoint 
and modeling the activity at the intervening activity 
nodes. The calculation of measures of congestion at 
intervening activities, which are less important than 
measures of congestion for essential activities is a 
subject for future discussion. The algorithm deals 
with measures of congestion for essential activities. 

Algorithmic Considerations 

Technically, there is an opportunity for some sort of 
intervening activity (IA) by passengers between essen­
tially any pair of nodes within an airport terminal 
building. Practically speaking, however, some points 
are much more likely to involve significant IA time 
than others. At some airports, for example, there is 
limited opportunity for intervening activities beyond 
the security check. Although one could go to an inter­
vening activity before going to the ticket counter, it is 
reasonable to think that most people would go to the 
ticket counter-an essential activity that sometimes 
generates long queues and involves unpredictable wait­
ing times-before engaging in unessential intervening 
activities. Thus, the single most likely point for sig­
nificant IA time for people who have to buy tickets is 
between the ticket counter and the security check. 

It is clear, however, that the most probable points 
for intervening activity are highly variable from airport 
to airport. It is reasonable, then, to allow the user to 
define the position of the major intervening activity 
nodes along with the rest of the airport configuration. 
It is anticipated that each path through the system will 
have at most two IA nodes, but this is not a constraint. 

This approach for including intervening activities 
is very compatible with the executive algorithm that has 
been developed. Moreover, an approach that involved 
the modeling of intervening activities after each node 
would require much more core and execution time and 

would probably be less flexible than the suggested 
method. 

Finally, it is more effective to handle intervening 
acnviues on a coiiecuve oasis ; mac i s, a given i:A. nuue 
can actually represent several separate activities, 
such as a restaurant, a gift shop, and a magazine stand 
that are all in the same area. Representing all of these 
activities as separate nodes would greatly increase core 
requirements and execution time, and it is doubtful that 
the additional modeling detail would yield significant use­
ful information. 

Component Modeling 

At the beginning of a time step, the following informa­
tion is available for any given IA node: (a) OCCUPY 
(L, I, IFL), or the number of units available to be ser­
viced during the time step at node I, following path L 
and destined to take flight IFL (the index IFL has an ' 
artificial meaning for deplaning units of flow); and (b) 
FLTIM (L, IFL), or the time of departure of flight 
number IFL, which is reachable through path L. 

It was necessary to develop a mechanism for schedul­
ing flows out of the IA nodes. To achieve this a func­
tion f(t) was developed that gives the probability that a 
person in an intervening activity, who has available or 
excess time t before his or her flight, leaves the inter­
vening activity during a time interval of length AL 

Suppose, for path L and flight IFL, the available time 
~t the beginning of the current time step is t.t ', which 
1s not necessarily the same as .6.t. The number of 
"service" completions at IA node I in one time step is 
given by 

OCCUPY(L, I, !FL) f(t)(M/L'>t) (8) 

It has been assumed above that the probability of leaving 
the intervening activity is approximately constant during 
small intervals of time-say, up to b min . A single f 
function can thus be used for any reasonably small time 
step .6.t '. 

Next, the "available" time t must be calculated. The 
most obvious way to compute t is simply to form the dif­
f~rence b~tween the flight departure time and the present 
time. This does not, however, take into account the 
inevitable path-to-path variations in the expected time 
required for necessary activities beyond the IA node. 
It was therefore decided that the user should input this 
expected required time following each IA node. The 
~ser can only make a rough estimate of the required 
hme, of course, but this is exactlv what a oassene:er 
:,vould_do in th~ process of deciding whethe; to engage 
m an mtervemmr acti vitv. 

Time t, then; is · 

t = FL TIM(L, !FL) - T 1 -T(I) (9) 

where T1 is the current time and T(I) is the estimated 
required time for further required activities beyond IA 
node I. 

The development of the f function must be in discrete 
tabulated form: f(t1) (i = 1, 2, . .. , n), where f(t1) is the 
probabi~ity tha! a person in an intervening activity, who 
h~s ~va1l~ble !1me equal to ti, will leave the activity 
w1thm a time mterval of length t.t, the step size for the 
ti array. The value of .6.t is considered to be on the 
order of 2- 5 min. 

ACAPl COMPUTER PROGRAM 

It is not possible to present all of the input in the ACAPl 

" • . 



Figure 3. Enplaning portion of airport transportation 
network. 
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Figure 4. Path-to-sequence transformation. Figure 5. Distribution of passenger arrivals by intervals. 
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program, but a brief overview is given to demonstrate 
the concepts. 

Description of the Program 

The ACAP1 program was written in FORTRAN IV com­
puter language for use with the CDC 6600/6400 computer 
system at the University of Texas at Austin. However, 
it is written in a form that should be relatively easy to 
use with other computer systems. 

Since the program analyzes the flow of passengers 
through an airport system that has a given demand, as 
a function of time, the configuration of the airport is a 
required input to the computer program. The program 
is structured so that an airport design or subsystem 
design of any configuration or layout can be input by the 

BO 
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user. It should also be noted that congestion caused by 
flows from outside a particular subsystem under con­
sideration can be handled. Inputs from outside the sys­
tem, such as the time-varying arrivals of passengers, 
are also defined by the user as input to the program. 

It should be noted here that ACAP1 was developed as 
a preliminary program to test the overall algorithm. 
It was designed in modular form to permit the addition 
and deletion of individual component models as new 
component models are developed or existing models 
are updated, without affecting the overall algorithm. 
In fact, new component models are currently being de­
veloped and implemented into the program as part of 
the continuing ACAP research. 

Conceptual Description of Input 

It may appear at first glance that the input to this pro­
gram model is somewhat intr icate, but the generality 
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of use as well as the accuracy of the program requires 
complicated input so that the program will be applicable 
to the wide variety of shapes, sizes, and configurations 
of either existing or planned airports. 

Input of the Airport Configuration 

An airport can be viewed as a transportation network. 
By defining the nodes of the network and the branches 
between nodes, the user can define any airport con­
figuration. Consider, for example, the very simple 
case shown in Figure 2. The enplaning part of the sys­
tem will be used to demonstrate the concepts. The re­
quired input would include (a) the number of nodes, (b) 
the activity type of each node, and (c) the sequence of 
nodes. 

The number of nodes is equal to the total number of 
separate individual nodes. In the example shown in 
Figure 3, the number of nodes is equal to 16. Note that 
it is possible, in fact probable, to have mere than 1 node 
of a particular type; for example, in Figure 3 there are 
3 ticket-counter nodes. 

The activity type of each node, although seemingly 
insignificant, is indeed critical. The program selects 

Figure 6. Plan view of Hobby Airport terminal building. 
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Figure 7. Input data for node characteristics. 
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the specific model for use in computing the capacity of 
that node based on the type of activity that occurs at 
that node. 

As mentioned above, the user-defined airport con­
ii~uraliuu i~ Ua~ta.i vu i.i1t:: u~i.wurK cuu1.;~vi... lu i.i1i~ l;UU­
cept, all components in the system (such as ticket 
counters, security checks, boarding lounges, and bag­
gage claims) and paths through the system are repre­
sented by a series of nodes and links. There are two 
approaches to inputting the configuration of the system 
into the model. One approach is to input all paths 
through the system or subsystem with each node in 
sequence, as shown in Figure 4, This method, although 
simple, is very cumbersome. The second approach is 
slightly more complicated, but its primary advantage 
is that it drastically reduces the number of calculations, 
thereby reducing program running time and thus cost. 
In this method, the layout is first examined and the paths 
are categorized by the sequences they have in common. 
The paths are then input as a series of con1n1on se­
quences of nodes rather than a series of nodes. This 
transformation from paths constructed of nodes to paths 
constructed of sequences is demonstrated in Figure 4. 

Input of Flows to the System 

As mentioned above, the external flows of passengers 
to the system or subsystem must be input by the user. 
It was as~n.11I1ed that passengers arrive at lht! ~ysten1 or 
subsystem boundary according to an unspecified defined 
distribution that has one end at or near the flight de­
parture time. This distribution can approximate a uni­
form, a normal, or some other known distribution. The 
arrival distribution is considered to be made up of the 
time differences between the departure time of the flight 
and the times at which the passengers arrive at the air­
port for the flight. If the distribution is divided into 
small time intervals, the arrival rate can be assumed 
to be constant over these intervals. For example, the 
arrival distribution curve shown in Figure 5 is divided 
into smaller time intervals over which the arrival rate 
is considered to be constant. Then the ending time of 
each of the smaller intervals and the constant arrival 
rates are input for each flight on each path. 
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Figure 8. Input data for network characteristics. 
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APPLICATIONS 

This program can be a valuable tool for making esti­
mates of airport capacities for use by airport planning 
and design consultants, airport administrators, and 
other interested persons. It has application both to the 
analysis of existing airport components and the predic­
tion of the capacities of components of future ail·ports. 
The applications take two basic forms: (a) identification 
and specification of research and capital improvement 
priorities for various components of the airport system 
and (b) preliminary testing of alternate designs and 
sizing components so that indi victual capacities are ade­
quate to meet projected demand and at the same time 
are balanced with the capacities of other components. 

Since the measures of congestion are calculated for 
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I 

each time step at each component, it is possible to 
determine whether minimally acceptable service criteria 
are met at each component. Thus, i~ at any time dur­
ing the daily operation of the airport or candidate design 
of an airport, the measures of congestion become exces­
sive at any component, the program then prints out a list 
of the components, the times at which the violations oc­
curred, and the type of offending measure of congestion. 
The criteria for determining when a measure of con­
gestion is "excessive" are specified in the input by the 
user. This type of output permits the user to analyze 
the sensitivity of these level-of-service measures of 
the airport by changing the flight schedule or available 
components, inputting the changes, performing another 
run, and analyzing the output. Thus, to examine the 
level-of-service effects of adding a second channel for 
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Figure 9. Input rates. CONSTANT J1,1PUT RATEi 
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security checking, for example, the user would perform 
two runs of the program, The first run would have only 
one channel for security check whereas the second run 
would include two. The effect of two channels could be 
determined by analyzing the results for the two runs. 
This type of a.m~lysis wonlrl l:>e nsefnl in rletermining 
whether an existing airport is adequate for meeting 
future demand and; H not; in identifying the areas in 
need of expansion. In the case of a planned airport, the 
user would be able to determine whether a design under 
consideration is suitable for demands projected during 
the design life. 

SAMPLE PROBLEM 

The use of the concepts presented above is perhaps best 
demonstrated through the presentation of the solution of 
an example problem by use of ACAPl. The example is 
a relatively simple, hypothetical one used only for il­
lustrative pu1·poses . The example is designed to re­
semble flows of e nplaning passengers within the terminal 
building at Hobby Airport in Houston, Texas, and illus­
trates that, although the inputs are extensive, they do 
not place an unreasonable burden on the user. 

The Hobby Airport was selected primarily because 
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it is of rather simple design. The airport serves pri­
marily as a relief airport for Houston Intercontinental 
Airport. The commercial traffic is composed of intra­
state commuter service and connecting service to the 
Dallas- Fort Worth area. A plan view of the terminal 
building is shown in Figure 6. 

The input data for this problem are shown in echo­
print form in Figures 7-9. The echo print is used be­
cause of the labeling, which makes the problem input 
easier to understand. 

In the construction of the input data deck, several 
steps must be taken. The first step is to designate the 
bounds of the analysis period. As mentioned previously, 
a beginning time should be selected so that the airport 
can be considered empty . For the example problem, 
6:00 a .m. and 10:30 p .m. were chosen as the beginning 
and end of the analysis period, respectively. 

The second step is to delineate the airport configura­
tion in terms of a node-link network. Each component 
of the system or subsystem is considered to be a node. 
Thus, each of the ticket counters and each of the 
checkpoints (Figure 6) is treated as a separate node. 
Each node is then arbitrarily assigned a node number. 
The node number, node label, model number, measures 
of congestion, and number of available servers and their 

;; 



service rates for each node are all required input. The 
links of the node-link network are implied in the path­
sequence construction discussed above, which is also a 
required input. 

The final step in assembling the information for the 
input deck is the inclusion of the arrival-flow distribu­
tions. This is accomplished by examining the distribu­
tions relative to the flight schedule on each path in a 
manner similar to that described above. 

As Figure 7 shows, there are four servers at the 
ticket counter of airline A and only two servers at the 
ticket counter of airline B. Airline A has five times 

Table 1. Departures from Hobby Airport. 

Airline 

A 

B 

Flight 
Destination 

Dallas Love 
Field 

San Antonio 

Harlingen 

Dallas - Fort 
Worth 

Departure Times 

7:00, 7:30, 8:30, 9:30, 10:30, and 
11:30 a.m.; 12:30, 1:30, 2:30, 
3: 30, 4: 30, 5: 30, 6: 30, 7: 30, 
8: 30, and 9:30 p .m. 

8:00 a.m.; 12:00 noon; 4:00 and 
8: 00 p.m. 

9: 00 and 11:30 a .m. ; 2:30, 5:00, 
and 7:00 p.m . 

7:00 and 9:45 a.m .; 12:25, 4:10, 
and 7:00 p.m. 
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as many flights as airline B at this airport. In addition, 
note that there are four servers and six servers at the 
corridor and concourse components, respectively, be­
cause it is assumed that as a result of layout constraints 
only those numbers of people can, at any given time, 
pass abreast a given imaginary line that crosses those 
components . The figure shows that the time interval 
selected was 1 min. 

Figure 8 shows the network information, such as 
which nodes are in each sequence and which nodes follow 
which sequence. For example, for path 1, nodes 1, 2, 
4, 5, and 6 are included, whereas for path 6, only nodes 
1, 4, 5, and 7 are included. In the section that contains 
the succeeding nodes, the negative numbers indicate 
the end of a path. 

Figure 9 shows the constant input rates chosen for 
this example based on the flight schedule shown in Table 
1. These input rates are assumed to be relatively low 
on all paths except for a period 30-60 min prior to the 
scheduled departure time of a flight on that path. Thus, 
on path 2, the fourth input r ate is a consta nt 3.10 
passengers/min for the time i nterval from 7:30 to 8:00 
a.m. In addition, note that the input rate on all paths 
between the last flight departure time on a path and the 
closing time of the airport or the end of the period 
under consideration has been set to zero. 

The program then calculates the flows into and out of 
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each component and the associated measures of conges­
tion at each component for each time step throughout 
the period being examined. As Figure 10 shows, the 
results of these calculations are printed for the indi­
vidual time steos at a samole rate to be determined bv 
the user. Figure 7 shows that the results are printed 
once for every 60 time steps. 

At the end of each rWl, a final summary is presented 
that shows when and where the congestion criteria have 
been exceeded. As can be seen in Figure 11, the con­
gestion appears to be concentrated at the ticket counters, 
the most comrestion at the counter of airline R. SincP. 
airline B has only two agents at this component, it 
would appear that more agents are needed. Two addi-

Figure 11. Final summary with two servers at ticket counter of airline B. 
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Figure 12. Final summary with three servers at ticket counter of airline B. .. su .. ••URY OF OVER•CONGESTED •ODE CO•OIT IONS .. 
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Figure 13. Final summary with four servers at ticket counter of airline B. .. SU•MARY OF OVER-CONGESTED NOOE co'I.O]TIO~S .. 
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Figure 14. Percentage of time maximum allowable 
average queue length exceeded versus time of day. 
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tional runs of the program were made, and each time 
the number of servers at this component was incre­
mented by one and all other input values were kept at 
the same level. Figures 12 and 13 show that a marked 
decrease in the amount of congestion at this component 
occurs with each additional server. A clearer view 
of this decrease in congestion can be seen· in Figure 
14, in which the percentage of time the maximum al­
lowable queue length is exceeded is plotted versus time 
and the flight departure times are indicated by arrows 
on the time axis. As the plot for two servers shows, 
the congestion is so great that at times the queues do 
not dissipate until after the scheduled departure time 
of the aircraft. This problem is at least partially 
cured by the addition of an agent. 

There is, however, a limit to the number of servers 
that can be added above which nothing is really gained. 
Notice in Figure 14 that, when four servers are used, 
the percentage of time the maximum allowable average 
queue length is exceeded is zero except for the interval 
between 9:00 and 9:30 a.m., but in Figure 11 the use of 
four servers produces a combined service rate so great 
that the queue length at the check-in counters becomes 
excessive. If each passenger is to be served adequately 
throughout the airport, additional servers must be pro­
vided at the check-in counters of airline B. 
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SUMMARY 

This paper presents an introduction to a computer pro­
gram that is designed to be a decision-making tool for 
use in airport capacity analysis and planning. The pro­
gram has the flexibility to be used for either existing 
airports or planned airports of any configuration. The 
inputs to the program include the airport configuration, 
the flows into the system, and a description of the com­
ponents that make up the system. This description of 
components includes measures of congestion and the 
number and service rate of servers. 

The output of the program contains an echo print of 
all of the input data, a sample of the calculations for 
each time step, and a summary of when, where, and by 
how much each of the specified measures of congestion 
was violated. This type of output enables the user to 
determine the effect of using different methods of opera­
tion to eliminate the violations; these methods include 
adding more servers to the components at which the vio­
lations occur and rearranging the flight schedule to 
eliminate congestion by shifting the passenger flow in 
time . By reducing or eliminating the number and/or 
frequency of violations of measures of congestion, the 
capacity of the airport is increased. 

The program is currently being revised and updated 
as new component models are developed. The revised 
version should be ready for publication in the near 
future. 
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Guidelines for Evaluating Characteristics 
of Ai rnort T ,::i nc1 sic1 e Vehicle and - - - --- r - - - - -

Pedestrian Traffic 
F. LaMagna, P. B. Mandle, and E. M. Whitlock, Wilbur Smith and Associates, New Haven, 

Connecticut 

Results of a study of the chaiacteiistics of landside vehicle and pedestiiar. 
traffic at Miami (nternational, Stapleton International, and LaGuardia Air· 
ports and one terminal at John F. Kennedy International Airport are pre­
sented. Vehicle and pedestrian flow rates at all terminal buildings, curb­
side areas, parking facilities, and airport entrance and exit roadways were 
measured simultaneously and related to levels of air-passenger activity by 
using enplanements and deplanements as indices. Processing time and 
service rates were also sampled at several locations at three of the four 
airports. These data were obtained at ticket counters, automobile-rental 
areas, passenger security checkpoints, parking cashier operations, and 
other locations within the terminals. Representative per-passenger flow 
rates and processing times for pedestrians and vehicles are presented as 
rules of thumb to assist other airport planners. 

Many agencies and organizations are attempting to 
analyze and derive solutions for the congestion problems 
encountered on the ground at airports, specifically on 
access roads and at terminal buildings. This paper 
results from several studies prepared for two organiza­
tions-'-the Transportation Systems Center of the U.S. 
Department of Transportation (1) and American Airlines 
(2, 3)-both of which are interested in airport congestion 
problems but from different viewpoints. Since the 
studies were designed to meet the distinctive needs of 
c,;aroh n..,.g,;an;,nlHn~, there 1.'lere Variations bet1,Veen them 
in the methods of data collection and the analyses per-
-Fn .... l'Y'IP.rl 

Data were collected at four airports that represent, 
in total passenger enplanements, a cross section of the 
20 largest airports in the United States. In 1978, John 
F. Kennedy International and LaGuardia Airports in 
New York, Stapleton International Airport in Denver, 
and Miami International Airport ranked fourth, seventh, 
eighth, and ninth, respectively, among U_S, airports in 
terms of total annual enplanements served. Data 
collected at John F. Kennedy International focused on 
the curbside area and access roads that serve the 
American Airlines terminal. At the other three air­
ports, data were collected at each area of the airport 
where a passenger might encounter delays before 
boarding or after disembarking from an aircraft. This 
included all public areas in the terminal building, road 
curbside areas, and parking facilities. The data col­
lected in those four studies form the basis for the 

gu.idelines and characteristics presented Ll this paper. 

PURPOSE AND SCOPE 

The purpose of this paper is to provide the airport 
planner and other interested groups with basic gen~ral 
guidelines for evaluating the reasonableness of vehicle 
and pedestrian forecasts for various sectors of the 
airport landside system and to present observed dis­
tributions of process times that can be used to plan 
passenger service facilities for airport terminal . 
buildings. The findings presented relate to grow1ds1de 
vehicle characteristics, such as modal choice, traffic 
generation rates on airport roads and at parking ~acili­
ties and use of curb-frontage roadways; pedestrian 
trip~generation rates for airline passengers and visi­
tors; and processing or service times for ticketing, 
security, and parking-cashiering operations at the 
subject airports. 

Alli.PORT CHARACTERISTICS 

During 1979 Miami International Airport (MIA) handled 
about 8 248 000 enplaning passengers. MIA, which serves 
Dade County Florida, is a major entry point for passen­
gers arrivi~ from South and Central America.. Duri~ 
the study period (March 17 and 18, 1978), tourist traffic 
made up the largest portion of passenger demand. The 
proximity of Miami Beach and the cruise ships that berth 
at Miami generates a large portion of the tourist traffic. 
More than 25 percent of all enplaning air passengers are 
transfer passengers who do not have an impact on the 
terminal roadway system. 

MIA provides more than 6000 public parking spaces, 
including 4700 spaces in the central terminal area in 
three garages and a surface lot. The terminal complex 
is on two levels and has approximately 1060 m (3500 ft) of 
arrival curb space and 1135 m (3750 ft) of departure curb 
space. A central island that has a dual curb separates 
the six-lane curbside roadways. 

Stapleton International Airport (DEN) serves the Den­
ver region and the largest volume of passengers of any 
airport between Chicago and the Pacific Coast. In 1978, 
DEN, which is classified as a major hub airport by the 
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Federal Aviation Administration, handled a total of about 
9 481 000 enplaning passengers, of whom more than 35 
percent were transferring passengers. 

DEN provides more than 6200 parking spaces in a ga­
rage and surface lot in the central terminal area and ad­
jacent peripheral lots. DEN has a two-level terminal 
complex that bas approximately 275 linear m (900 linear 
ft) of departure curb frontage and 320 linea1· m (1050 
linear ft) of arrival curb frontage. The departure-level 
road is three lanes in width, and the arrival-level road 
is four lanes in width. 

Of the three airports studied, LaGuardia Airport 
(LGA) has the least percentage of interline transfers 
(during the survey, approximately 8 percent). In 1978, 
a total of about 8 547 000 enplaning passengers were ac­
commodated at LGA, which makes this the second most 
active of the four airports under study. Because it is so 
close to midtown Manhattan, in comparison with JFK 
and Newark airports, LGA serves a higher percentage 
of business travelers than most airports. During the 
survey, more than 50 percent of all air-passenger en­
planements were on business-related trips. 

LGA provides public parking spaces for about 8300 
vehicles; a garage located in the central terminal area 
has a capacity of about 2800 spaces. Five separate 
curb-frontage roadways serve the terminal-three on 
the upper level and two on the lower level. Approxi­
mately 515 linear m (1700 linear ft) of enplaning curb 
frontage is provided, 300 m (1000 ft) of which is 
located on the roadway adjacent to the terminal and 
an additional 210 m (700 ft) of which is within the park­
ing garage. About 425 linear m (1400 linear ft) is 
provided on the arrival level. The inner roadway, 
which accommodates all commercial vehicles, has 
approximately 275 m (900 ft) of curb frontage; the 
outer roadway, which serves private automobiles, has 
a curb frontage approximately 150 m (500 ft) in length. 
In addition, a remote shuttle terminal complex is also 
provided at LGA for the shuttle operations of Eastern 
Airlines. Activities at this terminal, however, have 
been excluded from the study. 

The American Airlines terminal at JFK (AA/JFK) is 
one of nine terminal facilities within the airport complex. 
The terminal is a two-level facility that, at the time of 
the sm·vey, had 115 linear m (380 linear ft) of available 
departure curb frontage and 135 m (450 ft) of available 
arrival curb frontage. The American Airlines terminal 
is served by both parking in the central terminal area 
and remote long-term parking. 

In 1978, JFK accommodated about 12.4 million en­
planing passengers. 

FIELD INVESTIGATIONS 

Extensive data were collected at all four airports. Field 
studies were conducted over six consecutive hours on 
two specified days at each of the three grouped airports 
and for one day at AA/JFK. The 1978 surveys were 
timed jointly with the airport operating agencies and 
carriers for peak activity periods during the day and, 
if possible, during months of above-average patronage. 
Surveys at MIA were conducted between 11:00 a.m. and 
5:00 p.m. on Friday and Saturday, March 17 and 18. 
The survey period preceded Easter week, which 
historically has proved to be a peak activity period at 
MIA. surveys at DEN were conducted on Thursday, 
April 20, and Friday, April 21, near the end of the ski 
season, between the hours of 2:00 and 8:00 p.m. The 
LGA surveys were conducted between 2:00 and 8:00 p.m. 
on Wednesday and Thursday, May 24 and 25, the week 
before the Memorial Day weekend. Surveys were con-
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ducted at AA/JFK between the hours of 4:00 and 10:00 
p.m. on Friday, January 27. 

To determine the appropriate number of samples 
that would be required to ensure a 9 5 percent confidence 
level for the survey data at MIA, DEN, and LGA, pilot 
studies were conducted to determine data variability 
and thus enable the researchers to ascertain required 
sample sizes. Where required sample sizes were 
found to be greater than the flow rate (or sample 
universe), the maximum practical sample size was ob­
tained. Because of the number of samples and the 
number of observation locations required, more than 
125 field observers were used simultaneously at each 
airport over the two-day period to ensure complete 
coverage and accurate data collection. The table below 
summarizes the number of usable samples obtained for 
various types of data collected by sampling methods: 

Type of Data MIA DEN LGA 

Passenger interview 950 1620 1560 
Processing time 
Ticket counters 970 830 770 
Security areas 680 1530 1460 
Parking-lot exits 665 860 310 

Vehicle dwell time 1725 1225 2220 

(These data represent totals for the two-day survey 
period at each airport. A one-day survey conducted 
at the American Airlines terminal at JFK l'esulted in 
a total of 900 for vehicle dwell times.) 

As noted, 950 passenger interviews were obtained 
at MIA, 1620 at DEN, and 1560 at LGA, for both 
enplaning and deplaning passengers. Processing times 
at ticket counters were obtained for 970 samples at 
MIA, 830 at DEN, and 770 at LGA. Other sample sizes 
obtained for processing times at security areas as well 
as at parking lot exits are also noted. 

Continuous flow rates (number of entities) were col­
lected simultaneously at all of the following locations by 
using 5-min increments: airport entrance roadways 
and exit roadways, parking lot entrances and exits, 
enplaning roadways, deplaning roadways, recirculation 
roadways, and terminal entrance and exit doors. 

In addition, various characteristics of vehicle 
activity on the airport landside sector were measured. 
These included the processing times required to exit 
parking facilities (cashiering), vehicle dwell times on 
the enplaning and deplaning curb-frontage sections, 
and vehicle unloading and loading times on the enplan­
ing and deplaning curb-frontage roadway sections. 

Processing times were measured at several loca­
tions within the terminal buildings, including express 
and full-service airline ticket counters, customs and 
immigration, automobile-rental counters, and security 
locations. This information was collected at several 
processing points at each airport. In addition, pas­
senger modes of arrival, bags per passenger, and 
group size were determined in passenger interviews. 
To obtain and ensure overall control, volumes of en­
planing, deplaning, and transferring passengers were 
provided by the individual air carriers at each airport 
for each of the 6-h study periods. When passenger 
volumes were unavailable, the numbers of passengers 
that passed security stations were used to indicate 
activity levels. These values have been related to ve­
hicle and pedestrian volumes measured during the same 
time intervals. 
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Table 1. Average patterns of modal choice for trips to and from the airport. 

Passengers (i) 

~~ mm 

Mode Enplaning Deplaning Enplaning 

Private automobile 42 47 56 
Automobile-rental bus 11 20 14 
Taxi 22 18 13 
Airport limousine 10 10 5 
Bus 15 5 3 
Other 9 

Total 100 100 100 

Note~ Transfer passeny~rs tixt:lut..100 , 

Table 2. Average air-passenger volumes. 

Number of Passengers 

Typf:' of P~~BPne-Pr MIA' 
-----
All 

Enplaning 14 900 
Deplaning 15 150 

Total 30 050 
Excluding transfer passengers 

Originating 11 200 
Deplaning 11 750 

Total 22 950 

•oata represent more than 95 percent of total passengers. 
111 AVF!rao.P. of two (iav !!urvey 
• Exciuding Eastern Airiines shu1t\e µ<lsstmyers 

DEN' LGAb, e 

10 400 14 400 

~ 12 200 

19 650 26 600 

5 950 12 300 

~ 10 300 

11 sso 22 600 

Deplaning 

70 
8 

10 
5 
5 
2 

100 

AA/JFK 

3950 
3350 

7300 

3200 
2750 

5950 

Table 3. Average airport traffic generation relations: pedestrians. 

Planning Ratio MlA°' DEN' LGA' AA/JFK' 

Ratio of total persons entering 
terminal to originating 
passengers 2.00 2.03 1.45 2.00 

Ratio of total persons exiting 
terminal to deplaning 
passengers 2.01 2.18 1.51 1.91 

Ratio of tot:il persons entering 
a,1d exiting te, minal to 

Originating passengers 4.10 4.08 2. 71 4.03 
Deplaning passengers 3.91 4.34 3.23 3.75 
Combined total 2.00 2.10 '1.47 1.95 

• Based on air-passenger volumes excluding transfer passengers. 
b Excluding intraline passengers and including interline passengers {transfer passengers between 

terminals). 

STUDY FINDINGS 

Modal Choice 

An irnprvrt~nt nnne:!irit:n"':lHnn in pl~nnin g ~irpnrt 1!:inrl~iriP 

facilities is the landside modal choice of air passengers 
tro:J11rt:l-ling tn o:::11nrl -fr n rn th'3 ~ i rpnrt. P~ ~~PngPr intP.rViP.W~ 

were conducted to determine the modes of arrival and 
departure of enplaning and deplaning passengers, re­
spectively. The results of these studies are summarized 
in Table 1. 

Patterns of modal choice were found to vary accord­
ing to time of day. At LGA, for example, use of auto­
mobiles in the morning by enplaning passengers is 
greater than the daily average. Possibly, this results 
from arriving business travelers parking their vehicles 
at the airport for the duration of the trip. Arriving pas­
sengers in the evening hours use more taxis . It is sug­
gested that this is a result of business travelers who 
spent the day in New York returning to the airport for 
the reverse leg of their journey. 

At all airports except LGA, the primary modal 
choice for both enplanements and deplanements is the 
automobile. During the survey, about 42, 56, and 25 
percent of enplaning passengers used automobiles at 

T.r..A b.A /.TFK 

Enplaning Deplaning Enplaning Deplaning 

25 
9 

46 
13 
5 
2 

100 

31 46 47 
4 3 2 

35 35 37 
20 7 5 

5 9 9 
5 

100 100 100 

Table 4. Average airport traffic generation relations: 
vehicles. 

Planning Ratio MIA' DEN" LGA' 

natlo of total vehicles 
entering airport to 

Originating passengers 0.87 1.34 1.02 
Total passengers 0.43 0.69 0.56 

Ratio of total vehicles 
exiting airport to 

Deplaning passengers 0.93 1.26 0.99 
Total passengers 0.48 0.61 0.45 

Ratio o! total vehicles 
entering and exiting 
airport to 

Originating: passengers 1.84 2.54 1.83 
DeJJhming µa.s.st:!11~t:1'.s 1.7G • "° .:a, l.U ~. IV 

Combined total 0.90 1.30 1.00 

• Excluding transfer passengers~ 

Table 5. Airport traffic generation relations : use of curb-frontage 
roadway. 

Planning Ratio MIA' DEN" LGA' AA/JF~ 

Ratio o! total vehicles usin~ 
curb frontage roadways to 

0.54' originating passe~ers 0,49 0.53 0.68 
Ratio o! total vehicles using 

curb frontage roadways to 
deplaning passengers 0.54 0.53 0.51' 0. 75 

• Excluding 1ransfer passengers. 
b Including curb in garage. 
cExcluding vehicles forced 10 traverse the deplaning roadway in exiting from the melered park­

ing lot and the garage 

MIA, DEN, and LGA, respectively. The pattern of 
modal choice observed at these airports compares 
favorably with earlier data, which indicate that 45, 
68, and 38 percent of enplaning air passengers at MIA, 
OEN; ::rnrl T_.GA ; rP.spP.dively; use private automobiles(!), 

Passene:er Volumes 

The passenger activity level for the 6-h period at each 
facility is summarized in Table 2. The daily average 
volume of the two 6-h study periods at each of the four 
airports is given. For purposes of clarity, the infor­
mation is presented for total enplaning, originating, 
and deplaning passengers . These values were used to 
arrive at planning factors and ratios. 

The numbers of passengers served during the survey 
periods were 30 050, 26 600, 19 650, and 7300 at MIA, 
LGA, DEN, and AA/ JFK, respectively. Transfer pas­
sengers were observed to represent about 24 percent 
at MIA, 41 percent at DEN, 8 percent at LGA, and 18 
percent at AA/JFK during the survey periods. 

Pedestrian Generation Ratios 

In planning airport terminals, an important considera-

;; 
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Table 6. Mean unloading or loading and 
dwell times at airport curbs by type of 

Time (min) 

vehicle. Type of Total 
Curb Airport Time Automobile Taxi Bus Limousine other Average 

Departure MIA Unloading or 
loading 1.3 3.0 1.3 1.0 0.9 1.2 

Dwell 3.0 1.8 2.9 1.7 1.5 2.6 
DEN Unloading or 

loading 1.0 0.7 0.8 0.6 0.6 0.9 
Dwell 2.3 1.2 1.8 1.3 0. 7 1.9 

LGA Unloading or 
loading 0.6 0. 5 0. 7 0.5 0.4 0.5 

Dwell 1.2 1.1 2 .2 1.3 1.2 1.4 
AA/JFK Unloading or 

loading 1.2 0.8 1.3 I. 7 o. 7 1. 1 
Dwell 2.5 1.3 I. 7 2.6 1.0 2.0 

Arrival MIA Unloading or 
loading 2.8 0.9 2.8 0.5 2.0 

Dwell 4.3 NA 3.5 1.5 3.9 
DEN Unloading or 

loading 2.9 1.0 2.6 2. 7 
Dwell 4.2 NA 3.2 3.9 

LGA Unloading or 
loading 1.2 0.3 1.2 3. 8 1.9 

Dwell 2.4 NA 1.6 1.6 2.4 
AA/JFK Unloading or 

loadi ng 
Dwell 

Note: NA = not applicable. 

tion is the volume of pedestrians that are expected to 
use the terminal. This value is a function of many fac -
tors, including air-passenger activity, passenger­
visitor ratios, points of passenger loading and unloading, 
group sizes, and non-passenger-related activities at 
the terminal building. 

Determining the volume of passengers entering and 
exiting a major airport terminal building is an expen­
sive and difficult task because of the number of en­
trances and exits. At MIA, for example, 35 observers 
were required to -monitor all doors simultaneously 
during the survey. 

Table 3 gives the ratios of total persons observed 
entering and exiting various terminal buildings to 
enplaning, deplaning, and total passengers excluding 
transfer passengers. LGA has the lowest ratio of 
persons entering and exit ing per passenger-about 1. 5 
pedestrians/ air passenger . At MIA, DEN, and AA/ 
JFK, which are more oriented to tourist and interna­
tional travel, the ratio is about 2 pedestrians/pas­
senger. It is suggested that the lower ratio at LGA 
is a result of the many bus ines s -oriented trips, which 
typically have a lower visitor-passenger ratio than 
social and recreation trips. Because the business trip 
is frequent and routine, few visitors are likely to ac­
company the business traveler. 

Traffic Generation Relations 

Traffic entering and exiting the central terminal areas 
at the study airports was observed to be quite variable 
because of its dependence on many factors, such as 
passenger arrival rates, modal-choice patterns, char­
acteristics of vehicle occupancy, passenger-visitor 
ratios, and characteristics of employee traffic . The 
amount of use and volume of courtesy-type vehicles, 
hotel vans, rented automobiles, and s huttle buses are 
believed to substantially affect these values. As the 
data given in Table 4 indicate, the ratio of total vehicles 
observed entering and exiting the airport to total 
originating and deplaning passengers varies from 
0.90 at MIA to 1.30 at DEN. 

Vehicles traveling the curb frontage were also com­
pared with the number o.f a ir passengers (see Table 5). 
Vehicle activity on the enplaning roadway was obse rved 
to va1·y from 0.49 vehicles to 0.68 vehicles/originating 
passenger at MIA and AA/JFK, respectively. The 

1 .. 0 1.2 2. 5 1.0 1.5 
3.3 1. 7 4.4 1.5 3.0 

ratio for JFK can be attributed to the number of public 
vehicles required to serve all the terminals at JFK­
that is, intra-airport vehicle traffic such as buses, 
rental vehicles, hotel vans, and others, which are 
routed so that they generally use the curb-frontage 
roadways of each terminal. 

Activity on the arrival level varies from 0,51 
vehicles/ passenger at LGA to 0. 75 vehicles/passenger 
at AA/ JFK, again reflecting the additional intra­
airport vehicles that use the facilities. It should be 
noted that including those vehicles that use the 
deplaning-level roadway in exiting from the garage 
and the metered parking lot at LGA would produce a 
0. 76 ratio of vehicles to passengers. These vehicles 
have been excluded since, because of the roadway con­
figurations, all traffic that exits the garage at LGA 
must traverse the deplaning roadway. 

Vehicle Dwell Times 

Dwell time is the difference between the time at which 
a vehicle stops at a curb and the time at which it departs 
from the curb. Table 6 gives data on average curbside 
loading, unloading, and dwell times obtained at each 
airport on both departure (enplaning) and arrival (de­
planing) curbs by type of vehicle. At an efficiently used 
curb, the difference between average dwell time and 
average loading or unloading time should be no more 
than about 0.5 min, the time required to enter the ve­
hicle and depart the curb. A large difference in these 
times suggests that drivers are leaving vehicles un­
attended, which results in less efficient use of the 
terminal curb areas. 

Departure Curb 

As noted, LGA has the lowest average vehicle dwell 
time-1.4 min-compared with 1.9 min at DE N, 2.0 min 
at AA/JFK, and 2.6 min at MIA. It is believed that the 
smaller difference between dwell and unloading time at 
LGA reflects both the high level of curb parking en­
forcement and the nature of the air passengers (i.e., a 
low average number of bags per pas senger). The 
higher value at MIA might be affected by the tourist 
orientation of the greeters . 

Specific values by vehicle type are also given in 
Table 6. As noted, mean automobile unloading time 
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varies between 0.6 min at LGA and 1.3 min at MIA. 
Similarly, observed mean dwell times for automobiles 
range between 1.2 and 3.0 min. Taxicabs were observed 
I I l t t I - •••• , .- • • , ::-- -- JJ-- l'l ,I. J .. . ___ ... 
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each airport. Unloading and dwell times for buses, 
limousines, and other types of vehicles, including 
rented automobiles, are largely dependent on vehicle 
occupancy. 

Arrival Curb 

Activity at the deplaning curb also revealed that LGA 
has the lowest observed overall vehicle dwell time-2.4 
min. MIA has the highest dwell time-3.9 min-and 
the greatest difference between parking and loading 
times-3.0 min. During the study period at MIA, many 
vehicles were observed to remain at the curb waiting 
for a passenger despite the resultant traffic congestion 
and queues. 

Vehicle automobile loading time at the deplaning 
curb varied from a low of 1.2 min at LGA to more than 
1.6 min at DEN, MIA, and AA/JFK. 

Processing Times 

Processing times at ticket counters, automobile-rental 
counters, and parking lot exits were recorded as the 
difference between the time at Vr'hich a person or ve­
hicle approached the service area and the time at which 
that person or vehicle left the area. Processing time 
at the security counter embraces the complete security 
procedure. This was measured from the time the pas­
senger tendered an item to be X-rayed or checked until 
the passenger passed through the security area (the 
magnetometer), received the examined item, and was 
free to depart from the area to the gate. 

Table 7 gives various processing times observed 
throughout the study airports. The observed aggregate 
data for all airports are also shown in a frequency­
distribution format in Figures 1 and 2. 

Full-Service Ticket Counters 

As might be projected, the survey data revealed a wide 
range of process times at full-service ticket counters. 
Factors such as the type of trip (international versus 
domestic) or seat assignment, the equipment used in 
ticket verification, the operations of the individual air 
carriers, the volumes of passengers to be served, and 
human factors all influenced this activity. The 3.8-min 
difference between the mean high value (5.6 min) and 
the mean low value (1.8 min) reflects the diversity of 
this function. 

Typically, air carriers are aware of the peak de­
mand periods and the number of ticket-counter agents 
needed to serve this demand, given the factors cited 
above that affect processing times during the demand 
period. 

Express Ticket Counters 

As anticipated, the high and low mean values observed 
at express ticket counters are somewhat closer than 
those at full-service counters, ranging from 1.2 to 2. 7 
min/ customer. 

Security Areas 

Processing times at security areas varied from a low 
of 9 s to a high of 46 s. The majority of the mean 
values recorded were in the 15- to 30-s range. 

Automobile-Rental Counters 

Mean processing times at the automobile-rental coun-
4-,.. ...... ,... •~.,..,,...,.. .f.h,.. 1,-.....,rr,..ri.f. ,...h,...,..-,.,..~ "'""'"'"""";...,rr f.;....,,...,..,.. 
.. '-' ................................ --- .... 0 ........... .... ..., ...... "' ............ I:' .. .......................... 0 w ................. , 

ranging from 2. 6 to 7. 7 min. In many instances, the 
duration of this processing time may depend on the 
availability of automobiles. Thus, longer processing 
times may result during periods of peak use of rented 
automobiles. 

Parking Lot Exit Lanes 

Cashier operations at exit lanes from parking facilities 
were also monitored. Results indicated a 30-s range 
between the lowest mean processing time-29 sat DEN 
(0.48 min)-and the highest-63 sat LGA (1.06 min). 
The majority of the values, however, were in the 30-
to 50-s range. 

SUGGESTED GUID.1!:LIN.l!:S AND 
PROCE SSlNG TIMES 

It is anticipated that the data produced by the surveys 
discussed in this paper will form the basis of many de­
tailed studies that, it is hoped, will provide useful tools 
to assist planners in the evaluation of airport landside 
activities. As we stated initially, the analyses pre­
sented here are intended to form t\vo L"1itial steps to 
this end: 

1. The development of guidelines that can be used 
to evaluate the reasonableness of vehicle and pedestrian 
forecasts and 

2. The provision of observed distributions of process 
times that can be used to plan future and expanded pas­
senger service facilities at terminal buildings. 

Generation of Vehicle and Pedestrian 
Traffic 

Table 8 gives suggested planning criteria for evaluating 
estimates of the impact of vehicle and pedestrian traffic 
at airports. These suggested criteria have been de­
veloped from the data obtained at the four airports 
studied. The range of values indicates the observed 
mean value; the recommended values are, in our 
opinion, the most useful values for planning. 

As the table indicates, a ratio of O .9 5 to 1.2 5 entering 
and exiting vehicles/ total originating and deplaning pas­
sengers appears to be valid for forecasts of total traffic. 
The directional split (inbound versus outbound) is de­
pendent on the anticipated distribution of enplanements 
and deplanements during a time period. The lower 
value-0.95-could be experienced at an airport that is 
business-trip oriented (about 50 percent business trips). 
The higher values of vehicles per passenger could occur 
at airports that serve many courtesy-type vehicles 
such as automobile-rental buses and hotel vans. The 
recommended planning range of vehicles per passenger 
is shown in Figure 3. 

Curb-Use Factor 

A typical factor for use of curb frontage appears to be 
one vehicle for every two enplaning or deplaning pas­
sengers. Thus, about 50 percent of all vehicles 
entering the airport use the curb-frontage roadways. 
The curb-use factors are shown in Figure 4. 

Pedestrian Volumes 

Total persons entering and exiting the terminal typically 

;; 



account for between 1.50 and 2.10 pedestrians/ passenger. 
At a business-oriented airport, about 1.5 persons/ pas­
senger appears to be an appropriate value for planning 
purposes. At an airport that has a large number of 
international flights or is tourist oriented, a higher 

volume of pedestrians may be generated-up to 2.10 
persons/ passenger-as shown in Figure 5. 

Table 7. Mean processing time at various airport 
facilities. 

Figure 1. Distribution of ticket-counter 
processing time. 

Figure 2. Distribution of landside processing 
time. 
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Time (min) 

MIA DEN LGA 

Type of Facility Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 

Full-service ticket counter 2.7 1.9 3.1 3. 7 5.5 4.4 
3.0 4.1 1.8 2.5 3. 7 3.4 
4.0 3.6 3.9 2.6 2.8 3.3 
5.6 3.5 

Express ticket counter 2.3 2.2 1.5 1.7 3.1 2.4 
2.7 2.5 1.2 1.3 

Security area 0.47 0.50 0.31 0.22 0.59 0.32 
0.51 0.38 0.56 0.56 0.52 

0.18 0.19 0.15 0.77 
0.30 0.50 

Automobile- rental counter 
(pickup) 5.2 6.0 4.3 7.7 4.2 6. 1 

4.4 5.0 4.5 •1,2 
4.0 2.6 

Parking-lot exit (cashier lanes) 0.58 0.45 0.53 0.48 0.63 1.06 
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Processing Times 

Processing times are relatively localized and reflect 
the inctivictual passenger service areas. .::;ome param~­
ters to be used in evaluating some of these areas are 
given below: 

Service Location 

Enplaning curb 
All vehicles 
Automobile 
Taxi 

Deplaning curb 
All vehicles 
Automobile 

Parking lot exit lanes, cashier operation 
Ticket counters 

Full service 
Express 

Security areas 
Automobile-rental counters 

Suggested Processing Time 
(min) 

1.5-2.5 
1.2-3.0 
1.0-1,5 

2.5-4.0 
2.0-4.0 
0.50-0.60 

2.0-5.0 
i.2-2.5 
0.15-0:50 
2.5-5.0 

The low values of time for enplaning and deplaning curbs 
reflect a high level of enforcement. The higher values 
for full-service ticket couute rn reflect operations 
oriented to international travel. 

Vehicle ct~well times on the departure road\Yay (en­
planing curb) can vary an average of between 1.5 and 
2.5 min for all vehicles. Dwell times for automobiles 

Table 8. Suggested airport planning criteria for vehicle and 
pedestrian traffic. 

Ratio pe r Passenger 

Item Originating Deplaning 

Airport vehicle traCfic 
Entering 0.90-1.35 
Exiting 0.95-1.25 
Total 1.85-2.55 1.75-2.70 

Curb-frontage- roadways 
tra l!ic 

Enplaning I o.5o-o.55'1 
Deplaning (0. 50- 0.55' 1 

Pedestrian traff1 c 
Entering terminal 1.50-2.00 
Exiting terminal t.50-2.20 
Total 

Note: Recommended values are boxed. Transfer passengers are excluded. 
· Maximum value, reflect the pr61dominance o f cn11rtp,;y-tyru1 vP.hic:IP.S 

Total 

0.45-0,70 
0.45-0.65 

I o.95-1. 25~ 

11.50-2.10·1 

b At individual terminals within a major airport, increase the value to 0 .65-0. 70. 
ceommuter·type airports= 1 50; international-tourist airports'"' 2.10. 

could vary between 1.2 and 3 .0 min and, in some in­
stances highe r values can be experienced when the 
curb is used for parking rather than unloading. Taxi 
Uwt:!ii Liu1t:!~ vct.ry {.1·u1u 1.G i..u 1.::; u.i.Ui. TvT/!i...:; ~·0 i:;t:;.~!.~t 
enforcement and less baggage per person can be ex­
pected, the lower value should be used. At airports 
oriented to tourist and international travel, the higher 
values should be used to estimate curb-frontage needs. 
On the arrival roadway (deplaning curb), a range of 
2.5-4.0 mil1 i s Sllggeste ct. The pr actice of tolei-ati.11g 
par king accounts £01· the higher values obs erved on 
the deplaning curb at MIA and DEN. 

P rocessing times at parking lot cashier exits are 
also given in the table above. As noted, an average of 
20-40 s / transaction is required. The longer times ex­
perienced reflect the paperwork involved in accepting 
checks, lost tickets, and the associated paperwork 
typical at an ail·port. 

Other s ,tggested ranges of process t imes, for ticket 
counters, automobile-rental counters, and security 
areas, are also given above. In most cases, process­
ing times in these areas depend on the type of equip-

Figure 3. Vehicles entering and exiting the airport versus numbers of 
originating air passengers. 
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Figure 5. Pedestrians entering and exiting the air terminal versus numbers of originating air passengers. 
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ment used and the nature of the passenger. For func­
tional planning purposes, however, these values have 
been presented to indicate the levels of activity that can 
be expected. 

These values have been prepared as an aid to the 
user in forecasting levels of activity that may be ex­
pected at airports. Since each airport has its own 
peculiarities, only ranges and levels of activity for 
overall planning purposes are presented and not absolute 
factors . 
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Two Programs to Ease Automobile 
Congestion at Los Angeles 
International Airport 
William M. Schoenfeld , Los Angeles Department of Airports 

Two programs that have had a positive impact on alleviating automobile con· 
gestion at Los Angeles International Airport are discussed . One program con· 
sists of reduced-rate off-airport parking lots and free tram service to the 
terminal buildings. Two lots that provide a combined total of about 11 400 
parking spaces are currently in operation. The other program, the FlyAway 
Bus, is an express bus service that transports people to and from Van Nuys, a 
large suburban community 32 km (20 miles) north of the airport. The ser-

vice includes low-cost parking for up to 15 days at the suburban bus terminal. 
The success of both programs is significant not only because of their current 
impact on airport congestion but also because of their potential for expan­
sion to broader uses in the future and because they prove that the public 
can be persuaded to trade the privacy and control of the automobile for the 
efficiency and convenience of public trams and buses. 
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It has become increasingly obvious over the past 10 years 
that the item most likely to inhibit the orderly growth 
and development of Los Angeles International Airport 
(LAA/, as wei:i. as sumt: ui.i11::r urn.j ur <1.iq,ui co, io c;,., 
automobile. Those who are familiar with the Los Angeles 
metropolitan area know that it is a large, sprawling com­
plex that encompasses more than 2500 km2 (1000 mile2

) 

of dense urbanization and houses roughly 7 million per­
sons. Mild weather promotes an active out-of-doors 
life-style characterized by a pervasive and casual mo­
bility. Although there is no high-density mass transit 
and only a recently developing municipal bus system, 
there is a rather comprehensive roadway and freeway 
system: hence, our love affair with the automobile. In 
Southern California, when most people want to go some­
where, they take their automobile because it is not only 
the quickest, most direct, and most convenient way to 
get there but perhaps the only way. 

Unfortunately, this holds true for getting to the air­
port as well. As LAX grew from 18 million passengers 
in 1967 to 23.5 in 1973, a squeeze developed in the road­
way and parking components of the system. In the early 
1970s, the Los Angeles Department of Airports began to 
look for alternate modes of transporting people to and 
around the airport and more land-efficient places to se­
quester automobiles. 

To provide relief from vehicle congestion on roadways 
and in parking lots-llie most critical and impending 
problem-the department initiated two major programs: 

1. A program to provide peripheral parking lots at­
tempts to address the problem by inducing airport patrons 
who are determined to travel to LAX in private automo­
biles (automobile trips account for niore than 80 percent 
of all trips to and from the airport) to park in lots some 
distance from the central terminal area and take a free 
tram to the terminal of their choice. 

2. The FlyAway Bus program attempts to motivate 
airport patrons to leave their automobiles either at hume 
or at a suburban low-cost parking facility and take a 
limo-bus to LAX. 

PERIPHERAL PARKING LOTS 

The concept of the peripheral parking lot had already been 
in operation at LAX for nearly 10 years. Its benefits 
were somewhat obscure, however, until recently, when 
increasing passenger volumes began to affect roadway 
and parking lot service levels. At some point, espe­
cially during periods of peak activity, supply and de­
mand began to converge, and the peripheral parking lot 
became an alternative whose time had come. 

The original lot-for "very special parking" (VSP)­
initiated service in June 1968 on a 10.4-hm2 (26-acre), 
deparbnent-owned site located on airport land 3 .2 km 
(2 miles) southeast of the cenb:al terminal area (see 
Figure 1). For a nominal fee ($0.25 for 6 h or $1 for 
24 h), patrons used a 1000-space lot and got a free tram 
ride to the central terminal. The trams ran every 10 -
15 min. By July 1969, the lot had been doubled in size 
to 2400 spaces and was showing a small profit. Today, 
the 17-hm2 (43-acre) VSP lot provides almost 6000 park­
ing spaces, an enclosed waiting area witl1 restrooms and 
vending machines, porter service to handle bags, and 
bus service to the ticketing buildings-all for a parking 
fee of $0. 50 for 6 h or $1. 50 for 2 4 h. Last fiscal year 
the VSP lot served well over half a million persons. 

The second peripheral lot, lot C, is located in the 
easterly clear zone of the north runways, about 0.8 km 
(0.5 mile) no1·theast of the terminal area, on a 64-hm2 

(160-acre) parcel that was once residential (Figure 1). 
The land had been determined unsuitable for residential 

use because of aircraft noise and subsequently con­
demned. Since clear-zone uses permit automobile park­
ing-and there was a great need for more parking-the 
... • - -ii * - ..... · -· - --"'-• - ··J.. --..e ~.- ... -i "- ... ......... ___ ....... ,,..,_-, .. 
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cated 10-year acquisition program that involved more 
than 50 public hearings and much legal involvement to 
remove the single-family residences. The next obstacle 
to be tackled was obtaining clearance from a number of 
governmental bodies to change this residentially zoned 
and developed land into a parking lot. The actions were 
undertaken in stages, and acquisition of certain parts of 
the land is still in process. 

The first phase of lot C was completed, however, and 
opened for business in October 1975. It provided 2200 
parJdng spaces plus tram service to the terminal area 
ticketing buildings for a parking fee of $ 0. 50 for 3 h and 
up to $2 for 24 h. The lot was quickly expanded to its 
present size of 5400 spaces, including a tl·am terminal, 
porter service, and a lift-van service for th ndi-
capped. Patronage bas grown steadily, and during fiscal 
year 1976/ 77 lot C served more U1au half a million per­
sons. 

Expansion of both the VSP lot and lot C is currently 
progranuned. The 5000-space expansion of lot C has 
larger implications because it includes provisions for 
the relocation of all U-Drive rental automobiles and 
ready-up equipment currently based in the central termi­
nal area. This 1vvould make approximately 3 .2 hm~ (8 
acres) available for much-needed short-term public 
parking. LAX currently provides nearly 19 000 automo­
bile parkit)g spaces for the traveling public. For shoi·t 
periods of time during the 1977 Christmas holidays, the 
remote parking areas operated at capacity. 

A major planning study will soon be completed by 
DeLenw, Cather, and Company that will provide recom­
mendations for long-range capital improvement projects 
to maximize vehicle and passenger access to the LAX 
terminal area. Some of the alternatives being evaluated 
in lhe sludy include an elevated two-lane roadway for 
high-occupancy vehicles, an elevated semi-automated 
gttideway, and an elevated four-lane roadway that would 
be open to all types of vehicles. An important benefit 
of any one of these systems will be 1·eliable service to 
the peripheral parking areas, which by 1985 may be ser­
vicing as many as 8 million passengers annually, or ap­
proximately 20 percent of all passengers who use the 
LAX facility. 

FLYAWAY BUS 

The Fly Away Bus was designed to transport to LAX per­
sons who are located in the San Fernando Valley, which 
is centered about 32 km (20 miles) north of LAX (see 
Figu1·e 2). The purposes of the program were to (a) pro­
mote decreased roadway congestion, (b) reduce parking 
facility requi1·ements, (c) delay passenger capacity sat­
uration, and (d) provide better levels of service. 

The Van Nuys ai·ea was chosen as an ideal test area 
for several reasons: It was reasonably far away and 
was served by only one freeway, 1-405, which runs di­
rectly to LAX· it contributed a large market share (about 
15 percent) of LAX's passenger volume, about 88 percent 
of which traveled to and from the airport in private auto­
mobiles; and right in the middle of it was located a large 
piece of real estate owned by the Los Angeles Depart­
ment of Airports-the Van Nuys Airport, a general avia­
tion facility. Van Nuys Airport had a building that, with 
a modicum of remodeling, was suitable for use as a bus 
terminal, as well as an adjacent piece of land large 
enough to accommodate about 1400 automobiles. An 
economic feasibility study completed in May 1973 con­
cluded that, if given active promotion and support, a 



Figure 1. LAX peripheral automobile parking. 

Figure 2. Location of FlyAway Bus terminal in relation to LAX. 
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limo-bus service from Van Nuys to LAX would capture 
270 000 ride1·s/ year within six years of operation . It 
was felt that a successful operation would depend on fre­
quent service, something not previously offered to the 
traveling public. 

Service was inaugurated on July 10, 1975. Six 38-
passenger Neoplan buses, purchased for the purpose by 
the department, made 44 round trips/day. The adult 
fare was $5/ round trip or $3 one way, and the children's 
fa1·e was $1.50 one way. Once arrived at LAX, the buses 
circled the central terminal loop, making stops at each 
ticketing building. 

T he system got of:f to a relatively slow start, but 
within a yea1· it was exceeding predictions, serving more 
than 2 7 000 passengers/month. By the end of 1976, lhe 
annual passenger volume exceeded 275 000 1 and by the 
end of 1977 it was more than 315 000. One unexpected oc­
cui-rence was the degree of participation among airport 
employees. 

The Fly Away Bus service operates out of a 300-m2 

(3300-ft:2) area in a building nearly twice that size and 
utilizes a 1400-space parking lot. Passenger fares re­
main the same as they were when the program began, 
but parking fees have been increased to $1 for a maxi­
mum of 15 days' parking to discourage long-term 
pat·kers. In comparison parking in the central terminal 
area at LAX is $6/day and, in the two peripheral off­
ail·port lots, $1. 50 and $2/ day, which includes a free 
tram ride to and from the terminals. 

In view of the i-apid growth of patronage experienced 
during the sh01·t operating life of the FlyAway Bus, we 
are now looking at sever al expansion alternatives fo1· the 
Van Nuys bus terminal. One is to modify and put to use 
the additional area in the existing building and expand 
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the existing parking lot by 35 percent to about 1900 
spaces. Such improvements should be adequate to handle 
the 620 000 annual bus passengers expected by 1985, 
wi1t::u LJA.a .ii:) tApca,; ~t~ ~u Le: OCa ' v~ug ~G ~••ii} ... ~i"L u~~~L~~! 
passengers. Another alternative is to replace the ex­
isting facility with a new one on an available piece of 
land about 0.8 km (0.5 mile) away, perhaps combining 
it with terminal facilities and administrative offices. 
This does not appear to be cost effective at this time. 

The most promising aspect of the Fly Away Bus pro­
gram is its potential for accomplishing the very goals 
for which it was created-that is, reducing roadway con­
gestion (especially in the central terminal area) and 
parking facility needs, delaying passenger capacity satu­
ration, and providing better levels of service. 

Although the current impact of the Fly Away Bus on 
the LAX system is relatively small, the implications of 
the concept are decidedly large. An expansion of the 
service to cover suitable population centers throughout 
the service area could and would have considerable im­
pact on ground transportation activity, reducing con­
gestion both on roadways and in parking lots and ulti­
mately constituting a first step in changing the 
automobile-dependent traveling habits of the local popu­
lation. 

CONCLUSIONS 

In calendar year 1977, LAX served more than 28 mil-
,,. ,,. . .. "" "' ""' ' " "" 1 ~" eo '"',.. " ·; n. .... ~ . ry,1-,; o ~on.l"" O C' o ntC'! ') rr-rnurth nf 

about 9 percent over the previou; year. Av:rage daily 
automobile traffic in the central terminal area grew less 
than 4 percent over the same time period. This sub­
stantiates the success of both the Fly Away Bus program 
and the expansion of the peripheral parking lots. An 
expanded and improved FlyAway Bus program and a 
faster, more convenient transportation system from the 
peripheral parking lots to the central terminal area 
should make it possible to efficiently accommodate the 
forecast demand of 40 million annual passengers at LAX 
in the mid-1980s. Beyond that point, because of the con­
straints of off-airport traffic, the Los Angeles Depart­
ment of Airports must look to other airports-most no­
tably Ontario and Palmdale International-to carry the 
load. 

Publication of this paper sponsored by Committee on Airport Land side 
Operations. 

Behavioral Analysis of Verbal 
Interaction Between Pilots and 
Air Traffic Controllers 
Kurt Salzinger, William R. McShane, Edmund J. Cantilli, and 

Michael Horodniceanu, Transportation Training and Research 
Center, Polytechnic Institute of New York, Brooklyn 

The principles of behavior theory are used as the basis for a study of the 
verba l interaction between air traffic controllers and airplane pilots. The 
danger created by the diversity of rules and regulations that govern the be­
havior of pilots and controllers is shown to be a primary reason for such 
an analysis. Basic concepts of behavior theory are discussed in relation to 
air traffic control UJmrations. Giuph:; comp!!ed by u~:r:g tape r2ccrdings 
of pi lot-controller conversations are used to nnalyze cumulative word rates 
and speech content. The analysis reveals problems such as a high speech 
rate among air traffic controllers and aberrant patterns of behavior and 
response among pilots. Further applic.ation of the principles of behavior 
theory to air traffic control operations is recommended. 

Demands are continually made on people to respond to 
an untold variety of "signals" . How they react to those 
signals determines how they will respond to comparable 
signals in the future. The lack of a consequence can 
alter their future reaction to comparable signals even 
if their first reaction was appropriate. 

The formalized study of such phenomena has de­
veloped into a body of knowledge referred to as "be­
havior theory" (!., ~. The most important aspect of 
behavior theory is the three-part 1·einforcement con­
tingency: In reaction to a discriminative stimulus, a 
response occurs, which in turn evokes a reinfo1·cing 
stimulus. It is the reinforcing stimulus that can modify 
the nature of future responses, for it can either 

strengthen or weaken behavior. The absence of a rein­
forcing stimulus leads to a variety of responses be­
cause there is no guidance as to the desirability of any 
one response. 

The work described here was conducted by a be­
havioral psychologist in consultation with a research 
team that included an expert in transportation safety 
and a transportation specialist who is also a piiot. The 
following information sources and data were con­
sidered: 

1. The interface between the airplane pilot and the 
air traffic controller, including the rules and regula­
tions each is required to follow; 

2. A significant number of National Transportation 
Safety Board (NTSB) reports on aircraft accidents and 
incidents; 

3. Background visits to a control tower and an ap­
proach control facility; and 

4. Tapes of conversations between pilots and air 
traffic controllers in a number of situations, including 
an accident and a near accident. 

The tapes do not include all conversations of the parties 
involved, since the pilot could well be involved in cock­
pit conversations and the air traffic controller in con-



versations with people in the control room and neither is 
necessarily recorded on the channel being taped. In 
spite of these limitations and the small samples involved, 
a number of useful insights have been gained by doing a 
content analysis of the tapes, studying the speech rates 
of pilot and controller, and applying the principles of 
behavior theory to the results. 

DESCRIPTION OF OPERATIONAL 
ENVIRONMENT 

It is useful to consider the environment in which air 
traffic control operations take place. This can be 
divided into two parts: the general background and 
governing procedures. 

General Background 

At a given airport, the specific division of responsibility 
for air traffic control-when there is a division-varies 
with the size and complexity of the airport. On a given 
trip, pilots are "handed off" from en-route controller 
to en-route controller until they approach the vicinity 
of a terminal airport. At the more complex airports, 
they fil:st come into contact with an approach controller. 
Once contact has been established, they proceed under 
radar control and are directed by the controller to a 
point at which they are ready for landing and they are 
handed off to a final approach controller . The final 
approach controller continues the operation, guiding the 
aircraft by radar until it is lined up with the runway 
and is approximately 8 km (5 miles) from the airport. 
At that point, the final approach controller turns the 
pilot over to the tower for the final landing clearance. 
It is the responsibility of the tower to ensure that the 
runway is available and that no other planes are in con­
flict in the immediate vicinit y. Once clear,Ulce is given, 
however, the decision on whether to land is the specific 
responsibility of the pilot. 

This is a general description of the sequence of con­
trol operations for commercial (and other) airCl'aft on 
anival at a n1ajo1· ail·port. At smaller ail·ports, the 
number of steps may be reduced. However, ail:ports 
can easily have additional control functions (e.g., a slow· 
traffic controller) as well as sector coordination and 
hand-off personnel. 

On departure, once an aircraft is airborne it is 
switched from the tower to a departure controller. The 
departure controller is responsible for keeping the air­
craft climbing up and out of the area in a safe, orderly 
maru1er. This task is complex, requiring many steps 
and interrelating personn,el. It is a lso performed in 
an environment that requires monitoring and decision 
making by each individual. 

Governing P1·ocedures 

Because each individual involved in air traffic control 
is 1·equired to make continual and rapid decisions, the 
division of control and authority among the va1·ious 
parties involved is a central issue . 

The pilot is governed by federal regulations that 
vary depending on the type of ail·c1·aft used (e. g., small 
1·eciprocating engine, turbojet, glider, or helioopter), 
the natw·e of the flight (i.e., personal 01· commercial), 
and weat11e1· conclitions. In addition professional pilots, 
whether afrline 01· corporate, have their own company 
requirements and recommended procedures to follow. 

Pilots and their flying techniques are further guided 
by various recommended, but not mandatory, Federal 
Aviation Administration (FAA) procedures. These are 
outlined in advisory circulars, the Airmen's Informa-
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tion Manual, and pilot "exam-o-grams". The FAA 
air traffic control manual assumes that the pilot com­
plies with these recommended procedures. 

The a:ir traffic contJ·oller, on the other hand, is 
governed by FAA orders and the Manual of Operation 
for Air Traffic Coutl'Ol for his or her particular job 
classification. Both the orders and the manual are in­
ternal FAA publications. 

A chilling example of the difficulties that can arise 
from such a diversity of regulations, procedures, and 
adviso1· ies is a 1974 air c1·ash near Dulles International 
Airport outside Washington, D.C. The pilot, using an 
FAA approach p1•ocedure, was given a clearance by the 
air traffic controller. The pilot began his descent to 
the lowest permissible altitude as shown on the approach 
procedure chart-and hit the side of a mountain. This 
enor was attributed to a misunderstanding of what U1e 
term "cleared for the approach" meant. The pilot as­
sumed that since he was cleared for the app11oach he 
could begin his descent immediately. The controller 
assumed that the pilot would wait until he was over the 
mountain before beginning his descent. The FAA sub­
sequently published a glossary of terms for pilots and 
air traffic controllers in an attempt to prevent a recur­
rence of this type of problem. 

It is such problems in communication that are the 
subject of this paper. How many times had a pilot pre­
viously taken the phrase "cleai-ed for the approach" to 
mean that any altitude within the permissible range, 
down to the minimum published altitude for the approach, 
was allowed, and survived only because no mow1tain 
happened to be in the way? In the terminology of be­
havior theory, the erroneous behavior (the incorrect 
response) was reinforced. 

PRINCIPLES OF BEHAVIOR 
THEORY 

Certain basic principles of human behavior can be 
applied to a wide variety of situations without much 
alteration. Behavior theory (1, 2) provides an excellent 
set of principles for use in analyzing behavior that is 
significant in transportation safety. The basic concepts 
of behavior theory that are relevant in the field of air 
traffic control are (a) the rei1lf01·cement contingency 
(b) primary and conditioned reinforcement, (c) positive 
and negative reinforcers, (cl) punishment, (e) extinction 
and reinforcement of undesil'able l'esponses, (i) inter­
mittent rei.nfo1·cement, and (g) discriminative stimulus 
control. Examples of these concepts are discussed 
below. 

The Reinforcement Contingency 

The most important aspect of behavior theory is the 
three-part 1·einforcement contingency. On particular 
occasions, ln the presence of certain discriminative 
stimuli, a response or behavior is evoked. The be­
havior has consequences, or reinforcing stimuli. This 
relationship can be represented symbolically in the 
follow-;,ng way: 

S0 
..• R-+ S' (I) 

where 

S0 = discriminative stimulus, 
R response, and 
S' = reinforcing stimulus . 

S" ls the event that occurs aftel' the response. Certain 
types of reinforcers (or, loosely speaking, rewards) 
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strengthen behavior so that it occurs more frequently 
in the future. In some cases, however, there is no 
reinforcing stimulus and the behavior is weakened. In 
i:inr.h r.asP.s . the discJ:imi:native stimulus evokes a wide 
variety of responses. 

Primary and Conditioned Reinforcement 

In the formula given above, the consequence is a con­
ditioned reinfo1·cer . This is most often the case. A 
conditioned reinforcer is, by definition, one that begins 
as a neutral stimulus and becomes reinforcing through 
expel'ience, whereas a primary reinforcer is, by 
definition, one that ls reinforcing from birth. 

Examples of primary reinforcers are food (a pri­
mary positive reinforcer) and pain (a primary negative 
reinforcer). Although primary reinforce rs !)lay an 
important role in shaping the lives of every person, 
they a1:e all modified by the conditioning history of the 
individual and ::t1·e often not as important as conc11tioning 
reinforcers such as praise, job discipline, attention, 
and money. 

Positive and Negative Reinforcers 

A positive reinforce1· is an event that strengthens the 
response that precedes it. .For mstance, a pilot might 
request cleara..j_ec to· land (the discriminative stimulus) 
and evoke the 1·esponse or behavio1· from the controller 
of the desired permission given in a clear, crisp and 
well-formatted way. The positive reinforcing stimulus 
from the pilot would be a "thank you" or a "well done" 
and a. landin in the required time and place. 

A negative reinfol'cer is an event that strengthens 
the desire to eliminate or avoid that event. For in­
stance, the air traffic controller might give a clarifica­
tion to a pilot that the conti·oller judges to be adequate 
but the pilot (perhaps because of his own ~dequacies} 
finds diffir.ult to understand. In this case, the con­
troller can receive a negative reinforcing stimulus-the 
burden of communicating with the pilot again-that 
evokes the response of cutting short or discouraging 
such communications. 

In most situations, a multiplicity of factors are at 
work. For instance, the controller desc1·ibed above 
may also be subject to the positive reinforcer of the 
pilot's recognition of the controller's fine work. 

Punishment 

Punishment is an aversive event contingent on the 
occur J.·euce of a pa.i-ticular behavior . rt !.!Sc.ally re -
duces the probability of that behavior occurring again 
w1der sin1ilar stirrJ.ulus conditions but cn!y fer a period 
of time. 

Unlike the effect of positive or negative reinforce­
ment, the effect of punishment is temporary: In the 
absence of the punishing stimulus, behavior that was 
suppressed by the punishment regains its not·mal prob­
ability of occurrence. Punishment is not as desirable 
a form of control as positive or negative reinforcement, 
which affects behavior fo1· a longer period of time and 
thus alters or shapes it in more lasting ways. 

Extinction and Reinforcement of 
Undesirable Responses 

It is often inconectly assumed by the lay person that a 
desired response or behavto1· will continue when the 
reinforcement contingency is no longer in force. It is 
a basic observation in behavior theory, however, that, 
when rninfo1·cement is discontinued (extinction), the 

conditioned behavior gradually dec reases in strength 
until-if the process is continued long enough-the con­
ditioned behavior retu1·ns to the p1·econditioning level. 

It must be recognized that behavior varies when rein­
forcement is discontinued. When some ot tnese varia­
tions in behavior are followed by positive reinforcement, 
the probability of the occunence of those variants of the 
correct behavior is inc1·eased. It is therefore a major 
aucl c1·itically important task to build into aJ1y communi­
cation process such as the one discussed here a set or 
positive reinforcers so that the val'ious parties in the 
communication process can continually reinforce the 
desired behavior in the others. Because this is a two­
way conversation, each party must have positive rein­
forcers for the other's behavior. 

Rules that do not have a reinforcement contingency 
built into their application would fall into disuse . The 
use of punishment, which occu1·s only afte1· the rules 
have not been followed, ensures that the rule book is 
followed only nominally, since 0111 total disregard of 
the rule book elicits clear penalties, including dis­
missal. Under these conditions, blatant disregard of 
the rules will probably be avoided. However, variations 
in behavior occur that require the finer control achieved 
through positive reinforcement of appropriate behavior 
as it occurs. Explicit attention must be given to having 
the parties involved po::iiLively r einforce each other. 

Intern1ittent Rein.forcement 

In 1·eal life, the same consequence does not always 
follow the same response. What happens when a 1·e­
sponse is only sometimes reinforced? Ex;perience has 
revealed a somewhat startling answer: Behavior Uiat 
is intermittently reinforced becomes stronger than be­
havior that is reinforced every time it occurs. Be­
havior reinforced only some of the time resists extinc­
tion to a gi·eater extent than behav io1· rein.fa ·ced on a 
continuous basis before the extinction procedure (i.e., 
the removal of all reinforcing stimuli) is instituted. 

In the context of air traffic control operations, it is 
necessary to take into account not only behavior that is 
regularly 1·ein.forced but also-and especially-behavior 
that is only intermittently reinforced . From l:he point 
of view of the enforcement of regulations, it must be 
1·ealized that, if w\desirable behavio1· is permitted 
even some of the time, one should not be surprised if 
that undesinble behavio1· gains in st1·ength. Indeed, 
according to the p1·inciple of intermittent reinforcement, 
it will be more difficult to extinguish such behavior than 
behavior that is continually reinforced. Reinforcing 
n n rlo<! it'o hl o hPh<>Ui()r , ]'f\ Ttir.ul:Jrly in the face Of COUnter• 
manding regulations, makes those regulations lose their 
contro!lLrig strength in other areas as well. 

Discriminative stimulus Control 

Discriminative stimuli control the behavior that is 
evoked only when there are appropriate consequences, 
or reinforcing stimuli. For example, consicle1· that the 
relevant rules and i·egulations specify the followin.g 
discriminative stimulus and behavior: The conti101le1· 
gives cleaI'ance instructions to the pilot {discriminative 
stimulus), and the pilot repeats the clearance message 
in the sequence given (behavior) . But pilots 1·epeat the 
message eithel' in the 01·der given or in the 1·everse 
order. Controlle1·s p1·ovide no differential reinfo1·ce­
ment for this; i.e., they accept the message in either 
orcle r. A positive reinforce1· -acknowledging the 
message only in its p1·oper form-could bring the pilot's 
behaviol' under prope:i.· control. The negative 1·einfo1·ce1· 
of not accepting the incol'rect behavior could also con-
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IFR - Instrument fl lght Rules 
LT - Light Traffic 
11T - Heavy Traffic 

ew - Bad Weather Conditions 
A(HA) - Accident (or Near Accident) 

ff - Homa I Opera t 1 ans 
D - Casesfor Which Data were Obtaifti!d GW - Good Weather Cond tt 1 on, 

trol the behavior evoked by the discriminative stimulus. 
However, the discriminative stimulus (in the absence of 
reinforcement) does not control behavior. 

DATA ACQUISITION 

In pilot-controller interaction, each person's remarks 
constitute both the discriminative stimuli and the rein­
forcing stimuli for the other. In addition to the dis­
criminative stimuli and the reinforcers provided by the 
participants, discriminative stimuli and reinforcers are 
also produced by external conditions, such as the air 
traffic control rules and regulations; weather, time of 
day, and amount of traffic; and special situations, such 
as another plane having trouble at the same time. 

Four external factors were identified as being of 
primary interest in this study: (a) day versus night, 
(b) heavy versus light traffic, (c) good versus bad 
weather, and (d) "incident" versus normal operations 
(incident includes both accidents and near accidents). 
The 16 cases that illustrate these four external condi­
tions are shown in Figure 1. 

A total of eight episodes were analyzed; these repre­
sented the seven boxed cases shown in Figure 1. To 
obtain even the seven distinct cases, it was necessary 
to tape some pilot-controller conversations by using 
the research organization's own equipment. These 
tapes, unlike FAA tapes, do not have time marks. Thus, 
it was not possible to conduct time analyses of all of the 
tapes. 

The duration of the pilot-controller interactions that 
were taped varied from 9 min to approximately 60 min 
and totaled about 3 h of interaction. The combinations 
of external conditions covered by these interactions can 
be summarized as follows: 

1. Four day and four night interactions; 
2. One accident, one near accident, and six normal­

operation interactions; 
3. Four heavy-traffic and four light-traffic interac­

tions; and 
4 . Five bad-weather and three good-weather inter­

actions. 

For purposes of definition, good weather is considered 
to be a condition that allows operation by visual flight 

rules, and bad weather is considered to be a condition 
that requires operation by instrument flight rules. 

Transcripts were made of all tapes. Each transcript 
was checked for accuracy at least once by the typist 
and then by the pilot and safety inspector members of 
the research team. Finally, the psychologist on the 
research team listened to portions of the tapes to fur­
ther verify their accuracy. 

DATA ANALYSIS AND RESULTS 

Speech Rate 

Analysis 

One of the two formal, quantitative methods of analysis 
used was an analysis of pilot-controller interactions by 
means of graphs of the cumulative word rate. This 
analysis consisted of plotting the cumulative number of 
words as a function of time. The graphic presentation 
makes apparent the interrelations between the two 
participants as well as their speech rates. 

The following rules were used to count words: 

1. Speech emitted by the pilot constitutes the "pilot 
word rate". 

2. Speech emitted by the controllers (occasionally 
the speech of more than one controller is on a tape) 
constitutes the "controller word rate". 

3. The designation of an aircraft-for example, 
"Global 168"-is counted as one word because the com­
plete set of symbols, words and numbers, is necessary 
to name the aircraft. 

4. Designations of altitude, heading, speed, and the 
name of a destination such as "New York" are treated 
as single words although they are written as more than 
one word. 

Word frequencies were calculated for periods of 5 s 
unless the time announcer's voice on the original tape 
was masked by the speech of one of the interlocutors 
(controller or pilot), in which case longer intervals 
were used. The frequencies were then cumulated over 
time, and the graphs were drawn. Finally, at least 
some examples of communication problems are written 
in on the graphs to point out some of the trouble spots 
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with respect to various rates of speech by controller or 
pilot. Note that these illustrative communications do 
not include all conversations even for the accident or 
near-accident situation. 

Results 

Figtn·e 2 shows a graph of the cumulative word rates 
for an interaction at night, in light traffic, in bad 
weather, and preceding an accident. The curves for 
pilot and controlle1· speech are plotted separately as a 
function of time. Note thal the cont roller has not yet 
heard from the plane that ultimately had the accident. 
The interaction recorded immediately preceded the time 
in which the accident occurred. 

The most obvious fact is that the controller(s) speak(s) 

Figure 2. Tape of pilot-controller interaction before an accident. 
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I 
pilots have periods in which the speech r ate is slower, 
but the controllers tend not to have signiflcantly slower 
speech rates. It is interesting to note that the traffic 
condition cited is iight traffic, so that the controller 
ought not to be under pressure to go on to the next pilot, 
and yet the speech rate is very high. In terms of be­
havior theory, this nonadaptive response can be ascribed 
to generalization; that is, the controller generalizes 
from the heavy-traffic to the light-traffic condition, 
using a response mode that is adaptive and necessary 
in one condition (the high speech rate) for the other 
condition as well. 

It is important to note that, although the speech rate 
is high, it is normally intelligible, particularly con­
sidering the limited vocabulary that is used in such 
communications. But a high speech rate can easily 
become unintelligible and can certainly put an additional 
burden on the participants. Cases in which this oc­
curred were noted on other tapes; in one such case, the 
pilot heard incorrect information, missed the immediate 

Figure 4. Rate of speech of controllers and pilots as a function of time. 
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correction by the controller, and became confused about 
what action to take. 

,. 

It is testimony to the limited but critical nature of 
this type of communication that in many situations the 
controller has no direct or observational knowledge of 
the plane. In this particular case, the accident occurred 
in the gap indicated by "silence-about 5 minutes". The 
controller(s) continued to attempt to contact the plane 
well after it was lost. This is not said to imply criticism 
but simply to note and emphasize that the pilot and con­
troller depend critically on the oral communication 
channel. 

Figure 3 shows a speech rate well beyond even that 
found in Figure 2 as the controller(s) seek(s) information 
on the plane, which the weight of evidence now indicates 
had crashed. However, it is not this rate but the high 
speech rate that routinely occurs (and for which there i.s 
evidence preceding the accident) that is cited as sig­
nificant. 

,.- ' 

Figure 4 shows graphs for two additional cases. 
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More information can be extracted from these tapes 
with regard to specific communication problems and 
content, but the speed rates are generally consistent 
.. ~~: L L .i.1,.. ,... _.,._,....,. ,.,.,.,, -.... .... ~.-.. .f,........., .J.h n n~hn~ l"lf'') CIOC! '"'" .................. "" ... "" ........ ".,._ ... ,.., _ .................. --- ........ ...,. ___ ----· 
Speech Content 

Analysis 

The other major category of formal, quantitative analysis 
is content analysis. Two major categories of speech 
content wer e used: self-correction and requests for 
clarifications and repetitions. Both of these categories 
were used to individually classify pilot speech and con­
troller speech, which produced four categories of 
classification. After these frequencies were deter­
mined, each of the scores was transformed into the 
number of occurrences per hour in each category, for 
easy comparison a_nd further analysis. 

Self-Correction 

Inspection of the transcripts indicated that controllers 
occasionally correct themselves in their communications. 
For example, they might say, "Maintain-ahh-descend". 
8ometimes the correction is preceded by the word "cor­
rection". The point of this is not to note that control­
lers make mistakes but rather to deterrnine whaJ nun1-

ber of such occurrences or difference in pattern from 
one time to another would indicate a communication 
problem. 

Requests fo r Clarification and Repetition 

Inspection of the transcripts showed that, in the course 
of information exchanges between controllers and pilots, 
one party occasionally did not understand or did not 
hear what the other party said. Examples of such re­
quests are fairly obvious. They sometimes consist of 
plu·ases such as, "What'd ya say?" At other times, 
the pilot might heai- only the first part of a message to 
whicli the controlle1· appended a conection and. might 
request clarification because the information seemed 
inaccurate or confusing. 

Results 

Figures 5 aru:l 6 show the results of the analysis of 
speech content. The factors considered were good 
versus bad weather, light versus heavy traffic, day 
versus night, and normal operations versus accident 
or near-accident condition. 

In general, the results are what one would logically 
expect: more corrections or clarifications is1 bad 
weather than good, at night than during the day, and 
before accidents than not (although for the data at hand 
this could be explained by other factors, since the ac­
cident and near-accident situations were both at night 
and in bad weather). Results for light versus heavy 
traffic appear anomalous: The controller produces 
more corrections and requires more clarifications in 
light than in heavy traffic. 

IMPLICATIONS OF RESULTS 

Word Rate 

One of the most important observations extracted from 
the data analysis is that controllers generally speak at 
a high rate regardless of the traffic condition. Al­
though there may be some justification for a high speech 
rate under heavy-traffic conditions, there is little 

justification for it in lighter-traffic conditions. 
The fact that the air traffic controller is being 

"trained" to the higher speech rate in the heavy-traffic 
nr.nila;nnc <>nil ;c, tr!ln<lfPrr;n.,. H. l<TP.nP.r::ilizine:) to all 
~~~diti;~ m~~t .be ;iewed with co;cern. In behavior 
theory terms, the high speech rate is apparently rein­
forced by the rewards of meeting the heavy-traffic 
situation. 

Reversing Information 

Some pilots respond to controllel' instructions by 1·e ­
peating the information as g[ven, whereas others re ­
spond by repeating the information in reverse order. 
This introduces a degree of unce11tainty unde1· tense 
circumstances. Is a controller to assume that the 
pilot is using the reverse-01·der practice, 01· that he 
has perhaps misw1derstood his instructions? When 
cerm.in number combinations are involved, this would 
become critical. 

The fact that this difficulty exists means that the 
aberrant pilot behavior is not properly reinforced and 
that the controller should require responses in a con­
sistent format to avoid confusion and hazard. The con­
troller has the opportunity-and should have the 
responsibility-to encoura e uniform responses by 
questioning or challenging variants (i.e . , withholding 
positive rein!c_1rcE:?rn~11l fu.r the variat1ts and reinforcing 
appropriate responses). 

Requests for Clarification 

Tl e s1 ee h- ntent an;;ilys is of the tapes included an 
aua.lysis of t he number of clarifications or conections 
1·equested by pilots 01· given by controllers. In general, 
the pattel'Il was the expected one: more clarifications 
and corrections in bad weather than in good, more at 
night than during the clay, etc. One pattern, howeve1·, 
was the reverse of that expected: more clarifications 
and corrections in light traffic than in heavy L.L·allic. 

One explanation might be that the information in the 
light-traffic situation is "extra" or even "idle chatter"; 
that is, the co11troller has the time, or knows that the 
pilot has the time, to check and double-check the in­
structions. Another possible explanation in the same 
vein is that, because of the low-pressure situation, 
one party or the otber is too casual and mo1·e prone. to 
error. 

There is, however, a11other, more disturbing 
possibility-that the controller feels that this informa­
tion is needed but does 11ot ask for it in heavy traffic 
because of the pressul'es of the :situation. The eon­
troller mi ght be responding to the more overpowering 
}JOsitive reinforcement o.f moving on to other pilots who 
need information and thus forego obtaining or correct­
ing some information for each pilot. A more detailed 
study o.f this problem is certainly in order. 

Number of Controllers 

One possible solution to some of the problems cited 
here would appear to be increasing the number of con­
trollers and thus lessening the bu1·den on each individual 
controller. But it must be .recognized that, under the 
existing ail· traffic co11trol system, this would mean 
thal each controller would be responsible for a smalle1· 
air space, and Lhis would imply not only greater co­
ordination problems but also a greater number of con­
trolle1·s and more hand-off situations per flight. An 
alternate solution might lie in enhanced technology that 
allows the controller to reduce hurried, verbal com-

.. . 



Figure 5. Analysis of speech content for good 
versus bad weather and heavy versus light traffic. 
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Figure 6. Analysis of speech content for- accident 
or near-accident situation versus normal operations 
and night versus day_ 
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munications and to provide unequivocal, documented 
instructions to each pilot. 

Speech-Content Analysis 

In this study, speech-content analysis has been used to 
good effect in documenting the difference in clarifica­
tions and corrections 11er unit of time under various 
conditions. It is recommended that such a tool be con­
sidered for use in a random-sampling monitoring 
p1·ocedure to discern patterns or variations Uiat might 
identify potential p1·oblems. One possible flaw must 
be noted: Such monitoring or sampling might itself 
become a negative reinforcer and actually increase 
aberrant behavior or suppress good behavior. For in­
stance, pilots and controllers can quickly learn that 
clal'ifications and corrections lead to a "bad scoi-e" 
and create artificially "good scores" by suppressing, 

even subconsciously, otherwise necessary clarifications , 
and corrections. 

APPLICATION OF BEHAVIORAL 
PRINCIPLES 

A number of basic principles can be extracted from 
behavior theol'y and applied to the pilot-controller in­
terface. Several of these principles are noted in this 
paper. A more extensive study might identify a num­
ber of such guiding principles and specify their ap­
plications. 

As one example from the study of memory, con­
sider the following : It is well known that saying 
another number after saying a numbei- that is supposed 
to be remembered creates the classic condition for 
confusing the numbers. Yet this is precisely what 
happens when a pilot states an understood numeric 
command (such as assigned altitude) and then states 
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the flight identification, which is itself a number. 

OTHER OBSERVATIONS 

Based on the limitect observation ot a tramea ooserver, 
the following conditions or situations are worthy of note : 

1. The problem of formatting the acknowledgment of 
a received message is troublesome because of the pos­
sible confusion of numbers and possible word clipping 
in transmission. 

2. Similar , or possibly even identical, flight identi­
fication numbers can occur in the same air space. 

3. The windowless character of some ground 
facilities may have subtle, adverse psychological 
effects on workers . 

CONCLUSIONS AND RECOMMENDATIONS 

Although the data base for this research was limited, 
the conclusions are consistent with what one would 
expect based on the general principles of behavior 
theory. A number of basic principles can be extracted 
from behavior theory and applied to the interface be ­
tween pilots and air traffic controllers . Certainly, the 
opportunity to apply behavior theory to enhancing the 

safety of the pilot-controller interface has not been 
exhausted by this work. Indeed, if anything, this work 
has indicated the usefulness of these techniques for 
identifying underlying problems in such human behavior, 
parncu1ariy m communicad uns. r uni1er wu1·is. aiuu~ 
these lines is strongly recommended. 
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Analysis of D ynamic Response of 
A ircraft to Profiles o f Unloaded 
and Loaded Pavements 
William H. Righter, Clarkson College of Technology, Potsdam, New York 
Mark R. Snyder, Lone Star Steel Company, Lone Star, Texas 

A study conducted to determine whether there is a significant difference 
in the simulated dynamic response of an F-4C aircraft as it traverses 
unloaded (undeflected) or loaded (deflected) pavement is described. 
The U.S. Air Force computer code TAXI, which calculates vertical 
accelerations at three points on an aircraft as it traverses a pavement 
profile, was used to simulate aircraft response. An unloaded­
!)!IV"'m "'nt p ro fi lA was oht aimul nn a MO.!i-m (2100-ft ) test section. 
Deflections caused by a load cart equipped with an F-4C aircraft tire 
were measured on the same test section, and these deflections were 
subtracted from the unloaded-pavement profile to obtain a loaded­
pavement profile. A statistical analysis was performed that consisted 
of two parts: (a) a test of the mean of a sample composed of the 
differences between acceleration responses to unloaded- and loaded ­
pavement profiles and (b) a test of the distribution of the acceleration 
responses to both types of profiles. The analyses were performed 
for six aircraft speeds. There was no significant difference in the re­
sponses to un loaded- and loaded-pavement profiles at speeds up to 
640.5 m/s (40.7 ft/s), although at higher speeds some rejections of 
the mean occurred. Based on the results, it appears that the present 
U.S. Air Force practice of using unloaded-pavement profiles to simu­
late the dynamic response of aircraft is acceptable and that loaded­
pavement profiles need not be obtained for this purpose. 

A major problem encountered by aircraft during takeoff, 
landing, and taxiing operations is the high level of ver­
tical acceleration produced by a rough runway. This 
response can affect the readability of on-board instru-

ments during ground operations. This and other factors 
influence the overall safety of an aircraft and indicate 
that pavement roughness is a factor that cannot be ig­
nored in evaluation of airfield pavements . 

It has been recommended that, when the acceleration 
response experienced in an aircraft exceeds O ,3 g, re­
medial measures be taken (1). The .Port Authority oi 
New York and New Jersey found that the maximum level 
of aircraft vibration before passenger discomfort was 
noted was 0.12 g in the normal operation area and 0.3 g in 
infrequently trafficked areas (2) . Ball and Kopelson (3) 
also used a r oughness critedon bas ed on accelerations 
and indicated that a runway was undesirable when the ac­
celeration at either the pilot's station or the aircraft's 
center of gravity exceeded O. 5 g. 

To control the adverse effects of a rough runway, the 
areas in question must be located and corrected. A sub­
jective qualitative assessment of pavement roughness can 
be obtained from flight crews, but the specific area of the 
runway that needs repairs cannot be located in this way. 

One way to effectively locate rough areas of runway 
pavement is to equip an aircraft with low-frequency servo 
accelerometers, which record the accelerations en­
countered while the aircraft traverses the runway. This 
method, however, is costly, both in time and personnel. 
Furthermore, since different aircraft respond to identi-

.. 
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cal pavements differently and the responses generated 
are a function of aircraft speed, such tests are not very 
useful. 

To determine the response of an aircraft to pavement 
roughness quickly and inexpensively, the Civil and Environ­
mental Engineering Development Office of the U.S. Air 
Force has developed the computer code TAXI (4), which 
simulates the response of an aircraft to pavement rough­
ness by using aircraft characteristics and the pavement 
profile as input. Output includes landing-strut forces 
and displacements and vertical accelerations at three 
points on the aircraft frame. 

The pavement profile used as input to the TAXI pro­
gram is currently obtained by using either laser or iner­
tial profilometers. These devices record a series of 
elevations taken with respect to a local datum to define 
the pavement profile. This profile, however, is for an 
unloaded pavement that is not deflected by the weight of 
an aircraft. The pavement actually traversed by an air­
craft is loaded and therefore deflected. Consequently, 
the profile of a pavement that is traversed by an air­
craft at different speeds is different from those used as 
input to the TAXI program. 

It has not been determined whether there is a signifi­
cant difference in the simulated response of an aircraft 
to profiles of unloaded and loaded pavements. The pur­
pose of this study was to make such a determination. If 
it were found that the response of an aircraft to an 
unloaded-pavement profile was essentially the same as 
that to a loaded-pavement profile, then the methods cur­
rently used to evaluate pavement roughness would be ac­
ceptable. If, however, a significant difference existed, 
it would then be necessary to develop a rapid and ac­
curate means for the determination of a loaded-pavement 
profile to be used as input to TAXI. 

The objectives of, this research were 

1. To develop a method of statistically comparing 
aircraft response to profiles of unloaded and loaded pave­
ments that would determine whether or not a significant 
difference existed and 

2. To perform the comparison while varying air­
craft speed, direction of travel, and level of significance. 

TAXI PROGRAM 

The TAXI computer program (4) simulates the dynamic 
response of an aircraft as it traverses a rigid surface. 
The program does not take into account any deflection 
of the runway pavement that is attributable to aircraft 
weight. The input to TAXI consists of aircraft data and 
a series of elevations at 0.6-m (2-ft) intervals, which 
make up a pavement profile. The programmer has the 
option of specifying either a constant-speed taxi or a 
takeoff simulation. The output of the program includes 
a listing of 10 aircraft parameters at specified time (or 
distance) intervals and plots of vertical accelerations 
and the pavement profile as viewed from the aircraft 
nose gear. Included in the output parameters are ver­
tical accelerations at the pilot station, the center of 
gravity, and the tail section,as well as landing-strut 
forces and displacements. 

The profile used as input to TAXI is modified by the 
program. The length of the profile is increased by 
adding 30.5 m (100 ft) to the starting end of the pavement 
so that the nose gear of the aircraft traverses the entire 
input profile. This modified profile is then normalized 
with respect to the first input elevation point. In the re­
sulting profile, the first 31.1 m (102 ft) of pavement is 
at zero elevation. The rest of the points are arrived at 
by taking the difference between the input elevation at the 
point in question and the first input elevation. Finally, 
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the elevations are normalized with respect to a straight 
line drawn from the first input elevation to a point 85.4 m 
(280 ft) from the end of the pavement profile. The pro­
file is normalized to facilitate output plotting. 

The resulting normalized profile is that which the 
program simulates as being traversed by the aircraft. 
Although it is different from the profile that is used as 
input, studies have shown that there is little difference 
in aircraft response to normalized and nonnormalized 
profiles (5). 

Figures 1-3 show example plots of the output of TAXI 
in the general form of the vertical-acceleration response 
of an aircraft to a pavement profile. These vertical ac­
celerations are shown for the tail section, the center of 
gravity, and the pilot station of an F-4C aircraft as it 
traverses an unloaded-pavement profile at a constant 
taxi speed of 30.5 m/s (100 ft/s). 

DETERMINATION OF UNLOADED- AND 
LOADED-PAVEMENT PROFILES 

To obtain a profile of an unloaded pavement, elevation 
points along a 640.5-m (2100-ft) test section of taxiway 
at Eglin Air Force Base, Florida, were obtained at 0.6-
m (2-ft) intervals. These points describe the unloaded­
pavement profile that would normally be used as input to 
the TAXI program should the simulated response of an 
aircraft to this section of taxiway be desired. 

At each of 23 stations along the taxiway test section, 
deflections were measured at six points along a line per­
pendicular to the direction of travel of a load cart. The 
load cart was a truck on which the rear axle was modi­
fied and mounted with an F-4C aircraft tire to apply a 
111-kN (25 000-lbf) single-wheel load to the pavement. 
The applied load simulated the load that would be applied 
by the main gear of an F-4C loaded almost to its maxi­
mum takeoff weight. 

These deflections, measured by linear variable dif­
ferential transformers, were assumed to be the same as 
those produced by an F-4C aircraft traversing the taxi­
way. Deflections were also obtained by using light­
emitting diodes. These deflections were measured 
parallel to the direction of travel of the load cart at 
points 0.6 m (2 ft) apart in the same positions as the 
points that define the unloaded profile. The deflections 
measured by the two methods were used to compute the 
deflections beneath the center of the aircraft tire at 0.6-
m intervals along the test section. These computed de­
flections were then subtracted from the elevations of the 
unloaded-pavement profile to yield the loaded-pavement 
profile. 

Although the deflection measurements were made at 
creep speeds and it is known that deflections decrease 
with increasing vehicle speeds, the loaded-pavement 
profile obtained by the procedure described above was 
assumed to be the same as that of a pavement actually 
traversed by a loaded aircraft moving at high speeds. 
For the purposes of this research, this assumption is 
conservative because it results in maximum differences 
in profiles of unloaded and loaded pavements. 

A detailed description of the procedure and the equip­
ment used in determining the unloaded- and loaded­
pavement profiles is contained in a report by Highter 
and Snyder (~. 

STATISTICAL ANALYSIS 

In determining whether or not the acceleration responses 
for the unloaded- and loaded-pavement profiles were 
significantly different, it was decided that the analysis 
would be performed on short subsections of the pave­
ment as well as on the whole test section. By breaking 
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Figure 1. Vertical-acceleration responses to unloaded-pavement profile at constant taxi speed of 30.5 
m/s: tail section. 
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Figure 2. Vertical-acceleration responses to unloaded-pavement profile at constant taxi speed of 30.5 m/s: 
center of gravity. 
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Figure 3. Vertical-acceleration responses to unloaded-pavement profile at constant taxi speed of 30.5 m/s: 
pilot station. 
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the test section up into smaller subsections, localized 
areas over which the acceleration responses either were 
or were not significantly different could be identified. 

The 640.5-m (2i00-ft) test section was divided into 
25 subsections, each of which was 25.6 m (84 ft) long. 
Since TAXI outputs aircraft acceleration responses at 
0.6-m (2-ft) intervals, the comparison would be based 
on 43 points/subsection; when it was performed on the 
entire test section, the comparison would be based on 
1051 points. 

Once the acceleration responses were obtained from 
TAXI by using unloaded- and loaded-pavement profiles, 
it was necessary to compare the responses and deter­
mine whether or not they were significantly different. 
Because no standard method was available to statistically 
compare two sets of data in the manner required in this 
study, a method of comparison had to be developed. We 
wanted to compare the two sets of responses to see if 
they were significantly different and at the same time to 
take into account the position of the aircraft on the test 
section when the response occurred. 

500 600 64 • 5 

If the test used were an ordinary comparison of the 
means oi the twu i;ei1::1 uf acceleraliou responses , the 
position of the responses along the test section would be 
iost, because the mean ii; Lhe algebraic avefi1ge of all ac­
celerations along the section and does not account for 
position of occurrence. A test of the distribution would 
also be inadequate, because such a test would only com ­
pare the number of accelerations that are within the 
same range of magnitude and, again, would not account 
for position of occurrence along the section. 

For these reasons, the comparison of acceleration 
responses consisted of two parts. The first part was a 
test of the mean of a sample constructed by taking the 
difference between acceleration responses to the 
unloaded- and loaded-pavement profiles point for point 
along the section tested. Each element in this sample 
was therefore a comparison of the two acceleration r e­
sponses generated at that point on the test section. The 
hypothesis that the mean of this sample is significantly 
close to zero was then tested to determine the similarity 
of the two responses. 

. . 
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Table 1. Statistical comparison of acceleration responses to unloaded- and loaded-pavement profiles for forward run, ~ = 0.05, and speeds 
of 10.2, 20.3, and 30.5 m/s. 

Speed = 10.2 m/s Speed = 20.3 m/s Speed= 30.5 m/s 
Length of 
Subsection Tail Center of Pilot Tail Center of Pilot Tail Center of Pilot 
(m) Test Section Gravity Station Section Gravity Station Section Gravity Station 

0-25.6 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

25.6-51.2 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

51.2-76.9 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

76.9-102.5 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

102.5-128.1 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

128.1-153.7 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

153. 7-179.3 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

179.3-205.0 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

205.0-230.6 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

230.6-256.2 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

256.2-281.8 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

281.8-307.4 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

307 .4-333.1 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

333.1-358.7 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

358. 7-384.3 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

384.3-409.9 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

409.9-435.5 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

435.5-461.2 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

461.2-486.8 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

486.8-512.4 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

512.4-538.0 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

538.0-563. 6 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

563.6-589.3 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

589.3-614.9 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

614.9-640.5 Mean A A A "A A A A A A 
Distribution A A A A A A A A A 

0-640.5 Mean A A A A A A A A A 
Distribution A A A A A A A A A 

Note: 1 m = 3.3 ft. 
A "" accepted. 

The second part of the comparison was a chi-square the acceleration differences. The null hypothesis was 
test of the distribution of the two acceleration responses. that the mean u0 is equal to zero. The test of this hy-
The hypothesis that the unloaded acceleration responses pothesis was achieved by using the statistic 
could have come from the loaded acceleration responses 
was then tested to determine whether or not there ex- Z = (X - U0 )/(S/,/n) (1) 
isted any difference between the two. 

The differences between the acceleration responses where 
for the unloaded and loaded pavements were obtained on 
a point-for-point basis along the test section. This was X = sample mean, 
done for each of the three locations on the aircraft for u 0 = hypothesized sample mean, and 
which vertical accelerations were available-the tail S = standard deviation. 
section, the center of gravity, and the pilot station. The 
test of the mean was then performed on these accelera- The null hypothesis that the mean is equal to zero was 
tion differences. In performing this test it was assumed accepted if the value of the computed statistic fell within 
that the munber of elements (n) in each section tested the range :1: z,.., which can be obtained from standard sta-
was large enough so that the distribution could be approx- tistical references (7 , 8) for the specified level of sig-
imated by that of a normally distributed population. In nificance 0(. An acceptance of the null hypothesis indi-
this study, the test was performed on either 43 elements cates that there is no reason to reject the assumption 
(for each subsection) or 1051 elements (for the entire that the mean of the sample equals zero. 
test section)-more than enough to satisfy the assumption. Testing the mean is not in itself a sufficient method 

A two-tailed test was then performed on the mean of for testing the significance of the differences between 
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Table 2. Statistical comparison of acceleration responses to unloaded- and loaded-pavement profiles for forward run, a = 0.05, and speeds 
of 40.7, 50.8, and 61 m/s. 

i::n n ..• /_ ... • . .. .. I 
.:J}Jt:;CU - °1:Vo I 1JJ/ i3 UP"-"-'-" - ........ "' ~ .. ,.., 

Length of 
Subsection 
{m) 

0-25.6 

25 .6- 51.2 

51.2-76.9 

76 . 9-102. 5 

102. 5-128.1 

128.1-153.7 

153. 7-179.3 

179.3-205.0 

205.0-230. 6 

230.6-256.2 

256.2-281.8 

281.8-307.4 

307 .4-333.1 

333.1-358.7 

358.7-384.3 

384.3-409.9 

409.9-435.5 

435.5-461.2 

461.2-486.8 

486.8-512.4 

512.4-538.0 

538.0-563.6 

563.6-589.3 

589.3-614.9 

614.9-640.5 

0-640.5 

Note: 1 m = 3.3 ft. 

Tail 
Test Section 

Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 
Mean A 
Distribution A 

A= accepted; A= rejected, 

Center of 
Gravity 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Pilot 
station 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Tail 
Section 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

the acceieration responses because the difforem:e::; ol.,­
tained from the responses will not be entirely positive 
or entireiy negative. Wnen the mean is computed by 
using these values, positive and negative elements will 
cancel, so the mean can be expected to be close to zero. 
It would also be possible to arrive at identical values of 
the mean from two entirely different sets of acceleration 
differences as long as the elements canceled each other 
in the appropriate way. These undesirable character­
istics prevent the test of the mean from accounting for 
the magnitude of the differences between corresponding 
values of acceleration response. 

The test of the mean, however, is an excellent first 
step in a two-step analysis that forms a screening 
method to determine the significance of the differences 
in the two sets of acceleration responses. If this first 
test is rejected- that is, if the null hypothesis u 0 = 0 is 
not accepted-there is no need to further test the section, 
If, however, the null hypothesis is accepted, a method 
of testing the cliffe1·ences between the sets of accelera­
tion responses that will compensate for the shortcom-

Center of 
Gravity 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
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A 
A 
A 
A 
A 
A 
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A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Pilot 
Station 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
n 
A 
A 
A 
A 
A 
R 
A 
A 
A 
R 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Tail 
Section 

A 
A 
A 
A 
A 
A 
A 
A 
R 
A 
A 
A 
A 
A 
R 
A 

A 
A 
A 
A 
R 
A 
R 
A 
A 
A 
R 
A 
R 
A 
A 
A 
R 
A 
R 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Center of Pilot 
Gravity station 

A A 
A A 
A A 
A A 
A A 
A A 
A R 
A A 
R R 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
n R 
A A 
A A 
A A 
R R 
A A 
R R 
A A 
A A 
A A 
R R 
A A 
R R 
A A 
A A 
A A 
A R 
A A 
R R 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

ings of tho test of the mc~n should be conducted . In this 
study, the next test was a chi - square test of the sample 
...J.: ... ,1....,.,:1,.,.,.+,,:,... ..... 
U.101.,.LJ.ULll.,.1.V.l.lo 

To perform a chi-square test of the distribution, a 
theoretical distribution must be available that can be 
used as a basis for comparing the sample that is being 
tested. It was assumed that the responses to the loaded 
profile could be treated as if they were a theoretical dis­
tribution. Since the loaded-pavement profile is that 
which is actually traversed, this is reasonable. In this 
way the test of the distribution would then become a test 
to see whether or not the acceleration responses to the 
unloaded-pavement profile could have come from the 
theoretical distribution defined by the responses to the 
loaded-pavement profile. 

To perform the chi-square test, the number of oc­
currences within certain ranges of magnitude-referred 
to as cells-must be established. The first step in find­
ing these values is to construct the cells. The highest 
and lowest values of acceleration obtained over each sub­
section for either the unloaded- or the loaded-pavement 

.. -
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Table 3. Statistical comparison of acceleration responses to unloaded- and loaded-pavement profiles for reverse run c, = o 05 and speeds 
of 10.2, 20.3, and 30.5 m/s. ' · ' 

Speed = 10.2 m/s Speed = 20 .3 m / s Speed = 30.5 m / s 
Length o! 
Subsection 
(m) Test 

Tail 
Section 

0-25.6 Mean A 
Distribution A 

25.6-51.2 Mean A 
Distribution A 

51.2-76.9 Mean A 
Distribution A 

76.9-102.5 Mean A 
Distribution A 

102.5-128.1 Mean A 
Distribution A 

128.1-153.7 Mean A 
Distribution A 

153. 7-179.3 Mean A 
Distribution A 

179.3-205.0 Mean A 
Distribution A 

205.0-230.6 Mean A 
Distribution A 

230.6-256 .2 Mean A 
Distribution A 

256.2-281.8 Mean A 
Distribution A 

281.8-307.4 Mean A 
Distribution A 

307.4-333 .1 Mean A 
Distribution A 

333.1-358.7 Mean A 
Distribution A 

358.7-384.3 Mean A 
Distribution A 

384.3-409.9 Mean A 
Distribution A 

409.9-435.5 Mean A 
Distribution A 

435.5-461.2 Mean A 
Distribution A 

461.2-486 .8 Mean A 
Distribution A 

486.8-512.4 Mean A 
Distribution A 

512.4-538. 0 Mean A 
Distribution A 

538.0-563 .6 Mean A 
Distribution A 

563.6-589.3 Mean A 
Distribution A 

589.3-614.9 Mean A 
Distribution A 

614 .9-640.5 Mean A 
Distribution A 

0-640.5 Mean A 
Distribution R 

Note: 1 m 3,3 ft. 
A a: accepted; R = rejected . 

Center o! 
Gravity 

A 
A 
A 
A 
A 
A 
A 
A 
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A 
A 
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A 
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A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
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A 
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A 
A 
A 
A 
A 
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Pilot 
Station 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
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A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Tail 
Section 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

profile were recorded for each of the three positions on 
the aircraft frame at which acceleration responses were 
available. These values would become the upper and 
lower limits of the cells used in the test. The cells 
were obtained by dividing the region between the upper 
and lower limits into six equal subregions. We then de­
termined how many of the accelerations generated out of 
a total of 43 for a subsection 2 5,6 m (84 ft) long fell 
within the boundaries of each cell. This was done by 
using first the responses to the loaded-pavement profile 
and then those to the unloaded-pavement profile. 

For the chi-square test to be valid, the lowest num­
ber of responses generated by the loaded profile that 
could occur in any cell was five. If there were not at 
least five in a cell, the deficient cell was combined with 
whichever of the two adjacent cells (either above or be­
low) contained the smaller number of occurrences. 

The chi-square test was performed by using frequen­
cies of occurrence obtained in this manner and the fol­
lowing statistic: 
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X2 = ~ [(f, - F.)2 /F;] 
i =1 
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(2) 

where f1 is the number of observed (unloaded) accelera­
tions in cell i, F 1 is the number of theoretical (loaded) 
accelerations in cell i, and n is the number of cells. The 
null hypothesis that the unloaded responses came from 
a population defined by the loaded responses was ac­
cepted if the value of the computed s tatistic was less 
than X~. The value of x! can be obtained from standard 
statistical references (7, 8) for the specified level of 
significance a. - -

One drawback in using a chi-square test on a pave­
ment section in this way is that accelerations generated 
by more than one area along the section may fall in the 
same cell. This would tend to decrease the validity of 
the test, since the position along the test section at which 
the acceleration was generated is lost. By using short 
[25.6-m (84-ft) long] subsections of the test section, 
this error was minimized because the number of areas 
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Table 4. Statistical comparison of acceleration responses to unloaded- and loaded-pavement profiles for reverse run, a = 0.05, and speeds 
of 40.7, 50.8, and 61 m/s. 

<'---- _ _., ,.,, " - / .., v,-..... ... ~oorl - c;o A n'l / ci ~PP rl = Rl m l ~ 

Length of 
Subsection Tail Cente r of Pilot Tail 
(m) Test Section Gra vity Station Section 

0-25 .6 Mean A A A A 
Distribution A A A A 

25 .6-51.2 Mean A A A A 
Distribution A A A A 

51.2-76.9 Mean A A A A 
Distribution A A A A 

76.9-102.a Mean A A A A 
Distribution A A A A 

102.5-128.1 Mean A A A A 
Distribution A A A A 

128.1-153 .7 Mean A A A A 
Distribution A A A A 

153.7- 179.3 M ean A A A A 
Distribution A A A A 

179.3-205.0 Mean A A A A 
Di s tribut.inn A A A A 

205.0-230 . 6 Me an A A A A 
Distribution A A A A 

230 .6-256.2 Mean A A A A 
Distribution A A A A 

256.2-281.8 Mean A A A A 
Distribution A A A A 

281.8- 307 .4 Mean A A A A 
Distribution A A A A 

307.4-333 .1 Mean A A A A 
Uistributlon A A A A 

333.1-358.7 Mean A A A A 
n;C!l-'f'ih11ti Qn A A A A 

358.7-384. 3 Mean A A A A 
Distribution A A A A 

384.3-409.9 Mean A A A A 
Distribution A A A A 

409.9-435.5 Mean A A A A 
Distribution A A A A 

435.5- 461.2 Mean A A A A 
Distribution A A A A 

461.2-486 .8 Mean A A A A 
Distribution A A A A 

486.8-512.4 Mean A A A A 
Distribution A A A A 

512.4-538.0 Mean A A A A 
Distribution A A A A 

b38.0-563 . 6 Mean A A A A 
Distribution A A A A 

563.6-589. 3 Mean A A A A 
Distribution A A A A 

589.3-614.9 Mean A A A A 
Distribution A A A A 

614.9-640.5 Mean A A A A 
Distribution A A A A 

0-640.5 Mean A A A A 
Di st ri bution A A A A 

Note: 1 m = 3.3 ft . 
A = accepted ; R = rejected. 

within the section that generaled acceleraliom; U1al fell 
in the same cell was reduced. Furthermore, if the test 
uf the n1ean had been accepted for the subsection being 
tested, the probability of this error would be reduced 
even more, since it has been determined that there is 
probably little difference between the responses on a 
point-for-point basis. 

PRESENTATION AND DISCUSSION 
OF RESULTS 

Some results of the statistical analysis are given in 
Tables 1-4, which indicate whether the null hypothesis 
for the test of the mean or the distribution was accepted 
or rejected for each of the subsections tested. 

Tables 1 and 2 give results for an aircraft traversing 
the pavement profile in a forward direction, and Tables 
3 and 4 give results for a reverse direction of travel. 
The results are tabulated for constant taxi speeds of 
10.2, 20.3, 30.5, 40.7, 50.8, and 61 m/s (33.3, 66.7, 
100.0, 133.3, 166.7, and 200.0 ft/s). Since aircraft re-
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sponse to one section of a pavement is dependent on the 
preceding pavement sections (3), the effect of carrying 
out the analysis on both forw~a:rd and reverse runs is tc 
double the data on which the analysis was performed. 

During the forward runs, no rejections of the test of 
the mean occurred until the higher speeds were reached­
namely, 50.8 and 61 m/s (166.7 and 200.0 ft/s). No re­
jections occurred until a speed of 61 m/s was reached 
during reversed runs, 

At these speeds, it was observed that the number of 
rejections at the center of gravity was usually smaller 
than at the pilot station or the tail section. Since it was 
observed that the extremities of the aircraft experienced 
greater accelerations than the center of gravity (Figures 
1-3), this was to be expected. Therefore, it would seem 
to follow that the tail section and pilot station would ex­
perience even greater accelerations than the center of 
gravity as a result of pavement roughness at high speeds. 
The differences in accelerations caused by deflection of 
the loaded pavement would also increase as the speed 
increased, causing more rejections at the pilot station 

;;; 



and tail section than at the center of gravity. Yet, in 
the extreme case-61 m/s (200.0 ft/s)-only about one­
third of the tests performed resulted in rejections. 

The chi-square test of the distribution produced no 
rejections for any subsection tested under any of the 
specified conditions for speed or direction. It was ob­
served, however, that rejections of the entire test sec­
tion occurred at the tail section and the center of gravity 
when the aircraft traversed the profile in the reverse 
direction at a speed of 10.2 m/s (33.3 ft/s). It is felt 
that these rejections occurred because these two com­
parisons consisted of 1051 acceleration responses each. 
Short sections of pavement profile were not used, and as 
a result the acceleration values in each cell were gen­
erated from many different positions along the test sec­
tion. As we stated earlier, this can cause a loss in re­
liability in the test of the distribution. This loss in re­
liability is felt to be the cause of these rejections. Since 
the test of the distribution was accepted under the same 
conditions when subsections 2 5.6 m (84 ft) long were 
used, it seems reasonable to conclude that these rejec­
tions are not significant. 

Analyses were also performed by using a level of sig­
nificance O! = 0.02, and some changes in the results were 
observed. No changes occurred in the results of the test 
of the distribution for all conditions tested; about 40 per­
cent fewer rejections of the test of the mean occurred 
for O! = 0.02 than for O! = 0;05. The total number of re­
jections for O! = 0.02 was 27, and that for O! = 0.05 was 46. 

SUMMARY AND CONCLUSIONS 

The acceleration responses simulated in this study by 
using the U.S. Air Force computer code TAXI are con­
sidered to be typical of the response of an F-4C aircraft 
to profiles of unloaded and loaded pavements. 

A statistical analysis was prepared that consisted of 
two parts: (a) a test of the mean of a sample made up of 
the differences between the responses to the two profiles 
on a point-for-point basis and (b) a test of the distribu­
tion of the responses to the two profiles. This analysis 
was used to determine whether or not significant differ­
ences existed in the response of an aircraft to unloaded­
and loaded-pavement profiles. It was found that in a 
comparison of this type it is necessary to divide the test 
section into a number of smaller subsections to achieve 
reliability. 

Based on the results of the statistical analysis, the 
following statements can be made: 

1. Throughout the range of speeds analyzed, the dis­
tributions of acceleration responses to unloaded- and 
loaded-pavement profiles are virtually the same. 

2. Some significant differences in the responses to 
unloaded- and loaded-pavement profiles do occur at 
speeds in excess of 40.7 m/s (133.3 ft/s). The observed 
differences in responses were not a major part of the 
total number of comparisons made at these speeds; less 
than 33 percent of the total number of comparisons made 
were rejected at the highest speed of 61 m/s (200 ft/s). 
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3. No major differences in the results were seen 
when the level of significance of the statistical analysis 
was varied from 0.05 to 0.02. 

It was concluded that there were no significant dif­
ferences in the simulated dynamic response of an F-4C 
aircraft to unloaded- and loaded-pavement profiles dur­
ing taxiing operations at speeds up to 61 m/s at the test 
section under study. 

ACKNOWLEDGMENT 

The research reported here was initiated while the first 
author was a participant in the U.S. Air Force-American 
Society of Engineering Education Summer Faculty Re­
search Program at Tyndall Air Force Base, Florida. 
The U.S. Air Force Civil and Environmental Engineering 
Development Office, Tyndall Air Force Base, provided 
financial support that made completion of the research 
program possible. We also wish to acknowledge the as­
sistance of Feng-Bor Lin of Clarkson College for his 
helpful suggestions on the statistical analysis. 

REFERENCES 

1. J. C. Houbolt. Runway Roughness Studies in the 
Aeronautical Field. Journal of the Air Transport 
Division, ASCE, Vol. 87, No. ATl, 1961. 

2. Newark Airport Redevelopment: The Pavement 
Story. Port Authority of New York and New Jersey, 
New York, May 1969. 

3. A. W. Hall and S. Kopelson. The Location and 
Simulated Repair of Rough Areas of a Given Runway 
by an Analytical Method. National Aeronautics and 
Space Administration, Tech. Note D-1486, 1962. 

4. A. R. Gerardi and A. K. Lohwasser. Computer 
Program for the Prediction of Aircraft Response to 
Runway Roughness. Air Force Weapons Laboratory, 
Kirtland Air Force Base, NM, Tech. Rept. AFWL-TR-
73-109, Vols. 1 and 2, Nov. 1974. 

5. W. H. Righter. Determination of Unloaded and 
Loaded Pavement Profiles Used for Prediction of 
Dynamic Response of Aircraft. Office of Scientific 
Research, U.S. Air Force, Tech. Rept. AFOSR-TR-
76-1419, 1976. 

6. W. H. Righter and M. R. Snyder. Dynamic Re­
sponse of Aircraft to Unloaded and Loaded Pavement 
Profiles. Civil and Environmental Engineering De­
velopment Office, U.S. Air Force, Tyndall Air Force 
Base, FL, Tech. Rept. CEEDO-TR-77-42, Oct. 1977. 

7 . W. A. Spurr and C. P. Bonini. Statistical Analysis 
for Business Decisions, Rev. Ed. Richard D. Irwin, 
Inc., Homewood, IL, July 1976. 

8. W. J. Dixon and F. J. Massey, Jr. Introduction to 
Statistical Analysis, 3rd Ed. McGraw-Hill, New 
York, 1969, 

Publication of this paper sponsored by Committee on Ride Quality and 
Passenger Acceptance. 




