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Modelling Air Passenger Judgements and Choices
Using Conjoint Methodology

Abstract

In this paper we report our findings which pertain to the application of conjoint analysis to assess
air passenger judgements about air travel preferences and their choice of carrier. The conjoint
application involves posing various trade-offs to travellers in order to assess preferences. Our
focus pertains to the optimal number of attributes to include in the experiment. We test passenger
trade-off structures with two, three, four, five and six factors and discover that the optimal
number is five factors. Conjoint experiments comprised of five attributes outperforms other
combinations in terms of incurring the least variance and highest goodness-of-fit indices.



Modelling Air Passenger Judgements and Choices
Using Conjoint Methodology

INTRODUCTION

The effectiveness of multiattribute methods for analyzing consumer preferences depends
ultimately on their ability not only to represent preferences for the product or choice situation of
interest, but also how those preferences are related to choices in real-world situations. Conjoint
analysis represents a class of multiattribute modelling approaches employed to uncover underlying
preference structures and, furthermore, maps preference structures to actual choices.

The primary purpose of this study is to assess the optimal number of attributes to include
in a conjoint experiment involving the decision of which air carrier to select for a pleasure trip.
Researchers have discovered that the reliability and validity of conjoint results are critically related
to the number of stimuli (attributes) included in the experiment (Green and Srinivasan, 1978).

Too many attributes increases confusion while too few renders the choice situation highly unreal
to participants. We employ measures of model aptness and predictive efficiency to assess the
optimal number of factors. A second purpose is to determine the importance of carrier country of
origin in the airline choice decision. Academic researchers have reported evidence that in many
product categories the country of origin or manufacturing of the product affected consumer
purchase decisions and quality assessments. We wish to test the country of origin effect in the
present study.

The remaining sections of the paper address the literature focusing on conjoint analysis,
the experiment conducted to empirically assess the optimal number of attributes, and the

implications for air passenger choice modelling.



LITERATURE REVIEW

Conjoint Analysis

For the past two decades conjoint analysis has increased in popularity as a method to
portray consumers’ decisions realistically as trade-offs among multiattribute products or services.
In fact, one source reports that usage rates for the technique have increased ten-fold during the
decade of the 1980s (Wittink and Cattin, 1989; Wittink, Vrienz, and Burhenne, 1992).

Conjoint is closely associated with traditional experimentation. Subjects (respondents) are
presented a set of product/service attributes with multiple levels associated with each attribute and
asked to rank or rate their preferences for alternative attribute combinations. For example, a
traveller is likely to use ticket price, availability of frequent flyer program, number of stops
enroute, and brand (air carrier), among other factors, in arriving at a decision as to which flight to
purchase. Conjoint analysis would involve constructing various sets of ticket prices, stops,
mileage programs, and air carriers as stimuli for travellers to judge in either a ranking or
rating exercise. Conjoint analysis is best suited for understanding travellers’ reactions to and
evaluations of predetermined flight attribute combinations that represent potential choice
situations they may confront in choosing an air carrier.

Widely used in marketing research, the technique represents a consumer side approach to
evaluating product attributes, individual characteristics, and situational factors on consumer preferences
and choices. Conjoint analysis has been found to be both practical and unbiased (Green and Srinivasan,

1978, Carmone, Green, and Jain, 1978).



RESEARCH DESIGN
Sample

A total of 400 travellers participated in the conjoint experiment (100 travellers for each of the
four attribute combinations). Respondents were interviewed on-site at a large, international airport in
Canada. A non-probability quote sample was employed. Travellers were interviewed at each hour of
the day, day of the week, and at various air carrier gates prior to flight departure. Furthermore,
interviewers were instructed to select participants based on gender (male = 65%, female = 35%), and
age ( less than 20 = 12%, between 20 and 40 = 35%, between 40 and 65 = 40%, and over 65 = 8%).
Samples employed in the study were representative of the proportions of air travellers commonly
departing from the airport. Thus, although non-probabilistic in design, it is felt the sample adequately
represents the population of air travellers.
Conjoint Exercise

The study was designed around a travel scenario which was presented to respondent travellers
prior to a domestic flight. The scenario described a pleasure trip between two points in North
America. The hypothetical trip presented in the scenario was designed with almost identical features to
one listed in a major travel reservation system. We sought to develop a scenario which was as realistic
as possible in order to improve respondant participation and accuracy of judgements and choices.

Travellers were asked to evaluate a set of flight attributes and to rate each set according to
their most preferred set for the hypothetical flight posed in the scenario. The task involved air traveller
evaluations of flight attributes, a product class frequently studied in conjoint research (cf. Green and
Wind, 1975; Bruning and Hu, 1984; Bruning, 1995; Bruning 1996; Bruning, Prentice, and Bellamy,
1996). Since the purpose of the study was to determine the optimal number of flight attributes to
include in a conjoint experiment, the scenario was tested with five different samples of air travellers

using two, three, four, five, and six attribute combinations for different respondent sub-samples. Flight



attributes were selected based on findings of previous research focusing on flight attribute preferences
(Bruning 1995; Bruning and Hu 1984, Cook and bla bla ; and Thorton). In selecting the attributes,
we identified those reported in previous literature and pre-tested a sample of 50 air travellers as to the
most preferred to least preferred attributes in order to confirm the orderings prior to administration in

the experiment. The attribute combinations are presented in Table 1.

Enter Table 1 About Here

In the conjoint exercise respondents were presented with two to six attributes to evaluate. In
all cases, two attributes were presented to all respondents; namely, ticket price and country of carrier
carmier. With respect to the identification of carriers employed in the scenario, we have alternated two
separate forms ‘of identification throughout the experiment. One-half of all respondents were presented
scenarios identifying carriers as either a Canadian carrier, a U.S. carrier, or a Mexican carrier. The
other one-half of respondents were presented with specific carrier names, e.g., Air Canada, Northwest
Airlines, and Air Mexico. The difference is not trivial, however. The literature in country-of-origin
research suggests that the national identification of producers/suppliers will impact the choices and
Jjudgements consumers make. Furthermore, since carrier country-of-origin is also a particular brand
(with country and carrier-specific stereotypes), it is suspected that the scenario with country only
identified would respond differently compared to the scenario presenting specific carriers as
alternatives. Thus, to account for the possible bias due to country-of-origin or carrier name, we have
structed the'sample to test for this likelihood.

Finally, we sought to control the effect on ratings and choices of attributes not included in the
study. Respondents were instructed that profiled flight attributes were based on actual levels occuring

on actual flights. They were also instructed to assume that all other aspects of the flight were similar



for all competing air carriers. Fixing the levels of unobserved attributes increases confidence that
choices and differences in ratings are due to differences on the manipulated attributes (Johnson 1987,
Johnson and Levin 1985).
Procedure

The procedure employed in administering the conjoint experiment was standardized for all
interviewers. One and on-half hours prior to a flight’s departure interviewers would approach
travellers located in air carrier gate areas. Interviewers would introduce themselves, explain the
project, and asked travellers if they would participate in the study. Ifallowed to continue, interviewers
would check for citizenship as we were interested in interviewing Canadian citizens only. Once having
screened for citizenship, interviewers would present respondents with the hypothetical travel scenario,
They would describe each flight attribute (two, three, four, five, or six attributes depending on the
sample) and explain the rating form (response options ranged from 1 = Very Low Preference to 9 =
Very High Preference). Once all attributes were explained, the scenario was described in full, the
choice exercise was explained, and respondents were asked to imagine their most-preferred
combination of flight attributes and levels, interviewers then presented respondents with a series of
flash cards. The cards depicted various flight attribute combinations and were presented one at a time.
Respondents were asked to make a rating on the coding form ( from a value of 1 to 9) based on a
comparison of each combination to the respondent’s most-preferred combination. A fractional
factorial design was used to reduce the conjoint exercise to manageable proportions by accounting for
main effects and not interactions (Cochran and Cox 1957). Thus, each respondent provided from five (
case with only two attributes) to eighteen (case with six flight attributes) ratings. These ratings were
used in determining aggregate part-worth estimates for each attribute and attribute level in the conjoint

analysis. In the analysis, ratings represented the dependent variable and the effect coded dummy



vanables served as independent variables in deriving part-worth estimates from OLS regression
analysis.

The null hypothesis of the study posited that the performance of the regression equations
representing each of the five samples (each sample presented with a certain number of flight attributes
to evaluate), as well as the samples based on country identification versus carrier identification, were
the same, (i.e., that the number of attributes included in the conjoint exercise had no significant effect
on predictive accuracy). Thus, the input into the statistical tests were measures of goodness-of-fit
(adjusted r-squrare) and variance (regression standard error and mean square error). The alternative
hypothesis (that the number of attributes included in the model would affect predictive accuracy) was
accepted if, indeed, the tests indicated that the null hypothesis was rejected.

RESULTS
Attribute Importance

The conjoint results for each of the five groups are reported in Tables 2 through 6. In Table 2,
summary statistics relating to the two flight attributes (price and carrier) are presented for each carrier
identification method. The data indicate that respondents placed greater relative importance on the
country of carrier factor regardless of the method of carrier identification.

Table 3 presents the assessment for a second sample of 100 respondents who compared three
flight attributes (i.e., price, number of stops, and country of carrier). The table reports that, as in the
two-attribute case, country of carrier was the dominant flight attribute accounting for the highest
importance value regardless of method of carrier identification. Price was a distant second attribute in
terms of attribute importance for the sample of travellers.

A third sample of 100 respondents indicated a preference pattern similar to the first two
reported in the study. Table 4 reports the conjoint results. After including in-flight services as a

distinct attribute in the assessment, country of carrier was rated as most important for both country-



only and carrier identified sub-samples. Price was second-most important followed by the number of
stops and in-flight services. Actually, in-flight services were seen as quite insignificant which
corraborates earlier research by Bruning (1995, 1996) and Bruning, Prentice, and Bellamy (1996).

The fourth sample of 100 respondents evaluated five flight attributes, namely, price, number of
stops, in-flight services, country of carrier/carrier name, and a fifth factor unique to this sample, on-time
performance. Table 5 reports that country of carrier/carrier identification attribute dominated all other
factors. Unlike importance scores reported in Tables 2, 3, and 4, with the inclusion of a fifth factor,
on-time performance, price has declined in importance and is eclipsed by the added attribute. In-flight
services remains a relatively insignificant factor in comparison to all others, although in the five-
attribute sample the number of stops has declined to fourth place.

In summary, the conjoint part-worth estimates and corresponding importance values are
relatively stable as the number of flight attributes was altered in the travel scenario. The stability is
represented graphically for each factor across the five different samples in Figures 3 through 6. The
pattern for the price attribute, depicted in Figure 3, declines steadily in importance as additional
attributes are added to the scenario. The carrier attribute pattern, represented in Figure 4, always
ranks as most important, except the five-attribute with carrier name scenario, and represents a fairly
constant trend across the five samples. Figures 5 and 6 depict the number of stops and on-time
performance attributes across the several samples. The two attributes are typically either third or
fourth ranked in terms of importance, while in-flight services, Figure 6, always ranks least important
among the five samples. The final attribute included in the model, on-time performance, enters in the
final stage and moves to the second position after country of carrier. In conclusion, the analyses
indicates a rather stable pattern of part worth coefficients and relative importance scores across the five

samples.



Predictive Efficiency

Parameter estimation equations for all samples were statistically significant at the p<01 level
based on the calculated F-statistic. OLS regression was used as the estimation approach and
preliminary diagnostics indicate that none of the fundamental assumptions were seriously violated. A
fundamental tenet of conjoint analysis is that attributes are independent of one another. An analysis of
interaction terms in the regression equations indicated that, indeed, first-level interaction among flight
attribute levels is statistically insignificant.

Goodness-of-fit. One of the major indicators of explanatory power in regression analysis is the
R-square statistic adjusted for degrees of freedom. In essence, the adjusted R-square statistic indicates
the degree to which the explanatory variables model variation in the dependent or predictor variable.
In this analysis, the index represents one dimension of the explanatory ability of the set of flight
attributes in estimating the importance of various trip attribute combinations.

Figure 1 summarizes the trend for adjusted R-square statistics in terms of country identified
and carrier identified models. As shown in the figure, adjusted R-square measures range from a high of
.585to alow of .191. In general, we can say that the explanatory factors perform reasonably well in
modelling the importance ratings across the five samples. Furthermore, Figure 1 dramatizes the
variation in adjusted R-square measures as the number of factors in the scenario increases. While the
estimates for the country-identified equation tend to incur slightly higher measures compared to the
estimates from the carrier-identified model, the difference is trivial. A difference in ranks test
concluded no significant difference between the two trends at the p<.05 level or below. Furthermore,
an assessment of the mean absolute difference indicated an insignificant difference in adjusted R-square
measures across the five samples. With respect to the goodness-of-fit index, the results of our analysis

indicate that predictive ability is, in general, not significantly affected by the number of attributes



presented in the scenario when the number of attributes is between two and five. The results, however,
do not generalize to attribute combinations greater than five.

Variance. Another indice useful in assessing the predictive ability of the conjoint regression
equations is the mean square error which measures the extent to which error exists in the estimated
parameters. In Figure 2, mean square errors for the four samples are presented for both the country
and carrier-based conjoint presentations. As presented in the figure, mean square errors indicate a
slight trend downward as the number of factors increased from two to five. For the country-based
presentations, mean square errors initially drop and then begin a slight rise from two to five attributes.
The carrier-based presentations, on the other hand, indicate a more random pattern, alternating
between increases and decreases. There appears to be a convergence between the country and carrier-
based conjoint presentations for the five-attribute samples.

A second measure of predictive ability is constructed by using the split-sample technique
whereby the first half of the sample is used to calibrate the regression model parameters used to
estimate the dependent variable in the second half of the data set. Figure 7 presents the trend in MSE
to MSPE (mean square prediction error) for the four samples. As indcated in the figure, MSPE
declines steadily over the first three samples, and begins rising afterwards. MSE, on the other hand, is
relatively stable over the four samples. Thus, we find support for including four to five factors in the
conjoint exercise based on predictive efficiency.

Summary

Our data indicate that it is appropriate to include a sizeable number of attributes in the conjoint
experiment rather than opting for parsimony in the extreme. Two or three attributes with three levels
each result in greater variance and less predictive efficiency relative to four or five attributes.
Furthermore, the attributes selected for this study appear to account for a healthy proportion of the

variance of the conjoint ratings. In summary, our findings are as follows:



1. Country of origin of the carrier is one of the more important factors in the airline choice decision
when several national carriers are competing. Individuals will tend to support the carrier from their
own country before one from another country.

2. Generally, differences are noticeable using country versus carrier as the product cue; however, these
differences are not pronounced in the case of air carriers. The finding implies that country of carrier
may summarize the brand-based information in cases where nationality is not evident in the carrier’s
name.

3. Considering all performance measures, between four and five factors appear optimal in conjoint
experiments dealing with airline choice behavior. Parameter estimation equations for all samples were
statistically significant at the p<.01 level based on the calculated F-statistic. OLS regression was used
as the estimation approach and preliminary diagnostics indicate that none of the fundamental
assumptions were seriously violated. An important tenet of conjoint analysis is that attributes are
independent of one another. An analysis of interaction terms in the regression equations indicated that,

indeed, first-level interactions among flight attribute levels is statistically insignificant.



Table 1

Conjoint Experimental Attributes and Attribute Levels

Attribute

Price

In-Flight Services

Number of Stops
Before Destination

On-Time Performance

Country of Carrier/
Name of Carrier

Low = $560

Attribute Level

Medium = $685 High = $779

Low = Poor selection of magazines; no newspapers; no

meals; too-few attendants for satisfactory service;
poor music quality; noisy aircraft.

Medium = At least one interesting magazine; no newspaper; a

High

cold sandwich and dessert; satisfactory speed of
service; several reasonable radio stations; aircraft
not too noisy; attendant staff congenial,

Good selection of magazines; current newspaper, a
hot meal; quick and effective service; music and
movie; very quiet aircraft; and excellent staff

Two Stops One Stop Non-Stop
70%ontime  85% on time 95% on time
Mexico United States Canada

Air Mexico  Northwest Air  Air Canada



Table 2

Two-Factor Sample Part Worth Utilities and Importance Values

L Country of Carrier Identified

Part Worth Attribute
Attribute Utilities Range
PRICE 4305
$560 3.144
$684 1.161
$779 -4.305
COUNTRY 4401
Canada 2.828
United States 1.573
Mexico -4.401
Adj. R-square =.,335
S.E. of Reg. =1.914
MSE = 3.665
IL Name of Carrier Identified
Part Worth Attribute
Attribute Utilities Range
PRICE 3.690
$560 2.638
$684 1.052
$770 -3.690
CARRIER 4570
Air Canada 2.718
Northwest 1.852
Air Mexico -4.570

Adj. R-square = .434
S.E.of Reg. =1.781
MSE =3.171

Percent

Importance

49.5%

50.5%

Percent

Importance
45.0%

55.0%



Table 3

Three-Factor Sample Part Worth Utilities and Importance Values

Attribute
PRICE
$560
$684
$779
COUNTRY
Canada
United States
Mexico
NUMBER OF STOPS
Two-Stops
One-Stop
Non-Stop

Adj. R-square = 585
S.E.of Reg. =1.299
MSE = 1.687

Attribute
PRICE
$560
3684
$779
COUNTRY
Air Mexico
Northwest
Air Canada
NSTOPS
Two-Stop
One-Stop
Non-Stop

Adj. R-square = .405
S.E.of Reg. =1.682
MSE =2.828

L Country of Carrier Identified

Part Worth Attribute
Utilities Range
2.926
2.033
893
-2.926
5447
2.907
2.540
-5.447
.687
- .687
.387
.300

IL Name of Carrier Identified

Part Worth Attribute
Utilities Range
3.207
2.187
1.020
-3.207
4.367
-4.367
1.847
2.520
1.134
-.567
367
.200

Percent

Importance
32%

60%

8%

Percent

Importance
39%

54%

7%



Table 4

Four-Factor Sample Part Worth Utilities and Importance Values

Attribute
PRICE
$3560
$684
$779
COUNTRY
Canada
United States
Mexico
NUMBER OF STOPS
Two-Stops
One-Stop
Non-Stop
INFLIGHT SERVICES
Low
Medium
High
Adj. R-square =
S.E.ofReg. =1.
MSE =1

Attribute
PRICE
$560
$684
$779
COUNTRY
Air Mexico
Northwest
Air Canada
NSTOPS
Two-Stop
One-Stop
Non-Stop
INFLIGHT SERVICES
Low
Medium
High
Adj. R-square = .191

SEE.ofReg. =179
MSE =3.227

L. Country of Carrier Identified

Part Worth Attribute
Utilities Range
2.124
1.531
593
-2.124
2.552
1.420
1.132
-2.552
..998
- 998
427
57
235
-235
-191
-.044
II. Name of Carrier Identified
Part Worth Attribute
Utilities Range
2.260
1514
746
-2.260
2340
-2.340
1.136
1.204
1421
-1.421
.540
881
326
-.326
-.188
-.138

Percent

Importance
36%

43%

17%

4%

Percent

Importance
36%

54%

22%

5%



Table 5
Five-Factor Sample Part Worth Utilities and Importance Values

L Country of Carrier Identified

Part Worth Attribute Percent
Attribute Utilities Range Importance
PRICE 1.862 22%
$560 1.330
$684 532
$779 -1.862
COUNTRY 4781 58%
Canada 2.885
United States 1.896
Mexico -4.781
NUMBER OF STOPS .098 1%
Two-Stops -.098
One-Stop -.168
Non-Stop 070
INFLIGHT SERVICES 105 1%
Low -.105
Medium 130
High -025
ON TIME PERFORMANCE 1.500 18%
Low -1.500
Medium 535
High 965

Adj. R-square = .401
S.E.of Reg. =1.458
MSE =2.126



Table S cont.

Five-Factor Sample Part Worth Utilities and Importance Values

IL. Name of Carrier Identified

Attribute
PRICE
$560
$684
$779
COUNTRY
Air Mexico
Northwest
Air Canada
NSTOPS
Two-Stop
One-Stop
Non-Stop
INFLIGHT SERVICES
Low
Medium
High
ON TIME PERFORMANCE
Low
Medium
High
Adj. R-square = .516

S.E.of Reg. =1.283
MSE = 1.647

Part Worth
Utilities

973
110
-1.083

-5.718
2.795
2923

-716
273
443

-423
310
113

-1.271
363
908

Attribute

Range
1.083

5718

716

423

1.271

Percent

Importance
12%

62%

8%

4%

14%



Figure 1
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Figure 2

Mean Square Error Values
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Figure 3

Price Importance

45 4

35 -

PRICE importance for Factor Sub-samples

2 3 4

Factor Sub-sampies




Figure 4

Country Importance
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Figure §

Number of Stops
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Figure 6

In-Flight Service Importance
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Figure 7
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1. Introduction

The international aviation service in the Asia Pacific
region has improved with the increasing demand in
accordance with economic growth in Asian countries.
The international aviation network in this region, which
has not been sufficiendy studied for making the
international aviation policies, is the focus on this study.
Some aviation policies might produce undesirable
results for users because of decrease of service level.
The purpose of this paper is to analyze international
aviation network quantitatively in terms of airline
network structure and user benefit.

Firstly, the relationship between aidine networks is
examined considering airport pairs which ate served by
aitlines. The airports and routes of each auline
determine the relationship. Two indices that express
respectively the degree of competition and the degree
of complementation between networks are proposed in
this study. The fact that the recent improvements of
the intemational aviation netwotk in this region have
changed mutual relationships is demonstrated using
these indices. Actually, such improvements of network
affect the travel behavior of passengers. Therefore, it is
necessary to consider the passenger evaluation of the
change of network design.

The international service choice models that show
the differences of preference for international aviation
service such as fare, frequency and time are estimated
by passenger’s nationalities. The user benefit which is
derived from the willingness to pay for the service
changes is then calculated. One case study considering
the Japanese, the Korean and the American passengers

is undertaken to measure the user benefit for the recent

service change by the major aidline companies.
2. Review of relattd papers

In the last 15 years, 2 number of studies focusing on
air transportation networks were conducted in the

wordd. From the view point of demand analyss,
Oberhausen etal.(1982)? focused on passenger
demand by means of time-series analysis.

Harvey(1987)? analyzed air passenger behavior and
proposed the hierarchical structure of passenger
behavior. Morichi et.al.(1989)” analyzed not only
international air passengers but also domestic air
passengers to evaluate air transport policies in Ja[ﬁnn. In
their study, three kinds of model such as tp
production model, departure airport model and trip
generation model were developed to explain
international passenger travel behavior. The last model
was utilized to forecast induced demand using
accessibility variable which varies according to level of
service of each airport. They carried out one case study
treating Fukuoka-Hong Kong city pair to evaluate the
effect of flight frequency change and proposed increase
of the international flights from/and to local airports in
Japan order to decentralize the flights at Narita airport.
Furuichi etal(1994) developed integrated forecasung
models for international air passenger demand using
discrete choice models and air passenger survey data in
Japan. The passenger demand in neighboring countries
must be considered when the international aviation
policies and the network design problem are evaluated,

however, the last two studies analyzed only Japanese



travel behavior. Similarly, Kuwang Eui et.al.(1996)

analyzed the travel behavior of Korean passengers in °

terms of airline service choice using stated preference
data for the services. On the other hand, Yai
etal(1995)%insist the necessity of research considering
multi-national characteristics of passengers in order to
evaluate the international aviation policy.

A research on the Asia-Pacific aviation market was
conducted by Hansen etal.(1990)". The impacts of
demand growth and the influences of high terminal
costs of Narita Airport are mainly analyzed. The results
of their simulation indicated that the increase of
passenger demand would make it possible to operate
intercontinental direct flights not via Narita and that
the alternative Asian aitports would become major
gateways because of high operation costs at Narita.

As we mentioned above, the studies on the evaluation
of network structure have been done mainly through
the analysis of demand and travel behavior.

What seems to be lacking, however, is the analysis of
network structure as products of aidine companies.

The network design problem is examined by Kuby
etal(1993)", however, only the fleet network is dealt in
his  study. Hansen(1990)” examined the aidine
competition using game theory to analyze the effect of
hub-domination.

In this study, then, international aviation networks as
the products of airine companies are analyzed and,
competition and complementation between networks
are examined. Furthermore, the influence of network
change on the passengers is examined in terms of the
use benefit considering multi-national characteristics of
passengers.

3. Network Competition and Complementation

Recently, the international aviation network in Asia
has been expanding with increasing international
passenger demand. Actually, this network expansion
came as a result of the decision of aitlines to increase
their services under some conditions such as capacity
constraint at airports and bilateral aviation agreements,
and it was supposed that the convenience for the
passengers has been significandy improved. However,
there are many factors such as aidine alliances and

2

movements towards open sky policy that might lead to
the drastic change of network structure, and there is a
necessity of quantitative evaluation of the relationship
between networks. In this chapter, the transition of
relationships between aitline networks are examined.
The network structure could be expressed in terms of
two properties. One is scope of the network and other
is density of the network. When these two propertes
are applied to the aitline network, the former one is
expressed by the number of airports where the aidine
has flight services and the later one is expressed by the
flight frequency of an airport or a specific route per
unit time.

Firstly, the characteristics of network expansion are
deduced by comparing the transition of the aitine
network structure. Then, the changes of relationship
between aitline networks caused by expansion are
analyzed. Two simple indices represent  mutual
relationship between aidine networks. One is the
competition index and the other is the comple-
mentation index. These indices are measured using the
number of airport OD(Origin-Destination) combi-
nations of each aitline network.

3.1 Historical Expansion of Airline Network

The change in the scope and density of network are
examined using the OAG'Y. The flights originating
from the airport where an airline uses it as its base are
analyzed. Figure-1 shows the change in the number of
cities served by each airine and Figure-2 shows the
change of international flight frequency.

Initially, the transition in the number of airports 1s
explained. SQ (Singapore Aidines) and CX (Cathay
Pacific Airways) which use Changi Airport and Kai Tak
Airport, respectively, as hub airports have actively
increased their number of airports  within  their
respective aidine networks. On the other hand, it can
be noted that JL (Japan Aitlines) has almost no change
in the number of served auports. The reasons are that
capacity constraint of Narita has hindered the
increasing of frequency and that high operation costs
have prevented JL from operating low-demand routes.

Next, the transition of frequency is explained. The
increasing trend has been evident in recent years.
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Figure-1 The change in the number of cities served by
major Asian airlines and its location
Among these ten aitlines, SQ and CX are noted to have
high:frequency service. JL has improved its service
through increasing frequency on existing routes without
increasing the number of airports served.

The transition of network expansion are analyzed by
region and are subsequently compared. JL's share of
service to the U.S. and Europe is extremely larger than
any other aidine. In 1993, 44% of airports and 30% of
frequency of JL operation are related to western
countries. This indicates that the expansion of JL
network has mainly spread to the long distance regions.

At the same time, KE (Korean Aidines) and OZ
(Asiana Aidlines) have promoted internationalization of
local airports in Japan. The ratio of KE services to
Japan has increased up to 28% (1993) for all airports in
abroad in which KE has services, and 42% (1993) of
total frequency from the airport where it is based.

Likewise, SQ has significanty improved its level of
service to ASEAN countries from 1981 to 1993. The
number of cities in ASEAN countries served by SQ has
increased from 6 to 16 and the number of flights also
has increased from 137 to 274 per week. SQ has built
hub and spoke network with Changi airport as the hub.

CX’s service level to China is high relative to other
aitlines. It is mainly due to Hong Kong (Kai Tak
Airport) is one of the gateways to Chinese cities.

The ways of network expansion are different among
airline companies. It is supposed that these differences
affect relationships between networks largely in terms
of network competition and network complementation.
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Figure-2 The change in the number of fiights operated
by major Asian airlines and its destination

3.2 Relationship between Networks

The mutual relationship between networks s
explained by 4 typical cases in Figure-3. The linkage
between networks in terms of nodes defines the
relationship. The nodes represent airports in this
research. The conditions of relationship are explained

below:

(a) Independent networks:
The condition where there is no common node
between network A and B, that is, it is impossible to
define the relationship between these networks.

() Completely competitive networks: -
The condition where both network A and B are
linked to all nodes, that is, it is possible to travel
from one airport to other airports using only one
airline network.

(¢) Completely complementary networks:
The condition whete a movement from one airport
involved in network A to other airports involved in
network B is not possible using only one airline
network.

(d) Inclusive networks:
The condition where one network is completely
included in another network.

(e) Competitive-Complementary networks:
The condition where it is between completely

and completely

competitive networks

complementary networks.



N 4 neh e 35
4~ The most competitive network is indicated by the direction of arrow

""-.. - -

B The most complementary network is indicated by the direction of arrow
Figure-4 Competition and complementation index (boundary is Asian network)

“4———— The most competitive network is indicated by the direction of arrow

B R The most complementary network is indicated by the direction of arrow

Figure-5 Competition and complementation index (boundary is World}

Complementation index of network A to B is derived
as a ratio of the number of airport pairs in which
traveler can not move between origin and destination
airports without using network A to the number of all
atrport pairs related to n,. The total number of airport
OD pairs related to n, is defined as:
nu(20, + (ny-1) + 20, @

The number of airport pairs which traveler can not

move between airports without using network A and

network B is:
2n,n, &)
Complementation index of network A to B is:
200, /@20, + (D +20) ()

and similacly, index of network B to A is:

2n,n, /(n,(2n,+ (n,-1) + 2n,)) 0)
3.4 Measurement of Indices

The indices that are developed eadier show the
transition of relationship between aidine networks in
the Astan region. However, the competitive and the
complementary condition between networks diffec
according to network boundary. In this study, the
indices are measured in two cases, one is the case where
the network boundary is the Asian region and another
is the case where the boundary is the world. Figure-4
shows the competitive and complementary conditions
at two points in ume (1987 and 1993) when the

network boundary is the Asian region. The notations in
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Figure-3 Relationship between networks

3.3 Network Competition and Complementation

In this section, the differences of characteristics of
network expansion described earlier that change the
relationship between airline networks are analyzed. For
instance, if aidine B enters some routes already served
by aitline A, there will be a new competitive condition
between aidines. There are some airport-pairs where
the passenger can move between them only by using
aidine A and aidine B networks. In such case, it is
considered that these airline networks are under
complementary condition. Therefore, the relationships
between networks of Asian aidines will be deduced by
competition and complementation indices that are
calculated based on data of airport OD pairs.

3.3.1 Competition Index

The competition index, which represents the

competitive  relationship  between networks, is
developed. Here, n, is the number of airports which are
included in only network A, n, is the number of
airports which are included only network B and n, is
the number of airports which are included in both
network A and B. The total number of OD pair
combination is then derived by summing up the

numbers in all cells in Table-1.

Table-1 The number of airport pairs by their attributes

network A ] network B
n, Ny n,
NC(‘\VOtk A n, nl(n-'l) nng, n,n,
Ny, NN, N(ny-1) NNy
Network B
ng nyn, NN, n,(n,-1)
(0, +0+ng) (0 +n,+n,-1) (1)

The number of airport OD pairs under competitive
condition between network A and B is the number of
OD pairs between one airport within n,, and other
remaining airports within n,,:

Np(N-1) 2

The degree of competition is defined as the ratio of
number of competitive OD to the number of total OD:

N(Nw-1)/ (0, 0+ 0) (0,40, +0,,-1) (3)

3.3.2 Complementation Index

When a traveler cannot move from one airport to
another aiport without using both networks A and B,
the complementary condition is generated. The
complementation indices between networks A and B,
consist of complementation of A to B and

complementation of B to A, are calculated separately.



the figure indicate not the airport but the airdine.
Similarly, Figure-5 shows the condition where the
network boundary is the world. The node where the
arrow points of the solid line and broken line indicates
the strongest competitive and complementary networks
for each aidine, respectively. For example, the arrow of
the solid line from JL to CX in Figure-4 means that CX
is the strongest competitor of JL in 1987. Moreover,
the acrow of the broken line from JL to GA (Garuda
Indonesia) means that GA strongly complements the
service of JL in 1987.

Figure-4 shows that the competitive condition
changed from the state where CX is the center of the
network competition in 1987 to the state where there
are two centers as indicated by JL and SQ in 1993. The
reason why the competitive condition has changed is
that SQ has gready increased its service to more
airports focusing on Asia as earlier shown in Figure-1.
Since SQ has aggressively increased the number of
served cities that included also regional cities in
Southeast Asia, the number of airport pairs that are
under competition between SQ and other aidines has
also increased. In contrast to SQ, CX had a different
strategy of network expansion where CX has opened
many routes to Chinese cities which consequently
decreased the competitive index.

The change of the relationship with respect to
complementation is then considered. Figure-5 shows
that GA was the center of complementary condition in
1987 when the boundary is limited to Asian region.
This is because the domestic aviation network in
Indonesia has been developed and only GA served
The figure that
complementary relationships existed in 1993. Since the
KE and OZ networks have spread to Japanese local
cities and CX network has spread to Chinese cities
distinctively, the complementation indices of these

those cities. shows various

airlines.

In Figure-5, when the network boundary is all over
the wotld, the condition changed from the ‘state where
SQ and JL acted as centers of complementary
relationship in 1987 to the state where SQ and PR
(Philippines Aitlines) became centers in 1993,

It is shown that the network provisions that the
airines had developed in recent years have changed the

mutual relationship of networks by using the simple
indices proposed in this study. Moteover, the influence
of the deregulation for international air transport in
each country, the movement towards the open sky
policy and airline alliances and mergers which are
factors that generate drastic network structural changes
in the Asia-Pacific region can be evaluated by utlizing
these indices.

4. Network Expansion and Its Influence on the

Passengers
4.1 Network Expansion

In this chapter,, the effects of the international air
network provision in recent years are analyzed from the
aitline side and the user side viewpoints. The objective
to be evaluated in the change of network structure is
the trend of aviation service from 1991 to 1996,

Six airlines such as JL, NH (All Nippon Airways),
KE, OZ, UA (United Aitline), NW (North West
Airline) are considered as the suppliers. Figure-6 shows
the network structure in the Asia-Pacific region of the
six ailines. The routes, which were already operational
in 1991, are indicated by broken lines and the routes
which became operational within 1992 to 1996 are
indicated by the solid line.

The aitline networks, which have been expanding in
these five years, are identified as NH, KE and OZ. NH
has increased its service to cities with the opening of
Kansai International Aitport. Meanwhile, KE and OZ
have opened new routes to local cities in Japan.

4.2 Transition of Network Competition and
Complementation

In this section, we set the network boundary to the
Asia and the United States. Then, the relationship
among six aidine networks can be shown by the
proposed indices. The international and domestic
services of Korean ailines, and the international service
and domestic service related to the Narita and the
Kansai airports of Japanese aidines are considered in
order to measure the indices. Only the international
transpacific  services  are

routes concerning the



The route which was operated in 1991

The route whose operation started between 1992 and 1996

Fiaure-6 Network expansion of 6airlines (JL.NH. KE.OZ. NW.UA)

Table-2 Competition Index

Table-3 Complementation Index(1991)

Table-4 Complementation Index {1896)
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The line with an arrow is drawn
from active side airline to passive
side airline.

Figure-7 The change of relationships among 6 airlines

considered for the American aidines.

Table-2 shows the results of competition index
and Table-3 and Table-4,
respectively, show the complementation index in 1991
and in 1996.

Moreover, Figure-7 displays only the network

between networks

relationship with high value and it is clean that the
expansion of network has generally made the

relationship highly competitive. The figure shows' that
the situation has changed from the condition where
only JL is the core of network competition in 1991 to
the condition where Japanese and Korean aulines arte
the cores in 1996. The reason is that Korean aitline
companies have aggressively provided new routes to
many cities in Japan where Japanese aidines are already
operating,



who depart from Tokyo and Osaka, the transit of »

flights is not considered in this research. Also, the
Korean passengers who depart from Seoul and transit
in Kansai Airport are not considered.

The airports of Los Angeles, San Francisco and
Seatte in the U.S., Seoul in Korea, and all airports in
Japan connected to Narita or Kansai are considered in
the measurement of user benefit. Therefore, the
number of Japanese passengers who entered the U.S.
through the airports located in the West Coast and the
number of American passengers who departed from
that region are used for measuring the total user
benefit.

Figure-8 shows the total annual user benefit and user
benefit by destination. Total benefit is shown in terms
of circles on each region and the lines show the benefit
according to the destination wherein the arrow
indicates the destination. The white circle shows the
decrease of benefit and shaded circle shows the
increase of benefit. The figure shows that the user
benefit decreased in the prefectures located in Eastern
Japan, including Tokyo. The main reason is that the
number of flights not only between Narita and the
West Coast but also between Narita and Seoul
decreased in these five years. It shows that the effect of
the opening of Kansai International Airport and the
internationalization of local airports overcame the
benefit deficit, which influenced all prefectures in
Japan.

The level of convenience of trips from local cities in
Japan to the United States by way of Seoul has
improved largely, although there was no schedule of
connecting flights in Seoul within the same day in 1991.

The large difference in the total user benefit between
Japanese passengers and Korean passengers became
evident. The reasons are that the willingness to pay for
the service improvement is different due to the
difference of model parameters and that the annual
passenger demands are largely different.

The total user benefit of passengers from the West
Coast to Japan decreased. The main factor is that the
service of JL between Narita and Seattle came to an
end.

However, since the service that connects these three
countries is limited to six airlines and the level of

service 15 actually much improved, the decrease of
benefit did not occur.

The relationship between the competition index and
the user benefit is then examined. The tendency
wherein the user benefits increase by the intensification
of competitive condition is elaborated here. It can be
understood by the fact that the decrease of the
competitive condition occurred only in the relationship
between Japanese airlines and American aidines and
that the decrease of user benefit happened for
passengers departing from the West Coast to Japan.

It was demonstrated that measuring user benefits
due to the effects of network provision and the
applicability of this method to the quantitative
evaluation of the jnetwork changes according to the
aviation policy.

6. Conclusion

There are many factors, such as increasing demand
and airport investment, introduction of open sky policy
and the increasing ailine alliances and mergers, which
may cause drastic change in aviation network strucrure
in the Asian region. Therefore, the possible
consequences caused by the suuctural change of
network are quantitatively analyzed in order to decide
the suitable aviation policy.

In dus study, the international aviation netwotk in
Asian region, where quantitative analysis is not
advanced, is analyzed to evaluate its structure. Two
indices that can explain the mutual relationship such as
competition and complementation between networks
are proposed.  The international service choice models
are estimated by nationalities to analyze the effects of
service changes from the passenger’s viewpoint.

Now, the simulation system to examine the effects of
network changes in terms of network structures and
user benefit is under construction. In addition, it is
necessary to expand the region to be studied from three
countries (Japan, Korea and U.S)) to a wider region and

examine the present aviation policies.



Table-5 Service Choice model (Foreigners)

Table-6 Service Choice Model (Japanese)

Nationali US.A Canada EU Korea Singapore China Access service International servic
Fare -4.07 -4.99 -4.16 -3.68 -5.56 -4.02 Fare(¥10000) -3.13 -147
(100USS$) -19.9 -7.00 -12.5 -6.15 -4.59 -4.73  logsum utility of international service 0.932 5.00
Travel Time -2.40 -3.80 -2.67 -1.36 -2.44 -1.43 “Airport™ dummy(Narita) 184 226
(hour) -8.18 -3.75 -5.42 -1.53 -1.55 -1.07 “Airport” dummy(Osaka) 1.23 2.01
Frequency 0.208 0379 0.346 0.243  0.739 0.452 “Airport” dummy(Nagoya) 2.44 383
In_(flights/wesk) 4.84 2.40 4.77 1.52 2.53 2.18 Fare(¥10000) 0.241 -6.49
Flag of airline 0.294 0.121 0.100 -0.0316 0.272 -0.186 Travel Time(hour) -0.0651 .1.34
(own=1 others=0) 4.94 0.637 1.04 0170 0.871 -0.737 Frequency (in{flights/week)) 141 184
Flag of airline(own=1 others=0) 0.369 4.47
ot 0179 0209 0178 0.180 0247 0.220 ot 0.776 0.105
Hit ratio(%) 54.6 57.7 56.4 575 59.3 59.0 Hit ratio(%) 834 423
Num.of samples 2154 189 801 186 81 105 Num.of samples 592 783
below:t-value right side:t-value

[72.2)

Benefit (imillion US3)
;um
20

e} + (Increase Benefu)
Uimillion USS)

Qrseeesene =(Decrease Banelit)
C hinilhon USS )

Figure-8 The change of user benefit from 1891 to 1996

Moreover, as to the complementation relationship in
1991, because OZ network is small in scale, OZ left the
complementation to all the other aitlines. In contrast, in
1996, the condition changed such that the US aidine
companies have left the complementation to the
Japanese and Korean airline companies.

The transitions of the relationship between networks
in terms of structure are demonstrated by the indices.
Subsequently, the ability of these indices for evaluating
network relations is confirmed by comparing with the
actual phenomenon and by the significance of the
indices. However, service frequency which is a major
factor of competition is not considered while the
indices were being measured. Therefore, frequency will
be taken into account in the further studies utilizing the
method described in this paper.

4.3 Measurement of User Benefit
The improvement of international aviation service in

one airport such as the increase of flight frequency and
served cities increases the accessibility of the airport. In

this paper, the user benefit is measured by using the
method proposed by Williams'"'. The user benefit
provided by the improvement of international aviation
service from 1991 to 1996 is computed in this section.

The user benefit generated by the network changes
in Japan, Korea and the United States is measured.

Since the service improvement of one route affects
not only the passenger who uses this route between the
auports but also the passengers who travels beyond the
airports after transit, it is necessary to take many classes
of passengers into the evaluation parameters.

The international aviation service choice models
shown in Table-5 are used for network evaluation from
the Korean and American passenger’s viewpoints.
These model are estimated using the SP (stated
preference) survey at Narita. On the other hand, the
route choice and airport choice model shown in Table-
6, which were estimated in our previous research, are
used for the network evaluation from the viewpoint of
Japanese passengers.

Here, Japanese passengers using Tokyo, Osaka and
Seoul for transit are considered. For the passengers

8
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