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Given the importance for both transportation and
logistics as well as the scope of sequencing
problems, the focus of this study is the Berth
Allocation Problem (BAP), which determines the
assignment of the berths to the calling ships. Given
the dynamic information of the ship arrival times,
the objective of the dynamic BAP is to minimize the
total service times, defined as the sum of the
waiting times and handling times, for all calling
ships. In particular, the handling time is assumed to
be berth-dependent and thus affected by the berth
assignment decision. Owing to the nature of the
sequencing decision problem associated with the BAP,
this study chooses the Ant Colony Optimization (ACO),
which has some inherited advantages over other meta-
heuristics due to its sequential framework for the
searching process and the solution building
procedure. This study designs an ant-based algorithm
to generate the ship assignment sequence, by which a
greedy heuristic assigns a berth to a ship and
determines the berthing window by considering its
arrival time and the berth-dependent handling time.
In the numerical experiment, the developed algorithm

T



1s compared with a solution algorithm based on

Lagrangian Relaxation in the literature. It is found
that the developed ant-based algorithm is promising
with respect to the solution quality for the dynamic

BAP.

Berth Allocation Problem, Heuristics, Ant Colony
Optimization
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Abstract

Given the importance for both transportation and logistics as well as the scope
of sequencing problems, the focus of this study is the Berth Allocation Problem
(BAP), which determines the assignment of the berths to the calling ships. Given the
dynamic information of the ship arrival times, the objective of the dynamic BAP is to
minimize the total service times, defined as the sum of the waiting times and handling
times, for all calling ships. In particular, the handling time is assumed to be
berth-dependent and thus affected by the berth assignment decision. Owing to the
nature of the sequencing decision problem associated with the BAP, this study
chooses the Ant Colony Optimization (ACO), which has some inherited advantages
over other meta-heuristics due to its sequential framework for the searching process
and the solution building procedure. This study designs an ant-based algorithm to
generate the ship assignment sequence, by which a greedy heuristic assigns a berth to
a ship and determines the berthing window by considering its arrival time and the
berth-dependent handling time. In the numerical experiment, the developed algorithm
is compared with a solution algorithm based on Lagrangian Relaxation in the
literature. It is found that the developed ant-based algorithm is promising with respect

to the solution quality for the dynamic BAP.
Keywords: Berth Allocation Problem, Heuristics, Ant Colony Optimization
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Revenue Management (RM) has become a common practice in the airline industry worldwide since
American Airlines successfully implemented it in the mid 1980s to beat the entrants in the
post-deregulation era. As a core technique of RM, price differentiation is put into practice though the
multi-fare scheme, which results in significant price dispersion in the market. At the same time, the
implementation of price differentiation is believed to be closely related to market condition. The objective
of this study is thus to examine the relationship between revenue management and market condition
through the example of the domestic air market in Taiwan. This empirical study establishes several
multiple linear regression models, in which ticket discount is chosen as the dependent variable given the
partially-deregulated environment for fare control. With an aim to conduct a comparative analysis, it is
found that the result is in general consistent with those in the prior empirical studies focusing on the U.S.
and Europe domestic air markets and provide more evidence from the practical viewpoint regarding how
airlines react to market condition while making the pricing decision. In particular, this study further
employs two interaction models to investigate the impact of one independent variable on another. The
results show that the interaction models provide insightful explanations about how the implementation of
RM is affected by other factors.
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Abstract

Revenue Management (RM) has become a common practice in the airline industry worldwide since
American Airlines successfully implemented it in the mid 1980s to beat the entrants in the post-
deregulation era. As a core technique of RM, price differentiation is put into practice though the
multi-fare scheme, which results in significant price dispersion in the market. At the same time, the
implementation of price differentiation is believed to be closely related to market condition. The
objective of this study is thus to examine the relationship between revenue management and market
condition through the example of the domestic air market in Taiwan. This empirical study establishes
several multiple linear regression models, in which ticket discount is chosen as the dependent variable
given the partially-deregulated environment for fare control. With an aim to conduct a comparative
analysis, it is found that the result is in general consistent with those in the prior empirical studies
focusing on the U.S. and Europe domestic air markets and provide more evidence from the practical
viewpoint regarding how airlines react to market condition while making the pricing decision. In
particular, this study further employs two interaction models to investigate the impact of one
independent variable on another. The results show that the interaction models provide insightful
explanations about how the implementation of RM is affected by other factors.

Keywords: Revenue Management, Price Differentiation, Market Condition, Regression Analysis

1. Introduction

The Airline Deregulation Act of 1978 significantly changed the environment of the domestic airline
market in the U.S. Given the relaxed control on routes and fares, many new airlines aggressively
entered the market. People Express was probably the most successful one. With minimal service and
cheap labor, People Express considerably reduced airfares, not only lower than those of the existent
major airlines, but also comparable to the fares offered by the intercity bus lines. The revenue of
People Express increased dramatically throughout the early 1980s and reached one billion USD by
1985. After a failure in the initial price war, one of the major carriers, American Airlines, introduced
the Ultimate Super Savers, a discount fare with restrictions, to compete against People Express for the



price-elastic demands. This combined with the sophisticated computer reservation system for seat
inventory control successfully defeated the low-price strategy of People Express and, at the same time,
effectively secured the high-margin market for American Airlines. People Express, a new company
without a high-end brand image, ceased operations in 1986 after losing its price advantage (Peterson
and Glab, 1994).

Airline Deregulation has been cited as a success for free competition. Initially, the average airfare did
decrease, and the number of airline passengers increased. However, after years of practice under the
“Open Sky”, many airlines have declared bankruptcy. The projection is for a handful of large airlines
to dominate the airline industry in the future. There are several reasons why the Airline Deregulation
did not live up to its advance billing or ended up with so many surprises as highlighted by Alfred E.
Kahn (1988), an economist and the last Chairman of the Civil Aeronautics Board (CAB). However,
price discrimination and other revenue management techniques, the key weapon used by American
Airlines to defeat People Express, have certainly played a key role in the unexpected and undesired
market concentration.

Although controversial, revenue management (RM, also known as yield management, YM) has
become a global and common practice in the airline industry worldwide since American Airlines
successfully implemented it in the mid 1980s to beat the entrants in the post-deregulation era. Not
only is a strategic measure for price competition, RM is also an important operational technique for
raising revenue. It has been estimated that RM practices have generated an additional revenue of 1.4
billion USD for American Airlines over a 3-year period around 1988 (Smith et al., 1992). Nowadays,
it is difficult for a major airline to operate profitably without the use of RM, as according to most
estimates that the extra revenue gained from the use of RM is about 4 - 5%, which is comparable to
many airlines’ total profitability in a good year (Talluri & van Ryzin, 2004).

Airline deregulation has become a global trend, and Sinha (2001) and Chang et al. (2004) serve as
excellent references for its development across countries and regions. In particular, the latter focused
on the issue of ownership and control, which is believed to be the most important barrier for airline
industry linearization. There were many research works that have examined the impact of
deregulation specifically on airfare, which is probably the most immediate and concerned influence of
linearization. For example, Morrison and Winston (1990), Borenstein (1992), Dresner and Tretheway
(1992), Maillebiau and Hansen (1995), Marin (1995), Jorge-Calderon (1997) focused on the markets
in North American or Europe, the regions with early introduction of aviation deregulation. More
recently, for the Asia Pacific region, Manuela (2007) adopted a similar empirical framework and
developed an econometric model for the case of Philippines.

Above research works have shown that airfare, in terms of the average value, generally decreased due
to the competition brought by deregulation, but they did not address another important aspect: the
price dispersion due to the application of the price discrimination, which is legally permissible and
strategically desirable in the post-deregulation era. Price discrimination, one of the core techniques of
RM, is implemented by offering multiple airfares with various terms and conditions and/or by
changing the fares dynamically. Its application is believed to be affected by the market condition.
Thus, the focus of this empirical study is to analyze the relationship between price discrimination,
revenue management, and market condition. This paper is organized as follows. The next section
reviews the related literature. The framework of the empirical analysis is described in the third section,
and the results are presented in the fourth section. Finally, the findings of this study are summarized
and conclusions are drawn in the fifth section.

2. Literature Review

Price discrimination is usually categorized in three types (Varian, 1996). In the first-degree price
discrimination, also known as perfect price discrimination, a supplier sets the price according to the
willingness-to-pay by individual consumers. In the second-degree price discrimination, consumers
make the purchase decision regarding the options offered by a supplier. That is why it is sometimes



referred to as self-selection. As for the third-degree price discrimination, a supplier segments the
market with multiple prices and conditions that are based on the diverse characteristics of the
consumers. Revenue management as adopted by airlines is usually referred to as a practice of the
second-degree price discrimination, although some tickets targeting a specific group of travellers
(such as senior citizens) are closer to the third-degree price discrimination category.

In a monopolistic market, a firm is the price setter and can maximize its profit through price
discrimination. At the other extreme, in perfect competition a supplier is simply a price taker, and the
price is equal to the marginal cost. Therefore, it appears that there is no price dispersion in perfect
competition. So, if we take a competitive market between the two extremes, then the obvious
conclusion based on simple extrapolation should be that price dispersion will be reduced if
competition increases. However, reality does not follow a rule this simple.

Some theoretical models instead concluded that price dispersion exists and may increase as a market
moves from a monopoly to imperfect competition (e.g., Valletti, 2000). In particular, for the airline
industry, Gale and Holmes (1992a), Gale and Holmes (1992b), Gale (1993), and Dana (1998) used the
advance-purchase requirement as a discriminatory device to investigate price dispersion under various
market conditions. When competition is introduced into a monopoly market with price discrimination
implemented, the pre-existing supplier is likely to lower the prices (especially for the lower-end
products) so as to avoid giving room to the rivals. That is why it has been found price dispersion may
increase as the market becomes more competitive. This phenomenon is even more apparent for the
airline industry, in which the cost of holding inventory to meet demand is relatively high due to the
associated demand uncertainty and supply non-storability.

Borenstein and Rose (1994) categorized price discrimination into “monopoly-type” discrimination
and “competitive-type” discrimination. Consistent with the general concept of price discrimination,
monopoly-type discrimination is related to the industry demand elasticity and generates more price
dispersion if a market is closer to a monopoly. On the other hand, competitive-type discrimination is
related to customers’ cross-elasticity of demand among different brands. Price dispersion becomes
greater when a market is more competitive, since firms tend to offer deeper discounts when
segmenting the customers based on demand elasticity across different brands. In their empirical study
of the U.S. domestic airline market in 1986, price dispersion in terms of the GINI coefficient was
found to be negatively related to market concentration, which was measured by the HHI (Herfindahl-
Hirschman Index, defined as the square sum of the market shares in percentage). Thus, competitive-
type price discrimination prevails over monopoly-type price discrimination.

Stavins (2001) conducted a regression analysis focused on the relationship between price dispersion
and market condition in the U.S. domestic airline market, but with data that was collected in 1995. In
addition, two ticket restrictions (Saturday-night stay-over and advance purchase) were included in the
model. This was done because these two restrictions are very effective for segmenting the airline
travellers based on their valuation of time and flexibility, and they are commonly used by the airlines
in the RM system. Both discriminatory devices were found to be negatively related to airfares. In the
basic (non-interaction) model, the restriction of Saturday-night stay-over was estimated to reduce the
fare by 211.17 USD, and one day of advance-purchase gave a price reduction of 6.04 USD.

In the interaction model, Stavins (2001) examined the effect of the market condition on price
discrimination further by including the product terms of these two ticket restrictions and the HHI in
the regression model. The results showed that, for both restrictions, the higher the market
concentration on a route, the lower the effect of price discrimination. For example, the estimated fare
reductions for the restriction of the Saturday-night stay-over were 253, 233, and 165 USD for the 25th,
50th, and 75th percentiles of the HHI, when being sorted in increasing order (i.e., from less to more
concentration).

Using a regression model similar to that of Stavins (2001), Giaume and Guillou (2004) discussed the
market for the intra-Europe flights originating from Nice, France based on the data collected in 2002.



Airfare was once again used as the dependent variable, and the key independent variables (Saturday-
night stay-over, advance purchase, and market concentration represented by the HHI) remained the
same. However, they introduced several new independent variables (such as the presence of low-cost
carriers) to reflect the unique situation in the European market. Although the study area was
geographically smaller, and the deregulation movement was slightly later, the results obtained by
Giaume and Guillou (2004) focusing on Europe were similar to those of Stavins (2001) for the U.S. In
particular, the signs for the coefficients of the major variables in the regression models were found to
be the same, although the coefficient of determination (R?) was lower (0.40 in Giaume and Guillou,
2004 vs. 0.77 in Stavins, 2001).

A local version of the “Open Sky” policy was initiated in Taiwan in 1987, and several new airlines
were established to serve the domestic airline market, which was experiencing an unprecedented
demand. However, fare was still under a very strict control scheme, under which tickets were sold at
the fixed published fare. Only until 1994, airlines were authorized for the first time to adjust the ticket
price within 10% of the published fare, and this permissible range was expanded several times later on.
The fare-control regulations were further revised in 1999 such that the published fare became a price
cap, and airlines were allowed to set a certain level of discount. Although several minor revisions
have been made, the current regulations basically follow the form of the 1999 version (CAA, 2012).

To some extent, Taiwan has been following the global trend to deregulation, and the airlines gradually
adopted the concept of revenue management. However, the liberalized domestic airline market in
Taiwan was quite different from most markets in the literature. Taiwan is geographically a small
country and has good infrastructure for most part of the island, but jet aircrafts (such as A320s, MD-
80/MD-90s, B737s, and even B757s) are anyway used to serve many domestic routes. In addition, the
fare regulations for the domestic airline market were only partially deregulated. Thus, it is of great
interest to conduct an empirical study to examine the relationship between price discrimination and
market condition and to conduct a comparative analysis with respect to different markets.

3. Framework of Empirical Analysis

Following the framework in Stavins (2001) and Giaume and Guillou (2004), this study established
four linear regression models to perform the empirical analysis. The flights included in the analysis
were operated by three airlines, Far Eastern Air Transport (FAT), TransAsia Airways (TNA), and
UNI AIR (UNI), for the routes from Taipei, the capital and the economic center, to seven domestic
airports. The basic information and the market condition of the routes are listed in Table 1. Given the
airlines and the routes considered, the traffic volume included in the analysis accounted for 65% of
the overall domestic airline traffic in Taiwan, or 82% of the traffic leaving or bound for Taipei in
terms of the number of passengers (CAA, 2004). The information regarding the flights for a typical
weekday in 2004 (Tuesday, August 10) was collected to serve as the data for the regression models
from the website of a popular on-line travel agent, in which the above-mentioned airlines are suppliers
for the domestic air markets.

Based on the fare-control regulations under the partially-deregulated scheme, an airline can discount
fares within a regulated range for the flights it operates. Therefore, the discount for each flight was
used as the dependent variable in all four models, and it was defined as (published fare - discount
fare)/published fare (in percent). This dependent variable is different from the one (the airfare) used in
Stavins (2001) and Giaume and Guillou (2004).

As for the independent variables, the RM technique for price discrimination and the market condition
were considered first. Taiwanese carriers do not use a complicated RM system for the domestic
market, and they deal with the diverse demand simply by dynamically adjusting the price, a practice
adopted by many low cost carriers worldwide. The price offered on-line remains the same from the
beginning of the booking period to five days before departure. The price then subsequently increases
and becomes the published fare on the day of departure. Given this price adjusting scheme, the
number of days for advance purchase was taken as one of the key independent variables in the



regression model. To quantify market condition, the Herfindahl-Hirschman Index was used as the
other key independent variable.

Table 1: Information of the routes in the analysis

Annual
Route Location (Distance) Traffic Airlines Market Condition HHI
(Both ways)
Kaohsiung West coast (183 miles) 2,652,629 FAT, TNA, UIA  Oligopolistic 0.380
Tainan West coast (164 miles) 1,242,933 FAT, TNA Duopolistic 0.504
Pingtung  West coast (177 miles) 109,833 TNA Monopolistic 1.000
Hualien East coast (75 miles) 634,018 FAT, TNA Duopolistic 0.508
Taitung East coast (161 miles) 587,165 FAT, UIA Duopolistic 0.516
Makung Offshore (156 miles) 753,975 FAT, TNA, UIA  Oligopolistic 0.352
Kinmen Offshore (196 miles) 818,895 FAT, TNA, UIA  Oligopolistic 0.349

In the four models developed in this study, the basic model includes only two independent key
variables: the number of days for advance-purchase and the HHI. The enhanced model incorporates
additional factors related to domestic airfares. In addition, the two interaction models introduce the
product terms of independent variables. The basic model is as (1), where DISCj; is the discount of the
kth flight of airline j on route i, ADV; is the number of days for advance purchase discount of the kth
flight of airline j on route ¢, and HHI; is the HHI for route .

DISC,, = fi, + fADY,

o + B HHI, 1)
In order to address the factors related to the pricing decision of the airlines, four dummy variables
were used in the enhanced model. The first one is whether a flight is popular. Since all seven routes
are short for air transportation, many passengers make the round-trip on the same day. Thus, popular
flights are defined as those with a scheduled departure time within 7:00 a.m. to 9:00 a.m. or 6:00 p.m.
to 8:00, as they provide the most benefit to short-haul passengers. The second one is whether a route
is bound for an offshore island. The concern is that the alternative transportation service is
unfavorable, as the boat trip can take more than 12 hours, and the service frequency and comfort leave
a lot to be desired. The third and fourth ones are the dummy variables for two airline brands (UNI and
TNA), given that the largest airline in the domestic market, FAT, was chosen as the base category.
The regression model is shown as (2), where POP is equal to 1 if the kth flight of airline j on route i
is popular, ISLD; is equal to 1 if route i is for off-shore islands, and UNI; as well as TNA; represents
the airline brands.

DISC,, = fy + L ADV,, + B,HHI, + f3,POP,

& + ByISLD, + BUNI , + B TNA, )
For the independent variables used in the model, the maximum absolute value in the correlation
matrix is 0.375, indicating that the multicolinearity issue is not a serious problem. In addition, some
other factors possibly related to airfare have been tested, such as destination population, market share,
flight frequency etc. However, all of them were found to be suffering from the multicolinearity
problem or insignificant in the regression analysis.

The first interaction model was designed to determine the influence of the market condition on the
implementation of price discrimination. A product term of the first two independent variables was
introduced into the model as (3). The second interaction model was used to understand the impact of
the airline, the decision maker, on the level of advance purchase discount. Two product terms of the



first variable, representing the days for advance purchase, and the two airline dummy variables were
introduced into the model as (4).

DISC, = By + ADV, (B, +y,HHI,) + B,HHI, + ,POP, + B,ISLD + BUNI , + B TNA, ©)
DISC, = p, + ADV,, (B, +y,UNI , + y,TNA,) + p,HHI, + ,POP,, + B,ISLD + B;UNI ; + B, TNA, (4)
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4. Results of Regression Models

Based on the collected data, the results of the regression models are listed in Table 2. The summary
and the discussion of the results are presented as follows.

Table 2: Results of the estimations in four models

Basic Model Enhanced Model Interaction Model I Interaction Model Il
Intercept -1.86 (1.33) -0.41 (0.99) -2.79 (1.69) 0.88 (1.10)
ADV 2.21(0.21) ***  2.87 (0.16) *** 3.66 (0.49) **=* 2.42 (0.22) ***
HHI 12.66 (2.12) *** 10.13(1.68) ***  15.15(3.33) *** 10.91 (1.66) ***
ADVxHHI -1.67 (0.96) *
POP -0.81 (0.64) -0.81 (0.63) -0.58 (0.62)
ISLD -6.31 (0.68) ***  -6.76 (0.72) *** -6.29 (0.67) ***
UNI -3.00 (0.59) ***  -3.00 (0.58) **=* -6.98 (1.43) ***
TNA -1.16 (0.64) * -1.17 (0.64) * -2.90 (1.55) *
ADVxUNI 1.00 (0.33) ***
ADVXTNA 0.48 (0.38)
Adjusted R? 0.498 0.750 0.754 0.763
Observations 140 140 140 140

Numbers in parenthesis are standard errors. * significant at 10% level, ** significant at 5% level,
*** significant at 1% level.

The basic model is not very satisfactory, since its R? is only 0.498. However, the sstatistics of both
independent variables (the number of days for advance-purchase and the HHI) are large, indicating
that the relation between ticket discount and each of these two dependent variables is significant. As
expected to be positive, the coefficient of the variable ADV shows that the advance-purchase discount
is about 2.21% per day.

The coefficient of the other independent variable HHI is 12.26%, and its positive sign indicates that
the more concentrated a market is, the higher the ticket discount is. This result probably does not
support the standard notion that market concentration raises fare level, or it is not in agreement with
the conclusion in the first empirical study (Borenstein and Rose, 1994) that competitive-type price
discrimination prevails over monopoly-type price discrimination. However, it is consistent with the
results of the two later empirical studies, Stavins (2001) and Giaume and Guillou (2004).

Stavins (2001) did not discuss the cause of this result, but Giaume and Guillou (2004) provided an
explanation in light of the unique features of the European air market. Airline deregulation in Europe
had not come into effect for a long time, and there was a significant market share inequality for many
routes. For example, in a duopoly market, it is common that one of the players is a large (flag-carrying
national) airline and the other one is a small (new) regional airline. In that market the associated HHI
are very high. Lowering the price appears to be the best strategy for the big one to drive out the new
comer and for the small one to penetrate the crucial new market. Thus, the average fares are likely to
lower than those in the markets with comparable market share among players.



As for the domestic airline market in Taiwan, this counter-intuition result is most likely caused by the
demand level of the routes. As shown in Table 1, the HHI and the annual traffic are strongly
correlated, and the correlation coefficient is -0.53. A high value of the HHI is sometimes an indication
of insufficient demand (possibly due to a small population or favorable alternative transportation
services). It is possible that, in order to maintain an acceptable load factor, airlines have to constantly
offer deep-discount tickets, which make the airfare level low.

By including four more independent variables, the R” is raised to 0.750 in the enhanced model. The
coefficient of the advance-purchase discount increases slightly to 2.87% per day, and the coefficient
of the market concentration (HHI) remains positive. As for the new independent variables, the
coefficient of the dummy variable for popular flights is -0.81%, but it is not very significant (p-value
= 0.20). At the same time, the coefficient of the dummy variable for offshore-island routes is -6.31%,
suggesting that airlines decrease the discount considerably for the inelastic travellers lacking
alternative transportation modes. As for the dummy variables for the airline brands (UNI and TNA),
the values are -3.00% and -1.16% respectively. The fact that the smallest discount offered by UNI Air
may be partially attributed to the fact that it is the only airline in the analysis with a giant parent
company (EVA Airways as well as Evergreen Marine Corp.), and its brand awareness is relatively
strong.

For the first interaction model, the coefficient of the product term (y,) is significant, and the sensitivity
of the discount to the advance purchase is as (5). The negative value of y; (-1.67) implies that the
advance-purchase discount is reduced if the market concentration increases. This result is consistent
with those in Stavins (2001) and Giaume and Guillou (2004), although the three studied markets are
significantly different in terms of market size, geographic location, transportation infrastructure, and
airline industry development. The product term of the advance purchase and the market concentration
in the interaction model provides a good way to understand how market condition affects the
implementation of RM and the air fare. To give a numerical example for the relation of (5), consider
the cases of one, two, and three players with equal market share. The HHIs are 1.00, 0.50, and 0.33
respectively. The discount per day for advance-purchase increases from 1.99% to 2.83% if the market
condition changes from monopoly to duopoly and becomes 3.11% per day for oligopoly.

aDISC% Dy = (3:66—167HHI,)% ®

ijk

For the second interaction model, the coefficient of the product term for UNI (y,) is significant;
however, the other coefficient for TNA (ys) is basically insignificant (p-value = 0.21). The sensitivity
of the discount to the advance purchase is as (6), in which the positive value of 1.00 for y, suggests
that, in addition to the base discount of 2.42%, UNI AIR (UIA) offers extra 1% per day for advance
purchase. On the other hand, the sensitivity of the discount can also be addressed from the viewpoint
of the airline as shown in (7). The base discount of -6.98% is once again an indication of the strong
brand of UNI AIR, as it provides significantly less discount in general. However, at the same time, it
adopts an aggressive approach in exercising the RM technique by offering more advance purchase
discount.

oDISC,
iik =(2.42 +1.00UNI ,)% (6)
%MDV% ( )%

aDISC%UMj = (-6.98+1.004DV,, )% )

5. Conclusions

Price discrimination is a core technique of RM, and results in price dispersion in the market. At the
same time, the implementation of price discrimination is closely related to the market condition. The



objective of this study is to conduct an empirical study to examine the relationship between revenue
management and the market condition, based on the example of the domestic airline market in Taiwan.
The study established four linear regression models to conduct this empirical study. Ticket discount
was chosen as the dependent variable given the partially-deregulated environment for fare control.

The basic model, consisting of only the independent variables related to revenue management
(advance purchase) and market condition (HHI), was found to be insufficient. After introducing four
more variables, the enhanced model was better able to explain the pricing decision of the airlines.
Based on the first interaction model, the discount for advance purchase was reduced if market
concentration increases. With an aim to conduct a comparative analysis, it has been found that the
result is in general consistent with those in the prior empirical studies earlier empirical studies
focusing on other areas (Stavins, 2001; Giaume and Guillou, 2004). In the second interaction model, a
specific airline (UNI AIR) was identified by its aggressive role in the implementation of revenue
management. We believe this study provides more evidence from the practical viewpoint regarding
the pricing decision of the airlines under the influence of RM and market condition

During the past several years, there has been a critical impact on the domestic airline industry in
Taiwan: the high-speed rail, which was inaugurated on January 5th, 2007. The maximum speed of the
trains is 300 kilometers per hour and the frequency of the service is high. The high-speed rail system
carried 15.56 millions passengers for the first year, and the rate of growth is very promising (THSRC,
2012). All the domestic airline services for the west coast have been terminated thereafter. The
business environment of the domestic airline market in Taiwan has been changed permanently. The
airlines now have to focus on the services for the east coast and the offshore islands, where alternative
transportation services are not competitive. An analysis of the pricing decisions of the airlines for
these routes can be an extension to this study, but the issue must also be addressed from a public
domain point of view. Government intervention is required for these potentially unprofitable routes,
as the mobility of the people living in those remote areas should be protected.

References

Borenstein, S. (1992), The evolution of U.S. airline competition, Journal of Economic Perspectives
6(2): 45-73.

Borenstein, S. and Rose, N. (1994), Competition and price dispersion in the U.S. airline industry,
Journal of Political Economy 102: 653-683.

Chang, Y., Williams, G. and Hsu, C. (2004), The evolution of airline ownership and control
provisions, Journal of Air Transportation Management 10: 161-172.

CAA (Civil Aeronautics Administration), 2004 Civil Air Transportation Statistics in Taiwan,
available on http://www.caa.gov.tw/big5/content/index.asp?sno=186.

CAA (Civil Aeronautics Administration), Regulations Governing Tariffs for Passengers and Cargo
Air Transportation, available on http://www.caa.gov.tw/en/content/index.asp?sno=325, last accessed
in February, 2012.

Dana, J. D. (1998), Advance-purchase discounts and price discrimination in competitive markets,
Journal of Political Economy 106: 395-422.

Dresner, M. and Tretheway, M. W. (1992), Modeling and testing the effect of market structure on
price: The case of international air transport, Journal of Transport Economics and Policy 26(2): 171-
184.



Gale, 1. (1993), Price dispersion in a market with advance-purchases, Review of Industrial
Organization 8: 451-464.

Gale, I. and Holmes, T. J. (1992a) Advance-purchases discounts and monopoly allocation of capacity,
American Economic Review 83: 135-145.

Gale, I. and Holmes, T. J. (1992b), The efficiency of advance-purchases discounts in the presence of
aggregate demand uncertainty, International Journal of Industrial Organization 10: 413-437.

Giaume, S. and Guillou, S. (2004), Price discrimination and concentration in European airline markets,
Journal of Air Transportation Management 10: 305-310.

Jorge-Calderon, J. D. (1997), A demand model for scheduled airline services on international
European routes, Journal of Air Transport Management 3(1): 23-35.

Kahn, A. E. (1988), Surprises of airline deregulation, American Economic Review 78(2): 316-322.
Maillebiau, E. and Hansen, M. (1995), Demand and consumer welfare impacts of international airline
liberalization: The case of the North Atlantic, Journal of Transport Economics and Policy 29(2): 115-
136.

Manuela, W. S. (2007), Airline liberalization effects on fare: The case of the Philippines, Journal of
Business Research 60(2): 161-167.

Marin, P. L. (1995), Competition in European aviation: Pricing policy and market structure, Journal of
Industrial Economics 43(2): 141-159.

Morrison, S. A. and Winston, C. (1990), The dynamics of airline pricing and competition, American
Economic Review 80(2): 389-393.

Peterson, B. S. and Glab, J. (1994), Rapid Descent - Deregulation and the Shakeout in the Airlines,
Simon and Schuster: New York.

Sinha, D. (2001), Deregulation and Liberalisation of the Airline Industry - Asia, Europe, North
America and Oceania, Ashgate Publishing: Hampshire.

Smith, B. C., Leimkuhler, J. F. and Darrow, R. M. (1992), Yield management at American Airlines,
Interfaces 22: 8-31.

Stavins, J. (2001), Price discrimination in the airline market: The effect of market concentration,
Review of Economics and Statistics 83: 200-202.

Talluri, K. T. and van Ryzin, G. J. (2004), The Theory and Practice of Revenue Management, Kluwer:
Dordrecht.

THSRC (Taiwan High-Speed Rail Company), Annual Operational Data, available on
http://www.thsrc.com.tw/tc/about/ab_operate _annual.asp, last accessed in February, 2012.

Valletti, T. M. (2000), Price discrimination and price dispersion in a duopoly, Research in Economics
54: 351-374.

Varian, H. R. (1996), Intermediate Microeconomics, Norton: New York.



R g F 2 g S Rl F

\" Z‘\
p#p:2012/10/28

P4

3 -';;f]i_ PUE G NG IR R B ]‘\ﬁ*@ 5 @é; PEEE - LB}
FHEASHA FEA
4 %5 100-2221-E-009-124- BMARE . L@

AFF LSRR TH




100 EREHFATFHEFAT 5 REL

bt TR 3% %% 1 100-2221-E-009-124-
PERAR T R SRR R 2 KRBT LA 2 PR R AL
£ i EOCF R
~EF Pt e i B3 R
X B IEp FREES gt | RERT | o #Fff'a“t’k'a‘
e (R BW(FRR ] sn R
fegr) | ) H e o= ¥
A )
BT~ 0 100%
FraRd g |0 100% »
W F T E
R L 1 1 100% 1;1 FEWT 6
i3 0 0 100%
vo2dd (4 0
% 4 # - #c 0 0 100% "
B © JEF i 0 0 100%
% e 0 0 100% i+
FHs
#11 & 0 0 100% + =~
LA 6 6 100%
FPF A4 |FL A 0 0 100% o
(+®#E) LT R 0 0 100%
izt 0 0 100%
= 0 0 100%
AR R4 |0 0 100%
The 4th
% |International
W FIT Conference  on
24 &2 )/
AL ! . 100% Transport and
Logistics (T-LOG
2012)
- 3 0 0 100% T+
B o s 0 0 100% .
. F1 1=
C Wk 0 0 100%
% e 0 0 100% S
B
#11 & 0 0 100% + =
LA 0 0 100%
FPF A4 |FL 4 0 0 100% L
(*®#E) LT R 0 0 100%
Eizmm 0 0 100%




BAS RIS S ERTETRLL > - HeL B N F o R 4B EREN

B2 % FRER R THHEFpE I -
(ERENPE BUE A E
5 hoyE B s d S
HER L RREE
Ry Ak R R
SRR I SR £
Vo S R R S 2
R SVRE Y SUS: !

}ljo)

I T

Rl E(F e gl
A e

R ERC R o it N
* e

4 B BRI
g [P é/1iEp
3
p

b
T
%‘\
2
=
¥
5
R
==
(4

TR~ e
PEARERL 38 (RR) Ak

OO O OO O o (o




R ERBEMFTFES 52 5 74

FRETNFERGENARE XTI DR S L BN R
fJ- (?P-Q iji]:’\'ater‘J\%“Vlhﬁ‘T,E’;"gggéﬁg\:x

N FhEe-HFR2Z T lE) LF§
ELFHINFLAY FHE A EFRAE MY ES > F- FETR o

.ﬁfp NEAERFEAASAER S ESTH P EGFIRIT- FE
lé$5ﬂ

(A= p % (G#p » 12100 F 5 ')

(15 =% 4 px

(1%t % @ ¥t

[J& & & 5]

3l-

5.
2. P =k gl g LAY R AIE A

w2 et Azt~ BEEY L&

_g;«fu s EE []Y 3 %sl—:* B

g D ﬁﬁ[lmﬂ’lﬂ

Hu (12100 % 5)

AR AR SALwY - R (R U A FERFHEPRE ) TF AT LENE
oL "Lrﬁff'*%mlﬁl‘ ¢ 3 International Conference on Transport and Logistics (T-LOG
2012) o pt ot s AT B 1 .é © B e 101 ELﬁ%?ﬁgE € EEr g?‘iii;f?‘" ERAR L o B A e
ReflPp s K ERITEF AL 8- H Ll F\ FoODRMASBERFOERER R - T
efrﬁu,r;,fgﬁ@ g o

3. ik F AT~ PATLIAT AL G R R
(ﬁ‘?g&’:‘**\'%”%*z\.\;&’ W

500 %99)

FELE AL I AL P B BE ] L R - SEE 0 5

DR RRL S s 2 R R C RS SRRy ﬂgggm%_ﬂﬁf o A -

B SR KRR IR 2 P W E A e T BB R FR 1

i S T, S ﬁtﬁ‘}‘k DB AL PR REET .

B RERATY N R F S B
BN E- P E2ZFT ) (M

Ny
=
|

\m&




