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a b s t r a c t

This paper measures and compares social efficiency of railway firms and airlines in Japan’s
domestic intercity travel market. Unlike other efficiency studies, our input and output mea-
sures are more comprehensive because we incorporate the life-cycle CO2 emissions as an
undesirable output and travelers’ time and government spending on air infrastructure as
inputs. We use the nonparametric directional output distance function (DODF) together with
the composite social efficiency index to analyze the yearly panel data of the three major rail-
roads and two major airlines during 1999–2007. The results indicate that the railroads are
more socially efficient than airlines. Furthermore, we discuss the inability of nonparametric
DODF method for comparing the social efficiency of firms across modes.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Investment in transportation system has been under increasing scrutiny by public eyes for its usefulness, worthiness, effi-
ciency and recently environmental friendliness. This new philosophy toward more environmental concerns has made the
analysis for making investment decision on a particular transportation mode even more challenging. More and more factors
are being taken into consideration while analyzing the modal choice. Lately, the discussion about the environmental impact
of CO2 emissions has become a hot issue and provided a new perspective on modal choice between air and rail. This argu-
ment is especially true in Japan and Western Europe where the two modes are competing for very large group of current and
potential future travelers. However, the optimal choice is ambiguous and not very clear when the life-cycle CO2 emissions,
including the CO2 emissions from infrastructure and rolling stock construction and operations, are taken into account. Rail-
ways cause lower marginal environmental damage relative to air transport in its service provision, while it generates sub-
stantial amounts of CO2 emissions during the stage of infrastructure construction.

Another important ingredient of the total system costs of transport service provision not borne by transport service pro-
viders is the user costs, measured in terms of out-of-vehicle (access and egress) and in-vehicle transit times. This paper thus
conducts the analysis on the social efficiency measurements of these two major transport modes, rail and air by using the
Japan’s domestic intercity passenger travel market as the case study. The analysis takes into account of (a) the life-cycle CO2

emissions caused by infrastructure construction (rail tracks and stations and airports), construction of the rolling stock and
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aircraft as well as system operation, (b) cost of airport construction, maintenance and operations, and (c) the time spent by
passengers using these two modes. These three points are very important factors and new perspectives for social efficiency
measurement and comparison between railway firms and airlines but have not been addressed in the past.

New era of railway development in Japan started in 1987 when the Japan National Rail (JNR) authority was privatized. It
was separated into six regional JR firms and one freight firm. On the main island of Japan there are three major passenger
railway firms; namely, JR East, JR Central (or JR Tokai), and JR West. JR East covers the commercial area of the greater Tokyo
as well as the north and north-east bound rail links. JR Central operates Tokaido Shinkansen, a high-speed rail system con-
necting the densest intercity transport link between Tokyo and Osaka, as well as the conventional train in Nagoya and Shi-
zuoka areas. JR West operates in areas around and to the west of the greater Osaka, including Sanyo Shinkansen, a high-
speed rail extending from Osaka to Hakata (Fukuoka).

On the air transport side, Japan used to have three major players providing services in the domestic market. They are Ja-
pan Airlines (JAL), All Nippon Airways (ANA), and Japan Air System (JAS). In 2002, JAS was merged into JAL. Almost all air-
ports in Japan are owned and operated by either national or regional governments except for the terminal buildings which
are owned by private or corporatized government companies. From social point-of-view, costs associated with airports and
terminals should be separated and attributed to individual airlines in proportion to their respective traffic volume.

In this paper, we conduct social efficiency measurements, first by the nonparametric directional output distance function
(DODF) approach. This is a recently proposed Data Envelopment Analysis (DEA) derivative model, where piece-wise linear
production possibility frontier is estimated via linear program method. The advantage of this model as compared to the con-
ventional DEA methods is in its ability to incorporate the undesirable output such as CO2. Since the DEA-based methods have
difficulty in comparing efficiency of firms (or Decision Making Units – DMUs, in DEA terminology) across different modes or
industries, we also use the social total factor productivity (S-TFP) index, and the average social cost (ASC) approach. In fact,
we compare the social efficiency rankings obtained by DODF method with the rankings obtained by the composite social
efficiency index derived from the average of S-TFP index and the inverse of the ASC index.

Section 2 provides the literature review related to the transport efficiency study in general, and the methods for analyzing
social efficiency in particular. Section 3 presents the research methods adopted for this research. The description of the data
and variable constructions are given in Section 4. Section 5 reports and discusses the empirical results. Section 6 concludes
the paper.

2. Literature review

Literature on efficiency measurement of transport carriers has been accumulated along with the liberalization and dereg-
ulation in the transport sector, which started in the late 1970s. Oum et al. (1992), Oum and Yu (1994, 1995, 1998), and Oum
et al. (1999) were among the first attempts to measure and compare productivity and efficiency of transport service produc-
ers. Also, Gillen et al. (1990) and Oniki et al. (1994) are some examples of regulatory efficiency studies. As for airports, since
2002 the Air Transport Research Society (2002–2011) has been publishing the extensive reports on the measurement and
analysis of various aspects of productive efficiency of the world’s major airports on a yearly basis. Yoshida (2004) and Yos-
hida and Fujimoto (2004) measured productive efficiency of Japanese airports using cross-sectional data and concluded that
recently constructed regional airports are relatively inefficient. Though there is considerable accumulation of efficiency mea-
surement literature, most past efficiency studies on air transport sector have not explicitly incorporated undesirable outputs
(negative externalities) such as CO2 emissions, air pollution, congestion, noise, or risk of accidents in their measurement.

It is only recently that the efficiency measurement literature has expanded in the direction of social efficiency bench-
marking by incorporating these negative externalities as undesirable outputs. In the field of transportation, the measure-
ment method employed is mostly limited to the use of nonparametric or DEA-based method. McMullen and Noh (2007)
evaluated the environmental efficiency of 43 US bus transit agencies using the nonparametric directional output distance
function by treating vehicular emissions as undesirable outputs. Pathomsiri (2007) and Pathomsiri et al. (2008) measured
social efficiency of 56 US airports between 2000 and 2003, taking time delays and number of delayed flights into account
as the two undesirable outputs from airport operations.

3. Research methodology

As stated in Section 1, in this paper we use the nonparametric directional output distance function (DODF), social total
factor productivity (S-TFP) index, average social cost (ASC), and composite social efficiency index. We briefly explain indi-
vidual methods in this section.

3.1. Nonparametric directional output distance function

As pointed out in detail in Hailu and Veeman (2001), Seiford and Zhu (2002, 2005), Färe and Grosskopf (2003, 2004a,
2004b), Hailu (2003) and Chung et al. (1997), the conventional DEA cannot be used to measure and/or compare social effi-
ciency of firms when production of a (desirable) output accompanies any undesirable by-product (output). The directional
distance function approach has been proposed to deal with this critical issue. The nonparametric version of the directional
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