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a b s t r a c t

Commercial airlines need to balance their environmental footprint with operational cost when managing
the assignment of aviation fleets. These assignments are typically made under uncertainty in terms of
their cost (change in labor cost, fuel prices, etc.) and impact on the environment (weather, rules and
regulations, etc.). Trade-offs of this kind are complicated, and often result in sub-optimal decisions. In
this paper, by considering random demand, fare price and avgas price, we propose a multi-criteria
method to solve fleet assignment problems. It involves the use of an objective, such as minimizing
emission cost or maximizing profit, as a target or a level of aspiration, and the construction of a solution
that deviates least from the given target in the L2-norm. We discuss the theoretical advantage of this
approach and assess its performance using benchmark data on two test cases–Jetstar Asia, and a major
Chinese airline. The Jetstar Asia case is first used to test the effectiveness of this approach in balancing
profit against emission by employing an integrated form of simulated and open-source acquisition data.
For the case of the Chinese airline, we develop a simple rounding algorithm to deal with the large-scale
problem. All cases exhibited the superiority of our compromise approach over the linear-weighted-sum
method in terms of accessing the utopia point in discrete objective space. An out-of-sample test revealed
the vicinity of the compromise solutions to the Pareto solutions. Our method also yielded better
assignment than the airline's existing strategy in terms of both profit and emissions reduction.

© 2017 Published by Elsevier Ltd.

1. Introduction

The global civil aviation industry was reportedly only respon-
sible for approximately 2% of greenhouse gas (GHG) emissions,
according to the United Nations Intergovernmental Panel on
Climate Change (IPCC),1 and its rapid growth has gradually begun to
attract public attention in the context of environmental issues, such
as noise pollution and air quality (cf. Lee et al., 2010). The Inter-
national Civil Aviation Organization (ICAO) on its official website

has published a pessimistic estimate of the growth in CO2 emis-
sions and fuel consumption by commercial aircraft from 2006 to
2050 (see Fig. 1).2 The results show that even under the most
optimistic scenario, with optimal improvement in technology and
operations, both the emission and fuel consumption will still wit-
ness a three-to four-fold increment from 2006 to 2050.

In the past years, many economies have implemented a series of
environmental and energy policies, such as fuel taxes, emissions
trading schemes, carbon taxes, and so on, to curb this growth. Since
2008, the European Union has tried to persuade the global aviation
sector to participate in its Emissions Trading Scheme (ETS). This
directive set the emissions caps in 2013 to no more than the 95th
percentile of the average emission levels in 2004, 2005 and 2006. A
report by the Carbon Trust estimated that if airlines join the EU's
ETS, nearly all of them will become net buyers of carbon emissions
allowances over 2012e2020, at a staggering cost of 23e35 billion
euros, based on a price of 25 euros per tonne of CO23. Furthermore,
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1 See http://www.ipcc.ch/ and http://aviationbenefits.org/environmental-

efficiency/aviation-and-climate-change/ also.
2 From ICAOs official website: http://www.icao.int/environmental-protection.

Scenario 1: Do Nothing. Scenario 2: CAEP7 Baseline. Scenario 3: Low Aircraft
Technology and Moderate Operational Improvement. Scenario 4: Moderate Aircraft
Technology and Operational Improvement. Scenario 5: Advanced Technology and
Operational Improvement. Scenario 6: Optimistic Technology and Operational
Improvement.

3 Fasten your seatbelt: Airlines and cap-and-trade (CTC764). The Carbon Trust,
http://www.carbontrust.co.uk.
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in order to fulfill the commitment to reduce emissions, say, by 1.5%
per year from 2010 to 2020, and improve fuel efficiency, say to 17%,
airlines need to purchase 12,000 new aircraft at a massive cost of
1.3 trillion dollars.4 But sometimes the replacement of the new
models was found not the most economical solution compared to
retaining the existing fleet configuration (Miyoshi and Ib�a~nez,
2016). In 2015 Paris Climate Conference (2015 COP21), China has
committed to reduce the emission per GDP by 60%e65% until 2030
on the baseline of 2005; The EU, with respect to the same reference
year, expected an emission reduction of 26%e28% by 2030. (http://
unfccc.int).

Many airlines have realized the importance of emissions
reduction from the perspective of fuel consumption. However, it is
precisely due to the correlation of emissions and fuel consumption,
industrialists are also aware that blindly paying attention to envi-
ronmental performance will bring some obstacles to the pursuit of
economic interests. In fact, emission and profit are always consid-
ered as a pair of conflict objectives in the field of airline optimiza-
tion, because the former is directly correlated with the latter
(Givoni and Rietveld, 2009). Therefore, multiple criteria decision
making (MCDM) analysis for airlines is being realized very mean-
ingful in this regard. Also, it was recognized that multi-criteria
methods can present supportive tools in policy and decision mak-
ing process by providing flexibility (Doukas et al., 2010). For
research interests, MCDM problem deals with the ranking and se-
lection of one or more among the alternatives with respect to
determined criteria set (Doukas et al., 2010; Çelikbilek and Tüysüz,
2016). However, the multi-objective optimization (MOO) problem,
as a subset of MCDM problems, is more concerned about the effect
of bringing the designer's preferences into the optimization process
(De Weck and Olivier, 2004). In this paper, we propose a multiple
objective optimization method to attain the following major goals:
(1) reducing carbon emissions while maintaining profit at a
favourable level, and (2) controlling the risk of unexpected, sig-
nificant loss in profit and surge in carbon emissions. We use the
basic framework of the fleet assignmentmodel (BFAM) and develop
a stochastic programming approach to meet these goals. The so-
lution of the deterministic counterpart of this approach is often
referred to as a compromise solution. Its stochastic variant, how-
ever, is relatively new, and few results are currently known in any
applications.

The remainder of this paper is organized as follows: In Section 2,
we present a review of the literature pertaining to airline fleet
assignment, low-carbon aviation, MCDM method and compromise
solutions. The problem for this study is then described in Section 3.
In Section 4, based on comparisons with other common multi-
criteria optimization models, we analyze our approach by intro-
ducing the small-scale case of the Jetstar Airline network. We then
consider a large-scale case from China S Airline in Section 5. We
present our conclusions in Section 6.

2. Literature review

2.1. Airline network optimization and low-carbon issues

Barnhart et al. (2002) solved a fleet assignment problem built on
an extended leg-based network. Leg hereafter refers to an originj-
destination (OD) pair connected by a direct flight. Jacobs et al.
(2008) further extended the leg-based network by incorporating
more than one legs into each OD pair, called an itinerary from the
passenger0s point of view. In international airlines, long-haul
itineraries invariably account for a large portion of flights. How-
ever, most middle- and small-sized carriers, which feature in cases
discussed later in this paper, operate return legs. Lohatepanont and
Barnart (2004) focused on the optimization of a two-stage airline-
scheduling problem where leg selection was followed by fleet
assignment. These two tasks were also studied by Sherali et al.
(2010), who simultaneously optimized both. Dong et al. (2016)
also proposed an efficient algorithm for solving two integer pro-
gramming models on the problems of flight scheduling and fleet
assignment, respectively. Considering a more complex network
structure, Do�zi�c and Kali�c (2015) proposed a three-stage algorithm
to deal with the problems of approximate fleet composition, fleet
sizing and aircraft type selection. Considering the uncertainty of
the environment, Chen et al. (2010) explicitly optimized multiple
objectives under demand uncertainty. Miller et al. (2008) adopted a
multistage stochastic programming approach on airline revenue
management by considering the network effect on demand. In this
paper, we neglect such effects by making the price of air tickets
independent from fleet assignment strategy. Taking into account
fuel consumption efficiency, Lappa and Wikenhauser (2012)
concentrated on four objectivesj fuel cost savings, times of line
changes, schedule changing times, and aircraft utilization.

The related literature has often focused on minimizing fuel
consumption, since there is no practical motivation for companies

Fig. 1. Left: Emission of MODTF scenarios in millions of tonnes, 2006e2050. Right: Fuel consumption of MODTF Total Domestic þ International Aviation, 2006e2050.

4 The right flight path to reduce aviation emissions, UNFCCC Climate Talks, 11,
2010. http://www.enviro.aero.

Q. Ma et al. / Journal of Air Transport Management xxx (2017) 1e172

Please cite this article in press as: Ma, Q., et al., Low-carbon airline fleet assignment: A compromise approach, Journal of Air Transport
Management (2017), http://dx.doi.org/10.1016/j.jairtraman.2017.04.005

http://unfccc.int
http://unfccc.int
http://www.enviro.aero/


https://isiarticles.com/article/156547

