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Abstract: 

We build a theoretical model to study different air-rail cooperation scenarios. We 

investigate two possible air-rail partnerships between a rail operator and either a domestic 

airline or a foreign airline. When a partnership is formed, an investment to improve the 

air-rail connecting service is allowed at a cost before the service is launched. We find that 

the cooperation level, the equilibrium partnership scenarios when air-rail cooperation is 

exclusive or non-exclusive, as well as the comparisons of social welfare under different 

partnership scenarios, all depend on the pre-investment quality of air-rail service 

compared with the quality of air-air service. We further apply our model to the real-life 

case of Strasbourg-Paris-Dubai market, showing that other factors, such as price 

sensitivity of demand, horizontal differentiation between air and rail, and asymmetries in 

partnership investment costs, also affect cooperation level.  
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1. Introduction 

In recent years, high-speed rail (HSR) has become a major competitor and substitute for 

air transport (Yang and Zhang, 2012; Jiang and Zhang, 2016; Jiang and Li, 2016). On 

short-haul routes, airlines usually lose ground to HSR, being either forced out of the 

market totally or into big cutbacks (e.g., Park and Ha, 2006; Barròn et al., 2009; 

Dobruszkes, 2011; Fu et al., 2012; 2014; Wan et al., 2016). However, air transport has 

incomparable advantages in long-distance travel and extensive networks. Due to this 

difference in advantages as well as the hub-and-spoke network adopted by most major 

airlines, HSR can complement air transport by connecting between airports and nearby 

cities, and hence the potential for air-rail cooperation exists. Under hub-and-spoke 

operation, passengers complete one journey from the origin airport to the destination 

airport by taking two flights (“legs”) connecting at a hub airport. With HSR, however, 

both these legs need not be air flights: on legs where HSR service is comparable with 

flights in terms of (total) journey time and cost, HSR service may be used in combination 

with a flight in one journey.1 Such air-rail cooperation may be viewed as a special type of 

“code sharing” – i.e., two airlines cooperate to offer a hub-and-spoke operation with each 

offering one leg of a trip (and the non-operating carrier is allowed to put its code on the 

operating airline’s flight number) – which is common in the airline industry (e.g., Oum et 

al., 1996; Brueckner, 2001; Ito and Lee, 2007; Gayle, 2008).  

There are several driving forces behind the formation of air-rail cooperation. First, some 

short-haul flights are unprofitable to operate but indispensable for the airlines’ network. 

Substituting these flights with train trips allows the airlines to maintain their networks 

and, at the same time, focus on operating the more profitable long-distance flights 

(Givoni and Banister, 2006). Second, it is possible that some hub airports are under 

serious capacity constraint. By forming intermodal cooperation, the airlines can divert 

part of the short-haul traffic to the rail (Givoni and Banister, 2006; Janic, 2011; Jiang and 

Zhang, 2014; Avenali et al. 2016). Third, policy makers are in favor of intermodal 

cooperation because it is generally believed that substituting air traffic with rail traffic 

can alleviate the impacts on the environment (D’Alfonso et al., 2015, 2016). Fourth, due 

 
1 In fact, the air-rail cooperation is not confined to high-speed rail. There are also cases of such intermodal 

partnerships in countries without real HSR, such as US and Canada.  
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to freedom of the air, foreign airlines are usually excluded from, or seriously constrained 

in, domestic routes. With the help of air-rail cooperation, these airlines can significantly 

increase their market presence and avoid being undercut by the powerful national airlines 

(Chiambaretto and Decker, 2012). Besides, as suggested by Chiambaretto (2015) with a 

two-dimension framework of resource dependence and power balance, foreign airlines 

should proactively redesign their market boundaries to find new partners, i.e., to 

substitute the traditional airline alliance with air-rail intermodal cooperation, so as to 

avoid being undercut by the powerful national airlines. Airlines are usually the initiators 

of such cooperation schemes, but in some cases both the airline and the rail operator, at 

times even the hub airport, are actively involved in the partnership (e.g., the AIRail case 

in Germany).2  

All of the existing analytical studies on air-rail intermodal cooperation adopt a hidden 

assumption that there is only one type of cooperation (e.g., Givoni and Banister, 2006; 

Socorro and Viecens, 2013; Jiang and Zhang, 2014; Xia and Zhang, 2016a; 2016b). 

However, in reality there is substantial diversity among the existing air-rail cooperation 

cases.3 This paper focuses on two interesting aspects of this diversity that have not yet 

been extensively explored. On the one hand, the rail operator might cooperate with 

different types of airlines. Some cooperation cases are between domestic airlines and rail 

operators, such as in China, Portugal, Switzerland, and USA; while other cases involve 

foreign airlines, such as in Italy and Spain. In countries like France, Germany, UK, as 

well as Canada, both situations exist simultaneously. On the other hand, the levels of 

cooperation in different cases can be diverse. Some cooperation is basic and nothing 

more than an emergency back-up strategy for extreme cases. For example, there is a re-

protection agreement between Air Canada and VIA Rail, which will only be triggered 

under major delay or cancellation disruptions from the air sector. Some cooperation is 

very advanced with features like integrated ticketing, dedicated carriage, coordinated 

scheduling, and baggage push. The most renowned example of such high cooperation 

level is the AIRail service provided by Lufthansa and Deutsche Bahn at Frankfurt 

 
2 As noted by Chiambaretto and Decker (2012), “the rail operator typically charges the airline for the 

transport services, and the airline then determines whether, and how, to reflect this cost in the price of the 

entire trip”.  
3 Please see Appendix A for a summary of the existing cases of air-rail cooperation. 
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Airport. More partnerships have a cooperation level that is in between these two 

extremes. In particular, for these services, ticketing is usually integrated, but baggage 

push and dedicated train compartments are seldom available. Such cases abound across 

Europe and Asia (in Taiwan, as well as Mainland China). More interestingly, some 

anecdotes seem to imply a relationship between these two aspects and, in most cases, 

evidence shows that domestic airlines obtain higher cooperation levels with HSR 

compared to foreign airlines. So, are these two aspects really linked to each other? Under 

what conditions will a domestic/international air-rail partnership exist? Which type of air-

rail cooperation is more desirable from a social welfare perspective? Although some 

papers have qualitatively analyzed the nature and the implications of air-rail intermodal 

agreements (Chiambaretto and Decker, 2012; European Commission, 2006), our paper is 

the first attempt to answer these questions analytically.  

The contribution of this paper is mainly two-fold. On the one hand, it is the first 

theoretical paper to discuss the variety of air-rail partnerships. With the growing 

popularity of this intermodal arrangement around the world, due to reasons such as 

airport capacity constraint and environmental concerns, it would be of great benefit to the 

academia as well as the transport industry to better understand its mechanism. As a newly 

emerged but rapidly developing phenomenon, a large number of air-rail partnerships 

were formed in the past few years, which largely explains why there are not yet many 

existing studies on this topic. On the other hand, with a thorough welfare analysis, this 

paper also provides the conditions of and comparisons among various types of air-rail 

partnership scenarios, leading to potential policy developments. Whenever regulators find 

it necessary to have a careful investigation on the air-rail cooperation, possibly due to 

potential anti-trust issues (e.g., Jiang and Zhang, 2014), they might find this study useful 

as it offers a base to distinguish different types of such intermodal partnerships. 

Furthermore, with a real-life case study, we confirm the strengths as well as point out the 

weaknesses of our model in real-world application, building a more solid foundation for 

its future usage.  

The paper is organized as follows. Section 2 sets up the basic model while Section 3 

derives four different partnership scenarios and their respective equilibrium cooperation 

levels, profits as well as social welfare. Section 4 compares cooperation levels and social 



5 

 

welfares across different scenarios and analyzes equilibrium market structure. Section 5 

offers a numerical example based on real life data and Section 6 contains concluding 

remarks.  

 

2. Model 

In this paper, we only consider a connecting market involving a domestic leg and an 

international leg.4 There are three companies: a domestic airline, a domestic rail operator, 

and a foreign airline. We assume that the domestic airline can serve both legs with its 

own operation, while the rail operator can only serve the domestic leg, and the foreign 

airline can only serve the international leg. This setting is representatively shown in 

Figure 1. Node 2 represents a domestic hub city that is used by the domestic airline as a 

gateway to the outside world, while node 1 represents a peripheral city within the 

country. Node 3 is an important international hub, or a collection of such international 

hubs, with the presence of both the domestic airline and the foreign airline. An example 

of this setting is as follows. The domestic airline is Air France while the foreign airline is 

Air China. Node 2 is Paris Charles de Gaulle, while node 3 is Beijing Capital. Node 1 

represents a French peripheral city, e.g., Nantes. Both Air France and Air China may 

offer the connection between Paris Charles de Gaulle and Beijing Capital. However, Air 

China does not offer the flight connection between Paris Charles De Gaulle and Aéroport 

Nantes Atlantique, while Air France does. Finally, the French rail operator SNCF 

provides HSR connection between Paris and Nantes.  

In this setting, four potential scenarios for air-rail cooperation may exist. First, when no 

intermodal partnership is established, the domestic airline will be a monopoly in the 

connecting market, offering air-air connecting service. Second, the foreign airline 

cooperates with the rail operator to provide air-rail connecting service as a competing 

product to the air-air connecting service offered by the domestic airline. Third, the 

 
4 This is different from papers that also study the two non-stop markets in a simple three-node network (e.g. 

Jiang and Zhang, 2014). If factors, such as economies of traffic density which link the non-stop markets 

with the connecting market, are taken into account, the results will be different. However, in this paper, we 

do not attempt to address all intricate issues. Instead, we aim to use the simplest possible model to serve as 

the first step analysis of this interesting topic. 
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domestic airline forms a partnership with the rail operator and the resulting air-rail 

connecting service replaces the air-air connecting service. And fourth, both airlines form 

partnerships with the HSR operator and compete with their respective air-rail connecting 

services. We should note that the fourth scenario might not always be possible since in 

some exclusive arrangements the rail operator is not allowed to form a new partnership 

with an existing partnership in place.5 We dub the partnership formed by the foreign 

airline as international partnership, while the partnership formed by the domestic airline 

as domestic partnership. According to Chiambaretto and Decker (2012) and European 

Commission (2007), the international partnership can also be referred to as a “behind and 

beyond” agreement. In particular, the majority of intermodal agreements between air 

transport and HSR are of the “behind and beyond” route category, in which an airline 

sells (or puts its code on) a non-offered route operated by the rail operator to provide 

connections with its own scheduled services. However, some intermodal agreements 

cover domestic partnership, where the rail operator enters into a code-share agreement 

with a domestic airline instead. These four scenarios within our network structure are 

represented in Figure 1. 

==Insert Figure 1 == 

It should be noted that we assume away horizontal differentiation between air-air and air-

rail services but keep vertical (quality) differentiation in the model. Moreover, we do not 

impose a particular mechanism based on which an air-rail partnership splits its profit 

between the two companies.6 This is mainly due to two considerations. On the practical 

side, the revenue-sharing mechanism in various air-rail partnerships is case-by-case and 

usually not disclosed to the public. In other words, there is not enough information to 

support any specific way of modeling such mechanism. On the analytical side, it can be 

easily proven that as long as the total profit of a partnership is higher than the sum of the 

reservation profits of both parties, there is always a way to distribute the profit and make 

each party better off. Therefore, for the formation of a partnership, total profit of the 

 
5 For example, there is a growing trend among airline alliances that alliance members are discouraged to 

code-share with non-alliance carriers, especially the members of other alliances (Jiang et al., 2015).  
6 It is popular, in alliance literature, to assume a particular revenue-sharing mechanism in the analysis (e.g., 

Jiang et al., 2015), but this paper’s treatment is also common in literature. Please refer to Jiang and Zhang 

(2014) for an example.  
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partnership is more important than the distribution mechanism. In Section 4.2, we show 

that, as expected, how an air-rail partnership splits its profit between the two parties 

doesn’t affect the qualitative result, which creates the foundation for a more stringent 

assumption when we analyze the more complicated situation where air-rail partnership is 

non-exclusive. In particular, we assume that the rail operator is a passive order taker that 

accepts all capacity requests from the airline(s), while the airline(s) would always request 

the formation of intermodal cooperation as long as the total profit of the partners 

increases. This assumption fits reality well and helps to free the paper from excessive 

analytical burden.7 

We assume that travellers maximize a (strictly concave) quadratic utility function as 

proposed by Singh and Vives (1984). This approach has been used in transport literature 

(e.g., Flores-Fillol and Moner-Colonques, 2007; Oum and Fu, 2007; Socorro and 

Viecens, 2013; D’Alfonso et al., 2015).  Let 𝑸 be the total number of connecting 

passengers. The utility function is:  

𝑈 = 𝛼𝑸 −
1

2
𝑸2 (1) 

where 𝛼  measures the highest willingness-to-pay (WTP) for travel (i.e., the scale of 

demand). We assume that 𝛼  is sufficiently large, i.e., the connecting market is large 

enough, so as to ensure the non-negativity of the equilibrium results. A simple linear 

inverse demand function can be derived from equation (1): 

𝑃 = 𝛼 − 𝑸 (2) 

Here P is the “full price” of the passengers, which is determined by the ticket price and 

the various nonmonetary travel costs. These costs cover travel time (e.g., en-route travel 

time, connecting time), and all the other factors affecting the quality of the trip such as 

travel convenience, including ease of check-in, security check time, baggage push, etc. 

 
7 Rail operators are seldom initiators of any air-rail partnership. Instead of being active decision makers in 

such intermodal cooperation, they are closer to passive order takers, probably due to the fact that the 

amount of intermodal passengers is very small compared with their total operation. Most of the intermodal 

agreements take the form of block purchase of train capacity by the airlines. In fact, sometimes the 

partnership can simply be a reimbursement of rail ticket to the passengers by the airline such as in the 

examples of Tianjin and Shijiazhuang airports.  
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We use 𝑇𝐴𝐴 and 𝑇𝐴𝑅 to denote the monetized travel cost of the air-air connecting service 

and the pre-investment air-rail connecting service for the passengers, respectively, with 

𝑇𝐴𝐴 and 𝑇𝐴𝑅 being both positive values. The ticket price of air-air connecting service is 

thus: 

𝑝𝐴𝐴 = 𝑃 − 𝑇𝐴𝐴 (3) 

For the air-rail connecting service, since investments to improve this service are allowed, 

the post-investment travel cost is endogenous, depending on the air-rail cooperation level 

𝛿. In particular, for the passengers, the higher the cooperation level, the lower the travel 

cost of the air-rail connecting service. For simplicity, we assume that the monetized post-

investment travel cost of the air-rail service is a simple linear function of 𝛿 and equal to 

𝑇𝐴𝑅 − 𝛿. The ticket price of an air-rail connecting service is thus also a function of 𝛿: 

𝑝𝐴𝑅(𝛿) = 𝑃 − (𝑇𝐴𝑅 − 𝛿) (4) 

Other than the demand side, 𝛿  also has implication on the cost side for the transport 

operators. There is a fixed cost involved when investments to improve air-rail service are 

made, and it is an increasing function of the cooperation level 𝛿.8 In particular, we denote 

the fixed cost involved in any intermodal partnership as 𝐶(𝛿), assuming that 𝐶(𝛿) =

𝜇𝛿2, with 𝜇 ≥ 0. Moreover, we assume that the unit operating costs are 𝑐𝐴
𝑑, 𝑐𝑅

𝑑 and 𝑐𝐴
𝑖  for 

air service on the domestic leg, rail service on the domestic leg, and air service on the 

international leg, respectively.  

In the following text we use 𝑞 and 𝑄 to denote the traffic levels of air-air connecting and 

air-rail connecting services, and 𝜋  and Π  to denote the profits of a single transport 

operator and an intermodal partnership, respectively. In the first scenario, only the 

domestic airline offers air-air connecting service and its objective function is 

 
8 More integrated intermodal cooperation can involve a form of code-share arrangement, in which the 

airline and the rail operator decide to ‘share’ the same train trip, and each operator assigns its own 

flight/train code to the train trip. In this case, the convenience of the air-rail service increases due to 

coordinated booking and ticketing, but it also means some costly integration of IT systems. Deeper forms 

of integration can take the form of coordination of through-baggage handling and other dedicated services, 

such as separate first- and business-class dining facilities on trains, which further increases the convenience 

of the air-rail service through channels like the decrease of connecting time, but the logistics cost involved 

in implementing these integrations dramatically increases (Chiambaretto and Decker, 2012). 
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𝜋1
𝐷 = (𝑝𝐴𝐴 − 𝑐𝐴

𝑑 − 𝑐𝐴
𝑖 )𝑞1

𝐷 (5) 

The superscript D denotes domestic airline and the subscript 1 denotes scenario 1. The 

social welfare function in this scenario is: 

𝑊1 = 𝛼𝑞1
𝐷 −

1

2
𝑞1

𝐷2
− (𝑇𝐴𝐴 + 𝑐𝐴

𝑑 + 𝑐𝐴
𝑖 )𝑞1

𝐷 (6) 

In the second scenario, only the international air-rail partnership exists and the objective 

functions of the domestic airline and the international air-rail partnership are: 

𝜋2
𝐷 = (𝑝𝐴𝐴 − 𝑐𝐴

𝑑 − 𝑐𝐴
𝑖 )𝑞2

𝐷 (7)  

Π2
𝐹 = (𝑝𝐴𝑅 − 𝑐𝑅

𝑑 − 𝑐𝐴
𝑖 )𝑄2

𝐹 − 𝜇(𝛿2)2 (8) 

The superscript F denotes foreign airline and the subscript 2 denotes scenario 2. The 

social welfare function is9: 

𝑊2 = 𝛼(𝑞2
𝐷 + 𝑄2

𝐹) −
1

2
(𝑞2

𝐷 + 𝑄2
𝐹)2 − (𝑇𝐴𝐴 + 𝑐𝐴

𝑑 + 𝑐𝐴
𝑖 )𝑞2

𝐷 − (𝑇𝐴𝑅 + 𝑐𝑅
𝑑 + 𝑐𝐴

𝑖

− 𝛿)𝑄2
𝐹 − 𝜇(𝛿2)2 

(9) 

In the third scenario, only the domestic air-rail partnership exists and the objective 

function of the domestic partnership is: 

Π3
𝐷 = (𝑝𝐴𝑅 − 𝑐𝑅

𝑑 − 𝑐𝐴
𝑖 )𝑄3

𝐷 − 𝜇(𝛿3)2 (10) 

The subscript 3 denotes scenario 3. And the social welfare function is given by: 

𝑊3 = 𝛼𝑄3
𝐷 −

1

2
𝑄3

𝐷2
− (𝑇𝐴𝑅 + 𝑐𝑅

𝑑 + 𝑐𝐴
𝑖 − 𝛿)𝑄3

𝐷 − 𝜇(𝛿3)2 (11) 

 
9 Note that in this paper we consider global social welfare, i.e., we do not differentiate the profit of foreign 

companies and the surplus of foreign consumers from the profit of domestic companies and the surplus of 

domestic consumers. It might require extra attention when we discuss relevant policies, as policy makers 

usually care about welfare only within a country. 
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In the last scenario where both types of partnership coexist, the objective functions of the 

two partnerships are: 

Π4
𝐷 = (𝑝𝐴𝑅 − 𝑐𝑅

𝑑 − 𝑐𝐴
𝑖 )𝑄4

𝐷 − 𝜇(𝛿4
𝐷)2 (12) 

Π4
𝐹 = (𝑝𝐴𝑅 − 𝑐𝑅

𝑑 − 𝑐𝐴
𝑖 )𝑄4

𝐹 − 𝜇(𝛿4
𝐹)2 (13) 

The subscript 4 denotes scenario 4. And the social welfare function is given by: 

𝑊4 = 𝛼(𝑄4
𝐷 + 𝑄4

𝐹) −
1

2
(𝑄4

𝐷 + 𝑄4
𝐹)2 − (𝑇𝐴𝑅 + 𝑐𝑅

𝑑 + 𝑐𝐴
𝑖 − 𝛿4

𝐷)𝑄4
𝐷 − (𝑇𝐴𝑅 + 𝑐𝑅

𝑑

+ 𝑐𝐴
𝑖 − 𝛿4

𝐹)𝑄4
𝐹 − 𝜇(𝛿4

𝐷)2 − 𝜇(𝛿4
𝐹)2 

(14) 

For analytical simplicity, we normalize 𝑇𝐴𝐴 + 𝑐𝐴
𝑑 + 𝑐𝐴

𝑖 = 0 and 𝑇𝐴𝑅 + 𝑐𝑅
𝑑 + 𝑐𝐴

𝑖 = −𝑡, with 

𝑡 being either a positive or a negative value and measuring the passengers’ travel cost 

plus the transport operators’ operating costs difference between air-air and pre-

investment air-rail services. In other words, 𝑡  captures all the original heterogeneities 

between air-air and air-rail connecting services before the air-rail partnership makes any 

investment. The larger 𝑡 is, the better the pre-investment air-rail service is compared with 

the air-air service in terms of the sum of operating costs borne by the transport operators 

and the monetized travel cost borne by travellers. For simplicity we will refer 𝑡 as the 

quality difference between air-air and pre-investment air-rail services in the following 

text, incorporating both operating costs borne by the transport operators and the travel 

cost borne by passengers. 

We model a three-stage decision process. In the first stage, the decision depends on 

whether air-rail partnership is exclusive or non-exclusive. If this intermodal partnership is 

exclusive, the two airlines compete for the right to cooperate with the rail operator. 

Eventually at most one partnership can be formed, which means that only scenarios 1, 2 

and 3 are possible. If air-rail partnership is non-exclusive, the two airlines play a simple 

game structured in Table 1, where the airlines have two strategies, form a partnership 

with the rail operator, or do not form a partnership. The four scenarios correspond to the 

potential equilibrium outcomes under the game between the two players. In the second 

stage, the intermodal partnership(s), if any, decides (decide) on the level of cooperation. 
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In the third stage, taking the cooperation level as given, the corresponding decision 

maker(s) chooses (choose) its (their) traffic level(s) to maximize profit(s).10  

== Insert Table 1 == 

 

3. Scenario Analysis 

In this section, we analyze, one by one, the equilibrium traffic and cooperation level (if 

any) in the four scenarios. We also investigate the equilibrium profits of the transport 

operators to lay a foundation for subsequent market structure analysis, as well as the 

social welfare levels in order to derive relevant policy implications.  

3.1 No intermodal partnership 

In the first scenario, the domestic airline is a monopoly with air-air connecting service. 

The equilibrium traffic and the equilibrium profit of the airline, as well as the equilibrium 

social welfare level are straightforward:  

𝑞1
𝐷 =

𝛼

2
 (15) 

𝜋1
𝐷 =

𝛼2

4
 

(16) 

𝑊1 =
3𝛼2

8
 

(17) 

3.2 International partnership only 

In the second scenario, there are two products in the market, the air-air connecting service 

offered by the domestic airline and the air-rail connecting service offered by the 

international partnership. By backward induction, we first derive the equilibrium traffic 

and then the equilibrium level of cooperation between the foreign airline and the HSR 

operator, which is: 

 
10  We use traffic, i.e., quantity, instead of price as the decision variable, to be consistent with the 

mainstream literature. Brander and Zhang (1990; 1993) and Oum et al. (1993) find some empirical 

evidence that airlines compete in quantity. Quantity competition has been assumed, among others, in Jiang 

and Zhang (2014), Pels and Verhoef (2004), and Zhang and Zhang (2006). 
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𝛿2 =
2(𝛼 + 2𝑡)

9𝜇 − 4
 (18) 

It should be noted that second-order condition requires 𝜇 > 4/9. Plugging 𝛿2 into the 

equilibrium traffic expressions, we have  

𝑞2
𝐷 =

𝛼(3𝜇 − 2) − 3𝜇𝑡

9𝜇 − 4
 (19) 

𝑄2
𝐹 =

3𝜇(𝛼 + 2𝑡)

9𝜇 − 4
 

(20) 

We notice that t must be within a particular range, i.e., −𝛼/2 < 𝑡 < −(2 − 3𝜇)𝛼/3𝜇, in 

order to have both services in place. In other words, the difference between the air-air and 

the pre-investment air-rail services plays a role in determining the travel products 

available. In particular, when the quality of the air-air service is sufficiently higher than 

the pre-investment quality of the air-rail service, the international partnership finds it hard 

to compete with the domestic airline and the scenario resembles the no partnership case. 

On the other hand, when the pre-investment quality of the air-rail service is sufficiently 

higher than the quality of the air-air service, the market will be left with the air-rail 

connecting service provided by the international partnership only, which, however, is not 

a relevant case as the domestic airline will avoid it by forming domestic air-rail 

partnership (see the proof of Proposition 2 in Appendix B). The equilibrium profits and 

social welfare level are: 

𝜋2
𝐷 =

[𝛼(3𝜇 − 2) − 3𝜇𝑡]2

(9𝜇 − 4)2
 

(21) 

Π2
𝐹 =

𝜇(𝛼 + 2𝑡)2

9𝜇 − 4
 

(22) 

𝑊2 =
4𝛼2(3 − 14𝜇 + 18𝜇2) + 4𝛼𝑡(18𝜇2 − 5𝜇) + 𝑡2(99𝜇2 − 32𝜇)

2(9𝜇 − 4)2
 

(23) 

3.3 Domestic partnership only 
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In the third scenario, there is only one product in the market, which is the air-rail 

connecting service offered by the domestic partnership. The domestic partnership decides 

first on the level of cooperation and then on the traffic quantity. Backward induction 

gives the equilibrium level of 𝛿: 

𝛿3 =
𝛼 + 𝑡

4𝜇 − 1
 

(24) 

It should be noted that second-order condition requires 𝜇 > 1/4. The equilibrium traffic 

level is: 

𝑄3
𝐷 =

2𝜇(𝛼 + 𝑡)

4𝜇 − 1
 (25) 

while the equilibrium profit and welfare level are: 

Π3
𝐷 =

𝜇(𝛼 + 𝑡)2

4𝜇 − 1
 

(26) 

𝑊3 =
𝜇(6𝜇 − 1)(𝛼 + 𝑡)2

(4𝜇 − 1)2
 

(27) 

3.4 Coexistence of both partnerships 

In this scenario, both the domestic and the foreign airlines form partnerships with the rail 

operator. We can find the equilibrium cooperation levels of the two partnerships to be: 

𝛿4
𝐷 = 𝛿4

𝐹 = 𝛿4 =
2(𝛼 + 𝑡)

9𝜇 − 2
 

(28) 

Here second-order condition requires 𝜇 > 2/9 . Together with the conditions derived 

above, we need 𝜇 > 4/9. Plugging 𝛿4
𝐷 and 𝛿4

𝐹 into the equilibrium traffic expressions, we 

have  

𝑄4
𝐷 = 𝑄4

𝐹 =
3𝜇(𝛼 + 𝑡)

9𝜇 − 2
 

(29) 

while the equilibrium profits and social welfare level are: 
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Π4
𝐷 = Π4

𝐹 =
𝜇(9𝜇 − 4)(𝛼 + 𝑡)2

(9𝜇 − 2)2
 

(30) 

𝑊4 =
4𝜇(𝛼 + 𝑡)2

9𝜇 − 2
 

(31) 

 

4. Equilibrium Analysis   

4.1 Equilibrium cooperation levels 

We first focus on the comparisons of equilibrium cooperation levels. By comparing 𝛿2, 

𝛿3, and 𝛿4, we can obtain Proposition 1. 

Proposition 1: The cooperation level when both partnerships coexist is lower than 

those when there is only one partnership. A single international (domestic) partnership 

will have a higher cooperation level than a single domestic (international) partnership 

when the pre-investment quality of the air-rail service is sufficiently high (low) 

compared with the quality of the air-air service. 

The proof of Proposition 1 is given in Appendix B. This result is very interesting, as it 

suggests that under the same conditions a single air-rail partnership, either domestic or 

international, induces higher cooperation level than when competing partnerships coexist. 

This is because when both intermodal partnerships coexist, the two partnerships will both 

be better off by competing less aggressively in investment. Besides, compared with the 

case of two coexistent partnerships, at any level of cooperation, each partnership’s output 

is higher in the case of single partnership and hence the benefit from cooperation is also 

higher, incentivizing the single partnership to achieve higher cooperation level. On the 

other hand, only when the pre-investment air-rail service is sufficiently good compared 

with the air-air connecting service, international partnership would generate a higher 

cooperation level than domestic partnership. This is caused by the fact that the 

international partnership still needs to compete with the domestic airline in Scenario 2, 

while the domestic partnership can enjoy monopoly status in Scenario 3, so the increase 

of air-rail service quality has a steeper impact on the international partnership. In other 

words, when the pre-investment quality of the air-rail service is low, the international 
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partnership has lower incentive to increase this quality through investments compared 

with the domestic partnership; but when pre-investment quality of the air-rail service is 

high, this relationship would reverse.  

4.2 Equilibrium market structure 

Next, we discuss which of the four scenarios would be elicited as the equilibrium 

outcome under various conditions. Two situations will be investigated: first, the air-rail 

cooperation is exclusive, meaning that Scenario 4 where both partnerships coexist is not 

possible; second, the intermodal cooperation is non-exclusive, meaning that Scenario 4 is 

also included in the discussion. Proposition 2 and 3 cover the findings under these two 

situations, respectively.   

When the air-rail partnership is exclusive, the two airlines are competing for the right to 

cooperate with the rail operator. In this case, the benchmark for the domestic airline in 

deciding whether to form partnership with the rail operator is not scenario 1 when neither 

of the partnerships is formed. Instead, it is scenario 2 where international partnership 

between the foreign airline and the rail operator is formed. Meanwhile, the reservation 

profit of the rail operator to get into a domestic partnership is no longer nil, since it would 

be able to obtain a positive profit in an international partnership. Analytically, the 

following relations hold. When a domestic partnership is formed, Π3
𝐷 is the equilibrium 

profit obtained by the partners, with 𝜃Π3
𝐷 being the portion of profits retained by the rail 

operator, with 0 ≤ 𝜃 ≤ 1 , and, consequently, (1 − 𝜃)Π3
𝐷  being the portion of profits 

retained by the domestic airline. Similarly, when an international partnership is formed, 

Π2
𝐹  is the equilibrium profit obtained by the alliance, with 𝜑Π2

𝐹  being the portion of 

profits retained by the rail operator, with 0 ≤ 𝜑 ≤ 1 , and, consequently, (1 − 𝜑)Π2
𝐹 

being the portion of profits retained by the foreign airline. In this occurrence, 𝜋2
𝐷 is the 

profit retained by the domestic airline. Thus, to make sure that the equilibrium 

partnership is domestic, the following conditions must hold: (i) 𝜃Π3
𝐷 ≥  𝜑Π2

𝐹 , which 

assures that the rail’s participation constraint to the domestic partnership is not violated; 

(ii) (1 − 𝜃)Π3
𝐷 ≥ 𝜋2

𝐷, which assures that the domestic airline’s participation constraint to 

the domestic partnership is not violated. Summing up relations (i) and (ii) we obtain: 
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(1 − 𝜃)Π3
𝐷 + 𝜃Π3

𝐷 ≥ 𝜑Π2
𝐹 + 𝜋2

𝐷, that is we need to compare Π3
𝐷 − 𝜑Π2

𝐹  and 𝜋2
𝐷. Some 

simple analysis reveals a strong conclusion, which is summarized as Proposition 2. 

Proposition 2: If air-rail cooperation is exclusive, domestic partnership will appear 

when the pre-investment quality of the air-rail service is sufficiently high compared 

with the quality of the air-air service. No partnership will be formed when this quality 

is sufficiently low, while international partnership will exist when this quality is in an 

intermediate range. 

The proof of Proposition 2 is given in Appendix B. Proposition 2 states that when 𝑡 is 

sufficiently large, the domestic partnership instead of the international partnership would 

exist. This is because it is more beneficial for the domestic airline to get involved in an 

air-rail partnership when the pre-investment quality of the air-rail service is higher. On 

the one hand, it is more profitable to offer air-rail connecting service. On the other hand, 

the potential loss caused by the formation of a competing air-rail partnership is also 

larger. Furthermore, the proof of Proposition 2 suggests that the marginal cost of 

increasing cooperation level will also play a role. In particular, if 𝜇 is large, the value of t 

that would make the domestic partnership to be the equilibrium market outcome is larger. 

This is because if a partnership is too expensive to form, the domestic airline, which can 

earn positive profit regardless, will have a lower incentive to get involved in an 

intermodal partnership than the other two players, which need a partnership in order to 

obtain positive profit. Of course, when 𝑡  is too small, the air-rail connecting service 

would be too inferior to compete with the air-air connecting service and it would not even 

be profitable for the foreign airline to offer it, leading to no air-rail partnership as the 

equilibrium.  

When the air-rail partnership is non-exclusive, meaning that it is possible to have both 

domestic and international partnerships in the picture at the same time, equilibrium 

analysis leads to Proposition 3.  

Proposition 3: If air-rail cooperation is non-exclusive, under Nash equilibrium, both 

partnerships coexist when the pre-investment quality of the air-rail service is 

sufficiently high compared with the quality of the air-air service. No partnership will 
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be formed when this quality is very low. Only the foreign airline will form partnership 

with the rail operator when this quality is in an intermediate range. 

The proof of Proposition 3 is given in Appendix B. It is straightforward to see why the 

foreign airline tends to form air-rail partnership when possible. It earns nil if staying out 

of the market, but has a chance to get positive profit by forming the partnership. Negative 

profit is not possible from partnership formation, as the partners can always choose zero 

investment which would incur no fixed cost. Understanding this, the equilibrium outcome 

of the game again depends solely on the incentive of the domestic airline, and 

Propositions 2 and 3 boil down to similar conclusions.  

Propositions 2 and 3 reveal some insightful results regarding which type of air-rail 

cooperation will eventually emerge. The pre-investment quality of the air-rail service is 

crucial, which is sensible given that this factor determines whether, and by how much, 

the intermodal partnership is profitable. This gives lessons to policy makers or 

government agencies that would like to promote such intermodal cooperation. On the one 

hand, it cannot be taken for granted. Some preconditions may indeed be critical for the 

formation of an air-rail partnership. For example, even if the rail station is not physically 

within the hub airport, they definitely cannot be too far away and without any connection. 

On the other hand, to foster an air-rail partnership, the most efficient measure of 

regulators might be to increase the pre-investment quality of the (potential) air-rail 

service, such as building intermodal facilities, which will decrease the connecting time 

for this service. However, it should also be noted that these measures would have a 

stronger impact on domestic partnership instead of international partnership, making 

social welfare comparisons between these different scenarios particularly relevant and 

important.  

4.3 Social welfare comparisons 

To facilitate social welfare comparisons between different scenarios, we first obtain a 

lemma. 

Lemma 1: The social welfare levels increase in the pre-investment quality of the air-

rail service (as compared with the quality of the air-air service) in the case of a single 

domestic partnership and the case of both partnerships. Welfare first decreases and 
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then increases in the quality of the air-rail service in the case of a single international 

partnership.  

The proof of Lemma 1 is given in Appendix B. The first part of the lemma is 

straightforward, as in the case of a single domestic partnership and the case of both 

partnerships, only air-rail service is provided, so the social welfare naturally increases 

with the original (pre-investment) quality of such service. The second part of the lemma 

can be understood by taking a closer look at equations (21) and (22), both of which are 

parts of 𝑊2. From equation (21), we can see that 𝜋2
𝐷 decreases in 𝑡, while the decreasing 

rate gets smaller when 𝑡 increases. Meanwhile, equation (22) tells us that Π2
𝐹  increases in 

𝑡 with an increasing rate. When 𝑡 is small, its marginal effect on 𝜋2
𝐷 dominates that on 

Π2
𝐹 , leaving a net negative effect on 𝑊2 . However, as 𝑡  increases, this dominance 

diminishes and eventually reverses.11 Intuitively, this is because in the case of a single 

international partnership, this partnership will offer air-rail service while the stand-alone 

domestic airline will offer the air-air service. The improvement of the pre-investment 

quality of the air-rail service has: (i) a positive impact on both the price and the traffic 

volume of the international partnership, which means that the increase in its profit is 

quadratic in this quality improvement, and (ii) a negative impact on the profit of the 

domestic airline that offers the competing air-air service. However, the higher the pre-

investment quality of the air-rail connecting service, the lower the incentive of the 

international partnership to invest as heavily, so the impact on the domestic airline’s 

profit is negative but with a decreasing rate.   

Although we have 4 scenarios, from the previous sections we can infer that some 

comparisons are not necessary. For example, we do not need to compare scenarios 3 and 

4 since we have shown that, in a setting where scenario 4 is allowed, scenario 3 will 

never appear. With this in mind, we can summarize Proposition 4 as follows.  

Proposition 4: In terms of social welfare, a single domestic partnership is never 

optimal. Having no partnership is optimal only when the pre-investment quality of the 

air-rail service is very low compared with the quality of the air-air service. Having both 

 
11 Consumer surplus, the other component of social welfare, monotonically increases in the pre-investment 

quality of the air-rail service. In other words, it does not contribute to this U-shape relationship.   
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partnerships is optimal when the pre-investment quality of the air-rail service is in an 

intermediate range and the investment cost to improve this quality is sufficiently large. 

Otherwise, a single international partnership is optimal. 

Proposition 4 is based on a summary of the scenarios which generate the highest social 

welfare under different ranges of 𝑡  and 𝜇 , as presented in Table 2. The proof of 

Proposition 4 is given in Appendix B. Proposition 4 is particularly interesting when 

combined together with Propositions 2 and 3. After some arithmetic, we can conclude the 

range of 𝑡 which induces scenario 2 as the equilibrium is included in the range of 𝑡 where 

scenario 2 generates the highest social welfare among all the four scenarios. This result 

has important policy implication as it conveys that when international partnership is the 

only air-rail partnership in place, there is not much concern for social welfare. Unless 

other issues, such as environmental concerns, need to be considered, regulators can adopt 

a more encouraging attitude for the status quo. On the other hand, when there is only 

domestic partnership or when both types of partnerships coexist, the regulators might 

want to look closer at the situation. A more detailed and careful welfare analysis may be 

necessary before making any positive or negative judgment on particular air-rail 

cooperation cases. However, the readers should also keep in mind that this is the case 

when we count foreign airline’s profit in the social welfare. With another setting, the 

conclusion might be very different. 

== Insert Table 2 == 

 

5. Case Study 

In this section, we apply our theoretical framework to a real-life case for a few purposes. 

On the one hand, we can illustrate how the model setting fits reality and delivers 

practically observable results. On the other hand, it is also a good opportunity to relax 

some of the assumptions made in the theoretical model, so as to verify whether the 

conclusions are sensitive to these assumptions. We focus on the Strasbourg-Paris-Dubai 

market, where three companies are involved: a domestic legacy airline (Air France), a 

domestic high-speed rail operator (SNCF), and a foreign airline (Emirates). There are 

three reasons why we choose this case study. 
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First, the HSR network of SNCF is one of the most developed in Europe. Nowadays, 

SNCF operates nearly 5,500 TGV services per week serving around 230 stations (see 

Figure 2). In 2013, SNCF carried about 125 million passengers and acknowledged that at 

least 2 billion passengers had already travelled by TGV. According to SNCF’s President 

Guillaume Pepy, the third billion is expected by 2021 (UIC, 2013). The TGV Est line, 

connecting the Strasbourg TGV Rail Station (XWG) and Paris Charles De Gaulle Airport 

(CDG), is a prominent example of strong complementarity between HSR system and 

major air hubs (OECD/ITF, 2014). The market share of HSR on the Paris-Strasbourg 

market was 80% in 2010 (OECD/ITF, 2014). Travellers from Strasbourg are increasingly 

fed into the Air France hub by TGV (OECD/ITF, 2014).   

== Insert Figure 2 == 

Second, this case fits our setting very well. Emirates and Air France are the only carriers 

offering one-stop travel solutions from Strasbourg to Dubai International Airport (DBX) 

(no direct travel solutions are available). Emirates needs SNCF to enter the domestic 

market. It offers direct flights from CDG to DBX, but only an AIR&RAIL product from 

XWG to DBX via CDG. Finally, we remark that Emirates does not belong to any of the 

three major airline alliances (Star, SkyTeam, and oneworld) and, in particular, does not 

currently operate codeshare flights with Air France.  

Third, Dubai is a popular destination for foreign visitors, meaning that the assumption of 

sufficient market size is likely to be satisfied. In 2013, the city welcomed nearly 16.4 

million non-UAE visitors, that is 0.4% of all international visitor arrivals worldwide – 

compared with Dubai’s 0.03% share of the global population – and an increase of more 

than 230% since 2000 (Oxford Economics, 2014). According to EUROSTAT, almost 

1,110,000 passengers have been recorded travelling from CDG to DBX in 2015, with the 

peak period in the third quarter of the year. 

5.1 Case details 

Both Emirates and Air France currently have intermodal partnership agreements with 

SNCF: TGVAir between SNCF and Emirates12, AIR&RAIL between SNCF and Air 

 
12 http://www.emirates.com/english/plan_book/to_and_from_airport/sncf.aspx.  

http://www.emirates.com/english/plan_book/to_and_from_airport/sncf.aspx
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France13. When making a booking on the website of Air France or Emirates, the customer 

simply selects her departure at XWG. Once she finalizes her reservation on the website of 

Air France (Emirates), she receives an Air France (Emirates) ticket, which includes her 

train journey from XWG to CDG. If the train or flight is delayed, SNCF and Air France 

(Emirates) are committed to rebooking the customer for the first available train or flight. 

As far as loyalty programs are concerned, if the customer is a member of both Air France 

Flying Blue (Emirates Skywards) and SNCF’s loyalty programs, as her ticket is 

considered an airline ticket, only Flying Blue (Skywards) Miles will apply.  

The comparison of frequencies and type of connections available offers interesting 

insights on the level of cooperation between SNCF and Air France (Emirates). On 

average, Air France (Emirates)-SNCF partnership offers two (three) AIR&RAIL 

(TGVAir) products daily, as described in Table 3.14 We note that the average time spent 

in connection is one hour longer in the case of TGVAir (4h 47min versus 5h 52min). 

Besides, although passengers of both AIR&RAIL and TGVAir obtain the boarding pass 

for train and flight at XWG, TGVAir customers will not be able to check in their baggage 

at the train station for the entire journey, as they can only check in baggage at the 

airport.15 This evidence suggests that the cooperation level is higher for the Air France-

SNCF partnership than for the Emirates-SNCF partnership. 

== Insert Table 3 == 

In our numerical study, we relax some assumptions in order to explore the role of other 

features that might affect our findings but are difficult to take into account in a tractable 

analytical model. In particular, we explicitly include the degree of horizontal 

differentiation between air-air and air-rail products; the degree of price sensitivity of 

 
13http://www.airfrance.fr/FR/en/common/resainfovol/avion_train/reservation_avion_train_strasbourg_airfra

nce.htm. 
14 Emirates also offers three options involving overnight staying in Paris. For the sake of comparability 

between the two air-rail products, we do not include these options in our study. However, we note that no 

variation in the fares charged by Emirates is observed (for a given class) in the selected week compared to 

non-overnight staying solutions. We might assume that options involving overnight stays are chosen by 

those passengers who really benefit from spending the night in Paris (and would have bore the cost in any 

case, i.e., the choice does not affect consumer surplus). 
15 Such a rule also applies to AIR&RAIL only if: (i) your flight departs from Paris-Orly; (ii) you are 

traveling to Tel Aviv; (iii) your flight is provided by Delta Air Lines; (iv) your stay in Paris is longer than 

24 hours. 

http://www.airfrance.fr/FR/en/common/resainfovol/avion_train/reservation_avion_train_strasbourg_airfrance.htm
http://www.airfrance.fr/FR/en/common/resainfovol/avion_train/reservation_avion_train_strasbourg_airfrance.htm
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demand; as well as  the monetary values of passenger travel cost and company operating 

costs . 

5.1.1 Real life scenario 

In reality, we observe Scenario 4 in the XWG-CDG-DBX market, so we first analyze this 

scenario numerically. Let 𝑄𝐴𝑅
𝑑  and 𝑄𝐴𝑅

𝑖  be the number of passengers travelling with 

AIR&RAIL (i.e., the domestic partnership), and the number of passengers travelling with 

TGVAir (i.e., the international partnership), respectively. Inverse demand functions for 

the two travel services are: 

𝑝𝐴𝑅
𝑑 = 𝛼𝐴𝑅 − 𝑇𝐴𝑅 + 𝜎𝛿𝛿𝐴𝑅

𝑑 − 𝛽𝐴𝑅𝑄𝐴𝑅
𝑑 − 𝑄𝐴𝑅

𝑖  (32) 

𝑝𝐴𝑅
𝑖 = 𝛼𝐴𝑅 − 𝑇𝐴𝑅 + 𝜎𝛿𝛿𝐴𝑅

𝑖 − 𝛽𝐴𝑅𝑄𝐴𝑅
𝑖 − 𝑄𝐴𝑅

𝑑  (33) 

where 𝑝𝐴𝑅
𝑑  and 𝑝𝐴𝑅

𝑖  are the ticket prices of AIR&RAIL and TGVAir, respectively. The 

parameter 𝛼𝐴𝑅 represents the highest WTP of passengers travelling from Strasbourg to 

Dubai by means of air-rail connecting service. The parameter 𝑇𝐴𝑅 is the monetized total 

travel time of air-rail service from XWG to DBX through CDG, a proxy of the monetized 

travel cost. The parameter 𝛽𝐴𝑅 measures the own price sensitivity of demand for an air-

rail product (i.e., the larger 𝛽𝐴𝑅 , the smaller this sensitivity). The parameter 𝛿𝐴𝑅
𝑗

∈

(0,1], 𝑗 = 𝑑, 𝑖 is the level of cooperation between SNCF and Emirates (𝑗 = 𝑖) or between 

SNCF and Air France (𝑗 = 𝑑). The parameter 𝜎𝛿  is the value that customers attach to the 

improved quality of air-rail connection. Estimated values, ranges or functional forms of 

these parameters are described in Table 4, while a detailed procedure for their estimation 

is available in Appendix C. 

==Insert Table 4== 

5.1.2 Hypothetical scenarios 

As noted, Scenario 4 is experienced in reality by travellers in the Strasbourg-Paris-Dubai 

market. We also pursue a what-if approach and simulate Scenarios 2 and 3 in this market 

in order to compare the outcomes in the observed Scenario 4 with those that would 

realize if the other two scenarios were in place. 
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Hypothetically in Scenario 2, only the TGVAir product (i.e., the international 

partnership) is available on the XWG-CDG-DBX route, and Air France should provide 

an air-air service. The air-air service is not available on the XWG-CDG-DBX route in 

real life, but Air France (together with KLM) offers an air-air alternative from Strasbourg 

Entzheim Airport (SXB) to DBX via Amsterdam Schiphol Airport (AMS).16 Thus, we 

use the information from the SXB-AMS-DBX route to estimate some essential 

parameters. Let 𝑞𝐴𝐴
𝑑  and 𝑄𝐴𝑅

𝑖  be the number of passengers using the air-air service offered 

by Air France and the number of passengers using the TGVAir product, respectively. 

Inverse demand functions for the two products are: 

𝑝𝐴𝐴
𝑑 = 𝛼𝐴𝐴 − 𝑇𝐴𝐴 − 𝑞𝐴𝐴

𝑑 − 𝛾𝑄𝐴𝑅
𝑖  (34) 

𝑝𝐴𝑅
𝑖 = 𝛼𝐴𝑅 − 𝑇𝐴𝑅 + 𝜎𝛿𝛿𝐴𝑅

𝑖 − 𝛽𝐴𝑅𝑄𝐴𝑅
𝑖 − 𝛾𝑞𝐴𝐴

𝑑  (35) 

where 𝑝𝐴𝐴
𝑑  is the ticket price of the air-air service. The parameter 𝛼𝐴𝐴  represents the 

highest WTP of passengers travelling on the air-air route. The distinction between 𝛼𝐴𝐴 

and 𝛼𝐴𝑅 allows us to take into account the vertical differentiation between the air-rail and 

the air-air products other than the difference in monetized travel time. The parameter 𝑇𝐴𝐴 

is the monetized total travel time of the air-air service from Strasbourg to Dubai via Paris. 

The parameter 𝛾  measures the degree of horizontal differentiation between these two 

products. Estimated values, ranges or functional forms of these parameters are given in 

Table 5, while a detailed procedure of their estimation is available in Appendix C. 

==Insert Table 5== 

Hypothetically in Scenario 3, only the AIR&RAIL product (i.e., the domestic 

partnership) is available in the market. Let 𝑄𝐴𝑅
𝑑  be the number of passengers using the 

AIR&RAIL product. The inverse demand function for the product is: 

𝑝𝐴𝑅
𝑑 = 𝛼𝐴𝑅 − 𝑇𝑅

𝑑 − 𝑇𝐴
𝑖 + 𝜎𝛿𝛿𝐴𝑅

𝑖 − 𝛽𝐴𝑅𝑄𝐴𝑅
𝑑  (36) 

5.2 Numerical results 

 
16 Air France–KLM is the result of a merger in 2004 between Air France and KLM. The first leg, SXB-

AMS, is also operated by HOP!. Société HOP! is the brand name of the regional flights operated by 

subsidiaries of Air France, i.e., Airlinair, Brit Air, and Régional.  
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We conduct simulation based on the parameters provided in Tables 4 and 5. We focus on 

the equilibrium air-rail cooperation levels under the three scenarios: domestic partnership 

only, international partnership only, and coexistence of both partnerships. Given that the 

estimation of the cooperation cost function is relatively arbitrary, we try a wide range of 

the 𝜇 parameter which generates interior solutions.  

Figure 3 plots the equilibrium 𝛿 versus a wide range of 𝜇 under two different levels of 

own-price sensitivity. It is confirmed that higher cooperation cost (i.e., higher 𝜇) leads to 

lower cooperation levels in all three scenarios. Moreover, as long as the own-price 

sensitivity of the air-rail service is high ( 𝛽𝐴𝑅  is small), the simulation outcome is 

consistent with Proposition 1 in the sense that the case of domestic partnership generates 

the highest level of cooperation, followed by the case of international partnership, and 

then the case of coexistence of both partnerships. However, if the own-price sensitivity 

decreases, the level of cooperation will decrease in all cases, and it is also possible that 

the case of coexistence of both partnerships may lead to a slightly higher cooperation 

level than the case of international partnership. The domestic partnership, on the other 

hand, always generates the highest level of cooperation.  

==Insert Figure 3== 

Figure 4 provides more information on how the changes in own-price sensitivity of the 

air-rail service ( 𝛽𝐴𝑅 ) and the level of horizontal differentiation between air-rail 

connection and air-air connection (𝛾) would affect the cooperation levels, given the same 

level of cooperation cost. Figure 4(a) confirms that an increase in 𝛽𝐴𝑅  may make the 

cooperation level of the coexistence case exceed that of the international partnership. 

However, as shown in Figure 4(b), the occurrence of such effect relies on the horizontal 

differentiation as well. In particular, if the air-rail connection is perceived as a highly 

different service as the air-air connection (i.e., very low 𝛾 ) and, hence, the level of 

substitution is low, the international partnership tends to have a very high level of 

cooperation close to that of the domestic partnership, leaving the cooperation level in the 

coexistence case the lowest. The above analysis is consistent with Figure 4(c) and 4(d). 

Figure 4(d) also suggests that although the international partnership generates the second 

highest level of cooperation among the three scenarios, for the international partnership 
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itself, the cooperation level may not always decrease in the level of substitution. Rather, 

if the own-price sensitivity of the air-rail service is high, the increased competition 

between air-rail and air-air connections would induce a relatively high level of 

cooperation as well.  

==Insert Figure 4== 

Finally, in the real XWG-DBX market we observe the coexistence of both domestic and 

international partnerships and their cooperation levels are not the same. In particular, the 

AIR&RAIL service between SNCF and Air France seems to have a higher level of 

cooperation than the TGVAir partnership between SNCF and Emirates. We suspect one 

possible reason of such asymmetric outcome is the different levels of cooperation 

investment cost, among all the other potential causes. In particular, the domestic 

partnership may incur lower cost than the international partnership to obtain the same 

level of cooperation. Thus, we also compare the partnership levels of the international 

and domestic partnerships in the coexistence case by fixing the domestic partnership’s 

cooperation investment cost while changing this cost of the international partnership. The 

result is given in Figure 5. As expected, the partnership that suffers higher cooperation 

investment cost will choose lower level of cooperation. However, the changing of the 

cooperation investment cost of international partnership has little impact on the 

cooperation level of the domestic partnership.  

==Insert Figure 5== 

These are all interesting and important findings, as they tell that part of our theoretical 

results is indeed sensitive to the assumptions we make. Therefore, although the model 

framework can be very useful to understand the general situation, a detailed investigation 

needs to be called upon whenever it comes to the detailed analysis of a specific case.  

Overall, this case study helps to show that our model, although abstract, captures the key 

features of the reality and has certain prediction power, as the cooperation level 

comparison between domestic partnership and the coexistence case remains the same. It 

also points out that some of our theoretical results related to the international partnership 

could be changed if the horizontal differentiation between air-air and air-rail services is 
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too strong, leading to a large difference in the parameters 𝛽𝐴𝑅 and 𝛾. This finding reveals 

the areas of caution when applying the theoretical prediction in real policy analysis.  

 

6. Concluding Remarks 

In this paper, we build a theoretical model to analyze different types of air-rail 

partnerships. We investigate one domestic airline, one foreign airline, and one rail 

operator in the model, where there exist two possible intermodal partnerships: a domestic 

partnership between the domestic airline and the rail operator, as well as an international 

partnership between the foreign airline and the rail operator. After a partnership is 

formed, air-rail connecting service will be provided and investments to improve this 

service are allowed at a cost. Four potential scenarios for air-rail cooperation may exist. 

First, no intermodal partnership is established. Second, there is only the international 

partnership. Third, there is only the domestic partnership. And fourth, both partnerships 

coexist, which is only possible when air-rail partnership is non-exclusive. We find that 

the cooperation level when both partnerships coexist is lower than those when only one 

partnership exists, while international partnership will have a higher cooperation level 

than domestic partnership when the pre-investment quality of the air-rail service is 

sufficiently high compared with the quality of the air-air connecting service with respect 

to passengers’ travel cost plus transport operators’ operating cost. Then we show that if 

air-rail cooperation is exclusive, domestic partnership will appear when the pre-

investment quality of the air-rail service is high, no partnership will be formed when it is 

low, while international partnership will exist when it is moderate. If air-rail cooperation 

is non-exclusive, the coexistence of both partnerships will be the equilibrium when the 

pre-investment quality of the air-rail service is high, no partnership will exist when it is 

low, while only international partnership will emerge when it is moderate. Regarding 

social welfare, the case of no partnership is dominated by the other three cases when the 

pre-investment quality of the air-rail service is high enough. Meanwhile, the case of 

international partnership dominates the case of domestic partnership and the case of both 

partnerships if the cost of partnership investment is not very large. Otherwise, the case of 

international partnership is superior to the case of domestic partnership (both 
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partnerships) if and only if the pre-investment air-rail service quality is within certain 

ranges. We then apply our model to the real-life case of Strasbourg-Paris-Dubai market, 

showing that other factors, such as price sensitivity of demand, horizontal differentiation 

between air-air and air-rail services, and asymmetries in partnership costs, are also 

important. In particular, when these factors adopt different values, we show that the 

cooperation level comparisons are not as straightforward. 

These results have some potential policy implications. As a newly emerged phenomenon, 

the air-rail cooperation hasn’t drawn a lot of attention yet; however, it is rapidly 

developing, with a large number of cases only emerged in the past few years. Meanwhile, 

it is a complicated issue, particularly regarding social welfare. On the one hand, it has a 

lot of benefits such as relieving airport congestion and alleviating environmental impacts 

of transportation17. On the other hand, careful investigation is needed due to potential 

anti-trust concern. Whenever regulators are ready to seriously evaluate air-rail 

cooperation cases, they will find the necessity to recognize the diversity of these cases 

and first sort out the driving forces behind this diversity. In that case, this framework will 

be very useful as it offers a base to distinguish different types of air-rail partnership, with 

some preliminary social welfare analysis readily available.  

Some limitations exist due to the simplifications of our model. First, network effect is 

largely ignored in this paper. Incorporating the air as well as rail networks into the 

analysis would likely alter some of the conclusions, and these changes may have 

profound policy implications, since network is one of the defining features of 

transportation systems. Second, many factors are either lumped together, such as the 

operating costs for both modes, or still omitted from our analysis, such as the long term 

decisions of technology and capacity investment. Although as the first attempt to study 

this issue, it is necessary to simplify, while we have used a case study to obtain less 

restricted results to a certain sense, it would be interesting to enrich the model more in 

future research and study the impacts of factors abstracted away from this paper. 

Furthermore, since we have analytically obtained the equilibrium outcomes for the 

 
17  Due to severe constraints to capacity expansion, airport slots are a scarce resource. The European 

Commission pursues the optimal allocation and use of slots to foster competition and improve quality of air 

transport services (EC, 2011). In this framework, Avenali et al. (2015) study an incentive pricing 

mechanism to manage effectively scarce capacity at congested hubs. 
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partnership formation, another direction of future study will be to test these predictions 

empirically. Third, this study does not take into account environmental impacts. Some 

literature on the air-rail interaction has pointed out its implications on the environment, as 

rail service is generally believed to be more environmentally friendly than air service 

(e.g., Chiambaretto and Decker, 2012; D’Alfonso et al., 2015; 2016). This is particularly 

important for the social welfare analysis. To obtain a more thorough picture, 

environmental factors need to be considered.  
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Appendix A: Existing Cases of Air-Rail Partnership 

Country Rail Company Airline 

Canada Via Rail 

Royal Jordanian (Jordan); Air 

Transat; Hainan Airlines (China) 

Canada Via Rail Air Canada 

China Yuehai Railway Hainan Airlines 

China CRH China Eastern 

UK 

Heathrow 

Express; First 

West Trains 

British Airways, Singapore 

Airlines (Singapore) 

UK Southwest Trains Flybe 

France SNCF Multiple airlines 

France SNCF Air France 

Germany Deutsche Bahn Lufthansa 

Germany Deutsche Bahn Multiple airlines 

Italy Trenitalia Aegean (Greek) 

Netherlands/Belgium Thalys KLM 

Netherlands/France/Belgium Thalys Jet Airways (India) 

Portugal 

Comboios de 

Portugal TAP Portugal 

Spain Renfe Avianca (Colombia) 

Switzerland SBB Swiss 

Taiwan 

Taiwan High 

Speed Rail China Airlines 

USA Amtrak United Airlines 
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Appendix B: Proofs of Lemmas and Propositions 

Proof of Proposition 1:  

𝛿2 − 𝛿4 = 𝜇(𝛼 + 𝑡)/[(4𝜇 − 1)(9𝜇 − 2)]. Since 𝜇 > 4/9 and 𝑡 > −𝛼/2, we have 4𝜇 −

1 > 0, 9𝜇 − 2 > 0 as well as 𝜇(𝛼 + 𝑡) > 0. Therefore, 𝛿2 − 𝛿4 > 0. 

𝛿3 − 𝛿4 = 2(2𝛼 + 9𝜇𝑡)/[(9𝜇 − 4)(9𝜇 − 2)] . Since 𝜇 > 4/9  and 𝑡 > −𝛼/2 , we have 

9𝜇 − 4 > 0, 9𝜇 − 2 > 0 as well as 2𝛼 + 9𝜇𝑡 > 0. Therefore, 𝛿3 − 𝛿4 > 0. 

Further, 𝛿2 − 𝛿3 = [(2 − 𝜇)𝛼 + 7𝜇𝑡]/(4 − 25𝜇 + 36𝜇2). 

Since 𝜇 > 4/9, we have 4 − 25𝜇 + 36𝜇2 > 0 for all feasible 𝜇. In other words, 𝛿2 − 𝛿3 

increases in 𝑡. Given the other parameters, we show that as long as 𝑡 > (𝜇 − 2)𝛼/7𝜇, we 

can conclude that 𝛿2 − 𝛿3 > 0 . It is also easy to show that −𝛼/2 < (𝜇 − 2)𝛼/7𝜇 <

−(2 − 3𝜇)𝛼/3𝜇, meaning that (𝜇 − 2)𝛼/7𝜇 is within the relevant range of 𝑡.  

Q.E.D. 

 

Proof of Proposition 2:  

Given that 𝜑 ∈ [0,1] and Π2
𝐹 ≥ 0, (Π3

𝐷 − 𝜑Π2
𝐹) − 𝜋2

𝐷  is decreasing in 𝜑. When 𝜑 = 1, 

considering all the feasible ranges, we have (Π3
𝐷 − Π2

𝐹) − 𝜋2
𝐷 ≥ 0 if  

𝑡 >
(14 − 55𝜇 + 45𝜇2) − √3(16 − 184𝜇 + 777𝜇2 − 1431𝜇3 + 972𝜇4)

𝜇(−37 + 99𝜇)
𝛼 

Therefore, when the above condition is satisfied, (Π3
𝐷 − 𝜑Π2

𝐹) − 𝜋2
𝐷 ≥ 0 always holds. In 

other words, only when  

𝑡 <
(14 − 55𝜇 + 45𝜇2) − √3(16 − 184𝜇 + 777𝜇2 − 1431𝜇3 + 972𝜇4)

𝜇(−37 + 99𝜇)
𝛼 

 (Π3
𝐷 − 𝜑Π2

𝐹) − 𝜋2
𝐷 < 0 would be possible.  

We can also show that when 𝑡 < (−2𝜇 + √−𝜇 + 4𝜇2)𝛼/𝜇, Π3
𝐷 − 𝜋1

𝐷 < 0. While when 

𝑡 < −𝛼/2, even the foreign airline has no incentive to form an air-rail partnership. Given 
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that (−2𝜇 + √−𝜇 + 4𝜇2)𝛼/𝜇 < −𝛼/2, we can conclude that when 𝑡 < −𝛼/2, no air-

rail partnership will be formed.  

Here, we can also confirm that the case when there is no air-air connecting service but 

only air-rail service by the international partnership is not relevant, because 

(14 − 55𝜇 + 45𝜇2) − √3(16 − 184𝜇 + 777𝜇2 − 1431𝜇3 + 972𝜇4)

𝜇(−37 + 99𝜇)
𝛼 < −

(2 − 3𝜇)𝛼

3𝜇
 

meaning that for the range of 𝑡 that would make the domestic airline cut all the air-air 

connecting service in Scenario 2, the equilibrium market structure is Scenario 3.  

Q.E.D. 

 

Proof of Proposition 3:  

First we can show that F is a dominant strategy for the foreign airline, because Π2
𝐹 ≥ 0 

and Π4
𝐹 ≥ 0, while 𝜋1

𝐹 = 0 and 𝜋3
𝐹 = 0.  

Therefore, there are only two possibilities regarding the equilibrium. 

We can show that 𝜋2
𝐷 − Π4

𝐷  decreases in t in the relevant range 𝑡 < −(2 − 3𝜇)𝛼/3𝜇. 

And when  

𝑡 <
729𝜇4 − 891𝜇3 + 342𝜇2 − 44𝜇 − 𝜇1/2(9𝜇 − 4)3/2(27𝜇2 − 15𝜇 + 2)

2(162𝜇3 − 99𝜇2 + 16𝜇)
𝛼 

we have 𝜋2
𝐷 − Π4

𝐷 > 0. Otherwise, 𝜋2
𝐷 − Π4

𝐷 < 0.  

Q.E.D. 

 

Proof of Lemma 1: 

From equations (27) and (31), we can easily find that  

𝜕𝑊3

𝜕𝑡
=

2𝜇(6𝜇 − 1)(𝛼 + 𝑡)

(4𝜇 − 1)2
> 0 
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𝜕𝑊4

𝜕𝑡
=

8𝜇(𝛼 + 𝑡)

9𝜇 − 2
> 0 

While from equation (23), we have 

𝜕𝑊2

𝜕𝑡
=

4𝛼(18𝜇2 − 5𝜇) + 2(99𝜇2 − 32𝜇)𝑡

2(9𝜇 − 4)2
 

Therefore, when 𝑡 > −2𝛼(18𝜇 − 5)/(99𝜇 − 32) , 𝜕𝑊2/𝜕𝑡 > 0 . Since 𝑡 > −𝛼/2  and 

−𝛼/2 < −2𝛼(18𝜇 − 5)/(99𝜇 − 32) due to 𝜇 > 4/9, we have 𝜕𝑊2/𝜕𝑡  first decreases 

and then increases in 𝑡.  

Q.E.D. 

 

Proof of Proposition 4:  

From equation (17) we see that 𝑊1  is not a function of t, while from Lemma 1 we 

conclude that 𝑊3 and 𝑊4 increase in t. Therefore, there exist a 

𝑡13 =
−4𝜇(6𝜇 − 1) + √6𝜇(96𝜇3 − 64𝜇2 + 14𝜇 − 1)

4𝜇(6𝜇 − 1)
𝛼 

with 𝑊1 > 𝑊3 when 𝑡 < 𝑡13 and 𝑊1 < 𝑊3 otherwise; and  

𝑡14 =
−8𝜇 + √6𝜇(9𝜇 − 2)

8𝜇
𝛼 

with 𝑊1 > 𝑊4 when 𝑡 < 𝑡14 and 𝑊1 < 𝑊4 otherwise. 

From Lemma 1 we see that 𝑊2 first decreases and then increases in t, the cutoff points 

are −𝛼/2 and  

𝑡12 = −
45𝜇 − 8

2(99𝜇 − 32)
𝛼 

with 𝑊1 > 𝑊2  when −𝛼/2 < 𝑡 < 𝑡12  and 𝑊1 < 𝑊2  otherwise. Since when 𝑡 < −𝛼/2, 

the two scenarios boil down to the same case, so we can conclude that 𝑊1 > 𝑊2 when 

𝑡 < 𝑡12 and 𝑊1 < 𝑊2 otherwise. 
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We have 𝑊2 − 𝑊3 ≥ 0  if 𝜇 < 𝜇23 = (9 + √17)/12 . When 𝜇 ≥ 𝜇23 , 𝑊2 − 𝑊3 ≥ 0  if 

and only if 𝑡 ≤ 𝑡23 or 𝑡 > 𝑡23, with  

𝑡23

=
2(−11 + 110𝜇 − 289𝜇2 + 198𝜇3) − √2(1 − 4𝜇)2(4 − 9𝜇)2(8 − 27𝜇 + 18𝜇2)

𝜇(19 − 278𝜇 + 612𝜇2)
𝛼 

𝑡23

=
2(−11 + 110𝜇 − 289𝜇2 + 198𝜇3) + √2(1 − 4𝜇)2(4 − 9𝜇)2(8 − 27𝜇 + 18𝜇2)

𝜇(19 − 278𝜇 + 612𝜇2)
𝛼 

We have 𝑊2 − 𝑊4 ≥ 0  if 𝜇 < 𝜇24 = (23 + √97)/36 . When 𝜇 ≥ 𝜇24 , 𝑊2 − 𝑊4 ≥ 0  if 

and only if 𝑡 ≤ 𝑡24 or 𝑡 > 𝑡24, with  

𝑡24 =
18𝜇(−6 + 23𝜇 − 18𝜇2) + 2√2𝜇(−2 + 9𝜇)(4 − 9𝜇)2(6 − 23𝜇 + 18𝜇2)

𝜇(64 − 90𝜇 − 243𝜇2)
𝛼 

𝑡24 =
18𝜇(−6 + 23𝜇 − 18𝜇2) − 2√2𝜇(−2 + 9𝜇)(4 − 9𝜇)2(6 − 23𝜇 + 18𝜇2)

𝜇(64 − 90𝜇 − 243𝜇2)
𝛼 

We have 𝑊3 − 𝑊4 ≥ 0 if 𝜇 < 𝜇34 = (11 + √41)/20. 

We can easily show that 𝑡12 < 𝑡13 ≷ 𝑡14 < 𝑡24 < 𝑡23 < 𝑡23 < 𝑡24 and 𝜇34 < 𝜇24 < 𝜇23. 

The relationship between 𝑡13 and 𝑡14 depends on the level of 𝜇. But since in the range 

between 𝑡12 and 𝑡24, 𝑊2 is larger than the equilibrium social welfare levels of the other 

three scenarios, it is not important to dissect the details. 𝜇34 also does not affect the social 

optimal scenario because when 𝜇 < 𝜇23 , 𝑊2  is larger than 𝑊3 . In other words, in the 

range of 𝜇 where 𝑊3 > 𝑊4, we always have 𝑊2 > 𝑊3.  

With a combination of the comparisons above, the highest welfare levels of the four cases 

can be summarized in Table 2.  

Q.E.D. 
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Appendix C 

C.1 The willingness-to-pay for the travel 

In order to estimate 𝛼𝐴𝑅, we have recorded daily prices (one way from XWG to DBX via 

CDG) for each AIR&RAIL (TGVAir) service offered by the partnership Air France-

SNCF (Emirates-SNCF) on airlines’ websites every day of the week 06/08/2016-

13/08/2016 for each travel class.18 Data have been observed in the slot 10:00am-11:00am. 

Everyday 𝑥 we set departure at day 𝑥 + 1. Both SNCF and hub-and-spoke airlines make 

use of dynamic pricing for revenue maximization and load-factor optimization (Wright et 

al., 2010; Ben-Khedher et al., 1998). It has been demonstrated that fares pattern, under 

dynamic pricing rules, can be approximated by a strictly increasing hyperbole until the 

day before departure, when the maximum fare is registered (ICCSAI Factbook, 2015). At 

this price, some evidence shows that 2 or 3 reservations are registered (Cattaneo et al., 

2016; D’Alfonso et al., 2011). Thus, we expect that the average fare for flights/HSR rides 

departing the day after the observation is a good approximation of the maximum WTP of 

customers for such services, i.e., the reservation price at which demand tends to 0.19 We 

set the WTP of leisure (business) passengers being equal to the highest price charged 

among AIR&RAIL’s Economy and Premium Economy or TGVAir’s Economy Saving, 

Economy Flex, Economy Flex Plus solutions (AIR&RAIL’s Business and La Premiere 

classes or TGVAir’s Business Flex classes). We average those values using ad-hoc 

percentages of business and leisure passengers, i.e., 20% and 80% (data on the 

percentage of business/leisure passengers travelling between Strasbourg and Dubai are 

not available, to the best of our knowledge). These percentages may be somewhat 

arbitrary, but they reflect the fact that integrated management strategies pursued by 

airlines, airports, governments, and tourism authorities have allowed small, low-

 
18 We have excluded from our sample 11 TGVAir trips offered daily by Air France-SNCF involving two 

stops, one in CDG and one in Beyrouth, Rafic Hariri International. Among these options, 8 flights (average 

total travel time: 25h 46min) involve 1 night to be spent in Beyrouth (charged to the traveller), 2 Flights 

(average total travel time: 42h 38min) involve 2 nights to be spent - in Paris and in Beyrouth (charged to 

the traveller). 
19 We acknowledge that these estimates may be a bit inaccurate. The observed prices reflect a situation in 

which three products are currently in the market at the same time: TGVAir, AIR&RAIL via CDG, and an 

air-air connecting service via AMS. However, we observe that price charged for air-air connecting services 

are generally lower than fares charged for air-rail products. This is in line with the fact that own elasticity 

of demand is lower for HSR than for airlines (Ivaldi and Vibes, 2008; Meunier and Quinet , 2012; Behrens 

and Pels, 2012). 
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populated places like Dubai to become major international tourism destinations in 

addition to business plazas (Lohmann et al., 2009).20 These numbers are also in line with 

the average number of seats offered for first or business class on the four classes Boeing 

777-300ER used by Air France (20%) or on the three classes Airbus 380-800 used by 

Emirates (21%).  

The parameter 𝛼𝐴𝐴  represents the maximum WTP of connecting passengers travelling 

from Strasbourg to Dubai by means of air-air connecting service offered by Air France-

KLM (the only one-stop flight option available). In order to approximate this parameter, 

we have recorded daily prices (one way from SXB to DBX via AMS) for each flight 

offered by Air France-KLM on the airline’s websites every day of the week 06/08/2016-

13/08/2016 for each travel class, and we have followed similar procedure as the one 

described for the estimation of 𝛼𝐴𝑅.21  

C.2 The value of time 

Vickerman (1997) argues that it is key to consider total trip times for the analysis of 

intermodal competition in transport. Following Adler et al. (2010), we share this 

approach and 𝑇𝐴𝑅 is computed by summing:  

(i) access time to XWG 

(ii) travel time, comprised of: in-vehicle time on the HST from XWG to CDG, 

connecting time at CDG, in-vehicle time on Air France’s or Emirates’ flights from CDG 

to DBX, respectively;  

(iii) egress time from DBX.  

 
20 World Economic Forum has recently ranked the UAE 28th out of 140 countries in a report on travel and 

tourism competitiveness (Oxford Economics, 2014). Our choice also reflects the tendency of European 

people travelling more for leisure purpose in August, when our price are observed, rather than for business 

purpose. 
21 We have excluded from our sample air-air connecting services offered daily by Air France involving two 

stops, one in CDG and one in other French cities. Among these: (i) Lyon-Saint Exupéry (1 flight daily); (ii) 

Nice Côte d'Azur, (9 flights daily, 5 of which involve connecting from Paris Orly Airport to CDG); (iii) 

Toulouse-Blagnac, (6 flights daily, 4 of which involve connecting from Paris Orly Airport to CDG). All 

flights involving stops on Nice or Toulouse also require 1 night to be spent in the city charged to the 

traveller. Fares for economy class almost double the fares charged for one-stop flight in AMS. In contrast, 

they are 50% higher in the case of business class, and almost the same in the case of La Premiere class. 
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Similarly, 𝑇𝐴𝐴  is computed by summing: (i) access time to SXB; (ii) travel time, 

comprised of in-vehicle time on the air-air connecting service and connecting time at 

AMS; (iii) egress time from DBX.  

The average in-vehicle time is 9h 20min, combining the in-vehicle trip times of the 

domestic leg by rail and of the international leg by airplane, while it is 7h 40min for the 

air-air connecting service. Based on the estimation of Adler et al. (2010), access time at a 

train station is 30min, egress time from an airport is 1h, and connecting time at the hub is 

1h 30min. If the air-rail product is selected, we assume that connecting time at the hub is 

2h. Airport terminals and the TGV station might be distant as well as signage might be 

not well developed in showing direction between the two locations. Whether the air-air 

connecting service or a combined air-rail product is selected, we also add to the 

computation the airport processing time for international business (leisure) passengers, 

which is equal to 1h (2h) (Adler et al., 2010). This time is mainly due to security checks 

and baggage check-in. However, if the level of cooperation between air and rail is high, 

baggage check-in can be made at the rail station and signaling is well developed showing 

connections between airport terminals and the TGV station. We assume that, in such a 

case, each business (leisure) traveller saves 30min in connecting time at the hub and 45 

min (1h 30min) in processing time (see estimation of parameter 𝜎𝛿 ). If 𝛿𝐴𝑅
𝑗

= 1, this 

assumption would imply that airport processing time becomes 15min (30min) for 

business (leisure) passengers22 and connection at the hub is as smooth as the one involved 

in the air-air connecting service (i.e., connecting time at the airport is 1h 30min as in the 

case of a air-air connecting service).  

We calculate the value of time taking into account the difference between business and 

leisure travellers. According to González-Savignat (2004), the value of travel time is 

55 𝑒𝑢𝑟/ℎ (37 𝑒𝑢𝑟/ℎ) for business (leisure) travellers. We use these values to monetize 

the sum of in-vehicle time and time spent in connection. The value of business travellers’ 

access time is 22 𝑒𝑢𝑟/ℎ, while this data is not reported for leisure travellers. We set it 

equal to 10 𝑒𝑢𝑟/ℎ. We use these values to monetize access/egress time and processing 

 
22 For instance, only the time required for the security checks at the airport is counted and baggage check-in 

at rail station is assumed to require 0h (see Adler et al., 2010). 



43 

 

time. While maintaining the same proportions observed for business passengers (22/55) 

would have predicted a value equal to 14.8 𝑒𝑢𝑟/ℎ , our choice reflects the fact that 

business passengers place a higher value on their access time since they want to use more 

(travel) time for work than for other activities (Hultkrantz, 2013). We average the 

resulting values, taking into account the percentage of business and leisure travellers. 

Parameters to estimate monetized travel time are described in Table 6. 

==Insert Table 6== 

C.3 The parameter 𝜷𝑨𝑹 

Ivaldi and Vibes (2008), Meunier and Quinet (2012), Behrens and Pels (2012) find that 

own elasticity of demand is lower for HSR than for airlines. For instance, according to 

Behrens and Pels (2012) based on a case study on the London-Paris route in 2009, if the 

fare of the Eurostar alternative (Air France, taking off from London Heathrow) decreases 

by 1%, market share would increase 0.07% (0.33%) and 0.15% (0.54%) in the business 

and leisure market, respectively. If we set the own elasticity of demand for airlines equal 

to 1, previous evidence suggests 𝛽𝐴𝑅 > 1. We set 𝛽𝐴𝑅 = 1.2 (but different simulations, 

eventually, can be run setting varying values of 𝛽𝐴𝑅 to examine the marginal impact of 

this parameter on our findings).  

C.4 The parameter 𝝈𝜹  

To the best of our knowledge, we are not aware of estimates regarding the monetary 

value that customers attach to the quality of air-rail connection within the cooperation 

between the airline and the rail operator. In order to have a reasonable estimate, we rely 

on monetary values that travellers attach to time. In particular, we assume that within the 

“High” level of cooperation, according to the definition proposed by Chiambaretto and 

Decker (2012), baggage check-in can be made at the rail station and signage is well 

developed showing connections between airport terminals and the TGV station. We 

assume that, in such a case, each business (leisure) traveller saves 30min in connecting 

time at the hub and 45 min (1h 30min) in processing time, for a total of 1h 15 min (2h). 

We average the resulting values according to the percentage of business and leisure 

passengers. According to this framework, for instance, a leisure passenger would gain 2 ·

37 · 0.5 = 37 𝑒𝑢𝑟, if the level of cooperation embedded in the selected air-rail product is 
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approximately “Moderate”, e.g., 𝛿𝐴𝑅
𝑗

= 0.5 , or 74 𝑒𝑢𝑟 if the level of cooperation 

embedded in the selected air-rail products is maximum, 𝛿𝐴𝑅
𝑗

= 1.  

C.5 The parameter 𝜸 

The parameter 𝛾  measures the degree of horizontal differentiation between air-air 

connecting services and air-rail products. Besides the travel time, different factors may 

affect mode substitutability: emotional associations may play a role (Bennett et al., 1957), 

as well as cultural/personal mode preferences (IATA, 2006). Habit may also form a 

significant barrier to mode shift, as past mode choices are a strong predictor of current 

mode choice (Blainey et al., 2012; Thøgersen, 2006). Larger values of 𝛾 indicate more 

substitutable services: 𝛾 is zero when the two modes are independent and it is equal to 

one when they are perfect substitutes. Following Jiang and Zhang (2014) and D’Alfonso 

et al. (2015), based on Berhens and Pels (2010) on the London-Paris route, we set 𝛾 =

0.71. In general, literature suggests that, while 𝛾 may cover a wide range of values due to 

the diversity of market characteristics, it is more likely to be relatively large (Ivaldi and 

Vibes, 2008; Meunier and Quinet, 2012). We note that different simulations, eventually, 

can be run setting varying values of 𝛾 to examine the marginal impact of this parameter 

on our findings. 

C.6 Costs 

On the cost side, 𝑐𝐴
𝑖  is the variable operating cost – per passenger – that Air France 

(Emirates) uses to operate the air transport service on the international leg from CDG to 

DBX, while 𝑐𝑅
𝑑 is the variable operating cost – per passenger – that SNCF uses to operate 

rail service on the domestic leg from XWG to CDG. 

Let us first focus on air transport. Swan and Adler (2006) found that great circle distance, 

𝐷, and the number of seats on an aircraft, 𝑆, are the two main factors affecting aircraft 

trip costs. Two market-based equations were developed based on average length of haul, 

which incorporate aircraft size. Equation 𝐶 = $0.0115(𝐷 + 2200)(𝑆 + 211)  provides 

the cost function per flight for long haul markets (more than 5,000 kilometers), which can 

be used to model the cost function on the international market served by Air France and 

Emirates. Dollar values in these equations have been multiplied by 1.1 in order to 
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translate the dollar values into euros at 2001 prices. The reference great circle distance is 

𝐷 = 5246𝑘𝑚 between CDG and DBX. The reference number of seats on an aircraft is 

𝑆 = 385  (average number, given 𝑆 ∈ {303,298,322}  on the four classes Boeing 777-

300ER used by Air France and 𝑆 ∈ {517,489} on the three classes Airbus 380-800 used 

by Emirates). We derive the level of airline operating costs per-flight, 56,138€/𝑓𝑙𝑖𝑔ℎ𝑡, 

that is, on average, 145.8€/𝑠𝑒𝑎𝑡.  

We note that, eventually, different cost structures can be modeled for the domestic and 

the international carrier in order to examine the impact of cost differentials on our 

findings.  For instance, Emirates enjoys significantly lower operating costs than its 

competitors; labor costs are estimated at 18% of its expenditure compared to roughly 

30% for European and North American carriers. Reasons are varied, but an important 

factor is the availability of cheap guest workers: ground handling, maintenance, and 

catering are tasks for which workers from low-wage countries, especially Pakistan and 

India, are employed. Accounting and IT tasks are outsourced to India and Lebanon. 

Regarding fuel, its proximity to oil production and refining facilities makes fuel slightly 

cheaper and its young fleet and latest engine technology offers an advantage (O’Connell, 

2011).23 

Similarly, 𝑐𝐴
𝑑 is the operating cost per passenger that Air France supports to operate the 

air transport service on the international leg from CDG to AMS. We assume that 𝑐𝐴
𝑖  does 

not change, since the route distance from AMS to DBX is nearly equivalent (𝐷 =

5246𝑘𝑚) and the type of aircraft used is similar (Boeing 777/200). Following Swan and 

Adler (2006), equation 𝐶 = $0.019(𝐷 + 722)(𝑆 + 104) provides the cost function per 

flight for short haul markets (less than 5,000 kilometers), which can be used to model the 

cost function on the domestic market served by Air France. The reference great circle 

distance is 𝐷 = 450𝑘𝑚 between CDG and AMS. The reference number of seats on an 

aircraft is 𝑆 = 75 (on the Embrarer used by Air France or HOP). We derive the level of 

airline variable costs per-flight, 4,384€/𝑓𝑙𝑖𝑔ℎ𝑡, that is, on average, 58.4€/𝑠𝑒𝑎𝑡.  

 
23 Bulk orders and skilled manoeuvring between Airbus and Boeing allow the company to achieve volume 

discounts. For example, in response to the 18-month delay in the Airbus A380 programme, EK cancelled 

an order of 10 A340-600 and replaced it with B777-300ER, a move supporting Boeing and punishing 

Airbus. At the same time, Emirates announced orders of up to 100 long-haul aircraft for the B787 and the 

A350XWB, highlighting its strong negotiating position (Lohmann, 2009). 
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We now turn to HSR. We estimate the operating costs per-seat. Givoni (2003) provides 

an estimation of HSR total operating costs for available seat kilometers (ASK), that is 

0.094€/𝐴𝑆𝐾. The length of the route is 450 km, therefore the total operating costs are 

42.3€/𝑠𝑒𝑎𝑡 (vs 58.4€/𝑠𝑒𝑎𝑡 for the provision of the air service on the same short-haul 

leg). We confirm some evidence suggested by literature and airlines’ consultation 

(Eurocontrol, 2005): the reduction of operating costs (substitution of feeder flights with 

cheaper rail services) in order to increase profitability is one of the main drivers of 

intermodality development for airlines.24  

As for the approximation of the fixed cost for the investments to improve the air-rail 

service, a rough estimation of this cost is 𝐶(𝛿𝐴𝑅
𝑗

) = 𝜇 · (𝛿𝐴𝑅
𝑗

)2. Existence of an interior 

solution and the satisfaction of second order conditions when a domestic partnership 

holds requires 𝜇 >  12,042𝑒𝑢𝑟 . Similarly, existence of an interior solution and the 

satisfaction of second order conditions when an international (both) partnership 

(partnerships) holds (hold) require 𝜇 >  10,760𝑒𝑢𝑟 (𝜇 >  10,286𝑒𝑢𝑟).  

We note some facts provided by Eurocontrol (2005) which reports interviews with the 

Brand Partnership Manager at Thalys International – the rail operator managed by SNCF 

(62%), SNCB/NMBS (28%), and Deutsche Bahn (10%) – and the Intermodal Transport 

Project Manager at Lufthansa, about the nature of investments performed for the 

implementation of the intermodal agreements. It is confirmed that, in case of high level of 

cooperation, investments relate to: (i) the coordination of baggage check-in/check-out 

process; and, (ii) the coordination of IT systems for product distribution. Assuming it is 

reasonable to include a portion of general and administrative costs for the implementation 

of the partnership (including advertising and publicity expenses), based on Belobaba et 

al. (2009), the cost items, as percentage of the total airline operating cost supported, 

include: 

(i) traffic servicing costs of processing passengers, baggage, and cargo at airports: 7.1% 

(including labor costs); 

 
24 All estimates assume 100% load factor, but variable load factor can be easily included in the simulation 

changing accordingly the cost per seat. 
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(ii) promotion and sales costs associated with airline reservations centers and ticket 

offices, including travel agency commissions and distribution system fees: 6.3% 

(including labor costs); 

(iii) general and administrative expenses (including advertising and publicity expenses) 

that are truly general to the airline or those that cannot be associated to a particular 

activity: 5.9% (including labor costs). 

If we consider as a cost basis, given our case study, the level of airline operating costs 

per-flight in the long haul market, i.e., 56,138€/𝑓𝑙𝑖𝑔ℎ𝑡, we derive that mentioned cost 

items are, respectively, 3,985€/𝑓𝑙𝑖𝑔ℎ𝑡, 3,537€/𝑓𝑙𝑖𝑔ℎ𝑡, and 3,312€/𝑓𝑙𝑖𝑔ℎ𝑡. 

Lower bound for 𝜇  appears quite reasonable, if compared to expenses – for one 

international flight – related to ticket integration, baggage handling, and advertising. We 

do not claim to provide a basis for any empirical estimation of the fixed cost function for 

the implementation of the intermodal agreements, but our proposal reflects the fact that 

𝐶′(𝛿𝐴𝑅
𝑗

) > 0, i.e., it becomes increasingly more costly to increase the level of partnership 

due to the coordination in baggage handling and integrated ticketing. The following 

equation can also be manipulated to allow for variability in the fixed cost for the 

cooperation investment of the international versus domestic partnership, i.e., 

𝐶𝐴𝑖𝑟 𝐹𝑟𝑎𝑛𝑐𝑒(𝛿𝐴𝑅
𝑗

) and 𝐶𝐸𝑚𝑖𝑟𝑎𝑡𝑒𝑠(𝛿𝐴𝑅
𝑗

) are modeled. For instance, one may want to see how 

findings would change if the international partnership is more costly than the domestic 

one due to higher transaction costs.  
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List of Tables and Figures 

Table 1 Game structure when partnerships are non-exclusive 

                       Foreign Airline 

Domestic Airline 

Form Not Form 

Form Scenario 4 Scenario 3 

Not Form Scenario 2 Scenario 1 

  

 

Table 2 Social optimal scenarios under different ranges of 𝑡 and 𝜇  

 𝑡 < 𝑡12 𝑡12 < 𝑡

< 𝑡24 

𝑡24 < 𝑡

< 𝑡23 

𝑡23 < 𝑡

< 𝑡23 

𝑡23 < 𝑡

< 𝑡24 

𝑡 > 𝑡24 

𝜇 < 𝜇24 Scenario 1 Scenario 2 Scenario 2 Scenario 2 Scenario 2 Scenario 2 

𝜇24 < 𝜇 < 𝜇23 Scenario 1 Scenario 2 Scenario 4 Scenario 4 Scenario 4 Scenario 2 

𝜇 > 𝜇23 Scenario 1 Scenario 2 Scenario 4 Scenario 4 Scenario 4 Scenario 2 

Note: The exact expressions of 𝑡12, 𝑡24, 𝑡23, 𝑡23, 𝑡24, 𝜇24 and 𝜇23 are given in the proof of Proposition 4.  

 

 

Table 3 AIR&RAIL and TGVAir options for the market XWG-DBX 

   XWG-CDG (dep/arr) Connection (h:min) CDG-DBX (dep/arr) 

9:57am-12:01pm 01:54 1:55pm-10:55pm 

6:05am-7:56am 05:59 1:55pm-10:55pm 

AIR&RAIL options offered by the partnership Air France-SNCF in the market XWG-DBX 

 

   XWG-CDG (dep/arr) Connection (h:min) CDG-DBX (dep/arr) 

9:46am-12:17pm 03:18 3.35pm(+1)-0:20(+1) 

2:24pm-5:03pm 04:47 9:50pm-6:30am (+1) 

9:46am-12:17pm 09:33 9:50pm-6:30am (+1) 

TGVAir options offered by the partnership Emirates-SNCF in the market XWG-DBX 
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Table 4 Reference parameters in the connecting market XWG-CDG under Scenario 4 

 
Demand   

WTP   𝛼𝐴𝑅 3354 𝑒𝑢𝑟 

Value of travel time  𝑇𝐴𝑅  499.13 𝑒𝑢𝑟 

Quality of air-rail connection 𝛿𝐴𝑅
𝑗

 (0,1]   

Value of the quality improvement due 

to an increment in cooperation level 

𝜎𝛿  21.5 𝑒𝑢𝑟 

Price sensitivity of demand 𝛽𝐴𝑅  1.2 

Supply   

Cost for the provision of air services in 

the international leg 
𝑐𝐴

𝑖 · 𝑄𝐴𝑅
𝑑  145.8 𝑒𝑢𝑟 · 𝑄𝐴𝑅

𝑑  

Cost for the provision of rail services in 

the domestic leg 
𝑐𝑅

𝑑 · 𝑄𝐴𝑅
𝑑  42.3 𝑒𝑢𝑟 · 𝑄𝐴𝑅

𝑑  

Cost for the implementation of the 

partnership 𝑗 
𝐶(𝛿𝐴𝑅

𝑗
) 𝜇 · (𝛿𝐴𝑅

𝑗
)2 

 

 

 

 

 

 

 

Table 5 Reference parameters in the connecting market XWG-CDG under hypothetical 

Scenario 2 

 
Demand   

WTP   𝛼𝐴𝐴 2774 𝑒𝑢𝑟 

Value of travel time  𝑇𝐴𝐴 417.37 𝑒𝑢𝑟 

Degree of substitutability between air-

air and air-rail products  

𝛾 0.71 

Supply   

Cost for the provision of air services 

in the domestic leg 
𝑐𝐴

𝑑 · 𝑞𝐴𝐴
𝑑  58.4 𝑒𝑢𝑟 · 𝑞𝐴𝐴

𝑑  
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Table 6 Passengers travel times 

 

% Business Passengers 20%  

% Leisure Passengers 80%  

Value of time (eur/min) Leisure Business 

Travel 0.62 0.92 

Access/Processing 0.17 0.37 

Time (min)   

Access time rail station (A) 30 

Access time airport (B) 60 

Processing time at hub airport (C) 120 60 

In-vehicle time air-air connecting service 

(D) 460 

In-vehicle time air-rail product (E) 560 

Connecting time airport (F)  

Air-air connecting service 90 

Air-rail product 120 

Total access time (G)    

Air-air connecting service (B+C) 240 180 

Air-rail product (A+C) 210 150 

Total travel time (I)   

Air-air connecting service (D+F) 550 550 

Air-rail product (E+F) 680 680 

Total trip time (L=G+I)   

Air-air connecting service  790 730 

(% in vehicle) (58.2) (63) 

Air-rail product  890 830 

(% in vehicle) (62.9) (67.5) 

Saving in total trip time (M) 120· 𝛿𝐴𝑅
𝑗

 75· 𝛿𝐴𝑅
𝑗

 

If 𝛿𝐴𝑅
𝑗

= 1 in air-rail product   

Total trip time air-rail (L-M) 770 755 

(% in vehicle) (72.72) (74.2) 
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Figure 1 The network structure and air-rail partnership scenarios 

    

 

 

 

 

 

Scenario 1 Scenario 2 

 

 

 

 

 

Scenario 3 Scenario 4 

 

  

1 2 3 

Foreign Airline Domestic Airline International Border HSR 

1 2 3 

1 2 3 1 2 3 



52 

 

Figure 2 The TGV network in France 

 

Source: http://tgv.be.voyages-sncf.com/en/carte-network-tgv 

  

http://tgv.be.voyages-sncf.com/en/carte-network-tgv
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Figure 3 Plot of δ vs. µ for the three scenarios together 

 

(The two numbers, 12042 and 9065, are the lowest feasible value of µ for the case of βAR = 1.2 and βAR = 2 

respectively; solid = domestic, dashdot = international, dash = coexistence) 

 

 

 

 

Figure 4 Plot of δ vs. β and δ vs. µ for the three scenarios together 

(a) δ vs. 𝛽𝐴𝑅: µ = 20000, γ = 0.71 (b) δ vs. 𝛽𝐴𝑅: µ = 20000, γ = 0.05 
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(c) δ vs. γ: µ = 20000, 𝛽𝐴𝑅  = 2 (d) δ vs. γ: µ = 20000, 𝛽𝐴𝑅 = 1.2 

  

 (solid = domestic, dashdot = international, dash = coexistence) 

 

 

 

 

Figure 5 Asymmetric costs and cooperation levels of domestic and international 

partnerships 

 

𝜇𝐴𝑅
𝑖  

(𝜇𝐴𝑅
𝑑  = 20000, 10286 ≤ 𝜇𝐴𝑅

𝑖  ≤ 50000, 𝛽𝐴𝑅  = 1.2, γ = 0.71; solid = domestic, dashdot = international) 




