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When modelling the choice of making multi-modal trips, many travel demand 

models lack flexibility in the specification of modes and consistency in the choice 
process. This causes problems in modelling the usage of the complex public 
transport systems of large urban areas. In this abstract, we apply the supernetwork 
approach to develop a route set generation procedure and multi-modal route choice 
model that are flexible and consistent. This new model is tested in an Île-de-France 
case study. 

 

 

1. Introduction 
The presence of public transport poses a challenge for the creators of travel 

demand models who need to model mode choice and route choice, due to the large 
numbers of available combinations of modes this creates: for example, travellers are 
able to choose routes in which train and bus are combined, and such combinations of 
distinct public transport modes may be even further extended by adding private 
modes such as bicycle and car to these chains. 

To include all potential differences between modes regarding appreciation by 
travellers, a model should ideally be able to handle a large number of modes. 
Additionally, being able to handle an arbitrary number of modes simplifies the 
modelling of future scenarios in which a new mode is introduced, e.g. a new type of 
public transport system. This results in a flexible model. 

Many travel demand models are based on random utility maximisation. 
Applying this concept in a flexible multi-modal route choice model is no trivial task: 
one can easily fail to address the similarities between multi-modal routes correctly 
(Hoogendoorn-Lanser et al., 2005), e.g. due to physical route overlap, or usage of 
the same or similar modes, i.e. modal overlap or mode similarities, so that the 
resulting model is not consistent with random utility maximisation theory. 

The supernetwork approach (Benjamins, 2001) is theoretically able to tackle 
this problem in a way that is both flexible and consistent. Other approaches, which, 
prior to route choice, either first choose a particular combination of modes or first 
choose a main mode with access and egress modes (Fiorenzo-Catalano, 2007), 
cannot satisfy these requirements: the number of modes must be limited to allow all 
possible combinations and similarities across the possible mode choices cannot be 
correctly taken into account. 

In this abstract, we ask ourselves the question how the supernetwork 
approach can be applied to model multi-modal route choice in a flexible and 
consistent way. We therefore construct such a model and estimate its parameters in 
a case study for the Île-de-France region, a large, dense, urban network consisting of 
many modes. We consider static models with a fixed OD trip matrix as input. 



2 
 

2. Proposed model formulation 
In our model, we assume travellers pick a route from an explicitly generated 

route choice set. Hence, the model consists of two parts: a route set generation 
algorithm and a multi-modal route choice model. 

2.1. The route set generation algorithm 
We construct our supernetwork such that each link represents a transfer-free 

leg, using either a public or a private transportation mode. Using this network, we 
subsequently search for sequences of legs to generate multi-modal routes. 

We adopt a version of the Branch and Bound algorithm for route set 
generation (Friedrich et al., 2001). Starting from a certain origin node in the 
supernetwork, this deterministic one-to-many procedure iteratively and recursively 
explores all links as long as no constraints are violated; the developed routes are 
saved for all destination nodes that are reached. We use a tolerance constraint, 
several logical constraints and a dominance constraint within this search procedure. 
By avoiding directionality constraints, the efficient one-to-many structure of the 
Branch and Bound algorithm is maintained. 

2.2. The multi-modal route choice model 
We base our choice model on the logit family of utility maximisation models. In 

the multinomial logit models, it is assumed that the error terms are independent, but 
this is not the case in our application due to various kinds of similarities among 
alternatives. We therefore first extend this by adding nests to account for modal 
overlap. This results in a cross-nested logit model, where each route alternative is a 
member of nests corresponding to modes that occur in a route. 

As a next step, route overlap is introduced. We shift the expected utilities of 
alternatives by multiplying each nest membership with a path size factor, analogously 
to path size logit models, where overlap is expressed in number of legs. 

Finally, we add mode similarities to this model. For this, we add another 
nesting layer, resulting in a network GEV model (Daly and Bierlaire, 2006). The 
modes can now be nested as well, although cross-nesting the modes is not possible. 
The advantage of this limitation is that our resulting choice tree will be “crash-safe” 
according to the definitions of Newman (2008), which simplifies the normalisation of 
the model. 

3. Case study results 
The proposed modelling methodology is tested with a case study for the Île-

de-France region, which is the region around Paris, in order to evaluate how the 
model performs in practice. The used network data is plotted in Figure 1. 
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Figure 1 Île-de-France road and public transport networks with 1342 zones. The 7 
public transport modes service 2692 lines. The box on the right zooms in on Paris 
and Petite Couronne, containing 727 of the zones. 

The case study model is estimated based on revealed preference data from a 
household travel survey. The estimation specifically uses the 2523 trips within the 
Paris and Petite Couronne regions with a purpose of home-work in the morning peak 
period. 

As we could not estimate the full network GEV model due to limitations of 
currently existing estimation software, we separately estimate a nested logit model 
and a path size logit model. We created the nested logit model by fully assigning the 
route alternatives to the nest of one “main mode” rather than cross-nesting them 
under all used modes. In each model, attributes include travel time in private modes, 
travel time in public transport modes, waiting time, public transport costs and mode-
dependent boarding penalties. 

The main findings from the estimation results are as follows: 

 All bus modes are estimated significantly less attractive than all rail-based 
modes. We also observe significant differences between Transilien and 
RER/metro and between the RATP suburban bus lines and other bus lines. 
See Figure 2 for a comparison of the estimated boarding penalties. 

 The “public transport” nest coefficient is estimated significantly smaller than 
one and the “metro/tram” main mode nest coefficient is significantly smaller 
than the “public transport” nest coefficient, representing mode similarities and 
modal overlap. 

 The path size coefficient is estimated significantly smaller than zero, which is 
contrary to our expectation. A potential explanation might be that route overlap 
contributes to the quality of service in case of disruptions of the public 
transport system. 



4 
 

 

 

Figure 2 Estimated 95% confidence intervals of boarding penalties in multi-modal 
routes, expressed in equivalent minutes of public transport in-vehicle time. 

4. Conclusion 
We designed a route set generation procedure and a new multi-modal route 

choice model taking flexibility and consistency of the model into account. The case 
study shows that this approach is feasible in a large urban network with a large 
number of modes. The differences in attractiveness among public transport modes 
that were found support the need for a flexible model structure that can handle an 
arbitrary number of modes with distinct appreciations by travellers. Our estimation 
also shows that modal overlap and mode similarities play a role, highlighting the 
importance of consistency. 
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