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Abstract 

Connection trips is often an important part of long-distance travel, especially for air travel. Models of long-distance 
travel would therefore benefit from a more detailed representation of the connection part. In this paper it is however 
shown that most models of connection trips are stand-alone models not integrated with the model for main mode. 
Only a handful models that integrate connection trip modelling into a large-scale transport model for long-distance 
travel are found. The connection trip models are classified into different types using a typology developed within the 
paper. The typology identifies nine model types that differ in how access/egress mode choice and terminal choice 
are handled. The scarce literature on connection trip modelling within large-scale transport modelling systems call 
for more research regarding detailed representation of access/egress mode choice and terminal choice, especially 
regarding the trade-off between model complexity and detailed representation, as well as whether the detailed 
representation of connection trips should primarily be conducted within the public transport network assignment or 
on the demand modelling side.
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1 Introduction
Large-scale transport models are often used in national 
transport planning and investment decision making, to 
calculate the potential future effects of transport invest-
ments/policy on aspects such as accessibility, safety, 
and  CO2 emissions (see e.g.,, Beser and Algers [7], Rohr 
et  al. [37] and Cascetta [12] for descriptions of large-
scale national transport models in Sweden, UK and Italy, 
respectively). Many of these large-scale models of long-
distance travel lack sophisticated modelling of connec-
tion trips. This is problematic since connection trips 
play an important role in many of the policy decisions 
that need decision support the coming years. For exam-
ple, it is still not fully clear under which circumstances in 
Europe that the high-speed rail offer is competitive with 

the air offer [18]. To analyse this question, access and 
egress plays an important role since airports are often 
located further away from city centres compared to rail-
way stations. The main mode in-vehicle travel time and 
travel cost often give a much more complete descrip-
tion of the total trip for rail compared to air. An inves-
tigation of the Swedish national travel survey from years 
2011–2016 shows that the cost for connection trips is a 
much larger part of the total trip cost for air (30–50%) 
compared to rail (in most cases below 10%) [6].1 The 
same pattern is found for connection travel time. A long-
distance model without a model for connection trips thus 
runs a risk of being biased towards air travel.

Another example is equity analyses of changes to acces-
sibility for geographical areas where high-speed railway 
lines are built and after which some places no longer have 
direct connections, rather are faced with a connection 
trip to the new high-speed rail line [13].

Open Access

European Transport
Research Review

*Correspondence:  ida.kristoffersson@vti.se

1 VTI Swedish National Road and Transport Research Institute, VTI/Box 55685, 
10215 Stockholm, Sweden
Full list of author information is available at the end of the article

1 We see no reason for this to be a particularly Swedish phenomenon – air-
ports are located quite far from city centres compared to main train stations 
in most countries.

http://orcid.org/0000-0002-3738-9318
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12544-022-00556-z&domain=pdf


Page 2 of 11Kristoffersson and Berglund  European Transport Research Review           (2022) 14:30 

A third examples is that connection trip modelling is 
also important to be able to evaluate investments such 
as a new rail line to an airport. New rail lines to air-
ports have traditionally been evaluated by estimating 
a stand-alone model for access mode choice to the spe-
cific airport in question. Modelling of connection trips to 
long-distance travel is however not only relevant for air 
trips alone, but also for the choice of main mode for long-
distance travel.

The complexity of the first and last part of a trip from 
the planning perspective is also highlighted in Nocera 
et al. [33], who develop guidelines for planners in order 
to reduce negative effects of first- and last mile mobility.

Previous reviews of research on connection trip mod-
elling have focused on mode-specific issues related to 
connection trips such as railway station choice model-
ling [46] or airport access mode choice modelling [1]. The 
impact of access and egress on main mode choice has 
been researched more in a regional [26, 41] and urban 
context [30, 34], as well as in relation to crossing a mari-
time barrier [8]. This paper adds to existing literature by 
focusing not only on one main mode, but on how access 
and egress characteristics affects the choice between 
available main modes for long-distance travel in general, 
which is important for national/international transport 
planning purposes.

When reviewing the literature on connection trip mod-
elling to long-distance travel, we noticed that there is a 
large variety in scope, from modelling of access mode 
choice to one specific terminal, to modelling of access 
and egress mode and terminal choice within a large-scale 
model of long-distance travel. To further understand 
and structure this wide scope, we develop in this paper 
a typology as a basis for classification of the literature on 
connection trip modelling. The aim of the typology is 
to span the room of choice dimensions2 which could be 
analysed within the context of connection trip modelling, 
and thereby make it easier to understand and get an over-
view of this complex topic. Not all types in the typology 
are represented in the current body of literature, but they 
could be in the future. The nine types in the typology are 
further aggregated into three broader areas: stand-alone 
models of connection trips, large-scale models of mode 
choice for long-distance travel with focus on connection 
trips, and large-scale models of joint mode and destina-
tion choice for long-distance travel with focus on con-
nection trips.

The contribution of this paper is threefold: First, a 
typology is developed which sorts models that include 

connection trips into different types depending on the 
included choice dimensions; second, existing literature 
on connection trip modelling is classified and discussed 
within the context of the developed typology; and third, 
directions for future research are outlined given the iden-
tified research gaps.

2  Method
2.1  Literature search
A literature search has been performed in the databases 
Scopus, Web of Science and Google Scholar. The search 
terms that have been used are “access trip long-distance” 
and “access mode”. The literature search resulted in 33 
relevant papers found. Backward snowballing added 3 
more papers to the list. Furthermore, the authors had 
access to 13 relevant reports (grey literature) in the field 
of modelling access trips to long-distance travel already 
before conducting the literature search. All in all, this 
leads to 49 research items that the analysis in this paper 
is based upon.

2.2  Typology
Modelling of connection trips to long-distance travel can 
be done in several ways which differ in complexity. One 
of the most important characteristics is which behav-
ioural choice dimensions that are included. The simplest 
connection trip model covers only access mode choice 
to a specific terminal, such as the choice between pri-
vate car (parking and/or drop-off), taxi, scheduled air-
port bus, public transport, airport express train, shared 
ride van or hotel shuttle to get to a specific airport, or the 
choice between private car (parking and/or drop-off), 
public transport, bicycle or walking to get to a specific 
train station.

A slightly more complex connection trip model is a 
model of joint access mode and terminal choice in a 
region, typically a joint model for choice of departure air-
port and access mode to this airport. These models typi-
cally include the effect of flight frequency, characteristics 
of the access trip such as in-vehicle time, and flight fare 
levels (including low-cost options) for different segments 
such as residents/visitors and private/business trips.

The most complex model on the other hand, includes 
both access/egress mode choice and terminal choice in 
a complete model system for long-distance travel, which 
also includes main mode and destination choice, with the 
corresponding available access/egress modes for each 
main mode and available access/egress terminals for each 
origin/destination zone.

Because of this variety in model structures, a typol-
ogy is developed in this paper which classifies models 
that include connection trips into nine different types, 
depending on which choice dimensions are included. 

2 There are theoretical combinations of choice dimensions that we have dis-
regarded to keep the number of types down, e.g., models of access and egress 
mode choice as part of a model of destination choice only, since this model 
set-up does not make much sense.
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Table 1 describes the different model types in the typol-
ogy and Table  2 shows which choice dimensions are 
included in which model type. The choice dimensions 
included in the typology are access/egress mode choice, 
access/egress terminal choice, main mode choice, and 
destination choice in nine different combinations. In the 
literature, these behavioural choices are usually mod-
elled using discrete choice logit models based on random 
utility theory, assuming that the traveller chooses the 
alternative that maximizes utility, given a set of supply 
attributes such as travel time (depending on speed and 
distance), waiting time, and trip cost, with correspond-
ing traveller valuations that depend on trip purpose and 
population segment [31, 40].

All types are theoretically possible, but it is not certain 
that they exist as implemented models. During the work 
with this paper, it has become clear that what consti-
tutes a model of terminal choice is not self-evident. Any 
assignment of public transport trips to a network need 
to include some kind of terminal choice. In a standard 
model of travel demand, the choice of terminal is not 
the focus, rather an outcome of mode choice and net-
work assignment. This does not exclude the possibility to 
model choices at the network level with a higher ambition 

than just distribute trips with regard to departure fre-
quency or some other measure of attractiveness. More 
advanced approaches in the network domain include 
enhancing the time resolution of the transit network, 
i.e., using the schedule in continuous time rather than 
representing time as averages of headways. Regardless of 
representation of time, assignment can be done with mul-
timodal networks and using more sophisticated weighting 
schemes of the different components of travel impedance 
allowing for mode choice as a part of the network assign-
ment. Further development of assignment routines based 
on logit-principles, where utility of travel components is 
the result of an estimation procedure, makes the distinc-
tion between network assignment and mode choice mod-
els to some extent diffuse or floating. The approach taken 
in this paper is a focus on mode and destination choice 
models that is not a part of a network assignment routine 
and thus qualify for a type in the typology which includes 
terminal choice (Type 2, 3, 5, 6, 8, and 9).

3  Results
In this section, results from the literature search are 
shown. The results are discussed in the context of the 
typology developed in the previous section. Models 

Table 1 Description of the model types in the developed typology for connection trip modelling

Type Description

1 Stand-alone models of access mode choice

2 Stand-alone models of terminal choice

3 Stand-alone models of joint access mode and terminal choice

4 Models of access and egress mode choice as part of a model for main mode choice

5 Models of terminal choice as part of a model for main mode choice

6 Models of access and egress mode and terminal choice as part of a model for main mode choice

7 Models of access and egress mode choice as part of a model for joint main mode and destination choice

8 Models of terminal choice as part of a model for joint main mode and destination choice

9 Models of access and egress mode choice and terminal choice as part of a model for joint main mode 
and destination choice

Table 2 Included choice dimensions of the model types in the developed typology for connection trip modelling

Type Access mode First terminal Main mode Destination Last terminal Egress mode

1 X

2 X

3 X X

4 X X X

5 X X X

6 X X X X X

7 X X X X

8 X X X X

9 X X X X X X
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found in the literature are classified into the different 
types in the typology and the more advanced models 
are discussed in more detail. Only models that explicitly 
consider connection trips are included in the classifica-
tion. In several large-scale transport model systems con-
nection trips are handled within public transport route 
choice. Models where connection trips are represented 
by a very low speed on access/egress links, in order for 
the closest terminal to be chosen in most cases, and 
which do not include access/egress mode choice, are not 
included in the classification, as described in the previous 
chapter. There is however a grey zone here, since public 
transport assignment can be made more sophisticated 
using for example advanced route choice algorithms such 
as Path-Size Logit.

3.1  Stand‑alone models of connection trips (Type 1, 2 
and 3)

Most models found in the literature search belong to 
the category of stand-alone models for connection trips. 
This category includes three model types in the typol-
ogy above—models of access mode choice only (Type 
1—see Fig. 1), models of terminal choice only (Type 2—
see Fig. 2) and models of joint terminal and access mode 
choice (Type 3—see Fig. 3).

The typical Type 1 model is a model of access mode 
choice to a specific airport. This type of model has been 
developed for several airports in the US [1, 2, 4, 24], 
Europe [5, 9, 10, 23, 43], and Asia [3, 14, 29, 36, 38, 39, 44, 
45]. Also Type 1-models when rail is the main mode exist 
[42], even though it is not at all as common.

For rail it seems more common in the literature to 
focus on terminal choice only (Type 2-models, see Fig. 2) 
than access mode choice only. Young and Blainey [46] 
conduct a literature review with focus on terminal (sta-
tion) choice (mainly Type 2- and Type 3-models). There 
does not seem to be similar bulk of literature on Type 
2-models when the main mode is air, rather air studies 
seem to go directly from Type 1-models to Type 3-mod-
els in which access mode and airport choice is modelled 
jointly [22, 25, 27]. An example of a Type 3-model with 
rail as main mode is Debrezion et al. [17].

It is worth noting that none of the studies of Type 
1–3 found in literature model access mode and/or ter-
minal choice for long-distance bus, which is commonly 
included as a main mode in long-distance travel models. 
Kristoffersson and Berglund [6] show that 4.3% of long-
distance trips within Sweden are conducted with bus as 
main mode, thus this is a minor mode even though not 
entirely negligible. It is probable that long-distance bus is 
more similar to rail than air regarding the share of travel 
time and travel cost related to the connection trip, since 
bus terminals often have central locations, just as train 
stations.

3.2  Large‑scale models of mode choice for long‑distance 
travel with focus on connection trips (Type 4, 5 and 6)

The models included in Type 4, 5 and 6 in the typology 
(see Figs. 4, 5, 6) has in common that they include main 
mode choice but not destination choice. In this case 
destination choice is fixed. It is thus assumed that long-
distance travel destination choice does not depend on 
level-of-service variables such as travel time and travel 
cost, which is a rather strong assumption in many cases, 
especially if the model is used to forecast travel pat-
terns 20 years or more into the future. The advantage is 
a simpler model structure which is easier to estimate and 
implement since destination choice typically generates a 
very large number of alternatives.

Type 4-models (Fig.  4) include main mode choice in 
combination with access/egress mode choice but not ter-
minal choice. The CHSR California high speed rail rid-
ership and revenue model (Cambridge [11] is the only 
Type-4 model found in the literature. This is an advanced 
model with main modes car, air, and rail (divided into 
high-speed rail and conventional rail), where access 
and egress mode choice has been estimated simultane-
ously with main mode choice. This allows control over 
cost and travel time parameters in different parts of the 
model such that the parameter orders of magnitude are 
reasonable. The cost parameter is for example set equal 

Fig. 1 Schematic figure of stand-alone access mode choice models 
(Type 1)

Fig. 2 Schematic figure of stand-alone terminal choice models (Type 
2)
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for different types of trips (access/egress/main) since 
valuation of money normally does not change during a 
trip. Travel time sensitivity may on the other hand differ 
between different types of trips and these are therefore 
allowed to vary within limits, e.g., that the sensitivity to 
access/egress travel time needs to be equal or larger than 
sensitivity to main mode travel time. Access and egress 
modes are modelled to air, high-speed rail, and conven-
tional rail. The access/egress modes included are, for all 
main modes, car as a driver (parking), car as a passenger 
(escort), taxi and public transport.

Type 5-models (Fig.  5) include main mode choice in 
combination with terminal choice but not access/egress 
mode choice. The only Type 5-model found in the litera-
ture is a model called  R3Logit for long-distance trips in 
North Carolina, USA [32]. This model includes car and 

public transport (divided into bus, rail, and air) as main 
modes. It is assumed that car is used as access and egress 
mode to all public transport modes. For the public trans-
port main modes, choice of terminal is determined by 
selecting the three terminals closest to the origin of the 
trip and the three terminals closest to the destination. 
Utility is then calculated for each of the nine combina-
tions of start and end terminals and the station combina-
tion with highest utility is chosen.

Type 6-models (Fig. 6) include main mode choice in 
combination with access/egress mode choice and ter-
minal choice. The only model of this type found in the 
literature is a model for evaluation of high-speed rail 
in the UK called PLANET [28]. The PLANET model 
includes car, rail, and air as main modes. For rail as 
main mode it also includes a module for connection 

Fig. 3 Schematic figure of stand-alone joint terminal and access mode choice models (Type 3)

Fig. 4 Schematic figure of access and egress mode choice within main mode choice (Type 4)
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trips. The module for connection trips is a nested logit 
model with rail access mode choice (car or public trans-
port) on the higher level and choice of station pair (first 
and last station) on the lower level. Egress mode choice 
is not modelled explicitly. Allowed stations are chosen 
from a catchment area, with 20 stations as maximum 
number of possible stations. The catchment areas are 
larger for car compared to public transport.

3.3  Large‑scale models of joint mode and destination 
choice for long‑distance travel with focus 
on connection trips (Type 7, 8 and 9)

The models included in Type 7, 8 and 9 in the typol-
ogy (see Figs. 7, 8, 9) has in common that they include 
main mode choice as well as destination choice in com-
bination with connection trip modelling. These are thus 

Fig. 6 Schematic figure of joint access/egress and terminal choice within main mode choice (Type 6)

Fig. 5 Schematic figure of terminal choice within main mode choice (Type 5)
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detailed and often very complex models where it is not 
obvious how the model should be structured.

Type 7-models (Fig.  7) include main mode and desti-
nation choice in combination with access/egress mode 
choice but not terminal choice. No long-distance trans-
port model of this type was found in the literature search.

Type 8-models (Fig.  8) include main mode and desti-
nation choice in combination with terminal choice but 
not access/egress mode choice. Only one possible can-
didate for a Type 8-model was found in the literature 
search. This is the French national transport model called 
MODEV [16]. This model includes choice of destination 
and choice between the main modes road, rail, and air. 
Accessible documentation is limited but point out that 
several station-to-station level-of-service matrices are 
compared for each trip, based on which the best route is 
chosen.

Type 9-models (Fig.  9) include main mode and desti-
nation choice in combination with access/egress mode 
choice as well as terminal choice. In the literature search 

the only long-distance model of Type 9 found is the 
Netherlands national transport model called LMS [20], 
which has been extended over the years to include more 
sophisticated modelling of access trips to rail [35]. The 
LMS model is not a model dedicated for long-distance 
trips only, rather it models all trips in the Netherlands 
and therefore includes the main modes car as driver, car 
as passenger, rail, bus/tram/metro, walk and bicycle. For 
rail as main mode, the model structure includes as many 
as seven choice levels in the decision tree: (1) tour gen-
eration, (2) main mode, (3) time of day (morning peak, 
evening peak or off peak), (4) destination zone, (5) access 
and egress mode, (6) embarking and disembarking sta-
tions, and (7) train. These seven choice levels are mod-
elled using three separate logit models with logsums 
connecting the models and iteration performed to ensure 
convergence. The choices are combined as follows: tour 
generation, main mode / time of day / destination zone, 
access and egress mode / embarking and disembark-
ing stations / train. The utility for train choice includes 

Fig. 7 Schematic figure of access/egress mode choice within main mode and destination choice (Type 7)
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variables in-vehicle time, ticket cost, boarding and trans-
fer waiting time, and number of transfers. There does not 
seem to be any variables specific to access/egress mode 
or embarking/disembarking station other than that these 
choices may affect the variables mentioned above.

Two models of primarily regional trips have been found 
that model connection trips in a sophisticated way—the 
PRISM model for West Midlands in the UK [19] and the 
STM model for Sydney [21]. The PRISM model was an 
early attempt to model park-and-ride at rail and metro 
stations, and the model therefore includes the access 
modes car—parking, car—drop off, and other (walk, 
bicycle, and bus). Connection trips are modelled as a 
nested logit model with access mode choice above station 
choice. Last terminal and egress mode choice is not mod-
elled explicitly.

The STM model for Sydney includes the main modes 
car as driver, car as passenger, public transport (train and 
bus), bicycle, walk and taxi. Three access modes to train 
are included: car as driver, car as passenger and other 

(walk and bus). Terminal choice is included for the access 
modes car as driver and car as passenger and a previous 
version of the model is used to determine the five most 
attractive terminals for each trip. There are as much as 
six choice dimensions in the model: choice of main mode, 
public transport mode, access mode to train, train sta-
tion, destination and charged or non-charged road. One 
of the major challenges in the development of the STM 
model was therefore to develop the nesting structure of 
all choice dimensions.

4  Research gaps and directions for future research
In this paper it is shown that most models of access/
egress mode choice and terminal choice are stand-alone 
models not integrated with any model for main mode 
and destination choice. Stand-alone models are useful 
for analyses of e.g., access modes to specific airports or 
railway stations. The disadvantage is however that the 
detailed description of the connection trip is not put 
to good use in the main model for long-distance travel. 

Fig. 8 Schematic figure of terminal choice within main mode and destination choice (Type 8)
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On the contrary, stand-alone models need external ori-
gin–destination matrices from a long-distance model as 
input.

In this review, we find a handful examples of models 
which integrate connection trip modelling within a long-
distance model framework, see Table 3.

The seven existing models show that integrating access/
egress mode choice and/or terminal choice into large-
scale systems of long-distance travel is feasible. Given 
that the connection trips are often a large part of the gen-
eralised travel cost, especially for air travel, the motiva-
tion for a more sophisticated connection trip modelling 
is strong.

However, adding access/egress mode and terminal 
choice dimensions to an already large model structure 
will inevitably make the model more complex. There-
fore, it is necessary that the sophisticated connection 
trip modelling is tailored towards the application area 
of the transport model. The developers of the models 

reviewed in this paper have chosen different ways to tai-
lor the models—e.g., by setting the destination choice 
as fixed or by limiting the number of terminals pos-
sible to choose between in the terminal choice. In the 
end, how the model should be tailored, is dependent 
on the application area the model is developed for. 
In general, however, more research on the trade-off 
between model complexity and detailed representation 
of connection trips is called for. Research concerning 
if connection trips are best handled within the public 
transport assignment or on the demand modelling side 
is also called for.

In general, connection trip modelling is likely to 
become even more important in the future as new mobil-
ity solutions for first-/last-mile access and egress trips 
are emerging, such as electric and/or automated bus 
shuttle services [15]. The future role of electric and/or 
automated vehicles is still unclear, e.g., whether they will 
serve as a complement or competitor to public transport, 

Fig. 9 Schematic figure of joint access/egress and terminal choice within main mode and destination choice (Type 9)
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or a mix of the two, and the role policy will have in this 
development.

5  Conclusions
In this paper, transport models that include handling 
of connection trips to long-distance travel have been 
reviewed. Since connection trip models are of many dif-
ferent types and have very different scope, a typology 
has been developed within this paper which classifies the 
models into different types depending on which behav-
ioural choice dimensions are included. It is shown that 
most models of connection trips are stand-alone mod-
els of access mode choice or terminal choice to airports 
and railway stations. Only a handful transport models 
integrate sophisticated connection trip modelling into 
a large-scale model framework for long-distance travel 
mode and destination choice. However, those that do 
exist show that including sophisticated connection trip 
modelling is feasible, even though they require large data 
sets for estimation and calibration.

National transport models, that typically include main 
modes such as air, train, and private car, would benefit 
from an integrated approach to connection trip model-
ling as part of the long-distance travel framework, in 
which access mode choice with attributes such as access 
travel time and access travel costs are part of a nested 
logit structure for main mode/access mode/egress mode/
destination choice. One of the main benefits of integrat-
ing connection trip modelling into the larger frame-
work for long-distance travel is to have control over 
the valuations of travel time and travel costs in the dif-
ferent modelling parts. For example, it is recommended 
that the valuation of access travel time is equal or higher 
than the valuation of main mode travel time, otherwise 
unrealistic effects can appear with travellers avoiding 
the main mode. It is clear from this review that model 
application area is central when it comes to how connec-
tion trips should be handled. If station localisation is a 

central application area for the model, then it should also 
be considered if sophisticated terminal choice should be 
included.
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