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Abstract This study presents an in-depth analysis of the importance of frequency and 

published timetables when describing passengers’ route choice in mixed schedule- 

and frequency-based public transport systems. From a passenger perspective the 

frequency of services are important, as this define the possible departure/arrival times 

and influence on the waiting times before boarding the first vehicle. Frequency is also 

important in networks with mixed schedule- and frequency-based services, as the 

passengers need to take into account the uncertainty when transferring between the 

two types of services. This study provides insights into the importance of frequency 

on route choice in networks with a wide range of frequencies. The outcome is a 

description of the importance of frequency on passengers’ route choice and a more 

detailed description of passengers’ route choice when considering the difference 

between frequency- and schedule-based services from a passenger perspective.  

 

Keywords: Public transport route choice · Passenger preferences · Travel survey · 

Discrete choice model · Frequency · Mixed schedule- and frequency-based network 
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1 Introduction  

The public transport system in most metropolitan cities, including the Greater 

Copenhagen Area, is a mix of high and low frequency services where the published 

timetable for some lines is schedule-based while being frequency-based for others. 

The passengers are therefore often in a situation where the route choice includes 

options where both schedule- and frequency-based services are viable alternatives 

relevant to consider, and may be used as components in a given route. The 

combination of the two types of services, independent of public transport mode, leads 

to a more complex route choice, where the frequency of services are important for 

various reasons, e.g. in relation to transfers. 

 

In public transport assignment models the typical components of the utility function 

are the quantifiable time components (in-vehicle, first waiting time, waiting time at 

transfers, walking time and hidden waiting time) as well as a transfer penalty and in 

some applications also the ticket price (Gentile and Noekel, 2016, chap. 4). Other 

factors that affects passengers’ route choice are in-vehicle crowding, level changes 

and other attributes at transfer stations as well as topological characteristics for the 

spatial dimension of a trip (Raveau et al., 2014). Implicitly, the impact of frequency 

on route choice has typically been captured by the hidden waiting time and waiting 

time in a linear way. However, as it was shown in Anderson et al. (2014), the 

specification of a piecewise linear functional form for the headway of the most low 

frequency leg of a trip resulted in a significant parameter and a better model fit.  

 

In this paper we utilise a large disaggregate dataset on observed behaviour in the 

Greater Copenhagen Area. The results demonstrate, that the model fit to observed 

behaviour can be improved further by (i) detailing the description of the frequency by 

more advanced functional forms in the utility specification; (ii) using new knowledge 

identified in (Ingvardson, 2017) about passengers’ waiting time at the first station to 

enrich the detailed dataset and; (iii) relating passengers’ route choice to the published 

timetables to identify preferences for frequency- and schedule-based services. 

 

2 Data foundation and methodology 
The dataset used in this study consists of 5,121 observed routes done by public 

transport. The data is collected in the years 2009-2011 as part of the Danish National 

Transport Survey (Center for Transport Analytics DTU, 2017). The observed routes 

have been matched to a schedule-based representation of the public transport network 

as described in Anderson and Rasmussen (2010). A choice set of alternatives 

corresponding to each observed route have been generated using a simulation-based 

choice set generation method described in Rasmussen et al. (2016). The final choice 

sets consist of between 18-200 alternatives for each observation with an average of 

128 alternatives per observed route. 

 

  



 

 

 

Description of network 

The public transport network in the Copenhagen Region is a mix of schedule- and 

frequency-based services operating with headways in the range 2-90 minutes. The 

frequency-based services are primarily the metro operating with a headway of 2-4 

minutes during peak hour and the so-called “A-busses” with headways between 3-8 

minutes during peak hours operating in the most densely populated part of 

Copenhagen. The rest of the buses, regional and suburban trains in the Greater 

Copenhagen Area operate with a published schedule with headways between 5-90 

minutes. The figures below show examples of the published timetable for a 

frequency- and a schedule-based bus line. Note in this case the lower frequency of the 

frequency-based bus line compared to the schedule-based bus line.   

 

 
Figure 1 - Example of a frequency-based bus (3A between 7am-5pm)  

and a schedule-based service (150S) (Movia, 2011) 

In the figure below an overview of the public transport system in the Greater 

Copenhagen Area is seen.  

 



 

 

 

 
Figure 2 - Schedule-based (SB) and frequency-based (FB) services  

in the Greater Copenhagen Area 

Characteristics of observed routes 

The observed routes are distributed across the whole case-study area, and have a large 

variation in its components, as indicated in Table 1. Note that the average waiting 

time is rather low since a large share of the observations do not have any transfers. 

The access/egress time also includes the hidden waiting time, as the model assumes 

that passengers arrive to the first stop at the time of departure. The waiting time at the 

first stop will be included in the final estimation, using the estimated passenger arrival 

rates found in (Ingvardson, 2017), where the waiting time at the first stop depends on 

the headway and service type of the first leg. 

  



 

 

 

Table 1 - Trip characteristics for observed routes 

Trip component Mean Std. dev. 

In-vehicle time total 20.21 13.76 

   In-vehicle time bus 8.25 11.08 

   In-vehicle time SB bus 6.14 10.33 

   In-vehicle time FB bus 2.11 5.91 

   In-vehicle time metro 1.39 3.55 

   In-vehicle train 10.57 13.66 

Nb. of transfers 0.48 0.64 

Waiting time at transfers 2.51 6.10 

Walking time 0.97 1.58 

Access/egress 12.78 9.36 

Headway of first leg 5.94 8.15 

Highest headway in trip 7.16 7.71 

Include frequency-based service (dummy) 0.34 0.47 

Total number of observations 5,121 

 

Estimation methodology 

With the characteristics of the observed routes and the alternatives generated, we 

estimate a Path Size Correction Logit discrete choice methodology as described in 

Bovy et al. (2008). The utility of an alternative k in the choice set 𝐶𝑛 for each observed 

route n is described with the following utility specification: 

 

𝑈𝑘𝑛 = 𝑉𝑘𝑛 + 𝜖𝑘𝑛       ∀ 𝐾 ∈ 𝐶𝑛 

 

where, 𝑉𝑘𝑛 is the deterministic part of the utility and 𝜖𝑘𝑛 is the random utility assumed 

to be gumbel distributed. The deterministic part of the utility 𝑉𝑘𝑛 is specified as: 

 

𝑉𝑘𝑛 = ∑ 𝛽𝐼𝑉𝑇,𝑚𝐼𝑉𝑇𝑚𝑘𝑛

𝑚

+ ∑ 𝛽𝑡,𝑐𝑡𝑐𝑘𝑛

𝑐

+ ∑ 𝛽𝑦,𝑞𝑦𝑞𝑘𝑛

𝑞

 

where, 𝐼𝑉𝑇𝑚𝑘𝑛 is the in-vehicle time for component m, 𝑡𝑐𝑘𝑛 is the time component c 

not related to in-vehicle time (e.g., waiting, walking, access/egress and headway) and 

𝑦𝑞𝑘𝑛  is component q not related to time (e.g., path size correction factor, transfer 

penalties and dummy variable for trips including frequency-based services). The path 

size correction factor is calculated for each alternative k as: 

 

𝑃𝑆𝐶𝑘𝑛 = − ∑ (
𝐿𝑎

𝐿𝑘
𝑎∈Γ𝑘

𝑙𝑛 ∑ 𝛿𝑎𝑙)

𝑙∈𝐶𝑛

 

 

where, 𝐿𝑎 is the length of link a, 𝐿𝑘 is the length of route k, Γ𝑘𝑛 is the set of links 

belonging to route k, 𝛿𝑎𝑙 is a dummy connecting the link and route and is equal to one 

if route l uses link a and otherwise zero. The utility specification including path size 



 

 

 

correction is then giving the following choice probability of route k for observation 

n: 

 

𝑃𝑘𝑛 =
exp (𝑉𝑘𝑛 + 𝛽𝑃𝑆𝐶 ∗ 𝑃𝑆𝐶𝑘𝑛)

∑ exp (𝑉𝑙𝑛 + 𝛽𝑃𝑆𝐶 ∗ 𝑃𝑆𝐶𝑙𝑛)𝑙∈𝐶𝑛

 

 

where, 𝑃𝑆𝐶𝑘𝑛 and 𝑃𝑆𝐶𝑙𝑛 are respectively path size correction factors for routes 𝑘 and 

𝑙. 

 

4 Expected findings 
Anderson et al. (2014) showed that the frequency is highly significant when 

describing passengers’ route choice preferences. The present study focuses on 

revealing additional information related to the influence of the frequency and notably 

also the difference between schedule- and frequency-based services. Moreover, the 

findings relate to the following elements: 

 

Tests of the importance of frequency in passengers route choice 

Different functional forms of the specification of the frequency in the utility function 

are tested. This includes tests for piecewise linear functions, logarithmic and 

exponential forms as well as a non-linear spline functional form as specified in Rich 

(2015). The work also focuses on how various combinations of the frequency at 

different legs in a trip influences passengers’ route choice. 

 

More disaggregate representation of first waiting time and hidden waiting time  

The dataset is enriched with the estimated passenger arrival rates found in Ingvardson 

(2017). This is done to give a better representation of the hidden waiting time and the 

first waiting time (at stop), which may vary quite significantly between schedule- and 

frequency-based services and thereby also influence the route choice. Ingvardson 

(2017) used a large sample of Automatic Fare Collection data (Rejsekort A/S, 2017), 

and found that passengers at schedule-based services with a headway of 5 minutes or 

more do not arrive randomly uniform, as indicated in Figure 3. The average waiting 

time is significantly lower than half of the headway implying that some of the waiting 

time must be considered as hidden waiting time, which other studies have shown to 

have a lower value of time (Fosgerau et al., 2007). For frequency-based services on 

the other hand, Ingvardson (2017) shows that passengers which have a frequency-

based service as their first leg arrive uniformly. This has the implication that their 

hidden waiting time is zero and their waiting time is half headway of the frequency-

based service. This could have implications on the preferences between schedule- and 

frequency-based services as well as for the tendency to prefer high frequent services 

compared to low frequent. 

 



 

 

 

  
Figure 3 – Average actual waiting and hidden waiting time in percent  

of the headway for schedule-based services (Ingvardson, 2017) 

Differences between timetables represented as frequency- and schedule-based 

services 

The study additionally investigate whether passengers’ preferences differ when the 

timetable of a service is published as schedule- or frequency-based. The hypothesis 

is, that passengers will in general have a preference for frequency-based services as 

these are high frequent, but when correcting for the frequency of the lines in the utility 

specification, the expectation is, that passengers prefer schedule-based services as 

they can time their arrival. 

 

Conclusion and future work 
This study estimates a disaggregate model for passenger preferences in public 

transport route choice, especially with focus on a rich description of the importance 

of frequency of services and the type of timetable published. The preliminary results 

show, that there are evidence that including a detailed description of the frequency in 

the utility specification as well as distinguishing better between hidden and first 

waiting time as dependent of service type improves the model fit, and give an even 

better description of passengers’ preferences in the Greater Copenhagen Area. The 

consideration between schedule- and frequency-based services can potentially give a 

better understanding of passengers’ choice of services and can help to improve the 

planning of the public transport system. 
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