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Short summary

In this paper, we go beyond the current state-of-the-art, by analysing the modal choice changes
induced by the use of a mobile-phone app for real-time public transport information, and estimate
the effects on motorised traffic levels (vehicle-kilometre travelled -VKT) and pollutant emissions.
A survey was conducted through the nation-wide public transport app Red in Chile, and responded
by 3681 travellers from 15 medium-sized cities. We find that urban buses gain 50% more users than
it loses, and that the main competitors are shared taxis and ridesourcing services. Logit models
show that public transport attracts short-distance travellers with a good perception of the safety of
the transport system and without vulnerability conditions. Finally, Monte Carlo simulations show
that the app reduces total VKT (probability P = 0.98), which implies saving up to 88 tonnes of
CO2 emissions per year. Finally, we discuss the policy and technology implications of our findings.

Keywords: Behaviour change;Sustainable transport; Real-time transport information; Travel app.

1 Introduction

Advanced Traveller Information Systems (ATIS) play an increasingly important role in the mod-
ernisation and improvement of public transport systems around the world. With the advent of
new technologies, such as GPS devices and smartphones, ATIS platforms provide valuable real-
time information to passengers, allowing them to plan their trips and make better decisions. This
information can be about itinerary, vehicle arrival time at stops, service disruptions, and other
important aspects.
In the absence of travel information, people form expectations about each relevant transport at-
tribute on a trial-by-trial basis (Ben-Elia & Shiftan, 2010; Jha et al., 1998), which can be biased
by abnormal experiences (Y. Tang et al., 2017) and endogenous beliefs (Vos et al., 2021). In
contrast, real-time information allows to travellers to update their perception of public transport
taking into account descriptive information. The effects of real-time information on behaviour and
the underlying mechanisms are multiple, for which we developed a framework to summarise them
(Figure 1). The literature indicates that ATIS improves the travel satisfaction associated with
public transport and makes it a more attractive alternative (Dziekan & Kottenhoff, 2007; Watkins
et al., 2011; Papangelis et al., 2016; Brakewood et al., 2014; Brakewood & Watkins, 2019).
In this context, numerous stated-preferences studies suggest that providing real-time information
increases the demand for public transport (L. Tang & Thakuriah, 2007; Gooze et al., 2013; Politis
et al., 2010; Ferris et al., 2010; Zito et al., 2011). However, all of them have focused on the effect
on public transport passengers, without considering the interaction between different modes and
how ATIS affect travellers’ modal shift behaviour (Brakewood & Watkins, 2019).
The aim of this study is to evaluate the impact of real-time travel information on modal choice
in 15 medium-sized Chilean cities. Unlike previous studies, we intend to assess the impact of
this information not only on public transport demand but also on other modes of transport,
including cars, bicycles, walking and ride-hailing services. This broader perspective will provide a
comprehensive understanding of how real-time information affects different modes of travel, traffic
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Figure 1: Framework representing the effects of ATIS on travel behaviour. Source: own
elaboration.

levels, and traffic externalities, such as carbon emissions. This article addresses the following
research questions: (A) Does ATIS have an effect on the choice of travel mode? (B) What are the
determinants of adopting or leaving public transport conditional on the use of an ATIS? and (C)
Is there a benefit in terms of decreasing VKT and the associated pollutant emissions?
To address the research questions, we analyse the effect of Red Movilidad Regional (Red for short),
the first mobile application for transport information in cities other than Santiago in Chile. We
conducted a survey on the app, obtaining 3681 responses. We identify the modal substitution
effect by asking participants for their latest trip and how they would have travelled if the app was
not available. We analyse the factors that influence the adoption of public transport and simulate
the effect of Red on the variation in total VKT and associated emissions. To our knowledge, our
research is the first to estimate the benefits of providing information in real time to travellers,
in terms of increasing the demand for sustainable modes, reducing total motorised traffic levels
(VKT), and reducing the associated pollution.

2 Methodology

Modal substitution estimation

In order to identify the behavioural change triggered by the application, we asked participants if
they would have used another mode in case the Red application had not been available. The mode
stated to have been used in the hypothetical situation where the application was not available is
considered the counterfactual mode. Then, let us call yfnj to an indicator function that is 1 if
the subject n chose the mode j in the latest trip and 0 if not. On the other hand, ycni is 1 if the
individual n chooses the mode i as counterfactual and 0 if not. This allows us to define the total
number of trips in mode i substituted by trips in mode j (Vij) as follows:

Vij =

{∑N
n=1 y

f
nj · ycni ∀i 6= j ∈ C

0 other case,
(1)

where C is the consideration set of size J and N is the number of individuals. Here, it is important
to consider that one of the alternatives is not to make the trip. From the above, we can define a
travel mode substitution matrix SJxJ , with diagonal 0 and each component ij denotes the number
of users who substituted a trip in a mode i by a trip in a mode j. Then, the total trips captured
by a mode j (V f

j ) are given by the column sums of the above matrix, and the total of trips that
left the mode i (V c

i ) are given by the row sums of the above matrix. Then, the net variation of the
trips in mode j′, i.e. the substitution rate, is given by the difference between the trips atracted
and the trips that left the mode j′:
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∆Vj′ = V f
j′ − V c

j′ (2)

In this study, the consideration set C is comprised by: not making the trip, car, car passenger,
bicycle, walking, taxi, colectivos (shared taxis running on fixed routes), bus, ride-hailing, and train.

Mode shift models for behavioural change analysis

In order to assess whether ATIS have an impact on mode choice, we used the Random Utility
Maximisation (RUM) framework to model travellers’ decisions to use or not use public transport.
This approach allows us to understand which users were attracted to public transport once they
began using Red and which users left public transport and adopted other modes.
We assumed that once people started using Red, they faced a decision: whether to continue
travelling in the same mode or not. Then, we estimated two binomial logits. The first (public
transport adoption) captures the choice of to shift to public transport or not. On the other
hand, the second model (public transport abandonment) refers to the choice of leaving public
transport for any other mode. In both models, we specify the utility Ushift

n associated with
changing the counterfactual decision, as linear-additive function explained by the travel attributes
of the trip and demographics characteristics of the individual. The details of the formulation is
not provided here for extensions limitation.

The effect of information on traffic: simulating the VKT variation

We adapt and extend the methodology proposed by Tirachini & Gomez-Lobo (2020), which simu-
lated the variation in VKT generated by the use of a ride-hailing application. This section details
our adaptation of that methodology, which allowed us to estimate the global variation in VKT
caused by the use of Red and the associated pollutant emissions. First, we estimate ∆V KTj , which
is the net variation in VKT for the mode j:

∆V KTj =
L∗
j∆Vj

Oj
, (3)

where ∆Vj is the net variation in trips in mode j as obtained in the Equation 2, L∗
j is the corrected

mean distance of a trip in mode j and Oj is the mean occupation of that mode. Then, the total
variation in the VKT (∆V KT ) is given by the sum of the variation in VKT for each mode. The
average variation in VKT of a trip made with the Red application can be estimated by dividing
∆V KT by the number of trips made with the application Vapp. This can be interpreted as the
marginal variation in total VKT when an individual uses the Red. Finally, the total average
variation of VKT can be written as follows:

∆V KT =
Lc(1 + θ)(1 + τc)

Oc

∆Vc

Vapp
+

Lt(1 + µt)(1 + τt)

Ot

∆Vt

Vapp
+

LRH(1 + µRH)

ORH

∆VRH

Vapp
+

Lbβ(1 + τb)

Ob

∆Vb

Vapp
+

Lcp(1 + θ)(1 + τc)

Ocp

∆Vcp

Vapp
+

Lcol(1 + µt)(1 + τt)

Ocol

∆Vcol

Vapp

(4)

where the subindexes denote the mode: car as driver (c),taxi (t), ride-hailing (RH), bus (b),
car as passenger (cp), and colectivo (col). The correction factors (θ, τi, µi) were extracted
from Tirachini & Gomez-Lobo (2020). We used this result to estimate the variation in
emissions, using the emissions factors per mode estimated in Osses et al. (2022).

3 Results

Modal substitution

Among the 2881 participants who used Red in their latest trip, 286 reported that without
the application they would have made the trip in a different way. This is, the effect on
the behaviour change associated with the use of Red is 9.927%. Figure 2 shows graphi-
cally the travel substitution matrix. This graph summarises the directions of behavioural
change among those users whose behaviour was affected by the application. It shows
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on the left-hand side the substituted mode and on the right-hand side the chosen mode.
The annotations indicate the percentage relative to the 286 participants whose behaviour
changed.
254 participants would have made the trip in a different mode and 34 would not have made
the trip. That is, the application had an effect on inducing close to 1% of the demand,
which was mostly attracted by public transport. 5.6% of the users left the private car
either as a driver or as passenger. Every participant who left the private car as a driver
(3.5%) switched to public transport. In addition, 97.6% of people who left ride-hailing
modes shifted to public transport, as well as 93.36% of those who left the colectivo and
94.86% of those who left the train. On the other hand, users who left public transport
were attracted by the colectivo (31.35%), ride-hailing (10.45%), train (13.62%), private
car (14.09%) and walking (28.19%).

Figure 2: Graphic representation of the estimated modal substitution.

As observed, the main competitors for public transport in the sample studied are ride-
hailing and colectivos. Both are private modes that have been previously shown to
compete with public transport (Tirachini, 2020). The results in this section show that one
of the main effects of providing real-time information to public transport passengers is the
substitution of private transport modes by public transport.

Mode shift models

We made two models, a bus adoption model and a bus abandonment model (binomial log-
its). Table 1 shows the estimation of the models. In summary, public transport attracted
users whose security perception improved because of the use of the app and short travel
times. High-income, vulnerable participants (those who reported having a disability, hav-
ing some difficulty travelling compared to other passengers, or regularly travelling with
someone who has a disability) and long-travel-time users tended to leave public transport.
Planning the trip in advance (at least one hour before) made behaviour change more likely.
This effect was significant in getting people off public transport.

Monte Carlo simulation of the VKT variation

The VKT variation was simulated following Tirachini & Gomez-Lobo’s (2020) parame-
terisation, with 20, 000 independent draws for each random parameter. The result shows
a significant increase in the contribution of VKT of the bus and car passenger, while a
reduction in the VKT of ride-hailing, colectivo and car as driver. In terms of mean vari-
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Table 1: Bus adoption and abandonment model results.
Bus adoption model Bus abandonment model

Other mode → Bus Bus → Other mode
Variable Estimate Std. Error Estimate Std. Error
Constant 1.858*** 0.619 -3.648*** 0.301

Male -0.313 0.372 0.083 0.21
Age<34 0.509 0.369 -0.293 0.212

Having a car -0.291 0.365 -0.119 0.216
High income 0.463 0.392 0.387* 0.231

Private transport user -0.401 0.46 0.391 0.29
Waiting time perception -0.184 0.4 -0.306 0.225

Security perception 1.467*** 0.351 0.004 0.217
Satisfaction with transport system 0.18 0.351 0.078 0.209

Vulnerability -0.412 0.496 0.892*** 0.237
Planning 1.034 0.707 1.067*** 0.307

Travel time -0.099*** 0.022 0.031*** 0.008
AIC 221.14 846.22
BIC 263.21 916.71

Adj. Rho2 0.3515 0.7678
N 245 2636

p− valor :∗< 0.1;∗∗ < 0.05;∗∗∗ < 0.01

ations, the VKT of ride-hailing and colectivos decrease 3.7 and 2.4 times the increase of
the bus’ VKT, respectively.
As shown in Figure 3, the net mean variation of the VKT among Red users is negative
in 99.25% of the scenarios, with an expected value of −0.099[km/trip]. It is important to
note that the variation of VKT is negative in the different settings of the modal subsitution
rates, the occupation rates, and the mean length of the trip. This result is highly consistent
due to the relatively high subsitution of ride-hailing and colectivo trips. The cases in which
∆V KT > 0, are possibly explained by scenarios with low bus occupation rates or with a
long bus travel distance.
Furthermore, we can estimate the variation of greenhouse gases and air pollutants emis-
sions. We estimate the total variation in CO2 as a function of the mean occupation of the
bus. For this, we used the factors in Osses et al. (2022) and the estimated variation of
VKT by mode. Figure 4a shows the mean variation (∆EMIS, black line) in function of
bus occupation, the standard deviation (shadowed area), and the probability that the vari-
ation is negative (P (∆EMIS < 0), red line). In the observed data, the mean occupation
was 26.11 passengers, which would give a negative variation with probability 0.98.
However, as shown in Figure 4b the variation is negative for 87.17% of the simulated
scenarios, and the mean variation is −11.24[gCO2/trip] (p − value < 0.001). That is,
each trip made using the application to check real-time information saves on average
11.24 gCO2. Taking this into account, it is possible to estimate the yearly variation of
the emissions. To this purpose, let us assume that the total of active users per day is
constant and equal to 20, 000, and that on average each one of them makes one trip
per day. Under these assumptions, the estimated variation of CO2 is TEMIS =
−82.074[tonsCO2/year].

4 Conclusions

In this paper, we analyse the results of a survey responded by 3681 users of Red Regional
de Movilidad (Red), the official mobile application for public transport information in
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Figure 3: Simulation of VKT variation conditional on the use of Red.

Figure 4: (a) The black line shows the mean CO2 variation in function of the bus occupa-
tion, the shadowed area is the standard deviation, and the red line shows the probability
of P (∆EMIS < 0). (b) The distribution of ∆EMIS CO2 considering random values for
the bus occupation.

15 medium-sized cities in Chile. In these cities, this is the first application to provide
real-time information about public transport.We addressed three research questions: A)
Do ATIS have an effect on the choice of travel mode? (B) What are the determinants
of adopting or leaving public transport conditional on the use of an ATIS? and (C) Are
there benefits in terms of decreasing vehicle kilometres travelled (VKT) and the associated
pollutant emissions?
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Regarding the first research question, we found that the use of Red changed the behaviour
of 9.97% of the users. The main behavioural change detected was the substitution of ride-
hailing and colectivos by public transport. Despite public transport lost some demand due
to the use of Red, it gained 3 passengers for every 2 lost passengers.
The main determinant of the adoption of public transport was the perception of security.
That is, users whose security perception improved due to the use of the application were
more likely to adopt public transport. Despite waiting time by its own being not significant
on explaining this behavioural change, the security perception can be correlated to the
waiting time (more waiting time implies more exposure time). On the other hand, users
with a longer travel time were less likely to adopt public transport. In fact, users with a
long travel time were more likely to leave public transport. In addition, participants with
some vulnerability condition were more likely to leave public transport.
Lastly, our simulations of the variation of VKT showed a negative effect in 99.25% of the
simulated scenarios. It means that a trip made with Red contributes, on average, 0.099 km
less than a trip made without the application. Then, according to these results, the use of
Red had an important benefit on traffic, contributing to the decrease in total VKT of the
system. In addition, this effect implies a reduction in pollutants emissions. Specifically,
greenhouse gasses decrease −88.184[tonsCO2/year]. This variation is negative in 85.2%
of the scenarios. It is positive in the cases where the occupation of buses is sufficiently low.
However, the decrease in trips in private modes is not large enough to observe a decrease
in other air pollutants, as, for example, NOx.
This study closes the gap on the real effect of ATIS on travel behaviour and traffic. Our
results support the previous literature, confirming that, by using real-time information,
people perceive shorter waiting times and higher security perception. For the first time,
we quantify the benefit that ATIS brings in terms of VKT and reduction in pollution.
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