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1 Introduction

Mobility as a Service (MaaS) has gained popularity in recent years as a brand and an innova-
tive concept towards sustainable urban transport provision. The concept proposes integration
between various shared transport modes, thus delivering a comprehensive service for trav-
ellers including all phases of the door-to-door journey. The core aim behind integration is to
replace individual car use, a major source of often under-priced and consequently welfare de-
grading negative externalities. Proponents of the MaaS concept often claim that a customer
oriented integration of public transport and various shared modes can make individual car
ownership unnecessary, which may lead ultimately to a reduction in car use, congestion, and
harmful external costs.

The MaaS concept envisages integration between alternative modes in various ways. Infor-
mation provision and the use of advanced telecommunication technologies, i.e. smart phones
and other mobile devices, are key ingredients of the smooth transition between services pro-
vided by transport operators. From an organisational point of view, the engine of integration
would be the MaaS operator, an agent that provides a two-sided platform for individual
transport operators on the one hand, and travellers on the other hand who would perceive
all available travel options in the city as a single mobility service.

Finally, and from the viewpoint of this paper most importantly, the majority of MaaS
concepts propose that the unified service should be made available under a centralised tariff
system, in which customers could access all alternative modes by purchasing subscriptions
or predefined bundles of travel permits, often labelled as mobility packages. The aim is to
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make alternative modes more attractive, which may well be a legitimate goal if car use is
under-priced. However, in microeconomic theory such techniques are considered under the
umbrella term nonlinear pricing, and are normally identified as a form of second-degree price
discrimination and an efficient form of revenue generation with mixed impact on economic
efficiency (see a solid stream of microeconomics literature dating back to Brown and Sibley,
1986, Leland and Meyer, 1976, Littlechild, 1975, Oi, 1971).

Based on the relatively small but rapidly growing literature of Mobility as a Service, it
seems the majority of research efforts are focused on predicting its impact on travel demand
(Matyas and Kamargianni, 2018, Wong et al., 2018). Although travel demand is indeed an im-
portant indicator of the effectiveness of new policies, it does not uncover how the policy affects
overall social welfare, especially when externalities are present in consumption. Interestingly,
the MaaS literature often uses the terminology of profit oriented corporate management in
the context of efficient policy design for urban transport provision, which is somewhat con-
fusing, given that this industry is characterised by regulated natural monopolies and various
externalities. For example, supply-side optimisation including pricing is frequently labelled
as ‘developing Maa$S business models’ in the related literature (Aapaoja et al., 2017). Socially
optimal supply is rarely considered as a ‘business model’ in applied welfare economics, which
suggests that dispite its popularity in industry, the MaaS concept is still detached to some
extent from the mainstream transport economics literature.

2 Research Objectives

Adopting the usual steps of the microeconomic analysis of transport supply to the MaaS
framework, one can identify four key gaps in the related literature. First, we know little about
how a future Maa$S operator should /will set the prices of subscriptions and mobility packages.
Second, it is unclear how the available capacity in various transport modes (e.g. frequencies in
public transport or the fleet size in shared modes) will react to the introduction of a completely
new tariff system. Third, we do not know at this moment how new fare and capacity levels
will affect (i) the net consumer benefit of urban transport provision, (ii) operational costs
and public subsidies to public transport, and (iii) the magnitude of externalities generated
by the transport sector as a whole. Fourthly, in general terms, it has not been proven yet
that non-linear pricing of alternative modes is actually an idea that improves social welfare
in transport markets.

This research uses the toolbox of welfare economics to investigate the efficiency of the
nonlinear pricing techniques proposed in the MaaS concept. In particular, we intend to derive
conclusions about

(1) the net welfare impact of unlimited-use subscriptions and bundled tariff products de-
signed for the accelerated use of alternative modes;

(2) whether nonlinear pricing policies lead to a reduction in individual car ownership, and
whether car ownership is proportional to congestion and the (in)efficiency of the trans-
port system, when mild externalities may be generated during the use of alternative
modes as well;



(3) how the MaaS operator’s economic objective (e.g. welfare maximisation, profit maximi-
sation, congestion minimisation, car ownership minimisation) will affect the net welfare
impact on society of implementing nonlinear pricing in the MaaS framework.

The goal of this short paper is to report on the methodology and some of the early results
of modelling efforts proposed to answer the research questions above. In subsequent sections
we introduce a modelling framework in which car ownership, the choice of tariff products and
mode choice are interdependent compontents of the demand system.

3 The model

Modelling Mobility as a Service is challenging, because it requires a number of extensions
relative to traditional multimodal settings with public transport and car use. First, car own-
ership has to be an endogenous module, to be able to show the ability of MaaS tariff products
to substitute the use of private vehicles. There are economic models for car ownership in the
literature, but they are rarely mixed with interactions with other modes®. Second, nonlinear
pricing in itself, within the public transport literature, is also significantly underrepresented,
as most of the supply models in the literature consider only one (representative) usage de-
pendent fare. A small branch of the literature hallmarked by Carbajo (1988), Jara-Diaz et al.
(2016) and Horcher et al. (2018) focus on the efficiency of travel passes when single tickets
are also available, and find that this form of nonlinear pricing may be efficient in the hands
of a private monopolist, but cannot increase social welfare if public transport use if subject
to negative consumpation externalities such as crowding. Third, modelling shared transport
services such as free-floating car sharing has not reached a consensual status in the literature
so far, so several new assumptions have to be made to reproduce the basic features of car
sharing in a MaaS supply model.

As part of this research we develop an analytical framework that models three levels of
transport related decisions of the representative traveller:

I. Car ownership in the long run (index 7);
IT. Choice of tariff products, e.g. MaaS mobility packages, in the short run (index j);
III. Individual travel demand and mode choice in the very short run (indexed by m).

We formulate the demand model such that the expected consumer benefit of the represen-
tative use could be derived analytically, and thus consumer surplus could be compared with
operational and external costs in subsequent analyses.

On the first level, car ownership is captured by ¢ that can take two values: ¢ = 1 if the
representative user does own a car, and i = 0 if she does not. On the second level, we consider
the choice of tariff product j, which can be either sticking to pay-as-you-go (j = 0), buying
a rail pass (j = 1), buying a multimodal pass (j = 2), or choosing one of three mobility
packages (7 € {3,4,5}) that enable a predetermined number of trips for a discounted price,
normally cheaper than the same amount of consumption with usage dependent fees.

!De Borger and Mayeres (2007) is one of the exceptions, but their public transport model is rather stylised,
both in terms of user costs and the tariff system considered; tariff products are not differentiated.



On the third level we consider three modes of transport: individual car use (m = ¢), public
transport (m = p), and a shared mode (m = s), i.e. bike sharing or car sharing. Service quality
in these modes is determined by the available road capacity, the frequency of public transport,
and the average fleet size per geographical area in the shared mode. We assume that road
capacity is fixed, but frequencies and the fleet size may be endogenous variables that the
operators set to optimise with respect to their economic objectives. For technical reasons we
introduce a fourth alternative on the level of mode choice, which represents the outside option
of not travelling at all. In this case m = 0. The purpose of the outside option is to allow for
aggregate travel demand to be elastic with respect to the user cost of available modes. This
demand system is standard standard in the literature (see e.g. Basso and Silva, 2014).

We put this supply-side framework into the simplest possible network environment, the
back-haul problem, to allow for the marginal user, operational and external costs of travelling
to vary between demand-independent markets in all three modes. We believe this is a crucial
property of real transport systems from a pricing point of view that cannot be appropriately
reflected if supply in a model is optimised for only one representative OD-pair. We denote
the two directions of the back-haul setting with variable d, where d = a is the market with
higher demand intensity, and d = b is the ‘off-peak’ direction. The number of potential users
in these markets are N, and Ny, respectively.

3.1 Mode choice

Let us now describe the basic mathematical structure behind the model. This is a nested
random utility discrete choice model in which utility on each of the three decision levels
is determined by the sum of a systematic and a random component: u%‘ = v%. + eg;fj.
In the following discussion we focus on the specification of the systematic part, while the
random term captures, with type I extreme value distribution, unobserved heterogeneity in
user preferences. As normally, we assume that the representative user selects the alternative
providing the highest utility, which leads us to the well-known logit demand system.

The disutility of choosing mode m for a consumer with properties d, ¢, j is formulated as

WSi; = A+ 8(vtG + e+ &),
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These expressions require detailed explanation. All three utility functions contain an
alternative-specific constant A™, and user costs in monetary dymension are transformed
into utils with parameter §, the marginal utility of monetary payments, now assumed to be
the negative of the marginal utility of income. In all three formulae ¢ is multiplied by the
generalised cost of travelling.

In the car mode generalised cost includes the value of in-vehicle time (vt$, where v is the
standard value of time and t§ is travel time bar car in direction d), and a monetary operational
cost (¢), and the cost of parking at the destination of market d. Congestion technology is



based on the usual BPR cost function, i.e.
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where tf is free-flow journey time, and the degree of congestion depends on demand for
private and shared car trips in direction d, ¢ and ¢, respectively. Parking cost csark is an
exponential function of ¢j, capturing in a simplified way competition for land. Road pricing
is neglected in the model, as the the MaaS concept probably would not even exist if proper
congestion charging was already a widely accepted regulatory policy.

The generalised cost of public transport in (1) includes three times. The first one is the
cost of waiting time v, f~!, where v,, is half of the value of waiting time and f is service
frequency. The second is the in-vehicle travel time loss vtf multiplied by a crowding dependent
factor in which S is vehicle size, so that the fraction is density of users inside the vehicle.
The third element is and the monetary fare paid. Specifically, 77 is the fare itself, and ¢¥ is
a binary variable which equals to one if someone holding tariff product j still has to pay a
usage dependent fee for public transport trips. This specification is standard in the public
transport literature.

In case of care sharing, on the other hand, we cannot rely on existing modelling practicies,
as, to the best of our knowledge, analytical models in a context like ours have not been
published in the literature so far. The utility function in (1) includes the cost of driving time
loss, v - t4, which is equivalent to what private car drivers bear, plus an access time cost #{°
that captures the disutility of reaching a nearby shared vehicle by walk. The specification of
9 is crucial from our perspective, as it determines how demand in of the two directions will
affect the availability of cars in the opposite market. Let p denote the size of the shared car
fleet, and o represent the share of this fleet available for the potential users of market d = a
at the beginning of the morning period. Use 0 > 3 > 1 as a variable representing time within
the peak period. If Fj, (1)) is the available fleet size for market a at time 1, such that with a
homogeneous distribution of travel demand over the peak,

Fo(¥) = po + (g — q3) (3)

then access time at this particular point in time can be expressed as

ha(¢) = ho + thfw) =ho+ h

In the latest formula hg is the minimum access time when plenty of cars are available, and

(4)

po +(gi —q3)

ho 4+ h1 is the longest possible walk time when there is only one available car in the origin
zone concerned. Eventually, the expected access time is

te™ = Elha(¢)] =

[ho + i ]d¢’. (5)
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Unfortunately, this specification is not suitable to impose the contraint that by the end of
the peak period, car sharing demand can never exceed the total number of available car. In



case of direction a, this reads as op + g — g; > 0. This constraint in built into the model
through ‘availability cost’ wg in (1) which is activated when the constraint above is violated.

Finally, the last component of vjij in (1) is the price of using car sharing. We consider
that car sharing is normally priced on a travel time basis, so 7] is a price per minute, while
¢ is once again a dummy variable that equals to one if tariff product j does not allow free
access to car sharing.

3.2 Choice of tariff product and car ownership

On the second level of the decision tree the representative consumer selects one of the available
tariff products j. To determine the attractiveness of a tariff product, we have to derive the
expected utility of the mode choice situation for the user possessing tariff product j. Using
the logsum approach,

Blug;] = uff! m(ze:cp v uffh)- (6)

Consumers travelling in direction d with car ownership state ¢ attach the following utility to
owning tariff product j:

Viig = Eluy] + 52 = ulf? - in( 3 eap(ofy/ulf")) + 672, ™)
m
where T} is the price of tariff product j that we normalise by the length of its availability
to a daily level. From Vg;; we derive the market share of each tariff product as well as the
expected utility in the choice situation of level II.
The decision on car ownership is eventually driven by utility gained with and without the
availability of the private car in the mode choice situation. For car owners in market d, this
is

9
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Notation: a; represents the constant (dis)utility of owning a car, an alternative-specific con-
stant, the logarithmic term is the logsum on the tariff product level, C' is the yearly monetary
cost of car ownership net of operational costs, and M measures the number of tariff product
periods in a year (practically speaking, the number of months in a year). Thus, we assume
that car ownership decisions are re-evaluated on a yearly basis, but utility is normalised to a
daily daily basis. Indirect utility for non-car owners (i.e. V) is equivalent to (8), except that
the car ownership cost disappears, and the logsum component has Vy;’s in its argument.

3.3 Consumer surplus and social welfare

Based on the three-level nested logit specification detailed above, the expected utility of the
representative traveller in market d, expressed in monetary terms using 9, is

I
W
Uy = _TML . ln( -6(201) e:cp(Vdi/u’)> 9)



per year. Note that the scale of expected travel utility is not meaningful in a discrete choice
model, only changes in utility can be measured appropriately. Our aim is to derive the amount
of consumer surplus (i.e. net user benefit) of providing alternative modes beside congestible
road use. Let us define Ugef as the reference level of utility. This is derived by setting the
price of alternative modes so high that no traveller is willing to use it; in this case Ugef is
limited to the utility generated by road use in the absence of alternatives. Thus, the consumer

surplus of public transport and car sharing provision becomes

CS(0) =Y Na(Ua(9) - U, (10)
d

in which 0, supressed in earlier equations for the sake of simplicity, denotes a vector of relevant
supply-side variables such as the price of tariff products and the frequency of public transport.

Based on choice probabilities on the three levels of consumer decisions, one can derive
derive for each mode, differentiating between travel directions:

a7 =Ng > Y maimaim;, (11)
i

where the choice probabilities 7g;, mg;; and ﬁzlr;j are standard logit expressions. System-level
revenues from public transport and car sharing operations are

RO)=ML- | 333" Nawhohrh + 30" 3 Namiyoimita
d i j d i J
+M|:ZZZNdTrdZ]TJ}
d % 7

In the first row of the revenue formula we have the payments from usage dependent public

(12)

transport and car sharing fees, while the second row measures revenues from the sales of pass
and mobility packages, if applicable. System profits is the sum of revenues in (12) and the
operational costs of public transport and car sharing provision. For the sake of simpicity, we
express these operational costs as a linear function of public transport frequency f and the
car sharing fleet size p, so that the system profit becomes

I1(0) = R(O) — 2P f — 2°p, (13)

where 2, and z, are exogenous slope parameters.

Finally, we need an aggregate measure of social welfare, to be able to express the net
benefit of service provision, considering both consumer costs and benefits, and the costs and
revenues generated on the operator’s side. This social welfare metric is simply the sum of the
consumer surplus and profit functions defined above.

W(0) =CS(0)+ R(0) — 2 f — z°p. (14)

4 Policy simulation

In this preliminary phase of this research we assume that the entire system is regulated by a
single entity, the MaaS provider. That is, we neglect potentially very complicated interactions



between the MaaS provider and the operators of individual modes that may in reality lead
to an uncertain bargaining process. Consider that supply and the system’s performance can
be evaluated on the bases of various economic criteria, including (1) welfare maximisation,
(2) profit maximisation, (3) congestion minimisation and (4) car ownership minimisation. In
the long run we plan to apply an optimisation algorithm to derive optimal supply according
to these objectives. In the current stage of the research project we limit the investigation to
the introduction of Maa$S tariff products beside pay-as-you-go pricing, and th evaluation of
their performance at various tarifflevels according to the four objectives above.

We use the modelling framework to simulate five pricing policy scenarios. That is, we
compare the performance of the following pricing schemes:

(1) Flat fares only, with undifferentiated directions, 77 = 74’ = 7} and 7° = 75 = 7;

(2) Flat fares combined with an unlimited-use public transport pass;

(3) Flat fares combined with an unlimited-use pass for all alternative modes (multimodal
pass);

(4) Flat fares combined with 3 mobility packages;

(5) Direction-differentiated pricing, without any MaaS tariff products.

Scenarios 2 and 3 are straightforward; unlimited-use pass usage requires a one-off entry fee
T}, after which the marginal monetary cost of travelling drops to zero for L trips. By contrast,
mobility packages enable a predetermined number of public transport and car sharing trips,
for a discounted price relative to the cost of the same consumption with pay-as-you-go fares.
Package j = 3 includes many public transport trips with fewer car sharing, package 4 has
many car sharing combined with fewer public transport, while package 5 is contains modest
amount of both modes. These settings are summarised in Table 1 as well.

Table 1: Specification of mobility packages

Trip allowance in each mode (m)
Package ID (j) Public transport (p) Car sharing (s)

3 0.5L 0.25 LL
4 0.25 L 0.5L
5 0.25 L 0.25 L

We calibrate the model to represent a reasonable urban transport setting. We have N, =
9000 and N, = 1000 potential users, so demand is heavily unbalanced, just in case of a typical
radial transport corridor of a monocentric city. L and M are set to 30 and 12, respectively,
so we model yearly car ownership decisions with monthly tariff products. Road capacity
and public transport frequency are set to have a significantly congested initial equilibrium
combined with non-negligible crowding on the public transport alternative. Parameters of
the demand model are set to reproduce around 40% mode share for both individual car use
and public transport, 10% for car sharing with a fleet size of p = 300 shared vehicles, and
10% of the population does not travel at all at the initial equilibrium.



(@ (b) ©

8e+06
I
3e+06
I
I

4e+06
L L
1e+06

Social welfare

Rail demand
1000 2000 3000 4000 5000
I

System profits

L
-1e+06

. .

T T T T T T T T T T T T T T T T T T

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Rail fare Rail fare Rail fare

0e+00

(d) (e) ®

0.60

Share of car owners
052 056
Congestion delay hours
250000 350000 450000 550000
Peak rail crowding

0.48

Rail fare Rail fare Rail fare

Figure 1: Scenario 1 — Impact of flat fare level on system performance.

5 Preliminary results

This is an ongoing research project. However, we can present some of the preliminary results
that are already valuable due to the insights they allow for. Let us begin the analysis with
Scenario 1, i.e. the case of flat fares in both alternative modes.

Panels (c) to (f) in Figure 1 are meant to illustrate that the model mechanics with the
current set of parameters are in line with realistic expectations: the relationship in panel (c)
is a proper downward sloping demand curve, panels (d) and (e) tell that car ownership and
car use are both inversely elastic with respect to the public transport price, and crowding in
the rail mode ranges between zero and 4 passengers per square metre depending on the fare
level we set. Due to the presence of crowding externalities, the socially optimal fare is above
zero, despite substitution with congestible and under-priced road use. Congestion delay in
plot (e) is computed as the additional travel on a yearly basis that drivers lose above the
free-flow travel time if congestion was completely eliminated. Panel (a) shows that welfare is
maximised at around 7P = $2.5, but a welfare maximising operator would raise this fare to
as high as around $4.5. The plot of the car sharing fee shows similar relationships in terms
of interdependencies with car ownership: with cheap car sharing residents do not own that
many cars, but the congestion level increases due to mode shift towards car sharing.

Next, we turn to the introduction of travel passes for only one alternative mode, public
transport. We fix the flat fares, both 77 and 7%, to their welfare maximising levels, and vary
the price of the pass in Figure 2. Travel pass usage becomes attractive under around T = $80,
which is equivalent to making I = 30 trips per month with single tickets only. Below this
pass price, car ownership diminishes (panel b) and a mode shift begins to take place towards
increased rail use (see panel d) with strong impact on rail crowding in panel (f). Figure
2 reveals a less anticipated consequence of pass sales, however. Panel (c¢) shows that in the
interval Ty € (80,40), congestion actually increases. This is a counter-intuitive result, because
one would expect that cheap travel passes should attract drivers to public transport.
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Figure 2: Scenario 2 — Impact of the price of public transport passes on system performance.

We looked deeper into the simulation results to find the explanation for this phenomenon.
Let us split public transport users into two groups: travel pass users (j = 2) and single ticket
users (j = 1). As passes become cheaper, more and more passengers decide to buy this
subscription, and their public transport increases, as expected. On the other hand, for those
— less frequent — public transport users who stick to single tickets, rail becomes significantly
less attractive, because 7P is constant but the level of crowding increases due to pass holders.
As a consequence, a considerable part of j = 1 consumers switch to more driving. At a
relatively low market penetration of the rail pass this effect is so strong, that congestion
actually increases, despite the fact that the average price of a public transport trip decreases
(see panel i). To sum up, the cause of the adverse outcome is that pass holders push single
ticket users out of the public transport mode through crowding.

Partly due to increased congestion, and partly due to the overconsuming behaviour of
pass holders, social welfare is maximised if rail passes are actually not introduced at all
(panel g). This result is in line with earlier findings in Horcher et al. (2018), where mode
choice was neglected, by overconsumption in the presence of crowding externalities was a
sufficient reason in itself to make the availability of passes welfare degrading. From a profit
generating point of view, it is barely visible in panel (h), but profits somewhat increase at
a modest level of pass ownership. That is, a profit oriented MaaS operator is likely to be
more willing to introduce travel passes, due to the revenue generating potential of nonlinear
pricing (Anderson et al., 1992).
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Is this picture more positive when we expand the availability of travel passes to more
than one mode? Figure 3 does not indicate significant differences. An exception is that car
sharing demand now moves in the opposite direction, as cheap access to car sharing implies it
naturally. The impact of multimodal passes on car ownership is slightly stronger, which may
look like a positive property for the first sight. Unfortunately, the adverse impact on total
congestion delay on the other hand is even stronger than in case of the rail pass, which is
convincing, given that car sharing now contributes to congestion additively. Based on these
observations it is not surprising that the welfare effect of multimodal passes is not positive at
all. In fact, we replace the set of welfare optimal flat fares in Scenario 1 with a tariff product
that increases both rail crowding and rail congestion, inducing overconsumption relative to
marginal social cost pricing in both modes.
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Figure 3: Scenario 3 — Impact of the price of multimodal passes on system performance.

Let us now move on the case of mobility packages in Scenario 4. In this case passengers can
choose between three alternative tariff products with different levels of consumption offered
in each bundle (see Table 1). To make this scenario suitable for simple numerical analysis,
we vary the level of discount offered for package holders, i.e. the multiplier applied when the
price of a mobility package is determined relative to pay-as-you-go payments for the same
amount of trips. For example, when the multiplier is 80%, then T3 = 0.8 - 0.75L7%. (Actually
we added access to car sharing ‘for free’, but this can be amended in subsequent phases of
this research project.)
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Figure 4: Scenario 4 — Impact of the discount level of mobility packages on system performance.

Simulation results in Figure 4 show that the impact of mobility packages on system
performance somewhat differs from what we saw in scenarios 2 and 3. Mobility packages
achieve mild reduction in car ownership until the discount rate of around 60%, but then
ownership tends to increase again sharply. The impact on congestion delay is the opposite,
surprisingly: congestion slightly increases in the high region of mobility package prices, and
then starts to decline with more significant discounts. Nevertheless, the impact of bundling
on aggregate social welfare creates ground for somewhat more optimism. Panel (g) in Figure
4 shows that the welfare maximising discount level is in the range of 90%, where around
20% of the population possesses one of the three mobility packages. In the current stage
of the project we cannot give a precise explanation for this. It is certain, however, that
congestion mitigation is not the reason why mobility packages improve welfare, as opposed to
what the MaaS literature often suggests, because congestion actually increases at the welfare
maximising discount level. It is more likely that the benefits of variety, a positive consequence
of product differentiation in the presence of heterogeneous preferences (Anderson et al., 1992)
brought in by the random component in the logit demand model, is what could explain the
success of mobility bundles.

From a profits point of view, we observe in panel (h) that a private monopolist as MaaS
operator would offer more discount (around 80%) than a welfare oriented service provider.
Underpricing mobility packages is harmful for society, because crowding, congestion as well
as social welfare are less beneficial in this case.
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Finally, let us briefly discuss our results for Scenario 5, MaaS tariff products or any other
forms of nonlinear pricing are excluded, but peak and off-peak usage fees can be differentiated.
In Figure 5 we plot system performance metrics against the level of discount in the off-
peak direction, i.e.7) /78 = 77 /75. The result of this policy is very straightforward. Off-
peak discounts lead to monotonous reduction in car ownership and congestion delay, with a
parallel increase in the popularity of alternative modes. The socially optimal level of off-peak
discounts is 40%. Note that system profits, on the other hand, monotonously decline with
the introduction of cheaper travelling off-peak. This may imply that private operators are
normally not prone to offer such discounts, as long as peak fares must be kept constant. In
fact, profits can be increased when off-peak discounts are combined with fare hikes in the
peak.
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Figure 5: Scenario 4 — Impact of off-peak discount of single tickets on system performance.
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6 Conclusions

This paper introduces a simple modelling framework in which car ownership has an endoge-
nous decision mechanism, and travellers can select various travel products for the use of
alternative modes, including unlimited-use travel passes and bundles of travel permits. The
aim of the paper’s policy analysis is to investigate how such MaaS-related subscriptions affect
the performance of the multimodal transport system, including car ownership rates, road con-
gestion delay, aggregate social welfare and financial profits. We find that unlimited-use travel
passes cannot generate social welfare as they induce overconsumption in both the crowded
rail and congestion road transport modes. The reason behind their adverse effect on road
congestion is that infrequent public transport users, who do not buy a pass even at a reason-
able price, tend to be diverted to driving due to crowding induced by pass holders. We find
that congestion increases as a results of the introduction of mobility packages as well, but,
presumeably due to beneficial product differentiation, social welfare can impove at a 90%
discount level. By contrast, differentiated pricing, i.e. off-peak discounts, lead to monotonous
improvement in all metrics of service performance.

The magnitude of welfare changes depend heavily on model parameters, indeed, so our
results above cannot be generalised for any geographical areas. However, it is certainly true
that the introduction of travel subscriptions, no matter if they are for unlimited use or a pre-
determined amount of trips, limits the possibility of price differentiation between transport
markets subject to unequal marginal travel costs for society. The concept of Mobility as a
Service is built on the availability of advanced I'T solutions. MaaS offers a perfect opportunity
to promote differentiated pricing in urban transport. It is therefore surprising that so many
proponents of Mobility as a Service advocate trip bundling and subscriptions instead of dif-
ferentiated pricing, thus pushing tariff policy in the opposite direction to what the principles
of economic efficiency would prescribe. We hope this research can contribute to policy dia-
logues surrounding the MaaS concept and convince the community of transport researchers
and professionals that differentiated pricing is the right direction to exploit the full potiential
of Mobility as a Service.
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