Complex pricing and consumer-side attention∗
Christian Fischer-Thöne1,†
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Abstract
This paper analyzes a market in which two horizontally differentiated firms
compete by setting menus of two-part tariffs, and in which some consumers
are not informed about the linear per-unit price component. We consider two
regulatory interventions that limit firms’ ability to price discriminate: (i) diminishing the range of contracts via a reduction in the number of two-part
tariffs offered (which prohibits inter-group price discrimination), and (ii) a
reduction in tariff complexity via the abolishment of linear fees (which prohibits inter-group and intra-group price discrimination). We characterize the
effects of these interventions on firm profits and (informed and uninformed)
consumer welfare, and identify conditions for the optimal policy. Our results
provide insights for the evaluation of recent policy interventions (for example,
the regulation of roaming charges in the EU telecommunication market).
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Introduction

Complex pricing structures and price menus are a typical phenomenon of today’s
business practices. Indeed, advances in information technology and its applications
(internet, social media, etc.) enable firms to know more and more about their consumers, and speed up the trend toward more targeted offers and personalized pricing strategies. At the same time, however, consumers appear to find it increasingly
difficult – even despite such services as price comparison websites on the internet –
to compare all relevant information to make their purchase decisions. As a result,
complex pricing practices have called the attention of authorities and consumer protection agencies that aim to ensure that consumers do not get lost in the wide array
of offers.
Examples for industries in which complex (two-part) tariffs are widespread, and
in which consumers are only imperfectly informed are mobile telecommunications
(flat rate, roaming charges), media markets (subscription price, per-view price),
and gas and electricity contracts (fixed monthly/yearly price, price per usage). Yet,
in many of these markets, some contract details are less salient than others, and not
all price components are taken into account by consumers.
A prominent example of the kind of the market that is addressed here, and in which
regulators have taken action, is that of roaming fees in telecommunication markets.
An interesting aspect in this market is that consumers appear to be unaware of the
contract details with regard to roaming. As Oxera point out, “[c]onsumers typically
purchase roaming within a bundle that also contains domestic calls, texts and data
usage. However, there is generally little awareness of roaming charges [...].”1 In
this market, the simplification of tariff structures was prominently featured in the
European Commission’s goal to reduce and abolish roaming tariffs in 2017 (roamlike-at-home [RLAH] regulation). What is important, though, is that before the
abolition of roaming charges, mobile phone operators had to send their customers
an alert with pricing information when they started roaming. Hence, even if customers were not informed about all relevant charges when they signed their mobile
phone contract, contract details actually became known before use. The issue of
roaming charges has regained relevance lately because mobile phone operators in
the UK have recently announced that they would levy such fees again as a consequence of Brexit.2 Moreover, the European Commission announced that roaming
was to be free of charge for another ten years.3
Understanding the effects of interventions that limit firms’ ability to set prices (abolishing roaming fees) and/or their ability to price discriminate between consumers
1

Oxera, Agenda, October 2014: “A Connected Continent? Eliminating excessive roaming charges
in the EU”, p. 1.
2
See, for example, https://www.bbc.com/news/business-45064268.
3
See, for example, https://www.spiegel.de/netzwelt/web/roaming-bleibt-in-der-eu-zehnjahre-kostenlos-a-e5bd3ff4-5da9-451b-aa7f-993afc999da5.
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(restricting the number of contracts) is crucial. In the case of the abolition of roaming charges, economists worried about potential drawbacks via waterbed effects,
such that lower roaming charges might lead to higher subscription prices (see, for
example, Duso, 2017; Sutherland, 2010). Oxera points out that revenue generated
by roaming within the European Union accounted for an average of 4.2% of total
mobile revenues across the European Union in 2009. Therefore, Oxera concludes
that “some attempt to protect revenue cannot be ruled out” (p. 4).4 In their empirical study on the effects of the European RLAH regulation, Canzian et al. (2021)
find that the gains in consumer surplus are large and mainly stem from data services. Moreover, the authors report considerable total welfare increases because the
increase in consumer surplus far outweighs operators’ losses in profits. Our theoretical analysis sheds light on why the European Commission’s and mobile operators’
interests are misaligned with regard to the necessity of such a policy intervention.
Building on the contributions by Gabaix and Laibson (2006), Armstrong and Vickers (2012), and the literature that followed we develop a market model in which
consumers do not pay attention to all relevant price components. In contrast to existing models, we focus on two-part tariffs, where consumers are only imperfectly
informed about the linear price component.
In our duopoly model, firms compete for consumers in a differentiated product market. Each consumer has a downward-sloping demand function, and firms can potentially offer a menu of two-part tariffs. Motivated by the above example of roaming and building on the behavioral industrial organization literature (Gabaix and
Laibson, 2006; Heidhues and Kőszegi, 2018), we incorporate the aspect of consumer
information in our model: When firms set two-part tariffs, a share of consumers is
uninformed in the sense that they are only aware of the fixed price component. As a
consequence, these consumers neglect the linear price when they decide from which
firm to buy. At a later consumption stage, however, these consumers have also learnt
about the linear price, and they choose the consumption quantity accordingly. By
contrast, informed consumers are fully aware of the firms’ tariffs at all stages of the
game.
Within this setting, we analyze various (potentially) complex pricing schemes. In
our base version, firms offer a menu of two-part tariffs. These screening tariffs are
designed so that informed and uninformed consumers self-select into different contracts. Informed consumers choose a contract with a high fixed fee and a low linear
price, whereas uninformed consumers are attracted by a contract that offers a low
fixed fee, but has a high linear fee (which is overlooked by uninformed consumers
when choosing the contract). All contracts are inefficient because the linear price
exceeds marginal cost, leading to welfare losses; informed consumers are better off
4

There are a couple of contributions investigating the previous regulation on wholesale and retail
roaming fees from 2007 (see, for instance, Ambjørnsen et al., 2011). Moreover, Genakos and Valletti
(2011, 2012) empirically identify waterbed effects in mobile telecommunication markets when interconnection charges are reduced.
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than uninformed consumers.
As pointed out before, complex pricing schemes and consumer awareness have
gained prominence in policy discussions. In the competition-policy debate, regulators and consumer protection agencies typically follow two approaches to increase the comparability of different offers: education and simplification. When
consumers learn to find out about contract pitfalls, they may make more educated
purchase decisions. The same is true when firms are obliged to reduce the complexity of their pricing structures. Both policies can potentially result in a higher share of
informed consumers. We analyze two policy interventions that restrict firms’ choice
of pricing schemes: (i) reducing the range of contracts, so that firms compete in single two-part tariffs, and (ii) abolishing linear fees, so that firms compete in fixed-fee
contracts (as in the EU roaming regulation).
These interventions can also be understood in the extent to which firms are able to
price discriminate. In our base version with a menu of two-part tariffs, firms can
price discriminate intra-group (two-part tariff) but also inter-group (informed vs.
uninformed consumers). The first intervention only bans inter-group price discrimination. The second intervention essentially bans both types of price discrimination
because with a single price instrument (the fixed price component), firms can no
longer design self-selecting contracts.
The first intervention that only prohibits inter-group price discrimination is interesting in itself because it can be viewed as an extension to the prominent framework developed in Gabaix and Laibson (2006). In contrast to their model and the literature
that followed, add-on prices are only overlooked at the contracting stage, but are
optimally accounted for in a subsequent consumption stage in our framework. We
characterize the single equilibrium two-part tariff, and find that it depends on the
shares of the two consumer types. Interestingly, whereas the linear price is strictly
decreasing with the share of informed consumers, there exists a non-monotone relationship between the share of informed consumers and both the fixed price component and profits. This is different from previous results with linear or fixed fees
only (see the related literature below): In those cases, when a larger share of consumers become informed about the prices set by the firms, this always increases
competition and, hence, results in lower fixed fees and lower profits. By contrast,
our results suggest that the extent of possible waterbed effects crucially depends
on the share of informed consumers and is only significant in situations with many
informed consumers.
The fact that a change in the share of informed consumers has ambiguous effects on
profits under two-part tariffs is due to the relative strength of two opposing effects:
On the one hand, more informed consumers imply that the linear price decreases,
so that firms focus more on the fixed fee to earn profits. This effect tends to increase
the fixed fee with a higher share of informed consumers. On the other hand, informed consumer are more sensitive to changes in the fixed fee than uninformed
4

consumers. This competition effect puts downward pressure on fixed fees. However, this effect becomes weaker as the share of informed consumers increases. As
a result, we find a u-shaped relationship, so that fixed fees and profits first decrease
and then increase in the share of informed consumers. Related to this, there is also
a non-monotone relationship between the share of informed consumers and consumer surplus under these tariffs, but in the opposite direction. In particular, we
show that for low and intermediate shares of informed consumers, simplifying the
pricing structure increases consumer surplus. However, consumer surplus can decrease if a larger number of consumers is informed.
Consistent with the idea that regulation removes the opportunity to earn large profits from uninformed consumers, firm profit falls, and overall consumer surplus
rises. Yet, there can be opposing effects on different consumer types. Whereas uninformed consumers always benefit from regulation, informed consumers can be
worse off.
The second intervention prohibits linear fees (and, hence, any form of price discrimination), so that firms offer only a single contract at a fixed price. This contract
does not depend on the shares of the consumer types. Compared to the base case
with screening contracts, we find that consumers and firms are typically affected in
opposite directions. When firms set fixed prices only, in models with only informed
consumers, this necessarily increases firm profits and hurts consumers (Gössl and
Rasch, 2020). In our model with uninformed consumers, this may no longer hold,
and firms may lose and consumers benefit if the share of uninformed consumers
is sufficiently large. Interestingly, however, uninformed consumers always benefit from the intervention, whereas informed consumers always lose out. Thus, the
overall effects on firm profits and consumer welfare are driven by the group composition, and banning price discrimination can hurt firms because it lowers their
opportunities to exploit uninformed consumers.
Given that both interventions that we consider can be beneficial for consumers, it
appears essential to identify which intervention fares better. We find that – depending on the parametrization of the model – both interventions can be the optimal
choice of a regulator interested in promoting consumer surplus. The regulation toward a single two-part tariff is the better intervention for a large share of informed
consumers, whereas a regime with fixed fees only provides a larger surplus to consumers if the share of informed consumers is relatively low. If a regulator – apart
from choosing the pricing regime – can influence consumer awareness (that is, via
disclosure), a regulator intending to maximize (total) consumer surplus would opt
for a single two-part tariff while promoting an intermediate share of uninformed
consumers.
We extend our basic framework in two directions. We introduce positive marginal
costs and ask whether banning linear fees is still beneficial for consumers and welfare because such an intervention might now lead to overconsumption. Our analysis
5

shows that the strength of the new effect is relatively small, and banning the linear
fee is still a welfare-increasing policy for a large parameter range. In a second extension, we generalize our notion of consumer bias and consider a modification in
which uninformed consumers do not completely ignore the linear fee, but only underestimate it. We show that our main results are robust, and that the intervention
is more desirable when the extent of the bias is large.

Related literature
Our paper is related to two strands of literature. First, we contribute to the literature
on behavioral industrial organization and add-on pricing. Second, we contribute to
the literature on competitive price discrimination (particularly two-part tariffs) in
differentiated product markets.
We add to the growing literature on behavioral industrial organization that studies
market outcomes in the presence of behaviorally biased consumers.5 Within this
literature, our paper is related to studies on add-on pricing where consumers do
not take into account the prices of additional products or services (parking, minibar,
luggage, etc.) when making a purchase decision (e.g., Gabaix and Laibson, 2006;
Armstrong and Vickers, 2012; Grubb, 2015a; Heidhues et al., 2017). We extend this
literature with regard to three aspects. First, this literature typically considers a
binary purchase decision of the add-on, whereas in our setting, individual add-on
demand depends on the price.6 Second, in our model, consumers are only unaware
of one (linear) price component at the contract stage (when deciding where to buy),
but are completely informed when making quantity choices about the add-on. This
is consistent with the idea that, at some point, consumers become fully informed
about the contract details and can adjust their consumption behaviour. Third, our
setting allows to explore different pricing scenarios (with intra- and inter-group
price discrimination) and to analyze the welfare effects on market participants.
There is also an older literature on consumer-side market transparency assuming
that an exogenously given share of consumers is uninformed about prices and selects randomly among competing firms.7 In contrast, consumers in our model can
observe some, but not all price elements. The focus of these papers is also different,
though. For example, these contributions analyze firms’ ability to maintain collusion when the share of informed consumers changes (Schultz, 2005, 2017; Rasch
and Herre, 2013) and the scope of market entry for varying degrees of consumer
information (Schultz, 2009; Gu and Wenzel, 2011).
5
For a survey, see, for instance, Grubb (2015b) and Heidhues and Kőszegi (2018). This literature shows that policy interventions can sometimes have unexpected equilibrium effects and lead to
worsened outcomes for consumers, see, for instance, Spiegler (2015) or Grubb (2015a).
6
An exception is Grubb (2009) where consumers may overestimate the precision of their future
consumption.
7
See, for instance, (Varian, 1980) for a setting with homogeneous products and Schultz (2005) for
a model with differentiated products.
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We also contribute to the literature on competitive price discrimination in differentiated product markets (e.g., Armstrong and Vickers, 2001). Surveys are provided by
Armstrong (2006) and Stole (2007). As in Yin (2004) and Gössl and Rasch (2020),
we compare different pricing scenarios (two-part tariffs, only fixed prices). But, in
contrast to the literature, we study a setting in which consumers are only partially
informed about relevant price components. This makes it possible to study the effect of banning only inter-group price discrimination (firms can offer only a single
two-part tariff) and situations in which both inter- and intra-group price discrimination are banned (firms can only offer a tariff with a fixed price, but no linear price
component).
As in our study, a couple of recent papers investigate two-part prices or screening contracts with behaviorally biased consumers. For instance, Eliaz and Spiegler
(2006) show how a monopolist can screen consumers who differ in their degree
of naiveté. Heidhues and Kőszegi (2010) analyze a credit card market in which
consumers differ in their beliefs about time-consistent behavior. Related to add-on
pricing, Heidhues et al. (2017) consider a setting in which firms screen consumers
by offering an inferior product (with a high add-on price) to naive consumers and
a superior product to sophisticated consumers. Herweg and Mierendorff (2013)
study a setting in which consumers are loss-averse, and derive conditions under
which firms offer a flat-rate tariff (that is, a contract with a zero linear price). Heidhues and Kőszegi (2017) study the effects of third-degree price discrimination if
firms have information about consumer naiveté.
The paper proceeds as follows. Section 2 presents the model setup. Section 3 derives
the equilibrium when firms can offer multiple two-part contracts to consumers. Sections 4 and 5 analyze the outcomes when, due to policy interventions, firms are
restricted in the type of contracts they can offer (either a single two-part contract
or fixed-fee contracts). We compare the implications for firm profits, consumer surplus, and social welfare in Section 6. In Section 7, we discuss two extensions. Section
8 concludes.

2

The model

We consider a model of horizontal product differentiation with two symmetric firms
located at opposite ends of a unit line (Hotelling, 1929). Fixed and marginal costs
are normalized to zero. Depending on the pricing scenario considered (which will
be explained later in more detail), firm i (i ∈ {1, 2}) can offer a two-part contract
with a fixed price fi and a linear price pi that must be paid for every unit purchased.

A unit mass of consumers is uniformly distributed along the unit line. There are two
types of consumers, informed and uninformed. The share of informed consumers
is φ, and the share of uninformed consumers is 1 − φ. These shares are the same for
7

all locations x ∈ [0, 1] on the unit line. The two groups differ in their information

status j with regard to the firms’ pricing policy. We denote informed consumers by
j = r; uninformed consumers are denoted by j = n. (The details will be explained
below.) Firms cannot distinguish between the different consumer types, that is,
firms cannot use third-degree price discrimination.
In contrast to a standard linear-city model, we allow the quantity demanded by an
individual consumer to depend on the price. A consumer who is located at x, and
who purchases quantity q ∈ [0, 1] units receives the following utility when buying

from firm i:

ui (x; q; fi , pi ) = q −

q2
− q (pi + τ |Li − x|) − fi ,
2

(1)

where τ is the transport-cost parameter. Li denotes the location of firm i, where
L1 = 0 and L2 = 1.8
This formulation follows the approach in Yin (2004). We use a shipping model in
which consumers incur (linear) transport costs per unit consumed.9 This implies
that mismatch costs occur for each unit purchased, and qτ |Li − x| represents the

total disutility suffered by a consumer with preferred product characteristics x when
consuming a product that is not ideal (and, hence, not located at x, but at Li ).
Consumer decision making proceeds in two stages. In a first step (the contracting
stage), consumers decide where to buy. In a second step (the consumption stage),
consumers decide about the quantity to be consumed at the chosen firm. At the
consumption stage, a consumer chooses quantity q so as to maximize utility from
consumption (equation (1)). This implies that the demand of a consumer located
at x who buys at firm i takes the following linear form:
qi (x; pi ) = 1 − pi − τ |Li − x|.

(2)

At the contracting stage, the two consumer groups differ in the extent to which they
take into account price information when deciding between the firms’ contracts. An
informed consumer (j = r) takes into account any price component charged by the
two firms. By contrast, an uninformed consumer (j = n) is aware of the fixed fees
charged by the firms, but neglects the linear prices, and expects both firms to set a
linear price of zero when selecting a firm.10 Hence, a consumer of type j (at location
8

Note that we could add a fixed value for basic services (for example, for domestic calls and
internet services in the roaming example). For reasons of tractability, we normalize the valuation
for such services to zero.
9
Our linear demand specification is a simplified version of that in Section 3.2 of Yin (2004) that is
also used in Gössl and Rasch (2020). The shipping model allows us to derive tractable results and fits
to the market we have in mind. An alternative approach to introducing elastic demand in the linear
city is to consider a setting in which the transport costs are incurred independently of the consumption
volume. This approach is taken, for instance, in Armstrong and Vickers (2001) in the context of price
discrimination and in Gu and Wenzel (2009) in the context of firm entry.
10
We acknowledge that the assumption that uninformed consumers completely ignore the linear
fee is quite strong. The results of our analysis, however, do not depend on the assumption that uninformed consumers expect both firms to have zero marginal prices. What is important for our results

8

x) expects to consume the following quantities:
qij (x; pi ) = 1 − 1r pi − τ |Li − x|,

(3)

where the indicator function is given as

1
1r (j) =
0

if j = r,
if j = n.

Note that for an informed consumer (j = r), the expected and actual consumed
quantities coincide, that is, expressions (2) and (3) are identical. By contrast, for an
uninformed consumer, expected and actual demand diverge. Indeed, by neglecting the linear price element, an uninformed consumer expects to consume a higher
quantity than is optimally chosen later on.
Given expected demand levels, a consumer with information status j who is located
at x, and who expects to purchase qij (x; pi ) anticipates the following utility when
choosing firm i at the contracting stage:
uji (x; q; fi , pi ) = qij (x; pi ) −

(qij (x; pi ))2
− qij (x; pi ) (1r pi + τ |Li − x|) − fi .
2

Again, expected and actual utility levels coincide for an informed consumer, but
an uninformed consumer expects a higher utility level from choosing a supplier. It
should be noted that in this respect, our setup differs from existing models. In our
setting, there is only a distortion in contract choice, but behavior is optimal in the
consumption stage (once contracts have been chosen). This is different from existing contributions. For instance, in Gabaix and Laibson (2006), a share of consumers
may consume an overpriced add-on product even if there is a cheaper outside opportunity available. Similarly, in Heidhues et al. (2017), a consumer may purchase
a product even if the price exceeds the valuation. By contrast, in our approach, all
consumers eventually learn about all price components, and their actual purchase
decisions are optimal ex post.
Throughout the paper, we focus on situations in which the market is fully covered
(that is, each consumer buys at either firm 1 or firm 2), and in which firms find it
profitable to serve both types of consumers. This imposes restrictions on the admissible range of transport costs. On the one hand, transport costs must not be too large
because otherwise some of the consumers prefer not to buy from any firm. On the
other hand, when transport costs are very low, catering only to the uninformed or
informed consumers may be optimal for the firms. The corresponding restrictions
is that uninformed consumers are not responsive to or underestimate linear fees at the contracting
stage. Therefore, in Section 7, we generalize the consumer bias and consider a version of our model
in which consumers underestimate (but do not completely ignore) the linear fee.
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are summarized in Assumption 1 (and derived in the Appendix):11
Assumption 1. Transport costs are such that
√ 
4 23 − 2 73
.
0 ≤ τ (φ) ≤ τ ≤ τ̄ =
79
¯
The timing of events is as follows:
Stage 1 (Pricing stage) Both firms simultaneously set their prices. Depending on
the regime, firms can charge (i) a menu of two-part tariffs, (ii) a single twopart tariff, or (iii) only a fixed fee.
Stage 2 (Contracting stage) Consumers observe firms’ pricing decisions and decide which contract to choose. Informed consumers consider all price elements, whereas uninformed consumers ignore linear price elements.
Stage 3 (Consumption stage) Uninformed consumers learn the linear price, and
all consumers choose their consumption level. Firm profits and consumer surplus materialize.
Next, we solve for the subgame-perfect equilibria of the various pricing scenarios.

3

Competition with screening contracts

We start by considering the case in which firms can offer two different two-part
contracts aimed at screening informed and uninformed consumers. This scenario
serves as our benchmark. We will later evaluate it against two policy measures: One
intervention bans the linear price element and requires firms to charge a fixed fee
only. In a second intervention, a regulator bans multiple tariffs and requires firms
to offer a single contract (that can be a two-part tariff) to all consumers.
In the final stage (the consumption stage), all consumers (informed and uninformed)
are fully aware of the pricing details of the chosen contract. As a result, the actual
demand of every consumer is given by expression (2). However, when deciding
from which firm to buy in the second stage, the uninformed agents are unaware of
the linear component leading to a type-dependent location for the indifferent consumer. For consumer type j, the location of the indifferent consumer, x̃j , is uniquely
determined by:




uj1 x̃j ; q1j ; p1 , f1 = uj2 x̃j ; q2j ; p2 , f2 .

(4)

11
The assumption is written in terms of the transport-cost parameter τ . Of course, it could also be
given in terms of the share of informed consumers φ (see the figures below).
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Hence, the indifferent consumer of type j is located at
x̃j =

1 1r (p1 − p2 )
f1 − f2
−
−
.
2
2τ
τ (2 − 1r (p1 + p2 ) − τ )

(5)

Note from equation (5) that informed and uninformed consumers differ in their
responsiveness to changes in the fixed component fi : Demand by informed consumers is more sensitive to changes in the fixed fee than demand by uninformed
consumers. Moreover, this responsiveness of informed consumers also increases
with the linear price. This is due to the fact that informed consumers anticipate that
their benefit from usage is low for relatively high linear prices. In this case, even
small differences in the fixed fees translate into relatively large differences in utility
from the two firms, increasing informed consumers’ sensitivity to changes in the
fixed fee.
Firms set their prices anticipating the type-dependent indifference levels and the
fact that both types of consumers choose the same quantity after having learned pi .
Assume that x̃j ∈ [0, 1]. Then, firm i’s maximization problem is given by

max

(pi,n ,fi,n ),(pi,r ,fi,r )

πi ((pi,n , fi,n ), (pi,r , fi,r )) =
Z

max{Li ,x̃r }

φ pi,r
min{Li ,x̃r }

!
(1 − pi,r − τ |Li − x|)dx + fi,r x̃r

+ (1 − φ) pi,n

Z

max{Li ,x̃n }

min{Li ,x̃n }

!
(1 − pi,n − τ |Li − x|)dx + fi,n x̃n

subject to consumers choosing the intended contract:
uri (x; q; fi,r , pi,r ) ≥ uri (x; q; fi,n , pi,n ),
uni (x; q; fi,n , pi,n ) ≥ uni (x; q; fi,r , pi,r ).
The maximization problem allows firms to offer possibly different contracts to informed consumers (pi,r , fi,r ) and to uninformed consumers (pi,n , fi,n ). Because consumer types are not observable, firms have to ensure that each type chooses the
intended contract. Proposition 1 describes the equilibrium contracts offered to the
two consumer types (where the subscript S refers to screening contracts).
Proposition 1. When firms can offer multiple two-part tariffs, firms will design different contracts for informed and uninformed consumers. The contract designed
for an informed consumer is
∗
fS,r
(τ ) =

3τ (4 − 3τ )
16
11

and p∗S,r (τ ) =

τ
.
4

The contract designed for an uninformed consumer is
∗
fS,n
(τ ) = −

16 − 80τ + 35τ 2
64

and p∗S,n (τ ) =

4−τ
.
8

In equilibrium each firm earns profits of
πS∗ (φ, τ ) =

τ (4(9 − φ) − τ (17 + 5φ))
.
64

Consumer welfare and social welfare amount to

Λ∗S (φ, τ ) = 2 φ

Z
0

1
2


∗
u x; q1r ; p∗S,r (τ ), fS,r
(τ ) dx + (1 − φ)

Z

1
2

!

∗
u x; q1r ; p∗S,n (τ ), fS,n
(τ ) dx

0

Ψ∗S (φ, τ ) = Λ∗S (φ, τ ) + 2πS∗ (φ, τ ).
The proposition shows that firms can successfully segment the market by offering
different contracts to informed and uninformed consumers. The contract for the uninformed consumers has a lower fixed component and a higher linear price component than the contract for informed consumers. This price structure is attractive for
uninformed consumers because they ignore the linear price and only consider the
fixed price element. By contrast, informed consumers are willing to pay a higher
fixed fee to benefit from a lower linear price (and, hence, a higher consumption
quantity).12
We note that the contracts offered to both types of consumers are inefficient because the linear prices exceed the marginal costs (normalized to zero). Given the
higher linear price for uninformed consumers (and, hence, the larger distortion), it
is clear that social welfare strictly increases as the share of uninformed consumers
decreases.
It is interesting to look at the effect of the transport costs on equilibrium prices.
While for informed consumers, both price elements increase as transport costs increase, this is not the case for uninformed consumers. Here, the fixed price increases, but the linear component decreases. The reason is that with a higher transport cost, firms’ revenues from linear sales are decreasing, which means that firms
have a lower incentive to attract uninformed consumers via a low fixed component.
The pricing structure toward uninformed consumers is reminiscent of other models in which consumers are unaware of add-on fees or other price elements, and
12

The contract for informed consumers corresponds to the benchmark cases (with only informed
consumers) as analyzed in Yin (2004) and Gössl and Rasch (2020). We note that the same equilibrium contracts would emerge if firms could observe consumers’ type and engage in third-degree price
discrimination.

12

in which this lack of awareness results in high prices for unobserved elements of
a contract and low prices for observed elements of a contract (e.g., Gabaix and
Laibson, 2006; Armstrong and Vickers, 2012). We note that the firms may charge a
negative fixed fee to uninformed consumers if transport costs are sufficiently small
√
(τ < 8/7 − 4 65/35). In such cases, firms find it worthwhile to subsidize so as to
attract uninformed consumers via a give-away (negative fixed fee) and recoup the
losses with a high linear price.

4

Reducing the range of contracts: Competition in single
two-part tariffs

We now analyze the effects of a regulatory intervention that reduces the range of
contracts so that firms can only offer one single contract. This contract can be a
two-part tariff. As a result of this policy, firms can only exercise intra-group price
discrimination, but cannot price discriminate between informed and uninformed
consumers. Nevertheless, as we will show below, the presence of both consumer
types shapes the design of the equilibrium contract.

Equilibrium behaviour
As in Section 3, firms set their prices anticipating the type-dependent indifference
levels and the fact that both types of consumers choose the same quantity after having learned pi ; but firms are now restricted to offer the same contract to both consumer types. Offering a single contract (pi , fi ), firm i’s maximization problem now
becomes
Z

max{Li ,x̃r }

max πi (pi , fi ; pj , fj ) = φ pi
pi ,fi

min{Li ,x̃r }

+ (1 − φ) pi

Z

!
(1 − pi − τ |Li − x|)dx + fi x̃r

max{Li ,x̃n }

min{Li

,x̃n }

!
(1 − pi − τ |Li − x|)dx + fi x̃n

,

where x̃r and x̃n are defined as in equation (5). Solving the maximization problem
and defining
A :=

p

τ 2 (−23φ2 + 18φ + 9) + 8τ (10φ2 − 9φ − 3) − 64φ2 + 64φ + 16

gives the following equilibrium result (where the subscript T denotes the case with
single two-part tariffs):
Proposition 2. When each firm sets a single two-part tariff, the symmetric equilib-

13

rium tariffs depend on the share φ of informed consumers and are given by
p∗T (φ, τ ) =

12 − τ (5 − 3φ) − A − 8φ
16(1 − φ)

and
fT∗ (φ, τ ) =

(A + τ (5φ − 3) − 8φ + 4)
A2 + 2A(−3τ φ + τ + 8φ − 4)
256(1 − φ)2 (A − 3τ (φ + 1) + 8φ + 4)

− 143τ 2 + (8 − 3τ )2 φ2 + 2(τ (61τ − 108) − 32)φ + 312τ − 48) .

The equilibrium profit for each firm is
πT∗ (φ, τ )


τ φ(A + 13τ − 12) − 8(A + 3τ − 4) + (8 − 3τ )φ2
=
.
128(φ − 1)φ

Given symmetric equilibrium prices, consumer surplus is calculated as13
Λ∗T (φ, τ )

Z
=2

1
2

u (x; q; p∗T (φ, τ ), fT∗ (φ, τ )) dx,

0

and social welfare is
Ψ∗T (φ, τ ) = Λ∗T (φ, τ ) + 2πT∗ (φ, τ ).
Note that in this scenario in which firms have to offer the same contract to all consumers, both groups of consumers do not differ with respect to their surplus (as
was the case with screening contracts), that is, the share of uninformed consumers
has no direct effect on total consumer surplus. It has, however, an indirect effect
via firms’ pricing decisions. This is different in existing approaches: For example,
in Gabaix and Laibson (2006), the consumer types also make different decisions in
equilibrium, whereas in our model, both types consume the same quantity in equilibrium. In our setting, the existence of the two groups only has an indirect effect
via influencing the firms’ pricing strategies (which then affect both consumer types
in the same way).

Impact of consumer types
Before comparing the equilibrium outcome with that under screening, and before
evaluating the policy effects, it is useful to closely inspect how the presence of the
two consumer groups affects firms’ pricing strategies and the equilibrium outcomes.
The analysis is useful for understanding interventions that increase the number of
informed consumers (for instance, via disclosure requirements and education initiatives).
13
We do not present formal expressions here due to readability, but illustrate our findings below.
Details are available from the authors upon request.
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The following proposition describes the effects of an increase of the share of informed consumers on equilibrium contracts:
Proposition 3. An increase in the share of informed consumers has the following
effects on firms’ equilibrium pricing strategies:
(i) It holds that ∂p∗T /∂φ < 0.
(ii) There exists a φfT∗ (τ ) such that ∂fT∗ /∂φ < 0 for φ < φfT∗ (τ ), and ∂fT∗ /∂φ > 0
for φ > φfT∗ (τ ).
The existence of uninformed consumers in the market changes firms’ equilibrium
prices. Part (i) of the proposition shows that the linear price component decreases
in the share of the informed consumers. By contrast, part (ii) shows that there is a
non-monotonic effect on the fixed fee.
The effect on the linear price follows from a larger number of consumers considering
this price component when choosing where to buy. Clearly, the more consumers
are informed about the linear price at the contracting stage, the lower the price that
firms have to set.
The non-monotonic effect of φ on the fixed fee component is due to two opposing
effects: a direct effect and an indirect effect. The direct effect is a composition effect,
and the indirect effect works via the decrease of the linear price component as the
share of informed consumers increases. The effects can be seen in the first-order
condition of firm profits with respect to the fixed fee f at the symmetric equilibrium:


1
∂ x̃r
∂ x̃n
∂Π1
= + φ
+ (1 − φ)
(f1 + p∗T (φ)(1 − p∗T − τ x) ) = 0.
|
{z
}
∂f1
2
∂f1
∂f1
|
{z
}
indirect effect: decreases with φ
direct effect: composition effect

The indirect effect follows from the decrease of the linear price component. With
lower linear prices, informed consumers become less sensitive toward changes in
the fixed fee. Hence, as the linear price decreases with more informed consumers,
firms have larger incentives to increase the fixed fee. This effect is similar in spirit to
an increase in the transport-cost parameter in a standard linear-city model. Because
the linear price decreases with more informed consumers, consumption quantities
increase (and, hence, consumption becomes more efficient). While consumers benefit from this effect, firm profits originating from the linear price component decrease. The lower profit reduces the intensity of competition among firms for new
consumers via lower fixed fees, which enables them to charge higher fixed fees.
This effect is similar to the cross-subsidization effects in the add-on literature (see,
for example, Gabaix and Laibson, 2006).
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The direct effect is a composition effect. As noted earlier (see equation (5)), informed consumers are more sensitive to changes in the fixed fee than uninformed
consumers. Hence, as the share of informed consumers increases, market demand
becomes more elastic with regard to the fixed fee, forcing firms to reduce this fee.
However, the effect becomes weaker as φ further increases. The effect can best be
understood by looking at the cross-derivative of the marginal informed consumer
(equation (5)) with respect to both price components:
∂ x̃r
2
< 0.
=−
∂f1 ∂p
τ (2 − 2p − τ )2
Due to the two opposing effects, the overall effect of a larger number of informed
consumers is u-shaped. As part (ii) of Proposition 3 shows, the fixed fee first decreases for low values of the share of informed consumers and then increases for
high values of the share of informed consumers. This is shown in Figure 1. The
left panel illustrates the result for a given value of the transport-cost parameter,
whereas the right panel shows the effects of changes in the transport-cost parameter. Moreover, the right panel also displays the parameter regions in which profits
and consumer surplus increase or decrease when the share of informed consumers
is increased.
An alternative way to demonstrate this non-monotonicity is by considering a regulation that lowers the linear price component directly (instead of indirectly via a
larger number of informed consumers). In a version of our model in which firms
set the linear fee at a regulated level of p̄, and in which firms compete on the fixed
fee, we can show the following result:
Corollary 1. Suppose that firms compete in a single two-part tariff, and that a regulator fixes the linear price at p̄. Then, decreasing p̄ leads to lower (higher) fixed
fees for sufficiently high (low) values of p̄.
This corollary relates our findings to the discussion of waterbed or see-saw effects,
according to which the regulation of one price component may lead to the increase
of other price components (see, for example, Genakos and Valletti, 2011, 2012).14
Our analysis brings a more nuanced picture forward and suggests that the extent
of such waterbed effects depends on consumer awareness. The corollary suggests
that adverse waterbed effects of regulation are non-monotonic. Starting from high
levels of p̄, a reduction in the linear fee also leads to a lower fixed fee. By contrast, if
p̄ is already at a low level, a further decrease of the linear fee may lead to a waterbed
effect and, hence, a higher fixed fee.
The next proposition explores the welfare and profit implications when the share of
14
For instance, Genakos and Valletti (2011) find that a decrease of interconnection charge in mobile
telecommunication markets leads to an increase of subscription prices.
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of the number of informed consumers and transport costs considered in the analysis.

informed consumers increases:
Proposition 4. An increase in the share of informed consumers has the following
effects on welfare and firm profits:
(i) It holds that ∂Ψ∗T /∂φ > 0.
(ii) There exists a φπT∗ (τ ) such that ∂πT∗ /∂φ < 0 for φ < φπT∗ (τ ), and ∂πT∗ /∂φ > 0
for φ > φπT∗ (τ ).
(iii) There exists a φΛ∗T (τ ) such that ∂Λ∗T /∂φ > 0 for φ < φΛ∗T (τ ), and ∂Λ∗T /∂φ < 0
for φ > φΛ∗T (τ ).
Because the only inefficiency in the market arises from a linear price that is set above
the marginal cost of zero, we can immediately conclude that social welfare increases
as the share of informed consumers increases due to lower linear prices. Social welfare is maximized when all consumers are perfectly informed because this means
that the linear price is lowest.
Interestingly, as opposed to existing findings, the effects on firm profits and consumer surplus are non-monotonic. These effects are illustrated in the right panel
of Figure 1. The u-shaped effect on firm profits follows the logic on firms’ pricing strategies outlined in Proposition 3. When many consumers are initially uninformed, informing some of them leads to lower linear prices and lower fixed fees.
As a consequence, profits decrease. The picture changes when few consumers are
initially uninformed. In this case, the linear price decreases, but the increase in the
fixed price compensates this negative effect so that overall profits increase. Lastly,
17
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we also point out that profits are highest when all consumers are uninformed about
linear prices, that is, in particular, πT∗ (1, τ ) < πT∗ (0, τ ).
With regard to consumer surplus, note that the previous literature suggests that
consumers are mainly affected by the fixed fee (Gössl and Rasch, 2020). Because
the fixed fee first decreases and then increases as the share of informed consumers
increases, this translates into similar effect on consumers surplus: It first increases,
and then decreases for (very) high levels of informed consumers.
This last aspect has also implications for the optimal level of marker information
from the consumers’ point of view. From the observation that consumer surplus
decreases in the share of informed consumers when already many consumers are
well informed (see part (iii) of Proposition 4) and the fact that
Λ∗T (0, τ ) =

144 − 7τ (72 − 31τ )
67τ 2 5τ
1
<
−
+ = Λ∗T (1, τ ),
384
69
4
2

we can state the following result:
Corollary 2. Total consumer welfare attains a maximum for an intermediate share
of informed consumers which is given by φΛ∗T (τ ).
Implications of the policy intervention
We are now in a position to evaluate the effects of the policy intervention, that is,
the effect of banning multiple two-part tariffs. We start by comparing the effects on
prices.
Prices can be compared in Figure 2. The figure provides a comparison of prices
under the screening contracts (for both informed and uninformed consumers) and
the prices under a single two-part tariff. With regard to the linear price, the figure
shows that due to the intervention, the linear price will decrease for uninformed
consumers, but it will increase for informed consumers. More interestingly, because
the fixed fee is u-shaped in the number of informed consumers (see our previous
discussion), this price component can decrease for both consumer segments.
Our next finding relates to firm profits:
Proposition 5. A reduction of the permissible number of two-part tariffs results in
lower profits for firms, that is, πT∗ < πS∗ .
The proposition shows that firm profits necessarily decrease when firms can no
longer target uninformed consumers via a separate contract. Hence, losing the ability to price discriminate hurts firms.
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Figure 2: Impact of a policy that bans multiple two-part tariffs on prices.
Define the following critical level of the number of informed consumers
√
2
3
4
2
256 + 3232τComplex
− 4000τ
+ 1101τ
− (−4transparency
+ 3τ )(−4 + 7τ )2 16 + 8τ
+ 161τ
pricing
and consumer
August
6, 2021
φΛST ,r (τ ) =
.
2(256 − 256τ + 2720τ 2 − 3856τ 3 + 1389τ 4 )

XXX∗ (XXX)

The following proposition evaluates the welfare effects of the intervention:
Proposition 6.

(i) Informed consumers are made better (worse) off by the reduc-

tion of the permissible number of two-part tariffs when their share is small
(large), that is, Λ∗T,r > (<)Λ∗S,r for φ < (>)φΛ∗ST,r .
(ii) Uninformed consumers always benefit from the reduction, that is, Λ∗T,n >
Λ∗S,n .
(iii) Consumers as a whole always benefit from the reduction, that is, Λ∗T > Λ∗S .
(iv) Requiring a reduction of the permissible number of two-part tariffs always
increases social welfare, that is, Ψ∗T > Ψ∗S .
The findings on firm profits and consumer welfare follow from the intuition that
this intervention removes the ability of firms to earn relatively large amounts from
targeting uninformed consumers via a separate contract. As a result, the market
becomes more competitive so that firm profits fall, and consumer surplus can rise.
Interestingly, however, while uninformed consumers always benefit, the effect is
ambiguous for informed consumers.
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5

Abolishing linear fees: Competition in fixed-fee contracts

In this section, we consider the case in which firms are restricted to fixed-fee pricing
and cannot make use of the linear price component. This means that both firms set a
linear price of zero.15 This intervention would correspond to the EU ban of roaming
charges in mobile telecommunication.
Note that this intervention – apart from eliminating the linear price component –
reduces the range of possible contracts. With only a fixed fee, firms can no longer
design different contracts to screen informed and uninformed consumers. Hence,
this setting rules out any discrimination based on consumers’ information status
(inter-group price discrimination), but also bans intra-group price discrimination
(via a two-part tariff).

Equilibrium behavior
Because consumer information does not matter in this scenario, our model simplifies to the analysis in Gössl and Rasch (2020). From expression (2) it follows that
the local demand of a consumer at firm i is qi (x) = 1 − τ |Li − x|. Because there
is no linear price, the actual demand level coincides with the expected demand for
both consumer types at the contracting stage. Hence, the indifferent consumer x̃F
in both segments is given by:
u1 (x̃; q1 ; f1 ) = u2 (x̃; q2 ; f2 ) ⇔ x̃F =

1
f1 − f2
−
.
2 τ (2 − τ )

Firms now simultaneously maximize:
max πi,F (fi ; fj ) = fi x̃F .
fi

The following proposition describes equilibrium firm behavior and the market outcome:
Proposition 7. When firms compete in fixed fees, both firms set the same contract
to both consumer types. The equilibrium fixed fee is
fF∗ = τ −
and firms earn
πF∗ =

τ2
,
2

τ
τ2
− .
2
4

15

Note that we have normalized marginal costs to zero. Hence, this policy could be regarded as
requiring firms to price the linear component at cost. In Section 6, we consider positive production
costs and discuss the effects of policy interventions that limit the linear fees at cost or ban the linear
fee entirely (which amounts to below-cost pricing).
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Consumer surplus is given by
Λ∗F (τ ) =

13τ 2 5τ
1
−
+ ,
24
4
2

and social welfare amounts to
Ψ∗F (τ ) =

τ2 τ
1
− + .
24 4 2

Implication of the policy intervention
We can now compare the outcome of this intervention with the market outcome
when firms offer screening contracts to consumers (as described in Proposition 1).
Define the following critical levels of consumer types:

∗ (τ ) =
φπSF

and
φΛ∗SF (τ ) =

4−τ
4 + 5τ

16 + 8τ − 3τ 2
,
16 + 8τ + 17τ 2

∗
where φπSF
< φΛ∗SF for each τ .

The following two propositions describe the effects of the intervention on firms and
consumers. The findings are also illustrated in the right panel of Figure 3.
Proposition 8. An abolishment of the linear price results in lower (higher) profits
for firms as long as the share of informed consumers is sufficiently low (high), that
∗ (τ ).
is, πF∗ < (>)πS∗ for φ < (>)φπSF

Proposition 8 says that, depending on the number of informed consumers, firms can
lose or benefit from the intervention. Indeed, this brings a more nuanced picture
to the literature. The existing literature shows that in markets with full consumer
information, reducing the number of price elements over which firms can compete
is beneficial for firm profits (Yin, 2004). By contrast, in our setting with informed
and uninformed consumers, this finding may not necessarily hold. Indeed, if the
share of uninformed consumers is sufficiently large, profits fall due to the intervention. Hence, our model with imperfect consumer information is in line with mobile
telecommunication firms’ opposition to the European Commission’s ban of roaming charges. It is also in line with some UK operators re-introducing roaming fees
following the UK exit of the EU.
The next proposition explores the welfare effects of the intervention:
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Proposition 9.

(i) Informed consumers never benefit from the abolishment of

the linear price component, that is, Λ∗S,r > Λ∗F,r .
(ii) Uninformed consumers always benefit from the abolishment of the linear price
component, that is, Λ∗S,n < Λ∗F,n .
(iii) Consumers as a whole benefit from (are worse off after) the abolishment as
long as the share of informed consumers is sufficiently small (large), that is,
Λ∗S < (>)Λ∗F for φ < (>)φΛ∗SF .
The main message behind Proposition 9 is that, while overall consumer welfare can
go up or down, the effects on the two consumer groups are clear-cut. Uninformed
consumers benefit from the intervention, and informed consumers lose out. Thus,
the effects on overall consumer welfare largely depend on the distribution of types.
∗ (τ )), the effect is negative;
With a large number of informed consumers (φ > φπSF
∗ (τ ), the effect is positive. Here, we also complement existing findings
for φ < φπSF

by showing that consumer information crucially matters to determine whether a
reduction of pricing instruments hurts or benefits consumers.
The left panel of Figure 3 provides the intuition of these findings. While both consumer groups benefit from the reduction of the linear fee, all consumers are also
negatively affected via higher fixed fees (waterbed effect). Note that this waterbed
effect, however, is stronger for uninformed consumers compared to informed consumers. Nevertheless, we find that uninformed consumers can overall benefit from
the regulation because the decrease of the linear fee dominates. By contrast, informed consumers never benefit because the reduction of the linear fee is, as can be
seen in the figure, relatively small compared to the increase of the fixed fee.
Finally, note that the overall effects on social welfare are positive. Because the intervention sets the linear price equal to zero, it implements the efficient consumption
level, and, hence, social welfare increases due to the intervention.

6

Comparing policy interventions

In this section, we compare the two interventions and identify conditions when each
is the better solution for a regulator to implement. One potential aim of a regulator could be to maximize total consumer surplus. An alternative objective could be
to maximize the surplus of uninformed consumers (if they are seen as vulnerable
consumers). Interestingly, in both interventions, inter-group price discrimination
is removed so that the two objectives are aligned. Yet, it will turn out that the preferences of the two consumer groups, informed and uninformed, are not generally
aligned. We also discuss the effects of a further scenario in which a regulator – apart
from affecting the price scheme – might also affect consumer awareness of the linear
price component via, for instance, disclosure requirements.
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of the share of informed consumers and transport costs considered in the analysis. For
combinations in section a, firms and consumers as a whole lose out due to the ban, whereas
both parties benefit from the ban in section c. In section b, firms benefit, but consumers are
made worse off.

Comparison of total consumer surplus and firm profits
We start by comparing preferences of firms and consumers as an aggregate group.
Proposition 10. Comparing the two scenarios of a policy intervention reveals that
(i) there exists a φπ∗ (τ ) such that πF∗ (τ ) < πT∗ (φ, τ ) for φ < φπ∗ (τ ), and πT∗ (φ, τ ) <
πF∗ (τ ) for φ > φπ∗ (τ ),
(ii) there exists a φΛ∗ (τ ) such that Λ∗T (φ, τ ) < Λ∗F (τ ) for φ < φΛ∗ (τ ), and Λ∗F (τ ) <
Λ∗T (φ, τ ) for φ > φΛ∗ (τ ), and
(iii) it holds that Ψ∗T (φ, τ ) < Ψ∗F (τ ).
Figure 4 illustrates the findings of the proposition (parts (i) and (ii)). The intuition
behind these results can be related to our findings in Proposition 4. Consumers
as a whole are better off when linear prices are abolished as long as the share of
informed consumers is sufficiently low.16 This is illustrated by the areas a and b in
Figure 4. In this case, it is true that fixed fees would be lower under a single two-part
tariff, but firms can exploit the fact that many consumers are not aware of the linear
prices charged. As a result, a policy that bans this linear component maximizes total
consumer surplus.
16

While in our model, the effect of this policy intervention on consumer surplus crucially depends
on the share of uninformed consumers in the population, this does not hold true for related models
of add-on pricing. In Ellison (2005), “[...] such a policy would make all consumers better off. High
types gain because they pay lower prices. Low types are better off despite paying more because they
get a higher quality good.”
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In the opposite case in which a larger number of consumers is informed, the optimal
policy intervention would require firms to offer only a single two-part tariff (illustrated by area c in Figure 4). Because a larger number of consumers is informed, the
negative effect of a high fixed fee when the linear fee is banned dominates so that
consumers are better off with a (single) two-part tariff.
These findings for consumer welfare have important implications for firms: Firms’
and consumers’ preferences are generally not aligned, and we can conclude that,
despite the fact that more pricing instruments tend to result in more intense competition, firms benefit from being able to exploit uninformed consumers when their
share is large. In this situation, abolishing the linear fee boosts competition in fixed
fees to an extent such that profits decrease.
Interestingly, however, there is also an intermediate region of φ for which both, firms
and consumers, benefit from the abolishment of the linear price (area b in Figure
4). Compared to the case with no or only very few informed consumers, the linear
price is lower, and, hence, social welfare is higher. In this intermediate range, firms
cannot appropriate all of this gain but only parts of it due to competition. As a
result, consumers also get a share of the gain.
Due to the positive linear price under two-part tariffs, social welfare is always higher
in the fixed-fee scenario (which implies a linear price equal to the marginal cost of
zero).
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Differential effects on informed and uninformed consumers
As pointed out in the previous sections, we see that the interventions can have different effects on informed and uninformed consumers. While uninformed consumers
benefit from both interventions, this is not the case for informed consumers. Therefore, in this subsection, we elaborate on the groups’ preferred pricing regimes (including no intervention at all).
The results of these comparisons are presented in Table 1. In addition to the effect on
the two consumer types, the table, drawing on Proposition 10, shows the preferred
pricing regimes for consumers as a whole and for firms. While the preferences of
consumers (as a whole) and uninformed consumers are aligned, these can differ for
informed consumers, particularly in markets with a large share of uninformed consumers. The comparison shows that for markets with a sufficiently large number
of uninformed consumers, informed consumers prefer no intervention at all (that
is, their surplus is maximized with screening contracts), whereas uninformed consumers prefer an intervention (typically, fixed fees only).
Interestingly, in contrast to uninformed consumers, informed consumers never prefer the ban of linear fees because this makes it possible for firms to appropriate a
large share of their surplus via a high fixed fee (Yin, 2004). By contrast, such fixedfee-only contracts can be optimal for uninformed consumers because uninformed
consumers cannot be exploited via unexpected high linear prices.
Table 1: Optimal regimes.

Firms
Consumer surplus
Informed consumers
Uninformed consumers
Total welfare

∗
0 ≤ φ < φπSF
Screening
Fixed fees
Screening
Fixed fees
Fixed fees

Firms
Consumer surplus
Informed consumers
Uninformed consumers
Total welfare

φ < φΛ∗F T
Screening
Fixed fees
Screening
Fixed fees
Fixed fees

τ . 0.0798
∗
φπSF
≤ φ < φΛ∗F T
Fixed fees
Fixed fees
Screening
Fixed fees
Fixed fees
τ & 0.0798
∗
φΛ∗F T ≤ φ < φπSF
Screening
Single TPT
Screening
Single TPT
Fixed fees

φΛ∗F T ≤ φ < φΛ∗ST,r
Fixed fees
Single TPT
Screening
Single TPT
Fixed fees

φΛ∗ST,r ≤ φ ≤ 1
Fixed fees
Single TPT
Single TPT
Single TPT
Fixed fees

∗
φπSF
≤ φ < φΛ∗ST,r
Fixed fees
Single TPT
Screening
Single TPT
Fixed fees

φΛ∗ST,r ≤ φ ≤ 1
Fixed fees
Single TPT
Single TPT
Single TPT
Fixed fees

Additional policy measure: Disclosure of linear prices
So far, the distribution of consumer types (informed vs. uninformed) was treated
as an exogenous parameter. Here, we briefly discuss optimal policy decisions if a
regulator not only restricts firms’ pricing instruments, but can also influence to what
25

extent linear fees are salient and require firms to disclose and advertise the linear
price component. In our setting, such a disclosure requirement could be interpreted
as an increase in the share of informed consumers (and a corresponding decrease
in uninformed consumers).
To fix ideas, suppose that a regulator applies a consumer standard and intends to
maximize total consumer surplus. In addition to choosing the pricing regime, the
regulator can determine the share of informed consumers at no cost. Then, we obtain the following result:
Proposition 11. Total consumer surplus attains a maximum with a single two-part
tariff and an intermediate level of informed consumers.
The intuition for understanding this finding comes in two steps. First, note that
with fixed fees only, the market outcome does not depend on the share of informed
consumers, while it does in the case of a single two-part tariff. Hence, because the
single-two part tariff is optimal for an intermediate level of informed consumers (see
Proposition 10 and Table 1), fixed fees only can never be optimal if the regulator can
also affect consumer information. Second, from Corollary 2 it follows immediately
that perfect information with all consumers being informed is never optimal. Thus,
the regulator optimally prefers a regulation with a single two-part tariff and requires
an intermediate level of informed consumers.
This result suggests that, instead of banning roaming charges, a policy that requires
firms to offer a single contract combined with an increased disclosure of roaming
charges might have led to higher aggregate consumer surplus. In particular, one
might argue that over time (particularly due to increased use of data services) consumer attention of roaming services and charges would have increased automatically.

7

Discussion and extensions

This section considers the robustness of our results regarding policy interventions
by exploring two extensions. We enhance the model by adding positive production
costs and by generalizing the (uninformed) consumer bias. For both extensions, we
evaluate whether this affects the welfare implications of banning linear fees.

Positive marginal cost
Up to this point, we have assumed that marginal costs are zero. Thereby, we implicitly impose that under a regulation that bans linear fees, the linear price is set
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equal to its cost level (that is, to zero). In this subsection, we briefly discuss the implications for a policy intervention when firms face positive, but small (constant)
marginal costs c > 0.17 We provide a comparison of the benchmark with screening
contracts and a regulation that limits firms’ ability to set linear fees. With positive
costs, there are now two policy options that a regulator might consider. First, the
regulator may impose a policy that bans all linear fees. Because production is costly,
this implies that firms would offer the product below cost. An alternative to this policy is a cost-based regulation that sets the linear price equal to the marginal cost. In
turn, we consider both policy options.
We first discuss the effects of an intervention that bans the linear fee in the presence
of a production cost and compare it to the baseline scenario with screening contracts. We focus on this comparison due to its simplicity and its implementation in
practice (see, for example, the EU roaming regulation). With regard to the effects
on consumers and firms, we find that the results from our main analysis are largely
robust. The policy intervention is beneficial to consumers if the share of informed
consumers is sufficiently small, and hurts them otherwise. For firms’ profits, the
opposite pattern occurs. However, with positive marginal costs, the scope for consumers to benefit becomes smaller, whereas the scope for firms to benefit becomes
larger. The reason for this more adverse effect on consumers is that competition between firms is further weakened. When the linear fee is below cost, firms have less
incentive to attract additional consumers leading to a higher fixed fee, which hurts
consumers, but tends to benefit firms.
On the downside, this policy may lead to overconsumption and, hence, might have
negative effects on social welfare. However, we point out that such effects appear
rather small because they have to be weighted against the problem of underconsumption in the case of no intervention (with screening contracts, linear prices are
inefficiently high). This is illustrated in Figure 5 that shows that also with positive
marginal costs, welfare effects are typically positive, though smaller. This is particularly true for cases in which consumer information is poor. Only when the initial
share of informed consumers is very high, the overall effect on welfare is negative.
These results are line with empirical evidence. In their study, Canzian et al. (2021)
point out that the abolishment of the roaming fees in Europe resulted in welfare
gains despite the distortion from a possible overconsumption at zero surcharges.
With regard to a cost-based regulation (where the regulator sets the linear fee equal
to marginal cost), we find that such a regulation leads to higher social welfare compared to entirely banning the linear fee. This is intuitive because banning linear
fees (that is, a regulated price of zero) would lead to overconsumption. What is
perhaps more surprising is that consumer welfare is also higher when the linear
fee is equal to the cost. Consumers prefer the cost-based regulation because belowcost pricing leads to disproportionately high fixed fees. Marginal prices below cost
17

The derivations are relegated to the Appendix.
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Figure 5: Net effect on welfare when banning linear fees under zero and positive
marginal costs (for τ = 0.1).
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new consumers. However, even though firms are able to charge high fixed fees,
they nevertheless also prefer a cost-based regulation due to the problem of overconsumption that negatively affects their profits. Hence, from the perspective of
consumers, firms, and overall welfare, a cost-based regulation is preferable, and,
hence, entirely banning the linear fee may be too costly for society when costs are
significant.

Generalization of consumer bias
In our main analysis, we assume that uninformed consumers completely ignore the
linear price component at the contracting stage. In the following, we relax this assumption and consider a version of the model in which consumers underestimate
the linear price, but do not completely ignore it. We briefly discuss the main implications with regard to equilibrium pricing, and whether this affects the desirability of
a market intervention that bans the linear fee. The model variant extends the validity of our predictions to a more general class of consumer bias where – in the spirit
of Martimort and Stole (2020) – consumers have difficulty discerning the relevant
margin from an offered nonlinear schedule.
For this extension of the model, we assume that, at the contracting stage, any contract (pi,j , fi,j ), i ∈ {1, 2}, j ∈ {r, n}, is evaluated as (αpi,j , fi,j ), α ∈ [0, 1) by an
uninformed consumer. Hence, the parameter α measures the degree of the con-

sumer bias, that is, the extent to which the consumer underestimates the linear fee
with smaller values measuring a larger bias. Note that, in contrast to our main analysis, uninformed consumers are now responsive to changes in the linear fee, though
to a smaller extent than informed consumers. When α = 0, the version of the model
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coincides with our main analysis. We focus our discussion on small deviations from
XXXbenchmark,
(XXX)
pricing but
and consumer
this
that is, αComplex
is positive,
small.18 transparency

April 14, 2022

With regard to equilibrium pricing with screening contracts, we find that firms
are still able to separate uninformed and informed consumers, though, quite intuitively, the contract offered to uninformed consumers now becomes more similar
to that offered to informed consumers as the extent of the bias becomes smaller.
This decreases the profitability of these contracts while increasing the surplus to
uninformed consumers. The observations on pricing have two implications when
analyzing the effects of a regulation that requires firms to charge fixed fees only.
First, it is more likely that firms are negatively affected by the market intervention
when the bias becomes larger. Second, as the extent of the bias increases, it becomes
more likely that uninformed consumers and consumers as a whole benefit from the
market intervention. These two effects are summarized in Figure 6 that shows that
as the extent of consumer bias increases, the two critical levels of uninformed consumers φ are shifted to the right, enlarging the parameter space where consumers
benefit, and firms are hurt.
In a nutshell, when weakening our assumption on uninformed consumers ignoring
the linear price component, we find that our main results are robust. In particular,
we find that an intervention is more desirable (from a consumer perspective) when
the awareness of consumers is small, and the extent of the bias is large.
18

The derivations of the following results can be found in the Appendix.
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Conclusion

With regard to roaming, our analysis suggests that given the small share of consumers who are fully informed, the model can explain the divergence of interests
in the political decision process: Telecommunication firms were against the abolishment of roaming fees, whereas the European Commission promoted it. Put differently, because the model predicts that given that mobile operators opposed this
kind of policy intervention, this would suggest that only (very) few consumers were
fully informed about all pricing components. In this case, however, a regulatory intervention is most warranted because the difference in consumer surplus between
the two-part-tariff and the fixed-fee scenarios is greatest. However, our analysis also
suggests that the disclosure of roaming fees in combination with tariff simplification
might have resulted in even higher levels of consumer welfare.
The welfare results of our model in a market with boundedly rational consumers not
only provide a rationale for regulating the European telecommunications markets.
They also allow to conjecture that a large fraction of consumers are severely challenged by the complex pricing schemes that many products inhibit. Consequently,
following its consumer standard, it is consistent with our theory that the European
Commission continues to make a noticeable effort to support consumers in making
economically sound decisions.
In its most recent efforts to reduce pricing complexity, the European Commission
has put into effect the Markets in Financial Instruments Directive (MIFID II). Applying from January 2018, this legislative framework is aimed at strengthening investor
protection in Europe – among other aspects by educating consumers about the often
complex pricing structures of financial products. Before consumers can buy or sell
stocks or funds, the regulation requires banks to supply them with standardized
information regarding the costs of transacting and holding these stocks.
Evidently, the pricing structures in the financial and telecommunications industries
differ substantially and applying our results to other markets would require to take
their peculiarities into account. As Faure and Luth (2011) argue, this quite generally applies to many findings of the behavioral literature in industrial organization
that to a large extent are context-specific and applicable only to particular products,
services, and consumer groups. This fact also suggests that there remains plenty of
scope for further market studies shedding light on the economic consequences of
consumers’ behavioral biases.
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Appendix

A.1

Derivation of Assumption 1

In this appendix, we derive the thresholds for transport costs that ensure that the
pure-strategy equilibria characterized for all three scenarios discussed in the main
text exist. The bounds on transport costs are necessary in the case of the upper
bound due to our requirement of full market coverage, in the case of the lower bound
to rule out deviations of firms to only serve one consumer group. We find that in
both cases the constraints implied by the single TPT case are binding.
Market coverage condition: Competition with screening contracts
The market is covered when both consumer groups have non-negative utility from
consumption. In the symmetric equilibrium the consumer with the lowest utility is
located at x = 21 . It must hold that:
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Note that τ r < τ n .
Market coverage condition: Competition in single two-part tariffs
In this case the market is covered whenever:




1 r ∗ ∗
r
r 1 r
∗ ∗
u1
, q , fT , pT = u2
, q , fT , pT ≥ 0
2
2

−




(A + τ (5φ − 3) − 8φ + 4) τ A(5 − 7φ) − 8 5φ2 + 32φ − 39 + 4 4(A − 2)φ − 3(A + 4) + 16φ2 + τ 2 5φ2 + 134φ − 143
256(φ − 1)2 (A − 3τ (φ + 1) + 8φ + 4)
(A.1)

The point where (A.1) binds with equality implicitly determines τ (φ). Graphical
√
inspection shows that min τ (φ) = τ (φ = 0) = 4/79(23 − 2 73) ≡ τ . Note that

τ < τ r.

Market coverage condition: Competition in fixed fee contracts
In this case the market is covered whenever:
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Noting that τ f > τ we can conclude that for all τ ≤ τ the market is covered in all
our scenarios.

Firm non-deviation condition
33

≥0

Note that in the single two-part tariff scenario, firms may be able to profitably deviate and serve only one of the consumer groups. In the screening case such a deviation is never incentive-compatible for firms since offering two different contracts is
costless and therefore profit-maximizing. Moreover, in the fixed-fees only case a deviation to one of the two groups of consumers is impossible since their information
status coincides in this scenario.
In the following, we derive a lower bound on transport costs which ensures that
serving both types of consumers is indeed optimal. If transport costs are too low, a
firm can deviate by serving exclusively either informed or uninformed consumers.
Upon deviating to only serve the uninformed consumers, firm 1 maximizes:
max π1D,n (p1 , f1 ; p∗T , fT∗ )
p1 ,f1
where x̂nT =

1
2

−

f1 −fT∗
τ (2−τ )

 Z
= (1 − φ) p1

x̂n
T

0

(1 − p1 − τ x)dx +

f1 x̂nT


,

denotes the indifferent uninformed consumer with firm 1

deviating. Correspondingly, when deviating to only serve informed consumers the
firm maximizes:
max π1D,r (p1 , f1 ; p∗T , fT∗ )
p1 ,f1
where x̂rT =

1
2

−

p1 −p∗T
2τ

−

consumer type j ∈ {n, r}



Z

= φ p1
0

x̂rT

(1 − p1 − τ x)dx +

f1 x̂rT


,

f1 −fT∗
τ (2−p1 −p∗T −τ ) . We denote the prices under a deviation to
∗ } and the corresponding payoffs of the firm
by {p∗D,j , fD,j

∗ ; p∗ , f ∗ ). Whenever deviating the firm will choose to deviate to
by π1D,j (p∗D,j , fD,j
T T

that group of consumers that promises her larger profits and we denote the firm’s
deviation payoffs as π1D ≡ max{π1D,n π1D,r }. Since we study the fully symmetric equilibrium we can drop the firm index in the following without any loss of generality
and treat firms synonymously.
Since numerical simulations show that the deviator obtains zero profits from the
group of consumers that is not targeted by the deviation, deviating by serving only
one group of consumers will not be profitable for a firm if and only if π D ≤ πT∗

holds. This condition can be reinterpreted as a lower bound on the transport cost
parameter, τ (φ), such that for all τ ≥ τ (φ) the deviation of a firm to serve only one

group of consumers is ruled out.

A.2

Positive marginal costs

Suppose that firms face positive, but small (constant) marginal costs of production
c < 0.16. The analysis follows the same steps as the main model, hence, in the
following we briefly provide the results of this modification.
Screening contracts
Following the same steps as in the main model, in equilibrium firms offer the fol34

lowing screening contracts and segment the market. The contract for informed consumers is
pr = c +

9
3
3
fr = τ − τ 2 − cτ,
4
16
4

τ
4

and the contract offered to uninformed consumers becomes
pn =

c
1 τ
− +
2 8 2
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16 − 80τ + 35τ 2 + 16(τ − 2 + c)c
.
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Linear price regulated at cost
Suppose the regulation requires firms to charge the linear price at cost, p = c, and
that all consumers are informed of this policy. Standard calculations show that in
equilibrium firms charge a fixed fee of f ∗ =
increases,

f∗

τ (2−τ −2c)
.
2

As the production cost c

decreases as consumers reduce their demand and, hence, receive less

surplus from consumption. Given these prices, consumer welfare, social welfare
and equilibrium profits are
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Linear price regulated at zero
Now suppose that firms are banned from charging a linear price. Given the production cost c this implies a below-cost price of p = 0 < c. Standard calculations yield
the equilibrium fixed fee f ∗ =

(c+τ )(2−τ )
.
2

A higher c now leads to a higher fixed

fee as attracting new consumers, who consume a product below-cost, becomes less
beneficial. In turn the fixed fee rises. Given these prices, consumer welfare, social
welfare and equilibrium profits are
Λ(p∗ = 0) =

1 5
13
c(2 − τ )
− τ + τ2 −
,
2 4
24
2
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1
τ
c(4 − τ )
+ τ2 − −
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2 24
4
4

1
1
cτ
π ∗ (p∗ = 0) = τ − τ 2 − .
2
4
8
Straightforward comparisons reveal that Λ(p∗ = c) > Λ(p∗ = 0), Ψ(p∗ = c) >
Ψ(p∗ = 0) and π(p∗ = c) > π(p∗ = 0). That is, a cost-based intervention leads to
35

higher consumer surplus, firm profits and social welfare than banning the linear
price component.
Welfare effects of banning the linear fee
Comparing consumer surplus under screening contracts and under a ban of the
linear fee, consumer surplus increases (decreases) when φ < (>)φΛ , where
φΛ =

16 + 8τ − 3τ 2 + 8(3τ − 6c − 4)c
.
16 + 8τ + 17τ 2 + 8(15τ + 2c − 4)c

That is, as in the main model, the policy intervention raises consumer surplus if
the share of informed consumers is small. Note that φΛ is decreasing in c for the
relevant parameter space. Hence, the scope for a beneficial intervention becomes
smaller, but is still relatively large, see Figure 5.
Comparing firm profits under screening contracts and under a ban of the linear fee,
firm profits increases (decreases) when φ > (<)φπ , where
φπ =

4 − τ + 4c
.
4 + 5τ + 28c

A similar pattern arises in the main model without production costs. As φπ is decreasing in c the parameter space where firms profits rise becomes larger.

A.3

Generalization of consumer bias

In this Appendix, we generalize the extent to which uninformed consumers underestimate the linear price when making their contract decision at stage 2 of the game.
For any contract (pi,j , fi,j ), i ∈ {1, 2}, j ∈ {r, n}, at the contracting stage the unin-

formed consumer wrongly assumes that the offered contract is (αpi,j , fi,j ), where
α ∈ [0, 1). For the case where α = 0, we are back to the baseline scenario.
The expected level of consumption for either type is:

1 − αp − τ |L − x| if j = n
i
i
j
qi (x; pi ) =
1 − p − τ |L − x| if j = r
i
i

.

(A.2)

Given expected demand levels, a consumer with information status j who is located
at x, and who expects to purchase qij (x; pi ) anticipates the following utility when
choosing firm i at the contracting stage:
uji (x; q; fi , pi ) = qij (x; pi ) −

(qij (x; pi ))2
− qij (x; pi ) ((1r + 1n α)pi + τ |Li − x|) − fi .
2
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Competition with screening contracts
For now, let us assume that both – informed and uninformed consumer – choose
their intended contract. This means that the informed chooses (pi,r , fi,r ) and the
uninformed chooses (pi,n , fi,n ), respectively. Below, we derive conditions to ensure
this behavior.
The indifferent consumer of type j is located at
x̃j =

f1,j − f2,j
1 (1r + 1n α) (p1,j − p2,j )
−
−
.
2
2τ
τ (2 − (1r + 1n α) (p1,j + p2,j ) − τ )

(A.3)

Firm profit maximization gives the following firm market outcomes (analogous to
Proposition 1):
∗
fS,r
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∗
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16
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.
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Let us now consider the incentives of the different consumer types to select contracts. We begin by establishing some comparative statics of the equilibrium prices
∗
with regard to the bias parameter α. Note that limα→1 p∗S,n = p∗S,r , limα→1 fS,n
=
∗ , lim
∗
∗
∗
∗
∗
2 ∗
2
fS,r
α→0 pS,n > pS,r , limα→0 fS,n < fS,r , ∂pS,n /∂α < 0, and ∂ fS,n /∂α > 0.

These properties establish that for any bias level α ∈ [0, 1), we have p∗S,n > p∗S,r and

∗ < f ∗ . Consumers choose their intended contract whenever:
fS,n
S,r

uri (x; q; fi,r , pi,r ) ≥ uri (x; q; fi,n , pi,n ),

(A.4)

uni (x; q; fi,n , pi,n ) ≥ uni (x; q; fi,r , pi,r ).

(A.5)

For the uninformed consumers it is straightforward to show that they always generate higher utility by selecting the intended contract, i.e., (A.5) holds for all α ∈ [0, 1).

For the informed, the intended behavior requires further assumptions as it turns
out that for some values of α they can be better off by selecting the non-intended
contract. To see this, first note that ∂uri (x; q; fi,r , pi,r )/∂α = 0. Next, note that
limα→1 uri (x; q; fi,n , pi,n ) = uri (x; q; fi,r , pi,r ), limα→0 uri (x; q; fi,n , pi,n ) < uri (x; q; fi,r , pi,r ),
and ∂ 2 uri (x; q; fi,n , pi,n )/∂α2 < 0. Finally, by observing that:
∂uri (x; q; fi,n , pi,n )
∂α

< 0,
α→1

it follows that there exists a unique α∗ ∈ [0, 1) such that the informed consumer
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,

will choose the intended contract if and only if α < α∗ holds. Conversely, if the bias
of the uninformed consumers is only small and α > α∗ , the informed consumer
finds it preferable to select the contract intended for the uninformed. In this case
informed consumers rather enjoy a smaller fixed fee at the expense of a larger linear
price. To maintain comparability to our findings in the main text, in the following
we focus on the scenario where α < α∗ holds.

Fixed-fee contracts: A comparison
Next, we compare the outcomes of the screening model to the case where the regulator restricts firms to only charge fixed fees. With fixed-fees only, the equilibrium
prices from the main text remain valid and are characterized in Proposition 7. In
the following, we provide conditions under which our findings in Propositions 8
(comparison of firm profits) and 9 (comparison of consumer surplus) extend to
the scenario with generalized consumer bias.
First, consider firm profits and let us define the following generalization of the critical consumer type distribution level for firm profits:
∗
φπSF,α
(α, τ ) =

(4α − 1)(2α(τ − 2) − τ + 4)
.
(α − 1)(α(11τ − 16) + 5τ + 4)

∗
∗ . We can use this threshold to extend Proposition 8
Note that limα→0 φπSF,α
= φπSF

to the case where α > 0 as follows.
Proposition A.1.

(i) Whenever α < min{α∗ , 1/4}, an abolishment of the linear

price results in lower profits for firms as long as the share of informed con∗
sumers is sufficiently low, i.e., πF∗ < πS∗ for φ < φπSF,α
(α, τ ). For any other

admissible value of α, an abolishment of the linear price leads to higher firm
profits.
∗
/∂α < 0 for all α ∈ [0, 1/4), firms are more likely to lose from the
(ii) Since ∂φπSF,α

abolishment of linear fees when the bias is larger (that is, α is smaller).

Next, consider consumer surplus. The analysis of informed consumers does not
change compared to the main text, since their attained utility level is independent of
α. The situation changes for α-biased consumers, whose surplus under the screening contract depends on the size of the bias. It turns out that part (ii) of Proposition
9 remains valid if and only if the value of α is sufficiently close to zero. To see this,
observe that limα→0 Λ∗S,n < Λ∗F,n , limα→1 Λ∗S,n > Λ∗F,n , and ∂ 2 Λ∗S,n /∂α2 < 0. For the
comparison of total consumer surplus (cf. Proposition 9(iii)) an argument analogous to firm profits can be formed. Let us define the following generalization of the
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critical consumer type distribution level for consumer surplus:
φΛ∗SF,α (α, τ ) =

(2α(τ − 2) − τ + 4)(2α((α(4α − 1) − 7)τ − 2) + 3τ + 4)
(α − 1) (8α (−4α2 + α + 6) τ + (α(3α(7α + 3) − 37) − 17)τ 2 + 16α − 8(τ + 2))

Note that limα→0 φΛ∗SF,α = φΛ∗SF . We summarize our findings on the consumer
surplus comparison with α-biased consumers in the following proposition.
Proposition A.2.

(i) Informed consumers never benefit from the abolishment of

the linear price component, i.e., Λ∗S,r > Λ∗F,r .
(ii) Uninformed consumers benefit from the abolishment of the linear price component, i.e., Λ∗S,n < Λ∗F,n , if and only if their bias is sufficiently severe (i.e.,
when α is close enough to zero).
(iii) When α < min{α∗ , 1/2}, consumers as a whole benefit from the abolishment
as long as the share of informed consumers is sufficiently small, i.e., Λ∗S < Λ∗F
for φ < φΛ∗SF,α .
(iv) Since ∂φΛ∗SF,α /∂α < 0 for all α ∈ [0, 1/2), consumers as a whole are more likely

to benefit from the abolishment of linear fees when the bias is larger (that is,
α is smaller).
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