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Abstract
I study the welfare effects of the recently proposed “Bill Shock” regulation in the mobile phone
industry, a proposal that would inform consumers when they use up the monthly allowance of their mobile
phone price plan. Using a rich billing data set, I estimate an industry model of calling, subscription and
pricing. My counterfactual simulations predict that the proposed regulation has two conflicting welfare
effects: a positive effect from lower overage prices and a negative effect from higher fixed fees. In net
terms, I predict a 2% increase in consumer surplus, while industry profit remains constant. Moreover,
the regulation benefits heavy users and hurts light users.
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JEL codes: L13, L50, L96
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Introduction

A recent survey conducted by the Federal Communications Commission (FCC) finds that, in 2010, one in
six mobile phone users has experienced “Bill Shock”, an unexpected increase in their monthly mobile phone
bill. Concern with this phenomenon led to a proposed “Bill Shock” regulation. This regulation requires
mobile network operators to inform consumers when they use up the monthly allowance of their mobile
phone price plan (U.S. mobile network operators charge consumers a three-part tariff: a fixed monthly
∗ I am indebted to my advisors: John Asker, Luı́s Cabral, Allan Collard-Wexler, Robin Lee for giving me guidance and
encouragement. Adam Brandenburger, Larry White, Ariel Pakes, Heski Bar-Isaac, Ignacio Esponda provided helpful comments,
as did seminar participants at the NYU micro lunch. I am indebted to Katja Seim for providing me with information on various
sources of data. All errors are my own.
† Leonard Stern School of Business, NYU. 44 W4th St, New York, NY10012. E-mail: ljiang@stern.nyu.edu
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fee, a monthly allowance of free calling minutes, and an overage price per minute.).1 The proposed Bill
Shock regulation reflects an important dimension of consumer protection policies: the reduction of consumer
price uncertainty. By estimating the welfare effects of Bill Shock regulation, this paper is one of the first
to contribute to understanding the welfare effects of consumer protection policies that attempt to reduce
consumer price uncertainty.
Using a rich billing data set, I estimate an industry model of calling, subscription and pricing. The
industry model has three stages: first, mobile network operators decide the pricing structure of mobile
phone plans; second, consumers make subscription decisions on whether to use mobile phones and which
plan to use; third, consumers make consumption decisions conditional on the plan chosen. I jointly estimate
the consumers’ preference for usage and subscription of mobile phone services. I then back out the mobile
network operators’ marginal cost using the demand estimates and the optimal pricing condition. Given
these estimates, I simulate the price and quantity changes in the counterfactual scenario where the proposed
regulation is implemented.
A crucial step in my estimation is to identify consumer price uncertainty. My identification strategy is
based on the lack of bunching at the point where the marginal price changes discontinuously: under the
assumption that the distribution of consumer preference for calling is smooth, if consumers were aware of
their exact usage, a mass point of consumers would use exactly their monthly allowance of free minutes; such
bunching does not appear in the data, which is informative about the degree of consumer price uncertainty.
I model consumer price uncertainty by including a perception error in consumers’ consumption decisions.
With this perception error, consumers cannot keep track of their exact usage; instead, they recall previous
usage with an error. The presence of the perception error can be interpreted as limited consumer attention
in keeping track of the exact usage. In this sense, my paper relates to the recent “behavior” industrial
organization literature that incorporates bounded rationality into agents’ decision process. See Ellison
(2006) for a discussion and additional references.
In the counterfactual analysis, I study the case where the perception error is eliminated by Bill Shock
regulation. I first allow consumers to readjust their subscription and consumption decisions assuming no
price adjustment. I then allow mobile network operators to readjust their prices in response to Bill Shock
regulation; after finding the new price equilibrium, I measure how consumer surplus and firm profit would
1 The FCC and mobile network operators reached a new bill shock agreement in October 2011. By April 2013, this agreement
commits mobile network operators to alert consumers when they approach and exceed their included voice, text, and data
allowances. The proposed regulation has been delayed while the FCC monitors the industry’s voluntary compliance under the
new agreement.
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change after the price adjustment.
I estimate that mobile network operators would lose $650 million per month, which is 33% of the industry
revenue, from Bill Shock regulation assuming no price adjustment. The profit loss comes from two sources:
(1) loss in overage payments due to the reduction in the number of calls above the monthly allowance; (2)
loss in fixed fees due to consumer switching from plans with big allowance to plans with small allowance.
Allowing for the price adjustment, I predict that fixed fees would be increased and overage prices would
be decreased.2 The price adjustments made by mobile network operators have two conflicting effects: (1)
on the extensive margin, the increase in fixed fees leads to a decrease in the penetration rate from 55% to
48% and to a loss in welfare; (2) on the intensive margin, the decrease in overage prices leads to an increase
in monthly calling minutes from 115 to 134 minutes per household and to a gain in welfare. The welfare
gain from the intensive margin exceeds the welfare loss from the extensive margin, resulting in a positive
welfare effect. This gain is captured by consumers ($2 per household per month in year 2000 dollars, i.e. 2%
increase), while the industry profit does not change.
I also find that the proposed Bill Shock regulation imposes an important distributional effect on consumer
surplus: the increase in fixed fees and decrease in overage prices has different implications for different types
of consumers. For light users of mobile phones, the loss due to higher fixed fees surpasses the gain due to
lower overage prices. In contrast, for heavy users, the increase in fixed fees has almost no impact on the
penetration rate, and the gain due to lower overage prices dominates.
Section 2 discusses related literature. Section 3 describes data. Section 4 describes the model. Section
5 discusses identification and estimation of parameters in the model. Section 6 presents estimation results.
Section 7 discusses the welfare effects of Bill Shock regulation via counterfactual simulations. Section 8
concludes.
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Related Literature

In this paper, I model consumer price uncertainty by including a perception error in consumers’ consumption
decisions, that is, I assume consumers have limited ability to recall previous usage. In this sense, my paper
is related to the “behavior” IO literature that incorporates bounded rationality into agents’ decision process.
See Ellison (2006) for a discussion of bounded rationality in industrial organization. Related applied work
2 This is consistent with what happened to the banking industry after the implementation of “Overdraft Protection” regulation: banks lost billion of dollars after the initial implementation of the regulation in July, 2010; and in response to that, the
banking industry moves towards increasing the annual fee for checking accounts (See “Bank service fees fall $1.6 billion after
new overdraft regulations” By Max Thompson June 30th, 2011).
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includes DellaVigna & Malmendier (2004), Ellison (2005), and Gabaix & Laibson (2006).
Complementary theoretical work by Grubb (2011) shows that the welfare effects of Bill Shock regulation
are ambiguous. Complementary empirical work by Grubb & Osborne (2012) predicts that the regulation
will lower average consumer welfare by about $2 per year.
The data used in Grubb & Osborne (2012) refers to a specific type of consumers: university students
who were enrolled with a single mobile network operator. The lack of consumer heterogeneity in the data
prevents Grubb & Osborne (2012) from addressing the distributional effect of Bill Shock regulation. In
contrast, the data used in this paper is nationally representative and covers all carriers. As a result, I am
able to address the distributional effect of Bill Shock regulation on different types of consumers, which turns
out to be more substantial than the average welfare effect.
The panel nature of data in Grubb & Osborne (2012) allows them to address consumers’ beliefs and
learning: consumers’ biased beliefs are the reason why consumers would not increase calling as a result
of a reduction in overage prices in their counterfactual simulations. In contrast, consumers have rational
expectation in my model (the cross-sectional nature of my data prevents me from estimating consumers’
beliefs.): consumers would increase calling as a result of a reduction in overage prices in my counterfactual
simulations, and the increase in calling minutes due to lower overage prices is the dominant welfare effect.
I use the absence of bunching at the kink points of the three part tariff plans to demonstrate that
consumers do not know exactly when they use up their allowance. Similar issues on taxpayers’ behavior
have been studied by Saez (2010). The absence of bunching at tariff kink points in electricity has also been
found in Borenstein (2009).
I model consumers’ limited ability to recall previous usage. This key feature of consumer calling model
is related to the recent literature on limited consumer attention: for example, Stango & Zinman (2011)
explore the dynamics of limited attention in the market for checking overdrafts.
My counterfactual simulations study the effects of providing consumers with more information on their
mobile phone usage. This feature is related to the economics literature on the effect of providing consumers
with more information: for example, Jin & Leslie (2003) examine the effect of an increase in product quality
information to consumers on firms’ choices of product quality in the context of restaurant hygiene grade
cards; Handel (2010) studies the welfare impact of an information provision policy that nudges consumers
toward better decisions by reducing switching costs in health insurance markets; Bollinger et al. (2011)
study the impact of mandatory calorie posting on consumers’ purchase decisions.
The price adjustment studied in my counterfactual simulations relates to the literature on nonlinear
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pricing including Armstrong & Vickers (2001), Grubb (2009), Miravete (1996), Oi (1971), Rochet & Stole
(2002), and Stole (2007).
Finally, I study the mobile phone industry in this paper. For this reason, my paper is related to the
literature on the mobile phone industry including Busse (2000), Hausman (1999), Huang (2008), Iyengar
et al. (2007), Miravete & Röller (2004), Rodini et al. (2003), Seim & Vaiard (2011), and Yao et al. (2011).
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Data

The main data source of this paper comes from the bill harvesting data collected by TNS Telecoms. Previous
studies that have used data from TNS include Rodini et al. (2003) and Economides et al. (2008).

3.1

TNS national survey

TNS conducts a quarterly national survey of U.S. households. The sample used in the paper includes the
years 2000-2001, hence 8 quarters in total. This historical nature of data has the several advantages: (1) In
2000-2001, the voice was the major function of mobile phones, which provides a cleaner setting to focus on
the voice usage of mobile phones only; (2) Mobile phones were more homogenous in 2000-2001 than today
due to the absence of smart phones; (3) Mobile phones were a new product in 2000-2001, this fact provides
a cleaner setting for not considering the impact of family plans.3 Naturally, the older a dataset is, the more
difficult it is to apply it to current issues. That said, the study based on the historical data can still provide
useful implications for the present day: even though text messages and data usage have become important
functions of mobile phones, three-part tariffs apply to text messages and data usage as well.
In the survey, TNS asks about households’ characteristics, and the ownership of mobile phones. Among
263,707 observations appearing in the survey in 2000-2001, 262,826 of them have complete key demographic
information.4 Among these 262,826 households, 130,259 (50%) of them own at least one mobile phone. Table
1 compares the mean of key dummy variables in different consumer samples in TNS data. From table 1, it
is clear that households that own at least one mobile phone are more likely to be a family than the general
population.5 The head of the household also tends to be younger for households with mobile phones than
in the general population. Finally, households with mobile phones are less likely to rent than in the general
population.
3 50%

of households had mobile phones, and the majority of them (60%) only had one mobile phone.
households appear only once, 52,901 households appear twice and 3,827 households appear three times during the
8 quarters in 2000-2001.
5 Family is defined as the size of household is bigger than 1.
4 145,543
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Among 130,259 households with mobile phones in the TNS national survey sample, 16,914 of them provide
their mobile phone bill.6 Table 1 compares the key demographic information of two groups: households with
mobile phones with households who provided bills. Key differences include older people are more likely to
provide bills and people who rent are less likely to hand in bills.

3.2

TNS mobile phone bills

As mentioned in the previous section, around 16% of househoulds in TNS national survey handed in their
mobile phone bills. There are in total 17,155 mobile phone bills; I call this the bill data. In a separate file,
11,051 bills have detailed information on each outgoing call and incoming call during the month; I call this
the call detail data. Bill data can be uniquely matched with call detail data using quarter-household ID-bill
number.
In the bill data and call detail data, I can see the mobile operator chosen by the household. Table 2
shows the count of bills in bill data and call detail data by major mobile network operators in 2000-2001.
As a test of sample representativeness, the last column reports the aggregate market shares reported in
Kagan’s Wireless Telecom Atlas & Databook 2001 Volume 2. I find that the bill data and call detail data
are representative with few exceptions.7
Table 3 shows the summary statistics of key variables included in the bill data. The bill data has two
shortcomings. First, billed minutes reported in the bill data do not distinguish minutes that are charged
because of overage prices (minutes that are over the allowance) from roaming and long distance minutes
that are charged in the form of linear pricing for local and regional plans.8 Second, 4,057 bills recorded zero
usage, which is inconsistent with the call detail data. Call detail data overcomes these shortcomings.
The 11,051 bills with call detail information record in total 748,391 calls. For each call, I can see the
time of the call, whether it is roaming, how much charges apply to this call, and how much long distance
charges apply to this call. 111,148 calls were charged strictly positive price outside of the allowance, which
6 There are in total 17,155 mobile phone bills in the raw data, 241 households with bills cannot be matched with the national
survey sample.
7 The difference between the market share of Cingular in bill level data and that reported by Kagan may be explained by the
fact that Cingular is only established at the beginning of the year 2001 as a joint venture between SBC Communications and
BellSouth; the bill level data only have Cingular bills in the year 2001 (not in the year 2000), while Kagan reports the market
share of SBC and BellShouth as that of Cingular in the year 2000.
8 In the data period, year 2000-2001, mobile network operators billed consumers in addition to the monthly fixed fee according
to two major different sources: the first source was the usage outside of the allowance level of the three-part tariffs; the second
source came from roaming calls and long distance calls which are not included in the allowance for local and regional plans.
In year 2000-2001, major operators offered three type of plans: local plan, regional plan, and national plan. National plan
includes long distance calls and roaming calls in the allowance. Local and regional plans usually do not include roaming and
long distance calls in the monthly allowance.
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I call billed calls. Table 3 also shows the composition, duration, and charges of billed calls. Non-roaming
overage calls are calls that have been billed, but are neither roaming calls nor billed long distance calls.
Based on this information, I can overcome shortcomings in bill data discussed above: I can compute
how many billed minutes are due to overage prices (additional minutes that are over the allowance), how
many billed minutes are roaming minutes, and how many are long distance minutes. Finally, by adding the
duration of all calls placed together, I can get the total number of minutes used.
Table 3 shows the average and maximum monthly charges of bills with billed calls outside of the allowance.
Among 11,051 bills with call detail information, 6,100 bills (around 55%) have billed calls. Among these
6,100 bills, 3,495 bills (around 57%) have billed calls due to non-roaming overage charges.9
One limitation in the data is its cross sectional nature. U.S. mobile operators require consumers to
sign up for a one-year or two-year contract subject to an early termination fee.10 In the data, I can only
see the bill of one month’s usage for most households, and I do not have any information on the phone
subsidy associated with the contract. I also do not know when households signed the contract with their
operators.11 However, my focus is on consumers’ plan choices and usage decisions under three-part tariffs,
not the long-term contract and phone subsidy.12

3.3

Tariff data

MyRatePlan.com collects pricing plans charged by different mobile operators.13 I use tariffs offered by the
same period as the sample period (year 2000-2001) of the bill data to construct the choice set of consumers
in each market.14
Table 4 lists the plans offered by AT&T in New York at January, 2001. A plan is uniquely defined by
five key characteristics: monthly fixed fee, allowance, overage price, long distance price, and roaming price.
The plan’s coverage is directly associated with the long distance price and roaming price: local plans charge
9 This paper focuses on the impact of “bill shock” regulation on overage charges that are due to usage outside of the allowance
but not due to roaming and long-distance calls which were initially not included in the allowance for local and regional plans.
I model free roaming and free long-distance calls as two key characteristics of tariff plans which can distinguish national plans
from regional plans and local plans. More recently, since all plans are changed to national plans, roaming and long-distance
calls are less a problem for mobile phone users except for international roaming. Alerting consumers about the international
roaming is also part of the “bill shock” regulation; I am not addressing this aspect in this paper.
10 In U.S., prepaid cards are not as common as in Europe. 85% of consumers in the data) had contracts with the cell phone
provider.
11 Two major operators (Verizon and Cingular) were founded during the data period: Verizon started operating in May 2000,
and Cingular started operating in January 2001. I assume that households with bills in 2000 made their plan choice in May
2000 and households with bills in 2001 made their plan choice in January 2001.
12 It is less a problem for the data period (year 2000-2001), since mobile phones were mainly used for calling, smart phones
did not exist yet, and mobile phones were more homogenous than today.
13 http://www.myrateplan.com/.
14 Special thanks to Allan Keiter from MyRatePlan.com for providing this historical data.
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a strictly positive price for both long distance calls and roaming calls; regional plans offer free long distance
calls and charge strictly positive price for roaming calls; national plans offer free long distance and roaming
calls.

3.4

Estimation Sample

Please refer to the Appendix for the data matching process and the construction of the estimation sample.
Table 6 shows the summary characteristics of key variables of aggregate level and micro level data in the
estimation sample. Table 7 presents the number of bills with popular plans: the two most popular plans have
200 free minutes and 250 free minutes, respectively. The middle column of table 7 also shows the number of
bills that have used more than the plan’s monthly allowance, the last column shows the percentage of bills
that have used more than the plan’s monthly allowance.

3.5

Lack of bunching in the data

Under a three-part tariff, the marginal price changes discontinuously at the allowance point. For example, if
a consumer chooses a plan with a $29.99 monthly fixed fee, a 250 minutes of monthly allowance, and $0.30
per minute of overage price, then: the marginal price of the next calling minute is zero if the usage is below
250 minutes, $0.30 otherwise. Under the assumption that the distribution of consumer preferences for calling
is smooth, if consumers were aware of their exact usage, a mass point of consumers would use exactly their
monthly allowance.15
Figure 1 shows the histogram of the usage ratio in the data. The usage ratio is defined as the ratio of
monthly calling minutes over the free minutes included in the plan: for example, a consumer who calls 90
minutes a month using a plan with 120 free minutes would have a usage ratio equal to

90
120

= 0.75. Bunching

at the point where the marginal price changes discontinuously would appear as a spike at the usage ratio
1. From figure 1, it is clear that such bunching does not appear in the data, which is informative about the
degree of consumer price uncertainty.

4

Industry Model

The value of imposing structure from an economic model on the data is that the structure can be used
to infer the underlying distributions of valuations from the observed usage. This allows a wide range of
15 See

appendix for more details on why price discontinuity should generate bunching.
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questions to be asked that are not possible without a model, such as: what would happen to the welfare of
consumers if they knew exactly when they had reached their allowance? What would happen to the profit
of mobile network operators if consumers were perfectly informed of the marginal price of the next calling
minute?
The industry model predicts consumers’ demand for mobile phone services, consumers’ calling decisions
conditional on subscribing to a mobile phone plan, and the pricing structure of plans offered by mobile
network operators.
This section derives those predictions in terms of a variable set of parameters. The next section, on
identification, estimation, and inference, picks a particular set of parameters so that the predictions from
the model align with their empirical counterparts.
The model consists of three stages. In stage 1, mobile network operators set the pricing structure of
plans; in stage 2, consumers make subscription decisions (choose a plan from all the plans available in
the market); in stage 3, consumers decide the number of monthly calling minutes conditional on the plan
chosen. I start from the last stage and work backwards.

4.1

Consumers’ calling decision

I consider consumers indexed by i = 1, 2, . . . , Nm in m = 1, 2, . . . , M markets. Consumers first decide whether
to subscribe to the mobile phone service. Conditional on subscribing to the mobile service, consumer i chooses
a plan from the set of available plans, indexed by j = 1, 2, . . . , NJm , offered by carriers k = 1, 2, . . . , Km ,
and the quantity of calling minutes xi using the plan. To call using plan j, consumers must pay a monthly
fixed fee, Fj ; Aj minutes are offered as an allowance included in plan j; once consumers use more than Aj
minutes in a given month, they must pay a per-minute overage price of pj .
Consumer i faces a time constraint T . She chooses to allocate the time to talk on the mobile phone or to
spend on her outside activity (the marginal utility of which is normalized to 1) subject to the time constraint
T . Conditional on choosing plan j, consumer i chooses the quantity of calling minutes xij and the quantity
of time spent on the outside activity xi0 to maximize her expected surplus:
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utility from calling

disutility from payment

Z

z }| {
}|
{
z
max vij (xij ) =
θi ln(xij ω) +xi0 − ai pj max{(xij ω) − Aj , 0} dF (ω)
xij
ω
Z
subject to
(xij ω)dF (ω) +
xi0
≤
T
|{z}
|{z}
ω
outside activity

(1)

time constraint

θi is the preference parameter which measures how many minutes consumer i will call monthly if the
marginal price of calling is zero; ai measures the marginal utility of income.
4.1.1

Discussion of the perception error

Under a three-part tariff, the marginal price changes discontinuously at the allowance point. Under the
assumption that the distribution of consumer preference for calling is smooth, if consumers were aware of
their exact usage, a mass point of consumers would use exactly their monthly allowance of free minutes.
Therefore, the lack of bunching in the data at the point where the marginal price changes discontinuously is
informative about the degree of consumer price uncertainty.
I model consumer price uncertainty by including a perception error in consumers’ consumption decisions.
With this perception error, consumers cannot keep track of their exact usage; they recall previous usage
with an error instead. The presence of the perception error can be interpreted as limited consumer attention
in keeping track of the exact usage. Under this specification, consumers’ perceived usage is xij while the
actual usage is xij ω. Since ω is not observed, consumers maximize their expected utility conditional on the
distribution of ω.
I assume that ω follows a log normal distribution with parameters µ and σω , the mean and standard
deviation of ω’s natural logarithm.16 I assume that consumers have on average correct perception of their
−σ 2

actual usage, i.e. E(xij ω) = xij E(ω) = xij . Given that ω is log normal, this implies that µ = 2 ω .
R
The consumer’s expected overage payment is given by ω pj max{xi ω − Aj , 0} dF (ω). In the appendix, I
show that, given that F (ω) is lognormal, the expected marginal price is pj (E(ω|xij ω > A)prob(xij ω > A)).17
The consumer’s optimal choice is to equate expected marginal utility to expected opportunity cost for the
16 By

definition, the variables logarithm is normally distributed.
expected marginal price is increasing within the monthly billing cycle as demonstrated in Figure 2. 80% of consumers
have fewer total number of calling minutes in week 4 than in week 1. This provides the evidence that consumers do make their
consumption decision based on an increasing perceived marginal price. In other words, consumers are myopic instead of being
forward looking.
17 The
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next calling minute, as illustrated in Figure 2. Formally, we have
θi
xij
|{z}

= ai pj (E(ω|xij ω > A)prob(xij ω > A)) + 1
|
{z
}

(2)

Expected opportunity cost of the next calling minute

EMU for the next calling minute

Let x∗ij be the value of xij that solves equation 2. The realized usage is the product of the optimal
perceived usage and the perception error: xij = x∗ij ω. The maximum monthly utility from calling using plan
j for consumer i is hence

vij (x∗ij ; θi , ai , Aj , pj )

Z
=

θi ln(x∗ij ω) − ai pj max{(x∗ij ω) − Aj , 0} + T − (x∗ij ω)dF (ω)

(3)

ω

4.1.2

Income effect and the preference parameter

As mentioned earlier, ai measures the marginal utility of income in the unit of one minute. I allow ai to
vary as a function of household’s monthly income per person:
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ai = ā + aD Dia

(4)

The preference parameter θi measures how many minutes consumer i will call monthly if the marginal
price of calling is zero. I allow θi to vary as a function of consumers’ observable and unobservable characteristics. I restrict θi to be positive by specifying it as an exponential function of consumers’ characteristics

θi = exp(θ̄ + θD Di + νi )

(5)

where {θ̄, θD } are parameters and Di is a column vector of consumers’ key demographic characteristics.19 νi
represents consumers’ unobservable heterogeneity. I assume νi has a normal distribution with mean 0 and
variance σ 2 .
As discussed in Berry et al. (1995), the observable and unobservable heterogeneity in θi ensures that
consumers who have a strong preference for calls ( high θi ) will tend to attach high utility to all large plans.
This specification allows plans with similar levels of allowance to be close substitutes for each other.20
income
per person = monthly
, Dia is the high income dummy which equals to 1 if household i has monthly
household size
income per person higher than $1000 per month.
19 Consumers’ key demographic characteristics include family dummy, the age of the head of the household is over 55 dummy,
and renting dummy.
20 Each household is observed only once in the data used in this paper. If the panel data that tracks the same individual over
time were available, it would be more desirable to take into account that consumers do not know their exact preference for calling
in the following billing period; instead, they commit to a tariff based on their expected usage and their typical month-to-month
18 monthlyincome

11

4.2

Consumers’ subscription decision

Utility from calling is only part of the consumer’s utility from subscribing to a plan. In particular, the
consumer suffers from the disutility of paying the plan’s monthly fixed fee. I assume that the total monthly
utility consumer i enjoys from subscribing to plan j in market m is:

0
uijm = v(x∗ijm ; θi , ai , Aj , pj ) + Zjm
λ + αi Fjm + ξjm + σ ijm

(6)

where v(x∗ijm ), defined as in equation 3, is the maximum monthly utility from calling using plan j for
consumer i; λ and αi are taste parameters for plan j’s attributes independent of monthly allowance and
price, respectively.21 I allow αi to vary as a function of the household’s monthly income per person.22

αi = ᾱ + αD Diα

(7)

I assume that the utility from the outside option in market m is T + im0 , which is the utility consumers
get by spending all of their time on the outside activities. The interpretation of the utility consumer i derives
from plan j is the difference with respect to the above outside option.23 Given the distribution of utility
function parameters and the plan’s attributes in a given market, I can compute the model’s predicted market
shares by aggregating over utility maximizing households.
I introduce some commonly used notation which will make the expressions more compact:

0
δjm = Zjm
λ + ᾱFjm + ξj

where ᾱ =

R

αi , and
µijm = v(x∗ijm ; θi , ai , Aj , pj ) + (αi − ᾱ)Fjm

so that
uijm = δjm + µijm + σ ijm
variation in usage. A similar approach that addresses consumers uncertainty over future usage in an environment of temporally
separated tariff and consumption choices has been taken by Miravete (2002) and Narayanan et al. (2007) under two-part tariff
and Lambrecht et al. (2007) under three-part tariff.
21 I include dummy variables for plan j’s characteristics independent of monthly allowance such as year, firm, whether roaming
minutes are included in the monthly allowance and whether long distance minutes are included in the monthly allowance.
22 monthlyincome per person = monthly income , D α is the high income dummy which equals to 1 if household i has monthly
i
household size
income per person higher than $1000 per month.
23 Note that T is subtracted out in the difference, the mean utility from the outside option can be think of being normalized
to zero.
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Finally, for computational simplicity, I assume that the idiosyncratic errors ijm have an i.i.d extreme
value “double exponential” distribution. I denote the standard error of idiosyncratic errors to be σ , which I
estimate.24 Let Fim be the distribution of consumer preferences and demographics in market m. Given the
distribution assumption on ijm , the model predicted market share for plan j in market m is:
Z
sjm =

4.3

{

exp((δjm + µijm )σ−1 )
}dFim .
P
1 + k exp((δkm + µikm )σ−1 )

(8)

Mobile network operators’ pricing decision

Mobile network operators compete by choosing plans’ the pricing structures to maximize profits.
A mobile network operator’s gross profit (i.e., profit before fixed costs) is
X
−→ −→ → −−→
−→ −→ → −−→
πf m (Fm , Am , −
pm , Jf m ) =
sjm (Fm , Am , −
pm , Jf m )(Fj − Cf m

(9)

−−→
j∈Jf m

Z Z
+ { pj max{x∗i ω − Aj , 0} − cf m (x∗i ω) dF (ω)}dPijm (sijm , sjm ))
i

ω

−−→
where m denotes market, f firm, and j plan. Jf m = {j = 1, 2, . . . , J} is a list of offered plans in market
−→
−→
m with corresponding list of monthly fixed fees Fm = {Fjm }j , allowances Am = {Ajm }j , and overage prices
−
p→
m = {pjm }j ; sjm is the market share of plan j in market m; Cf m is firm f ’s cost of serving one consumer
for in market m; cf m is firm f ’s marginal cost per minute in market m; x∗i ω is the number of minutes used
by consumer i choosing plan j; dPijm is the distribution of consumers conditional on choosing plan j in
market m.25
A complete pricing strategy profile for one mobile network operator in one market includes the number
of plans and for each plan the fixed fee, allowance, and overage price. In the counterfactual analysis, I allow
the mobile network operators to re-optimize their pricing strategy in response to the regulation. To make the
problem tractable, I restrict each mobile network operator’s pricing strategy in each market to two variables:
the level of fixed fees, LF , and the level of overage prices, Lp, keeping all of the other components in the
pricing structure unchanged (that is, the number of plans and allowances included in each plan are kept
unchanged). For example, if the mobile network operator f decides to increase the level of fixed fees LF
in market m by 20%, this means that the fixed fees of all plans offered by this mobile network operator f
24 Typically this variance term is not identified separately, see Berry and Pakes (2007) for detail. Since units of utility are
chosen with the calling data, in my setting this variance term is identified.
25 The integral over individuals is the weighted sum of individuals where the weight of each individual i is the ratio of the
probability of this individual choosing plan j, sijm over the market share of plan j, sjm .

13

in market m would be increased by 20%. Similarly, if mobile network operator f decides to decrease the
level of overage prices Lp in market m by 20%, it means that the overage prices of all plans offered by this
mobile network operator f in market m would be decreased by 20%. Under this restriction, a mobile network
operator f ’s profit in market m before fixed costs can be expressed as

πf m (LFf m , Lpf m ) =

X

sjm (Fm (LFf m ), Am , pm (Lpf m ), Jf m )(Fj (LFf m ) − Cf m

(10)

j∈Jf m

+

Z Z
{ pj (Lpf m ) max{x∗i ω − Aj , 0} − cf m (x∗i ω) dF (ω)}dPijm (sijm , sjm ))
i

4.3.1

ω

The cost structure

For each mobile network operator f in market m, the total monthly cost (TMC) is defined as

T M Cf m = Ncus Cf m + Nmin cf m + F M Cf m

(11)

where Ncus is total number of consumers served by firm f in market m; Nmin is total number of calling
minutes by all consumers of firm f in market m; Cf m is the cost of serving one consumer for firm f in market
m; cf m is the marginal cost per minute for firm f in market m; and F M Cf m is the fixed monthly operating
cost that is not affected by the number of consumers served nor the total monthly calling minutes.
The cost of serving one consumer includes the cost of customer service, billing, etc. If the demand for
a given networks minutes exceeds the networks capacity, then some calls need to be dropped. I model the
networks per-minute cost as including the shadow cost implicit in optimization with capacity constraints
and demand uncertainty.

5

Identification and Estimation

In this section, the model developed in section 4 is estimated.

5.1

The estimation of consumers’ preference parameters

I first estimate the distribution of preferences for calling on mobile phones, θi , the distribution of usage errors
ω, using individual calling data; jointly with price coefficients, ai and αi , non-price preference parameters
λj , using market share, price, and plan characteristics data. I jointly estimate a parameterized distribution
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of preferences for calling, θi with a parameterized distribution of usage errors, ω, the price coefficients, ai
and αi , and the non-price preference parameters, λj .
Consumer i’s monthly calling minutes on plan j, xijm , is obtained by solving equation 2; xijm hence
depends on the calling preference, θi , the price coefficient,ai , the distribution of perception error, F (ω),
the monthly allowance of plan j, Aj , and the overage price of the plan j, pj . The calling data are the
measurement of monthly calling minutes at the individual level. I estimate the distribution of θi , ai and ω
by matching moments of the model prediction on monthly calling minutes to moments in the calling data.
Recall that consumers make a choice of plan based on the preference parameter θi , which is fully observed
by consumers but not fully by the econometrician. For this reason, when observing consumption patterns
I need to take into account the bias created by selection into plans. I correct for this selection bias by
constructing moments of the model prediction on monthly calling minutes conditional on plan choices and
subscribing to mobile phones. The conditioning on plan choices requires knowing parameters from the
model of plan choices (stage two in the model, given in equation (6)). I jointly estimate the parameters of
the distribution of calling preferences, marginal utility of income, and usage errors together with the plan
choice parameters as in Lee (2010).

5.1.1

Estimation Algorithm

For a given value of nonlinear parameters, {αD , σ , θ̄, σ, σω , ā, aD , θD }, I construct the model prediction on
monthly calling minutes and on the market share of plans.
Step 1: Simulate the preference parameter θim for each simulated consumer i in market m.
I simulate i = 1, 2, . . . , Nm in m = 1, 2, . . . , M markets. The demographics of each simulated consumer
Dim in market m are drawn from the observations in the corresponding market in the national survey data.
I also draw one realization of usage shocks νim for each simulated consumer from the assumed distribution
(normal with mean 0 and variance σ 2 ). Each simulated consumer i’s calling preference θim is computed
according to equation (12).
Step 2: Given the preference parameter θim for each simulated consumer i in market m, compute
consumer i’s perceived optimal usage under plan j, x∗ij ; compute the utility each simulated consumer i gets
from plan j and the model prediction on the market share of plans.
Consumer i’s perceived optimal usage under plan j, x∗ij , can be obtained by solving equation (2). Then,
the utility each simulated consumer i gets from plan j is computed using equation (6). The model prediction
on each plan’s market share can then be computed using equation (8).
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Step 3: Find the value of δjm which equates observed market shares with predicted market shares using
the contraction mapping from Berry et al. (1995); given δjm , recover the model’s prediction on the probability
of consumer i choosing plan j in market m, ŝijm ; use ŝijm as a weighting measure to construct moments of
the model predicted monthly calling minutes conditional on plan choices and subscribing to mobile phones;
construct moments used in the estimation by taking the difference between the model predicted moments
and the moments in the data.
Five sets of moment conditions are used in the estimation: (1) the probability that the monthly calling
minutes fall in between 90% and 110% of the allowance; (2) the mean of monthly calling minutes for the
eight combinations of three demographic groups (family, age, and rent); (3) the coefficient of variation in
monthly calling minutes; (4) the correlation of the monthly calling minutes with the overage price of the plan
d
chosen by the two income levels; (5) the covariance of demand-side instruments, Zjm
, with the unobserved

demand shock ξjm . Please refer to Appendix for more details on the construction of moment conditions.
5.1.2

Identification of the distribution of the perception error

Recall that in the model, the perception error ω is unobservable to consumers at the consumption stage
and smoothes out the marginal price consumers face. To implement the estimation of model parameters,
I assume that ω follows the log normal distribution with parameters µ and σω which are the mean and
standard deviation of ω’s natural logarithm. In addition, to ensure that consumers have on average correct
perception of their actual usage level, i.e., E(xij ω) = xij E(ω) = xij , I impose the restriction that µ = −
making E(ω) = eµ+

2
σω
2

2
σω
2 ,

= e0 = 1. Hence, the parameter σω determines the distribution of the perception

error ω.
The parameter σω is sensitive to the moment (1), the probability that the monthly calling minutes fall
in between 90% and 110% of the allowance level. When σω is close to zero, i.e., consumers have precise
perception of their actual usage, a large proportion of consumers would end up using between 90% and 110%
of the allowance because of the discontinuity in the marginal price. The larger the variance in consumers
perception error, i.e. the larger is σω , a lower proportion of consumers would end up using between 90% and
110% of the allowance. Hence the proportion of consumers using between 90% and 110% of the allowance
observed in the data identifies the parameter σω , which determines the distribution of the perception error
ω.

16

5.1.3

Identification of the distribution of the preference parameter θi

Recall that the preference parameter θi measures how many minutes consumer i will call monthly if the
marginal price of calling is zero. I allow θi to vary as a function of a consumer’s observable and unobservable
characteristics. I restrict θi to be positive by specifying it as an exponential function of the consumer i’s
characteristics
θi = exp(θ̄ + θD Di + νi )

(12)

where {θ̄, θD } are parameters and Di is a column-vector of key demographic characteristics for consumer i
(family dummy, the age of the head of the household is over 55 dummy, and renting dummy). νi represents
a consumer’s unobservable heterogeneity. I assume that νi follows a normal distribution with mean 0 and
variance σ 2 .
The aggregate level data (that is market shares of plans), would be enough to identify the variance of
preference parameter θi . As discussed in Berry et al. (1995), a large variance of θi implies that the utility
associated with plans with similar level of allowances will be highly positively correlated.
Additional micro level data allows more precise estimation of the parameters that determine the distribution of θi : the coefficients on three key demographic variables are identified using moment (2), the mean
of monthly calling minutes for the eight combinations of three demographic groups (family, age, and rent);
the coefficient that determines the unobservable heterogeneity σ is more precisely identified using moment
(3), the coefficient of variation in monthly calling minutes.

5.1.4

Identification of price coefficients

There are two price coefficients in the model: the price coefficient at the plan choice stage, αi , which is
the price coefficient corresponding to the monthly fixed fee; and the price coefficient at the consumption
choice stage, ai which is the price coefficient corresponding to the overage price of the plan. These two price
coefficients are identified separately using two different sets of moments.
The price coefficient corresponding to the monthly fixed fee, αi , is identified using moment (5), the
d
covariance of demand-side instruments, Zjm
, with the unobserved demand shock, ξjm . My instruments for

the monthly fixed fee of plans follow standard practice in demand estimation on aggregate data. First, I
allow observed product characteristics, Zjm , to instrument for themselves.26 Second, I account for price
endogeneity by instrumenting for it with the average price of plans with similar allowance level offered in
26 Observed

product characteristics include dummy variables for non-minutes plan characteristics such as firm, year.
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the same economic area groupings, but outside the same economic area.2728
Table 9 shows economic areas in the estimation sample and the corresponding economic area groupings.
The variation in prices across different allowance levels and across different economic area groupings identify
the price coefficient. The first identification assumption is that the unobservable demand shock is uncorrelated, and the marginal costs are correlated within the same group defined by the allowance level. This
assumption is justified since: (a)the utility from using the allowance has been taken out of the mean utility
by construction; and (b) the size of the allowance affects the cost of the plan. The second identification
assumption is that for plan j in economic area m, the unobservable demand shock is uncorrelated, and the
marginal costs are correlated within the economic area grouping outside the economic area m. The latter is
likely to be true as labor costs are often correlated within the economic area grouping. Dummies indicating
the group to which the allowance level of the plan belongs are also included as instrumental variables. Since
the utility from using the allowance has been taken out of the mean utility by construction, these instrumental variables are not correlated with unobservable demand shock; they are correlated with the plan’s price
because they affect the cost of the plan.
The price coefficient corresponding to the overage price, ai , is identified using moment (4), the correlation
of the monthly calling minutes with the overage price of the plan chosen by the two income levels. The
variation in overage prices comes from the fact that big plans are usually associated with lower overage
prices than small plans; with the presence of perception error, consumers’ perceived marginal price is flatter
for big plans than for small plans for two reasons: (a) consumers have smaller probability of paying overage
prices for big plans than for small plans at any given perceived usage level; and (b) in case they pay overage
prices they pay lower per minute price for big plans than for small plans.29 Consumers with the same
preference (same θi in equation (1)) end up choosing different size of plans because of a different realization
of their logit error (ij in equation (6)), which is assumed to be uncorrelated with plans’ overage prices.
For consumers with different preferences, I construct moment (4) conditional on the plan choice, hence the
private information that consumers have at the plan choice stage is already accounted for.30
27 I discretize the allowance level to six different groups: smaller than 100 minutes, between 100 to 200 minutes, between 200
to 300 minutes, between 300 to 400 minutes, between 400 to 600 minutes, and larger than 600 minutes.
28 The Economic Area Groupings also know as Regional Economic Area Groupings for 220 MHz which were created by
Commission staff are an aggregation of economic areas into 6 regions excluding the Gulf of Mexico.
29 Please see figure 3 for a demonstration.
30 I accounted for the fact that consumers who know that they have a larger θ are more likely to choose plans with larger
i
allowance level and lower overage price; the idea is similar to the standard Heckman correction.
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5.2

The estimation of costs

As mentioned in the discussion of the cost structure in the previous section, there are two major sources of
cost for one mobile network operator in one market: the cost per customer and the cost per minute, which
are denoted by Cf m and cf m , respectively, for firm f in market m. I use the profit maximization problem of
the mobile network operator f in market m to identify these two components of costs for each firm-market
pair.
In the counterfactual analysis, I allow the mobile network operators to re-optimize their pricing strategy
in response to the regulation. To make the problem tractable, I restrict the pricing strategy of each mobile
network operator in each market to two variables: the level of fixed fees LF and the level of overage prices
Lp, keeping all the other components in the pricing structure unchanged (the number of plans and allowances
included in each plan are kept unchanged). Hence, the first order condition of profit with respect to the
level of fixed fees and overage prices provide two optimization conditions to identify the cost per customer
and the cost per minute. These two optimization conditions for each mobile network operator f in market
m can be expressed as





∂πf m (LFf m ,Lpf m )
∂LFf m

=0





∂πf m (LFf m ,Lpf m )
∂Lpf m

=0

(13)

where πf m (LFf m , Lpf m ) is defined as

πf m (LFf m , Lpf m ) =

X

sjm (Fm (LFf m ), Am , pm (Lpf m ), Jf m )(Fj (LFf m ) − Cf m

(14)

j∈Jf m

+

Z Z
{ pj (Lpf m ) max{x∗i ω − Aj , 0} − cf m (x∗i ω) dF (ω)}dPijm (sijm , sjm ))
i

ω

In the counterfactual analysis, to implement the re-optimization of each mobile network operator’s pricing
strategy, I further restrict the domain of LFf m and Lpf m to be a discrete set L = {0.2, 0.4, . . . , 1.8, 2} for
each f in each m. The profit maximization problem of mobile network f in market m implies that

πf m (LFf m = 1, Lpf m = 1) ≥ πf m (LFf0 m , Lp0f m )for any LFf0 m ∈ L and Lp0f m ∈ L.

(15)

Equation (15) partially identifies the feasible set of costs per consumer and costs per minute for each
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mobile network operator f in each market m. In addition, the two first order conditions for each firm-market
pair point identify these two components of costs among the feasible set of costs.

6

Estimation Results

Table 10 shows the estimates of all parameters in the model and their standard errors. In the estimation of
standard errors, I take into account both sampling error and simulation error as in Berry et al. (2004).

6.1

The perception error estimates

The perception error is identified using the smoothness of the distribution of usage ratio around 1 and the
parametric assumption on the perception error.
Recall that the perception error is assumed to follow a log-normal distribution with parameters µ and σω ,
which are the mean and standard deviation of ω’s natural logarithm. In addition, as explained in the model
section, µ = −

2
σω
2 .

Under these parametric assumptions, the parameter σω determines the distribution of

the perception error ω.
σω is identified by the key moment in the data: the probability of usage ratio being between 0.90 and
1.10, that is, the probability that consumers’ actual usage level is between 90% and 110% of the monthly
allowance. Table 8 compares this moment in the data and the same moment simulated from the model by
setting the key parameter σω at different levels. σω is estimated to be 0.58, which means that the variance
of the perception error is around 0.40.31 Table 8 also shows the value of the key moment for another two
values of the variance of ω, specifically, 25% and 50% of the estimated value. Table 8 confirms the discussion
in the identification section: when σω is zero, i.e. consumers have precise perception of their actual usage
level, a large proportion of consumers end up using between 90% and 110% of the allowance because of the
discontinuity in the marginal price. The larger the variance in consumers perception error is, i.e. the larger
σω , the lower proportion of consumers end up using between 90% and 110% of the allowance. See figure 4
for a demonstration.

6.2

The price coefficient estimates

As discussed in the previous section, the price coefficient for fixed fees and the price coefficient for overage
prices are separately identified. The former is identified using the covariance of demand-side instruments,
31 Under

2

2

2

log-normal distribution, the variance of ω equals to eσω − 1)e2µ+σω = eσω − 1.
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d
Zjm
, with the unobserved demand shock ξjm ; while the latter is identified using the correlation of the

monthly calling minutes with the overage price of the plan chosen. The two price coefficients correspond
to two different stages of consumer’s decision process: the price coefficient for fixed fees correspond to the
subscription decision, and the price coefficient for overage prices correspond to the calling decision.
Once adjusted by the logit standard error in the model, the difference between the two price coefficients
is not statistically significant. The price coefficient for fixed fees is precisely identified through the use of
instrumental variables for fixed fees; the estimation of the price coefficient for overage prices is implemented
conditional on the plan choice, hence the private information that consumers have at the plan choice stage is
already accounted for. The price coefficient for overage prices is not precisely identified partially due to the
fact that the variation in overage prices across different plans is small (smaller than the variation in fixed
fees across different plans in terms of coefficient of variation).
The 2nd and 3rd row of table 11 present the mean and standard deviation the price elasticities in terms
of market shares of major mobile network operators with respect to the fixed fee levels. The subscription
price elasticity is estimated to be -0.61, a value that is comparable with previous studies: Hausman (1999)
reports a price elasticity of subscription of -0.51 for cellular subscription in the 30 largest U.S. markets over
the period 1988-93.32
The own price elasticity of a particular firm in each market is computed as the percentage change in the
firm’s market share when the fixed fees of all plans offered by this firm in this market is increased by 1%,
while holding prices of other firms constant. For example, Sprint was operating in 20 out of 26 markets in
the estimation sample; if Sprint increases the fixed fee of all plans in one market by 1% while holding prices
of other firms in the same market constant, the market share of Sprint would on average (average across
markets where this firm is present) decrease by 7%.
The 4th and 5th row of table 11 present the mean and standard deviation of the price elasticities in
terms of overage minutes (which is the number of minutes that are charged with overage prices) of major
mobile network operators with respect to the overage price levels. The overage minutes price elasticity of a
particular firm in each market is computed as the percentage change of the number of overage minutes of this
firm when the overage prices of all plans offered by this firm in this market is increased by 1% while holding
prices of other firms constant. For example, Sprint was operating in 20 out of 26 markets in the estimation
sample; if Sprint increases the overage price of all plans in one market by 1% while holding prices of other
32 The subscription price elasticity is defined as the percentage change of penetration rate (the percentage of population with
mobile phones) in one market with one percentage increase in fixed fees of all plans in the market.
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firms in the same market constant, the number of overage minutes of Sprint would on average (average across
markets where this firm is present) decreases by 2.52%.

6.3
6.3.1

The cost estimates
The cost per consumer estimates

The 6th and 7th rows of table 11 present the mean and standard deviation of cost per consumer of major
mobile network operators across markets they served in the estimation sample. For example, Sprint served
in 20 out of 26 markets in the estimation sample; the mean cost per consumer across these 20 markets is
around $19, and the standard deviation of cost per consumer across these 20 markets is around $5.
The 8th row of table 11 presents the Merrill Lynch measure of monthly operating cost per consumer
reported in Merrill Lynch Global Wireless Matrix 2Q04. Merrill Lynch Global Wireless Matrix reports
quarterly the estimates of monthly operating cost per consumer of major operators around world. The
number reported in the last column of table 11 is the average of the 8 quarters in 2000-2001 reported in
Global Wireless Matrix 2Q04 for major mobile network operators in US. The reason why the estimated
cost per consumer is much lower than Merrill Lynch measure is that Merrill Lynch measure of monthly
operating cost per consumer is computed using the average revenue per consumer reported by firms and
the accounting margin reported by firms; and firms usually include the fixed monthly operating costs as
defined in equation 11 as part of the accounting cost which is divided by the number of consumers in the
computation of the accounting margin per consumer; the fixed monthly operating costs do not increase with
the marginal increase of the number of consumers, hence should not be counted in the cost per consumer
from an economics point of view.

6.3.2

The cost per minute estimates

The 9th and 10th row of 11 present the mean and standard deviation of cost per minute of major mobile
network operators across markets they served in the estimation sample. For example, Sprint served in 20
out of 26 markets in the estimation sample, the mean cost per minute across these 20 markets is around
$0.12 and the standard deviation of cost per minute across these 20 markets is around $0.04.
As discussed in the industry model section, the marginal cost of one minute is a linear approximation
of the cost structure imposed by the capacity constraint: before hitting the network’s capacity constraint,
the marginal cost of one minute is zero; once the capacity constraint is reached, there is a sudden jump in
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the marginal cost per-minute. The effect of capacity constraint is presented in the form of dropped calls in
reality.
During the sample period, unlimited plans were uncommon; most plans were associated with high overage
prices. This pricing structure was partially due to the high capacity constraint mobile network operators were
facing at the beginning of the industry. The cost per minute is estimated through the profit maximization
problem of mobile network operators with respect to the overage prices; hence the cost per minute estimates
reflect the level of capacity constraint that made the overage prices observed in the data optimal. As mobile
network operators acquired more spectrum and lessened the capacity constraint with respect to voice traffic,
more unlimited plans were offered in the last few years. The last row of table 11 shows the costs per minute
Sprint reported to FCC in the year 2003 in order to obtain a ruling from the FCC that it was entitled to seek
reciprocal compensation based on its own wireless networks traffic-sensitive costs rather than the wireline
carriers costs.33

7

The Welfare Effects of “Bill Shock” Regulation

As discussed above, the lack of bunching of call minutes at the monthly allowance level is indicative of
consumer uncertainty regarding price. I model consumers’ perception error in recalling past usage as the
source of such price uncertainty. In other words, consistently with this modeling strategy, I now simulate the
welfare effects of the “Bill Shock” regulation by running a counterfactual whereby the consumers’ perception
error is eliminated.
I first show what would happen to welfare when the pricing structure of calling plans remains unchanged.
While this first counterfactual is not realistic in terms of predicting actual changes, it provides a useful
indication of how consumer information on marginal price affects consumer demand and how firms pricing
incentives change as a result. In the second stage of my counterfactual, I allow mobile network operators to
adjust their pricing structures, and show what would happen to welfare in the new price equilibrium.34
33 Please

refer to table 2 in Littlechild (2006).
mentioned in the data section: Among plans offered by the five major operators, 95% of matched bills have fixed fees
in the $19.99-$59.99 range. For each major operator in each market, I aggregate plans with fixed fees higher than $59.99 into
one plan. The monthly fixed fee, allowance and overage price of the aggregated plans is the average of plans included in the
aggregation.In the counterfactual analysis, I keep the expensive plans unchanged. Consumers would still have uncertainty about
their usage under these plans and the pricing structure of these expensive plans are unchanged in the new price equilibrium.
I made this compromise for the following reasons: Even though expensive plans were offered by all major mobile network
operators, the expensive plans were observable for some mobile network operators and not observable for other mobile network
operators in the estimation sample within a given market because it is hard to draw households with expensive plans; if the
expensive plans were kept when I allow mobile network operators readjust their prices in the counterfactual scenario, the
expensive plans would drive the mobile network operator with expensive plans observed in the estimation sample to adjust the
price in a weird direction (decrease fixed fees and increase overage prices) and the expensive plan would have the dominant
34 As
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7.1

Counterfactual analysis where perception error is eliminated for all consumers

In this counterfactual analysis, the perception error is eliminated for all consumers. The consumer’s calling
decision described in equation 1 becomes

max vij (xij ) = θi lnxij − ai pj 1xij >Aj (xij − Aj ) + xi0
xij

subject to xij +

≤

xi0
|{z}

outside activity

(16)

T
|{z}

time constraint

The optimal usage x∗ij equates the marginal utility to the opportunity cost for the next calling minute:
θi
xij
|{z}

=

ai pj 1xij >Aj + 1
{z
}
|

(17)

opportunity cost of the next calling minute

MU for the next calling minute

and thus

x∗ij (θi , Aj , pj ) =





θi




Aj





 θi


1+ai pj

if θi < Aj ,
if θi ∈ [Aj , Aj (1 + ai pj )],

(18)

if θi > Aj (1 + ai pj ).

Consumers’ subscription decision and mobile network operators’ pricing decisions will also change according
to the model of subscriptions and pricing.

7.1.1

The welfare effects with the unchanged pricing structure

Table 12 presents the monthly per household and total effect of the “Bill Shock” regulation keeping the pricing
structure unchanged.35 From table 12, we can see that the monthly industry profit would be decreased by
$642 million if mobile network operators kept prices unchanged after the elimination of the perception error
market share. In the end, I made the choice of keeping expensive plans similar to an outside option: they would stay exactly
the same in the counterfactual scenario.
35 I first computed the monthly per household effect in each market (defined as economic-year pair), then multiply the per
household effect in each market by the number of households (which is computed by dividing the number of population reported
in Census in the year 2000 with the mean number of people in one household in each market computed from the national survey
data described in the data section). The numbers reported in table 12 are the sums of the total effects of the 26 markets in the
estimation sample. The per household effect reported in table 12 is computed by dividing the total effect reported in table 12
with the total number of households in 26 markets in the estimation sample. The monetary values reported in table 12 are in
year 2000 dollars.
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for all consumers.
More than half of this loss would come from the $335 million decrease in monthly overage payment. After
consumers receive information on their usage level and no longer have uncertainty regarding marginal price,
63% of subscribing consumers would call exactly their allowance. The probability of overage decreases from
0.21 to 0.05.
An additional reason why industry profit decreases is that consumers switch plans. If consumers are
uncertain about price, they may choose a large-allowance plan as a mean to insure against unexpected
overage payments. If price uncertainty is eliminated, such consumers switch to a lower-allowance plan,
which charges a lower fixed fee. Specifically, in Table 12, I distinguish between large plan and small plan:
for a given consumer, a large plan is defined as one with an allowance that is greater than consumer demand
at zero price.

7.1.2

The welfare effects with the price response

To compute the new price equilibrium when the perception error is eliminated for all consumers under the
“Bill Shock” regulation, I define the pricing strategy of each mobile network operator f in each market m
to be: readjusting the level of fixed fees LFf m of all plans and the level of overage prices Lpf m of all plans
while keeping the number of plans and the allowance in each plan unchanged. The new price equilibrium is
the Nash equilibrium of firm pricing strategy in the absence of consumer perception error.36
Table 13 shows the changes in fixed fees and overage prices in the new price equilibrium: all major
mobile network operators increase their fixed fees, with increases ranging from 39% to 45%; and decrease
their overage prices, with decreases ranging from 57% to 63%.
Table 14 shows that the impact of the Bill Shock regulation on profits is close to zero. This contrasts
with the profit loss predicted in the first counterfactual stage, reported in table 14. There are two reasons
for this difference. One is that the decrease in overage prices leads to more consumers incurring overage
payments, from 5% to 42%. The second reason is that lower overage prices increase consumer valuations for
the plan, which in turn allows network operators to increase fixed fees.
In terms of welfare, the elimination of the consumer’s perception error has two conflicting effects: on
the extensive margin, the increase in fixed fees enlarges the gap between the fixed fees and the monthly
36 To implement the re-optimization of each mobile network operator’s pricing strategy, I further restrict the domain of LF
fm
and Lpf m to be a discrete set L = {0.2, 0.4, . . . , 1.8, 2} for each f in each m. Given the pricing strategy of other firms in the
market, firm f ’s best response is found by a grid search of maximum profit among profits at all the possible combination of
values of LFf m and Lpf m .
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cost per consumer; this price increase leads to a decrease in penetration rate from 55% to 48% and to a
loss in welfare. On the intensive margin, the decrease in overage prices shrinks the gap between the overage
prices and the marginal cost per minute, this price reduction leads to an increases in calling from 115 to 134
minutes per household per month and to a gain in welfare. The welfare gain from intensive margin surpasses
the welfare loss from extensive margin, resulting in a positive net welfare effect. The welfare gain is captured
by consumers (2% increase in consumer surplus), while the industry profit does not change.37
The “Bill Shock” regulation also imposes an important distributional effect on consumer surplus: the
increase in fixed fees and decrease in overage prices has different implications for different types of consumers.
Table 15 displays the consumer welfare effects where consumers are classified according to their preference
parameter (the lower quartiles corresponding to lighter users). For consumers in the second and third
quartiles of the preference distribution, the loss due to higher fixed fees surpasses the gain due to lower
overage prices. By contrast, for consumers in the fourth quartile, the increase in fixed fees has almost no
impact on the penetration rate, and the gain due to lower overage prices dominates.
37 The

slight increase in the total industry profit is offset by the cost of notifying consumers. Assuming that mobile network
operators have to call each household for one minute each month, then for the cost per minute that is $0.13, the slight increase
in the total industry profit is completely offset.
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7.2

Counterfactual analysis robust check

In essence the “Bill Shock” regulation consists of informing consumers when their allowance limit has been
reached. In my base counterfactual, I simulate this by eliminating the perception error. However, if consumption is lower than the monthly allowance no usage information is provided to consumers; that is, the
perception error is not completely eliminated as a result of the “Bill Shock” regulation.
In this section, I perform an alternative counterfactual that reflects this difference: consumers whose consumption exceeds the monthly allowance receive information regarding their actual usage level; by contrast,
consumers whose consumption falls short of the monthly allowance do not receive information other than
the fact that their usage is lower than the monthly allowance.
More formally, I now assume that the consumer’s calling decision is described by

max vij (xij ) =
xij



R


A
θ ln(xij ωc )
ωc ∈(0, x j ] i

+ xi0 dF (ωc )

if θi < Aj ,
(19)

ij



θi lnxij − ai pj 1x >A (xij − Aj ) + xi0
ij
j

if θi ≥ Aj ,

Z
subject to

A

ωc ∈(0, x j ]

(xij ωc )dF (ωc )1θi <Aj + xij 1θi ≥Aj +

ij

xi0
|{z}

outside activity

≤

T
|{z}

time constraint

The optimal usage level x∗ij equates the marginal utility to the opportunity cost for the next calling
minute.
θi
xij
|{z}

=

ai pj 1xij >Aj + 1
|
{z
}

(20)

opportunity cost of the next calling minute

MU for the next calling minute

and thus

x∗ij (θi , Aj , pj ) =





θi




Aj






 θi

1+ai pj

if θi < Aj ,
if θi ∈ [Aj , Aj (1 + ai pj )],

(21)

if θi > Aj (1 + ai pj ).

The realized usage for consumers whose preference is to call less than the monthly allowance (i.e. θi < Aj )
is the product of the optimal perceived usage and the perception error: xij = x∗ij ωc ∈ (0, Aj ]; the realized
usage for consumers whose preference is to call more than the monthly allowance (i.e. θi ≥ Aj ) is the
optimal usage they would like to call: xij = x∗ij . The maximum monthly utility from calling using plan j for
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consumer i is hence

vij (x∗ij ; θi , ai , Aj , pj ) =


R




A
θ ln(x∗ij ωc )
ωc ∈(0, x∗j ] i

+ T − (x∗ij ωc )dF (ωc )

if θi < Aj ,
(22)

ij



θ lnx∗ − a p (x∗ − A ) + T − x∗
j
i j
i
ij
ij
ij

if θi ≥ Aj ,

Consumers’ subscription decisions and mobile network operators’ pricing decisions will also change using
the model of subscriptions and pricing.
The welfare effect of the “Bill Shock” regulation with adjusted prices in this alternative counterfactual
is presented in table 16. The result is very similar to the counterfactual scenario where the perception error
is completely eliminated.
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8

Conclusion

I study the welfare effects of the recently proposed “Bill Shock” regulation in the mobile phone industry,
a proposal that would inform consumers when they use up the monthly allowance of their mobile phone
price plan. Using a rich billing data set, I estimate an industry model of calling, subscription and pricing.
My counterfactual simulations predict that the proposed regulation has two conflicting welfare effects: a
positive effect from lower overage prices and a negative effect from higher fixed fees. In net terms, I predict
a 2% increase in consumer surplus, while industry profit remains constant. Moreover, the regulation benefits
heavy users and hurts light users.
This paper is one of the first to contribute to understanding the welfare effects of consumer protection
policies that attempt to reduce consumer price uncertainty. The prediction of the direction of changes in
price and welfare could be indicative of policies aimed at other important industries with similar issues:
home mortgages, health insurance, and debit and credit cards. This paper suggests that firms will adjust
prices in response to this type of consumer protection policy, and that the price adjustment could impose
an important distributional effect on different types of consumers.
Because of the limitation in the data, I need to impose parametric assumptions on the distribution of
the perception error. One possible direction to relax this assumption is to conduct a field study on people’s
perception error: for example, contact consumers at the end of the monthly billing cycle, just before they see
their monthly bill, and ask about their perceived usage for that month; the difference between their perceived
usage and their actual usage in the bill is the perception error; a large enough sample of perception errors
could show the real shape of the distribution of the perception error.
Another limitation in the data used in this paper is that each consumer is observed only once. In future
work, a panel data set that tracks the same individual would allow more flexible specification of the model:
consumers only have information on the distribution of their preferences at the plan choice stage and observe
the realization of their preferences for a particular month at the beginning of each month. Lambrecht et al.
(2007) shows that monthly usage variation makes three-part tariffs more profitable than two-part tariffs.
Future work could try to separately quantify the implication of monthly usage variation that is controlled
by consumers (as in Lambrecht et al. (2007)) and the perception error that consumers cannot control (as
in this paper) on the pricing design of three-part tariffs.

29

References
Armstrong, M., & Vickers, J. (2001). Competitive price discrimination. RAND Journal of Economics, (pp.
579–605).
Berry, S., Levinsohn, J., & Pakes, A. (1995). Automobile prices in market equilibrium. Econometrica, 63 (4),
841–890.
Berry, S., Levinsohn, J., & Pakes, A. (2004). Differentiated products demand systems from a combination
of micro and macro data: the new car market. Journal of Political Economy, 112 (1), 68–105.
Bollinger, B., Leslie, P., & Sorensen, A. (2011). Calorie posting in chain restaurants. American Economic
Journal: Economic Policy, 3 .
Borenstein, S. (2009). To what electricity price do consumers respond? residential demand elasticity under
increasing-block pricing. Preliminary Draft April , 30 .
Busse, M. (2000). Multimarket contact and price coordination in the cellular telephone industry. Journal of
Economics & Management Strategy, 9 (3), 287–320.
DellaVigna, S., & Malmendier, U. (2004). Contract design and self-control: Theory and evidence. The
Quarterly Journal of Economics, 119 (2), 353.
Economides, N., Seim, K., & Viard, V. (2008). Quantifying the benefits of entry into local phone service.
The RAND Journal of Economics, 39 (3), 699–730.
Ellison, G. (2005). A model of add-on pricing. The Quarterly Journal of Economics, 120 (2), 585.
Ellison, G. (2006). Bounded rationality in industrial organization. ECONOMETRIC SOCIETY MONOGRAPHS , 42 , 142.
Gabaix, X., & Laibson, D. (2006). Shrouded attributes, consumer myopia, and information suppression in
competitive markets. The Quarterly Journal of Economics, 121 (2), 505–540.
Grubb, M. (2009). Selling to overconfident consumers. The American Economic Review , 99 (5), 1770–1807.
Grubb, M. (2011). Bill shock: Inattention and price-posting regulation. Working Paper .
Grubb, M., & Osborne, M. (2012). Cellular service demand:biased beliefs, learning and bill shock. Working
Paper .

30

Handel, B. (2010). Adverse selection and switching costs in health insurance markets: When nudging hurts.
manuscript, Northwestern University.
Hausman, J. (1999). Cellular telephone, new products, and the cpi. Journal of Business and Economic
Statistics, 17 (2), 188–94.
Huang, C. (2008). Estimating demand for cellular phone service under nonlinear pricing. Quantitative
Marketing and Economics, 6 (4), 371–413.
Iyengar, R., Ansari, A., & Gupta, S. (2007). A model of consumer learning for service quality and usage.
Journal of Marketing Research, 44 (4), 529–544.
Jin, G., & Leslie, P. (2003). The effect of information on product quality: Evidence from restaurant hygiene
grade cards. Quarterly Journal of Economics, 118 (2), 409–451.
Lambrecht, A., Seim, K., & Skiera, B. (2007). Does uncertainty matter? consumer behavior under three-part
tariffs. Marketing Science, 26 , 698–710.
Lee, R. S. (2010). Dynamic demand estimation in platform and two-sided markets. Working Paper, NYU
Stern.
Littlechild, S. (2006). Mobile termination charges: calling party pays versus receiving party pays. Telecommunications Policy, 30 (5-6), 242–277.
Miravete, E. (1996). Screening consumers through alternative pricing mechanisms. Journal of Regulatory
Economics, 9 (2), 111–132.
Miravete, E. (2002). Estimating demand for local telephone service with asymmetric information and optional
calling plans. The Review of Economic Studies, 69 , 943–971.
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A

Tables and Figures
Table 1: Mean comparison among different consumer samples in TNS data in 2000-2001

number of HH
family
head age over 55
renting
high income

the whole sample
262,826
0.73
0.38
0.30
0.63

the sample with mobile phones
130,259
0.83
0.28
0.24
0.75

bill data
16,087
0.79
0.38
0.18
0.79

Table 2: Count of bills and market share of major mobile network operators
Bill count in bill data
mobile network operator
Sprint
AT&T
Voicestream Wireless(T-mobile)
Verizon
Cingular
Others
Total
Bill count in call detail data
mobile network operator
Sprint
AT&T
Voicestream Wireless(T-mobile)
Verizon
Cingular
Others
Total

bill count
1,327
2,218
476
3,540
1,636
7,958
17,155

percentage
8%
13%
3%
21%
10%
46%
100%

market shares (Kagan)
9%
12%
4%
25%
19%
31%
100%

bill count
1,100
1,618
380
2,430
856
4,667
11,051

percentage
10%
15%
3%
22%
8%
42%
100%

market shares (Kagan)
9%
12%
4%
25%
19%
31%
100%
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Table 3: Summary statistics of bill data and call detail data
Bill data
variable
fixed fee $/mo
free min used/mo
billed min/mo
total min used/mo
Call detail data: billed calls
bills with billed calls
roaming only
long distance only
roaming and long distance
non-roaming overage
bills with billed calls
billed calls
roaming only
long distance only
roaming and long distance
non-roaming overage
total billed calls

number of bills
16,894
16,986
16,986
16,986

mean
32.20
115.84
36.67
154.29

std. dev.
22.80
269.91
148.03
329.03

min
0.00
0.00
0.00
0

number of bills
1,359
2,681
1,057
3,495
6,100
number of calls
6,591
13,217
4,098
87,242
111,148

percent
22%
44%
17%
57%
100%
percent
7%
11%
4%
77%
100%

average payment
6.58 $/mo
4.57 $/mo
9.02 $/mo
20.06 $/mo
16.53 $/mo
average duration
2.58 min
3.28 min
2.83 min
2.66 min
2.74 min

max payment
521.14 $/mo
165.69 $/mo
287.14 $/mo
438.90 $/mo
620.45 $/mo
average payment
1.36 $/call
0.93 $/call
2.33 $/call
0.80 $/call
0.91 $/call

max
349.98
5473
3256
5715

Fixed fee is the monthly fixed fee of the three-part tariff plan. Free minutes used indicates total number
of minutes used during the month that are not charged (either free minutes included in the allowance or
free off-peak minutes). Billed minutes are minutes that are charged a strictly positive price (either minutes
outside of the allowance, or roaming/long distance calls that are usually not free for local and regional plans).
Total minutes used are the sum of free minutes used and billed minutes.
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Table 4: Plans offered by AT&T in New York at 1/5/2001
fixed fee $/mo
19.99
29.99
29.99
39.99
39.99
49.99
49.99
59.99
69.99
69.99
79.99
99.99
99.99
99.99
119.99
149.99
149.99
149.99
199.99
199.99

allowance min/mo
60
120
250
200
400
400
600
450
600
800
650
900
1000
1200
1100
1500
1600
2000
2000
3000

overage price $/min
0.4
0.3
0.6
0.3
0.55
0.3
0.45
0.35
0.25
0.4
0.35
0.25
0.25
0.4
0.25
0.25
0.25
0.2
0.25
0.2
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coverage
Local
Regional
Local
Regional
Local
Regional
Local
National
Regional
Local
National
National
Regional
Local
National
National
Regional
Local
National
Local

ld price $/min
0.15
0
0.15
0
0.15
0
0.15
0
0
0.15
0
0
0
0.15
0
0
0
0.15
0
0.15

roam price $/min
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0
0.6
0.6
0
0
0.6
0.6
0
0
0.6
0.6
0
0.6

Figure 1: Histogram of the usage ratio in the data
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For 1,987 observations in the estimation sample, 1,960 of them have usage ratio between 0 and 5. The
histogram represents the number of observation within an interval. The length of the interval is set to be
0.02, 0.10 and 0.20 respectively. r is the radius of interval: the distance between the boundary of the interval
and the center of the interval. For example, for r=0.10, the histogram around 1 represents the number of
observations with usage ratio between 1-0.10 and 1+0.10 in the estimation sample.

Table 5: Successful rate of data matching by mobile operators

Sprint
AT&T
VoiceStream Wireless(T-mobile)
Verizon
Cingular
Others
Total

bill count
698
1,117
285
1,596
557
1,942
6,195
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matched bill count
307
913
264
884
286
338
2,992

% of success
43.98%
81.74%
92.63%
55.39%
51.35%
17.40%
48.30%

Table 6: Summary statistics in the estimation sample
Aggregate data
Variable
fixed fee ($/mo)
allowance (min/mo)
overage price ($/min)
free long distance calls
free roaming calls
market share
Micro data
Variable
monthly calling minutes (min/mo)
family
head age over 55
renting
high income
prob of incur overage charges
overage charges ($/mo)

number of plan
577
577
577
577
577
577

mean
40
311
0.35
0.48
0.27
3%

std. dev.
17
238
0.07
0.50
0.44
2%

min
15
0
0.18
0.00
0.00
0%

max
128
1400
0.65
1.00
1.00
16%

number of hh
1,987
1,987
1,987
1,987
1,987
1,987
1,987

mean
185
0.77
0.35
0.21
0.85
17%
17

std. dev.
298
0.42
0.48
0.41
0.36
38%
62

min
0
0.00
0.00
0.00
0.00
0%
0

max
3169
1.00
1.00
1.00
1.00
100%
729

This table shows the summary characteristics of key variables of aggregate level and micro level data in the
estimation sample. At the aggregate level, there are in total 577 plans in all 26 markets considered. At the
micro level, there are in total 1,987 cell phone bills in all 26 markets considered. The 1,987 bills are used to
approximate the market shares of 577 plans.

Table 7: Number of bills with most popular plans
number of free minutes
20 minutes
30 minutes
60 minutes
100 minutes
120 minutes
150 minutes
200 minutes
250 minutes
300 minutes
350 minutes
400 minutes
450 minutes
500 minutes
600 minutes
other
total

number of bills in the data
74
63
157
50
185
88
225
261
78
59
125
54
52
70
446
1,987
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number of bills in the tail
21
14
30
9
30
22
39
38
4
5
25
5
7
8
83
340

percentage in the tail
28%
22%
19%
18%
16%
25%
17%
15%
5%
8%
20%
9%
13%
11%
19%
17%

Figure 2: Demonstration of the impact of perception error on consumer’s calling decision and overage
payment
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In this graph, the real marginal price per minute is 0 when the monthly calling minutes is less than 120
minutes and then jumps to $0.60/min. If consumer is perfectly certain about the usage, this consumer
would stop calling at exactly 120 minutes in this example. With the perception error, the perceived usage
is different from the actual usage: at any perceived usage, there is a chance that the actual usage passes the
120 minutes threshold and the $0.60/min overage price applies; taking this fact into account, the perceived
marginal price per minute is positive at any perceived usage. This consumer would stop calling at point x.
In expectation, the expected overage payment is represented by the area EP.

Table 8: Comparison of the moments from model simulations and from data

data
model
model
model
model

simulation:
simulation:
simulation:
simulation:

variance
variance
variance
variance

of
of
of
of

omega=0.40 (σω = 0.58)
omega=0 (σω = 0)
omega=0.10 (σω = 0.31)
omega=0.20 (σω = 0.43)
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prob of usage ratio is between 0.90 to 1.10
0.06
0.07
0.70
0.13
0.10

Figure 3: Demonstration of the variation in overage prices of plans with different levels of free minutes
included
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This graphs shows the actual and consumer perceived expected overage price per minute for two plans: a
small plan with 120 free minutes and the overage price of $0.60/min, and a big plan with 250 minutes and
the overage price of $0.30. The expected overage price at each perceived usage equals the probability that
actual usage level is greater than the free minutes included multiply by the actual overage price. Since there
is a higher probability that consumers’ actual usage is greater than 120 minutes than 250 minutes, and the
small plan with 120 free minutes has a higher actual overage price ($0.60) than the big plan with 250 free
minutes ($0.35/min), consumer perceived expected overage price per minute is higher at any perceived usage
level for the small plan than for the big plan; as a consequence, for consumers with the same marginal utility
curve, those choosing small plan would on average call less than those choosing big plan.
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Figure 4: Demonstration of the identification of the variance of the perception error
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From this graph, we could see that when the perception error’s variance is zero (consumers’ perceived usage
perfectly coincide with their actual usage, the marginal price suddenly jumps from 0 to $0.60/ minutes at
120 minutes; when the variance of perception error is 0.40 as estimated, consumers’ perceived marginal price
is smoothed out around 120 minutes since consumers have uncertainty towards their actual usage: when
their perceived usage is 120 minutes, their actual usage may be lower or higher than 120 minutes depending
on the realization of the perception error; when the variance of perception error is 25% as estimated (0.10),
consumers perceived marginal price changes more drastically around 120 minutes than when the variance
of perception error is 0.40, and the realization of perception error is also more concentrated around 1 as
shown in the pdf of the perception error with different levels of variances (both effects would increase the
probability of consumers’ usage being around 120 minutes).
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Table 9: Economic areas in the estimation sample and the corresponding Economic Area Groupings
Economic Areas
Boston
New York
Charlotte
Philadelphia
Pittsburgh
Washington-Baltimore
Atlanta
Miami
Orlando
Chicago
Detroit
Minneapolis
Dallas
Denver
Phoenix
Salt Lake City
Los Angeles
Sacramento
San Francisco
Seattle

Economic Area Groupings
Northeast
Northeast
Mid-Atlantic
Mid-Atlantic
Mid-Atlantic
Mid-Atlantic
Southeast
Southeast
Southeast
Great Lakes
Great Lakes
Great Lakes
Central/Mountain
Central/Mountain
Central/Mountain
Central/Mountain
Pacific
Pacific
Pacific
Pacific
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Table 10: Estimates of parameters in the model

parameter estimate standard error interpretation
income effect with respect to the
fixed fee
logit standard error
mean preference parameter
standard deviation of
unobservable heteogeneity
standard deviation of log of
perception error
price coefficient with respect to
the overage price
income effect with respect to the
overage price
preference shifter: family
preference shifter: hh head age
over 55 dummy
prefence shifter: renting dummy
year dummy: year 2000
AT&T dummy
Cingular dummy
Sprint dummy
VoiceStream (T-mobile)
dummy
Other carrier dummy
free long distance dummy
free roaming dummy
price coefficient with respect to
the fixed fee

0.09

0.44

68.12
4.93***

48.00
1.02

0.98***

0.30

0.58**

0.27

-10.98

15.62

3.44

22.22

0.08

0.13

-0.05

0.14

0.10
-2.11***

0.21
0.63 compared with year 2001

-0.37

0.28 compared with Verizon

-1.20***
-1.48***

0.41 compared with Verizon
0.47 compared with Verizon

-3.21***

0.49 compared with Verizon

-1.30*
-1.38***
0.53**

0.70 compared with Verizon
0.20
0.27

-0.29***

0.01
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Table 11: Estimates for price elasticities and costs

number of markets
mean own price elasticities wrt fixed fee
std.dev
mean own price elasticities wrt overage price
std.dev
mean cost per customer $/mo
std.dev $/mo
Merrill Lynch: cost per customer $/mo
mean cost per minute $/min
std.dev $/mo
Industry estimate cost per minute $/min*

Sprint
20
-6.92
1.29
-2.52
0.78
18.97
5.36
56.78
0.12
0.04
0.11

AT&T
26
-5.33
1.44
-2.26
1.08
19.79
6.59
54.41
0.10
0.05

Voicestream
13
-5.09
0.78
-3.00
1.42
16.19
8.55
61.85
0.09
0.04

Number of markets is the number of markets where a particular firm is present.
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Verizon
20
-4.78
1.10
-2.40
1.12
16.01
5.14
35.10
0.12
0.05

Cingular
12
-6.06
0.91
-2.08
0.33
21.12
4.77
40.32
0.11
0.04

Table 12: The welfare effect of the “Bill Shock” regulation assuming no price adjustment

per household counterfactual_1-1

monthly per household effect
Non-welfare outcomes
penetration of mobile
mean monthly calling minutes
(cond on subscription) (min/mo)
prob of using exactly free minutes
in the plan (cond on subscription)
prob of making overage payment
(cond on subscription)
mean prob of choosing small plans
mean prob of choosing big plans
mean monthly overage
payment(cond on pay overage)
Welfare outcomes
mean consumers surplus
mobile operators profit
total surplus

before regulation after regulation
with perception
without
error perception error

change % change

55%

59%

4%

7%

115

143

29

25%

0.00

0.63

0.63

0.21

0.05

-0.16

-76%

0.42
0.16

0.48
0.13

0.06
-0.03

14%
-19%

$24

$8

-$16

-67%

$87
$4
$91

$97
-$4
$93

$10
-$8
$2

11%
-200%
2%

monthly total effect
Non-welfare outcomes
number of hh with mobile
total monthly calling minutes
number of hh making overage
payment
monthly overage payment

44 million
8000 million
12 million
$370 million

Welfare outcomes
total consumers surplus
total mobile operators profit
total surplus

$6940 million $7800 million $860 million
$347 million -$295 million -$642 million
$7287 million $7504 million $217 million
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47 million
3 million
10000 million 2000 million
3 million
-9 million
$35 million -$335 million

Table 13: Changes in fixed fees and overage prices after the “Bill Shock” regulation

Sprint
number of markets
mean change in fixed fees
mean change in overage prices
mean of minimum fixed fees
before regulation ($/min)
mean of minimum fixed fees after
regulation ($/min)
mean of cost per customer ($/mo)
mean of minimum overage prices
before regulation ($/min)
mean of minimum overage prices
after regulation ($/min)
mean of cost per minute ($/min)

Voicestream
(T-mobile)
26
13
40%
45%
-57%
-62%

AT&T

20
39%
-61%

Verizon Cingular
20
43%
-58%

12
40%
-63%

28

22

22

22

24

39

31

31

31

34

19

20

16

16

21

0.36

0.28

0.23

0.30

0.35

0.14

0.12

0.09

0.12

0.13

0.12

0.10

0.09

0.12

0.11
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Figure 5: Welfare gain from the decrease in overage prices
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The decrease in overage prices leads to the increase in calling (from point A to point C). Because the new
actual overage price is closer to the marginal cost per minute than the original expected overage price with
the perception error, the increase in calling generates a welfare gain (area WG in the graph).
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Table 14: The welfare effect of the “Bill Shock” regulation with adjusted prices

monthly per household effect

Non-welfare outcomes
penetration of mobile
mean monthly calling minutes
(cond on subscription) (min/mo)
prob of using exactly free
i
i h l ( d
prob of making overage
payment (cond on subscription)

before regulation after regulation
with perception
without
error perception error

change % change

55%

48%

-7%

-13%

115

134

19

17%

0.00

0.35

0.35

-

0.21

0.42

0.21

100%

$24

$12

-$12

-50%

$87
$4
$91

$89
$4
$93

$2
$0
$2

2%
0%
2%

monthly total effect
Non-welfare outcomes
number of hh with mobile
total monthly calling minutes
number of hh making overage
monthly overage payment

44 million
8000 million
12 million
$370 million

39 million
8400 million
22 million
$371 million

-5 million
400 million
10 million
$1 million

Welfare outcomes
total consumers surplus
total mobile operators profit

$6940 million
$347 million

total surplus

$7287 million

$7098 million
$352 million
$7450 million

$158 million
$5 million
$163 million

mean monthly overage
payment(cond on pay overage)
Welfare outcomes
mean consumers surplus
mobile operators profit
total surplus

The slight increase in the total industry profit $5 million is offset by the cost of notifying consumers. Assuming
that mobile network operators have to call each household for one minute each month, then for the cost per
minute that is $0.13, the slight increase in the total industry profit is completely offset.
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Table 15: The per household effect of the “Bill Shock” regulation with adjusted prices for different types
of consumers

per household per month
Consumer surplus
first quartile
second quartile
third quartile
fourth quartile
Penetration rate
first quartile
second quartile
third quartile
fourth quartile
Monthly calling minutes (cond
on subscription) (min/month)
first quartile
second quartile
third quartile
fourth quartile

before regulation
after regulation
with perception without perception
error
error

change % change

$0
$1
$51
$295

$0
$0
$50
$306

$0
-$1
-$1
$11

0%
-47%
-1%
4%

2%
29%
91%
100%

0%
13%
82%
100%

-2%
-16%
-9%
0%

-77%
-55%
-10%
0%

31
62
103
267

37
73
123
307

6
11
20
40

19%
18%
19%
15%

This table presents the mean change for consumers whose preference parameters θi are in different quartile of
the preference distribution. For consumers whose preference parameters are in the second and third quartile
of the preference distribution, the loss from the extensive margin (decrease in penetration rate) due to an
increase in fixed fees surpasses the gain from the intensive margin (increase in monthly calling minutes) due
to the decrease in overage prices. For consumers whose preference parameters are in the fourth quartile of
the preference parameter, the increase in fixed fees has almost no impact on the extensive margin (no change
in penetration rate) and the gain from the intensive margin (increase in monthly calling minutes) due to
decrease in overage prices has dominant effect.
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B

The proposed “Bill Shock” regulation

The following text is coming from the section 3 of S. 732: Cell Phone Bill Shock Act of 2011: Notification
of cell phone usage limits; subscriber consent.
(a) Definition- In this section, the term commercial mobile service has the same meaning as in section
332(d)(1) of the Communications Act of 1934 (47 U.S.C. 332(d)(1)).
(b) Notification of Cell Phone Usage Limits- The Federal Communications Commission shall promulgate
regulations to require that a provider of commercial mobile service shall–
(1) notify a subscriber when the subscriber has used 80 percent of the monthly limit of voice minutes,
text messages, or data megabytes agreed to in the commercial mobile service contract of the subscriber;
(2) send, at no charge to the subscriber, the notification described in paragraph (1) in the form of a voice
message, text message, or email; and
(3) ensure that such text message or email is not counted against the monthly limit for voice minutes,
text messages, or data megabytes of the commercial mobile service contract of the subscriber.
(c) Subscriber Consent- The Federal Communications Commission shall promulgate regulations to require
a provider of commercial mobile service shall–
(1) obtain the consent of a subscriber who received a notification under subsection (b) to use voice, text,
or data services in excess of the monthly limit of the commercial mobile service contract of the subscriber
before the provider may allow the subscriber to use such excess services; and
(2) allow a subscriber to, at no cost, provide the consent required under paragraph (1) in the form of a
voice message, text message, or email that is not counted against the monthly limit for voice minutes, text
messages, or data megabytes of the commercial mobile service contract of the subscriber.

C

Data Matching and Construction of Estimation Sample

In this section, I discuss the process of matching the bill data with the tariff data. I define a market as an
economic area-year pair. I match bills with the tariff data using market-operator-fixed fee listed in both
sources. Table 5 shows the successful rate of data matching for five major mobile operators in 2000-2001.38
I use 2,992 matched bills to construct the market share of plans. Bills that belong to the five major
operators account for 80% of matched bills in the sample.39 Among plans offered by the five major operators,
95% of matched bills have fixed fees in the $19.99-$59.99 range. For each major operator in each market, I
aggregate plans with fixed fees higher than $59.99 into one plan.40 41
The matched 2,992 bills cover 108 markets: 46 economic areas in the year 2000 and 62 economic areas
in the year 2001. 39 economic areas in the year 2000 have fewer than 30 matched bills, and 41 economic
areas in the year 2001 have fewer than 30 matched bills. These 80 markets have too few matched bills to
approximate the market shares of plans, I exclude these 80 markets from the estimation sample. Among the
remaining 28 markets, I also exclude one market from year 2000 and one market from year 2001 where the
majority of bills belong to non-major carriers and non-major plans. In the end 6 markets in 2000 and 20
markets in 2001 remain in the estimation sample.
38 I

distinguish plans with the same market-operator-fixed fee, but that differ in terms of whether offer free roaming calls or
long distance calls. I double check the accuracy of matching by looking at whether free roaming calls or long distance calls
recorded in the bill are consistent with the corresponding characteristics of the plan. I also check if the usage level recorded in
the bill is consistent with the allowance level of the plan. I drop the matches that are inconsistent. Please refer to the appendix
for additional details on the data matching process.
39 The five major operators are: Sprint, AT&T, Voicestream Wireless(T-mobile), Verizon, and Cingular. I aggregate all plans
offered by operators other than the five major operators in each market.
40 The monthly fixed fee, allowance and overage price of the aggregated plans is the average of plans included in the aggregation.
41 Whether plans offer free long distance calls or free roaming calls are two key characteristics that define the coverage of the
plan: Local plans offer neither for free; regional plans often offer the long distance call for free but charge for roaming calls;
and national plans often offer both for free. For plans that are aggregated from operators other than the five major operators,
I define neither long distance calls nor roaming calls to be free; for plans that are aggregated to be expensive plans by one of
the five major operators, I define both long distance calls and roaming calls to be free since these expensive plans are often
national plans.
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D

Bunching at the allowance level

In this section, I use a simple model to demonstrate why we should expect a mass point of consumers using
exactly the allowance level if they are perfectly aware of the marginal price of next calling minute.
Consider a large number of consumers. Each one of them draw his/her preference parameter θi from a
continuous distribution such as log-normal distribution. All consumers are using the same three-part tariff
with monthly fixed fee F , allowance A and overage price p.
Consumer i is facing a time constraint T . He/she chooses to allocate the time to talk on the mobile phone
or to spend on the outside activity (the marginal utility of which is normalized to 1) subject to the time
constraint T . Under the assumption that consumers are perfectly aware of the marginal price, consumer i
chooses the quantity of calling minutes xi and the quantity of time spending on the outside activity xi0 to
maximize his/her surplus
max vij (xi ) = θi lnxi − ap1xi >A (xi − A) + xi0
xi

(23)

subject to xi + xi0 ≤ T
where a is the income effect. The indicator function 1xi >A implies that consumers are only charged the
overage price p as the marginal price of the next calling minute if they use up their allowance level A.
The optimal usage level xi is given by the usage level at which the marginal utility equals to the opportunity cost for the next calling minute.
θi
xi
|{z}

=

MU for the next calling minute

ap1xi >A + 1
{z
}
|

(24)

opportunity cost of the next calling minute

Solving the equation 24, the optimal usage level x∗i can be expressed as a function of preference parameter
θi , allowance A and overage price p.


if θi < A,
θi
∗
(25)
xi = A
if θi ∈ [A, A(1 + ap)],

 θi
if
θ
>
A(1
+
ap).
i
1+ap
Equation 25 shows that for consumers whose preference parameter θi falls in between of A and A(1 + ap),
the optimal usage level x∗i is exactly the allowance level A. Since θi has a continuous distribution, the
probability that θi falls in between of A and A(1 + ap) is strictly greater than 0. Hence, a mass point of
consumers should use exactly the allowance level.

E

The expected overage payment and the expected marginal price
of the next calling minute

As presented in equation 1, consumers’ expected overage payment is
Z
pj max{xi ω − Aj , 0} dF (ω).
ω

ω follows a distribution with the probability density function f (ω) and the cumulative distribution function
F (ω). Taking derivative of the expected overage payment with respect to xi , I can derive the expected
marginal price of the next calling minute as following.
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Z
∂
( pj max{xi ω − Aj , 0}dF (ω))
∂xi ω
Z
∂
=
(pj
(xi ω − Aj )f (ω)dω)
∂xi
xi ω−Aj >0
Z
Aj
∂
(pj (
xi ωf (ω)dω − Aj (1 − F ( )))
=
Aj
∂xi
xi
ω> x
i
Z
= pj
ωf (ω)dω
A
ω> x j
i

R
= pj

A
ω> x j
i

(1 −

ωf (ω)dω
A
F ( xij ))

(1 − F (

Aj
))
xi

= pj (E(ω|xij ω > A)prob(xij ω > A))

F

Construction of moments in the estimation

PNJm
Let p̂ijm = j=1
ŝijm be the probability of subscribing to mobile phones for consumer i in market m; the
moments used in estimation can be constructed as follows:
M1 =

Nm N
M
Jm
o
X
X
x∗ijm ω
nm n 1 X
P r(0.9 ≤
{
≤ 1.1)ŝijm }p̂−1
ijm − pur = 0
n Nm i=1 j=1
Ajm
m=1

Nmd N
M
Jm
o
X
X
nmd n 1 X
M2 =
{
Eω (x∗ijm ω)ŝijm }p̂−1
ijm − x̄d = 0
nd Nmd i=1 j=1
m=1
n
o 1
PM
PNm PNJm
n
ˆ¯ 2 ŝijm }p̂−1
2
) m=1 nnm N1m i=1
(( n−1
{ j=1 Eω (x∗ijm ω − xω)
ijm )
σx
−
=0
M3 =
ˆ|
|x̄|
|x̄
n
o
PM nmI
PNmI PNJm
−1
1
∗
ˆ
m=1 nI
i=1 {
j=1 Eω (xijm ω − xI¯ω)(pjm − p̄)ŝijm }p̂ijm
NmI
M4 =
− ρxI p = 0
σ̂xI σ̂p
NJm
M
o
X
NJm n 1 X
d
ξjm Zjm
=0
M5 =
NJ NJm j=1
m=1

M1 − M5 are five sets of moment conditions used in the estimation: (1) the probability that the monthly
calling minutes fall in between 90% and 110% of the allowance; (2) the mean of monthly calling minutes for
the eight combinations of three demographic groups (family, age, and rent); (3) the coefficient of variation
in monthly calling minutes; (4) the correlation of the monthly calling minutes with the overage price of
d
the plan chosen by the two income levels; (5) the covariance of demand-side instruments, Zjm
, with the
unobserved demand shock ξjm . On the left hand side are moments from the model prediction, and the
corresponding moments in the data are on the right-hand side. For the first four sets of moments, the model
prediction is constructed as the weighted average of the average per market using the number of observations
per market in the data as weight (nm is the number of observations in market m in the data, and n is the
total number of observations in the data); the average in each market is computed by averaging the weighted
average of each simulated individual (using the probability of each individual choosing a particular plan
(ŝijm ) conditional on choosing mobile phone services (p̂−1
ijm ) as weights). Nm is the number of simulated
individuals in market m. For the moment (1), given the parametric assumption on the distribution of the
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usage error ω, P r(0.9 ≤

x∗
ijm ω
Ajm

A

A

≤ 1.1) is computed using F (1.1 x∗jm ) − F (0.9 x∗jm ) where F is the cumulative
ijm

ijm

distribution function of ω. For the moment (2), nmd is the number of observations in the demographic group
d in market m in the data, nd is the total number of observations in the demographic group d in the data
and Nmd is the number of simulated individuals in the demographic group d in market m. For the moment
(4), nmI is the number of observations in the income level I in market m in the data, nI is the total number
of observations in the income level I in the data and NmI is the number of simulated individuals in the
income level I in market m.

G
G.1

Additional details on the data
Additional details on TNS bill data

Among households with bills, 9,334 households appear only once, 3,216 households appear twice and 107
households appear three times during the 8 quarters in 2000-2001. 15,276 households handed in 1 bill, 744
households handed in 2 bills and 50 households handed in more than 2 bills when they are in the quarterly
sample.
Matching the bill data with the national survey data, I can see how many mobile phones households with
bills own. Among 16,557 matched bills, 10,242 bills indicate 1 mobile phone is owned by the household, 5,117
bills indicate 2 mobile phones and 1,198 indicate more than 2 mobile phones. Table 17 shows the number
of mobile phones owned by households interacting with the size of the household. 522 bills appear on the
upper right diagonal indicating ownership of multiple mobile phones by one person in the household.
In the bill, there is information on how many lines is on this bill. Among 16,914 bills with information
on number of lines on the bill, 13,304 bills indicate a single line on the bill and 3,610 bills indicate multiple
lines on the bill. More than one lines appearing on the bill is the indication of using family plans (multiple
members sharing the same plan to get the price discount). Table 18 shows the number of lines on the
bill interacting with the number of mobile phones owned by the household. 333 bills appear on the lower
left diagonal indicating more lines on the bill than the number of mobile phones the household owns. The
explanation is that people sometimes share a family plan with relatives or friends outside of the households.

G.2

Additional details on Data Matching

Among original 17,155 bills that have bill level information, 241 bills lack demographic information, 754 bills
miss information of the monthly fixed fee of the plan chosen or the location (economic area) of the bill, 404
bills have monthly fixed fee lower than $9.9 or have the year of billing not in 2000-2001. After dropping
these bills, 15,756 bills left. Among these 15,756 bills, 222 bills are business bills. Dropping these business
bills, 15,534 bills left. Among these 15,534 bills with bill level information, 10,001 bills have call detail level
information. These 10,001 bills are used to match with the tariff data.
Among 10,001 bills used to match with the tariff data, 6,982 bills have the fixed fee level appeared in
the tariff data. The fixed fee on other 3,019 bills may be recorded with error or belong to plans offered
prior to 2000. Verizon started operating in may, 2000. I also drop 787 bills that were dated prior to the
establishment of Verizon (I am focusing on the major operators in 2000-2001. Among these major operators,
Verizon started operating in 05/2000 and Cingular started operating in 01/2001. These two dates are used
as the starting point of each year in the market definition). In the end, 6,195 bills left to match with the
tariff data.
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Table 16: The welfare effect of the “Bill Shock” regulation with adjusted prices in the robust check

monthly per household effect

before regulation
after regulation
with perception without perception
error
error

change

% change

55%

48%

-7%

-13%

115

131

16

14%

0.00

0.37

0.37

-

0.21

0.45

0.24

114%

$24

$11

-$13

-54%

$87
$4
$91

$89
$4
$93

$2
$0
$2

2%
0%
2%

Non-welfare outcomes
penetration of mobile
mean monthly calling minutes
(cond on subscription) (min/mo)
prob of using exactly free
minutes in the plan (cond on
subscription)
prob of making overage payment
(cond on subscription)
mean monthly overage
payment(cond on pay overage)
Welfare outcomes
mean consumers surplus
mobile operators profit
total surplus

Table 17: Number of mobile phones owned by households in the bill data
monthly total effect
size of hh
1
2
3
4
5
Total

1
2,986
3,922
1,489
1,166
679
10,242

number of mobile phones
2
293
1,952
1,169
1,097
606
5,117

3 or more
45
184
278
394
297
1,198

Table 18: Number of lines in the bill

number of lines
1
2
3
4
5
Total

1
9,507
190
19
2
0
9,718

number of mobile phones
2
2,859
1,926
49
6
2
4,842
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3 or more
634
252
205
40
5
1,136

