EVA ASCARZA, ANJA LAMBRECHT, and NAUFEL VILCASSIM∗
In many service industries, firms introduce three-part tariffs to replace
or complement existing two-part tariffs. In contrast with two-part tariffs,
three-part tariffs offer allowances, or “free” units of the service. Behavioral
research suggests that the attributes of a pricing plan may affect behavior
beyond their direct cost implications. Evidence suggests that customers
value free units above and beyond what might be expected from the
change in their budget constraint. Nonlinear pricing research, however,
has not considered such an effect. The authors examine a market in
which three-part tariffs were introduced for the first time. They analyze
tariff choice and usage behavior for customers who switch from twopart to three-part tariffs. The findings show that switchers significantly
“overuse” in comparison with their prior two-part tariff usage. That is,
they attain a level of consumption that cannot be explained by a shift in
the budget constraint. The authors estimate a discrete/continuous model
of tariff choice and usage that accounts for the valuation of free units.
The results show that the majority of three-part-tariff users value minutes
under a three-part tariff more than they do under a two-part tariff. The
authors derive recommendations for how the provider can exploit these
insights to further increase revenues.
Keywords: pricing, nonlinear pricing, discrete/continuous choice model,
three-part tariffs, uncertainty, learning, free products

When Talk Is “Free”: The Effect of Tariff
Structure on Usage Under Two- and
Three-Part Tariffs
Firms in various sectors are complementing or replacing
their two-part tariffs with three-part tariffs. For example,
telecommunications providers offer plans with free minutes
instead of charging for every minute, and banks offer a set
number of free check-writing privileges instead of billing
per check. Two-part-tariff customers pay both a regular,
often monthly, access price and a usage price for every unit
of consumption, whereas under a three-part tariff, a usage

price applies only to consumption in excess of the usage
allowance. Within the allowance, there is no usage charge;
usage is “free.”
Recent evidence indicates that consumers generally
respond to free products or services differently than how
they would respond to the same good if the firm charged for
it. Specifically, when evaluating free products or services,
consumers do not simply subtract costs from benefits but
rather perceive the benefits associated with free products as
higher than they would otherwise. This perception leads to
increased demand (Shampanier, Mazar, and Ariely 2007),
which has important implications for firms. For example,
there is evidence that indicates that when AOL replaced its
pay-per-use plans for dial-up Internet access with flat-rate
plans, demand at a zero usage price was far greater than
AOL had forecasted from the income effect of the price
change alone (Cnet.com 1996).1 Behavioral research suggests that this increased demand can be attributed to a positive affective response to the offer of a zero usage price—
a “free” component of the tariff. This affective response
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As a result, AOL needed to manage significant congestion and dissatisfied customers.
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increases usage beyond what might be predicted from the
change of the budget constraint alone (Shampanier, Mazar,
and Ariely 2007).
Importantly, research demonstrates that this positive
affective response may likewise increase the valuation of
other, even unrelated products. For example, Isen et al.
(1978) show that people who obtain a small free gift
(notepad or nail clipper) subsequently evaluate the performance of unrelated products (their own car and television)
significantly higher than those who do not obtain a free
gift. Similarly, field data show that coupons can increase
purchases beyond the expected income effect for products
other than those for which the coupon was issued (Heilman,
Nakamoto, and Rao 2002).2 These insights go against standard economic theory that assumes that a change in price
will affect demand only through a change in the budget
constraint.
In this research, we examine how consumer demand
changes when consumers switch from a two-part to a threepart tariff. We build on Shampanier, Mazar, and Ariely’s
(2007) work and argue that the free component of a threepart tariff leads to a positive affective response. This positive affective response increases the valuation of the service
as such. Building on research that illustrates persistence
of demand effects from positive affect across products, we
argue that the positive affective response to a tariff with
free units persists even after consumers have exceeded their
usage allowance. As a result, we propose that when consumers switch from two-part to three-part tariffs, demand
should increase beyond what would be predicted from the
change in the budget constraint alone. This demand effect
should hold even for usage beyond the allowance.
We use data on tariff choice and usage of customers
of a mobile phone company. An important feature of the
data is the introduction of three-part tariffs in addition to
the existing two-part tariffs during our observation period,
which enables us to observe the same set of customers
under different pricing regimes: (1) when only two-part tariffs were available and (2) when customers were able to
switch to three-part tariffs. In this market, three-part tariffs were largely designed to increase customer acquisition.
Thus, their addition to the choice set for existing customers
is close to a natural experiment.
An initial exploration of the data shows that customers
who switched to a three-part tariff significantly “overused”
after switching: Their level of consumption cannot easily
be explained by the change in the budget constraint only
or by other plausible alternative explanations. To disentangle the effect of free minutes on customers’ valuation of
the service from the change in the budget constraint arising
from the new pricing structure and from preferences at tariff choice, we jointly estimate each customer’s tariff choice
and usage decision, conditional on the chosen tariff. In the
utility function, we explicitly allow for greater demand on
2

The authors attribute this to elevated mood and additionally propose
that a psychological income effect from receiving an unexpected coupon
could lead consumers to spend more than the windfall gain from the
coupon. They do not test which of the two explanations is more relevant.
Golden and Zimmer (1986), Sherman and Smith (1987), and Donovan
et al. (1994) provide further evidence that positive affect increases product demand, even for products that do not directly stimulate the positive
affect.
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three-part tariffs. Because three-part tariffs are new to this
market, customers are likely to be initially unaware that
free minutes might affect their demand beyond the budget
constraint. Therefore, we allow for the possibility that customers learn about their three-part tariff usage, that is, that
they learn about their valuation of free minutes.
Our results indicate that with three-part tariffs, 83.9% of
customers use more than might be expected based on their
previous usage. We interpret this to mean that these customers have a greater valuation of the service than under
the two-part tariff. This effect increases the provider’s revenue from three-part-tariff customers by 19.7%. We find
that by reducing the fee charged for switching between tariffs, the provider could increase total revenues by 3.9%, and
even more if it discontinued the option to switch to another
two-part tariff. In both instances, customers’ greater usage
on three-part tariffs is crucial to any revenue increase.
Our findings are managerially relevant from three perspectives. First, projecting customer usage solely on the
basis of observed usage under existing two-part tariffs
could lead firms to incorrectly determine the optimal tariff
structure and prices, with potentially serious consequences
to their profits. Our analysis shows that firms may significantly underestimate the revenue effect from introducing three-part tariffs if they do not sufficiently account for
the effect on preferences arising from the change in tariff structure. Second, our findings show that ignoring the
effect of a greater valuation for free minutes underestimates
three-part-tariff usage by 14.9%. This result implies that
when changing their tariff structure, firms might also need
to adjust their service capacity. Third, and more broadly,
our results show that the attributes of a pricing plan not
only change its monetary value but also affect the perceived
characteristics of the service.
Our findings add to the nonlinear pricing literature that
recognizes behavioral preferences at tariff choice: Customers choose flat-rate or three-part tariffs with large
allowances even when these entail a greater bill than tariffs
with lower allowances (DellaVigna and Malmendier 2006;
Lambrecht, Seim, and Skiera 2007; Lambrecht and Skiera
2006; Nunes 2000). Our work confirms that such deviations from standard economic theory are not limited to the
choice of a product or service but also affect its usage. Our
work likewise complements recent research on choice and
consumption under three-part tariffs (Bagh and Bhargava
2008; Grubb 2009; Grubb and Osborne 2011; Iyengar,
Ansari, and Gupta 2007; Jensen 2006), which thus far has
abstracted from potential effects of the tariff structure on
usage. As an exception, Iyengar et al. (2011) explore how
tariff structure affects usage on two-part versus pay-peruse tariffs. They find that customers’ marginal utility of
consumption is lower under a two-part tariff than under a
pay-per-use tariff.
More broadly, our work contributes to research that
explores behavioral effects of pricing. This includes the
insight that attributes of a price or a pricing plan can affect
behavior beyond their direct cost implications (Bertini and
Wathieu 2008), systematic effects of price endings on consumers’ purchase decisions (Anderson and Simester 2003;
Thomas and Morwitz 2005), or valuation of discounts that
goes beyond the change in prices (Darke and Dahl 2003).
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Next, we present the data, provide evidence that customers overuse under three-part tariffs, and discuss possible explanations. We then develop a joint model of tariff
choice and usage that allows for a greater valuation of the
service under a three-part tariff, resulting in greater usage.
We present the results of the estimation and our counterfactual analyses and conclude with a summary of findings
and implications of our work.
DATA
The data include a random sample of 5831 individual
customers (i.e., noncorporate) of a South Asian mobile
telephone provider. We observed customers for up to 12
months, beginning in May 2006. The focal firm had 16%
of the installed base. Mobile phone service penetration was
35% in May 2007. On average, customers had been with
the firm for 23.5 months before the start of our observation
period. The data contain information on the tariff chosen
and monthly usage of outgoing calls. During the observation period, 3.7% of customers left the firm. In total, the
data include 69,878 monthly usage and tariff choice observations. During the first 3 months, customers were offered a
choice of two-part tariffs (Tariff_2_1 to Tariff_2_4 in Table
1; we refer to currency as MU for “monetary units”). For
each two-part tariff, the provider charges four different perminute prices, all greater than zero, depending on the time
of day and the call destination. The data include the total
number of minutes used per month, but not by time of day
or destination. In addition, the firm provided us with the
number of minutes used across all customers in each tariff
by time of day and call destination. As a result, we use the
weighted average of usage prices per tariff as a measure of
the usage price.
On average, a customer uses 297 minutes a month and
has a bill of MU 17.15 (Table 1). Customers can check their
usage and bill by text message, by telephone, or through
the Internet. They are free to leave the provider at any time
(there are no contractual obligations) or to switch to another
tariff of the same provider. Customers can switch tariffs by
calling the firm’s customer service center, by visiting one
of the firm’s retail outlets, or through an authorized agent.
The provider charges MU 10 for switching to another tariff. This fee is higher than the two-part tariff access prices
and represents a significant expenditure in this emerging
market, in which customers are cash flow constrained.
We examine whether customers choose the ex post costminimizing two-part tariff on the basis of the average
and standard deviation of their usage in the first three

months of the data. We find that only 10.9% of customers would have paid less on a different two-part tariff
(see the Web Appendix at www.marketingpower.com/jmr_
webappendix).
Three months after the start of our observation period,
the company added three three-part tariffs to the existing
two-part tariffs (Tariff_3_1 to Tariff_3_3 in Table 1). Under
a three-part tariff, the marginal price is zero for usage
within the allowance. The provider charges a single price
for usage above the allowance. The new tariffs were heavily
advertised in print and on television. The provider introduced three-part tariffs to differentiate its offerings from
those of its competitors and to increase customer acquisition, not as recognition of limitations of two-part tariffs in
sorting customers (Jensen 2006; Wilson 1993). Thus, for
existing customers, the introduction of three-part tariffs was
close to a natural experiment. The firm was unaware that
a change in the tariff structure could potentially change
demand beyond what it would expect from the change in
the budget constraint.
Our panel covers customers who were subscribers of the
firm before the three-part tariffs were introduced but not
newly acquired customers. Thus, we do not address market
expansion effects. The two competitors offered similar twopart tariffs as those offered by the focal firm, but no threepart tariffs.
DESCRIPTIVE ANALYSES
Switching from Two- to Three-Part Tariffs
Although the focus of this research is on three-part tariff usage, we also provide an overview of tariff-switching
behavior. In the data, 13.7% of customers switched between
tariffs: 5.8% switched to a two-part tariff, and 7.9%
switched to one of the three-part tariffs, resulting in 2357
three-part-tariff observations. A key strength of the data is
that we observe customers under a two-part tariff before
the introduction of the three-part tariffs and, subsequently,
several months of usage behavior under a three-part tariff.
Thus, the data provide us with a high number of observations per tariff, which enables us to identify the effect of
tariff structure on three-part-tariff usage within individual
customers.
As Table 2 illustrates, customers mostly switched from
any of the two-part tariffs to Tariff_3_1. In determining whether customers’ decisions to switch to a threepart tariff could have been predicted from their past
consumption, we find that of all customers who would

Table 1
TARIFF CHARACTERISTICS

Package
Tariff_2_1
Tariff_2_2
Tariff_2_3
Tariff_2_4
Tariff_3_1
Tariff_3_2
Tariff_3_3

Access
Price (MU)

Allowance
(Minutes)

Usage
Price (MU)

Average
Usage (Minutes)

Average
Bill (MU)

1
2
3
5
10
20
30

0
0
0
0
200
500
900

0079
0056
0055
0042
0050
0050
0050

157017
220045
267097
470020
324097
730039
1142086

12009
13019
15093
24052
16095
33025
48075

Notes: MU refers to the local currency.

Observations
(Number)
9786
9512
321166
161057
1896
231
230

Customers
April 2007 (Number)
766
752
2541
1346
321
47
58
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Table 2
TARIFF-SWITCHING MATRIX
Switching to 0 0 0

Switching from 0 0 0
Tariff_2_1
Tariff_2_2
Tariff_2_3
Tariff_2_4

Tariff_2_1

Tariff_2_2

Tariff_2_3

Tariff_2_4

Tariff_3_1

Tariff_3_2

Tariff_3_3

8703%
00%
01%
02%

00%
9101%
01%
00%

302%
302%
8506%
103%

208%
108%
600%
8900%

605%
308%
701%
404%

01%
01%
06%
202%

01%
00%
06%
208%

Notes: For customers who switched more than once, we only consider the first switch.

have benefited from switching, 9.0% did switch, whereas
among customers who would not have benefited, only
4.7% switched (for details, see the Web Appendix at
www.marketingpower.com/jmr_webappendix). This is consistent with the generally low switching rates in telecommunications services and likely a result of the high
switching fee, which may have deterred customers from
switching.3
To assess whether the high switching fee might have
deterred customers from switching, we replicate the analysis presented previously, now considering a switch beneficial only when savings in the first month would compensate
for the switching fee. In this case, a greater proportion of
customers who would benefit from switching to a three-part
tariff did switch (13.2% vs. 9.0%). These results provide
some indication that whereas customers behave optimally
when choosing tariffs, the switching fee could have prevented customers from switching to the three-part tariffs.
Our econometric model takes this into account.
Finally, we examine subsequent tariff choices among
customers who switched to a three-part tariff. We find that
11.7% later switched to another tariff: 8.3% switched back
to a two-part tariff, and 3.4% switched to a different threepart tariff. In contrast, none of the customers who switched
to a two-part tariff in the first place later switched again.
The difference in subsequent switching behavior between
customers who switched to two-part tariffs and those who
switched to three-part tariffs suggests that they had difficulty predicting their own usage under three-part tariffs but
not under two-part tariffs. Furthermore, customers typically
do not switch immediately after their first three-part tariff
choice. Rather, they spend, on average, 2.7 months under a
three-part tariff before switching again. This indicates that
customers learn about their usage under three-part tariffs
before adjusting their tariff choice. Our econometric model
incorporates this learning process.

3
The share of customers who switch to a three-part tariff is significantly
lower than the share of customers who initially choose a three-part tariff in
the market that Grubb (2009) studies. Multiple factors likely contribute to
this difference. First, our customers are required to switch to a three-part
tariff, so switching costs may deter customers from switching. Second,
our customers had a long-time experience with the service, so overconfidence, which Grubb identifies as an important factor in choice, may have
been less important. Third, in our market, three-part tariffs are new, and
customers might be reluctant to try new plans.

Usage Under Three-Part Tariffs
We turn to customers’ usage behavior after the introduction of the three-part tariffs. A unique aspect of the data is
that we observe all customers under two-part tariffs before
the three-part tariffs were introduced. Moreover, not all customers switched to three-part tariffs after the introduction.
Therefore, we can analyze whether switching to a tariff
with free minutes affects consumption.
We compare the average monthly usage before the
three-part tariff introduction to usage in the last month
of the data. Customers who switched to a three-part tariff increased their usage by 15.1%, while customers who
remained under a two-part tariff increased their usage by
.9% (see the left-hand side of Figure 1). These results indicate a change in usage of three-part-tariff customers that
goes beyond a general time trend. This pattern is persistent
over time (see the Web Appendix at www.marketingpower.
com/jmr_webappendix) and is consistent across all threepart tariffs: Under Tariff_3_1, usage increased by an
average of 15.5%; under Tariff_3_2, usage increased by
16.2%; and under Tariff_3_3, usage increased by 19.2%.
Furthermore, actual usage often significantly exceeds the
allowance: 72% of three-part tariff observations exceeded
the usage allowance by, on average, 88.4%.
At first glance, this increase in usage could be due to
the change in tariffs’ marginal prices; a utility-maximizing
customer may use more under a three-part tariff simply
because of the change in the budget constraint. To explore
whether the change in the budget constraint can explain
the increased three-part tariff usage, we estimate a linear demand model of monthly usage. Using the observations before the three-part tariff introduction, we estimate
an individual-level demand intercept and a price coefficient
for monthly consumption. We then predict usage conditional on the chosen tariff in the last month in the data
and compare these predictions with the actual behavior.
This approach accounts for changes in the budget constraint
because the prediction is based on prices and allowances
of the tariff that each customer faces in the last month (for
details of the analysis and results, see the Web Appendix
at www.marketingpower.com/jmr_webappendix).
The right-hand side of Figure 1 shows the actual and
predicted average usage in the last period. For customers
who stayed on a two-part tariff, predicted usage is 98.9% of
observed usage. However, for customers who switched to
a three-part tariff, predicted usage is only 85.9% of actual
usage. In other words, the demand model, which accounts
for the change in the budget constraint, predicts two-part
tariff usage accurately but underestimates three-part tariff
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Figure 1
USAGE BEFORE AND AFTER THE INTRODUCTION OF THE THREE-PART TARIFFS
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usage by almost 15%. This result is consistent across all
three-part tariffs and is independent of the month in which
customers switch to a three-part tariff. This indicates that
the effect persists over time (see the Web Appendix at
www.marketingpower.com/jmr_webappendix).
Moreover, this result still holds when we relax model
assumptions that could lead us to systematically overpredict
usage. First, if demand was not linear in price but rather
convex, imposing a linear demand specification could lead
to an underestimation of usage in regions in which price
is very low (or zero), thus systematically underestimating
three-part tariff usage. We relax the linearity assumption and find that nonlinear utility specifications lead to
the same results qualitatively (see the Web Appendix
at www.marketingpower.com/jmr_webappendix). Second,
it might be that customers who switched to a three-part
tariff had different usage price sensitivities than customers
who did not switch to a three-part tariff. Thus, the assumption of homogeneous usage price sensitivity could lead
us to under- or overestimate their price response and
to underpredict three-part-tariff usage. Similar to existing
research on multipart tariffs (Iyengar, Ansari, and Gupta
2007; Lambrecht, Seim, and Skiera 2007; Narayanan,
Chintagunta, and Miravete 2007), we cannot estimate an
individual-level price coefficient because of a lack of
individual-level price variation in the data, though we can
check whether the homogeneity assumption is driving our
results. We estimate a demand specification in which customers who switched to a three-part tariff have a different set of parameters than customers who did not switch
to a three-part tariff. Again, we obtain qualitatively similar results (see the Web Appendix at www.marketingpower.
com/jmr_webappendix).

In summary, the large increase in usage after switching to
a tariff with free minutes cannot be explained by the difference in the budget constraint. It is consistent, however, with
previous research that shows that free goods lead to a positive affective response, increasing the valuation of the product or service and, thus, its demand (Shampanier, Mazar,
and Ariely 2007). Furthermore, this positive response to
free minutes can increase customers’ valuation of other
goods (Heilman, Nakamoto, and Rao 2002; Isen et al.
1978), thus affecting the entire consumption experience.
This finding is supported by the data, in that 72% of threepart tariff customers consume, on average, 88.4% above
the tariff allowance. We therefore conclude that customers
who switch to a three-part tariff may assign greater value to
minutes on that tariff, including those above the allowance.
Alternative Explanations
We acknowledge that other explanations could plausibly
lead to a similar pattern of usage. We examine these in
detail in the following subsections.
Risk aversion. Risk aversion might lead customers to
choose tariffs with large allowances—that is, tariffs for
which greater usage may be optimal—which in turn may
result in greater consumption. However, risk-averse customers would also be more likely to keep their usage at
or slightly below the allowance, which is not consistent
with the data: 72% of three-part-tariff observations exceed
the usage allowance by, on average, 88.4%, and 92% of
three-part-tariff customers exceed their usage allowance at
least once. Furthermore, we observe that for 61% of the
three-part-tariff customers, usage is above their two-parttariff satiation level. Risk aversion cannot explain such a
change to the satiation level.

When Talk Is “Free”
Regret avoidance. Under a three-part tariff, customers
might want to “get their money’s worth”—that is, entirely
use their allowance even if this exceeds the optimal usage
of a rational utility-maximizing consumer. However, this
explanation is not consistent with the data, because most
three-part-tariff customers exceed the allowance by a large
amount (on average, 88.4%).
Within-day price variation. Under the two-part tariffs,
usage prices vary with the time of day (peak and off-peak
rates) and call destination (within and out of network). We
do not have access to usage data by call type or records
of individual calls, and so our previous analysis relied on
the average usage price provided by the provider. However, in theory, all observed two-part-tariff calls could have
been made during peak hours when a greater usage price
was charged, in which case the previous analysis may have
overestimated the usage price sensitivity and thus underpredicted three-part-tariff usage.
As a robustness check, we reestimate the usage model
discussed in the section “Usage Under Three-Part Tarifs,”
this time assuming that all two-part-tariff calls were made
at the highest marginal price (i.e., during peak hours out
of network). In doing so, we possibly underestimate customers’ price sensitivity and possibly overpredict, but not
underpredict, three-part-tariff usage. Again, only 85.8% of
usage of three-part-tariff customers can be explained by the
shift in the budget constraint.
Self-selection. Customers may have switched to a threepart tariff because they anticipated greater usage in future
periods. Econometrically, self-selection should lead to a
high correlation between factors that affect three-part-tariff
choice, beyond expected savings, and factors that affect
three-part-tariff usage, beyond what would be predicted
from a consumer’s demand parameters from two-part-tariff
usage. Investigating whether such a correlation exists is
not feasible in a purely descriptive way or by examining
demand alone. This can only be tested in a joint model
of usage and tariff choice. We therefore check for such
a correlation when estimating our full discrete/continuous
choice model in the “Model Development and Estimation”
section.
Alternatively, self-selection could arise if usage followed
an autoregressive process. If this were the case, customers
who switched to a three-part tariff because they had a positive usage shock in the last period should also be more
likely to increase their usage in future periods. We rule out
this possibility in two ways. First, we check for serial correlation among monthly usage shocks. Second, we investigate whether customers who have (higher) positive usage
shocks are indeed more likely to switch to a three-part
tariff. Neither of the analyses supports the notion that an
autoregressive process leads to self-selection in the data (for
details, see the Web Appendix at www.marketingpower.
com/jmr_webappendix).
Tariff-specific services or marketing activities. Usage
behavior could change if the three-part tariff offered other
services unavailable on the two-part tariff. For example, if
text messages were offered for free on the two-part but
not on the three-part tariff, three-part-tariff customers could
substitute calls for text messages. In our context, text messages are rarely used because the language of conversation
is different from the language script on the handset and
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because neither calling plan is connected with other services that would lead to such an increase in usage. Similarly, marketing activities that aim to switch customers
to three-part tariffs and simultaneously increase usage on
these tariffs could explain high three-part-tariff usage (e.g.,
advertising or the introduction of handsets with new features that stimulate usage and were limited to three-part
tariff users). We know from the provider that no such activities were undertaken in this market.
Awareness of usage. Customers might overuse because
they are unaware of their usage level. Several indications, however, suggest that overusage is not due to a
lack of awareness. First, customers had used the service
for, on average, 23.5 months before the start of our data,
and the firm provides many possibilities for monitoring
usage. Thus, it seems unlikely that three-part-tariff switchers were completely unaware of their usage level. Even if
the availability of free minutes initially resulted in unintended overusage, it seems reasonable to assume that customers would adjust their usage within the next months,
a pattern not observed in the data (see the Web Appendix
at www.marketingpower.com/jmr_webappendix). Second,
the data show a mass point of usage observations at the
allowance, providing further support that customers track
their usage (see the Web Appendix). Third, if overusage
were largely due to a lack of awareness, customers should
have stopped using at their satiation point. However, 61.0%
of customers used more than the satiation level predicted
from their two-part tariff usage. These indications provide
further support that a lack of awareness is likely not the
main reason behind the usage increase but rather that the
satiation level changed. Still, we acknowledge that because
the data do not include information on when or how often
customers check their usage levels, we cannot fully rule
out that a lack of awareness contributed to the observed
increase in usage.
Intramonth usage uncertainty. Under a three-part tariff, customers’ decisions to make a call depend on their
expected valuation of future calls during that month.
For example, customers should prefer to use the entire
allowance today even if such calls are of low value to them,
as long as the expected value of tomorrow’s calls is of even
lower value. However, if tomorrow’s calls are unexpectedly of greater value than the three-part tariff’s usage price,
customers will still make these calls, possibly resulting in
overusage. As a consequence, intramonth usage uncertainty
could lead to the overusage we observe in the data. To
investigate this possibility, we analyze whether customers
with greater intramonth usage uncertainty also have greater
overusage after they switch to a three-part tariff.
Because the data are limited to aggregate monthly usage
and do not contain information on individual calls, we cannot measure the level of uncertainty in an individual month.
However, the level of usage variation across months provides a measure of the degree of uncertainty customers
face in their overall usage. We check whether the degree of
usage variation before the three-part tariffs were introduced
is correlated with overusage after switching. We measure
overusage as the ratio of actual to predicted three-part-tariff
usage. We find no correlation between the two measures
(correlation = 0080, p = 0098). Alternatively, we measure
overusage as the difference between actual and predicted
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three-part-tariff usage and correlate this with usage variation. Again, we find no correlation with the degree of usage
variation (correlation = 0038, p = 0432). We conclude that
the degree of intramonth uncertainty is unlikely to explain
the increase in usage we observe in the data.
In conclusion, even if we cannot simultaneously rule out
all alternative accounts, these accounts do not explain the
full extent of the increase in usage we observe. Instead, the
increase in usage seems consistent with the interpretation
that customers have a greater valuation when a tariff offers
free minutes. There are, however, difficulties in precisely
pinning down the effect of free minutes in the descriptive
model we have presented so far. First, we cannot identify a systematic increase in usage separately from random
usage shocks and time-varying demand shifters. Thus, we
are unable to precisely estimate by how much customers’
demand changes as a result of the change in tariff structure.
This is important for firms that want to accurately forecast their revenues and capacity needs. Second, modeling
usage independently of tariff choice could lead to selection
bias (Dubin and McFadden 1984) and thus could provide
biased estimates of demand parameters. Because the same
set of parameters affects choice and usage, jointly modeling both should yield unbiased and more reliable parameter
estimates. Third, to conduct policy simulations, we need a
consistent set of parameters that fully describes customers’
usage and tariff choice decisions and thus need to incorporate factors that affect tariff choice alone (e.g., switching
costs, tariff preferences), which have been overlooked so
far. Finally, jointly modeling choice and usage allows us to
conclusively rule out self-selection as an alternative explanation. Thus, we next build a joint model of usage and
tariff choice that enables us to estimate the effect of free
minutes and to make inferences about customers’ behavior
under three-part tariffs.
MODEL DEVELOPMENT AND ESTIMATION
Model Setup
At the beginning of each month, customers choose one of
the available tariffs or leave the provider depending on their
expected usage for that month. Conditional on their tariff
choice, customers next determine their monthly usage from
the utility they derive from the service. We capture this
behavior with a discrete/continuous choice model (Dubin
and McFadden 1984; Hanemann 1984).
Building on our descriptive analyses, we incorporate a
factor in the utility function to capture the possibility of
greater utility if the tariff provides free minutes. This valuation of free minutes affects three-part-tariff usage directly,
and choice indirectly, through expected usage. Given that
three-part tariffs were completely new to this market, we
assume that customers are initially unaware of the possible effect of free minutes on their consumption, beyond
what the change in their budget constraint would account
for.4 Only when customers first experience a three-part tariff do they become aware of their valuation of free minutes. Consistent with tariff-switching patterns in the data,
we assume that customers learn about their three-part tariff
4
The firm did not expect any change in the usage from the introduction
of three-part tariffs beyond what the change to the cost structure would
entail.

usage, and thus their value of consuming under a three-part
tariff, over time.
Mobile phone penetration is increasing and the firm’s
customers have used the service for a long time, so we
assume that customers who leave the provider switch to
a competitor rather than disconnecting the service. The
competitors’ tariff offerings did not change during the
observation period, so explicitly accounting for their tariffs in estimation would not differ greatly from normalizing
the price of the outside option to one, which we do for
simplicity.
We model customers’ tariff choice on the basis of the
expected utility in the next period only (Iyengar, Ansari,
and Gupta 2007; Lambrecht, Seim, and Skiera 2007;
Narayanan, Chintagunta, and Miravete 2007). Alternatively,
we could assume that customers trade off current-period
switching costs against all future utility gains (Goettler and
Clay 2011). However, accounting for future periods would
require assumptions about the discount rate and complicate the estimation. Note that if consumers were forward
looking, a static model might potentially overestimate their
switching costs but would not bias our main parameter of
interest, which captures the additional value of a three-part
tariff.
Utility Function
Customers choose among a set of J tariffs. Each tariff j includes a monthly access price, denoted by Fj ; an
allowance measured in minutes of usage, q̃j ; and a marginal
price, pj , charged for each minute that exceeds the tariff’s
monthly allowance. A higher access price is associated with
a higher usage allowance, so that Fj < Fj0 if q̃j < q̃j0 . A twopart tariff is similar to a three-part tariff, but its allowance,
q̃j , is, by definition, set to zero. For each two-part tariff, a
higher access price is associated with a lower usage price,
so that pj > pj0 if Fj < Fj0 .
We assume that customer i at time t chooses the optimal
∗
, and
tariff j and consumption levels for minutes of calls, qijt
∗
the outside good, qi0t , to maximize his or her utility subject to the budget constraint. We choose a quadratic utility
function to allow for satiation (Iyengar, Ansari, and Gupta
2007; Lambrecht, Seim, and Skiera 2007). This is important because it reflects the behavior in the data in which
some customers use less than the allowance, the maximum
possible usage at a zero usage price. It also assumes that
customers are risk averse. Because the utility function is
linear in qi0t , it does not capture nonlinearities in the outside good. Utility on tariff j is represented by


(1)



2
2 
4qijt
+ dijt
5
1
+ qi0t + Üijt 1
Uijt 4qijt 1 qi0t 5 = ci
d q −
bi ijt ijt
2
bi 1 ci 1 dijt > 01

where ci represents the marginal utility of income and dijt
is the satiation level (i.e., demand at a zero usage price).
The demand slope, bi , measures sensitivity to the usage
price. The term Üijt captures observable and unobservable
characteristics that affect tariff choice but not consumption.
Customer i’s budget constraint is given by
(2)

yit = qi0t + Fj + 4qijt − q̃j 5Iqijt ≥q̃j pj 1
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where we normalize the price of the outside good to one.
Under a three-part tariff, the usage price, pj , is strictly positive only for qijt > q̃j —instances that we capture with the
indicator variable Iqijt ≥ q̃j set to one if qijt ≥ q̃j and zero if
otherwise. Under two-part tariffs, q̃j is, by definition, set to
zero; thus, Iqijt ≥ q̃j is always one.
From Equations 1 and 2, we derive the customer’s optimal two-part tariff usage as
(
(3)

∗
qijt

=

0
dijt − bi pj

if dijt ≤ bi pj
if dijt > bi pj

and under a three-part tariff as

(4)



dijt
∗
qijt
= dijt − bi pj


q̃j

if dijt < q̃j
if dijt − bi pj > q̃j
if dijt − bi pj ≤ q̃j ≤ dijt 0

The first part of Equation 4 reflects consumption when
usage is below the allowance. The second part determines usage when consumption exceeds the allowance
and a strictly positive usage price, pj , applies. The last
part accounts for situations when the optimal usage would
exceed the allowance of q̃j at a marginal price of zero
but falls short of the allowance at the positive marginal
price. Because the incremental value of usage beyond the
allowance is not justified by the additional usage charges
∗
must be equal to q̃j .
that accrue abruptly, qijt
Substituting the optimal demand for the outside good
and usage into the utility function yields the conditional
indirect utility function under a two-part tariff
(5)

Vijt 4yit 1 pj 1 Fj 5

−F 5+Ü
ci 4y
 it j ijt
 
bp
=
ci yit − Fj − dijt − i j pj + Üijt
2

∗
if qijt
=0
∗
if qijt
>0

and under a three-part tariff
(6) Vijt 4yit 1 pj 1 Fj 5

− F 5 + Üijt
ci 4y
 

 it j
bp
=
ci yit − Fj + pj q̃j − dijt − i j pj + Üijt
2

∗
if qijt
≤ q̃j
∗
if qijt
> q̃j 0

We decompose Üijt into three observed tariff preference
shifters: (1) the cost of switching to another tariff of the
same provider, (2) the cost of switching to the outside
option (i.e., churn), and (3) the preference for choosing a
three-part over a two-part tariff:
(7)

Üijt = Ð1 SCT × IjT + Ð2 IjP + Ëi Ij

3 pt

+ Øijt 0

The term SCT reflects the provider’s fee for switching to
one of its own tariffs, Ð1 reflects the sensitivity to this
switching cost, and IjT is an indicator for switching to
another tariff of the same provider. The term IjP is an indicator for switching to another provider, and Ð2 captures
the nonmonetary costs of switching to a provider other
3 pt
than the focal firm. The indicator Ij is one only under
a three-part tariff, so Ëi captures unobserved factors that
affect three-part-tariff choice independent of usage expectations. It determines the individual-specific propensity to

choose a three-part tariff. For customers who do not switch
to three-part tariffs, it may, for example, capture a preference for a familiar tariff structure or aversion to a high
access price. For switchers to a three-part tariff, it may
capture a willingness to experiment with new tariffs that
overrides the cost of the switching fee. Thus, it is a factor
that is known to customers, even though it is unobserved
to the researcher. Importantly, this preference is reflected
in choice and explains switching to three-part tariffs, but
not the changes in usage. We assume that Ëi is normally
distributed across the population with mean and variance
4ÌË 1 ÑË2 5. The term Øijt is an unobserved preference shifter
that the customer knows at the time of tariff choice. It is
assumed to follow a Type 1 extreme value distribution.
Last, we specify the factors that determine the satiation
level dijt . Our challenge is in modeling increased usage
under a three-part versus a two-part tariff beyond what is
due to the change in the budget constraint. Empirically,
only a change to the demand intercept, dijt , can explain the
observed increase in usage at any level of consumption.
(A change in the demand slope cannot explain a change
in usage when usage is below the allowance.) We specify
Äi as the additional value from the service under a threepart tariff. It is independent of the change of the budget
constraint and measures a change in behavior conditional
on tariff choice. Note that while the parameter Ëi captures
unobserved factors that lead to the choice of a three-part
tariff, Äi captures how the valuation of free minutes changes
customers’ usage behavior.
Because three-part tariffs are new to this market, customers are not yet aware of their positive affective response
to the free allowance and its subsequent effect on usage at
their initial three-part tariff choice. This means that they
do not yet know that access to free minutes may change
their usage behavior. Therefore, Äi does not affect the initial
three-part-tariff choice and enters the demand intercept, dijt ,
only after a customer initially chooses a three-part tariff.
Note that we would be unable to identify both Äi and Ëi if
the consumer was aware of Äi at his or her initial three-part
tariff choice.
We assume that the parameter Äi is normally distributed
across the population with mean and variance 4ÌÄ 1 ÑÄ2 5
and takes the same value for any three-part tariff. An
individual-specific parameter Çi captures differences among
customers’ demand that are constant over time and known
to the customers but unknown to the researcher. We assume
that it is normally distributed with mean and variance
4ÌÇ 1 ÑÇ2 5.
It is possible that similar factors drive customers’ choice
of and usage under a three-part tariff. This would induce a
correlation between the three-part-tariff choice preference,
Ëi , and the valuation of the three-part tariff’s allowance
that affects usage, Äi . Such a correlation could come from
self-selection of customers who switch to a three-part tariff
because they plan to use more, from tariff-specific marketing activities (e.g., handset subsidies), or from differences
in tariff-specific services (e.g., included text messages).
As we discussed previously, our conversations with the
provider confirm that there are no such policies, and our
analyses of the data provide no support for self-selection.
Nevertheless, we revisit this possibility in the results section and examine the correlation between posterior estimates for parameters Ëi and Äi .
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We allow for uncertainty about usage at the time of tariff choice (Lambrecht, Seim, and Skiera 2007; Narayanan,
Chintagunta, and Miravete 2007). We model an unobserved usage shock Ôit that reflects random usage variation. We observe in the data that individual-level usage
variation is correlated with individual average consumption
(correlation = 077, p < 00001); that is, heavy users have a
higher variance of usage than light users. Thus, we assume
a multiplicative usage shock, Ôit , which is gamma distributed with equal shape and scale parameter (e.g., with
mean 1 and variance 1/r). At the moment of tariff choice,
customers know this shock only in distribution. After the
tariff choice but before making their usage decision, customers observe their usage shock and consume accordingly. Unobserved tariff-specific preferences, Øijt , drive tariff choice but do not affect the distribution of demand. We
assume that the two sets of unobservables, Øijt and Ôit , are
independent. Correlation could arise from user- and planspecific advertising or from customer-specific promotions,
but we know from the provider that such campaigns were
not present.
To ensure a positive demand intercept, we specify dijt in
exponential form as follows:
(8)

dijt = Ôit eht a1

3 pt

+ Ç i + Ä i Ij

1

where ht is a dummy for holiday periods and a1 is a parameter to be estimated. Note that though the variance of the
usage shock is homogeneous across customers, the effect
of the shock on usage is heterogeneous because of its mul3pt
tiplicative interaction with mean usage, eht a1 + Çi + Äi Ij 0
Demand Uncertainty and Tariff Choice
A customer chooses the tariff that yields the highest
expected indirect utility. Customers are experienced users
of a two-part tariff: They know their two-part tariff usage
preferences and the distribution of the usage shock, Ôit , but
are uncertain about its exact realization. In other words, at
tariff choice, customers do not know their exact usage on
∗
each tariff, qijt
, because the usage shock Ôit has not yet been
realized. However, they know their expected usage on each
tariff because they know the distribution of the usage shock.
We obtain the expected indirect utility of a two-part tariff
by taking expectations over the unknown usage quantity in
Equation 5—that is, over the distribution of the uncertain
shock Ôit (see Goettler and Clay 2011; Iyengar, Ansari, and
Gupta 2007; Lambrecht, Seim, and Skiera 2007):
(9)

∗
∗
E6Vijt 7 = P4qijt
= 05E6Vijt qijt
= 07
∗
∗
> 05E6Vijt qijt
> 07
+ P4qijt
∗
∗
= 0j 5ci 4yit − Fj 5 + P4qijt
> 05
= P4qijt

1
× ci yit − Fj + bi p2j
2

∗
− E4Ôit eht a1 + Çi qijt
> 05pj + Üijt 0

Similarly, we obtain the expected indirect utility of a
three-part tariff by taking expectations of the three-part tariff optimal usage over the unknown quantity. Although customers are experienced users of two-part tariffs, they do not

have past experience under three-part tariffs. As such, when
they experience a three-part tariff, they observe a realization
of Ôit eÄi but cannot separate the effect of the usage shock,
Ýit , from that of the new tariff structure. In other words,
their three-part tariff choice is guided by uncertainty about
the usage shock, Ýit , and the value of Äi . Thus, we obtain
the expected indirect utility of a three-part tariff by taking
expectations of Equation 6 with respect to the distribution
of Ôit eÄi :
(10)

∗
∗
E6Vijt 7 = P4qijt
≤ q̃j 5E6Vijt qijt
≤ q̃j 7
∗
∗
> q̃j 5E6Vijt qijt
> q̃j 7
+ P4qijt
∗
∗
≤ q̃j 5ci 4yit − Fj 5 + P4qijt
> q̃j 5
= P4qijt

1
× ci yit − Fj + pj q̃j bi p2j
2

∗
− E4Ôit eht a1 + Çi + Äi qijt
> q̃j 5pj + Üijt 0

Note that the expected indirect utility of an initial
three-part tariff choice is slightly different because, as we
discussed previously, Äi does not affect a customer’s initial three-part tariff choice. Thus, when we compute the
expected indirect utility of a three-part tariff for customers
who have not yet experienced it, Äi drops from Equation
10 and we take expectations over the shock Ôit . In the
Appendix, we derive the closed-form expressions for the
expected indirect utility in all three cases: a two-part tariff,
an initial three-part tariff, and subsequent three-part-tariff
choices.
Finally, if customers decide to leave the provider, their
expected indirect utility is as follows:
(11)

E6Vi0t 7 = ci yit + Üi0t 0

In summary, customers evaluate the expected indirect utility of each available option and choose the option with the
highest expected indirect utility. When evaluating a twopart tariff, customers know their preferences and the distribution of the shocks that affect future demand, but not the
exact consumption next period. The same considerations
affect their initial three-part tariff choice. When customers
have experienced a three-part tariff, they evaluate subsequent three-part-tariff choices taking into account beliefs
about their three-part tariff usage, that is, their beliefs about
their own valuation of free minutes. We next explain how
customers learn about that value over time.
Learning
At the start of our data period, customers had been
with the provider for an average of 23.5 months, exclusively on two-part tariffs. Consistent with prior research
that has found that customers learn about their usage within
approximately 9 months (Iyengar, Ansari, and Gupta 2007),
we assume that by the time we observe them, customers
have already learned about their two-part-tariff usage. However, after they switch to a three-part tariff, usage behavior
changes, and customers cannot easily infer their three-parttariff usage from prior two-part-tariff consumption.
Two mechanisms could describe the process by which
customers become aware of their three-part-tariff usage.
Either they become instantly knowledgeable as they make
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their first usage decision under a three-part tariff, or they
learn gradually as they observe their usage behavior. The
data show that customers who switch from three-part tariffs
do so after an average of 2.7 usage periods, which suggests
that they learn about their three-part-tariff usage over time.
Therefore, we extend our model to accommodate customer learning. Specifically, we allow customers to learn
about how their usage under a three-part tariff differs
from their usage under a two-part tariff. This corresponds
to learning about their preference for free minutes and,
thus, about the parameter Äi , which captures the differential usage.
We assume a Bayesian learning process (Erdem and
Keane 1996) in which customers learn about their true
value of Äi using their own usage as the signal of preferences. Econometrically, customers know that the unknown
usage quantity under a three-part tariff, Ôit eÄi , is gamma
distributed with parameters (r, Âi ), where Âi = r/eÄi .5 Given
that customers know the value of r—because 1/r is the variance of the usage shock—learning about Äi translates into
finding the true value of the scale parameter Âi . Thus, after
switching to a three-part tariff, customers form a belief
about the true value of Âi (we denote the time-varying individual beliefs by Ẫit ). Then, at the end of each period,
customers observe their three-part-tariff usage and update
their beliefs before making their next tariff choice. Figure 2
summarizes the decision process.
We assume that the initial beliefs are gamma distributed.
This is a less restrictive specification than the commonly
used normal distribution because the gamma distribution
allows for nonsymmetry in the distribution of the unknown
usage quantity. In addition, normally distributed beliefs
5

This result follows from the properties of the gamma distribution: Let X ∼ gamma4Á1 1 Á2 5 with Á1 , Á2 > 0. For any k > 0, kX ∼
gamma4Á1 1 Á2 /k5.

would not be easily tractable in our multiplicative setting.
Because the noise affecting the learning process (usage
shock) is not normally but rather gamma distributed, normal beliefs would not be conjugate priors. Moreover, the
gamma specification allows customers to learn at different rates in a relatively parsimonious model given that the
variance of their beliefs, and thus their speed of learning,
depends on their own signal (see Equation 16). More generally, although most learning models reflect learning about
an additive shock or shift, we suggest an approach that
allows customers to learn about a shock with a multiplicative nature.
After switching to a three-part tariff, customers form an
initial belief over the distribution of Âi such that
(12)

Ẫi0 ∼ gamma4Á0 1 Â0 50

Customers know the tariffs’ characteristics 4pj 1 q̃j 5, preferences a1 and Çi that affect their demand intercept, and their
demand slope, bi . At the end of the first period under a
∗
three-part tariff, Ò1 , they observes their consumption qijÒ
1
and receive the signal SiÒ1





SiÒ1

(13)

∗
qijÒ
1

e ht a 1 + Ç i
=
∗


 qijÒ1 + bi pj
eht a1

+ Çi

∗
if qijÒ
≤ q̃j
1
∗
if qijÒ
> q̃j 1
1

which they know is gamma distributed, with known shape
parameter r and scale parameter Âi .6 They update their prior
6
If a customer’s usage is zero or equal to the allowance, q̃j , no oneto-one relationship exists between the shock and the realized usage so
the customer cannot infer the signal sit . We have no observations of zero
usage under three-part tariffs. In 11 instances, we observe usage equal to
∗
.
the allowance, resulting in a many-to-one mapping between Ýit and qijt
We assume that customers do not update their beliefs in such cases.

Figure 2
SEQUENCE OF MODEL DECISIONS

Step 1

Consumers have
full knowledge of
their behavior
under two-part
tariffs

Observe tariff
choice shock
v εijt and choose
tariff j

Step 2

If j is twopart tariff

Observe shock φit and
choose usage qijt*

Go to
Step 1

If j is threepart tariff
Observe shock φit eδi and
choose usage qijt*

Form/update
~
belief βit

Go to
Step 1
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belief about Âi , Ẫi1 , which then enters the next period’s
tariff choice,
Ẫi1 ∼ gamma4Á0 + r1 Â0 + siÒ1 50

(14)

More generally, customers who have spent n periods under
a three-part tariff have the following belief about the scale
parameter:
(15)



n
X
ẪiÒn ∼ gamma Á0 + nr1 Â0 + siÒt 1
t=1

with mean and variance
(16) E4ẪiÒn 5 =

Á0 + nr
n
P
Â0 +
siÒt

Var4ẪiÒn 5 

t = 1

Á0 + nr
Â0 +

n
P
t = 1

2 0

siÒt

Because customers are unaware of the value of free
minutes before experiencing the three-part tariffs, we set
Á0 = rÂ0 . This leads to an expected value of the initial
belief of r and reduces Equation 15 to Equation 16. The
variance of the initial belief is r/Â0 . For any value of
(Á0 , Â0 5, the expected value of the belief converges to
the true value, and the variance goes to zero as the customer gains more experience under a three-part tariff (for
proof, see the Web Appendix at www.marketingpower.com/
jmr_webappendix).
Identification and Estimation
There are three groups of parameters: (1) preferences
for usage and sensitivity to the usage price (Çi , bi , Äi );
(2) preferences for tariffs, marginal utility of income, and
switching costs (Ëi , c, Ð1 , Ð2 ); and (3) parameters capturing
the distribution of uncertainty, which includes beliefs (Â0 )
and usage shocks (r). For each customer, we observe tariff choice and usage. Usage is governed by the preference
for minutes, the price sensitivity, and the distribution of
the usage shock, and tariff choice is governed by expected
usage (determined by known preferences and beliefs about
the unknowns) and tariff choice–specific parameters. For
13.7% of customers, we observe usage under at least two
tariffs.
Given that many customers stay with the same tariff
for the entire observation period (i.e., they face the same
marginal price), we cannot identify unobserved individuallevel heterogeneity in both Çi and bi . Therefore, we estimate Çi with unobserved individual-level heterogeneity,
which we identify from differences in usage across customers, and specify the price coefficient bi as a linear function of individual-level (gender and location) and
district-level (labor and literacy levels) demographic variables. That is, bi = b + a2 di , where di is a vector containing
demographic information and b and a2 are parameters to be
estimated.
We identify the price coefficient from differences in
usage prices across customers (i.e., the different usage
prices across tariffs, ranging from MU 0 to .079) and
within customers (i.e., the change in usage price when
a customer switches between tariffs, and the different
marginal prices under a three-part tariff, ranging from
MU 0 for usage below and MU .050 for usage above the
allowance). Observing usage under a variety of different

usage prices enables us to precisely pin down the price
coefficient. Previous research is restricted to a much lesser
degree of price variation, even across customers (Iyengar, Ansari, and Gupta 2007; Lambrecht, Seim, and Skiera
2007; Narayanan, Chintagunta, and Miravete 2007).
We can disentangle Äi and Ëi because we observe both
tariff choice and usage behaviors: Ëi does not enter the
usage decision, and Äi does not affect the initial three-parttariff choice. We identify Ëi from observed choices between
two-part and three-part tariffs because we observe that customers who are otherwise similar in their parameter values
have a different propensity to choose a three-part tariff.
For switchers to a three-part tariff, we identify Äi from the
individual-level differences in usage levels on two-part versus three-part tariffs that are not explained by changes to
the budget constraint. Note that we can separate Äi from
Çi for all three-part-tariff switchers because we observe the
same set of customers under both pricing regimes: first
under a two-part tariff and then under a three-part tariff.
Churn is not prominent, so we are unable to identify the
marginal utility of income, c, which we set to 1 (Narayanan,
Chintagunta, and Miravete 2007). We identify the sensitivity to switching costs, Ð1 , from differences in the propensity
to switch between customers with otherwise similar parameters. We can identify the sensitivity to switching costs, Ð1 ,
separately from the three-part-tariff preference, Ëi , because
some customers switch between two-part tariffs only.
The parameter Â0 , which reflects the variability of the
initial belief about Äi , is identified from differences in tariff
choice after customers have switched to a three-part tariff (11.7% of the three-part tariff switchers later switch to
a different tariff). Variability across (whether they switch
again) and within (when they switch) three-part-tariff customers enables us to pin down Â0 . Finally, we identify
the parameter r, which drives usage uncertainty, from tariff
choice and usage variation across customers and periods.
We derive the expression of the likelihood function in the
Appendix. It entails the joint probability of tariff choice and
usage decisions. We estimate the model in a hierarchical
Bayes framework. We use a data augmentation approach
to model both the unobserved individual-level parameters
and the time-variant beliefs (see the Web Appendix at
www.marketingpower.com/jmr_webappendix for details).
In addition to the full model (denoted by Model 3 hereinafter), we also estimate two restricted versions: Model 1,
which assumes that customers do not value three-part-tariff
minutes any differently from two-part-tariff minutes and so
the same parameter set governs behavior on two-part and
three-part tariffs, and Model 2, which accounts for a greater
valuation of minutes under a three-part tariff but assumes
that, after switching to a three-part tariff, customers immediately acquire full knowledge about their value of Äi .
RESULTS
Estimation Results
Table 3 summarizes the posterior distributions of the
parameter estimates of the three models (Model 1, in which
we set Äi to zero; Model 2, which includes Äi but no
learning; and Model 3, which accounts for individual-level
learning about Äi 5. Using each set of estimates, we predict
usage levels for all customers in the data (Table 4). The

When Talk Is “Free”

893
Table 3
POSTERIOR DISTRIBUTIONS OF PARAMETER ESTIMATES
Model 1
M

Demand Intercept
Individual Level-Intercept
Mean, ÌÇ
Standard
deviation, ÑÇ
Dummy for
holiday season
Demand Slope, bi
Intercept
Female
District-level
literacy rate
District-level
employment rate
District is capital
district
Variance of usage
shock, 1/r
Variance of initial
belief, r/Â0
Valuation of Free Units
Mean, ÌÄ
Standard
deviation, ÑÄ
Preferences in Tariff Choice, Æijt
Switching cost between
tariffs, Ð1
Switching cost to
other provider, Ð2
Preference for the Three-Part Tariff
Mean, ÌË
Standard
deviation, ÑË
Log Marginal Density

Model 2

95% Interval

M

Model 3

95% Interval

M

95% Interval

50471
0694

50455
0682

50487
0705

50466
0694

50450
0683

50482
0705

50472
0687

50457
0676

50488
0699

0039

0035

0044

0036

0032

0041

0036

0032

0040

2390913
220626
−250876

2230661
90936
−340992

2560461
340704
−170653

2440791
220590
−260412

2290500
90876
−340524

2610232
350279
−170274

2710026
220829
−280456

2550085
80479
−370191

2850935
370983
−190073

150206

70262

230452

140207

50782

230345

140573

50991

230229

−160042

−280230

−30084

−170138

−300327

−30931

−160755

−290627

−30839

0217

0214

0220

0213

0210

0216

0205

0203

0208

0212

0147

0296

0211
0373

0175
0346

0246
0403

0218
0384

0176
0351

0257
0416

−10025

−10037

−10012

−10051

−10065

−10037

−10025

−10036

−10014

−470651

−480027

−470290

−470766

−480094

−470397

−470573

−470949

−470181

−40916
50714

−50485
50392

−40417
60076

−50257
60310

−50853
50937

−40676
60705

−60024
60412

−60738
60032

−50367
60832

−394,837

−394,197

−394,325

Notes: N = 5831 customers, 63,449 usage, and 63,616 choice observations.

predicted two-part-tariff usage of 282 minutes in Model 3
compares well with observed usage of 294 minutes. The
predicted three-part-tariff usage of 434 minutes accurately
reflects the observed three-part-tariff usage of 434 minutes.
In contrast, Models 1 and 2 predict considerably lower
three-part-tariff usage (369 and 410 minutes, respectively).
Similarly, fit measures suggest that Model 3 best reflects
usage behavior (Table 5). Compared with Model 1, Model 3
reduces the mean squared error (MSE) for usage, conditional on observed tariff choice, by 3.0%. If we consider
three-part-tariff observations only, the MSE reduces by
72.1%. In contrast, Model 2 reduces the MSE by 1.3% for
all observations and by 21.5% for three-part-tariff observations compared with Model 1. The mean absolute percentage error confirms that Model 3 performs better than
either Model 1 or Model 2. The percentage of correctly
predicted choices (hit rate) indicates that all three models
predict choice well. All fit measures confirm that Model 3
captures customers’ tariff choice and usage behavior better
than Models 1 and 2.
We next turn to the parameter estimates of Model 3 in
more detail. The individual-level preference for free minutes, Äi , has a mean of .218 and a standard deviation of

.384. It is positive for 83.9% of three-part-tariff customers,
indicating that a large majority of customers value the free
minutes beyond their direct cost implications. Similarly,
Model 2 finds a positive valuation for 84.8% of customers.
The variance of the usage shock, r, has a posterior mean
of .205, which translates into a significant effect on usage
Table 4
(IN-SAMPLE) PREDICTED VERSUS ACTUAL USAGE LEVELS
(IN MINUTES)
Model 1:
Prediction

Model 2:
Prediction

Model 3:
Prediction

Observed

Two-Part Tariffs

283

283

282

294

Tariff_2_1
Tariff_2_2
Tariff_2_3
Tariff_2_4

154
230
267
267

154
230
266
266

153
229
266
266

158
221
269
269

369

410

434

434

292
600
812

323
642
931

326
722
1084

322
721
1125

Three-Part Tariffs
Tariff_3_1
Tariff_3_2
Tariff_3_3
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Table 5
INDIVIDUAL-LEVEL FIT MEASURES

MSE (in Thousands)
Full sample
Sample of
two-part-tariff usage
Sample of
three-part-tariff usage
Mean Absolute Percentage Error
Full sample
Sample of
two-part-tariff usage
Sample of
three-part-tariff usage
Hit rate (%)b
b

Model 2

% Differencea

Model 3

% Differencea

46094
46067

46033
46038

−103
−06

45054
4603

−300
−08

56085

4406

−2105

15084

−7201

73038
73091

7204
7209

−102
−102

71087
72059

−201
−108

53097

54015

−100

43054

−1903

098

098

—

098

Percentage change compared with Model 1.
We compare actual and predicted individual tariff choice in each period and report the average across all observations.

volatility. For example, a value of the usage shock that is
equal to its standard deviation shifts the average two-parttariff usage by 45.3%. The negative coefficient for the sensitivity to switching costs between tariffs, Ð1 , indicates that
the switching fee notably reduces switching. Similarly, the
negative coefficient for the sensitivity to costs of switching
to other providers, Ð2 , shows that customers also have high
nonpecuniary costs of leaving the provider.
The parameter Âo pertains to the learning process: The
variance of customers’ initial belief, r/Âo , reflects the extent
of over- or underestimation of the true value of Äi when a
customer first switches to a three-part tariff. For the sample of 247 customers who stay under a three-part tariff for
at least four periods, we compute the individual-level deviation between the true value of Âi = r/eÄi and the belief,
Ẫit . In Period 1, the deviation is 32.8%, and it reduces
to 25.5% after customers experience the three-part tariff
for three months. This result indicates that customers learn
about their three-part-tariff usage over time. Not surprisingly, estimation of the learning process leads to a slightly
lower variance of the usage shock, 1/r, than in Model 2.
Variation in usage that we previously attributed to the usage
shock is now partly captured by learning about Äi .
Finally, we examine the correlation between the posterior means of the individual-level parameters Ëi and Äi
(Figure 3). The additional valuation of consuming under a
three-part tariff is uncorrelated with the customer’s choice
preference for three-part tariffs (correlation = 0004, p =
0930). As a robustness check, we compute the correlation
between the posterior means of Ëi and Äi , considering only
customers for whom we observe at least five, six, or seven
periods under a three-part tariff.7 In all cases, we find that
the correlation is small and insignificant (Table 6).
In summary, the results provide strong evidence that
accounting for the value of free minutes explains behavior
significantly better than ignoring such an effect. We show
that a large majority of customers value free units above
7

—

By doing so, we confirm that the absence of correlation is not
driven by the prior assumption of independence, because we exclude customers whose individual-level estimates would mostly rely on the prior
distribution.

their costs implications and that customers learn about this
valuation over time.
Customer Sensitivity to Prices and Allowances
We evaluate the sensitivity of customers’ behavior with
respect to tariff attributes. From the estimates of Model 3,
we compute the elasticity of choice and usage to changes
of prices and allowances (Table 7). The two-part tariff’s
choice elasticity with respect to changes in the access
price is −2.13. The three-part tariff’s choice elasticity with
respect to the access price is −13.28. That is comparable
to previously estimated three-part-tariff elasticities of up to
−10.15 (Lambrecht, Seim, and Skiera 2007). These estimates reflect that the elasticity increases in the access price
and imply that the access price elasticity is, on average,
about four times larger for the three-part tariff than the
two-part tariff. For the two-part tariff, we find a particuFigure 3
CORRELATION AMONG THE POSTERIOR INDIVIDUAL-LEVEL
ESTIMATES FOR Äi AND Ëi

15

10

5

i

a

Model 1

0

–5

–10
– .8

– .6

– .4

– .2

0

.2
δi

.4

.6

.8

1
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Table 6

CORRELATION BETWEEN Ëi AND Äi
Number of Three-Part-Tariff
Observations per Customer Correlation p-Value Number of Customers
5
6
7

0007
−0015
−0153

195
139
97

0917
0864
0135

RECOMMENDATIONS TO THE FIRM

Table 7
MODEL 3: SUMMARY OF ELASTICITIES

Elasticity of 0 0 0

With
Respect to 0 0 0

Tariff choice
Tariff choice
Tariff choice
Usage
Usage

Access price
Usage price
Allowance
Usage price
Allowance

did not attach greater value to the free minutes (i.e., we
set Äi to zero). We find that the mean expected revenue
per three-part-tariff customer decreases from MU 21.3 to
MU 17.1. This result means that the preference for free
minutes, Äi , accounts for 19.7% of the revenues obtained
from three-part-tariff customers and thus represents a significant fraction of a firm’s three-part-tariff revenues.

All Tariffs

Two-Part
Tariffs

Three-Part
Tariffs

−20955
−100924

−20127
−110395

−0094

−0100

−130276
−50052
40300
−0027
0843

larly high choice elasticity with respect to the usage price
of −11.39. This is likely due to the structure of the twopart-tariff menu, in which the individual usage prices are
relatively comparable. Three-part-tariff choice is less elastic to the usage price (−5.05). Its elasticity to changes in
the usage allowance is 4.30, reflecting that the allowance
plays an important role in consumer tariff choice.
We now turn to the effect on usage. Similar to previous results (Park, Wetzel, and Mitchell 1983), two-parttariff usage is relatively inelastic to changes in the usage
price (−.10). Usage is even less elastic on three-part tariffs (−.03) as not every usage observation lies above the
usage allowance. The elasticity of usage with respect to
the allowance is .84. Overall, the prices and allowances are
more important in determining choice than usage conditional on choice.
Impact of Free Minutes on the Provider’s Forecasts and
Revenues
Thus far, our results show clear evidence of the additional value of free minutes. A firm benefits from knowing
that customers value usage under a three-part tariff more
than under a two-part tariff along several dimensions. First,
if a firm were not aware of such greater usage, it would
underestimate usage under a three-part tariff, with likely
significant impacts on capacity planning. As Table 4 illustrates, a model that ignores the effect of a greater valuation
for free minutes (Model 1) underestimates three-part-tariff
usage by 14.9%. If a provider is operating close to capacity limits, such a prediction error may easily cause a drop
in call quality and customer satisfaction, which eventually
could lead to higher churn. Finally, systematic errors in
usage predictions will lead to misleading revenue forecasts,
resulting in a negative impact on management decisions,
such as budgeting, customer resource allocation (based on,
for example, customer lifetime value calculations), and
targeting.
To measure the effect of Äi for our provider’s revenue, we
simulate three-part-tariff revenue based on the individuallevel estimates of the full model (Model 3) and compare it
with the revenue the company would obtain if customers

Our results indicate that three-part tariffs can increase
customer usage and firm revenues. We next explore whether
and how the firm can exploit this insight by encouraging
customers to switch to three-part tariffs. We investigate the
impact of lowering the switching fee on the firm’s revenues, whether the firm can increase revenues by increasing customers’ choice preferences for three-part tariffs, and
whether the firm would benefit from eliminating two-part
tariffs. Because we do not have data on customer acquisition, we restrict the analysis to the current set of customers.
Lowering the Switching Fee
Our estimates show that the switching fee strongly
affects switching (Ð1 = −10025). To check whether the firm
could further increase its revenues by reducing the switching fee, we simulate revenues in the period following our
observation window under different levels of the switching fee using the estimates from Model 3. Figure 4 shows
that the firm would maximize its revenues if it reduced the
switching fee from the current level of MU 10 to MU 3.6.
We find that this change would increase the firm’s revenues
by 3.9% (95% posterior interval [1.9%, 5.8%]).8
We next examine what share of this revenue increase is
due to the effect of Äi . We compute expected revenues using
the same model estimates but now set Äi to zero. Figure 4,
Panel A, illustrates that the revenue increase from lowering
the switching fee is largely due to customers’ preference
for free minutes. Figure 4, Panel B, illustrates that at the
optimal level of the switching fee of MU 3.6, this effect
is significantly different from zero. In the absence of Äi ,
reducing the switching fee to MU 3.6 would not significantly increase revenues, as shown by the posterior mean
of the revenue increase is 1.5% with a 95% posterior interval of [−.2%, 3.3%] (Figure 4, Panel C). In conclusion,
the increase in revenue obtained by reducing the switching
fee, thus encouraging customers to switch to three-part tariffs, is mainly driven by customers’ greater valuation for
three-part-tariff minutes.9
8

An increase in revenue may not fully translate into an increase in
profits if the firm does not have excess capacity. However, in this case the
company’s network was not operating at or close to capacity constraints.
9
Note that our econometric model assumes that customers’ choice decisions are based on the next period only. If customers were forward
looking, our model would potentially overestimate customers’ sensitivity to switching costs, and the effect of lowering the switching fee on
provider revenues may be lower than we predict here. We run a sensitivity analysis in which we decrease the estimate for customers’ sensitivity
to the switching fee, Ð1 , by 5%, 10%, and 20%. Our findings are robust
to those changes (see the Web Appendix at www.marketingpower.com/
jmr_webappendix).
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Figure 4

Figure 5

CHANGE IN REVENUE AND SURPLUS DUE TO REDUCTION
OF THE SWITCHING FEE

CHANGE IN REVENUE AND SURPLUS DUE TO CHANGES IN
SWITCHING FEE AND TARIFF OFFERINGS

A: Posterior Mean for Revenue Change

A: Posterior Mean for Revenue Change
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Adjusting the Tariff Structure
The firm could also consider removing two-part tariffs
from its product offering while allowing current two-parttariff customers to remain with their tariff. We investigate
whether such a decision would be beneficial if the firm also
lowered the switching fee. We find an optimal switching fee
of MU 2.2, which implies an expected revenue increase of
4.1% (95% posterior interval [1.8%, 6.4%]) and an average
increase in customer surplus of .4% (95% posterior interval
[.2%, .6%]). The revenue effect would be negligible, and
even negative, if customers did not have a preference for
free minutes (Figure 5). This result highlights the risk for

a firm to misalign its pricing structure if it were to abstract
from the value of free minutes to consumers.
Note that the optimal level of the switching fee is lower
than the optimal switching fee if the firm continued to offer
two-part tariffs. This difference is driven by customers who
previously would have switched to a different two-part tariff, provided the switching fee was sufficiently low. Now,
because two-part tariffs are no longer available, these customers either remain with their current tariff, keeping their
revenues constant, or switch to a three-part tariff, in which
revenue is likely to increase because of the preference for
free minutes.
Because customers may appreciate a simplification of
the provider’s pricing offering, we also examine the consequences of eliminating the switching fee entirely. If, as
Figure 5 illustrates, the firm eliminated the switching fee
and also removed the two-part tariffs, expected revenue
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would increase by 4.0% (95% posterior interval [1.5%,
6.5%])—only slightly less than at the optimal level of
the switching fee—and customer surplus would increase
by .6% (95% posterior interval [.5%, .8%]). In contrast,
if two-part tariffs were still under offer, eliminating the
switching fee would lead to a revenue loss because customers would be more likely to switch to two-part than to
three-part tariffs (Figure 4).
CONCLUSION
Compared with two-part tariffs, three-part tariffs introduce free units of consumption. Behavioral research suggests that free products affect customers’ behavior beyond
what the change in the budget constraint would predict.
In this research, we examine how demand changes when
customers switch from a two-part to a three-part tariff. We
argue that the free component of a three-part tariff leads to
a positive affective response, thus increasing the valuation
of the service, an effect that persists even after consumers
have exceeded their usage allowance.
To identify the effect of tariff structure separately from
the shift to the budget constraint, we jointly estimate tariff choice and usage. We explicitly model the effect of
the usage allowance on the valuation of a three-part tariff. The results confirm that the structure of the three-part
tariff affects behavior. That is, the majority of customers
value free units beyond the change to their cost structure,
significantly increasing the firm’s revenue. The additional
valuation of free minutes accounts for 19.7% of the revenue generated from three-part-tariff customers. We provide evidence that after switching to a three-part tariff,
customers learn about their valuation over time. We find
that the provider would benefit from reducing the switching
fee, which would lead more customers to switch to threepart tariffs, and from discontinuing the option to switch to
two-part tariffs. Thus, customers’ valuation for free units is
crucial to any revenue increase.
Our findings have important implications. First, they suggest that companies should conduct field tests of new tariff
structures to better understand how new tariffs affect customer behavior. This is important to set optimal prices and
switching fees. Second, it may be beneficial for providers
to advertise free minutes more intensely because of their
high value to consumers. Third, companies that face capacity constraints should take into account that changing the
tariff structure could lead to greater-than-expected usage of
current capacity.
More broadly, our results highlight the dual role of a
nonlinear pricing plan: It not only determines the cost to the
customer but also alters the perceived characteristics of the
service and thus influences customers’ choice and usage.
Overall, our findings add a new dimension to nonlinear
pricing research that typically assumes that the difference in
tariff structure affects usage exclusively through the budget
constraint.
Our results motivate a more extensive study of how different tariff structures affect usage. A limitation of our
study is that the data only include customers who were
with the firm before it introduced three-part tariffs. Future

work could address customer acquisition and market expansion effects of introducing three-part tariffs and could
examine how a firm can optimally combine three- and
two-part tariffs. Furthermore, research should investigate
behavior when customers switch back to two-part tariffs.
Because we have few periods in which we observe customers switching back, our data do not address whether
usage declines beyond what a change in the budget constraint would predict or whether greater usage alters preferences to such an extent that it becomes persistent, even
when a customer leaves a three-part tariff. In addition,
although we ran multiple robustness checks and sensitivity analyses, we cannot conclusively rule out that other
factors contribute to the phenomenon we observe. Further research could address this issue with experimental data, in which all alternative accounts can be controlled for at the same time. Finally, research could examine the effect of other tariff structures (e.g., bucket pricing) that strictly limit consumption to the usage allowance
(Schlereth and Skiera 2012) on consumers’ valuation of
a service.

APPENDIX
Expected Indirect Utility
Equation 9 shows the expected indirect utility of choosing a two-part tariff. In the estimation, we evaluate the
probability of consuming zero minutes and taking expectations over the distribution of Ôit . From the demand Equation 3, it follows that the probability of zero usage is

P4dijt ≤ bi pj 5 = P Ôit ≤



bi pj
eht a1 + Çi

1

which corresponds to the cumulative distribution function
(CDF) of a gamma distribution with parameters (r, r) evaluated at bi pj /eht a1 + Çi . To simplify the notation, hereinafter
we denote G4x Á1 1 Á2 5 as the CDF of a gamma distribution of shape parameter Á1 and scale parameter Á2 , evaluated at x, and g4x  Á1 1 Á2 5 as the probability density
function of a gamma distribution defined as g4x  Á1 1 Á2 5 =
Á Á − 1
Á2 1 x2 1 e−Á2 x /â 4Á1 5. The probability of observing zero
usage is therefore

∗
P4qijt
= 05 = G

bi pj
eht a1

+ Çi


 r1 r 0

The term Ôit Ôit > 4bi pj /eht a1 + Çi 5 follows a truncated gamma
distribution. Therefore, we can express the expected value
of the demand intercept under a two-part tariff, Ôit eht a1 + Çi ,
conditional on usage greater than zero, as follows:

∗
E4Ôit eht a1 + Çi qijt
> 05 = eht a1

+ Çi

1−G

bi pj



r + 11 r
eht a1 + Çi
 0

bi pj
1 − G h a + Ç r1 r
et1 i

We substitute this equations into Equation 9 and obtain
the expected indirect utility of a two-part tariff, which
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determines a customer’s two-part tariff choice:

E6Vijt 7 = G h a + Ç r1 r ci 4yit − Fj 5
et1 i



bi pj
+ 1 − G h a + Ç r1 r
i
et1



(A1)

bi pj


1 2 ht a1 + Çi
× ci 
yit − Fj + 2 bi pj − e


 
r
+
11
r

eht a1 + Çi

 pj 
 + Üijt 0
bi pj
1 − G h a + Ç r1 r
et1 i

1−G
×

bi pj

Overall Likelihood Function
For every customer i and time t, we observe usage, qijt ,
and tariff choice, kit . These are outcomes of the customer
and time-specific covariates, Zit = 8ht 1 dt 9; the tariff-specific
characteristics, Xj = 8pj 1 Fj 1 q̃j 9; the population parameters,
ê = 8b1 Ð1 1 Ð2 1 Â0 1 a1 1 a2 1 exp4r59; the time-invariant individual parameters, Úi = 8Çi 1 Äi 1 Ëi 9; and the individual-specific
time-variant beliefs Ẫit .
Likelihood of usage. For a consumer under a two-part
tariff, the probability of observing a particular usage level,
given the tariff choice, is
(A4)

∗
= P4qijt
= qijt  kit = j1 ê1 Úi 1 Zit 1 Xj 5

Similarly, we derive the expression of the expected indirect utility of choosing a three-part tariff (from Equation 10). Substituting Equation 8 into Equation 4, we obtain

∗
= 05I8qit = 09
= P4qijt



q̃i + bi pj
∗
P4qijt
≤ q̃j 5 = P Ôit eÄi ≤ h a + Ç 0
i
et1

∗
+ P4qijt
= Ôit eht a1 + Çi − bi pj 5I8qit > 09 1


bi pj
= G h a + Ç r1 r
et1 i


bi pj
+ =it g h a + Ç  r1 r I8qit > q̃j 9
et1 i

Thus, the probability that a customer’s three-part-tariff
usage is equal to or below the allowance is

∗
P4qijt
≤ q̃j 5 = G


q̃j + bi pj

r1
Â
i 0
eht a1 + Çi

The term Ôit eÄi Ôit eÄi > 4q̃j + bi pj /eht a1 + Çi 5 follows a truncated gamma distribution with parameters (r, Âi ). We
express the expected indirect utility of a three-part tariff as
follows:

q̃j + bi pj
r1Â
i ci 4yit −Fj 5
eht a1 + Çi



q̃j + bi pj
+ 1−G h a +Ç r1Âi
et1 i
"
1
×ci yit −Fj + pj q̃j + bi p2j
2


q̃j + bi pj
#
1−G h a +Ç  r + 11Âi
et1 i
ht a1 +Çi r
−e
 pj + Üijt 0

q̃j + bi pj
Âi
1−G h a +Ç  r1Âi
et1 i


(A2)

E6Vijt 7 = G

Customers who have not yet switched to a three-part
tariff are not aware of its additional value so their choice is
unaffected by Äi . Therefore, at their initial three-part-tariff
choice, Äi does not enter their expected indirect utility of a
three-part tariff. They thus take expectations over the shock
Ôit , and the expected indirect utility of a three-part tariff
simplifies to

q̃j + pj
E6Vijt 7 = G h a +Ç r1r ci 4yit −Fj 5
et1 i



q̃j + pj
+ 1−G h a + Ç r1r
i
et1
"
1
×ci yit −Fj + pj q̃j + bi p2j
2


q̃j + pj
#
1−G h a +Ç r + 11r
et1 i
ht a1 +Çi
−e

 pj + Üijt 0
q̃j + pj
1−G h a +Ç  r1r
et1 i


(A3)

f4qit  kit 1 ê1 Úi 1 Zit 1 Xj 5

where the first term corresponds to the probability of
observing zero usage, expressed as the CDF of a gamma
distribution with shape and scale parameter r, evaluated
at bi pj /eht a1 + Çi . The term I8A9 is the indicator function
that takes the value of 1 if statement A is true and zero
if otherwise. We divide the second term into two parts,
the Jacobian of the transformation from qijt to Ôit , =it =
41/eht a1 + Çi 5, and the probability density function of Ôit ,
which is distributed gamma (r, r).
For a consumer under a three-part tariff, the probability
of observing a particular usage level is
(A5)

f4qit  kit 1 ê1 Úi 1 ht 1 Xj 5
∗
= P4qijt
= qijt  kit = j1 ê1 Úi 1 ht 1 Xj 5
∗
= P4qijt
= Ôit ezit ai + Çi + Äi 5I8qit < q̃j 9
0

∗
+ P4qijt
= q̃j 5I8qit = q̃j 9
∗
+ P4qijt
= Ôit ezit ai + Çi + Äi − bi pj 5I8qit > q̃j 9


qj
= =it g h a + Ç + Ä r1 r I8qit < q̃j 9
et1 i i
 

q̃j + bi pj
+ G h a + Ç + Ä r1 r
et1 i i


q̃j
− G h a + Ç + Ä r1 r I8qit = q̃j 9
et1 i i


qj + bi pj
+ =it g h a + Ç + Ä r1 r I8qit > q̃j 9 0
et1 i i
0

Likelihood of tariff choice. The tariff-specific shock Øijt
is assumed to follow a Type 1 extreme value distribution.

When Talk Is “Free”

899

Therefore, the probability of choosing a particular tariff j
is given by
(A6) f4kit  Á1 Úi 1 Ẫit 1 Zit 1 Xj 5 = P4kit = j ê1 Úi 1 Ẫit 1 Zit 1 Xj 5
=

J
Y
j = 0

eṼijt
1
J
X
eṼigt
g = 0

where the term Ṽijt denotes the expected indirect utility of
each tariff j. We obtain the likelihood function by integrating the customer’s tariff choice and usage decisions:
(A7)

L=

Ti
I Y
Y

6f4qit kit 1 Á1 Úi 1 Zit 1 Xj 5

i=1 t=1

× f4kit Á1 Úi 1 Ẫit 1 Zit 1 Xj 57
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