| ZOLTAN PAPAI - PETER NAGY - ALIZ McLEAN

QUALITY-ADJUSTED PRICE CHANGES ON
THE HUNGARIAN MOBILE MARKET
BETWEEN 2015-2021

ITS 31st European Regional Conference 2022
Gothenburg, Sweden, 20t-215t June 2022



Motivation and main result

Topic: quality-adjusted price changes on the Hungarian mobile market between 2015-2021

A Main goal is to show how mobile prices are changing, but in a way that also reflects how mobile technologies and
services are changing. Mobile services are complex, and made up of many different service elements.

A Traditional price indices don’t take account of the changes in quality and technology, and can therefore be
misleading.
A We aim to compare like with like — and show quality-adjusted price changes.

Additional development in Hungary:
A Policy change in 2017 and 2018: a selective value-added tax (VAT) reduction on internet services only.

Some figures and our results:

A CPlincrease of 18.6% between 2015-2021; service price index increase of 11% and telecom CPI decrease of
7%.

A Our results show a quality-adjusted decrease in mobile prices of over 30%, which is not primarily driven by the
tax change.
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Our approach: the hedonic method

Mobile services are made up of many individual service characteristics and features in a bundle.

The hedonic approach is a well-established method to for such cases — in our case, to calculate
quality-adjusted price changes.

The starting point is that the total price of a product is the sum of the prices of the individual
characteristics.

The hedonic index can be calculated in several ways

A We use a regression approach, using time dummies

A More specifically, we regress the product prices on the relevant service characteristics, and a separate time dummy
variable to capture the time effect.

A This time effect forms the basis of the index.

The hedonic method in the literature

A The theoretical foundations of the hedonic method were laid down in the seventies, but similar methods were used even
before that.

A Hedonic methods have also been used to analyse mobile prices in the past decade, see for example Karamti and
Grzybowski (2010), Nicolle, Grzybowsky and Zulehner (2018), OFCOM (2018), Forenbacher, Perakovic and Husnjak (2016)

or Kim and Kim (2018).
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Some background: the mobile market in Hungary 2015-21

Market structure 2015-2021:

A Three large MNOs: Magyar Telekom, Vodafone, Telenor
A No significant MVNOs

A One attempt at entry (Digi)

Voice segment:
A Already saturated by 2015 (penetration around 110%)
A Change only in proportion of postpaid subscriptions: rising from 58% to 70%

Data segment:

A Mobile data traffic migrated to 4G (from around 55% to 90%), as the network reached almost full
coverage by 2016

A Total mobile data traffic grew significantly, overall and per user
A Broadband penetration increased due to expansion of the small screen segment
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Data collection

We collected the data ourselves:

A postpaid residential tariff plans of the three Hungarian MNOs for the 2015-2021 period, last quarter
of each year

A collected from the operators’ publicly available general terms and conditions documents

A data on the price and various service features of both the basic and the optional, supplementary
packages which were available to new subscribers.

] 2015 2016 | 2017 2018 2019 | 2020 | 2021

172 111 123 121 100
5026 5029 2481 1794 1082 924 1050
5120 5201 2592 1869 1205 1045 1150

of which basic 39 38 29 24 25 26 30
packages
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Modelling considerations

Dependent variables:

A Gross monthly subscription fee for retail postpaid packages — sum of the subscription fee and
prices of the added options

A Logarithm of the above

We use both - this is the issue of functional form. Both options are acceptable, with linear being
slightly preferred.

Time frame: regressions for each pair of neighbouring years instead of one pooled regression

Independent variables:
A All available features, with some adjustments
A Some characteristics are strongly related to each other A combine (e.g. voice and SMS char’s)
A Categories vs continuous cases — tested
A Data allowance: square also included
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Regression equation

n | BT zap 1 zQ -,
where

N is the price or log price of package combinationiin periodt (t=0,... T),

O is the k-th characteristics of package combination jin period t (k=1, ..., K)
a is the constant

I is the coefficient of the k-th characteristic (implicit price)

Q is the time dummy for year t

1 is the coefficient of the time dummy for year ¢

- is the random error of package combination i in period t.
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Modelling considerations continued: weighting

The consumption of packages and package combinations is not uniformly distributed - ideally, we
would weight them according to their popularity.

While we have no exact consumption data, we do use some weights:

A Market shares of the operators

A Proportion of large screen / small screen customers

A An assumption on the consumption of basic plans versus plans with additional options:
A Assign same base weight to each basic package
A Assume 10% of of each of

A can
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