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ABSTRACT
The mobile telecommunication subsector has expegtrexponential growth over the

last decade which has been attributed to lowerincgliates, subsidized handsets,
increasing income among other factors. Lack ofseasus in empirical literature on the
importance of these variables, especially incomé ealling rates, as well as scanty
Kenya specific studies on the same informed the farethis study.

The objective of the study was to estimate theepand income elasticities of demand
and cross elasticity of demand for mobile telecomication services using monthly
panel data on the four mobile network operatorsttier period between June 2011 and
March 2013. A static model was estimated usingféasible generalized least squares
random effect model and robust estimates obtaiiiée. coefficients estimated show
expected signs and are statistically insignificapart from income coefficient. The
demand is price inelastic but income elastic. Maabisubscribers use less voice call
while fixed line network complements mobile telepiio The dynamic model is
estimated using the generalized method of momesed by Arellano and Bond (1991)
and the results show presence of path dependeraastitity of demand. Long-run price

elasticity of demand is higher than the short-rasteity.

The reduction of calling rates is therefore detntaéto the profitability of the firms as it
may not result to higher usage of mobile servic&bis reduction can only negatively
affect firm investment in network quality and stapi The firms should therefore focus
on quality improvement and value addition as welirdernet and mobile money transfer
instead of seeking higher subscriber base by radugrices. The reduction of

termination rates may also not result into higleage of mobile services.
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CHAPTER ONE

1.1 INTRODUCTION
The total number of worldwide mobile phone use assed, for the first time, the number

of fixed telephone network in 2002. Over the lastatle the growth of demand for
mobile telecommunication services has been mostgonaced in Africa than in any other
region of the world. In Kenya the penetration fa#es been increasing steadily since the
first license for mobile operation was issued iMA9The number of mobile phone
subscribers has increased to 30.4 million, repteggm penetration rate of 77.2% by
September 2012 (CCK, 2012), which is higher tham Alfrican average of 65%. The
increase in Minutes of Use (MoU), during the saraeqal indicates that subscribers were
able to make longer calls or more calls. The fikad subscriptions on the other hand
have continued to record a decline and stood af3R88n September 2012 after a 5.5%
decline from the previous quarter. The demand fobite telecommunication services in
Kenya has therefore been increasing exponentialigr dhe last decade and it is
imperative to understand the key drivers of thimded and their elasticity, especially
due to the importance of mobile telecommunicatiervises to the social, political and

economic development.

Mobile phones have significantly reduced commuioeatcosts and this has enabled
economic agents to obtain information quickly ankeaply on economic issues
(especially on pricing), social and political issu@’he reduction of these costs has
improved agricultural and labor market efficieneydgroducer and consumer welfare. It
has also enhanced firms’ productive efficiency tigto better control on their supply
processes, Aker and Mbiti (2009).

In a country like Kenya where the transport infrasture is poor, the mobile
telecommunication has considerably reduced infadomasearch costs thereby greatly
improving the market efficiency. The mobile finaalcinnovations have facilitated
financial inclusion for the masses of the rural pato could not have had access to
conventional banking. According to Levine and R{E397), financial development is
positively correlated with economic growth. Innagas such as mobile banking, money

transfer and mobile based payments have a greatcinop the economic growth.
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These innovations, other than providing acceshéadihancial system, have the potential
to mobilize savings (MSHWARI, a mobile banking ®ystfacilitated by the partnership
between the Commercial Bank of Africa and Safarictenya Commercial Bank M-
Benki are some of the examples) and therefore dettpefinancial sector enabling the
intermediation process. By 2012 MPESA, a money st system developed by
Safaricom, had more than 19 million customers edicgealmost by double, the number
of account holders with the commercial banks. Thes induced competition in the
banking sector.

The demand for mobile telecommunication services draated thousands of jobs and
new opportunities for businesses in Kenya (CCK,1300n the political environment,
the mobile communication has been used to managgtiarls through the mobile
transmission system of electoral outcomes and hls enhanced transparency thus
reducing the political risk to the economy. Lyakani2012) contends that democracy,
which is epitomized by transparency, is importamteconomic growth in Africa. Bloom
et al (1998) argue that one of the reasons foptte economic performance in Africa is
political instability. Thus mobile telecommunicatioplays an important role in the
political stabilization of the country.

The question on the level of demand elasticities tfkee mobile telecommunications
services therefore should be important to all ta&eholders. Economic theory identifies
price, income and related products as the genacébrs that affect the demand for the
goods and services. The mobile telecommunicatiadustry, however, has unique
characteristics that call for a deeper analysistllyi the limitation of frequencies means
that only a few operators can be licensed to operathe market. This effectively makes
the industry an oligopoly. Licensing is a barrier @ntry and this makes the industry
different from other service industries. The oligbpnature of the industry implies that

the firms exercise some level of market power.

Secondly, oligopolistic industries often have ademcy to collude. It is important to
analyze the market participants conduct in thedadtries in more detail. Dewenter and
Haucap (2007), assert that demand elasticity ofitireand that of the market is a gauge

of the firms’ motivation to collude in the market.
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They further argue that firms are more motivateccatiude if the market demand is
inelastic, since prices can be increased withodéctahg the market share. This
conclusion concur with that of Laffont, Rey andolé (1998) who argued that firms may
use interconnection agreements (where there isegalation) to enforce collusive
behavior. They however did not ascertain whethenpetition for subscribers would
reduce this collusion. According to economic theaomhere firms face a downward
sloping demand curve they have an incentive to moodeand thus generate price
competition. Understanding demand elasticity theeebecomes important to the firms
in this industry as well as to the industry regorain devising policies that promote
competitiveness of the industry as well as proncotesumer welfare. The remaining part
of the chapter will provide a theory of networkarmtonnection, the background, and
statement of the problem, significance of the stisdppe and limitations. The rest of the
paper is organized as follows; review of relevatdrature is done in chapter two,
theoretical and empirical framework is developedahapter three, estimation results are

discussed in chapter four and chapter five summan draw conclusions.

1.2 THEORY OF NETWORK INTERCONNECTION
The mobile telecommunication industry unlike otkervice industries has a unique and

deeper level of interrelationship, which may beleed by the dominant and established
firms to limit competition from the new entrantsgaker firms) or even completely push
them out of the market. A mobile telecommunicatwavider has complete control over
termination of calls originating from its compet#o A call originating from the
competitor will be terminated by the firm and thieans it must use the firm’s network
facilities for which a fee called termination feaish be paid by the network from which
the call originates to the receiving (terminatingdtwork. The cellular firms therefore
essentially, compete for the right to terminatelscédly competing for mobile phone
subscribers, Dessen (2003). Firms, if unregulatdéicciaarge their rivals high termination
fees to increase their cost and force them ouh@fmbarket or create barrier to entry for
the potential entrants. This is made possible lyirtkerconnection fee charging regimes
adopted by the mobile telecommunication providktsst markets, Kenya included, use
the Calling Party’s Network Pays (CPNP) regime diolesale markets and the Calling
Party Pays (CPP) regime on retail markets.
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This creates a wholesale cost barrier to retaitimgi of off-net calls. Under these

regimes, off-net calling rates cannot be lowereldwehe termination fees. The modern
approach, though not popular, is the bill and ké®8pK) regime, under which, the

interconnected networks charge a reciprocal terwinafees of zero and therefore
networks recover their costs only from their ownstomers rather than from the
competitors. Although BAK regime removes the whalescost on pricing of off-net

calls, it may also cause a disincentive to investnme the network quality. While CPNP

is preferred in most countries, it does raise ttablem of call interconnection fees and
therefore introduce barriers to competition. WrigRD02) argues that, theoretically,
competition for subscribers may decrease the ageesmg (termination fee) but in

reality, it may instead increase it and then paswer to the customers. If a firm has a
large subscriber base most of the calls are oram@ttherefore it is a net receiver of the
termination fees. For this reason, the firm hasnaentive, if not regulated, to increase
the termination fees the consequence of which wbaltb increase the cost of placing an
off-net call by the competitors and since most i talls are off-net, the competitor
would be a net payer of the termination fees (wlsch wholesale cost for the firm). This
effectively increases the off-net call price of gmmpetitor. Such a competitor (who is
always a weaker firm or a new entrant) may makedssnto the long-run and exit the

market.

Marcus (2004) note that a high termination ratsemismaller rival’'s cost making it
difficult for them to compete aggressively with adtshed ones on the basis of price.
These views are shared by Armstrong (1998) andobgffRey and Tirole (1998). The

weaker competitor can only price the off-net callsove the termination fee so as to
make a profit on the call while the dominant firmcps the on-net calls at a price lower
than the termination fee. Rational subscribers dioather join the dominant firm so that
they can make most of their calls on-net to avbi high cost of the off-net calls. This
limits competition in the market and in the evem wveaker firm exits the market, the
dominant firm would engage in monopoly pricing désg into loss of consumer

welfare. In many other emerging economies, theifstgnt price differences between on-
net and off-net prices have led many consumersaid multiple SIM (subscriber

identification module) cards of different operatdosarbitrage on price differentials by
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calling using the service of the provider with timst favorable rates depending on
whether the call is on-net or off-net, Haucap, |e2910). The monopoly over call
termination constrains the consumer choices whigbact on the responsiveness of their
consumption behavior to changes in prices and ircom

The reduction of the termination rates however matyreduce prices as firms result to
subsidizing handset prices and engage in promdtaexievities instead of competing on
prices. This results into a phenomenon that Genakdsvalletti (2009), in their seminal
article, referred to as waterbed effect. This isdose mobile firms keep termination rents
instead of passing them to their customers andefiwer they (firms) suffer if the
termination rates are reduced. The network extéynal therefore not eliminated by
interconnectivity of the mobile telecommunicatioetworks as is the case in other

networks.

1:3 THE EVOLUTION OF MOBILE TELECOMMUNICATION SECTO RN
KENYA

1:3:1 Brief background

The mobile telephone services in Kenya started®®Rlwith the analogue system known
as Extended Total Access Communication System (ASACThis system was
commercially launched in 1993 but due to the pnobtd affordability, the total mobile
subscribers were less than 20,000 by 1997, whenGlobal System for Mobile
communication (GSM) technology was adopted, CCKO&O0Prior to 1997, a mobile
handset was sold at an average of KSH 250,000 \llecost of monthly maintenance
was way in excess of KSH 100,000. In 1997, the lkeRgst and Telecommunication
Corporation formed Safaricom, as a department twige wireless telephone services.
Safaricom therefore had the monopoly on provisidnnmbile telecommunication
services in Kenya up to the year 2000 when mobilescommunication services licenses
were issued to Safariom and Kencell communicatlonged. The licensing of the two
mobile service providers set ground for competifi@nsubscribers in a market that was

initially controlled by a monopoly.



The two most common wireless phone technologiessm in Kenya are GSM (Global
System for Mobile Communication) and CDMA (Code Bion Multiple Access). On
global scale, 14% of the worldwide market uses CDM#le 73% use GSM cell phone
technology.

In 2000, the number of Safaricom subscribers wa®&0and geographical coverage
20%. The firm had a market share of 40% by subsciiase in 2001, the tariffs were
prepaid and the only value added service was vadeifrhe Safaricom call price in 2000
was KSH 28/minute and by 2001 it reduced to betwe8Bh 15-24 per minute. Even

with this low number of subscribers Safaricom fanetivork congestion, lost connection
and poor reception because of low level of investnrethe network infrastructure amid

surging demand. Kencell communications limited wasiched in August 2000 using

GSM 900 technology. In 2001 it had 74,000 subscsimeaking up a market share of
52% and 35% geographical coverage.

1:3:2 Regulation and Competition

Between 2002 and 2007 there were only two mobilevork operators and the
interconnection fees were not regulated occasiohigh off-net calling rates. This may
be the reason for low subscriber growth during flesod as shown in Table 1:1. The
number of mobile service providers in Kenya haseimcreased to four: Safaricom,
Bharti Telecom, Telecom Kenya and Essar Telecomy&eithe mobile infrastructure
has improved covering all major towns and highwayshe country. Safaricom holds
64% of the Kenyan Mobile Phone Subscription Markétiel 16.5%, Orange 10.5%, and
Essal Yu 9.0%, CCK (2012). The increased number of dpesahas intensified

competition leading to price wars in the market.

Table: 1:1 Mobile telephone subscriber growth for he period 2002 to 2012

Year end 2002| 2003 2004 2005 2006 2007 2008 200910 202011| 2012
Subscribers | 1.25 1.95 3.42| 533| 7.27 11.35 16/2¥9.11 | 24.96] 26.5| 30.4
‘millions’

SOURCE: CCK

'Essar telecom has since exited the Kenyan markkeseld its assets to Safaricom

limited and Bharti Airtel Limited



The termination fees have been under regulationes007 and this reduced off-net
calling rates occasioning growth of subscribers3@4 million by 2012 representing
about 76% penetration rates. The most used tocbwipetition for the last 10 years has
been prices as firms struggled to increase theik@ahare. This has reduced call prices
from an average of KSH 28 per minute (on-net) i0@Qo an average of KSH 3 per
minute (on-net) by the end of 2012. The price disadetermine both the number of calls
and subscribers allocated between mobile serviogigers and therefore competition
exert a downward pressure on retail prices as fiomdercut to increase their market
shares, Laffont et.al (1998a, 1998b). Competition the Kenyan mobile
telecommunication market was further stirred by @@mmunication commission of
Kenya in 2007 when it started regulation of theustdy through the determination of call
termination rates. This significantly reduced tmenet and off net call price differentials
and ignited a price war, especially after the e reviewed downwards in July 2010.
CCK 2012 through a statement notes that:

‘Interconnection constitutes one of the key dmiveof competition in the
telecommunication market. It serves as a critigdilcy tool for the proper functioning of
a competitive communications market and henceatishbe regulated’.

After a network cost study in 2010, the regulat@veloped new interconnection
framework to promote competition, operational ediircy of firms and the growth of the
sector. The framework was to be implemented follmva glide path, reducing the
termination price from KSH 4.41 in 2010 to KSH 0.89 July 2014. This framework
faced strong objection from Safaricom (net recenfetermination fees) because of the
fear of losing revenue and market share. This nrapact negatively on future

investments in infrastructure.

Table: 1:2. Mobile termination rates and implementdion date

L4

Implementation date 22 /02/ 2002/07/ 2010 1/7/ 2011 1/7/2012 1/7/2013 1/7/ 20
MTR(nominal KSH) | 4.41 2.21 2.21 1.44 1.15 0.99
SOURCE: CCK



The implementation of this framework reduced thenteation rates occasioned a mobile
retail price competition that reduced retail oft-call prices from KSH 12 per minute in
August 2010 to between KSH 5-3 per minute by Novenm#®12. The on-net call prices
reduced from KSH 7 to KSH 3 during the same peri@@K (November 2012). To
compensate for loss of revenue from the voice cilis service providers diversified into
internet services, money transfer and SMS. Sineeetitry of the third and the fourth
service provider, Safaricom, the market leader tiiedonly player reporting profits, has
gradually but consistently lost market share (basedubscriber base) from 80.7% in
June 2010 to 64% by the end of 2012. The otherabges' market share movements have
been erratic over the same period. The price catigrehas reduced the overall profit of
the industry but it has also increased the demandhie services by the low income
earners as evidenced by the increase in the mimftasse by subscribers and the
penetration levels. The reduction in the terminatiees has resulted into narrowing of
price differentials between on net and off netcallalletti and Cambini (2005) however
warn that termination rates set below the margioat may discourage investment in the
network infrastructure which negatively impact ohet quality of the mobile

telecommunication services in the long-run.

The mobile number portability introduced in Aprid21 was meant to reduce switching
cost and allow movement of subscribers betweerséneice providers while retaining
their phone numbers and thus compete for not oely subscribers but also existing
subscribers. Buehler and Haucap (2004) assertsaitlabf mobile number portability in
the Turkish telecommunication market was a majoriéxato entry and to growth of new
entrants and this significantly increased the dvintg costs for consumers determined to
leave the incumbent for the new entrants. In Kemyaever, mobile number portability
has had minimal impact as a result of delays intipgy reversals due to loss of value
addition like money transfer and the problem of tipi¢ SIM card ownership. The data

on mobile number portability is provided in tabt&.1



Table: 1:3. Quarterly data on mobile number portablity

Quarter Mar-Jun 2011Jun-Sep Sep-Dec Dec-mar | Mar-Jun Jun-Sep
2011 2011 2012 2012 2012

No of 36,224 1,924 2,407 6,646 678 217

ports

SOURCE: CCK

1:3:3 Pre-paid tariffs and low denomination callingcards

The majority of Kenyan population is in low incoroategories and cannot afford fixed
contracts in post-paid tariffs. The pre-paid tafffby-as-you-go) is an innovative pricing
strategy that has enhanced affordability and tleeeincreased the demand for mobile
telecommunication services in Kenya. Accordinghte CCK, quarterly reports, 99% of
the total subscribers are prepaid customers. Térdtis similar in most developing
countries, Banerjee and Ross (2002). Availabilityowver denomination airtime (as low
as KSH 10 and KSH 5) and innovative products swleradit facility on airtime and
flashback service has made it possible for the poaall even with little money or on
credit. The Value Added Tax (VAT) waiver on airtinmcreased the minutes of use
available to subscribers at the same level of irecomirtime VAT was however
reintroduced in the 2011/2012 financial year

1:3:4 Increasing Wealth and Subsidized Handsets

Over the last 10 years, economic well being hasrongd considerably. Ahn and Lee
(1999), argue that the country’s wealth is reldfaskitively) with the level of demand for
mobile telecommunications services. The GDP peitaap measure of wealth, increased
and the economy became more vibrant translatingnéoe disposable incomes and
booming businesses within the informal economysThanslated into affordability and
demand for telecommunication services to supperiribreased economic activities. The
growth in the informal economy propelled the grofdihmobile money transfer services
as a mode of payment thus enhancing financial sn@tufor the unbanked. By the end of
2012 the mobile money transfer had over 19 milBabscribers served by 54,409 agents
(CCK 2012) Between the June and September 2012mtheey transfer system had
transacted over KSH 205 billion, a growth of 6.7%&mthe previous quarter.




The government waiver of duty on mobile handsedsiced their prices especially to low

income earners. Mobile service providers have dsen increasingly involved in

subsidizing mobile handsets that are programmezketoompatible with only their SIM

cards in an effort to eliminate accessibility peshl Cheap handsets and low

denomination airtime has therefore significantlyelfed the demand for mobile

telecommunications services in Kenya.

1:3:5 The Decline of fixed telephone lines and ineased investment in mobile

telecommunications infrastructure

Since the introduction of the mobile telephony irena, fixed telephone lines

subscriptions have been on the decline, consigtefie Communications Commission

of Kenya attributes the decline to substitutabillhgtween mobile and fixed line

telecommunication and vandalism of equipments apper cables for the fixed lines.

With cheaper, efficient and convenient mobile comioation, subscribers are switching

to the use of mobile phones. The efficiency in nr@bommunication has been brought

about by massive investment in cost saving teclyiedolike GSM and Third Generation

(3G), network upgrade and subsidized handsetsdilagidated fixed line infrastructure

and stealing of copper cables increased the casis reduced efficiency of fixed

telephones. The decline in investment in fixed heéwork and increase in investment in

the mobile network is shown in Table 1:4 below. Ptransport and communication

infrastructure like roads and rail has further givenpetus to the growth of mobile

telecommunication services.

Table: 1:4. Annual investment in mobile and fixedihe networks (KSH in millions)

Year 2001 2002 2003 2004 200% 2006 2007 2008
Mobile  Annual| 11,851 19,173 23,662 28,920 38,670| 44,600 21,221 29,936
investment

Fixed annual 35,499 | 37,447| 36,430 | 35,416| 12,568 5,533

investments

SOURCE: CCK: (-) show missing values in the CCKrtgrdy reports.
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1:3:6 Value Additions

In 2001, the only value addition to voice servicaswoicemail. The value added services
have tremendously increased and become diversifired now include money transfer
service and internet services. Sathish et.al (20ibtls value added services to be an
important determinant of switching behavior in ndvValue addition has had profound
effects on demand for mobile telecommunication ises/since even at constant nominal
prices, quality adjusted prices seem to be lowerstdscribers. In Kenya, the money
transfer service has become part of the finangstesn and has been widely accepted as
mode of payment almost outperforming the bankingtesy. This has boosted the
subscriptions to the mobile networks. Some subssilsubscribe to a network simply
because of the benefit of this service. Internbsstiption has been on the rise and is the
new frontier of competition and revenue generatiothe telecommunication industry.
With the introduction of inexpensive smart phonaghvmultiple applications and the
evolution of social media as well as other appioret, demand for internet service has
been on the rise over the last few years. The govent policy has heavy bias towards
Information Communication Technology (ICT) as evided by the support for the fiber
optic cable, e-governance and the emphasis of ECdnaengine for growth. This factor,
coupled with increased number of mobile applicasoftware supporting activities such
as health, education and agriculture has addedhtpetus to the growth in demand of

mobile telecommunications services in Kenya.

1:4 STATEMENT OF THE PROBLEM
The telecommunications sector is one of the mogbmant sectors of the economy. In

Kenya, this sector has expanded and developeddmabiy in the last 10 years. By
2012, 77 in every 100 Kenyans had access to a exphibne, but despite this expansion
of the market, mobile service providers continueexperience decline in profitability.
Firms with the highest prices are losing the madtere only marginally while those
with competitive prices gain no substantial matedre. To understand the demand for
the telecommunication services, it is importanestimate the elasticities of demand for
those services. Research in this area and espaaidkenya is still scanty.
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Previous research has been on the relationship ebatwthe growth in mobile
telecommunication and economic growth, the impdcMBESA and M-banking, few
studies have attempted to quantify the significanfcthe variables affecting demand in
terms of elasticity in a manner that can informigpoland firms’ actions with more
precision. Most of research done on demand elgst&cin European countries that have
advanced telecommunication industry, over 100% fpatien rates, mostly postpaid
subscribers and high levels of income. Vibrantedixtelephone services in these
countries make it difficult to generalize their wds on complementarity or

substitutability to developing countries.

The regulatory framework is developed and indepenaemost of the countries where

similar studies have been carried out. Some, lieeUnited States of America, have bill
and keep regimes (where firms charge zero ternoindées and recover termination cost
from their own subscribers), close to 100% geogcgblcoverage, developed transport
and communication network and financial systemsldweloping countries where Kenya
belongs, income is low thus increasing price seMitsit tariffs are predominantly prepaid

(consumption pattern is thus more responsive tweprhange in the short-run), transport
and communication network is poor, financial systemunderdeveloped, network

coverage and penetration rates are below 100%hendegulatory system is young and
guasi-political. The on net and off net call praiéferentials are wide and thus problems

of multiple SIM card ownership.

The scanty research on this area done elsewhef/drice has not concentrated on
demand elasticities but has rather dealt with & ag&le issue without rigorous estimation.
Further, they are based on cross-sectional datewdral African countries (Hamilton,
2003) and not Kenya in particular. The network &Beand effects of substitute services
are key determinant of demand that has not beetratiea for in the previous studies
and this may have overstated the importance optioe variable in the demand for the
telecommunications services. This study soughtstomate demand elasticities using

country specific data, something not done befor€dnya.

The utility one derives from the use of a telephseaesice depends on the ability to talk

to another person on the telephone; the more pema@ecan talk to on the telephone, the
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higher the utility one derives from subscribing ttee telephone network, hence the
demand for the telephone services may increasethatlsize of the telephone network.

The size of the telephone network is thus incluaed regressor.

1.5 RESEARCH QUESTIONS
This study investigated the research problem ajresdted by attempting to provide

answers to the following three questions:

What is the estimated level of short-run and lomg-own price elasticity of
demand for the mobile telecommunications servinekenya? Is the difference

significant?

What is the level of income elasticity of demand fioobile telecommunication

services in Kenya?

Are fixed telephone services complements or suwitet for the mobile phone

services?

1:6 RESEARCH OBJECTIVES
The general objective of this research paper wawduide quantitative estimate of the

elasticities of demand for the mobile telecommutioces services in Kenya. The specific

objectives were to:
1) estimate own price elasticity of demand for mobelecommunication services
2) determine the income elasticity of demand for met@lecommunication services

3) evaluate the cross-price elasticity of demand lfigr mobile telecommunication

services

1.7 JUSTIFICATION OF THE STUDY
Research on demand elasticities for mobile telecomication services has been scantily

undertaken in Kenya. Elsewhere in the world wheteas been conducted, the industry
characteristics are different from those obtainingkenya and therefore cannot be

generalized. The research done on developing deantras been qualitative or used
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cross-sectional data rather than country specdia qAker and Mbiti 2009, Hamilton,
2003).

Kenyan mobile service providers have been involvefierce price war over the last 5
years. The overall effect has been a fall in tlwigtry profitability, where only one firm
is currently profitable. Despite the price reduatidy Airtel, Essar and Orange Telecom,
their combined market share is less than 40%. fAi&sscalled into question the influence
of own price elasticity and by extension the effemiess of price wars in increasing
firms market share and thus profitability. The frmwvould therefore benefit from
understanding demand elasticities to inform amahgrs, the pricing policies and assess

whether price war is justified.

The extent of substitutability or complementarigtween the mobile telecommunication
and fixed line telecommunication in Kenya has neerb studied. The growth of the
telecommunications sector depends on the governmnetérstanding the relationship
between the mobile and fixed line telecommunicatod thus determining the level of
investment to make in the fixed telephone network.

The regulatory authority (CCK) is seeking to enleand deepen competition in the
sector, increase efficiency and improve performaibés needs the understanding of the
demand elasticities to assess the level of intéimeressential to improve consumer
welfare, through pricing regulation, adjustmenttefmination fees and avoidance of
collusive behavior by the firms. While in developealntries price elasticity has been
used to determine regulatory interventions, ths iat been the case in Kenya. Network
cost studies have been the only basis for reduciamobile termination rates with an

assumption that this will reduce off-net call psand precipitate price competition. The
anticipated changes induced by changes in callepridiowever, would be better

understood from the viewpoint of price elasticifyjdemand.

The tax revenue of a government depends on the rdemlasticity. Where demand is
price inelastic the tax burden is shifted to constamand where elastic little tax is
collected as the burden is shifted to firms thuduocing their profitability. The

government needs to assess the price elasticitgenfand before devising taxes on
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mobile telecommunication services. Estimation ofmded elasticities is important in
assessing consumer welfare positions for purposeshaic policy. Little such research

has been conducted in Kenya.

1:8 LIMITATION OF THE STUDY
In constructing a panel for the data to be usedttier analysis, the values on some

variables in some periods were not available regulin unbalanced panel and this
limited the extent of analysis. Telecommunicati@atag especially in Kenya, was difficult
to collect or was in its raw form and inadequatenable useful manipulations. Similar
studies have used Average Revenue per User (ARPRIpKy call prices. This is due to
multiplicity of tariffs which cause measurementoes: In Kenya, revenue and ARPU are
reported annually for only few mobile network opera and therefore this value could
not be obtained. The number of subscribers may baea measured with error as data
on prepaid and post paid subscribers is aggreggtether, telecommunications being a
technical area requires a level of expertise they be lacking to the researcher and thus
dependence on opinions of other parties whose aimphlidity or accuracy may have
been difficult to ascertain with certainty. The éiroonstraint limited the depth of analysis
that went into this study. Steps taken to mitigdwese limitations are discussed under

data section in chapter three.

1:9 SCOPE OF THE STUDY
The study focused and used monthly data for thegdune 2011 to January 2013 due to

the limitation of data availability. The estimationassessment of welfare loss or gain on
account of demand elasticities estimated was defitiure research. The range of mobile
telecommunications services is too wide (and sisorgjated) to be incorporated in the
demand equation. This study concentrated on preyaicke call services. The mobile
termination rate, theoretically, has a significaeffect on demand of mobile
telecommunication services (particularly voice €alihrough its effect on the calling
rates. Some studies have estimated its semi-etgstis well as included it in the
regression together with the prices. This studyraitiestimate the effect of this variable

to avoid complicating the analysis.
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CHAPTER TWO

LITERATURE REVIEW
Over the recent years, the area of demand for eablecommunication has generated

immense interest as mobile telecommunication gaimegortance in the economy.
Estimation of demand elasticities has particulaatiyracted interest from researchers
because of its significance in assessing the @ffaatss of industry regulation policies
and their welfare effects as well as the levelnaluistry competition. Recent studies have
also been motivated by the improvements in dyngraiel data models that have greatly
impacted the analysis of demand models using miatel This section reviewed the most

recent literature and highlighted the contributadrthe study to the body of literature.

2:1 THEORETICAL LITERATURE REVIEW
Laffont, Rey and Tirole (1998a, 1998b), in theimseal articles analyzed network

competition where there was non-discriminatory atidcriminatory pricing. They
contended that high termination charges led to tugh prices and firms tended to
undercut in order to increase the market sharedo®gring retail prices, firms attract
additional subscribers and induce the network siess to make greater number of
outbound calls thus increasing termination revelieere there is discriminatory pricing
of calls the firm reduces the on net prices retativ off-net prices to increase the price of
competitor and thus cause them to lose market sfaeeprice differential between the
off-net and on-net calls thus generates the netweffdct despite interconnection. This
analysis is anchored on the assumption that theadénfor the telecommunication
services is price elastic. They therefore argué eéhrants undercut the incumbents, that
is, their on-net and off-net call prices are lowEhis is calculated to gain market share

and is only possible where demand is price elastic.

Wright (2003) postulates that to increase proéitfirm may increase the termination fees
and reduce the on-net call price to attract custemBy increasing the termination

charges they increase the price of the off-nesazllthe competitors and thus reduce the
demand for their services while increasing theinaemand because of lower prices. He

therefore assumes that the demand for the teleconoation services is price elastic
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2:2 EMPIRICAL LITERATURE REVIEW
Ahn and Lee (1999) studied the determinants of aeliar mobile services. They used

cross sectional data of 64 countries for the ye&388land estimated the demand for
access based on the observed fact that the ratgbstription in a country is influenced
by factors specific to that country. These faciaduded the existing tariff systems, the
country’s wealth, the level of technological deysteent and industrialization, and fixed
network facilities. They found out that the likedibd of subscribing to use a mobile
telecommunications service was correlated (posyfiverith the GDP per capita and

number of fixed telephone lines per person. Thegyckmled that the likelihood of

subscribing to mobile telecommunications servicess weakly associated with the

mobile telecommunications service price.

Growitch, et. al (2010) using a sample of 61 m®B#rvice providers from 16 European
Union member states and data from 2003 to 2008peted the demand elasticity for
mobile services, relationship between mobile teatom rates and retail price and
effects of change in Mobile termination rates onnutes of use. They estimated short
run price elasticity of demand to be (-0.097) ardng run price elasticity of demand of -
0.608 using the dynamic Generalized Method of Mas¢BMM) panel estimator. The
study further found out that mobile terminatioresatind retail price of calls moved in the
same direction (10% increases in mobile terminataia leads to 7.1% increase in retail
revenue per minute). When prices and mobile tertimnaates elasticity of demand were
estimated together, there was an increase in demlastcity in the short run (-0.133)
and in the long run (-0.715). Because of the riglkigh correlation between mobile
termination rates and call rates, they identifiee éffects of mobile termination rate on
demand over and above the price effect, which thegyd to be small. The coefficient on
the number of subscribers was negative, which twyluded meant existence of a

smaller demand of marginal subscriber of the mateleice provider.

Dewenter and Haucap (2008) analyzed price elassdit the Austrian market for mobile
telecommunication services using data on firm dmecariffs over the period from
January 1998 to March 2002. They were the firsude dynamic panel regression to

estimate short run and long run demand elasticibedusiness and private consumers
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with both postpaid contracts and prepaid cardsy Toend that business consumers had
a higher elasticity of demand (-0.33) than privatmsumers (-0.14) and postpaid
customers had a higher elasticity of demand thapaid customers. The demand was
generally higher in the long-run. Among the privatenssumers, the demand was more
elastic on postpaid contracts (-0.22) than prepaid customer where no statistically
significant elasticity was found (they argue thiilcl have been due to overstatement of
active subscribers in the data). They concluded tte long-run elasticities computed
were higher and roughly the same for business mestand private prepaid customers.
The findings on the insignificance of demand etatstis of prepaid services defy
intuitive reasoning. They further found subscridesises to have a negative and
statistically significant impact on demand per swier suggesting that late adopters
used their mobile phones less than earlier adap®ast month'’s traffic had a positive
effect on current traffic numbers suggesting habitonsumer behavior. The study did
not however estimate the income elasticity of deinan the cross-price elasticity of

demand.

Similar conclusions were arrived at by Haucap €RalL0) when they estimated demand
elasticities for Turkish mobile telecommunicatianarket. They used firm level data for
five competitors for the periods between JanuaB22dnd December 2006 and estimated
dynamic panel data models including instrumentalakdes technique. Their quantity
variable was mobile traffic measured by outgoindneft traffic per subscriber. In
carrying out the estimations, they separated thpgd market from the postpaid market
because of differences in the demand charactexisIicey estimated the long run price
elasticity of -0.72 for post-paid market and of.8&) for prepaid. The short run price
elasticity was -0.36 for post-paid and -0.20 foegaid. They also found evidence of
fixed to mobile traffic substitution for consumevbo use prepaid cards. The cross-price
elasticity was not significant for the postpaid tomsers. They concluded that the short-
run elasticities were smaller in postpaid marketsaoise of fixed contracts while for the
prepaid markets there was no significant differebeéween short-run and long-run
elasticity since prepaid markets were flexible he short-run (especially with multiple
SIM cards). This study also did not control for #feects of income on demand.
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Chris (2003) modeled UK mobile telephone price teddg of demand and market

penetration for the four mobile operators usinglpddime series cross-sectional analysis
on quarterly basis starting 1996 Ruarter to 1999 %1 Quarter to develop a demand
model. He found price elasticity of -0.49. All theefficients had expected signs, that is,

price (negative), GDP (positive), and subscribposifive)

Afridi et.al (2010) conducted a systematic econoamalysis of the rapid growth in the in
UK telecom sector and demand for mobile serviceaaguslata on the four cellular
operators and fixed line services from 1999 Quarter to 2006 "4 Quarter. They found

that the price elasticity of demand was (—0.52)ieWwtwas closer to be finding by Chris

(2003). GDP and subscribers were both positivdbted to minutes of mobile telephone.

Genakos and Valletti (2009) using a panel of mor@nt20 countries over six years
empirically showed existence and magnitude of viatgreffect on prices. The results
show it is strong but not full. They concluded thegulation through mobile termination

rate had negative and significant effects on pri¢ée magnitude of waterbed effect was
estimated to be above one

Chabossom et.al (2006) used data from nationafiyesentative survey conducted in 17
African countries to analyze mobile adoption andges The research found out that
income variable was significant and variable in thk 17 countries. Nigeria had the
highest income elasticity and Mozambique the lowd@s$tey concluded that income
elasticity seemed to be linked to relative costnufbile usage. The study failed to
estimate price elasticity and instead used quaigatlata to conclude that there was
negative relationship between call prices and dehfan mobile telecommunication

services. The majority of respondents in the stundlycated their willingness to make

more calls at lower prices.

Madden and Coble-Neal (2003) used a global teleaamations panel comprising 56
countries and annual data for the period 1995-20@&timate a dynamic demand model.
Their study examined the substitution effect betwieed and mobile telephony while
controlling for the consumption externality assteiawith telephone networks. They

modeled optimizing economic agent behavior diretlgerive mobile demand equations
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for estimation. They found that mobile network sl the greatest long-run impact on
the mobile subscription, followed by the reducta@immobile telecommunications service
prices. They further found evidence of significanbstitution effect. Increased in the
prices of the fixed telephone services raised thabilm telecommunications service
subscriptions. Among the significant factors thiiea@ mobile growth, they concluded

that income was the least important.

This conclusion was also arrived at by Michael &0@ a household survey conducted
over the period 1999-2001 in the US. Christophd¥720 however, while estimating
telecommunication demand model for residential haath and mobile telephone services
for developing countries for period 1996-2003 founrbss elasticity of demand
insignificant. Gruber (2001) on the other hand fbum positive relationship between

growth of fixed lines services and mobile serviresastern European countries.

Using sample data for several African countriesmittan (2003) investigated whether

mobile services are substitutes or complementdixed services. She found out that
mobile services are substitutes in developing amsitwhere fixed network access is
either low or non-existent. She concluded that medielecommunications services act as
a competitive force which compels the providerdixdd services to improve access to
their networks. She further concluded that mobrid &xed services may be substitutes

or complements, even where access to fixed netwsneatively low.

2:3 OVERVIEW OF LITERATURE REVIEW
Most of the research has concentrated on estim#imgrice elasticity of demand. The

results are however varied. Some studies have fetatidtically significant elasticities of
demand, while others have found the price elagtafidemand for the prepaid service to
be statistically insignificant. This means thatréhes no consensus in the literature
regarding the extent (significance) of own-priceaséicity of demand for mobile
telecommunication services. This study providesassh backed evidence on the side of
divide where Kenyan telecommunications market fadisd therefore help build

consensus.
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The reviewed literature also show that very liiteention has been given to the income
elasticity of demand and none has attempted tonatgiit. There is consensus that the
coefficient of the income variable is positive ke extent of this relationship has not
been quantified. This study attempted to fill thap.

In the few studies that have attempted to incotgottae price of fixed line services, the
results have been different with some showing tixedf and mobile services as
complements while others find a substitution eff@d¢tere is no consensus on the effect
of fixed line telephone services on the growth ema@and of mobile telecommunication
services in Kenya. This made the study important.

The tests of the effects of increased mobile symsans on demand of mobile
telecommunications service (network effects) hasmegated mixed results, some with a
negative coefficient on subscriber variable. Th@atiwe coefficient means smaller
demand for the marginal customers. Other studieg Ishown a positive relationship.
This study sought to establish the effect of inaatal subscribers on total demand.
Several studies find the mobile and fixed telecomication services to be substitutes in
African states and conclude that the mobile sesviEmand influences the fixed network
providers to improve their services. These stubdmsever used cross-sectional data and

therefore are not specific to any country. A coyspecific study was necessary.
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CHAPTER THREE

3.0 METHODOLOGY
This chapter consists of three parts: developmetiteotheoretical framework, discussion

on the nature of data used and the empirical mskatification.

3:1 THEORETICAL FRAMEWORK
The framework is based on the theory of consumieavier. The consumer is assumed to

maximize the utility derived from the consumptiofh @ bundle of goods (use of
telecommunication services in this case), Varia®2l pp 98, 99). The consumer is

faced with a utility maximization problem expressedfollows:
Max U(X); such that PX 'Y (budget constraint) (1)

Where P is the price of X, X is the consumptiondiarand Y is the consumer income.

Assuming local non-satiation, the consumer’s pnobieay be restated as follows;
V (P, Y) =Max U (X*) (2)

Where, V (P, Y) is the indirect utility (maximumility achievable at a given level of
prices and income). X* is the demanded bundle thatimizes the consumer utility at
the given level of prices and income (solves thesamer problem). The utility function
can be restated as follows;

U* =U (X¥) 3)

The demand function is that which relates the paicé income to the demanded bundle

and can thus be written as;
X*= X (P, Y) (4)

Since the utility is derived from consumption of Xt given price and income, it
therefore follows that the relationship can be dest@ted by the Roy’s identity, Varian
(1992, pp107)

V (P, Y)=U[X (P, Y)] (5)
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Equation (5) shows the relationship between theasehiunction and the utility function.
Direct utility is not measurable but can be expedsas an indirect utility which is
measurable and given the relationship expresse(b)inthe consumer’s objective of
utility maximization can be modeled as a demandction. In the context of
telecommunication services demand, the demand rdiei@nts can be extended and

hence the following equation developed to modeldiémand.
Q=1 (Pu, P Y, S, Net, t) (6)

Equation (6) shows the demand for mobile telecomaoations services at time (t) as a
function of the mobile telecommunication servicec@r(Ry), fixed telecommunication
service price (B, income (Y), subscriber basesjS&nd network characteristics (Net), all
at time (t). The subscriber base is meant to caphe network effect on demand for the
mobile telecommunication service, while the netwchkracteristic will capture effect of
the quality of the service (network stability). Tieed network is assumed to be either a

substitute or a complement to the mobile network.

3:2 VARIABLES AND DATA

3:2:1 Dependent variable
The outgoing minutes of use (MoU) per subscriberthe dependent variable estimated

by dividing the total outgoing minutes of use fomabile network operator (MNO) with
the subscriber base for each period under consioleraioU will be the proxy for the
unit of service demanded (such that the unit ofiserdemanded will be monthly MoU

per subscriber).

3:2:2 Independent variables
Lagged dependent variable (lagmou)

The lagged dependent variable is used in the dynamoidel to determine existence of
path dependency of the price and income elastidijemand or lack of it. This variable
is also used in the static model since mobile teteaunications service consumption is

habit forming.
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Average price (rp)

Average price is the average mobile tariffs of in@bile prepaid voice call arrived at by
averaging the on-net and off-net calling rates hed tmobile network operators. The
average takes into account the promotional taeitending for a period of not less than
one month. The nominal price is divided by the coner price index to obtain the real

price that is used in the regression
Subscriber base (sbase)

Subscriber base is the number of customers sulesicttoeach mobile network operator
per month. The subscriber base includes all thegidecustomers and excludes the post-
paid customers due to unavailability of data on gbet-paid tariffs. Subscriber base is
the proxy for network effects. The postpaid sulibsms were 1% of the total subscribers

and therefore have no significant impact where eggped with the prepaid subscribers
Subscriber income (y

The Gross Domestic Product (GDP) per capita ismisasure of individual income
estimated by dividing the monthly GDP with the ntdntpopulation estimate. The

expected sign of the coefficient is positive or atdge.
Internet subscribers (net)

This is the measure of value addition on voice saillice provided by the mobile service
providers. However due to the evolution of sociaédm (facilitated by internet

connection), internet service may act as a sulstservice.
Fixed line minutes of use (fimou)

Fixed line minutes of use is a measure of the denfianthe fixed line network service. It
is expected that the fixed network service may hlibee a complement to mobile
telecommunications service or a substitute. Whiehavay, it is expected to affect the

demand for mobile telecommunications service.
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3:2:3 Data
The study uses monthly data for the period Junel 201 march 2013. The data is

provided on quarterly basis but due to unavailgboif data relating to Minutes of Use
subscriber's base and Average call rates for peribdfore June 2011 it became
necessary to convert the data into monthly basrder to generate enough data points

for regression.

The Quarterly GDP, subscriber base, minutes o{Msd)), fixed line minutes of use and
internet service subscribers have been converttm nmonthly estimates by use of
statistical software MATLAB while the monthly poation estimate is extrapolated by
use of Ms Excel based on a population growth eséirnd2.8% (Kenya national bureau
of statistics estimate) and the total populatiorab2009 August (national population

census).

The quarterly GDP was converted to monthly GDP, dbesumer price index and the
percentage growth estimates were obtained froniKémg/a National Bureau of Statistics
(KNBS). The Minutes of Use (mobile and fixed lingpnternet subscriptions and
subscriber base data were obtained from the conuatiom of Kenya quarterly reports
while the mobile tariffs were obtained from compabgiefs and reports from the

Business Daily over the entire period covered leystudy.

3:2:3:1 Limitations of the data
The use average revenue per user (ARPU) would hase a better measure of the retail

price of the prepaid calls but this data was urlakle and mobile network operators did
not respond to request to avail such data or their measure of average call rate. The
choice of averaging tariff rates though inferioraigpropriate because over the period
covered all the firms had a single tariff for theeaid subscriber in contrast to prior
periods and countries covered in other studies. é¥ew ARPU would have provided

monthly retail price of the call as opposed to @gper minute as used in this study.

The use of money transfer service data would hawst rappropriately measured the
value addition since it is not a substitute to eaiall service. This data (on the number of
subscribers to the service or the amounts trarsfer the number of transactions carried
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out was not available). Data on base stations ¢bald have been used to control for
network stability could not be availed and thus thontrol variable was not included at

the risk of exuberating the correlation.

3:3 EMPIRICAL MODELS
Two empirical specifications have been used initeeature. The study specifies the two

models (static model and dynamic model) to estalithe existence of path dependence

in the elasticity of demand for telecommunicatisasvices in Kenya (or lack of it).

The first model (also used by Dewenter and Hau2@p4) is a static simple log-linear

specification of an iso-elastic demand functiothaf form:

Where n is the long-run own price elasticity of dem. Since the data used is of a panel

nature, the equation specified is as follows:

Lnaic = Bit + PaINPic + k=3 BrXit, k FE oovoeeoeroeoeoeoeeeeeeeeeee (8)

Lngg is the average quantity demandeg jspthe respective average price, xare the
additional explanatory variables aggdis the error variable. TH& are the coefficients to
be estimated. If;; is fixed over time but differs over the cross-satunits, the fixed
effects model would be appropriate to estimate gou48) but if it can be decomposed
into a constant and a specific random variablegdaoan effects model would be used.
Ordinary fixed effects or random effects models rgase biased results because of the
endogeneity problems and therefore the panel im&ngal variables method would be
used. The first differencing or the fixed effeclisnenates time-constant variable and does
not solve the problem of time-varying omitted vhles that are correlated with
explanatory variable (Wooldridge 2004 p461). Thehuoé of instrumental variables (1V)
can be used to solve the problem of endogeneignefor more explanatory variables.
The method of Ordinary Least Squares (OLS) is wglkdre explanatory variables are
uncorrelated with the error term. In the equati®)) frice could be related with the error

term such that:

C@t, &) #0 )
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Where situation (9) obtains, OLS generates biasedimconsistent estimators. For the
fixed effects model, the study will apply the Twta§e Least Squares (2SLS) ‘within’
estimator while the Two Stage Least Squares (231&)ld be used for the random
effects model. A robust Feasible Generalized L8gstares (GLS) random effects model
will be used to take care of heteroskedasticity g@mdduce robust standard error

estimates.

The second model is the so called Houthakker-Tayair has been used in many studies
[Dewenter, & Haucap, (2004, 2007), Growitsch eR800, and Haucap et.al 2010]
because it takes into account the possible patlerdimcies of consumption. In this

model, demand at time (t) can be expressed byotlmwing equation:

+ i1 P> (10)
b
Where b is the short-run price elasticity and a is the long-run price elasticity of
demand. Given the panel structure of the dataHisr gtudy, the model specified is as

follows:
Lngit = Bic + PaINQie1 + BalNpie +Y k=3 PrXit, k Heit (11)

The possibility that prices may be endogenous aedriclusion of lagged endogenous
variable (g-1), would lead to biased results if the usual pa@ehniques were used, hence
a dynamic panel analysis would be appropriate. ideeof lagged dependent variable is
based on the economic assumption that due to the @ habits (inertia), people do not
change their calling patterns immediately followiagprice decrease or an income
increase because the process of adjustment mait resu an immediate disutility

(Guijarati, 2004, p662). Contractual obligationghe postpaid arrangements would also
cause inertia. For this reason (response with avegwould expect the short-run price
and income elasticities to be lower in the shontthan in the long-run. A first difference

transformation on equation (11) will lead to:

Alnqit = BlAInqit.l + BZAInpi + Zk=3BkAInxit, k + Agit (12)
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Equation (12) can be consistently estimated usir@eaeralized Method of Moments
(GMM) approach that was proposed by Arellano anddB(@991). The use of Ordinary
Least Squares (OLS) would lead to biased and instemsé estimators due to likely
presence of autocorrelation betwe¥nq;., andAe;;. The lagged dependent variable and
the endogenous variables would then be instrumemyettheir lagged values to account
for the possibility of existence of endogeneitylgemn. Since the variables in equations
(8) and (12) are in the logarithmic form, the coméints can then be interpreted as
elasticities. The Hausman specification tests igpbdormed on the models to test to
determine whether to use the fixed effects modether random effects model. The
Sargan test of over-identifying restrictions on tlhuenber instruments is be applied to test
the validity (orthogonality) of the instrumentalnables used in the dynamic models. The
estimation procedure, results, discussion of resaid interpretation is done in chapter

four and summary and conclusion in chapter five.
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CHAPTER FOUR
EMPIRICAL RESULTS AND INTERPRETATION
4:1. Descriptive Statistics

Table 4:1. Descriptive Statistics

Variable| mean | Std dey Minimum | Maximum

InMoU | 4.818 | 0.011 | 2.773 5.858
(88)

Lnsbase| 15.4090.825 | 14.254 16.792

(80)

Lny -4.610(0.098 | -4.666 | -4.630
(76)

Lnrp | -3.858|0.334 | -4.494 | -3.381
(80)

Lnnet | 13.789 1.122 | 11.574 | 15.780
(88)

Lnflmou | 17.610| 0.402 | 16.982 | 18.458
(88)

Number of observations is given in parenthesis

Descriptive statistics are given for the followiagriables

LnMoU = logarithm of the variable monthly MoU perscriber
Lny = logarithm of subscriber’s income given by tBBP per capita
Lnrp = logarithm of the real price of voice calhgee per minute
Lnsbase = subscriber base

Lnnet= the logarithm of the mobile internet subsers
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Lnflmou= logarithm of the fixed line minutes of u@etal)

4:2.1 Static models regressed

Lnmou = sbase+ Inrp + Iny +net + Infimou+ e......................(13)

Table 4:2 results of fixed effects and random (GLSg¢stimates

Dependent variable=InMoU
Fixed effects model Random effects model
Variable coefficient p-valug Coefficient p-value
Sbase -3.030 0.001** | 1.010 0.000**
(8.350) (2.280)
Lny 14.112 0.001** | -9.460 0.503**
(3.861) (14.109)
Lnrp -0.0026 0.980** | 0.5246 0.315**
(0.1038) (0.5223)
Net -6.310 0.927** | 1.830 0.005**
(6900) (0.109)
Lnflmou -2.0517 0.006** | 0.109 0.567**
(0.0719) (0.257)
Constant 76.21 0.000** | -44.182 0.507**
(18.99) (66.53)
R-squared- Within-0.2658 | R-squared-Within-0.0044
-Between-0.2636 -Between-0.3578
-Overall-0.2496 -Overall-0.3336
No of observations =76 No of observations =76

Standard errors are in parenthesis. **is 5% sigaifce level

The fixed effects model and random model are regeon the data to estimate the

equation (13) above. The demand for fixed line desne incorporated by using the

minutes for fixed line network. The coefficient tfis variable is a measure of cross
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elasticity of demand while the lagged dependeniabiée is included in the independent
variables in equation (14) as a measure of inellla consumers of mobile

telecommunication services. The models are regidsgese of STATA software.

Estimation of equation (13) whose results are showiable 4:2 above reveal high level
correlation and low R-squared (0.25). This mearst 6% of the changes in the
dependent variable are explained by the error termch is correlated with the
independent variables. This may also suggest #®epce of heteroskedasticity. A robust
estimation (FGLS) of the same equation shows Reguaf 0.9748 but the random
effects robust estimates (FGLS) show negative moefit for income variable. This is
contrary to economic theory (mobile services anesmered normal goods). Additional
variable (lagged dependent variable) is includetthémodel to account for habit. Mobile
usage is partly affected by lifestyle and thusdsumed to be habit forming. Equation
(14) is estimated and the results are shown ire té&/3

Lnmou= laginmou + Insbase + Iny + Inrp + Innet fimou + e.................... (24)

The estimation results in Table 4:3 below show lewels of correlation in the fixed
effects model and a high R-squared for both randathfixed effects model. The fixed
effects model estimates are robust (FGLS). Theficoaits for the price and income
have signs that are consistent with economic thebing subscriber base and the fixed
network demand variable coefficients have been dotm take different signs in
literature. Both models find coefficient for laggddpendent variable positive subscriber
base and internet subscriptions negative. The finad/ork coefficient’s sign is different

for each model.
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Table 4:3. Results of estimation equation 14

Dependent variable=InMoU
Fixed effects model Random effects model

Variable Coefficient p-value Coefficient p-value

Laginmou 0.868 0.000** 1.000 0.000**
(0.475) (0.121)

Lnsbase -0.528 0.000** -0.0092 0.654**
(0.132) (0.021)

Lny 5.049 0.000** 3.159 0.041**
(1.191) (1.545)

Inrp -0.1839 0.000** 0.0219 0.679**
(0.0464) (0.530)

Innet -0.039 0.237** -0.013 0.243**
(0.033) (0.011)

Inflmou -0.109 0.000** 0.004** 0.899**
(0.028) (0.031)

constant 34.015 0.000** 14.865 0.049
(6.106) (7.566)
R-squared = 0.99€6 R-squared: within-0.7864
Adj R-squared =  0.995
RootMSE = 0.0689 Between =0.9999

Overall =0.9922

Standard error is given in parenthesis. ** is 5% gjnificance level

4.2.2 Specification tests
In view of the different results generated by theed and random effects model, it is

imperative to use a model that is superior and theseed to carry out specification test.

The Hausman test conducted on the fixed effectesspn and the random effects GLS
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regression rejects the null hypothesis and thus rdmelom effects model is the

appropriate specification to use

4:2.3 Results of the random FGLS model estimated
The random model is estimated using the feasibleergdized least squares (FGLS)

method in order to generate robust estimates inochpeesence of heteroskedasticity or
autocorrelation. Therefore the standard errors rg¢ee are unbiased.

Table 4:4. FGLS Random effect results (robust estiates)

The dependent variable = InMoU

Variable Coefficient p-value

Laglnmou 1.000 0.000**
(0.115)

Lnsbase -0.0919 0.637**
(0.020)

Lny 3.159 0.031**
(1.468)

Lnrp -0.023 0.663**
(0.050)

Lnnet -0.013 0.219**
(0.013)

Lnflmou 0.0039 0.894**
(0.296)

Constant 14.865 0.039**
(7.189)

N=76 log likelihood =72.002

The standard errors are in parenthesis. ** is 5% gynificance level
All the variables have the expected signs and masenificant apart from subscriber
income and lagged dependent variable. The F-tesbdth random and fixed effects

model reject the null hypothesis that the variallesjointly equal to zero.

4:2.4 Dynamic panel data model
A dynamic panel data model of the form in equaiib#) is estimated using Arellano-

Bond linear dynamic panel-data estimation.
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dinMoU =I2dInMoU + dinsbase + diny + dinrp + dinnatinfimou+ e.............. (15)

Table 4:5. Estimation results for the dynamic model

The dependent variable = dinMoU

Variable Coefficient p- values

dinMoU 1.189 0.000**

L1 (0.097)

L2dMoU -0.5171 0.000**
(0.091)

DInsbase -0.257 0.225**
(0.212)

Dlny 7.906 0.015**
(3.259)

Dinrp -0.035 0.184**
(0.026)

DInnet 0.019 0.618**
(0.037)

DInflmou -0.118 0.029**
(0.054)

Constant 0.010 0.265**
(0.009)

Sargan test Chi2 (53)= 46.262
Prob>chi2 = 0.7320**

Long-run elasticity -0.5171

Standard errors are in parenthesis. **-5% significance level

In the dynamic model, the regression using thée fags leads to the rejection of the null
hypothesis of the Sargan test at 5% significaneel.l& he regression is then done using

the second lagged of the differenced dependenablati The first lagged differenced
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dependent variable (and lagged dependent variaigkjsion in the long run regression
leads to dropping of the variable due to collinyaend hence the use of the second
lagged differenced dependent variable. The Sargsindf over-riding restrictions does
not reject the null hypothesis and thus the insemts used are valid (orthogonal).

4:3. Interpretation of the results
The variables are expressed in logarithmic form Hredefore the coefficients can be

interpreted as elasticities and percentages. Tlefficent of price is negative and
therefore in agreement with the economic theorye plice elasticity of demand under
the static model (Table 4:4) is inelastic (-0.028)d not statistically significant. This
finding is consistent with the reality of the Keny&elecommunications market. The
Safaricom call prices are the highest yet its suibsc base and revenues have
exponentially increased over the period coveredhsyresearch. The demand for the
mobile telecommunication service is price inelasfitie subscriber income has the
expected positive sign (3.159) and is statisticsignificant. This means the demand for
the mobile telecommunication services is incomate@laThe negative subscriber base
coefficient means that additional subscribers ime&vork reduces the average minutes of
use per subscriber meaning new subscribers have lesage of mobile
telecommunications service especially the voicéscdlhe late adopters may be youths
who are dependent on their parents and do notbcaluse more internet based social
media (face book and WhatsApp) and short messagngpposed to voice call. This is
supported by the negative coefficient of the iné¢rsubscriptions variable (though the

variable is insignificant).

The demand for internet services is a substitute @t a complement as would have
probably been for mobile money transfer) for thecgocalls. This however does not
mean the revenue base of the firm is decliningesbth services are offered by the same
firm. The negative subscriber base may be explameaonnections by elderly rural
parents communicating and receiving money from deéil in urban centers.
Affordability may be influencing the increase inbsaription but without necessarily
increasing the minutes of use. The coefficient tloe lagged dependent variable is

positive and significant. This means the presembaiel for mobile telecommunication
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services (voice call in this case) is significantlffluenced by the demand of the previous
period. This demand spillover, notwithstanding ces in other variables, suggests
inertia (habit influence) by subscribers. The fixate network demand coefficient is
positive (0.0039) and insignificant. The coeffidiemeasures the cross elasticity of
demand for mobile telecommunication services. Thesitwe sign of this coefficient
means that in the short-run fixed line network BEvis a complementary service to
mobile telephony service though the magnitude & toefficient and significance
suggest a weak complementary effect. There is jofhitence of all the variables on the
demand for mobile telecommunication service. Theans the subscriber may not be
influenced by the price individually, but would tifie price is considered jointly with

other variables

Table 4:4 shows that in the dynamic model, all dbefficients have the expected signs
and are statistically significant apart from theeffients for subscriber base, call price
and internet subscriptions. The short-run demamuice inelastic (-0.035). The long-run
price elasticity of demand is (-0.5171) and isistigglly significant. This is higher than
the short-run price elasticity meaning the subscslare more responsive to the long-run
price changes than the short-run effects of prltanges. This also shows presence of
path dependence of elasticities of demand. The-tongprice elasticity of demand is
expected to be higher as subscribers break thearard adjust their calling habits to the
changed price regimes. In a market characterizadtbyise price competitions in pursuit
of bigger market shares, consumers are exposedhdad serm promotional price
reductions that do not last long enough to adjuiita and non-simultaneous price
adjustments by the competitors and thus callingscasross networks remain unaffected
by the price reductions in the short-run. This exg higher elasticity in the long-run as
mobile network operators realign their prices. Tiieome elasticity of demand is higher
(7.906) and statistically significant as real costcalls become apparent. The internet
service complements voice call service in the lamg-(0.019) while the fixed line
network service becomes a substitute (-0.118) andignificant. The use of mobile
phones reduces usage of fixed lines. However iic&fwhere fixed line connection was
poor, lack of fixed line network may have influeddaigher intake of mobile telephony

services.
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CHAPTER FIVE
SUMMARY AND CONCLUSION

5:1. Summary
The mobile telecommunication sub-sector has graeméndously over the last decade

contributing about 18% to the gross domestic produad providing employment directly
and indirectly to thousands of people in Kenya. mbhmber of mobile network firms has
increased from two in 2000 to four by 2013. The bamof subscribers has also
increased exponentially to over 30million by 20t2aunting to penetration rates of 76%
over the same period. This growth has been atathta drastic reduction in calling call
rates occasioned by increased competition and eedtermination rates, reduction in
prices of the mobile handsets, increased incomasovative prepaid system, low

denomination airtime cards and value addition anuthgrs.

The contribution of call price, fixed line teleple®nonnection and income factors has no
consensus in empirical literature. Economic theamgnsiders these factors as
determinants of demand. However, the effects o$ahmctors on demand for mobile
telecommunication services depend on their el@gtiChis study set out to estimate the
price elasticity of demand, income elasticity ofridand and cross elasticity of demand.
The study used monthly minutes of use per subscriodscriber income, real price of a
call (per minute), internet subscriptions and stibsc base and fixed line network
minutes of use. Static and dynamic models werenastid. The subscriber base and
internet subscriptions are control variable in #simated equations to account for
network effect on quantity of service demanded qudyscriber and effect of alternative

service to the voice call (whether they are jomtducts or substitutes)

The static model was estimated using the fixedcesfenodel and random effects model.
The Hausman test rejects the null hypothesis and the random effect is more
desirable. The random effects model is re-estimasag the feasible generalized least
squares method to control for heteroskedasticity antocorrelation thus generating
robust estimates. All the coefficients have the eex¢d signs but are individually
statistically insignificant apart from the laggedpéndent variable and income variable

coefficients.
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Internet service is a substitute in the static rhaahel thus reduces the demand for call
service while the fixed line service shows a weakiplementary effect. The positive
coefficient of lagged dependent variable showseres of inertia (habit) in the use of
mobile telephone use. The dynamic model estimas#guthe generalized method of
moments recommended by Arellano and Bond (1991y siwrt-run price elasticity of
demand that is lower than the long-run price atagtiof demand thus confirming
presence of path dependencies of elasticities ofnade for the mobile
telecommunication services. The Sargan test of aemtifying restrictions using first
lags of first difference of variables (and secoad bf dependent variable to correct
collinearity caused by inclusion of first lag dedent variable as one of the independent

variables) does not reject the instruments used.

5:2. Conclusion
The results show that the demand for mobile teleoomcation services is price

inelastic, demand elastic and complements fixed hetwork service in the short-run.
The new subscribers are found to use less of voatleand thus reduce the average
minutes of use per subscriber. This is attributedide of short messaging and internet
based social media tools that substitute voice(aall are not consumed jointly as would
be the case for mobile based money transfer/ paysesmice). The price elasticity of
demand is inelastic and both in the short-run amel lbng-run though higher and
significant in the latter. The income of demand fioobile telephony services is elastic
and significant. This means that increase in kg would reduce the demand while

increase in income would increase the demand. @hables jointly influence demand.

5:3. Recommendations
The price inelasticity of demand means that reduactof prices by the mobile

telecommunication operators do not necessarilyeas® the minutes of usage and can
only result in losses if it is the only strategyifgerelied on by the firm to increase
revenue. Diversification into joint products or stitutes (money transfer, short
messaging and internet) to mitigate the inevitabtiction in average minutes of use and
reduction in call rates is imperative. The governtmalicy of reducing the termination

rates (which increase consumer welfare only thraeghluction in off-net call rates) may
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not increase the usage of mobile telecommunica@wices but would rather reduce the
investments made by the firms in their network apgrand stability and this may affect
the quality of services offered. This is becausadiwould be reluctant to invest in their
network for free use by competitors. The effect lddae to eventually lower quality of

services offered by the industry as well as cutmtive overall industry expansion.

The mobile telecommunication service providers #hazoncentrate their efforts on
quality and diversification into non-voice serviclise internet short messaging and
money transfer. The marginal subscriber demands désthe services and therefore

subscriber base may not mean proportionate incradbe revenue from voice calls.

5:4. Limitation of study and areas of further areasof study
Lack of mobile telecommunications data has beenntiest constraining problem of

research on mobile telecommunications sector. 3toidy experienced the same problem
to the extent that the average revenue per usewthad have been the most appropriate
measure of the retail price of a call was not add. The data on base stations that
would have helped control for the effects of netkvstability on the demand for the
services from a particular operator was not avilabhe mobile money transfer would
have immensely benefitted this research by progidin appropriate joint consumption

effect on the voice call.

In absence of complete, secondary data, furtherarek, that rely on the primary data
(based on the willingness of the subscriber tofpay service) is necessary. This could
possibly incorporate the effects of value additimmovation and other qualitative data
like level of education and gender. Complete datatwort messaging service (SMS) as
well as disaggregated data on money transfer sewsre not available and therefore the
two variables were not included in this study. Rartresearch is needed to establish the
effect of these two services on demand for voidessvice especially in light of the
emerging argument that the Safaricom superior momagsfer network gives the
company unparalleled competitive edge over othesraiprs and hence the call for

opening up this network (Mpesa) to the competitors.
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APPENDIX 1: TABLES AND FIGURES

Average mobile tariffs

D43

Year 2004 2005 2006 2007
Charges to same network 20.18 19.23 18.89 16.17
Charges to another mobile network| 32.38 27.37 626 22.63
Charges to fixed network 28.76 27.51 25.52 22.6
International call charges 99.79 99.79 98.25 993
SMS same network 5.00 5.00 5.00 3.86
SMS to another network 5.00 5.00 5.00 5.00
International SMS 10.00 10.00 10.00 10.00
SOURCE: CCK

Mobile traffic

Year 2004 2005 2006 2007
Mobile to fixed traffic| 286,011,379 274,983,217 71,391,346 18,867,04
(Minutes)

Total local mobile traffig - 3,268,961,952 | 4,955,485,33(0 4,905,583,
(Minutes)

SMS sent 152,939,270 355,080,351 255,827,772 5,144,504
SOURCE: CCK

Mobile coverage

Year 2004 2005 2006 2007
Number of BTS 626 1,144 1,606 1,924
Population coverage 52% 62% 65% 7%
Land coverage 11% 13% 19% 27%

SOURCE: CCK
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Mobile investment and revenue

Year 2001 2002 2003 2004 2005 2006
Mobile Annual| 7,674 16,322 22,239 28,393 37,627 46,454
revenue(Millions)
ARPU 13,115.02 | 12,316.43] 13,979.89 11,151.82 8434 | 6,328.88
Mobile annuall 11,851 19,173 23,662 28,920 38,670 44,60(
investment(Millions)

SOURCE: CC

Mobile and Fixed line annual revenue and expenditue
Year 2001 2002 2003 2004 2005 20086 2007 2008
Mobile Annual | 7,674 16,322 22,239 28,398 37,647 46,4b6 57,992,625
revenue
Mobile Annual |11,851 | 19,173| 23,662 28,920 38,640 44,600 21,229,936
investment
Fixed annual 22,901 | 24,098| 20,919 20,540 17,657 49,2111 - -
revenue
Fixed annual 35,499 | 37,447 | 36,430| 35416| 12,568 5,539 - -
investments

SOURCE: CCK (-) indicates omitted values becauged-and Mobile were combined
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Market shares of operators for year 2012

SOURCE: CCK
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APPENDIX II: REGRESSION OUTPUT

Random effect (FGLS) Estimation results of equatior{14):

Lnmou= laginmou + Insbase + Iny + Inrp + Innet fifou + e...................

Cross-sectional time-series FGLS regression
Coefficients: generalized least squares
Panels: homoskedastic

Correlation: no autocorrelation

Estimated covariances = 1 Nanof obs = 72

Estimated autocorrelations = 0 Nenmof groups = 4

Estimated coefficients = 7 €iperiods = 18
Wahi2(6) = 10003.20

Log likelihood = 72.00234 Brs chi2 = 0.0000

Inmou | Coef. Std. Err. z #>| [95% Conf. Interval]
_____________ e
laginmou | 1.000036 .011477 87.1300.0 .9775411 1.02253
Insbase | -.0091931 .0195035 -0.473710.6-.0474193 .0290331
Iny | 3.158537 1.468132 2.15 30.0 .2810515 6.036022
Inrp | -.0219271 .0503189 -0.44 63.6 -.1205504 .0766962
Innet | -.0130716 .0106392 -1.2310.2-.0339241 .0077809
Inflmou | .0039329 .0294676 0.13 9@.8 -.0538226 .0616884
_cons| 14.86487 7.188896 2.073®.0.7748924 28.95485
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Fixed effects estimation results for equation (14):

Lnmou= laginmou + Insbase + Iny + Inrp + Innet + Ifimou + e..................

xtreg Inmou laginmou Insbase Iny Inrp Innet Inflm e

Fixed-effects (within) regression Nognof obs = 72
Group variable: firm Nber of groups = 4
R-sqg: within =0.8763 Qies group: min = 18
between = 0.7292 avg=  18.0
overall = 0.7331 max = 18
FgB) = 7321
corr(u_i, Xb) =0.1899 Brs F = 0.0000

Inmou | Coef. Std. Err. t tP>|[95% Conf. Interval]
_____________ e
laginmou | .8681694 .0475732 18.2500.0 .773072 .9632668
Insbase | -.5282416 .1323004 -3.990(.0-.7927063 -.2637768
Iny| 5.049173 1.191147 4.2400.0 2.668104 7.430242
Inrp | -.1839361 .0463706 -3.97 00.0 -.2766296 -.0912425
Innet | -.0396106 .0331696 -1.19 3@.2-.1059156 .0266944
Inflmou | -.1089987 .0277304 -3.93 Q0.0 -.1644309 -.0535665
_cons| 34.01506 6.106277 5.570®.0 21.80879 46.22133
_____________ e
sigma_u | .63537543
sigma_e | .06891265
rho | .98837326 (fraction of variancedo u_i)
Ftestthatallu_i=0: F(3,62)= 19.38 Prob > F = 0.0000

. estimates store fe_effects
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Random-effects GLS regression estimation results fequation (14)

Lnmou= laginmou + Insbase + Iny + Inrp + Innet + Ifimou + e..................

Xtreg Inmou laginmou Insbase Iny Inrp Innet Infimo

Random-effects GLS regression Nenof obs = 72
Group variable: firm Nber of groups = 4
R-sqg: within =0.7864 Qies group: min = 18
between = 0.9999 avg= 18.0
overall = 0.9929 max = 18
Wahi2(6) = 9030.67
corr(u_i, X) =0 (assumed) Brochi2 = 0.0000

Inmou | Coef. Std. Err. z #>| [95% Conf. Interval]
_____________ e
laginmou | 1.000036 .0120792 82.7900.0 .9763608 1.02371
Insbase | -.0091931 .0205269 -0.4554.6-.049425 .0310388
Iny | 3.158537 1.545164 2.04 4@.0 .1300709 6.187002
Inrp | -.0219271 .0529591 -0.41 79.6 -.1257251 .0818709
Innet | -.0130716 .0111975 -1.17 48.2-.0350183 .008875
Inflmou | .0039329 .0310138 0.13 99.8 -.056853 .0647188
_cons| 14.86487 7.566095 1.9649.0.0355966 29.69414
_____________ o
sigma_u | 0
sigma_e | .06891265
rho | 0 (fraction of varianagedo u_i)

. estimates store re_effects
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Hausman specification test results for equation (34
. hausman fe_effects re_effects
---- Coefficients ----
| (b) (B) B)- sart(diag(V_b-V_B))
| fe_effects re_effects Diéfiece S.E.

_____________ e e
laginmou | .8681694 1.000036 -86H1 .0460141
Insbase | -.5282416 -.0091931 0889 1306983

Iny| 5.049173 3.158537 DER6
Inrp| -.1839361 -.0219271 2069
Innet| -.0396106 -.0130716 6829 .0312224
Infimou | -.1089987 .0039329 -.9326
b = consistent underathal Ha; obtained from xtreg
B = inconsistent under Ha, efficientlanHo; obtained from xtreg
Test: Ho: difference in coefficients not gyestic
chi2(6) = (b-B)'[(V_b-V_B)(-1}j¢B)
= 60.86
Prob>chi2 =  0.0000
(V_b-V_B is not positive definite)
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Arellano-Bond dynamic model estimation results forequation (15)

dinMoU =I2dInMoU + dinsbase + diny + dinrp + dinnet+dInflmou+ e.........

xtabond dinmou I2dinmou dinsbase diny dinrp dirdieflmou
Arellano-Bond dynamic panel-data estimation Nundjesbs = 60
Group variable: firm Numlérgroups = 4
Time variable: month
Obs geoup: min = 15
avg = 15
max = 15
Number of instruments = 61 Walhi¢7) = 252.92
Proletn2 = 0.0000
One-step results

dinmou| Coef. Std. Err. z ZA>| [95% Conf. Interval]
_____________ e e
dinmou |
L1.| 1.189325 .0965259 12.3200.0 1.000138 1.378512
I2dlnmou | -.5171132 .0907842 -5.70 00.0 -.6950471 -.3391794
dinsbase | -.2571734 .2118214 -1.212%).2-.6723357 .1579889
diny | 7.906223 3.259328 2.43168.0 1.518058 14.29439
dinrp | -.0351415 .026454 -1.33 8@.1 -.0869903 .0167073
dinnet| .0186155 .0372803 0.5018.6-.0544525 .0916836
dinflmou | -.1184637 .0541294 -2.19 20.0 -.2245553 -.0123721
_cons| -.010424 .0093524 -1.1169.2-.0287544 .0079064
Instruments for differenced equation

GMM-type: L(2/.).dlnmou
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Standard: D.I12dInmou D.dInsbase D.dIny bryiD.dInnet D.dInflmou
Instruments for level equation

Standard: _cons

Sargan test for equation (15)

. estat sargan

Sargan test of overidentifying restrictions
HO: overidentifying restrictions are valid
chi2(53) = 46.26194
Prob >chi2 = 0.7320
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APPENDIX III: DATA SOURCES

Communication Commission of Kenya (CCK), Quarte8igctor Statistics Report first
quarter of the financial year 2012/13 July- Septen#®12.

Communication Commission of Kenya (CCK), QuarteBgctor Statistics Report third
guarter of the financial year 2011/12 January -d&012.

Communication Commission of Kenya (CCK), Quartesictor statistics report fourth
quarter of the financial year 2011/12 (April- JW(4.2)

Communication Commission of Kenya (CCK), Quartefgctor Statistics Report 1st
quarter July-Sept 2011/2012.

Communication Commission of Kenya (CCK), QuarteBgctor Statistics Report'2
guarter October-December 2011/2012.

Communication Commission of Kenya (CCK), QuarteBlgctor Statistics Report third
and fourth quarter 2010/2011.

Communication Commission of Kenya (CCK), QuarteBgctor Statistics Report'2
quarter Oct-Dec 2009/2010.

Communication Commission of Kenya (CCK), Quarte8gctor Statistics Report"4
quarter Apr-Jun 2009/2010.

Communication Commission of Kenya (CCK), Quarte8gctor Statistics Report®3
guarter Jan-Mar 2009/2010.

Communication Commission of Kenya (CCK), SectortiStias Report April-June
2008/09 august 20009.
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