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Abstract

This paper studies consumer search and pricingvimirain the British domestic

electricity market following its opening to compen in 1999. We develop a

sequential search model in which an incumbent aneérdrant group compete for
consumers who find it costly to obtain information prices other than from their
current supplier. We use a large data set on praoesinput costs to structurally
estimate the model. Our estimates indicate thaswmer search costs must be
relatively high in order to rationalize observedcimg patterns. We confront our
estimates with observed switching behaviour and tirey match well.
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1 Introduction

From the consumer’s point of view, electricity iseoof life’'s essentials. It is also a
very homogeneous product; one company’s electrisitthe same as any othet’s.
Bertrand-type economic arguments then suggest ithstipplier prices differ, all
consumers flock to their cheapest. In Britainsthas not happened, despite every
consumer having had the opportunity to switch fegrdlO years and despite a higher
proportion switching than in any other Europeanntguor US state (Defeuilley,
2009) and a majority of consumers no longer witkirtincumbent supplier. In this
sense, market competition has not worked well. faméh six major suppliers
offering different prices, significant switching minues to occdrbut a majority of
consumers still pay over the odds and company gret#l diverge considerably,
something that has prompted several enquiries. ikVitie period and bill type we
investigate, the price range consistently excedds, but it continues beyond this.
For example, in July 2010 a consumer living in Bast Midlands, anticipating use of
3300kWh of electricity a year (a medium quantipgying by direct debit, would pay
between £289 and £494 per y&akhy do we see such large price ranges?

Our analysis of this significant price divergenoeuses on search costs as a candidate
explanation. The resulting structural model esteaauggest that even search costs at
lower quartile are high, significant as a fractiohthe bill, though falling through
time. A particular novelty of our paper is that wan independently verify the
characteristics of these estimated costs using eharkormation on changes in
supplier shares, finding an excellent match betw#entwo. We also investigate
several other factors that are of potential impuréa for example switching costs,

service quality and promotional activity.

! This is particularly so if, as in our case, (itkaupplier’s electricity would come through thensa
distributor’s wires so that suppliers do not diffanongst themselves in terms of service reliabdlitg

(ii) “green” electricity does not command a premitnrom consumers.

% The proportion of consumers who have “ever switith®y 2005 varies across regions of the country,
with the lowest proportion being 31%, the highe&¥band a simple mean of 46% (Ofgem, 2006).

® Price (i.e. annual bill) quotes retrieved onlinenfi uSwitch.com on 22 July 2010, rounded to whole
£. For comparison, the default option would resub bill of £416 per year, so moving to the chespe
gives a 30% saving.



How might search costs explain the remarkably digeoved differences in prices
across suppliers of electricity? The basic approactelatively straightforward: if

some consumers have more information on prices oltlaers, for example, because
these consumers have been shopping around (“stedpdéms have an incentive to
offer these consumers a lower price than non-shreppore efficient firms might

then cater to the shoppers, while the firms witljher marginal cost serve the non-
shoppers, resulting in price dispersion. Alterngily with more relevance for our
market situation, firms might find it optimal tor@domize prices in order to balance
the incentive to set a low price to maximize suspftom shoppers against the

incentive to set a high price to maximize surphasrf the non-shoppers.

We build a model that focuses on optimal pricesgtbehaviour of an incumbent and
several entrants under the presence of costly ségueonsumer search. Both the
incumbent and the set of similar entrants haveralogenous set of loyal customers,
the difference being that by definition the incumbdias a bigger set of loyal
customers to start with than each of the entraitsough the model is tailored to the
early years of the consumer electricity market nitah, in principle it applies to
many markets across the world that have been igckbéralized (for instance
telecommunication and gas). Our theoretical ressiisw that in equilibrium the
incumbent supplier sets its price equal to the rpoho price, while the entrants
compete by randomly drawing their prices from acerdistribution. Simulations
indicate that entrant prices are increasing imtimaber of consumers being served by

the entrants.

In the empirical part of our study we use the ebuium of the theoretical search
model to structurally estimate search costs inBhesh electricity market. For this

purpose we use a large data set of prices collantéigde period between 2002 and
2005! as well as information on cost side variables. @sults indicate that even
though average margins went up for most of the amperiod, search costs have

gone down over time and we are able to reconadsdtiindings.

* The date range is deliberate, as we explain bdidies between the final liberalization move and
significant structural changes.



The paper builds on both the theoretical and eglifiterature on consumer search.
Burdett and Judd (1983) show that price dispersian result as an equilibrium
phenomenon without any ex ante heterogeneity iorasequential search setting.
Stahl (1989) builds a sequential search model matnogeneous firms and a two-type
distribution of search cost. Our theory model hasorigins in Stahl (1996), who
allows for a continuous distribution of search dosh sequential search setting. As in
Baye, Kovenock and De Vries (1992) and Kocas angali(2006) we assume
consumers do not allocate themselves equally admoss: the incumbent in our
model has a bigger share of loyal consumers tonbegih, which leads to an

asymmetry in pricing strategy between the incumbexlentrants.

Related empirical papers include Hong and Shum gR0Odortagsu and Syverson
(2004), Moraga-Gonzalez and Wildenbeest (2008), kidof2010), Hortacsu et al.
(2010) and Waddams and Wilson (2010). Hong and Sf2006) show how to
structurally estimate a non-sequential search agdential search model using only
price data. Hortagsu and Syverson (2004) estinegtecls cost as well as the impact of
vertical product differentiation in the US mutuahtl industry. Moraga-Gonzéalez and
Wildenbeest (2008) show how to estimate a non-seglesearch model by
maximum likelihood. Honka (2010) empirically idefres switching and search costs
in the U.S. auto insurance market, based on ddtaifermation about the consumers’
search process. Hortagsu et al. (2010) investitateleterminants of supplier choice
for electricity consumers in Texas taking into aguo non-price differentiation
factors, in addition to search and switching co%¥addams and Wilson (2010)
provide sample evidence of misguided choice of Beppoy UK electricity
consumers, leading to monetary losses rather thgs,gwvhich the authors attribute to
decision errors and inattention on the part of oomers. Giulietti et al. (2010a)
demonstrate the basic features of the market westigate here, but focus on
description rather than estimation.

There are obviously other potential explanations foice divergence between
suppliers. Switching costs can explain price dieaeag between the incumbent
supplier and others, but not the substantial diffees between different entrant
suppliers. Our identifying assumption on searchiscas that theswitching costs of

those who switchwithout searching (see later) have similar distributional
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characteristics to the switching costs for those wivitchafter searching. In addition

to these, differences in service level or brandimght differentiate one provider from
another, resulting in suppliers with more favouealgharacteristics selling at a
premium, or gaining greater share. We examine ttenpial impact of these factors

also, but find them of secondary importance.

If, as a result of search costs, consumer pricesago significant divergences, from
each other and from costs, why does it matter? @titign was introduced into the
electricity supply market largely in order to avdide burden of regulation that
previously existed (and exists still in many paststhe world, given the consumer
welfare impact of the market). Our results, ecgaioncerns expressed more broadly
in Stern (2010) and leading to OFGEM’'s Energy Swupplobe (2008), suggest
caution in the assumption that competition willtle job, even if well-engineered to

reduce the burden on consumers to a minimum.

In the next section we give an overview of the iBhitelectricity market and discuss
the several sources of price dispersion in the eta®/e develop our model in
Section 3. In Section 4 we present our estimatiethod, which we apply to the data
on the British electricity market in Section 5. 8&c 6 contains our test of the
implications of our estimated switching costs faritshing activity against actual

switching behaviour. Section 7 concludes.

2 The British electricity market

The UK was one of the first countries to liberalizeconsumer electricity markets, by
separating the activities of supply and of disttidwu and regulating the latter. This led
to a significant increase in the number of competitoffering to supply domestic
consumersin each of fourteen geographical regi8riRegional incumbents not only
started competing in other regions, becoming etdgram those regions, but US,

German, French and Spanish firms have enteredvar ta&en over existing firms as

> We do not consider supply to non-domestic proeeiiti this paper.

® The fourteen regions are: Eastern, East Midlahdagdon, Midlands, Merseyside & North Wales,
Northern, North West, South East, North Scotlanout® Scotland, Southern, South Wales, South
West, and Yorkshire. Note that this list doesinotude Northern Ireland, where the whole eledlyici
regime is substantially different.



well. Switching started in 1999 and since March2@0 supply price regulation has
disappeared.The average number of suppliers in each regiondeaseased since
then, from 11 in the beginning of 2002 to on averdgear the end of 2005, but since
late 2002, the largest six have consistently acwalufor over 99% of supplies to
domestic consumers (OFGEM, 2003), so we can viesv thmber of effective

competitors as essentially fixed.

2002 2003 2004 2005

Retail prices
Mean 224,35 229.73 245.50 275.80
(Max — Min)/Min 18.4% 18.7% 20.7% 15.9%
Marginal costs
Distribution cost 56.97 56.58 54.16 57.25
Wholesale price 63.35 54.77 62.43 90.86
Other cost 52.47 50.79 5215 66.75
Total 172.79 162.04 168.74 214.87
Margins
Mean 4483 60.80 69.39 52.66
Max 66.95 80.71 92.03 75.39
Min 29.77 4268 4790 35.80
Max — Min 37.18 38.03 44.14 39.60
Second highest 53.32 69.91 80.02 6241
Incumbent 66.92 80.39 90.05 69.67
Price-cost margin 29.9% 41.8% 45.6% 29.2%
Market share incumbent 65.7% 61.8% 59.6% 58.2%
Number of firms 11 8 8 7

Notes: Retail prices and costs are denoted in British deuand calculated for
medium users (3,300kWh/year). All figures are agesaover all suppliers and
regions. Averages over 2002 exclude February.

Table 1: Retail prices and margins medium usee¢tlidebit)

Table 1 gives an overview of how retail prices amatgins have evolved throughout
the sample periotl. Retail prices of electricity differ by payment et and
geographical location. Consumers can generally thayr electricity bill in three
different ways: direct debit, standard credit amelppyment, with direct debit being
over 40% of the market. Table 1 as well as Figeg $how how average electricity
retail prices have evolved over time for consunvene pay by direct debit. Since all

retail prices are at least two-part we focus onctierge for medium users, consuming

" Regulation of high voltage transmission and olatistribution prices remains in place--for more
detail see Giulietti et al (2010a).

® The data is described in more detail in Appendix A



3,300kWhlyear (hereafter called price). There iseqa bit of variation in prices, even
within regions. As shown in Table 1 the percentdifference in retail prices between
the most and least expensive suppliers is on ageabgut 18%. Given that a medium
user then spent on average about £250 per yedeadmni@ty this means that for some
consumers substantial savings can be made by citasgpplier. For instance, in

June 2002 a moderate user of electricity livingirmingham (Midlands) could save

about £41 a year by switching from the incumbend\Wgx to Scottish Hydro Electric

(now SSE), which at that time was the least expersipplier in the Midlands.

We stop the analysis of price differences at thee @2005 because after that period,
the market became somewhat different in characiy.March 2006, only 4% of

consumers had arranged their electricity suppliexcty through the Internet. Since
then, this number has increased rapidly, with resptnat in 2009, 26 percent of
consumers purchase electricity in this way. Thepprion of customers on internet
only tariffs reached 12% in 2009 (OFGEM, 2010). cé&mpanying this change in

consumer behavior, the suppliers have vastly ise@dhe range and complexity of
tariffs on offer. Whereas in the period we stuéyeh each supplier effectively had a

single tariff on offer, now each has a consideraatee’

w00 - margin
100 +
MAX

250 b PRICE 50| INCUMB

601 MEAN
200

CosT 40t MIN

150

100

oAz 04103 vaa wos  2os Coae 0403 0o 04os 1205
(a) Prices and costs (b) Margins

Figure 1: Retail prices and margins over time

During the sample period there were large fluctustiin input fuel prices—wholesale
gas prices decreased in 2002, were relativelyrfl@aD03, but were rising in 2004 and
2005—qgas is the most significant fuel, followeddmal. This is also illustrated by the

° In the case noted in the introduction, the wekgsitee a listing of 74 tariffs for the consumer to
choose amongst, including the six major compani#s many tariffs each and a few additional
“virtual suppliers”, who have a tiny market share.



cost curve plotted in Figure 1(a). Here our measidireost also includes the cost of
distributing the electricity as well as costs rethto transmission, network losses,
balancing, renewables obligation, carbon emissmetering, and energy efficiency
commitment. The large fluctuations in marginal costke the retail price rather
uninformative about how the introduction of competi has affected pricing in the
retail electricity market. Figure 1(b), howeverogls how the average margin has
evolved over time for direct debit consumers. Adastn the sharp drop in 2005,
which is likely caused by a sudden increase in felt prices, margins have been

increasing during most of the sample peridd.

There are several explanations for the observe@rdifces in retail prices across
electricity providers. One explanation is that aithh electricity is a homogenous
product, consumers might value provider charadtesisin different ways. For
example, some suppliers might be offering moreiserthan others, or might have a
more favourable brand image than other suppliesylting in higher prices. To test
for this we regress prices on a constant and aefggbvider dummies. To control for
regional differences we include regional dummiesrédver, we add time dummies
to control for differences over time. The resgti®f value indicates that around 39%
of variation in prices that is not explained by ¢irand regional fixed effects can be
explained by firm fixed effects. This means that although part of the variation in
price is probably due to firm heterogeneity, stilsubstantial 61% of the variation
cannot be explained by supplier differences. Moeeoas we will explain below, our
model does take heterogeneity between the entmadtsncumbent into account. If we
allow for an additional incumbent dummy in our reggion the percentage of

variation left that cannot be explained by suppdidierences goes up to 71%.

19 A fuller analysis of the development of averagaitenargins over time is contained in Giulietti et
al. (2010b).
1 Detailed results are available on request.
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Figure 2: Pricing patterns Eastern region

An additional explanation for the price dispersiwa observe in the data is that it is
costly for consumers to switch. If consumers facenéching cost when changing
suppliers a rational consumer will switch to anotpevider only if the gains from
switching more than offset the cost of switchingoviders can increase the benefits
of switching by setting lower prices. Although ghtan provide a reason for the
incumbent firm (particularly in early stages) chagghigher prices than entrants, it
provides no reason for prices to differ acrossasmtfirms. As Figure 2 illustrates,

there are very substantial, but changing, diffeesracross entrant suppliéfs.

Part of this unexplained variation might be dueséarch frictions. As shown by a
large number of theoretical papers (e.g., Vari&801 Burdett and Judd, 1983; Stahl,
1989; Baye and Morgan, 2001; and Janssen and M@agaalez, 2004), price
dispersion can result as an equilibrium outcomenen markets with homogenous
firms. If some consumers search more than othienss have incentives to either set a
high price, and maximize surplus from consumers dbmot search that much, or to
set a low price in order to maximize surplus frortg comparing consumers. As a
result it might be optimal for firms to start ramdiazing prices, with price dispersion
as a result. Consumers in Britain who plan to ckaelgctricity provider have on
average six major options. Since prices are in igeémet similar across the available
providers, consumers first have to (decide how ntoglgather information on prices

before making a decision to which supplier to skif€his information gathering can

12TXU, succeeded by Powergen (E.On), was the incamiBasic Power, one of those depicted, went
into administration in 2005.



go through several channels. For example, a conscouwd talk with a sales person,
phone a company or visit the website of an elattrigrovider or, more recently,
could go to one of the many comprehensive price paoison sites. Collecting
information on prices will be time consuming, argdsaich it can be considered to be
costly for consumers. Consumers differ in theithair opportunity cost of time and
search method, which will create the heterogenaitythe consumer side needed to
make firms willing to charge different pricsAs mentioned above, in a typical
search model with homogenous firms the equilibrisnim mixed strategies. In fact, in
our sample, it is not possible to reject the hypsth that price movements are

consistent with a mixed strategy equilibrium; segpéndix C.

An important difference between search and switgluost is that search costs are
generally made upfront, while switching cost ontises when a consumer actually
switches. For instance, by adding switching costt ia search model for
differentiated products, Wilson (2009) shows thedrsh costs lead to consistently
larger anticompetitive effects than an equivalenel of switching costs. Although it
is difficult to distinguish switching costs fromaseh costs empirically, because we
know that a significant proportion (30%) of consumeeport as switching without

searching we can attempt to distinguish betweetvtbe

In the next section we build a model that takesckedrictions as an important
determinant in price setting behaviour of eledyigiroviders. In addition the model
makes a distinction between optimal behaviour efititumbent and of the entrants to
the market. Before liberalization of the marketl®9, each regional market was a
local monopoly. Each of the incumbents by defimtivad a large nhumber of loyal
consumers when the market opened up, which madesity for the incumbent to
lower prices enough to prevent consumers from npvin one of the entrants.
Entrants, on the other hand, did not have any logasumers to start with, so faced
zero cost in setting margins at least as low tcec@earch costs. Therefore, in each

market one would expect the prices initially seteoyrants to be much lower than the

3 1n some markets, price advertising would signifityareduce consumer search costs. In this case, a
is shown in Appendix D, there is rather little adigng in this market. Moreover, because différen
consumers have different consumption levels, timepnessage is not (in principle or in practicejyea

to target and firms rely on generalities such as/‘prices” and “excellent service”.

% |n the period under discussion, price discrimorathetween old and new customers was ruled out by
the regulator.
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price set by the incumbent. Over time, lower priegsthe entrants will induce

consumers to switch from the incumbent to the etdraAs a result it becomes more
costly for the entrants to set very competitive@si while at the same time it will be
more costly for an incumbent to set a very higltgarso one would expect the prices
of the incumbent to be higher initially, but to #enge over time to those of the

entrants. In our data this indeed seems to beabe. &igure 1(b) illustrates that while
in the first half of the sampling period the incuenb always has the highest price, in
the second half of the sample it is no longer tedhat the incumbent is always the
highest priced supplier of electricity. Figure Ristrates regionally, using the Eastern
region. Our model developed in the next sectiod have this asymmetry as an

important element in explaining price patterns asrelectricity providers.

3 The model

Our model is a unit demand version of Stahl (1998 asymmetric firms selling a
homogenous good. We introduce asymmetry on thelgigige of the market by
modeling the strategic interaction of one incumbiemh and a set oN symmetric
entrants. More specifically, we assume a mass oSwwoers normalized to one
inelastically demands at most one unit of eledyiti At the beginning of a period
each consumer is local to one electricity providasume the incumbent provider has
a market share ofd consumers, whereas all the entrants together Havé
consumers. Though we vary over time, throughouthe analysis we assume the
incumbent has more local consumers than each oéb@nts, i.e.,A>1-A)/N.
Consumers' maximum willingness to pay is equal. tbhe common marginal cost of

the providers is denoted Iy

At the beginning of a period, consumers only obseahe price of the provider that
provided them with electricity in the previous peti To obtain additional price
guotations consumers have to engage in costly lse#fe assume consumer search
sequentially for additional price information, thatf consumers determine after each
search whether to obtain an additional price quaiabr not. Furthermore, let the

15 We are assuming consumption does not vary inhbet sun as a result of the price differences
experienced.
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consumers be characterized by a searchaaghich is drawn at the beginning of a

period from some search cost distributi(n), with densityg(c) > 0.

At the beginning of the period each provider sepsiee taking consumer search and
switching behaviour as well as pricing strategieshe other firms as given. Let the

distribution of tariffs set by the entrants be deddoyF (p), with support betweerp
andp. As shown by Stahl (1996) for the case of symrodirims, if there is an
(arbitrary small) atom of shoppers there are noestrategy symmetric Nash
Equilibria. Moreover, for the equilibrium price tlidution to be a symmetric Nash

equilibrium it needs to be atomless.

First consider optimal consumer search behavioucémsumers who are served by
one of the entrants. Let(p) denote the gains from searching after a consumer h

observed a tarifp, i.e.,
~ B, A p
H(pF) = | (b~ P f(P)dp=] F(p)p.

The reservation pricg(c;F) of a consumer is defined as the price at whichgdias
from searching one more time are equal to the @bsearching one more time, that

is, p(c;F) is the solution to
H(pF)-c=0. (1)

A consumer will continue searching as long as oleskmprices are higher than its
reservation priceo(c;F). If the consumer finds a firm that has set a lotaeiff than

her reservation value, she will stop searchingsamitch to that firm.

We now move on to the price setting behaviour efftrms. Assume for the moment
the incumbent firm sets a price equal to the comsahvaluationv.'® The entrants
draw their price each period from some price dstion F(p), with support between

P and p. Firms cannot or are not allowed to price discniaté between consumers.

1% 1n Appendix B we show that this is indeed optitimalthe incumbent.
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An entrant setting a pricg serves only those of its own local consum@rs A)/N
that have a reservation value higher thanso the group of own locals accepting the

current tariff is

2 a-6(H(p))

To attract consumers from the other entrants, theaet should have a tariff lower
than the reservation pric@ of a consumer that visits the entrant's suppliechSa
consumer will only start searching if her resematprice is lower than the tariff
being set by her local supplier, which happens wgtobability 1-F(p).
Conditionally on searching, this consumer mightt\lse entrant's supplier at her first

search, second search, third search, and so dhegwrobability of selling to such a
consumer is given birj AF (o(c,F)))*, wherek is the number of visits. Summing

up over all consumers that have a reservation Valgieer tharp, but lower than the

maximum tariff charged by the entrangs, and multiplying by the sampling
probability 1- A)/N gives

N-

LA [0S 0 Flote ) e)de

H
(p) ey

Since consumers served by the incumbent will oniych if the expected gains from
switching are bigger than zero, i.e.~ E[p] —c >0, where E[p] is the expected

price at the entrants, the expected number of besgcfrom the incumbent is given by

N
i F et P e
Notice that compared to the previous expressioa,sdimpling probability is now
AIN, because if a consumer local to the incumbent faces N entrants there might

be consumers that seardN times, and if a consumer searches only once the
probability that the entrant serves this consummanditional on being sampled, is 1.
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Finally, the entrant serves the consumers wittsarx@tion price lower thap only if
it has the lowest price among all entrants, whiglpgens with a probability of

(L-F(p))"™, so this group of consumers is expected to be

G(H(P)(L-F(p)"™

This information can be summarized in the followprgfit equation, i.e., the profit of

each entrant is given by

_ 1-A 1-1 H(P) N-1 .
m(p) = (p-r){T(l-G(H(p))HT f D> (1-F(oc.F))g)c
H(p) k=L

locals accepting current price

v-E[p] N
+% [ > a-Floe.F))tg)de+G(H(p)a-F(p)'*].

H(p) k=1

consumers with lowep if lowest price

switchers from incumbent

This equation can be simplified to

00

H(p)

(1-F(p(c)) " g(c)dc - %[1 ~G(HW)]+G(H(p)A-F( D))'HJ-
(@)

R =(p-n) |

If there is no incumbent firm, i.e., il =0, the profit equation simplifies to Stahl
(1996) with unit demand. With an incumbent firmyso of the A consumers are

locked in at the incumbent firm and will never sshitto one of the entrants. Each
period the entrants make random draws from theepdistributiorF(p), so even

though consumers can be locked in at one of thewristas well, in expected terms
business from these locked in consumers is offgethb decreased probability of
attracting consumers from the competing entranterdfore, the share of locked-in
consumers at a given entrant will not have an impacthe expected profits of this

entrant.!’

The upper bound of the price distribution of théramis F(p) is denotedp, where

P is the minimum of the monopoly price and the maxima switcher is ever willing

In fact, the common assumption in the searchalitee that the first observation is for free letms
exactly the same random assignment of consumesssafirms.

14



to pay, i.e.,p =min{p”‘,v}. The monopoly pricep™ can be found by taking the first

order condition of the profits at the upper bound
m m 1 m A
T (p™) =(p" - r)h[l-G(H(lo )] -N[l-G(H(V))]J

with respect t@™, which gives

o7 = [1-G(H(p™))] - AL -G(HW))] ir
g(H(p™)

An entrant will charge at most a price equaptoSetting such a price gives a profit

(-] La-cron- A -t ®

In a mixed strategy equilibrium, the entrants stidag indifferent between charging
any price in the support of(p), which implies 7.(p) = 7i-(p). This indifference
condition implicitly defines the entrants' equiliom price distribution,F(p), i.e., for

each p in the support oF(p), F(p) should solve

(p—r)[f ) Z(l—F(p(c)))k'lg(c)dc—A[l—G(H(v»]+NG(H(p))(1—F(p»N'1J: @

H(p)
(P-D)[L-GHMEN - AL-GHMWN]

Now consider optimal behaviour of the incumbenhc8ithe incumbent only sells to
her own local consumers that have a reservatiote grigher than the gains from

searching at a price, the profits of the incumbent are
1 =(v-n[AL-GHW)]]- (5)

Since no consumers are willing to buy for a prieat is higher than their valuation, it

can never be optimal for the incumbent to seteeppi>Vv. To see if, given the prices
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set by the entrants, it is also not optimal tossptice p<v we compare equation (5)

to the profits that can be made at any other ppegv, i.e.,

__ 3 H() N
n(p)=(p—r){A(1—G(H(p))+E—+"l | 30 FeAeP) e+ SHPI-FP) (6

H(p) k=1

In Appendix B we show that it is indeed optimal tbe incumbent to set its tariff
equal tov. Equation (6) shows the tradeoff the incumbenedaset a high price to
maximize surplus from the relatively large numbglogal customers it has, but face
the risk that consumers with low enough searchwdkswitch to one of the entrants,
or set a more modest price to prevent consumens ligaving the firm at the cost of

making less money per consumer.

Note that this is a one—period model. We assuorearalytic tractability, that the
static game is unchanged over time so that consuaret firms view it as a repeated
finite horizon game, yielding the same equilibritnaamework each period. However,

the outcome is different across years, since tlenying parameters change.

lllustration

As an illustration we have drawn the equilibriunmcprdistribution for several values
of A, N, and parameters of the search cost distributidrignre 3. In the examples
there is one incumbent, valuatian=10C and marginal cost =5C. A A equal to
one means that all consumers are being servedeyntdumbent. As a benchmark
case we also give the equilibrium distribution fbrequal to zero, which means that

there is no incumbent.

F(p)
1

0.8
0.6
0.4

02|

Y p
60 70 80 90 100 60 70 80 90 100

(a) N =5, G(c) =lognormall, 4) (b) N =15 G(c) =lognormall, 4)
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Figure 3: Price CDF of the entrants for severaligalof A

All panels of Figure 3 show that a higher shareafisumers at the incumbenit
results in lower prices being charged by the etdrafhis is in line with intuition
since a higherd means fewer loyal consumers, and therefore maentives to price
aggressively in order to make consumers switch ftbenincumbent to one of the
entrants. A comparison of Figures 3(a) and 3(h)siliates that for a lognormal
distribution with parametergi=1 and g=4, an increase in the number of entrants
leads to lower prices, although at the same tingeethtrants put more mass on the
upper bound of the price distribution. The intuititor the latter is that it becomes
increasingly difficult to attract the consumersiwielatively low search costs as the
number of firms increases. Firms start putting moess on high prices to maximize
surplus from consumers with relatively high seaadsts® At the same time
competition between the entrants will result in midower prices. Only whem is
zero prices go up as a result of more firms, bat v because in the absence of an
incumbent it can never be optimal to set the ufgymamd of the price distribution
lower thanV. Finally, Figures 3(c) and 3(d) show that both endispersed search
cost as well as higher mean search costs leadgtehprices being charged by the

entrants.

4 Estimation strategy

In this section we show how to estimate the mod@hgi nonlinear least squares.
Equation (4) provides the equilibrium condition tbe entrants in the model and as
such it provides a starting point for the estimatad the model. Unfortunately this

equation only implicitly defines the equilibrium stlibution of prices F(p).

18 See Moraga-Gonzéalez and Janssen (2004) for aasiraiult for a non-sequential search model.
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Moreover, the integral makes it difficult to comeuthe equilibrium, since this

requires the evaluation of the price distributiomeservation prices corresponding to
each search cost value over which we integratavéshow below in more detail, to

deal with this we make use of the notion that tlegleh only identifies points on the

search cost distribution that correspond to searokt values for which the

reservations price is equal to an observed pribes implies that for the calculation of

the integral we can simply sum up the integrand exactly those points of support
of the search cost distribution that are identified

Assume we observ@M prices, and that these prices are ordered byasirrg price,

ie,p<p,<..<p,. Let If(p) be the empirical price distribution, i.e.,
F(p) =%Z?A:11(pi < p). The upper bound oh::(p) is given byp = p,, . Inspection of

equation (1) reveals that there is a one-to-onepmggdrom prices to search costs via
the reservation prices. This can be used in theviolg way. Letc, be the search
cost of a consumer with reservation valpé,,F) and let this reservation value be
equal to price.. This means that the gains from search at ppcées H(p,F) =c,
and thatc, can be calculated directly from the data using #mepirical price

distribution, i.e.,

c, =$ZL:1(D. <p) (7)

In addition, it follows from the definition of thempirical price distribution that

IE(p):IE(pj) Op O(p;,P;.), so for eachc betweenH(p;) and H(p,.,) we have

F(p) = If(pj). This means we can rewrite the integral in equad) as

M H(pj+1;|E)N_l ~ K M N-1 - ) H(pj+) M N-1 5 )
ZJH(p_.ﬁ) 2N-F(p)la)de =2 > [W-F(p)IG) =2y 2 1-F(p,)]
j=1 "7 k=0 j=i k=0 H(p,) j=i k=0

where y; =G(H(p,.,)) ~G(H(p,)), and K, =G(v-E[p]) ~G(H(py)). Denoting

Yu+ =1-G(v—E[p]), we can rewrite the equilibrium condition as
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According to the equilibrium defined in the prevéosection, equation (8) should hold
for all prices in the support df(p), so givenF(p), N, r, A, and p, our goal is to

find ), V,,.. ., Such that this equation holds.

Fp)
Fipsi=1

y

Flpg) b =

Fpy) L /

Fipa)r /

Clj 10 15 L‘I4 "Iﬁ i PP PIE 75 PI4 Ps=I100P
(a) Search cost CDF (b) Price CDF
Figure 4: Identification

Figure 4 illustrates the identification for a marketh search costs drawn from a log-
normal distribution with parameters 1 and 4, thember of firms N =5,
valuatiorv =10(, marginal costr =5C, and the share of consumers being served by
the incumbentd =0.25. Figure 4(b) gives the equilibrium price distritmut for these
parameters, as well the empirical price CDF foe filraws from the equilibrium price
distribution. Figure 4(a) gives the search cost GI3Fwell as the search cost values
corresponding to the five draws from the equilibriprice distribution. These search
cost values are determined by equation (7) and efatifem represents a search cost
such that one of the observed prices in Figure ¥l@qual to the corresponding
reservation price. Thg/'s are calculated as the difference between tweesjuent

evaluations of the search cost CDF at the critiearch cost values.

19 Note that the number of points identified on tharsh cost distribution is equal to the number of
price observations. This means the identificatibthis sequential search model does not suffer from
the same identification problems as reported bydgarGonzalez, Sandor, and Wildenbeest (2010) for
the non-sequential search model.
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To see how the search cost distributi@fc) can be identified using available data
assumeG(c) is distributed according to some distributi@tc;&) with parameterd.

Using the calculated,'s from equation (7) this allows us to calculate jals. Next

we solve equation (8) fop, using the empirical price distributidﬁ(pi), Le.,

1 1-A
"t RN Mua

Y L A-F () +(1—2Tfyj)(1— F(p)"™

+r.

9)

bi :(T)—r) 1
N

We then pické in such a way that the difference between theutated p and the

observed is minimal. This can be done using nonlinear lsgsiares.

The estimation can be done parametrically by stgrtirom a parameterized
distribution of search costs. To be able to dorsoneed to have priceg, as well as
the empirical price distributioﬂf(p), the number of entrant®, unit costr, the
share of consumers at the incumbéntand the maximum observed prige Prices
are observed, as is the number of entrants, scaweige that to obtain the empirical
price distribution. We observe the share of conssna¢ the incumbent for at least
some periods. Furthermore, using data we haveatetleon input costs, we are able
to derive a reasonable approximation of unit c@sten that according to our model
the incumbent will always find it optimal to ses iprice equal to the valuation of
consumers, we can obtain an estimate of the valuatiby simply taking the price of
the incumbent. The expected price can be estimayethe mean of the observed
prices.

Once we have estimated the critical search cosesal, from observed prices using
equation (7), given the parameter values of tharpaterized search cost distribution
we can calculatey,(6) and use equation (9) to calcul@te By minimizing the
distances between the calculated prigesand corresponding observed pripewe
obtain a parametric estimate of the search costildison. This can be done using

nonlinear least squares.
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5 Estimation results

In this section we apply our estimation procedwreptice collected from British

electricity suppliers. We have made several strasgumptions in our theoretical
model, which might need additional justification evhapplying our model to the
electricity market. These include the assumptiohsemuential search, symmetry
across entrants, incumbent price at consumersatialy and parametric (lognormal)

distribution. In discussing the results, we constitiese issues.

We assume consumers search sequentially, whichsrearsumers determine after
each search whether to continue searching or reoshAwn by Morgan and Manning
(1985) sequential search is optimal when pricermédion can be gathered relatively
quickly because in that case the decision whetheearch further at a given point in
time can be conditioned on observed prices. Ifgpgaotations are observed with
some delay, non-sequential search is typicallynagiti It is unlikely that in the

specific setting we are studying there is suchlayjdut still nhon-sequential search
might be a good approximation of search behaviooifsumers use price comparison
sites. Over the sampling period, price comparisagbsites have become more
popular. However, the consumer surveys carriedayU®FGEM over time show that

whilst a significant proportion of consumers “ube tnternet to find suppliers prices,”
namely 28% by mid 2005, only 7% report “using congman website” (Accent,

2006). Thus, for the bulk of consumers, it appehet sequential search is an
appropriate model in this market, although thatdegarocess will have become more

efficient over time.

Although we allow for the incumbent and the entsatat behave differently in our
model, we assume entrants in a given region arem&nt. The assumption of
symmetry does some violence to reality, but notlmu€he major outlier is British

Gas, which is treated as an entrant in all elattrinarkets. Otherwise, all the other
major players apart from Scottish Power are broadiyally successful in capturing
unattached customers, according to rough figurésirdd by subtracting their size in

the incumbent market from their total market pemtein.
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We estimate the model using a panel of prices.odorempirical analysis we assume
the static equilibrium of the theoretical model adsed in Section 3 is also the
equilibrium of the repeated game with finite honzés long as the fundamentals of
the model do not change, this allows us to estintlaé¢e model by taking several
periods together. In line with institutional prisetting habits, we take a period as two
months. Because unobserved market characteristgi# ime different across regions

we estimate the model for each different regiorassply.

For each of the fourteen regions we have estimieanean and the variance of the
natural logarithm of the search costs using thendogal distribution as our
parametric specification. To allow for the mean amdiance to vary over time we
have included two trend parameters. The estima#eunlts are presented in Table 2.
A first observation is that the model explains tlata very well: between 94 and 98
percent of the variation in prices can be explaibgdhe model and all estimated
parameters are highly significant. Notice that hersubstantial variation between the
regions in terms of mean log search costs and déineance of the log search costs,
with the mean ranging from 5.3 to 8.7 and the vexgafrom 6.8 to 15.6. All estimated
trend parameters are smaller than zero, which misatsverage search costs within
the population has been decreasing over time. Meresearch costs became less
dispersed over time.
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[N G4k
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sk 2004 o3k
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02t 2002 02t

2002
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(a) Search cost CDF (b) Search cost CDF (valu@9 higher)
Figure 5: Estimated search costs Midlands region

In Figure 5(a) we plot the estimated search caostridutions for all years between
2002 and 2005 for the Midlands region. Accordingn® model consumers will only
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start searching if the expected gains, given byatadn v minus the expected price
E[p], are larger than search caost This puts an upper bound on the part of the
search cost distribution we can identify: searclst amannot be identified beyond
c=v-E[p]. In Table 2 we have put the values ©f for all regions---for the
Midlands this means we can only identify searchcop to £42.16. It is apparent
from inspection of the curves that search coste habe relatively high to rationalize
observed prices. In fact, according to our estismatest consumers have search costs
that are so high that it is not worthwhile to stsetrching at all. The relatively high
margins we found by comparing observed prices withmeasure of marginal cost
already gave some indication that firms have alaharket power, and this can only

be rationalized by our model if consumers haveikadly high search costs.

Our estimates suggest that there has been a sattifeftward shift in the search cost
distribution over time. Figure 5(a) shows this tlee Midlands, but as indicated by the
significant negative trend parameters in Tablet&otegions show the same pattern.
As measured by the lower quartile, in the Midlasdarch costs have gone down from
£46.88 in 2002 to £19.17 in 2085Also in other regions search costs have gone
down substantially—Table 2 shows that for mostaegilower quartile search costs
in 2005 are around one-quarter of what they wer20id2. One explanation could be
the increased use of price comparison sites owvee.tiSince these sites make
searching for the provider with the lowest pricéoteasier, this might explain the
substantial decrease in search costs. Our estin@s$es suggest that there are

substantial differences in search costs acrosemsgi

In order to estimate search costs we need an dstiohdhe valuation or willingness
to pay of consumers. According to our model, treeimbent will find it optimal to set
a price equal to the valuation of consumers, whilbbws us to use the incumbents
price in each region as a (super-consistent) ewimfthe valuation. One might be
worried that this will underestimate the true wijness to pay of consumers,

especially since the demand for electricity is lyghelastic. As a robustness check

20 We report the lower quartile instead of the meamedian of the estimated log-normal search cost
distributions, because most of the estimated paema Table 2 are such that the median and mean
are larger than the upper bound of search costsvihaan identify (se& in Table 2). Any inference
based on the mean or median would therefore refyapametric extrapolation. Thus our reliance on a
particular parametric framework for estimation (tbgnormal distribution) is minimized.
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we have also estimated the model using higher tiah& In Figure 5(b) we plot the
estimated search cost distribution in case conssimaltuation is 25% higher, where
the grey dashed curves correspond to the CDFsquiré&i5(a), and the solid curves
are the CDFs estimated using the higher valuafitthough search costs appear to be

slightly lower, the differences are small.

Note that even though we estimate a static modet, model, and hence our
estimation results, do take into account that tieees of consumers at the incumbent,
denoted by, has been going down over time. As can be seen ffigure 3 it is
important to take this changing valueJointo account: we can rationalize a given
price distribution by a relatively high which in isolation puts downward pressure on
prices, in combination with relatively high mearasd costs, which has the opposite

impact. The fact that we obserkeherefore helps us in identifying search costs.

This also helps to explain why our estimates sugggerch costs are decreasing over
time, while retail margins are broadly increasikgg(re 1(b)). The apparent paradox
can be resolved by observing that as the marke¢ stidhe incumbenj falls, mean
price above marginal cost would tend to rise (Sgarg 3) because the entrants,
having gained a larger market share, compete tggessively. That is, the tradeoffs
represented in equation (2) are different, recgliitat we re-evaluateeach year.
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6 Independent verification of search costs

One issue that faces modellers attempting to estith@ size of search costs largely
through the distribution of observed prices is figation of whether the estimates are
reasonable. In our present context, this issuerasight sharply into relief. Our
estimates (Table 2) indicate what may appear teebg high lower quartile values for
search cost. At the same time, it must be presuhmdsubstantial search has been
taking place in the market, because there is aiderable degree of switching
between electricity providers. Can these two figdi be reconciled? Another
potentially questionable finding is the very sigraht estimated reduction in these
search costs over a rather short period of time.

To examine these questions, we make use of a sofidata, independent of those
previously used in estimation, to confront ourresties. This is information on the
degree of switching that has actually taken pla@ée have available two pieces of
statistical information from OFGEM/ DECC, one beithg total number of switches
per year (unfortunately not broken down by regiang, other the market share of the

incumbent supplier by region.

Before turning to our calculations, two prelimingsgints need to be made. First,
switching involves costs that are conceptuallyadtédht from search costs. However,
in a report based on a very extensive consumerguir OFGEM in June 2005,
Accent (2005) reported substantial findings onrfaket, as perceived by consumer
respondents to their survey. One finding is thatrd0% of electricity customers
had, by then, been approached by sales people (myoat “cold-call” visit to the
home). The tactics used by these sales peopleiented by their remuneration
structure, involve them attempting to sign cust@mgy to switch at the time of their
visit. Almost 30% of consumers were first promptedswitch supplier by contact
with a sales person, according to the survey refgas. Most remarkably, 30% of
those who had switched supplier admittester to have tried to compare suppliers’
prices! We draw two conclusions from this. Onethst switching doesot
necessarily involve search, contrary to what miggtnthought. The second is that the

alternative methods of switching supplier are, esaky, acting of one’s own volition
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in searching and selecting a new supplier, andrateely, responding to a sales

person’s invitation to switcft-

These two methods of switching supplier differ mattthe first incurs search costs,
whilst both incur switching costs. Responding pesly to a sales person’s invitation
can be modelled as switching essentially at randonanother (entrant) supplier.
Thus the background level of switching is giventhgse who respond to the sales
person’s invitatiorf? Searching then switching is likely to yield a rhusuperior
tariff. The simplest way to measure this differenis as the whole benefit of the
difference between the mean entrant tariff and ldveest available tariff, in the
relevant area. As an alternative, we also evaluegelts based on the difference
being between the mean entrant tariff and the sbtmmest available tariff, because
we know that in searching, many people carry oly anlimited search. It is these

values that we alternately use as a measure dfethefit of search-then-switching.

The second point to make is that this calculat®still an approximation—we work
with the most popular tariff type (Direct Debit,détricity only) but we take its value
at the mean consumption level and we ignore whppdras with other tariff types

(although they are likely to be highly correlate@he exercise is not exact.

Conceptually, our calculations amount to the folloyv Take the estimated CDFs as
illustrated by those in Figure 5. Using the paitac values suggested by the methods
above for search costs (the X axis), generate rifgied proportion of consumers
switching, because they can make savings of at fle@samount, by reading off the Y
axis. Apply this to the number of customers (MBansthe region. Confront this

proportion with actual numbers switching.

These calculations are reported on in Table 3, indtimg (through weighting by
market sizes in the respective areas) in estimaftése actual number of predicted

switchers within each region and across the tinteo@ehrough these means. Panel

2L A further implication is that some consumers hswiiched to a supplier that offers them a poor, or
even a worse deal. Using two relatively small sasjpif consumers, Waddams and Wilson (2010)
show that this is indeed true, and a remarkablig pigportion of their consumers has chosen poorly.
22 The proportion of people who report having beepraached by a salesperson by June 2005 varies
rather little by region, between 74% (Northern) 836 (East Midlands) (Accent, 2006). In addition
there is very little difference indeed by demogiapthey are almost a random sample of households.
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A relates to the total switching pattern over timpanel B to the differential result

across the fourteen regions accumulated over tlodevitme period studied.

Several positive features of these results arehwdrawing out. First, taking the
largest possible expected gain from search, nanaydifference between mean
entrant price and lowest entrant price, leads toneses roughly in line with actual
total switches. Specifically, the estimates foe trears 2002 to 2005 vyield values
between 75% and 125% of the true value. The @t estimates, with the lower
calculated gain, lead to estimates between 55%9866l of the actual switches (see
Panel A). Taking into account that around 30%vwatches have involved no search,
this latter set of figures is broadly more in lingh what may be expected,. What has
not happened is that our estimates of the sizeeafch costs compared to the
available savings led to absurdly low predictedelswof switching compared with

actuality.

A second positive feature is that our estimatessighificantly falling search costs
over time, do not look outrageous either. Thenesties of switcher proportions in
2005 as against earlier years are not too diffemneither measure. 2004 if anything
is the outlier in our estimates. This arises nyabdcause the benefits of search fall
off in 2005, whereas for various reasons, largelgting to changes in (anticipated)

input costs, they are unusually high in 2004.

A third positive feature is that we are able todicethe broad pattern across regions
in terms of keenness to search (and switch), wkesgaply using the proportion of
people approached by a salesperson (to accousalies-initiated switches) would not
do this?® In panel B we aggregate across all four yearsdbiso separately by area,
and then compare the ranks of our predicted seamdhswitching propensity with
total shares lost across areas by the incumbebBelsgmber 2005 (taken from DECC
figures).This exercise shows a high rank corrematggnificant at 1% level. Those
areas where we predict more customers will remath the incumbent do indeed
have more retained incumbent customers. We aectalgredict the small loss in the
Scottish areas, which is resultant from relativelypall calculated savings, for

% Notice for example that the Northern region, whéeelowest proportion of people report
salesperson contact, shows the highest prediateidthird highest actual switching across the region
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example. Of course, as we discussed in Sectiath2y factors will be important in

determining incumbent losses, for example suppkgutation, and here the clear
outlier is SSE, with a consistently lower compldetel (and higher retained share-
see Scottish Hydro, Southern and SWALEC areas, lware those where it is the
incumbent) than the other five. However, it is sgkable how much can be

explained based solely upon our search mgdel.
In sum, we suggest that this calibration exerciseaotual switching behaviour is

significant independent verification of our estiembf search costs, as estimated from

the price distributions.

Table 3: Predicted and actual shares of direct debtustomers based on years

2002-2005

Panel A
Total switchers Year
Millions 2002 2003 2004 2005
Prediction 1 2.80 3.76 5.28 4.17
Prediction 2 2.18 2.34 3.78 3.27
Actual 3.70 4.20 4.21 4.31
percent pred 1 75.60 89.60 125.54 96.85
percent pred 2 58.79 55.76 89.78 75.92
Panel B
Region (group) Predicted Incumbent %

share (DECC)

Actual

% stay Rank Dec-05 Rank

Eastern (E.On) 38 10 40 11
Emid (E.On) 28 13 41 9
Lond (EdF) 45 6 47 5
Mid (npower) 39 9 43 8
Manweb (Scottish Power) 46 5 47 5
Northern (npower) 17 14 39 12
Norweb (E.On) 33 11 28 14
Seeboard (EdF) 49 3 46 7
Schydro (SSE) 68 1 75 1
Scpower (Scottish Power) 50 2 59 3
Southern (SSE) 48 4 59 3

4 Clearly, a multivariate regression approach isasfble here for degrees of freedom reasons.
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Swalec (SSE) 44 7 65 2

Sweb (EdF) 42 8 41 9
Yorks (npower) 29 12 35 13
average 41 46

Rank 0.835

correlation

Note: Prediction 1 refers to the search yielding lrgest possible gain, prediction 2 relates ® th

lower gain.

7 Conclusions

In the late nineties the British electricity markeas one of the first to completely
open up for competition, leading to a substantiibiv of new suppliers. Moreover, a
greater proportion of consumers has switched thenmgps anywhere else in the
world. As such it provides an interesting casea ltompetition has affected pricing
strategies, both those of the incumbent supplieledtricity and those of entrants. On
the consumer side of the market the inflow of nexppsiers has led to changes as
well, because since the opening of the market cqoessihave the opportunity to look

for better deals and eventually switch.

Our sequential search model distinguishes betweeme@umbent and a group of
entrants. Using the structure of the model we hagéimated a search cost
distribution. Estimates indicate that in order tbe model to rationalize observed
price patterns, search costs have to be relativigly, implying that most consumers
do not search or switch. Our estimates do inditaé¢ search costs have decreased
over time. But at the same time, because entraats bained a greater foothold in

each market, their incentives to price keenly Haaen muted.

Taking the implications of the estimates of searchts for the amount of switching
that should have been observed, together with ttteabh amount of switching

behaviour that occurred, shows a substantial @irosl between the two, which leads
us to greater confidence that our search cost astgnwhich might be thought to be

high, are indeed borne out in consumer switchirigab®ur.
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More recently, the tariff structure has become mmeplex, rendering consumer
decisions more difficult, at the same time as samesumers’ search costs have
fallen, other things equal, as a result of usirigrimet search engines. In consequence,
substantial differences across tariffs remain, @udeay have become greater still.

The general lesson we draw from this analysis iat, thhowever apparently
homogenous the product, however straightforwardcheand switching appear to be,
and even if substantial numbers switch, becaussurner search for products such as
an electricity supplier is perceived as costly (mrhaps, simply boring), the results
can be poor. Firms, recognizing the limited nawfrgeearch, can exploit this in their
charging structures. Of course, time is a precregsurce, and we would not expect
search opportunities to be captured exhaustivélpwever, for a product on which
people spend a substantial proportion of their nme® the result is surprising, and
shows the importance of consumer, as well as fipehaviour, in determining

competitive outcomes.
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Appendices

Appendix A: the Data

The analysis of search costs in the British eleityrimarket is based on data from a

variety of public and commercial sources, in ongegaroprietary.

1. The domestic retail annual bills for electricity consumers and the names of
different suppliers serving each region (incumbeantd entrants) were collected
from the consumer watchdog’s ‘energywatch’ webfgitehe time period between
April 2001, when the final price controls on direlebit prices were removed, and
December 2005 inclusive. The data have been cetlemh a bi-monthly basis for
consumers using the direct debit payment methoduamdy a medium amount of
electricity (3300 kWh) in a year, for all suppligrseach of the fourteen regions
across which prices differ. The fourteen electyicggions in Great Britain are:
Eastern, East Midlands, London, Midlands, Merseysehd North Wales,
Northern, North West, South East, North Scotlandut® Scotland, Southern,
South Wales, South West and Yorkshire. The fintlfigiures include VAT at a
5% rate. Our data excludes Internet only tariffscsithese represented only a
small proportion of the subscribed tariffs everthy end of our period.

2. The cost information used to calculate supplieratgins comes from a variety of
sources to account for the main cost componengstaify final consumers’ bills,
given the lack of access to commercial informatatiout suppliers’ costs. To
capture the effect affholesale electricity priceson domestic bills we used set of
proprietary wholesale data kindly supplied by Rlathe of the three major energy
data information companies. Given that all enenggpsers have a portfolio of
forward contracts for delivery at various time kons, we used the year-ahead
price as our measure of electricity wholesale cadtese prices are determined at
a national level so this variable has no geograpldidferentiation but only time
variation at bimonthly frequency, in line with tfiequency of observations for
domestic bills.
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Transmission costsvary by point of entry (generation plant) and €gistribution
point for delivery to final consumers) so that irder to calculate approximate
values of transmission costs at a regional lexsdraes of assumption about flows
of power across different parts of the country #mel percentage of electricity
subject to the transmission charge were requiregrage values of nation-wide
transmission costs were obtained from Cornwall gyneissociates. To these
aggregate values we applied weights for the differdectricity regions. These
weights have been calculated on the basis of irdbon provided by company
managing electricity transmission in the UK, Natib&rid (based on power flows
in 2006).

Distribution costs, i.e. the costs of transmitting low voltage eletly at the
regional level, on the other hand, are subjectitmepegulation for each region set
by the energy regulator OFGEM. We have obtaine@ dait distribution costs
(both fixed and unit rate) for each of the 14 regiofrom the UK Department of
Energy (currently designated as DECC and formedynfBERR and DTI) over
the entire period 2002-2005.

Estimates relating tmther costs faced by energy suppliers (balancing costs,
network losses, metering costs, supplier costtgesand environment related
levies such as renewable obligations, energy effiy commitment} are based
on the Cornwall Energy Associates report on eneagts to consumers, which
covers the years 2003 and 2006.

3. On the demand side, our analysis relied on infamnabn the incumbents’
market share of domestic direct debit consumers for each regiwer the whole
time period considered, which are published on artgdy basis by the UK
Department of energy (DECC). Thember of electricity users(consumers) for
each region was based on the number of meteringitgpaimeter point
administration numbers or MPANS) published by Ofgesimeters in existence at
September 2005. Thetal number of switchers at the national level for each of
the years in our analysis was obtained from Ofge(ajgproximately) annual
Domestic Retail Market Reports from 2003 to 2006.

Data onadvertising expenditure by the ‘big 6’ energy suppliers were obtained
from the NMR digest for the years between 1999 200b.

% Charges for carbon emissions were introduced iril 2p05.
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Data on proportion of consumers using the Internet was obtained from
OFGEM reports (2008, 2010).

Appendix B: Derivation of the optimal upper bound for the incumbent

Start from a situation where the incumbent has asynfoyal customers as each of the
entrants, i.e.,A=@1-A)/N. In this case it is always optimal for the entraot

setp =v. Incumbent's profit aVv is

) = (=L~ G ~ EL A =(v =) A1~ Gv - EL D) | > 7 )

We know that the entrants are indifferent betwdwarging any price in the support of

F(p). When A =(1- A)/N profits of the incumbent fop < p are

TS (1 Flete F) gle)de + GH(P)@- F ()" |

nl'(p) :(p—r) %(1_G(H(p))+ N +1 7 H(p) “

Comparing this with equation (2) shows thra(p) < 7. (p) = 7 (P) < 77, (v), so it can
never be optimal for the incumbent to set a prazeer thanp when A =(@0-A)/N.
Given this result, if the incumbent's profit atincreases faster il than the profits
evaluated at any other pricp in the support ofF(p), we can be sure that the
incumbent will find it profitable to set a price . to . Therefore, we have to
evaluate whethedr, (v)/dA >d7n (p)/dA, i.e.,

L[S - F(p(c,F)))kg(C)dC}-

(v=NL-GH(P)] >(p—r){1—G<H(p»‘ N+17H0 &

Note that both sides of the inequality do not deppem A . Multiplying both sides by
A gives

A_[HO3 1 F (p(e,FY)Fa(c)de

(v—r)A[l—G(H(T)))]>(p—r){/1[1_G(H(p))]_N+1 H(P) 4 }
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which is equivalent to

W) > ) - | "> a-F(oe F))ec)de - GH(p)A-F(p)".

H
(p) oy

Since we know that Z(V)>7(p) at A=@-A)/N it has to be that
drn (v)/dA>dn (p)/dd atd=@2-A)/N. Moreover, since both derivatives are
constant inA, profits at the upper bound are increasing fastet than at any other
price p, so for A=(1-A)/N it is always optimal for the incumbent to set &@r

equal tov.

Appendix C: Do the firms play mixed strategies?

A fundamental feature of our model, as with mostrele models, is that the firms
play mixed strategies with respect to pricing. our case, we are able to assess
whether this appears to be true within the datahe Tmeans by which we
operationalise this is to convert the bi-monthlicimg data for the “big 6” into ranks,
going from 1 to 6° One aspect of this where theory is unclewois often prices are
reassessed. Given the institutional regularitiethis industry, we suggest that every
two months is an appropriate period. (Althoughstoners would not be likely to
reassess their situation this frequently, so r@bably on the short side.) This gives
us 24 observations, across 14 GB regions. Thetignese ask, for each firm, is
whether the strategy it plays is concordant actiesgime period and across regions.
If it is not significantly concordant, then this iisdicative that a mixed strategy is
being pursued. For the five firms that are incuntbewe do this with and without

their incumbent areas (since it is fairly clearttHar the most part, they charged

% Arguably, the rank of the firm in the set of psds a convenient way of assessing its strategy- if
consumer is searching amongst a subset of prinekjding for some exhaustive search, then the
consumer will choose the lowest, all other thingsiad, whether it is significantly lower or slightly
lower than other offers. In the earlier years, fines had not necessarily merged or consolidated
pricing across divisions of the firm. Here, ouogedure is to take the lead partner value, excepghé
local area, in these cases. To illustrate, a dedcase is Scottish Power, where there was a Wéhan
specific” offering in that area, whilst Scottishviger did not offer itself to serve the region. Hoeg

in other cases, for example EdF, there were sorastimo separate offerings in the area in some early
periods.
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prices at the top of the distribution for this gpouOur method of testing concordance,

or its absence, is using Kendall's coefficient oficordance\y).?’

An illustrative tabulation of ranks is given belouwsing the example of British Gas’s
electricity prices; the other five are similar. €furse, British Gas is not an electricity
incumbent in any area. We can calcultaising either the columns (Is the strategy
concordant, or mixed, across the 14 regions?)erdkvs (Is the strategy concordant
or mixed across bimonthly time periods?). Thewggithe degrees of freedom in
these cases, we compare the relevant calculatad {@transformation &) with the

x* distribution withn -1 degrees of freedom,being the number of cases. As can be
seen, there is no evidence to reject the null hg®s of mixed strategy in either
dimension. This is obvious by inspection in theecaf different regions, but less
obvious in the time dimension. One thing this tdses not make use of is the
sequencing of time, and it is clear that thereoimes time dependence in at least some
regions® The other regions give the same answer on theocdance test, once

incumbency has been accounted for.

Our general conclusion from this analysis is thatael in which firms play mixed
strategies does not do empirical violence to theahexperience. Whether this is
conscious behaviour on the part of the firms inedhor nor is unclear and we do not
claim that the firms deliberately pursue mixed tsgg pricing, simply that the
outcome is as if they in fact do so.

%" The literature on testing for mixed strategieplay is not very helpful in suggesting approaches.
The best-known strand of it relates to sports @i/ (e.g. penalty kicks in serves, behavioureinnis
serves), which is not very relevant here. A maanpsing approach in the present context is adopted
by Lach (2002)—this is the approach used in Gitiliet al (2010a). What we report on above is
essentially an extension of this idea, with the saesults as in that paper.

% |n a market like electricity, where there is cantus purchasing, we would expect to see only
gradual movements to being a better or worse latlger than sudden changes.
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COMPANY: BG Dates

REGION f02 a02 j02 a02 o002 d02 f03 a03 j03 a03 afiB f04 a04 jo4 a04 o004 do4 fO5 a05 jO5 a05 o005 dO5
EASTRN 5 5 4 4 4 4 4 5 5 5 6 5 4 4 3] 6
EMID(Powergen) 4 4 4 4
LNDN 3
MEB
MANWEB
NRTHRN
NWEB
SEEBRD
SHYDRO
SCPWR
STHRN
SWLEC
SWEB
YORKS

w
o g
o

O B W W w B g d P DA ¢
B W NNEpE P A®wPEDNDBREDNDaG
AN O DA R a0 g
AW OAON bR g ®aDNwow
AN O N B R g P> DD

4 4
3 4
2 2
2 3
1 3
3 4
4 5
4 4
1 2
1 2
2 4
4 5
2 3
4 4

I G B N R R
AN O A PR @ O N ® DO
A A D WP U AL LS
WA D W ko 0w Nw W
WA D W R R O PPN
WA DN W B R PdDw MDD
W s B W R ko NN eN
(SIS BN TS B S IS N L
O M W W Rp kP o> P 0ann
O B W Wk g d»HrFP 0woanN
O N O O A OO oo ko
AW o O A p NP DO
A WD W R NN O BN ®ODNA
A WD W R NN O AN ®ODNA
A w D W R N& 9IS

B R A s~ B e s

Region k=24 n=14 critical

chisq 4.7 20
Time k=14 n=24
chisq 11 32

Appendix D: Advertising as a source of price information

In addition to consumers being able to glean infdfam for themselves, from
information providers such as energywatch and ergiwitching services, and from sales
people, information (or perhaps, invitations toambtinformation) is also available via
advertisements. To investigate this aspect, waidd information from NMR Digest
for our range of years from liberalization. Thssa quarterly publication that checks all
significant (non-digital) media activity. Its meithology appears to be to scan a very
wide range of print, poster, TV and radio medideatatthroughout the UK, recording the
presence of advertisements and applying publishesaard information to get a figure
for spend® (subject to a lower cut-off). Since categorizataf the advertisement series
is sometimes ambiguous (for example, as to whethagpplies to electricity or gas, or

both), we aggregated all relevant cases to genaoad figure per firm, with the results
shown in the table below.

% This will tend to be an overestimate, due to dists being applied.
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Media spend, energy sales total, £'000
Year/Co 1999 2000 2001 2002 2003 2004 2005 Average per year
EdF 2986 2390 2069 4827 1119 3537 1891 2688
NPOWER4010 10944 5809 2370 583 5015 8184 5274
EON 2973 4983 10168 8580 5491 4518 8372 6441

SSE 717 162 0 236 88 92 88 198
Scottish P4549 837 666 600 733 2419 2219 1718
BG 17868 5682 13345 10306 810 4466 5012 8213

Average 5517 4166 5343 4487 1471 3341 4294
(Source, NMR Digest, various issues, after aggregabData are in £'000s)

Outside the “big 6”7, there is remarkably little exyliture, right from the outset. Even
within this group, SSE seems to promote very littideed by these means. Indeed, in
total the expenditure can be viewed as modest,thess £1 per customer per year (so
maybe %2% of turnover), on average. On a more tgtiak note, given the pricing
structures employed by all of these players, in@ feasible to produce a simple
comparative information advertisement. Thus thelim¢éend to be selective at best in
quoting pricing reasons for a switch. All also ofaexcellent service, in some cases a
potentially dubious claim! We conclude from thisvestigation that this form of
promotional activity is not particularly importam the electricity industry relative to

those we investigate.
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