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Outline

Literature on price dispersion

Search externalities
The digital divide

The model
n firms competing on prices
consumers are heterogeneous in searching
possibilities
they buy one good at lowest price
Price dispersion is a characteristic of equilibrium

Comparative statics

more search from partially informed consumers may
have negative externalities on low—informed ones
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Price dispersion

Stigler (1961) “The Economics of Information™:
firms exogenously price randomly
optimal strategy for buyers is to sample only some firms

comparative statics changing the pricing random distribution

Wilde & Schwartz (1979) and Varian (1980) (WSV):
buyers are either uninformed or fully informed
firms compete on prices
there are no equilibria in pure strategies

there is a symmetric equilibrium in mixed strategies
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A growing literature

Baye & alii (2006): ~120 papers building on Stigler (1961)

Figure 1: Percentage of Articles Published in the American Economic Review  Journal of Political
Economy, and Econometrica on Information, Search or Price Dispersion
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Sowurce: Socis! Science Gifafion index, Keyword search for "Information OR Price Dispersion OR Search.” and
Aauthors” Caloulations.

2005 data through third quarer.
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Empirical literature on price
dispersion(1/3)

Table ta: Measures of Prica Disparslon Reportad in the Literatura in Ofline Markets'

Intervaka of
Estimatsd Price
Study Cats Paricd Product Markst Diapersion Dlspersion Measure
Maagures
Balsy (1295} 1997 Baoks 132% Siandard Dewviabon
Books 10.4% Standard Devisbon
Compatt Discs 17.6% Standard Deviatfon
Compact Discs 11.0% Standard Deviatan
Sofware Ti% Standard Deviston
Saoftware 31% Standand Deviation
Borenslein and Rose {1934] 1988 U5, Adrine 1.018-0.416  Ginl coemeclent
Canson and Pescainice (1580) 1976 Consumer Sundrss 3.3%-474%  Cosmiclent of Yariatan
Eckard [2004) 1901 - 2001 Baking Powder, Sugar, Sail - 1501 31%-1001%  Cosmclent of Varabor
Baking Powder, Sugar, Sall — 2001 0.0%-134%  Cosfslent of Varatan
ri So 5 T
:cm?ff?' ComEm 2 -See o Bocks 554.00 - 5122.00 Range
Books 527194-576.20 Standard Devisbon
Compast Discs 220.00 - 52000  Range
Compact Hecs 51291 - 52366  Standard Deviston
Books (Swedsn) 519.00-35600 Range
Compsct Dizcs (Swesan) 57100 - 34600 Range
Lach [2002] 1992 - 1956 Retigerator [Israal) -ty Coeficlent of Yariatan
Chicaan, Fliowr, CofMes :'5r3E|:l 11.45% - 19.7 % Coeiclent of Varabon
Nearvel {1976 1964 - 1971 Regular Gasoline 50.048 Range
Reguear Gasalins 50015 Standard Deviason
Fremium Gasoline 50.048 Range
Fremum Gassiine 51017 Standand Devistion
.
p:::g: et 1975 WaroUE Produsts and Seniols 44% -714%  Costclent of Varator
Yarkous Producis and Sersicas 11.0% - SE7T.0% Harlgl:-
YVarious Preducts and Sersdoss T 2% - 200.0% Walue of Information
Raobearts and Supina {2000] 1963 - $9E7  Wood Froducts 13.8% - 90.2%  Cosfzlent af Variaban
Fabrice 18.3% - T8.1%  Costclent of Vanaban
Coffes 14.3% - 25.1%  CoeMolent of Yaratan
Feady-kixsd Concrete 13.7% - 37.3%  Cosficlent of Varabon
Mewsorn £35%-82%  CosMolenlaf Varaton
Gasoing 6.0% - 11.6%  CosMclent of Yaratan
Tinplase Steel Cans 75.0% - 31.0%  Cosfizient af Variaton
Fan Bread 35.0% - 49.6%  CosMclent of Yaratan
Comugated Shipping Cortainers 31.8% - 39.6% Costclent of Varatar
Schoisen and Smih {26025 1975 - 2000 ConsumEr Sundries — 1576 3.3%-41.4%  Cosfclent of Varaton
Consumer Sundres — 2000 16% -42.0%  Cosmelent of Yaraton
Coneumer Sundries — 2000 57%-284% Costelent af Varabtar
Sorensen {2000) 1998 Frescription Drogs $13.17 Range
Fr&&ﬂrlptﬂn I:lrugE 22 10% CoeMiclent of Yariaton
Stigler (1961} 1953 Aninracs Coal 5348 Range
Anthrasite Coal 115 Standamd Deviation
1953 identical Automonlies $16500 Range
Identical Autamonlies 54700 Siandard Devision
VIlaE-B0aE {1995) 1955 < 1967 Cofes 215% Cosficlent of Yanaban

! Tanle 13 ncludes sludles comgarng ofMine and onine prce dispersion.
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Empirical literature on price
dispersion(2/3)

Table 1b: Measures of Price Dispersion Reported in the Literature in Online Markets Only

Intervals of

Estimated Price

Study Data Period Product Market 5 - Dispersion Measure
Dispersion
Measures
Ancarani and Shankar (2004) 2002 Books (ftaly) £4 25 -€4 84 Standard Dewviation
Books (ftaly) EI0.00 -=22 88 Rangs
Compact Discs (Itahy) E2 2P -€2 T80 Standard Dewiation
Compact Discs (ltabhy) £11.82 -€14.75 Rangs
?;:‘:E:;’r;f:}"d Eraye 1005 Marigage Interest Rates =0.25 Range
Armold and Satiba (2002) 2001 Tediooks 10.7% - 52.5% Rangs
Textxooks 3.5% - 10.0% Coefiicient of Variahon
Texi=ooks 0.2% - 12.5% Frice gap
e S K St 2000-2001 Consumer Electronics $123.55-3143.15 Range
F';;;:;”rga" al Soheten 2000-2001 Consumer Electronics 5.1%-0.7%  Coeficient of Variation
Consumer Electromics 3.78% - 5.38% Gap
skl 1000 - 2001 Consumer Electronics 57.4% Rangs
Consurmer Electromnics 12.5% Coefficient of Yariation
Bayfis and Peraoff (2002) 1228 Camera 334200 Rang=
Scanner £108.00 Rangs=
Brynjolfsson and St (2000) 15928-1288 Books F3.0% Rangs=
Compact Discs 25.0% Fangs
Chevalier and Goolsbee (2002) 2001 Books B.1% - 12.2% Rangs
Clay, Frishnan, and Wolf (20017) 1920 - 2000 Books ZT.T% Cipefficient of Varnation
Boaoks s5raz2 Rangs
Ee'_am*'a":d';:ri';;c::”‘ﬁ el 1900 Books 10.0% - 15.0% Coeficient of Yaraton
Clemons, Hann and Hit (2002) Trawvel 35.03 -51340 Rangs
Elliscn and Ellison (2004) 2000 - 20017 Memory Modules. 5.6% - 28.0% Rangs
Gatii and Katuman {2003) 2002 Consumer Electronics (Franoce) 2.0% - 15.3% Coefficient of Vanation
Consumer Electromics (Hahy) 4.3% - 14 2% Coefficient of Variation
Consumesr Electromics (Metherlandsi 5.5% - 20.4% Coefficent of Vanation
Consumer Electromics (Spain) 2.2% - 12.3% Cpefficient of Varnation
Consumer Electromics [ Sweden) 6.6% - 14.0% Coefficent of Varation
Consumer Electromics (LK) 3.5% - 18.2% Cpefficient of Varnation
Consumeer Electronics {Denmnark) 6.3% - 20.2% Coeffioent of Varation
Consumer Electromics (France) T.BE% - 47 4% Rangs=
Consumeer Electromics (aby) 2.3% - 27 8% Ramgs
Consumer Electromics (Metherlamds) 2.59% - 54.8% Rangs
Consumeer Electronics (Spain) 2 8% - 324% Rarmgs
Consumer Electronics (Sweden) 18.4% - 50.4% Rangs
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Hong and Shum [Forthcoming)

Janssen, Moraga-Gonzaler and
Wildenbeest (2005)

Pan, Raichford and Shankar
(2002

Fan, Shankar and Raichiord
(2003}

Smith amd Brynjolfsson (2001)

Empirical literature on price
dispersion(3/3)

2000 - 2003

10a8

Consumer Electrorics [LIK)
Consumer Electronics (Denmark)
Consumer Electronics (Francs)
Consumer Electronics (Haly)
Consumer Electronics (Metherlands)
Consumer Electronics (Spain)
Consumer Electronics (Sweden)
Caonsumer Electronics (LIK)
Consumer Electronics {Denmark)
Books

Books

Market for Keyboards
Market for Keyboards
Books

Compact Discs

OvDs

FOAs

Software

Consumer Electromics

Consumer Electromics and Books

Boaks

Compact Descs

CvDs

Computers

Software

Consumer Electronics
Books

Books

T.0% - 53 0%
12.8% - 42.8%
1.E% - 18.1%
3E%-127%
2.89% - 34.9%
3.T% - 18.0%
59% - 15.08%
2.5% - 14.5%
3.6% - 31.9%
35.19-27 08
B.2% - B.5%

$6.50 - 5301.67
2.10% - 52.0%
15.0%

15.4%
12.7%
11.8%
11.7%
9.8%

8.8%-11L7%

33.3% - 48.8%
22.2% - 51.0%
0T -43T%
15.0% - 34 4%
18.0% - 35.8%
22 1% -45 7%
2809 - 33.0%
$5.28-510.51

Zap
Rangs
Coeficient of Vanaton

Rangs
Coeflicient of Variation
Coeficient of Variation

Coeficient of Vanation
Coefiigient of Vanation
Coeficient of Variation
Coefiigient of Vanation
Coeficiant of Variation

Coeficent of Varation

Rangs
Rangs
Rangs
Rangs
Rangs
Rangs
Viatue of Information
Siandard Deviation

Morgan & alii (2006): experimental evidence
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Search externalities

In the WSV model:
as uninformed customers become informed

lower expected prices for all

Received conclusion
there is a positive externality
more search increase consumers’ welfare

the promotion of internet access increases social welfare

Our point:

the externality may be negative if we include partially
Informed buyers
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The digital divide

Rosenthal (1980) on the WSV model:
more firms = increase of expected charges

more competition is bad

Morgan & alii (2006) (Digital divide):
more firms = decrease expected price for informed buyers

competition is bad for uninformed but good for informed

Our point:
it is not competition per se that creates digital divide

if the sampling set of already partially informed buyers increase it is bad for
low—informed buyers, good for high—informed ones
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The model: a one—shot game

one good, n homogeneous firms,
constant marginal cost (c = 0)

mass 1 of buyers, one unit of good per capita
¢ of them see a single price at random

g» of them sample two prices, ...
g, are totally informed

> o1 G =1, g Is the search distribution
consumers buy at lowest price, if not above r

firms compete on prices
they know only distribution ¢ (marketing surveys)
any p > 0 i1s in the strategy profile
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A network interpretation

An alternative interpretation of the model:

buyers and sellers are on a fixed exogenous bipartite
network

sellers know only the degree distribution

Bayesian Nash equilibrium as in Galeotti & alil
(2007)

Kranton & Minehart (2001), Corominas—Bosch (2004)
and Blume et al. (2008):

bargaining with full information
soon very complex
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Bertrand competition and monopoly

Lemma 1 (Bertrand competition)
If g; = 0, each firm will set p = 0. 1|

Idea of the proof

to charge alone maximal price p gives null profit
at least two charge the same price p

suppose p > 0 = p — €IS better
Lemma 2 (Monopoly) If ¢; = 1, each firm will set p = r. |

The interesting case is0 < ¢; < 1
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Price distribution

Proposition 3 Take ¢ with ¢; € (0,1):
no equilibrium in pure strategies

unique symmetric equilibrium in mixed strategies
price distribution function fq~( )

cumulative distribution F(p) = [ f(p
support on [poin, 7]

Dri, = qr
Zyzl ij

n

p 1=1
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ldea of the proof

no equilibrium in pure strategies
any point of mass in the distribution is dominated by
a small shift above or below

there exist an equilibrium in mixed strategies
check that the proposed one works

same expected profit as » for any price in the
support

d; monotonically increasing: Fz(p) =1 — (I)q:1 (qleT)
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Expected payments

Lemma 4 The expected price paid by a buyer sampling 7 sellers is (i.i..d. distributions)

Far—1

T ) 123:
=i pU-FE)TAEE) = ar [

min

It is clear from the definition that p1 > p2 > -+ > pn.
Average expected payments equal expected profits

L ®g(x)
dr = qlr/ de = qir
0o Pg(x)

qiPi — Q1?“/ q;
i—1 0 i=1 Pz
Search distribution ¢ determines expected payments, but only ¢g; influences the average.

Global welfare is trivial

the goods sold in equilibrium are constant
(one for each consumer, normalized to 1)
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A tractable example

Logarithmic search distribution: ¢; o 0‘7

setting n — oo and normalizing:

1

o Q
= —ilog(1l — «)
D 1l —«
F(p) = — —
ar e

uniform distribution for p € [(1 — a)r, r|:

)
- 1 —
bi T( i+1a)

the effect of a change in « is clear
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Comparative statics (1/2)

Proposition 5
take a search distribution ¢
consider ¢ where ¢f = ¢1 — A andq;, = gm + A

then fz(p) FOSD fq~, (p) and p’, < p; for any q. l

Idea of the proof F,(p) > Fy(p) forp € (p, ..., r] because

plrnz'n < Pmin = Zngj = OK fOI'p € (pr/nm'napmin]

for p > pmin We have

JZZ:QJ'%‘ 1-F@) ' =aq (f - 1)

p

moving A from ¢; to ¢,,, = LHS T and RHS |

= OK also for p € (Pmin, 7]
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Positive search externality

Prop. 5: if we let some uninformed buyers search more
more search is beneficial for all other buyers

more competition — smaller expected prices

expected profit of firms decreases (‘1/177“ < 1)
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Example: The WSV model

The case of either uninformed or fully informed buyers is

q1 + ¢, = 1, so that

/1 1 d /1 n:z:”_l d
= qqr T, Pn=qQr x
pr= 0o @1+ ngyrnl P h 0o @1+ ngyrnl

By Prop.5 a shift from ¢; to ¢, lowers both p; and p,,

Morgan & alii (2006):
increasing firms leads to p), ., < p, but p; > p;

the aggregate expected profit of firms does not change

QT = QP1+ GuPn = QP+ Q1P
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Comparative statics (2/2)

Proposition 6
take a search distribution ¢

consider ¢ where ¢/, = ¢, — A and ¢),,.; = Gm+1 + A
(m > 2)

thereisa* > 2

such that p; > p, for+ < ¢*, and p; < p; fori > *. |

Idea of the proof there Is no stochastic dominance

we apply Riemann definition of integrals

P, > p1, p.— p; decreases in i
and lim; ., p; — p; IS hegative
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The digital divide

From Prop. 6, if we let some already informed buyers search more

firms will simultaneously move probability weight on extrema
monopoly price p = r and competitive price p = pmin

even if the average of charged prices increase, more sampling is beneficial from a
certain point on

the externality of more search is bad for low—informed and good for
highly—informed

the aggregate expected profits of firms will not change

0 Prmin r
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The digital divide

“The Economist’, January 31st 2009

Broadband stimulus

Not so fast

There is much talk about subsidies for high-speed broadband, but other causes are more deserving

N HIS first radio address as

president, Barack Obama
spoke of “expanding broad-
band to millions of Americans”.
Britain’s prime minister, Gordon
Brown, has likened his govern-
ment's efforts to extend the
: country’s digital infrastructure
to “the roads and the bridges and the railways that were built

in previous times” to stimulate the economy. Investing in-

broadband access sounds like a good way for governments to
boost flagging economies. Digging up roads and laying all that
optical fibre will create jobs; equipment-makers will have to
crank out lots of new gear; and people for whom online com-
merce or remote working are today out of reach will be
brought into the digital fold. One study suggests that increas-

e ekt aan tan m o deenianl A ammnwtanan abadn bvr

band access”. Grand words have given way to puny deeds.

Campaigners and industry lobbies are livid. But the case for
large-scale government investment in broadband is not as
strong as its proponents claim. When it comes to promoting
economic activity, it is easy to see why having broadband is
better than not having it, but most benefits are likely to come
from wiring people up in the fifst place rather than making ex-
isting connections hum faster. In Japan and South Korea over
40% of households have fibre links capable of blazing speeds,
but that does not seem to have resulted in more rapid eco-
nomic growth, or the emergence of new applications unavail-
able to consumers with ordinary broadband. So focusing on
the Q{%ﬁ@ﬁﬁﬁfﬂmmﬁgis the right approach.
Alas, that will not involve laboriously digging up lots of roads,
Investing in, for instance, retrofitting buildings to make them
more energy-efficient would create far more jobs.
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Negative externalities to all

It is possible that :* > n

Simpson paradox:
it can be that p; > p; for all 7 such that ¢; > 0

evenif > i qipi = D, 4ip;
because ¢ has shifted weight on smaller prices

Exampleq; + o +qgs=1landr =1
= (1,1, 2): p1 = 0.3761, py ~ 0.2408 and ps ~ 0.1915

Py ~ 0.3832 > pq, p, >~ 0.2434 > p, and p; ~ 0.1919 > p3

py < psbutg =0
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Increasing search may not be enough

Example n > 4 and r = 1:

- 1 9 1\.
q = (%» 107 %)-
p1 ==~ 0.0895, py =~ 0.0470 and p; =~ 0.0376

suppose that all the non—uninformed agents start
sampling 4 firms

7 = (%,0,0,2): pt ~0.2789 and p), =~ 0.0380 > ps

207 7 20

the negative externality from ¢, — ¢, affects heavily ¢,
but also ¢35 — g4

On Price Dispersion. Search Externalities. and the Diaital Divide — p. 24/25



Open questions

Can we endogenize non-trivially buyers’ types?

Buyers sample a fixed number of random firms
what if they were sampling always the same firms?
what would happen if firms could somehow learn
buyers’ type?
we would need a network environment

In the model the demand function Is constant:
would it be tractable otherwise?
could we consider welfare issues?
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