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1.Introduction

M otivation

Questions Addressed

Relation to club literature
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2.M odelFeatures

xi is i’s usage,X �
P

ixi is totalusage

Users care aboutusage and delay (Y ):

Ui � u i�x i;Y �� m i

Delay depends on utilization:Y � X =K

Only costofservice is c�K �
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3.EfficientUse and Capacity

Review basic w elfare econom ics ofcongestion externality

Given K ,w hatis efficientusage pattern?

W �K � � m ax
xj

nX

j� 1

u j�x j;Y �� c�K �

O ptim alsolution:

@u i�x i;Y �

@xi
� �

1

K

nX

j� 1

@u j�x j;Y �

@xj
�1�

Decentralize w ith "shadow price":

pe � �
1

K

nX

j� 1

@u j�x j;Y �

@Y

pe is the m arginalcongestion costofxi

W ith m any users,consum eroptim ization againstpe yields
socialoptim um
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Capacity

W 0�K �> 0 i fand only ifpeX � c 0�K �K > 0

Hence,pe efficiently allocates and sends right signalfor
capacity expansion
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4.Com petitive Pricing:Tw o-PartTariffs

Tw o-parttariff:m any possible suppliers (Y )

connection fee:q�Y �

usage fee:p �Y �

specialcases:pure connection and pure usage pricing

Consum ers

m ax
xi;Y

u i�x i;Y �� p �Y �x i � q�Y �

Producers

m ax
X ;K

p �Y �X � n q�Y �� c�K �

First-orderconditions(using consum er FOC):

@u i�x i;Y �

@xi
� �

1

K

nX

j� 1

@u j�x j;Y �

@Y
�2�
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� Y
nX

j� 1

@u j�x j;Y �

@Y
� c 0�K �K �3�

Com pare (2)to (1):socialoptim um forusage

Com bining (2)and (3): p �Y �X � c 0�K �K ( efficient invest-
m ent)

Com petitive m arket price is equal to sum of congestion
costs:rhs of(2)is aggregate w tp forproducerto sellless

Entry

Zero profitcondition:

nq�Y �

c�K �
� 1 �

c0�K �

c�K �=K
� 1 �

1

e
;

W ith increasing returns:elasticity < 1

W hen M C sm all,m ostcostcovered by subscription fee
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How m any qualitiesoffered?

som e users m ight prefer low er quality (m ore delay)in ex-
change forlow erprice

costconditions and netw ork externalities determ ine equi-
librium variety

trade-offbetw een consum ergains and costs ofprovision

ifc1�K 1 � K 2� � c 1�K 1�� c 2�K 2� then see as m any varieties
as custom ertypes

Custom erheterogeneity

Differentpreferencesfordelay atdifferenttim es(orfordif-
ferentuses)

Ifconsum erset-up costs sm all:"restaurantequilibrium "

Otherw ise,dem and form ultiple service qualities from sin-
gle producer

Increases com plexity of pricing problem : m ultiple dim en-
sions ofcongestion and resource cost
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Capacity expansion

Case 1:Keep X fixed,charge m ore forreduced delay

Change in profits:

h
q0�Y �� p 0�Y �x j

i dY

dK
Ñ K � c 0�K �Ñ K

Afterm anipulation:

�

p
X

K
� c 0�K �

�

Ñ K > 0

w hich is socialoptim um condition

Likew ise ifprice fixed,X increases due to low erdelay
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5.Com petitive Pricing:N o Usage Fees

W hy?

usage pricing expensive to im plem ent

politics

Equilibrium

Specialcase:

u i�x i;Y � � v i�x i�� D �Y �

w here D �Y � are convex "del ay costs"

FOC w ith usage prices:

v 0
i�x

e
i� �

n

K e
D 0�Y e�

n D 0�Y e�Y e � c 0�K e�K e

FO C w ith attachm ent-only prices (satiation at�x a;X a �)

n D 0�Y a �Y a � c 0�K a �K a

Sam e form butdifferentequilibrium n and / orY
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c’(K)KnD’(Ya)Ya

nD’(Ye)Ye

Ka KeK

c’(K)K
nD’(Ye)Ye

nD’(Ya)Ya

Ke Ka

Figure 1.Determ ination ofequilibrium capacity.

Sam e num berofusers(Figure 1)

lhs decreasing in K by convexity ofD �Y �

rhs increasing ifc00�K � nottoo negati ve

W ith zero p,each consum er uses m ore: shifts D 0�Y � up
(higherm arginalcongestion costs)

So,gethighercapacity

Butalso gethighercongestion (Figure 2)
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Y

nD’(Y)Y
c’(Xa/Y)Xa/Y

c’(Xe/Y)Xe/Y

Ye Ya

Figure 2.Determ ination ofequilibrium congestion.

Num berofuserschanges

given an alternative,userleaves netw ork if

vi�x
a
i �� u

�
i � D �X a=K a �� q�Y a �

i.e.,if netbenefitfrom high usage is less than congestion
cost(including access fee)

reducing n yieldsequilibrium shiftdow n in nD 0�Y �Y curve
(figure 1)

getlow er capacity

"YogiBerra"equilibrium

sm allnum berofheavy usersw ith high delay tolerance (low
w tp forcapacity)
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high value users exitto alternative service
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6.M onopoly

W ith usage pricing only: low er output,higher price,low er
capacity

Tw o-parttariff:Generalizes Oi’s m odel

Identicaltastes:firstbest

setq to surplus

setp to efficientcongestion price

Heterogeneity

Index users by t,u �x;Y ;t� decreasi ng in t

T is m arginaluser

FOC:
p � c 0�K �=Y

p
� � 1 �

x �p;T �

X �p;T �=F�T �

Lastterm :m arginalto average dem and

price can be above orbelow m arginalcongestion cost
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Ifconsum er w ith low er totalvalue (T)consum es less than
consum erw ith highertotalvalue:p > c0�K �

But,ifT consum es m ore,p < c0�K �

"auto salesm an equilibrium ":lose m oney on every sale but
m ake up foriton volum e!

Figure 3:em ailvs.M TV

price

A B

CD

high-value
demand

low-value
demand

price

demand demand

MC MC
p p

Figure 3.Pricing less than m arginalcostm ay be optim al.

quiteplausiblein netw ork applications:relatively low -value
services can require huge am ountofbandw idth

m onopolistm ayunderpricetheircongestion to getrevenues
– im poses congestion costs on high-value users
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7.Concluding Rem arks

A com petitive m arketw ith tw o-partpricing can m axim ize
socialw elfare

Thisassum esentryand sufficientvariety:costssubadditive

M onopolistm ay price usage above orbelow efficientlevel

Attachm ent-only pricing: low er usage, higher congestion
(YogiBerra)
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