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1. Overview

The networking community has a long history of research
investigating ways to price network traffic. The academ-
ically favored approach often involves some form of con-
gestion pricing (B. Briscoe, 2005; B. Briscoe, 2003). How-
ever, congestion pricing has been criticized for creating a
potentially perverse incentive for providers to cause artifi-
cial congestion by under-provisioning their networks since
increased congestion will increase their revenue (Shenker
et al., 1996). In our work we demonstrate that even if
network providers, disciplined perhaps by market competi-
tion, do not have an incentive to cause artificial congestion,
that users actually have surprising, perverse incentives to
cause artificial congestion under congestion pricing. We
analyze these incentives using a repeated game theoretic
approach. This result is important because it suggests that
even if congestion pricing were technically feasible, mar-
ket acceptable and cost effective to implement, that it still
may not be a desirable pricing mechanism on the Internet.

2. Background

The argument for congestion pricing is based on the the-
ory that it is the only economically efficient usage-based
pricing mechanism (MacKie-Mason & Varian, 1995). As
the argument often goes, the “marginal cost of bandwidth
is zero” if there is no congestion, therefore, under a com-
petitive marketplace, the usage-price during those periods
should also be zero.

However, congestion pricing is not without its critics. Both
economic and technical arguments (Shenker et al., 1996),
and arguments based on historical evidence (Odlyzko,
2001) have pointed out the shortcomings of congestion
pricing. Some of the critiques of congestion pricing cou-
pled with the traditional responses are presented in table 1.

3. User incentives under congestion pricing

In our work we explore what would happen if the first three
problems in table 1 could be adequately addressed by a

Congestion-pricing
problems

Traditional responses

1. Congestion pricing po-
tentially creates an incen-
tive for providers to under-
provision, creating artifi-
cial congestion

1. Competition disci-
plines the market so that
providers will have an in-
centive to expand capacity
when congestion occurs

2. Recovering large sunk
costs may become infea-
sible under marginal cost
pricing

2. Two-part tariffs al-
low the recovery of fixed
costs with the fixed ac-
cess charge plus conges-
tion charges that account
for the congestion costs

3. Technically difficult
to implement in a cost-
effective manner

3. Clever engineering so-
lutions are possible (e.g.
leveraging ECN bits)

4. Congestion pricing may
be unacceptable to users

4. Congestion pricing is
the only economically effi-
cient approach so it is the
only approach that will sur-
vive long-term

Table 1. Traditional congestion pricing critiques and responses

congestion pricing mechanism. We assume that providers
expand capacity once they have received sufficient conges-
tion revenue (a capacity expansion assumption illustrated
in figure 1). We also assume that access charges cover
provider’s fixed costs and that congestion charging is tech-
nically implementable.

The capacity expansion assumption implies that providers
do not have an incentive to cause artificial congestion
(for instance by intentionally under-provisioning their net-
works.) Rather after a provider-determined sufficient
amount of revenue is collected, the provider will expand
capacity. Providers may for instance use the congestion
charges to retire debts from a previous capacity expansion
before incurring new expansion debts, or they may use the
congestion charges to directly purchase additional routers
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Figure 1. Capacity expansion assumption: revenues from conges-
tion charges provide the financial basis for expanding a network.

or network links. In other words, under the capacity expan-
sion assumption, congestion charges represent more than
pure profit for a provider – they represent the financial ba-
sis for growing a network.

4. User incentives under congestion pricing

To formalize the analysis of user incentives and the strat-
egy space we employ a repeated game model. Game the-
ory provides the right analytic tools and also allows us to
demonstrate that while congestion pricing in a single shot
game induces efficient user behavior, surprisingly conges-
tion pricing in a repeated game introduces incentives for
some users to create inefficient artificial congestion. This is
consistent with the recent work of Afergan (Afergan, 2005)
that illustrates the importance of considering the repeated
context of games that model networking – a problem area
that inherently involves many repeated processes.

The intuition behind this perverse incentive is that users
can lower their own overall long-term contribution to a
capacity expansion cost by paying smaller penalties (i.e.
smaller congestion charges) earlier (discounting the time
value of money appropriately), thereby enabling their later
and larger amounts of traffic to enjoy the benefit (i.e. a
congestion free expanded network capacity). By causing
congestion in earlier time periods a selfish user can induce
other players that would have been “free riders” – sending
traffic while there was no congestion – to now contribute to
the capacity expansion cost.

Informally stated, a subgame perfect equilibrium of this re-
peated game is for users to adopt a congestion-dependent
strategy. The user initially sends their normal traffic (delay-
ing as long as tolerable to avoid congested periods). How-
ever, once the user forms an expectation that they cannot
avoid incurring congestion charges for a large portion of
their normal traffic, they have an incentive to prevent free
riders during uncongested periods. The user sends artifi-
cial traffic during some of these uncongested periods to try
to cause artificial congestion. The additional artificial con-
gestion benefits the user by causing the revenue required to
expand the network to be extracted sooner and from users
that would not have normally paid for their traffic.

5. Summary

Practically speaking, individual users are unlikely to be so-
phisticated enough to strategize in such a way. However,
were congestion pricing to be deployed on the Internet,
an inevitable result would be that applications (or oper-
ating systems) would become strategic in when and how
they generate traffic on the network. (We refer to this as
congestion-strategic traffic behaviors.) Indeed one of the
goals of congestion pricing is to create incentives for net-
work traffic to be modified given the level of congestion. So
while individual users would likely not make this a prac-
tical problem, the capability of classes of applications to
exhibit strategic behaviors makes understanding the incen-
tives created by congestion pricing a very relevant issue.

To summarize, the main contributions of this work are:

• A set of new models, Congestion-Pricing Traffic
Games, for analyzing the incentives of congestion
pricing on the Internet.

• Demonstration of subgame perfect equilibriums of the
Congestion-Pricing Traffic Games.

• An analysis of congestion-strategic traffic behaviors
and the resulting implications for the viability of con-
gestion pricing on the Internet.
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