
Ž .Decision Support Systems 24 1998 3–16

An economic analysis of electronic secondary markets: installed
base, technology, durability and firm profitability

Ravi Arunkundram ), Arun Sundararajan 1

Department of Information Systems, Stern School of Business, 44 West 4th Street, New York, NY 10012-1126, USA

Abstract

The Internet has spawned a number of partially structured electronic secondary markets, which enable the trading of
secondary goods between consumers. Many of these, such as Usenet groups, or WWW sites for niche products, tend to be
self-administering; however, there has been significant recent growth in the number of more general web-based markets of
this kind. These electronic secondary markets, while facilitating reliable and liquid trade of used goods, could also have an
impact on the desirability of new products, as well as products that are complementaryrcompatible to those traded. We
present an economic framework for analyzing how these markets affect the demand for a primary product. We examine
when it is optimal for a firm to operate a market of this kind, and when its presence is socially optimal. Surprisingly, we find
that in a number of cases, the presence of these markets has a primary positive effect on the profitability of a new good; this
leads us to conjecture that there will soon be a number of such trading forums operated by manufacturers of primary goods.
We also find that in a majority of cases, it is feasible for a third-party intermediary to profitably operate such a market. Key
parameters that affect the desirability of the market are the existing installed customer base, the cost of information
technology, the durability of the products in question, their rate of technological obsolescence and the nature of customer
preferences. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Commerce on the Internet has grown considerably
over the last few years, and is projected to increase
by many multiples from 1998 to 2002, both in terms

Žof sales revenues and number of participants see
w x w xRefs. 1 or 2 for some recent Internet commerce

.forecasts . The term electronic commerce has be-
come a catch-all phrase to describe all buying and
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selling activities based either on the Internet, or EDI
transactions between businesses. There are numerous
articles in the trade press and in research literature
that focus on the immense commercial potential of

Ž w x.Internet-based markets see, for instance 3–16 .
An interesting part of Internet-based commerce

that has not received much attention from re-
searchers is the profusion of sites that enable buyers
and sellers to trade durable products. Certain Usenet
newsgroups and electronic bulletin boards that are
run by academic institutions constitute examples of
these sites, which we call Electronic Secondary
Markets. We define an electronic secondary market
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as Internet-based forum that allows buyers and sell-
ers to trade used products by placing bids and offers
on a channel that is commonly accessed by all
participants in the market. It is a secondary market,
since the products that are bought are not sold by the
original maker of the product.

Usenet-based newsgroups are only one of the
many fora that bring together buyers and sellers.
Many educational institutions have their own elec-
tronic bulletin boards, as do many regional nonprofit
organizations. In addition to the newsgroup-based
facilities, there are also an increasing number of
Web-based services, including Barter Net and net-
Trader. These resellers are often product-focused.
Some Web-based services such as OnSale and Car-
Point combine primary and secondary electronic
markets. Further, we have observed that the partici-
pant volume in certain Usenet secondary markets has
nearly doubled between December 1995 and Decem-
ber 1996. Driving this growth has been the rapid
increase in the penetration of PC’s and the ease of

Žtransacting on the web made possible in part by
popular software suites that integrate browsing, con-
ferencing and creation of real time synchronous,
shared contexts, like Netscape’s Collabra software,
which allow rich information specification and nego-

.tiation possibilities . Forrester Research claims that
the Internet provides a highly effective trading mech-
anism by giving buyers the ability to both determine
their needs, and costlessly seek suppliers. Since
search on an electronic medium is intrinsically less
costly than physical search, this a significant benefit
for buyers and sellers.

w xForrester Research 15 calls the Internet the fourth
channel for exchanging information between parties
to a transaction, such as suppliers, buyers, sellers and

Žintermediaries the other three channels being face-
to-face communication, telephone communication

.and mailings . The three factors Maney et al. cite as
having driven the growth in commerce on the Net
are all applicable to ESMs:
1. It removes telephonic time constraints, thereby

making it possible for buyers and sellers to ex-
change information at any time.

2. It enables media that exceed the richness of cata-
logs and other printed material.

3. It provides individualized attention, much like a
sales force.

In addition, electronic secondary markets offer
advantages that distinguish them to a very significant
extent from physical secondary markets; this differ-
ence is more than one of degree. When viewed
against the backdrop of rapid technological ad-
vances, it becomes a difference of kind. In Section 2,
we provide an overview of ESMs and their charac-
teristics.

2. Overview of electronic secondary markets

There are three additional features that character-
ize electronic secondary marketplaces and distin-
guish them from most physical marketplaces:
1. Electronic markets can bring together geographi-

cally dispersed buyers and sellers, allowing them
to transact either synchronously or asyn-
chronously. This increases the potential size of
the market significantly.

2. Electronic secondary marketplaces allow for im-
mediate offer revision and negotiation.

3. Electronic markets facilitate the storage and recall
of the trading histories of buyers and sellers.
These can often be used as a quality signal by one
or both parties to the transaction.
The first feature requires no further discussion; it

is obvious and well established. We discuss the other
two features below.

2.1. Offer reÕision and negotiation

Electronic marketplaces allow for immediate offer
revision and negotiation. In the period from Decem-
ber 1995 to July 1996, as many as a fifth of the
transactions that took place on a newsgroup that
brought together the buyers and sellers of used pho-

Ž .tographic equipment rec.photo.marketplace were
characterized by revision of bids and negotiations
between buyers and sellers that was instantaneously
broadcast to all buyers and sellers on that forum. In
addition, there were numerous e-mail messages ex-
changed privately between buyers and sellers prior to

Žthe conclusion of transactions which by their very
.nature were not available to us for analysis . There is

little doubt, however, that this forum featured exten-
sive bid–ask price revisions and negotiations. This
enabled faster and smoother matching of supply and
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demand, and consequently, efficient price setting for
a particular product.

2.2. AÕailability of the trading histories of buyers
and sellers

Electronic markets facilitate the storage and recall
of the trading histories of buyers and sellers. These
can often be used as a quality signal by one or both
parties to the transaction. For instance, most news-
groups archive versions of earlier messages, which
can be searched by specialized search engines like

Ž .Dejanews http:rr www.dejanews.com . These
search engines can also provide a profile of the
buyer or seller based on their past postings to a
particular forum or fora. In secondary markets for

Ž .used goods electronic or otherwise , buyers and
sellers are exposed to the risk of opportunistic behav-
ior induced by uncertainty and lack of verifiability of
product and price claims. Many buyers and sellers on
these electronic secondary markets acquire reputa-
tions for accuracy, verifiability and reliability of their
price and product quality descriptions and their pay-
ment behavior. A trader’s reputation acts as a signal
that reduces the measure of uncertainty associated
with his trading behavior, and allows all parties to a
transaction to assess the risk of opportunistic behav-
ior more accurately, which is of considerable value.

ŽIt has also been argued that authenticity, identity
. Žof the buyerrseller integrity verifiability and com-

.pleteness of productrprice information and non-re-
Žpudiation the ability to hold a buyer or seller to the

.terms of the transaction that they are committed to
are three key features that will fuel the growth of

w xelectronic commerce 16 . The advantages of an
electronic market relative to a campus or community
bulletin board are that it allows for greater authentic-
ity and integrity of buyer–seller interaction than, say,
Ž .a physical bulletin board on which an individual

may leave a scribbled note of a buyrsell offer. It is
precisely these factors, along with the ability to
produce a richer context of information at a very low

Žcost the marginal cost of an e-mail or web news-
.group posting is negligible , that has made buying

and selling in secondary electronic markets a com-
mercially viable and popular activity. In recognition
of the above trends, in addition to the remarkable

success of sites such as eBay, several market makers
for primary market goods such as OnSale and Mi-
crowarehouse now have exclusive sites that act as
secondary markets.

This motivates our model of an electronic sec-
ondary market, and our analysis of its impact on
demand and price setting in the primary market.
Since electronic secondary markets are influenced by
the simultaneous existence of new goods, we will
also examine the impact of the price of new goods
on the price of used goods and the resulting behavior
of buyers and sellers at equilibrium. In the models
that follow, we analyze whether the presence of an
electronic secondary market can have a positive im-
pact on a firm’s sales, and a positive impact on
consumer welfare, and if so, the conditions under
which these effects prevail.

Since an electronic secondary market for a partic-
ular product enables costless search for a used prod-
uct, and, if operated effectively, ensures that the

Žproduct purchased is not a ‘lemon’ as discussed
.above , it can increase consumer confidence levels in

used-good purchase. It also makes the trade of a used
good liquid. These features are crucial to the effec-
tive functioning of any secondary market. Only elec-
tronic markets can simultaneously ensure quality,
liquidity and costless search, and this is precisely
why the distinction between an electronic secondary
market and a nonelectronic market represents a dif-
ference of kind rather than degree, as mentioned
earlier.

Intuitively, therefore, there are at least two signif-
icant effects that a market of this kind can have on
the sales of a primary good. An ESM can:
1. Reduce a firm’s sales by causing potential buyers

of a new good to buy a used good instead—since
a reliable, liquid source of these products now
exists;

2. Increase a firm’s sales by allowing existing own-
Žers who would otherwise be stuck with an old
.good to sell their old good at a fair price, and

buy a new good.
Though it may appear that these two effects bal-

ance, this is almost never true. Even if the net
demand effect balances out, there can be a price
effect on the new good, thereby changing firm prof-
its. Also, some of the buyers of a used good may not
have been potential buyers of the new good, and
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hence it can also have a net demand effect on the
sales of the new good. Evidently, a key driver here is
the nature of consumer preferences for new and used
goods. Other factors of consequence are the extent to

Žwhich the product loses value with use subsequently
.referred to as the durability of the product , the rate

Žat which the firm introduces new products which,
ceteris paribus, is directly related to the previous

.factor , and the size of the market—consisting of
both existing owners, and potential buyers. One of
our hypotheses is that such markets will continue to
grow rapidly, sometimes with the active support of
the producers of primary goods.

3. Outline of model

This section provides an overview of the model
and a discussion of the modeling primitives that
reflect the issues discussed in Section 2.

Ž .1 Our model examines a monopolist who pro-
duces a single durable product, and sells it in a
market whose size we normalize to 1.

Ž .2 The consumer valuations of a new product in
any period are uniformly distributed from 0 to 1. 2

The valuation that the consumers place on a used
good are uniformly distributed from 0 to d , where d

Ž .measures inversely the degradation in performance
of the good. We refer to d as the durability of the
product. The durability d has many possible drivers.
It is affected by the intrinsic durability or reliability

Žof the product for instance, a television is more
.durable than a toothbrush , and is increasing in this

factor. It is also affected by the rate at which new
products are introduced. If a firm produces a new
product every month, then the previous month’s
product is almost as good as this month’s product,
and hence a high rate of product turnover results in a

Ž .higher durability coefficient increases d . On the
other hand, if a new product is introduced every few
years, then d is likely to be lower. Finally, it is also
affected by the rate of related technological progress

2 This is a widely used model of consumer preferences, and in
the absence of a used product, generates a downward sloping
linear demand curve.

Žwhich is why, for instance, a PC would have a low
value of d , despite its relatively high reliability, and

.rapid product turnover .
Ž .3 We assume that a consumer’s valuation of a

good is directly proportional to its durability. If the
consumer has a valuation of Õ for a new good, then
that consumer values a used good at d Õ. This is in
agreement with the distributional assumptions made
earlier, and ensures that consumer valuations of new
and used goods are consistent.

Ž .4 The firm has a constant marginal cost, which
we normalize to zero. 3 The firm sets the price of a
new good with perfect knowledge of the exaction
proportion of the market that already owns an old
good. Evidently, a consumer who does not own the
product buys it only if her valuation Õ)p, where p
is the price of the new product. Also, in the absence
of a secondary market for old products, an existing
customer buys the new good only if the value de-
rived from the new good is greater than the value
derived from the used good, or if:

p
Õyp)d Õ´Õ) .

1yd

We first examine a single-period model with an
existing base of owners of an old good. At this point,
the percentage of the market which owns an old
product is exogenously specified. This can occur in a
number of different situations; some factors that can
contribute to this are a short-lived product, or a
product for which it is expected that manufacturing
may not be sustained beyond a single period. It is
also a partial model of entry by a new firm into a
market where there is an existing good similar to its

Žnew good though we do not consider competitive
.effects at this point .

3 This is a standard assumption in linear models of this kind;
one can justify this easily by interpreting the valuations of con-
sumers as their valuations net of marginal cost; since the firm is
never going to price below marginal cost, considering those
consumers for which this valuation is 0 or positive and rescaling
the distribution so that the upper limit is 1 will reduce the problem
back to the one we currently are analyzing. It does, however,
restrict the price of the used good to being above marginal cost;
hence, modifying this to incorporate positive costs will only
strengthen results indicating the desirability of an electronic sec-
ondary market.
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Another reason for examining this model is that it
forms the basic building block for a dynamic model.
Even if the firm makes the product in many periods,
and one models this in a multi-period setting, one
would need to use some form of backward induction
to determine the sequence of prices that the firm
would charge. The price that the firm charges in any
period is a function of the durability d , the distribu-
tion of customer preferences, and the current market
situation i.e., the proportion of consumers who own
used goods; precisely the model that drive the analy-
sis in this paper. We represent the installed base of
customers by those who have valuations greater than
or equal to h, where 0-h-1.

4. Absence of an electronic secondary market

We first consider the base case, where there is no
secondary market, electronic or otherwise. The firm
sets a price p for the new good to maximize its

Ž .single period profits. This induces a demand q p
Ž .and corresponding profits pq p . The demand is not

smooth—it depends on the relative values of p, h
Ž .and h 1yd . There are three possible cases:

Ž .i pGh,
Ž . Ž .ii h 1yd FpFh,
Ž . Ž .iii pFh 1yd .
We derive the demand and profit functions for

each of these cases, and then analyze optimal price p
for different values of installed base h and durability
d .

Recall that a buyer who does not own an old good
will purchase the new one if her valuation is higher
than p, and an existing owner will discard the old
product and buy the new one if her valuation is

Ž .higher than pr 1yd .

4.1. Case 1: pGh

Ž .The first case pGh induces no new buyers,
since all the potential buyers who do not own the
good have valuations less than h, which is less than
p. Hence, as shown in Fig. 1, the entire demand will
come from existing owners who have valuations

Ž .higher than pr 1yd , and this will induce a de-

Fig. 1. Consumer buying patterns without a secondary market.

Ž . w Ž .xmand of q p s 1ypr 1yd , and corresponding
w Ž .xprofits of p 1ypr 1yd .

( )4.2. Case 2: h 1yd FpFh

w Ž . xThe second case h 1yd FpFh induces both
new buyers and existing owners to buy the good, as

Ž . Ž .shown in Fig. 1 b . Since p)h 1yd , which im-
Ž .plies that pr 1yd )h, there are existing owners

who choose not to buy the new product. However,
since p-h, there is positive demand from new

Ž .buyers. The magnitude of this demand is hyp .
Ž . w Ž .x ŽHence, in this case, q p s 1ypr 1yd q hy

.p .

( )4.3. Case 3: pFh 1yd

w Ž .xIn the third case pFh 1yd , all existing own-
ers discard their old product and buy a new one
Ž Ž . .since pr 1yd Fh . Also, all other consumers
with valuations greater than p will buy the product.

Ž . Ž . Ž .The demand is therefore q p s 1yh q hyp
Ž . Ž .s 1yp see Fig. 1 .
We refer to these three cases as the three price

regimes the firm can choose.
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Ž .The demand function q p in the absence of a
secondary market is summarized below. The profit

Ž .function in each case is simply pq p .

p
1y if pG h PriceRegime1,ž /1yd

p
q p ;h s 1y q hy p PriceRegime2,Ž . Ž .ž /1yd

if h 1yd F pF hŽ .
1y p if pF h 1yd PriceRegime3.Ž . Ž .

The firm will choose the value of p which maxi-
mizes this profit function. We now determine the
profit maximizing price. The problem is one of
simple quadratic constrained maximization in each
of the three cases. We summarize the results of this
optimization in Table 1.

The reader can easily verify that these are accu-
rate. The analysis proceeded as follows. For each of
the cases, the first-order conditions were determined;
the inequalities in the price column in Table 1
represent the condition that separate the situations in
which the unconstrained optimum satisfies the con-
straints, and the situations in which it does not.

In the absence of the electronic secondary mar-
ket, the optimal profit is therefore crucially depen-
dent on the relatiÕe Õalues of the installed base, and
the product durability. To determine which of the
cases is optimal, we first consider the case where the
durability is not very low. Proofs of this result, and
of subsequent lemmas and propositions are in Ap-
pendix A.

( ) ( )Lemma 1. If 1GdG0.22, then 1yd r 3yd r
( ) ( ) ( )F 1yd r2F1r 3y2d F1r2 1yd .

Fig. 2. Optimal price for different durability and installed base.

This ordering allows us to examine sequentially
which of the three price regimes is optimal for
different values of h. The following result shows
which of these is optimal for different values of h.

'( ) ( )Proposition 2. i If F hF 2yd y1 , then p)

'( ) ( ) ( ) ( ) (s 1yd r2, p p) s 1yd r4. ii If 2yd

) ( ) [( )( )]y1 FhF1r 3y2d , then p)s 1qh 1yd

( ) ( ) [( )2( )] ( )r 2 2 y d , p p) s 1 q h 1 y d r 4 2 y d .
( ) ( ) ( )iii If 1r 3y2d FhF1r2 1yd , then p)s
( ) ( ) ( ) 2( )2 ( )h 1yd , p p) sh 1yd yh 1yd . iÕ If h

( ) ( ) ( )G 1 r2 1yd , then p)s1r2, p p) s1r4.

Fig. 2 provides a graphical summary of the rela-
tionship between installed base, durability and opti-
mal price. The regions where the four different
prices above are each optimal are determined by the

Žrelative values of customer valuation on the hori-
. Ž .zontal axis , and durability on the vertical axis .

Table 1

Ž .Price p) Profits p p)

Ž . Ž . Ž . Ž .Case 1 i 1yd r2 if hF 1yd r2 1yd r4
2Ž . Ž . Ž .Case 1 ii h if hG 1yd r2 hyh r 1yd

2Ž . wŽ .Ž .x Ž . wŽ . Ž .x Ž .Case 2 i 1qh 1yd r2 2yd 1qh 1yd r4 2yd

Ž . Ž . Ž .if 1yd r 3yd FhF1r 3y2d
2 2Ž . Ž . Ž . Ž . Ž .Case 2 ii h 1yd if hG1r 3y2d h 1yd yh 1yd

2Ž . Ž . Ž . Ž .Case 2 iii h if hF 1yd r 3yd hyh r 1yd

Ž . Ž .Case 3 i 1r2 if hG1r2 1yd 1r4
2 2Ž . Ž . Ž . Ž . Ž .Case 3 ii h 1yd if hF1r2 1yd h 1yd yh 1yd
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5. Presence of an electronic secondary market

In this section, we analyze the impact of an
Želectronic secondary market henceforth referred to

.as an ESM . We employ a model similar to one
discussed in the earlier section and investigate how
installed base and durability affect the optimal price
and firm profits in the presence of an ESM.

We now consider the case where there is an
efficient ESM. This market may be either run by the
firm, or by a third-party intermediary. As in the
earlier case, we consider an existing base of owners.
The proportion of the market that owns an old
product is still exogenously specified. In addition to
the features discussed in the earlier case, in the
current model, an additional type of transaction is
enabled due to the existence of the electronic sec-
ondary market. Existing owners of the product from

Žprior purchase we will refer to this as the used good
.from here onwards can now sell the product as a

used good if they can find buyers for it in the ESM
that are willing to pay them their desired price.
Therefore, a buyer has two different buying options
open to her in this period. She can buy a new good
from the firm, or buy a used good from a first period
buyer though the ESM. Further, a buyer who owns a
used good will not buy another used good; we will
also show that if she sells it at all, it will be to buy a
new good. Any buyer who buys a new good will do
so only if her valuation of the good Õ)p where p
is the price of the new good. However, not all buyers
whose valuations of the new good are greater than
this price will buy the product, as some may derive
higher value by buying the used good at the ESM
price p . It is easy to show that the maximum price0

that the old good will fetch in a market is limited by
Žthe price of the new good since no buyer would buy

a used good at a price greater than that of the new
.good . A buyer who prefers the new good to buying

the old good has a valuation that is characterized by:
pyp0

Õyp)d Õyp ´Õ) .0 1yd

Also, an existing owner who wishes to sell the old
good in the ESM and then buy a new one, has a
valuation that is characterized by:

pyp0
Õypqp )d Õ´Õ) .0 1yd

We continue to use h to indicate the installed base of
customers whose valuations of the product in the
earlier period was greater than or equal to h, 0-h
-1. The firm sets the price p, of the new good to
maximize its profits, taking into account the ex-
pected activity in the electronic secondary market.
This choice of p by the firm induces a price p for0

the used good. The price p is not a direct choice of0
Žthe firm, is non-negative, and clears the market i.e.,

the price at which supply and demand for the used
.good are equal . If no positive market clearing price

exists, then trade does not occur on the ESM. The
Ž .values of p and p induce a demand q p, p for0 0

Žthe new good, and corresponding profits p=q p,
.p for the firm.0

A buyer who buys the used good, has a valuation
that is given by:

p0
d Õyp )0´Õ) .0

d

The demand for the new good therefore depends
on the relative values of the four entities; p, h,
Ž . Ž .pyp r 1yd and p rd . The following lemma0 0

establishes a simple result that narrows the number
(of relevant cases significantly.Lemma 3. If p) py

) ( )p r 1yd , then p rd)p.0 0

Now, we show that there are just three relevant
situations:
Ž . Ž . Ž .i p- p-p r 1-d -h,0
Ž . Ž . Ž .ii p-h- p-p r 1-d ,0
Ž . Ž . Ž .iii h-p- p-p r 1-d .0

It is not necessary to consider other cases since
they preclude the existence of trade in the ESM.

Ž . Ž .If p) pyp r 1yd , then, by Lemma 2,0
Ž . Ž .p rd)p) pyp r 1yd and the used good0 0

would have no sales, since all buyers who would
Ž .wish to buy the used good Õ)p rd would prefer0

Ž Ž . Ž ..to buy the new good since Õl pyp r 1yd .0
Ž . Ž .Also, if p- pyp r 1yd , then, by Lemma0

2, p rd-p, which implies that p rd-h, p rd-0 0 0
Ž . Ž . Ž . Ž .pyp r 1yd in cases i and ii ; we will now0

Ž .show that case iii cannot support an ESM, so the
position of p rd is irrelevant.0

Ž . Ž . Ž .Consider case iii , h-p- pyp r 1yd re-0

sults in the following demand:

pyp0
q p s1y .Ž . ž /1yd
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Fig. 3. Consumer buying patterns with an ESM.

To determine the market clearing price of the
used good, we equate the demand for the used good
to its supply:

p pyp0 0
hy s 1y ž /d 1yd

´ p sd py 1yh 1yd dŽ . Ž .0

´ q p s1y pqd 1yh ,Ž . Ž .Ž .
so long as p rd-h, and p )0.0 0

The firm’s profits from this price are:

p 1y pqd 1yh .Ž .Ž .Ž .
Therefore, the profit maximizing price p) is:

1yd 1yhŽ .
p)s .

2

Now, for p) to be a feasible price in the range, it
must support a positive p .0

The condition for a positive p is:0

d py 1yh 1yd dG0,Ž . Ž .
which reduces to:

1yd
hG . 1Ž .

2yd

Ž .Also, case iii requires that:

1yd 1yhŽ .
hFp),´hF ,

2

which reduces to:

1yd
hF . 2Ž .

2yd

Ž . Ž .Since Eqs. 1 and 2 cannot both be true, a contra-
Ždiction results and hence, this case is irrelevant note

that even if the limiting value of p is to be set at
psh, the same contradiction results, and hence even

.a boundary solution cannot be supported .
The proposition that follows establishes when each

of the other two cases occurs. The consumer behav-
ior in each situation is summarized in Fig. 3.

( )Proposition 4. a If the firm wishes to haÕe trade in
the ESM, the optimal price p) satisfies p)Fh,

( ) ( )p)F pyp r 1yd , and results in the following0
) [ ( )]prices and profits: p s 1yd 1yh r2, p s0

( [ ( ) ( )]) ( ) [ (d h 2yd y 1yd r2 and p p) s 1yd 1
)]2 ( ) ( ) ( )yh r4. b If hF 1yd r 2yd , then it is

optimal for the firm if no trade to occur in the ESM.
( ) ( ) ( ) ( ) ( )c If 1yd r 2yd FhF 1qd r 2qd , then

(the ESM price p induced is such that pFhF py0
) ( ) ( ) ( ) ( )p r 1yd . d If hG 1qd r 2qd , then the0

( ) (ESM price p induces is such that pF pyp r 10 0
)yd Fh.

The results are summarized in Table 2 and in Fig.
4.

Table 2

Ž .Range of h Relevant case Optimal price p) Profits p p)

Ž . Ž .h- 1yd r 2yd Non-relevant – –
2Ž . Ž . Ž . w Ž .x w Ž .x1yd r 2yd Case ii 1yd 1yh r2 1yd 1yh r4

Ž . Ž .FhF 1qd r 2qd
2Ž . Ž . Ž . w Ž .x w Ž .xhG 1qd r 2qd Case i 1yd 1yh r2 1yd 1yh r4
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6. When are electronic markets optimal?

In this section, we examine the conditions under
which electronic markets are optimal and the result-

Ž .ing price s of the new and used good, the induced
demand for the two goods and the firm profits that
result. Having characterized the nature of firm profits
as a function of the relative positions of h and d , it
is now possible to compare when the base case is
dominated by the ESM case. We first examine when
a firm should introduce an electronic secondary trad-
ing forum. Subsequently, we look at the welfare
implications of ESMs. Finally, we discuss other
costs, benefits and issues involved in the introduction
of markets of this kind.

6.1. When should a firm operate its own ESM?

We now investigate when it is optimal for a firm
to introduce an electronic market. Two results are
evident from Proposition 2:

Ž . Ž1. p p) is always strictly less than 1r4 the
Ž ..profits without an ESM and hG1r2 1yd

when a electronic market exists, and
Ž2. An ESM is not feasible if h is less than 1y

. Ž .d r 2yd .
The above two observations immediately lead to

( )our first result:Proposition 5. If hG1r2 1yd , or
( ) ( )hF 1yd r 2yd , then it is strictly suboptimal

for a firm to introduce an electronic secondary
market.

Ž . ŽThis leaves us with just two regions: 1yd r 2
. Ž . Ž .y d F h F 1r 3 y 2d , and 1r 3 y 2d F h F
Ž .1r2 1yd for which we need to compare the re-

'Ž Žsults of Propositions 1 and 2 since 2yd y1- 1
. Ž . .yd r 2yd for all 1GdG0 .

The comparison is straightforward, but analyti-
cally messy—we equate profit functions, and look

Ž .for the h, d combinations that form the boundary
between the regions where the presence of an ESM
dominates, and the region where the absence of an
ESM dominates. However, the equations by them-
selves are highly nonlinear, and it is not possible to
get any intuition from them, or perform any mean-
ingful comparative statics analysis. Therefore, we

Ž .plot boundaries in h, d space, and examine when
Ž .each situation is optimal. Interestingly, the h, d

Fig. 4. When an ESM is feasible.

Õalues for which the ESM starts to dominate are
Žremarkably close for both the cases the curves

.almost coincide . Of course, one is relevant only for
Ž .hF1r 3y2d while the other is relevant for hF

Ž .1r 3y2d ; nevertheless, this virtual coinciding of
boundaries is something that we plan to investigate
more closely in the future.

Our analysis is summarized in Fig. 5 and the
interpretation follows.

Fig. 5. When an ESM is optimal.
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An electronic secondary market is optimal from a
firm’s perspective if the durability of the product is
not low, or the rate of new product introduction is
not low, and if the installed base of the product is
fairly low. The dotted lines in Fig. 5 represent the
boundaries of the regions from Proposition 1 and 2.

Ž . ŽAs one can see, both hG1r2 1yd top left cor-
. Ž . Ž . Žner and hF 1yd r 2yd bottom, decreasing

.from left to right are well outside the region of
interest. This result is even more interesting if one
examines Fig. 6, which replicates Fig. 5 in a some-
what realistic area of the space; for reasonable values

Žof h and d i.e., when the product is not almost
completely perishable, and when the firm’s installed

.base is 60% or less of the entire potential market .
Here, we see that in almost half the possible cases,
the presence of an electronic secondary market in-
creases the profits of the firm from sales in the

Ž .primary market i.e., from sales of the new good .
This ignores any commissions that the operator of

Ž .the market i.e., the firm in this case could charge—
it is simply from the price–demand effects the in-
creased liquidity of the second-hand good has on the
primary good’s sales.

Also, as the durability of the good increases, or as
the rate of product turnover increases, the firm gets
more value from the ESM—this is fairly intuitive.
However, more interestingly, as the installed base
decreases, the firm has a better chance of profiting
from an ESM. One could argue that if the installed
base is low, then the lack of supply of the used good

Fig. 6. When an ESM is optimal-a closer look.

would drive the electronic secondary market price
out of business. However, as one can see, this is not
the case; the firm ends up reaping additional rents
from sales of the primary good by simultaneously
enabling sales in the ESM by causing a higher
percentage of consumers to hold on to their used

.good ; evidently, the price effect on profitability
dominates the demand effect.

6.2. When can an intermediary operate an ESM?

Our next task was to analyze when an interested
third-party intermediary can operate an electronic
secondary market profitably. We examined consumer

Žsurplus the net excess value all consumers get after
.purchase under the presence of an ESM, and then

under the absence of an ESM. The rationale for this
is that if the consumers were collectively strictly
better off with an ESM, then they would be collec-
tively willing to pay to get an intermediary to oper-
ate this market, by giving up a fraction of their
surplus towards the operation of the market.

This question was answered fairly easily. When-
ever an electronic market is feasible, it turns out that
it is strictly optimal from the consumers’ perspec-
tiÕe, and hence an intermediary could operate the
market profitably. This seems intuitively plausible,

Ž .since a high-value consumers who repurchase now
get some positive payment for their old good, instead

Ž .of throwing it away, and b low-value consumers
who could not afford the new good can now afford
the used good, thereby increasing their surplus from
zero.

One may wonder how this market can cause both
the consumers and the firm to be simultaneously
strictly better off in a fraction of the cases. It may

Ž .seem that as the firm’s share of the pie profits
Žincreases, the consumer’s share of the pie consumer

.surplus go down. However, this is not in conso-
nance with the theoretical predictions of our model.
The explanation for the divergence of is simple;
here, when an ESM is operated, total surplus in-
creases—hence the size of the pie increases, which
enables both parties to be better off, even when their
relative fractions change.

However, it is not sufficient that one simply
examines when consumer surplus is higher; in order
for a third-party intermediary to operate the market,
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the surplus has to be higher even when the con-
sumers pay a commission or brokerage fee; hence,
one needs to estimate the relative magnitudes of the
surplus. We are currently in the process of perform-
ing this analysis, and will have these results available
shortly.

6.3. Components, competition and repeated trade

The model we have presented can be extended to
analyze other economic settings that may alter the
desirability of an ESM. For instance, an ESM need
not be restricted to just selling used products; it

Ž .could be and is a forum for trading allied compo-
nents of a product. For instance, a liquid second-hand
electronic market for Brand=DVD players would
increase the desirability of a complementary product
Ž .i.e., Brand=TVs or display devices , and if the
firm that manufactured the DVD players established
a reliable, liquid, Web-based market of this kind, it
could potentially increase consumer valuations of its
primary good. Our preliminary analysis shows that
this effect enhances the desirability of an electronic
secondary market; we use our basic model, but with
two complementary goods instead of a single prod-
uct.

Another key factor is that of competition. A firm
facing a perfectly competitive market can compete
more effectively by using an ESM as a quality
factor; in the absence of similar moves by competi-
tors, this could be a successful market-share captur-
ing strategy. The effect is compounded if one consid-
ers the case of complementary goods as well; when
there are many products of many types in the market,
and a firm that enables secondary trading in these
goods exclusively for its customers, could potentially
increase profits. However, there are some
liquidityrprofit margin trade-offs here, which are
not immediately resolvable.

Finally, our model can be seamlessly transformed
into a period model in a multi-period setting. This is
an important line of research, since one can relax the
implicit assumption of uniform quality, and explic-
itly model the observed phenomenon of consumers’
trading histories enhancing their reliability. Also, we
have not considered the fact that a consumer’s valua-
tion of a good is positively affected by the possibility
of being able to easily sell it for a fair price in the

future—a dynamic model will enable the analysis of
this effect as well. There is also the issue of used
goods of different ages that can be captured in such
a model; however, at this stage, our analysis of this
is research-in-progress.

7. Conclusions and future work

We have explicitly modeled the economic effects
of an electronic secondary market on firm profits and
consumer surplus. Our key insights are summarized
below.

Ž .1 When a firm has a very high share of the
potential consumer market and faces a high rate of
technological obsolescence, the existence of an elec-
tronic secondary market will tend to have a negative
impact on the profitability of the firm’s sales of new
goods.

Ž .2 However, in a significant fraction of situa-
tions, it is optimal for the manufacturer of a product
or set of products to operate an electronic market
which enables the trade of their used goods or
components. Rather than cannibalizing sales of new
goods, this can actually have a positive effect on the
profits from new goods. This effect is positive even
when the customers ignore the benefits from easier
future sales—simply the existence of the market to
sell current used products can benefit the firm.

Ž .3 The desirability of these markets from the
firm’s perspective is enhanced when:
Ø the durability of their product is high, or
Ø the rate at which they introduce new versions of

their product is high, and
Ø the share they have of the product market is

higher.
Ž .4 The presence of these electronic forums are

almost always optimal from the perspective of the
consumer; hence, in cases where the firm does not
have enough of an incentive to establish the market,
we expect a third-party intermediary to run such a
market. The remarkably high corporate valuations of
sites such as eBay indicates that this has been recog-
nized to some extent.

Ž .5 The establishing of an ESM can improve a
firm’s competitive position in an oligopoly; hence,
we expect that this will emerge as a new way that a
firm can use information technology for competitive
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advantage in the near future; however, it is likely
that only the first few movers will gain any competi-
tive rents from this move.

Our current research includes explicitly modeling
the effects of trading histories on the operation of
the market, using a game-theoretic model. There is
also the issue of imperfect correlation between the
valuations of new and used goods, which can be
captured by imposing a noise factor on our current
model. This could also act as a proxy for quality
variance in the used goods.

Finally, we will also investigate the relative mer-
its of different trading mechanisms in ESM’s; though
determining a market clearing price is the only logi-
cal static solution, it appears that a dynamic model
could involve interpersonal exchanges of informa-
tion, and other market divisions, that could affect
firm profitability and welfare in very interesting
ways.

Appendix A

Proof of Lemma 1. The two outer inequalities
[ ]are true for all d in 0, 1 . The middle inequality is

satisfied at equality for two Õalues of d , of which the
'( )only fractional Õalue is ds 5y 17 r4f0.22.

The result follows immediately from the fact that
( ) ( )1yd r2 is decreasing in d , while 1r 3y2d is
increasing in d .

Proof of Proposition 1. In each interÕal for h, the
firm chooses one of the three price regimes— the one
which giÕes it the highest profits. We consider each
of the following interÕals.

Ž . Ž . Ž .A hF 1yd r 3yd : The profits under each
of the price regimes are summarized in Table 3.

These figures are obtained by referring to the
table of prices and profits, and using the correspond-

Table 3

Price regime Optimal price Optimal profit level

Ž . Ž . Ž .i pG h p)s 1yd r2 p )s 1yd r4
2Ž . Ž .ii h 1yd F pF h p)s h p )s hy h r

Ž .1yd

Ž . Ž . Ž . Ž .iii pF h 1yd p)s h 1yd p )s h 1yd y
2 2Ž .h 1yd

Table 4

Price regime Optimal price Optimal profit level

Ž . Ž . Ž .i pG h p)s 1yd r2 p )s 1yd r4
2Ž . Ž . wŽ . wŽ .ii h 1yd p)s 1q h p )s 1q h

Ž .x Ž . Ž .x Ž .F pF h = 1yd r2 2yd = 1yd r2 2yd

Ž . Ž . Ž . Ž .iii pF h 1yd p)s h 1yd p )s h 1yd y
2 2Ž .h 1yd

Ž .ing values. Comparing profit levels, one sees that i
Ž . Ž .is always superior to ii , since i represents the

Ž .optimal value of the profit equation in ii . Compar-
Ž . Ž . Ž . Ž .ing i and iii , we see that iii dominates i only if

' 'Ž . Ž .1r 2q2 d -h-1r 2y2 d . However, since
'Ž . Ž . Ž . Ž .1yd r 3yd -1r 2q2 d , i is dominant.

Ž . Ž . Ž . Ž .B 1yd r 3yd FhF 1yd r2: The prof-
its under each of the price regimes are summarized
in Table 4.

Ž . Ž . Ž .ii always dominates iii , since ii represents the
optimum in this interval, and is hence at least as
good as the values of the objective at the boundaries.

'Ž . Ž . Ž . ŽNow, ii is better than i if hG 2yd y1 this
is obtained by solving for the h that equates the

Ž . Ž ..profits in ii and i . Also, one can easily verify that
'Ž . Ž . Ž . Ž .1yd r 3yd F 2yd y1 F 1yd r2 for 0

Ž .FdF1 for instance, by a plot in Mathematica .
'Ž . Ž . Ž .Hence, i is better if hF 2yd y1 , and ii is

Ž .the dominant solution, at least up to hs 1yd r2.
Ž . Ž . Ž .C 1yd r2FhF1r 3y2d : The profits un-

der each of the price regimes are summarized in
Table 5.

Ž .The proof here is trivial. ii represents the opti-
wŽ Ž .. Žmal solution to maximizing p 1ypr 1yd q h

.x Ž .yp , the profit function under price regime 2. i
Ž .and iii represent the values of this function at

Ž . Ž .psh and psh 1yd , respectively; evidently, ii
Ž . Ž .is at least as good as i and iii

Ž . Ž . Ž .D 1r 3y2d FhF1r2 1yd : The profits
under each of the price regimes are summarized in
Table 6.

Table 5

Price regime Optimal price Optimal profit level
2Ž . Ž .i pG h p)s h p )s hy h r 1yd

2Ž . Ž . wŽ . wŽ .ii h 1yd p)s 1q h p )s 1q h
Ž .x Ž . Ž .x Ž .F pF h = 1yd r2 2yd = 1yd r4 2yd

Ž . Ž . Ž . Ž .iii pF h 1yd p)s h 1yd p )s h 1yd y
2 2Ž .h 1yd
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Table 6

Price regime Optimal price Optimal profit level
2Ž . Ž .i pG h p)s h p )s hy h r 1yd

Ž . Ž . Ž . Ž .ii h 1yd p)s h 1yd p )s h 1yd y
2 2Ž .F pF h h 1yd

Ž . Ž . Ž .iii pF h p)s h 1yd p )s h 1yd y
2 2Ž . Ž .1yd h 1yd

There are only two distinct cases here. Equating
the profit functions and solving for h, one sees that
Ž . Ž . Ž 2 .i dominates if h- 1yd r 3y3dqd , which

Ž . Ž . Ž . Žis less than 1r 3y2d . Hence, ii r iii which are
.identical in this case dominates in the specified

Ž . Ž .region. E hG1r2 1yd : The profits under each
of the price regimes are summarized in Table 7.

Ž .iii is evidently dominant, as it represents the
Ž .global optimum of p 1yp , which is the highest

possible profits the firm can make for any value of
h. This completes the proof.

( ) ( ) (Proof of Lemma 2. p) pyp r 1yd ´p 1y0
)d )pyp ´ypd)yp ´p )pd and the re-0 0 0

sult follows immediately.

( ) ( )Proof of Lemma 3. 1qd r 2qd is always
( ) ( ) [ ] (greater than 1yd r 2yd ;dg 0, 1 . Also, 1

) ( ) ( ) ( )yd r 2y3d y 1qd r 2qd G0 if d)2r3
or if d-y2. The result follows.

Proof of Proposition 2. We haÕe eliminated case
( )i ; hence the only option we haÕe is that p)Fh,

( ) ( ) ( ( ) ( ))p)F pyp r 1yd cases ii and iii . Con-0
( )sider case ii . The demand for the new good is still:

pyp0
q p s1yŽ . ž /1yd

( )and therefore the analysis proceeds as in case i ,
yielding the secondary market price:

p sd py 1yh 1yd d ,Ž . Ž .0

and the optimal price leÕel for the new good:

1yd 1yhŽ .
p)s .

2

The optimal profit level is obtained by computing
Ž .p) q p) , and works out to be:

21yd 1yhŽ .
p p) s .Ž .

4

Ž .Ž .Now, p G0´d py 1yh 1yd dG0, which0
Ž . Ž . )reduces to hG 1yd r 2yd . Hence, now for p

to be in the required region, we require that hGp),
Ž . Ž .or hG 1yd r 2yd , which is consistent with

Ž . Ž .p )0. The condition p)F p)yp r 1yd re-0 0
Ž . Ž .duces to hF 1qd r 2qd .

Ž .Now consider case i . The demand from repeat
buyers is 1yh, and the demand for the new good

Ž . Ž .from new buyers is hy pyp r 1yd , yielding0

a total demand of:

pyp0
q p s1y .Ž . ž /1yd

Ž . ŽThe demand for the used good is pyp r 1y0
.d yp rd . To determine the market clearing price,0

we equate supply to demand. Supply of the used
Ž .good is 1yh ; hence, the market clearing condition

is:

pyp p0 0
y s1yh ,

1yd d

which again reduces to:

p sd py 1yh 1yd d .Ž . Ž .0

As is evident, the demand equations are identical
Ž .to case ii ; hence the optimal prices and profits are

) Ž )the same. The only difference here is that p G p
. Ž . Ž . Žyp r 1yd , which reduces to hG 1qd r 2q0

.d .
Therefore, the firm will set a price p)Fh, and

depending on the value of h, the market clearing
Ž .price p will correspond either to case i or case0

Ž .ii . Since the firm can achieve its optimal profit
w Ž .x2 Ž . Ž .level 1yd 1yh r4 for all hG 1yd r 2yd ,

there is no need to examine boundary solutions, as
they are bound to be inferior. This completes the
proof.

Table 7

Price regime Optimal price Optimal profit level
2Ž . Ž .i pG h p)s h p )s hy h r 1yd

Ž . Ž . Ž .ii h 1yd p)s h p )s h 1yd y
2 2Ž . Ž .F pF h 1yd h 1yd

Ž .iii pF h p)s1r2 p )s1r4
Ž .= 1yd
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