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1. INTRODUCTION

Few things have dramatically and immediately impacted our lives and
the way many businesses operate more than the development of the In-
ternet. Consumers can easily get the information about goods’ prices and
digital attributes® from the Internet, and compare products and prices
across retailers.

Internet provides a new channel for retailers to sell their goods. Though
the new channel has some advantages, for example, consumers can make
purchase any time and any where, some consumers are averse to the new
channel, especially when it is not mature. It is very difficult for one to
inspect goods’ non-digital attributes.? There are also uncertainties and
inconveniencies associated with the payment method and delivery, privacy
and system security concerns. Some consumers may be concerned about
the security of entering their credit card numbers online and the length of
the time waiting for delivery. In addition, many e-Commerce websites col-
lect customer information for future marketing purposes and some sites sell
the information to other companies that are looking for ways to generate
new business. Because of this kind of aversion to the new channel, a con-
sumer’s willingness to pay for an identical product when purchasing online
is expected to be lower than the reservation price when purchasing at a
conventional store.? This kind of aversion is expected to be heterogeneous
across consumers since their familiarity to the new channel is different.

Brand matters in consumers’ choice. Empirical studies have found
that customers are willing to pay higher prices to shop in stores that they
are familiar with (Monroe 1976, Brynjolfsson and Smith 2000, Brynjolf-
sson and Smith 2001, etc.). For example, Monroe (1976) examined the
effects of price and brand familiarity on brand preferences using a com-
plex experimental design and showed that when a buyer has had previous
purchase-use experience with a product or brand, the experience is likely
to be a dominant factor in choice behavior. Brynjolfsson and Smith (2000)
concluded that while there is lower friction in many dimensions of Inter-
net competition, branding awareness, and trust remain important sources
of heterogeneity among Internet retailers. Brynjolfsson and Smith (2001)
analyzed the electronic market for books and their empirical result showed

1Here, we use the definition of digital attributes and non-digital attributes in Lal
and Sarvary (1999). Digital attributes are defined as all product attributes that can be
communicated through the Internet. The majority of digital attributes are those that
can be assessed through visual inspection and that traditionally have been evaluated
by consumers in the store. Non-digital attributes are those that can only be evaluated
through physical inspection of the products. (Lal and Sarvary 1999, p. 487-488)

20ne may find some consumers’ comments. However, they are hard to verify.

31t is possible that some consumers love the new channel and thus the willingness to
pay is even higher. This is left for future research.
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that brand is an important determinant of consumer choice. Consumers
prefer the stores and brand with which they are familiar and this is also ap-
plicable to the channel with which they are familiar when the new channel
is not mature.

Reputation matters in consumers’ choice. A retailer’s reputation
is also an important factor when consumers choose a retailer from which
to buy goods. Theoretical models have typically generated a positive re-
lationship between the reputation of the seller and the resulting price of
the transaction, in large part because the seller’s reputation is a proxy for
quality characteristics that are unobserved prior to the completion of the
transaction (Klein and Leffler, 1981; Shapiro, 1983; Allen, 1984; Houser
and Wooders, 2006). Many empirical studies have got results consistent
with the theoretical expectation of buyers paying more to sellers who have
better reputations (Houser and Wooders, 2006, Melnik and Alm, 2002,
Lucking-Reiley et al., 2006, etc.).® There are also experimental findings
which tend to support the theoretical results. For example, Resnick, Zeck-
hauser, Swanson, and Lockwood (2006) conducted the first randomized
controlled field experiment of an Internet reputation mechanism and in
the experiment, a high-reputation, established eBay dealer sold matched
pairs of lots — batches of vintage postcards — under his regular identity
and under new seller identities (also operated by him). The experiment
showed that the established identity fared better and the difference in buy-
ers’ willingness-to-pay was 8.1% of the selling price.

In this paper, we consider a duopoly retail market in which one retailer
has better reputation than the other and one of the retailers is considering
selling through a new selling channel to which consumers are averse. The
framework is as follows: Two retailers with different reputation are selling
a physically homogenous product. Initially, both of them are operating at
a conventional market. Consumers prefer the retailer with better reputa-
tion if the prices are the same and have higher willingness to pay to the
retailer with better reputation in the conventional market, which is called
“reputation sensitivity”. The reputation sensitivity is heterogeneous across
consumers. One of the retailers is considering whether to sell through a
new selling channel to which consumers are averse. The aversion to the new
channel is heterogeneous across consumers and proportional to reputation
sensitivity. The number of consumers is constant.® If a retailer has an
incentive to sell through the new channel, then it will determine whether
to keep or withdraw its old channel and whether to coexist with the other
retailer or drive it out of the market by pricing aggressively. Both of the
two retailers set prices simultaneously and compete in prices.

4See Houser and Wooders (2006) for a review of more empirical studies.
5In many cases, a product will reach more consumers after a new selling channel is
introduced. This is also left for future research.
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Some theoretical models in the literature have analyzed price competi-
tion in the Internet markets and in multi-channel markets, coordination of
selling channels for multi-channel retailers, and consumer’s shopping chan-
nel choices. For example, Bakos (1997) examines the effects of lower search
cost on equilibrium prices in electronic markets and shows that low search
cost may drive Internet prices for homogeneous goods toward the Bertrand
marginal cost pricing pattern. Unfortunately, Harrington (2001) finds that
the two critical results in Bakos (1997) are either mathematically wrong
(Harrington proved that there is no symmetric pure-strategy equilibrium in
which consumers search), or based on an implicit assumption that is unrea-
sonable (Harrington 2001 p. 1731). The Harrington critique has thus left
the profession without positive results along this line. From another per-
spective, Balasubramanian (1998) models competition in a multi-channel
market. In his model, an increase in transportation cost means a more dif-
ferentiated market where consumers are less sensitive to price changes. He
finds that an increase in transportation cost benefits both direct marketer
and conventional retailers by allowing them to charge higher prices. But
increasing transportation cost will reduce conventional share and add to di-
rect share. Lal and Sarvary (1999) classify product attributes into “digital”
attributes (which can be easily communicated online) and “non-digital” at-
tributes (which need physical inspection), and show that the impact of the
Internet on competition will be radically different depending on the relative
importance of parameters describing the relevant shopping and distribution
context. Zettelmeyer (2000) shows how firms’ pricing and communications
strategies may be affected by the size of the Internet, and demonstrates
that firms can use information strategically on multiple channels to achieve
finer consumer segmentation. Cattani, Gilland, and Swaminathan (2002)
explore the issue of coordinating Internet and traditional channels for a
monopoly and find the optimal prices under different degrees of auton-
omy for the Internet operations. They also find that it is not always a
good strategy to price the Internet channel below the traditional channel.
Iyer and Pazgal (2003) examine the impact of Internet shopping agents on
market competition, proposing that the equilibrium insider pricing is such
that the average price charged can increase or decrease when more retailers
join, depending on whether or not the reach of Internet shopping agents is
independent of the number of joining retailers.

None of these papers discusses retailers’ incentive to sell through a new
channel. They either assume each retailer is selling through only one chan-
nel and thus no multi-channel retailer in their models or assume one retailer
is selling through two channels but ignore the retailer’s incentive to be a
multi-channel seller.

However, in the literature on the introduction of new products, Siebert
(2003) analyzed the optimal provision of goods in a market characterized by
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vertical product differentiation. He considered a duopoly model in which
incumbents may introduce a new product with certain quality and demon-
strated that the innovator always withdraws the existing product from the
market in order to reduce price competition and to avoid cannibalizing its
new product demand. His model is actually similar to the one in this paper
in the sense that both consider whether a firm (retailer) wants to keep or
withdraw its old product (channel) after introducing a new product (selling
channel). The differences are as follows: (1) Siebert (2003) assumed the
innovator’s marginal costs of producing the new product and the old one
are the same while we allow them to be different since it seems to be the
case; (2) Siebert (2003) did not consider whether the innovator wants to
drive the other firm out of the market by pricing aggressively, which is just
because the innovator cannot do so given Siebert (2003) assumed marginal
costs are identical across firms and products; (3) Firm’s incentive problem
is ignored in Siebert (2003) while it is one of our focuses.

We demonstrate that retailers’ incentive to sell through a new channel
depends on the combination of consumers’ aversion to the new channel
and cost difference between the old channel and the new channel. We also
analyze retailers’ behavior after selling through a new channel. We find
that, there must be some cost reduction for the good reputation retailer
to have an incentive to sell through a new channel unless consumers are
sufficiently averse to the new channel. After selling through a new channel,
the good reputation retailer may keep or withdraw its old channel and may
coexist with the bad reputation retailer or drive it out of the market, de-
pending on the combination of cost reduction and the degree of consumers’
aversion to the new channel. On the contrary, even if cost increases by
a small amount, the bad reputation retailer also has an incentive to sell
through the new channel. After selling through a new channel, the bad
reputation retailer always withdraws the old channel, and it may coexist
with the good reputation retailer or drive it out of the market, depending
on the cost difference between its two channels.

The remainder of the paper is organized as follows. We make some
assumptions of the model in Section 2, solve retailers’ equilibrium prices
before selling through a new channel in Section 3, and then investigate
retailers’ incentive to sell through a new channel and behavior after selling
through the new channel in Sections 4 and 5. Section 6 is concluding
remarks.

2. THE MODEL

We will deal with the issue of retailers’ incentive to sell through a new
channel and their pricing behavior in a multi-channel environment after
one retailer sells through the new channel.
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On the supply side, there are two retailers selling a physically homoge-
nous product. One is with better reputation and the other retailer’s reputa-
tion is relatively bad. Initially, the retailers are operating in a conventional
market. The retailers compete in prices to maximize their profits. We will
let Retailer 1 and Retailer 2 denote the retailer with better reputation and
the other retailer with relatively bad reputation respectively. We consider
retailers’ incentive to sell through a new channel to which consumers are
averse.

On the demand side, a consumer’s utility function is given by

w—pi, if purchasing from Retailer 1’s conventional store,
Uy, o) = I — 01 — Pin, if purchasing through Retailer 1’s new channel,
’ w—" — p2, if purchasing from Retailer 2’s conventional store,
[ — YO2 — pan, if purchasing through Retailer 2’s new channel,
(1)

where, p is the gross utility consumers get from consumption of a unit
of the product purchased from Retailer 1’s conventional store, p;(p2) and
D1n(pe2n) are prices charged by Retailer 1’s (Retailer 2’s) conventional store
and new channel,5.” v is the measure of consumers’ reputation sensitivity
which captures a consumer’s more willingness to pay for a unit of product
at Retailer 1’s conventional store than at Retailer 2’s store, and yoi(vyo2)
denotes consumers’ aversion to Retailer 1’s (Retailer 2’s) new channel. Con-
sumers will maximize their utility when making purchase decision. With
respect to u,y, 01 and oz, we have the following assumptions:

ASSUMPTION 1. pu is large enough so that any consumer will buy one
and only one unit of the good if prices are not too high.

AssuMPTION 2. The reputation sensitivity is heterogeneous across con-
sumers and ~y is uniformly distributed in [0,1]. The bigger v, the more
reputation sensitive is a consumer.

ASSUMPTION 3. o9 > 1, but both 01 > 1 and 0 < 01 < 1 are possible.

Assumption 2, together with Assumption 3, implies that all consumers
are averse to the new selling channel. Some consumers might love the new
channel, but we do not consider that case. So our model is more applicable
to a new immature channel.

60nce again, note that only one retailer is considering selling through a new channel
in our model.
"The subscript “n” denotes the new channel.
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The retailers” marginal costs to sell a good through the old channels are
c1 and co respectively, and their marginal costs to sell through the new
channels are c¢i, and co, respectively. To simplify the calculations, we
make the following assumption:

ASSUMPTION 4. The two retailers’ marginal costs of selling one unit of
product through the old channel are identical, that is, c1 = co = ¢q.

Finally, we make an assumption on the size of the market.

AsSUMPTION 5. The total number of consumers is normalized to 1 and
does not change after the new channel is introduced.

This assumption is restrictive since a new channel often makes a product
reach more customers. But it should be reasonable when the new channel
is immature.

We consider a two-stage game. The game structure is as follows: Initially,
Retailer 1 and Retailer 2 are operating in a conventional market. They
compete in prices to maximize their profits. In stage 1, one retailer (Retailer
1 or Retailer 2) is considering selling its products through a new channel
to which consumers are averse. If it does not sell its products through a
new channel, then it becomes a multichannel retailer. It competes with the
other retailer in prices in stage 2. It can sell through both the old channel
and the new one; alternatively, it can withdraw the old channel and sell
only through the new channel. It can also coexist with the rival retailer or
drive the rival retailer out of the market by pricing aggressively. Thus, the
innovator (the retailer with two possible selling channels) has four types of
strategies. We shall solve for the subgame perfect Nash equilibrium of this
game.

3. RETAILERS’ PRICING BEHAVIOR BEFORE THE
INTRODUCTION OF A NEW CHANNEL

First, we consider retailers’ pricing behavior before the introduction of a
new channel. Since all consumers prefer Retailer 1 when the prices charged
by both retailers are identical, for Retailer 2 to earn profits, ps should be
less than p;, otherwise all consumers will buy from Retailer 1. Consumers
who are more reputation sensitive will buy from Retailer 1 and consumers
who are less reputation sensitive will buy from Retailer 2.

A consumer, with parameter 4 € (0,1), is indifferent between buying
from Retailer 1 and Retailer 2 if and only if p; = 4 + pa. Solving the
equation gives us 4 = p; — po. It follows that the demand configuration is
as follows: g1(p1,p2) = 1 — (p1 —p2) and g2(p1, p2) = p1 — p2, and retailers’
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FIG. 1. Demand Configuration in Basic Case (case 0)
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profit functions are given by

T (p1,p2) = (p1—co)[l — (p1 — p2)], (2)
m2(p1,p2) = (P2 — co)(p1 — p2). (3)

Solving profit-maximizing problems gives us the equilibrium prices, quan-
tities and profits: py = co+2/3, pa = co+1/3,q1 =2/3, 92 =1/3, 11 =4/9
and my = 1/9.% Figure 1 gives the demand configuration before a new chan-
nel is introduced.

To be convenient, we call this basic case “case 0”. In the two sections
that follow, we will investigate Retailer 1’s and Retailer 2’s incentive to sell
through a new selling channel and retailers’ pricing behavior in a multi-
channel market.

4. GOOD REPUTATION RETAILER’S INCENTIVE TO
SELL THROUGH A NEW CHANNEL

Retailer 1’s marginal costs of selling a unit of product through a new
channel are assumed to be constant and denoted by c¢y,. If Retailer 1
sells through the new channel, then according to our assumption, there are
two possibilities: o7 > 1 and 0 < o1 < 1. After selling through the new
channel, Retailer 1 can sell through both the old channel and the new one;
alternatively, it can withdraw the old channel and sell only through the
new channel. It can also coexist with Retailer 2 or drive Retailer 2 out of
the market by pricing aggressively. Thus, there are four possible market
configurations to consider. We summarize these four configurations (cases)
in Table 1.

We will obtain Retailer 1’s profits in these four cases and then compare
them with 4/9, its profit in case 0. If its profit in at least one case is higher
than 4/9, then Retailer 1 will have an incentive to sell through the new
channel. If its profits in more than one case are higher than 4/9, then

8This is a standard result in the literature of vertical differentiation. See Section 7.5.1
of Tirole (1988). We include it for the sake of completeness.
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TABLE 1.

Four cases after Retailer 1 selling through a new channel

Case | Coexist with Retailer 2 or | Keep or withdraw | Market configuration
drive it out of the market | the old channel

1 Coexist Keep Retailer 1: two channels,
Retailer 2: old channel

2 Drive out Keep Retailer 1: two channels

3 Coexist Withdraw Retailer 1: new channel,
Retailer 2: old channel

4 Drive out Withdraw Retailer 1: new channel

we will compare its profits in these cases and determine its behavior after
selling through the new channel. If its profits in all the four cases are lower
than 4/9, then we will conclude that it has no incentive to sell through a
new channel.

We examine the first possibility (o1 > 1) in Section 4.1 and the second
one (0 < o1 < 1) in Section 4.2. In the analysis of each possibility, we first
obtain Retailer 1’s profits in each of the four cases, then compare them
with 4/9, and finally draw conclusions on its incentive to sell through the
new channel and pricing behavior in a multi-channel environment if it does
have an incentive to sell through the new channel.

4.1. The first possibility: o7 > 1
4.1.1.  Four cases

Case 1: Retailer 1 coexists with Retailer 2 and keeps its old
channel

In this case Retailer 1 will set p; and p;, to maximize its profit and
Retailer 2 will set ps. They choose prices simultaneously. Consumers
will determine to buy from which retailer and through which channel. In
equilibrium, consumers who are sufficiently high reputation sensitive will
buy through Retailer 1’s old channel; consumers who are sufficiently low
reputation sensitive will buy through Retailer 1’s new channel; and other
consumers will buy through Retailer 2’s old channel.

A consumer, with parameter 4 = p; — ps, is indifferent between buying
through Retailer 1’s old channel and Retailer 2’s old channel. Similarly, a
consumer, with parameter 49 = (p2 — p1,)/(01 — 1), is indifferent between
buying through Retailer 2’s old channel and Retailer 1’s new channel. Fig-
ure 2 gives the demand configuration in this case.

Thus, the demand configuration is as follows: q1(p1,p2,p1n) =1— (p1 —

P2)s qin(P1,P2,P1n) = (P2 — p1n)/(01 — 1) and g2(p1, P2, P1n) = (P1 — p2) —
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FIG. 2. Demand Configuration in Case 1 (Retailer 1 sells through a new channel
and o1 > 1)
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(p2 — p1n)/(c1 — 1). And retailers’ profit functions are:

m(p1,p2pin) = (1= o)l = (1= p2)] + (1n — 1) 5 (4)
P2 — Pin
Pt (5)

T2(p1,P2,P1n) = (P2 — o) |(P1 — p2) — -1 |

Solving profit-maximization problems gives us the equilibrium prices and
Retailer 1’s profit:

p1 = co+ (cin — co + 401 —1)/(601), (6)

p2 = co+ (cin —co+o1—1)/(301), (7)

Pin = (Co+01n)/2+(01n—C0+01—1)/(601). (8)
1 901 — 5

™= e ﬁ(co—clnf—2(co—cln)+1601—7 (9

To ensure Retailer 1’s old channel and new channel and Retailer 2’s old
channel have a positive demand, we require that 0 < (p2 —p1,)/(01 — 1) <
p1 — p2 < 1. Using (6), (7) and (8), we get the following condition:

(1—01)/(30’1—1)<Co—01n<0'1—].. (10)

So if (10) does not hold, case 1 is never going to happen in equilibrium.
However, it does not mean this case is optimal for Retailer 1 when (10)
holds. For this case to be optimal for Retailer 1, its profit must be higher
than 4/9 and also higher than in each of the following three cases.

Case 2: Retailer 1 drives Retailer 2 out of the market and keeps
its old channel

In this case, similarly, we can find the indifferent consumer. Then the
demand configuration is ¢1(p1,pin) = 1 — (p1 — p1n)/1 and qun(pr, pin) =
(p1 — p1n)/o1, as shown in Figure 3. Retailer 1’s profit function is m =

(p1 — Co)(l - (pl —Pln)/01) + (p1n — Cln)(pl —p1n)/01~
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FIG. 3. Demand Configuration in Case 2 (Retailer 1 sells through a new channel
and o1 > 1)
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Note that in this case, Retailer 1 has to restrict its prices such that
Retailer 2 has no demand even when ps = ¢y. Specifically, this constraint
is as follows: p1 < ¢g + v for v > (p1 — p1n) /o1 and p1, +v01 < o+
for v < (p1 — p1n)/o1. It turns out that the constraint can be rewritten as
p1 < (p1—p1n)/01+co. So Retailer 1 will choose p; and py,, to maximize its
profit subject to this constraint. Using Kuhn-Tucker Theorem, we solve the
profit-maximizing problem and get equilibrium prices. And the equilibrium
prices and Retailer 1’s profit are as follows:

p1 = co+ (co—cin+1)/(201), (11)
Pin = co — (co — c1n + 1)(01 — 1)/(201), (12)
T = (60701n+1)2/(401). (13)

To ensure Retailer 1’s old channel and new channel have a positive de-
mand, we require 0 < (p1 — p1pn)/o1 < 1. Using (11) and (12), we get the
following condition:

—1<cyg—cin <201 —1. (14)

(14) is a necessary condition for case 2 to happen in equilibrium.

Case 3: Retailer 1 coexists with Retailer 2 and withdraws its
old channel

In this case, the demand configuration is g2 (pa, p1n) = 1—(P2—p1n) /(01—
1) and g1, (p2,P1n) = (P2 — p1n)/(01 — 1), as shown in Figure 4. Retailers’
profit functions are m1 = (p1n, — ¢1n) (P2 — P1n)/(01 — 1) and m2 = (p2 —

co)(1 = (p2 — p1n)/ (o1 — 1)).



326 YUANZHU LU, XIAOLIN XING, AND FANG-FANG TANG

FIG. 4. Demand Configuration in Case 3 (Retailer 1 sells through a new channel
and o1 > 1)
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FIG. 5. Demand Configuration in Case 4 (Retailer 1 sells through a new channel
and o1 > 1)
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First order conditions imply the following equilibrium prices and Retailer
1’s profit:

P2 = [200 +cin + 2(0’1 — 1)]/3, (15)
Pin = [co+2¢1n + (01 —1)]/3, (16)
m = [(co = c1n) + (o1 = DJ*/[9(01 — 1)]. (17)

And the condition which ensures g5 > 0 and ¢q,, > 0 is
1—0’1<CQ—Cln<2(O'1—1). (18)

Case 4: Retailer 1 drives Retailer 2 out of the market and
withdraws its old channel

In this case, Retailer 1 captures the entire demand, as shown in Figure
5. Retailer 1 has to restrict its price pj, such that Retailer 2 has no
demand even when ps = c¢o. Specifically, this constraint is as follows:
pint+y01 < o+ for v € [0, 1], which can be rewritten as p1, < co—(o1—1).
So Retailer 1 will choose p1, to maximize its profit w1, = p1, — c1, subject
to this constraint. Clearly, the optimal price and the resulting profit are
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as follows:

Pin = co— (01 — 1), (19)
(CO — Cln) — (0'1 - ].) (20)

1

4.1.2.  Profit comparison

As pointed out before, Retailer 1 has an incentive to sell through a new
channel if and only if its profit in at least one of the four cases is higher
than 4/9, its profit when selling through the old channel only (case 0). So
we compare Retailer 1’s profit in each of these four cases with 4/9 and
derive the condition under which Retailer 1’s profit in each case is higher
than 4/9.

First, we compare Retailer 1’s profit in case 1 with 4/9 and get

4 1 901 — 5
Trl(case 1)_§:360'1 0'1—1

(Co — Cln)2 — 2(60 — Cln) —7|. (21)

Simple algebra implies that 7 (case 1) > 4/9 if and only if

o1 —1+2[(o1 — 1)(160, — 9)]*/2

co — C1p >
90’1 -5
or L B av/2 (22)
g1 1 2[(0’1 1)(160’1 9)]
co— Cip < 91— 5 .

Recall (10) is the necessary condition for case 1 to happen in equilibrium.
So 7y (case 1) > 4/9 holds only when both (10) and (22) are fulfilled. The

intersection of (10) and (22) is 0171+2[(glg;;11)—(5160179)]1/2 <cp—cip <o1—1

when o7 > 16/9 and empty when 1 < oy < 16/9. Thus, we have

—1+2[(0y — 1)(1607 — 9)]'/?

m1(case 1) > 4/9, if and only if 7 + [(091 )(5 o1 = 9)l < cp—
g1 —

cin < 01— 1and o7 > 16/9. (23)

Next, we compare Retailer 1’s profit in case 2 with 4/9 and get, m (case 2)—

% = 4[171 [(co — c1n + 1)? — B01], which is positive if and only if

4 4
co — Cip > 3(01)1/2—10r co— €1 <—§(01)1/2—1. (24)

Recall (14) is the necessary condition for case 2 to happen in equilibrium.
So m(case 2) > 4/9 holds only when both (14) and (24) are fulfilled. The
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intersection of (14) and (24) is 4(01)/2/3 —1 < ¢y — 1 < 207 — 1. Thus,
m1(case 2) > 4/9, if and only if 4(c1)Y2/3 =1 < ¢g — c1n < 201 — 1. (25)

Similarly, we can get the following conditions (26) and (27) under which
Retailer 1’s profit in case 3 and case 4 is higher than 4/9, respectively.

71 (case 3) > 4/9, if and only if 1 —oy +2(0; —1)Y/2 < co—c1p < 2(01—1)
and oy > 13/9.° (26)

m1(case 4) > 4/9, if and only if ¢y — ¢y, > 01 — 5/9. (27)

After we get these conditions, we need to know the ranges of ¢y — c1p,
under which Retailer 1’s profits in more than one case are higher than 4/9.
Then we compare Retailer 1’s profits in those cases to determine in which
case Retailer 1’s profit is the highest.

Alternatively, we can compare Retailer 1’s profits in every possible pair of
cases. By “possible”, we mean the intersection of the sets of ¢y — ¢1, in the
pair of cases is not empty. For example, the intersection of the sets of ¢y —
c1n in case 1 and case 2 is 4(01)'/?/3—1 < co—c1,, < 01—1 when oy > 16/9;
for case 1 and case 3, it is 1 — o1 +2(01 —1)1/2 < cg—cip < 01—1when 2 <
— 14 2[(o1 — 1)(160; — 9)]'/?

90‘1 -5
o1 > 2.7980; for case 1 and case 4, it is empty. Comparing 71 (case 1) with
71 (case 2), we find that the former is always higher; comparing 7 (case 1)
with 7 (case 3), we find that m(case 1) > mi(case 3) when 2 < o1 <
16/7; m(case 1 > mp(case 3) when 1 — oy + 2(o7 — )Y/2 < ¢g — c1n <

(1 + 4oy — 20907 — 2307 + 9) /5 and 16/7 < o1 < 2.7980; m (case 1) <
71 (case 3) when (1 +40o1 — 24/90% — 2301 + 9) /5 < cg—cip < 01—1 and

16/7 < o1 < 2.7980; 71 (case 1) < m(case 3) when o1 > 2.7980.
1/2
So case 1 is optimal for Retailer 1 when (i) 6171+2[(U§;11)—(5160179)] ' <
co—cip <01 —1land 16/9 < oy < 16/7,0 or (ii) 1 — oy + 2(oy — 1)/2 <

Co — Cin < (1 + 4oy — 20/907 — 230, + 9) /5 and 16/7 < o < 2.7980.

Now consider when case 2 is optimal for Retailer 1. The intersection

o1 < 2.7980 and a1 < cp—cC1p < 01—1 when

of the sets of ¢y — ¢y, in case 1 and case 2 is given above; for case 2
and case 3, it is 1 — o1 + 2(01 — 1)1/2 < ¢o — cin < 2(01 — 1) when
13/9 < o1 < 2.2245 and 4(01)"/2/3 — 1 < ¢y — c1n < 2(0y — 1) when

9When 1 < 01 < 13/9, it is impossible for Retailer 1’s profit in case 3 to be higher
than 4/9.
10In this range, either only case 1 is relevant or Retailer 1’s profit is the highest.
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o1 > 2.2245; for case 2 and case 4, it is 01 — 5/9 < ¢ — c1n < 207 —
1. We have mentioned that m (case 2) is always lower than m(case 1) in
the intersection. Comparing 7 (case 2) with 7 (case 4), we find that the
former is always higher; comparing 7 (case 2) with 7 (case 3), we find that
71 (case 2) > my(case 3) when 13/9 < o1 < 2.2245; my(case 2) > m;(case 3)
when

(401 —9)(01 — 1) + 6(01 — 2)y/o1(01 — 1)
50’1 -9

< Ccy — Cin <2(O’171)

and o; > 2.2245; 7 (case 2) < m (case 3) when 4(01)/2/3 =1 < ¢y —c; <
((401 —9)(o1 — 1) + 6(01 — 2)\/o1 (01 — 1)) /(501 — 9) and o1 > 2.2245.

So case 2 is optimal for Retailer 1 when (i) 4(01)Y/?/3 — 1 < ¢g — c1n <
201—1land 1 < oy < 16/9, (ii) 01—1 < cg—c1, < 201—1and 16/9 < o1 <
16/7,12 or (iii) ((401 —9)(oy — 1)+ 6(01 — 2)\/o1 (o1 — 1)) /(501 — 9) <
co— Cin < 2(0’1 — ].) and o1 > 16/7

Next consider when case 3 is optimal for Retailer 1. The intersections
of the sets of ¢y — ¢1, in case 1 and case 3 and in case 2 and case 3 are
given above; for case 3 and case 4, it is 01 —5/9 < ¢y — 15, < 2(07 — 1)
when o1 > 13/9. We have mentioned the relationship between m; (case 1)
and mq(case 3), mi(case 2) and m(case 3). Comparing m(case 3) with
w1 (case 4), we find that the former is always higher.

So case 3 is optimal for Retailer 1 when (i)

1+40; —2 90%72301+9
)
(401 — 9)(o1 — 1) + 6(01 — 2)\/o1(01 — 1)
50’1 -9

< Ccyp — Cin

and 16/7 < o1 < 2.7980, or (i) 1 — oy 4+ 2(o1 — VY2 < ¢y — c1n <
((401 —9)(o1 — 1)+ 6(01 — 2)\/a1 (01 — 1)) /(501 — 9) and oy > 2.7980.

Finally, we determine under what conditions case 4 is optimal for Retailer
1. We have mentioned that Retailer 1’s profit in case 4 is the lowest when
there are at least another case in which Retailer 1’s profit is higher than

111n this range, only case 2 and case 4 are relevant but Retailer 1’s profit is higher in
case 2 than in case 4.

128ince ((401 —9)(o1 — 1) + 6(c1 — 2)\/o1 (o1 — 1)) /(501 — 9) < o1 — 1 when
2.2245 < 01 < 16/7 and Retailer 1’s profit in case 2 is lower than in case 1, the lower
bound of the set of cg — c15, in which case 2 is optimal for Retailer 2 becomes o1 — 1
and the upper bound of the set of o1 becomes 16/7.
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4/9. So case 4 is optimal only when it is the unique such case. Examining
(23), (25), (26) and (27), we find that when co — c1, > 201 — 1, case 4 is
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optimal for Retailer 1.

Clearly, in all the other situations, Retailer 1 has no incentive to sell

through a new channel.

4.1.3.  Results

Now we can determine whether Retailer 1 will sell through a new channel
and its pricing behavior after selling through the new channel. The results
are summarized into Table 2. We draw Figure 6 to describe Retailer 1’s

decision on selling through a new channel and its behavior after doing so.
From Table 2 and Figure 6, we can draw the following conclusions:

(1) Case 1 is the equilibrium outcome when consumers are moderately
averse to the new channel (16/9 < o1 < 2.7980) and the cost reduction is

medium.

TABLE 2.

The condition under which Retailer 1 sells through a new channel and
equilibrium (o1 > 1)

o1 Co — Cin Equilibrium
1< o1 <16/9 (=14 40,"%/3,201 — 1) Case 2
co— Cip > 201 — 1 Case 4
— — —o\11/2
16/9 < o < 167 | L= L1F 2[(‘75 1)216‘” M= 1) Case 1
g1 —
(01— 1,201 — 1) Case 2
co— Cin > 201 — 1 Case 4
—1+2[(o1 — 1)(1601 — 9)]*/?
16/7 < o1 < 2.7980 (”1 * [("50 )é 7 =N 1 oy — 20907 — 2301 +9)V/2]/5 ) |Case 1
L —
([1 + 401 — 2(90% — 2301 + 9)*/?]/5, (401_9)(01_1)+56c£f£2)[01(01_1)]1 2) Case 3
((40179)(0171)+56élal;2)[al(01,1)]1 P 901 — 1 Caso 2
co—Cinp > 201 — 1 Case 4
o3 > 2.7980 1—o01 + 2(0_1 _ ]_)1/27 (40179)(0171)+560(;71g2)[01(0171>]1 2) Case 3
((401*9)(01*1)+5ﬁa(ifi;2)[01(01*1)]1 2 201 — 1) Case 2
co— Cin > 201 — 1 Case 4

(2) When the cost reduction is sufficiently large and/or the more will-

ingness to pay for a unit of product sold by Retailer 2 than for a unit of

product sold through Retailer 1’s new channel is small (1 < o1 < 16/9),
Retailer 1 drives Retailer 2 out of the market (Case 2 & Case 4).
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FIG. 6. Retailer 1’s decision on selling through a new channel and the equilibrium
in the multi-channel environment (o1 > 1)
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(3) If Retailer 1 sells through the new channel, then it coexists with
Retailer 2 (Case 1 & Case 3) when consumers are moderately or sufficiently
averse to the new channel and the cost reduction is not sufficiently large.

(4) Retailer 1 will sell through the new channel when there is some
cost reduction. It also has an incentive to do so when cost increases if
consumers are very averse to the new channel (o7 > 5) and if this is the
case it withdraws the old channel and coexists with Retailer 2.

Summarizing these results and conclusions, we have the following propo-
sition:

PROPOSITION 1. In the case of o1 > 1, given that Retailer 2 (the bad
reputation retailer) does not sell through a new channel,

(i) There must be some cost reduction for Retailer 1 (the good repu-
tation retailer) to have an incentive to sell through a new channel unless
consumers are sufficiently averse to the new channel (01 > 5);

(i) Retailer 1 has an incentive to do so even if cost increases by a little
amount when consumers are sufficiently averse to the new channel (o1 > 5)
and if this is the case it withdraws the old channel and coexists with Retailer
2}.

(iii) After beginning to sell through the new channel, Retailer 1 may
keep or withdraw its old channel, and may coexist with Retailer 2 or drive
Retailer 2 out of the market. The equilibrium outcome depends on the
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combination of cost reduction and the degree of consumers’ aversion to the
new channel.

4.2. The second possibility: 0 < o1 < 1

We leave the technical details in Appendix 1. The results are summarized
into Table 3. We also draw Figure 7 to describe Retailer 1’s decision on
selling through a new channel and its behavior after doing so.

From Table 3 and Figure 7, we can draw the following conclusions:

(1) Case 1 is the equilibrium outcome when consumers are moderately
averse to the new channel (0 < o; < 9/16) and the cost reduction is
medium.

(2) When the cost reduction is sufficiently large and/or the more will-
ingness to pay for a unit of product sold through Retailer 1’s new channel
than for a unit of product sold by Retailer 2 is small (9/16 < o1 < 1),
Retailer 1 drives Retailer 2 out of the market (Case 2 & Case 4).

(3) If Retailer 1 sells through the new channel, then it coexists with
Retailer 2 (Case 1 & Case 3) when consumers are moderately or slightly
averse to the new channel and the cost reduction is not sufficiently large.

(4) Retailer 1 will sell through the new channel when there is some cost
reduction. It has no incentive to do so when cost increases.

TABLE 3.

The condition under which Retailer 1 sells through a new channel and
equilibrium (0 < o1 < 1)

o1 co — Cin Equilibrium

0<o1<1/2 (Cmmlipa)(o0n)l =, 4, ) Case 1
(01,1 —01) Case 3
co—Cin>1—01 Case 4

1/2 < ov <9/16 | (U=n2l0ma)00=00)7,, 1 —gy) | Case 1
(01,1 —01) Case 2
co—Cin >1—01 Case 4

o1 > 9/16 (701 + 40}/2/3,01) Case 2
co—Cin>1—01 Case 4

Summarizing these results and conclusions, we have the following propo-
sition:

PROPOSITION 2. In the case of 0 < o1 < 1, given that Retailer 2 (the
bad reputation retailer) does not sell through a new channel,



RETAILERS’ INCENTIVE TO SELL 333

FIG. 7. Retailer 1’s decision on selling through a new channel and the equilibrium
in the multi-channel environment (0 < o1 < 1)
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(i) There must be some cost reduction for Retailer 1 (the good reputation
retailer) to have an incentive to sell through a new channel. It has no
incentive to do so if cost increases;

(i) After selling through the new channel, Retailer 1 may keep or with-
draw its old channel, and may coexist with Retailer 2 or drive Retailer 2
out of the market. The equilibrium outcome depends on the combination of
cost reduction and the degree of consumers’ aversion to the new channel.

4.3. Summary: good reputation retailer’s incentive to sell through
a new channel
We can draw Figure 8 to describe Retailer 1’s decision on selling through
a new channel and equilibrium outcome after it does so. Examining Figure
8, we have the following proposition.'?

PROPOSITION 3. Given that Retailer 2 (the bad reputation retailer) does
not sell through a new channel,

13From the figure, we can see that, when the marginal costs of selling a unit of product
through the new and old channels are equal, Retailer 1 either has no incentive to sell
through the new channel or withdraws the old channel if it has the incentive. This is
consistent with the result in Siebert (2003).
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FIG. 8. Retailer 1’s decision on selling through a new channel and the equilibrium
in the multi-channel environment
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(i) There must be some cost reduction for Retailer 1 (the good repu-
tation retailer) to have an incentive to sell through a new channel unless
consumers are sufficiently averse to the new channel (o1 > 5);

(i) Retailer 1 has an incentive to do so even if cost increases by a little
amount when consumers are sufficiently averse to the new channel (o1 > 5)
and if this is the case it withdraws the old channel and coexists with Retailer
2’.

(iii) After beginning to sell through the new channel, Retailer 1 may
keep or withdraw its old channel, and may coexist with Retailer 2 or drive
Retailer 2 out of the market. The equilibrium outcome depends on the
combination of cost reduction and the degree of consumers’ aversion to the
new channel.

(iv) When the difference between consumers’ willingness to pay for a
unit sold through Retailer 1’s new channel and sold by Retailer 2 is small
(9/16 < 01 < 16/9), then Retailer 1 will always drive Retailer 2 out of the
market.

These results can be explained intuitively. First of all, if the new channel
does not have some cost advantage, it is not so attractive for Retailer 1
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since consumers are averse to the new channel and have lower willingness
to pay for a unit of product sold through its new channel than for a unit of
product sold through its old channel and the new channel cannibalizes the
demand of the old channel; second, however, if consumers are sufficiently
averse to its new channel, the new channel is attractive for Retailer 1 even
if the new channel has no cost advantage since the price competition be-
tween Retailer 1’s new channel and Retailer 2 is moderate and moreover, in
this case, Retailer 1 will withdraw the old channel to avoid channel canni-
balization; third, the difference between consumers’ willingness to pay for
a unit of product sold by different retailers and different channels actually
measures the degree of product differentiation and thus the intensity of
price competition, so the equilibrium outcome also depends on the degree
of consumers’ aversion to the new channel; fourth, if the aforementioned
degree of product differentiation is small, resulting in intense price compe-
tition, if cost reduction is significant, Retailer 1 will drive Retailer 2 out of
the market to avoid intense price competition.

5. BAD REPUTATION RETAILER’S INCENTIVE TO SELL
THROUGH A NEW CHANNEL

Retailer 2’s marginal costs of selling a unit of product are assumed to be
constant and denoted by ca,. If Retailer 2 sells through the new channel,
then according to our assumption, oo > 1. Retailer 2 can sell through both
the old channel and the new channel; alternatively, it can withdraw the old
channel and sell only through the new channel. It can also coexist with
Retailer 1 or drive Retailer 1 out of the market. Thus, there are four cases
to consider. These four cases are the same as in Table 1 except that the
two retailers’ roles are exchanged.

We will obtain Retailer 2’s profits in these four cases and then compare
them with 1/9, its profit in case 0. If its profit in at least one case is higher
than 1/9, then Retailer 2 will have an incentive to sell through the new
channel. If its profits in more than one case are higher than 1/9, then
we will compare its profits in these cases and determine its behavior after
selling through the new channel. If its profits in all the four cases are lower
than 1/9, then we will conclude that it has no incentive to sell through the
new channel.

We leave the technical details in Appendix 2. The results are summarized
into Table 4. We draw Figure 9 to describe Retailer 2’s decision on selling
through a new channel and its behavior after doing so.
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TABLE 4.
The condition under which Retailer 2 sells through a new channel and equilibrium
(o) co — Con Equilibrium
02> 1 | —09+0y/° < co— can <205 | Case 3
co — Con > 202 Case 4

FIG. 9. Retailer 2’s decision on selling through a new channel and the equilibrium

in the multi-channel environment
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Examining Table 4 and Figure 9, we have the following proposition.'#

PROPOSITION 4. Given that Retailer 1 does not sell through the new
channel,

(i) Retailer 2 always has an incentive to sell through the new channel if
there is cost reduction and it also has an incentive even if cost increases by
a small amount;

(ii) Retailer 2 always withdraws its old channel after beginning to sell
through the new channel;

(iii) Retailer 2 coezists with Retailer 1 when the cost reduction is not
significant and drives Retailer 1 out of the market otherwise.

14 Again, Retailer 2 withdraws the old channel if the marginal costs of selling a unit of
product through the new and old channels are equal. This is consistent with the result
in Siebert (2003).
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Intuitively, Retailer 2 will never keep its old channel after selling through
the new channel because it has to set a very low price level so that its old
channel has a positive demand. On the contrary, if it withdraws old chan-
nel, then it can set a high price because the degree of product differentiation
between its new channel and Retailer 1 is big and as a result the price com-
petition becomes moderate; moreover, it avoids channel cannibalization.

Whether Retailer 2 coexists with Retailer 1 or drives it out of the market
depends on the extent of cost reduction, which is easy to understand. If
Retailer 2 has more cost advantage, it will drive Retailer 1 out of the market
and serve the entire market.

6. CONCLUDING REMARKS

In spite of some papers discussing retailers’ pricing behavior in a multi-
channel environment in the literature, the issue of retailers’ incentive to
sell through a new channel has not been investigated deeply. In this study,
we fill in this gap.

We consider a duopoly market in which two retailers with different rep-
utation compete in prices and one of the retailers is considering selling
through a new channel. Consumers are reputation sensitive and averse to
the new channel. In addition, the reputation sensitivity and new channel
aversion are heterogeneous across consumers.

In such a setting, we find that, there must be some cost reduction for the
good reputation retailer to have an incentive to sell through a new channel
unless consumers are sufficiently averse to the new channel. The good
reputation retailer may keep or withdraw its old channel and may coexist
with the bad reputation retailer or drive it out of the market, depending on
the combination of cost reduction and the degree of consumers’ aversion to
the new channel. On the contrary, even if cost increases by a small amount,
the bad reputation retailer also has an incentive to sell through the new
channel. The bad reputation retailer always withdraws the old channel,
and it may coexist with the good reputation retailer or drive it out of the
market, depending on the cost difference between its two channels.

In our model, we assume all consumers are averse to the new channel and
the market size does not change after the introduction of the new channel.
These two assumptions are restrictive and are limitations of our model. In
reality, some consumers are averse to a new channel but probably some
others love it. Normally, the demand increases after the introduction of a
new channel. Further research should address these issues. However, these
assumptions seem not so restrictive for an immature new channel.
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Another limitation of our study is that the products sold by two retail-
ers are physically homogenous. We do not consider products which are
horizontally differentiated. If there is horizontal differentiation, then it
will affect consumers’ purchase decision. A situation with both horizontal
differentiation and vertical differentiation is left for future research.

In our setting, only one retailer is considering selling through a new sell-
ing channel. One interesting direction for future research is that a retailer
will also consider selling through the new channel after a new channel is
introduced by its rival.

APPENDIX: THE SECOND POSSIBILITY FOR RETAILER 1
A.1.1. Four cases

Following the same procedure as the one in subsection 4.1, we obtain
the equilibrium prices, Retailer 1’s profit in each case and the necessary
condition for each case to happen in equilibrium.

Case 1: Retailer 1 coexists with Retailer 2 and keeps its old
channel

The equilibrium prices and Retailer 1’s profit are as follows:

p1 = co+ (c1n —co+4—s01)/6, (A.1)

p2 = co+ (cin—co+1—01)/3, (A.2)

Pin = Cln+(CO_Cln+2_201)/3~ (A3)
9~ 50, , 1 16 — 7o,

=TT () — (e —ern) + L (A4

™= ST = oq) 0 Cn)”  qgleo mem) g (&)

And the necessary condition under which this case can happen in equi-
librium is

—01(1 —01)/(83—01) < ¢p — c1n, < min{oy,1 — o1} (A.5)

Case 2: Retaliler 1 drives Retailer 2 out of the market and keeps
its old channel
The equilibrium prices and Retailer 1’s profit are as follows:!

p1 = co+(co—cin+01)/2, (A.6)
Pin = Co, (A7)
m = (co — c1n +01)?/(401). (A.8)

IWhen we solve equilibrium price in this case and in case 4, we need to take into
account that Retailer 2 has no demand even when ps = cp.
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And the necessary condition under which this case can happen in equi-
librium is

—01 < Cy—C1p < O71. (Ag)

Case 3: Retailer 1 coexists with Retailer 2 and withdraws its

old channel
The equilibrium prices and Retailer 1’s profit are as follows:

p2 = [200 +cin + (1 — 0'1)]/3, (AlO)
Pin = [co+2¢1, +2(1 —01)]/3, (A.11)
T = [(Co—cln+2(1—0'1)]2/[9(1—0’1)]. (A.12)

And the necessary condition under which this case can happen in equi-
librium is

—2(1—0’1) <cg—cCip<1l—o07. (A13)

Case 4: Retailer 1 drives Retailer 2 out of the market and

withdraws its old channel
Retailer 1’s equilibrium price and its profit are as follows:

Pin = Co, (A14)
T = Co — Cinp- (A15)

A.1.2. Profit comparison

First, we compare Retailer 1’s profit in these four cases with 4/9, its
profit in case 0, and derive the condition under which Retailer 1’s profit is

higher. We get the following results:
(1 —01) +2[(1 — 01)(16 — 901)]/2

mi(case 1) > 4/9, if and only if 9 Bor o1 <
¢y — ¢1p, < min{oy,1 — o1} and 0 < o1 < 9/16. (A.16)
m(case 2) > 4/9, if and ounly if —o7 + 40%/2/3 < ¢y — €1, < o1 and
4/9 <oy < 1. (A.17)
m (case 3) > 4/9, if and only if —2(1—01+2(1—01)1/2 < cg—cCin < 1l—0q
and 0 < o1 < 5/9. (A.18)
m1(case 4) > 4/9, if and only if ¢g — ¢1, > 4/9. (A.19)

After we get these conditions, we need to know the ranges of ¢y — c1p,
under which Retailer 1’s profits in more than one case are higher than 4/9.
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Then we compare Retailer 1’s profits in those cases to determine in which
case Retailer 1’s profit is the highest.

Alternatively, we can compare Retailer 1’s profits in every possible pair
of cases. By “possible”, we mean the intersection of the sets of co — c1p,
in the pair of cases is not empty. Another alternative is that we compare
profits first, taking into account the necessary conditions (A.16)-(A.19),
and then come back to the intersection of the sets if necessary. Sometimes
this way reduces the amount of calculations since it is possible that the
profit in one case is always higher than in another case anyway and thus
we do not need to be bothered by finding the intersection. For example,
simple calculations yield

71 (case 1) — mq(case 2)
1

= - (1 =01) = (co— c1n)) (41 — 1) — (co — 1))

and

1
71 (case 1) — 7y (case 3) = g(co —cip —01)%
1

Clearly m(case 1) > my(case 2) since (A.16) is a necessary condition for
case 1 to be optimal and 7 (case 1) > 7 (case 3).
Similar calculations lead us to the results presented in subsection 4.2.

APPENDIX: BAD REPUTATION RETAILER’S INCENTIVE
TO SELL THROUGH A NEW CHANNEL

A.2.1. Four cases

Case 1: Retailer 2 coexists with Retailer 1 and keeps its old
channel

Following the same procedure, we obtain the equilibrium prices and Re-
tailer 2’s profit:

p1 = ¢ +2/3,
p2 = co+1/3,
P2n = C2n + (3co — 3c2n +2)/6,
(co — c2n)?/[A(02 — 1)] +1/9.

2

And the necessary condition under which this case can happen in equi-
librium is

0<cy—con < 2(0’2 — 1)/3 (A24)
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Case 2: Retailer 2 drives Retailer 1 out of the market and keeps
its old channel
The equilibrium prices and Retailer 2’s profit are as follows:

p2 = co—1, (A.25)
Pon = Con — 1+ (CO - 0271,)/27 (A26)
T = (CO — an)g/[4(0’2 — 1)] —1. (A27)

And the necessary condition under which this case can happen in equi-
librium is

0<cyg—cop < 2(0’2 — 1) (A28)

Case 3: Retailer 2 coexists with Retailer 1 and withdraws its
old channel
The equilibrium prices and Retailer 2’s profit are as follows:

p1 = (260 + Ccop, + 20’2)/37 (A29)
pan = (co+ 2can + 02)/3, (A.30)
Ty = [(Co — CQH) + 0'2]2/(90'2). (A31)

And the necessary condition under which this case can happen in equi-
librium is
—09 < Cg — Cop < 209. (A32)

Case 4: Retailer 2 drives Retailer 1 out of the market and
withdraws its old channel
Retailer 2’s equilibrium price and its profit are as follows:

Dan = Co — 02, (A.33)

T Co — Cop, — O2. (A34)

A.2.2. Profit comparison

After comparison, we get the following results:

mo(case 1) > 1/9, if and only if (A.24) is satisfied.

mo(case 2) > 1/9, if and only if 2[10(o2 — 1)]Y/2/3 < ¢g — can < 2(02 — 1)
and o9 > 19/9. (A.35)
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ma(case 3) > 1/9, if and only if —og + 05/2 < o — Capn < 202. (A.36)

ma(case 4) > 1/9, if and only if ¢y — cap, > 02 +1/9. (A.37)

Examining (A.24), (A.35) and (A.36), we find that the two sets described
by (A.24) and (A.35) are two subsets of the set described by (A.36). Ex-
amining (A.23), (A.27), (A.31) and (A.34), we find that 7 (case 3) is the
highest. Therefore, we get the results presented in Section 5.
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