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Abstract:  The Internet has created a new way for companies and customers to interact.  
Manufacturers who had previously been one or more links in the supply chain 
away from the end users of their products can now reach their customers 
directly.  Retailers who faced a significant investment to increase their market 
coverage using traditional channels can now sell their products to additional 
customers at negligible marginal cost.  Firms that had to negotiate separately 
with each potential supplier can now purchase products through electronic 
marketplaces that efficiently bring many vendors to the same table. In this 
chapter we will explore some of the recent research efforts that focus on the 
coordination opportunities that arise when a firm participates in both a 
traditional channel and an internet channel.  We focus on coordination issues 
in the areas of procurement, pricing, and the back-end operations of 
distribution and fulfillment.  
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1. INTRODUCTION 

The Internet has provided traditional manufacturers and retailers a new 
avenue to conduct their business. On one hand, utilizing the Internet channel 
potentially could increase the market for the firm and, due to synergies 
involved, reduce the costs of operations. On the other hand, a new channel 
threatens existing channel relationships through possible cannibalization. 
This chapter explores recent research on coordination opportunities that arise 
for firms that participate in both traditional channels as well as internet 
channels.  Three areas of coordination are discussed:  procurement, pricing, 
and the backend operations of distribution and fulfillment. 

1.1 Overview of Research 

In its most parsimonious form, a supply chain consists of suppliers, 
manufacturers, retailers and customers who manage the bi-directional flows 
of goods, information and money.  The opportunity for coordination arises at 
each interface.  As indicated in Figure 1, we have labeled these three 
coordination opportunities procurement, distribution, and pricing.  In this 
chapter, we identify and discuss research that has been conducted in each 
area.  For a detailed overview of research on electronic supply chains see 
Swaminathan and Tayur (2003). Although the total research is these areas is 
quite voluminous, we focus on work that explicitly considers the role of the 
internet in conjunction with traditional supply chain relationships.  We 
highlight opportunities for improved performance that arise from 
incorporating the internet into an existing supply chain.  Figure 1 indicates 
the research papers that meet our criteria and are discussed in detail in this 
chapter.  For ease of exposition, we cover these areas roughly 
chronologically; first describing the creation of a procurement policy, then 
discussing coordinated pricing practices, and finally addressing the 
opportunities for managing distribution after the product has been purchased. 
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Figure 1: Map of Research 
 

1.2 Procurement 

An important change that has occurred due to e-business is in the area of 
supplier relationships and procurement in firms. The electronic business 
paradigm has created immense opportunity for firms to consolidate their 
buying processes. Many firms have benefited by adopting such e-
procurement systems for procuring parts in the bill of materials as well as 
indirect goods and services. In fact, the first success stories in the area of e-
procurement came from firms such as Ariba (www.ariba.com) and 
Commerce One (www.commerceone.com) that primarily dealt with indirect 
goods and services. The initial idea in these systems was that when 
procurement is consolidated under a single roof, the firm benefits from price 
reductions (a direct result of quantity discount). E-procurement systems 
provided an ability to bring all the qualified suppliers to the desktop of 
individual employees while at the same time making it easier and faster to 
complete the procurement process. Subsequently, more advanced models for 
procurement have evolved that utilize auctions to determine which firm wins 
a procurement contract. Each contract is open to bids in an electronic auction 
house and qualified suppliers are allowed to participate. Although auctions 
have been used for industrial contracts before, they were rather cumbersome 
to execute and thus were utilized only for very large and important contracts. 
E-business firms such as FreeMarkets (www.freemarkets.com, a business to 
business third party auctions firm) have made it much easier to conduct these 
auctions and as a result it is becoming more common for firms to use these 
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auctions for procurement. This poses new research issues such as: should a 
firm use such auctions for all its components/suppliers; what is the long-term 
effect of such auctions on supplier relationships; how can firms use both 
traditional and auction mechanisms to hedge against risks in a more efficient 
manner; and how can a third party such as FreeMarkets make sure that 
capacities of suppliers are taken into account in these auctions so that the 
contract is executable. 

A related phenomenon in the supplier management area is the formation 
of industry wide supply chain consortia such as E2Open (high tech) and 
Covisint (automobile). The motivation behind the formation of these 
consortia (also sometimes called marketplaces) is that they provide liquidity 
to inventory and capacity present in the extended supply chain as well as 
make it possible for the supply chain partners to get involved in long term 
collaborative planning and design efforts. For example, a manufacturer with 
excess inventory could salvage it in the marketplace. Similarly, buyers  have 
an ability to conduct auctions for industrial parts as well as procure capacity 
options from the supply base. There are a number of new research issues that 
have evolved as a result of the above changes. For example, how could one 
quantify the benefits of joining such a consortia for a firm?; how many firms 
of the same type are likely to stay in a consortia?; how could the different 
firms use the liquidity and options in the marketplace to improve their 
operational performance? In section 2, we will discuss research models used 
to analyze the issues of procurement and supplier management. 

1.3 Pricing 

Using the Internet to sell products directly to customers provides several 
opportunities to affect the interactions and performance of an industry’s 
supply chain.  Among the choices that are most noticeable to the customer, 
as well as important for all participants in the supply chain, is the pricing 
decision that must be made at each node in the supply chain. We find that 
interesting and significant contributions can be gleaned from both 
prescriptive and descriptive research. Pricing in a supply chain that involves 
the Internet is affected by several important issues.  The internet channel 
typically provides an alternative to an existing channel, so pricing decisions 
within the internet channel often must be made in the context of a multi-
channel scenario.  Customers will typically view the internet channel as an 
imperfect substitute for a traditional channel, meaning that differences in 
customer expectations or demographics must factor into any pricing 
decisions.  From the supply side, the costs associated with an internet 
channel are likely to vary from those of the existing channel(s), further 
complicating the analysis required to determine prices in the new channel.  
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When compared to traditional channels, knowledge of consumer behavior on 
the Internet is relatively scant; and due to the evolving nature of the Internet, 
one would expect consumer behavior to change over time.  All these factors 
complicate the pricing decision, which can be one of the most important 
determinants in the ultimate success of companies as they manage the 
inevitable inclusion of the Internet as an integral part of their industry’s 
supply chain. 

Because this chapter focuses on coordination opportunities that arise 
between traditional and internet supply chains, we assume that products are 
being offered to customers through both traditional and internet channels.  
The degree to which a firm decides to vertically or horizontally integrate will 
determine the range of opportunities they have to coordinate different facets 
of the supply chain.  Figure 2 displays four configurations that we will use to 
organize our discussion of research that discusses pricing and distribution 
issues for traditional and internet channels. 
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Figure 2: Internet Supply Chain Models 

 
Imagine that we start from a standard abbreviated supply chain structure 

with a manufacturer selling products to a retailer, who in turns sells products 
to a customer through a traditional channel, such as a retail store or an 
industrial products distributorship. In model 1 of Figure 2, we consider the 
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scenario when a company that is independent of both the manufacturer and 
the traditional retailer launches an internet-based alternative to the traditional 
channel (e.g., Amazon.com in books and each of the subsequent product 
categories in which they have chosen to compete).  The second model we 
discuss, bricks and clicks, involves the traditional retailer opening an internet 
channel to provide customers multiple options for purchasing their products 
(e.g., The Gap extending their brand on-line, with a third-party manufacturer 
selling products to The Gap to fill demand in both channels).  In model 3, we 
depict a manufacturer who has elected to use the capabilities of the Internet 
to directly reach the customers of his product, forward integrating to provide 
an alternative channel that is under his direct control (e.g., Nike selling shoes 
and apparel on their web-site, in competition with traditional sporting goods 
retailers).  Finally, we consider a fully integrated firm that controls the 
manufacturing function as well as end-customer relationships through both 
traditional retail channels as well as an internet channel. 

1.4 Distribution / Fulfillment 

For a manufacturer that has forward integrated to provide direct product 
sales (models 3 and 4 of Figure 1), the opportunity exists to coordinate 
distribution and fulfillment.  Research taking a traditional approach to 
channel coordination (which seeks to eliminate double marginalization) is 
thoroughly reviewed in Lariviere (1999) and Tsay, et al. (1999). In this 
chapter, we focus attention on research that assumes the existence of both a 
traditional channel and an internet channel, and exploits the differences 
between the two channels to manage the supply chain more effectively.   

A key feature of non-digital products purchased on-line is that the 
consumer has indicated a willingness to wait before actually receiving the 
product he/she has bought.  In section 4, we summarize a couple of papers 
that have identified ways in which a forward-integrated or fully-integrated 
supply chain can use this information to improve performance. 

2. PROCUREMENT 

One of the major effects of the Internet on supply chain practices is in the 
area of procurement. Firms now utilize the Internet not only to diversify the 
supply base and hedge the risk but also to obtain lower costs through 
auctions. Several new firms such as FreeMarkets have built their business 
model around business-to-business supply auctions. Several other firms like 
Ariba and CommerceOne have added auction capabilities to their product 
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suite. In this section we present several papers that address important issues 
related to supply chain management  

At the strategic level, firms need to decide whether they should have 
long-term contracts with a few fixed suppliers or utilize auctions and a 
dynamic supplier base to reduce their costs. In particular, firms need to 
understand under what circumstances is it beneficial to have (1) long term 
relationships; (2) auction based short term relationships; or (3) a 
combination of (1) and (2). Another important decision is whether a firm 
should have one supplier or multiple suppliers and how that choice may 
depend on repetition in purchase. In the following sections, we discuss 
papers that study – (1) coordination of  traditional and internet procurement; 
(2) formation of electronic consortia and their impact on procurement 
strategies.  

2.1 Coordinating Traditional and Internet Procurement 

Peleg, Lee, and Hausman (2002) 

Peleg, et al. (2002) develop a two-period model with uncertain demand 
which considers the potential discounts that an exclusive long-term 
(strategic) supplier may be able to offer due to learning and compare that to 
the savings that might be generated through an auction. The strategic partner 
guarantees a price of p per unit in the first period and (1 )p − ∆  in the second 
period where 0 . They attribute this price decrease to the long term 
learning effects of having an exclusive supplier. In an auction based setting, 
the firm still pays a per unit price  in the first period but conducts an 
auction in the second period. The firm only knows the distribution of the 
minimum price (which is assumed to be independent of the quantity bought) 
that could be obtained as a result of the auction. In the combined strategy, 
the firm decides to use the exclusive supplier for the most part (by having a 
contract to order a minimum amount in the second period) and orders any 
remaining amount from the auction. 

1< ∆ <

p

Let  denote the total expected costs for periods 1 and 2 under 
strategy i, given that the inventory level at the beginning of period 1 is 
brought up to 

( )iH x

x . Let jQ  denote the order quantity at the beginning of period 

j, jD  the demand in period j, and  and ( )jΦ • ( )jφ •  the cdf and pdf of the 
demand in period j, respectively.  is used to denote the unit price in period 
1,  the percentage discount offered for period 2, and 

p
∆ 2p  (with expected 

value 2p ) the price in period 2 (with pdf ( )f • and cdf ( )F • ), if an auction 
is conducted. Denote the unit per period shortage cost with π , the unit per 
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period holding cost in period j with jh , and the expected holding and 

shortage cost with ( )jL x . 

Under the assumption of a strategic partnership with guaranteed prices  
and  in periods 1 and 2, respectively, the total expected cost for the 
two periods given  is: 

p
(1 )p − ∆

1Q

1

1 1
1 1 1 1 1 1( ) ( ) [ ( )]DH Q pQ L Q E G Q D= + + − ,where 

. 
2

1
1 1 2 2 1 2 1( ) min { (1 ) (QG Q D p Q L Q Q D− = − ∆ + + − )}

The optimal order quantities  are shown to satisfy: *
jQ

* *
2 1 1 1[ ( )]Q K Q D += − − and 

*
1 1

1

* *2
1 1 2 1 1 1 1 1

1 1 0

( ) ( ) ( )
Q K

D

hpQ Q D
h h

ππ φ
π π

−

=

+− ∆
Φ = − − Φ

+ + ∫ D dD , where  

1
1 2

2

(1 )pK
h

π
π

− ⎛ ⎞− − ∆
= Φ ⎜ ⎟+⎝ ⎠

. 

Under the assumptions of a pure auction strategy, the buyer conducts an 
auction at the beginning of the second period and places an order with the 
lowest bidder at price 2p . Given , then the total expected cost for the two-
period problem is  

1Q

1

2 2
1 1 1 1 1( ) ( ) [ ( )]DH Q pQ L Q E G Q D= + + − 1

]

,  

where . 
2 2

2
1 1 2 2 2 1 2 1( ) min { [ ( )]}Q pG Q D E p Q L Q Q D− = + + −

For this case, the optimal order quantities  are shown to satisfy: *
jQ

* *
2 2 1 1[ ( )Q K Q D += − −  and 

*
1 2

1

* *2 2
1 1 2 1 1 1 1 1

1 1 0

( )( ) ( ) ( )
Q K

D

p p hQ Q
h h

π π φ
π π

−

=

− − +
Φ = − − Φ

+ + ∫ D D dD , where  

1 2
2 2

2

pK
h

π
π

− ⎛ ⎞−
= Φ ⎜ ⎟+⎝ ⎠

. 

In the combined strategy the buyer forms an alliance with the first-period 
supplier such that the unit price in the second period is guaranteed to be 

. To get this price guarantee, the buyer commits to purchasing a (1 )p − ∆
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minimum quantity 2Q . If additional units are required, the buyer can freely 
decide whether to buy from this supplier or to get the needed units in an 
auction at price 2p . Let  denote the number of units purchased in the 
second period at price . Then the total expected costs for 
the two-period problem are  

2Q

2min{ , (1 )}p p − ∆

1

3 3
1 1 1 1 2 1 1( ) ( ) (1 ) [ ( )]DH Q pQ L Q p Q E G Q D= + + − ∆ + − , where 

2 2

3
1 1 2 2 2 1 2 2 1( ) min { [min{ , (1 )} ( )]}Q pG Q D E p p Q L Q Q Q D− = − ∆ + + + − . 

For this case, the optimal order quantities  satisfy: *
jQ

* *
2 3 1 1 2[ ( )Q K Q D Q += − − − ]  and 

*
1 2 3

2

1

* *2
1 1 2 1 2 1 1 1 1

1 1 0

( (1 ))
( ) ( ) ( )

Q Q K
p

D

p p hQ Q
h h

π π φ
π π

+ −

=

− ∆ − Γ − ∆ +
Φ = − + − Φ

+ + ∫ Q D D dD

where 21
3 2

2

(1 ) ( (1 ))pp p
K

h
π

π
− − − ∆ + Γ − ∆⎛ ⎞

= Φ ⎜ +⎝ ⎠
⎟

2

 and  

2

2 2

(1 ) (1 )

2 2 2 2
0 0

( (1 )) [ (1 ) ] ( ) ( )
p p

p
p p

p p p f p dp F p dp
−∆ −∆

= =

Γ − ∆ = − ∆ − =∫ ∫ . 

They show that there exists a  beyond which it is optimal for the buyer 
to prefer a strategic long-term partnership as opposed to utilizing an auction 
in the second period. Further, they show that depending on the distribution 
of price obtained from the auction, the combined strategy may be superior or 
inferior to a pure auction strategy. Finally, they explore the effect of 
increasing the supplier base (in the auction) by modeling the benefits 
obtained (due to potential lower prices) in the distribution of price obtained 
from the auction and conclude that the optimal number of suppliers is 
independent of the first period mean demand and could decrease or increase 
with the variance of demand in the first period. They also show that the 
optimal number of suppliers increase with the second period mean demand. 

∆

 

Erhun, Keskinocak, and Tayur (2001) 

Erhun, et al. (2001) study a version of the combined strategy  of Peleg, et 
al. (2002) in a more detailed setting. Their study is motivated by the 
automotive supply chain where a tier-1 manufacturer such as Ingersol-Rand 
may have to reserve capacity from their supplier worldwidepm.com which is 
a coalition of small powder metal technology manufacturers. Since the 
coalition is a powerful entity, the manufacturer may need to develop 
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contracting mechanisms such as capacity reservation (which is similar in 
spirit to the minimum order assumptions of) Peleg, et al. (2002). Erhun, et al. 
(2001) study the strategic interaction and questions of participation (from the 
suppliers), profit sharing and impact on end customers. They analyze a two 
period model where the downward sloping demand could be in one of two 
states. This uncertainty in the first period is resolved in the second period 
(where demand becomes deterministic). As opposed to standard two period 
models, they assume that demand only occurs in the second period and that 
the first period is only for capacity reservation and demand resolution.  

Let 1β  and 2
iβ  denote the capacity prices charged by the supplier 

(decision variables) in periods 1 and 2, when demand state is i  ( 1i = : high; 
: low). Assume a linear inverse demand function 2i = ( )i i

i ip Z a b Z= − , 

where ( )ip Z  is the product price when iZ  is the quantity produced by the 
manufacturer in demand state i. The manufacturer decides upon his 
production quantity iZ , and upon the amounts of capacity to procure in each 
period  when demand is in state i. 1 2( , )iQ Q SΠ  and MΠ  denote the supplier 
and manufacturer profits, respectively. The solution to the two-period 
sequential pricing model is obtained by backward induction as follows. In 
the second period, after the supplier announces the capacity price 2

iβ , the 

manufacturer sets iZ  and  in order to maximize profits given demand 
state i and the first period’s capacity procurement , i.e. 

2
iQ

1Q

2 1 2 2 1 2( , ) max    ( )    . .   0M i i i i i i
i iQ Z a b Z Q s t Z Qβ βΠ = − − ≤ ≤ iQ+ . The 

solution to this maximization problem determines the manufacturers reaction 

function as ( ) ( )(2 2 2i i
i iQ a b Qβ

+
= − − )1 . Anticipating this response, the 

supplier determines the capacity price 2
iβ  to maximize his profit given 

demand state i and the manufacturer’s first period capacity procurement , 

i.e. 

1Q

( ) ( )( )1 2 2 2 2( ) max   max  2S i i i i
i iQ Q a bβ β β 1Q

+
Π = = −− . The solution to 

this maximization problem determines the supplier’s reaction function to  

as 

1Q

2 12
i i

i
a b Qβ = −  if 1 2

i

i

aQ
b

≤  and  otherwise. Anticipating the 

response functions of supplier and manufacturer, the manufacturer chooses 
the optimal procurement quantity  in the first period. Knowing this 
optimal procurement, the supplier sets 

2 0iβ =

1Q

1β  to maximize profits. Under the 
above setting they demonstrate the existence of a unique subgame perfect 
Nash equilibrium under various models. They show that having this 
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additional negotiation period where demand is actually not realized, but 
demand resolution occurs and capacity is reserved, helps in improving the 
profits of the supplier, the manufacturer and the supply chain as a whole. 
Under uncertain demand and limited capacity at the supplier, they show that 
the additional period is beneficial but the impact on profits is complicated 
and depends on the level of capacity available. 

 

Gallien and Wein (2001) 

Motivated by FreeMarkets, Gallien and Wein (2001) study the design of 
smart markets for industrial procurement. They study a multi-item 
procurement auction mechanism for supply environments with capacity 
constraints. This enables them to model rational behavior of suppliers in 
terms of their responses when they have limited capacity. In particular, they 
consider a manufacturer interested in purchasing m different components 
(indexed by j) from a set of n possible suppliers (indexed by i). The desired 
quantity of each component j is fixed and denoted  by jQ . To this end, the 
manufacturer designs an auction  to minimize the total cost of procurement 
across all the components taking into account the capacities of the various 
suppliers. The suppliers’ capacity limitations are described by a linear model 
assuming a total amount iK  of production resource and amounts  of this 
resource needed to produce one unit of each component type .  In each 
round, each supplier  gives a price bid  for each component . The 
assumption here is that the price bids decrease as the rounds progress. 
Further, at the end of each round, the auctioneer provides each of the 
suppliers information about allocations 

ija
j

i ijb j

ijx  to them as well as the best bids 
for the next round that would maximize the profits of the supplier given all 
other suppliers hold on to their old bid. Allocations in round t  are 
determined by means of the following LP (the “allocation engine”): 

1 1

   ( )
ij

n m

ij ijx i j

Min b t x
= =
∑∑  

1

1

. .    ,

        ,

        0, ( , )

m

ij ij i
j

n

ij j
i

ij

s t a x K i

x Q j

x i j

=

=

≤ ∀

= ∀

≥ ∀

∑

∑  
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The auction stops when the new set of bids from all the suppliers is 
identical to the previous round. In the terminal bidding round T , the bids 

are related to the allocations { (( ) { ( )}ijT b T=b )}ijx T  through the above LP. 

Having a fixed unit production cost , bidder ’s payoff function is 

described by . Under the above conditions, 

the authors show that such an auction does converge and provides a bound 
for the profits of the manufacturer. Further, for special cases with two 
suppliers they provide insights on the impact of initial bids. 

ijC i

1

( ( )) ( ( ) ) ( )
m

i
ij ij ij

j

T b T C x
=

Π = −∑b T

 

Jin and Wu (2001a) 

While an auction typically serves as a price-determination mechanism, Jin 
and Wu (2001a) show that it also could serve as a coordination mechanism 
for the supply chain. Analyzing different auction schemes under both 
complete and asymmetric information assumptions in a two-supplier one-
buyer framework, they demonstrate that different forms of auction and 
market mechanisms change the nature of supplier competition, thus the 
buyer-supplier interaction. In a wholesale price auction, the buyer announces 
the quantity  and the two suppliers bid wholesale prices to maximize 
expected profits. In a catalog auction, the buyer determines the order 
quantity based on the given suppliers’ price catalogs. In a two-part contract 
auction, additional side payments are introduced for channel coordination. 
Jin and Wu (2001a) assume an inverse linear demand function 

Q

( )p Q a bQ= − , where ( )p Q  is the product price when the quantity Q  is 
sold. In the scenarios involving information asymmetry, the suppliers’ 
marginal production costs as well as the intercept of the demand function 
parameter  are private knowledge to each supplier and the buyer, 
respectively, and common credible prior beliefs with respect to marginal 
costs are assumed (in terms of probability density functions). They show that 
channel coordination can be achieved in the two-part contract auction where 
the buyer announces a price-sensitive order function and the suppliers 
compete in an ascending bid side payment auction, if the market 
intermediary exerts effort to reduce the extent of information asymmetry, 
while restricting the buyer’s profit on the side payments. Using the insights 
from the two-supplier one-buyer analysis they rank market schemes by their 
impact on expected channel efficiency, expected profitability for the buyer, 
expected profitability for the winning supplier, and expected commission 
revenue for the market maker. 

a
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Lee and Whang (2002) 

Lee and Whang (2002) investigate the impact of a secondary market 
where resellers can buy and sell excess inventories. Motivated by HP’s 
TradingHubs.com, they develop a two-period model with a single 
manufacturer and many resellers. The resellers order products from the 
manufacturer in the first period and are allowed to trade inventories among 
themselves in the second period. Consider n resellers that buy a product 
from the manufacturer at price p1 (in period 1) and sell it at an exogenously 
given price π to end consumers. The salvage value for leftover inventory is 
assumed to be zero and the manufacturer’s unit production cost is assumed 
to be constant and is normalized to zero. At the beginning of the first season, 

reseller i purchases a quantity Qi and experiences sales , which are 

independently and identically distributed with cdf 

o
iD

( )0Φ •
. Without a 

secondary market, this is the standard newsvendor problem and the optimal 

order quantity for reseller i is given by ( ) ( )( )10
0 1iQ pπ π−= Φ − . To 

introduce the notion of a secondary market, Lee and Whang (2002) 
separate the sales season into two periods 1 and 2. As before, reseller i 

purchases a quantity  from the manufacturer in the first period. First 

period sales are  (i.i.d. with cdf ). At the end of the first period, the 

second market is opened and resellers trade units at an equilibrium price 

iQ
1
iD 1( )Φ •

2p , 
which is determined to clear markets. Transaction costs are assumed to zero. 

Given 2p , every reseller chooses a stock level jq
 to face the second period 

sales  (i.i.d. with cdf ). First and second period demand 
distributions are assumed to be independent and known to all parties. To 
guarantee comparability to the scenario without secondary market, it is 

assumed that  is the convolution of 

2
iD 2 ( )Φ •

0 ( )Φ • 1( )Φ •  and 2 ( )Φ • . They solve for 
symmetric (subgame-perfect) equilibria by means of backward induction. In 
the second period the each reseller faces a newsvendor problem and 

( ) ( )( )1* *
2 2iq q pπ π−= = Φ −  (owing to symmetry of the resellers). Given 

positive first period order quantities  (where { }iQ=Q ,iQ Q i= ∀ , owing to 

symmetry) and sales , they determine the equilibrium price  

and show that 

1{ }iD=1D 2p

ˆ lim [1 ( ( ) )]2 2 2 1
0

Q
p p x

n
π= = −Φ Φ∫

→∞
dx

. They argue that the 
number of resellers n in an internet-based market is sufficiently large to 
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justify the analysis of limits. Then they show that 2p̂  is decreasing in Q , 

while  is increasing in ; as each reseller increases the initial purchase 
amount from the manufacturer, the secondary market price will go down, 
and this will encourage each reseller to carry more stock for the second 

period. Let  and , respectively, denote the equilibrium market 
price and the equilibrium stock level for the second period, when resellers 
make the first period ordering decisions . With these responses functions 
and the symmetry assumption, they show that (for a sufficiently large 

number of resellers n), the first period order quantity , the second-period 

equilibrium price 

*q Q

*
2 ( )p Q *( )q Q

Q

*Q
*
2p , and the second-period stock level  satisfy the 

following simultaneous equations: 

*q

( ) ( )* *−1 1 2( )Q p pπ πΦ = −
, 

*
* [1 ( ( ) )]2 2 1

0

Q
p x dxπ= −Φ Φ∫

, and 
( ) ( )( )* 1 *

2 2q pπ π−= Φ −
. They show that 

this second-period equilibrium price 
*
2p  is always smaller than the original 

(first period) purchase price. This is because a unit available in the second 
period has already lost the chance of being sold in the second period, such 
that it should have a smaller expected revenue. They show that there are two 
types of effects created due to the secondary market. First, there is a quantity 
effect (sales by the manufacturer) and then there is an allocation effect 
(supply chain performance). They show that the quantity effect is 
indeterminate; i.e., the total sales volume for the manufacturer may increase 
or decrease, depending on the critical fractile. In the traditional newsvendor 
problem, the optimal order quantity increases with the critical fractile. With 
a secondary market, however, this logic is diluted. They show that the 
reseller orders more than the newsvendor solution if the critical fractile is 
small, but less if the critical fractile is large. Consequently, a secondary 
market serves both as a hedge against excess inventory for a small critical 
fractile and a hedge against stockouts for a large critical fractile case. 
Controlling for the quantity effect, the existence of a secondary market 
always improves allocation efficiency. However, the sum of these two 
effects is unclear in that the welfare of the supply chain may or may not 
increase as a result of the secondary market. Finally, they present potential 
strategies for the manufacturer to increase sales in the presence of the 
secondary market.  



21. Coordinating Traditional and Internet Supply Chains 15
 
2.2 Formation of Consortia 

 A related phenomenon in the area of procurement and supplier relationships 
has been industry wide consortia where multiple buyers and suppliers within 
an industry join and conduct business. Better transactional efficiency has 
been highlighted as the key benefit of these consortia such as Covisint 
(automotive) and Converge (hi-tech). The dynamics of these entities are not 
very well understood and pose several important questions. For example, 
one could expect that having multiple suppliers on the same platform is 
likely to reduce prices for the buyer, but it is likely to benefit other buyers in 
the consortium as well. Thus, it is not clear if one should join the consortium 
in the first place. In fact, one of the reasons for Dell deciding not to join 
either of the high tech consortia, Converge or e2open, could be that they do 
not want to open up their supply chain processes to competitors.  

 

Sosic and Granot (2001) 

Sosic and Granot (2001) study the benefits of consortia using a stylized 
model with three firms whose products have a certain degree of 
substitutability and explore conditions under which the formation of three-
member and two-member alliances is optimal. In particular, they consider a 
deterministic linear model for demand that depends on the prices charged by 
the firm and its competitors as well as the degree of substitutability across 
the products. They assume that all retailers have full information and that 
when alliances are formed, the procurement cost (or the price paid by the 
firm) strictly decreases and that the sum of the reductions from a firm 
joining a two-firm coalition with each of the other firms is greater than the 
reduction obtained when all three firms are in the alliance. With these 
decreases in costs, they derive conditions under which joining a three- or 
two-firm alliance is beneficial for a firm. They identify conditions under 
which a firm may prefer to be in a two-firm alliance, despite the fact it might 
lead to lower profits, to prevent the other firms from forming an independent 
two-firm alliance. They also provide several other insights on the stability of 
these alliances. 

 

Jin and Wu (2001b) 

Jin and Wu (2001b) study the formation of supplier coalitions in the 
context of a buyer-centric procurement market. The buyer completely 
specifies an order (through quantity Q and reservation price R(Q)) before the 
auction starts. Let  denote the cost function of supplier i( )iC Q S∈ , where S 
is the set of all suppliers in the market. Each supplier computes pricing based 
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on his own cost structure relative to the announced specifications and in a 
second-price seal-bid simultaneous descending auction, the buyer can reject 
any offer exceeding the reservation price. This auction scheme is incentive 
compatible and bidding the true cost is known to be a weakly dominant 
strategy. Without joining any coalition, the expected profit of supplier i is 

0

[ ( )] [min{ ( ), ( ) | /{ }} ( )] ( )i
j iE Q R Q C Q j S i C Q f Q

∞
+Π = ∈ −∫ dQ . 

Suppliers may form alliances under coalition mechanisms specified by the 
auctioneer. A coalition mechanism Ω  specifies memberships in coalitions 
(coalition generation) and how profits are distributed among members. Once 
the profit distribution scheme is properly defined, the coalition generation 
can be derived from each player’s incentives, which can be determined by 
comparing expected profits across possible coalitions. Building on the 
foundations of core games and bidding-rings, they explore the idea of 
“managed collusion” which provides a means to enhancing bidder 
profitability. They identify basic requirements for a valid coalition 
mechanism, including characteristics such as individual rationality, welfare 
compatibility, maintaining competition and financial balance. They show 
that a coalition mechanism could be constructed such that a stable coalition 
structure could be formed while the buyer does not lose the advantage from 
supplier competition. They propose a profit distribution scheme among 
members in the supplier coalition and show that the proposed scheme 
provides proper incentives such that (1) the best strategy for a coalition 
member is to comply with the coalition agreement, and (2) bidding the true 
cost is the best strategy so long as the bids are uniformly distributed and the 
bidder’s cost is above a certain threshold. They also investigate the stable 
coalition structure under the proposed mechanism and show that under 
symmetric information there exists one unique strongly stable coalition 
structure. 

3. PRICING 

 In this section we highlight research that addresses pricing issues under 
each of the four possible supply chain structures introduced in Figure 2. 

3.1  Independent Competition 

The Internet has provided customers (both industrial and consumer) with 
a new way to interact with their supply chain.  Electronic commerce has 
been widely hailed as a revolution that will permanently transform the 
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landscape of customer/supplier relationships.  Although the realities of the 
dot-com bust have tempered the rhetoric used to describe the changes 
brought forth by electronic commerce, the Internet will continue to serve an 
important role in business during the 21st century.  During the nascent period 
of electronic commerce, independent e-tailers, funded by a heavy flow of 
money from venture capitalists, played a dominant role in the development 
of internet-based sales to end consumers.  For many product categories, 
independent e-tailers continue to play a vital role in their industry’s supply 
chains.  In this section, we focus our attention on the research that 
investigates pricing issues that arise when, in the most simplified form,  a 
manufacturer, traditional retailer and internet-based retailer each exist as 
independent entities. 

One of the most successful and well-known internet retailers is 
Amazon.com.  In less than 10 years of existence, they have  become a 
retailing giant with 2002 revenue of nearly $4 billion, coming entirely from 
online sales.  They neither manufacture the products they sell, nor maintain a 
traditional retail channel.  They participate in a supply chain that includes 
product manufacturers (Random House, HarperCollins, Sony, etc.) that are 
separate entities from the traditional retailers (Barnes & Noble, Borders, 
Waldenbooks, etc.) against which Amazon competes.  The pricing decisions 
made by new, online retailers will have an important impact on the 
performance of all the members of the supply chain. 

The pricing strategy employed by many independent online retailers is 
captured by Baker, et al. (2001).  “Two very different approaches to pricing - 
neither optimal - have dominated the sale of goods and services through the 
Internet.  Many start-ups have offered untenably low prices in the rush to 
capture first-mover advantages.  Many incumbents, by contrast, have simply 
transferred their off-line prices onto the Internet.”1 Although the e-tailing 
shakeout of the past couple years has proved the use of the word “untenably” 
to be correct, there exist many factors that make it reasonable to imagine a 
profitable, independent e-tailer offering prices that are lower than his 
competitors in traditional channels.  Traditional retailers make a significant 
investment in bricks and mortar storefronts, an expense that online retailers 
can largely avoid.  Inventory management also provides an opportunity for 
an e-tailer to reduce expenses since they can pool inventory in a centralized 
location, rather than maintain separate inventory stocks at each retail store.  
In addition, internet customers provide a large degree of self-service by 
browsing the product offerings and placing an order without the assistance 
of any employees paid by the retailer.  From a competitive perspective, the 

1 The ramifications of the second strategy mentioned - companies setting identical prices in 
both online and offline channels - will be discussed later, when we focus on Bricks and 
Clicks competitors. 
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fact that consumers could theoretically switch from one e-tailer to another at 
the click of a mouse should also lead to lower prices because the relatively 
low switching costs would fuel greater price competition.  One e-tailer, 
Buy.com, has even announced a strategy of pricing products at wholesale 
cost, thereby guaranteeing the company zero profits on each transaction, 
expecting to make their profit on advertising (Sgoutas (2000)). 

One important advantage that the Internet  provides in the pricing arena is 
the ability to rapidly and cost-effectively change prices.  By simply 
manipulating a field in a database, internet prices can be immediately and 
automatically updated, without having to re-label any products or instruct 
any sales associates.  Such flexibility can provide two important benefits.  
Prices as a whole can be adjusted, even by a very small amount, to reflect 
changing demand conditions, which might be triggered by macroeconomic 
factors or a move by a competitor.  A second, more interesting opportunity, 
lies in the potential ability of internet retailers to price discriminate (i.e., 
charge different prices to different customers based on their willingness to 
pay).  Taking advantage of the ability to “know” the customer before 
quoting a price, however, has proved a thorny issue for e-tailers.  Partially 
due to the fact information can be communicated easily, customers are often 
aware of the prices paid for a product by other customers, and have strong 
feelings regarding the equity of price discrimination schemes.  In a well-
publicized incident, Amazon.com was testing price sensitivity by altering the 
price charged for a DVD to different customers.  When some details of the 
test were pieced together by Amazon.com customers on an internet chat 
board, they created a backlash that resulted in severe negative publicity for 
the company (Hamilton (2001)). 

 

Brynjolfsson and Smith (2000) 

Although much of the discussion about the impact of internet channels on 
pricing has been anecdotal in nature, Brynjolfsson and Smith (2000) use a 
dataset of over 8,500 price observations collected over a period of 15 months 
to rigorously compare prices across internet and conventional retailers.  
They selected two product categories, books and CD’s, with homogeneous 
products, and tracked the prices of 20 titles in each category at 12 different 
retailers (four pure e-tailers, four conventional-only retailers, and four 
retailers that sold products through both traditional channels and the web).  
Of the 20 titles in each category, half were selected from the best seller lists 
and the other half were randomly selected from a set of titles generally 
available at conventional retailers. 

For both product categories, Brynjolfsson & Smith found that average 
posted internet prices are significantly lower (0.001 level of statistical 
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significance) than conventional prices.  For books, the Internet offered a 
price discount of 15.5% over the traditional channel, and for CD’s the 
discount was 16.1%.  The researchers also analyze the full price (including 
sales tax, shipping and handling, and transportation charges) and find again 
that the internet price is significantly lower than the price in conventional 
channels (by 9% and 13% for books and CDs, respectively).   

Another aspect of Brynjolfsson and Smith’s study examines the size of 
price changes in internet and conventional channels.  They hypothesize that 
the lower cost of changing prices on the web will lead to less sizeable price 
changes by internet retailers.  The average price change in conventional 
channels was $2.37 and $2.98 (for books and CDs respectively) as compared 
to $1.84 and $1.47 on the Internet, a difference that is significant at the .001 
level for both product categories.  Histograms of the price changes show that 
for both books and CDs, price changes smaller than $1.00 were much more 
frequent on the Internet than in conventional channels. 

Finally, Brynjolfsson and Smith analyze price dispersion in both the 
conventional and internet channels.  Classical economic theory suggests that 
price dispersion will arise when products are heterogeneous, customers face 
search costs, or consumers lack full information.  The products in this study 
were selected to virtually eliminate product heterogeneity.  Since the web is 
assumed to reduce search costs and make pricing information much more 
transparent, Brynjolfsson and Smith hypothesized that price dispersion 
would be much less on the Internet as compared to traditional channels.  
Price dispersion was measured in several different ways, but under each 
method the prices on the web were surprisingly diverse.  For books, price 
dispersion was actually greater on the web in 8 of 12 months (p < 0.01), 
whereas price dispersion for CDs was somewhat greater in the conventional 
channel (statistically significant in only 5 of 12 months).  They also find that 
the internet retailers with the lowest prices do not have the largest sales.  
They conclude that the surprisingly large dispersion of prices on the Internet 
is due to one of two sources of retailer heterogeneity: customer awareness or 
branding and trust. 

 

Smith and Brynjolfsson (2001) 

To further study consumer behavior when faced with a variety of prices 
on the internet channel, the authors conducted a second study analyzing 
choices made by customers using internet shopbots (Smith and Brynjolfsson 
(2001)).  A shopbot is an internet tool that automatically compares prices 
across several internet retailers, thereby reducing search costs.  They analyze 
almost 40,000 searches for a book title, monitoring the array of prices (both 
item price and total cost), and the internet retailer that the customer 
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eventually visited.  Smith and Brynjolfsson find that a large degree of price 
dispersion exists (lowest cost item is, on average, 28% below the mean 
price) and that a majority of customers do not choose the lowest priced item, 
despite the fact that the customers using an internet shopbot are likely to be 
more price sensitive than the general population.  Among customers that do 
not choose the lowest priced item, the average price of the selected offer is 
20.4% higher than the lowest priced selection.  They use a multinomial logit 
model to assess the importance of various factors in the consumer decision 
making process, and find that consumers are willing to pay $1.72 more for 
an item from the “big three” internet booksellers (Amazon, Barnes & Noble, 
and Borders), with Amazon having a $2.49 price advantage over generic 
retailers and $1.30 advantage over their two biggest competitors.  Smith and 
Brynjolfsson suggest that this result may be caused by consumers using 
brand name to signal reliability in service quality and other non-contractible 
characteristics. 

3.2 Bricks and Clicks 

 As the dot-com shakeout continues, many of the pure e-tailing 
companies have disappeared.  In most product categories, a bricks-and-
clicks structure, where one company has both an internet and a traditional 
presence, is becoming the dominant form of internet participation.  Large, 
traditional retailers such as Wal-Mart, Staples and Best Buy have websites 
that are selling their products in significant volume.  These companies now 
have two distinct channels with which to reach their customers, and face 
significant challenges in effectively coordinating this two-pronged offering. 

 For many companies, the natural inclination is to price products on the 
web at the same price as their traditional retailers (Baker, et al. (2001), 
McIntyre and Perlman (2000)).  An obvious benefit of maintaining 
consistent prices is that it facilitates centralized product decision making, as 
well as eliminates consumer feelings of confusion and inequity.  Pursuing 
such a strategy, however, overlooks the opportunity to profit from 
differences that exist in the Internet and traditional marketplaces. Evidence 
exists of companies charging both higher and lower prices on their internet 
channel.  Competition amongst  on-line drugstores has led to prices at the 
internet sites of large drugstore chains, such as CVS, Walgreen and Eckard, 
to be 10% to 30% below the prices in their own traditional stores (Johannes 
(2000)).  Marriott hotels, on the other hand, says the average price of rooms 
booked online is higher than those booked offline (Schlesinger (1999)). 

 Academic research is beginning to address the issue of how a bricks-
and-clicks retailer should optimally set prices in each of their two channels.  
A conceptual model put forward by Balasubramanian and Peterson (2002) 
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argues for an approach called “Channel Portfolio Management” that seeks to 
manage all of a firm’s assets that interface with the marketplace in a 
coordinated fashion.  They identify pricing as an important component of the 
marketing mix decisions that should be determined in a coordinated manner 
to optimally manage an entity that participates in multiple channels.  A few 
authors have focused specifically on setting prices when competing in both 
an internet and traditional channel. 

 

Lal and Sarvary (1999) 

To address the issue of when and how the Internet is likely to decrease 
price competition, Lal and Sarvary (1999) utilize an analytic model that 
assumes demand comes from consumers who gather information on two 
types of product attributes: digital (that can be easily transmitted via the 
web) and nondigital (where physical inspection of the product is required).  
Consumers choose between two brands, but are only familiar with the 
nondigital attributes of the product they have most recently purchased.  
Consumers wishing to gather product information face search costs to 
uncover more information about either product, with the assumption being 
that digital information must be gathered at the time of each purchase. 

Customers are assumed to be equally satisfied by the digital attributes of 
each product, but are in two distinct segments, of equal size, with respect to 
the nondigital attributes (such as the fit of a pair of jeans).  Current 
customers of firm 1 are familiar with that firm’s nondigital attributes, and 
have a reservation price R for buying their product.  Firm 2’s product will 
give them more utility ( R f+ ) with probability q and less utility ( R f− ) 
with probability 1 , with q assumed to be less than ½.  To determine 
whether the competing product offers more utility, the customer must visit 
the firm’s store, incurring a search cost.  When a product is purchased over 
the Internet, it is not possible to determine the nondigital attributes of the 
product before making the purchase decision. 

q−

Two different scenarios are modeled:  i)  distribution through stores only, 
and ii) distribution through both stores and the Internet.  The cost of selling a 
product through a store and the Internet is represented by cT and cI, 
respectively.  A search cost of k1 is incurred to visit the first store, and an 
additional cost of k2 is incurred to visit the second store, with 2k k1<  to 
represent the fact that once a shopping trip is initiated, the cost of visiting a 
second store is less than the cost of beginning the trip and visiting the first 
store.  No a priori assumption is made with respect to the relative 
magnitudes of cT and cI. 
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In the first scenario, the authors analyze the set of decisions facing the 
consumer and determine that there are three possible equilibria:  i) 
consumers buy the familiar brand without searching, ii) consumers search to 
evaluate the unfamiliar brand and buy the familiar brand if there is a bad 
search outcome (i.e., the unfamiliar brand provides less utility than the 
familiar brand), and iii) consumers search, but do not buy anything if there is 
a bad search outcome.  The third equilibrium, however, is proved to never 
exist.  The prices charged are 1R k−  in the first equilibrium and 2R k−  in 
the second equilibrium.   

When analyzing the second scenario, the authors assume that a company 
charges the same price in the internet and traditional channel.  The fact that 
consumers can purchase products from the Internet allows consumers with a 
bad search outcome to go home and order their familiar product over the 
Internet.  This results in two possible equilibria for this scenario:  i) 
consumers do not search and buy the familiar product over the Internet, and 
ii) consumers search and buy the familiar product over the Internet in the 
case of a bad search outcome.  The price in each equilibrium is R. 

Under the set of assumptions used in this model, the introduction of an 
internet channel leads to a higher price than was charged with only the 
traditional channel.  For some parameter values, the internet channel causes 
customers to abandon searching in favor of ordering the familiar product 
over the web, thus the Internet can lead to higher prices and a reduction in 
search activity.  They also show that under certain conditions it is profitable 
for a company to introduce an internet channel even when the costs of that 
channel are higher than the traditional channel ( I Tc c> ).  The authors relax 
the assumption of equal prices in each channel to some extent by analyzing 
the case when a delivery charge, δ , is added to the price charged to internet 
customers, and show that their results hold under this assumption. 

 

Cattani, Gilland, and Swaminathan (2003)  

Cattani, et al. (2003) use a consumer choice model to determine the 
optimal prices that a firm should charge when they compete in both a 
traditional channel and an internet channel.  They allow the firm to set 
different prices in each channel and analyze the effect of different factors on 
the relative prices in the two channels.  Their results provide some guidance 
to firms attempting to establish an effective management structure for multi-
channel competition. 

Individual customers are modeled using a utility function for the product 
sold by the firm.  A customer’s utility for the product is decreasing in the 
price of the product and the effort to purchase the product.  They assume that 
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the scaled effort required to purchase a product is distributed uniformly 
between 0 and αT for the traditional channel (representing factors such as 
distance from the store), and between 0 and αI for the internet channel 
(representing factors such as internet connection speed and comfort with 
making purchases on the Internet).  The traditional and internet efforts of a 
customer are assumed to be independent. A linear customer utility function 
common in the marketing literature is used: the utility a customer j receives 
from a product in channel x is  

j j
x x xU R P E= − −   

where { },x T I∈  for traditional and internet channels, respectively, R   =  the 

customer’s reservation price, Px  =  the price in channel x,  and j
xE  = the 

scaled effort customer j must expend to purchase the product from channel x.  
The relative values of αT and αI determine which channel is better suited to 
the customer population overall, but there will always be specific customers 
with a strong preference for each channel. 

 
Sales in traditional and web channels: PI>PT
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Figure 3: Customer Channel Preference Based on Distances (PI>PT) 

 
 A customer will choose to purchase through the traditional channel or 

internet channel (or not purchase at all) depending on the prices in the two 
channels and the scaled effort they must exert to purchase from each 
channel.  Figure 3 depicts the market share that is garnered by each channel 
depending on the prices that are charged, where 1I I2+ represents the market 
share for the internet channel and  represents the market share for the 1T T+ 2
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traditional channel.  The resulting profitability for a pair of prices can be 
easily calculated given the cost of selling products in each channel, cI and cT. 

 Starting from a base case, where profits are maximized when the firm 
sells products solely through a traditional channel, the authors analyze 
several potential strategies for adding an internet channel.  They first assume 
that the price in the traditional channel is left unchanged.  The internet price 
can be set to maximize profits on the internet channel (such as would be 
likely if the internet channel and traditional channel were operated as two 
independent divisions), or to maximize total profits across both channels (as 
would result if both channels were centrally managed).  In both scenarios, 
the internet price is higher than the traditional price when the cost of selling 
on the internet channel exceeds a certain threshold.  The threshold is higher 
when the internet price is set to maximize total profits.  When the cost of 
operating in each channel is identical ( I Tc c= ), the internet price is higher 
than the traditional price when the internet price is set to maximize total 
profits, and is lower than the traditional price when the objective is to 
maximize just the internet profits. 

 A second strategy would be to allow prices in both the traditional 
channel and the internet channel to differ from the original price.  When 
prices in both channels are matched (but not necessarily the same as the 
original price in the traditional channel), as many firms do in practice, the 
resulting price will be higher than the original price when the two channels’ 
costs are the same.  When different prices are allowed in each channel, the 
relationship between the prices in each channel is dependent upon the 
relative consumer acceptance of the Internet (characterized by the 
relationship between αT and αI in the model).  Under the assumption that 
costs are the same in each channel, the internet price is higher than the price 
in the traditional channel when I Tα α>  (i.e., the Internet is considered less 
convenient than the traditional channel), and the internet price is lower than 
the traditional price when I Tα α< .  This result suggests that as consumers 
become more comfortable with internet shopping, the optimal price charged 
by bricks-and clicks retailers will decrease relative to the price charged in 
the traditional channel. 

As retailers consider adding an internet channel, the researchers find that 
it is important not to ignore profits from the existing channel in the 
determination of the web-channel price. In particular, the strategy that 
encourages the web channel to act entrepreneurially and maximize its own 
profits, does so at the expense of the existing channel and often leaves total 
profits (across both channels) far from optimal.  In general, the strategy of 
holding traditional prices steady, but choosing web prices to maximize 
profits over both channels, seems to perform reasonably well based on 
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computational experiments. This might be comforting to managers who wish 
to experiment with a web channel while not altering the existing channel. 
The strategy of pricing both channels equivalently performs reasonably well, 
especially when the costs in each channel are nearly identical.  In practice, 
many companies have opted to match prices in the internet channel to the 
traditional channel prices, but when costs differ in the two channels, the 
overall profits from such a strategy can be significantly lower than the 
optimal profits that would arise from choosing the optimal prices for each 
channel. 

 

Huang and Swaminathan (2003) 

Motivated by the results in Cattani, et al. (2003), Huang and Swaminathan 
(2003) consider a linear downward sloping demand curve for the internet 
and traditional markets where the channels have a degree of substitution. In 
their model, demand (dT and dI) is given as follows: 

1
1 1T Td uS p pβ βθ

θ θ
⎛ ⎞= − +⎜ ⎟− −⎝ ⎠

I  

( )1 1
1 1I Td u S p pβθ β

θ θ
⎛ ⎞= − + −⎜ ⎟− −⎝ ⎠

I  

where 0 1,  0 1,  and  and u Sθ β≤ ≤ ≤ < are positive. 

In the above equations S represents the total market potential and β is the 
price elasticity factor. The parameters u and θ capture two different aspects 
of  differentiation: the absolute difference in demand and the substitutability 
of the end products as reflected by the cross elasticity. Changes in u alter the 
relative product preferences in a way that preserve own- and cross-price 
elasticity, although the rates of change of quantities with respect to price are 
affected. The parameter θ, in contrast, affects the substitutability of the two 
products in terms of changes in prices. More specifically, θ  is the ratio of 
the rate of change of quantity with respect to the price in the other channel to 
the rate of change of quantity with respect to price in the own channel. Using 
the above demand functions, they analytically prove that profits under the 
identical pricing strategy, as well as the strategy of holding traditional prices 
steady but choosing web prices to maximize profits over both channels, are 
no more than 4% away from the optimal level of profits under mild 
conditions. Further, they show that when there is competition between two 
players in the market, a retailer that uses both the internet and traditional 
channels will always price products higher than a pure internet retailer. 
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3.3 Forward Integration 

For many companies that have traditionally sold their products through 
conventional retailers, the Internet provides an opportunity for them to 
directly reach their end customers.  Many aspects of a direct channel are 
very appealing to the manufacturer:  price control over their products, 
reduced competition from alternative vendors, stronger customer 
relationship, and more accurate indication of customer preferences.  The 
Internet provides the manufacturer with the option of creating a direct 
channel at a fraction of the cost of establishing a bricks-and-mortar retail 
presence.  Nike, the athletic footwear and apparel manufacturer, felt "the real 
opportunity for nike.com lay in defining a new, more profitable way of 
selling products to its loyal consumers" (McIntyre and Perlman (2000)).  
Creating an internet channel, however, often places the manufacturer in 
direct competition with their downstream supply chain partners.  One 
important indication of the level of competitive threat posed by forward 
integration of manufacturers is the price they decide to charge for products 
purchased over the Internet.  Thus pricing plays a role in determining the 
manufacturer's near-term profitability, as well as the degree of channel 
conflict they create.  Not surprisingly, manufacturers that create an internet 
channel view their pricing choices as an important strategic decision.  Nike, 
for example, hoped that by using full retail pricing on their website, they 
would reduce their traditional retailers concerns over unfair competition. 

In another chapter of this book, Tsay and Agrawal discuss in detail much 
of the research that addresses channel conflict in multi-channel distribution 
systems.  The pricing conclusions of this stream of research will be 
summarized here; the reader is encouraged to consult chapter 22 for a more 
detailed coverage of this subject. 

 

Chiang, Chhajed and Hess (2002) 

Chiang, et al. (2002) use a parameter, θ , with 0 1θ< < , to measure 
customers' acceptance of products sold over the Internet .  A consumer who 
places value v on the product when purchased through the traditional 
channel would value the product vθ  if it were purchased through the 
internet channel.  Each consumer's surplus equals the value they place on the 
product minus the price they pay, and a consumer uses the channel that gives 
them the highest value (provided it is non-negative).  Prior to the 
introduction of the internet channel, the independent manufacturer and 
retailer face the classic problem of double marginalization, which causes 
supply chain profits to fall below their optimal level.  Chiang et. al. find that 
a threshold value of θ  exists, which separates the impact of the 
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manufacturer’s introduction of an internet channel.  When ˆθ θ≤ , the 
internet channel is sufficiently unappealing to the customers that it has no 
effect on the marketplace.  For ˆθ θ> , the introduction of the direct channel 
impacts the behavior of the traditional retailer, resulting in a new equilibrium 
even though no products are actually sold through the direct channel. In this 
new equilibrium, both the wholesale price and the retail price are lower than 
they were in the original case.  For θ̂ θ θ< < , the profits of the retailer will 
increase, whereas for θ θ> the retailer’s profits decline.  The profits of the 
manufacturer increase for all cases where the equilibrium changes, as the 
lower price charged by the retailer eliminates some of the effects of double 
marginalization. 

 

Hendershott and Zhang (2001) 

Hendershott and Zhang (2001) model consumers with different product 
valuations who can purchase a product from one of many traditional 
retailers, or directly from the manufacturer.  The retailers have different cost 
functions, and thus charge different prices.  The consumers can only 
determine prices through a time-consuming search, which reduces the utility 
they experience when they eventually purchase the product.  They find that 
the equilibrium market structure depends on the manufacturer’s transaction 
cost for selling over the Internet, Ic .  When Ic  is sufficiently low, the 
internet channel will dominate the traditional channel and serve all 
customers.  When Ic  is sufficiently large, the manufacturer will choose not 
to utilize the internet channel.  For intermediate values of Ic , a hybrid 
equilibrium will result, with both internet and traditional channels proving 
viable.  In the hybrid equilibrium, the price charged by each traditional 
retailer is lower than the price charged by the same retailer before the 
introduction of the internet channel.  The level of the internet price relative 
to the price of the traditional retailers depends on the costs of each retailer 
and the cost of selling over the Internet.  The wholesale price charged by the 
manufacturer to the traditional retailers is the same before and after the 
introduction of the internet channel. 

 

Tsay and Agrawal (2001) 

Tsay and Agrawal (2001) present a model where a traditional and internet 
retailer compete against each other for customers based on both the price 
they charge and effort they put forth.  A price increase by one competitor 
drives some customers out of the market and drives some customers to the 
other retailer; an increase in effort by one competitor causes demand for both 
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retailers to increase.  Supply chain costs of cT and cI are incurred by the 
traditional and internet retailer, respectively.  Tsay and Agrawal find that the 
wholesale price charged by the manufacturer to the traditional retailer 
always decreases with the addition of an internet channel, but that the effect 
on the price charged by the retailer is difficult to characterize.   

 

Bell, Wang, and Padmanabhan (2002) 

Bell, et al. (2002) also analyze a model where each retailer’s demand is 
negatively affected as their own price increases, and positively affected by 
increases in the price of other retailers, their own marketing effort, and the 
effort of other retailers. They consider competition between three retailers:  
either all traditional retailers, or two traditional retailers and one retailer that 
results from the forward integration of the manufacturer.  Contrary to the 
findings in most other studies, Bell, et al. find that the prices charged in both 
the internet channel and the traditional channel are unequivocally higher 
than the price charged in the traditional channel prior to the introduction of 
the internet channel.  They also find that the price charged by the 
manufacturer in the internet channel is higher than the price charged in the 
traditional channel (after the introduction of the internet channel).  This 
result suggests that manufacturers who introduce a direct internet channel 
may reduce price competition, rather than increase it, even when they are 
acting optimally. 

 

Cattani, Gilland, Heese, and Swaminathan (2002) 

Cattani, et al. (2002) use the same model of consumer demand as in 
Cattani, et al. (2003) (see section 3.2) to study the effect of forward 
integration by the manufacturer on the equilibrium prices and profits.  They 
assume that the manufacturer attempts to minimize channel conflict by 
setting their price to the customer equal to the price being charged by the 
retailer, who maximizes profits in the context of the competitive scenario.  
They consider three alternative strategies: i) maintain the wholesale price at 
the level prior to introduction of the internet channel, ii) set the wholesale 
price such that the price charged to the consumer will not change after the 
introduction of the internet channel, and iii) set the wholesale price to 
maximize manufacturer profits, given that the manufacturer will charge a 
price in the internet channel that matches the traditional channel price.  
Under the first strategy, the retail price will be higher after the introduction 
of the internet channel (with wholesale prices remaining constant by 
assumption), and the retailer’s profits decline.  Under the second strategy, 
the wholesale price is reduced sufficiently that the retailer’s profits increase 
despite the reduction in market share.  When the manufacturer maximizes 
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profits, the resulting retail price is lower than the original price, provided 
that the cost of selling through the internet channel is not prohibitively large.  
When costs in the two channels are comparable, both the retailer and the 
manufacturer prefer (i.e., have higher profits) the third strategy. 

3.4 Full Integration 

Taking the notion of partial integration one step further, it would be 
possible to consider a manufacturer with a captive traditional channel that is 
considering the addition of an internet channel. This fully integrated 
organizational structure has received little attention in the literature, perhaps 
because it is relatively rare in business today.  Certain branded fashion 
retailers (e.g., The Limited, Abercrombie & Fitch) or paint companies (e.g., 
Sherwin Williams) may provide the best examples of such a structure. 
Chiang, et al. (2002) focus some attention on the fully integrated model.  
They conclude that the retail price in the fully integrated model would 
remain the same (as compared to the retail price when there is no internet 
channel), and the internet price would be lower than the price in the 
traditional channel (they assume that the selling cost in the internet channel 
is less than in the traditional channel). 

A fully integrated structure, with a manufacturer controlling both a 
traditional and internet channel, provides opportunity for further research in 
this area. 

4. DISTRIBUTION / FULFILLMENT  

In addition to pricing and sourcing decisions, the introduction of a direct 
channel to complement an existing traditional channel can create 
opportunities to coordinate distribution and fulfillment through the channels 
to improve profits, especially for the more integrated firm structures such as 
models 3 and 4 of Figure 2. In particular, the willingness of customers to 
wait for delivery in the direct channel raises the possibility of using the 
direct channel as an outlet for leftover inventory in the traditional channel, or 
as a lower priority buffer that allows better service to the traditional channel.   

In this section we provide an in-depth review of papers that cover these 
two possibilities, Seifert, et al. (2001) and Cattani and Souza (2002). Seifert, 
et al. (2001) considers the former: they explore the possibility of extending 
the cooperation between the manufacturer and the retailers to include the 
direct channel in existing distribution channels. This arises under model 3 of 
Figure 2.  Cattani and Souza (2002) consider the latter possibility: they 
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investigate inventory–rationing policies of interest to firms operating in a 
direct market channel, modeling a single product with two demand classes, 
where one class requests a lower order fulfillment time but pays a higher 
price.  This arises under model 4 of Figure 2.   

The related distribution and fulfillment literature includes traditional 
stochastic inventory comprehensively reviewed by Heyman and Sobel 
(1990).  

4.1 Direct channel as outlet 

Seifert, Thonemann, and Rockhold (2001)  

Seifert, et al. (2001) assume that the manufacturer has a direct (internet) 
market that serves a different customer segment than the traditional retail 
channel (not owned by the manufacturer) and that demands in the two 
channels are thus independent. They model the inventory decisions for a 
supply chain comprised of a manufacturer and N retailers, as shown in 
Figure 4.  They compare a dedicated supply chain to a cooperative supply 
chain. In a dedicated supply chain the inventory sent to each retailer is used 
exclusively to meet demand at that retailer while inventory at the internet 
store is used exclusively to meet demand at that store. In a cooperative 
supply chain, leftover inventory at the retailers is available to fill demand at 
the internet store.   

The rationale for the model is that retail customers demand instantaneous 
availability and the retailer will experience lost sales if the product is not in 
stock. In contrast, internet customers are willing to wait. In particular, the 
short delay incurred by transshipping leftover product from a retailer to the 
customer does not result in lost sales in the internet channel, although the 
longer delay required to source the product from the manufacturer does 
result in lost sales in the internet channel (as it does in the traditional 
channel). 
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Figure 4: Dedicated and Cooperative Supply Chains 

 

The problem is modeled as a stationary multi-period newsvendor problem 
with lost sales. Assuming a coordinated policy (where double 
marginalization has been eliminated through centralized decision making).2 
The decision to be optimized is the base stock level at the traditional 
retailers, STi, with i∈{1,…,N} and at the internet store, SI. Since each 
traditional retailer is identical, the subscript i can be dropped. Demand in 
each period has distribution FT(⋅) at each traditional retailer and FI(⋅) in the 
internet channel. The retail price p is the same in both channels but the unit 
production costs cT and cI, differ according to channel. There is a one-period 
discount factor α, holding costs by channel hT and hI, lost sales cost π 
(independent of channel), and a transshipment cost u, which is constrained to 
the range ( ) ( )T I T I Th h c c u h cTα π α− − − ≤ ≤ + − , corresponding to the 
more interesting case where independent supply chains are attractive in spite 
of higher unit costs associated with demand met through transshipments.  

Optimal inventory base stock levels in the traditional and internet 
channels for a dedicated supply chain are 

( ) ( )(* 1
T T T T TS F p c p h cπ π α−= + − + + − )  for each traditional retailer and 

( ) ( )(* 1
I I I I IS F p c p h cπ π−= + − + + − )α  for the internet channel. These 

levels are readily interpreted using the standard newsvendor analysis of 
underage and overage costs. The underage costs consist of lost margin plus 
lost sales cost while the overage costs are comprised of holding costs plus 
the financial cost of holding a unit in inventory for a period ( )1 Tcα−  or 

 for the two channels, respectively. ( )1 Icα−

 
2 This section uses a more narrow definition of channel coordination than the rest of the 

chapter. Here channel coordination refers to efforts to eliminate double marginalization. 
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Optimal inventory base stock levels for a cooperative supply chain are 
( )

( ) (* 1 ' * *, ,T TT
T T T T I

T T T T

p h c up cS F q N S S
p h c N p h c

π απ
π α π α

− ⎛ ⎞+ + − ++ −
= +⎜ ⎟⎜ ⎟+ + − + + −⎝ ⎠

)  and 

( )
( ) (* 1 ' * *, ,T TI

I I I T I
I I I I

p h c up cS F q N S S
p h c N p h c

π απ
π α π α

− ⎛ ⎞+ + − ++ −
= +⎜ ⎟⎜ ⎟+ + − + + −⎝ ⎠

)  where 

 and  are the partial derivatives of the 

expected number of units cross sold with respect to the base stock levels of 
the corresponding channel.  In the cooperative supply chain, compared to the 
dedicated supply chain, the critical fractiles are adjusted to reflect the benefit 
of cross shipments which lower the cost of overage for the traditional 
retailers and decrease the cost of underage for the internet store. 

( )' * *, , 0T T Iq N S S ≥ ( )' * *, , 0I T Iq N S S ≤

Seifert, et al. (2001) also show that decentralized decision making in the 
cooperative supply chain can be coordinated through use of an ending-
inventory subsidy of b and a transfer payment t for each unit that the retailer 
ships (at cost) to the virtual store in response to actual demand, both paid by 
the manufacturer to the retailer.  

The following properties hold for coordinated supply chains: 

1. The optimal base-stock level at a traditional retail store in the 
cooperative supply chain is higher than in the independent supply 
chain. 

2. The optimal base-stock level at a traditional retail store in the 
cooperative supply chain decreases in N and approaches the 
optimal base-stock level in the independent supply chain as 
N→ . ∞

3. The optimal base-stock level at the internet store in the 
cooperative supply chain is lower than in the independent supply 
chain. 

4. The optimal base-stock level at the internet store in the 
cooperative supply chain decreases in N. 

5. The lower bound for the base stock level of the internet store as 
N→  is a newsvendor-type solution and if ∞
( ) ( ) ( )( ) 0T I T T I T Iu c c h u c c h hα α+ − − + − − − ≤ , then the 
optimal base-stock level at the internet store will be zero for 
sufficiently large N.  When this occurs, the benefit to the 
traditional retailer of having an outlet for excess inventory more 
than offsets the increased cost to the internet store of sourcing 
product indirectly through the traditional retailers. 
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While Seifert, et al. (2001) show the benefits of supply chain cooperation, 
they note that in the examples they have explored, the benefits of 
coordinating a supply chain are greater than the benefits of cooperating, 
indicating that supply-chain coordination (to eliminate double 
marginalization) probably should precede supply-chain cooperation. In any 
case, supply-chain coordination is a compelling motivation for supply chain 
integration.   

In addition to the eased ability to coordinate channels in an integrated 
supply chain, the next section considers an example of other benefits 
possible if the supply chain is fully integrated. 

4.2 Direct channel as service buffer 

Cattani and Souza (2002)  

Cattani and Souza (2002) study rationing policies in which the firm either 
blocks or backlogs orders for lower priority customers when inventory drops 
below a certain level. Their model can be applied directly to this chapter’s 
theme by considering two classes of customers to be alternate channels of 
the same firm, with the higher priority customers coming from the traditional 
retail channel and the lower priority customers from the internet channel. 
Given that the internet customers are willing to wait, rationing policies can 
be used to improve the overall performance of the firm compared to the 
alternative allocation of products to customer orders on a first-come, first-
served (FCFS) basis. 

The research is founded on the use of queuing models in an inventory 
system using methodologies similar to Cachon (1999) and Ha (1997). The 
model considers continuous-review inventory management for a single 
product type with two classes of customers, traditional (denoted with a T) 
and internet (I).   

Demand for each class follows a Poisson process with rate kλ , where k ∈ 

{T, I}; total demand has rate T Iλ λ λ= + .  Inventory is issued from a 
common stockpile of finished goods inventory (FGI); this stockpile is fed by 
a production system, or by a co–located supplier, which has exponentially 
distributed build times (for tractability) with rate µ.  Inventory is held only in 
FGI and incurs a fixed holding cost rate h per unit inventory.  Production 
stops after inventory reaches the level S –– a base-stock policy is optimal for 
this supply chain in that it maximizes supply chain profit per unit time (see 
Beckmann (1961); Hadley and Whitin (1963)).   



34 Chapter 21
 

Customers from the traditional channel will purchase only if inventory is 
available.  Lost-sale costs (goodwill) of p  per unit are incurred. Internet 
customers will backlog at no cost as long as the wait is not excessive.  This 
effect is approximated by limiting the backlog to K. The revenue, including 

shipping, charged to a customer of type k ∈ {T, I}is . Production cost per 

unit is c and there is an incremental channel cost of . 

kr

kc

The resulting margin due to a unit sale to a customer in channel k is  = 

.  Let 

km

k kr c c− − kρ = /kλ µ  be the system’s utilization regarding only type k 

customers; ρ = λ / µ  the system’s utilization; I  be average inventory; 

 be expected sales rate for customers of type k; 

kD

kL  = be the 
expected lost sales rate for customer type k, and B be the expected backorder 
rate for internet customers. 

k Dλ − k

The profit rate for Policy j is a function of prices, costs and demand rates; 
it is determined by modeling inventory as a continuous time Markov chain, 
similarly to Cachon (1999) and is computed as 

{ }{ }, k k k kk T I
m D L hIπ

∈
∏ = − −∑ . 

The FCFS policy is analyzed as follows:    

Policy 1: Ship orders as they arrive (FCFS), whether they are traditional 
retail orders or internet orders.  When inventory drops to zero, backlog 
internet orders and ship them as inventory arrives. 

For a given S, Policy 1 is a birth and death process, with states 
{ },..., 1,0,1,...,K S− − .  The death process rate is λ for states 1 through S, and 

Iλ for non-positive states.  For a given S, the stationary probabilities are 
determined, and from them DK, B, I, and .   Π

If lost-sale costs from traditional retail orders are high, and if internet 
orders can be backlogged, then a FCFS policy such as Policy 1 may have 
lower profits compared to a policy that reserves some units for the retail 
customers by backlogging lower-margin orders when inventory levels are 
low. 

Policy 2: If inventory drops to Sa or lower, ship only traditional retail 
orders; backlog internet orders and ship them  after inventory returns to Sa. 

The Markov chain associated with this policy is shown in Figure 5. 
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Figure 5: Markov Chain Associated with Policy 2 

 

A state is defined as (i, u), where i is the inventory level and u is the 
backlogging level.  The solution for the stationary probability distribution of 
the Markov chain in Figure 5 is calculated numerically by solving a system 
of equations as follows.  Let Q denote the chain’s rate matrix, p the matrix of 

, and 0 the matrix of zeros. Then,  is the solution to the following 
system of equations:  

,i up ,i up

  
S (2)

,0 0
0,  and 1.

K
i ui u

pQ p
= =

= =∑ ∑
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Figure 6: Policy 2 Profit Rate versus Policy 1 
 

 As an example, Figure 6 shows Policy 2 profit rate as a percentage of 
Policy 1 profit rate as retail orders vary as percent of total demand. The 
largest improvement in this example arises when there is substantial demand 
from both channels. If there are only a few retail customers, then only these 
few retail customers are able to capitalize on the presence of lower priority 
internet customers. On the other hand, if nearly all customers are retail, then 
there are few low-priority internet customers to act as a buffer for the retail 
customers.  

Supply chains that are tightly integrated have rationing and shipment 
flexibility options that can capitalize on the customer’s willingness to wait 
for delivery. As e-commerce matures and concerns over profitability 
continue to increase, these options may become ever more vital in attaining 
and/or sustaining a competitive cost advantage. 

5. CONCLUSION 

In this chapter, we have discussed the opportunities for companies to 
harness the potential of the Internet by coordinating web-based activities 
with their traditional operations.  We have focused on three critical supply 
chain elements:  procurement, pricing and distribution/fulfillment.  Most of 
the academic research in this area is quite recent, and hence much of the 
research we discuss is currently contained in working papers.  We have 
selected to discuss several important papers that have come to our attention, 
but certainly can’t claim to have produced an exhaustive survey of research 
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in this nascent field. Like our colleagues in industry, academic researchers 
are still in the early stages of understanding the full impact of the Internet.  
We believe that issues of coordination between traditional and internet 
supply chains will continue to provide a fertile area for academic research.  
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