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Abstract

This research studies a case where there are two manufacturers producing competing products and
selling them through a common retailer. The consumer demand depends on two factors: (1) retail
price, and (2) service level provided by the manufacturer. Game-theoretic framework is applied to
obtained the equilibrium solutions for every entities. This article studies and compares results from
three possible supply chain scenarios, (1) Manufacturer Stackelberg, (2) Retailer Stackelberg, and
(3) Vertical Nash. Our research concludes that consumers receive more service when every channel
members possess equal bargaining power (e.g., Vertical Nash). An interesting but less intuitive
result shows that as market base of one product increases, the competitor also benefits but at a
less amount than the manufacturer of the first product. Furthermore, when one manufacturer has
some economic advantage in providing service, the retailer will act to separate market segment by
selling the product with low service at a low price and selling the product with high service at a

high price.

Keywords: Bargaining Power; Horizontal Strategic Interaction; Manufacturer Service;

Retail Pricing; Supply Chain Management; Vertical Strategic Interaction;

1 Introduction

With current dynamic and competitive environment, product manufacturers must compete with
more complicated strategies than lowering their price. Non-price factors such as service have
become more important in affecting a consumer’s decision to buy a product. In this research,
service is defined as any action that the manufacturer takes to “help the customers obtain maximum
value from their purchases” (Goffin 1999). Example of services include post-sale customer support,
product advertising, improved product quality, on-time product delivery, responsive product repair,

etc.



There are quite a few successful firms who have focused on service and quality of their products
in building brand loyalty. As an example, IBM and HP are famous for their customer support.
This reputation gives them an edge over their competitors. Another example can be seen in the
market of electronic appliances, e.g., washer and dryer. Maytag and GE are competing to sell their
appliances through common retailers such as Sears or BestBuy. One of the major concerns for end
customers is not only how low the price is, but also how good the after-sale and repair service is
In both of these examples, the manufacturers interact directly with the end consumers through

service channel.

Because the potential impact from the service quality to consumer demands, negotiations be-
tween the manufacturer and retailer on their price and order quantity will be affected. Moreover,
competitive pressure from other manufacturers and their channel coordination with retailer are
issues that a manufacturer must consider in their decision processes. This article does not study
the impact of retailer’s service to customers due to its potential “conflict” with the service provided
by the manufacturers. Issues about possible differentiation between service for competing prod-
ucts from the two manufacturers make the studies more complicated. To our knowledge, almost
none of the literature considered all these issues of price and service interactions, manufacturers’
competition and supply chain’s channel coordination simultaneously; even though most consumer
goods and electronics products are sold by retailers who sell multiple competing brands at the same

location. See Section 2 for literature reviews.

In order to focus our study on the role of service in competition between two manufacturers
in this supply chain, it is necessary to make simplification assumptions regarding vertical strategic
interactions between manufacturers and retailer. In general, in a market with a monopolist or a
group of oligopolists the manufacturers would possess more bargaining power than the retailers
and would be able to sell their product with some premium above the competitive price. On the
other hand, if the retailer possesses more negotiation power, it can bring down the manufacturer’s
profit and absorb the majority of profit to itself. We are interested to study how bargaining
power can affect supply chain equilibrium solution. The following three scenarios were considered:
Manufacturer Stackelberg (MS), Retailer Stackelberg (RS), and Vertical Nash (VN). See Section 4

for details.

In this research we use game-theoretic approach to derive equilibrium solutions for prices (and
ordering quantities), service levels, and profits for each channel member. The derivations are
benchmarked with results obtained in the literature (e.g., Choi 1991) without service factors. Our
research concludes that consumers receive more service when every channel members possess equal
bargaining power (e.g., Vertical Nash). An interesting result shows that as market base of one
product increases, the competitor also benefits but at a less amount than the manufacturer for the
original product. Furthermore, when one manufacturer has some economic advantage in providing

service, the retailer will separate market segments by selling the product with low service at a low



price and selling the product with high service at a high price.

This paper is organized as follows. Section 2 reviews relevant literature on the studied topics.
Section 3 develops basic models of noncooperative games. Demand function, cost structure for each
firm, and vertical strategic interactions are specified in this section. Section 4 derives and compares
analytical equilibrium solutions for prices, services, and profits under three supply-chain scenarios
using the game-theoretic approach. Section 5 performs sensitivity analyses on key parameters for
examining their influences on equilibrium solution. The lase section summarizes major findings

and delineates several possible extensions to this research.

2 Literature Reviews

Scenario
MS VN RS
Manufacturers
Wholesale Price A2—7]B (a+ (E+ F)c) % (a + wo % <a + MQ
Service Level %(a +TI¢) %(a —bpc) %(a —bpc)
Profit a5 (a+Tc) [2(Aa + bpOc) — (Qb(“:f};f (a+ Fc)] w%m(a — bpc)? W(a — bpc)?
Retailer
Retail Price i (A + iibg)a + (@ + %)c ¢7(£),;B/)a + (A/;;B/)c A/Jrf;j;%bp a+ A/$B/ c
Profit %(Aa — bp©c)? % W(a - bpc)] ’ %(a — bpc)?
Demand Aa — bpOc W(a — bpc) W(a — bpc)

_ A—B—2nbp,+bs (bs+0s E4F)  bg(bs+0s
Note: I = E+F — A2E A = ot ptett) @ = AGEHD  babedbo) (BE L) = 2(A” + BY) + by + bs(bs + 05)

U =2(A" + B’ + nbp)

Table 1: Summary table of the existing literature

Studies on horizontal competition between two or more producers (or sellers) can be traced back
to classic economic models such as Cournot, Bertrand, and Stackelberg competition. Reviews on
these models and their variants can be found in Tirole (2000). However, these studies are primarily
based on single-echelon environment. Early studies on multi-echelon environment can be found
in Jeuland and Shugan (1983), McGuire and Staelin (1983), Moorthy (1987), Ingene and Parry
(1995). Most of these studies consider only the case with single manufacturer and single retailer.
They have focused on vertical coordinations among channel members through measures such as
transfer pricing schemes or formal agreements. Particularly, Jeuland and Shugan (1983) shows
that the supplier can use a quantity discount schedule to induce the retailer to choose the channel-
optimal retailing price. Moorthy (1987) shows that channel coordination can also be achieved
through a simple two-part tariff: the supplier sells the product at his own (marginal) production

cost and charges the retailer a fixed side-payment.



The majority of studies mentioned above have considered price or product quantity as the
only dimension of competition. Early research to include attributes such as product quality and
service can be found in economics literature such as Spence (1975) and Dixit (1979). In marketing
literature, Jeuland and Shugan (1983) includes nonprice variable such as quality and services in
their model with the profit function as a linear function of service amount. Our model, on the other
hand, have the profit function as a nonlinear function to service amount due to the decreasing return
process of providing service. Moorthy (1988) examines a competition in duopoly through both price

and quality. Our model considers both horizontal and vertical relationship.

Focused on price-sensitive demands, where service issues were not considered, Choi (1991)
examines a supply chain with similar channel structure to the one considered in Section 3. The
paper studies three noncooperative games of different bargaining power assumptions between the
two manufacturers and the retailer, i.e., two Stackelberg and one Nash game. McGahan and
Ghemawat (1994) studies a single-transaction, game-theoretic model in which duopolists attempt
to retain old customers through service and attract new customers through price. Iyer (1998)
examines a channel with one manufacturer and two retailers who compete on both price and
nonprice factors. They assume that consumers are heterogeneous in spatial locations and in their
willingness to pay for retail services. In the model, the manufacturer is the Stackelberg leader,

while the two retailers move simultaneously.

Lee and Staelin (1997) examine strategic pricing policies in uncoordinated supply chain (no
vertical integration or two-part tariff). Using game theoretic approach, the paper shows that the
question of using linear or nonlinear demand functions is not as critical as whether the demand

function imply vertical strategic substitute (VSS) or vertical strategic complement (VSC).

Kim and Staelin (1999) examine a single period profit maximizing game with two manufacturers
and two retailers. They derive the optimal solutions and perform sensitivity on the results. They
found that if consumers become more sensitive to differences in merchandizing activity between
brands within a store, the retailers’ profits increases and the manufacturers’ profits decrease. Tsay
and Agrawal (2000) study a distribution system in which a manufacturer supplies a common product
to two independent retailers. The demand is deterministic and depends on both the retail prices and
retail services. The paper shows that the intensity of competition with respect to each competitive

dimension plays a key role, as does the degree of cooperation between the retailers.

Table 1 categorizes relevant literature based on assumptions made in the main model in those
literature. Our model is shown in comparison with the rest of the literature in the last row. The
model we study allows us to study both the horizontal and vertical interactions in supply chain, e.g.,
the competition between the two manufacturers and their interactions with the retailer. Moreover,
this article examines the impact of different bargaining power to the supply-chain equilibrium
decisions about price and service-level. The results from this research will give insights on the role

of service, in addition to price, in competition and supply chain management, which has not been



focused in the existing literature.

Remark: There are several less relevant literature not reviewed above. For example, Trivedi
(1998) look into two manufacturers and two common retailers for pricing decisions. The paper
showed that the presence of competitive effects at both retail and manufacturer levels of distribution
has a significant impact on prices. Raju, Sethuranman and Dhar (1995), Sayman, Hoch and Raju
(2002) and Morton and Zettelmeyer (2004) considered multiple manufacturers and one retailer for
understanding differences in store brand market share. Impact of service factor was not studied.
Boyaci and Ray (2003) studied the role of capacity costs in shaping the optimal differentiation
strategy of a firm selling two variants of the same product, one express and another regular. The
delivery time is the service factor considered in addition to the usual price based differentiation
decisions. Boyaci and Gallego (2004) considered a market with two competing supply-chains, each

consisting of one wholesaler and one retailer. customer service was the focused competition factor.

3 Model

In our supply chain structure, there are two manufacturers producing different but substitutable
products. Both of these manufacturers sell their products to a common retailer, who in turn sells
the products to the end consumer. We assume that there is only one retailer in the area. In other
words, we assume that the distance between each retailer is so large that there is no competition
among retailers. This may be a strong assumption for some markets. However, it allows us to focus
on the competition between the two manufacturers. We also assume that consumer demand for each
product is sensitive to two factors: (1) retail price, (2) service provided by the manufacturer. Notice
that only services that are provided by the competing manufacturers are considered. Effectively,
we do not take into account the effect of the services provided by the retailer to the customer
demand for each product. We can think of this as the retailer providing the same level of service
to both products; the only difference to the customer’s perception (other than price) is the services

provided by the manufacturer.

We assume also that the investment in services has a decreasing return to scale. Namely, the
next dollar invested by the manufacturer returns less service than the last dollar invested, i.e., it is
harder (and costs more) to provide the next unit of service than the last one. This can be reflected
in the quadratic form of the cost of providing services. The same quadratic equation is also used
in Tsay and Agrawal (2000).

In this section, the mathematical model of the supply chain depicted in Figure 77 is defined. In
our model, we assume that all activity occurs within a single period. There are two manufacturers,
indexed by i € {1, 2}, and one retailer. Each manufacturer produces one product, also indicated by
the same index as its producer, and also provides service directly to consumers. The retailer carries

the products of both manufacturers and faces a deterministic consumer demand that is influenced



by both the retail prices and the manufacturer’s service of both products. Each manufacturer must
decide on his product’s wholesale price and level of service to be provided to consumers, while the

retailer controls the retail price of both products.

3.1 Demand Function

Our model represents a generalization of the model found in Choi (1991). Given this structure,
we next specify the consumer demand function and cost structure for each firm. In defining the
demand function, we follow the approach by McGuire and Staelin (1983). This approach uses a set
of basic characteristics of the type of demand of each product, e.g., downward sloping in its own
price, increasing with respect to the competitor’s price, and then specifies an analytically feasible
function (e.g., linear) that captures these desired characteristics. An alternative approach would
derive specific (nonlinear) functions facing the retailer. Typically, this latter approach requires
making explicit assumptions concerning consumer tastes, or the existence of a few types of market

segments. Examples of this latter approach can be seen in Lal and Matutes (1994).

As pointed out by Lee and Staelin (1997) and Choi (1991), although a liner demand func-
tions do not have good forecasting properties (possibility for negative quantities), they outperform
multiplicative and exponential demand functions for analysis of the primary interests such as cate-
gory pricing or product line pricing. For our model, we make the following assumptions regarding

demand functions:

ASSUMPTION 1. The demand structure is symmetric between the two products. Demand for
one product is decreasing in its own retail price and increasing in the competitor retail price. On

the other hand, it is increasing in its own service and decreasing in the competitor service.

ASSUMPTION 2. Product i has market base a; and production cost c;. Market base a; measures
the size of product i’s market. It is the demand of product i faced by the retailer when both products

are priced at zero but the manufacturers offer no service.

ASSUMPTION 3. Decreasing product retail price or increasing service level will trigger two
phenomena. First, a group of customers will decide to switch from the other product. Second, a
group of customers who otherwise would not have bought either product will purchase at this lower

price or higher service. The opposite happens when price is increased or service level is decreased.

From Assumption 1 to 3, the demand for product ¢, which is the same as the retailer ordering

quantity, can be expressed as:
Qi(pi7pj7 Si, Sj) = a; — (bp + ep)pz' + prj + (bs + 95)31' - Hssj (1)

where a; >0, b, > 0,6, >0,bs >0,0s>0,¢:=1,2, and j = 3 — 1.

Here, a; is a non-negative constant. It can be thought of as a “market base” (Tsay and Agrawal



2000) as defined in Assumption 2. Customer buying behaviors are characterized in this market base
and the slopes for the price and service level explained below. We assume that a; is large enough so
that Q; will always be non-negative. We can think of (b, +6,) as the measure of the responsiveness
of each manufacturer’s market demand to its own price. As specified in Assumption 3, when the
price of product 7 is decreased by one unit, the product will gain b, 46, more customers. Amongst
these customers, ¢, of them are switching from the competitor’s product while b, of them are the
direct result of a larger market demand due to the smaller price. In other words, b, of them would
not buy the product otherwise. A similar explanation can be used for service-related parameters
bs and 6.

Note that we can rearrange the terms in Equation 1 to the following form:

Qi(pi,pj;5i,85) = a; —bpp; + 0,(p; — i) + bss; — 0s(s; — 54). (2)

This is similar to the demand function used in Tsay and Agrawal (2000), except their model was

used to study a system with one manufacturer and two competing retailers in their study.

3.2 Cost Structure

In our model, the manufacturers can influence the demand by setting the wholesale prices and the
service levels. On the other hand, the retailer can independently influence the (retail) price of each
product. We do not assume any collusion or cooperation among firms. Each channel member has

the same goal: to maximize his own profit. This leads us to the following assumption:

ASSUMPTION 4. All channel members try to mazximize their own profit and behave as if they

have perfect information of the demand and the cost structures of other channel members.

The state of information specified in Assumption 4 is typical in analytical modelling, although
it overstates the information climate of the real world. From the model and Assumption 4, the
retailer’s objective is to maximize its profit function, which can be described by the following

equation:

2

Tp = Y (0 — w)Qi(pi,pj, 50, 5)) (3)

i=1
where Q;(pi,pj, si, s;) is as specified in Equation 2.

To specify each manufacturer’s profit function, we note that manufacturers carry two types
of cost: production cost and service cost. The latter includes the cost of providing service to
customers. This may include the total wage of employees in the service department, the cost of
training these employees, or the cost of hiring outsiders to provide customer service. Just as in
Tsay and Agrawal (2000), we assume diminishing returns of service. This is specified in the next

assumption.



ASSUMPTION 5. Cost of providing service has a decreasing-return property; the next dollar
tnvested would produce less unit of service than the last dollar - i.e., it becomes more expensive to
provide the next unit of service. w; — ¢; is the difference between manufacturer’s wholesale price
and production cost. This diminishing return of service can be captured by the quadratic form of

service cost. In our model we assume that the cost of providing s; units of service is 7;s;> /2.
This function is also used in Tsay and Agrawal (2000). Thus, the manufacturers’ profit function
can be written as:

772‘8@2 q—1

S =1 (@

Oy, = (wi — ¢)Qi(pi, vy, Si, S5) —

where 7; is the service cost coefficient of manufacturer .

3.3 Strategic Interactions

Note that so far we have not made any assumptions regarding the bargaining power possessed
by each channel member. The assumption regarding bargaining power possessed by each firm
can influence how the pricing game is solved in our model. Depending on the situation in any
particular industry, the bargaining power of retailers and manufacturers can vary significantly. In
the last few decades there are widely accepted notion that retailers are gaining “power” over the
manufacturers. However, the validity of the notion that retailers are gaining power at the expense
of the manufacturers is being questioned and studied by researchers in recent years (Ailawadi et
al. 1995, Messinger and Narasimhan 1995, Kim and Staelin 1999).

Following the notions in Choi (1991), variation in bargaining power in a particular supply chain

can create one of the following three scenarios:

1) Manufacturer Stackelberg (MS): The two manufacturers have equal bargaining power. They

possess more bargaining power than the retailer and thus are the Stackelberg leader.

2) Retailer Stackelberg (RS): The retailer has more bargaining power than the manufacturers

and is the Stackelberg leader. Again, the two manufacturers possess equal bargaining power.
3) Vertical Nash (VN): Every firm in the system has equal bargaining power.

In modelling the problem, the level of bargaining power possessed by each firm (as compared to
the other firms) is translated into whether the firm is a leader or a follower. In the game-theoretical
approach, the firm with more bargaining power has the first-mover advantage (Stackelberg leader).
The firm with less power would have to respond to the leader’s decisions. For example, in the
Manufacturer Stackelberg game, both manufacturers simultaneously select wholesale prices and
service levels in the first step. The retailer observes the decisions made by the manufacturers and
makes his response to those decisions in the second step (by choosing retail prices). In the Retailer

Stackelberg game the events take place in reverse, while every firm moves simultaneously in the



Vertical Nash game. In this research, we analyze our model with all three scenarios of different

power structures. We are interested to see the effect of bargaining power on the results.

4 Analytical Results (Manufacturer Stackelberg, Retailer Stack-
elberg, Vertical Nash)

To analyze our model, we follow a game-theoretical approach. The leader in each scenario makes his
decisions to maximize his own profit, conditioned on the follower’s response function. The problem
can be solved backwards. We begin by first solving for the reaction function of the follower of the
game, given that he has observed the leader’s decisions. For example, in Manufacturer Stackelberg,
the retailer reaction function is derived first, given that the retailer has observed the decisions made
by the manufacturers (on wholesale prices and service levels). Then, each manufacturer solves his

problem given that he knows how the retailer would react to his decisions.

4.1 Manufacturer Stackelberg
4.1.1 Retailer Reaction Function

The retailer in this game must choose retail prices pj and p5 to maximize his equilibrium profit.
That is,

p; € aTgI%aXHR(Pi,Pﬂwl,meh82) (5)

where IIr(p;, pjlwi, wo, s1, s2) denotes the profit to the retailer at this stage when he sets retail prices
Di, Pj, given earlier decisions by the manufacturers are wq, ws, s1, s2. The first order condition can
be shown as

_ Ollg

0= op; = a; — 2bppi + Op(pj — 2pi) + bssi — Os5(sj — 8:) + wibp + wib)

+p;bp — w;bp (6)

where i € {1,2} and j = 3 —i. We then check the Hessian for optimality. We have 911%/9p? =
—2b, — 26,, and
o113 /0p;Op; = O11% /Op;0p; = 20,.

Assuming that b, > 0 and 6, > 0, we have a negative definite Hessian. Therefore, the p; and

po calculated above are the optimal reaction functions for the retailer.

Using the first and second order optimality conditions above, we have the following expression



for the retailer’s reaction function

* wi | (bp+0p)ai +0pa;  Os(sj —si)  (bp + Op)bssi + Opbss;
o= Y _ s (7)
2 2bp, (b, + 26,,) 2(by + 26,) 20, (by + 26))

where i € {1,2} and j = 3—i. From equation (7) and (1), we can also obtain the demand quantities
for products 1 and 2 as
a; (b +0p) 6 (bs + 65) 0

QI = S - g Wit Jui s o) (8)

where i = 1,2 and j = 3 —¢. We can see that the equilibrium quantities p; and Q) for each product
are linear functions of the wholesale prices and service levels by the manufacturers, and the market
bases (a1 and ag). Note that the wholesale price and service levels are a function of production

costs and other model parameters as described in the next section.

4.1.2 Manufacturers Decisions

Using the retailer’s reaction function, we can derive each manufacturer’s optimal wholesale price and
service level. This is carried out by maximizing each manufacturer’s profit shown in Equation (4),
given the retailer reaction function. The manufacturer 7 chooses the wholesale prices w; and service
level s; to maximize his own individual profit. Recall that the manufacturers move simultaneously.

Thus, a Nash Equilibrium exists between them. That is,

w; € CLTQII}UQXHMi(wiaw}S:vS;)v 9)
1

sf € argmsaxHMi(wf,w;,si,s;) (10)
1

where ITyz, (w;, wj, s;, 55) is the profit of manufacturer i at this stage when manufacturers set their
wholesale prices at w;,w; and service levels at s;,s;. To find the optimal wholesale price, w;, we

first look at the first order condition.

0= 8HM1. — a— b |w (bp + Hp)ai + Qp(lj B 95(5j — Si) (bp + 9p)bss7; + HprSj
 ow P 20, (b, + 20)) 2(by, + 20,) 2b,,(by, + 20,)
j — Qi  —2w; | (205 +bs)(s5 — 54
+9p[ aj =6 wi— 2w (205 + bs) (s s)]
2(b, + 20,,) 2 2(bp + 26,)
Cib CZ‘Q
—i—bssi - (95(8]‘ - Si) + 2p 2p
Ol b0, by(by+ 0,)bs O, (b + 20,)
= - = (wi—q) |- - - bs +0s| —nisi
0= "2, (wi =) [ 206y +20,)  2by(by 1 20,)  2(by 1 26,) i

The second order condition is then calculated to check the optimality. We have 81'[%/11_ JOw? =
_bp - 0p7
8H%wi/8wias,~ =bs+05/2, and 31_1?\41,/88? = —n;.

10



Assuming that b, > 0 and 6, > 0, we have a negative definite Hessian. Therefore, the w; and

s; calculated above are the optimal reaction functions for the manufacturer i.
The following proposition gives the closed form solution of wholesale price and service level.

PROPOSITION 4.1. The manufacturer’s equilibrium wholesale price and service level are:

2m; A
o= Iy Dias + (B + FyDy)ei + (Fy + E;D;)e; 11
w; A1A2—B1B2[a+ ja; + (Ei + FiDj)c; + (Fj + E; J)CJ:| (11)
st = (bs+0s) A4, BB, ai + Djaj + (Fj + E;Dj)c;
A1As — BBy 2] "

where i = 1,2 and j = 3 —i and A; = 4n;(by + 0,) + (bs + 05)%, B; = 20,0, — 05(bs + 05)[(bp —
bs + 291))/(bp + 2010)}7 D; = Bi/Aiv E; = (bp + 9})) - (bs + 95)2/27%" F; = [QS(bs + 08)/2772‘] - [epr(bs +
95)/2771'(51) + 291))]‘

Proof: See the Appendix.

Note that if service is not taken into account or is assumed to be zero, equation (7), (8), and
(11) reduce to

NS w;  (bp + 0p)a; + Opa;
Pi 2 20, (b, + 20,) 13)
gVS* _ W (bp + Op)wi 4 Opw; and (14)
2 2 2
WS ! 9(by + 0,)ai + Oy + 2(by + 0,)2ci + Oy (by + 6,)c; (15)
7 4(bp 4 9p)2 _ 9% p p P p p p\*p pJ=J

for ¢ € {1,2} and j = 3 —i. These are the results derived by Choi (1991). Choi (1991) defines a
linear duopoly demand function as @; = a —bp; +yp; where b = b, +0,, and v = 0,,. His model does
not take into account the service provided by manufacturers and assumes that the two products

have equal market base (a1 = az = a). Thus, his model is a special case of our model.

Comparing equations (8) and (14), we can see that @;* (demand of product i when both
manufacturers provide service) will be greater than va s* (demand of product ¢ when no service is

provided) if

5 s (16)

11



Thus, when manufacturer ¢ provides its service s; > %s]’, product ¢ can capture a bigger

market than its competitor.

Now, comparing equations (7) and (13), p;* (retail price of product i when both manufacturers
provide service) will be greater than pZN s* (retail price of product ¢ when no service is provided) if

the following condition is satisfied

* NS* [bp0s + Opbpls; — [(bp + 0p)bs + bp98]5i.

S 17
v b + 26) "
In other words, if
N by(by + 20,) (w? — wNS™) L 1By + 0p)s + b,0s] i (18)

= byOs + O,b, by0s + O,b,

then p;* will be greater than plN 5%,

4.2 Retailer Stackelberg

The Retailer Stackelberg scenario arises in markets where retailers’ sizes are large compared to
their suppliers. For example, large retailers like Walmart and Target can influence each product’s
sales by lowering price. Because of their sizes, the retailers can maintain their margin on sales while
squeezing profit from their suppliers. The suppliers are mostly concerned with receiving orders from
the retail giants. Similar game-theoretic framework as applied in the Manufacturer Stackelberg case
is implemented to solve this problem; i.e., the problem is solved backwards. First, the suppliers’
problem is solved to derive the response function conditional on the retail prices chosen by the
retailer. The retailer problem is then solved given that the retailer knows how the manufacturers

would react to the retail prices he sets.

4.2.1 Manufacturers Reaction Functions

To cope with competition, manufacturer i chooses equilibrium wholesale price w; and service level

s;. That is, for each manufacturer 4

w; € argrrqluaxHMi(wi,w;-‘,sf,s;|p1,p2), (19)
s; € argn;axHMi(wf;,w;f,si,s;\pl,pg) (20)

where Iy, (w1, wa, s1, s2|p1, p2) is the profit to manufacturer ¢ at this stage when manufacturers set
wholesale prices w1, wo and service levels s1, s9, given earlier decisions on retail price p1,p2 by the

retailer.

12



The first order conditions are

Oy,
0= o, = Qi+ (w;— Ci)(_bp - Hp)
_ Oy, B o o
0= 95 (w; — ¢;)(bs + 0s) — n;s;

We can check for optimality by calculating the second order condition. We then have 81_1%41, / 8wi2 =
—by, — 0,

8H§Mi /Ow;0s; = bs + 05, and 8H§m / 85? = —n;. Thus, the Hessian is negative definite and the
second order condition is satisfied. Therefore, the w; and s; calculated above are the optimal
reaction functions for the manufacturer ¢.Using the first and second order conditions above, the
response wholesale price and service level for each manufacture can be derived and are given in the

next proposition.

PROPOSITION 4.2. The manufacturer’s response function given retail prices p; and p; are:

. i H;
wi = T—jK? [ai — Ljaj — (0,L; + G)p; + (GLj + 6,)p; + (M; — L;N;)c;|.
. H;(bs + 65)

where G = bp + QP’HZ' = ni(bp + ep) - (bS + 98)27K = es(bs + 95)’Li = K/HiaMi = i/ni =
(bp + ep) - (bs + 08)2/772'7Ni = K/m = 95(53 + 93)/771

Proof: See the Appendix.

We can see that the optimal service responses for both manufacturers do not depend on the
production cost. Even for the optimal wholesale price responses, the manufacturers do not need to
know the production cost of their competitors. Retail prices can be easily observed in the market.

The value of market bases can be estimated by the manufacturers by conducting a market survey.

4.2.2 Retailer Decision

Having the information about the reaction functions of manufacturers, the retailer would then use

them to maximize his profit

Or = (p1—wi(p1,p2))Q1(p1,p2) + (p2 — wa(p1,p2))Q2(p1, p2). (22)

The retailer in this game must choose retail prices pj and p5 to maximize his equilibrium profit.
That is,

p; € arg max R (pi, p}) (23)
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where IIr(p1, p2) denotes the profit to the retailer at this stage when he set retail prices p1, p2. The

first order condition can be shown as

0= aar}[j = (1 - awléf;m) Qi(pi, ) + (P — wi(Pi,Pj))(W
(- 2B ) s ) + 0 = s i) P00 24
where
W _ m(ap@ e (25)
‘%jg;;pj) _ }%(Gu —0,) (26)
W _ I%(GLJ- —,) (27)
W _ }%(%Li aye) (28)

To check for optimality, the second order condition is checked. We then have 81_[%%/ Opi? =
—2b, — 20,, and
ON%/0p;0p; = O11%/0p;Op; = 20,. Assuming that b, > 0 and 6, > 0, we have a negative definite
Hessian. Therefore, the p; and py calculated above are the optimal reaction functions for the

retailer.

Using the first and second order optimization conditions, the equilibrium retail prices can be

derived and are given in the following proposition.

PROPOSITION 4.3. In the Retailer Stackelberg case, the equilibrium retail price p] and p3

chosen by the retailer are

x (X2U1 — YV1)a1 + (YVQ — XQUQ)GQ + (Xgpl — Yal)Wcl + (ng — XQJQ)WCQ
P X1 X — Y2

. (YUl — X1V1)a1 + (X1‘/2 — YUQ)CLQ + (Ypl — Xlal)Wcl + (leg — YUQ)WCQ
P2 = X1Xs — V? '

where p;, i, X, Y, Ui, Vi and W fori € {1,2} and j = 3—1i are constants defined in the Appendix.

Proof: See the Appendix.

This proposition shows linear relationship between retail price and market bases and production

costs. When b; = 05 = 0, the expressions are reduced to the results given in Choi (1991).
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4.3 Vertical Nash

The Vertical Nash model is studied as a benchmark to both the Manufacturer Stackelberg and
Retailer Stackelberg cases. In this model, every firm has equal bargaining power and thus makes
his decisions simultaneously. This scenario arises in a market in which there are relatively small
to medium-sized manufacturers and retailers. In this market it is reasonable to assume that a
manufacturer may not know the competitor’s wholesale price but can observe its retail price. Since
a manufacturer cannot dominate the market over the retailer, his price decision is conditioned on
how the retailer prices the product. On the other hand, the retailer must also condition its retail

price decisions on the wholesale price.

Again, game-theoretic framework is employed to derive the reaction function of each firm in the
supply chain. Fortunately, the reaction functions for the retailer and the manufacturers were already
derived in the Manufacturer Stackelberg game and the Retailer Stackelberg game respectively. From
the Manufacturer Stackelberg game, the retailer reaction function for given wholesale prices w1, wo
and service levels s1, s9 is given in Equation (7) as
wi (b + 0p)a; + Opa; 98(33f —s7)  (bp+6,)bss + Opbss;

Pi 2 20,(by +26,)  2(b, + 26,) 26, (by + 26,)

where i € {1,2} and j = 3 — i. From the Retailer Stackelberg game, the manufacturers reaction

function for given retail prices p1, p2 are given in Equations (44) and (45) as

. n:H; M

YT HH,- R [‘“ S kO G s (R
. H;(bs + 05)

s; = # 2 [ai — Lja; — (OpLj + G)pi + (GL; + 0,)p;

for wholesale price and service level respectively. H;, K, L;, M;, N;, and G fori € {1,2} and j = 3—1
are defined as in the Retailer Stackelberg game. Solving the above equations simultaneously yields
the Nash equilibrium solution. The equilibrium retail prices can be derived and are given in the

following proposition.

PROPOSITION 4.4. In Vertical Nash case, the equilibrium retail price p] and p5 chosen by the
retailer are
(vjki + Nikj)ar + (yjvi + Aivj)as + yjicr + Nijca

bi = 29
Vivj — Aidj (29)

where ki, A, v; and 1; for i € {1,2} and j = 3 — i are constants.
Proof: See the Appendix.
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4.4 Comparison of Results

In this section, we compare the results from the three different scenarios to focus on the effect
of power structure on prices, service levels, and profits of each channel member. However, when
the two manufacturers are not identical (in production cost or market base), it is difficult to
compare the results from different scenarios since there will be a market leader and a follower. In
order to separate the effects of different power structures from the effects of cost differences, we
assume identical manufacturers (same market base, production cost and service cost coefficient).
This assumption simplifies the results given previously by setting a; = a; = a, ¢; = ¢; = ¢, and
n; = 1; = 1. The following theorem summarizes the results with the identical manufacturers

assumption.

THEOREM 4.1. When the two manufacturers are identical (same market base, production cost
and service cost coefficient), the retail price, wholesale price, service level, demand quantity, and

profit can be calculated as shown in Table 4.1

Scenario
MS VN RS

Manufacturers
Wholesale Price 22.227 20.870 19.039
Service Level 4.307 7.935 7.0192
Profit 221.649 | 188.882 | 147.809

Retailer

Retail Price 42.146 43.540 45.110
Profit 555.480 | 719.552 | 732.006
Demand 13.943 15.870 14.039

Table 2: Comparison of results from three scenarios

Proof: See the Appendix.

When b, = 65 = 0, the results given in Table 2 reduce to the results given by Choi (1991)
in which competition in service is not taken into account. The results in Table 2 show that the
equilibrium wholesale and retail price, service level, and demand quantity are a linear function of

both market base and production cost. From Table 2, we have the following corollary.
COROLLARY 4.1. When the two manufacturers are identical (same market base, production
cost and service cost coefficient) and nb, > bs(bs + 05) and a > byc, then sMS « GRS VN
Proof: See the Appendix.

This proposition states that when the manufacturers possess the most bargaining power, con-
sumers receive the least benefit from service. The proposition shows that the consumers are better

off when there is no dominant power between the retailer and manufacturers. This is reflected in
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higher service levels and greater demand quantity in the VN scenario as compared to those in MS
and RS.

We next compares other quantities among the three scenarios. We find that the results of
comparison depend on the value of b; and ;. When bs and 6, are greater than zero, the results
from Manufacturer Stackelberg can vary, depending on the values of the parameters. Thus, they
can not be compared to the results from the other two cases. However, when by = 65 = 0, the
results from all three scenarios in Table 2 can be simplified and compared. The following corollary

states these findings.

COROLLARY 4.2. When the two manufacturers are identical (same market base, production

cost and service cost coefficient) and nb, > bs(bs + 65) and a > bye, we have the following results

(a) (b)

If bs and 65, >0 If by and 65 = 0

Retail Price N/A pMS < pVN < phS
Demand QRS < QVN QMS QRS <« QVN
Wholesale Price wVN > S wMS > VN > ftS
Manufacturer Profit H}\//[N > H]\R/[S H%S > H]\V4N > Hf/[S
Retailer Profit N <185 | IS <IN < 1189

Proof: See the Appendix.

Part (b) of Corollary 4.2 is similar to the results given by Choi (1991) and Lee and Staelin
(1997). Their models do not include the service component (i.e., by = 05 = 0 in their models).

Thus, Corollary 4.2 provides more general results than those in existing literature.

Note that when bs; and 65 > 0, it is not possible to compare the results from the Manufacturer
Stackelberg case with the other two cases. This is because the values of by and 6, can influence the
nature of competition. When b, and 6, are significant larger than b, and 6,, the two manufacturers
will focus on service competition. On the other hand, if b, and 6, are significant larger than b and
fs, manufacturers will concentrate on price competition. Thus, the relative amount of price and

service level in the Manufacturer Stackelberg case as compared to the other two cases can vary.

Note also that we can not compare the retail price among the three cases. This is also due to
the nature of competition in the industry. When b, and 6, are significant larger than b5 and 0,,
the result will be close to that given in part (b) (i.e., pM% < p"VN < pB5). However, if by and 6,
are significant larger than b, and 6,, the manufacturers will focus on service competition. In this
case, no definite statement can be concluded from the comparison of the retail price between the

three cases.
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5 Nwumerical Studies

In this section, we use numerical approach to studies the behavior of firms when facing changing
environment. We follow existing literature (e.g., Tsay and Agrawal (2000) and Vilcassin et al.
(1999)) in defining the range of some parameters. We explore how retail prices, wholesale prices,
service levels, and profits are affected by changes arisen from the individual company. This is
because prices or services can change over time due to continuing improvement in production
technology in the industry. Thus, the results in this section can help us understand the robustness

of our results to either firm-specific or industry-wide changes.

From the results in the last section, we found that, regardless of power structure, as market base
of manufacturer 7 increases, the firm can sell its product at a higher price and with larger quantity.
This brings in more revenue and makes it affordable for the manufacturer to provide more services.
This in turn creates even more demand for the product and increases profit. We also found out
that as the market base of product ¢ increases, manufacturer j’s profit also increases. This might
be counterintuitive but can be explained as follows: the increase in competitor’s profit is due to
the factor 0, in demand function which reflects the fact that some fixed proportion of customers
will switch from product ¢ to product j due to competition. However, the increase in price, service
level and profit of product j will be smaller than those of product ¢. This result is summarized in

the next proposition.

OBSERVATION 5.1. Regardless of power structure, an increase in market base in one company

benefits its competitor as well but at a lesser extent. Namely, (a) 0 < 81;}7 < %ﬁ;, (b) 0 < 65’ < giﬁ- ,
8HM

O Opi 2Q; Ol p)
(c)0< 2 82,(d)0<8a 62,(e)0< o () o< HR

Similar phenomenon also occurs when ¢; increases, except that now the increase has adverse
effect on demand quantity, service level and profit of product i. The result shows that firm ¢ will
sell its product at a higher price and provide less service. This brings the firm less profit. We found
out that as ¢; increases, p; also increases. However, this increase in p; is at a smaller magnitude
than the increase in p;. As s; decreases due to a higher ¢;, s; increases. Thus, demand and profit
for product j increase while those for product ¢ decrease. Note that the retailer is also hurt if
the production cost of one of the manufacturers increases; this is because of the decrease in total

demand due to a higher price. The next proposition states this result.

OBSERVATION 5.2. Regardless of power structure, an increase in production cost in one com-

pany decreases its profit while increases its competitor’s profit, but at a lesser extent. Namely,

) gn< B < G (D)0 < G < g ()0 < G < g (d) 0 < FE < =GR (e)
; 8HM 8H
0< i < — L
dc;

We also found that when manufacturer ¢ has an advantage on service cost coefficient (i.e.,
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n; < nj), it will provide more service, and sell the product at lower wholesale price. However, its

product will have a higher retail price. This leads us to the following result.

OBSERVATION 5.3. When n; < n;, the retailer will act as a market segmenter and sell the
product with high service at high (retail) price and sell the product with low service at low (retail)

price. Namely, s; > s;j and p; > pj even though w; < wj.

When manufacturer ¢ has an advantage on service cost coefficient (i.e., n; < n;), he can sell at
a lower price since his service cost is less than that of his competitor. However, the retailer will sell
product ¢ at a higher retail price. The retailer makes up for the smaller profit from the low service
product by a bigger profit from the higher service product. This result emphasizes the role of the
retailer as an intermediary. The consumers can not enjoy better service and lower price offered
by manufacturer ¢ due to the existence of the retailer. In order to receive high service offered by

manufacturer ¢, they must pay a higher price.

6 Conclusions

Our primary objective is to highlight the importance of service from manufacturers in the interac-
tions between two competing manufacturers and their common retailer, facing end consumers who
are sensitive to both retail price and manufacturer service. We also explore the role of bargaining
power by examining the problem through three different scenarios. Using game theoretic approach,
our analysis found a number of insights into economic behavior of firms, which could serve as the

basis for empirical study in the future.

In this paper, we derive expressions for equilibrium retail and wholesale prices, service levels,
profits, and demand quantity for each product. We then analyze the results and give some insights
on the influence of each parameters. Our results show that it is more beneficial to consumers when
there is no dominant player(s) in vertical strategic interaction. In such case, the consumers receive
more manufacturer service and can buy product at a lower price. A counterintuitive result shows
that as market base of one product increases, the competitor also benefit but at a less amount.
Furthermore, when one manufacturer has economic advantage in providing service, the retailer will
act to separate market segment by selling product with low service at low price and selling product

with high service at high price.

In this paper we study the effect of changes in each parameters to cope with rapidly changing
environment. Another approach is to extend the model over multiple periods to specifically study
temporal dynamics in the supply chain. One possibility is to study learning effect. The new model
can analyze how firms and consumers can make use of their experiences and learn over repeated
transactions. One can start by first extend the problem to two periods and analyze model before

extending the model to longer horizon.
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Furthermore, the retailer in our model enjoys regional monopolistic advantage. One alternative
is to build a model with two competing retailers. Each sells competing products from two manufac-
turers. Other possibilities may include the situation where one manufacturer owns and controls a
retailer as a “company store” and compete with regular channel. One can also build a more general
model to have the service components both from the manufacturers and from the retailer. Lastly,
we examine the problem without coordination within the supply chain. One possible extension is

to examine the mechanism such as vertical integration or two-part tariffs.

APPENDIX A: Final Expressions for Retail Price

A1l: Retailer Stackelberg

Using the first and second order optimization technique, the equilibrium retail price is

(XoMy — Y Ni)ay + (Y No — XoMs)as + (Xop1 — Yo1)Ker + (Yp2 — Xoo2)Keo

b= X1 X, — V2
~ (YM; — X1 Ni)ag + (X1Ny — Y Ma)as + (Ypr — X101)Key + (X1p2 — Yoo ) Kea
px = X1 X5 — 1?2
where
K = AA,-B"
My = &p1+win +&Dios + ey
My = &03+widr +&Dypr + vy
Ni = 1y +&o1 +wads + EDypo
Ny = 161+ Ep2 +waye + E1D501
X1 = 2(wip1 + P202)
Xy = 2(w2p2 +1101)
Y = ¢1p1+ Y202 +wior + w202
& = mA;
wi = AAy— B® 444G +0,D))
bi = mA; G D;+0,)
no= w6
¢ = mBG
pi = mG (AG +6,B)
o = mG (G'B +6,4)) (30)

A2: Vertical Nash
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The above equations can then be solved simultaneously to derive Nash equilibrium solution.

The final expressions for retail prices are

(K1 + K4L1)ay + (K2 + KyLo)as + Kzcr + KqLsco

- 31
P 1— KiLa (31)
(L1 + LaK1)ay + (Lo + LyKs)ag + Lacr + LyKsco
P2 = (32)
1 — K4L4
where
Ko = 2bp(bp +20,)(A5Ab — B'") + 11 A5 (0D + G Yop(bp + 26p) + [0bp + bs(bp + 0)] A (bs + 05) (6, Dy + G )

—(Opbs — bpBs)(bs + 65) AL (G D + )
2
11 Apbp (b +26p) + (by + 0p) (A1 Ay — B') + [Bsby + ba(by + 0,)] Ay (bs + 65) — (9pbs — bpbs) (bs + 65) Ay D,

K =

1 Ko

’ ’ ror ’2 ’ ’ ’

e —mALD by (by +20,) + 0p(A A — B®) = [0by + b (by + 0,)| A5 Dy (b + 0.) + (B — by0,)(bs +0,) A}

2 = Ko
K _ Ulbp(bp""%p)Alz(Ei _D;Fi)

3 =

Ko

K, —  MA(G DY+ 0p)by(bp +20p) + [Osbp + b (bp + 0p)]Ag (b + 05)(G' Dy +p) — (Opbs — bpfs) Ay (bs +05)(Bp D) + G)

4 = Ko

ror 12 ’ ’ ’ ’ ’ ’
Lo = 2bp(bp +20p)(A1 Ay — B ) +m2A1(0p D1 + G )bp(bp + 20p) + [0sbp + bs (bp + 0p)]A; (bs + 0s)(0p D1 + G )
—(Bpbs — bpbs) (bs + 05) A5 (G’ Dy + 0)
ro ro 12 ’ ’ ’

L _ —mA D by(bp +20p) + 0p(A1 Ay — B ) — [0sbp + bs(bp + 0p)]A; Dy (bs + 0s) + (Opbs — bpbs)(bs + 05) A,

1 = To

’ ’o 12 ’ ’ ’

L, = MmAbe(bp +26p) + (bp +0p)(A1 Ay — B ) + [0sbp + bs(bp + 0p)]A; (bs + 0s) — (6pbs — bpbs)(bs + 05) Ay Dy

2 = To
Lo — Tebo(bo+200)A (B = DiFy)

Lo

. AL (G Dy + 0p)bp(bp + 20p) + [Bsby + bs (bp + 0p)] A1 (bs +05)(G' D' + 0p) — (Bpbs — bpfs) A3 (bs +65) (6p D3 +G')

4 =

Lo

APPENDIX B: Detail Derivation of Equilibrium Solu-

tions

B1: Supplier Stackelberg

We first look at the retailer’s reaction function after he has the information about prices and
service levels announced by the suppliers. Retailer’s profit function can be expressed as the follow-

ing:

Or = (p1—wi)ar —bpp1 + 0p(p2 — p1) + bss1 — Os(s2 — s1)]
+(p2 — wa)[az — bppa + Op(p1 — p2) + bssa — Os(s1 — 52)].
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Ollr

0= o (pj — wj)0p + a; — 2bpp; + Op(pj — 2p;i) + bssi — Os(sj — si) + wibpy + w;b)y

a4 + bssi — 95(8]‘ — Si) + wi(bp + Qp) + Hp(ij — wj)
bi = ) (33)
2(bp + )

To check the optimality, we check the Hessian matrix:

o113,

Tp% — *2bp*20p
o _ oy _
Op20p1  Op10p2 P

oI12,

Tp% == —2bp—29p

Assuming that b, > 0 and 6, > 0, we have a negative definite Hessian. Therefore, the p; and
p2 calculated above are the optimal reaction functions for the retailer. Solving for p; and po by

plugging p; into ps we have:

W; (bp + 9p)ai + 9pa,j (95<8j — Si) (bp + Hp)bssi + Hpbssj .

o= + — 34
Pi 2 " 2b,(b,+20,)  2(b,+ 20,) 2b, (b, + 26,) (34)
To find the optimal wholesale price, w1, we first look at the first order condition.
o”?HMl (bp + 9p>a1 + QPGQ 95(82 — 81) (bp + Hp)bssl + HprSQ
0= ay — by |wy + —
owq 2b, (b, + 26,) 2(bp + 20,) 2b,(by + 26))
+9p I: ags — ay " wy — 2wq (295 + bs)(SQ — 81):|
2(bp + 20,) 2 2(by, +20,)
b 0
+hest — Oy(sa — 51) + 2 4 L
2 2
Finally,
wp = 1{0w + a1 +ci(by+0p) + (bs + 65)s —i-(%l)s—é?)s} (35)
1 = 2(bp+9p) pW2 1 1Y% P s s)°o1 (bp+29p) s 2

To find the optimal level of services, we also find the first order condition:

i b,0s by(by + )05 O,(bs + 26,)
- = - - - - bs 05 -
0= s (w1 =) { 3(by 1 20,)  2b,(by 1 20,)  2(b, 1+ 20,) c T 0] T
5 = (w1 — c1)(bs + 05) (36)

2m
Let

Ai = 477i(bp + 9:0) + (bs + 93)2

b, — bs + 20
B; = 2n0, — 0s(bs + 05) <pp>
P by + 20,
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B;

D, = —
A;
(bs +05)°
Ei = (bp+0p)— T om
o 05(bs +05)  Opbs(bs +05)
v 2772' 27]i(bp + 29p)

Substitute (36) into (35), we get:

2m A
= D By + F\D Fy+ EyD
Y AlAQ o BlBQ [(al + 2a2) + ( 1+ £ 2)C1 + ( o+ Lo 2)02] (37)

Substitute (37) into (36) we get:

* A2 AQ(E1+F1D2) 1
= 00 | g P o+ D)+ (D + [ G0 P8 - o

B2: Retailer Stackelberg

Since the retailer moves first in this game, we need to calculate for the suppliers’reaction
function. Note that the suppliers move simultaneously. Therefore, we need to calculate the Nash
equilibrium between them. The profit function for supplier ¢ can be expressed as:

52
HM- = (U)Z — CZ)QZ — 7712'91 ;Where

k3

Qi = ai—bypi +0p(p; — pi) + bssi — Os(s5 — ;)

To find the suppliers’ reaction function, we need to find the first order condition which can be

expressed as:

0= aaﬂwl\ji = Qi+ (w;— Ci)%ﬁi gii;Where (39)
?9?; = —b,—0, (40)
gi =1 (41)
Therefore,
0 = a;— (bp+ 0p)pi + Oppj + (bs + 0s)si — Oss; — (bp + Op) (w; — ;) (42)

To find the optimal level of service for supplier ¢, we also find the first order condition:

_ Oy, 4 ) 9Q; q.
0= ds; (wi = i) 0s; s
o (w; — ¢;)(bs + 05)
’ i
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Substitute (43) into (42), we get:

* i (bs + 93)2
w; = a; — (bp + 0p)p; + Oppj + | (bp +0p) — ——| ¢
nl(p ) (b+0) { (p p) prj (p P) i
78 05(bs + 05
+ ( )Cj— ( + )w]} (43)
Nj Nj
Let
A = ni(by +60,) + (bs + 05)°
"= 0,(bs +0,)
p, = 2
A;
) A, bs + 6,)?
E; = 771 (bp""ep)_g
B, S S S
P o_ B _ 0s(bs + 05)
Us i
G = by+0,
Using the above notation, (43) we have:
* 77'LA ’ ! / ! ! ’ /
Using 43 and 44, we get the following:
N A;(bs + 95) / / / / /

These are the manufacturers’ response function. Now, to solve retailer problem, recall that retailer
makes decision about p; and po after observing wi,ws,s; and ss. His profit function can be

expressed as:

Mp = (p1—wi(p1,p2))Q1(p1,p2) + (P2 — wa(p1, p2))Q2(p1, p2) (46)

To calculate for his optimal actions, we need to use the first order condition:

0= %r;f - (1 ((9)> Qi(pispj) + (pi — wi(pi,pj))miéii’pj)
+<é))%%mﬂ+@—wwﬂmﬁ%£fﬂ )
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where

— = —————(0,D. + G 4
ow; (pi, ;) 4 '
Tpubi) (@' D)+ 49

Substitute (45) into the formula for @1 and @2, and then using the above condtions to solve for p;

and ps. We finally have:

(XQMl — YNl)al + (YN2 — XQMQ)CLQ + (Xgpl — YUl)Kcl —+ (ng — XQO’Q)KCQ

pr= X, Xy — V2
(YM; — X1N1)ay + (X1 No — Y Ma)as + (Yp1 — Xq101)Key + (X1p2 — Yoo )Keo
b2 = X1 Xq — V2

where all parameters are as specified in Appendix A.

B3: Vertical Nash

For Vertical Nash, we solve the problem using response functions that were already derived
in Manufacturer Stackelberg case and Retailer Stackelberg case respectively. From Manufacturer
Stackelberg case, the retailer reaction function for given wholesale price wi,ws and service levels

S1, 892 is

B ui (by + 0,)a; + Opa; B 95(33‘ —s7)  (bp+60,)bss + Qpbss;
b= 5 2b,(by + 20,)  2(b, + 20,) 2b, (b, + 20,)

where ¢ = 1,2 and j = 3 — 4. On the other hand, the manufacturers reaction function for given

retail prices p1,ps is

* nZAI ’ / I\ % " * ! "
Wi = e | Dis— 6,05+ 6 + (6D + 6, + (B - D).
1442 —
A (bs + 65) , C ) i
1442

where A;, B,, D;, E;, FZ-,, and G’ are defined as in the Retailer Stackelberg case. Solving the above

equations simultaneously yield the Nash equilibrium solution.

(K1 + K4L1)a1 + (K2 -+ K4L2)a2 + Ks3c1 + K4Lsco

1 1— K4Ly (50)
(L1 + LyK1)ay + (L2 + LyK2)ag + Lacy + LaKsco
P2 = (51)
1— Kuly

where K; and L; for i = 1 — 4 are as defined in Appendix A.

25



References

[1]

[12]

[13]

[14]

Ailawadi, K. L., Bolin, L., Farris and P. W., (1995), "Market Power and Performance: A
Cross Industry Analysis of Manufacturers and Retailers,” Working Paper, Darthmouth Col-
lege, Hanover, NH.

Banker, R. D., Khosla, I., Sinha and K. K. (1998), ”Quality and Competition,” Management
Science, 44(9), 1179-1192.

Boyaci, T. and Ray, S. (2003), ”Product Differentiation and Capacity Cost Interaction in Time
and Price Sensitive Markets,” Manufacturing € Service Operations Management, 5(1), 18-36.

Boyaci, T. and Gallgo, G. (2004), ”Supply Chain Coordination in A Market With Customer

Service Competition,” Production and Operations Management, 13(1), 3-22.

Choi, S. C. (1991), ”Price Competition in a Channel Structure with Common Retailer,” Mar-
keting Science, 10(4), 271-296.

Dana, J. D. and Petruzzi, N. C. (2001), "Note: The Newsvendor Model with Endogeneous
Demand,” Management Science, 47(11), 1488-1497.

Dixit, A. (1979), ”Quality and Quantity Competition,” Rev. Econom. Stud., 46, 587-599.
Fudenberg, D. and Tirole, J. (2000), ”Game Theory,” MIT Press, Cambridge, MA.

Goffin, Keith (1999), ” Customer Support: A Cross-Industry Study of Distribution Channels
and Strategies,” International Journal of Physical Distribution € Logistics Management, 29(6),
374-397.

Gupta, S. (1998), "Impact o Sales Promotions on When, What, and How Much to Buy,”
Journal of Marketing Research, 22, 342-355.

Hall, J. and Porteus, E. (2000), ”Customer Service Competition in Capacitated Systems,”
Manufacturing & Service Operations Management, 2(2), 144-165.

Ingene, C. A. and Parry, M. E. (1998), ”Channel Coordination when Retailers Compete,”
Marketing Science, 17(4), 338-355.

Iyer, G. (1995), ” Coordinating Channels Under Price and Nonprice Competition,” Marketing
Science, 14(4), 360-377.

Jeuland, A. and Shugan, S. (1983), "Managing Channel Profits,” Marketing Science, 2, 239-
272.

26



[15]

[22]

23]

[24]

[25]

[26]

Kadiyala, V., Chintagunta, P. and Vilcassim, N. (2000), "Manufacturer-Retailer Channel In-
teractions and Implications for Channel Power: An Empirical Investigation of Pricing in a
Local Market,” Marketing Science, 19(2), 127-148.

Khouja, M., Mehrez, A. and Rabinowitz, G. (1996), ”A Two-item Newsboy Problem with
Substitutability,” Inter. J. Production Economics, (44), 267-275.

Kim, S. Y. and Staelin, R. (1999), ” Manufacturer Allowances and Retailer Passthrough Rates

in a Competitive Environment,” Marketing Science, 18(1), 59-76.

Lariviere M. A. and Porteus, E. L. (2001), ”Selling to the Newsvendor: An Analysis of Price-
Only Contracts,” Manufacturing € Service Operations Management, 3(4), 293-305.

Lau, A. H. and Lau, H. S. (1988), "The Newsboy Problem with Price- Dependent Demand
Distribution,” ITE Transactions, 20(2), 168-175.

Lal, R. and Matutes, C. (1994), ”Retail Pricing and Advertising Strategies,” Journal Business,
67(3), 345-370.

Lee, E. and Staelin, R. (1997), ” Vertical Strategic Interaction: Implications for Channel Pricing
Strategy,” Marketing Science, 16(3), 185-207.

Li, J., Lau, H. S. and Lau, A. H. (1990), ”Some Analytical Results for a Two-Product Newsboy
Problem,” Decision Sciences, 21(3), 711-726.

Li, J., Lau, H. S. and Lau, A. H. (1991), ” A Two-Product Newsboy Problem with Satisficing
Objective and Independent Exponential Demands,” IIE Transactions, 23(1), 29-39.

Lippman, S. A. and McCardle, K. F. (1997), ”The Competitive Newsboy,” Operations Re-
search, 45(1), 54-65.

McGahan, A. M. and Ghemawat, P. (1994), ” Competition to Retain Customers,” Marketing
Science, 13(2), 165-176.

McGuire, T. W. and Staelin, R. (1983), ”An Industry Equilibrium Analysis of Downstream
Vertical Integration,” Marketing Science, 2, 161-192.

Messinger, P. R. and Narasimhan, C. (1995), "Has Power Shifted in The Grocery Channel?,”
Marketing Science, 14, 189-223.

Moorthy, K. S. (1987), ”Managing Channel Profits: Comments,” Marketing Science, 6, 375-
379.

Moorthy, K. S. (1988), ”Product and Price Competition in a Duapoly,” Marketing Science,
7(2), 141-168.

27



[30]

31]

[32]

Moorthy, K. S. , ”Strategic Decentralization in Channels,” Marketing Science, 7(4), (Fall 1988),
335-355.

Morton, F. S. and Settelmeyer, F. (2004), ”The Strategic Positioning of Store Brands in

Retailer-Manufacturer Negotiations,” Review of Industrial Organization, 24, 161-194.

Petruzzi, N. C. and Dada, M. (1999), ”Pricing and The Newsvendor Problem: A Review with
Extensions,” Operations Research, 47(2), 183-194.

Petruzzi, N. C. and Dada, M. (2001), ”Information and Inventory Recourse for a Two-Market,
Price-Setting Retailer,” Manufacturing & Service Operations Management, 3(3), 242-263.

Petruzzi, N. C. and Dada, M. (2002), ” Dynamic Pricing and Inventory Control with Learning,”
Naval Research Logistics, 49, 303-325.

Raju, J., Sethuraman, R. and Dhar, S. K. (1995), ” The Introduction and Performance of Store
Brands,” Management Science, 41(6), 957-978.

Silver, E., Pyke, D. F. and Peterson, R. (1998), ”Inventory Management and Production
Planning and Scheduling,” John Wiley and Sons, New York.

So, K. C. (2000), ”Price and Time Competition for Service Delivery,” Manufacturing € Service
Operations Management, 2(4), 329-409.

Spence, A. M. (1975), "Monopoly, Quality, and Regulation,” Bell J. Econom., 6, 417-429.

Sudhir, K. (2001), ”Structural Analysis of Manufacturer Pricing in the Presence of a Strategic
Retailer,” Marketing Science, 20(3), 244-264.

Tirole, J. (2000), ”The Theory of Industrial Organization,” MIT Press, Cambridge, MA.

Trivedi, M. (1998), ”Distribution Channels: An Extension of Exclusive Retailership,” Man-
agement Science, 44(7), 896-909.

Tsay, A. A. and Agrawal, N. (2000), ”Channel Dynamics Under Price and Service Competi-
tion,” Manufacturing & Service Operations Management, 2(4), 372-391.

Vilcassim, N. J., Kadiyali, V. and Chintagunta, P. K. (1999), ”Investigating Dynamic Multifirm
Market Interactions in Price and Advertising,” Management Science, 45(4), 499-518.

Zhao, W. and Wang, Y. (2002), ”Coordination of Joint Pricing-Production Decisions in a
Supply Chain,” IIE Transactions, (34), 701-715.

28



