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Demand uncertainty obliges all participants through a supply chain to make decisions under
uncertainty. These decisions extend across price, investment, production, and inventory
quantities. We take account of competition between two supply chains under demand
uncertainty. These chains internally are involved in vertical pricing competition; however, they
externally participate in horizontal pricing and service level competitions by offering a single-
type product to the market. Since firms may have various attitudes against demand uncertainty
and its related risks, different risk structures for competitive supply chains are considered. We
assume that risk-averse firms are able to decrease demand uncertainty by information gathered
from market research. For risk-averse participants in a chain, market research investment is an
appropriate ground for vertical coordination, which diminishes risk through a supply chain.
Optimal strategies based on game theory are obtained for different risk structures; furthermore,
for each structure the effects of risk sensitivity as well as market research efficiency on these
optimal strategies are investigated. Finally, we propose two scenarios for information sharing
between risk-averse participants.

© 2012 Growing Science Ltd. All rights reserved

1. Introduction

A supply chain (SC) can be stated as “a system of suppliers, manufacturers, distributors, retailers, and
consumers where materials flow downstream from suppliers to customers and information flows in
both directions” (Ganeshan et al., 1998). Independent firms constituting a SC frequently consider
conflicting goals, which extend across pricing, purchasing, inventory, transportation, production,
service, and other such functions (Kogan & Tapiero, 2007). Two types of competition schema exist
regarding to competitive supply chains: horizontal and vertical competitions. Vertical competition
refers to conflicting goals within a chain’s partners (e.g. pricing competition between manufacturer
and its retailer), however horizontal competition is defined among the same types of companies with
conflicting goals which may or may not belong to a single SC (Leng & Parlar, 2005).
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Product price and service level offered by SCs are two significant factors affecting the purchasing
decisions of customers in a large number of industries such as automotive, financial services, and
insurance industries (Xiao & Yang, 2008). In such industries, cutting product prices and investment
for providing better services are two strategies, which could absorb the customers. However, from
horizontal competition’s point of view, market demand of a SC is not only affected from its own
price and service level but also from the rival’s chain price and service level.

In decision making about price and service level investment, often high uncertainty exists regarding
to customers’ behavior and their demand. Although investing in accurate forecasting and market
research methods diminish this uncertainty, forecast errors cannot be omitted from the SCs decision
making (Chopra & Meindl, 2007). Uncertainty in demand brings about uncertainty in profits of all
firms through a chain. The risk attitude of a firm determines the sensitivity towards profit or demand
uncertainty. Risk-neutral firms are completely indifferent to risk involved profit uncertainty and they
are only concerned about the expected profit. However, risk-averse firms avoid risk by minimizing
profit uncertainty as well as maximizing the expected profit. Since, participants of a SC may have
different attitudes towards risk, various risk structures can be considered for two competitive SCs
such as symmetric and asymmetric risk structures. In symmetric risk structure, similar types of
companies (e.g. both rival manufacturers) are risk-averse, and in asymmetric one, dissimilar types of
companies such as one retailer and one manufacturer in rival SC, are risk-averse.

Vertical and horizontal competitions are influenced from risk attitude of each participant. In the case
of vertical competition, Tsay (2002) argued that return policies are mechanisms by which a
manufacturer can increase the retailer’s order through converting his certain profit payoff to an
uncertain one. Therefore, the manufacturer accepts exposure to risk and popular vernacular tends to
label this as a “sharing” or “transfer” of risk. On the other hand, Xiao and Yang (2008) showed that
risk sensitivity of retailers influences the optimal decisions of the rival chain as well as their
manufacturer. According to this fact, a company may desire to reveal unreal risk sensitivity to dictate
specific strategy to his partners and rivals. In section 5, we investigate vertical and horizontal
competitions between two chains with different risk structures. Afterwards, the effects of risk attitude
of each participant on optimal decisions in each structure are investigated.

Market research encompasses a wide range of qualitative methods and quantitative techniques for
understanding attitude and behavior of customers. Data collection and data analyses reduce
uncertainty over market and customers (Mariampolski, 2001). To the best of our knowledge, in the
previous studies, manufacturers and retailers were considered inactive towards demand uncertainty,
i.e. the uncertainty of market was a constant and exogenous parameter, which appears in model
formulations. However, in the real world competitions, when participants have some sensitivity to
risk, they may not be inactive to demand uncertainty. In section 5, we assume that by utilizing
information gathered via market research investment, risk-averse participants are able to diminish
market demand uncertainty. Market research investment highlights the significance of coordination.
Since all risk-averse firms through a chain benefit from diminishing demand uncertainty, market
research investment can be an appropriate ground for the vertical coordination.

The paper is organized as follows. In section 2, the related literature is reviewed. Section 3 includes a
discussion of the problem and related notations. The basic model of vertical and horizontal
competition with risk-averse participants is presented in section 4. The vertical and horizontal
competitions are developed with considering market research option in section 5. In this section,
different risk structures of SC as well as coordination in market research investment are investigated.
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2. Literature review

In the literature, several researches reviewed the game theory applications in modeling conflicting
goals between participants of a SC (Cachon & Netessine, 2003; He et al., 2007; Kogan &Tapiero,
2007; Leng & Parlar, 2005). Besides, competition and collaboration within a SC in a specific product
market, there are some kinds of horizontal competition to attract final customers. Several papers
considered vertical or horizontal competition models based on price and service level. Tsay and
Agrawal (2000) investigated a one-manufacture and two-retailer SC, which offered a common
product to customers. The competition between retailers was modeled based on a linear customer
demand function of service level and retail-sale price, which each retailer offered to the market.

Bernstein and Federguen (2004) developed a stochastic inventory model for an oligopoly where
demand was a function of all retailers’ price and service levels. Three scenarios were studied in the
paper: only price competition, simultaneous price and service level competition and two stage
competition. They have shown that in each of these scenarios a Nash equilibrium of infinite-horizon
stationary strategies exists under which each retailer adopts a stationary price, fill rate, and base-stock
policy.

Bernstein and Fedegruen (2007) assumed a general model of two-echelon SCs with several
competing retailers served by a common supplier. In the study, the demand of retailers is a stochastic
function and depends on firms’ prices as well as a measure of their service levels, e.g., the steady-
state availability of the products. By applying three different demand functions, the equilibrium Nash
price and service level were computed. Furthermore, Allon and Federgruen (2007) considered general
market for competing service firms. The offered price and service level measured by customer
waiting time differentiate firms from all other ones. They showed that the resulting queuing facility
model yields equilibrium behavior depending on strategic choices of different firms.

Some papers regarded risk attitude towards risk sensitivity in SC interactions. Tsay and Agrawal
(2000) argued the effect of different return policies on manufacturer-retailer relationship under
various scenarios of relative strategic power. He discussed that in such a relationship, manufacturer or
retailers should consider which of them could absorb risk better. By utilizing different return policies,
the risk does not disappear, but merely shifts up or down between parties. Yang et al. (2009)
developed a competition model for a SC with one supplier and two risk-averse retailers based on
price, service level, and lot size. They investigated the effect of risk attitude of a retailer on his
decisions as well as his rival retailer’s decisions. They concluded that risk sensitivity of one retailer
has a negative effect on his own decisions including retail price, service level, and lot size. The risk
sensitivity of a partner affects decisions of other SCs as well. In the case of risk sensitivity of
participant among multiple SCs, Xiao and Yang (2008) developed a price and service competition
model of one-manufacturer and one-retailer chains to study the optimal decisions of the players under
demand uncertainty. They analyzed the effects of the retailer risk sensitivity on the optimal strategies
of the players, and the effect of investment efficiency of the retailer on the optimal price — service
decisions of his rival, as well. Moreover, Xiao and Yang (2009) developed an information revelation
mechanism model of a two-echelon SC facing an outside competitor to investigate the effect of the
risk sharing rule on revelation mechanism under demand uncertainty where the risk sensitivity of the
retailer is private information.

Our paper is closely related to Bernstein and Federgruen (2004), Tsay (2002) and Xiao and
Yang(2009). However, our work is different from more comprehensive according to following
aspects. Xiao and Yang (2009) only took risk sensitivity of retailers into account, but we consider
various risk structures for two competitive SCs as different scenarios and we found out that responses
to risk sensitivity depend on risk structures of both chains. Furthermore, in all scenarios, horizontal
competition based on service level and price and vertical pricing competition are jointly considered.
Finally, to the best of our knowledge, market research investment was not regarded in SC
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competitions models as a tool for diminishing uncertainty. Nevertheless, market research adds a new
dimension to competitions framework between SCs and it can be a decent ground for coordination
among risk-averse participants through a SC.

3. Problem description and notation

Two SCs are considered and each of them is comprised of two partners: one manufacturer and one
retailer for offering a single type of product to the market. The interaction between manufacturer and
retailer through a chain for determining transfer prices is called vertical pricing competition (Kogan
& Tapiero, 2007). On the other hand, SCs compete for customers. Their offered products are partial
substitutive and coefficient d (0<d <I)represents substitutability status of products in the market.

Retailers of both SCs are involved in price and service level competitions, which is referred as
horizontal competition(s). Since the retailers or manufacturers may have various risk sensitivities
towards demand uncertainty, it is assumed that they are able to invest in market research to gather
information about customers’ behavior and consequently decrease the demand uncertainty. Let i
represents SC and M, and R denote manufacturer and retailer in ith SC. We consider the following

assumptions, parameters, and variables.
3.1. Assumptions
1. The market demand is a linear combination of the price and service level offered by both retailers.

2. All parameters in the model have common knowledge for SCs partners, except demand constant
levels (¢ ) which are random variables with known parameters.

3. The variance of demand constant levels may decline by the information gathered from the market
research.

4. The sequence of the game is as follows:

Stage 1: In each SC, manufacturer offers a wholesale price to the retailers over a given planning
period of time. Furthermore, risk-averse manufacturer can invest in market research to
decrease demand uncertainty.

Stage 2: The retailers in each SC decide on retail price as well as service level investment. Moreover,
risk-averse retailers can diminish demand uncertainty by investing in market research.
Retailers simultaneously present their products to the customers.

3.2. Input parameters
Supply chains are denoted byi (i=1,2).

& the stochastic market based for retaileri with mean & >0 and variance o7 ;

o,; the primary variance of the market based demand for retailer i, which refers to initial demand
variance before market investment;

¢; the unit production cost of manufacturer i, & =G >0;

d the substitutability coefficient of the two products, 1>d >0;

B the demand sensitivity of one retailer to his own service level, >0

vy the demand sensitivity of one retailer to his rival’s service level, 8>y > 0;
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ﬂRi the constant absolute risk aversion (CARA) of retailer itowards fluctuation of his own profit,

which is defined in the Arrow-Pratt sense, AR, >0;

% the constant absolute risk aversion (CARA) of manufactureritowards fluctuation of his own

profit, which is defined in the Arrow-Pratt sense, ﬂMi >0;

TR the efficiency of market research investment by retaileriin reducing the customer’s demand

uncertainty, TR 2 0;

7y, the efficiency of the market research investment by manufactureriin reducing the customer’s

demand uncertainty, 7. >0.

3.3. Decision variables

w  the wholesale price of manufacturer in SCi offered to his retailer, (W >G;);

M  the margin profit of retailer in SCi from selling product to the customers, (M =0);
MRg. the market research investment by retaileri, (MR, 20);

MRy J_ the market research investment by manufacturer i ,(MRMJ_ >0)

s;  the service level of retailer 1, (5; >0).

Two important factors, which affect the market demand are retail price and service level (Xiao &
Yang, 2008, 2009). Since the retail-price of product iis p, =m + W, the retailer and manufacturer

jointly influence the market demands of the SCs. Similar to Tsay and Agrawal (2000), Xiao and
Yang (2008), we assume that retaileri encounters the market demand as follows:

G=&-p+dpj+p5-7sj, ,]=12, i#]. (1)

Eq.(1) states that the market demand of each retailer is an increasing function of his own service level
and rival’s price, but a decreasing function of his own price and rival’s service level.

4. Vertical and horizontal competition (The basic model)

In each SC, the manufacturer specifies wholesale price (W; ) and the retailer determines retail margin (
m; ) as well as service level investment (S;). The manufacturer has ample capacity and the period is

longer than the manufacturer’s production lead time, which implies that the manufacturer is able to
deliver on time any demand quantity announced by the retailer. Vertical competition refers to the
non-cooperative pricing game between the manufacturer and his retailer; however, horizontal
competition is related to the non-cooperative game based on service level and products price between
two retailers in the market. Taking demand function (1) into account, the random profit functions of
the retailer and manufacturer in SCi are as follows

ﬁMi(\NI):(\NI_Ci)(aNi_(mi+vvl)+d(mj+Wj)+ﬁsi_7sj)a i,j=1,2 >i¢ja (2)
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~ o 1 .
7R (M, §) =My (& — (M + W) +d (M +wj) + B _7Sj)_577isi2a Lj=L2 ,i#]. 3)

In the manufacturer profit function(2), W —Gis profit margin from producing and selling a unit of
product to the retailer; therefore, Eq. (2) represents total profit of the manufacturer from G product
units. In similar manner, the first part of Eq. (3) characterizes the total profit of the retailer from §
product units. We assume that service level cost function of retailer iis 7s?/2; that is, improving

service level has a diminishing effect on service level expenditure (Gilbert & Cvsa, 2003; Tsay &
Agrawal, 2000; Xiao & Yang, 2008& 2009; Yang et al. 2009). Randomness of the market demand
involves uncertainty in the profit functions. The manufacturer and retailer may have different risk
attitudes towards this uncertainty. Risk-neutral retailers (manufacturers) are completely insensitive to
profit fluctuations; however, risk-averse retailers (manufacturers) determine their strategies to reduce
profit uncertainty. It is an undeniable fact that firms do care about risk, and different firms may care
to different extents (Tsay, 2002). Both manufacturer and retailer can be risk-averse based on their
individual preferences. Therefore, we investigate equilibrium condition when partners with different
risk aversions behavior and incomplete information engage in a non-cooperative vertical game.
Moreover, it is assumed that risk-averse retailers participate in a non-cooperative horizontal game in a

market. Bar-Shira and Finkelshtain(1999) stated that using the utility function {E(ﬁ) —/IVar(ﬁ)} which

raises the mean and reduces the variance is more robust than approaches based on the expected
utility. Several researchers employed this utility function in modeling supply chain interactions
(Monahan, 1987; Agrawal & Seshadri, 2000; Gan et al., 2005; Wu et al., 2007; Xiao & Yang, 2008).
According to the mean-variance concept for Eqs.(2)and (3), the manufacturer and retailer assess the
following utility functions

uMi (ﬁMi (\NI )) = E(ﬁMi (\NI ))_ﬂMiVar(ﬁMi (\NI ))a ia J = 192 ai 7 ja (4)

uRi(iRi(miﬂsi)):E(ﬁ'Ri(miﬂsi))_ﬂRiVar(ﬁ'Ri(mi’si))a iaj:152 aiij- (5)

In mean-variance concept of Eq. (4) and Eq. (5), AMi and ZR, are constant relative risk aversions

(CARA) which specify the risk attitude of the manufacturer and retailer towards uncertainty,
respectively. Av; =0 (g =0) means that manufacturer (retailer) is risk-neutral; conversely, Ay, >0

(AR >0) indicates risk-averse behavior and the higher the CARA, the more conservative the behavior

will be. In this section, it is assumed that the variances of market demand are exogenous and constant
parameters; However, the uncertainty of market demand can be diminished by the market research
investment throughout section 5. From Eq. (4) and Eq. (5), we have

Uy, (i (W) = (W —G (@ — (M) + W) +d (M +W))+ BS = 5)) — Ay (W —G Y o, 1, =12, 1= ], (6)

- - 1 .. ..
Ua(ﬂa(”},%))zm(ai—(”\+V\4)+d(mj+Wj)+ﬂ5i—75j)—577|5iz—/1|v|i”\2 oi> LI=L21#]. (7)

Since 62uMi (7, (W) / oW =-2— 22, oyi » it follows that Up, (7, (W) s a concave function onw.

Moreover, Hessian matrix of ug (75 (M) i8

HR{—M%O&) ﬂ]’i:m
B i
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The utility function Ur (75 (M, 5)) is a concave function on (m;,§) if and only if Hessian matrix Hg

is negatively defined (Bazaraa et al., 2006). Assuming B =2— /77, and V, = yB/n; —d , proposition 1
clarifies the relationship between profit margins of the SC’s partners in Nash equilibrium solution.

Proposition 1. IfB,B; >0, then Nash equilibrium solutions satisfy K; m = (W —g)where
Ki =(1+22, 03,) / (1+ 2y, 0;) . Therefore, we have

() W —g=mif 4y, =4 ,

(i) w —g<m if Ay <2 ,

(i) w —g>m if Ay >2 .

Proofs of all propositions are given in Appendix A. It is immediately obvious from proposition 1 that
in Nash equilibrium solution, the relationships between the profit margins of the manufacturer and

retailer in each chain are independent of the rival chain’s participants. Furthermore, if the retailer and
manufacturer have equal sensitivity to risk (i.e. A4y =4z ), then their profit margins are equal.

Conversely, if 4y, # /4 , then each party who behaves more conservative has a lower profit margin.
The condition B; > 0 states that the service level investment should not be too inexpensive; otherwise,

i.e.B; <0 brings about retailer iexcessively invests in service level which increases cost in

inordinate manner. This assumption is compatible with Gilbert and Cvsa(2003) Tsay (2002), Tsay &
Agrawal (2000), Xiao & Yang (2009), Yang et al. (2009); therefore, it is assumed thatB;,B, >0

throughout this paper. The Nash equilibriums for Eq. (6) and Eq. (7) are given in proposition 2.

Proposition 2. In the vertical and horizontal competition between two SCs with risk-averse
participants, if B,B; >0, then Nash equilibrium solution for profit margin of retailer i (i =1,2)is

m*_ (Bj +Kj +2ﬂRjO_§j)(5i_Ci +de)—(\/j —dKj)(Ej —C; +dg)
(B + K + 275 05:)(Bj + K + 27 00) — (% —dK; )V, —dK)

(8)

where K = (1+24; agi)/(1+2/1Mio§i). Furthermore, the equilibrium solutions for service level

investment and wholesale price are obtained from s = gm’ / mand W =Km +g, respectively.

Retaileri withdraws from competition, if m <0. Therefore, we assume m >0 throughout this paper.

It is obvious from Eq. (8) that CARA coefficients of all players affect the retailer’s profit margin. The
expected value of the market demand from retaileri is obtained by substituting optimal decisions of
proposition 2 into Eq. (1) which yields,

E(G) =5 —G +dcj — (B —1+Kpmy +(V; —dKj)m; Q)

Furthermore, the expected profit of the manufacturer and retailer are E(#y, )=K; m E(§)and

2
E(7)=m (E§) —f—nn}*) , respectively.
|
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5. Vertical and horizontal competition with market research option

The demand uncertainty brings about serious problems for many companies, which extend across
capacity limitations, uncertainty in production planning, inventory shortage or surplus, and profit
fluctuation. Managers often look for formal marketing studies to produce insight into the market
attitudes and buying behavior of the customers. Marketing research was about a $ 28.9 billion
industry globally in 2009, according to ESOMAR, the World Association of Opinion and Market
Research Professionals. Koltler and Keller (2006) defined marketing research as a systematic design,
collection, analysis, and reporting of data and findings relevant to a specific marketing situation
facing a company. In other words, the results of market research strategy can decrease overall
uncertainty towards demand of market (Koltler & Keller, 2006). It may be unrealistic to assume risk-
averse firms are inactive to this uncertainty. In many real cases, they diminish demand and profit
uncertainty by investing in market research and effective forecasting methods.

In our research, three scenarios are considered with respect to market research investment. When
retailers are risk-averse and manufacturers are risk-neutral, retailers may invest in the market
research. Conversely, in the case of risk-neutral retailers and risk-averse manufacturers, manufactures
may decide to invest in the market research. Finally, in the scenario of risk-averse retailers and
manufacturers, they may collaboratively invest in the market research.

5.1. Risk-averse retailers and risk-neutral manufacturers

Retailers are frequently motivated to place initial orders long before the products are introduced to
industries distinguished by short products life cycle such as fashion appeal, toys, and computers
hardware (Yang et al., 2009). When products are introduced to the market and real demand is
revealed, previous demand uncertainty often induces shortage and surpluses costs on retailers. Risk-
averse retailers take this uncertainty into account and by investing in market research endeavor to
decrease demand uncertainty. We assume that uncertainty of demand is constant when no market
investment is made; however, the uncertainty diminishes as market research investment increases.
Therefore, demand variance can be considered as a function of market research investment, which
rationally has the following specifications

i) of =op 20, When MRy =0,
ii) oo /OMRg, <0,
iii) o7 /MRS <0.

Different functions can be considered, which hold these relationships between demand variance and
market research investment (such as linear, exponential, power, reciprocal or hyperbolic functions).

We assume the function of = og; / (1+ 7z MRz ) , which holds the specification. However, other type of

functions can be used as well. As it will be discussed subsequently, this function has no effect on
concavity of retailer and manufacturer’s utility functions. Coefficient z; represents market research

efficiency of retaileri in reducing demand uncertainty and the higher the coefficient 7z » the higher the
efficiency of market research will be.
When retailers are risk-averse, they may invest in market research. Since risk-neutral manufacturers

do not take demand uncertainty into account, they decline to participate in the market research
investment. Therefore, the utility functions of manufacturer and retailer in chain iare as follows
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U, (2, (W) = (W = G)(g — (M + W) +d(m; + W) + BS - 75)), (10)
g g
1+%M%'

Proposition 3 elucidates relationship between retailer and manufacturer profit margins in the Nash
equilibrium solution.

~ = 1
Ug (7R (M;> S, MRg)) = My (3 — (M + W) +d(m; +wj) + S5 _7Sj)_577|siz_MRR,- - (11)

Proposition 3. If B,B;>0, then Nash equilibrium solutions satisfy 20y ./4s /7r +M =(W —G).

Therefore, we have

(i) w —g=nyif 4 =0,
(i) W -g>m if g >0.
Proposition 3 gives us the following insights:

e In each SC, the relationship between the manufacturer and retailer margins is independent of rival
chain’s strategies.

e The risk-averse retailer has a lower margin profit than the risk-neutral manufacturer and this
difference between profit margins increases as the retailer becomes more conservative. That is to
say, risk-averse retailers sacrifice their margin profit to achieve higher level of certainty.

e Higher efficiency in the market research investment can diminish the reduction in retailers’ profit
margin, which reduce the demand uncertainty, simultaneously.

Proposition 4 gives the Nash equilibrium solution.

Proposition 4. In the vertical competition between two SCs with risk-averse retailers and risk-neutral
manufactures, if B,B; >0, then Nash equilibrium solution for retaileri’s margin (i =1,2) is

_ . /ﬂﬂ _ [, .
*_(Bj+1)[ai—ci+dcj'—400i\/§+2daoj TR;]—(Vj—d)[aj—Cj'i‘dCi—“'O'oj TRJJ"erO'Ol\/E] (12)

m:

' (B +1)(Bj +1) = (V; —d)(V; —d)

Moreover, optimal values for the service level, wholesale price, and market research investment are

obtained from § = Ay /i3, W =m + 20y [A [ +G,and MRy = (W oy [r &g —1)/TRi , respectively.

Since we have of; / (1+7q MR; )< ag; , market research investment by retailer ideclines uncertainty of

demand; therefore, he absorbs the risk of profit fluctuations by investing in market research. In
proposition 4, it is needed to assume that demand uncertainty is sufficiently high or retailer is risk-

averse enough such that(m o oY) /TRi >0, which guarantees that the market research

investment to be a non-negative value. Market research investment is not desirable for the retailer, if
m oy |ts 4r <1; thus, he sets MR; =0 and proposition 2 gives optimal solution. For instance, in the

case of 4z =0, retailer is risk-neutral, and m oy |7z 4 <1shows that he does not invest in market

research.

It is straightforward from Eq. (12) that risk sensitivities of both retailers affect their profit margins. In
part 1 of proposition 5, we investigate how risk sensitivity of a retailer influences the decisions of the
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retailer and his manufacturer. Furthermore, in part 2 of the proposition, the effects of risk sensitivity
of the retailer on the decisions of his rival manufacturer and retailer are analyzed.

Proposition 5.Assume max{dﬁ”,O} <d< min{df),l} . Then
1.0m /0 4, <0,05 /05 <0,

ow /075 >0, ifmax{0,d",d?} <d <min{1,d{",d},

2.0m /07, < 0,00 /07 <0,35 /07 <0,if d >28/(n; + B,
om /0 2g, = 0,00 /02, =0,05 /08, =0, if d =2y8/(n; + B°) .,

om [0 7g, > 0,0 /02 > 0,05 /07, >0, if d <278/ (n; + #),

2
where, O/ R 7B RS +4(£+(Bi +1)(Bj+1)j, and
oAl mmn ) 4 THT; 2

2
df”:ﬁ Zhr |, L alin 2 +4(£+(3—1)(Bj+1)j.
=4 nn 4 s 2

In this proposition, the behaviors of profit margin of retailers towards risk sensitivity are consistent
with results of Xiao and Yang (2008), where only retailers were risk-averse. Proposition 5gives us the
following perceptions:

e Service level and profit margin of a retailer usually decrease as he becomes more conservative.
From the vertical competition’s point of view, the more the risk sensitivity of a retailer, usually
the higher the profit margin of a manufacturer will be.

e Service level and profit margins of the rival retailer and manufacturer decrease as the retailer
behaves more conservative, if substitutability of products is sufficiently high. From the
horizontal competition’s point of view, it may give the retailer an incentive to declare risk
sensitivity higher than his real risk sensitivity. Furthermore, from the vertical competition’s point
of view, revealing higher sensitivity by the retailer leads to higher profit margin for his
manufacturer. The condition becomes contrary, if substitutability of product is sufficiently low.

e  When substitutability of products is low enough, the manufacturer and retailer in a chain jointly
decide to decrease profit margins as well as service level in response to conservative behavior of
rival retailer. That is to say, price cutting is more efficient strategy as compared to raising
service level. The situation becomes to the contrary, if substitutability be sufficiently high.

Market research efficiency can influence the vertical and horizontal equilibrium as well. It is
straightforward to show that sign(om /07g )=-sign(om /04g)and sign(om /8er)=—sign(6rq /MRJ_).

*

That is, the effect of market research efficiency on rq* , s,* , mjf, wj, and s’; equals to the inverse

effect of risk sensitivity on these variables. Therefore, the related conclusions of risk sensitivity (in
proposition 5) can also be extended for the effects of the market research efficiency on the variables.

5.2. Risk-neutral retailers and risk-averse manufacturers

Manufacturers are often involved in planning for production, capacity, and procurement long before
the products are introduced to the market and the real product demand is revealed. Accordingly,
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several manufacturers are obligated to make decisions about procurement, price, capacity, production
quantity, and investment based on the forecast for future demand. For instance, Dell orders PC
components in anticipation of customer demand. Suppliers of Dell such as Intel and Intel’s suppliers
also need forecasts to determine their own production and inventory levels to response Dell orders in
short time. Therefore, all manufacturing firms involved in Dell’s SC have to make orders and
production plans under demand uncertainty (Chopra & Meindl, 2007).

Changing production capacities and inventory shortages and surpluses as well as unplanned
procurements often inflict heavy costs on manufacturers; therefore, they may behave more
conservative than their retailers. Contrary to section 5.1, in this section, we assume manufacturers are
risk-averse and retailers are risk-neutral (i.e. 4y >0 and 4, =0). In this situation, the manufactures

may invest in market research to reduce demand uncertainty and forecast errors; thus, the utility
functions of manufacturer and retailer are as follows:

- - A, (W —G) oy
Uy, (i, (W, MRy ) = (W — G )@ — (M + W)+ d (M) + W)+ 5 = 75)) ~ MRy, — 0 (13)

1+r,\,|iMR,vIi

Ug, (7 (M, §)) =My (F — (M + W) + d(m; +w;) + B —75,-)—%7.%2' (14)

Note that market research investment is now a decision variable of the manufacturer. Proposition 6
shed light on the relationship between profit margins of risk-neutral retailer and risk-averse
manufacturer.

Proposition 6. If B,B;>0, then Nash equilibrium solutions satisfy ny =(W —¢)+20y;\/ Ay, /7w, -

Therefore, we have

(i) W —g=m"if 4y, =0,

(i) w -g>m if 4, >0.

Proposition 6 states that in each SC, risk-averse manufacturer has a lower margin with respect to risk-
neutral retailer and the difference increases as the manufacturer becomes more conservative. The
manufacturers are able to improve this reduction in profit margin by applying more efficient market
research methods. Additionally, it is straightforward that the relation between profit margins in SCi is
independent of the rival chain strategies. By comparing the results of this proposition and proposition
3, we conclude that in vertical competition, each party who is risk-averse has a lower profit margin.
This consequence is comparable with the results of proposition 1 where no market research was
allowed. The first order condition for utility functions (13) and (14) yields the following Nash
equilibrium.

Proposition 7. In vertical competition between two SCs with risk-neutral retailers and risk-averse
manufactures, if B,B; >0, then Nash equilibrium solution for retailer’s i margin(i=1,2) is

(B]+1) a_1—C, +de+2O'0i ’j_M'—2dO'OJ jMJ _(Vj_d) ﬁj—cl-i-dq +2GOJ j_MJ—de'Ol j_MI
* M; Mj Mj M; (15)

" (B +1)(B; +1)— (% —d)V; —d)

Furthermore, the optimal service level, market research investment, and wholesale price are obtained

froms = Am /n, MRy, = (W —G)0oi\/ A, 7w, —1)/rMi ,and W =m — [24y. [z oy +G , respectively.
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Market research investment will be desirable for manufacturei, if he is adequately risk-averse or
demand uncertainty is sufficiently high such that(w —g)o,; |27, >1. In this situation, market

research strategy diminishes profit uncertainty. Otherwise, i.e. (W —G)oy |2, 7m, <1, the

manufacturer does not invest in market research and proposition 2 gives the equilibrium strategy.
Proposition 8 investigates the behavior of the equilibrium with regard to risk sensitivity of the
manufacturers.

Proposition 8. Let max{dE”,O} <d< min{df),l} , then we have

1.om /0 Ay, >0, 85/0 Ay, >0, if By >-1-d(Vj-d),

oW /0 Ay, >0, if Vi(V; —d)<B(B; +1),

2.0m /02y, <0, /02y, <0,05 /02, <0, if d >2y8/ (B> —1n;),
Om [0 2 =0, 0 [0y, =0, 05 /02, =0,if d =2y8/ (8 ~n)),
om [0 2y, >0, W /02y, >0, 05 /02y, >0,if d <28/(8* - 1)),

where d" was defined in proposition 5.

e Since Bj>-1-d(Vj—d) holds for d<+0.5 (or for d>+0.5 andB; >-1-d(V;-d)), an

increase in conservative behavior of the manufacturer, usually increases the profit margin and
service level of his retailer. Thus, the manufacturer may be desirous to reveal higher risk
sensitivity than his real risk sensitivity to induce the retailer to boost his service level.
Alternatively, the manufacturer may be willing to reveal lower risk sensitivity than the real
risk sensitivity to persuade the retailer to cut his retail-sale price.

e Against changing risk sensitivity of the rival manufacturer, the manufacturer and his retailer
make consistent decisions about profit margins. That is, when the rival manufacturer becomes
increasingly risk-averse, profit margin of the manufacturer and retailer, as well as service
level of the retailer decline, if substitutability of products is sufficiently high. Therefore, from
the horizontal competition’s point of view, the manufacture may be willing to declare risk
sensitivity more than his actual risk sensitivity to enjoy service level competitive advantages.
The situation becomes to the contrary, if substitutability be sufficiently low.

e In SC responses to changing risk sensitivity of a rival manufacturer, price cutting and
declining service level are consistent strategies. In other words, when price cutting is more
efficient response, it should be supplemented by lower service level, and vice versa.

Since we know sign(om /07y, ) = —sign(dm /04, ) and sign(ﬁmi/aer)=—sign(8m/8/1,\,|j), the impacts

of market research efficiency on m , § , m; . wj,
derivatives of this variables with respect to risk sensitivity parameter, respectively. Accordingly, the
related consequences can be extended for the effects of market research on optimal solution as well.

and s; are obtained from inversing signs of

5.3. Horizontal competition between chains with asymmetric risk structures

Asymmetric risk structure implies that in one chain only retailer is risk-averse and in another only
manufacturer is risk-averse. Therefore, horizontal competition model between these chains can be
considered as a combination of models presented in sections 5.1 and 5.2. In order to clarify the



A. Hafezolkotob and P. A. Makui / International Journal of Industrial Engineering Computations 3 (2011) 171

attitude of participants towards risk, we introduce two superscripts in this section include nanda for
risk-neutral and risk-averse players, respectively.

Without loss of generality, suppose that SCi consists of a risk-neutral manufacturer and a risk-averse
retailer, and SC j adversely includes a risk-averse manufacturer and a risk-neutral retailer. Due to

conservativeness of the retailer in chaini, he/she may be interested in investing in market research.
Consequently, mean-variance value functions of random profits for partners in chain i are as follows,

Uy (g (W) = (W' = G)(@ — (N + W) + d (M +wi) + BT — 7)), (16)

Iq (MY o5

e A (P, MR2)) = (& — (M + W) +d(m] +wh) + B =75, - 77(5,) - R%a—lﬂRiMRp‘ia : (17)

Furthermore, market research investment may be desired by the manufacturer in chain j. Thus,
mean-variance value functions of random profits for partners in chain j are as follows

A (W =Y o

I+7y MRye (18)
]

Uy (g (O MR )) = (0 —)(@) (] +95) + A+ W) + 5] —75") ~ MR ~

Uy g (.57)) = 1) 3 (m?+W§‘)+d(ma+w.")+ﬁ8?—ysia)—%n,-(S?)z- (19)

Proposition 9 illuminates the connection between profit margins of the manufacturer and the retailer
in both chains.

Proposition 9. If B,B; >0, then Nash equilibrium solutions satisfy m* + 2 7, [T = W -g), and
n* o
mj =(V\/’j1 _Cj)+200j ’AMJ/TM] .

Therefore, in the vertical competition between the manufacturer and retailer, conservative partner
always has lower profit margin and the difference between margins becomes more considerable as
CARA parameter increases. The relationship between profit margins in one chain is independent of
risk structure and sensitivity of the rival chain. These results are compatible with proposition 3 and 6.

Proposition 10. In a vertical competition between two SCs with asymmetric risk structures, if
B,B; >0, then Nash equilibrium solutions for retailers margin are

. (B; +1)[a1 G +dc; —400,\/7 2d oy f } (v - d)[a —Cj +dG + 20y f +2dc70,\/7_] (20)
m

(B +1)(Bj +1)— (Vv —d)(Vj -

(B +1)| & —¢; +dg + 20y ol +2d oy &l ~(V; ~d)| & —g +dc; — 4oy, /ﬁ—zdaoj ol
N o \/ R ) T (21)
m' = .

: (B +D(Bj +1D) = (V; —d)(V; -d)
Moreover, other variables are obtained fromw’ =m’ +20y; /4 /75 +G wWe =l — 20y MMj /Z'Mj +Gj,
§ =B [n s ] = B [ny . MRG = (o Jer Zg —1) /75 » and MRy = (W} —¢;)oy; [aw, u, —1)/rM,. :

The market research investment will be desirable for the retailer in chain i, and the manufacturer in
chain J, if mioy [z 4z >1and (W —G)oy; |2, 7w, > 1, respectively. Otherwise, the manufacturer
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and retailer do not invest in market research and proposition 2 provides the equilibrium strategies.
The expected market demand from the retailers are achieved from substituting the optimal decisions
of proposition (10) into Eq. (1) which yields,

E@)=3~6 +de; ~Bn" —(V; ~d)m ~2(0y /% /75 +dp; [, [7,) (22)

E(0)) =a; —¢; +dg — B;mY —(V —d)m" +2(cy MM]./TMJ. +doy; /zﬁ/ra) (23)

Similarly, the expected profits of partners are obtained from substituting the optimal decisions of
proposition (10) into mean values of functions (16)-(19), which results in

E(p) = (" + 200 75, /75 E@). (24)
Eg) =0 (E@) - A /20—l [ )~V (25)
E ) = (M =200 [, 7w, ) (ECE =05 A, Jow, )=V, (26)
() =} (EC@) - pm]" f217). 27)

Proposition 11 analyzes the sensitivity of the equilibrium between these two chains with respect to
the CARA coefficients.

Proposition 11. Assume max{dfl),o} <d< min{df),l} , then we have
1.om™ [0 < 0,05 /0 7 <0,

W [0 >0, if (B —1)(B; +1)>Vi(V; —d),

om” [0 2y, >0,88] [0 2y, >0, if Bj >—1-d(V; -d),

o™ [0 <0, if By(B +D)>Vi(V;—d),

2.amia"/azMj <0, aw,“*/a/le <0, aqa*/azMj <0,if g% <p;,

anf**/azMj <0, aw{‘*/aAMj <0, asf*/azMj <0, if g2 >nyandd > y8/(F* - n;)
N 0y =0. 00 0y =005 [0 2, =0, i 7 > myand =18/ 5" ).
anf‘*/azMj >0, aw,“"/azMj >0, asf*/azMj >0, if g2 >n;and d <8/ - 1)),
om” [0, >0, 00 [0 >0,88)" [0 >0, if d <28/(F* +1),

oml" [0/, =0, W [0, =0, 5] [0 =0, if d =2p8/(F* + 1),

omi" /07 <0, W8 075 <0, 5] 0.2 <0, if d > 2p8/(F* + 7).
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Part 1 of the proposition explores changes in strategies from the vertical competition’s point of view.
However, in part 2, the effects of risk sensitivity on horizontal competition are investigated. This
proposition gives us the following perceptions

e In SC with risk-averse retailer, profit margin and service level of the retailer usually decline as
he behaves more conservative. Nevertheless, in SC with risk-averse manufacturer, profit margin
and service level of the retailer generally increase while his manufacturer becomes more
conservative. As a result, the manufacturer by revealing more conservative behavior to his
retailer can induce him to increase service level and product price. Adversely, manufacturer can
engage his retailer to decrease service level as well as product price by behaving lesser
conservative.

e From the horizontal competition’s point of view, in each SC, responsive strategies of the
manufacturer and retailer to the rival’s risk-sensitivity are consistent. Furthermore, service level
reaction of the retailer is consistent with price reaction. For instance, price cutting strategy
towards risk sensitivity of rival chain (whoever rival manufacturer or rival retailer) should be
compensated by lower service level. Both manufacturer and retailer support the price cutting
strategy by diminishing profit margins.

e Responses of the chain with risk-averse retailer towards risk attitude of the rival manufacture are
as follows. When A* > n; and substitutability is sufficiently high, the manufacturer and retailer
react to excessive conservative behavior of the rival manufacturer by lowering profit margins
and service level. Consequently, the rival manufacturer may pretend to be more conservative, if
he would like to enjoy lower chain’s service level and product price. Vice versa, if % >n j and
substitutability is sufficiently low.

e Reactions of the chain with risk-averse manufacturer towards risk attitude of rival retailer are as
follows. Excessive risk-sensitivity behavior of the rival retailer will be responded with lower
service level as well as profit margins by the manufacturer and his retailer, if substitutability is
high enough. Accordingly, rival risk-averse retailer may exhibit himself more conservative to
benefit from reductions in service level and profit margins of the manufacturer and retailer. Vice
versa, if substitutability is low enough.

Now, we numerically illustrate the effects of risk sensitivities of participants on the optimal strategies
and expected profits. Moreover, the effects of market research efficiency on variance of profits are
investigated as well. For simplicity, we assume identical parameters for both chains as follows

From B =B, =1land V, =V, =0.6—-d, we know that both value functions (16) and (17) are concave

functions; furthermore, we have d) =-0.7and df) =1.3. That is to say, denominators of optimal
profit margins of retailers in functions (20) and (21) are positive values for each substitution
parameter0 <d <1. Table 1 illustrates the effects of risk sensitivities on optimal retail-sales prices and
whole-sales prices. For d=05, we have(B -1)B,+1)>V(V,-d), B,>-1-d(V,-d), and
B;(B +1)>V;(V; —d) . From the vertical competition’s point of view, it is obvious from proposition 11
as well as Table 1 that om*" /04, <0, 0w /o2 >0, om)" /o2y, >0, and aws™ /a4, < 0. Moreover, for
d =05, we know that g><n, and d<2yB/(B*+n). From the horizontal competition’s point of
view, it is straightforward from proposition 11 and Table 1 that om®" /61,\,,2 <0 ,om" /GAM2 <0,

omi” /o g >0, and g /61Rl >0. The effects of the market research efficiency on strategies of SCs

are demonstrated in Table 2. Generally, the effects of market research efficiency on the strategies are
contrast to the CARA effects stated in Table 1. It is obvious from Table 2 that for each risk-averse
participant in chains, the market research investment decreases when he uses higher efficient market
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research methods. Additionally, variances of profits of risk-averse participants decline as they take
advantage of higher efficient market research methods. In other words, they can better absorb the risk
of the business by using more efficient methods for the market research.

Table 1

Optimal retail-sales prices and whole-sales prices with respect to risk sensitivities (for R =1Tu, = land d =0.5)

A ot W mt W EGRy) BGR ER) By

0.1 0.1 4.49 6.57 6.60 6.33 33.10 11.91 30.80 21.76
0.1 0.5 4.24 6.51 7.33 5.50 30.34 10.69 25.62 26.85
0.1 1 4.06 6.33 7.88 4.88 28.36 9.81 21.80 31.03
0.5 0.1 2.94 6.76 6.67 6.41 33.29 7.48 31.72 22.30
0.5 0.5 2.70 6.53 7.41 5.58 30.52 6.45 29.48 27.46
0.5 1 2.51 6.34 7.96 4.96 28.54 5.71 22.60 31.68
1 0.1 1.78 6.78 6.74 6.47 33.43 4.15 32.42 22.71
1 0.5 1.54 6.54 7.47 5.64 30.66 3.26 27.13 27.91
1 1 1.35 6.35 8.02 5.02 28.67 2.63 23.21 32.17
Table 2

Optimal retail-sales prices and whole-sales prices with respect to market research efficiencies (lR] =/1M2 =0.1and
d=0.5)

R My,  m womt W MRy MR Var(@n) o Var(g,)
1 1 4.49 6.75 6.60 6.33 1.84 3.17 2.84 2.73
1 1.5 4.52 6.79 6.49 6.45 1.86 2.68 2.86 2.37
1 4.55 6.82 6.42 6.53 1.88 2.37 2.88 2.13
1.5 1 4.72 6.75 6.58 6.32 1.77 3.16 2.44 2.72
1.5 1.5 4.75 6.79 6.48 6.44 1.78 2.68 2.46 2.36
1.5 2 4.77 6.81 6.41 6.51 1.80 2.36 2.47 2.12
2 1 4.85 6.75 6.58 6.31 1.67 3.16 2.17 2.71
2 1.5 4.89 6.79 6.46 6.43 1.69 2.67 2.19 2.36
2 2 491 6.81 6.40 6.51 1.70 2.36 2.20 2.12

5.4. Risk-averse manufacturers and retailers (coordination to obtain market information)

Generally, vertical competitions negatively affect the SCs. On the one hand, the retailer orders less;
on the other hand, the retail price goes up, accordingly profit margins shrink (Kogan &Tapiero,
2007). When partners of SC are sensitive to uncertainty of demand, the market research investment
can be an appropriate ground for the vertical coordination, which diminishes risks of all partners
through a chain. On the opposite side, in the case of in coordination, the manufacturer and his retailer
decide to separately invest in the market research, which may deteriorate the effects of vertical
competition. Among various scenarios for coordination based on the market research, we propose two
scenarios; discounting for market information and fixed fee-full coordination.

Since retailer usually has superior access to the market, in the first scenario, we assume that he takes
up investing in the market research. The information of customers obtained from the market research
can diminish uncertainty over market demand; hence, it is also valuable for the manufacturer who
behaves conservative. Consequently, the manufacturer may desire to reach the true market
information by offering appropriate discount to the retailer. In other words, the risk-averse
manufacturer will sacrifice a specific part of his profit margin to achieve market information and
absorb risk of the business. We name this contract as discounting for market information. Suppose
thatr,(0<f<w —¢), is the least discount which the retailer is satisfied to reveal the true market

information to his manufacturer. Discount I; is an exogenous parameter identified by a contract or
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bargaining process. If participants in both competitive chains pursue discounting contracts for the
market information (with discount rate r ), the resulting model for I, j =1,2 ,i# ] is as follows

~ _ A, (W —G =) o

Unt, (g, (W[ 5)) = (W =G = )(F — (M + W) +d (m; +W;) + B —75;) — L+ 1 MR, , (28)
ri202i

Ug, (7 (M5, MRg ) = (M +F)(G — (M +w) +d(m; +Ww;) + A5 —7sj>—%n.sz—MRR RO o,

1+T&MRR

It is straightforward to show that Uy (7y, (W))is a concave function on w; . Furthermore, similar to
proof of proposition 3, it follows that Ur (ﬁRi (m.s, MRR ))is a concave function on (M, S, MRRi ), if
B; > 0. Therefore, differentiating Eq. (28) with respect to w; as well as differentiating Eq. (29) with
respect to m, s, and MRg result in a Nash equilibrium. After some manipulations of the

derivatives similar to proof of proposition 3, the following equations for i, j=1,2, 1 # ] are obtained:

(M + [ (B ~Dm +Vjm; +2w —dw; ~§ —G —§ |+( S T T (30)
M+ )] (B ~ DM +Vjm; + 20 —dw; ~7 —G —§ |+ (W G ~ ) =0, 30
1) J ARZ-R'

Bm +Vim; + W —dw; —§ +§ +2 /%m)i:o. (31)
R

Eq. (30) and Eq. (31) constitute a nonlinear system of equations which can numerically be solved for
m, my, W,and w,.

In the scenario of fixed fee and full coordination, it is assumed that the manufacturer is the leader of
the SC and the retailer invests in market research. The manufacturer sets W =G, but charges the
retailer a fixed fee. In this manner, the manufacturer can regulate his share in the total chain profit
without a special contract. In fixed fee and full coordination scenario, not only the negative effect of
vertical competition because of the well-known double margination effect is mitigated (Kogan
&Tapiero, 2007), but the manufacturer is able to coordinate in market research investment by
charging his retailer a fair fee (i.e. with considering discount). Assume [ =M + W is retail-sales
price of retailer 1. If participants in both chains take up the scenario of fixed fee and full
coordination, value functions of the retaileri will be as follows

&R (B —G)Y o
1+ 7 MRy '

Akin to the proof of proposition 3, it is uncomplicated to show that ug (7 (p,5,MRg)) is a concave

Ug (7 (B 5, MRg ) = (Pt —G)(@ — s + dp; + 5 —ys,-)—%qu—MRa - (32)

function on (m,§,MRg ), if B >0. Therefore, the first order conditions of ug and Ug yield a Nash

equilibrium solution. After some simplification of the derivatives similar to the proof of proposition
3, the following equation for i, j=1,2, i # j is achieved:

Bp +Vip; =5 +q—241j%0'0i- (33)
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Solving the system of Eq. (33) for [}jand Pj results in the following optimal retail-sales price of

retailer i
BJ{51+C|—2 XRGOIJ—\/,[§J+CJ—2 ARJO'OJ}
T TR.
b - — L ij=120 ] G4

BB; —WV;

Furthermore, the optimal service level and market research investment of retaileri are obtained from

si* = ﬁg*/n; and MR;; :(p,*GOi /rRiﬂRi —1)/rRi , respectively.

Now, we investigate the optimal wholesale price of the risk-averse manufacturer. It is obvious that
both the retailer and the manufacturer have positive profit margins, if G <W < p . Given the retailers

responses to the retail price, service level, and market research, the risk-sensitive manufactureri
maximizes the following mean-variance utility function

A, (W =G ) oy
1+ 75 MR; ' (35)

Uy, (i, (W] B D357 S55 MR ) = (W = 6)(F — (B +d(pj)+ BS —75))—
By substituting Si* :ﬂpi*/nl , S]f :ﬁ’p]f /77j , and MR; = (B oy /rRiﬂRi —1)/zx into Eq. (35), we have

i . _ o e AW =G Yoy
Uy, (Fy, (| B D7) = (W —G)(E — (B =Dy +V;p;) - NS - (36)

U, (T, (W§| Q*, p]f )) is a concave function on w ; therefore, the ideal whole-sale price (w") is obtained

from the first order condition as follows

Y

W =
2’A‘Mi60i

(3 —(B-DP +V;p))+G. (37)

If w >p’, then Eq. Error! Reference source not found. is an increasing function of w in the
interval [Ci, g*] Therefore, the optimal w* occurs at the highest price, which is possible for the
manufacturer to  charge the retailer. Otherwise , if G<w <p, then Eq.
Error! Reference source not found. is an increasing function of w in the interval [q—,wﬂ , but a

decreasing function in [V\{*, pi*] . Accordingly, wholesales price higher than w' is not desirable for the

manufacturer and the optimal wholesale price is the highest price in the interval [q,V\ﬂ that he is

able to charge the retailer.

6. Conclusion

In this research, the competition between two supply chains along with the internal competitions
through each chain have been considered. Since demand uncertainty brings about risk for participants
in supply chains, risk-averse participants are able to invest in market research to diminish this
uncertainty. We developed various risk structures for chains, and in each structure, the effect of risk
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sensitivity of each firm on other firms decisions was investigated. We found that revealing unreal risk
sensitivity as well as using efficient market research methods help a risk-averse firm to induce
specific strategy to his partner and the rival chain. Finally, two different scenarios for coordination in
market research investment and sharing demand information through a supply chain were presented.

Appendix A
Proof of proposition 1

From Hessian matrix Hg, we know that ug (75 (m,s)) is a jointly concave function on (m,s)if
B >0 () . Therefore, from B,B, >0, it follows that the first order conditions of ug (7 (m.,5)) and
Uy, (7, (W)) give the unique Nash equilibrium solution. The first order conditions of manufacturer

and retailer’s utility functions in chain i, j, i # j are as follows

OUg (7 (M,$))/0M =7 = 21+ 4 05 )M — W +dm; +dw; + 85 — 75; =0, (A.1)
OUg, (7R (M, §)) /0§ = fm; — s =0, (A.2)
Oy, (i, (W) /OW =7 + (1+ 224,056 =M = 2(1+ Ay, 037 )W +dm; + dw + B — 755 = 0. (A.3)

From Egs.(A.1)and (A.3), we have
(14275 5)m = (1422, 55)( —G). (A4)

Thus, proposition 1 follows. O

Proof of proposition 2

From Egs.(A.2)and (A.4), it follows that §=pm/n and W=Km-+G, where
Ki=(1+24 ogi )/ (1422, ogi ). Substituting these equations into Eq.(A.1) yields

(B +K; + 275 o5)m +(V; —dK)m; =& — +dc;, for i,j=1,2,i# ], (A.5)

where, B =2-° /77, and V, =yB/n —d . Thus, Nash equilibrium solutions for mand m,are obtained
from solving Egs. (A.5) simultaneously, which results in Eq.(8) Moreover, Nash equilibrium solution
forwand § are obtained from s = gm’ /77, and W =Km +q fori=12. O

Proof of proposition 3

Hessian matrix for ug (g (M5, MRz )) is
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2
s R R
1+ 72 MRy (1+TRiMRR)2
Hg, = A —n 0 ,i=1,2. (A.6)
Ygmmok  ewMmo
(1+TRiMRR‘_)2 (1+TRiMRRi)3_

Performing elementary Gauss-Jordan operation with using the second and third rows, we have

2
2+ 0 0
T
p —13 0 ,i=1,2.
205 7 MOy 0 25 7 MOy
_(1+rm|v|RRi)2 (1+¢RiMRR)3_

From B >0, it follows that all diagonal elements of the matrix are negative, thus Hessian matrix is
negative definite and ug (75 (M,5,MRg)) is a concave function on (m,5,MRg ) [5]. The following

first order conditions for the manufacturer and retailer profit give the Nash equilibrium solution

A‘ROI

aua(ﬂa)/am 3 - 2(1+ — Rﬁ)m W +dm; +dw; + S —7s; =0, (A7)
oug (73)/05 = Bm —ns; =0, (A8)
3 Aﬁfanggi
0 OMRy =-1+ —————=
) MR = VR 7 (A.9)
Uy, (7w, )/aw; =g +G — M —2w +dm; +dw; + Bs —ys; =0. (A.10)
2R 05

From Eq.(A.7) and Eq. (A.10), we obtain w —¢ =(1+ )m, moreover from Eq.(A.9) and

1+ TR MRR@
MRy ,7z =20, it follows that O i =(1+7zx MRy ). These two equations give
R M Op; R R

W —G =m +2,/4 /g 0y;, thus proposition 3 follows. o
Proof of proposition 4

It is straightforward from Egs. (A.8) and(A.9) that §=/m/mand 2may; IRt =(1+7/iMRg),
respectively. Inserting these equations as well as w =m + 24z / 7 0pi + G into Eq. (A.7), we obtain

(B +Dm —(V; ~d)m; =5 - +de; — 4oy [45 /75 +2doy; [Ze, /7, for i,j=12,i%]. (A1)

Solving system of equations (A.11) for Mand m; results in optimal retailer’s profit margin (12).

Furthermore, the optimal service level, and market research investment, and wholesale price are
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Y =ﬂnf/n, , and MR;; = (M oy TR AR _l)/TF\: , and W =m +2 |7, /7% 00i + G, Tespectively. Thus

proposition 4 follows.O

Proof of proposition 5

Derivative of m with respect to A, and ﬂRj gives

an’f —Z(BJ +1)—d(VJ —d) O-Oi

= A.12
e BADGEA)-M -V, -D)| S (A.12)
an’]i* _ a\NI* _ d(BJ +1)+2(VJ —d)

20 J (A.13)

,MRJ-TR,»

The signs of these two deviations depend on the sign of thefirst parts. Define

Ok, Ok (B+D(Bj+D)— (% —d)V;-d)

. 2
f(d)= (B +1)(B; +1)— (% —d)(V; —d) =40’ +2y/3(77';777’)d +(B +1)(B, +1)—y;f_ . (A.14)
1/} 1]

f(d)is a concave function on d , thus roots dfl) exist as the follows,

2
g0 B AT L | R +4(ﬁ+(3+1)(8j+1)j
S B/ 1/ 4 ; 2

f (d) is positive on [max{o,df)},min{l,df‘)}} . On the other hand, from B; =2~ 4*/p; >0and 0<y <
, it follows that -2(Bj+1)<-2 and -2d<V;-d= yﬂ/?]j —2d <2-2d. Therefore, we have
-d(2-2d)<-d(Vj-d)< 2d*>.  Moreover, from 0O<d<l, it is straightforward that

—2(B; +1)—d(V; —d) <0.Consequently, sign(am /% ) =sign(ds /alei ) =—sign( f(d)).

Furthermore, from proposition 3, we know thatw =m +2 [ R / 7 Opi +G ; therefore, derivative W

with respect to 4 leads to

o o oy (B -D(B; +D-Vi(vj -d) { i } (A.15)

O O It BDE +D- 0V, )| T

Once again define

i 2n; 2
0(d) = (B - (B} + D) -V4(V; ~d) =20 + 18T )d + (B - 1)(B, oy 2P (A.16)

T u

g(d)is a concave function on d , thus if roots diz) exist as follows,

2
diz):ﬁ 77|+2771 il 7/2132 LGl +4(ﬁ+(3—1)(8j+1)j,
4 gy )4 THj 2
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theng(d)is positive on [max{o, df)},min{l,df)}J . We know that 6\/\4*/6/1& >0, if f(d)>0 and
g(d)>0, therefore max{0, dil)} <d< min{l,df)} and max{0, diz)} <d< min{l,dfz)} ensure that

6\/\{5k / 04z >0. Therefore, part 1 of proposition 5 follows.

In Eq. (A.13), if d e(max{0,d_},min{l,d, }), then d(B; +1)+2(V; —d)specifies the sign of 8m*/8/1R]_ .
ie. if d<2y8/(+p*) and de(max{0,d_},min{l,d,}), then am*/asz,ag*/asz,w. Thus, part 2 of

proposition 5 follows. O

Proof of proposition 6.Hessian matrix for uy, (7y, (W, MRy, ))is

s i, Ooi” 22, vt, (W — G )i
1+ 7y, MRy, (1+ 7, MRy, _
Hi, = 2 2 > o ! =1.2. (A.17)
22,7, (W —G)ogi™ =24, T, (W =G ) 0y
(1+ 7, MRy, )’ (1+ 7y, MRy, )’

4 TR (W —G) 00"
(1+ 7, MRy, )’
Therefore, Hessian matrix is negatively definite and uy, (7, (W, MRy, )) is a concave function on

>0.

All diagonal elements of the matrix are negative; moreover, det(HMi)z

(W, MRy, ). Similar to Proposition 1, it can be followed that Ug (7 (M, ) is a concave function on

(m,s), if and only if we have B >0. The first order conditions for i, j=1,2, i # jare

OUg (75 )/OMy =3 —2m — W +dm; +dw; + B —7s; =0, (A.18)
8“&(5&)/65i:ﬂm_77|3i:0, (A.19)
200, (W —G)ag;
8uMi(7%Mi)/6w, =g +G — M —2w +dm; +dw; + BS —ysj — ?V-LI(TWI MqR,\),l %o, (A.20)
M; [
A, (W —G ) 0
ouy. (. ) /OMRy =—1 L =0. .
Uy, (B, ) /OMRy =1+ 1+ 5 MRy, 7 (A21)
2, 0%

From Eq. (A.18) and Eq. (A.20), we obtain (w —¢)(1+ )=m. Furthermore, from Eq.

1+ 7, MRy,
(A.21) and MRy, >0, it follows that,/Ay 7y, (W —G)oy; =1+ 7y, MRy ). These two recent equations

result in (W —G)+2, MMi / 7y, 0o =M. Therefore, proposition 6 follows. O
Proof of proposition 7

Inserting§ =AM /7, w7, (W ~G)0i = (1+ 7y MRy, ), and (W =G)-+ 2, oy, /7w, 0 =M into Eq

(A.22) and after some manipulations, we have
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(B +Dm —(V; —d)m; =g —¢ +dc; + 20y, /Ay, /7w, —2d 0y MM]-/TMJ- for i,j=1,2,i#]. (A.22)

Nash equilibrium is achieved by solving system of equations (A.22) for myand m;, which results in
the optimal retailer’s profit margin (15). Furthermore, the optimal service level, and market research
investment, and wholesale price are s =/gm /77, , and MR,T,Ii = (W —G)oy, [, 7, — D) / 7w, » and

wWo=m -2 A / 7w, Opi +G , respectively . Therefore, proposition 6 follows.o

Proof of proposition 8. Derivative of m with respect to An, and ﬂMj gives

= A23
Oy (BB, + )~ -V, )| iy (A.25)
an‘r _ 8V\4* _ —d(Bj‘i‘l)—(VJ—d) UOJ' (A24)
Oh; Ok (B DBy +D =~V ~d)| [y 7y, .
Moreover, fromw =ny —2 [ / 7w, Opi +G , We obtain
oW _ om __ O _ —-B(Bj +1)+Vi(V; —d) Oy (A25)
O, O, \Imm B D =M=V -0 hy |

Similar to proposition 5, condition max {0, dil)} <d <min{l, dil)} ensures that denominators of all above
fractions be positive, therefore sign of Eq. (A.23) and Eq. (A.24) depends on sign of their numerators.
Consequently, an]* / OAy, >0if Bj>-1-d(Vj—d). In proof of proposition 5, we showed that

—2d <Vj-d<2-2d. These inequalities result in ~1-d(2-2d)<-1-(V;-d)<-1 +2d%. Thus,
—1-(V; —d) may be positive only if v0.5 <d <1, and Gm*/é’ﬂMi >0 holds for 0<d <+/0.5. All other

terms of part 1 and 2 follow akin to proposition 5. O

Proof of proposition 9

Hessian matrixes for qua (ﬁﬁa (m?, s, MRan )) and UM?1 (ﬁMj-" (V\/]jl , MFﬁvI 2 )) are similar to Hessian matrixes in

propositions 3 and 6. We showed that these matrices are negatively definited. Therefore, all value
functions are concave, if B,B; >0 and the first order conditions give Nash equilibrium for horizontal

and vertical competitions. First order condition for chain iis akin to proposition 3, consequently we
have m* +20y; [ R / R = (W" —g). Furthermore, due to similarity between the first order conditions

for chain jand proposition 6, it is straightforward that m?*:(vv?*—cj)+20'0 i MMj /z'Mj . Thus,
proposition 9 follows. o
Proof of proposition 10

Similar to propositions 4 and 7, It is obvious from the first order conditions of players that

W' =m? + 20y, MR;/TRa +G, Wi =m) —20; //le/er +Cj, = pd [ sj :,Bm?/nj,
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a _ @ a e
MR =(Woyi 4R D/, and MRy, = (W] —¢j)oy; /erﬂMj —1)/1-Mj . By substituting these
equations into derivative of retailer i value function with respect to his own profit margin, and after
some manipulations, we have

(B +Dny = (V; —~d)m] =& —G +dc; — 4oy [ A /7R —2d00j.//1Mj/TMj - (A.26)

Moreover, by substituting above equations into derivative of retailer jvalue function with respect to
his own profit margin, and after some manipulations, we obtain

(B]+1)mT—(V|—d)m|a=§J—CJ+dCI +2O-0J 'ZMJ/TMJ +2d00] }ﬂR‘/TR' . (A.27)

Solving (A.26) and (A.27) for mi and m{ yield optimal profit margins of Eq. (20) and Eq. (21).
Consequently, proposition 10 follows. O

Proof of proposition 11

Derivative of m* with respect to Ay, and derivative of mj with respect to A, yield

ot 2B +)-d(v; —d) {%J A8)

0l (B +DB+D) -V AV, ~d)| [l

oml (Bj +D)+d(V; —d)

Oh, (B +D(Bj+D)—(—d)V; -d)

O- .
o (A.29)
ﬂﬂMjTMj
Moreover, from W' =m® + 20, %, /75 +Gand W =ml" 20y MM], /TMJ- +¢; , we obtain

M*_ama*Jr o (B=D(Bj+D-Vi(Vj-d) [ Ooi ]
) ,

(A.30)

Ol Ol [Igre  (BEDBj )=V -d)V; - d)| g
%0i J (A.31)

.MMJ-TMJ-

Profit margins of partners in one chain change with respect to risk sensitivity of the rival as follows

ow'  oml | ~B;(B + ) +Vi(V; —d)

J

% a/1M o v (E%+1)(B +1) =V —d)(v; -d)

aﬂM aﬂM NG +1)(B +1) Vi - d)(V, d) \//IM o, '
oW _ omy’ _ (Bj +1)+2(V; —d) 5ol A
Oy Ok (B+DB+D—(-d)V; -d)| [y ' '

Akin to propositions 5 and 8, all conclusions in parts 1 and part 2 of this proposition follow from
A(30)-A(33). m
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