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Abstract

This paper investigates the impact of decision timing facipg and marketing efforts in a supply chain led by
competing manufacturers. We develop and solve six gamesnsider the scenarios (games) where prices and
marketing efforts (ME) are decided simultaneously, andmtiey are not (i.e., ME is set either before or after
prices). We examine these three scenarios for the benchrasekof a bilateral monopolistic channel, then extend
the analysis to a supply chain with competing manufactui®esidentify the optimal decision timing by com-
paring equilibrium profits and strategies across gameséh sapply chain set-up. We find that a monopolistic
manufacturer always prefers that prices and ME be decidedlsineously. However, this result does not hold
when product competition is taken into account. The optideaision timing for competing manufacturers de-
pends on the retailer's and manufacturers’ ME effectivetmsels as well as on competition intensity. Specifically,
when ME are not very effective, a simultaneous decisionatels preferred because it provides the advantage of
higher profit margins or sales. However, for highly effeetME, manufacturers prefer to decouple ME and pricing
decisions. The retailer’'s optimal scenario is either to en@kdecisions simultaneously or to choose prices prior to
ME. This means that supply chain firms can face conflict dubealecision timing for prices and ME.

Keywords:OR in Marketing; Marketing efforts and pricing; Decisiomthg; Competition; Game theory.

1. Introduction

A large analytical literature in marketing and operatiomsearch examines optimal pricing and market-
ing efforts (ME) decisions in the supply chain. Marketinfpef include a variety of non-price demand-

stimulating activities undertaken by any supply chain fincts as sales effort, advertising, non-price
promotions and so on. Research in this field often relies em#sumption that each firm decides on its
pricing and marketing efforts simultaneously (e.g., Kgraad Zaccour, 2006, 2007; Yue et al., 2006;
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Xie and Wei, 2009; Szmerekovsky and Zhang, 2009; He et ab928hmadi-Javid and Hoseinpour,
2011; SeyedEsfahani et al., 2011; Kunter, 2012). A few saBargue that there is a discrepancy in the
timing of these decisions and assume that marketing effmdsprices are set at different stages instead
of simultaneously by each channel member (Agrawal, 1996eHae and Bandyopadhyay, 2003; Sober-
man and Parker, 2006; Karray and Martin-Herran, 2008g&maka et al., 2009; Karray, 2013; Karray
and Martin-Herran, 2019). How relevant is the assumpdibaut the timing of these decisions when
optimizing supply chain members’ strategies? Does it implaeir profitability? How is such impact
affected by competition between manufacturers? This paipgs to answer these questions through an
analytical study.

The issue of decision timing is relevant because it afféesritformation set available to the players at
the time they make their decisions. In supply chains led bymtlanufacturer(s), the retailer observes the
manufacturer’s announced decisions before making his dherefore, depending on which information
is announced to the retailer (marketing efforts, pricingath), the retailer will react by choosing differ-
ent levels of marketing efforts and pricing, which will thiempact the demands, revenues and profits of
all supply chain firms.

In practice, we can observe differences in decision timiragfices. In many instances, pricing agree-
ments between manufacturers and retailers are establifere decisions are made about marketing
efforts. In such cases, ME, including retail local advartsnon-price promotions and manufacturer pro-
motions, are decided given the pricing contract in the supp&in. For example, manufacturers whose
brands benefit from high levels of consumer loyalty, suchrastBr and Gamble, usually avoid frequent
price adjustments that could damage their brand image ampt adstead, a strategy of everyday low
pricing, or EDLP (Raju et al., 1990). Further, some indestsuch as food, grocery and ornaments set the
same wholesale price for the entire selling season becduise stability of their production processes
(Maiti and Giri, 2017). In such cases, manufacturers fix whale prices for an extended period and
retailers keep the price unchanged (Kopalle et al., 199@% EDLP strategy has been adopted by many
retailers such as Walmart and Trader Joe’s in the US and Teghe UK (Tang et al., 2014). In these
channels, marketing efforts such as manufacturers’ coaspromotions, local advertising (e.g., in retail
flyers or local publications) and in-store promotional dtgs (e.g., displays, features, merchandising
and social media marketing activities) are decided on againg basis and do not necessitate a long-
term budget commitment from the manufacturer and the estdit addition to common examples of
such practices for consumer products (CPG), the automiotiestry often adopts this decision-making
approach as prices of new products are announced befoegeditffrebate and promotional offers are
announced from both manufacturers and retailers.

In other cases, the retailer and the manufacturer may ne loag-term pricing agreements. For in-
stance, when the relationship between the supply chain restgnot long-standing or economic condi-
tions are unstable, manufacturers and retailers may cHieaxdality by disengaging from any long-term
pricing commitments (Karray, 2013). For example, the sygplain members may decide on different
ME such as advertising before pricing when a high-low pgcitrategy is implemented or when long-
term contractual agreements with media agencies are isttadbl In fact, in some industries, national
advertising campaigns in traditional media outlets aréaed longer period than are prices and thereby
decided at an earlier stage. Evidence from the CPG indubbws that some manufacturers fix their
marketing effort budgets for the quarter or year when drgftheir marketing plan, while their prices
to retailers are decided more often. Further, in the elaasoindustry, prices are frequently changed to



take advantage of technological innovations or seasoralgds, while advertising campaigns are set
up-front (Maiti and Giri, 2017).

In the marketing literature, a few studies have examinedstge of pricing and marketing efforts
decision timing (Kadiyali et al., 2001; Rao, 2009). In hisosk@bout marketing decisions, Rao (2009,
p. 120) notes that “the possible difference in the peridgiof decision-making regarding price versus
other decisions, such as marketing efforts [is a] trickués¥mpirical research does not provide a clear
explanation of why such a discrepancy might exist. This radhat it could be due to various factors
such as managerial practice as well as commitments withareggincies or channel partners. Different
choices of timing for pricing and marketing efforts could@be due to differing marketing objectives
(e.g., encourage short-term sales versus build brandygquit

In the operations literature, the issue of how decisionrtgrdan impact supply chain members’ prof-
itability has been seldom investigated. Recently, a fewepgapave focused on the optimal timing of
product pricing in dual channels (e.g., Liu et al., 2018; 80&t2020; Yan et al., 2020). To our knowl-
edge, only Karray (2013) has attempted to investigate howetiag efforts and pricing decision timing
can impact retailers’ and manufacturers’ profitability idwopolistic conventional channel. Like Karray
(2013), we study the optimal timing of prices and marketifigrées, but differ from that earlier work in
three ways. First, in addition to a duopolistic channel, wieled our analysis for the first time to model
product (manufacturer) competition. Insights derivedrfreuch analysis can shed light on how competi-
tion affects the timing of pricing and market efforts. Sed¢pne model demand using a consumer utility
approach, while their model relies on an aggregate demantufation. Our utility-based model allows
for better representation of competitive interactions agioroducts. It captures competition as it relates
to product substitutability as opposed to most aggregatetspwhich represent competition between
products through cross-price effects (Lus and Muriel, 2608ang et al., 2013). Third and finally, while
Karray (2013) models ME cost sharing mechanisms (cooperativertising) between manufacturers
and retailers, we omit such contracts from our model to tedlae effect of decision timing choice on
the profitability of manufacturers, retailers and the entinannel.

This paper aims to identify the optimal timing of pricing amérketing effort decisions. In a supply
chain led by manufacturers, we examine different scenavioere these decisions are made simulta-
neously or sequentially. We first develop an understandfrtgis problem for a benchmark scenario
without competition (duopolistic supply chain), then exdeour analysis to model manufacturer (prod-
uct) competition. The main research questions we address ar

e What is the optimal decision timing for pricing and markgtifforts for manufacturers, retailers and
the supply chain?
e How does product competition impact optimal decision tigfin

In order to answer these questions, we develop a game-tleemedel using a utility-based demand
function. We solve for equilibrium prices and ME for threesarios reflecting different timings of these
decisions: a) when they are made simultaneously; b) wheegédre decided prior to marketing efforts;
and c¢) when prices are chosen after marketing efforts. Wairolttese results for the case of a supply
chain with no competition and for the case with manufactaoenpetition. In each supply chain set-up,
we compare equilibrium profits among the three timing sdesao identify the optimal outcome for the
manufacturer(s), retailer and entire supply chain.

The rest of the paper is organised as follows. Section 2 disgithe relevant literature. Section 3 de-



scribes the model. Section 4 presents the equilibriumisoisit Section 5 compares results and presents
the optimal timing scenario in each supply chain set-upalijinSection 6 concludes and discusses future
research avenues.

2. Literaturereview

In the game-theoretic literature, whenever a sequentiaazmperative game is played, the information
set available to the players (decision makers) at the tirmeadfing their decisions ultimately determines
their equilibrium solutions. For example, in the familida&kelberg duopoly model, the leader commits
to certain decisions (quantity, price, etc.). After obgsgvthe leader’s choice, the follower optimally
makes his/her decisions (von Stackelberg, 1934). In a gug@in context, this can translate into the
issue of channel leadership in Stackelberg games (e.gi, C9@1; Lee and Staelin, 1997; Jgrgensen
et al., 2001). In such games, the supply chain leaders ageadbrir decisions first and the followers
make their choices knowing the leaders’ decisions. Diffeseenarios of channel leadership then imply
different information sets available to each firm when mgkimeir decisions, which ultimately affects
the equilibrium outputs of the game.

This paper does not examine the issue of channel leadenshipther focuses on how a supply chain
leader’s choice to announce different decisions at varimuss can affect equilibrium outcomes. Par-
ticularly, we focus on a manufacturer leadership set-uprevtiee retailer observes each manufacturer’s
announced decision before making his own. Depending onhwihformation is announced to the re-
tailer (marketing efforts, pricing or both), they will rddxy choosing different levels of ME and pricing.
The decision timing chosen by the manufacturer then aff@itfdms’ equilibrium strategies, thereby
their demand, revenues and profits as well.

This problem has received very little attention in the symblain and marketing literature, with only
few works examining the optimal timing of different decis® given a specific leadership structure
between manufacturers and retailers. For example, asgumamufacturer leadership, a few studies
have investigated the optimal timing of manufacturers’ iekale and direct prices in dual channels
and found that such timing has a significant impact on profits €t al., 2018; Matsui, 2020; Yan et
al., 2020). Focusing on quality and sales efforts decisiotiger works show that the timing of these
decisions can impact the profitability of the supply chaimfifGurnani et al., 2007; Liu et al., 2018).

Applications of decision timing to problems that involveti@ricing and marketing effort decisions
are scarce. Notably, Karray (2013) investigates the optiméng of pricing and marketing efforts for a
bilateral monopolistic supply chain where a coordinationtcact is implemented. This study shows that
the timing of pricing and ME decisions can significantly aff¢he strategic outcomes of each supply
chain firm. Using an aggregate demand function that takesaotount pricing and marketing effort
decisions, the main findings in Karray (2013) suggests tlaimg pricing and marketing efforts deci-
sions simultaneously is optimal only for high enough lexalthe manufacturer’s ME. For very highly
effective ME by both firms, sequential play of ME and pricirllpas supply chain members to imple-
ment equilibrium strategies and achieve maximum profitswhaild not be achieved with simultaneous
decision-making. Recently, Karray and Martin-Herra®1(@) explore the issue of pricing and marketing
effort timing in the context of a store brand introductiom éoduopolistic supply chain. They find that
the manufacturer can counter the harmful impact of thelegtaistore brand by changing the timing of



their pricing and marketing efforts following the privasbkl entry. These studies show that the order
in which pricing and marketing efforts are set is relevanit alérectly impacts the supply chain firms’
profitability.

To conclude, the theoretical literature about decisiornngrhas focused on pricing issues and high-
lighted the significant impact that price timing can have ba strategies and profitability of supply
chain firms. A similar result has been found when the decisinimg of variables other than pricing are
considered. The literature that modeled both marketirayisfand pricing decisions has mostly assumed
these variables are set simultaneously. In this study, alestge this assumption and extend previous
knowledge by identifying the optimal timing for these déatis and the alleviating impact of product
competition.

3. Modd

We start by discussing the benchmark model for a bilateradapolistic supply chain, then present the
extended model that includes manufacturer (product) ctitigpe

3.1. Bilateral monopolistic supply chain

In this case, the supply chain is formed by a manufacturdingetis product through an independent
retailer. The manufacturer makes the following decisitiswholesale priceuf) and marketing effort
(am,). The retailer sets his price to consumerp > w), and his marketing efforta{). ME in our
configuration includes a variety of non-price marketing\wais aimed at stimulating sales such as
consumer promotions, features, displays, contests, sisess and local media ads for products sold in
the store (Reid et al., 2005; Kalra and Shi, 2010).

The demand functions are derived from the maximization lerabof a representative consumer
with a quadratic and strictly concave utility function (§mand Vives, 1984), which is given by
U = gq — ¢*/2 — pq, whereq represents the demand function anis the base utility of the product.
This formulation has been commonly used in the marketingemothomics literatures (e.g., Samuelson,
1974; Spence, 1976; Ingene and Parry, 2007; Cai et al., 2012t al., 2014; Karray et al., 2017; Kar-
ray and Martin-Herran, 2019). It exhibits the classicadromic properties that the marginal utility for a
product diminishes as the consumption of the product imgeéSamuelson, 1974).

The expression represents the expanded base utility of the product sugh-as + aa,, + Sa,. It
consists of a baseline utility) increased by the marketing efforts undertaken by both theufacturer
and the retailer. The effects of marketing efforts on wtitite modeled through the positive parameters
« andg for the manufacturer and the retailer, respectively.

Maximization of the representative consumer utility widlyards ta; leads to the following demand
function:q = v — p + aa,, + Ba,. Note that this demand is linear in price and marketing edffort
Before we write the profit functions and problems for eachpduphain firm, we make the following
few assumptions. First, for simplicity, we assume null pretibn and distribution costs. Second, the ME
costs of the manufacturer and the retailer are assumedaticatir represent increasing marginal costs
of marketing efforts. Third, other supply chain decisionstsas inventory are assumed exogenous to the



model. These assumptions are commonly used in the thearetipply chain literature about ME (e.g.,
Ingene and Parry, 2007; Cai et al., 2012).
Finally, the profit maximization problems of the manufaetuf)/) and of the retailerR) are given

by
max M = wq — a2, max R = (p — w)q — a2.
W, A, p,ar

3.2. Supply chain with manufacturer competition

We extend the previous model to a supply chain where two naaturfers compete by offering different
products through the same retailer. Each manufactu¢er= 1,2) sets his wholesale pricevf) and
marketing effort ¢.,.;), while the retailer sets the retail prices,(p; > w;), and his marketing effort for
each productd,.;). A summary of all notations used in the model is presentdalbie 1.

Wholesale price of manufacturgrw; > 0

Retail price for product, p; > w;

Retailer's advertising effort for produ¢ta,; > 0
Manufactureri’s advertising efforta,,; > 0

Demand for product, g; > 0

Manufacturer’s profit, M; > 0

Retailer’s profit,R > 0

Total supply chain profitl’ = R + M; + Mo

Baseline utility parameter, > 0

Effect of the manufacturers’ advertising effort on utility > 0
Effect of the retailer’'s advertising effort on utilit, > 0
Competition between productg,c (0, 1)

2 ™R S NmESLeTE

Table 1
Notation

The utility function of a representative consumer in thise# affected by the competition between
the two products and is given by

U= (94— 6 /2~ pits) — 79, %
i=1,2

whereg; represents the demand function for prodijetindg; = v + aam; + Bar, @ = 1, 2.

This linear-quadratic utility formulation exhibits thellfmving classical economic properties. First,
the representative consumer’s utility of owning a prodwustrdases as the consumption of the substi-
tute product increases. Second, the marginal utility forampct diminishes as the consumption of the
product increases. Third, the value of using multiple stitable products is less than the sum of the
separate values of using each product on its own (Samu€l9@n).

The expression; represents the expanded base utility of produtitconsists of the baseline utility
(v) increased by the positive ME effects undertaken for thepeca For simplicity, we assume that the
baseline utility of consuming each product is the same, ingathat the manufacturers’ products are
similar in all other aspects. For simplicity and withoutdas generality, we fix» = 1 in the rest of the



paper. We also assume that the manufacturers’ ME have sigfiiéects on the consumer utility function.
Finally, the parametey € (0, 1) represents substitutability between the manufacturecsiycts (prod-
uct competition), with higher values gfindicating more intense competition between products &l v
versa.

Maximization of the representative consumer utility wiggards ta;, leads to the following demand
functions

1 . .,
q, = m[(l —7) = pi + P + Qami + Bar; — Y(aamj + Barg)l, i, j=1,2,i #j. (1)

Note that these demand functions are linear in prices an#datiag efforts. The advantage of using
this utility-based formulation instead of an aggregate aedrfunction is that modeling consumer utility
provides us with meaningful interpretations of the modehpeeters, especially of the substitutability
parametery. In our model, the market size, price, ME and cross sensitp@rameters are all related
and depend on the product substitutability parameter.dt &6 products become more substitutable (
increases), demand sensitivity to prices and marketingtsfincreases while the overall market size
decreases. In aggregate linear models, the impact of eatsiatevariable on demand is commonly
represented by a single independent parameter e 4.1 —z1p; +220; +Y1ami+Y20ri —Y30mj —Yalrj)-
Therefore, in such models, an increase in product sulzitity does not affect the demand sensitivity to
the product’s own price, marketing efforts nor the total keasize, which does not accurately represent
common observations of how consumers react to productreiftation (e.g., Talluri and Van Ryzin,
2006, pp. 395-396).

We further assume that both manufacturers have similas @t formulate the profit maximization
problems of the manufacturer&/() and the retailerg) as follows

max M; = wiq; — a2y, i=1,2, max R= Z (P — wi)g; — aZ;] .

Wi, Ami P1,P2,0r1,0r2 19
1=1,

4. Games

To study the effects of different decision timings on thegyghain members’ strategies and profits,
we consider three scenarios (games). In each of these gamassume that the manufacturer(s) is (are)
leaders, while the retailer is a follower. We also assumettiecompeting manufacturers make their
decisions simultaneously (play Nash). These assumpti@nsanmon in industries where companies
use similar marketing planning practices and in most supbgins (Sudhir, 2001; Sethuraman, 2009;
Ingene et al., 2012). This means that the manufactureig)yal announce their decisions first and the
retailer reacts to the manufacturers’ decisions and cledus@wn. We also assume that the retailer reacts
by making the same kind of decision(s) (pricing, ME or both}lzgose announced by the manufacturers
(Karray, 2013; Karray and Martin-Herran, 2019). Thisageflect the practice that in manufacturer-led
channels, retailers usually set their retail prices afteseoving the manufacturers’ wholesale price. They
also only set their marketing efforts after learning abbatrhanufacturers’ ME in an effort to coordinate
promotional activities in the channel and to avoid unneagsduplication of efforts.

1See Lus and Muriel (2009) for more discussion on the valueitifitbased demand formulations.



Given these assumptions, we focus on the three games bebawollowing is a description of each
in the context of manufacturer competition:

e Simultaneous decision-making in both price and marketiffigrts (S). GamesS is played in two
stages. First, manufacturers play Nash and each sets hisWgrizing decisions simultaneoushy,(
anda,,;, 7 = 1, 2). Knowing the manufacturers’ decisions, the retailer trescts by also setting both
his ME and pricing strategieg(anda,;, i = 1, 2).

e Sequential decision-making where marketing efforts arbesire prices{/ P). GameM P is played
in four stages. First, manufacturers play Nash and eacllegoin his ME strategies. Second, the re-
tailer sets his relevant ME decisions, knowing the manufaet’ ME levels. Third, the manufacturers
play Nash and set their wholesale prices, knowing the extaiME decisions and their own. Fourth,
the retailer decides on his retail prices, knowing the maciuiers’ ME and wholesale prices as well
as his ME levels.

e Sequential decision-making where marketing efforts aoseh after pricesi{\/). This game is also
played in four stages. First, manufacturers play Nash andwarce their wholesale prices. Second,
the retailer sets his prices knowing the manufacturersgstiThird, the manufacturers play Nash and
set their ME strategies knowing the retailer's prices arartbwn. Finally, the retailer sets his ME
levels, knowing all previously announced decisions.

5. Equilibrium solutions

We start by discussing the equilibrium solution for the aaise benchmark duopolistic channel. Then,
we present the equilibrium for the case of a supply chain adgttmpeting manufacturers.

5.1. Bilateral monopolistic supply chain

We solve each of the three games {/ P and PM) described in the previous section by backward
induction. We provide here a brief description of the pragedor solving these games. In the simul-
taneous scenaridsf, the game is played in two stages. We start by solving thelees problem in
marketing efforts and price then use the obtained reactiontions to write the manufacturer’s profit
and solve his problem in his wholesale price and ME.

In the sequential game where ME is decided prior to priciigy), the game is played in four stages.
We start by solving the retailer’s pricing problem to get piiice then use it to write the manufacturer’s
problem. The latter is solved to get the wholesale price. Méa use the obtained expressions of both
wholesale and retail prices to write the retailer’s probkema solve it in his ME. Finally, the solution,
along with all other pricing reactions functions, are ingetin the manufacturer’s problem, which is then
solved to obtain the equilibrium ME strategy for the mantdeer.

A four-stage game is also played in the case where pricesamidat] prior to ME PM). In this
game, we start by solving the retailer's problem in ME thee e obtained reaction function to write
the manufacturer’s problem. The latter is solved to get thaufacturer's ME. The obtained expression
is then used to write the retailer’s problem and solve it srtail price. Finally, the obtained retail price
along with all other ME reaction functions obtained in pms stages are injected in the manufacturer’s



problem, which is solved to get the equilibrium wholesalegrThe analytical expressions of the equi-
librium solution for each game is obtained by Karray and Makterran (2019) whose focus was the
effects of store brand introduction. We refer to the prodfarray and Martin-Herran (2019) and report
the equilibrium solution in Appendix A for clarity.

We characterize the interior equilibrium conditions to chéhat: 1. the obtained equilibrium solu-
tions in each game verify the positivity conditions for aflges, ME, demand, margins and profits, and
2. the concavity conditions ensuring that the extrema aerior maxima are satisfied. We denote by
each game’s feasible region the parameters spaaeaimd S that satisfies all positivity and concavity
conditions in that game. The necessary conditions forimtexquilibrium solutions for all games si-
multaneously (feasibility conditions) are given b¥:c (0,2) anda € (0, /8 — 262) (see Appendix
A). These conditions have to be verified when comparing dxitim solutions obtained in these three
games. Next, we present the sensitivity analysis of theliegum solution in each game to changes in
the model parametersandp.

Proposition 1. In the case of a bilateral supply chain, sensitivity anaysi equilibrium solutions in
gamesS, M P and PM given interior equilibrium conditions are as follows:

2_27 g_; > O,VIL' E {wapa aTH7aT’7an7 R} .
Proof. The derivation of most of the signs of the derivatives isightiorward, given the interior equi-
librium conditions. O

This proposition shows that the equilibrium prices, ME, @ewhand profit increase with higher ME
effectiveness both by the retailer and the manufactureardégsss of when they choose their prices and
ME. This is mainly because ME boost consumer utility, whidbves the retailer and manufacturer to
charge higher prices and provides them with the incentiveviest more in ME. Despite the increase in
prices, ME that are more effective ultimately expand demé&atling to increased revenues and profits
for both firms. Finally, this proposition indicates that osing different timings of pricing and ME does
not change the sensitivity of manufacturer and retailegigléorium outputs to ME effects.

5.2. Supply chain with manufacturer competition

To differentiate between results for games with and witloau petition, we use the superscripto de-
note games and equilibrium solutions for the competitieec&imilar to the benchmark model, we use
backward induction to solve each of the three games for thplgehain with competing manufacturers.
However, in this case, manufacturers play Nash so each metmuér's problem is solved in the relevant
decision variable(s) simultaneously with the competingnafacturer. The analytical expressions of the
equilibrium solution for each game are presented in the piefosition.

Proposition 2. The equilibrium solution for a supply chain with manufaetuzompetition in games®,



M P€ and PM¢ are included in Table 2, where

d=0a®(B*—4) —28% (27— *+8) —16(y+ 1) (v — 2),

Q= [2—4(y — 2)2(v+1)]” [B2+4(y—1)(7+2)?] =16a% (1~ 1) (v—2) [82~2 (+*—4) (*~2)] ,
U =a? 229+ 6 +8 (7 — 1)] +4(8 —4)(1 - ),

A=8y(1—7%) [®+2 (1% —1)] —4928%% + (B> —4) B2 -8 (1* —1)7).

S¢ MP°© PM©
w  BHGID)EPaga) ARG D(E(E 2 -52) 16(107) (R -4)")  4(a-p® ) (57 -1)°
P Q A
a ag, 16&(27'\/)(17W2)[5272(W476W2+8)] e w
m g ar Q 2(1,,\/2)
Br—2(v+5)82+8(3-272+)  (2v—3) 2(v+1) (¥ —2(v+1) (=12 ((82-4)*-16+?) )
p ) PICES A(B2—4(1+7))
a.  Ba=8?) ] w s
4 , P 4(2?/)(1*@) QA(52*4(1+7))
9 B 2% B
Table 2
Equilibrium solutions for the supply chain with manufaetucompetition
Proof. See Appendix B. O

The details of the solution methodology and expressionhefeaction functions and second-order
conditions are included in Appendix B. We characterize titerior equilibrium conditions to check
that: 1. the obtained equilibrium solutions in each gamdydhne positivity conditions for all prices,
ME, demands, margins and profits, and 2. the concavity dondiensuring that the extrema are interior
maxima are satisfied (see Appendix B). These conditionscarg $0 we omit them here for ease of
presentation. We denote by each game'’s feasible regiorattaengters space u, S and~ that satisfy
all positivity and concavity conditions in that game.

Next, we study the sensitivity of equilibrium solutions thaniges in the model parameters in each
game, namely to the competition level) @nd to the manufacturersi) and retailer's ME effectsq).
The results are presented in Propositions 3 to 5 below. Matietiese propositions do not report all the
sensitivity analyses we have conducted. Whenever we firtdhikasigns of our analyses can either be
positive or negative depending on the values of the paramete identify the analytical conditions for
the positivity of these expressions. We omit these conaltivere because, given their complexity, no
analytical insight can be derived. The proof for Proposii8 to 5 is included in Appendix B.

Proposition 3. In the case of a supply chain with competing manufacturerssisivity analysis of equi-
librium solutions in each game to given interior equilibrium conditions are as follows

GameS®©& M PC . Z—Z >0, Yz € {w,p, am,a,,q, R}y; GamePM¢ : g—z >0, Vx € {p,a,,q, R}.
The signs of all other expressions can either be positiveegative depending on the values of the

model’'s parameters.



Proof. See Appendix B. O

The results in these propositions indicate that, at eqiilib, in all scenarios{¢, M P¢ andPM¢),
higher levels of manufacturers’ ME effects)(stimulate marketing efforts at both levels of the supply
chain. The only exception is in the)M ¢ game where,,, can react positively or negatively to changes
in « depending on the model parameters’ values. This first rggiittates that, everything else being the
same, a change in the manufacturers’ ME effect can resuighehor lower investments im,, depend-
ing solely on the decision timing implemented in the supigio. In particular, when manufacturers set
their prices prior to ME, they should not always increasé ti& as consumers value their efforts more.

Note also that, in all games, higher levelsacoboost not only the ME of the retailer, manufacturer or
both, but also increase demand, therefore the retail revand ultimately his profit. As the manufactur-
ers’ ME effects increase, the retailer benefits from chargigher prices, even when the manufacturers
are also charging a higher wholesale price (in§heand\ P¢ games). However, manufacturers do not
always benefit when their ME are more effective. In ffeand M P¢ games, manufacturers’ revenues
increase with higher levels af but their profitability does not always improve since theit ldosts are
higher. In thePM¢ game, an increase in the effectiveness of manufacturersmi not benefit them
either because they need to charge lower wholesale prisestimore in ME or both.

Compared to the bilateral supply chain case (Propositipth&fse results show that product compe-
tition significantly changes the impact that ME have on thenafiacturers’ profitability in all games.
While a monopolistic manufacturer gains from higher effeatess levels of his ME, such an effect is
not sustained when he is facing competition. Further, inRié® game, both manufacturers’ strategies
(w anda,,) do not always increase with higher levelsco#s is the case for the bilateral monopoly.

Proposition 4. In the case of a supply chain with competing manufacturerssisivity analysis of equi-
librium solutions in each game @ given interior equilibrium conditions are as follows
GameS© : 9z >0, Vo € {p,am,a,,q, R}; GameM P : dam >0; GamePM¢ : %4 >0
* 8/8 ) ) mo Ty 9 ) * 85 ) * 85 *
The signs of all other expressions can either be positiveegative depending on the values of the
model’'s parameters.

Proof. See Appendix B. O

Looking at how changes in the retail ME effectivenegsdffect equilibrium solutions in the different
games, we find a positive impact 6fon a,,, in both theS¢ and M P¢ games but a mitigated effect in
the PM© game. The retailer's ME increase with his effectivenessllevthe S game, but can either
increase or decrease in both theP® and PM ¢ games.

Comparing these results to the ones reported in Propodgitioote that, at equilibrium, the manufac-
turers’ ME react in a similar way qualitatively to a changehie retailer's ME effects than to their own.
However, the retailer's ME sensitivity to changesdns different. These differences can be explained
by looking at the effect of8 on prices, demand and retail profit. In th¢ game, the retailer benefits
from higher levels of3 even if he has to charge lower prices and/or gain lower mardgimthis game,
the increase in demand is driven by the higher levels of MEb#t kevels of the supply chain. However,
in the sequential gamed/{ P and PM ), an increase i does not necessarily expand the retailer’s
and/or the manufacturers’ ME and demand. It may even inergases, which explains why the retailer



may not benefit from highes. These findings show that the retailer's ME effects have a ¢exrgffect
on strategies at equilibrium, especially when ME decismamesdecoupled from pricing, in which cases
the retailer reacts to each decision type separately.

Finally, compared to the bilateral supply chain case (Psitjpm 1), these results show that product
competition significantly changes the impact that ME havéherpricing, ME strategies and profitability
of the supply chain firms, especially in the non-simultareegames. In fact, while both manufacturer
and retail prices increase with higher levelssoih the bilateral monopoly case, they could decrease or
increase in the competitive case. Further, in gdté“, the manufacturers’ ME do not always increase
with higher retail ME effects as is the case in the bilaterahopoly channel.

Proposition 5. In the case of a supply chain with competing manufacturerssisivity analysis of equi-
librium solutions in game“ to ~ given interior equilibrium conditions are as follows

ow oM ox 1 9

—,—— <0, —>0 < =(4- Vr € {am,ar, q}. 2
5y 5 <0 5,7 0e g (4=57), vz € {am, ar. g} )
The signs of all other expressions in gasfe as well as in the other two games can either be positive
or negative depending on the values of the model’s parameter

Proof. See Appendix B. O

The results in this proposition address the sensitivityhefequilibrium solutions to changes-nin
the S game. In this case, the manufacturers’ wholesale pricepanii decrease with higher levels of
competition. This means that when manufacturers makeeill tlecisions simultaneously, higher com-
petition leads to a price war, which damages their profite &ffiect of competition on manufacturers’
ME depends on the competition level and on the retailer’'s Mécgveness as shown in condition (2).
Namely, for a given level of5, both manufacturers’ and the retailer’s marketing effontyéase with
higher levels of competition whenis low enough and decrease otherwise. This means that, ifi‘the
game, the manufacturers and retailer should invest moreBnfdd more substitutable products only
when the competition is not too high. Alternatively, cugtidown on ME investments as competition
increases should be adopted when the products are compatiregclosely. Further, for retail ME that
are highly effective, ME at both levels of the supply chaie kkely to decrease with and vice versa,
indicating that the impact of competition on strategiesggly intertwined with ME effects.

Note that we cannot determine a definite sign for the effegtar retail price and profit. Contrary to
the usual economic belief derived from pricing models, wkinheffects are taken into account, higher
competition levels do not necessarily decrease pricesneuwuers. The retailer may find it optimal to
increase his price instead and either invest more in ME tsbdemand and revenues and/or cut the
price to consumers to expand demand further.

Finally, this proposition only reports the sensitivity afiglibrium strategies te in the S¢ game and
does not discuss results for thié¢ P¢ and PM ¢ games. This is because each equilibrium strategy in
these games can either increase or decreasepgiiven a set of complex conditions on the parameters.
While these conditions are analytically intractable, we daduce that manufacturers who decouple
their ME and pricing decisions should not necessarily desgetheir prices when faced with higher
competitive pressures. Also, they do not always lose fraenisified competition. This is an important
result that shows again that the timing of ME and pricing siecis plays an important role in how



manufacturers and their retailers adjust their stratelgi@aportant market conditions.

6. Optimal timing of pricing and marketing effort decisions

We compare equilibrium solutions obtained for the benchnease of a bilateral monopolistic supply
chain. Then, we extend the analysis to the case of a suppiy wlith competing manufacturers. Finally,
we compare these results to assess the effects of manefactumpetition.

6.1. Benchmark case: Bilateral monopolistic supply chain

For a bilateral monopolistic chain, we compare equilibristrategies and profits across the different
games. The results are stated in the following propositions

Proposition 6. For a bilateral monopolistic supply chain, comparisons ofuéibrium strategies in
gamesS, PM and M P lead to the following results:

.Z'MP < fL'S v{L' S {p’ am7araQ}7 wMP iws’

wPJ\/[ < ws7 J;PM + l’S Vo € {p, amyamq}v
PM MP

€T +x Vx € {w,p, am,ar,q},

with the signd+= meaning that the comparison can lead to positive or negaigalts depending on the
values of the model’s parameters.

Proof. See Appendix C for proof and for analytical conditions. O

This proposition shows that the decision timing chosen lyrttanufacturer greatly influences the
prices charged to consumers and to retailers. It also lamgglacts investments in marketing efforts as
well as sales units. The nature of this influence dependsesdile of ME effectiveness.

For low levels of ME effectiveness, the game where ME are ehgsior to prices {/ P) leads to
the lowest levels of ME both by the manufacturer and thelmtais well as to the lowest retail prices
and sales. However, compared to the other two games, thefacaumer charges the highest wholesale
price in the M P game in order to compensate for the lowest level of sales,uwtiich explains his
low investment in ME. Therefore, the retailer may gain th&det revenue in this game, which in turn
explains why he invests the lowest level of ME in théP game. Alternatively, the highest levels for
prices, sales and ME investments are achieved in gaifeor S. In these games, the negative effects
of high prices on demand are compensated for by the highemMVi@&siments, which ultimately boosts
demand. Finally, when prices and ME are decided simultasigdiy each channel member, the levels
of prices, ME and sales are moderate to high at equilibrium.

These findings can be explained as follows. When prices arewsted prior to ME, the manufac-
turer commits to the lowest wholesale price and the retajgortunistically gains a high margin. The
retailer’s high price and margin then encourage both mattidoost their ME decisions in the next stage
in order to increase demand. However, when the decisiontddBus made prior to prices, the manu-
facturer commits to a low level of ME, which in turn also ledts retailer to follow suit and limit his



ME investment. This forces the retailer to lower his pric@ider to increase demand. It also leads the
manufacturer to charge a high wholesale price to boost kisntee. When the decisions about prices
and ME are made simultaneously, the channel members do wetd@ommit to low levels of ME (as

in the M P game) or prices (as in thBM game), and hence choose moderate to high levels for these
decisions.

These results do not hold for highly effective ME. In thiseasoth supply chain firms invest the least
in ME in the PM game. This results in low sales, which in turn explains tiveretail price in theP M
game. Further, for highly effective ME, the manufactureargfes his highest wholesale price in thig?
game but commits to lower ME investments than in the othergames. This forces the retailer to lower
his price in order to increase demand. Finally, when pricesME are decided simultaneously by each
channel member, the levels of prices and ME are moderateuditegim.

Next, we derive results for pairwise comparisons of equitim profits for the three games' (M P
and P M) before identifying the preferred game for the manufaciuegailer and total supply chain.

Proposition 7. For a bilateral monopolistic supply chain, pairwise comjzans of equilibrium profits
in gamesS, M P and PM lead to the following results:

M® > max(MMP MPMY pMP 4 ppPM
RS > RJ\/[P RS :l:RPJ\/[ RJ\/[P :]:RPM
TS > TMP TS:ETPM TMPZETPM

with the sign+ meaning that the comparison can lead to positive or negaigalts depending on the
values of the model’s parameters.

Proof. See Appendix C for proof and for analytical conditions. O

Proposition 7 shows results of pairwise comparisons of fsrédr the manufacturer, retailer and total
channel. These comparisons are useful to understand timeatipt of each game when only one other
decision timing is available/possible for the supply chain

First, when the manufacturer can choose between gaamel M/ P, comparisons of equilibrium profits
indicate that both the manufacturer's and retailer’s psadite higher in gamé' than in M P for all
parameters’ values. Consequently, gashalso yields higher total channel profit than does gamg.
This result is driven by a better profit margin for the retaiéand by higher ME efforts and sales in game
S for both firms.

Second, when the manufacturer can choose between §aane PM, gamesS is preferred mainly
because of his higher profit margin. However, the retaile¥sdoot always agree; depending on the
values of the ME effectsy and, the retailer may find either ganteor PM optimal. As we can see
in Figure 1, the retailer prefers gansefor high levels ofa and/ors and gameP M otherwise? This
is because the retailer gains a lower margin and spends maviEdbut gains higher sales in game
Therefore, the retailer is playing suboptimally whenehierE effect levels are not too high, leading to a
channel conflict in this situation. In most cases, the retaipreferred game is the one that also provides
the highest total supply chain profit. This means that, adehder, the manufacturer should consider
adopting the decision timing that optimizes the total clepnofits and redistributing it accordingly, for
example by implementing a profit-sharing mechanism.

2In all figures, "UF” denotes the region where the feasibilibnditions are not satisfied and the games cannot be compared
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Fig. 1. Comparison of the retailer’s profits in games S and Bilteral supply chain)
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Fig. 2. Comparison of profits in games MP and PM (bilaterapyuphain)

Third, when the manufacturer can choose betweenVitie and PA games, the preferences of the
manufacturer, retailer and total supply chain depend owdhees ofa and 5. Figure 2 shows that the
manufacturer prefers ganmid P to PM only for low levels of 3 combined with high enough. For all
other values oty and 3, he gains more profit by playing according®\/ rather than ta\/ P. This is
because, under these conditions, the manufacturer gaiigherhmargin but lower sales if/ P than
in PM (Proposition 6). Figure 2 also shows that the retailer'sipre higher in PM than in M P in



most parameters’ domain due to a lower wholesale price agliehisales. When is very high, the
retailer prefers the MP game which requires a lower ME inwestt. Comparing the total supply chain
profits in M P and PM indicates similar results to the retailer. Therefore, trnafacturer and retailer
may disagree on which decision timing serves best theiréste, and the manufacturer should consider
choosing the timing that optimizes the total supply chawfiprather than his own and redistributing it
accordingly.

In the next proposition, we discuss the optimal game for diachand for the total supply chain by
comparing equilibrium profits from the three games simdtarsly.

Proposition 8. For a bilateral monopolistic supply chain, the optimal d&on timing for price and ME
is as follows:

e Games is the manufacturer’s optimal game.
e The retailer may prefer either ganfeor PM depending on the values afandj.
e The retailer’s preferred game leads to the highest totalreied profit.

Proof. Straightforward from Proposition 7. O
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Fig. 3. Optimal game for the manufacturer (left) and for thiler (right) (bilateral supply chain)

In order to discuss more clearly the results reported ingloposition, we graphically represent these
results by plotting the profit comparisons across the thesaeasg for the manufacturer and the retailer
in Figure 3, left and right, respectively. We do not plot tleenparison of the total supply chain profits
because it leads to similar results to those for the retailer

Proposition 8 shows that whenever all three games can beglge., are feasible), as the supply
chain leader, an opportunistic independent manufactimauld choose his ME and pricing decisions
simultaneously (Figure 3 left). This result can be expldibg the fact that in gamé, the manufacturer
does not need to pre-commit to a low level of the decisionithelhosen first (price in gaméM or ME
in gameM P). He also does not need to increase the decision chosen latér to compensate for the
lost sales ensued by either a high retail price or low ME itmesits. When prices and ME decisions
are chosen simultaneously, the absence of pre-commitrpesterts demand from extreme variations in
prices and ME at the retail level, therefore leading to optiprofit levels for the manufacturer.

Proposition 8 also shows that the retailer’s interest isahways aligned with the manufacturer’s opti-
mal game. In fact, gamg is optimal for the retailer only for certain values of the Mifeets parameters,



a andg. Figure 3 right shows that whem and/or3 are high, the retailer’s profit is highest when the
manufacturer plays thg game. However, for lower levels of ME effectiveness, thaitet prefers game
PM to S. This is because, in this case, higher retail margins areb salits are earned by the retailer
in gameP M, which results in a larger retail revenue. Since the rataileo invests more ME in game
PM than in game5, his additional ME costs are offset by the increase in hismere only when ME are
largely effective. Finally, looking at the total channebfit across the three games, Proposition 8 indi-
cates a similar result for the total channel’s profit as fat tf the retailer. This means that the retailer
gains more profit than the manufacturer would lose if theetagtvitches its decision timing frorfi to
PM. Therefore, the manufacturer should consider choosinguheptimal game? M and redistribute
the additional total profit.

For the benchmark scenario (bilateral monopoly), our testdn be compared to those obtained in
Karray (2013) who also studied the optimal decision timioggdricing and ME in a duopolistic supply
chain led by the manufacturer. The results in Karray (201&)evdifferent from the ones in this paper.
While we find that theS game is predominately preferred by the manufacturer, hesdptimal man-
ufacturer’s game only for low values of retail ME effects) jn Karray (2013). The dissimilarities in
these results are mainly due to different modeling of thélem as they considered a coordinated sup-
ply chain through cooperative advertising. In fact, chdienerdination can alleviate the decision timing
impact on equilibrium strategies. For example, we find thatwholesale price is lower when chosen
prior to ME (in the PM game) than when these decisions are announced simultdyiesbite Karray
(2013) shows different results. These discrepancies caxlained by the effects of cooperative pro-
grams, which are commonly found to inflate ME spending ancksrin duopolistic channels (Jgrgensen
and Zaccour, 2014). Such programs can then mask the fullahtpat decision timing has on optimal
profits.

6.2. Supply chain with manufacturer competition

In the case of a supply chain with competing manufacturenad(cts), we derive results for pairwise
comparisons of equilibrium profits and strategies for the¢hgames{©, M P¢ and PMC) before
identifying the preferred game for the manufacturers,iletand total supply chain. For simplicity
and to obtain analytical results, we restrict our analysithe case whera = 5. Then, we relax this
assumption in Subsection 6.2.1 and explore results usingreencal method.

Proposition 9. For a supply chain with competing manufacturers, comparigbequilibrium profits in
gamesS® and M P leads to the following results:

o MMP® > M5 for 4 > 0.3. Otherwise MM P can be higher or lower than/>“ .
o RMP® < RS,
o TMPT < S

Proof. See Appendix D for proof and for analytical conditions. O

The first result in this proposition indicates that the mawtiirers’ profit is higher in gam@ P¢ than
in S¢ for high product competition levels]. Otherwise, manufacturers may prefer either gaifieor
M PC. Therefore, manufacturers’ preference between gaftfieand M P¢ depends mainly on the level



of competition in the market. This result can be explainethieyffact that, in gamg®, the manufacturers
have to make price concessions for high levels of productpetition, which hurts their profit margins.
This in turn restricts the manufacturers’ investments in, leliid ultimately lowers their demand for their
products and results in lower profits (Proposition 5). Ferrthomparison of equilibrium strategies shows
that ME are higher in gamg&® than M/ P in most parameters’ domain, while prices can be higher or
lower. Therefore, when competition is high, manufactustrsuld pre-commit to lower levels of ME
as their cost savings will compensate for the lost revengetdwa low profit margin. However, when
products are not close competitors, this pre-commitment mad be profitable as higher levels of ME
may benefit both brands.

This proposition also shows that gaisie provides higher profits to the retailer than does gamec .
This is mainly because of the higher ME levels and retail profirgin in theS® game which lead to
revenue gains. Despite higher ME costs in gasfiethan in M PC, the retailer's ME cost savings are
enough to provide him with a higher profit. Finally, the tathhnnel’s profit is higher in gamg than in
M PC. Since the manufacturers are the supply chain leaders, thegmct opportunistically, they would
choose the game that provides them with maximum profits.igncilise, the optimal decision timing for
the manufacturers does not always provide the retailermékimum profit. This is especially true when
the competition level between the manufacturers’ prodsdiggh enough. In this case, conflict can arise
among the supply chain firms, which can be alleviated by theufseturers’ choice of their suboptimal
game along with a profit reallocation contract.

Proposition 10. For a supply chain with competing manufacturers, comparigoequilibrium profits in
gamesS® and PM ¢ shows that the manufacturers’, retailer’s and total chalfserofits may be higher
or lower in gameS® than in PM¢ depending on the values of the model parameters.

Proof. See Appendix D for proof and for analytical conditions. O

This proposition shows that the retailer and manufacturerg prefer game&© or PM ¢ depending
on the model parameters. Further, the analytical conditiodicate that, for any given value of the ME
effect (), the manufacturers prefer gan§€ for low enough competition levels), and gameP M ¢
otherwise (see Appendix D). This result is mainly driven by effect of decision timing on wholesale
prices and ME. In fact, the manufacturers charge higheeprin gameS® than in PM ¢ whena is
low enough. The gain in profit margin is sufficient to compéedar any increase in ME costs or loss
in unit sales. However, for high levels af the manufacturers have to charge a lower price in game
S¢ than in PMC. Further, ME levels are higher in gan$¢’ whena is high (Proposition 2), which
increases manufacturers’ costs and leads to lower profiexefore, when the ME are highly effective,
the additional ME investment required in garfi€ does not boost demand significantly enough and
gamePMC¢ becomes more profitable for the manufacturer.

For the retailer, we find a different result. TH€ game provides higher retail profit than daesa/¢
when either ME are highly effective or when they are low buhpetition between the manufacturers’
products is intense. In such cases, a larger profit margirhaytekr ME levels in gam&® provide the
retailer with sales gains that are significant enough to tlsissevenues despite the increase in his ME
costs. Alternatively, low levels of ME effectiveness leadawer ME levels and ultimately lower sales in
gameS® than inPM©. Because of the lower retail revenue in gafefor low levels ofa, the PM ¢
game becomes more profitable in this case.

Comparing the manufacturers’ and retailer's preferencetg that the retailer gains more profit in



gameS® whenever the manufacturers pref@d/¢ (high ). Therefore, for most values of and 3,

the retailer and the manufacturers’ preferences diverje.ohly case where their interests are aligned
is whena is high. Therefore, the decision timing choices betwS&nand PM ¢ can lead to conflict
among the supply chain firms, which can be alleviated by theufa@turers’ choice of their suboptimal
game along with a profit reallocation contract.

Proposition 11. For a supply chain with competing manufacturers, comparigbequilibrium profits
in gamesM P and PM ¢ shows that the retailer’s profit in game P¢ is lower than in gameé”? M,
while the manufacturers’ and total channel’'s profits may kbghbr or lower in M P than in PAM¢
depending on the values of the model parameters.

Proof. See Appendix D for proof and for analytical conditions. O

This proposition shows that comparison of the manufacsiigofits obtained in games/ P¢ and
PM¢ depends on the model parameters. The analytical resuitabecdthat the manufacturers prefer
gameM PC to PMC for very large values of or very low values ofy (see Appendix D). This is
mainly because, in most cases, manufacturers charge ar ligjodesale price in gama/ P¢ than in
PMC. They also invest less (more) in ME for low (high) enough eslofa. In which case, the retailer
reacts to the low manufacturers’ ME investment by also lavgeboth his ME and price, which brings
down his profit margin and sales, and ultimately decreasaehienue.

Therefore, when ME do not have a large influence on consumensyifacturers prefer ganien/©.
Despite the fact that manufacturers’ profit margin is lowePil/ €, the retailer’s profit margin is better,
which induces the retailer to invest more in ME and reducé firices to mitigate any negative effects
on demand. Alternatively, manufacturers prefer gavhB¢ when their ME is effective enough because
they can use their higher profit margin to increase their M&nslng. They also prefer game P¢
when ME are highly effective because of the positive impactevenues. The retailer prefers game
PMC to M P® because he can gain higher profit margins in gadé® due to the manufacturers’
early commitment to lower wholesale prices.

Finally, conflict between the manufacturers and the ratailey arise due to diverging preferences for
decision timing. In fact, comparison of the total supply iofsaprofits shows that gama/ P yields
lower profits overall than gamBM¢ in most parameters domain. Therefore, the total supplynéhai
profit comparisons are mostly aligned to those of the rataaled channel conflict can be solved if the
manufacturers choose their suboptimal game while impléimga profit reallocation contract.

Next, we discuss the optimal game for each firm and for the $ofaply chain by comparing equilib-
rium profits from the three games simultaneously.

Proposition 12. For a supply chain with competing manufacturers, the mostifable game could be
S¢, MPC or PMC for the manufacturers and eithét® or PAMC for the retailer and the total supply
chain depending on the values of the model parameters.

Proof. See Appendix D for proof and for analytical conditions. O

This proposition shows that any of the three games can bmaptor the manufacturers while either
gamelM P¢ or PMC is optimal for the retailer as well as for the entire systemgain more insights,
we explore the analytical conditions for each case.



For the competing manufacturers, gasfe is optimal wheny is low enough (see Appendix D). In
such cases, the manufacturers prefer to set all their desisimultaneously rather than committing
to either prices or ME separately. The explanation for tesult is different when looking at the two
alternative games. For low levels af compared to gam@&M ¢ the manufacturers prefe&i® mostly
because it allows them to gain a higher margin, while inmgskess in marketing efforts. On the con-
trary, gameS® is preferred by manufacturers ovef P¢ because of the higher ME and sales it entails.
However, the advantages of gaisie over the other two games do not hold wheghecomes large.

For high levels of competition, the optimal game for the nfanturers depends on the level of ME
effectiveness. For low enough valuesxotthe manufacturers’ low investments in marketing efforitast
ulate demand enough to boost revenues and result in coagsawhich ultimately makes ganié P¢
optimal for manufacturers. Alternatively, for high enougtiues ofa, gameM PC is only optimal ify
is also high. Otherwise, ganfeM/ € provides maximum manufacturers’ profits. This is mainlydnese
it provides higher unit margins compared$6', and greater marketing efforts and sales compared to
MPC.

On the retailer’s side, either ganf&\/¢ or gameS® can be optimal. The retailer prefers gama/“
for low enough values of both andy. In such cases? M ¢ benefits the retailer over the other two games
through higher margins coupled with demand stimulationriwe$ting more in ME. Alternatively, the
retailer’'s optimal game i$“ for high values ofx and/or+. This is because lower ME investments can
stimulate demand enough while benefiting the retailer thinotost savings. Note that gaméPC is
not optimal for the retailer mainly because it either residta lower retail margin or demand due to
insufficient ME spending. Finally, the results for the ritiaiare almost opposite to those obtained for
the manufacturers.

Comparisons of total supply chain profits across the thresegayields a similar finding than the one
reported for the retailer. In fact, for most values of the miquhrameters, the optimal game for the total
supply chain profit is the same than for the retailer. Retalt in almost all cases, the manufacturers’
and the retailer’s interests are not aligned. As the suppdyrcleaders, opportunistic independent man-
ufacturers who can choose among any of these three scef@aridecision timing may then choose
a suboptimal timing strategy, as their preferred game vatl Iead to the highest supply chain profit.
The manufacturers may then consider choosing the subdpinaence of move and redistribute the
additional total profit.

6.2.1. Numerical analysis for the full model with manufasticompetition
We now extend our results in Section 6.2 to the case whete3. We adopt a similar approach and de-
rive results for pairwise comparisons of equilibrium pméind strategies for the three gamgSs (M P¢
and P M) before identifying the preferred game for the manufacs)netailer and total supply chain.
Numerical analyses are conducted to identify how the dauilin profits compare in the three games for
five different values ofy € (0,1), a € (0,3) and$ € (0,2). The numerical analysis considers a mesh
of 0.001 for each parameter, which meahd)00 different values ofy, 3,000 values ofa and2, 000
values off3. This leads to a numerical analysis of the profit functionsfbillion value combinations of
parameters;, 8 and~. The profit comparisons are exclusively conducted in arégegarameter space
where all three games are feasible.

Because strategy comparisons do not lead to straightfdrvesults (signs depend on the model’s
parameters), we do not include them and focus on profit casgas instead. Our numerical analysis



shows similar qualitative results to those obtained in Bsitipns 9-12 in the case of = 3. For ease of
illustration, we include figures E1 to E3 in Appendix E to shasgults of pairwise profit comparisons
between games. We focus here on the numerical results piregéme optimal game for each supply
chain member as well a for the entire channel.
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Fig. 4. Optimal game for manufacturers (left) and for thaitet (right) fory = 0.2 (competitive supply chain)

Our numerical analysis extends the result in Propositioiolthe case ofv # /3, and shows that
any of the three games can be optimal for the manufacturereiner games® or PAMC is optimal
for the retailer and the total supply chain. To gain moreghts, we showcase the results in Figure 4 by
plotting the profit comparisons across the three gamesémtimufacturers (left) and the retailer (right),
respectively. We do not plot the comparison of the total $uppain profit because it leads to similar
results to those for the retailer in Figure 4 right. The resssihown in this figure are foy = 0.2 without
loss of generality as they do not change qualitatively fbeotalues ofy.

For the competing manufacturers, gasfe is optimal whena and/or are not too high (Figure 4
left). However, the advantages of garfi€ over the other two games do not hold when eithesr /3
become large. For high enough valuesogfthe manufacturers’ low investments in marketing efforts
stimulate demand enough to boost revenues and result irsaeistys, which ultimately makes game
M P optimal for manufacturers. Alternatively, for high enoughlues of 3, game PM¢ provides
maximum manufacturers’ profits. This is mainly becausedivjates higher unit margins compared to
S¢ as well as greater marketing efforts and sales compara€Rs’.

On the retailer’s side, Figure 4 right shows almost an ogpaesult to the one for the manufacturers.
In fact, the retailer prefers ganieM ¢ for low enough values af andg. In such cases? M ¢ benefits
the retailer over the other two games through higher marmgingled with demand stimulation by in-
vesting more in ME. Further, Figure 4 right shows that thailet's optimal game i for high values
of o or 8. This is because lower ME investments can stimulate demaadgih while benefiting the
retailer through cost savings. GamePC is not optimal for the retailer mainly because it either tesu
in a lower retail margin or lower demand due to insufficient Bfiending.

Comparisons of total supply chain profits across the thresegayields a similar finding than the one
reported for the retailer. This indicates that the manuigss may benefit from choosing a suboptimal
sequence of move and redistribute the additional totaltprofi



7. Conclusions

This paper investigates the impact of decision timing facipg and marketing effort (ME) in supply
chains. Different from the existing literature, we focusasupply chain with competing manufacturers
selling through a common retailer. We develop and solve aix@s where different decision timings
are considered: (1) prices and ME are decided simultango{®| ME is set before prices, and (3)
ME is chosen after prices. We first examine these three sicarfar the benchmark case of a bilateral
monopolistic channel. Then, we extend the analysis to dengsiompeting manufacturers. We use a
utility-based demand to model the effects of ME and pridesn tsolve for equilibrium strategies in each
of the six games.

Comparisons of equilibrium profits across games provideoitamt new results. For a bilateral mo-
nopolistic supply chain, we find that the manufacturer pge#multaneous decision-making for price
and marketing efforts. The retailer prefers the same tirbuigonly for high levels of ME effects. Oth-
erwise, he mostly prefers a scenario when prices are deaidmtearlier stage than ME to benefit from
the manufacturer’s wholesale price concessions. Thexgfioe retailer and manufacturer can face con-
flicting interests in most cases only because of how the nagiwier, as the leader, decides the timing of
pricing and ME. Looking at the optimal total supply chainfiracross scenarios, we find that, in most
cases, it is highest in the timing scenario that is prefegthe retailer. Therefore, the manufacturer
should consider choosing a suboptimal timing where he preraits to low prices before ME are deter-
mined in order to benefit the entire system. These resufesrdibm previous studies that investigated
the impact of different timings for pricing and ME in a similsupply chain set-up (Karray, 2013).

Comparisons of equilibrium profits across games for a suglpdyn with manufacturer (product) com-
petition show different results from the bilateral casest-imodeling product competition can signifi-
cantly alter the manufacturers’ optimal decision timingice. Indeed, in the bilateral case, the manu-
facturer prefers to set pricing and ME simultaneously, ekither one of the three games can be optimal
for competing manufacturers. The explanation for this ltéswas follows. In a bilateral channel, when
the ME and pricing decisions are decoupled, the monopohstinufacturer has to pre-commit to either a
low price (in thePM ¢ game) or ME (in the\/ P¢ game), depending on ME effectiveness levels. When
we account for competing manufacturers, the latter maycpremit to higher levels of either price or
ME in order to effectively compete in the market, dependingte intensity of product substitution and
the effectiveness of the different ME. Second, for the letaive note that simultaneous decision-making
is more profitable than when ME are decided prior to pricesthdrahere is product competition in the
channel or not. This is mainly because the retailer preferisthe manufacturer invests high levels of ME,
which a pre-commitment would prohibit. Third, regardlebprmduct competition, different preferences
for pricing and ME can lead to channel conflict. However, thesspnce of product competition increases
the opportunity for conflict in the supply chain. In fact, f®fits of the retailer and manufacturer(s) are
aligned in a larger portion of the parameter domain in thateial case than in the competitive case.

These results contribute to the literature in different svayirst, from a modeling perspective, our
findings indicate that whenever marketing efforts and grime modeled in the supply chain, assump-
tions about the timing of these decisions can greatly a#egtilibrium outcomes. Therefore, a clear
justification of such assumptions needs to be provided bynibeeler by referring to either managerial
practice or other constraints prohibiting the supply cheader from choosing a different decision tim-
ing scenario. Second, from a managerial perspective, iplgwhains where manufacturers can freely



choose their decision timing for pricing and ME, manageisusth account for the influence of their
decision-making process, and carefully assess the impaciyqrice or marketing effort commitments
to their channel partners as such contracts can affectahdithe other firms’ profitability. They should
also consider choosing a different timing from their pregdrone along with a profit-sharing mechanism
in order to benefit the entire channel. In practice, this redlaat supply chain contracts that require man-
ufacturers’ commitment to either a low price (e.g., EDLPtcacts) or low ME may not be beneficial to
manufacturers, especially when ME are not highly effective

This work can be extended in many ways. First, future reseaao explore different model assump-
tions (e.g., multiplicative demand functions) or addiiboperational variables (e.g., inventory), with
which timing can also affect profits. Second, our findingsvhizat accounting for manufacturer com-
petition significantly changes the impact of decision tigifar channel members. Future works can add
retail competition to our model. Finally, we focus our arsédyon manufacturer-led channels where the
retailer reacts by setting the same type of decision (MEgpor both) that the manufacturers announce.
An interesting extension would be to consider other leddpiscenarios in the channel.
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