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ABSTRACT

Firms in the consumer electronics industry frequently launch new styles of their products, which leads to a “two-
period” phenomenon in their product sales. Only a few published articles have considered two-period models in
cooperative advertising. This paper investigates co-op advertising strategies in a two-period supply chain con-
sisting of a single manufacturer and a single retailer. Utilizing game theory, we consider two different scenarios:
a decentralized scenario with a cooperative advertising program and an integrated scenario. Aside from these
scenarios, we propose a supply chain contract to coordinate this supply chain system. This paper has the fol-
lowing conclusions: (i) the manufacturer usually does not provide the same advertising subsidy strategy for the
two generation products in the same period; (ii) the manufacturer may provide a low subsidy rate to the retailer
if the advertising long-term effect is strong; and (iii) we demonstrate that the two-way subsidy contract can

achieve a perfect supply chain coordination if a transfer payment exists.

1. Introduction

As consumer demands change rapidly and science and technology
continuously develop, the competition among firms is becoming fiercer,
particularly in the consumer electronics (e.g., mobile phones, personal
computer) industry. Consumer electronics have been constantly up-
graded. As Samsung Executive Deputy President Ravinder Zutshi said,
“No product has a life cycle of more than 12 months.” Most mobile
phone producers update their products within a year. For instance,
Apple, Inc. launched the iPhone 4 in June 2010, and from then on,
Apple, Inc. consecutively launched the iPhone 4S, iPhone 5, iPhone 58,
iPhone 6, iPhone 6S, iPhone 7, iPhone 8, and iPhone XS in the sub-
sequent eight years. Apple, Inc. usually releases a new style in
September each year. As the new product comes to market, previous
products are gradually phased out of the market.

Firms in the consumer electronics industry frequently launch new
styles of their products, which leads to a “two-period” phenomenon in
product sales. The first period is a product's normal selling time, which
is from the time a new product is launched into the market to the period
that a newer-generation product appears in the market. The second
period is a product's last salvage time, which is from the time that a
newer-generation product appears in the market to the time this

product exits the market. For instance, Apple, Inc. launched the iPhone
8 in September 2017, and the iPhone XS was launched in September
2018. For the iPhone 8, the first period is from September 2017 to
September 2018, and the second period is from September 2018 to the
present. In the two periods of product sales, different marketing tools
are applied. For instance, Apple, Inc. usually does not do discounts
during the product's regular selling season, while it tends to adopt price
promotion when a new generation product is about to be released
(Farfan, 2017).

Cooperative advertising is an effective marketing tool for product
sales, brand promotion, and market exploitation. It is a cooperative
mechanism where the manufacturer grants a subsidy to the retailer to
motivate it to put more money into advertising, which leads to addi-
tional sales of the product to the retailer as well as the manufacturer.
The supply chain members’ profits will be improved by adopting a
cooperative advertising program.

Cooperative advertising programs are extensively practiced. Dant
and Berger (1996) stated that cooperative advertising programs finance
25%-40% of retailers' local advertisements. The expenditure on co-
operative advertising in the U.S. was approximately $15 billion in 2000
(Nagler, 2006) and $50 billion in 2010 (Yan, 2010). Intel Inside is a
typical and successful cooperative advertising program where Intel
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shares 40% of advertising costs (30% in China) for computer manu-
facturers who combine Intel's image or logo in the advertisement. Re-
searchers have also paid significant attention to cooperative adver-
tising. There are two main types of cooperative advertising models: one
is the static model (Berger, 1972; Huang and Li, 2001; Li et al., 2002;
Yue et al., 2006; Xie and Neyret, 2009; Xie and Wei, 2009; Yang et al.,
2013; He et al., 2014; Gou et al., 2014b; Karray and Amin, 2015; Yan
et al,, 2016; Karray et al,, 2017; Martin-Herran and Sigué, 2017;
Ahmadi-Javid and Hoseinpour, 2018; Zhou et al., 2018), and the other
is the dynamic model (Sethi, 1983; Chintagunta and Jain, 1992;
Jorgensen et al., 2000, 2001; Karray and Zaccour, 2005; Nair and
Narasimhan, 2006; He et al., 2009, 2013; Gou et al., 2014a; Zhang
et al., 2013; Chutani and Sethi, 2018; Guo and Ma, 2018; De Giovanni
et al., 2019).

Almost all the research in co-op advertising has concentrated on a
one-period model. Few publications have focused on the two-period
model (He et al., 2014; Karray et al., 2017; Martin-Herradn and Sigué,
2017). In contrast to the abovementioned studies, this paper considers
the competition between two generation products and the long-term
advertising effect and then utilizes the two-period models to investigate
co-op advertising strategies of supply chain members and proposes a
supply chain contract to coordinate this supply chain. Our study seeks
to provide solutions to the following problems:

(1) What are the optimal advertising efforts that the retailer will adopt
during the two different periods? In the second period, will the
retailer advertise for the first-generation product? Under what si-
tuation will the retailer advertise for the two generations of pro-
ducts?

(2) What are the influences of the long-term advertising effect on
channel members' decisions?

(3) What subsidy strategy will the manufacturer adopt? Will the man-
ufacturer increase the subsidy rates for the two generations of
products at the same time?

(4) How should this supply chain system be coordinated?

The rest of our study is structured as follows. Section 2 reviews the
literature. Section 3 describes the basic model. The equilibrium solu-
tions for supply chain members in the different scenarios are discussed
in Sections 4 and 5, respectively. Section 6 proposes a supply chain
contract to coordinate the supply chain system. Conclusions are pre-
sented in Section 7. All the proofs of the results are in the Appendix.

2. Literature review

This paper is related to several streams of cooperative advertising
studies, each of which is reviewed below.

A group of studies discussed the cooperative advertising strategies
in the one-period supply chain, and the related cooperative advertising
models can be divided into the static model and the dynamic model.
Considering a static framework, the first mathematical discussion on
cooperative advertising was published by Berger (1972), who proposed
that profits may be increased significantly by quantitative analysis
compared with simplistic fifty—fifty cost sharing. Huang and Li (2001)
extended the cooperative advertising model by dividing advertising
into local advertising and national advertising. This research discussed
three cooperative advertising models: two noncooperative games and
one cooperative game, wherein the latter maximizes system profits. Li
et al. (2002) performed further analysis on the manufacturer-domi-
nated relationship in which the manufacturer optimizes profits without
reducing the retailer's profit. Some papers extended the advertising
models to include decisions on pricing. Yue et al. (2006) studied the
coordination of cooperative advertisement in a two-level supply chain
in which the manufacturer provides price deductions to customers.
Karray and Zaccour (2006) introduced the competition of the retailer's
store brand into the cooperative advertising. Xie and Neyret (2009)
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categorized co-op advertising and pricing strategies into four classic
types (i.e., Nash, Stackelberg retailer, Stackelberg manufacturer, and
one cooperative game) in a two-member marketing channel. Xie and
Wei (2009) addressed a coordination mechanism that relies on both
wholesale price and manufacturer's participation rate in a two-member
distribution channel. Yang et al. (2013) studied the effects of the re-
tailer's fairness in a supply chain. Gou et al. (2014a, 2014b) considered
the threshold effect in cooperative advertising and explored the influ-
ences of advertising threshold on channel members' decisions. Karray
and Amin (2015) studied the influences of co-op advertising in a supply
chain with competing retailers considering both advertising and pricing
as decision variables. Zhao et al. (2016) showed that the manufacturer
can benefit from sharing part of a retailer's advertising expenditure
when the price elasticity is larger than a certain value. Yan et al. (2016)
explored the cooperative advertising strategies in the dual-channel
distributions under the environment of demand uncertainty. Zhou et al.
(2018) studied the optimal cooperative advertising strategies in a two-
echelon supply chain with risk-averse agents; the results showed that
the profits of both agents are improved when the leader is more risk
averse than the follower in the decentralized scenario.

Many dynamic cooperative advertising models were based on the
advertising goodwill model of Nerlove and Arrow (1962) in the one-
period supply chain. Chintagunta and Jain (1992) built a dynamic
model for determining the optimal marketing efforts for one manu-
facturer and one retailer in a two-member marketing channel.
Jorgensen et al. (2000) considered four scenarios utilizing different
games and showed that supporting both short- and long-term adver-
tising provides more profit to both channel members than from other
scenarios. Assuming that marginal returns to goodwill are decreasing,
Jorgensen et al. (2001) investigated dynamic advertising and promo-
tion strategies in two noncooperative games and showed that whether
or not the goodwill stock has a decreasing marginal effect on sales, both
channel members receive large payoffs. Karray and Zaccour (2005)
studied co-op advertising under the circumstance that the retailer sold
both its own products and the manufacturer's products. He et al. (2013)
explored the effects of competitive intensity on the player's profit in a
supply chain with competing manufacturers and a single retailer. Zhang
et al. (2013) considered the influences of consumer's reference price on
the co-op advertising decisions of all channel members. Gou et al.
(2014a, 2014b) focused on the horizontal cooperative program and
evaluated three cooperative scenarios. De Giovanni et al. (2019) stu-
died the influences of the effects of cooperative advertising programs on
the channel members' inventory management and pricing decisions: the
results showed that the cooperative program could improve all channel
members' profits in only a few cases. Sethi (1983) proposed another
classical dynamic model. This research did not consider advertising
goodwill but found a relationship between advertising efforts and
market share. Following Sethi (1983), He et al. (2009) discussed the
changes in a retailer's advertising efforts under the decentralized system
and vertically integrated system. Chutani and Sethi (2018) investigated
the optimal cooperative advertising strategies in a “multiple manu-
facturers and multiple retailers” supply chain, and analyzed the impacts
of competition on the channel members' optimal decisions.

Cooperative advertising research studies focusing on the two-period
supply chain have been limited. He et al. (2014) utilized a two-period
model to investigate the co-op advertising in a fashion and textiles
supply chain, and provided a supply chain contract to achieve supply
chain coordination. Considering the pricing and advertising strategies,
Martin-Herran and Sigué (2017) investigated the manufacturer and
retailer's cooperative advertising strategies over a two-period planning
horizon in three advertising arrangements. Considering the competitive
market, Karray et al. (2017) also utilized two-stage game theoretic
models to study two competing manufacturers' cooperative advertising
strategies. In contrast to the abovementioned literature, this paper
considers the competition between two generation products and ex-
plores the potential coordinating power of the two-way subsidy
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contract in this two-period supply chain.
3. Basic model

In this study, we consider a manufacturer-retailer supply chain. The
selling season is divided into two periods, making it different from
previous cooperative advertising models. The firm is assumed to sell a
style of Product 1 (first-generation product) in the first period, and the
firm will launch a new style of Product 2 (second-generation product) at
the beginning of the second period and sell Product 1 simultaneously.
Assume the two generations of products’ design levels of the manu-
facturer are x; and X, respectively. The retailer advertises the products.
The advertising efforts on the product j(j = 1,2) during the period
i(i = 1,2) are a;. Therefore, a;; denotes the advertising efforts on the
first-generation product during the first period, and these advertising
efforts are mainly focused on brand promotion, while the retail pro-
motion is commonly used during the second period, which is denoted
by ay. The demand for the product j during period i is Dy, and the
marginal profits of manufacturer and retailer are p,,; and p;, respec-
tively.

As in many other papers (Karray and Zaccour, 2007; He et al., 2014;
Jorgensen and Zaccour, 2014; Yan et al., 2014), we express the demand
function of the first-generation product in the first period as:

Dy = ayy + 24 + Pay, (@]

where oq; > 0 is the base market size of the first-generation product in
the first period. Parameters A and 8 are both positive constants that
denote the influence of product design levels and advertising efforts on
demand, respectively. In our model, we assume the product price is an
exogenous variable due to the following reasons: (i) Many firms adopt a
fixed price strategy when they launch the different generation products,
such as Apple, Inc. launching the iPhone 6S (16G) at a price of ¥5288 in
China, which is the same price as that of the iPhone 6 (16G). (ii) This
assumption is also found in the literature related to co-op advertising
(Chintagunta and Jain, 1992; Huang and Li, 2001; Zhang et al., 2013;
Gou et al., 2014a, 2014b).

Competition exists between Product 1 and Product 2. The new style
of a product attracts the attention of consumers due to its more pow-
erful functions or more elegant appearance, which leads to the sales
decrease of the product from the previous generation. Meanwhile, the
advertising of Product 2 also has a passive effect on the demand for
Product 1. In the second period, Product 1 obviously becomes an ob-
solete product when the next-generation Product 2 is launched.
Therefore, the design levels of Product 1 do not affect demand in the
second period. Additionally, the retailer's advertising efforts during the
first period also have a long-term effect on the second period demand
(Martin-Herran and Sigué, 2017; Karray et al., 2017). Then, the demand
function of Product 1 in the second period is:

Dy = o + pan + 6Bay — pudx, — 0Pay, (0<6<1,6<6,0<u<1)
2

where o; > 0 is the base market size of the first-generation product in
the second period. The parameters 4 and § are both larger than 0 and
smaller than 1. Items uA and 6 denote the influence of Product 2's
design levels and advertising efforts on the demand for Product 1, re-
spectively. Moreover, 68 denotes the effect of Product 1's advertising
efforts on its own demand. The condition § < 6 implies that the pro-
duct's own advertising efforts has a greater effect on the demand than
that of other products. Item ya;; represents the long-term effect on
Product 1's second period demand. If the retailer's first period adver-
tising efforts are contributed to the firm's brand image, this item takes a
positive value, while if the advertising efforts hurt the firm's brand
image, this item takes a negative value (Jgrgensen et al., 2003; Martin-
Herran and Sigué, 2017; Karray et al., 2017). In our study, the retailer's
advertising efforts during the first period contributed to improving the
manufacturer's brand image (goodwill); therefore, these advertising
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efforts have a positive long-term effect.

In the second period, Product 1's advertising efforts have a passive
influence on the demand for Product 2. In addition, Product 1's ad-
vertising efforts during the first period contributed to improving the
manufacturer's brand image (goodwill); therefore, these advertising
efforts also positively affect the new Product 2's demand. Similar to the
assumption of Nair and Narasimhan (2006), this paper assumes that
both competitive effects are the same. Therefore, the demand function
of the new Product 2 in the second period is as follows:

Dy, = oy + pau1 + Pay + 1 — 6Bay, 3)

According to Gavious and Lowengart (2012), we assume the design
cost function of the manufacturer's design levels is as follows:

C(x) = sz,j € {1,2}. )

Similar to previous studies, such as that of Zhang et al. (2013), the
advertising cost function follows this quadratic form:

_1,
C(ay) = 2a,-j. )

The manufacturer's marginal profit of product j, (j = 1,2) in period
i, (i=12) is p,; and the retailer's marginal profit of generation j in
period i is p,;. Therefore, the profit functions of both channel members
are:

2

Ton = Pu1 D11 + O Dot + Py Doz — X{* = X3, (6)
and
76 = oy Dis + Dot + By Do — (@) 5 z

r = PP T PP + P V22 2(‘111 + az + az), 100

In the following sections, we will compare and analyze the optimal
decisions of supply chain members in two different scenarios, i.e., (i) a
decentralized scenario within a cooperative advertising program; and
(ii) an integrated scenario.

4. Decentralized scenario within a cooperative advertising
program

In this section, we consider a cooperative advertising program be-
tween the channel members, that is, the manufacturer grants a subsidy
to the retailer to motivate its advertising spending. Consider the subsidy
rates ¢; (0 < ¢; < 1) and let the superscript (-P) denote the optimal
outcome for this scenario; then, the channel members’ profit functions
are changed into:

1 1
D 2 2 2 2
Ty = P P11 + B P21 + Ppp Doz — X1 — x5 — 54511‘111 - 54521‘121

1
- 5¢22a222, 8)
D 1 2 1 2
7, = PP + P D21 + P2 D22 — 5(1 = ¢an — 5(1 — $azn
1
- E(l - ¢22)(1222. (9)

Decision sequences of the channel members are constructed as fol-
lows: (i) The manufacturer first determines the design levels of Product
1 and grants the subsidy rate ¢,, at the beginning of the first period. (ii)
The retailer then decides on the advertising efforts of Product 1. (iii) At
the beginning of the second period, the manufacturer first determines
the design levels of Product 2 and provides the subsidy rates ¢,, and ¢,,.
(iv) The retailer then decides on the advertising efforts of the two
generations of products.

We solve the equilibrium solutions by conducting backward in-
duction. In the decentralized scenario within a cooperative advertising
program, the optimal design levels of the manufacturer's two genera-
tions of products are:
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1
D _ —
X = 2)lpm11’ (10)
xP = {;’1 Omzz = MPm21) I Oz — HOp21) > O,
0 else. an

and the advertising efforts of the retailer in the two different periods
are:

ab = B + NP1 + Bl
1-¢y (12)
B@pry —dpryn) _
a2 =1 ig YO~ ) >0,
0 else. 13)
Blern — 00
azDz = 12272221 lf(prll - 5,0,21) >0,
0 else. 14)

According to Egs. (10)—(14), we obtain two important conclusions
related to the products’ design levels and advertising efforts.

Proposition 1. (i) The product's design levels are directly influenced by the
manufacturer's marginal profit. (ii) The subsidy rates positively influence
only the retailer's advertising efforts. (iii) The advertising efforts are directly
affected by the retailer's marginal profit. (iv) The retailer may not always
advertise for the two generation products.

From Proposition 1 (i), the following implications can be obtained.
First, the manufacturer's marginal profit, p,,,; and p,,,, positively af-
fects the design levels of the first- and second-generation products, re-
spectively (i.e., dx”/dp,,, > 0 and dx/dp,,, > 0). Additionally, the
marginal profit of the manufacturer's first-generation product is in-
dependent of the design levels of the second-generation product (i.e.,
dx?/dp,,,, = 0). Second, the marginal profit of the manufacturer's first-
generation product in period 2 has a negative impact on the design
levels of the second-generation product (i.e., dx?/dp,,,, < 0). As a re-
sult, when the first-generation product still has strong profitability in
the second period, the manufacturer may reduce the investment in the
design levels of the second-generation product. In practice, Xiaomi, a
famous mobile phone brand in China, released the Xiaomi 4 in July
2014. This mobile phone has been overwhelmingly accepted by the
majority of consumers. During the “double eleven” (the biggest online
shopping festival in China) in 2014, Xiaomi 4 was the sales champion of
the three major e-commerce platforms (Taobao, JD.com, and Suning).
However, Xiaomi did not release a new generation product during the
subsequent year as usual, but turned its attention to another series of
products. Not until February 2016 was the new generation of the same
series, Xiaomi 4S, released’. Perhaps the flowing proposition can ex-
plain why Xiaomi postponed the release of its new products.

Proposition 1(ii) can be interpreted from two aspects. For one thing,
the subsidy rates ¢,,, ¢,,, and ¢,, positively influence the retailer's ad-
vertising efforts a;;, ay;, and a,,, respectively. Therefore, to increase
product sales, the manufacturer can stimulate retailers to increase their
advertising efforts by offering them a higher subsidy. Moreover, the
subsidy rates have no influence on the manufacturer's product design
levels. The manufacturer will not reduce the investment in product
design even if it provides high subsidy rates to the retailer.

Proposition 1(iii) implies that the retailer's marginal profit g,,; po-
sitively affects the advertising efforts of a retailer's first-generation
product in the first period (i.e., da3/dp,;, > 0). Moreover, due to the
long-term advertising effect, the marginal profits g,,; and p,,, also have
positive effects on the retailer's advertising efforts in the first period
(i.e., 8a{3/3p,,; > 0 and 8a}/dp,,, > 0). This is intuitive. In industry
practice, many enterprises will invest a large amount of advertising
when releasing the new generation product because it represents the

! https://www.mi.com/about/history/.
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image of the next series of products. In addition, the marginal profit of
the retailer in the second period coming from the first-generation
(second-generation) product positively (negatively) affects the adver-
tising efforts of the first-generation product and negatively (positively)
affects that of the second-generation product (i.e., daj}/dp,y, > 0,
8al/3p,,, < 0,0a5/9p,, < 0, and da}/dp,,, > 0). This is not difficult to
understand. Products in the same series often compete with each other.
For example, when Apple, Inc. launched iPhone XS in September 2018,
previous generations of products, such as iPhone 6, iPhone 7 and
iPhone 8, were still strong competitors for iPhone XS, particularly when
the price of old products decreased.

Proposition 1(iv) can be interpreted as follows. (a) From the con-
straint condition o,,; > (6/6)p,,, of Eq. (13), we observe that when the
ratio between the retailer's marginal profits p,,, and p,,, reaches a
certain value §/6, the retailer will be motivated to spend on advertising
for the first-generation product in the second period. (b) From Eq. (14),
if the condition p,,, > &p,,, holds, the retailer must spend on advertising
for the second-generation product. (c) Given 0 < d<6and 0 <5< 1,
when the condition 8p,,; < .5, < (8/8)p,,, (01 (8/6)p,5;, < Pz < Pr2s/5)
holds, the retailer will be willing to spend on advertising for the two
generations of products. Combined with (a), (b) and (c), we have that
the retailer may not always advertise for the two generation products.

Then, the equilibrium solutions (such as the product design levels
and advertising efforts) are substituted into Eq. (8). The optimal value
of subsidy rates from the first-order derivative of 7> with respect to ¢y
is determined. The manufacturer's optimal subsidy rates are:

BQCom1 = Pr11) + 11(20m21 = Pro1) + 12 2Pmaz — Pr22)

D BQem11 +Pr11) +11(2em21 +Pro1) + 72 2Pm22 + Pr22)

W B0 — Prn) + N0 = Pra1) + (2002 — £r) > 0,
0 else.

(15)

2@Pma1 = SPm22) = OpPra1 — 9pr22) if Pz = Oom)>

2? = 1 2C@Pm2a1 = Som22) + Opp21 — 9py22) 0.5(80,5; — 80,25) > 0)
0 else. (16)
2(Pm22 = %Pmz1) — (Praz — 9pr21) lf (IOmZZ - 5pm21)>

¢2L; = { 2(emz2 = Fomz1) + (Pr22 = %r21) 0.5(0,90 — 8p,21) >0

0 else. a7

From Egs. (15)-(17), four important results regarding subsidy rates
proposed in Proposition 2 are obtained.

Proposition 2.

(i) In the first period, the marginal profit p,,,, has a positive influence on
the subsidy rate, while the marginal profit p,,, (the long-term effect y,)
negatively affects the subsidy rate.

(ii) In the second period, if the manufacturer increases the subsidy rate of
one generation of product, then it will decrease that of the other gen-
eration of product accordingly.

(iii) If the ratio between the manufacturer’s marginal profits o,,,,(0,,,) and
Pm2a(Pa1) increases, then the manufacturer will improve the subsidy
rate of the first (second) - generation product in the second period. If the
ratio between the retailer’s marginal profits 0,,,(0,5,) and p,(0,5;)
increases, then the manufacturer will reduce the subsidy rate of the first
(second) -generation product in the second period.

Proposition 2(i) provides some significant results. First, when the
manufacturer has a large marginal profit, it will offer a high subsidy
rate to stimulate the retailer’ spending on advertisement to make a high
profit. In contrast, if the retailer’ marginal profit is high, it will have a
strong incentive to spend more on advertising, although the manu-
facturer does not offer an advertising allowance. In addition, if the long-
term advertising effect is strong, i.e., the advertisement in period 1 has
a positive effect on the demand for products in period 2, according to
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Proposition 1 the retailer will spend more on the advertising in the first
period; consequently, the manufacturer will reduce the advertising
subsidy for the retailer in the first period.

Proposition 2(ii) is true because 3¢)/dp,,, <0, 0¢5/30,, > 0,
0¢.2/80,, > 0, and 8¢L/dp,,, < 0. When the retailer's marginal profit of
the second-generation product p,,, increases, the manufacturer will
reduce the subsidy rate of the second-generation product and increase
that of the first-generation product in the second period. Similarly,
when the manufacturer increases the subsidy rate of the second-gen-
eration product, it will reduce the subsidy rate for the first-generation
product correspondingly. This conclusion implies that the manufacturer
usually does not provide the same advertising subsidy strategy for both
products in one period. In other words, the manufacturer usually does
not simultaneously increase or decrease the subsidy rate for two gen-
erations of products.

Proposition 2(iii) is valid. Given that parameters 6 and J are fixed,
the item (6p,,,; — 90,,2,) increases as the ratio p,,,,/0,,,, increases, which
leads to an increase in subsidy rate ¢£. In contrast, when the ratio
021/6,2, increases, the subsidy rate ¢ will decrease. This conclusion is
consistent with Proposition 2(i). For the manufacturer, it will offer
higher advertising subsidy for the product with higher profitability.
This is not contrary to common sense. However, the manufacturer will
reduce the advertising subsidy for the product that brings higher profit
to retailers. This can be explained as follows. When the retailer can
obtain a higher profit from selling the product, it will actively invest
more in advertising. At this moment, the advertising efforts may have
reached the manufacturer's expectations. Therefore, the manufacturer
will reduce the advertising subsidy for the product.

Substituting Eqgs. (10)—-(17) into Egs. (8) and (9), we obtain the
channel members’ profits in the first case as follows: 7,2 and 7°.

5. Integrated scenario

In this section, the manufacturer is vertically integrated by the re-
tailer as a single firm to establish a benchmark for supply chain co-
ordination. Let the superscript (/) denote the optimal outcome for this
scenario. Then, the integrated system's profit function is:

(Op1 + Pa) a1 + A + Ban) — (ay + a5 + a3)/2
+ Oz T P21 + yan + 6fay — ulo — 8Baz,)

+ Oz + Pr22) (02 + 011 + Pax + Lo — 8Bax) — X7 — x3.

7l = 7, + 7

(18)

Adopting standard backward induction, we obtain the equilibrium
solutions as follows:

1
xll = El(pyn + Pmn), 19)
%/1 (O = MOy + Pmoa = MOma) i (0rzp = M1 + Pruzz — MPt
T
2 > 0),
0 else.
(20)
aft = B@un + Pu)) + 1 (Pos + Pr21) + 1Oz + Pr2)s 21

al = {B(epm = 80120 + OPp1 = Bomaz) i (B0 — Orzy + Bopay — SOy > 0),

A 0 else.

(22)

al, = {:8 O = 8021 + Przz = 8ma1) i (B2 — 9021 + Prnzz — oy > 0),

0 else.
(23)
Together with the results of decentralized scenario, the optimal
product design levels and advertising efforts in the integrated system

are regarded as larger than those in the decentralized scenario. In ad-
dition, the whole supply chain profit is also improved, and the supply
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chain surplus 7* can be given by Eq. (24):

D

s — o1 D — ;I D
w=n'-aP=n"-n, —nm".

(24)

To the best of our knowledge, it is indeed difficult for two in-
dependent firms to determine advertising strategies as a single firm for
legal or other reasons. Channel members need to design a feasible
supply chain contract to make both channel members choose the op-
timal decisions of the supply chain system in the decentralized scenario.
Therefore, this study designs a supply chain contract to coordinate the
two-period consumer electronics supply chain.

6. Supply chain coordination

Our study introduces a two-way subsidy contract to coordinate the
two-period consumer electronics supply chain. Not only does the
manufacturer share a part of the advertising expenditure with subsidy
rates ¢;, but the retailer also offers the subsidy rate ¢; to the manu-
facturer's product design costs. Downstream firms typically participate
in the upstream firms' product research to improve product quality.
Some studies have found that the manufacturer was disposed to grant a
subsidy to its supplier's quality improvement cost (Chao et al., 2009; He
et al., 2016). The downstream firm (a buyer)'s involvement in quality
improvement can significantly affect all channel members' profits (Zhu
et al., 2007).

Let the superscript (-*) denote the optimal outcome for this scenario;
thus, the profit function of manufacturer is changed to:

1
e = P11 D11 + Pz Dot + Py D22 — 1 — P)xf — (1 — x5 — 54511‘1121

1 2 1 2
— —¢nan — —¢a5,
2¢21 21 2¢22 22

(25)
and retailer's profit function is:
1 1
7° = PP + £ Dot + Py Do — 5(1 - ¢uaf — 5(1 - $)an
1
- 5(1 - ¢22)a222 - I»l’1xl2 - I[JZXZZ. (26)

From Egs. (25) and (26), we obtain the optimal product design le-
vels and advertising efforts through backward induction. The two-
generation products’ design levels are:

c_ Mo
xF = —"=
21 =9y @27
Alomaz —HPm21)
xC={" 20w if Bz = HOmz1) > 0,
0 else. (28)
and the optimal advertising efforts are:
af = Bo1 + NP1 + 1P
1-¢, (29)
B —0r)
af = 12_174,2122 if 8o — 90,22) > 0,
0 else. (30)
Bloraa —dera)
aS=1 s TO2=%2)>0
0 else. 31D

The expressions of product design levels imply that the more the
retailer provides subsidy rates to the manufacturer, the larger the po-
sitive influence on the manufacturer's product design levels. The ex-
pressions of advertising efforts imply that the more the manufacturer
shares advertising expenditure, the larger the retailer's advertising
spending.

We let x{ =x/, x{ =x{, af = af}, a5 = af}, and a5 = a,, and
solve the five equations. The exact values of ¢; and 3, can be obtained,
and the supply chain is coordinated. The whole supply chain profit is
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maximal when the supply chain member makes decisions unilaterally.
The optimal solutions of the subsidy rates in the supply chain contract
are:

wC = Prin
! Pri1 T Pt (32)
P2 HPm _ _
by = {Przzupm +Pm22 — MPm21 F @ = Ko21 > 0s Py = Hopn > 0);
0 else.
(33)
¢C = Bomi1 + MPm21 + %Pz
N B+ ) F 1O + Pr2) + 1Oy + Pr2) (34)
OPma1 — SPm22 ;
ZC; - {9pr21_59r22+epm21_6f7m22 i Bear = 9022 > 0, G0y — Goaa > O);
0 else.
(35)
Pm22 — SPm21 ;
8 = 1 b —tera1+ oo (2 = 0m > 05 Przy = Oy > 0)s
0 else.
(36)

From Egs. (32)-(36), we obtain three important results in Proposi-
tion 4.

Proposition 3.

(i) In the two-way subsidy contract, the manufacturer will grant a higher
subsidy rate to the retailer.

(ii) In the first period, the retailer (manufacturer) will grant a subsidy rate
to the manufacturer (retailer) as long as it has a positive marginal
profit.

(iii) In the first period, as the retailer’s marginal profit increases, the retailer
will offer a larger subsidy to the manufacturer. In contrast, if the
manufacturer’s marginal profit is high, then the retailer will offer a low
subsidy rate.

(iv) In the second period, if the retailer’s marginal profit of the first-gen-
eration product is high, then it will offer a low subsidy rate to the
manufacturer on the second-generation product design.

Proposition 3 presents several important results. First, comparing
Egs. (34)-(36) with Egs. (15)-(17), we obtain ¢i]‘.j > i}l.) , which indicates
that the manufacturer might contribute more advertising costs if it asks
the retailer to share the design costs. Therefore, the advertising efforts
in the two-way subsidy contract are also larger than that in the de-
centralized scenario. Second, from Egs. (32) and (34), it is easy to find
that the manufacturer and the retailer are willing to offer a subsidy in
the first period as long as they can obtain a profit. Third, the implication
of Proposition 3(iii) and (iv) is consistent with that of Proposition 2.
Therefore, it will not be repeated here. Moreover, in this supply chain
contract, if the subsidy rates ¢; and 3, take the values that are given by
Egs. (32)-(36), then the product design levels and advertising efforts
are the same with those in the integrated system. As a result, the whole
supply chain profit in the two-way subsidy contract will equal that in
the integrated scenario.

It is interesting and meaningful that the two-way subsidy contract
can achieve supply chain coordination. Namely, when the manufacturer
offers an advertising subsidy for the retailer, and the retailer provides a
subsidy for the manufacturer's product design, the whole supply chain
profit will reach the ideal level. Therefore, how to guarantee that the
retailer participates in this contract will be a crucial issue. In practice, it
is not uncommon for upstream and downstream enterprises to co-
operate with each other. Leng et al. (2016) found that the retailer
played an important role in the manufacturer's product quality assur-
ance.

Although the whole supply chain profit is improved in the two-way
subsidy contract, we also need to examine the effects of this contract on
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the retailer's (or manufacturer's) profit. Is it always better for the re-
tailer to join the two-way subsidy contract? Note that it is difficult to
compare the supply chain members' profits from the formula.
Therefore, we use the numerical analysis to illustrate the effects of the
two-way subsidy contract on the profits for each channel member and
the whole supply chain. The following parameters are fixed with the
following values: a;; = 400, op; = 200, oy = 400, 1 =5, 8 =3, 4 = 0.3,
6=08, 1,=01, =01, and 6 = 0.3. The values of the other para-
meters are adjusted.

In Fig. 1, we let 0, =5, Fpn =% PFuwi =2 POy =2, and
Pmn + P11 = 10; define the value of the x-axis g,,,/(0,;; + £11); and
change it from O to 1. In Fig. 2, we let p,;; =5, 0,1, = 4, Py = 2,
o1 =2, and p,,, + p,,, = 10; define the value of the x-axis
P22/ + Pr2p); and change it from 0 to 1. In Fig. 3, we let p,,;; = 5,
P11 =4, Ppzz = 5, Py = 4, and p,5; + 0,5 = 6; define the value of the x
-axis 0,5,/(On + Pr21); and change it from O to 1. The relationships
between the marginal profit ratio and the profit gap are presented in the
following figures.

Figs. 1 and 2 imply that:

(i) The manufacturer probably gains more profit when it joins the
supply chain contract rather than when the manufacturer uni-
laterally decides the subsidy rates. When each channel member has
an approximately equal marginal profit, the manufacturer is more
disposed to join the supply chain contract. In this condition, the
manufacturer can obtain a larger profit. If the retailer's marginal
profit ratio is high, its profit gap is much larger than that of the
manufacturer. In this case, the manufacturer's attitude toward the
retailer can determine whether the manufacturer will join the
supply chain contract.

(i) If the retailer's marginal profit ratio remains at a relatively low
level, then its profit gap is negative. Thus, the retailer will not join
the supply chain contract due to the loss in profit. The condition
for the manufacturer is the reverse. The manufacturer could offer a
transfer payment to the retailer to encourage it to join the supply
chain contract.

(iii) The trend of the whole supply chain's profit gap is similar to that of
the retailer. If the retailer has a high marginal profit ratio, then the
whole supply chain's profit in the supply chain contract is higher.

Fig. 3 shows that the higher the marginal profit ratio
021/ (Opa1 + P21 s, the lower the retailer's profit in the supply chain
contract will be. Therefore, the retailer is willing to join the supply
chain contract when its old product's marginal profit ratio is at a low

The Profit Gap
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Fig. 1. The relationship between the profit gap and the marginal profit ratio.
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Fig. 3. The relationship between the profit gap and the marginal profit ratio.

level. The results of Figs. 1 and 2 reveal that if the new product's
marginal profit for the retailer is at a high level, then the retailer is
more willing to join the supply chain contract. Meanwhile, the reverse
condition will occur if the old product's marginal profit for the retailer
is high, and the whole supply chain's profit will decrease with this
condition.

According to the numerical analysis, the retailer's profit may suffer
in this contract if it has a low marginal profit. In this situation, we may
need introduce a transfer payment to ensure all channel members'
profits are improved, i.e., a fixed amount (T) transferred from the
manufacturer to the retailer (or vice versa, if T is negative) to ensure a
fair distribution of the supply chain surplus 7* from Eq. (24).

Then, the profit functions of all channel members are

mh=n5— T, 37
Appendix

Proofs of the equilibrium solutions are as follows:
In the decentralized scenario, the retailer's profit function is:

1 1 1 1
7 = PP + O D21 + £33 D22 — 5(‘1121 +a3 +ap) - 5(1 - ¢)ah — E(l - a5 — E(l — ¢,,a3).
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* _ C
n =m +T.

(38)

In the current study, we assume that the supply chain members have
the same risk attitude. Therefore, the supply chain members equally
allocate the supply chain surplus 7%; this assumption is found in the
literature (Nash, 1950; Chiang et al., 2003; Leng and Zhu, 2009).
Therefore, if the manufacturer provides a transfer payment to the re-
tailer, then let 7, = 7,7 + 0.57° (or 7 = 7 + 0.57°), and we thus ob-
tain the transfer payment T as follows:

T=05# + 72— n2) — =t

(39

T=nrS%—05x + 7l —nP), or

To achieve the perfect supply chain coordination, a two-way sub-
sidy contract can be set up with parameters of ¢, 3, and T given by Egs.
(32)—(36) and (39), respectively.

7. Conclusion

Firms in the consumer electronics industry frequently launch new
styles of their products, which leads to a “two-period” phenomenon of
product sales. Related firms need to determine the appropriate mar-
keting tools to respond to the change. Almost all of the research in co-
op advertising has concentrated on a one-period supply chain. This
paper looks at a setting where two generations of products are involved
in the market and investigates the equilibrium product design levels
and co-op advertising strategies of supply chain members in a two-
period consumer electronics supply chain.

This paper obtains the following conclusions. First, if the manu-
facturer's marginal profit of the first-generation product is high in the
second period, the manufacturer will not spend money on the second-
generation product's design levels. Second, in the second period, the
retailer not only advertises for the second-generation product but is also
motivated to spend on advertising for the first-generation product if the
ratio between p,,; and p,,, reaches a certain value 6/6. Third, the
manufacturer usually does not provide the same advertising subsidy
strategy for the two generation products in the same period. When the
manufacturer increases the subsidy rate of the second-generation pro-
duct’ advertising costs, it will decrease that of the first-generation
product. Fourth, the manufacturer may provide a low subsidy rate to
the retailer if the advertising long-term effect is strong. Finally, we
demonstrate that the two-way subsidy contract can achieve supply
chain coordination, and it can always bring an extra benefit for all
channel members if a transfer payment exists.

Future research can focus on three aspects. First, the two-period
supply chain system can be expanded to include multiple manufacturers
or multiple retailers. A discussion on the competition between multiple
manufacturers and retailers is worthy of study. Second, the product
price is not a decision variable in our model. Yue et al. (2006) con-
sidered price discount, which led to different and interesting results.
Finally, this model considers only local advertising efforts. In future
research, we can consider both local and global advertising efforts.
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and the manufacturer's profit function is:
_ 2 2 1 2 1 2 1 2
Ton = P11 D11 + P21 Da1 + P Do — X{ — X5 — E¢11‘111 - 5¢21a21 - 5¢2za22s (A.2)

The first-order conditions are:

0my/8ax1 = 6Bp,y — 8PP, — (1 — ¢y an
0m,/8az, = —8B0,51 + Bran — (1 — $)an.
07l 0% = —UAB,51 + AOpan — 2% (A.3)

The second-order conditions are:

8 /daz = —(1 - $n) <0
0°m./0ad = —(1 — ¢,,) < 0.
8%, 0x7 = =2 <0 (A.4)

Therefore, the retailer's (manufacturer's) profit function is concave in ay;, a, (%). Letting the first-order conditions be 0, we can obtain:

B©pra1 —%pran)
al = = o 2 if O — 00r20) > 0,

0 else. (A.5)

Blpra —dpra) _
al=1 1-¢» if (022 — 80,21) > 0,

0 else. (A.6)
and

%’1 Omzz = MPm2) i Opzz = MOm21) > 0,
0 else. (A.7)

Substituting Egs. (A.5), (A.6), and (A.7) into Eq. (A.2) and solving the manufacturer's profit function for optimal subsidy rates ¢,, and ¢,,, we
obtain:

o @2 (A.8)

and

mze;x T (@35)- (A.9)
The first-order conditions are:

Ot _ OB BPran = 002) | OB OPr2r = 602) _ B2 BPray = B00))® | BP0 (000 — 6001

3, (=1 + ¢y (=1 + ¢y 2(-1+¢,)° (-1+¢n° (A.10)

and

O7tm _ B0 (9021 — Pra) _ B2 (9021 — Pr2) _ B2 — Pn)® | B2 (0001 — P12

54522 (_1 + ¢22)2 (_1 + ¢22)2 2(_1 + ¢22)2 (_1 + ¢22)3 (Al 1)
The second-order conditions are:

7 B> (0021 = 90120 _ _ _
382 =TS )" [(Bmz2 = O0m21) 281 — 2) + (022 — 6021 (P + 2], (A12)

and

7im _ B*n = %)
3r = it ot (o = )G = 2) 4 oy = )+ D) w13

The manufacturer's profit function is strictly concave in n if the condition
b1 < 26051 — Pran + a2 — 0021/ [2(80,20 — BPpa1) — (60,01 — 90,2,)] holds. Letting the first-order condition be 0, we can obtain:

20pman = Soma) = Opron =920 (BPmar — 8Pm22)>
¢£ = 1 20Pm21 — %Pm22) + ©pra1 = Spr22) 0.5(80,5, — 80,55) > 0)

0 else. (A.14)

If the condition (00,21 = FPps) > 0.5(60,5, — p,55) > 0 is satisfied, we can find that

b5 < 2(801 = Oz + 002z = 02/ (200002 = OPuzt) — (60,21 — 8001
The manufacturer's profit function is strictly concave in ¢,, if the condition ¢,, > 20,2, — 90,21 + 90121 = £r22)/[2(C22 = Ooma1) — G021 — Pr2x) ]
holds. Then, letting the first-order condition to 0, we can obtain:
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b 2(Pm22 = %Pmz1) = Praz = %Pr21)
$yy = | 2Pmaz = Goma1) + (r22 = %p21)

if P2z = Oa1)>
0.5(p35 = 9021) > 0)
0 else.

If the condition

(a2 = 90ma1) > 05055 — Op11) > 0

Journal of Retailing and Consumer Services 50 (2019) 179-188

(A.15)

is satisfied, we can find that

BL > 2(020 — O + 6021 — Pr22)/[2(B22 — 8Pa1) — (80121 — Py25)]- We can also find this approach in previous studies (Ghosh and Shah, 2015).
Substituting Egs. (A.5)-(A.7), (A.14), and (A.15) into Eq. (A.1), the first-order condition is:

O/ 0an1 = PPy + NP1 + Pran — (1 — $pan
57Tm/6x1 = ﬂ’pmll — 2x ’

The second-order condition is:

_(1 - ¢11) <0
—2<0 '

3r./0a}

3271,/ Ox

(A.16)

(A.17)

Therefore, the retailer's (manufacturer's) profit function is concave in a;; (). Letting the first-order conditions be 0, we can obtain:

D _ Beri + %P1 + VP
1= s

a
' 1—¢y,
and
1
D
X = Elpmu'

Other equations observed a similar process.

Appendix A. Supplementary data

(A.18)

(A.19)

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jretconser.2019.05.010.
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