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ARTICLE INFO ABSTRACT

In this paper, the price promotion and manufacturer national advertising are investigated in a manufacturer-re-
tailer supply chain with reference price effects of consumers taken into account. A centralized game is studied
followed by the two Stackelberg games of “consumer price promotion” and “retailer-consumer price promotion”.
In the Stackelberg games, the manufacturer plays the role of the leader and the retailer is the follower. The re-
sults obtained indicate that the reference price and the memory factor of the costumer have profound effects
on the profits of supply chain members, optimal depth of price promotion and advertising level. If sensitivity of
the consumer to the gap between the price and the reference price is large enough, reference price has a con-
siderable effect on the consumer's tendency to buy and the price promotion increases channel profits. Also, it is
observed that the memory of the costumer has a positive effect on profits of supply chain members. Moreover,
it is also shown that there exists an indifference point for the memory factor at which the reference price impact
factor has no effect on the optimal values of the decision variables. Finally, it is observed that channel efficiency
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is improved by advertising.

1. Introduction

Nowadays, supply chain management is necessary to company suc-
cess. Supply chain members such as manufacturer and retailer make
competitive decisions, e.g. product or service pricing and advertising
to increase their profit (Safarzadeh and Rasti-Barzoki, 2019a, 2019b).
Price promotion is one of pricing strategies used when firms want to
decrease price of the products for a short period in order to increase
demand value. Based on the literature, price promotion is defined as
reduced price for a given period of time suggested by a higher mem-
ber in the supply chain (Lin, 2016). The reduced price instigates in-
creased demand and, thereby, enhanced sales revenues. This practice
is economically motivated if the extra revenue due to increased de-
mand exceeds the income lost to reduced price. However, price promo-
tion highly affects customer's price expectation. The value of goods in
the customer's mind is affected by a mental price, called the ‘reference
price’, which is formed based on previous prices through time. When
the price proposed to the customer falls below his reference level, he
is additionally motivated to buy more, which instigates increased de-
mand. This is, however, counteracted by the positive gap between the
proposed price and the reference one, which leads to a reduction in de-
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mand. Another factor affecting demand quantity is price-based promo-
tion policies that play an important role in encouraging costumers to
buy more. However, advertising incurs expenses that can be viewed as
a kind of investment. A review of the literature on price promotion, ref-
erence price, and advertising follows.

Blattberg and Neslin (1990) introduced three of the most famous
kinds of sales promotion, namely: 1) trade promotion, from the manu-
facturer to the retailer; 2) retailer promotion, from the retailer to the
consumer; and 3) consumer promotion, from the manufacturer to the
consumer (manufacturer promotion). Sigué (2008) studied the effects
of price promotion strategies on channel decisions and profits using
a two-period model to show that retailers choose retailer promotion
while manufacturers might prefer not to concentrate on consumer pro-
motion. Tsao and Sheen (2008) studied a dynamic pricing and pro-
motion model for deteriorating items in need of replenishment. They
considered a price- and time-dependent demand function and showed
that a proper promotion policy would ensure the retailer's profits. Cai,
Zhang, and Zhang (2009) studied the impact of price discount con-
tracts and pricing policies on a dual channel supply chain. They in-
vestigated three games including two Stackelberg and one Nash game
and show that all scenarios with price discount contracts overcome the
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Table 1
Superscripts.
Centralized game scenario C
Stackelberg game scenario of consumer price promotion S1
Stackelberg game scenario of retailer-consumer promotion S2
Optimal value *
Table 2
Subscripts.
w Manufacturer
r Retailer
Table 3
Parameters.
A Market potential
b Price impact factor
w Marginal profit
T Promotion price and advertising duration
Ty End time of selling season
A Impact factor of reference price
B Memory factor
[ Indifference point
K Impact factor of national advertising
Table 4

Decision variables.

d Promotion price depth
Aq Advertising value
Table 5

Dependent variables.

I Profit

an Incremental profit of the centralized channel

AITS? Manufacturer's incremental profit in the consumer promotion scenario

Al'[f2 Retailer's incremental profit in the consumer promotion scenario

Al'[fn3 Manufacturer's incremental profit in the retailer-consumer promotion

scenario

Retailer's incremental profit in the retailer-consumer promotion scenario

Channel efficiency in the retailer-consumer promotion scenario (equal to

ALLY +Al‘[f3)
N

Price at time t

Reference price at time t

Demand function
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non-contract scenarios. Martin-Herran et al. (2010) compared business
transactions with instant discounts to realize that selection from among
the different types of price promotion depends vitally on consumer
sensitivity to normal price and promotional depth. Tsao and Sheen
(2012) investigated a two-echelon multiple-retailer distribution chan-
nel by considering the promotional efforts of retailers and their sales
learning curve. They indicated that maintaining the fraction of promo-
tion cost within a proper range increased the profits of all the par-
ties involved in channel coordination. Su and Geunes (2013) studied a
multi-period price promotion in a single-supplier but multi-retailer sup-
ply chain under asymmetric demand information. Considering a Stack-
elbeg game, they proposed a stochastic bi-level optimization model
and used the linearization technique for its exact solution. Considering
three discount- and effort-induced contracts, Saha (2013) studied sup-
ply chain coordination when these kinds of coordination mechanisms
are applied. The results obtained revealed that proper coordination con-
tracts would guarantee more profits for both the manufacturer and the
retailer but only if the conditions were predetermined. Modak, Panda,
Sana, and Basu (2014) proposed a two-echelon dual-channel supply
chain and studied the effect of the degree of concern of the manufac-
turer regarding corporate social responsibility on product compatibil-
ity. They proposed two decentralized and centralized model and showed
that all unit discount with franchise fee resolves the conflict of the chan-
nel and provides win-win profits for members of the chain. Modak,
Panda, and Sana (2016b) studied pricing policy in a corporate social re-
sponsibility two layer supply chain including a manufacturer and two
competitive retailers. They found that two-part traffic discount cut out
the conflict of the channel and provides win-win profits for a specific
range of the franchise fee. Modak, Panda, and Sana (2016a) proposed a
multi-channel multi-echelon supply chain and investigated optimal pric-
ing policies under two-part traffic discount and bargaining in central-
ized and decentralized scenarios of the chain. Modak, Panda, and Sana
(2016¢) studied a three echelon supply chain with two retailers in the
downstream of the chain. The manufacturer supplies the product with a
random proportion of imperfect quality items and the retailers may play
Stackelberg, Cournot or Collusion game. Their results showed that all
unit quality discount with franchise fee resolves channel conflict though
unable to provide win-win profits for all members of the chain. Modak,
Modak et al. (2018) investigated a two echelon closed loop supply in
three different structure and studied the effect of recycling and product
quality level on pricing policy. They showed that alternative offer bar-
gaining settles the conflict of the channel and shares the surplus profits
between the members in definite proportion.

Some scholars studied the effects of short-term price reductions on
firm profitability arising from increased demand as a result of defla-
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Fig. 1. Effect of memory factor on optimal depths of price promotion and advertising value in the centralized scenario based on values selected for reference price factor.
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Fig. 2. Effect of memory factor on optimal depths of price promotion and advertising value under the second scenario based on values selected for reference price factor.
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Fig. 3. Effect of memory factor on optimal depths of price promotion and advertising value under the third scenario based on values selected for reference price factor.

Table 6
Data for the sample instances.

Wm
8

Wr
4

tion. These studies, however, often overlooked the great effects of
long-term deflation on the consumer's demand and behavior (Lin,
2016). Greenleaf (1995) observed that, due to the effects of reference
price, the optimal policy of pricing for a monopolist could be periodic.
Kopalle, Rao, and Assuncado (1996) extended Greenleaf's research to a
duopoly. They claimed that in case a price rise had a smaller effect on
demand than a price decrease of equal-size, then the so-called high-low

pricing policy would be the optimal one; otherwise, a constant price
would be optimal. Kalyanaram and Winer (1995) examined the effects
of reference prices on consumer's decision making to find that it had
a consistent and remarkable impact. Fibich, Gavious, and Lowengart
(2003) proposed a method for calculating the optimal price when the
reference price was an exponentially weighted average of past prices.
Fibich, Gavious, and Lowengart (2007) extended a previous study
(Fibich et al., 2003) to consider the effect of price promotion. They
found that reference price affected price rigidity and flexibility. Popescu
and Wu (2007) investigated the dynamic pricing problem in a dis-
crete time model focusing on the reference price. Nasiry and Popescu
(2011) continued the work of (Popescu and Wu, 2007) by adding
to the problem a different combination of reference prices
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Fig. 4. Effect of memory factor on optimal depths of price promotion and advertising value under the centralized and second scenarios based on the values selected for advertising factor.
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Fig. 5. Effect of memory factor on optimal depths of price promotion under the third scenario based on the values selected for advertising factor.

called ‘peak-end anchoring’. They found that optimal prices converged
monotonically for loss-averse customers. Geng, Wu, and Li (2010) inves-
tigated pricing strategy by considering the effects of reference price un-
der both certain and uncertain demands in a single-retailer single-man-
ufacturer supply chain. They observed that, with asymmetrical effects
of the reference price, the retailer sought a periodic promotion strat-
egy rather than a constant price one. Halme and Somervuori (2013)
studied the impacts of price changes on demand for compensatory ser-
vices in the presence of reference prices. They observed stronger reac-
tions by customers to price increases than to price reductions in the
case of traditional services. Taudes and Rudloff (2012) studied an in-
tegrated pricing/inventory model by concentrating on reference price
effects. They developed a closed-form solution that described the rel-
evance between optimal pricing/inventory policy and reference price.
X. Chen, Hu, Shum, and Zhang (2016) proposed a joint inventory-pric-
ing model taking into account reference price effects in a stochas-
tic multi-period setting with loss-averse customers. They also incorpo-
rated an additive and a multiplicative random variable into the de-
mand based on both finite and infinite horizons. Giiler (2013) and
Giiler et al. (2014) explored a periodic review inventory system. In
their system, the random demand depended on both the current and
the reference price. M. Giliray Giiler et al. (2014) used the results re-
ported in (X. Chen et al., 2016) for the model with a non-linear de-
mand. M Giiray Giiler et al. (2015) extended the model developed in
(M Giiray Giiler, 2013) by considering an infinite bound and qualified
the steady-state solution. Zhang et al. (2014) studied the effects of ref-
erence price in a pricing model with two periods based on an infinite
selling horizon; they also developed a number of contracts in order to
coordinate the supply chain. Martin-Herran and Taboubi (2015) intro-

duced a differential game, as might be encountered with in a bilat-
eral monopoly, which took into account the effects of the reference
price. They observed that, for some values of the initial reference price,
there is a time interval in which channel decentralization acts more ef-
ficiently than coordination. Lin (2016) studied a manufacturer-retailer
supply chain accounting for reference price effects and price promo-
tion. Dye and Yang (2016) studied a joint optimal dynamic pricing
model with reference price effects considering technology investments
for deteriorating products. A. Huang, Dawes, Lockshin, and Greenacre
(2017) Studied price elasticity and consumer behavior when price of a
higher-price brand changes. Kim (2017) studied the effects of different
price promotions on customer retention in service companies. His result
shows that customer retention's intention is higher when the customer
start using service with free monthly fee rather than free joining fee pro-
motion. More special studies in the field may be found in a review paper
by Mazumdar et al. (2005).

Advertising is an important factor affecting consumer demand and a
critical lever to enhance firm profitability in the market. Major corpo-
rations spend vast sums of money on advertising each year (Pergelova
et al., 2010). The literature is imbued with works investigating the
effects of advertising on the profitability of supply chain members.
For example, Roslow et al. (1993) studied advertising in the supply
chain to show that collaboration in advertising investiture could im-
prove the total profit of the supply chain. In the context of supply
chains, many researchers have focused on two fields: (i) cooperative
(co-op) advertising that involves national advertising by the manufac-
turer and local advertising by the retailer (Chaab and Rasti-Barzoki,
2016; T.-H. Chen, 2015; Pei and Yan, 2013; Wang et al., 2011; Xie and
Neyret, 2009), and (ii) the non-co-op advertising that assumes the re-
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Fig. 6. Effect of memory factor on incremental profits based on values selected for reference price factor.

tailer retains equal or more power than the manufacturer (Achenbaum
and Mitchel, 1987; Buzzell et al., 1990; Z. Huang and Li, 2001).

In this paper, as in (Lin, 2016), the concept of reference price is
used to consider the long-term impact of deflation on customer behav-
ior. Actually, reference price represents the consumer's mental price.
According to this concept, the consumer compares the price suggested
by the vendor with the mental price to decide whether or not to pur-
chase a product. The lower the vendor's offer than the reference price,
the more eager the customer will be to purchase and the more satisfied
they will be; obviously, the reverse is also true. The consumer's men-
tal or reference price is influenced by earlier commodity prices. Thus,
deflation can produce changes in the reference price to affect customer

behavior and the long-term demand quantity. As already mentioned, no
study has yet been conducted on price promotion that simultaneously
takes into account the effects of reference price and advertising. The
purpose of the paper is to answer the question “Under the effect of price
stream during the time, on the memory of the consumer that affects
consumer's tendency to buy, the members of the chain how much do
discount and how much do advertise?*. In this paper, advertising is as-
sumed to be performed at the national level only such that all the ad-
vertising costs are borne by the manufacturer.

The structure of the paper is as follows: In Section 2, the problem
and its associated assumptions are described. Sections 3, 4, and 5 in-
vestigate the three centralized channel, the price promotion of the con-
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Fig. 7. Effect of memory factor on incremental profits based on values selected for advertising factor.

sumer, and the price promotion of the retailer-consumer scenarios, re- 2.2. Assumptions
spectively. Numerical results are reported in summary in Section 6 and
conclusions are finally presented in Section 7. We consider a two-echelon supply chain comprising a manufacturer

and a retailer. The manufacturer produces one type of product and
sends it to the retailer in an exclusive market. The manufacturer acts

2. Problem definition as the Stackelberg leader, determining his price promotion depth and

advertisement level. Also, the retailer, as a follower, specifies his price

2.1. Notations promotion depth. Selling and advertisement occur in a fixed selling in-
terval [O,Tf].

The notations used in this research are summarized in Tables 1-5. The effect of price promotion depth on demand is considered to be

symmetrical. In other words, positive and negative differences between
reference price and product price have identical (numerical) impacts



Y. Malekian, M. Rasti-Barzoki

K=0.1
0.66

2=0
2=0.27
2=0.4

0.855

0.65

0.645

0.635

0.63

0.625

0.62
0 01 02 03 04 05 06 07 08 098 1

B

Journal of Retailing and Consumer Services xxx (Xxxx) XXX-XXX

K=0.4
0.746
2=0
0.744 a=0.27
2=0.4
0.742
0.74
a
0.738
0.736
0.734
0.732
0 01 02 03 04 05 06 07 08 09 1

B

Fig. 8. Effects of memory factor on channel efficiency based on values selected for reference price factor and advertising factor.
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Fig. 9. Effects of memory factor on channel efficiency based on values selected for refer-
ence price factor in the absence of advertising (Lin, 2016).

on demand but in opposite directions. If the reference price is less than
that of the product, demand rises; otherwise, it reduces customer's will-
ingness to buy, in which case, the demand declines.

The marginal profits of the manufacturer and the retailer with no
price promotion are designated by W,, and W, respectively. Also, in the
case of price promotion, the manufacturer's and the retailer's marginal
profits are denoted by w;, and w;, respectively. Moreover, d,, and d,
represent the manufacturer's and retailer's price promotion depths, re-
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spectively. Price promotion begins at time zero and continues until
T < Ty, this time interval is predetermined. Advertisement occurs con-
tinually and constantly within this same interval. Based on these as-
sumptions, the marginal profit for each of the supply chain parties may
be determined using Egs. (1) and (2):

- W, —d,0<t<T
m WmT<l‘§Tf @D

t<T

o 2 —d,0
r W, T<t Tf )

IAIA

2.3. Demand function

Following Greenleaf (1995) and Kopalle et al. (1996), the demand
function is assumed to be linear and reference price effects are taken
into account as captured by Eq. (3):

A=bp@O—A@@®)—r()+KA7 0 <1< T

JOR S
~bpO)= AP —r®) + KAy T<t < T, ©)

where, A>b (w,, + w,.) represents market potential, b>0 is the price im-
pact factor, and 4 > 0 is the reference price impact factor showing the
consumer's reference price effects. Also, r(t) and p(t) are the reference
and product prices at time t, respectively. Higher reference price im-
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Fig. 10. Effect of reference price factor on optimal depths of price promotion and advertising value in the centralized scenario based on values selected for memory factor.
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Fig. 12. Effect of reference price factor on optimal depths of price promotion and advertising value under the third scenario based on values selected for memory factor.

pact factors indicate consumers' greater sensitivity to the difference be-
tween reference and observed prices. Finally, K and A4 are advertising
impact factor and manufacturer's total advertisement in the price pro-
motion interval, respectively, so that advertisement occurs at a rate of

Ag
2

after T, that is, the endpoint of the promotion price and advertising.

2.4. Price promotion function

in that interval. The impact of advertising on demand persists even

Following (Lin, 2016), an exponential weighted function is adopted

as the reference price function:

t
r@)=e" <r(0) +p / ePp (x) dx)
0

G

where, p € [0,1] is the memory factor. A larger value of f§ represents
a weaker consumer memory such that the reference price relies more
on the current retail price. In contrast, smaller values of p indicate
the stronger memory of the consumers and their higher likelihood
to remain loyal to the product. According to (Fibich et al., 2007),
7(0) = w,, + w,, Thus, based on Eqs (1)-(4), the price promotion func-
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Fig. 13. Effect of reference price factor on incremental profits based on values selected for memory factor.
tion will be as follows:
) = Wytw,—(d,+d,) (1-e?) 0<1<T

T\ W+ w,— (d, +d,) (7D —e ) Tt < Ty

)]

3. Centralized channel

This Section investigates the centralized manufacturer-retailer chan-
nel. If d” and Ag denote the price promotion depth of the company in
the specified interval and advertising, the channel profit may then be
calculated using Eq. (6) below:
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7r=/ HOWdt—
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where, the first term denotes the profit gained from sales and the second
term represents the advertising cost. Thus:

7€ (d,AS) = T (w4 w, = ) (4= b (w,, +w, = ) + 1KAG)
—T(wm + w,.) (A -b (wm + w,) +KA5)
+ (Wy, +w, — d) %dc (1=ePT) (w,, +w,) %dc <e"”— o1+ e_ﬂ(r«’

+T/-(wm + w,.) (A -b (wm + w,) +KA5) - %Agz

In Equation (7), the impact of advertising on cost is represented by
a quadratic term, indicating that it will be more difficult to find more
advertisers of the required quality and productivity when advertising
impact factor increases. The quadratic effect of advertising on cost has
been reported in the literature (Yang et al., 2013).

It is assumed that:

b, :A—b(wm+w,.)

®

1) (12 01y 4 por
by= 5 ©

. (1—ePT) + pbT
> s (10)
Using the exposition in Equations (8)-(10) will yield.
7€ (dC,45) =T (wy, +w, —d) (by + 3K.4F

=T (w,, +w,) (b +KA§) + (W +w,. — dc) db, an

- (W ,) d (by = by) + Ty (y, +w,) (by + KAG) — 1457

To investigate the concavity condition for Relation (11), we may ob-
tain the Hessian matrix for Eq. (7) as follows:

1
. —]2b3 —EKT
—EKT -1 12)

According to (12), Hy1 is negative and the concavity condition for
(11) is, therefore, obtained as in (13) below.

|H| >0 = 8hy>K>T*
a3

Assuming that Inequality (13) holds, the optimal values for price
promotion depth and advertising value are determined using a first or-
der condition.
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(Wy + w,) (4by + K*T2 = 2K>TTy) — 4Tb,

d< =
8by — K2T? a4
o 2K (W, +w,) (T (b3 — by) +2b3 (2T, = T)) + I*by )
d 8by — K272 as)
Therefore, the optimum profit will be as follow.
0% =11, + 11,
+ (wy +w,) (3KAS (27— T) + 5y )
(16)

~TdC (3KAS 4+ by ) = 2452 = by

where, I1, = w,T/b; and I1,, = w,, T;b,, respectively, represent each of the
retailer's and manufacturer's profits with no promotion and no advertis-
ing. According to (13), the denominators of Egs. (14) and (15) are pos-
itive, while all the terms in the numerator are also positive. This means
that the advertising value is always positive at its optimal point. This
is while, given the numerator in Eq. (10), the optimal price promotion
depth may be negative.
For a negative
I 4A_(wm+w,)(sb+1<2 T—szTf)
4(Wm+w,)efﬁTf<eﬂT—|)

enough incentives for the consumer to buy. In this situation, the effect
of price promotion on marginal profit dominates its effect on demand.
Thus, channel profit increases with increasing price in the promotion in-
terval despite the resulting reduced demand. Although a negative price
promotion might increase the short-term profits of the chain, it raises
the long-term risk of changing the brand opted for by the consumer. As
a result, market potential is reduced in the long-term, which does not

favor the manufacturer's profit.
4A—(w,,,+w,.)(8b+K2 T-2K* T,-)
—, reference price has a great ef-

optimal  price  promotion  depth,

and the reference price fails to provide

When 4>
AWy +wr)e_ﬂTf(eﬂT— 1 )

fect on the consumer's tendency to buy and the price promotion effect
on demand outweighs that on marginal profits. In this condition, price
promotion is positive and price reduction during the price promotion in-
terval increases channel profits.

With some mathematical operations, it may be shown that there is
an indifference point for the memory factor at which the reference price
factor has no effect on either the optimal depth of price promotion or
the optimal value of advertising. We first explore the depth of price pro-
motion. Substituting 4 = 0 in Eq. (14) (by,bs are related to 1) yields Eq.
(17) below:

(46T + K12T (T = 2T})) (w,, +w,) —=4T (4 = b (w,, +w,))
8bT — K*T*

s

dC

=0

a7

Solving dc*l =0 = d“" to obtain S and with some mathematical op-

erations, the indifference point for the price promotion is obtained as
follows:

(Sb—KZT)(wm+w,)
Log (KT T
- )—sb)(wm+wr)+8A

Iy —T 18

b=

It is clear from Eq. (18) that ﬁd does not depend on 4. Conse-
quently, this point may be adopted as the indifference point for the op-
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timal depth of price promotion. In other words, for g = ﬁd, the value of
4 has no effect on the optimal depth of price promotion.

Similar to what was observed in the case of depth of price promo-
tion, substituting 4 = 0 in Eq. (15) yields Eq. (19) below:

_2K(T (4 =b(w, +w,)) = (BT° = 2bT (2T; = T)) (w,, + w,))

=0 8hT — K212 C

C*
Ad

Solving Ag*h: 0= Ag* to obtain f, the indifference point of the opti-
mal value for advertising is derived as follows:

<8b—K2 T) Wm+w,) >

R Log <2(K2(2Tf—T)—xb)(wm+wr)+8A
Ba= -7

(20)

It is interesting to note that the indifference points for both price pro-
motion and advertising are equal. In the Section on numerical results,
this equality is shown in Fig. 1 for an instance of the problem.

4. Price promotion of the consumer

In this scenario, the manufacturer presents a price promotion di-
rectly to the consumer without the interference of the retailer. Hence,
the retailer's marginal profit remains the same before and after the price
promotion. Using Relations (1) to (6), the retailer's and manufacturer's
profits are determined as follows:

72 =, (Tf(A —b(w,+w,)) +bTd5;

r

+ dff%e"’(ff“f ) (1—eT) + %KTASZ

@D
+ KA (T - T))
o (dyy. A7) =
A—=b(w,+w w, Ty— d>T
m r m f( yy;
S1 ) A PTT) (1 _ BT
m m
+bTd, (w dm)+w d‘;zﬂe (1 e )
(22)

_d'snzz% (1—efT) + %K.T.w,,,Ai2
2
KA (i, = d2) (1= 7) = 445

m

By substituting Relations (8) to (10) in Egs. (21) and (22), we have.
S2( 482 482 2 1 )
72 (A2 A2) = w, (Ty +d52b, + SKTAS

+ K4 (T, 1)) (23)

2 (47, 4%) =
by (W Tp— doiT) + d: (w,,by = d5eby)

+%KTwmA§2 + KA (w,, = d52) (T T) - % A§22 (24)

Now, the concavity condition may be investigated for Relation (24).
The Hessian matrix of this equation is the one in (21).
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—2b,

- —K (T~ 1)
T |-k (T-T)

H -1

(25)

where, Hj 1 is negative and the concavity condition for Relation (24)
may, therefore, be obtained as follows:

26,>K2(T,— T)*
»>K (1= 1) 26)

If Inequality (26) holds, the optimal values for both price promotion
depth and advertising under S1 scenario will be as follows:
dSZ *
WK T (3T = T) = 2w, K> T + 2byw,, = 2b, T

= (27)
265 - (1= 1)’
s (T;—T) (Tby +w,, (b3 = by)) + Tpw,, b3
¢ 26y = K3(T, - 7)° (28)

The retailer's and manufacturer's optimum profits may, therefore, be
obtained as in the following:

S25 _ w 2% 52%
M = 1,4 =2 (&b, + K4S (27, 1))

(29)
2 =10, — b,d2 T+ &% (wmb2 - dfj*b3)
1 S *
+5KTw, A5
2 * 152 % 1 2 %2
+ KAZ" (=2 ) (T, = 7) = 345 (30)

If Inequality (26) holds, the denominator of Egs. (27) and (28) will
be positive. According to b3>by, all the terms in the numerator of Eq.
(28) will also be positive. So, the optimal advertising value is always
positive under both S2 and centralized scenarios. On the other hand, the
optimal price promotion depth can be negative based on the numera-
tor of Eq. (28). Under this scenario, if the impact factor of the reference
Kzﬂwm(T/—T)(zrf—T)—2bﬂT(2wm+w,)

2w’ (Tth)(l—e*ﬂT )
of price promotion on demand then dominates its marginal profit. Thus,
the manufacturer's profit increases with decreasing price. In this situa-
tion, the retailer's profit increases due both to the increase in demand
and the retailer's constant marginal profit.

K2 pwi(T/-T)(2Tp-T)-2bpT2wp+wy)
zwmefﬂ(rfkr)(l—e-ﬂq
motion on marginal profit dominates that on demand, whereby price
promotion becomes negative. In this situation, the manufacturer's profit
increases with increasing price over the given interval despite the de-
creasing demand. It is worth noting that the retailer's profit decreases
due to the reducing demand and the constant marginal profit of the re-

tailer.

Similar to what was observed in the case of centralized channel,
the indifference points for the optimal depth of price promotion and
the optimal value of advertising are obtained using Egs. (27) and (28).

K % 2% §2% S . . . 1s
Solving d‘fn 0 = d, and A ’ 0= A} to obtain f yields the indif-

price is large enough | 4> , the effect

When 4< , the effect of price pro-

A=
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ference points as follows:
Ba="P.

(zanz(Tf_T)z)wm
2bTW4w,)-240T-K* (2T=T) (Tf-T) Wiy

L
o8 @1

T-T

Under the consumer price promotion scenario, just as in the central-
ized channel, the two indifference points are seen to be equal. This is
shown in Figure (2) for an instance of the problem in the Section on nu-
merical results.

5. Price promotion of retailer-consumer

In this Section, a Stackelberg game between the manufacturer, as the
leader, and the retailer, as the follower, is investigated. Both the manu-
facturer and the retailer determine their price promotion depths and the

manufacturer specifies the advertising value. According to Egs. (1)—(6),
the retailer's profit is calculated as follows:

753 (d) =w, (T/-(A—b (W +w,)) +bT (5 +d5)

(@4 2) 20 (1))

(@ + )2 (1-e7)

+T(Ad=b(wy, +w,— (d5 +df3)))>

1
+§KTA§3 (w, = d) + w,KAS (T;— T) .
By substituting Relations (8) to (10) in (32), we get.
£ (@) = w, (T + (& + ) 1)
~d® (16, + (d5 + d%) by)
+ %KTAg3 (w, = d) + w,KAS} (T;— T) (33)

The concavity condition of Equation (33) may now be investigated.
The second derivative for Eq. (33) is obtained as follows.
xS (d)

= —2b3<0
S3 3
ddS

(34

Therefore, Eq. (32) is concave and the retailer's optimal depth of
price promotion is determined using (30) below.
o 2 (w,by — dS3by — Thy) = KTAS

T 4b,

(35)

It is clear from Eq. (35) that the retailer's price promotion depth
may be negative under certain conditions. In addition, it is observed
that the retailer's price promotion depth decreases with increasing ad-
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vertising value. By increasing the manufacturer's price promotion depth,
however, the retailer's also increases at the same rate.

Based on Egs. (1) to (6) and (8) to (10), the manufacturer's profit
may be obtained as follows.

B () = (T + (45 + %) )

1

=d,) (Thy + (d,} +d7) bs) + SKTAZ (w,, = )

1 2
+w, KAS (T, = T) — 45
d (f ) 27%d (36)
By substituting (35) in (36), we get.
S3 (383 453
”m (dm ’Ad ) =
Wi <T}bl
2 (Thy +d,by — w,b,) + KTAS
N (7t s~ wrbo) d
m 4b,
-5 <Tb1
S3
iy (- 2(Tby +dyby — w,by) + KTA,,
4b,
1 53 3 53 1 532
+=KTAS® (w,, —d%3) +w, KAS? (T,— T) — =4
2 d ( m m) m™ g (f ) 2d 37)

The Hessian matrix for Eq. (37) is now derived to investigate its con-
cavity condition:

1
—ZKT]

-1 (38)

Based on the negativity of Hy ; in the Hessian matrix, its concavity
will be.

16b;>K>T?
(39)

If Inequality (39) holds, a first order condition may be employed to
determine both the optimal value of price promotion depth and adver-
tising value under the S3 scenario. Thus:

43"
2K (T2b) + Thy (w, — 3w,,) + 4w, b3 (2T, — T))
= (40)
16b5 — K272
S K2Tw,, (T (by +2b3) — 4T/b3) + 8b3 (b (w,, — w,) — Thy)
" by (16b3 — K2T7) (41)
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Substitution of Egs. (40) and (41) in (36) yields (37).
K212 (w,, (by + by) — w,by) +4bs (by (3w, —w,,) — Th)) + 2K2TTjb.
by (16b3 — K*T7)

3 * _
d$ "=

To determine the optimal depth of the retailer's price promotion, we
assume.
(27b) — 2w, b,y + KTAS™) @5+
4b, T2

The retailer's and manufacturer's optimum profits may then be de-
rived as in (38) and (39), respectively:

AS3*
S2% __ 1S3 % d
D7 =11, + w,b, (dr - _2b3 )

AS3*
S3% d S3%* §3%
+d, <T—Tb1—Ad b3>+Kw,Ad (T,-T)

K s3% §3%
+5Ad T(wr—dr )

(43)
% *
5% =11, + Kw, 45" (T;= T)
K & 3% 1 g3%2
A5 T(wm—dm )—EAd
+d (Qby — Th,) — Ow, b
m (Q 3 1) Q m©2 (44)

Based on Inequality (39), the denominator in Eq. (40) is positive and
2K (T2by + Tw,by +w,,bs (
—7T) +3Tw,, (b3 — by))
by>b,, the numerator will also be positive and the manufacturer's adver-
tising optimal value will, therefore, be always positive.

The indifference points for the optimal depth of the retailer's price
promotion and the manufacturer's price promotion could not be para-
metrically determined, but Figure (3) in the Section on numerical results
shows that such points exist in the retailer-consumer's price promotion
scenario. The indifference point for the optimal value of advertising may
be obtained from Eq. (40) and solving 43’ *l o A9 " obtain § as fol-

8T,
its numerator can be rewritten as I . Given

lows:
< (K*T-16b) (3Wp-wy) >
og >
164g+4( K (2T~T)-16b\w,,
/ﬁ\A: °+< ( f_) ) (45)

T —-T

Unlike in the two prior scenarios, in the retailer-consumer price pro-
motion scenario, the indifference points for both the optimal depth of
price promotion and the optimal value of advertising are not equal in
this scenario as also shown in Figure (3) for an instance of the problem.
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6. Numerical results

In this Section, numerical analysis is used to demonstrate the ef-
fects of memory factor and reference price factor on price promotion
depth and advertising level under different scenarios for different values
of reference price and advertising factor. The effects of memory factor
and reference price factor are also investigated on optimal promotion
depth, optimal advertising level, incremental profits of the supply chain
members, and channel efficiency. The values for the problem parame-
ters, except for advertising factor, are taken from Lin [6] as reported in
Table 6. Figs. 1-3 illustrate the effects of memory factor on price pro-
motion depth and advertising value under the three centralized, con-
sumer price promotion, and retailer-consumer price promotion scenar-
ios, respectively. Also, the effects of advertising factor on price promo-
tion depth are shown in Figs. 4-6. Three levels of 0, 0.27, and 0.4 are
considered for the reference price factor and the three levels of 0, 0.25,
and 0.4 for the advertising factor. A value of 0.27 is considered for ref-
erence price factor for all the cases shown in Figures (4), (5) and (7).

Figures (6) and (7) show the effects of memory factor on incremen-
tal profits of the supply chain members for different levels of reference
price factor and advertising factor, respectively. Figure (8) shows the ef-
fects of memory factor on channel efficiency for different levels of ref-
erence price factor and advertising factor. Figure (9) is taken from (Lin,
2016) that indicates the effects of memory factor on channel efficiency
for different levels of reference price factor in the absence of advertis-
ing.

Figs. 10-12 illustrate the effects of reference price factor on price
promotion depth and advertising value under the three centralized, con-
sumer price promotion, and retailer-consumer price promotion scenar-
ios, respectively. The values 0.01, 0.3, 0.8 and the indifference point are
considered for memory factor in Figs. 10-12. We note again, we could
not find explicit equations for indifference point of price promotion of
manufacturer and retailer in the 3rd scenario. Thus, the values for indif-
ference point in Sub Figs. 1 and 2 of Figure (3) are obtained by trial and
error. Figure (13) shows the effects of reference price factor on incre-
mental profits of the supply chain members for different levels of mem-
ory factor.

It is evident from Figs. 1-3 that optimal price promotion depth de-
creases under all the three scenarios with increasing values of mem-
ory factor. Lower values of memory factor indicate that the customer's
stronger memory, which leads to the customer's better reaction to de-
creases in price and increases in market demand. Consequently, the de-
cision-maker is able to absorb more of the market demand by reducing
the price. A point of intersection is also detected in all the price promo-
tion depth charts shown in Figs. 1-3. For values of memory factor below
this point, the price promotion depth increases with increasing impact
factor of the reference price; otherwise, it decreases. Figs. 10-12 illus-
trate better these situations. At this intersection, however, the value of
memory factor has no effect on the optimal depth of price promotion.

Regarding advertising, the optimal value of advertising increases un-
der all the scenarios investigated with increasing values of memory fac-
tor. In this case, the customer is persuaded into buying more at less
advertising efforts if he has a stronger memory (i.e., a lower value of
memory factor). There also exists a point of indifference in the charts
corresponding to the effect of memory factor on advertising value such
that, for values of memory factor below this point, the optimal adver-
tising value decreases with increasing impact factor of reference price;
otherwise, it increases (see Figs. 10-12). According to Figs. 4-6, the
optimal depth of price promotion decreases under all the scenarios
with increasing values of advertising factor. In other words, a greater



Y. Malekian, M. Rasti-Barzoki

amount of demand is absorbed by advertising and fewer price reduc-
tions will be required with higher values of advertising impact factor.

Two points may be detected in Figures (6), (7) and (13). Firstly,
the incremental profits decrease with increasing memory impact fac-
tor while curve becomes steeper for higher values of reference price
factor. Secondly, for a given memory factor, the incremental profit in-
creases with increasing reference price factor. In other words, the con-
sumer loses his trust and both the manufacturer and the retailer suggest
slighter promotion depths to keep their marginal profits as the memory
factor increases. As a result, there is a lower consumer surplus, which
prevents market demand growth. This leads to lower promotion depths
proposed by the manufacturer and the retailer to the less loyal con-
sumers who buy less, thereby reducing the incremental profits and con-
sumer surplus. Figures (6) and (7) also indicate larger incremental prof-
its for higher advertising impact factors.

According to Figure (8), lower values of memory factor improve
channel efficiency for low values of advertising impact factor. In this sit-
uation, small values of memory factor force the manufacturer and the
retailer to suggest higher values of promotion depth, which, in turn,
results in increasing market demand. This equalizes the interests of
both the manufacturer and the retailer and improves channel yield. For
higher values of advertising impact factor, when the consumers are less
loyal, the effect of advertising level dominates that of decreasing promo-
tion depth, whereby channel efficiency is improved. Moreover, accord-
ing to this Figure, channel efficiency is improved as a result of higher
values of both the reference price factor and the advertising factor. Fi-
nally, it is observed in Figures (8) and (9) that advertising has a direct
bearing on improving channel efficiency for both high and low values
of advertising impact factor.

7. Concluding remarks and future research directions

This article used the game-theoretic approach to explore the de-
termination of advertising and price promotion values under the cen-
tralized and two Stackelberg scenarios while long-term cost reduction
was also considered. The novelty of this study is to consider price pro-
motion, the effect of reference price and advertising simultaneously in
a manufacturer-retailer supply chain. The concept of reference price
was used to consider the long-term effects of changes in price. The re-
sults obtained revealed that both the consumer's memory and the price
impact factors have profound effects on the optimal price promotion
depth and optimal advertising value. We summarize results and man-
agerial insights observed from this research as follows: First, in the
case of negative depth for price promotion, although a negative price
promotion increases the short-term profits, it raises the long-term risk
of brand switching. As a result, market potential is reduced in the
long-term, which does not favor the manufacturer's profit. Second, if
sensitivity of consumer to the gap between the price and the refer-
ence price is large enough, the depth of price promotion is positive. In
this case, reference price has a considerable effect on the consumer's
tendency to buy and the price promotion effect on demand dominates
that on marginal profits and price reduction increases channel profits.
Third, for a certain value of memory factor, in all scenarios, value of
the reference price factor does not affect optimal value of price pro-
motion and advertising level. In scenarios 1 and 2, these indifference
points are the same for price promotion depth and advertising level.
Fourth, increasing value of the memory factor decreases optimal depth
of price promotion. Lower values of memory factor indicate that the
customer's stronger memory, which leads to the customer's better reac-
tion to reduction in price and increases in demand. Therefore, the de-
cision-maker is able to absorb more of the market demand by reducing
the price. Fifth, increasing value of the memory factor increases the op-
timal level of advertising. In this case, the customer is persuaded into
buying more at less advertising efforts if he or she has a stronger mem-
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ory. Sixth, the incremental profits decrease with increasing memory im-
pact factor. In this case, the consumer loses his trust and both the manu-
facturer and the retailer suggest slighter promotion depths to keep their
marginal profits as the memory factor increases. Seventh, advertising
had an explicit effect on improving channel efficiency and incremental
profits of supply chain members.

As already mentioned, the memory factor of the consumer pro-
foundly affects optimal value of decision variables and channel effi-
ciency. In this research, we investigated effects of memory factor and
advertising on demand, independently. In future work, we may take into
account the effect of advertising on the memory of the costumer and his
loyalty in the presence of effect of reference price. Another research di-
rection is to take the interval length of promotion as a decision variable.
Increasing the interval of promotion may increase profit in short-term.
However, it may decrease mental price of the customer that lead to de-
creasing customer's sensitivity to price reduction which implies decreas-
ing profit in long-term.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jretconser.2019.05.028.
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