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RESEARCH ON SUPPLY CHAIN PRICING DECISIONS CONSIDERING THE
ADVERTISING EFFECT UNDER MARKET ENCROACHMENT

SONG SHI*

Abstract. Based on a Stackelberg game, this paper establishes supply chain models in which an
incumbent manufacturer invests in advertising and the retailer invests in advertising when there is a new
entrant manufacturer. By solving the model, the subgame perfect equilibrium under different conditions
is obtained, and then the influences of the advertising coefficient and the degree of differentiation of
two brands on the pricing decisions of supply chain members are investigated. The results show that: in
the incumbent manufacturer advertising model, the wholesale prices and retail prices of the incumbent
manufacturer and the encroaching manufacturer change as the advertising coefficient and the degree of
differentiation of the two brands change. In the retailer’s advertising model, the wholesale prices, retail
prices and profits of the incumbent manufacturer and the encroaching manufacturer are all higher than
those of the benchmark model within the limited scope. Some valuable information could be provided
for supply chain enterprises to develop collaborative strategies and promote supply chain management
practices.
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1. INTRODUCTION

With the development of global economic integration, the development prospects of domestic and foreign
retail companies are improving, which has also promoted the sound development of the supply chain. However,
some unscrupulous merchants are selling counterfeit products in the market, and this phenomenon has become
an important factor influencing supply chain decision-making. In the early days, counterfeit products were only
some high-luxury products, such as luxury watches, jewelery, and fashionable clothes. Currently, fakes have
been involved in many fields, including aerospace parts, auto parts, and even infant formula and medicines. The
appearance of these fakes will affect the credibility and the reputation of the authentic brand among consumers.

In order to eliminate some of the negative effects of counterfeit products on genuine products in the mar-
ket, many retail companies have launched anti-counterfeiting activities. For example, retail giant Amazon and
China’s largest e-commerce company Alibaba have taken many measures and invested considerable money in
anti-counterfeiting. The existing international anti-counterfeiting alliances spend hundreds of millions of dollars
on anti-counterfeiting each year.
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As counterfeit products become increasingly more rampant, their impact on the supply chain has aroused
wider attention from the industry and scholars. It is important to discuss the impact of fakes on the supply chain
for authentic companies to optimize anti-counterfeiting actions. Therefore, how to handle market encroachment
has become a key issue facing enterprises. In response to market encroachment, incumbent firms will take
a series of measures to alleviate the negative impact of market encroachment. As an important marketing
strategy, advertising plays an important role in economic activities. The advertising effect can effectively enhance
consumers’ brand awareness and consumer demand and effectively suppress the intrusion of the counterfeit
market. Therefore, this article studies the effect of advertising and the influence of counterfeit intrusion outside
the supply chain on the decisions of different members. This paper researches the following questions:

(1) The encroaching manufacturer entered the market, the structure of the supply chain would be changed,
then how are supply chain decisions affected and how is supply chain equilibrium affected?

(2) Different from the current papers that study the encroachment problem stemming from the cost difference
between retail selling and direct selling, we neglect this difference and study how factors (such as advertising)
affect the performance of manufacturer encroachment.

(3) When introducing the advertising. How do different advertising strategies affect supply chain decisions and
how is supply chain equilibrium affected?

To answer the above questions, this paper investigates a supply chain consisting of an incumbent manufac-
turer, an encroaching manufacturer and a retailer and constructs a supply chain model in which the incumbent
manufacturer invests in advertising and the retailer invests in advertising during the market encroachment of
the encroaching manufacturer. By solving the model, the subgame perfect equilibria in different situations are
obtained; furthermore, the influence of the advertising coefficient and the degree of differentiation between the
two brands on the pricing decisions of supply chain members is studied. The research in this paper provides
some theoretical guidance for the selection of advertising models and the development of pricing strategies under
market encroachment.

The rest of the paper is organized as follows. Section 2 provides a review of the relevant literature for this
paper. Section 3 gives the problem description and basic assumptions. Section 4 develops the models is developed
and gives solution methodology. Section 5 analyzes the equilibrium decisions. Numerical example is provided in
Section 6. Managerial insights are discussed in Section 7. Then Section 8 concludes the paper.

2. LITERATURE REVIEW

This paper mainly studies two aspects: market encroachment and the advertising effect. Scholars have studied
market encroachment from different perspectives. Li et al. [1] investigated the impact of supplier encroachment
on supply chain members’ decisions in direct and resale channels under asymmetric information and nonlinear
pricing. Yoon’s [2] research conclusions are different from the traditional view that manufacturers’ encroach-
ment into the retail market will harm retailers’ profits [3] and occupy retailers’ market share [4]. The research
has found that encroachment will cause manufacturers to make investments to reduce costs, which in turn
lower wholesale prices, ultimately benefiting retailers. Based on the wholesale price contract, Wang et al. [5]
study the channel selection and decision-making of supply chain members in the face of market encroachment.
When retailers face encroachment from incumbent manufacturers, they can improve their profits by choosing
to sell products from potential intruding manufacturers, and incumbent manufacturers will choose to open
direct sales channels when facing market encroachment. Ji [6] discussed the impact of encroaching manufac-
turers on supply chain members under different entry costs and product quality conditions. Guo et al. [7]
found that when retailers face uncertain market demand and manufacturer encroachment, they can improve
their own profits by appropriately collecting and disclosing demand information. When faced with a manufac-
turer’s encroachment, a retailer will take measures to counter the encroachment. Zhang et al. [8] found that
retail service investment by retailers in a retailer-led supply chain can effectively prevent manufacturers from
invading, and retail service investment can improve the benefits of supply chain members and consumers. In
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a remanufacturing supply chain, Zheng et al. [9] analysed the intrinsic relationship between remanufactur-
ing, channel competition, and manufacturer channel encroachment decisions in the no-remanufacturing and
remanufacturing scenarios. On this basis, Cao et al. [10] further considered the recycling remanufacturing to
manufacturer channel encroachment strategy and encroachment timing. Choi et al. [11] focused on an intel-
ligent dual channel (online-to-offline) strategy in industry to arrange the optimal services for customers and
introduce two important factors, backorder and lead-time through marginal value. Zheng et al. [12] studied the
impact of channel competition on market encroachment in a remanufacturing closed-loop supply chain under
demand determination and uncertainty. Different from the encroachment of manufacturers in the supply chain
into the retail market, the encroachment of enterprises outside a supply chain makes the channel structure
more complicated. Choi et al. [13] studied an advanced retailing strategy for a single item for a retailer and
a manufacturer with variable lead time. Padiyar et al. [14] studied a multi-echelon inventory model for dete-
riorating multi items with imperfect production under the environment of fuzzy and inflation. Cao et al. [15]
studied the impact of product quality differences under different entry modes on the decision-making of supply
chain members when upstream suppliers are outside the supply chain encroachment. Jin et al. [16] studied
the impact of market encroachment and brand differentiation on the supply chain equilibrium under different
power structures.

In the marketplace, advertising not only influences consumer choice preferences but is also one of the
main strategies for companies to stimulate market demand and increase product consumption. Huang [17]
and He et al. [18] classified advertisements into national advertisements for raising brand awareness and local
advertisements for short-term stimulation of consumption according to their different roles. Scholars have con-
sidered the impacts of advertising inputs on supply chain decisions from different perspectives. Based on the
information dissemination context, Zhang et al. [19] discuss the impact of advertising costs on corporate deci-
sions and profits, and the results show that an increase in advertising costs can increase corporate effective-
ness under certain circumstances. Oryani et al. [20] performed a new dynamic ARDL model and then test
the financial resources curse hypothesis in Iran. Wang et al. [21] compared advertising strategies and prod-
uct pricing under three electronic supply chain operating models and found that an increase in advertising
stimulated demand, resulting in profit growth for supply chain members. During the implementation of local
advertising, upstream manufacturers share a portion of the advertising costs of downstream retailers, which
is known as cooperative advertising [22]. Shu et al. [23] develop four models of cooperation between manu-
facturers and e-tailing platforms to study cooperative advertising decisions under different power structures.
The above research mainly focuses on the positive supply chain. Yi et al. [24] and Yao et al. [25] considered
the effects of advertising and the advertising sharing rate on the pricing of supply chain members and sup-
ply chain coordination problems in closed-loop supply chains. Huang [26] considered the market encroachment
problem when the remanufacturer faces the incumbent manufacturer’s advertising investment; the study found
that the incumbent manufacturer’s investment in advertising will consolidate its position while the remanufac-
turer needs to further reduce costs to enter the market. Table 1 illustrates the summary of the most relevant
studies.

In summary, most of the existing researchers focus on the impact of direct sales channels opened by man-
ufacturers in the supply chain on the retail market, while there are few studies on the impact of advertising
investment and market encroachment outside the supply chain on the decisions of different members.

3. PROBLEM DESCRIPTION AND BASIC ASSUMPTIONS

Consider a two-tier supply chain consisting of an incumbent manufacturer I and a retailer R. The incumbent
manufacturer produces a product I with a premium brand value that is sold to the market through the retailer,
while there is an encroaching manufacturer £ in the market producing a product with a common brand value
that is also sold to the same market through the retailer. In a manufacturer-led supply chain game system, the
manufacturer is the Stackelberg game leader, and the retailer is the follower.
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TABLE 1. Comparison among recent relevant studies.

Literature Supply Channel encroachment Manufacturer  Advertising
chain competition
structure

Li et al. [1] MR v -

Yoon [2] MR v

Ha et al. [3] MR v -

Zhang et al. [8] MR v - -

Zheng et al. [12] CMR v v -

Choi et al. [11] MR - -

Huang and Li [17] MR - v v

Wang and Yu [21] MP v v

Zhang et al. [27] MR v v

This paper MMR v v v

Notes. MR — a manufacturer and a retailer; CMR — a closed-loop supply chain with a manufacturer and a retailer; MP
— a manufacturer and a platform; MMR — two manufacturers and a retailer.

TABLE 2. List of notations.

Notation Description

v Consumers’ willingness to pay for product I (follows certain distribution)

Ov Consumers’ willingness to pay for product E (follows certain distribution)

0 The degree of differentiation between the two brands (or the consumer identification with
product E)

«@ Advertising marketing efficiency coefficient

B Advertising cost coefficient

s Advertising level

w EN}lolesale Price, w;, i = I, E, represent wholesale price of products I and E, respectively
$/unit)

P retailer Price, p;, i = I, E, represent retailer price of products I and E, respectively ($/unit)

Ui; Net utility, U;, i = I, F/, represent products I and F, respectively

Consumer demand, g;, ¢ = I, E, represent products I and FE, respectively (unit)

7r]h Profits of supply chain member j in model A (respectively indicate an incumbent manufac-
turer, an encroaching manufacturer,
and retailer. h = M, R respectively indicate that incumbent manufacturers invest in adver-
tising and retailers invest in advertising.) ($)

To define the research question and to facilitate the construction of the subsequent model, we make the
following assumptions:

(1) In the process of the game, the manufacturer and the retailer are information symmetric, and they are risk
neutral.

(2) Different consumers have different levels of willingness to pay for the same product, so assume that v is
uniformly distributed in interval [0, 1].

(3) Manufacturers and retailers make advertising investments in order to maximize profits. The advertising
costs are %65?, and parameters «, 8 € [0, 1].

(4) Assume that the costs of the incumbent manufacturer, the encroaching manufacturer, and the retailer are
0.

To enhance the readability, a list of notations is presented in Table 2.
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FIGURE 1. Consumer product choice space under different conditions. (a) v; > vg and vy < 1,
(b) v > vg and vig > 1 and (¢) vp > v;.

4. MODELS

4.1. Benchmark model

In the case of market encroachment, the net utility of consumers buying different products is:

UI:U_pfa
UEZG’U—pE.

Consumers compare the sizes of Uy, Ugp and 0 to buy products or give up. That is, consumers choose
max (Uy, Ug,0) which specifically include the following: (1) when Uy, Ugr < 0, consumers give up buying; (2)
when Uy > Ug > 0, consumers prefer to purchase product I; (3) when Ug > Uy > 0, consumers prefer to
purchase product F; and (4) when Uy = Ug > 0, there is no difference in whether consumers buy product I or
product E.

For the sake of generality, suppose that the demand market is the unit market, consumers’ product value v
obeys a normal distribution of [0, 1], and the number of consumers is also evenly distributed in this interval.
Obviously, there are three critical states of consumer choice: (1) v — p;y = 0. At this point, the consumer

valuation is defined as: vy = pr. (2) Ov — pg = 0. At this point, the consumer valuation is defined as: vg = Z7-

(3) v — pr = 0v — pp. At this point, the consumer valuation is defined as: v;p = PL=2E-
When v; > vg that is, v;g > vy > vg and when vg > vy that is, vg > vy > vrg; consumers’ choices of
products are shown in the following figure:

As seen from the figure, we can deduce that:

(1) When v; > vg and vrg < 1, that is, ’;—f <0 <1-p;+pg, both product I and product E have demands,

and the demands at this time are as follows:q; = 1 — 22=2E and qp = 2=2E — BE.
(2) When v; > vg and vrg > 1, that 1 — p;y + pg < 6 < 1, consumers purchase product E. At this time, the

product demand is gp = 1 — BE-

(3) When , thatis,0 <8 < Z—’f, consumers purchase product 7. At this time, the product demand is g; = 1—p;.

In order to make the research conclusions more comprehensive, we only consider the situation when two

product demands exist at the same time, that is, when };—’f <0 <1-pr+pp, qr = 1-2=2E and qp = 2=FE B2
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At this time, the profit functions of the incumbent manufacturer, the encroaching manufacturer, and the

retailer are:

( pI_pE>
mr=wr|{l——"—""—],

1-90
_ Pr—PE PE
A T &

= (o1 = ) (1= 2228 ) 4 — ) (2202 - 22,

The sequence of the supply chain game is as follows. First, each manufacturer determines the wholesale price
wr and wg of their respective products simultaneously. Then, the retailer determines the retail price (pr, pg) of

both products simultaneously according to (wy,wg).
Using the inverse induction method to solve the Hessian matrix H of mg, we can obtain:

2 2
16 ~ =09
4
H=——7+>0.
|H] (1-6)8
H is negative definite, that is, there is a unique optimal solution. Therefore, based on the first-order condition,
the reaction function of the retailer can be obtained as:

x _ 1+ wy
Dr 9 )
*:0+wE.
PE 9

Substituting p7 and p7, into 7y and 7g, respectively, it is easy to know that 7; and mg are concave functions
with respect to wy and wg. Therefore, from the first-order condition, it follows that:

wWr (9 )7
. 00 -1
(07 )

Substituting wi and wj, into the retailer’s reaction function, we can obtain:

. 30-6
pI_29_87

. 0(20 —5)
PE= 7993

4.2. Incumbent manufacturers invest advertising models

When an incumbent manufacturer invests in advertising (indicated by the superscript “M”), the increase
in visibility resulting from the advertising effect is beneficial to the manufacturer. Therefore, the net utility of

consumers buying different products is:

Ur=v—pr+asy,
UE :9v—pE.
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Additionally, consider only the situation in which two product requirements exist at the same time, that
, pﬁisl <0 < 1—pr+pp+ asy. At this time, the demand functions are ¢; = 1 — P2=REZ22L and qp =
Pr—prEo o3l — BE. The profits of incumbent manufacturers, encroaching manufacturers, and retailers are:

1-6
- 1
= w1<1 b ppo s “”) - 555

is

1-6
—pE — Qs
7Tg[:wE(m 11)?9 I_p9E>’
M Pr —PE — Qs1 Pr —PE —QSI  PE
T = (p1 wl)( 1—¢ )+(pE wE)( -0 9>

The sequence of the supply chain game is as follows. First, the incumbent manufacturer determines the
wholesale price w}w of its own product and the level of advertising input SJIM . Next, the encroaching manufacturer
determines the wholesale price w¥ of its own product. Then, the retailer determines the retail price pM and
pM of both products according to wM, sM and wi.

Using the inverse induction method to solve the Hessian matrix H of 7, we can obtain:

__2 2

H=(T27 17,
-6 ~1-6 6
4

H=——>0.

|H] 0(1—6)

H is negative definite, that is, there is a unique optimal solution. Therefore, based on the first-order condition,
the reaction function of the retailer can be obtained as:

M asrtwr+1

pI :f7
0+ wg

M
B 2

By substituting p} and p¥ into 7 and 7 respectively, from the first order condition, we can obtain:

M 6a(50% — 80 + 3)
I 7 97020 — 14302 — 182 + 22360 — 83’
M 46(0 — 1)(50% — 860 + 3)

wr

T 27020 — 14362 — 1802 + 2230 — 843’
a 009020 + 2807 — 902 — 436 + 23)

“E T 97020 — 147362 — 1802 + 2230 — 83

Substituting s¥, wM, and w¥ into pM and p¥, we can obtain:
(—276 + 18)a® + (—276 + 18)a® + ((145 — 30)62
v (22284 48)0 488 — 18)a + 20 — 1)(20 — 1)(560 — 2)3
br= (36 — 540)a2 + 4(0 — 1)(70 — )3 ’
oM 30(12020 — 430% — 902 + 630 — 213)
E

"~ 54020 — 28607 — 3602 + 44660 — 166
4.3. Retailers invest advertising model

When retailers invest in advertising (represented by superscript “R”), the increase in visibility resulting from
the advertising effect is beneficial to the product sales of both the incumbent manufacturer and the encroaching
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manufacturer. At this time, the net utility of consumers purchasing the two products is:

Ur=v—pr+aisg,

Ug =0v—pg+ assg.

For the convenience of the discussion, a; and «s are regarded as equal parameters «, Therefore, the net
utility of consumers buying the two products are:

Ur =v —pr+ asg,
Ug

0v — pg + asg.

Consistent with the above, we only consider the situation where two product requirements exist at the same

time, that is, % <60 <1—p;+pg. The demand functions are: gr = 1 — P4=EE and qp = PLBE — PE=R2R.

The profits of incumbent manufacturers, encroaching manufacturers, and retailers are:

= (1- 2R,

R _ (pI—PE pE—OtSR)
7TE—C{)E — ;

1-46 0
- — —as 1
Wg = (pr — wI)(l - Ll _Z;E> + (P — wE) (pll _I;E - e ) R> - 5@9%%'

The sequence of the supply chain game is as follows. First, each manufacturer determines the wholesale price
wl and Wk of their products at the same time. Then, the retailer determines the retail price p¥ and pZ and the
advertising level sﬁ of the two products at the same time according to w! and wi.

Using the inverse induction method to solve the Hessian matrix Hof 7%, we can obtain:

H=\ 5% —=5-5 5 |
0o = B
2(2860 — a?)
H| = —50—
626 — 1)

From the above matrix, it can be obtained that when 230 — o® > 0, the matrix is negatively definite.
Therefore, the retailer’s reaction function can be obtained according to the first-order condition:

r (0—wp—wr—1)a?+280(wr +1)

Pr= 430 — 2a2 ’
R Oé2WE' — 592 — ﬂHwE
P = 2 ’
a? — 2066

gn_ o0 —wp)
R™ 980 — a2

Substituting p and p% into 7% and 7%, respectively, it is easy to know that 7% and 7% are concave functions
with respect to wf and wf. Therefore, from the first-order condition, it follows that:

B 0] C a?)
T (20 —8)8 + 302"
(0 —1)(a? +2530)

R: .
YE T 3021930 — 88
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Substituting wf and w# into the retailer’s reaction function can obtain:

g (1267 — 240)3% — 20%(62 + 20 — 6)5 + 3a* (0 — 1)

r= 8(0 — 4)032 + 8a2(0 + 2)B — 6a* ’
432603 + (2028 —1082)6% + (B — a?)0 + o*

R __
be = (302 + 260 — 85)(260 — a?) ’
R _ (20 + 1)a® — 63a0

R_

—3at +4a2(0 +2)5 + 4(6 — 4)63%

5. MODEL COMPARISON AND ANALYSIS

Proposition 1. In the incumbent manufacturer’s investment model, the wholesale price of the incumbent man-
ufacturer’s product I is affected by the degree of differentiation between the two brands and the advertising
coefficient. In the case where the difference between the two brands is small (that is, 0.591 < 0 < %) and

the advertising coefficient is small (%2 < *1093277%(’72&929*32), the wholesale price of the incumbent manufac-

turer’s product 1 is less than the wholesale price in the benchmark model. In the case of a larger advertis-

, . 2 1063 2_ . . .
ing coefficient (% > =100 277%0_1892“32), the wholesale price of the incumbent manufacturer’s product I is

greater than the wholesale price in the benchmark model. When the difference between the two brands is large
(that is, % <f< %) and the advertising coefficient is small, the wholesale price of product I of the incumbent
manufacturer is greater than the wholesale price in the benchmark model. In the case of a large advertising
coefficient, the wholesale price of product I of the incumbent manufacturer is less than the wholesale price in
the benchmark model.

M _ __2(6—-1)(1086%+2700—7036° —180°+9230—320) 3 o2 —100°+700%—9204-32

Proof. wy wr = (27020-14507—T8a2+3270—87) (0—1) when 0.591 < 0 < £, < T ,

M . o2 —1003+7002-9204+32 , M _ . 3 2 o —1003 47002 —920+32

wr wr < 0; when 5 > s , W wr > 0; and when ¢ < 0 < 3, 5 < T8 ,
a? —106%+700%2-9260+32 , M

3 > 570—18 , W5 —Wwr < 0. O

Proposition 1 shows that in the incumbent manufacturer input advertising model, when the advertising
coefficient is small, the advertising costs are large, and the difference between the two brands is small. That
is, consumers are less willing to pay for product Fat this time, and the incumbent manufacturer lowers the
wholesale price in order to attract consumers. As the advertising coefficient increases, the advertising costs
decrease, the advertising efficiency increases, and the popularity of product I further improves. In order to
obtain as large of profits as possible, incumbent manufacturers increase the wholesale price. When consumers
are more willing to pay for product E,the advertising coefficient of the incumbent manufacturer is smaller.
That is, the advertising costs are higher, and the incumbent manufacturer increases the wholesale price in
order to increase profits. When the advertising coefficient is large, higher advertising and marketing efficiency
and consumers’ higher willingness to pay for product Eenable manufacturers to attract consumers to obtain
sufficient profits at low wholesale prices.

Proposition 2. In the incumbent manufacturer’s input advertising model, when the advertising coefficient is

small (%2 < %), the wholesale price of product E is greater than the wholesale price in the bench-

o : fo s ; 1402-220+8 _ o? —02420—1
mark model. When the advertising coefficient is in the middle range (W <F < %), the whole-
sale price of product E is less than the wholesale price in the benchmark model. When the advertising coef-
ficient is large (%; > =02420-1

—2(6+1)
8
benchmark model. When the advertising coefficient is low (%2 < %), the retail price of product E is

), the wholesale price of product E is greater than the wholesale price in the

greater than the retail price in the benchmark model. When the advertising coefficient is in the middle range
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146%2-220+8 _ o? _ —0%420—1
( TH-18 < B < —IZ(o+1)

model. When the advertising coefficient is large (% >

), the retail price of product E is less than the retail price in the benchmark

—0%2420—1

~T (64 1) ), the retail price of product E is greater than
8

the retail price in the benchmark model.

169(9_1)(592"!‘(—%QZ—Qﬁ)g—%az'i‘ﬁ) when0.5714 < 0 < 2 140272204»8 < o? < —02420—1

Proof. wil —wp = T (C27a201 14807 1187 —2236188)(0—4) 3> T 276—18 B =Z6+1)
w¥ — wp < 0; when QT; < % w¥ —wp > 0; and when O‘T; > %,w%—wbﬂ > 0.

Py —pE = = 2?52;2£fgz2j18162 22629[?%;5;25) ) when 0.5714 < 0 < g %2 < %3219;87 Py —pe > 0; when
1492;329+8 < O‘Tj < %, pE — pg > 0; and when %2 > %, pE pe > 0. ([l

Proposition 2 shows that in the incumbent manufacturer’s advertising investment model, the wholesale price
and retail price of the manufacturer’s product F are affected by the incumbent manufacturer’s advertising
coefficient. In the incumbent manufacturer input advertising model, when the advertising coefficient is small,
that is, when the incumbent manufacturer’s advertising and marketing is less efficient and the advertising costs
are larger, the incumbent manufacturer has limited advertising effects, the encroaching manufacturer is able to
make some profit by increasing the wholesale price, and the retail price increases as the wholesale price increases.

As the advertising coefficient increases, the incumbent manufacturer’s advertising marketing efficiency coef-
ficient increases, and the advertising costs decrease. The stronger advertising effect makes consumers have a
higher willingness to pay for the incumbent manufacturer’s product I, the encroaching manufacturer can only
reduce their own wholesale price to obtain profits, and the retail price is also reduced. When the incumbent
manufacturer’s advertising coefficient is large, it will bring certain benefits to the replacement brand for the
encroaching manufacturer. The encroaching manufacturer can obtain profits through higher wholesale prices,
and the retailer will also increase its retail price.

Proposition 3. When the incumbent manufacturer invests in advertising, when the advertising coefficient is

small ( 7 < %7321‘?8) , the wholesale price of the incumbent manufacturer’s product I is less than the whole-

sale price of the incumbent manufacturer’s product E. When the advertising coefficient is in the middle range
146%2—220+8 < a? < —220%24340—12
27918 B 90
than the wholesale price of the encroaching manufacturer’s product E. When the advertising coefficient is large

a? > —220%4340—12
[E] 90

, the wholesale price of the incumbent manufacturer’s product I is greater

, the wholesale price of the incumbent manufacturer’s product I is less than the wholesale

price of the encroaching manufacturer’s product E. When the difference between the two brands is small or
large (0 < 0 < g or % < 0 < 1, respectively), the wholesale prices of the in-place manufacturers continue to
increase as the advertising coefficient increases. When the degree of differentiation between the two brands is
in the middle range (% <f< 1%) the wholesale price of the incumbent manufacturer keeps decreasing as the
advertising coefficient increases. When the degree of differentiation between the two brands is low (O <f< g),
the wholesale price for the manufacturer increases as the manufacturer invests in advertising. When the differ-
entiation between the two brands is high (g <f< 1), the wholesale price for the manufacturer decreases as the
advertising investment of the manufacturer increases.

M M _ (6-1)(9a%642239—3430+123) 2 o 1462 —220+8 M M .
Proof. wy WE = TI30737a?0- 33501180218 when 0.5714 < 0 < 3, G < “Fmas o wr —wp < 0
1462 —220+8 2 —220%4340—12 M M . 2 —220%4340—12 , M M dw’ _
Whenw<%<9707wl —wE >0,When%>9707w1 _WE <0, 0%12_
_ 2
36(39 2)(9 1)7(56— 3) 7whe1r10<9< or3<9<18w’ > 0; aundwhen7<9<2 &‘” < 0.
(149227027 —220+18 % +8)2 3 95 Er
M 2
Owg _ _ 360(50-3)(0—1) when 0 < 6 < 2 awE >0 and when 2 <0 <1, awE < 0. O
9 (1462270 27 —220+18 %7 +8)2 5 pef o

Proposition 3 shows that when the advertising coefficient is small, that is, when the advertising marketing
efficiency is low and the advertising costs are high, the incumbent manufacturer will prevent the manufacturer
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from encroaching the market at a low price. As the advertising coefficient increases, advertising and marketing
efficiency increases, advertising costs decrease, and incumbent manufacturers are able to earn higher profits
by setting higher wholesale prices due to their higher brand value. When the advertising coefficient is large,
lower wholesale prices from incumbent manufacturers can attract retailers to expand demand. When the adver-
tising coefficient is small, the incumbent manufacturer invests in advertising so that the wholesale price of
the incumbent manufacturer and the wholesale price of the encroaching manufacturer both increase with the
advertising coefficient, indicating that the incumbent manufacturer’s advertising investment can benefit the
substitute product to some extent.

Proposition 4. In the retailer advertising input model, within the constraints, the wholesale and retail prices of
the incumbent manufacturer and the encroaching manufacturer are higher than those of the benchmark model.
The wholesale prices of the incumbent manufacturer and the encroaching manufacturer both increase as the
retailer’s advertising coefficient increases, and the wholesale and retail prices of the incumbent manufacturer
are higher than the wholesale and retail prices of the encroaching manufacturer.

Proof. From 230 — a? > 0, we can obtain o <99

G

W —wr = — A2 when 0 < 8 < 1,0 < % <26, and wff —wy > 0.

PR —pr=— “2(3‘;2;;_2;2239:68;?f(;ffg;;)‘(*;ﬁfgﬁ@) when 0 <9 < 1,0 < 2 <20, and pf —p; > 0.

wh —wp=- (3a3$2(5002j8953(29)—4) when 0 < 6 < 1,0 < % <20, and wE —wp >0,

PR —pp = —“2(4“22(fa;i529;'g_5§;)9(;%2@%29;?;_253259) when 0< 8 <1,0< % <2, and p§ — pg > 0.
wﬁ—wgz—%ﬁzw When0<9<170<%2<29, and wit —wl > 0.

i —PE = _4((0(15)7[312)%5056)((!02_1) when 0 < 0 < 1,0 < %2 < 20, and p¥ — p& > 0.
%:—%>Oandg$:—%>o. O

Proposition 4 shows that within the constraints of the retailer input advertising model, the retailer advertis-
ing input can benefit both the incumbent manufacturer and the encroaching manufacturer by setting a higher
wholesale price than the benchmark model, and the wholesale price of the incumbent manufacturer is greater
than the wholesale price of the encroaching manufacturer due to the high brand value of the incumbent man-

ufacturer. The retailer will accordingly set a higher retail price than the benchmark model due to the high
wholesale price.

Proposition 5. Under the retailer’s advertising investment, the profits of the incumbent manufacturer and
the profits of the encroaching manufacturer are greater than the profit level under the benchmark model; when

the advertising coefficient is small (%2 < %), the profits of the incumbent manufacturer are higher than

the profits of the encroaching manufacturer. When the advertising coefficient is large (% < %2 < 20), the
incumbent manufacturer’s profits are smaller than the encroaching manufacturer’s profits.

2 _ _ 1.2 5.2_ 2
Proof. 7 —m; == (0+2Z§9_4¥((ﬁ(§f%i’;fi;)42a 1) when0 < 0 < 1, % <20, and af— >0

202(0 — 1)(B260* + (a*8 — 53%)03 + (;a* — Ta?3 + 1642)6?
R B +(—3a* + 32073 — 483%)0 + 4a* — 8a?f3)
(302 + 230 — 83)2(260 — a2)(0 — 4)2

Mg —TE =

2
When0<9<1,%<29,and7r§—7rE>0.

R R _ _(a®0+a%—2p30)(6-1)8 2 20 _R R 20 2 R R
T - = (3§2+2g0—8ﬁ)()o(¢2—2[30) when % < 5%, 7' — 7 > 0 and when 75 < G <20, 7 — 7 <0. O
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Proposition 5 shows that the retailer’s investment in advertising can increase the profits of the incumbent
manufacturer and the encroaching manufacturer. When the advertising coeflicient is small, the profits of the
incumbent manufacturer are greater than the profits of the encroaching manufacturer; as the advertising coef-
ficient increases, the advertising marketing efficiency increases, and the advertising effect is more favourable to
the encroaching manufacturer. At this time, the profits of the encroaching manufacturer are greater than the
profits of the incumbent manufacturer.

6. EXAMPLE ANALYSIS

In this section, the above model will be verified by the numerical analysis method. Similar to Choi et al. [11],
Choi et al. [13], Padiyar et al. [14], parametric values are obtained from Zhang et al. [27]. First, let § = 0.595
and # = 0.65. The variation of the wholesale price of the incumbent manufacturer in the baseline model and
the wholesale price of the incumbent manufacturer in the incumbent manufacturer advertising input model can
be obtained for different scenarios, as shown in Figures 2 and 3.
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Figure 2 shows that when 0.59 < # < 0.6 and 0 < @ 0.33, the incumbent manufacturer’s wholesale price
under the incumbent manufactureg’s advertising input is less than the incumbent manufacturer’s wholesale price
in the benchmark model. When % > 0.33, the incumbent manufacturer’s wholesale price under the incumbent
manufacturer’s advertising input is greater than the incumbent manufacturer’s wholesale price in the benchmark
model. Figure 3 shows that when 0.6 < 6 < % and 0 < %2 < 2.16, the incumbent manufacturer’s wholesale price
under the incumbent manufacturer’s advertising input is greater than the incumbent manufacturer’s wholesale
price in the benchmark model. When o 2.16, the incumbent manufacturer’s wholesale price under the
incumbent manufacturer’s advertising input is less than the incumbent manufacturer’s wholesale price in the
benchmark model. Proposition 1 is proved.

Then, taking 8 = 0.59, it is possible to obtain the benchmark model and the encroaching manufacturer’s
wholesale price and retail price with the advertising input of the incumbent manufacturer, as shown in Figures 4
and 5. ,

(07

Figure 4 shows that when & < 0.051, the wholesale price of product FE is greater than the wholesale price
in the benchmark model. When 0.051 < O‘Tj < 0.094, the wholesale price of product E is less than the wholesale
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price in the benchmark model. When O’T; > 0.094, the wholesale price of product F is greater than the wholesale

a2

price in the benchmark model. Figure 5 shows that when T < 0.051, the retail price of product E is greater
than the retail price in the benchmark model. When 0.051 < 0‘7; < 0.094, the retail price of product F is less

than the retail price in the benchmark model. When QT; > 0.094, the retail price of product E is greater than

the retail price in the benchmark model. These results are consistent with the formulation of Proposition 2.
Then, taking 8 = 0.59, the results of comparing the wholesale prices Aw of the incumbent and encroaching

manufacturers in the incumbent manufacturer input advertising model can be obtained, as shown in Figure 6.

Figure 6 shows that When%j < 0.051, Aw < 0, that is, the wholesale price of the incumbent manufacturer’s

product I is less than the wholesale price of the encroaching manufacturer’s product £. When 0.051 < o2
0.076, Aw > 0, and the wholesale price of the incumbent manufacturer’s product [is greater than the wholesale
price of the encroaching manufacturer’s product £. When % > 0.076, Aw < 0, and the wholesale price of the
incumbent manufacturer’s product I is less than the wholesale price of the encroaching manufacturer’s product

E.

Taking 6 = 0.59, the wholesale and retail prices of the incumbent manufacturer and the encroaching man-
ufacturer in the benchmark model and the retailer input advertising model can be obtained, as shown in
Figures 7-12.

Figures 7-12 show that when 0 < %2 < 1.18, wf” > wr, p? > pr, w§ > wg, pg > pE, wF > wg, and pf’ > pg.
Proposition 4 is proved.

Finally, consistent with the above, taking 8 = 0.59, the profit difference between the incumbent manufacturer,
the encroaching manufacturer and the benchmark model comparison under the retailer’s advertising input is
obtained, as shown in Figure 13.

Figure 13 shows that when 0 < 2 1.18, the profit difference between the incumbent manufacturer,
the encroaching manufacturer and the benchmark model comparison are all greater than 0, which shows that
under the advertising investment of the retailer, the profits of the incumbent manufacturer and the profits
of the encroaching manufacturer have increased compared with the profits under the benchmark model. When
“T; < 0.74, the profits of the incumbent manufacturer are greater than the profits of the incumbent manufacturer;

when 0.74 < % < 1.18, the profits of the incumbent manufacturer are less than the profits of the incumbent
manufacturer. Furthermore, the figure shows that the profit growth rate of the encroaching manufacturer is
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7. MANAGERIAL INSIGHTS

Some important management insights can be drawn from the above findings.

Firstly, for the incumbent manufacturer, to reduce the threat from the encroaching manufacturer, the incum-
bent manufacturer should not advertise blindly. It only invest in advertising to the extent that its advertising
is effective in order to increase profits, otherwise, it may lead to greater profits for the encroaching manufac-
turer and the manufacturer needs to join forces with the retailer to counteract the encroaching manufacturer’s
influence on the market to protect its profits.

1727

greater than the profit growth rate of the incumbent manufacturer. Therefore, the retailer’s investment in
advertising can greatly increase the profit levels of the encroaching manufacturer.
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Then, for the retailer, the addition of an encroaching manufacturer does not necessarily lead to increased prof-
its, but both the retailer’s advertising and the incumbent manufacturer’s advertising can increase the retailer’s
profits. Under the retailer advertising model, both the incumbent manufacturer and the encroaching manu-
facturer increase their profits, but the encroaching manufacturer benefits more when the advertising is less
effective, and only when the advertising is more effective does the incumbent manufacturer benefit more from
the effectiveness of the retailer’s advertising. Therefore, the manufacturer needs to cooperate with the retailer
by giving the retailer a subsidy to increase the efficiency of the retailer’s advertising.
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FIGURE 12. Retail prices for incumbent and encroaching manufacturers in the retailer adver-
tising model.

8. CONCLUSION

This paper studies a supply chain consisting of an incumbent manufacturer, an encroaching manufacturer and
a retailer. By solving the model, the subgame perfect equilibria in different situations are obtained, and then
the influences of the advertising coefficient and the degree of differentiation of the two brands on the pricing
decisions of supply chain members are investigated. Then, the conclusions are presented as follows: compared to
the benchmark model, the changes in wholesale and retail prices of the incumbent manufacturer’s product I and
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the encroaching manufacturer’s product E are more complex in the incumbent manufacturer’s advertising model.
The wholesale prices and retail prices of the incumbent manufacturer and the encroaching manufacturer change
as the advertising coefficient and the degree of differentiation of the two brands change. In the retailer input
advertising model, within limits, the wholesale prices, retail prices and profits of the incumbent manufacturer’s
product I and the encroaching manufacturer’s product E. are higher than those of the benchmark model.

The main limitation of this study was that in order to focus on the research problem and simplify the analysis
process, the paper only considered a simple two-level supply chain, which does not fully take into account the
structural complexity of the supply chain in realistic. In addition, this paper only considers that decision-
makers are rational, which in reality may have multiple behavioral preferences. Behavioral characteristics can
be considered in future research. Furthermore, the influence of government policy can be considered; thus, more
detailed research must be conducted by extending the sophistication of the supply chain structure to render the
model more consistent with the actual decision-making and reveal the social phenomena and laws.

Acknowledgements. This paper is supported by Natural Science Foundation of Hunan Province, China (2023JJ30420).

REFERENCES

[1] Z. Li, S.M. Gilbert and G. Lai, Supplier encroachment as an enhancement or a hindrance to nonlinear pricing. Prod. Oper.
Manag. 24 (2015) 89-109.

[2] D.H. Yoon, Supplier encroachment and investment spillovers. Prod. Oper. Manag. 25 (2016) 1839-1854.

[3] A. Ha, X.Y. Long and J. Nasiry, Quality in supply chain encroachment. Manuf. Serv. Oper. Manag. 18 (2016) 280-298.

[4] Y.C. Liu and Z. John Zhang, The benefits of personalized pricing in a channel. Mark. Sci. 25 (2006) 97-105.

[6] X.J. Wang and Y.P. Zhou, The selection of channel and stackelberg game analysis considering supply chain entry. Commer.
Res. (2016) 174-182.

6] G.J. Ji, D. Wang and K.H. Tan, A study on external manufacturer entering deterrence strategy in the dual-channel supply
chain. Syst. Eng. Theory Pract. 38 (2018) 2230-2241.

[7] Y. Jing, Z. Liu and S. Li, Manufacturer channel encroachment and incentive retailer to collect and disclosure information under
uncertain demand. Ind. Eng. Manag. 25 (2020) 109-117.

[8] S. Zhang, J. Zhang and G. Zhu, Retail service investing: an anti-encroachment strategy in a retailer-led supply chain. Omega
84 (2019) 212-231.

[9] B. Zheng, C. Yang, J. Yang and H.J. Huang, Product remanufacturing channel competition and manufacturer encroachment.
J. Manag. Sci. China 21 (2018) 98-111.

[10] Y. Cao, X. Wang and K. Wu, Research on channel intrusion and recovery strategy of manufacturers in two-stage supply chain.
Theory Pract. Finance Econ. 41 (2020) 126-132.



RESEARCH ON SUPPLY CHAIN PRICING DECISIONS 1731

[11] S.B. Choi, B.K. Dey, S. Kim and B. Sarkar, Intelligent servicing strategy for an online-to-offline (O20) supply chain under
demand variability and controllable lead time. RAIRO: OR 56 (2022) 1623-1653.

[12] B. Zheng, N. Yu, L. Jin and H. Xia, Effects of power structure on manufacturer encroachment in a closed-loop supply chain.
Comput. Ind. Eng. 137 (2019).

[13] S.B. Choi, B.K. Dey and B. Sarkar, Retailing and servicing strategies for an imperfect production with variable lead time and
backorder under online-to-offline environment. J. Ind. Manag. Optim. 19 (2023) 4804-4843.
[14] S.V.S. Padiyar, Vandana, N. Bhagat, S.R. Singh and B. Sarkar, Joint replenishment strategy for deteriorating multi-item

through multi-echelon supply chain model with imperfect production under imprecise and inflationary environment. RAIRO:
OR 56 (2022) 3071-3096.

[15] Z.H. Cao, J. Zhao, C.T. Zhang and Y.W. Zhou, Impact of upstream entry mode on supply chain members’ strategies. Comput.
Integr. Manuf. Syst. 21 (2015) 776-787.

[16] L. Jin and K. Wen, Power structure model with brand differentiation under market encroachment. J. Ind. Eng. Manag. 34
(2020) 68-78.

[17] Z.H. Huang and S.X. Li, Co-op advertising models in manufacture-retailer supply chains: a game theory approach. Eur. J.
Oper. Res. 135 (2001) 527-544.

[18] L. He, X. Liao, M. Liu and C. Yuan, A game analysis of optimal advertising efforts and direct price discount strategy for the
two-level supply chain. Chin. J. Manag. Sci. 25 (2017) 130-138.

[19] J. Zhang and W. Zhong, Advertising competition and pricing under information communication. J. Syst. Eng. 31 (2016)
590-599.

[20] B. Oryani, A. Moridian, B. Sarkar, S. Rezania, H. Kemyab and M.K. Khan, Assessing the financial resource curse hypothesis
in Iran: the novel dynamic ARDL approach. Resour. Policy 78 (2022).

[21] Y. Wang and Z. Yu, Research on advertising and pricing in e-supply chain under different dominant modes. J. Syst. Sci. Inf.
6 (2018) 58-68.

[22] Z. Xiong, J. Nie and Y. Xiong, Vertical cooperative advertising model with competing retailers in supply chains with stochastic
differential game. J. Manag. Sci. China 13 (2010) 11-22.

[23] L. Shu and Y. Wang, Study on O20 supply chain cooperative advertising strategy considering channel power structure. Ind.
Eng. Manag. 25 (2020) 146-154.

[24] Y. Yi and Q. Xu, Closed-loop supply chain model with advertising and uncertain demand. Comput. Integr. Manuf. Syst. 17
(2011) 2005—-2014.

[25] F. Yao, S. Liu, J. Sun et al. Advertising and pricing decision models for closed-loop supply chain based on third-party collecting.
Comput. Integr. Manuf. Syst. 25 (2019) 2395-2404.

[26] Z. Huang, J. Nie and B. Zhao, The market entrance for the remanufacturer under the advertising policy of original manufacturer.
J. Syst. Sci. Math. Sci. 36 (2016) 835-846.

[27] J. Zhang, Q. Cao and X. He, Manufacturer encroachment with advertising. Omega 91 (2020) 102013.

Please help to maintain this journal in open access!

(}\BE To This journal is currently published in open access under the Subscribe to Open model

Q"’ Qo@ (S20). We are thankful to our subscribers and supporters for making it possible to

(’? Z publish this journal in open access in the current year, free of charge for authors and
readers.

“,’,’ Check with your library that it subscribes to the journal, or consider making a personal donation to
é‘," the S20 programme by contacting subscribers@edpsciences.org.

48L50PE\AV More information, including a list of supporters and financial transparency reports,
is available at https://edpsciences.org/en/subscribe-to-open-s2o.


mailto:subscribers@edpsciences.org
https://edpsciences.org/en/subscribe-to-open-s2o

	Introduction
	Literature review
	Problem description and basic assumptions
	Models
	Benchmark model
	Incumbent manufacturers invest advertising models
	Retailers invest advertising model

	Model comparison and analysis
	Example analysis
	Managerial insights
	Conclusion
	References

