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Abstract 
This paper investigates a vertical supply chain consisting of an original 
equipment manufacturer (OEM) and a contract manufacturer, who performs 
production function for the OEM. The contract manufacturer decides 
whether to encroach the OEM’s market and build her own private brand. The 
advertising effort of two members is considered. The results show that the 
contract manufacturer’s encroachment decreases the profit margin of the 
OEM and increases the wholesale price. When the substitution effect is suffi-
ciently small, the introduction of the private brand slightly harms the benefit 
of the OEM. However, when the substitution effect is sufficiently large, the 
introduction of the private brand can significantly benefit the OEM which is 
counterintuitive. The introduction of the private brand is beneficial for the 
contract manufacturer and the whole supply chain. The management insight 
is that: For the contract manufacturer, it is better to introduce a highly subs-
titutable brand with the OEM, which can significantly benefit both the con-
tract manufacturer and the OEM. 
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1. Introduction 

It is common that original equipment manufacturers (OEMs) outsource produc-
tion to contract manufacturers (CMs) (Niu et al., 2015; Chen et al., 2012; Kaya, 
2011; Zhang, 2011). For example, Apple is an OEM and operates a well-known 
brand “Apple”. Apple purchases component from Samsung Electronics Co., Ltd. 
Foxconn provides assembly service for Apple. Both are contract manufacturers 
of Apple. In recent years, more and more contract manufacturers start to build 
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their own brands. This activity is called encroachment (Cui, 2019; Chen et al., 
2019; Yu & Zheng, 2019; Zhang et al., 2018). For example, Samsung Electronics 
Co., Ltd. has its own cellphone brand Galaxy selling in the end consumer market 
and competing with iPhone (Cui, 2019). https://www.biyao.com is a newly built 
e-commerce platform in China and has developed fast in recent years. This 
platform provides the opportunities for the contract manufacturer to build their 
own brands. This platform gathers many contract manufacturers of well-known 
OEM’s brands, such as Channel, Dior, Prada, GUCCI, Armani, MUJI, Nike and 
Adidas, etc.  

Many contract manufacturers on that platform try to build their own brands 
for the first time. They can communicate with consumers directly. The contract 
manufacturers in that platform describe themselves as “The manufacturer/or 
supplier of (the name of the OEM)”. For one thing, this declaration makes them 
believable that the quality of the product is as good as the OEM’s brands. The 
OEM’s brands are usually well-known in the market. This tactic will attract the 
attention of consumers for the private brand. For another thing, this declaration 
also has positive effect on the OEM’s brand, because this kind of declaration will 
make more people know about the OEM’s brand and make the OEM’s brand 
more valuable. As a result, the advertising effort of the contract manufacturer’s 
private brand will positively impact both itself and the OEM. Similarly, the ad-
vertising effort of the OEM’s brand will also positively impact the OEM’s brand 
and the contract manufacturer’s private brand. This paper builds game models 
to capture this phenomenon. For the contract manufacturer, she has two differ-
ent kinds of strategies to choose from: not introducing a private brand (NPB) or 
introducing a private brand (PB). Some interesting questions arise as follows.  

1) What are the optimal decisions of supply chain members under two differ-
ent private brand strategies? 

2) What are the effects of the contract manufacturer’s encroachment on the 
OEM, contract manufacturer and the whole supply chain? 

3) Is it always bad for the OEM to let the contract manufacturer introduce a 
private brand? 

4) What should the contract manufacturer do if she has already decided to in-
troduce a private brand? 

To answer these questions, this paper builds two game models under strategy 
PB and strategy NPB. Then the decisions and profits under two strategies are 
compared to investigate the effect of the contract manufacturer’s encroachment.  

This paper contributes to literature in following ways: Firstly, to the author’s 
best knowledge, there is no paper considered the contract manufacturer’s estab-
lishment of private brand considering advertising effort. This paper fills the gap. 
Secondly, this paper finds some counterintuitive results which are interesting. 
When the substitution effect is sufficiently small, the introduction of the private 
brand slightly harms the benefit of the OEM. However, when the substitution 
effect is sufficiently large, the introduction of the private brand can significantly 
benefit the OEM which is counterintuitive. Third, this paper provides some 
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suggestions for practice to help contract manufacturer build a private brand. For 
the contract manufacturer, it is better to introduce a highly substitutable brand 
with the OEM, which can significantly benefit both the contract manufacturer 
and the OEM. 

2. Literature Review 

This paper relates to contract manufacturer’s encroachment and advertising ef-
fort. This part will review related literature. 

2.1. Contract Manufacturer’s Encroachment 

Recently more and more contract manufacturers start to introduce their own 
brands. There are mainly two streams of literature. The first stream states that 
encroachment is not beneficial for the contract manufacturer. Spiegel (1993) 
states horizontal contract manufacturers have no incentive to build their own 
brand. Lim and Tan (2010) jointly study the impact of rate of learning and the 
brand equity on the supplier’s entry strategy. There results show that when the 
buyer’s rate of learning is moderate or low, the supplier always encroaches to 
compete directly with the buyer. However, if the buyer has a high brand equity, 
the negative effect of the supplier’s entry can be mitigated. However, this hori-
zontal is based on symmetric cost. 

The second stream finds the condition under which it is beneficial for the 
contract manufacturer to encroach. Cui (2019) studies a supply chain en-
croachment where the potential market entrant contract manufacturer is a free 
rider who can imitate the OEM’s product quality. They find that when there is 
no quality investment opportunity, the CM always has the incentive to encroach. 
However, if the OEM can improve quality, there exists a threshold for the CM’s 
imitating capability. Shi (2019) studies the contract manufacture’s encroachment 
strategy considering quality investment under OEM-Stackelberg setting and 
contract manufacturer-Stackelberg setting, respectively. Different to Cui (2019) 
and Shi (2019), this paper studies the contract manufacturer’s encroachment 
strategy considering advertising effort, especially the advertising effort of OEM 
and contract manufacturer have cross positive effect on each other. Chen et al. 
(2019) study a supply chain consisting of a CM, an OEM, and a retailer. The 
OEM designs a national brand and outsources the manufacturing to the CM and 
delegates the selling to the retailer. They find that all supply-chain players bene-
fit from factory encroachment provided there is no integration between the 
OEM and the retailer. However, if the OEM and the retailer are independent 
entities, all members prefer no-encroachment strategy. Similarly, this paper also 
finds the impact of contract manufacture’s encroachment on supply chain 
members. When the substitution effect is sufficiently small, the introduction of 
the private brand slightly harms the benefit of the OEM. However, when the 
substitution effect is sufficiently large, the introduction of the private brand can 
significantly benefit the OEM. The contract manufacturer and the whole supply 
chain always prefer encroachment. 
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2.2. Advertising Effort 

Advertising effort also has been extensively studied. One stream of the literature 
studies the impact of advertising effort on the demand. They believe that the ad-
vertising effort plays a significant role in promoting brand goodwill and in turn 
has a positive effect on the demand (Zhang, Gou, Liang, & Huang, 2013; Oua-
rdighi & Kogan, 2013). Song et al. (2017) integrates firms’ innovation and adver-
tising decisions in a two-echelon supply chain. Both innovation and advertising 
contribute to the product demand. Another stream of the literature studies co-
operative advertising which is arranged between one manufacturer and one re-
tailer, where the retailer is responsible for local advertising expense with a part 
of the cost undertaken by the manufacturer (Wang, Zhou, Min, & Zhong, 
2011). Readers can refer to Aust and Buscher (2014) for a comprehensive re-
view in cooperative advertising. Some people study the impact of local adver-
tising effort on the demand. Berger (1972) was probably the first to analyze 
cooperative advertising issues between a manufacturer and a retailer quantita-
tively. Then this issue was extensively studied (Berger, 1973; Berger & Mag-
liozzi, 1992; Dutta, Bergen, John & Rao, 1995; Fulop, 1988; Somers, Gupta, & 
Herriott, 1990; Young & Greyser, 1983). Some scholars study the manufactur-
er’s advertising on national brand name. Li et al. (2002) take the advertising ef-
fort on national brand name into the cooperative advertising model for a 
one-manufacturer-one-retailer supply chain. Chaab and Rasti-Barzoki (2016) 
studies the cooperative advertising and pricing in the Nash, Stackelberg retailer, 
Stackelberg manufacturer and cooperation games. Different to above literature, 
this paper studies the effect of the introduction of the OEM manufacturer’s pri-
vate brand. The OEM and the contract manufacturer invest on their own brand 
and they do not cooperative on advertising. However, because there is a positive 
effect of the advertising effort on the other brand, introducing a private brand by 
the OEM manufacturer can also benefit the OEM’s brand which has the same 
effect with cooperative advertising. 

2.3. Research Gap 

This research has several substantial differences with existing literature. First, 
this paper combines advertising effort with contract manufacturer’s encroach-
ment strategy for the first time. Second, different to dual-channel’s cooperative 
advertising, this paper assumes that there are two different brands. Each of them 
has a certain level of advertising effort. Third, this paper finds some counterin-
tuitive results which complement existing literature. When the substitution ef-
fect is sufficiently small, the introduction of the private brand slightly harms the 
benefit of the OEM. However, when the substitution effect is sufficiently large, 
the introduction of the private brand can significantly benefit the OEM. 

3. Basic Model 

This paper studies a supply chain consisting of a contract manufacturer and an 
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OEM (original equipment manufacturer). The contract manufacturer produces 
product for the OEM who sells to consumers. The OEM has a higher market 
power and acts as a leader in the supply chain. Advertising effort is an important 
factor influencing market demand and the OEM usually spends significant 
amount of expenditure on advertising to attract consumers.  

Recently, more and more contract manufacturers start to introduce their own 
private brands or factory brand (Chen et al., 2019), i.e., the contract manufac-
turers produce products and label them under their own brand names. Thus, the 
contract manufacturer has two strategies: PB (building a private brand) or NPB 
(not building a private brand). Under strategy PB, the contract manufacturer 
needs to decides the advertising effort ds  and the retail price of the private 
brand dp .  

The advertising effort of both members aim at stimulating sales of their prod-
ucts in the market. There are all kinds of advertisement in the market. For ex-
ample, TV, newspaper, magazine, contests, elevator advertisement, outdoor ad-
vertisement, online ads, implanted advertisement etc. (Kalra & Shi, 2010; Karray 
& Martín-Herrán, 2019). Hereafter, “she” denotes the contract manufacturer 
and “he” denotes the OEM. 

3.1. Basic Model under Strategy PB 

Under strategy PB, both the OEM’s brand and contract manufacturer’s private 
brand exist in the market. Because the contract manufacturer will take advan-
tages of her present technology and capacity, this paper assumes that the private 
brand produces substitutable products with the OEM’ brand. To characterize 
each brand’s demand function, this paper adopts a utility function of a repre-
sentative consumer introduced by Ingene & Parry (2004), which has been ap-
plied extensively in the field of marketing and operations management (Cai, 
2010; Chen et al., 2017). Based on the literature, the representative consumer’s 
utility is 

2 22 2d d d d d dU aD a D D D DD pD p Dθ= + − − − − −          (1) 

By maximization of the representative consumer surplus, the demand of the 
OEM’ brand and the contract manufacturer’s private brand are  

( ) ( )21PB
d dD a a p pθ θ θ= − − + −                 (2) 

( ) ( )21PB
d d dD a a p pθ θ θ= − − + −                 (3) 

where 0 da a s sα β= + + ; 0d d da a s sα β= + + . 
The expression 0 da a s sα β= + +  and 0d d da a s sα β= + +  represent the 

expanded base demand of the OEM’s brand and the contract manufacturer’s 
private brand. 0a  and 0da  are the baseline demand of each brand when they 
are not advertised. The baseline demand of each brand is increased by the adver-
tising effort. The sensitivity of one brand’s demand on its own advertising effort 
is α  and the sensitivity of one brand’s demand on another brand’s advertising 
effort is β . This assumption is derived from practice. For example, biyao.com 
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gathers a lot of contract manufacturers of well-known OEM brands, such as 
Nike, Adidas, Coach, Prada, etc. Those contract manufacturers label “the sup-
plier of (the name of the OEM’s brand)” on the product page. Thus, when the 
OEM advertises, more people will know about the OEM’s brand. However, part 
of it may seek to buy similar product from the contract manufacturer. When the 
contract manufacturer advertises with the label “The supplier of (the name of 
the OEM’s brand)”, more people will know about the OEM’s brand as well. The 
advertising on one brand has a positive effect on the other brand but this indi-
rect effect maybe weaker than the direct effect, i.e. β α< .  

Brand substitution is represented by the positive parameter ( )0,1θ ∈ . When 
0θ = , the brands are purely monopolistic; as θ  approaches 1, the brands 

converge to purely substitutable. The production costs of both brands are equal 
since the contract manufacturer produces two substitutable products (Spiegel, 
1993; Niu et al., 2015). By maximizing the representative consumer’s utility 
function, the demand functions can be derived as follow. 

The demand of the OEM’s brand is 

( ) ( ) ( ) ( )2
0 0 1PB

d d dD a a s s p pθ α βθ β αθ θ θ= − + − + − − + −      (4) 

The demand of the contract manufacturer’s private brand is 

( ) ( ) ( ) ( )2
0 0 1PB

d d d dD a a s s p pθ α βθ β αθ θ θ= − + − + − − + −      (5) 

The profit of the OEM under strategy PB is  
2 2PB PB

R mD sπ η= −                       (6) 

The profit of the contract manufacturer under strategy PB is  

( ) ( ) 2 2PB PB PB
M d d dw c D p c D sπ η= − + − −              (7) 

Above formulations assume that the advertising costs of both the OEM and 
the contract manufacturer are quadratic to represent increasing marginal costs 
of advertising which is commonly seen in literature (De Giovanni, 2011; Zhang, 
et al., 2013; Chen, et al., 2017; Xiao, et al., 2020).  

The time sequence is as follows. The OEM determines the profit margin m 
and advertising effort s simultaneously. The contract manufacturer determines 
the wholesale price w, advertising effort ds  and retail price of the private brand 

dp . This time sequence is not uncommon in practice. Many OEM such as Nike 
and Adidas have higher market power in the value chain than the contract man-
ufacturer and can move first as a leader (Edirisinghe & Shi, 2011; Pan, et al., 
2010). The contract manufacturer usually acts as a follower.  

3.2. Basic Model under Strategy NPB 

Under strategy NPB, the contract manufacturer determines not to introduce a 
private brand and concentrates on producing product for the OEM. Since

0dD = , Equation (1) can be simplified as follows. 
2 2NPBU aD D pD= − −                     (8) 
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By maximization of the representative consumer surplus, NPBD a p= −  can 
be obtained, where 0a a sα= + . Then the final demand function of the OEM is 
as follows. 

0
NPBD a p sα= − +                        (9) 

Under strategy NPB, the profit of the OEM is  
2 2NPB NPB

R mD sπ η= −                     (10) 

Under strategy NPB, the profit of the contract manufacturer is 

( )NPB NPB
M w c Dπ = −                      (11) 

4. Equilibrium Analysis 
4.1. Equilibrium Analysis under Strategy PB 

In this section, Backward induction is used to solve the game under strategy PB. 
Proposition 1 is derived as follows.  

Proposition 1. Under strategy PB, if  

( ){ }2 2 2 2max 2 2 1 , 2η α β αβθ θ α > + − −   and 0T < , the equilibrium re-
sults are as follows. The optimal profit margin and advertising effort of the OEM  

are ( ) ( ){ }2 2 2 2
02 2 2 2 1PBm K a Tη α η α β αβθ η θ∗    = − − + − − −     and  

( ) ( ){ }3 2 2
02 2 2PBs K a Tα α β η βηθ α η∗    = − + + − −    , respectively. The  

wholesale price, retailer price and the advertising effort of the contract manu-
facturer are ( ),PB PBw m s∗ ∗ , ( ),PB PB

dp m s∗ ∗  and ( ),PB PB
ds m s∗ ∗ , respectively,  

Where 

( ) ( ){ }2 2 2
0, 2 2 1 2w m s a c m s Aα β α β αβθ η θ = + − + + + − − −  , 

( ) ( ){ }2 2 2
0, 2 2 1 2d dp m s a c s Aβ α α β αβθ η θ = + + + + − − −  , 

( ) ( )2 2 2, 2 2 1ds m s A α β αβθ η θ = + − − −  , 

( ) ( )( )
( ) ( )

0

2
0 0

2 1

,d

A m a s c

a m s s a

α β α β θ

α α β θ βθ α

= − − + + −

 + − + + + − 
 

( ) ( ) ( )02 1 2dK c aα α β η θ αβ ηθ= − − − + −    

and 

( ) ( )
( ) ( ) ( )

6 4 2 3 2

2 4 2 2 2 2 2 2

2 4 12 4 6

4 5 2 4 2 4 1 .

T α α β η α βηθ αβη β η θ

α β η θ η β θ η θ

= − + + − +

   + + − + + − −   
 

Proof: It’s a two-stage game. Backward induction is used to solve this game. 
We start by stage 2. The contract manufacturer’s problem in stage 2 is given by  

( ) ( ) ( ) 2max , , 2PB PB PB
M d d d d dw p s w c D p c D sπ η= − + − −  

where PBD  is given by (4) and PB
dD  is given by (5).  

The Hessian matrix of PB
Mπ  over ( ), ,d dw p s  is  
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( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2 2 2

2 2 2

2 2

2 1 2 1 1

2 1 2 1 1

1 1

θ θ θ β αθ θ

θ θ θ α βθ θ

β αθ θ α βθ θ η

 − − − − −
 
 = − − − − −
 
 − − − − − 

H  

Because ( )22 1 0θ− − < , 
2 2

2

2 2

2 2
41 1 0

2 2 1
1 1

θ
θ θ
θ θ
θ θ

−
− − = >

−
−

− −

, and  

( ) ( )22 2 2 22 2 2 1 1α β αβθ η θ θ = + − − − − H , as long as 0<H , PB
Mπ  is a 

concave function of ( ), ,d dw p s , i.e. ( ) ( )2 2 22 2 1η α β αβθ θ > + − −  . 

Solving the first-order condition over ( ), ,d dw p s , the reaction functions of 
the OEM are obtained as follows.  

( ) ( ){ }2 2 2
0, 2 2 1 2w m s a c m s Aα β α β αβθ η θ = + − + + + − − −  , 

( ) ( ){ }2 2 2
0, 2 2 1 2d dp m s a c s Aβ α α β αβθ η θ = + + + + − − −  ,  

( ) ( )2 2 2, 2 2 1ds m s A α β αβθ η θ = + − − −  ,  

where  

( ) ( )( )
( ) ( )

0

2
0 0

2 1

.d

A m a s c

a m s s a

α β α β θ

α α β θ βθ α

= − − + + −

 + − + + + − 
 

Inserting ( ),w m s , ( ),dp m s  and ( ),ds m s  into the OEM’s profit function, 
the problem of the OEM can be derived as 

( ) 2

,
max , 2PB PB

Rm s
m s mD sπ η= − . 

We can derive 

( ) ( ) ( )2 2 2 2 2 2, 2 2 2 1PB
R m s mπ η α α β αβθ η θ ∂ ∂ = − + − − −   

and  

( ) ( ) ( )

( )

22 2

2 2

22 2 2

, , ,

,
4 2 2 1

PB PB PB
R R Rm s m s m s

m s m s

T

π π π

α β αβθ η θ

 ∂ ∂ ∂
⋅ −   ∂ ∂ ∂ ∂ 

= −
 + − − − 

 

where  

( ) ( )
( ) ( ) ( )

6 4 2 3 2

2 4 2 2 2 2 2 2

2 4 12 4 6

4 5 2 4 2 4 1 .

T α α β η α βηθ αβη β η θ

α β η θ η β θ η θ

= − + + − +

   + + − + + − −   
 

Because ( )2 2 22 2 1 0α β αβθ η θ+ − − − < , thus, if 2 2η α> , and 0T < ,
( ),PB

R m sπ  is a concave function over ( ),m s . By solving the first-order condi-
tion, we can get the optimal decisions of the OEM as follows.  

( )2 2 22 2 2 1PBm K Tη α β αβθ η θ∗  = + − − −   
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( )3 2 2 2PBs K Tα α β η βηθ∗  = − + +   

where ( ) ( ) ( ) ( )2
0 02 1 2 2dK c a aα α β η θ αβ ηθ α η= − − − + − − −   . 

Finally, the optimal decisions of the contract manufacturer can be obtained. 
In conclusion, ( ){ }2 2 2 2max 2 2 1 , 2η α β αβθ θ α > + − −   and 0T <  are 

conditions ensuring concavity and positivity of the equilibrium.  
Proposition 1 gives the equilibrium of the game under strategy PB. The condi-

tion ( ){ }2 2 2 2max 2 2 1 , 2η α β αβθ θ α > + − −   and 0T <  ensures the con-
cavity and positivity of the solution. Note that T has no specific meaning, which 
are just used to denote a complex equation.  

4.2. Equilibrium Analysis under Strategy NPB 

By using backward induction, the equilibrium decisions under strategy NPB can 
be derived as follows. 

Proposition 2. Under strategy NPB, if 2 4η α>  and 0a c> , the profit mar-
gin and advertising effort of the OEM are ( ) ( )2

02 4NPBm a cη η α∗ = − −  and 
( ) ( )2

0 4NPBs a cα η α∗ = − − , respectively. The wholesale price of the contract 
manufacturer is ( ) ( )2 2

0 3 4NPBw a c cη α η α∗  = + − −  . The profits of the OEM 
and the contract manufacturer are ( ) ( )2 2

0 2 4NPB
R a cπ η η α∗  = − −   and 

( ) ( ) 22
0 4NPB

M a cπ η η α∗  = − −  , respectively.  
Proof: It’s a two-stage game. Firstly, we consider the contract manufacturer’s 

problem in the second stage given by 

( )max NPB NPB
Mw

w c Dπ = −  

where NPBD  is given by Equation (10).  
Because 2 2d d 2 0NPB

M wπ = − < , NPB
mπ  is a concave function of w. By solving 

the first-order condition, the optimal reaction function of the contract manu-
facturer is 

( ) ( )0, 2w m s a c m sα= + − +  

Inserting ( ),w m s  into the OEM’s profit function, the OEM’s problem is de-
rived as 

( ) 2

,
max , 2NPB NPB

Rm s
m s mD sπ η= −  

Because ( )2 2, 1 0NPB
R m s mπ∂ ∂ = − < , and  

( ) ( ) ( )
22 2 2

2
2 2

, , ,
4

NPB NPB NPB
R R Rm s m s m s

m s m s
π π π

η α
 ∂ ∂ ∂

⋅ − = −  ∂ ∂ ∂ ∂ 
, ( )NPB

R sπ  is a con-

cave function over ( ),m s  iff 2 4η α> . 

By solving the first-order conditions as follows, the optimal decisions of the 
OEM can be derived. The optimal profit margin and the optimal advertising of 
the OEM are derived as follows. ( ) ( )2

02 4NPBm a cη η α∗ = − −   ,  
( ) ( )2

0 4NPBs a cα η α∗ = − −   .  
Inserting NPBm ∗  and NPBs ∗  into ( ) ( )0 2w s a c m sα= + − + , the optimal 
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wholesale price of the contract manufacturer can be derived as  
( ) ( )2 2

0 3 4NPBw a c cη α η α∗  = + − −  . 
2 4η α>  is the condition ensuring concavity, and 0a c>  ensures positive 

profit margin and advertising effort.  
In Proposition 2, the condition 2 4η α>  ensures the concavity of the prob-

lem. The condition 0a c>  ensures the positivity of the results. The profit mar-
gin increases with the baseline demand and the sensitivity of one brand’s de-
mand on its own advertising effort, and decreases with the production cost. Be-
cause ( ) ( )22 2

02 4 0NPBm a cη α α η∗  ∂ ∂ = − − − <  
, the profit margin decreases 

with the coefficient of advertising effort cost η . The advertising effort of the 
OEM increases with the baseline demand 0a  and decreases with the produc-
tion cost c and the coefficient of advertising effort cost η . Because  

( )( ) ( )22 2
0 4 4 0NPBs a cα α η α η∗  ∂ ∂ = − + − >  

, the advertising effort of the  

OEM increases with the sensitivity of one brand’s demand on its own advertising 
effort α .  

The management insight here is that the cost has a negative effect on profit 
margin and the advertising effort, whereas the baseline demand and the sensitiv-
ity of one brand’s demand on its own advertising effort has a positive effect.  

4.3. The Encroachment Strategy of the Contract Manufacturer 

Because the analytic results under strategy PB are complicated, it is impossible to 
compare the results under strategy PB and strategy NPB directly. Thus, numeri-
cal examples are used in this section to illustrate the results. The default values of 
parameters are 0 0100; 50; 0.1; 40; 30; 0.6da a cβ η α= = = = = = . The values of 
parameters ensure that the concavity and positivity conditions are all satisfied. 
Then following figures are obtained. 

From Figure 1, the profit margin of the OEM is lower under strategy PB than 
that under strategy NPB. That is, the introduction of contract manufacturer’s 
private brand lowers the profit margin of the OEM. This result may be intuitive. 
The higher the substitution effect, the lower the profit margin. From Figure 2, 
when the substitution effect is sufficiently low, the advertising effort of the OEM  
 

 
Figure 1. Profit margin of the OEM versus the substitution effect under two strategies. 
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Figure 2. Advertising effort of the OEM versus the substitution effect 
under two strategies. 

 

 
Figure 3. Wholesale price of the contract manufacturer versus the subs-
titution effect under two strategies. 

 
under strategy NPB is higher than that under strategy PB. However, when the 
substitution effect is sufficiently large, the OEM will enhance the advertising ef-
fort significantly under strategy PB. That is, the substitution effect has a great 
impact on the OEM’s advertising effort. From Figure 3, the wholesale price of 
the contract manufacturer under strategy PB is higher than that under strategy 
NPB. The contract manufacturer will enhance the wholesale price when a private 
brand is introduced. Figure 4 shows that the profit of the contract manufacturer 
under strategy PB is higher than that under strategy NPB. Especially when subs-
titution effect increases, the increase in profit is significant. Introducing a private 
brand is always better for the contract manufacturer when the contract manu-
facturer also invests on advertising effort. Figure 5 show that the introduction of 
the contract manufacturer’s private brand is not always bad for the OEM. When 
the substitution effect is sufficiently high, the profit of the OEM under strategy 
PB is higher than that of strategy NPB. That is, introducing a private brand of 
the contract manufacturer will increase the profit of the OEM. Figure 6 shows 
that the introduction of the contract manufacturer’s private brand is beneficial 
for the whole supply chain. Especially when the substitution effect is sufficiently 
high, the profit of the channel under strategy PB is much higher than that  
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Figure 4. Profit of the contract manufacturer versus the substitution effect 
under two strategies. 

 

 
Figure 5. Profit of the OEM versus the substitution effect under two strategies. 

 

 
Figure 6. Profit of the whole channel versus the substitution effect under two strategies. 
 
of strategy NPB. That is, introducing a private brand of the contract manufac-
turer will increase the profit of the whole channel if the substitution effect is suf-
ficiently high.  

It can be concluded that the OEM manufacturer’s encroachment is bad for the 
OEM when the substitution effect is sufficiently low. However, when the substi-
tution effect is sufficiently large, the contract manufacturer’s encroachment is 
beneficial for the OEM. The result is counterintuitive because people may think 
that introducing a private brand by the contract manufacturer would always be 
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bad for the OEM. The reason may be that when the substitution effect is suffi-
ciently high, the introduction of the contract manufacturer’s private brand will 
have a positive effect on the OEM’s demand because the advertising effort of the 
private brand can enhance the demand of the OEM’s brand. The encroachment 
of the contract manufacturer is good for the contract manufacturer and the 
whole channel. 

5. Conclusion 

This paper studies a supply chain consisting of a contract manufacturer and an 
OEM, where the contract manufacturer produces products according to the spe-
cification of the OEM. The OEM has a higher market power in the channel and 
moves first in the supply chain. The contract manufacturer has a chance to build 
her own private brand. This paper investigates the effects of the contract manu-
facturer’s encroachment on the members of the supply chain. Firstly, the equili-
briums under strategy NPB and PB are derived, respectively. Analytic results are 
obtained. Then numerical examples are used to illustrate the effect of the con-
tract manufacturer’s encroachment. The results show that the introduction of 
the private brand decreases the profit margin of the OEM and increases the 
wholesale price. When the substitution effect is sufficiently small, the encroach-
ment of the contract manufacturer slightly harms the benefit of the OEM. How-
ever, when the substitution effect is sufficiently large, the encroachment of the 
contract manufacturer can significantly benefit the OEM. The management in-
sight is that: For the contract manufacturer, it is better to introduce a highly 
substitutable brand with the OEM’s brand. This can significantly benefit both 
the contract manufacturer and the OEM. The reason may be that the advertising 
effort of one brand has a positive effect on the demand of competing brand. 
There are certain directions for future research. Firstly, the problem can be stu-
died in a competitive environment. Secondly, real data may be used to justify the 
results.  
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