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Abstract
We study the effects of downstream entry in a vertical mixed oligopoly where a pri-
vatized upstream firm supplies a common input to asymmetric downstream firms via 
(i) uniform pricing and (ii) discriminatory pricing. We show that under price dis-
crimination, downstream entry benefits consumers and most likely improves social 
welfare but hurts incumbent firms as commonly believed, regardless of the effi-
ciency of entrants. However, under uniform pricing, if the upstream firm is highly 
nationalized, inefficient entry may reduce industry output (consumer surplus) and 
social welfare when entrants are very inefficient. Further, the entry of inefficient 
firms may raise both the industry output and the profits of all incumbent firms when 
the upstream firm is highly privatized. Importantly, we also find that banning price 
discrimination reduces social welfare when the upstream firm is highly nationalized. 
The mechanism behind the above results is related to the pricing behavior of the 
upstream firm, which is affected by the degree of privatization. This mechanism has 
not been discovered in the literature. Hence, the competition authorities should pay 
attention to particular features of industries to design proper policies.

Keywords  Downstream entry · Upstream privatization · Profit-raising · Consumers-
hurting · Welfare

JEL Classification  D43 · L11 · L13 · H21

1  Introduction

In imperfectly competitive markets, entry of new firms will affect the best responses 
of incumbent firms and then change the outcomes of market competition. It is gen-
erally believed that entry of new firms benefits consumers and the society at the 
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expense of incumbent firms. However, this view has been questioned in the litera-
ture under different frameworks, which provide different reasons for profit-raising 
and (or) consumers-hurting entry in both horizontal (Wang and Mukherjee 2012; 
Mukherjee and Zhao 2017; Brito and Lopes 2022; etc) and vertical markets (Tyagi 
1999; Mukherjee et  al., 2019; etc). But none of the theoretical research has been 
devoted to vertical industries with public or privatized firms in the upstream mar-
ket, and thus the profit and welfare effects of entry in such industries are not well 
understood.

This paper takes the first step to study the profit and welfare effects of entry in a 
vertical market with a privatized upstream firm and asymmetric downstream firms. 
The upstream firm provides an intermediate product for downstream firms to pro-
duce the final goods. One may also consider the upstream firm as a patent holder 
who owns a patent to manufacture the final goods and licenses it to downstream 
firms. It is quite common to observe such market structures worldwide, especially 
in planned and transitional economies such as China, Vietnam, and Russia, etc.1 As 
in the literature, we focus on entry in the final goods market. The asymmetry in 
the downstream market allows us to look at two different scenarios with either effi-
cient or inefficient entrant firms. Further, we allow the upstream monopolist to adopt 
either uniform pricing or price discrimination. Then we can see how the pricing 
scheme in the input market affects the outcomes of market competition. Our main 
findings are summarized as follows.

Under uniform pricing, we show that entry of efficient firms increases both 
consumer surplus and social welfare, but hurts incumbents as commonly believed. 
However, entry of inefficient firms may generate different results. To understand 
it, we need to understand the effects of entry on market competition. First, entry 
intensifies downstream competition, and creates a business-stealing effect, which 
benefits consumers but hurts the incumbents. Second, entry generates a produc-
tion-distribution effect, which increases (reduces) production efficiency when 
entrants are efficient (inefficient). Third, entry affects the input price charged by 
the upstream firm, creating an input price effect which in turn changes the prod-
uct decisions of downstream firms. When the upstream firm is highly privatized, 
entry of inefficient firms may induce the upstream firm to reduce the input price, 
called the input price-reducing effect. The reduced input price mitigates the dou-
ble marginalization problem and motivates downstream firms to increase produc-
tion, leading to higher profits for all incumbents when entrants are sufficiently 
inefficient (i.e., the profit-raising entry). When the upstream firm is highly nation-
alized, the input price will be significantly increased in equilibrium to correct 

1  For examples, Yantai Tayho Advanced Materials Co., Ltd, familiar to us as a partial privatized firm 
and the first one that realizes the industrialization of para-aramid in China, owns a new patent on para-
aramid to chemicals lithium battery diaphragm. This patented technology is used in the downstream 
cell phone manufacturing industry. Another example is Yangtze memory technologies co., ltd (YMTC), 
which is a public firm in China and produces China’s first 128-layer and 192-layer 3D NAND flash mem-
ories. Its self-dependent NAND flash memories are widely used in downstream industries that manufac-
ture cell phones and computers, etc. In Europe, Renault S.A. is a highly privatized firm since the privati-
zation starting from 1996. It owns a patent to recharge the battery of a hybrid electric vehicle, which is 
widely applied in the downstream market.
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the inefficient production distribution, which reduces industry output (called the 
consumers-hurting entry) and social welfare under certain conditions. Thus, the 
competition authorities should pay attention to downstream entry in such market 
structures.

Under price discrimination, an increase in the number of downstream firms, 
regardless of their marginal costs, always benefits consumers and hurts incumbents. 
That is, we do not have the results of consumers-hurting entry and profit-raising 
entry. The major difference between the two pricing schemes is that the upstream 
firm charges a higher (lower) price to inefficient (efficient) firms under price dis-
crimination when it is highly nationalized, which reduces the production ineffi-
ciency. As a result, entry of inefficient firms will not result in a significant input 
price increase as that under uniform pricing. Hence, the industry output and con-
sumer surplus increase as market competition intensifies. Further, downstream entry 
on one hand increases market competition, and on the other hand, leads to higher 
input prices. Both are undesirable to downstream firms.

We also conduct a comparison between uniform pricing and price discrimina-
tion. We find that price discrimination improves social welfare when the upstream 
firm concerns more on social welfare than its own profit, i.e., highly nationalized. 
In this case, the upstream firm charges a higher (lower) price to inefficient (efficient) 
producers, which improves production efficiency and benefits social welfare. Thus, 
it is not a desirable policy to ban price discrimination in industries where upstream 
firms are more nationalized. However, when upstream firms are more privatized, 
the standard welfare ranking continues to hold. Thus, the degree of privatization is 
important to the welfare ranking. This view is new in the literature and worth our 
greatest attention.

Our paper contains several contributions to the literature. First, we introduce a 
privatized firm in the upstream market to see how upstream privatization affects 
market outcomes of entry. With asymmetric firms in the downstream market, we 
show that the upstream supplier’s input pricing critically depends on the degree 
of privatization and the efficiency of entrant firms, which therefore leads to differ-
ent market outcomes. Based on our setting, we provide another explanation for the 
results of consumers-hurting entry and profit-raising entry. Second, we conduct our 
analysis under two input pricing schemes: uniform pricing and price discrimina-
tion. Under price discrimination, we demonstrate that the upstream supplier always 
increases input price in equilibrium. So the input price-reducing effect disappears 
under price discrimination. Our finding indicates that the pricing scheme is also 
very critical for the results of either consumers-hurting or profit-raising entry in our 
framework. Third, we show that under price discrimination, the upstream supplier 
charges a higher (lower) price to inefficient (efficient) producers when it is highly 
nationalized, which improves production efficiency and benefits social welfare. We 
then provide another explanation for why (i) the larger firms may receive a price dis-
count, and (ii) banning price discrimination may hurt social welfare.

Our results generate important policy implications. First, it is commonly observed 
that governments in many countries take actions to foster or deter entry into par-
ticular industries. Our analysis indicates that encouraging firm entry is often a good 
policy which benefits consumers and the society, especially when the upstream 
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firms are allowed to implement price discrimination. However, if the upstream 
firms are highly nationalized and price discrimination is banned, entry of very inef-
ficient firms may reduce industry output and consumer surplus.2 This result should 
be known to the competition authorities. Second, our findings suggest that banning 
price discrimination reduces social welfare when the upstream firms are highly 
nationalized. Hence, corresponding policies should be made according to particu-
lar features of industries. Last, we highlight that entry of inefficient firms may raise 
both the industry output and the profits of all incumbent firms when the upstream 
firm is highly privatized.3 Accordingly, technology spillovers and transfers should 
be encouraged and supported in this case.

After the literature review, the rest of the paper is organized as follows: Section 3 
describes the basic model with uniform input pricing and presents the analysis. Sec-
tion 4 expands the analysis to price discrimination and conducts the comparisons 
between the two schemes. Section 5 concludes the paper.

2 � Literature review

The profit and welfare effects of entry have received great attention for decades. It is 
usually believed that higher competition, implying more active firms, benefits con-
sumers and social welfare, but hurts incumbent firms. However, this view has been 
questioned by researchers under different frameworks.

In a horizontal market with the presence of a public firm, Wang and Mukherjee 
(2012) demonstrate that entry of private firms, which act as Stackelberg followers, 
increases the public firm’s profit and social welfare at the expense of consumers. 
Further, considering foreign ownership in private firms, Wang and Lee (2013) show 
that the results of Wang and Mukherjee (2012) continue to hold when the foreign 
shareholding ratio is low. When firms are asymmetric in costs, Mukherjee and Zhao 
(2017) show that entry of the most inefficient entrant may benefit (hurt) the cost-effi-
cient incumbents (inefficient ones) and raise industry output. In a mixed oligopoly 
with endogenous privatization, Haraguchi and Matsumura (2021) show that entry of 
private firms may affect the privatization policy, and thus, the effect on the private 
firms’ profits is ambiguous. But with exogenous privatization, entry hurts the private 
firms. In a Cournot-Bertrand game, Brito and Lopes (2022) show that, when there is 
a single price setter and multiple quantity setters, entry of a price setter benefits the 

2  That is, driving the most inefficient firms out of market benefits consumers. In the last decades, the 
Chinese government launched a competition policy to eliminate outdated industrial capacity. Over ten 
years, the government legally shut down a large number of very inefficient firms in sectors such as power, 
coal, steel, cement, etc. Firms in the upstream markets are usually highly nationalized. Our theoretical 
results support this policy.
3  In developing countries, the governments actively encourage enterprises to enter the markets and con-
tinue to provide support to micro and small enterprises (MSEs) in certain industries. For example, the 
Chinese government actively encourages small private factories to enter the retail and manufacturing 
industries. The upstream firms in these industries are usually highly privatized. The government also 
establishes and improves mechanisms for technology transfer, which induces potential entrants to enter 
the market.
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Bertand-type incumbent, but hurts the Cournot-type incumbents if product differ-
entiation is sufficiently small. Several other papers consider endogenous taxation to 
show the adverse effect of competition on consumers. Dinda and Mukherhee (2014) 
find that entry of inefficient (efficient) firms hurts (benefits) consumers in the case 
of strategic unit taxation. However, in the case of ad valorem taxation, Wang et al. 
(2019a) find that entry of efficient firms unexpectedly hurts consumers when the 
cost advantage of efficient firms is large. Further, Wang et al. (2019b) propose an 
asymmetric Stackelberg model to study undesirable competition under both unit and 
ad valorem taxation.

Another strand of literature studies profit-raising and (or) consumers-hurting 
entry in vertical markets. With an upstream private monopoly, Tyagi (1999) shows 
that the effects of downstream entry depend on the demand elasticity which affects 
the variation of input price. Entry reduces the industry output and raises each incum-
bent’s profit if the demand function is sufficiently convex. But the two effects, profit-
raising and consumers-hurting, disappear in the case of linear demand because the 
optimal input price is invariant to entry. In a successive Cournot oligopoly, Mukher-
jee et al. (2009) find that entry of an inefficient entrant may increase the profits of 
efficient incumbents when the cost difference is large. Further, they show that this 
kind of entry may hurt social welfare when the input market is not very concen-
trated. With free entry in the input market, Mukherjee (2019) finds that entry in the 
final goods market increases incumbents’ profits if the final goods are sufficiently 
differentiated. Nariu et al. (2021) assume that manufacturers assemble components 
provided by their own independent suppliers and show that if initially the number 
of manufacturers is sufficiently small and the number of components is sufficiently 
large, entry can increase every firm’s profit and benefit consumers.

We contribute to the above literature by introducing a privatized firm in the 
upstream market and cost asymmetry in the downstream market. Further, we con-
sider both uniform input pricing and price discrimination. With exogenous privati-
zation, we show that downstream entry may raise the incumbents’ profits, but hurt 
both consumers and the society under certain conditions. The privatization of the 
upstream firm plays a critical role in our results. Thus, the mechanisms behind the 
profit-raising and (or) consumers-hurting entry are different in our paper, which 
have never been discovered in the literature.

Our paper is also related to the literature which discusses how price discrimina-
tion influences market behavior and social welfare to assess whether banning price 
discrimination in input markets constitutes a desirable course of policy. The prevail-
ing view on price discrimination is that the input supplier charges a higher (lower) 
price to efficient (inefficient) producers (Katz 1987; DeGraba 1990; and Yoshida 
2000), which partially offsets the cost advantage and thus shifts production ineffi-
ciently. With linear demand and cost in final goods markets and linear wholesale 
contracts in input markets, price discrimination reduces social welfare in compari-
son to uniform pricing. The following literature refutes these arguments in differ-
ent frameworks with the consideration of two-part tariff contracts (Inderst and Shaf-
fer 2009), demand-side substitution (Inderst and Valletti 2009), different timing of 
investments (Li 2013), sequential contracting (Kim and Sim 2015), a broader class 
of demand functions (Li 2014), quality differentiation (Chen 2017), and increasing 
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marginal costs (Chen 2022), etc. In all the above literature, the upstream monop-
olist is a private firm which strategically determines input prices to maximize its 
profit. The main deviation from the literature is that we consider a mixed oligopoly 
in which the upstream firm is a partially privatized firm, while all other settings are 
standard. Thus, in this paper, we focus on a new factor that has attracted relatively 
less attention, i.e., the degree of upstream privatization, and provide an alternative 
explanation for (i) why efficient firms (i.e., larger firms) may receive a discount in 
input markets as commonly observed, and (ii) why banning price discrimination 
may not always be desirable to social welfare.

3 � The model and the analysis

3.1 � The model setting

We consider a vertically related market where an upstream supplier provides homo-
geneous input goods to n ≥ 1 symmetric efficient firms and m ≥ 1 identical ineffi-
cient firms. The upstream supplier is a privatized firm with � ∈ [0, 1] representing 
the degree of privatization. The presence of privatized firms in upstream markets is 
commonly observed in practice.4 We assume that the upstream firm incurs a con-
stant marginal production cost, which is normalized to zero, to produce input goods.

Each downstream firm purchases input goods from the supplier at a whole-
sale price w, and transforms one unit of input to one unit of output. The constant 
marginal cost of efficient and inefficient firms are respectively zero and c, where 
0 < c < 1 . All downstream firms compete in the Cournot mode with homogeneous 
products. The inverse market demand function is p = 1 − Q , where p is the price, 
and Q =

∑m

i=1
qi +

∑n

j=1
qj is industry output. We use subscript i and j to denote inef-

ficient and efficient firms, respectively. Downstream firms’ profits are given by

We propose a two-stage game. In stage 1, the upstream supplier determines the price 
of input goods to maximize its objective, which is a convex combination of its own 
profit, �0 , and social welfare, SW, following Matsumura (1998), i.e.,

(1)
�i = (p(Q) − c − w)qi, for i = 1, 2,… ,m;

�j = (p(Q) − w)qj, for j = 1, 2,… , n.

(2)Ω = ��0 + (1 − �)SW,

4  Since the world-wide wave of economic liberalization in the 1980s, many public firms have been fully 
or partially privatized. In planned and transitional economies such as China, Vietnam, and Russia, the 
presence of partially privatized firms is further significant, which usually exist in the upstream mar-
kets, controlling industries such as transportation, telecommunications, power generation, finance, min-
ing, steel, manufacturing and energy industries. We consider an exogenously given privatization in our 
model, and briefly discuss the situation of an endogenously determined privatization in the Concluding 
Remarks.
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where �0 = wQ and SW =
∑m

i=1
�i +

∑n

j=1
�j + �0 + CS , where CS = Q2∕2 denotes 

consumer surplus. In stage 2, the downstream firms compete in a Cournot mode to 
maximize individual profits. As usual, the game is solved by backward induction.

3.2 � The analysis and results

In the second stage, given the input price w, the downstream firms determine their 
quantities to maximize profits in (1). The n + m first-order conditions are

where i = 1, 2,… ,m , and j = 1, 2,… , n. The second-order conditions are satisfied. 
Solving the first-order conditions leads to

We assume that all firms are active in equilibrium. The industry output and the price 
are

Lemma 1  In the second stage, the equilibrium quantities have the following 
properties: 

	 (i)	 𝜕qi∕𝜕w = 𝜕qj∕𝜕w < 0 , and 𝜕Q∕𝜕w < 0;
	 (ii)	 𝜕qi∕𝜕m = 𝜕qj∕𝜕m < 0 , 𝜕mqi∕𝜕m > 0 , 𝜕nqj∕𝜕m < 0 , and 𝜕Q∕𝜕m > 0;
	 (iii)	 𝜕qi∕𝜕n = 𝜕qj∕𝜕n < 0 , 𝜕mqi∕𝜕n < 0 , 𝜕nqj∕𝜕n > 0 , and 𝜕Q∕𝜕n > 0.

The results in Lemma 1 are very straightforward. The production of each down-
stream firm depends negatively on the input price, which leads to a reduction in 
industry output as the input price increases. Further, entry of new firms steals busi-
ness from incumbents (called the business-stealing effect of entry), but the indus-
try output increases as competition increases (called the output-expansion effect of 
entry). Note that the entry of efficient (inefficient) firms also generates a production-
distribution effect by increasing the total production of efficient (inefficient) firms 
and reducing that of inefficient (efficient) firms. Hence, indicated by Lemma 1(ii)-
(iii), entry of new firms, regardless of their marginal cost, makes the consumers bet-
ter off and each incumbent firm worse off when the input price is exogenously given. 
This result is well-known in the literature.

Further, it follows that

(3)��i∕�qi = 1 − Q − c − qi − w = 0, and ��j∕�qj = 1 − Q − qj − w = 0,

(4)qi =
1 − c − cn − w

1 + m + n
, and qj =

1 + cm − w

1 + m + n
.

(5)Q =
n − nw + m(1 − c − w)

1 + m + n
, and p =

1 + cm + mw + nw

1 + m + n
.
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which indicates that the market share of inefficient firms decreases with w while that 
of efficient firms increases with w. The market production efficiency increases as a 
result of the desirable change in market share.

Next, we solve the first stage of the game, where the upstream supplier deter-
mines the input price w to maximize its objective function in (2). The first-order 
condition is given by

The second-order condition is satisfied.5 Solving the first-order condition leads to 
the equilibrium input price as

Incorporating (6) into (4) and (5) leads to

We further assume that

under which all firms are active in equilibrium. This assumption is adopted to guar-
antee that inefficient firms will not be driven out of the market because of low effi-
ciency. We then have the following results regarding the equilibrium input price.

Lemma 2  In equilibrium, 

	 (i)	 𝜕w∗∕𝜕𝜃 > 0 ; further, w∗ > 0 when 𝜃 > 1∕(2 + m + n) ; otherwise, w∗ < 0;
	 (ii)	 𝜕w∗∕𝜕m < 0 when 𝜃 > 1∕2 and cw < c < c̄ ; otherwise, 𝜕w∗∕𝜕m > 0 when 

𝜃 < 1∕2 or 𝜃 > 1∕2 and 0 < c < cw;
	 (iii)	 𝜕w∗∕𝜕n > 0 ; where 

𝜕(mqi∕Q)

𝜕w
= −

cmn(m + n + 1)

(m(1 − c − w) + n(1 − w))2
< 0,

�Ω

�w
= −

(1 − c)m + n + (m + n)2w − (2 + m + n)(n(1 − w) + m(1 − c − w))�

(1 + m + n)2
= 0.

(6)w∗ =
((1 − c)m + n)((2 + m + n)� − 1)

(m + n)(m + n + (2 + m + n)�)
.

(7)q∗
i
=

m(1 − c(1 + n + n�)) + n(1 − c(n + 2� + n�))

(m + n)(m + n + (2 + m + n)�)
;

(8)q∗
j
=

n + m(1 + c(m + n + (2 + m + n)� − 1))

(m + n)(m + n + (2 + m + n)�)
;

(9)and Q∗ =
m − cm + n

m + n + (2 + m + n)�
.

0 < c <
m + n

m(1 + n + n𝜃) + n(n + 2𝜃 + n𝜃)
≡ c̄,

5  We have 𝜕2Ω∕𝜕w2 = −(m + n)(m + n + 2𝜃 + m𝜃 + n𝜃)∕(1 + m + n)2 < 0.
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Lemma 2(i) implies that a higher degree of privatization raises the input price. 
The intuitions are straightforward. As the degree of privatization increases, the 
upstream supplier puts more weights on its own profit, thereby increasing the input 
price. Further, this input price is negative when the degree of privatization is low 
and positive otherwise. That is, the upstream supplier may provide production sub-
sidies for downstream firms when the degree of privatization is sufficiently low, i.e., 
𝜃 < 1∕(2 + m + n).

In general, the upstream supplier tends to raise the input price as the num-
ber of downstream firms increases because higher competition increases the total 
input demand. However, our result in Lemma 2(ii) shows that entry of inefficient 
firms may surprisingly reduce the equilibrium input price (see Region II and III in 
Fig.  1).6 The reason for this result is as follows: Increasing w improves the mar-
ket share of efficient firms, thereby creating production efficiency which is desir-
able for social welfare. But meanwhile, it harms market competition by enhancing 
the competitive advantage of efficient firms, and therefore, could probably hurt the 
profitability of the input supplier especially with inefficient entrants. The loss in 
profit to the input supplier becomes more serious when the inefficient entrants are 
sufficiently inefficient. As a result, if the input supplier is more concerned with its 
own profit, it tends to reduce the input price to benefit the increasing number of 
inefficient firms and encourage downstream competition when the inefficient firms 

cw =
(m + n)2(1 − �)

n(2 + m + n)2�2 +
(
(m + n)

(
m(n − 1) + n + n2

)
− 2n

)
� + m2 − n2

.

6  The literature provides several reasons for the input price reduction caused by downstream entry, 
which may raise the profits of incumbent firms. Detailed discussions can be found after Proposition 3.

Fig. 1   Consumers-hurting entry (Region I) and profit-raising entry (Region II)
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are very inefficient, i.e., cw < c < c̄.7 Further, it can be shown that 𝜕cw∕𝜕𝜃 < 0 
with cw|�=1∕2 = 2∕(2 + 3n) , and cw|�=1 = 0 , which indicates that an increase in � 
increases the likelihood of input price-reducing entry.

The consumer surplus in equilibrium is CS∗ = (Q∗)2∕2 . Then, 
�CS∗∕�m = Q∗�Q∗∕�m , and �CS∗∕�n = Q∗�Q∗∕�n . We summarize the effects of 
downstream entry on consumer surplus in the following proposition.

Proposition 1  In a vertical mixed oligopoly with entry in the downstream market, 

	 (i)	 an increase in the number of inefficient firms, m , reduces consumer surplus 
when 𝜃 < 1∕2 and cq < c < c̄ , where cq = 2�∕(n + 2� + n�) ; otherwise, it 
raises consumer surplus;

	 (ii)	 an increase in the number of efficient firms, n , raises consumer surplus.

Common wisdom suggests that higher competition benefits consumers because 
of the expansion in industry output. However, Proposition 1(i) indicates that entry 
of inefficient firms unexpectedly hurts consumers when these firms are sufficiently 
inefficient and the degree of privatization is below 1/2 (see Region I in Fig. 1). The 
reason for this interesting result is as follows: Suppose the upstream firm is fully 
nationalized, i.e., � = 0 . An increase in m reduces the total output of efficient firms 
and increases that of inefficient firms. This production distribution is undesirable to 
social welfare, which induces the upstream firm to raise the input price aiming to 
increase the market share of efficient firms. By doing so, the resulting inefficiency 
due to an increase in m could be partially rectified. To this end, the input price could 
be significantly raised, which turns out to reduce the industry output, thus making 
the consumers worse off.8 Increasing � (from 0 to 1/2) reduces the weight on social 
welfare, which lowers the incentive to increase the input price, and then reduces 
the likelihood of consumers-hurting entry. But as long as the upstream firm weights 
more on social welfare, the input price could be significantly raised if entrants are 

8  The mechanism behind this result is similar as that in Dinda and Mukherhee (2014) which consider 
tax/subsidy policies by the government. However, there are several important differences between our 
paper and Dinda and Mukherhee (2014). We present a different framework to analyze how privatization 
in the upstream market affects input pricing, which changes market outcomes, while Dinda and Mukher-
hee (2014) consider a horizontal market. In addition to the finding of consumers-hurting entry in both 
papers, we also highlight the possibility of profit-raising entry in our framework. Further, we characterize 
the equilibrium results under different input pricing schemes, and show that privatization in the upstream 
market is critical for the welfare effects of price discrimination. Our results indicate that corresponding 
competition policies should be made according to particular features of vertical industries.

7  Another explanation for the price decrease is as follows. Consider an extreme case where the input 
supplier is fully privatized with � = 1 . As well-known in the literature, increasing w benefits efficient 
firms but hurts inefficient firms. Then, the input supplier gains more (less) from efficient (inefficient) 
firms by raising w. However, as the number of inefficient firms increases, the above-mentioned loss from 
inefficient firms dominates the gain from efficient firms. Hence, increasing w hurts the input supplier. As 
a result, an increase in m leads to a reduction in w in equilibrium. This result continues to hold as long as 
the input supplier is highly privatized and the marginal cost of inefficient firms is sufficiently large.
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very inefficient, i.e., cq < c < c̄ , leading to the result of consumers-hurting entry, 
where 𝜕cq∕𝜕𝜃 > 0 , with cq|�=0 = 0 and cq|�=1∕2 = 2∕(2 + 3n).

This result is very important to the competition authorities to develop relevant 
policies in industries where the upstream firm is partially privatized. If the upstream 
firm weighs more on social welfare (i.e., highly nationalized), and the inefficient 
firms are very inefficient, a good policy is to deter inefficient entry in reasonable 
ways, gradually phase out outdated technologies or encourage technology transfer.

Furthermore, firms’ profits in equilibrium are

The following proposition summarizes the effects of downstream entry on firms’ 
profits.

Proposition 2  In a vertical mixed oligopoly with entry in the downstream market, 

	 (i)	 an increase in the number of inefficient firms, m, raises profits of all incum-
bents when 𝜃 > 1∕2 and c𝜋 < c < c̄ , otherwise, it reduces all incumbents’ 
profits; where 

	 (ii)	 an increase in the number of efficient firms, n, reduces incumbents’ profits.

Common wisdom is that higher competition reduces firms’ profits in equilib-
rium. Indicated by Lemma 1, entry of new firms on the one hand, steals business 
from incumbent firms, and on the other hand, increases the industry output, which 
results in a lower retail price. Thus, all incumbent firms suffer the loss in profits. In 
a vertical market with an upstream supplier, the increased input demand induces the 
supplier to raise the input price. Therefore, the result of profit-reducing entry most 
likely continues to hold in vertical markets.

However, we show in Proposition 2(i) that entry of inefficient firms unexpectedly 
raises profits of all downstream firms when the supplier weights more on its own 
profit and the entrants are sufficiently inefficient (see Region II in Fig. 1). The main 
reason for the profit-raising entry is the input price-reducing effect of entry discov-
ered in Lemma 2(ii). The reduced input price mitigates the double marginalization 
problem and motivates downstream firms to increase production. It can be verified 
that c𝜋 > cw when 𝜃 > 1∕2 . That said, when entrants are sufficiently inefficient, the 
input price would be significantly reduced, yielding higher profits to all incumbent 
firms. The result profit-raising entry is very important since it helps to explain why, 

(10)
�∗
i
=

(
m(c(1 + n + n�) − 1) + n(c(n + (2 + n)�) − 1)

(m + n)(m + n + (2 + m + n)�)

)2

;

�∗
j
=

(
n + m(1 + c(m + n + (2 + m + n)� − 1))

(m + n)(m + n + (2 + m + n)�)

)2

.

c� =
(m + n)2(1 + �)

m2(1 + �)(1 + n + n�) + 2mn(1 + �)x1 + n(x1 − 1)x1
, where x1 = n + (2 + n)�;
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in certain situations, the efficient firms may freely disclose critical knowledge to 
potential entrants which become direct competitors.

The input price-reducing effect of entry, which leads to the result of profit rais-
ing,9 has been discovered in the literature, but the mechanisms are different from 
ours. Mukherjee et  al. (2009) consider an economy with successive Cournot oli-
gopoly. The authors show that inefficient entry increases price elasticity of demand 
and reduces the equilibrium input price. If the entrant is sufficiently inefficient, the 
input price effect dominates the competition effect, which benefits efficient incum-
bent firms. Mukherjee (2019) proposes a successive oligopoly model with free entry 
in the upstream market and product differentiation in the downstream market. They 
show that downstream entry encourages more input suppliers to enter the market 
and then reduces the equilibrium input price. If the final goods are sufficiently dif-
ferentiated, the competition effect is not significant which may be dominated by 
the input price effect. The incumbent firms enjoy profit improvement as a result. 
Nariu et  al. (2021) develop a model in which each manufacturer forms an exclu-
sive input supply contract with its own independent suppliers, and show that com-
petition between competing channels mitigates this vertical pricing distortion, which 
may lead to profit-raising entry when the number of separate input suppliers is great 
enough. None of these papers considers public firms in the upstream market and 
demonstrates the role of upstream privatization on equilibrium input price.

We illustrate our findings in Fig. 1 by plotting the critical values: cw, cq, and c� . 
The upper line is c̄.

•	 In Region I, consumers are worse off as more inefficient firms enter the market, 
i.e., consumers-hurting entry.

•	 In Region II, all downstream firms are better off as more inefficient firms enter 
the market, i.e., profit-raising entry.

•	 In Region II and III, entry of inefficient firms reduces the input price, i.e., input 
price-reducing entry.

Lastly, we examine the effects of downstream entry on social welfare, which is the 
sum of the industry profit and consumer surplus, i.e.,

The welfare effects of downstream entry are summarized in the following proposi-
tion, where t = m + n.

(11)
SW∗ =

∑m

i=1
�∗
i
+
∑n

j=1
�∗
j + �∗

0
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Industry Profit

+ CS∗ = p(Q∗)Q∗ − cmq∗
i

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏟
Industry Profit

+ (Q∗)2∕2.

9  In horizontal markets, the existing literature has identified several other factors which result in profit-
raising entry, such as Stackelberg leader-follower; Mukherjee and Zhao, 2017), quality differentiation 
and heterogeneous consumers (Ishibashi and Matsushima, 2009), and innovation by asymmetric firms 
(Ishida et al. 2011).
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Proposition 3  In a vertical mixed oligopoly with entry in the downstream market, an 
increase in the number of efficient firms, n, always raises social welfare; an increase 
in the number of inefficient firms, m, 

	 (i)	 reduces social welfare if the upstream supplier is fully nationalized;
	 (ii)	 raises social welfare if the upstream supplier is fully privatized;
	 (iii)	 reduces social welfare when 𝜃 ≤ 𝜃̂ and csw1 < c < min{csw2, c̄} under partial 

privatization, where 𝜃̂ solves t2 + 4t(t + 2)� − 4(t2 − 4)�2 − 8(t + 2)2�3 = 0 , 
and 

 where x
2
= n(m + n)

(
m + mn + n

2
)
 , x

3
= 3n

3(2 + n) + m
2(2 + n(2 + 3n))+

2mn(2 + n(4 + 3n)),and Δ = n
2
t
2(t4 + 6t

3(t + 2)� + t
2(t + 2)(5t + 26)

�2 − 12t(t − 2)(t + 2)2�3 − 4

		    (t + 2)3(5t − 2)�4 − 8(t + 2)4�5) ; otherwise, it raises social welfare.

An increase in n increases industry output and consumer surplus, and shifts pro-
duction from inefficient firms to efficient firms, which are desirable to social wel-
fare. However, an increase in m may hurt social welfare because of the undesir-
able product distribution shown in Lemma 1 under strategic input pricing by the 
upstream supplier. Thus, the degree of privatization which determines the objective 
of the upstream supplier and then affects input pricing, and the cost of inefficient 
firms which reflects the inefficiency of production distribution, are very important to 
the welfare effect of inefficient entry.

Figure 2 illustrates the region (Region IV) in which social welfare decreases with 
m. Intuitively, inefficient entry generates two counteracting welfare effects. On the 
one hand, higher competition leads to higher industry output, which is positive to 
social welfare. On the other hand, inefficient entry raises the total output of ineffi-
cient firms and reduces the total output of efficient firms, which is negative to social 
welfare. The strengths of the two effects are affected by the effective marginal cost 
of firms (i.e., marginal cost plus unit input price). If the upstream supplier is fully 
nationalized (Proposition 3(i)), the input price is significantly raised to rectify the 
situation of undesirable product distribution, which meanwhile, reduces the output 
expansion effect. As a result, the negative effect dominates the positive effect and 
leads to the loss of social welfare. On the contrary, if the upstream supplier is fully 
privatized (Proposition 3(ii)), it favors the output expansion and therefore obtains 
no incentives to significantly raise the input price as the public firm. As a result, the 
positive output expansion effect remains dominant and leads to the improvement of 

csw1 =
t2
�
nt + 3n(2 + t)� + 2(2 + n)(2 + t)�2

�
−
√
Δ

2
�
tx2 + 3(2 + t)x2� + (2 + t)x3�

2 + n2(2 + t)3�3
� ,

csw2 =
t2
�
nt + 3n(2 + t)� + 2(2 + n)(2 + t)�2

�
+
√
Δ

2
�
tx2 + 3(2 + t)x2� + (2 + t)x3�

2 + n2(2 + t)3�3
� ,
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social welfare.10 If the upstream firm is partially privatized, social welfare decreases 
with m in the region where consumer surplus decreases. This result is straightfor-
ward from our above discussions. However, in the region where consumer surplus 
increases with m, inefficient entry may reduce social welfare if the cost of inefficient 
firms is high and the degree of privatization is low or median. This is due to the 
undesirable production distribution which increases production costs to the society.

To end this section, it is important to point out that our main results continue to 
hold when an inefficient semi-public firm competes against k efficient private firms 
in the upstream market. Efficient entry in the downstream market benefits consum-
ers and social welfare at the expense of incumbent firms, while inefficient entry may 
lead to opposite results under certain conditions.

4 � Price discrimination

In this section, we study the case in which input price discrimination is allowed. 
The input price for inefficient firms is denoted by wi , and that for efficient firms is 
denoted by wj.

In the first stage, the upstream firm determines input prices wi and wj to maximize 
its objective Ω = ��0 + (1 − �)SW , where �0 = wi

∑m
i=1 qi + wj

∑n
j=1 qj . In the second 

stage, the downstream firms determine their quantities to maximize

(12)
�i = (p(Q) − c − wi)qi, for i = 1, 2,… ,m;

�j = (p(Q) − wj)qj, for j = 1, 2,… , n.

Fig. 2   Welfare-reducing entry (Region IV)

10  As we know in the literature, in a horizontal market with inefficient entry, the output expansion effect 
dominates the output distribution effect, and therefore, social welfare increases in equilibrium.
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We solve this two-stage game using the standard backward induction. In the second 
stage, the n + m first-order conditions are

The second-order conditions are satisfied. Solving the first-order conditions leads to 
the equilibrium outputs as

The industry output and price of the final product are, respectively,

In the first stage, the upstream firm determines the input prices. Solving the two 
first-order condition leads to the equilibrium input prices as

where 𝜃 > 0 . It can be verified that the second-order conditions are satisfied. Incor-
porating the equilibrium input prices into the quantities generates the equilibrium 
outputs as

We assume that 0 < c < ĉ ≡ 2𝜃∕(n + 2𝜃 + n𝜃) such that all firms are active in equi-
librium. As in the case of uniform pricing, the input prices can be either positive or 
negative. Further, it follows that

Lemma 3  Under price discrimination, the equilibrium input prices satisfy that 

	 (i)	 𝜕(w∗∗
i

− w∗∗
j
)∕𝜕𝜃 < 0 , with w∗∗

i
> w∗∗

j
 , if 0 < 𝜃 < 1∕2 and w∗∗

i
< w∗∗

j
 if 

1∕2 < 𝜃 < 1;

(13)
��i∕�qi = 1 − Q − c − qi − wi = 0, and ��j∕�qj = 1 − Q − qj − wj = 0.

(14)qi =
1 − c − cn − (1 + n)wi + nwj

1 + m + n
; qj =

1 + cm + mwi − (1 + m)wj

1 + m + n
.

(15)Q =
m − cm + n − mwi − nwj

1 + m + n
; p =

1 + cm + mwi + nwj

1 + m + n
.

(16)
w∗∗
i

=
nc − (2 + c(n − 2))� + 2(1 − c)(2 + m + n)�2

2�(m + n + (2 + m + n)�)
;

w∗∗
j

=
2�((2 + m + n)� − 1) − mc(1 − �)

2�(m + n + (2 + m + n)�)
,

(17)q∗∗
i

=
2� − c(n + (2 + n)�)

2�(m + n + (2 + m + n)�)
; q∗∗

j
=

2� + cm(1 + �)

2�(m + n + (2 + m + n)�)
;

(18)and Q∗∗ =
m − cm + n

m + n + (2 + m + n)�
.

(19)w∗∗
i

− w∗∗
j

=
c

2

(
1

�
− 2

)
, and w∗∗

i
+ c − w∗∗

j
=

c

2�
.
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	 (ii)	 �(w∗∗
i

− w∗∗
j
)∕�m = �(w∗∗

i
− w∗∗

j
)∕�n = 0 , with 𝜕w∗∗

i
∕𝜕m = 𝜕w∗∗

j
∕𝜕m > 0 , and 

𝜕w∗∗
i
∕𝜕n = 𝜕w∗∗

j
∕𝜕n > 0.

Under price discrimination, it is well-known that the input supplier charges a 
higher (lower) price to efficient (inefficient) producers (DeGraba 1990; and Yoshida 
2000), which partially offsets the cost advantage. Such price discrimination benefits 
inefficient firms by shifting production from efficient firms to inefficient ones, thus 
creating production inefficiency. However, this result is obtained when the upstream 
supplier is a private firm. If the upstream supplier is more concerned with social 
welfare than its own profit (i.e., highly nationalized), the well-known result in the 
literature will be reversed as indicated by Lemma 3(i): The input supplier charges 
a higher (lower) price to inefficient (efficient) producers to benefit efficient firms by 
creating production efficiency. That is, the efficient and thus the ultimately larger 
firms receive a discount on input price, which is consistent with the casual observa-
tion that larger firms often obtain discounts on input prices. This result contrasts 
sharply with that found in the extant literature with a few exceptions, and is very 
important for the welfare effects of input price discrimination. Therefore, Lemma 
3(i) highlights the role of upstream privatization on input prices under price 
discrimination.

In contrast to the case of uniform pricing, an increase in either m or n leads to an 
equal rise in input prices as indicated by Lemma 3(ii). Then, the difference in input 
prices (effective marginal costs) is independent of both m and n. That is, price dis-
crimination eliminates the possibility of input price-reducing entry.

As we see in the above discussions, the major difference between uniform pricing 
and price discrimination is that the input supplier actually charges a higher (lower) 
price to inefficient (efficient) firms under price discrimination when 𝜃 < 1∕2 , which 
efficiently reduces the production inefficiency. As a result, entry of inefficient firms 
will not result in such a significant input price increase as that under uniform pric-
ing. Hence, the industry output and consumer surplus increase as market competi-
tion intensifies. Further, the downstream firms’ profits in equilibrium are

Downstream entry on the one hand increases market competition, and on the other 
hand, leads to higher input prices. Both are undesirable to downstream firms. We 
then have the results summarized in the following proposition.

Proposition 4  Under price discrimination, an increase in the number of downstream 
firms, regardless of their marginal costs, always 

	 (i)	 raises industry output and consumer surplus;
	 (ii)	 reduces incumbents’ profits.

(20)

�i
∗∗ =

(c(n + 2� + n�) − 2�)2

4�2(m + n + (2 + m + n)�)2
, �j

∗∗ =
(2� + cm(1 + �))2

4�2(m + n + (2 + m + n)�)2
.
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So far, we show that price discrimination generates different results from uniform 
pricing. Thus, the pricing scheme is very critical for the result of either consumers-
hurting or profit-raising entry. We next look at the social welfare in equilibrium, 
which is

after simple calculations, where x4 = �(m + n + 2(2 + m + n)�).

Proposition 5  Under price discrimination, 

	 (i)	 an increase in the number of inefficient firms, m, reduces social welfare when 
csw3 < c < ĉ , otherwise, it raises social welfare; where 

	 (ii)	 an increase in the number of efficient firms, n, raises social welfare.

Proposition 5 shows that entry of inefficient firms reduces social welfare when 
the marginal cost of inefficient firms is sufficiently high. Similar arguments for this 
welfare-reducing entry apply here. Entry of inefficient firms shifts production from 
efficient firms to inefficient firms, which creates production inefficiency and thus is 
undesirable to social welfare. When inefficient firms are very inefficient, such pro-
duction inefficiency due to entry of inefficient firms is detrimental to social welfare.

To end this section, we conduct a welfare comparison between uniform pricing 
and price discrimination in the input market.

Proposition 6  In a vertical mixed oligopoly with a privatized firm in the upstream 
market, banning price discrimination 

	 (i)	 does not affect industry output and consumer surplus;
	 (ii)	 reduces (improves) social welfare when 0 < 𝜃 < 1∕2 ( 1∕2 < 𝜃 ≤ 1).

The invariance of industry output under uniform input pricing and price dis-
crimination is not new. However, we show that price discrimination improves social 
welfare when the upstream firms are highly nationalized ( 0 < 𝜃 < 1∕2 ), which is in 
contrast to the well-known result in the literature. As we know, price discrimina-
tion provides the upstream monopolist with one more decision instrument to achieve 
its objective compared to uniform pricing. Hence, when the upstream monopolist 
is more concerned with social welfare ( 0 < 𝜃 < 1∕2 ), price discrimination leads to 
higher social welfare than uniform pricing by charging a higher price to inefficient 
producers and a lower price to efficient producers. Although several papers show 

(21)SW∗∗ =
(m + n)x4 + c2m

(
x1

2 + m
(
n + � + 2n� + (2 + n)�2

))
− 2cmx4

2�(m + n + (2 + m + n)�)2

csw3 =
2(2 + m + n)�2

(n + (2 + n)�)2 + m(2�2 + n(1 + �)2)
;
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that social welfare can be higher under price discrimination, the mechanism behind 
this result, i.e., the strategic pricing of the upstream privatized firm, has not been 
discovered before. Indicated by our findings, it is not a desirable policy to ban price 
discrimination in industries where upstream firms are more nationalized. This view 
is new in the literature and worth our greatest attention.

5 � Concluding remarks

The profit and welfare effects of entry have received great attention for decades. Entry 
of firms intensifies market competition, which usually benefits consumers and social 
welfare at the expense of incumbent firms. However, this view has been questioned in 
the literature under different frameworks. But no one considers the industries with pub-
lic firms in the upstream markets. To fill this gap, this study attempts to investigate the 
impact of entry with the presence of a privatized firm in the upstream market. Our model 
generates some interesting results which might be important for competition policies.

We show that entry of efficient firms leads to the well-known results in the litera-
ture. However, inefficient entry may generate opposite results in our model. When 
the upstream supplier weighs more on its own profit, entry of inefficient firms may 
induce the upstream supplier to lower input price in equilibrium, which may benefit 
incumbent firms when the cost gap is sufficiently large. When the upstream supplier 
weighs less on its own profit, entry of inefficient firms may hurt consumers when 
they are sufficiently inefficient. The possibility of consumers-hurting entry and 
profit-raising entry should be known to the competition authorities for some wider 
goals such as the protection of consumers or incumbents.

In the case of input price discrimination, we show that the common wisdom—
that entry benefits consumers and most likely improves social welfare, but hurts 
incumbents—continues to hold. The input price-reducing effect found under uni-
form input pricing disappears. As such, the pricing scheme is also very critical for 
the result of either consumers-hurting or profit-raising entry in our framework. Fur-
ther, we show that price discrimination improves social welfare when the upstream 
firm concerns more on social welfare than its own profit. This result has never been 
found in the literature, and deserves the attention of competition authorities.

In our model, the degree of privatization is exogenously given. If it is endoge-
nously determined in the first stage by the government,11 the optimal degree of pri-
vatization in the basic model would be zero (see calculations in Appendix).12 How-
ever, if privatization improves the production efficiency of the semi-public firm, the 
optimal degree of privatization might be positive, and our results apply accordingly. 
Incorporating these factors into our analysis remains for future research. Further, we 

11  Alternatively, Lee et  al. (2018) propose an entry-then-privatization model to study the problem of 
optimal privatization. Unlike us, the authors consider free entry of private firms in their model.
12  The results in Sect.  3.2 follow accordingly by applying � = 0 . That is, (i) entry of inefficient firms 
hurts consumers, all incumbents and the society, and (ii) entry of efficient firms benefits consumers and 
the society, but hurts all incumbents. Hence, it is desirable to launch a competition policy to phase out 
outdated techniques or backward enterprises.
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consider homogeneous final products, constant marginal costs, domestic competition 
in our model, it is very interesting to relax these assumptions to examine whether and 
how these factors change our results on the effects of entry. Last, it may be interest-
ing to consider the endogenous determination of the timing of quantity competition 
as in Kawasaki et al. (2022). The two types of firms, efficient and inefficient, simul-
taneously determine whether to act as leaders or followers before production. These 
extensions remain directions for future research.

6 Appendix: Proofs

Proof of Lemma 1

Straightforward calculations lead to the following results: 

	 (i)	

	 (ii)	

	 (iii)	

Proof of Lemma 2

	 (i)	

	 (ii)	

𝜕qi

𝜕w
=

𝜕qj

𝜕w
= −

1

1 + m + n
< 0,

𝜕Q

𝜕w
= −

m + n

1 + m + n
< 0;

𝜕qi

𝜕m
=

𝜕qj

𝜕m
= −

1 − c − cn − w

(1 + m + n)2
< 0,

𝜕Q

𝜕m
=

1 − c − cn − w

(1 + m + n)2
> 0,

𝜕mqi

𝜕m
= −(1 + n)

𝜕qi

𝜕m
> 0, and

𝜕nqj

𝜕m
= n

𝜕qi

𝜕m
< 0;

𝜕qi

𝜕n
=

𝜕qj

𝜕n
= −

1 − w + cm

(1 + m + n)2
< 0,

𝜕Q

𝜕n
=

1 + cm − w

(1 + m + n)2
> 0;

𝜕mqi

𝜕n
= m

𝜕qi

𝜕n
< 0, and

𝜕nqj

𝜕n
= −(1 + m)

𝜕qi

𝜕n
> 0.

We have
𝜕w∗

𝜕𝜃
=

((1 − c)m + n)(1 + t)(2 + t)

t(t + (2 + t)𝜃)2
> 0.

We further have
�w∗

�m
=

cf1 + t2(1 − �)

t2(t + (2 + t)�)2
;
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 where f1 = n2 − m2 − (t(m(n − 1) + n + n2) − 2n)� − n(2 + t)2�2, and 
t = m + n . Since the denominator is positive, the sign of �w∗∕�m only 
depends on the numerator, which is a linear function of c with coefficient f1 . 
Notice that 𝜕w∗∕𝜕m|c=0 > 0 . We then look at the sign of 𝜕w∗∕𝜕m|c=c̄.

		    If 𝜃 < 1∕2 , we obtain 𝜕w∗∕𝜕m|c=c̄ > 0 , which indicates that w∗ always 
increases with m for c < c̄.

		    If 𝜃 > 1∕2 , we obtain 𝜕w∗∕𝜕m|c=c̄ < 0 , which indicates there exists c = cw 
such that �w∗∕�m = 0 . In this case, when 0 < c < cw , 𝜕w∗∕𝜕m > 0 ; and when 
cw < c < c̄ , 𝜕w∗∕𝜕m < 0 . Straightforward calculations lead to 

 Hence, w∗ decreases with m when 𝜃 > 1∕2 and cw < c < c̄ , and increases 
with m when 𝜃 > 1∕2 and 0 < c < cw or 𝜃 < 1∕2.

	 (iii)	 Straightforward calculations lead to 

 Since the denominator is positive, the sign of �w∗∕�n only depends on the 
numerator, which is a linear function of c. Because 𝜕w∗∕𝜕n|c=0 > 0 and 
𝜕w∗∕𝜕n|c=c̄ > 0 , we conclude that w∗ increases with n.

Proof of Proposition 1

	 (i)	 We have 

 which is negative when c > 2𝜃∕(n + 2𝜃 + n𝜃) ≡ cq > 0, and positive oth-
erwise. Notice that if 𝜃 < 1∕2 , we have cq < c̄ . Then, when 𝜃 < 1∕2 and 
cq < c < c̄ , the equilibrium industry output Q∗ decreases with m. If 𝜃 > 1∕2 , 
we have cq > c̄ . Then, Q∗ increases with m.

	 (ii)	 Simple calculations lead to 

Proof of Proposition 2

Following (1) and (3), we have �∗
i
= (1 − Q∗ − c − w∗)2 , and �∗

j
= (1 − Q∗ − w∗)2. 

In the proof below, we use A = −(Q∗ + w∗) . 

	 (i)	 Simple calculations lead to 

cw =
t2(1 − �)

m2 − n2 + (−2n + t(m(n − 1) + n + n2))� + n(2 + t)2�2
.

�w∗

�n
=

(m(m2 − 2 + 2m(1 + n) + n(2 + n))� + m(2 + t)2�2 − 2mt)c + t2(1 − �)

t2(t + (2 + t)�)2
.

�Q∗

�m
=

2� − c(n + (2 + n)�)

(t + (2 + t)�)2
;

𝜕Q∗

𝜕n
=

2𝜃 + cm(1 + 𝜃)

(t + (2 + t)𝜃)2
> 0.
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 and f2 = m2(1 + 𝜃)(1 + n + n𝜃) + 2mn(1 + 𝜃)x1 + n(x1 − 1)x1 > 0. Since 
(1 − c + A) > 0 , the signs of ��∗

i
∕�m and ��∗

j
∕�m depend on �A∕�m . Note 

that the denominator of �A∕�m is positive. The sign of �A∕�m only depends 
on its numerator, which increases with c.

		    If 𝜃 < 1∕2 , 𝜕A∕𝜕m|c=c̄ < 0 , which indicates firms’ profits decrease with m.
		    If 𝜃 > 1∕2 , we have 𝜕A∕𝜕m|c=0 < 0 , and 𝜕A∕𝜕m|c=c̄ > 0 . Hence, there exists 

a solution c𝜋 ∈ (0, c̄) such that �A∕�m = 0 . Solving �A∕�m = 0 leads to 

 Hence, firms’ profits increase with m if c𝜋 < c < c̄ , and decrease with m if 
0 < c < c𝜋 .

	 (ii)	 Similarly, we have 

where 

and f3 = −m(t2 − 2t + 2t(1 + t)𝜃 + (2 + t)2𝜃2 − 2𝜃) < 0. As in the above 
proof, the sign of �A∕�n only depends on its numerator, which decreases 
with c because of the negative coefficient f3 . Further calculations show that 
𝜕A∕𝜕n|c=0 < 0 . Hence, A decreases with n. Therefore, the profits of incum-
bents decrease with n.

Proof of Proposition 3

We first calculate the equilibrium social welfare and obtain

(i) After standard calculations, we have

��∗
i

�m
= 2(1 − c + A)

�A

�m
, and

��∗
j

�m
= 2(1 + A)

�A

�m
,

where
�A

�m
=

f2c − t2(1 + �)

t2(t + (2 + t)�)2
,

c� =
t2(1 + �)

m2(1 + �)(1 + n + n�) + 2mn(1 + �)x1 + n(x1 − 1)x1
.

��∗
i

�n
= 2(1 − Q∗ − c − w∗)

�A

�n
, and

��∗
j

�n
= 2(1 − Q∗ − w∗)

�A

�n
,

�A

�n
=

f3c − t2(1 + �)

t2(t + (2 + t)�)2
,

SW∗ =

(
t(n2 + 2mn(1 + c(cn − 1)) + m2(1 + c(c + 2cn − 2))) + 2c2mn(2 + t)2�2

+2(2 + t)(n2 + 2mn(1 + c(cn − 1)) + m2(1 + c(c + 2cn − 2)))�

)

2t(t + (2 + t)�)2
.

�SW∗

�m
=

f4c
2 + f5c + 2t2(2 + t)�2

t2(t + (2 + t)�)3
;
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where f4 = tx2 + 3(2 + t)x2� + (2 + t)x3�2 + n2(2 + t)3�3, f5 = −t2(nt + 3n(2 + t)� + 2(2 + n)(2 + t)�2), and 
Δ = f 2

5
− (8t2(2 + t)�2)f4 . Since the denominator is positive, the sign of �SW∗∕�m 

only depends on the numerator, which is a quadratic function of c with a positive 
quadratic coefficient f4 . We then look at Δ.

There exists 𝜃̂ ∈ (1∕2, 1) such that Δ ≤ 0 if 𝜃 ≥ 𝜃̂ , which indicates that 
�SW∗∕�m ≥ 0 . Hence, when the upstream supplier is fully privatized ( � = 1 ), we 
have 𝜕SW∗∕𝜕m > 0 , which proves proposition 3(ii).

If 0 ≤ 𝜃 < 𝜃̂ , we have Δ > 0 . Then there exist two roots for �SW∗∕�m = 0 , rep-
resented by csw1 and csw2 , where

It follows that csw1 < csw2.
If � = 0 , we have 0 = csw1 < c̄ < csw2 . Thus, when the upstream supplier is 

fully nationalized, SW∗ decreases with m, which proves proposition 3(i);
If 0 < 𝜃 < 𝜃̂ , we divide the range into two intervals as follows: (i) if 

0 < 𝜃 ≤ 1∕2 , we have 0 < csw1 < c̄ < csw2 . Then 𝜕SW∗∕𝜕m < 0 when c ∈ (csw1, c̄) ; 
(ii) if 1∕2 < 𝜃 < 𝜃̂ , we have 0 < csw1 < csw2 < c̄ . Then 𝜕SW∗∕𝜕m < 0 when 
c ∈ (csw1, csw2) . That is, if 0 < 𝜃 < 𝜃̂ , 𝜕SW∗∕𝜕m < 0 when c ∈ (csw1,min{csw2, c̄}) , 
which proves proposition 3(iii).

(ii) Similarly, we obtain

where f6 = m2((t − 1)t2 + 3t(t − 1)(2 + t)� + (2 + t)(3t2 + 4t − 2)�2 + (2 + t)3�3), 
and f7 = mt2(t + 3(2 + t)� + 2(2 + t)�2).

Since the denominator is positive, the sign of �SW∗∕�n only depends on the 
numerator, which is a quadratic function of c with a positive quadratic coefficient 
f6 . Further, we have

which indicates that 𝜕SW∗∕𝜕n > 0.

Proof of Lemma 3

The results in part (i) and the first half of part (ii) are very obvious. Recall that we 
assume 0 < c < ĉ ≡ 2𝜃∕(n + 2𝜃 + n𝜃) such that all firms are active in equilibrium. 
Then, straightforward calculations lead to

csw1 =
−f5 −

√
Δ

2f4
, and csw2 =

−f5 +
√
Δ

2f4
.

�SW∗

�n
=

f6c
2 + f7c + 2t2(2 + t)�2

t2(t + (2 + t)�)3
,

𝜕SW∗

𝜕n
|c=0 = 2t2(2 + t)𝜃2 > 0, and

𝜕2SW∗

𝜕n𝜕c
|c=0 =

m(t + 3(2 + t)𝜃 + 2(2 + t)𝜃2)

(t + (2 + t)𝜃)3
> 0,
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Proof of Proposition 4

Simple calculations lead to

Further, we obtain

Proof of Proposition 5

(i) Differentiating SW∗∗ with respect to m leads to

where f9 = nt(n + (2 + n)�) + 2n(2 + t)(n + (2 + n)�)� + (2 + n)(2 + t)(n + (2 + n)�)�2, and 
f10 = −2nt� − 4n(2 + t)�2 − 2(2 + n)(2 + t)�3 − 2(2 + m + n)(n + (2 + n)�)�2. The 
denominator is positive. Then, the sign of �SW∗∗∕�m depends on the numerator, 
which is a quadratic function of c with a positive quadratic coefficient. Further cal-
culations lead to

which indicates that there are two reals solutions for �SW∗∗∕�m = 0 : c = ĉ , and 
c = csw3,

𝜕w∗∗
i

𝜕m
=

𝜕w∗∗
j

𝜕m
=

(1 − 𝜃)(2𝜃 − c(n + (2 + n)𝜃))

2𝜃2(t + (2 + t)𝜃)2
> 0,

𝜕w∗∗
i

𝜕n
=

𝜕w∗∗
j

𝜕n
=

(1 − 𝜃)(2𝜃 + cm(1 + 𝜃))

2𝜃(t + (2 + t)𝜃)2
> 0.

𝜕Q∗∗

𝜕m
=

2𝜃 − c(n + (2 + n)𝜃)

(t + (2 + t)𝜃)2
> 0; and

𝜕Q∗∗

𝜕n
=

2𝜃 + cm(1 + 𝜃)

(t + (2 + t)𝜃)2
> 0.

𝜕𝜋∗∗
i

𝜕m
= −

(1 + 𝜃)(c(n + (2 + n)𝜃) − 2𝜃)2

2𝜃2(t + (2 + t)𝜃)3
< 0;

𝜕𝜋∗∗
i

𝜕n
=

(1 + 𝜃)(2𝜃 + cm(1 + 𝜃))(c(n + (2 + n)𝜃) − 2𝜃)

2𝜃2(t + (2 + t)𝜃)3
< 0;

𝜕𝜋∗∗
j

𝜕m
=

(1 + 𝜃)(2𝜃 + cm(1 + 𝜃))(c(n + (2 + n)𝜃) − 2𝜃)

2𝜃2(t + (2 + t)𝜃)3
< 0;

𝜕𝜋∗∗
j

𝜕n
= −

(1 + 𝜃)(2𝜃 + cm(1 + 𝜃))2

2𝜃2(t + (2 + t)𝜃)3
< 0.

�SW∗∗

�m
=

f9c
2 + f10c + 4(2 + t)�3

2�(t + (2 + t)�)3
,

Δ = f10
2 − 16f9

2(2 + t)𝜃3 = 4n2𝜃2(t + (2 + t)𝜃)2 > 0,

where 0 ≤ csw3 =
2(2 + t)𝜃2

(n + (2 + n)𝜃)2 + m(2𝜃2 + n(1 + 𝜃)2)
≤ ĉ.

59



	 J. Han, C. Zeng 

1 3

Then, if csw3 < c < ĉ , SW∗∗ decreases with m. Otherwise, SW∗∗ increases with m.
(ii) After similar calculations, we have

Proof of Proposition 6

	 (i)	 According to equation (9) and (18), the pricing schemes do not change the 
total output.

	 (ii)	 Straightforward calculations yield 

 which is positive when 1∕2 < 𝜃 < 1 , and negative when 0 ≤ 𝜃 < 1∕2 . 
Hence, banning price discrimination reduces (improves) social welfare when 
0 < 𝜃 < 1∕2 ( 1∕2 < 𝜃 ≤ 1).

Equilibrium of endogenously determined privatization

When the degree of privatization is endogenously determined, the two-stage game 
in the model becomes a three-stage game. We then add a stage at the beginning in 
which the government determines the degree of privatization � to maximize social 
welfare. In the following, we show that the optimal degree of privatization is always 
zero.

Under uniform input pricing, social welfare is obtained in the proof of Proposi-
tion 3. The first-order condition is

which leads to the equilibrium degree of privatization as �∗ = 0.
Under price discrimination, social welfare is given by (21). It follows that

which is negative for any 𝜃 > 0 . Hence, the optimal degree of privatization is 
�∗∗ = 0.
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𝜕SW∗∗

𝜕n
=

(cmt + 2cm(2 + t)𝜃 + (2 + cm)(2 + t)𝜃2)(2𝜃 + cm(1 + 𝜃))

2𝜃(t + (2 + t)𝜃)3
> 0.

SW∗ − SW∗∗ =
c2mn(2� − 1)

2(m + n)�
,

�SW∗

��
= −

(2 + m + n)2(m − cm + n)2�

(m + n)(m + n + 2� + m� + n�)3
= 0,

�SW∗∗

��
=

c2mnt2 + 3c2mn�(2 + t)(t + (2 + t)�) + (2 + t)2(2(c − 1)2m + 2n + c2mn)�3

−2�2(t + (2 + t)�)3
,
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