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This study develops a decision-making framework for analyzing capacity
selection under different ownership structures and managerial delegation
strategies in a differentiated duopoly market. Using a three-stage Cournot game
model, the research investigates how private, state-owned, and mixed-
ownership enterprises make strategic capacity and production decisions under
full and partial managerial delegation. The model further evaluates the effects of
product differentiation, state-owned share proportion, and capital efficiency on
firm performance, consumer surplus, and social welfare. The equilibrium
outcomes of six competitive scenarios are comparatively examined to identify
optimal managerial and ownership strategies. The findings reveal that full
delegation generally leads to overcapacity regardless of ownership structure,
while partial delegation enables state-owned enterprises to achieve capacity
balance and improved social welfare. The results further demonstrate that
product differentiation can effectively mitigate overcapacity and enhance
welfare outcomes, particularly in mixed-ownership structures. In addition, the
study identifies optimal state-owned share proportions under both full and
partial delegation mechanisms, highlighting the strategic role of ownership
design in managerial decision-making. The research contributes to the literature
by integrating ownership structure, managerial delegation, and capacity
selection into a unified decision-support framework and provides practical
implications for strategic capacity planning, governance design, and operational
management in competitive industries.

1. Introduction

In modern enterprises, ownership structure and managerial delegation are always observed as
the common instruments in firms that face an oligopolistic market structure. Common wisdom
suggests that ownership structure adjustment and managerial delegation have a profound impact on
firms” productivity, innovation and overall industry structure, especially capacity selection [7]. In
terms of strategic delegation, the related studies beginning with Vickers [28] and Fershtman and Judd
[12] are established on the observation that the delegation decision and accompanying actions can
serve as commitments that influence competitive interactions with rivals and lead to beneficial
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results. The literature on delegation has been enriched via incorporating various issues, such as
mergers [3], collusion [21; 29], product liability and quality control [13; 19], R&D investment [6; 15],
trade policy [11-12] and many others. These mainly demonstrate that delegation of decision-making
to managers is efficient when managers allocate resources, including their own efforts, in ways that
do not divert from owners’ goals. However, the firm offering an incentive scheme obtains lower
profits compared with that under standard quantity competition. That is, firm owners face the
prisoner’s dilemma when selecting the delegation contracts for managers, ending up with Pareto
inferior results [31]. The decision of delegation contracts is affected by various factors. Fanti et al.
[11] suggests that determining in whether the subgame perfect Nash equilibrium is sales delegation
or profit maximization depends on bargaining and product differentiation. Kopel and Pezzino [20]
shows that hiring a manager is the unique Nash equilibrium solution under both quantity and price
competition when endogenizing the choice of delegation. However, an especially considerable
number of prior studies mainly focus on the relationship between managerial incentives and firms’
profits, and the implication of delegation. By extending managerial delegation to the contexts of
different ownership structures, we aim to determine the types of delegation contracts that can
achieve the highest utility.

Furthermore, the capacity selection is also a common and significant decision-making in firms’
daily operations. In reality, companies in most countries around the world have experienced or are
experiencing overcapacity, which arouses the thinking of the government and economists [8].
Delegation allows the owners to empower the professional managers to make strategic decisions
(e.g., output arrangement and pricing) by maximizing their owners’ benefits. Considering the
additional loss caused by overcapacity or under-capacity, the delegated managers should try their
best to avoid the unbalance between output and capacity. However, the undeniable fact is that
overcapacity and managerial delegation coexist in the development of modern enterprises.
Theoretically, most of the existing literature focuses on the formation and optimization of the players’
strategies in specific capacity arrangement environments. For instance, Wu et al. [33] investigate the
selection of an optimal capacity contract between integrated equipment manufacturers and
foundries in the semiconductor industry. Wang et al. [30] optimizes airline capacity allocation through
dynamic programming. Wu et al. [32] examines a two-echelon supply chain facing asymmetric
capacity constraints. In addition, Schmidt [26] and Richardson et al. [24] believe that managerial
incentives act as a disciplinary mechanism, thus reducing managerial slack. In other words, an
increase in managerial incentives enhances the competition among managers, who work harder to
perform well in production arrangements. Nevertheless, the above studies do not consider the
relationship between capacity selection and managerial delegation in corporative production. When
the firms adopt full or partial delegation contracts, how the capacity selection is affected remains to
be further investigated.

Based on previous works, we introduce ownership structure, managerial delegation and capacity
selection into the product market competition and explore the choices of delegation mode and
capacity decisions under different ownership structures. As we all know, private and state-owned
capitals have different goals described in their objective functions. The firms’ shareholders (owners)
make strategic decisions of delegation and capacity according to profits or social welfare
maximization. Specifically, owners delegate managers to control operating management with
separation between the ownership and management. Choosing an appropriate managerial
delegation can effectively motivate managers to decide capacity cautiously. The managerial
delegation is related to the firm’s capacity selection because managers are motivated by profits or
sales [1]. In a word, the ownership structure is an important determinant in deciding whether the
subgame perfect Nash equilibrium is sales-oriented or profit-oriented delegations. The types of the
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delegation would bring out different capacity arrangements. The early work on ownership structure
is extensive [2; 4; 9; 16; 17]. However, there is less agreement on exactly how ownership structure
affects managers’ executive behaviors in capacity decisions. Whether and how ownership structure
interacts with managerial delegation and capacity decision-making remains to be further explored.

In reality, ownership structure, managerial delegation, and capacity selection are common issues in
firms’ daily operations. However, one of the three topics is either overlooked or controlled in the most
existing literature. How does ownership structure affect managerial delegation and capacity selection?
Whether managerial delegation can alleviate overcapacity? For different ownership structures, what is
the optimal delegation contract and the proportion of state-owned shares? To answer these questions,
this study is different from the abovementioned works in that we simultaneously consider ownership
structure, managerial delegation and capacity selection between the two firms in a differentiated
duopoly model and compare the models under the same ownership structure and managerial
delegation to find the optimal delegation contract and the proportion of state-owned shares. We find
that enterprises always suffer from overcapacity under full delegation, regardless of ownership
structure. To realize no overcapacity and the maximization of social welfare, state-owned enterprises
(SOEs) should choose partial delegation. Moreover, consumer surplus and social welfare can be
enhanced by improving product differentiation under certain competition mode. The partial delegation
has the advantage of improving social welfare in both pure and mixed competitions.

The marginal contributions of this article are as follows. First, few studies combine ownership
structure, managerial delegation and capacity selection together to analyze their effects on firm
performance. Therefore, this paper constructs a duopoly model considering ownership structure,
managerial delegation and capacity selection simultaneously. It is helpful to reveal the interactions
among them and explore the significant roles of ownership structure and managerial delegation in
welfare distribution. Second, we compare the equilibrium outcomes of different competition modes
from the perspectives of ownership structures and delegation contracts (full and partial). From the
comparison analysis, the comparative advantages of different ownership structures and delegation
contracts will be explored under various goals. Third, the effects of product differentiation and the
proportion of state-owned shares on equilibrium outcomes under different ownership structures and
delegation contracts are investigated, which is beneficial for market players to understand the
functions in the competition.

The remainder of this study is organized as follows. Section 2 sets the basic model and Section 3
investigates the equilibrium results under six competition modes and discusses the effects of the
proportion of state-owned shares and product differentiation on excess capacity and welfare
distributions. Section 4 makes a comparative analysis. The optimal proportion of state-owned shares
is determined in Section 5. Section 6 presents the research conclusion.

2. The Model

Suppose a three-stage Cournot competition between Enterprise 1 and Enterprise 2 with the same
ownership structure.

Assumption 1. The inverse demand function of each enterpriseisp; =a—q; —rq;, i #j,i,j =
1,2, where r denotes the degree of product differentiation, r € (0, 1). The smaller r is, the greater
the product differentiation is. The cost function is ¢; = (x; — q;)? + bq; Chen et al. [5], where x; is
the capacity of Enterprise i. Define (x; — q;) as the degree of excess capacity. If (x; — q;) > 0, the
enterprise holds excess capacity, and the idle capacity causes losses. If (x; — q;) < 0, the enterprise
chooses under-capacity, which will lead to a high operation load for the existing capacity and generate
additional costs. Only when quantity is equal to capacity, the cost is minimized, Otherwise, additional
losses will be generated. The second part bq; is determined by the scale of production, where b is the
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efficiency of enterprises. When two enterprises are private, there is b = n; when two enterprises are
state-owned, there is b = m; when two enterprises are mixed, and b = fm + (1 — f)n [35]where
[ is the proportion of state-owned shares. The lower the value of m (n) is, the higher the efficiency
of the corresponding state-owned (private) share is. Considering the obvious efficiency advantage of
private shares, we suppose m > n [23]. The profit function of Enterprise i is T; = p;q; — c;. Inspired
by Fanti [10], Hackner [14], and Singh and Vives [27], the consumer surplus is assumed to be cs =

%(qf + g% + 2rq,q,). And the social welfare is sw = m; + m, + cs [18; 34].

Assumption 2. Considering the separation of ownership and management, this paper investigates
the enterprise’s inner structure instead of regarding it as a sole agent. Suppose the situation in which
the two enterprises may hire a manager and offer him/her incentives to boost the profits. Following
the strategic delegation literature [12; 28], the owner enters into the delegation contract combining
profits and sales. We assume a linear incentive scheme that may reward (or penalize) the manager
for generating revenue beyond the standard profit maximizing level. Formally, the manager is
instructed to maximize his/her utility. According to Saha and Sensarma [25], the manager’s utility
function of a state-owned enterprise is uf =y + 8,q;, that of a private enterprise is ul’ = 7 +
6,qf, and that of a mixed-ownership enterprise is uM = M + [0, + (1 — )6,]q". The weighted
objective function for the mixed-ownership firm is a standard representation of a negotiated
corporate governance structure. It effectively captures the internal bargaining process between state
and private shareholders regarding the managerial incentive contract [12; 22]. This linear formulation
allows for analyzing the continuous impact of ownership structure (f) on strategic interaction, which
is critical for identifying optimal state-holding ratios. Depending on the owner’s preference, 6;
represents the managerial incentive and has a wide range of values. The standard case of profit
maximization is given by 8; = 0. But if 8; > 0, the manager is encouraged to pursue more sales.
Conversely, 8; < 0 implies that the manager will be encouraged to pursue profit more than sales.
Furthermore, full delegation or partial delegation can be adopted by one enterprise. Specifically, the
manager can decide both the quantity and capacity of an enterprise under full delegation, but can
only determine the outputs under partial delegation.

Assumption 3. According to the enterprise’s ownership structure and managerial delegation, we
consider six regimes: (i) Model FPP - both private enterprises adopt full delegation; (ii) Model FSS -
both state-owned enterprises take full delegation; (iii) Model FMM - both the two mixed-ownership
enterprises choose full delegation; (iv) Model PPP - both private enterprises take partial delegation;
(v) Model PSS - both managers of two state-owned enterprises are partially delegated; (vi) Model
PMM - both the two mixed-ownership enterprises choose partial delegation. The six cases above are
represented by Model FPP, Model FSS, Model FMM, Model PPP, Model PSS, and Model PMM
respectively, and their equilibrium results are denoted by corresponding superscripts.

Under the above assumptions, the two enterprises engage in a three-stage sequential game.
Specifically, the owners of private and state-owned (or mixed-ownership) enterprises aim to
maximize their objective functions V;. For a private firm, V;* = n¥'; for a state-owned firm, VP =
swi; for a mixed-ownership enterprise, VM = BswM + (1 - pB)mM; the managers’ objective
functions are uf, uf and uﬁ", respectively. In the first stage, the owners of enterprises decide on the
managerial incentive when adopting different delegation contracts (full or partial). In the second
stage, the owners or managers of enterprises choose the capacity to maximize profits or the
manager’s utility. In the third stage, the managers of the two enterprises determine the quantity in
Cournot competition. Within each regime, firms are ex ante symmetric and adopt identical delegation
contracts. Hence, we restrict attention to symmetric Nash equilibria and denote the managerial
incentive as 8;; = 0, and 6,; = 0, fori =1, 2.
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3. Model Analysis
The equilibrium outcomes are inversely induced under two managerial delegation contracts (full
or partial) and three ownership structures (private, state-owned, or mixed).
Model FPP
If the two private enterprises adopt full delegation, the managers maximize uf = nf + Hqu in
Stage 3 by choosing q; as
_ (4-1m)(a-n+6,)+2(4x;-7x;)

i 16—12

(1)
In Stage 2, substituting (1) into the manager’s utility function, and his/her choice of x; gives the

capacity reaction function

16((4-7)(a—n+6;)-2rx;)
L= r4—32r2+128

(2)

The reaction curves of the two enterprises as given by (2) are shown in Figure 1. Two thick curves,
denoted as RF; and RF,, are drawn with the assumption that r € (0,1) and 6, > n —a. The
downward slopes indicate that the product sales are strategic substitutes. If Enterprise 2 chooses zero
capacity, Enterprise 1 will choose its monopoly capacity as:

16(4 —r)(a—n+6,)
r* —32r2 + 128

And similarly, if Enterprise 1 chooses zero capacity, Enterprise 2 will choose:

_16(4—-1r)(a—n+06,)
2T T A T3 1 128

Conversely, if Enterprise 2 chooses:

_ (4-r)(a-n+6,)
2~ 2r

’

. _— I . . 4-1)(a-n+6,) .
Enterprise 1 will simply close down, and similarly, Enterprise 1’s choice of x; = %wnl

force Enterprise 2 to close down. Therefore, the monopoly and entry-deterring levels of the quantity
of each enterprise can be defined in the usual way as the enterprise’s capacity. The equilibrium

capacities are given by point M comprising x{*F and x£*F, which we obtain as
FPp _ __16(a-n+65)
Xoo = r(16-12)+4(8-12) (3)

X2

1664 —r)(a—n+0,)

r* —32r° + 128

FPR oSl Sl mD
.rz

X1
x,l_‘pp (4=r)(a—n+48,)

Fig.1: Capacity reaction functions
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We now move to the first stage of the game and analyze the strategic interactions in terms of
managerial incentives. Utilizing (3) and profit function, the two players determine their managerial
incentives simultaneously by maximizing profits as follows:

rpp _ (a-n)(32(r2-r—8)-rY)r
0, T 2rt(r+2)-64(r2—8)(r+1) <0 )
FPP

A crucial point to note is that for x;* > 0, it is necessary that 6, > n — a.

Lemma 1 The equilibrium outcomes under Model FPP when 6, > n — a are as follows.

FPP _ (a-n)(r?-16)* xFPP _ JFPP _ (a-n)r?(16-1?)
9 = 2rt(r+2)—64(r2—-8)(r+1)’ 7t 9 = 2r4(r+2)—64(r2-8)(r+1)’
FPP __ (r2—16)2(a—n)2 ...FPP __ (r4—32(r2+4))(r2—16)2(a—n)2.
T = agen-1280+0)02-8) T 20t(r+2)—320+1)(r2-8))2 ’
FPP _ (r2—16)4(a—n)2(r+1) . FPP _ (r2—16)2(a—n)2(r4(3r+5)—96(r+1)(r2—8))
€s T 4(rt(r+2)-32(r+1)(r2—8))2’ sw o 4(r4(r+2)-32(r+1)(r2-8))2

We can prove x/ 7P — qFP? > 0 and thus obtain the following corollary.

Corollary 1. Under the full delegation contract, the two private enterprises engaging in Cournot
competition have to face excess capacity.

As shown in Corollary 1, the two private enterprises will suffer from overcapacity under managers’
decision-making. Specifically, 857 < 0 implies that the managers are encouraged to pursue profits
more than sales, which conforms to the private enterprise’s objective of profit maximization. Thus,
the production and operation decisions from managers may receive the board’s approval and support
easily. Furthermore, the growth rate of capacity is fast than that of quantity. Therefore, the
managerial incentives would generate overcapacity finally.

Proposition 1. In Model FPP, the effects of r on the equilibrium outcomes are as follows:

aSWFPP

<0, pw < 0.

a(xFPP—qFPP) o FPP 9csFPP

L L
or >0, or <0, or

As shown in Proposition 1, when the two private enterprises choose full delegation, the value of
7 is positively correlated with (x/*? — qFP") but negatively correlated with ©/*?, csFPP, and swfPF,
indicating that improving product differentiation (i.e., the decrease of r) can alleviate overcapacity
and enhance the profits of the two enterprises, consumer surplus, and social welfare. Complete
product differentiation is the optimal choice for the market private players. Product differentiation
strategy is an effective tool to settle excess capacity by providing more alternatives for consumers

and improving market competitiveness.

3.1 Mode FSS
After standard calculation, the equilibrium results can be obtained as follows.
FSS — (r2—16)2(a—m) FSS — 16(16—7’2)((1—771)
qi r4(r+3)-32(r+1)(r2-8) "t r4(r+3)-32(r+1)(r2-8)’
gFss — _(a-m)(r'-64(r®-4))  pss _ rss _ __(a-m)r’(16-r*)
1 qi r4(r+3)-32(r+1)(r2-8)’

r4(r+3)-32(r+1)(r2-8)" !
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FSS — (r-4)2(r+4)%(a—m)?r* Fss _ 2(r - 4)2(r + 4)%(a - m)?(r*-32r2+128)
‘ (r4(r+3)-32(r+1)(r2-8))%" "t (r*(r+3)-32(r+1)(r2-8))2 ’
FSS __ (r2—16)4(a—m)2(r+1) FSS (T2—16)2(a—m)2
s = (r*(r+3)—-32(r+1)(r2-8))%’ T (rt(r+3)-32(r+1)(r2-8))2°

It should be noted that there always exist g;>5 > 0, x5 > 0 and /> > 0 for any value of r €
(0,1). In addition, we can prove A5 >0 and x/%° —qf** > 0. We obtain Corollary 2 and
Proposition 2 by analyzing the equilibrium results.

Corollary 2. When the two state-owned enterprises compete in Cournot competition, the full
delegation contract will force them to suffer from overcapacity, which is identical to Corollary 1.

As shown in Corollary 2, the two state-owned enterprises will face overcapacity under full
delegation. It indicates that the relationship between capacity and outputs is not affected by the
enterprise’s ownership structure adjustment between private and state ownerships. On the one
hand, although the managers are encouraged to pursue more sales (8555 > 0), the increase of
capacity is faster than that of outputs. On the other hand, most state-owned enterprises are related
to national security and social livelihood. It is reasonable to maintain the capacity to exceed market
demands to cope with emergencies and unexpected events in reality.

Proposition 2. In Model FSS, the effects of r on the equilibrium outcomes are as follows:

6( FSS FSS) aTL'FSS dcsFSS FSS

—4i om; ™ osw
ar >0, or >0, or <0, or

<0.

As shown in Proposition 2, when the two fully delegated state-owned enterprises engage in
Cournot competition, the positive correlation between r and (xFSS qfss) indicates that producing
homogeneous products will exacerbate overcapacity. With the increase in product differentiation,
the decrement in enterprise profit is outweighed by the improvement in consumer surplus, which
leads social welfare to increase. In a word, complete product differentiation is the optimal choice for
the two state-owned enterprises to mitigate overcapacity and maximize social welfare.

Compared with Proposition 1, differ from the negative correlation between r and nFPP increasing
product differentiation (i.e., the decrease of r) is adverse for profits in Model FSS. This change lies in
the fact that private enterprises pursue profit maximization but state-owned enterprises pursue

social welfare maximization, attributing to different ownership structures of market players.

3.2 Model FMM
After standard calculation, the equilibrium results in Model FMM can be obtained as follows.

FMM __ (16—r2)2(,8+1)((n—m)ﬁ+a—n) rum _ 8B+ 1)(16—7%)((n-m)B+a—n)

i T 2t (r+B+2)-32(r+1)(r2-8))" "l 2rt(r+f+2)-32(r+1)(r2-8)) ’

oFMM _ ((n-m)B+a-n)(B-Dr(r*—32r2+256)+2B(r*+256)-32(1+36)72)
' - 2(rt(r+p+2)-32(r+1)(r2-8))

’

xFMM _ gFMM (B+ 1)(16-1r2)((n-m)B+a-n)r?
4 T 20t (r+B+2)-32(r+1)(r2-8)) ’

LFMM _ (16-12)* (B +1)((n—m)B+a—-n)’ *((B-1)r-2)-32(B-1) (r+1)(r —8))
t 4(r4(r+B+2)-32(r+1)(r2-8))2

Fum _ (B+1D2(16-72)*((n-m)B+a—n)* (r*-32r2+128)
i B 2(r*(r+p+2)-32(r+1)(r?-8))>2

’
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Fum _ 0+ 1)(16—r2)4(ﬁ + 1)2((n—m)ﬁ+a—n)2
h 4(rt(r+B+2)-32(r+1)(r2-8))2

cs

7’

rum _ (1672 (B+ D((=m)p+a-n)’ (B+5)r* - (-3)(r®-32(r+1)(r?-8)))
- 4(r4(r+p+2)-32(r+1)(r2—8))2 '

Sw

It should be noted that there always exists g ™™ > 0, xI™M™ > 0 for any value of r € (0,1). In
addition, we can prove x; MM — gFMM > 0, We can obtain Corollary 3 and Proposition 3 by analyzing
the equilibrium results.

Corollary 3. If the two mixed-ownership enterprises choose full delegation in Cournot
competition, they will suffer from overcapacity, which is identical to the cases of Model FPP and
Model FSS.

As shown in Corollary 3, the two mixed-ownership enterprises will face overcapacity under full
delegation. Although both private property rights and state-owned property rights are contained in
the mixed-ownership structure, it still fails to solve the issue of overcapacity effectively. We note that
the managerial incentive (8 "") could be positive or negative under Model FMM, indicating that the
manager’s pursuit oscillates between sales and profits. However, as the representative of the
enterprise’s production decision, the manager cannot predict the effective demand of the market
appropriately. Considering the heterogeneous goals under different property rights, the enterprise’s
capacity arrangements fail to cover the market demands accurately. Therefore, it is reasonable to
arise overcapacity in Model FMM.

In practice, many companies around the world have experienced or are experiencing
overcapacity. No matter whether privatization reform or mixed-ownership reform has been
implemented, overcapacity always exists in the process of economic development, which is one of
the common economic development issues. Just as the results in Corollary 1, 2, and 3, overcapacity
may exist under different ownership structure. Therefore, it is unconscionable in practice to only rely
on adjusting the ownership structure to alleviate overcapacity.

Proposition 3. In Model FMM, the effects of f and r on the equilibrium outcomes are as follows.

(i) The effects of :

There exists m; and m,. If 0 < m < mg, then:

a(x{'MM_q{'MM) aﬂ'fMM aCSFMM
3F >0, T >0, T >0
if m > m4, then:
a(foM—quM) aT[iFMM aCSFMM
By E— <0, op <0, 35 < 0.
IfO <m<my:
aSWFMM
then 3% > 0;
if m > m,, then:
aSWFMM
3p < 0.
(ii) The effects of r:
a(x{'MM_q{'MM) S 0’ aﬂ,{'MM < 0' 6CSFMM < 0' aSWFMM < 0
or ar ar or

FMM’ and SWFMM

CcS

FMM _ _FMM~ __FMM
—q; ), T, are

As shown in Proposition 3, the influences of § on (x;
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non-monotonic, which depends on the value range of m. When the efficiency of state-owned
enterprises is high, taking 0 < m < m; (orm,) for instance, increasing the proportion of state-owned
shares can improve profits, consumer surplus and social welfare. However, when the efficiency of
state-owned enterprises is low, especially when m > m;, increasing the proportion of state-owned
shares is beneficial for neither enterprises nor consumers. Under this circumstance, it is necessary to
introduce private capital to enhance producer surplus and consumer welfare.

Moreover, the effects of r on equilibrium results are the same as those of Proposition 1.
Improving product differentiation will alleviate overcapacity and boost enterprise profits, consumer
surplus and social welfare. Complete product differentiation is the optimal choice for mixed-
ownership enterprises under full delegation. However, the complete positive correlation between r
and m; in Proposition 2 becomes negative, which is attributable to the change in ownership structure.

3.3 Model PPP
After standard calculation, the equilibrium results in Model PPP can be obtained as follows.

ppp _ (a—n)(r*—24r2+432r+128) PPP _ 2(a—n)(16(r+2)-r? (r+4))

i 2(r+2)(rt—24r2+32r+64)’ "t (r+2)(r4-24r2+32r+64) ’
QPPP — _ (a-n)r(r* — 3272 + 128) ); XPPP _ gPPP _ (a—n)r(r+4)(8-12)
2 2(r+2)(r*-24r2+32r+64)"" "t t 2(r+2)(r*—24r2+32r+64)’
ppp _  (r*=32r?+128)(a—n)®>  ppp _ (a—n)?(r*-24r?+64)(r*-32r2+128)
t 4(r+2)(r*-24r2+32r+64)" "t 2(r+2)2(r*—24r2+32r+64)2 ’

2
ppp _ (r*—24r24+32r+128) (a-n)?(r+1)_
T a(r+2)2(rt-2412+321464)2 '

CcS

ppp __ (3r2+578-1607r7—1447°+294475+10887*-20992r3-921612+573447+49152)(a—n)?

Sw
4(r+2)2(r*— 24r2+432r+64)2

There always exists g7 *F > 0, x/*? > 0, and ©/*? > 0 for any value of r in the range of (0, 1).
In addition, we can prove 85°F < 0 and xP** — qf*? > 0. Then Corollary 4 and Proposition 4 can be
provided by analyzing the equilibrium results.

Corollary 4. Under the partial delegation contract, the two private enterprises competing in
Cournot competition will face overcapacity, which is identical to Model FPP.

As shown in Corollary 4, the two private enterprises will face overcapacity under partial
delegation. Although private enterprises are generally more efficient than state-owned enterprises
and have more flexibility in production decision-making, they still suffer from overcapacity under
partial delegation. The negative managerial incentive (6;) indicates that the manager is encouraged
to pursue profits more than sales, which leads the enterprises to produce more products than market
demands. However, neither the full nor partial delegations can avoid overcapacity effectively for
private enterprises. In fact, overcapacity is affected by numerous factors, including market, political
policies and social factors. Therefore, the comparison between Model PPP and Model FPP cannot
reject that the managerial delegation is an effective tool. On the contrary, it just shows that
overcapacity isa common problem for enterprises with different ownership structures and delegation
contracts.

Proposition 4. In Model PPP, the effects of  on the equilibrium outcomes are as follows.

6(xiPPP PPP) an,PPP dcsPPP

—4q; i
or >0, or <0, or

9 PPP
<0, _<o.
or
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As shown from Proposition 4, when the two private enterprises choose partial delegation, the

value of r is positively correlated with (x7” — qF*?) but negatively correlated with 71 *?, csPP? and
swPPP manifesting that the growth in product differentiation will suppress overcapacity and improve

the enterprises’ profits, consumer surplus, and social welfare. Therefore, private enterprises are
encouraged to increase product innovation under partial delegation, which is beneficial to all the
market players. Furthermore, the effects of r on equilibria in Model PPP are the same as those of
Proposition 1, which indicates that the choice between the full and partial delegations exerts no
impact on the effects of product differentiation.

3.4 Model PSS
After standard calculation, the equilibrium results in Model PSS can be obtained as follows.

a—m a—m a—m
PSS _ . PSS — . gPSS —

. +PSS _ PSS _ .
qi r+1’ 7 r+1’ 1 r+1’ X qi 0;
(a-m)? (a-m)? (a-m)?

7Tlpss = 0; ufss _ . PSS _ . swPSS = .

r+1)2’ r+1 r+1

There always exists g7*° > 0, x/** > 0 for any value of r € (0,1). In addition, 855 > 0 and

x5S — qP5* = 0. Then Corollary 5 and Proposition 5 can be obtained by analyzing the equilibrium
results.
Corollary 5. The result x5 — qF55 = 0 in Model PSS indicates that there is no overcapacity in the

two partially delegated state-owned enterprises in Cournot competition, differing from Corollary 2.

As shown in Corollary 5, when the two state-owned enterprises adopt partial delegation in
Cournot competition, there exists the case that the capacity is equal to the outputs. In theory, the
managerial incentive (6;) is positive under Model PSS, indicating that the manager is encouraged to
pursue sales more than social welfare. Therefore, reasonable production decisions can be made by
the manager according to market demand. Under partial delegation, because the goal of managers is
different from that of the owners, the combined actions from the managers and owners avoid the
mismatch between capacity and outputs.

Contrary to the overcapacity in Corollary 2, no overcapacity happens in Model PSS, which is
attributable to the change in the managerial delegations. Combined with Corollary 4 and Corollary 2,
it is again confirmed that overcapacity is the result of the comprehensive effects of various factors
from the economic environment. Managerial delegations fail to solve the overcapacity problem under
Model PPP. However, it is an effective instrument to make well-coordinated capacity-quantity
decision and avoid overcapacity in Model PSS.

Proposition 5. In Model PSS, we have:

d(xPSS_qPSSy _  gnPSS 9csPSS dswPSS

-q!
ar ar

As shown in Proposition 5, the overcapacity and the profits of enterprises are not affected by
product differentiation. The two state-owned enterprises’ profits are zero, revealing that government
subsidies are required to support corporate operations. Increasing product differentiation can
increase consumer surplus and social welfare. Compared with Proposition 2, the positive
relationships between r and (x; — q;) (or m;) are replaced by no impacts in Model PSS, which is
induced by the shift of managerial delegations. The effects of r on c¢s and sw are the same as those
in Proposition 2. Consequently, in terms of overcapacity, partial delegation is the better choice for
state-owned enterprises.
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3.5 Model PMM
After standard calculation, the equilibrium results in Model PMM can be obtained as follows.

pum _ (n=mB+a-m(B + )3 (r-28)+(682-8(8+3) )r2+8(B(B+1)+4)r-32(8-4))
qi 2(r5+ (2-3p)r* +2(3(B%-4)—-5B8)r3+(B3+58%+ ’
16(28-1)r2+8((B2(B—5)+2(3B+8))r+2(B3-352+8)))

PMM _ ((n-m)B+a-n)(2pr*+ 5B(1-B)-)r3+2(2(p?(B-2)-2)-78)r? +8(/33+/32+4)r+32(/3+2))
2((r+ 2=3B)r* +2(3(B2—4)-5B)r3+(B2(B+5)+16(2p—1))r2
+8(B2(B—5)+2(3B+8))r+16((f-3)B2+8))

X;

((n-m)B+a-n)((6r3+14r2-16(r+2))B3 +2(r?(3(5-21)-12)
6’pMM +8(57=2))B%+(r+4)(r*—30r2+8(3r+8)) B-15+32r(r?-4))
2((r+4)2B3+(6r3+5r2-8(51—6)) f2+(16(21+3)—(3r+10)r2)rf+(r+2)(r*- 24r2+32(r+2)))

xPMM _ (PMM _ (r?—2pr -8)(n-m)B+a-n)(r+H(T-H(B-1)
i i 2(r+(2-3B))r*+4(3(B2-4)-58)r3+2((B+5)p2+ '

16(2B-1))r2+16(((B—5)B2+6B+16)r+2((f—3)B2+8))

((n-m)B+a-n)?(1-B)((B + V)r° +2(1-282)r8+ 2(B(8B*-29)-7(B%+4))r” +(3B3(21-8B)+
10962%+645-80)r°+(454(98-31)—8B2%(34f—15)+16(815+64))r5+(4S*(318+1)—-3048%(2B+5)—
64(178 —14))r*+(8085+35284+155233+3842-9728—-7168)r3+(1928*(2-B) +6452(355+118)
puM _ +1024(B-6)r?+(256(B*(2—B)+4(B(B+24)+16))—-2304B3)r+1024(B+2)(B3-582+4(B+2)))
Lo a(r(r+(2-3)) +(2(3(B2—)-5f)r+(B2(B+5)+16(2-1)) )r?
+8((B2(B-5)+2(B2(B-3)+8))+2(35+8))r)?

7’

((n—m)ﬁ+a—n)2(8r2(r2—8(r+2))ﬁ6—16r(4(16—9r2+12r)—r3(2r+19)+)35—(2(512(r—2)+
8r2(r3-92r-192))+5r*(153+5r2)) B4 -2(16(49r*+2(r?(29r—124) +16(r+12)))— (612 +73r+
124)r%) B3 —(2(64(43r3-51r2—120r+16)+18r7 —4r*(83r+71)+r8)+81r®) 2 —4(10r>(3r—4)
pum _ —r (r+2)-4167*+256(r?(67+11)-8(3r+4))) B+2(r®—56r°—64(5r2(16-3r2)-128)))
L T 4((r+4)2B3+(6(r3—-8)+57(r—8)) B2 +(161(r+3)—-13(3r+10)) B+(r+2) (r* +8(4(r+2))—372))2’

PMM _ ((n—m)[s’+a—n)2(ﬁ+1)2(r+1)(1'4—2Br3+2(3ﬁ2—4ﬁ—12)r2+8(ﬁ2+ﬁ+4)r+32(4—ﬁ))2
T 4(r5+(2-3B)r*+2(3B2-5B8-12)r3+(B3+5B2+16(2—1))r2+8(B3—5B2+6+16)r+16(B3—352+8))2’
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((n—m)B+a—n)2(16(165[s’+184))r5—([>’2—2[3 -3)r°-(28(3-28%)+5(3B8%-1))r8-8(2(B%(B>*-1)
+10)+3B(5-362))r7 - (24(6- %) -4 (275 +10)+252(7962~181) )ré—(365*(5+5%)+842 (131
+132—30[>’3)—<116[>’6—344ﬁ5—780B4+32(2(ﬁ3—17)+ﬁ(133ﬁ+206))>r4—(256ﬁ3(Zﬁz—23)
+6482(38%-209)+128(1555+164))r3—64((7B5(4—B)+48B°—3178%+144)+16 (B3 —20))r?
—(51232(ﬁ(4(ﬁ2+5)—ﬁ3)+(71—14[32))—57344(ﬁ+1))r—1024(2[35—9ﬁ4+43ﬁ2—24ﬁ—48))

4(r5+(2-3B8)r*+2(3B2-58-12)r3+(B2(B+5)+16(2—-1))r?2
+8((B3-5B2+6B +16)r+2(B3—3B2 +8)))?

PMM _

sSw

There always exists g™ > 0, x’MM > 0, and ™™ > 0 for any value of r € (0,1). Then
Corollary 6 and Proposition 6 can be obtained by analyzing the equilibrium results.

Corollary 6. The two partially delegated mixed-ownership enterprises may choose overcapacity
or under-capacity in Cournot competition, which depends on the values of § and r. When <,
there is overcapacity. When § > r, there is under-capacity.

As shown in Corollary 6, when adopting the partial delegation in Cournot competition, the two
mixed-ownership enterprises may face overcapacity or under-capacity. Specifically, when f <,
there is overcapacity. Otherwise, there is under-capacity for mixed-ownership enterprises.
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Theoretically, the managerial incentive (6;) may be positive or negative under Model PMM,
suggesting that it is uncertain whether managers are more interested in the weighted sum of profits
and sales. When product differentiation is lower than a certain level (f < r), the products produced
by Enterprise i are close substitutes in the market, which causes excess supply and overcapacity.

Different from that in Model FMM, the change is caused by the choice of delegation contract. The
capacity and quantity are both decided by the manager in the full delegation for utility maximization.
However, in the partial delegation, the capacity and quantity are decided by owners and managers,
respectively, driven by heterogeneous objectives. Therefore, under different goals, the game
between private and state ownerships leads to the uncertainty of the relationship between capacity
and outputs.

Proposition 6. In Model PMM, the effects of f and r on the equilibrium results are as follows.

(i) The effects of S:

There exists mz, m,, mg and mg.

) 9(xPMM _ . PMM ] 3(xPMM _ ,PMM
Whenm; > 0, if 0 < m < mj3, then ( aﬁql ) < 0; if m > m3, then ( aﬁql ) > 0.
. omPMM . omPMM
Whenm, > 0, if 0 <m < m,, then :;ﬁ >0;|fm>m4,then5—ﬁ<0.
. dcsPMM . dcsPMM
Whenmg > 0, if 0 < m < mg, then > 0; if m > mg, then T < 0.
. 9 PMM . 9 PMM
Whenmg > 0, if 0 < m < mg, then kit > 0; if m > mg, then Svgﬁ < 0.

(i) The effects of r:

9 (xPMM _gPMM oPMM dcsPMM

L L
or >0, or <0, or

aSWPMM

<0, pw <0.

As shown in Proposition 6, when the two mixed-ownership enterprises choose partial delegation,
the influences of 5 on equilibrium results depend on the value ranges of parameters (m, n and r). It
indicates that the welfare effects of the proportion of state-owned shares on different market
participants are influenced by product differentiation and capital efficiency. The relationship between
p and m; (cs and sw) shows an inverted-U shape. Specifically, with the decline of the state-owned
shares, profits, consumer surplus and social welfare first increase and then decrease. Therefore, the
stereotype that increasing the proportion of state-owned shares is beneficial to improving social
welfare is not wise. Determine an appropriate efficiency of state-owned shares to realize the growth
of social welfare, which is helpful to promote the efficiency of resource utilization.

Furthermore, the correlations between r and the equilibrium results indicate that a complete
differentiation strategy can reduce overcapacity or under-capacity to the greatest extent and realize
optimal profits and social welfare. In practice, improving product differentiation can enhance the
firm’s market competitiveness and avoid overcapacity (or under-capacity) effectively. Therefore,
differentiation strategy is significant in market competition, which has complex influences on the
goals of different players (private ownership, state ownership, consumers, government, and so on).
The impacts of r on equilibrium results are the same as those in Proposition 3, failing to be affected
by the different delegation contracts.

4. Comparative Analysis

In this section, we carry out the comparison analysis from the perspectives of the ownership
structure and managerial delegation, respectively, to explore the welfare effects of ownership
structure and managerial delegation in Cournot competition.
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4.1 Same Ownership Structure

4.1.1 Two private enterprises

This subsection compares the equilibrium results under Model FPP and Model PPP.

Corollary 7. (x/PF — gfPP) < (xFPP — qFPPP), mfPP > wbPP | csFPP < csPPP, swFPP < swPPP,

As shown in Corollary 7, there is lower overcapacity and more profits when the two private
enterprises choose a full delegation contract. Therefore, the higher managerial incentive can alleviate
the inefficiency of resource allocation and improve private enterprises’ revenues. However,
consumer surplus and social welfare in the partial delegation are better than those in the full
delegation. Since the production decision from the partially delegated managers needs to be
coordinated with the capacity decision from the owners, which has a higher internal cost compared
with the full delegation enterprise, and thus the overcapacity is higher and the profit is lower. In

conclusion, taking the full delegation can affect the supply side positively but hurt the demand side.

4.1.2 Two state-owned enterprises

This subsection compares the equilibrium results under Model FSS and Model PSS.

Corollary 8. (x[55 — qF55) > (PSS — qF5S), nfSS > nPSS, csF5S < PSS, swFSS < swPSs,

As shown in Corollary 8, in terms of overcapacity, the two state-owned enterprises will choose
partial delegation because no overcapacity happens to them. Partial delegation has an advantage
over full delegation in improving consumer surplus and social welfare. Consequently, state-owned
enterprise’s optimal choice to realize no overcapacity and maximal social welfare is the partial
delegation. However, the profit under Model FSS is better than that under Model PSS, indicating the
profit is affected by the managerial incentive and that the full delegation promotes profit. In
conjunction with Corollary 7, partial delegation is always helpful to improve consumer surplus and

social welfare in both pure private competition and pure state-owned competition.

4.1.3 Two mixed-ownership enterprises

This subsection compares the equilibrium results under Model FMM and Model PMM.

FMM _ FMM PMM _ _PMMy. _FMM PMM. ..FMM PMM.
Corollary 9. (x;"" —q; ") > (x; —q; ), W <m """, cs > cstMY,

PMM

SWFMM <

sw

As shown in Corollary 9, when two mixed-ownership enterprises are in Cournot competition, the
overcapacity is more serious under the full delegation than that of the partial delegation, which is
consistent with Corollary 3 and Corollary 6. Because of the additional cost of overcapacity, the profit
in Model PMM is higher than that of Model FMM. However, the full delegation adopted by mixed-
ownership enterprises can produce more surplus for consumers, which is different from the cases of
private enterprises and SOEs. The growth of profit outweighs the decrease in consumer surplus,
which leads social welfare to increase under partial delegation. Therefore, partial delegation is the
better choice for mixed-ownership enterprises to alleviate overcapacity and produce more profits
and social welfare.

4.2 Same Managerial Delegation
Because the equilibrium output, capacity, and profit of the enterprise are greater than zero, there
exist(n—m)f+a—n>0anda—n>0.

4.2.1 Full delegation
Corollary 10. (x{%° — qf%%) > (xfM™ — qfMM) > (xFPP — gFPP). There exists m; and mg.
When m; < 0 and mg > 0, if 0 <m < mg, ni*? > nf5* > af"M; if m > mg, nf*? > oMM >
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FSS; csFSS > csFMM > ogFPP; qyyFPP > gyFSS > gy FMM,

As shown in Corollary 10, from the supply side, under full delegation, private enterprises, state-
owned enterprises, and mixed-ownership enterprises all hold excess capacity. Thus, capacity
reduction is a key proposition to enterprises with these three kinds of ownership structure. The
overcapacity is most serious when the two SOEs engage in Cournot competition. If the ownership is

changed, the overcapacity will alleviate. As for the profit, the value of niFPP is maximized when the
two private enterprises engage in Cournot competition. If the market player changes, the profit nfMM

will be greater than 7rf° if m > mg and m, < 0. From the demand side, the consumer surplus is

maximized under Model FSS, indicating that the state-owned shares promote consumer surplus. In
addition, consumer surplus is relatively low when the private shares engage in Cournot competition.
Thus, the pursuit of profits will result in a lower consumer surplus. The social welfare ranking is
consistent with that of m; if 0 < m < mg, revealing that the strong, positive correlation between
social welfare and profit when m is relatively low. From the perspective of social welfare, Model FPP
is optimal, indicating that private capital promotes the maximization of social welfare. Under the full
delegation, the increase in private enterprise’s profit will make up for the lost consumer surplus when
the efficiency of state-owned shares is relatively low, thus resulting in an overall increase in social
welfare.

4.2.2 Partial delegation

Corollary 11. If B > 1, (xFPP — qFPP) > (xf%5 — qf5) > (xPMM — gPMM); if B <7, (xPPP —
qFPP) > (xPMM — gPMM) 5 (xfss — gPssy; aPMM > PSS nPPP, csPMM 5 (PSS ~ GPPP.
swPSS > gwPMM < g PPP.

As shown in Corollary 11, under partial delegation, the excess capacity in private enterprises is
the most serious among the three kinds of ownership structure. And the comparison between SOEs
and mixed-ownership enterprises depends on the relationship between £ and r. In fact, there is no
overcapacity in Model PSS as shown in Corollary 5. But the capacity selection of the two mixed-
ownership enterprises depends on the values of f§ and r. When f > r, under-capacity will happen in
Model PMM. As for profits, the producers will obtain the maximal profits when the two mixed-
ownership enterprises engage in Cournot competition. If the ownership structure changes into pure
state ownership, the enterprise profits nfss will rank second among the three models. Therefore,
from the supply side, the mixed-ownership structure brings benefits to enterprises. And a proper
equity allocation in mixed-ownership enterprises will be helpful to alleviate excess capacity. From the
demand side, mixed-ownership enterprises perform better than SOEs in terms of consumer surplus.
Although the enterprise profits and consumer surplus in Model PMM are both higher than those of
Model PSS and Model PPP, swPMM has not been maximized among the three models. Because either
the overcapacity or under-capacity can cause additional costs for mixed-ownership enterprises. It
indicates that capacity selection has a significant effect on welfare distributions.

In summary, neither private enterprises, state-owned enterprises, nor mixed-ownership
enterprises have a definite absolute advantage. Choosing ownership structures needs to consider the
proportion of state-owned shares, product differentiation, and capacity selection under different
managerial delegations.

5. Extensions

In this section, under Model FMM and Model PMM, the optimal proportion of state-owned shares
of the mixed-ownership enterprise is analyzed by maximizing [fsw + (1 — B)m;], with the aim of
further investigating the influence of capital efficiency and product differentiation on strategic
ownership structure decisions.
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Proposition 7. (i) When maximizing [Bsw™M™ + (1 — B)nf™M], the optimal proportion of state-
owned shares under Model FMM can be shown as

4(n-m)r3+(9m-a+8n)r*+128(m—n)(r+1)(r?-8)+(16(m-n)?r°+32(m-n)(a—
3m—2n)r°+((18a+2252n)m-991m?+a?-52an-972n?)ré-1024(m-n)((a—2m-

3n)r’+(a—27m+22n)ré—8(a+2m—-7n)r>-8(a—33m+28n)r*)—(m-n)?(524288r3
1

BFMM = —786432r%2-2097152r-1048576))2 _
B 6r4(m-n) ’
. opFMM . agFMM 9gFMM
(iIf0o<n<Zthen?l —<0;ifn>2 then?l— 028 — <.
17 m 17 am or

As shown in Proposition 7, according to [Bsw™™M + (1 — B)nfMM] maximization, we find that

partial nationalization is the optimal ownership structure under full delegation. Model FMM has no
absolute advantages in terms of profits, consumer surplus and social welfare compared with Model
FPP and Model FSS. Only when state capital is relatively low efficient, the profits of Model FMM is
higher than that of Model FSS. However, the weighted sum of profits and social welfare is maximized
under Model FMM. It indicates that the negotiation between the private and state-owned shares can
reduce the decision failures made by the fully delegated managers. Furthermore, when private capital
is sufficiently efficient (0 < n < %), the decrease in state capital efficiency will reduce the optimal

proportion of state-owned shares, manifesting that enhancing the proportion of profits can improve
[BswMM + (1 — B)mfMM]. The negative correlation between r and f™M shows that the optimal
proportion of state-owned shares can be enhanced by increasing product differentiation. Therefore,
the efficiencies of private and state-owned shares and product differentiation influence the optimal
proportion of state-owned shares, that is the ownership structure decisions.

Considering the complexity of Model PMM, we assume a = 10, m = 2, and n = 1 to simplify the
analysis without losing generality. Figure 2 shows the relationship between g and [BswfMM +
(1 — B)mfMM] and Proposition 8 is obtained as following.

— s 4 (1-p) fl.;p.‘ﬂ[)‘lhﬂ.’ r=01
it (ﬁsﬂ‘p“‘(“‘(-% (1—p) ;r;p"mf) whenr =02
i (;S.S’UPMU+ (1—=p) /T:D_‘L‘f) whenr=03
M (p‘sﬂ'ﬂm‘(%» (1—1p) ;r;p'mfj whenr=04

284 .7

o 02 04 06 08 1
B
Fig.2: The curve of 8 and[swPMM + (1 — B)rnf™M] when r = 0.1,0.2,0.3, 0.4, respectively
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Proposition 8. (i) Because F(f = 0) < 0 and F(B = 1) > 0, there exists MM € (0,1) maximizes
[BswPMM + (1 — B)rPMM], where

CE+1D2n-m)p+a-—myr’+
(29(m —n)B% + (20m — 15a — 5n)B% + (13n — 4a — 9m)B + 7a — 4m — 3n)r®
+2(54(n — m)B*
+(28a + 21m — 49n)B3 + (140m — 23a — 117n) 2 + (149m — 66a — 83n)B
—43a + 56m — 13n)r’
+(191(m — n)B° + (459n — 97a — 362m)[*
+(228a — 997m + 769n) 83 + (455a — 832m + 377n)B2 + 2(99a + 8m — 107n)B
+16(10m + n — 11a))r® + 2((92(n — m)B° + (48a + 384m
—432n)B5 + (980m — 216a — 764n)B* + (544n — 472a — 72m) >
+(344a — 2512m + 2168n) 82
+(1320a — 2920m + 1600n)p + 728a

—1024m + 296n)r° + (12(n — m)B7 + (4a — 236m + 232n)B° + (136a — 572m + 436n)[°
+(284a + 1660m — 1944n)p* + (5440m — 1296a
P — —41441)B3 + (6560m — 2528a — 4032n)B2 + (1280m — 1520a + 240n)B
+512a — 896m + 384n)r*
+(120(n — m)B” + 40(a + 14m — 15n)B°
+(2448n — 240a — 2208m)B5 + (1472a — 6320m + 4848n)B*
+(2800a — 3560m + 760n)83 + (16128m — 872a — 15256n)B2 + (21760m —
8960a — 12800n)B — 5376a + 7168m — 1792n)r3 + (384(n — m)B’
+(128a + 2048m — 2176n)B° + (1920n — 1024a — 896m)B° + (640a
—5120m + 4480n),84 + (4736a — 15616m + 10880n)[>’3 +
(7168a — 23296m + 1612871),32 + (3456a — 2048m — 1408n)5 — 2048a
+6144m — 4096n)r2 + (384(n — m)B7 + (128a + 1792m — 1920n)B°
+(4352n — 768a — 3584m) 5 + 6400(m — n)B* + (18304m — 2304a
—16000n)43 + (51328n — 2176a — 49152m)B? + (23552a — 67584m + 44032n)8
+18432a — 16384m — 2048n)r + 1024(m — n) (B
—585 + B*) + (27648m — 4096a — 23552n)8° + (25600n — 9216a — 16384m) 2
+(14336a — 49152m + 34816n)B + 16384(a — m)))

(i) The relationship between [BswPMM + (1 — B)rFMM] and B is shown as an inverted-U shape,
indicating that [fsw + (1 — B)m;]PMM increases and then decreases with the growth of S.

(iii) The increase of r suppresses the optimal proportion of state-owned shares.

As shown in Proposition 8, according to [fsw + (1 — B)m;]PMM maximization, we find that there
exists the optimal proportion of state-owned shares under Model PMM, indicating that mixed
ownership is the optimal ownership structure strategy. On the other hand, Figure 2 shows the
inverted-U shape between [Bsw + (1 — B)m;]PM™ and B, which also proves the existence of the
optimal proportion of state-owned shares. With the improvement of g, [Bsw + (1 — B)m;]PMM will
increase and then decrease when other parameters (a, m, n, r) are determined. Compared with
Model PPP and Model PSS, the mixed-ownership competition with partial delegation produces the
highest enterprise profits. And swPMM ranks second after sw’SS as shown in Corollary 11. Therefore,
the welfare distribution under Model PMM can realize [fsw + (1 — B)m;]"MM maximization. In fact,
the combination of private and state-owned shares allows enterprises to diversify their goals beyond
the single pursuit of social welfare or profit. The partial delegation contract will lead to the game
between enterprise owners and managers according to their own goals, which is conducive to
reducing capacity decision-making errors. We also find that the improvement of product
differentiation will enhance the optimal proportion of state-owned shares in Model PMM, which is
identical to that of Model FMM. It indicates that the effects of product differentiation cannot be
changed under different delegation contracts.
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6. Conclusions

This study investigates ownership structure, managerial delegation and capacity selection in a
differentiated duopoly model and analyzes the effects of product differentiation, the proportion of
state-owned shares and capital efficiency on capacity selection and ownership structure under
different models. Furthermore, the comparative analysis is provided in terms of ownership structure
and managerial delegation, followed by the determination of the optimal proportion of state-owned
shares. The main conclusions are as follows.

First, regardless of ownership structures, enterprises always suffer from overcapacity under full
delegation. However, the capacity arrangement in Model FPP is profit-oriented, which is different
from the sale-oriented decision in Model FSS. Under partial delegation contract, ownership structures
exert an effect on enterprises’ capacity arrangements. There is no overcapacity in Model PSS. But the
capacity depends on the proportion of state-owned shares and product differentiation in Model
PMM. In addition, neither the full delegation nor the partial delegation can avoid overcapacity
effectively for private enterprises. When conducting managerial delegation, enterprises should
consider their ownership structures. The full delegation is better for private enterprises seeking profit
maximization. To realize the maximization of social welfare, state-owned enterprises should choose
partial delegation.

Second, product differentiation and the proportion of state-owned shares have effects on the
equilibrium results under different models. Producing homogeneous products will exacerbate
overcapacity under full delegation. The effects of product differentiation on equilibria in Model PPP
are the same as those in Model FPP, which indicates that the choice managerial delegation exerts no
impact on the role of product differentiation. Consumer surplus and social welfare can be enhanced
by improving product differentiation under any competition mode. Complete product differentiation
is the optimal choice for mixed-ownership enterprises under full delegation. In Model PSS, the partial
delegation can help SOEs realize capacity balance, and the product differentiation fails to affect the
capacity arrangements and enterprise profits. Furthermore, the effects of the proportion of state-
owned shares on the equilibrium results are complex, which depend on the value ranges of some
parameters (m, n and r). Therefore, the enterprise should be prepared to face the side effects when
adjusting the ownership to achieve some economic goals.

Third, different ownership structures and delegation contracts have impacts on the comparisons
of equilibrium results. In Model FPP, the two private enterprises produce lower overcapacity and
more profits than those under Model PPP, which is contrary in terms of consumer surplus and social
welfare. SOEs prefer partial delegation to realize no overcapacity and maximal social welfare at the
expense of profits. Compared with Model FMM, mixed-ownership enterprises should also choose
partial delegation because of the higher profits and social welfare. Partial delegation has the
advantage of improving social welfare in both pure and mixed competitions. When choosing full
delegation, private, state-owned, and mixed-ownership enterprises all hold excess capacity, which is
most serious in SOEs. However, under partial delegation, the overcapacity is most serious in private
enterprises instead of SOEs. Compared with pure private and state ownership structures, mixed
ownership can produce more welfare from the supply side and demand side under partial delegation.
These conclusions have a certain significance for enterprise owners and managers to conduct the
right strategies in managerial delegation, capacity selection and ownership structures.

Fourth, there exist the optimal proportions of state-owned shares in Model FMM and Model
PMM, which are influenced by product differentiation and capital efficiency. Under either partial or
full delegation contracts, partial nationalization maximizes the weighted sum of profits and social
welfare and thus becomes the optimal ownership structure strategy for mixed-ownership
enterprises. It indicates that the negotiation between the private and state-owned shares can reduce
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the decision failures made by the partially or fully delegated managers. In Model FMM, when private
capital is sufficiently efficient, the decrease in state capital efficiency will reduce the optimal
proportion of state-owned shares. However, the optimal proportion of state-owned shares can be
enhanced by increasing product differentiation in both Model FMM and Model PMM. It indicates that
the effects of product differentiation cannot be changed under different delegation contracts.
Therefore, the efficiencies of private and state-owned shares and product differentiation play key
roles in determining the optimal ownership structure strategy.

There are still some limitations that need to be resolved in the future. First, we only study the
case of two enterprises in the market competition, which can be extended to multi-enterprise
competition. Second, the study does not consider the endogeneity of the managerial delegation.
Whether adopt the managerial delegation and choose partial or full delegation should be further
analyzed. And the comparative studies on the effects of the endogeneity of managerial delegation on
ownership structure and capacity selection should be conducted. Third, the article divides corporate
equity into state-owned and private shares, but state-owned and private shares can also be further
divided into different types in reality. Therefore, the refinement of equity is worthy of in-depth study
in the future.
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