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1.

Abstract: Over the past approximately 30 years, many researchers have examined
oligopoly models where firms endogenously select the timing of their action decisions.
Therefore, this paper studies a mixed triopoly model featuring competition between
a labour-managed firm, a capitalist firm and a state-owned firm. The sequence of
events is as follows. In stage 0, each firm independently and simultaneously selects
either ‘stage 1’ or ‘stage 2’. In this context, stage 1 denotes that a firm produces in
stage 1, whereas stage 2 signifies that it produces in stage 2. In stage 1, if a firm opts
for stage 1, it determines its output for this stage. In stage 2, if a firm chooses stage
2, it decides on its output for this stage. Upon the conclusion of the game, the
market opens, and all firms sell their outputs. The purpose of this paper is to present
the equilibrium outcome of triopoly competition where a state-owned firm, a labour-
managed firm and a capitalist firm compete in quantities. As a result of the analysis,
this paper reveals that there exists an equilibrium wherein both the labour-managed
firm and the capitalist firm assume leadership roles. The paper finds that the state-
owned firm is precluded from functioning as the Stackelberg leader.

Keywords: Capitalist firm; Cournot game; Endogenous timing; Labour-managed
firm; State-owned firm

JEL classification: C72; D21; 130

INTRODUCTION

The theoretical analysis by Hamilton and Slutsky (1990) examines endogenous

timing in two two-player games. In a preplay stage, players decide whether to
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take actions in the basic game at the first opportunity or wait to observe their
rivals’ first-stage actions. In one extended game, players first decide when to
take actions without committing to actions. In another extended game, deciding
to act at the first turn necessitates committing to an action. It is shown that in
both extended games, sequential play outcomes are pure strategy equilibria only
in undominated strategies. Robson (1990) examines a straightforward game
model of price-setting duopoly where strategic timing is endogenous. Each firm
selects not only a price but also a time at which this price is set. It is shown that
the only subgame perfect Nash equilibria with sequential timing arise. Lambertini
(1996) investigates the choice of roles by firms in a vertically differentiated
duopoly by introducing a preplay stage where firms determine the timing of
moves. It is found that the unique subgame perfect Nash equilibrium involves
simultaneous play in the quantity stage, followed by sequential play in the price
stage, where both firms would prefer to be price leaders. van Damme and
Hurkens (2004) examine a linear price-setting duopoly game with differentiated
products where firms can endogenously decide whether to lead or follow. While
the follower role is most attractive for each firm, it is shown that waiting is
more risky for the low-cost firm. Hence, the low-cost firm will emerge as the
endogenous price leader. Chen et al. (2024) investigate an endogenous timing
game of R&D decisions with research spillovers and compare the effects of
output and research subsidies. It is shown that the simultaneous-move
(sequential-move) game is an equilibrium if the spillover rate is low (high)
under an output subsidy, while this equilibrium is socially beneficial if the
spillover rate is either high or sufficiently low. It is also shown that under a
research subsidy, the simultaneous-move game is a unique equilibrium regardless
of the spillover rate and is always socially beneficial. There are numerous
additional studies, such as those by Amir (1995), van Damme and Hurkens
(1999), Deneckere and Kovenock (1992), Furth and Kovenock (1993),
Hoffmann and Rota-Graziosi (2020), Lambertini (2000), van Leeuwen et al.
(2022), Matsumura (1999), Park et al. (2021), Sadanand and Sadanand (1996),
von Stengel (2010) and Tasnddi (2003). However, these studies encompass
oligopoly models with profit-maximizing capitalist firms and do not include
state-owned firms.

Several studies delve into endogenous timing within mixed oligopoly models
that include state-owned public firms. For instance, Pal (1998) tackles the matter
of the endogenous sequence of actions in a mixed market by employing the
observable delay game proposed by Hamilton and Slutsky (1990) in the context
of a quantity-setting mixed oligopoly where a state-owned firm and capitalist
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firms initially select the timing of their quantity decisions. It is demonstrated
that in the case of more than two time periods, there exists a unique subgame
perfect Nash equilibrium wherein all capitalist firms produce simultaneously in
the first period and the state-owned firm produces in the second period. Lu
(2007) investigates endogenous timing in a mixed oligopoly comprising a state-
owned firm and foreign capitalist firms, and demonstrates that in the game of
two time periods for quantity choice, there exists no subgame perfect Nash
equilibrium outcome where all firms produce simultaneously in the same time
period. Bércena-Ruiz (2007) considers a mixed duopoly model where a state-
owned firm and a capitalist firm decide whether to set prices sequentially or
simultaneously, and shows that they opt for simultaneous pricing. Lu and Poddar
(2009) explore a two-stage mixed duopoly game of endogenous timing with
observable delay in the context of sequential capacity and quantity choice, and
reveal that the state-owned and capitalist firms choose capacity and quantity
sequentially in all possible equilibria. Ohnishi (2016) examines mixed duopoly
games where a state-owned firm and a foreign capitalist firm compete in terms
of pricing. Ohnishi (2016) explores the desirable role of the state-owned firm,
whether as a leader or a follower, the impact of eliminating the foreign capitalist
firm, and the endogenous role in price-setting mixed duopoly by adopting the
observable delay game. As a result, it is shown that the state-owned firm cannot
become the leader. Bdrcena-Ruiz and Sedano (2011) explore the endogenous
order of moves in a mixed duopoly for differentiated goods. Firms decide whether
to set prices sequentially or simultaneously. It is revealed that the equilibrium
outcome is significantly influenced by the weight assigned to consumer surplus
in the weighted welfare and the extent to which goods are substitutes or
complements. Lee and Xu (2018) investigate an endogenous timing game in
product-differentiated duopolies under price competition when an emission
tax is applied to environmental externalities, and show that there exists an
equilibrium outcome where the state-owned firm is the leader. Haraguchi and
Matsumura (2020) explore endogenous timing in a mixed duopoly model that
features price competition, along with distinct social and private marginal costs.
It is shown that various equilibrium timing patterns—Bertrand, Stackelberg
with public leadership, Stackelberg with private leadership, and multiple
Stackelberg equilibria—may emerge. However, these studies involve models
with state-owned and capitalist firms, excluding labour-managed firms.

A few studies explore endogenous timing in mixed oligopoly models that
incorporate labour-managed firms. For instance, Lambertini (1997) investigates
endogenous timing in a mixed duopoly involving a capitalist firm and a labour-
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managed firm, competing either in terms of prices or quantities. He reveals that
the Bertrand game leads to multiple equilibria, whereas the Cournot game yields
a unique subgame perfect Nash equilibrium, wherein the capitalist firm assumes
the leader’s role and the labour-managed firm takes on the follower’s role.
Furthermore, Ohnishi (2012) explores a mixed duopoly model involving
competition between state-owned and labour-managed firms. There are two
production stages, and the firms initially declare the stage in which they will
decide their output. It is shown that the unique equilibrium corresponds to the
Stackelberg solution, with the labour-managed firm as the leader.

We explore a mixed triopoly model wherein a labour-managed firm, a
capitalist firm and a state-owned firm coexist. The sequence of events is as
follows. In stage 0, each firm independently and concurrently selects either
‘stage 17 or ‘stage 2’. In this context, stage 1 denotes that a firm produces in
stage 1, whereas stage 2 signifies that it produces in stage 2. In stage 1, if a firm
opts for stage 1, it determines its output for this stage. In stage 2, if a firm
chooses stage 2, it decides on its output for this stage. Upon conclusion of the
game, the market opens, and all firms sell their outputs. We examine the
equilibrium of the endogenous timing triopoly model. To the best of the author’s
knowledge, no previous work has dealt with such an economic situation. This
study aims to present the equilibrium outcome of triopoly competition where a
state-owned firm, a labour-managed firm and a capitalist firm compete in
quantities.

The remainder of this paper is organized as follows. In Section 2, the model
is described in detail. Section 3 provides supplementary explanations of the
model. Section 4 discusses fixed timing games. Section 5 presents the equilibrium
of the model. Section 6 concludes the paper.

2. MODEL

Let us consider a market composed of one capitalist firm (firm C), one labour-
managed firm (firm L) and one state-owned firm (firm S). In the rest of this
study, subscripts C, L and S denote firm C, firm L and firm S, respectively. In
addition, when 7, j and 4 are used to refer to firms in an expression, they should
be understood to represent C, L and S with 7 # j # k£ We do not consider the
possibility of entry or exit. The triopolists produce perfectly substitutable goods.

The given price-demand function is P(Q), where Q=q. +q_+0s. We assume
that d2P/dQ? (= 8*P/oq? = 6°P/oq? = 0°P/oc?) >0 and dP/dQ+q (d*P/dQ?)<0 .

Note that this assumption allows a linear price-demand function which was
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used in many papers of mixed oligopoly (e.g., see Delbono and Rossini, 1992;
Lambertini, 1997; Lambertini and Rossini, 1998; Ohnishi, 2009).
The game’s sequence is as follows. In stage 0, each firm 7 independently and

simultaneously selects t, €(1,2), wheret, indicates the timing of deciding the
non-negative output ¢ . Specially,t =1 means that firm 7 produces in stage 1,
andt =2 means that it produces in stage 2. Firm 7 observest; and t, . In stage
1, firm i that chooses t =1 determines its outputq in this stage. In stage 2, firm

i that choosest =2 determines its outputq in this stage. At the end of the

game, the market opens, and all firms sell their outputs.
Hence, each firm’s profit is represented by
7, = PQ)q -w(q)-r(q)-f, (1)

wherew is the labour cost function, r is the capital cost function, and f >0 is
the fixed cost. Firm C choosesq. to maximize its own profit. We assume

dw/dg >0, d?w/dg? >0,dr/dg >0 and dr/dg? >0. We assume that the three

firms face the same cost function and that the marginal cost of production is
increasing. This assumption is utilized in many papers studying mixed oligopoly
markets (see, e.g. Bdrcena-Ruiz and Garzén, 2003; Delbono and Rossini, 1992;
Delbono and Scarpa, 1995; Fjell and Heywood, 2002; Fjell and Pal, 1996;
Harris and Wiens, 1980; Lee and Xu, 2018; Matsumura, 2003; Ohnishi, 2018,
2020, 2021; Pal and White, 1998; Poyago-Theotoky, 1998; Wang and Wang,
2009; Ware, 1986; White, 1996;). If the marginal cost of production is constant
or decreasing, then firm S chooses to produce where the price equals the marginal
cost of production. Consequently, neither firm C nor firm L has an incentive to
operate in the market, allowing firm S to act as a monopolist.

Economic welfare, which is the sum of consumers’ surplus and total profits
by the firms, is represented by

W = [ P w() ()~ Wi~ (6) (e )~ () ~31. @

Firm S chooses ¢ to maximize economic welfare.
Firm Ls income per worker is represented by

_PQq -r(q)-f
o @ )

where / is the labour input function. We assume di/dg >0 and d?l/dg? >0.

Firm L chooses g, to maximize income per worker. We adopt subgame perfection

as our solution concept to solve this game.
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3. SUPPLEMENTARY EXPLANATIONS
First, we derive firm C’s reaction function in quantities from (1). Firm C’s
reaction function is defined by

Re (0., ) = ag max [P(Q)de —W(dc) —r () - . (4)

We present the following lemma.
Lemma 1: Under Cournot competition, firm C’s reaction functions are
downward sloping.

Proof: Firm C aims to maximize its profit with respect to q., givenq, and

0. The equilibrium must satisfy the following conditions: The first-order

condition for (1) is

G —+P-———— =0, 5)

+2———- <0. (6)

Moreover, we obtain

P dP
OR:(0,,Gs) _ OR(q,,0) _ dQ " dQ’
aq, 005 ,dP d?P d'w dr’ 7)

Q%7 d o

Since dP/dQ+q, (dZP/ dQZ) <0, the lemma follows. QED.

This lemma implies that firm C regards quantities as strategic substitutes.
The concepts of strategic substitutes and complements are attributed to Bulow,
Geanakoplos, and Klemperer (1985).

Second, we derive firm s reaction function in quantities from (3). Firm
s reaction function is defined by

R (Qc, Gs) = argmax

{a.>0}

P(Q)qL — r(qL)_ f
| | ®

I(q.)

We now state the following lemma.
Lemma 2: Under Cournot competition, firm Us reaction functions are
upward sloping.
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Proof: Firm L aims to maximize its income per worker with respect to ¢,,
given ¢, and g.. The equilibrium must satisfy the following conditions: The
first-order condition for (3) is

dP dr d
& - T i (pq -r-f) 20,
[% aQ " qu] (Pa—r= 1) ©)
and the second-order condition is
d?P dP d?r d?
O 2% 90 (pg —r-f)L <o
(qL d@* " “dQ dqu (P Vg - (10

Moreover, we obtain
d?P d \dP

al—=+|1-a—— =

R (Ac, %) _ R (%c: %) _ dQ dg, )dQ _
d?l (11)

2 2
e %% qLLIZ+ ﬁ_diz I_(PQL_r_f)iz
dQ®  dQ do; da;

Since d?l/dg? >0, | —q, (dl/dg, )<0, and thus
q.(d*P/dQ®)+[ I —q (dl/dq, ) |dP/dQ is positive. QED.
This lemma asserts that firm L regards quantities as strategic complements.

Third, we derive firm S’s reaction function in quantities from (2). Firm S’s
reaction function is defined by

R (0. ) = rgmax [ P(9dx-w(a) ~r(ce) ~w(e) (@) - () ~(e) -3f |

(12)
We present the following lemma.
Lemma 3: Under Cournot competition, firm S’s reaction functions are
downward sloping.

Proof: Firm S aims to maximize economic welfare with respect to ¢, given g
and q, . The equilibrium needs to satisfy the following conditions: The first-

order condition for (2) is

dw dr
" 13
and the second-order condition is
dP d?w d?r
——=—2<0 (14)
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Moreover, we have

dP
OR(9c, ) _ R(Ae,a) _ dQ
00c o0, dP _d*w_d’r’ (15)
dQ dgf dof

Thus, the lemma follows. QED.
We assume that R., R and Ry intersect at a single point. This assumption is

made to eliminate the scenario where one firm is extremely large or small
compared to the other firms.

4. STACKELBERG GAMES OF FIXED TIMING
We begin by considering three Stackelberg duopoly games. If firmi is the

Stackelberg leader, then firmj selects g, and firm j selectsq; after observing

¢ . Firmj maximizes(q,R (q)) with respect to q. We present the following

three lemmas.

Lemma 4: In capitalist and labour-managed duopoly competition, (i)
o < g™ and (ii) g™ > ™™ . Here, ‘CLDL’ denotes the Stackelberg leader
outcome of the capitalist and labour-managed duopoly game, and ‘CLDN
denotes the Cournot-Nash outcome of the capitalist and labour-managed
duopoly game.

Proof: (i) If firm C is the Stackelberg leader, then it maximizes (q¢, R (q.))
with respect to g ._Therefore, firm C’s Stackelberg leader output satisfies the

first-order condition:

Ome  0me OR

o0 oq, oq (16)

Here, o7, /00, = q.(dP/dQ) is negative, and 6R /dq. is positive (Lemma 2).
To satisfy (16), 0z, /0q. must be positive.

(ii) If firm L is the Stackelberg leader, then it maximizes (R.(q,),q,) with
respect to ¢ . Therefore, firm s Stackelberg leader output satisfies the first-

order condition:

90 0o Re

oq,  og g, (17)



Endogenous Timing in a Mixed Triopoly with State-Owned... 121

Here, 8¢, /0. =g, (dP/dQ) is negative, and 6R./dq, is also negative (Lemma
1). To satisfy (17),0¢, /6q, must be negative. QED.
Lemma 5: In capitalist and state-owned duopoly competition, (i) g&* > g&™"

and (i) of™ <™. Here, ‘CSDL’ represents the Stackelberg leader outcome

of the capitalist and state-owned duopoly game, and ‘CSDV’ represents the

Cournot-Nash outcome of the capitalist and state-owned duopoly game.
Proof: The proof is similar to that of Lemma 4, and thus we omit it. QED.
Lemma 6: In labour-managed and state-owned duopoly competition,

(i) r™ > gt™ and (ii) g™ > ¢™. Here, ‘LSDL’ denotes the Stackelberg leader

outcome of the labour-managed and state-owned duopoly game, and ‘LSDN
denotes the Cournot-Nash outcome of the labour-managed and state-owned
duopoly game.
Proof: The proof is similar to that of Lemma 4 and thus is omitted. QED.
We now examine three Stackelberg triopoly games with fixed timing. If

firm C acts as the Stackelberg leader to the other firms, then it selectsq. to
maximize its profit z.(q,R (), R(q.)) - Conversely, if firm C is the follower
to the other firms, then it maximizes its profit z.(R.(q, ,¢),q, ,0%) accordingly.
We present the following proposition.

Proposition 1: (i) 7.(0,R (6c), Ro(t)) = 7. (0c, ., &) 5

(i) 7c(Re(0+ ).+ Gs) > 7c (0. O, Gs)

if 76 (Ro (06), G+ O) = 7c (G O+ G) > 76 (G G+ O) — 7 (Re(0,), 0, 66) and

7 (Re(AL 1 0): 0+ Gs) < 7 (O, G, 0s)

if 76 (Re(%). 0L 8) — 7 (Gc, O+ G6) < 7 (G O+ ) — 7 (Re (G ). G+ ) -

Proof: (i) The leader (firm C) choosesq. to maximize its profit

7. (9, R (0c), Ry () and itcan choose q. =q . Here, the superscript ‘V denotes
the Cournot-Nash outcome of the triopoly game. Therefore, we obtain
7 (e, R (), Rs(0)) = 7 (0, O, Gs) -

When firm C is the leader, it maximizes z.(q.,R (q.), Ry(d:)) with respect

to Q. The first-order condition for profit maximization is

@ P p dw d PR PR _,

PRI A i
dQ dg. dg. dQag. © dQége (18)
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where dP/dQ<0,0R /og. >0 (Lemma 2), andoR;/dg. <0 (Lemma 3). If
0. (dP/dQ)(éR,_ /dq. )+ . (dP/dQ)(0Rs/d0. ) < 0, then
0. (dP/dQ)+ P—dw/dq. —dr/dg. > 0, and therefore firm C maximizes its profit
by choosing 0 <0 . Conversely, if
A (dP/dQ)(eR, /6qc )+ & (dP/dQ)(6R./aqc ) > 0, then
0. (dP/dQ)+ P—dw/dq. —dr/dg. <0, and therefore firm C chooses g, > .

(i) When firm L is the Stackelberg leader, it increasesq, (Lemma 4 (ii)).
Since 87 (0., ,9s)/ 00, = (dP/dQ) < 0, increasingq, decreases z. given g, and
G, and thus 7. (R.(0,), 4, 0) < 7c (0, 0, . ) -

When firm S is the Stackelberg leader, it decreases g (Lemma 5 (ii)). Since
07 (0,0, 0s)/ 80s = g (dP/dQ) < 0, decreasing Os increasesz. givenq. and q_,
and thus 7. (R.(q.),q.,%) > 7(0c. G, ,0) - QED.

Proposition 2: (i) ¢ (R.(4.),q.,R(a)) > ¢ (G, 0, 0) 5

(i) ¢ (de,R (Ge:06). 06) > @ (0, G Gs)

if o (0, R (). ) ~ ¢ (G O G6) > 9 (0. O, ) — 9 (6, RL(0). G) and

?.(0c, R (A, 0s), &) < ¢ (0,0, O)
if ¢ (0. R (Ae) 06) — 9 (0. 0L 86) < 9, (0, 0, 0) — 9, (0, RL(06). G) -

Proof: (i) Since the leader (firm L) maximizes income per worker and it can
choose a. :qI_N , we obtain o (Re(a),0.,R(a)) 2 ¢ (9c,.,05) - We show

thatg, (R.(9.),9.,R(q.)) # ¢ (4,0..6) by showing that ot =q}. Here, the
superscript ‘L’ denotes the Stackelberg leader outcome of the triopoly game. If

firm L is the leader, then it maximizes income per worker ¢, (R.(q,),q,,Rs(q,))

with respect to q, . The first-order condition is

dP dr d _dPOR.. _ dPOR
q P ipo Il pg —r—f) g PRy g PR
[ ) qu (Pa, )qu “dQ g, “dQaq, (19)

Here dP/dQ<0,0R./dq <0 (Lemma 1) andoR,/oq <0 (Lemma 3). To
satisfy (19), [qL (dP/dQ)+ P—dr/da_ J| —(Pg,_ —r—f)dl/dg. needs to be negative,

and therefore g- >q".

(ii) The proof is similar to that of Proposition 1 (ii) and thus is omitted.
QED.
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Proposition 3: (i) W(R.(0), R (), ) 2W(d, 0, . G) ;

(i) W(a, ., Rs(ae:0,)) >W (4,0, G) -

Proof: (i) The leader (firm S) choosesq, to maximize economic
welfareW(R.(gs), R (6),6) and it can choose g,=q} . Therefore, we obtain
W(R:(0), R (G), Gs) =W (G, 0, Gs) -

When firm S is the leader, it maximizesW(R.(gs), R (t), ) with respect to
0 . The first-order condition for welfare maximization is

e
where dP/dQ<0,0R./dgs<0 (Lemma 1), andoR /og, >0 (Lemma 2). If
0s (dP/dQ) (R, /oas )+ g5 (dP/dQ) (R _/d0s) < 0, then P-dw/dg, —dr/dgs >0, and
therefore firm S maximizes economic welfare by choosing g, < @l . Conversely,
if g5 (dP/dQ)(éR,/d0s)+as(dP/dQ)(6R /dds) >0, then P-dw/dgs—dr/dgs<0,

and therefore firm S chooses g4 > ¢! .

(20)

(i) When firm C is the leader, it increasesq. (Lemma 5 (i)). Since
OW(0,q, ,0)/00. = P—dw/dq. —dr/dg. >0, increasingq. improves economic
welfare givenq, and .

When firm L is the leader, it increasesq (Lemma 6 (i)). increasingq,

improves economic welfare giveng. and ¢, and thus

W(R.(a,).q.,Rs(q,)) >W(a.q,,as) - QED.

5. EQUILIBRIUM

In this section, we present the equilibrium of the mixed triopoly model described
in Section 2. Firm 7 aims to maximize its objective function value. In stage 0,

each firm 7 simultaneously and independently chooses t,. If firm 7 chooses t, =1,
it selectsq in stage 1. On the other hand, if firm 7 chooses t =2, it selectsq in

stage 2. At the end of the game, the market opens, and each firm’s objective
function value is decided. The primary finding of this study is stated in the
following proposition.

Proposition 4: There exists a unique equilibrium in whicht, =t, =1 and

ty=2.
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Proof: From Proposition 3 (ii), W(q., 0, , R(Ge, . )) >W(d, d, , &) - Therefore,

firm S prefers to chooses stage 2. In addition, from Proposition 2 (i),

o (Re(a.),a.,R(a.)) > ¢ (A, ., Gs) - Hence, firm L chooses stage 1.
If firm L is the Stackelberg leader, it increasesq, (Lemma 6 (i)). Since

07¢ (0. 0., 9s)/ 00, = 0. (dP/dQ) <0, increasingq, decreases 7. givenq. and ¢,
and thus z.(R.(q.),q.,R(q,)) < 7-(q, q. ,9) - Hence, firm C does not prefer to

be a follower if firm L is a leader. Furthermore, if firm S is a follower and firm

Cis aleader, then g > qf™" (Lemma 5 (i)) and firm C can increase its profit.
Hence, firm C chooses stage 1. QED.

6. CONCLUSION

We have examined endogenous timing in a mixed Cournot triopoly model
featuring competition between a labour-managed firm, a capitalist firm and a
state-owned firm. We have demonstrated that there exists an equilibrium wherein
both the labour-managed firm and the capitalist firm assume leadership roles.
Our results indicate that the state-owned firm should not function as the

Stackelberg leader.
REFERENCES

Amir, R., 1995. Endogenous timing in two-player games: a counterexample. Games and
Economic Bebhavior 9, 234-237.

Bércena-Ruiz, J. C.,2007. Endogenous timing in a mixed duopoly: price competition. journal
of Economics 91, 263-272.

Bércena-Ruiz, J. C., Garzén, M. B., 2003. Mixed duopoly, merger and multiproduct firms.
Journal of Economics 80, 27-42.

Bércena-Ruiz, J. C., Sedano, M., 2011. Endogenous timing in a mixed duopoly: weighted
welfare and price competition. Japanese Economic Review 62, 485-503.

Bulow, J., Geanakoplos, J., Klemperer, P, 1985. Multimarket oligopoly: strategic substitutes
and complements. Journal of Political Economy 93, 488-511.

Chen, J., Kim, D, Lee, S.-H., 2024. Endogenous timing of R&D decisions with spillovers:
output versus research subsidies. Bulletin of Economic Research 76, 631-649.

van Damme, E., Hurkens, S., 1999. Endogenous Stackelberg leadership. Games and Economic
Behavior 28, 105-129.

van Damme, E., Hurkens, S., 2004. Endogenous price leadership. Games and Economic

Behavior 47, 404-420.

Delbono, E., Rossini, G., 1992. Competition policy vs horizontal merger with public
entrepreneurial and labor-managed firms. Journal of Comparative Economics 16, 226-

240.



Endogenous Timing in a Mixed Triopoly with State-Owned... 125

Delbono, E, Scarpa, C., 1995. Upward-sloping reaction functions under quantity competition
in mixed oligopolies. Bulletin of Economic Research 47, 341-346.

Deneckere, R., Kovenock, D., 1992. Price leadership. Review of Economic Studies 59, 143-
162.

Fjell, K., Heywood, J. S., 2002. Public Stackelberg leadership in a mixed oligopoly with
foreign firms. Australian Economic Papers 41, 267-281.

Fjell, K., Pal, D., 1996. A mixed oligopoly in the presence of foreign private firms. Canadian
Journal of Economics 29, 737-743.

Furth, D., Kovenock, D., 1993. Price leadership in a duopoly with capacity constraints and
product differentiation. journal of Economics 57, 1-35.

Hamilton, J. H., Slutsky, S. M., 1990. Endogenous timing in duopoly games: Stackelberg or
Cournot equilibria. Games and Economic Behavior 2, 29-46.

Haraguchi, J., Matsumura, T., 2020. Endogenous public and private leadership with diverging
social and private marginal costs. Manchester School 88, 699-730.

Harris, R. G., Wiens, E, G., 1980. Government enterprise: an instrument for internal
regulation of industry. Canadian Journal of Economics 13, 125-132.

Hoffmann, M., Rota-Graziosi, G., 2020. Endogenous timing in the presence of non-
monotonicities. Canadian Journal of Economics 53, 359-402.

Lambertini, L., 1996. Choosing roles in a duopoly for endogenously differentiated products.
Australian Economic Papers 35, 205-224.

Lambertini, L., 1997. Cournot vs Stackelberg equilibria with entrepreneurial and labour
managed firms. Journal of International and Cooperative Economics 5, 31-43.

Lambertini, L., 2000. Extended games played by managerial firms. Japanese Economic Review
51, 274-283.

Lambertini, L., Rossini, G., 1998. Capital commitment and Cournot competition with
labour-managed and profit-maximising firms. Australian Economic Papers 37, 14-21.

Lee, S.-H., Xu, L., 2018. Endogenous timing in private and mixed duopolies with emission
taxes. Journal of Economics 124, 175-201.

van Leeuwen, B., Offerman, T., van de Ven, ]., 2022. Fight or flight: endogenous timing in
conflict. Review of Economics and Statistics 104, 217-231.

Lu, Y., 2007. Endogenous timing in a mixed oligopoly consisting of a single public firm and
foreign competitors. Economics Bulletin 12, 1-7.

Lu, Y., Poddar, S., 2009. Endogenous timing in a mixed duopoly and private duopoly —
‘capacity-then-quantity’ game: the linear demand case. Australian Economic Papers 48,

138-150.

Matsumura, T., 1999. Quantity-setting oligopoly with endogenous sequencing. International
Journal of Industrial Organization 17, 289-296.

Matsumura, T., 2003. Stackelberg mixed duopoly with a foreign competitor. Bulletin of
Economic Research 55, 275-287.

Ohnishi, K., 2009. Capacity investment and mixed duopoly with state-owned and labor-
managed firms. Annals of Economics and Finance 10, 49-64.



126 Indian Journal of Applied Economics and Business. 8(1) 2026

Ohnishi, K., 2010. Wage-rise contract and endogenous timing in international mixed duopoly.
Research in Economics 64, 121-127.

Ohnishi, K., 2012. Endogenous timing in a quantity-setting mixed duopoly with state-
owned and labor-managed firms. American Journal of Economics 2, 82-86.

Ohnishi, K., 2016. Endogenous timing in a price-setting mixed duopoly with a foreign
competitor. International Journal of Management, Accounting and Economics 3, 758-763.

Ohnishi, K., 2018. A three-stage mixed triopoly with capacity choice. In Kazuhiro Ohnishi
ed., Firms’ Strategic Decisions: Theoretical and Empirical Findings, Volume 3 (pp. 82-
100). Sharjah, UAE: Bentham Science Publishers.

Ohnishi, K., 2020. Capacity choice in an international mixed triopoly. International Economic
Journal 34, 371-387.

Ohnishi, K., 2021. A note on Stackelberg mixed triopoly games with state-owned, labour-
managed and capitalist firms. International Game Theory Review 23, 2150002.

Pal, D., 1998. Endogenous timing in a mixed oligopoly. Economics Letters 61, 181-185.

Pal, D., White, M. D., 1998. Mixed oligopoly, privatization, and strategic trade policy.
Southern Economic Journal 65, 264-281.

Park, Y., Rabanal, J. P, Rud, O. A., Grossman, P, J., 2021. An endogenous-timing conflict
game. Journal of Economic Behavior & Organization 186, 592-607.

Poyago-Theotoky, J., 1998. R&D competition in a mixed duopoly under uncertainty and
easy imitation. Journal of Comparative Economics 26, 415-428.

Robson, A. J., 1990. Duopoly with endogenous strategic timing: strategic regained.
International Economic Review 31, 263-274.

Sadanand, A., Sadanand, V., 1996. Firm scale and the endogenous timing of entry: a choice
between commitment and flexibility. Journal of Economic Theory 70, 516-530.

von Stengel, B., 2010. Follower payoffs in symmetric duopoly games. Games and Economic
Behavior 69, 512-516.

Tasnddi, A., 2003. Endogenous timing of moves in an asymmetric price-setting duopoly.
Portuguese Economic Journal 2, 23-35.

Wang, L. E S., Wang, J. (2009). Environmental taxes in a differentiated mixed duopoly.
Economic Systems, 33, 389-396.

Ware, R., 1986. A model of public enterprise with entry. Canadian Journal Economics 19,
642-655.

White, M. D., 1996. Mixed oligopoly, privatization and subsidization. Economics Letters 53,
189-195.




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 6.000 x 9.000 inches / 152.4 x 228.6 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20260806194610
       648.0000
       Blank
       432.0000
          

     Tall
     1
     1
     No
     795
     351
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2.0d
     Quite Imposing 2
     1
      

        
     16
     15
     16
      

   1
  

 HistoryList_V1
 QI2base



