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This paper considers a two-stage quantity-setting duopoly model. The paper classi-
fies demand functions into the following four cases in terms of the goods relevance 
and strategic relevance between both firms: ‘substitute goods and strategic substi-
tutes’, ‘substitute goods and strategic complements’, ‘complementary goods and 
strategic complements’ and ‘complementary goods and strategic substitutes’. The 
paper correlates each case with two opposite strategic commitments. The paper ex-
amines the possibility of tacit collusion in each of four cases. (JEL: C72, D21, L13)

1. Introduction

Shapiro (1989, p. 332) describes modern oli-
gopoly theories as follows:

The various modern theories of oligopoly be-
havior are essentially a set of different games 
that have been analyzed; these games do not 
represent competing theories, but rather mod-
els relevant in different industries or circum-
stances...
These modern theories include capacity invest-

ment, cost-reducing R&D investment, advertis-
ing, patent licensing, product selection, long-
term contracts with customers, and so forth.1 

Most studies then presume that the strategic be-
haviour of firms is quantitative competition 
through substitute goods in substitutive relation-
ships or price competition through substitute 
goods in complementary relationships. However, 
cases other than these can naturally be consid-
ered and are economically relevant.

Therefore, we classify demand functions into 
the following four cases in terms of the goods 
relevance and strategic relevance between both 
firms: ‘substitute goods and strategic substi-
tutes’, ‘substitute goods and strategic comple-
ments’, ‘complementary goods and strategic 
complements’ and ‘complementary goods and 
strategic substitutes’. We briefly describe real 
world examples of the four cases. First, the case 
of ‘substitute goods and strategic substitutes’ 
has lots and lots of examples such as margarine 
and butter, tea and coffee, Coke and Pepsi, black 
pens and blue pens and beef and chicken. Sec-
ond, if customer switching costs are high, then 
telecom equipment manufacturers such as Alca-
tel-Lucent, Nokia-Siemens and Ericsson are an 
example of ‘substitute goods and strategic com-

* The author would like to thank Heikki Kauppi (the edi-
tor), Andreas Wagener (the co-editor) and an anonymous 
referee for helpful comments and suggestions on earlier 
drafts of this paper.

1 See for example Spence (1977), Dixit (1979, 1980), Ea-
ton and Lipsey (1981), Spulber (1981), Ware (1984), Basu 
and Singh (1990) and Poddar (2003) for capacity invest-
ment. See Tirole (1988), Gilbert (1989) and Shapiro (1989) 
for excellent surveys of oligopoly behaviour. See also Devine 
et al. (1985) and Cabral (2000) for introductory texts.
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plements’. Third, the case of ‘complementary 
goods and strategic complements’ also has lots 
of examples such as coffee and sugar, salad and 
salad dressing, black pens and red pens and cars 
and petrol. Finally, an example of ‘complemen-
tary goods and strategic substitutes’ is computer 
hardware and computer software when custom-
er switching costs are high. These four cases can 
be discovered in the real world and hence should 
be studied theoretically.

We correlate each case with two opposite stra-
tegic commitments that generate kinks in the 
reaction curves. The strategic commitments are 
a lifetime-employment-contract policy (LECP) 
and a wage-rise-contract policy (WRCP).2  
LECP specifies a lower marginal cost for output, 
whereas WRCP specifies a higher marginal cost 
for output. This paper is the first study to cor-
relate LECP and WRCP with the above four 
cases.

It is well known that non-cooperative behav-
iour and collusion are not inconsistent. In a re-
peated game, if one firm chooses to defect on 
one round, then the other firms can choose to 
defect on the next round. Therefore, each firm 
has the opportunity to establish a reputation for 
cooperation, and thereby encourage the other 
firms to do the same. The collusive outcome is 
an equilibrium, quite independently of demand 
conditions or the number of oligopolists, so long 
as firms can rapidly defect and respond to cheat-
ing on the tacitly collusive scheme. Hence, tacit 
collusion is rationalized as a non-cooperative 
solution of dynamic oligopoly competition. 
Many economists study tacit collusion in dy-
namic games such as Deneckere (1983, 1984), 
Abreu (1986), Wernerfelt (1989), Davidson and 
Deneckere (1990), Rees (1993), Lambertini 
(1997), Athey and Bagwell (2001), Lambertini 
and Sasaki (2001), Compte, Jenny and Rey 
(2002), Colonescu and Schmitt (2003), Gross 
and Holahan (2003), Athey, Bagwell and 
Sanchirico (2004), Feuerstein (2005), Colombo 
and Labrecciosa (2007), Nocke and White 
(2007) and Motiram and Robinson (2010).

  On the other hand, our model is not dynamic 
repeated, but one shot. We consider a two-stage 

quantity-setting duopoly and analyse the possi-
bility of tacit collusion between firms in each of 
four cases.3 We consider the following situation. 
In the first stage, each firm can adopt a strategy. 
At the end of the first stage, each firm knows its 
rival firm’s strategy each other. In the second 
stage, firms choose their output levels simulta-
neously and independently. At the end of the 
second stage, the market opens and each firm 
sells its output. We present the subgame perfect 
Nash equilibrium in each of these four cases.

The purpose of this paper is to examine the 
possibility of tacit collusion between firms in 
each of four cases by using the two-stage quan-
tity-setting model. The paper shows that tacit 
collusion is facilitated in strategic complements, 
whereas tacit collusion is not facilitated in stra-
tegic substitutes. In ‘substitute goods and strate-
gic complements’ and ‘complementary goods 
and strategic complements’, each firm offers one 
of prior commitments and earns greater profit. 
On the other hand, in ‘substitute goods and stra-
tegic substitutes’ and ‘complementary goods 
and strategic substitutes’, a rise in the profit of 
each firm is not seen.

The remainder of the paper is organized as fol-
lows. In Section 2, we describe the basic model. 
Section 3 briefly describes LECP. Section 4 
briefly describes WRCP. Section 5 derives a sta-
bility condition. Section 6 studies the possibility 
of tacit collusion. Finally, Section 7 concludes 
the paper.

2. The basic model

In this section, we formulate a two-stage quan-
tity-setting game. The general form game is a 
tuple . Let I be the set of 
players: firm 1 and firm 2. In the remainder of 
this paper, subscripts 1 and 2 denote firm 1 and 
firm 2, respectively. In addition, when i and j are 
used, they should be understood to refer to 1 and 
2 with . Let  be the strategy set of firm i: 
Each firm’s strategy is either a lifetime-employ-

2  For details of LECP and WRCP, see Ohnishi (2001, 
2003).

3  Cooper (1986) examines the role of the most-favoured-
customer pricing policy as a practice facilitating tacit col-
lusion in a model of price-setting duopoly.



66

Finnish Economic Papers 1/2011 – Kazuhiro Ohnishi

ment-contract policy (LECP) or a wage-rise-
contract policy (WRCP) or neither. Since each 
policy has opposing effects on the firm’s mar-
ginal cost and thus counteracts the effects of the 
other, we do not consider the case in which the 
firm offers both of these policies. Each firm i  
makes one of the three choices to make its own 
profit the highest. There is no possibility of en-
try or exit.

Firm i’s profit is

(1)	

where  is firm i’s inverse demand 
function and  is firm i’s cost func-
tion.

The two stages of the game are as follows. In 
the first stage, each firm is allowed to offer ei-
ther LECP or WRCP. At the end of the first 
stage, each firm knows the other’s strategy. In 
the second stage, each firm non-cooperatively 
chooses its output . At the end of the 
second stage, the market opens and each firm 
sells its output .

In this model, we make the following assump-
tion.

Assumption 1.  is twice continuously dif-
ferentiable with  (downward-sloping 
demand).

Throughout the paper, we use a subgame per-
fect Nash equilibrium as our equilibrium con-
cept.

3.	 Lifetime-employment-contract 
policy

In this section, we briefly describe LECP. We 
assume that each firm i employs and dismisses 
its employees according to the amount of output. 
If firm i increases its output, the employees are 
increased accordingly. On the other hand, if firm 
i decreases its output, the employees are de-
creased accordingly. That is to say, the wages of 
the employees of firm i are originally its variable 
cost.

In the first stage, firm i chooses an output 
level . Then, firm i employs the necessary 

number of employees up to  and firm i legally 
enters into a lifetime employment contract with 
all of the employees. Therefore, the wages of the 
employees employed up to output  are firm i’s 
fixed cost and the wages of the employees em-
ployed exceeding output  are firm i’s variable 
cost.

If firm i offers LECP, then its cost is

(2)	

where  is firm i’s total cost for each unit of 
output and  is firm i’s wage cost per unit 
of output. Thus, firm i’s marginal cost exhibits a 
discontinuity at .

On the other hand, if firm i does not adopt 
LECP, then its cost is

(3)		  .

We define the reaction functions when firm i  
adopts LECP. Given , firm i maximizes its 
profit with respect to . If firm i’s marginal cost 
is constantly equal to , then its reaction func-
tion is defined by

(4)	

If firm i’s marginal cost is constantly equal to 
, then its reaction function is defined by

(5)       

Therefore, if firm i chooses  and offers 
LECP, then its best response is

(6)      

Firm i’s reaction curve is kinked at the level 
equal to . On the other hand, if firm i does 
not offer LECP, then its reaction function is de-
fined by (4).

The following lemmas provide characteriza-
tions of LECP.



67

Finnish Economic Papers 1/2011 – Kazuhiro Ohnishi

Lemma 1. If firm i offers LECP, then in equi-
librium .

Proof. First, consider the possibility that  
in equilibrium. From (1) and (2), when firm i 
adopts LECP, its profit is . 
Here, if , firm i employs the extra employ-
ees necessary to produce .That is, firm i 
can improve its profit by reducing , and the 
equilibrium point does not change in . 
Hence,  does not result in an equilibrium.

Second, consider the possibility that  in 
equilibrium. From (2), firm i’s marginal cost is  

. It is impossible for firm i to change its output 
in equilibrium because such a strategy is not 
credible. That is, if , LECP does not func-
tion as a strategic commitment. Q.E.D.

Lemma 2. Firm i’s profit-maximizing output 
is larger when it offers LECP than when it does 
not.

Proof. From (2), we see that LECP will never 
increase the marginal cost of firm i. The first-
order condition for firm i when its marginal cost 
is  is

(7)	           

and the first-order condition for firm i when its 
marginal cost is  is

(8)	        

Here,  is positive. To satisfy (8), 
 must be negative. Thus, firm  

i’s optimal output is larger when its marginal 
cost is  than when its marginal cost is . 
Q.E.D.

Lemma 1 indicates that in equilibrium firm i  
does not employ extra employees. Lemma 2 
says that if firm i offers LECP, then its optimal 
output increases.

4. Wage-rise-contract policy

In this section, we briefly describe WRCP. If 
firm i adopts WRCP, then it chooses an output 
level  and a wage premium rate , and 

agrees to pay each employee a wage premium 
uniformly if it actually produces more than . 
Hence, firm i’s cost is as follows:

(9)   

Firm i’s marginal cost exhibits a discontinuity 
at . LECP specifies a lower marginal cost 
for output, whereas WRCP specifies a higher 
marginal cost for output.

We define the reaction functions when firm   
offers WRCP. If firm i’s marginal cost is con-
stantly equal to , then its reaction function 
is defined by

(10) 

From (4) and (10), if firm i chooses  and 
offers WRCP, then its best response is

(11) 

The following lemmas provide characteriza-
tions of WRCP.

Lemma 3. If firm i offers WRCP, then in equi-
librium .

Proof. First, consider the possibility that  
in equilibrium. From (1) and (9), when firm i 
adopts WRCP, its profit is . 
Here, if , firm i must pay its employees 
wage premiums . That is, firm i can 
improve its profit by rising ,and the equilib-
rium point does not change in . Hence, 

 does not result in an equilibrium.
Second, consider the possibility that  in 

equilibrium. From (9), firm i’s marginal cost is  
. It is impossible for firm i to change its output 

in equilibrium because such a strategy is not 
credible. That is, if , WRCP does not func-
tion as a strategic commitment. Q.E.D.

Lemma 4. Firm  i’s profit-maximizing output 
is smaller when it offers WRCP than when it 
does not.
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Proof. From (9), we see that WRCP will nev-
er decrease the marginal cost of firm i. The first-
order condition for firm i when its marginal cost 
is  is (7), and the first-order condition for firm 
i when its marginal cost is  is

(12)     

Here,  is positive. To satisfy (12), 
 must be positive. Thus, firm  

i’s optimal output is smaller when its marginal 
cost is  than when its marginal cost is . 
Q.E.D.

Lemma 3 means that in equilibrium firm i  
does not pay its employees wage premiums. 
Lemma 4 means that if firm i offers WRCP, then 
its optimal output decreases.

5. Stability condition

In this section, we describe the stability of the 
Cournot equilibrium in the quantity subgame.

The Cournot Nash equilibrium is defined as 
a pair  of output levels, where 

The outputs  of the Cournot Nash 
equilibrium satisfy the first-order conditions (7), 
(8) and (12). Furthermore, we have

(13) 

From (13) and Assumption 2, we have 
 There-

fore, if  is positive (respectively nega-
tive), firm i’s reaction curve is upward-sloping 
(respectively downward-sloping) and strategies 
are strategic complements (respectively substi-
tutes).4 We make the following assumption.

Assumption 2. If 

Assumption 2 is a stability condition and 
guarantees the uniqueness of the Cournot equi-

librium for the standard adjustment mechanism. 
That is,

(14)     
 

6. Results

In this section, we consider the following four 
cases.5

Case 1:  (substitute goods) and 
 (strategic substitutes).

Case 2:  (substitute goods) and 
 (strategic complements).

Case 3:  (complementary goods) 
and  (strategic complements).

Case 4:  (complementary goods) 
and  (strategic substitutes).

Case 1 is the case considered by the standard 
Cournot competition. In the first stage of the 
two-stage model, each firm i’s choice is either 
LECP or WRCP or neither. In the second stage, 
each firm non-cooperatively chooses its output 

. At the end of the second stage, the market 
opens and each firm sells its output . That is, 
each firm’s output and its profit in the second 
stage are decided in a Cournot fashion. There-
fore, the model can be simplified to one in which 
each firm chooses either LECP or WRCP or nei-
ther in the first stage. The choice is dependent 
on the size of each firm’s profit. We examine the 
possibility of tacit collusion between firms in 
each of the four cases. We will discuss these 
cases in order.

Case 1:  
Case 1 is the case of strategic substitutes in 

which goods are substitutes. In Case 1, firm i’s 
reaction curves are downward-sloping because 
of strategic substitutes. Firm i’s profit increases 
(respectively decreases) with the fall (respec-
tively rise) of firm j’s output on firm i’s reaction 
curve. Here, we examine the following six sub-
cases.

Sub-case 1.1: Only one firm can offer LECP.

4  The concepts of strategic substitutes and complements 
were introduced by Bulow, Geanekoplos and Klemperer 
(1985).

5  For price competition, see Matsumura (1998) and Oh-
nishi (2000).
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Sub-case 1.1 is illustrated in Figure 1.1.  is 
firm i’s reaction curve when the marginal cost of 
output is constantly equal to , is firm i’s 
reaction curve when the marginal cost of output 
is constantly equal to , and i is firm i’s 
isoprofit contour.

Lemma 2 shows that firm 1’s profit-maximiz-
ing output is larger when it offers LECP than 
when it does not. If only firm 1 offers LECP, 
then the equilibrium occurs at the appropriate 
point on the segment NL. In Case 1, the Stack-
elberg point S where firm 1 is the leader and 
firm 2 is the follower is to the right of N on the 
curve . If the Stackelberg point S is on NL, 
then firm 1’s profit is the highest at S on NL. 
Therefore, in the first stage, firm 1 chooses  
corresponding to S and offers LECP. In the sec-
ond stage, firm 1’s reaction curve is kinked at 

. Thus, the equilibrium occurs at the 
Stackelberg point S.

On the other hand, if the Stackelberg point S 
is to the right of L on , then firm 1’s profit is 
the highest at L on . Because the further the 
point on  gets from the Stackelberg point S, 
the more firm 1’s profit decreases. Therefore, in 

the first stage, firm 1 chooses  corresponding 
to L and offers LECP. In the second stage, firm 
1’s reaction curve is kinked at . Thus, the 
equilibrium occurs at L.

Since the game is symmetric, firm 2’s incen-
tives are the same. Lemma 1 shows that if firm i  
offers LECP, then in equilibrium . Thus, 
one firm which offers LECP obtains a profit 
higher than the Cournot profit and another firm 
obtains a profit lower than the Cournot profit.

Sub-case 1.2: Only one firm can offer WRCP.
Sub-case 1.2 is illustrated in Figure 1.2.  is 

firm i’s reaction curve when the marginal cost of 
output is constantly equal to . Lemma 4 
shows that firm i’s profit-maximizing output is 
smaller when it offers WRCP than when it does 
not. Therefore, if only firm 1 adopts WRCP, then 
the equilibrium occurs at the appropriate point 
on the segment WN. In Case 1, the Stackelberg 
point S is to the right of N on the curve . The 
further the point on  gets from the Stackel-
berg point S, the more firm 1’s profit decreases. 
Firm 1’s profit is the highest at N on WN. There-
fore, firm 1 has no incentive to offer WRCP. 
Since the game is symmetric, firm 2’s incentives 

Figure 1.1. Sub-case 1.1 

Figure 1.1. Sub-case 1.1 
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are the same. Thus, the equilibrium occurs at N  
and each firm obtains the Cournot profit.

Sub-case 1.3: One firm can offer LECP and 
another firm can offer WRCP.

Sub-case 1.3 is illustrated in Figure 1.3. We 
suppose that firm 1 can offer LECP and firm 2 
can offer WRCP. Lemma 2 shows that if firm i  
offers LECP, then its profit-maximizing output 
increases. On the other hand, Lemma 4 shows 
that if firm i offers WRCP, then its profit-maxi-
mizing output decreases. Therefore, the equilib-
rium occurs at the appropriate point on the pen-
tagon NLVYM in Figure 1.3. Firm 2’s profit is 
the highest at N on NLVYM. Firm 2 prefers a 
point on NL directly above  to the corresponding 
point on MYV. Therefore, firm 2 has no incen-
tive to shift its reaction curve. If firm 2 does not 
shift its reaction curve, then the equilibrium oc-
curs at the appropriate point on NL. From the 
discussion of Sub-case 1.1 above, firm 1 choos-
es  and offers LECP. Lemma 1 shows that if 
firm i offers LECP, then in equilibrium . 
Since the game is symmetric, one firm which 
offers LECP obtains a profit higher than the 
Cournot profit and another firm which offers 

WRCP obtains a profit lower than the Cournot 
profit.

Sub-case 1.4: Each firm can offer LECP.
If each firm offers LECP, then the equilibrium 

occurs at the appropriate point on the quadrilat-
eral NQTL in Figure 1.4. Here, firm 1 prefers a 
point on NL directly below QT to the corre-
sponding point on QT, while firm 2 prefers a 
point on NQ directly left of LT to the corre-
sponding point on LT. Each firm chooses  
corresponding to N and offers LECP. Thus, the 
equilibrium occurs at N and each firm obtains 
the Cournot profit.

Sub-case 1.5: Each firm can offer WRCP.
Lemma 4 shows that firm i’s profit-maximiz-

ing output is smaller when it offers WRCP than 
when it does not. If each firm offers WRCP, then 
the equilibrium occurs at the appropriate point 
on the quadrilateral NMUW in Figure 1.5. Firm 
1’s profit is the highest at M on NMUW, while 
firm 2’s profit is the highest at W on NMUW. If 
each firm offers WRCP and shifts its reaction 
curve, then its profit increases. However, if only 
one firm shifts its reaction curve, then its own 
profit decreases and its rival’s profit increases. 

Figure 1.2. Sub-case 1.2

 

 

 

 

Figure 1.2. Sub-case 1.2 
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Figure 1.3. Sub-case 1.3

Figure 1.4. Sub-case 1.4

 

 

 

 

Figure 1.4. Sub-case 1.4 

 

 

 

 

 

Figure 1.3. Sub-case 1.3 
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Each firm has no incentive to shift its reaction 
curve. Thus, the equilibrium occurs at N and 
each firm obtains the Cournot profit.

Sub-case 1.6: Neither firm offers the policies.
If neither firm offers the policies, then each 

firm i’s reaction curve is  in Figures 1.1-1.5. 
In the second stage, the equilibrium is decided 
in a Cournot fashion. Thus, the equilibrium oc-
curs at the intersection of RN

1   and RN
2  ,and each 

firm obtains the Cournot profit.
From the preceding results, we can consider 

the following matrix:

			   Firm 2	
					     Neither
		  LECP	 WRCP	 policy
Firm1	 LECP	 2. 2	 3, 1	 3, 1
	 WRCP	 1, 3	 2, 2	 2, 2
     Neither policy	 1, 3	 2, 2	 2, 2
		  Profits to: (Firm 1, Firm 2)

Profit 1 is a profit lower than the Cournot 
profit, profit 2 is the Cournot profit and profit 3 
is a profit higher than the Cournot profit. The 
equilibrium occurs at LECP for each firm, and 

thus each firm obtains the Cournot profit. We 
can now state the following proposition.

Proposition 1. In Case 1 (substitute goods 
and strategic substitutes), there exists an equi-
librium which coincides with the Cournot solu-
tion with no policies.

Proposition 1 means that tacit collusion is not 
facilitated in Case 1. We explain the intuition 
behind Proposition 1. Lemma 2 shows that if 
firm i offers LECP, then its profit-maximizing 
output increases. Increasing firm i’s output de-
creases firm j’s output because of strategic sub-
stitutes and furthermore decreases firm j’s prof-
it because of substitute goods. Lemma 4 shows 
that if firm i offers WRCP, then its profit-maxi-
mizing output decreases. Decreasing firm i’s 
output increases firm j’s output because of stra-
tegic substitutes and furthermore decreases firm  
i’s own profit because of substitute goods. 
Hence, firm i does not offer WRCP. A rise in the 
profit of each firm is not seen because of the 
keen competition between firms

Case 2: 

Figure 1.5. Sub-case 1.5

 

 

 

 

Figure 1.5. Sub-case 1.5 

6  The proofs and technical arguments of Cases 2-4 are 
deleted from the paper. These can be found in the online 
supplement.
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Case 2 is the case of strategic complements in 
which goods are substitutes. In Case 2, firm i’s 
reaction curves are upward-sloping because of 
strategic complements. Firm  i’s profit increases 
(respectively decreases) with the fall (respec-
tively rise) of firm j’s output on firm i’s reaction 
curve.

Case 2 is illustrated in Figure 2. First, we sup-
pose that only one firm can offer LECP. Lemma 
2 shows that firm i’s profit-maximizing output is 
larger when it offers LECP than when it does 
not. Therefore, if only firm 1 adopts LECP, then 
the equilibrium occurs at the appropriate point 
on NL. In Case 2, the Stackelberg point S is to 
the left of N on . The further the point on   
gets from the Stackelberg point S, the more firm 
1’s profit decreases. Firm 1’s profit is the highest 
at N on NL. Therefore, firm 1 has no incentive 
to offer LECP. Since the game is symmetric, 
firm 2’s incentives are the same.

Next, we suppose that only one firm can offer 
WRCP. Lemma 4 shows that firm i’s profit-max-
imizing output is smaller when it offers WRCP 
than when it does not. Therefore, if only firm 1 
offers WRCP, then the equilibrium occurs at the 

appropriate point on WN. In Case 2, the Stack-
elberg point S where firm 1 is the leader and 
firm 2 is the follower is to the left of N on . 
Firm 1’s profit is the highest at the Stackelberg 
point S on . Therefore, in the first stage, firm 
1 chooses  corresponding to S and offers 
WRCP. In the second stage, firm 1’s reaction 
curve is kinked at , and thus the equilib-
rium occurs at the Stackelberg point S. Since the 
game is symmetric, firm 2’s incentives are the 
same. Lemma 3 shows if firm i offers WRCP, 
then in equilibrium . Thus, each firm ob-
tains a profit higher than the Cournot profit.

We state the following proposition.
Proposition 2. In Cases 2 (substitute goods 

and strategic complements), there exists an equi-
librium in which each firm offers WRCP. At equi-
librium, each firm obtains a higher profit than 
in the Cournot game with no policies.

Proposition 2 indicates that tacit collusion is 
an equilibrium in Case 2. We explain the intui-
tion behind Proposition 2. Lemma 4 shows that 
if firm i offers WRCP, then its profit-maximizing 
output decreases. Decreasing firm i’s output de-
creases firm j’s output because of strategic com-

Figure 2. Case 2
 

 

Figure 2. Case 2 
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plements and furthermore increases each firm’s 
profit because of substitute goods and strategic 
complements. Hence, each firm offers WRCP 
and earns greater profit. That is, tacit collusion 
is facilitated in the case of strategic comple-
ments in which goods are substitutes.

Case 3: 
Case 3 is the case of strategic complements in 

which goods are complements. In Case 3, firm 
i’s reaction curves are upward-sloping because 
of strategic complements. Firm i’s profit increas-
es (respectively decreases) with the rise (respec-
tively fall) of firm j’s output on firm i’s reaction 
curve.

This case is illustrated in Figure 3. First, we 
suppose that only one firm is allowed to offer 
LECP. Lemma 2 shows that firm i’s profit-max-
imizing output is larger when it offers LECP 
than when it does not. Therefore, if only firm 1 
offers LECP, then the equilibrium occurs at the 
appropriate point on NL. In Case 3, the Stackel-
berg point S where firm 1 is the leader and firm 
2 is the follower is to the right of N on . If the 
Stackelberg point S is on NL, then firm 1’s prof-
it is the highest at S on NL. Therefore, in the first 

stage, firm 1 chooses  corresponding to S and 
offers LECP. In the second stage, firm 1’s reac-
tion curve is kinked at . Thus, the equi-
librium occurs at S.

On the other hand, if the Stackelberg point S 
is to the right of L on , then firm 1’s profit is 
the highest at L on . Because the further the 
point on  gets from the Stackelberg point S, 
the more firm 1’s profit decreases. Therefore, in 
the first stage, firm 1 chooses  corresponding 
to L and offers LECP. In the second stage, firm 
1’s reaction curve is kinked at . Thus, the 
equilibrium occurs at L. Since the game is sym-
metric, firm 2’s incentives are the same. Lemma 
1 shows that in equilibrium firm i does not em-
ploy extra employees. Thus, each firm obtains a 
profit higher than the Cournot profit.

Next, we suppose that only one firm is al-
lowed to offer WRCP. Lemma 4 shows that firm  
i’s profit-maximizing output is smaller when it 
offers WRCP than when it does not. Hence, if 
only firm 1 adopts WRCP, then the equilibrium 
occurs at the appropriate point on WN in Figure 
3. In Case 3, the Stackelberg point S is to the 
right of N on . The further the point on  
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gets from the Stackelberg point S, the more firm 
1’s profit decreases. Firm 1’s profit is the highest 
at N on WN. Therefore, firm 1 has no incentive 
to offer WRCP. Since the game is symmetric, 
firm 2’s incentives are the same.

The following proposition states that tacit col-
lusion is facilitated in Case 3.

Proposition 3. In Case 3 (complementary 
goods and strategic complements), there exists 
an equilibrium in which each firm offers LECP. 
At equilibrium, each firm obtains a higher prof-
it than in the Cournot game with no policies.

Proposition 3 means that tacit collusion is an 
equilibrium in Case 3. The intuition behind 
Proposition 3 is as follows. Lemma 2 shows that 
firm i’s profit-maximizing output is larger when 
it offers LECP than when it does not. Increasing 
firm i’s output increases firm j’s output because 
of strategic complements and furthermore in-
creases each firm’s profit because of comple-
mentary goods. Hence, each firm offers LECP 
and earns greater profit. That is, tacit collusion 
is facilitated in the case of strategic comple-
ments in which goods are complements.

Case 4: 
Case 4 is the case of strategic substitutes in 

which goods are complements. In Case 4, firm 
i’s reaction curves are downward-sloping be-
cause of strategic substitutes. Firm i’s profit in-
creases (respectively decreases) with the rise 
(respectively fall) of firm j’s output on firm i’s 
reaction curve.

This case is illustrated in Figure 4. First, we 
suppose that only one firm is allowed to offer 
LECP. Lemma 2 shows that firm i’s profit-max-
imizing output is higher when it offers LECP 
than when it does not. Hence, if only firm 1 of-
fers LECP, then the equilibrium occurs at the 
appropriate point on NL. In Case 4, the Stackel-
berg point S where firm 1 is the leader and firm 
2 is the follower is to the left of N on . The 
further the point on  gets from the Stackel-
berg point S, the more firm 1’s profit decreases. 
Firm 1’s profit is the highest at N on NL. There-
fore, Firm 1 has no incentive offer LECP. Since 
the game is symmetric, firm 2’s incentives are 
the same.

Next, we suppose that only one firm is al-
lowed to offer WRCP. Lemma 4 shows that firm  
i’s profit-maximizing output is smaller when it 

offers WRCP than when it does not. Therefore, 
if only firm 1 offers WRCP, then the equilibrium 
occurs at the appropriate point on WN in Figure 
4. In Case 4, the Stackelberg point S where firm 
1 is the leader and firm 2 is the follower is to the 
left of N on . Firm 1’s profit is the highest at 
the Stackelberg point S on . Therefore, in the 
first stage, firm 1 chooses output  correspond-
ing to S and offers WRCP. In the second stage, 
firm 1’s reaction curve is kinked at . 
Thus, the equilibrium occurs at the Stackelberg 
point S. Since the game is symmetric, firm 2’s 
incentives are the same. Lemma 1 indicates that 
in equilibrium firm i does not employ extra em-
ployees. Thus, one firm which offers WRCP 
obtains a profit higher than the Cournot profit 
and another firm obtains a profit lower than the 
Cournot profit.

The following proposition states that tacit col-
lusion is not facilitated in Case 4.

Proposition 4. In Case 4 (complementary 
goods and strategic substitutes), there exists an 
equilibrium which coincides with the Cournot 
solution with no policies.

Proposition 4 states that tacit collusion is not 
an equilibrium in Case 4. The intuition behind 
Proposition 4 is as follows. Lemma 2 shows that 
firm i’s profit-maximizing output is larger than 
when it offers LECP than when it does not. In-
creasing firm i’s output decreases firm j’s output 
because of strategic substitutes and furthermore 
decreases firm i’s own profit because of comple-
mentary goods. Hence, firm i does not offer 
LECP. Lemma 4 shows that firm i’s profit-max-
imizing output is smaller when it offers WRCP 
than when it does not. Decreasing firm i’s output 
increases firm j’s output because of strategic 
substitutes and furthermore decreases firm j’s 
profit because of complementary goods. Hence, 
a rise in the profit of each firm is not seen. That 
is, tacit collusion is not facilitated in the case of 
strategic substitutes in which goods are comple-
ments.

7. Concluding remarks

We have classified the demand functions into the 
four cases in terms of the goods relevance and 
strategic relevance between two firms and have 
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analysed the possibility of tacit collusion in each 
of four cases by using the two-stage quantity-
setting model. We have shown that tacit collu-
sion is facilitated in Cases 2 and 3 (strategic 
complements), whereas tacit collusion is not 
facilitated in Cases 1 and 4 (strategic substi-
tutes). In Cases 2 and 3, each firm offers one of 
prior commitments and earns greater profit. On 
the other hand, in Cases 1 and 4, a rise in the 
profit of each firm is not seen. We have found 
that the possibility of tacit collusion between 
firms is decided by strategic relevance regard-
less of the kind of goods. As a result, we see that 
if firms are not in the keen competition environ-
ment, then tacit collusion may be facilitated 
even in the short run. In Case 2, firms reduce 
their outputs and thereby raise their prices. This 
is bad for customers. Hence, it is said that such 
markets need to be closely watched.

  We have examined a one-shot model. In real-
ity, firms are faced with long-run competition. If 
we consider finitely repeated competition in 
each of Cases 1 and 4, then its equilibrium out-
come is also the same as that of one-shot com-
petition and tacit collusion between firms is not 
facilitated. This can be easily confirmed by 

backward induction. However, if the game is in-
finitely repeated in each of Cases 1 and 4, then 
each firm offers one of prior commitments and 
tacit collusion is facilitated. This can be also 
easily confirmed.
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