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Gil-Moltó, Poyago-Theotoky, and Zikos (2011)

Matsumura and Tomaru (2012)

Matsumura and Tomaru (2013) Kato (2008)

White (1996)

(uniform subsidy)

(discriminatory subsidy)

Zikos (2007b)

Hamada (2016a, 2016b)

Hamada (2018)

Matsumura and Tomaru (2013)

1

2



新潟大学 経 済 論 集4 第106号 2018－Ⅱ

2 1

2 2

3

4

2

1

i = {0,1} 0 1

White (1996)

i qi ∈ [0,∞) Q≡ q0 +q1 p

p = p(Q) = a−Q, a > 0

2

Ci(qi) = (ki/2)q2
i ,ki > 0 i

(k0 6= k1)

ki

Matsumura and Tomaru (2013)

si ≥ 0 i 1

s0 s1

λ > 0 4

4 λ0 6= λ1
λ0 = λ1 ≡ λ
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1 λ > 0

1 (1+λ )

s λ s 5

Matsumura and Tomaru

(2013)

(si < 0) 1 (1+λ )

(si ≥ 0)

πi = p(Q)qi−(ki/2)q2
i +siqi = (a−Q+si)qi−(ki/2)q2

i CS≡
∫ Q

0 p(x)dx− p(Q)Q=(1/2)Q2 PS≡ π0+π1 = p(Q)Q−(1/2)(k0q2
0+k1q2

1)+s0q0+s1q1

(1+λ )(s0q0 + s1q1)

W ≡CS+PS− (1+λ )(s0q0 + s1q1) = aQ− 1
2

Q2− 1
2
(k0q2

0 + k1q2
1)−λ (s0q0 + s1q1). (2.1)

(s0,s1)

(2.1)

(first-best)

(second-best)

(s0,s1)

(q∗0,q
∗
1) (s∗0,s

∗
1)

(s0,s1)

5 Matsumura and Tomaru (2013)
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2 (two-stage game)

1

(s∗0,s
∗
1) 1

2 (q0,q1)

2 (subgame perfect Nash equilibrium: SPNE)

(backward induction) 2

3

3.1 2

2 q0 (2.1)

1

∂W
∂q0

= a−Q− k0q0−λ s0 = 0⇔ q0 = r0(q1)≡
a−q1−λ s0

k0 +1
. (3.1)

2 ∂ 2W/∂q2
0 =−(k0 +1)< 0 q0 = r0(q1)

(λ = 0) s0

q1 1

∂π1

∂q1
= a−Q+ s1−q1− k1q1 = 0⇔ q1 = r(q0)≡

a+ s1−q0

k1 +2
. (3.2)

2 ∂ 2π1/∂q2
1 = −(k1 +2) < 0 q1 = r(q0) λ 0

s1

(3.1) (3.2) (q0,q1) 3.1
6 A(s0,s1)≡ k0(k1+1)a+{2[k0+(k0+1)(k1+1)]+[2(k1+1)+k0(k1+2)]λ}s0−k0s1

p + s1 = (k1 + 1)q1, π0 = [(k0/2)q0 + (1 + λ )s0]q0, π1 =

(k1 +2)q2
1/2 q0 q1 s0 s1

q0 ≷ q1 ⇔ (k1−k0 +1)a+(k1 +3)λ s0 ≷ (k0 +2)s1

π0 π1 s0 s1

3.1 s0 q1 p

π1 q0 Q

6
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3.1: 2

q0
(k1+1)a−(k1+2)λ s0−s1

k0+(k0+1)(k1+1)

q1
k0a+λ s0+(k0+1)s1
k0+(k0+1)(k1+1)

Q (k0+k1+1)a−(k1+1)λ s0+k0s1
k0+(k0+1)(k1+1)

p k0(k1+1)a+(k1+1)λ s0−k0s1
k0+(k0+1)(k1+1)

π0
A(s0,s1)[(k1+1)a−(k1+2)λ s0−s1]

2[k0+(k0+1)(k1+1)]2

π1
(k1+2)[k0a+λ s0+(k0+1)s1]

2

2[k0+(k0+1)(k1+1)]2

W 1
2 Q2 +π0 +π1− (1+λ )(s0q0 + s1q1)

s1

q1 Q π1 CS q0

p π0 π0 W s0

1

(q0,q1) Q (π0,π1) s0 s1 s0

∂q0

∂ s0
=− (k1 +2)λ

k0 +(k0 +1)(k1 +1)
< 0,

∂q1

∂ s0
=

λ
k0 +(k0 +1)(k1 +1)

> 0,

∂Q
∂ s0

=− (k1 +1)λ
k0 +(k0 +1)(k1 +1)

< 0,

∂π0

∂ s0
= k0q0

∂q0

∂ s0
+(1+λ )(q0 + s0

∂q0

∂ s0
) = (1+λ )q0 +

[
k0q0 +(1+λ )s0

]∂q0

∂ s0
,

∂π1

∂ s0
= (k1 +2)q1

∂q1

∂ s0
> 0. (3.3)

s1

∂q0

∂ s1
=− 1

k0 +(k0 +1)(k1 +1)
< 0,

∂q1

∂ s1
=

k0 +1
k0 +(k0 +1)(k1 +1)

> 0,

∂Q
∂ s1

=
k0

k0 +(k0 +1)(k1 +1)
> 0,

∂π0

∂ s1
=
[
k0q0 +(1+λ )s0

]∂q0

∂ s1
,

∂π1

∂ s1
= (k1 +2)q1

∂q1

∂ s1
> 0. (3.4)

1 2 2
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s0 2

∂ 2q0

∂ s2
0

= 0,
∂ 2q1

∂ s2
0

= 0,
∂ 2Q
∂ s2

0
= 0,

∂ 2π0

∂ s2
0

=
[
k0

∂q0

∂ s0
+2(1+λ )

]∂q0

∂ s0

=−
(k1 +2)

{
2
[
k0 +(k0 +1)(k1 +1)

]
+(k0k1 +2k0 +2k1 +2)λ

}
λ

[
k0 +(k0 +1)(k1 +1)

]2 < 0,

∂ 2π1

∂ s2
0

= (k1 +2)(
∂q1

∂ s0
)2 =

(k1 +2)λ 2

[
k0 +(k0 +1)(k1 +1)

]2 > 0. (3.5)

s1 2

∂ 2q0

∂ s2
1

= 0,
∂ 2q1

∂ s2
1

= 0,
∂ 2Q
∂ s2

1
= 0,

∂ 2π0

∂ s2
1

= k0(
∂q0

∂ s1
)2 =

k0[
k0 +(k0 +1)(k1 +1)

]2 > 0,

∂ 2π1

∂ s2
1

=
(k1 +2)(k0 +1)2

[
k0 +(k0 +1)(k1 +1)

]2 > 0. (3.6)

s0 s1

∂ 2q0

∂ s0∂ s1
= 0,

∂ 2q1

∂ s0∂ s1
= 0,

∂ 2Q
∂ s0∂ s1

= 0,

∂ 2π0

∂ s0∂ s1
= (k0

∂q0

∂ s0
+1+λ )

∂q0

∂ s1
=−k0 +(k0 +1)(k1 +1)+(k1 +1)λ

[
k0 +(k0 +1)(k1 +1)

]2 < 0,

∂ 2π1

∂ s0∂ s1
= (k1 +2)

∂q1

∂ s0

∂q1

∂ s1
=

(k0 +1)(k1 +2)λ
[
k0 +(k0 +1)(k1 +1)

]2 > 0. (3.7)

3.2 1

2 1

s0 s1

s0 s1

W (s0,s1) =
1
2
(
Q(s0,s1)

)2
+π0(s0,s1)+π1(s0,s1)− (1+λ )

(
s0q0(s0,s1)+ s1q1(s0,s1)

)
. (3.8)

(s∗0,s
∗
1)
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s0 1 7

∂W
∂ s0

= Q
∂Q
∂ s0

+
∂π0

∂ s0
+

∂π1

∂ s0
− (1+λ )(q0 + s0

∂q0

∂ s0
+ s1

∂q1

∂ s0
) = 0

⇔ Q
∂Q
∂ s0

+ k0q0
∂q0

∂ s0
+
[
(k1 +2)q1− (1+λ )s1

]∂q1

∂ s0
= 0

⇔
[
(k0 +1)q0 +q1

]∂q0

∂ s0
+
[
q0 +(k1 +3)q1− (1+λ )s1

]∂q1

∂ s0
= 0

⇔ (k1 +2)
[
(k0 +1)q0 +q1

]
= q0 +(k1 +3)q1− (1+λ )s1

⇔ (1+λ )s1 = q1−
[
k0 +(k0 +1)(k1 +1)

]
q0

⇔ s0 =

[
k0k1 +(k0 +1)(k1 +1)2

]
a−

{
k0 +1−

[
k0 +(k0 +1)(k1 +1)

]
λ
}

s1
{

1+(k1 +2)
[
k0 +(k0 +1)(k1 +1)

]}
λ

. (3.9)

s1 1

∂W
∂ s1

= Q
∂Q
∂ s1

+
∂π0

∂ s1
+

∂π1

∂ s1
− (1+λ )(s0

∂q0

∂ s1
+q1 + s1

∂q1

∂ s1
) = 0

⇔ Q
∂Q
∂ s1

+ k0q0
∂q0

∂ s1
+
[
(k1 +2)q1− (1+λ )s1

]∂q1

∂ s1
= (1+λ )q1

⇔
[
(k0 +1)q0 +q1

]∂q0

∂ s1
+
[
q0 +(k1 +3)q1− (1+λ )s1

]∂q1

∂ s1
= (1+λ )q1

⇔
[
(k0 +1)(k1 +3)−1

]
q1 = (1+λ )

[
k0a+λ s0 +2(k0 +1)s1

]

⇔ (1+λ )(k0 +1)s1 =
{

k0 +1−
[
k0 +(k0 +1)(k1 +1)

]
λ
}

q1

⇔ s1 =

{
k0 +1−

[
k0 +(k0 +1)(k1 +1)

]
λ
}
(k0a+λ s0)

(k0 +1)
{

k0 + k1 + k0k1 +2
[
k0 +(k0 +1)(k1 +1)

]
λ
} . (3.10)

(3.9) (3.10) 1 (ŝ0, ŝ1)

ŝ0 =

[
k1(k0 +1)+2(k0 +1)(k1 +1)λ − k0λ 2

]
a[

(k0 +1)(k1 +1)+2(k0 +1)(k1 +2)λ +λ 2
]
λ
, (3.11)

ŝ1 =

{
k0 +1−

[
k0 +(k0 +1)(k1 +1)

]
λ
}

a

(k0 +1)(k1 +1)+2(k0 +1)(k1 +2)λ +λ 2 . (3.12)

(3.11) (3.12) ŝ0 ≷ ŝ1 ⇔ k1 +(2k1 +1)λ +

(k1 +1)λ 2 ≷ 0 λ > 0 ŝ0 > ŝ1 (k0 +

1)q0 = λq1

1 (ŝ0, ŝ1)

2

7

9
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s0 2

∂ 2W
∂ s2

0
= (

∂Q
∂ s0

)2 +
∂ 2π0

∂ s2
0
+

∂ 2π1

∂ s2
0
−2(1+λ )

∂q0

∂ s0

=

[
(4k0 +3)(k1 +1)+ k2

1(k0 +1)
]
λ 2

[
k0 +(k0 +1)(k1 +1)

]2 > 0. (3.13)

s1 2

∂ 2W
∂ s2

1
= (

∂Q
∂ s1

)2 +
∂ 2π0

∂ s2
1
+

∂ 2π1

∂ s2
1
−2(1+λ )

∂q1

∂ s1

=−
(k0 +1)

{
k0 + k1 + k0k1 +2

[
k0 +(k0 +1)(k1 +1)

]
λ
}

[
k0 +(k0 +1)(k1 +1)

]2 < 0. (3.14)

s0 s1

∂ 2W
∂ s0∂ s1

=
∂Q
∂ s1

∂Q
∂ s0

+
∂ 2π0

∂ s0∂ s1
+

∂ 2π1

∂ s0∂ s1
− (1+λ )(

∂q0

∂ s1
+

∂q1

∂ s0
)

=−

{
k0 +1−

[
k0 +(k0 +1)(k1 +1)

]
λ
}

λ
[
k0 +(k0 +1)(k1 +1)

]2 . (3.15)

(3.13), (3.14), (3.15) ∂ 2W/∂ s2
0 > 0, ∂ 2W/∂ s2

1 < 0 ∂ 2W/∂ s0∂ s1 λ
8 2 (∂ 2W/∂ s2

0)(∂ 2W/∂ s2
1)− (∂ 2W/∂ s0∂ s1)

2 < 0

2

3.1. 1 (ŝ0, ŝ1)

1 (ŝ0, ŝ1) 2

3.1

(ŝ0, ŝ1) 3.2 p̂+ ŝ1 = (k1 +1)q̂1, π̂0 =

[(k0/2)q̂0 +(1+λ )ŝ0]q̂0, π̂1 = (k1 +2)q̂2
1/2 q̂0 ≷ q̂1 ⇔ λ ≷ k0 +1

λ ∈ (0,1) q̂0 < q̂1 ⇔ λ < k0 +1

λ 1

λ 1

8 ∂ 2W/∂ s0∂ s1 < 0 3.1
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3.2: (ŝ0, ŝ1)

ŝ0
[k1(k0+1)+2(k0+1)(k1+1)λ−k0λ 2]a

[(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2]λ

ŝ1
{k0+1−[k0+(k0+1)(k1+1)]λ}a

(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2

q̂0
λ (1+λ )a

(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2

q̂1
(k0+1)(1+λ )a

(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2

Q̂ (1+λ )(k0+1+λ )a
(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2

p̂ {k1(k0+1)+[k0+2(k0+1)(k1+1)]λ}a
(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2

π̂0
(1+λ )2[2k1(k0+1)+4(k0+1)(k1+1)λ−k0λ 2]a2

2[(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2]2

π̂1
(k1+2)(k0+1)2(1+λ )2a2

2[(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2]2

Ŵ (k0+1)(1+λ )2a2

2[(k0+1)(k1+1)+2(k0+1)(k1+2)λ+λ 2]

2 ∂ 2W/∂ s2
0 > 0

∂ 2W/∂ s2
1 < 0 1 ∂W/∂ s0 = 0 (3.9) (ŝ0, ŝ1)

∂W/∂ s1 = 0 (3.10)

(3.10)

(3.10)

s1 =

{
k0 +1−

[
k0 +(k0 +1)(k1 +1)

]
λ
}
(k0a+λ s0)

(k0 +1)
{

k0 + k1 + k0k1 +2
[
k0 +(k0 +1)(k1 +1)

]
λ
} . (3.16)

(s0,s1) 2

(s0 ≥ 0, s1 ≥ 0) (q0 ≥ 0, q1 ≥ 0)

s1 ≥ 0 (3.16) k0+1− [k0+(k0+1)(k1+1)]λ

λ < k0+1
k0+(k0+1)(k1+1) (< 1)

9 (s0,s1)≥ (0,0) 3.1

(q1 > 0) (q0 ≥ 0)

3.1

q0 =
(k1 +1)a− (k1 +2)λ s0− s1

k0 +(k0 +1)(k1 +1)
≥ 0⇔ s1 ≤ (k1 +1)a− (k1 +2)λ s0. (3.17)

(3.16) (3.17) (s0,s1) (3.16)

(3.17) s1 (3.17) 10 (s0,s1) (ŝ0, ŝ1)

9 λ > k0+1
k0+(k0+1)(k1+1) s0 ≥ 0,

s1 ≥ 0 (s∗0,s
∗
1) = (0,0)

λ
10 (3.16) (3.17) s1

{k0+1−[k0+(k0+1)(k1+1)]λ}k0a
(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ} < (k1+1)a

⇔ k1(k0 +1)+ [1+2(k0 +1)(k1 +1)]λ > 0.
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(3.17) 11 (3.16) (3.17)

2 s0 = 0 (3.16) (s0,s1) =

(0, k0{k0+1−[k0+(k0+1)(k1+1)]λ}a
(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}) 0 (3.16)

(3.17) (s0,s1) = ( {k1(k0+1)+[2(k0+1)(k1+1)+k0]λ}a
{(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ}λ ,

{(k0+1)−[k0+(k0+1)(k1+1)]λ}a
(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ )

0 1 2

3.3 3.4

3.3: 1

s0 0
s1

k0{k0+1−[k0+(k0+1)(k1+1)]λ}a
(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}

q0
{k1(k0+1)+[k0+2(k0+1)(k1+1)]λ}a

(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}
q1

k0(1+λ )a
k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ

Q {(k0+1)(k0+k1)+[k0(k0+2)+2(k0+1)(k1+1)]λ}a
(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}

p k0{k1(k0+1)+[k0+2(k1+1)(k0+1)]λ}a
(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}

π0
k0{k1(k0+1)+[k0+2(k0+1)(k1+1)]λ}2a2

2(k0+1)2{k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}2

π1
k2

0(k1+2)(1+λ )2a2

2{k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}2

W (X0+X1λ+X2λ 2+X3λ 3)a2

2(k0+1){k0+k1+k0k1+2[k0+(k0+1)(k1+1)]λ}2

X0 = X0(k0,k1)≡ (k0 +1)(k0 + k1)(k0 + k1 + k0k1),
X1 = X1(k0,k1)≡ 2(k0 +1)[k2

0 +2(k0 + k1 +1)(k0 + k1 + k0k1)],
X2 = X2(k0,k1)≡ 4(k1 +1)2 +8(k1 +1)(k1 +2)k0 +(k1 +4)(4k1 +5)k2

0 +(5k1 +9)k3
0,

X3 = X3(k0,k1)≡ 2k2
0[k0 +(k0 +1)(k1 +1)].

3.4: 2

s0
{k1(k0+1)+[k0+2(k0+1)(k1+1)]λ}a

{(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ}λ
s1

{k0+1−[k0+(k0+1)(k1+1)]λ}a
(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ

q0 0
q1

(k0+1)(1+λ )a
(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ

Q (k0+1)(1+λ )a
(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ

p {k1(k0+1)+[k0+2(k0+1)(k1+1)]λ}a
(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ

π0 0

π1
(k1+2)(k0+1)2(1+λ )2a2

2{(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ}2

W (k0+1)(1+λ )2{(k0+1)(k1+1)+2[k0+(k0+1)(k1+1)]λ}a2

2{(k0+1)(k1+1)+[2(k0+1)(k1+2)−1]λ}2

1 2 3.3 3.4

1 2 (λ ,k0,k1)

11 ŝ1 < (k1 +1)a− (k1 +2)λ ŝ0 ⇔ 1+λ > 0.
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3.2.

2

1 0 2

3.2

(s0q0 = 0)

1 2

λ k0, k1

3.2 2 3.1 1 (3.9) (3.10)

3.1 S (3.10) (3.16)

(s0 ≥ 0,

s1 ≥ 0) 2

(q0 ≥ 0) (3.16)

(3.17) (s0,s1) (3.16) (3.17) s1

(3.17) S (3.17) 1 3.1

E1 2 3.1 E2

3.2 3.1 S E1 E2

2

(k1 = k2 ≡ k)

1 2 3.3

3.3. (k1 = k2 ≡ k) 0

1 (s∗0,s
∗
1) = (0, k{k+1−[k+(k+1)2]λ}a

(k+1){k(k+2)+2[k+(k+1)2]λ})

3.3
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3.1: (s0,s1) 1 2

3.2:
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0

4

1 3.1

3.2

2

3.3

Matsumura and Tomaru (2013)
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3.3

k1 = k2 ≡ k 1 2 W1, W2

W1 ≡
{

2k2(k+1)(k+2)+2k(k+1)
[

k+2(k+2)(2k+1)
]

λ+(9k4+38k3+48k2+24k+4)λ 2+2k2
[

k+(k+1)2
]

λ 3
}

a2

2(k+1)
{

k(k+2)+2
[

k+(k+1)2
]

λ
}2 , (A.1)

W2 ≡
(k+1)(1+λ )2

{
(k+1)2+2

[
k+(k+1)2

]
λ
}

a2

2
{
(k+1)2+

[
2(k+1)(k+2)−1

]
λ
}2 . (A.2)

W1 >W2⇔B(k,λ )≡ k3(k+2)(k+1)4+2k2(k+1)2Y1(k)λ +2k(k+1)(k+2)Y2(k)λ 2+2(k+1)Y3(k)λ 3+

Y4(k)λ 4−2(k+2)(2k+1)Y5(k)λ 5 > 0. Y1(k)≡ 4k4 +20k3 +33k2 +21k+5, Y2(k)≡ 12k5 +59k4 +99k3 +

75k2 +28k+4, Y3(k) ≡ 16k7 +122k6 +360k5 +531k4 +432k3 +202k2 +48k+4, Y4(k) ≡ 16k8 +136k7 +464k6 +848k5 +

969k4 + 770k3 + 416k2 + 128k + 16, Y5(k) ≡ 4k5 + 26k4 + 57k3 + 49k2 + 17k + 2 Yi(k) > 0 λ ∈ [0,1]

B(k,λ ) k > 0 k+1
k+(k+1)2 < 1

λ ∈ (0, k+1
k+(k+1)2 ) B(k,λ )> 0 1 2
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