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Introduction
▶ Penalty: Sanction for deviation from a fixed total quantity

(target).
▶ Several real-life situations: wine sector, fishing sector.

Cournot game with penalties: {(Ej, uj)j∈N }
▶ The firms produce a homogeneous good.
▶ P (Q): inverse demand function.
▶ Profit function: 𝜋j (q1., ..., qn) = qjP (Q).
▶ Fj (Q): penalty function for firm j when aggregated production

deviates from a target 𝛾 (𝛾 > 0).
▶ Fj twice-continuously differentiable, non-negative, convex.

Fj (𝛾) = 0 and F ′j (Q) = 0 if and only if Q = 𝛾 .
▶ Utility function: uj (q1, ..., qn) = qjP (Q) − Fj (Q).

Multicriteria game with penalties:
{(Ej, u)j∈N }

▶ Vector-valued utility function: u = (u1, ..., un) .
▶ Preference function: 𝜈 i(q) = ∑

j∈N 𝜆ijuj (q), 𝜆i ∈ Δn.
▶ Types of firms with other-regarding (OR) behavior:

a) equanimous if 𝜆ij = 𝜆ik ∀j, k∈ N . b) impartial if 𝜆ij = 𝜆ik ∀j, k≠ i.
c) pro-self if 𝜆ii ≥ 𝜆ij ∀j∈ N . d) pro-social if 𝜆ii ≤ 𝜆ij ∀j∈ N .

A particular case
▶ Linear inverse demand function: P (Q) = a − bQ.
▶ Quadratic penalty function: Fj (Q) = cj (Q − 𝛾)2.
▶ a, b > 0 for all j ∈ N , cj > 0: penalty parameter.
▶ Higher cj: stronger incentive for firms to align with 𝛾 .
▶ Utility function: uj (q1., ..., qn) = qj (a − bQ) − cj (Q − 𝛾)2.
▶ Best response: Rj (q−j) = max

{
0, a+2cj𝛾−(b+2cj)

∑
h≠j qh

2b+2cj

}
.

▶ Nash equilibrium: qj =
a+2cj𝛾+2(ab−𝛾) (C−ncj)

(n+1)b+2C , with C =
∑

h∈N ch.

▶ OR-Best response, with c̄i =
∑

h∈N 𝜆ihch:

Ri
𝜆
(q−i) = max{0,

𝜆iia + 2𝛾𝜆iici −
∑

j≠i(b(𝜆ii + 𝜆ij) + 2c̄i))qj
2b𝜆ii + 2c̄i

}.

Path of equilibria. Firms with the same 𝜆
▶ Equilibrium exists and is unique except for equanimous firms.
▶ 𝛾 is the target value such that when 𝛾 < 𝛾 (𝛾 > 𝛾 ) the total

quantity in equilibrium decreases (increases) as 𝜆 decreases.
▶ When firms have the same penalty: 𝛾 = a

b +
a
4c .

Path of equilibria for identical firms when 𝜆i varies. Cases 𝛾 < 𝛾 and 𝛾 > 𝛾 .

Path of equilibria when 𝜆 differs

𝛾 is the target value such that:
▶ When 𝛾 < 𝛾 proself firms drive prosocial firms out of the market.

When firms have the same penalty: 𝛾 = a
2b.

Path of equilibria for different firms (𝛾 < 𝛾),when 𝜆i varies.
▶ When 𝛾 > 𝛾 , a discontinous path of equilibria arises where proself

firm expels prosocial firm, prosocial firm expels proself firm and
both firms remain.

A discontinuous path of equilibria.
For P = 60 − Q, c1 = c2 = 1, 𝛾 = 50, proself agent j, changing agent i

Price path. Quantity path.

Utility path

Conclusions
Equilibria depend on 𝛾 and 𝜆.

▶ Equilibrium exists when all firms have the same 𝜆.
▶ Mutiple equilibria: all firms are equanimous.
▶ When 𝜆 differs, equilibria depend both on 𝛾 and 𝜆.

• There are economic sectors where considering other-regarding
behavior and quantity goals jointly is relevant.

• We propose a theoretical framework adaptable to various
situations, in which other-regarding behaviour is beneficial for
firms. Under some conditions:
▶ The most other-regarding firm achieves higher profits than the least

other-regarding one and the consumer surplus is also higher.
▶ The higher 𝜆i, the higher the level of quantity produced.
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