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Introduction
• Governments face the problem of how to improve
biodiversity.
• They have to consider the cost as well as externalities.
• In particular, the government assigns

its implementation to the landholders.
- Assumption: Landholders dedicate their land to market
activities before the project is implemented.

• Through a monetary compensation, the government has
to achieve a balance for a project.
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Introduction
• This paper deals with information asymmetry.
• It can provoke opportunistic behavior from the
landholders.
• The government might be overcompensating this
opportunistic landholders.
• How does the government handle this problem?
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Introduction
• The government is not only interested in improving the
biodiversity, but it also has to optimize the monetary
resources.
• Main objectives of this paper are
- To construct an optimal mechanism
- To induces bidders to participate in the procurement auction.
• Some Examples
- USDA has implemented auctions.
- Australia developed an auction of conservation programs
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Externality
• This paper also considers the existence of externality.
- Assumption:
1. The bidder who participates in the biodiversity project
generates externalities for those neighboring landholders who
decide not to participate.
2. The environmental improvement causes a positive (negative)
externality in some specific area.
• For simplicity, this paper is designed a mechanism that

introduces the externalities.
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Externality
• Negative Externality (Section 2)
- Procurement of a project to increase the species of oaks
- Let us consider two landholders and both of them sell their
products in the market.
- The government calls for the procurement of a project to
increase the population of oaks.
• Positive Externality (Section 4)
- Procurement of a project to increase the biodiversity of a lake
- Let us consider three landholders.
- If two farmer of them participate in the procurement of the
lake’s environmental project, they will eliminate a pesticide.
- Another participant, a fish farmer, has a direct farmer.
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Literature Review
• Externality using mechanism design
- Jehiel et al. (1999) define the bidder’s valuation.
- Skreta and Figueroa (2004) analyze the externality problem but
for the case of auctions with multiple object.
- This paper studies the externality into the cost function and
not in the bidder’s valuation.
• Multidimensional bids
- Hansen and Desgagne (1988) investigate two-dimensional bid.
- Dasgupta and Spulber (1990) consider unit bid auctions.
- Che (1993) used a score-based system.
- Branco (1997) analyzes the impact of costs’ correlation.
- This paper used that the landholder submits in the
procurement auction.
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Model (with negative externality)
• Objective
- The government decides what is the optimal biodiversity to
achieve in some specific area.
- Landholders generate the cost.
- The externality result has on the nonparticipant bidders.
• Landholders submit simultaneous bids, (Bi, ti)

• The implementation of a biodiversity project implies
that the landholder has to incur some costs.
- The amount of costs vary depending of the landholder’s type
θ ϵ Θ, independent and identically distributed
- Each landholder has private information about his costs.
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Model (with negative externality)
• Landholder i’s cost function when he participates
- Ci(Bi, θ)
- Assumption: Cost function is increasing and convex
CB > 0, CBB > 0
Ci(Bi, θ) = 0, which implies zero fix cost.
- This paper also considers higher types of θ have lower
marginal cost of improving environmental quality, CθB < 0
• Landholder i’s cost function when he produces a good
- C!"(q, B-i, θ)
" >0,
- C#" > 0, C##
- Similarly to the cost function of producing biodiversity,
C!"# < 0
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Model (with negative externality)
• Government’s utility
- Ug(Bi, ti) = V(Bi) - ti
- Assumption: Function V(Bi) is increasing and concave
VBB(·) < 0 < VB(·), with VB(0) = 0
• Government maximizes expected social welfare
- 𝑊 = ∑'$%&(𝑉 𝐵$ − 1 + 𝜆 𝑡$ )
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Model (with negative externality)
• Landholders i’s utility
- Ul(Bi, ti) = φ (i wins the auction) [𝑡$ − 𝐶$ (𝐵$ , θ)]
+ φ (i does not win) [𝜋 − C!"(𝑞, 𝐵($ , θ)]

• For the bidders who are participating
- Because of a negative externality, it is generated to the
nonparticipating bidders, 𝐵($ < 0.
Thus, it increase in bidder i’s costs.

• For the bidders who are NOT participating
- C!"(𝑞, 𝐵($ , θ) > 0.
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Model Structure
• Nature chooses the type of every landholder, θ.

The landholder privately observes his own type.
• The government calls for the procurement of some
specific area to improve its biodiversity level.
• All landholders submit their two-dimensional bid
composed by the amount of biodiversity, which he will
receive in the form of a transfer from the government.
• The government chooses the optimal project to be
implemented.
• Those bidders who do not win the auction dedicate their
land to some market activity.
• Those bidders who win the auction generate some
negative (or positive) externality to nonparticipants. 12

Optimal Revelation Mechanism
• A mechanism (ρ, B, t) has the component
*
∑
- 𝜌 ∶ 𝛩 → ∑ , where ∑ : = {𝜎𝜖ℝ*
∣
)
$%& 𝜎$ ≤ 1}
- a pair of bids (B, t) for each buyer i
- Allocation rule 𝜌$ 𝜖 [0,1]
- 0 ≤ ∑ 𝜌$ (·) ≤ 1

• However, this paper assumes that the government
never randomizes over the selected contracts.
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Optimal Revelation Mechanism
• The mechanisms satisfies the participation constraint if
- Reservation utility represents bidder i’s net benefit
when he does not participate in the auction.
- This participation constraint is type-dependent, given that the
reservation utility is increasing in θ.
- In contrast, the reservation utility is decreasing in the negative
externality, 𝐵($ .
- Thus, all participants in the procurement auction have
incentive to participate.
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Optimal Revelation Mechanism
• The mechanisms is said to be incentive compatible if
• The government’s expected social welfare
maximization problem

subject to
B(·) is nondecreasing in
(Incentive compatibility)
(Participation Constraint)
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Optimal Revelation Mechanism
• Proposition 1
- Let (t*, B*) be the optimal mechanism. 𝐵$ *(θ) and 𝑡$ *(θ)
must satisfy

- The optimal biodiversity depends on his efficiency level, θ.
- Landholders who have low types (θ) will obtain a higher
transfer if they decide to participate in the procurement.
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Bilateral positive and negative externality
• Now, we consider positive or negative externality.
- The reservation utility is increasing in 𝐵($ .
- For positive externality, it decreases landholder i’s costs,
which in turn increases his reservation utility.

• Cost function
- The reservation utility is increasing in 𝐵($ .
Where bidder i is producing a market product q
- Assumption: Marginal cost function can be

.
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Example
• Landholders 1 and 3 have incentives to participate.
• Landholder 2 has incentives to be a free rider.

Table 1
Low types

Table 2
High Types

B1

B2

B3

Cost

%
𝐵!" >0 CBB>C#$
Participate

No incentives to
participate

Landholder 1

0

+6

−10

30

Landholder 2

+5

0

−6

15

%
𝐵!" <0 CBB<C#$
Participate

Participate

Landholder 3

−7

−9

0

15
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Example (Externality)
• The mechanisms satisfies the participation constraint if
- For positive externality, it decreases landholder i’s costs
- 𝐶++ ≥ 𝐶,+
- Participants with a lower θ will be interested in participating.
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Example (Positive Externality)
• Assumption: the government is only interested in
inducing the participation with less efficient landholders
• It needs to find a cutoff that induces the participation of
those inefficient types, where θ? < θB
• Proposition 2
- In the case of a positive externality, the optimal transfer t*(θ) is
given by
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Conclusion
• The externality directly affects the cost function of the
nonparticipating landholders in the surroundings.
• In the negative externality, those efficient landholders
with high types receive lower transfers.
• In the positive externality, the landholder's reservation
utility is nondecreasing in his type, θ.
• Contribution
- This paper considers the possibility of multidimensional bids
and externalities among players by introducing them into the
bidders' cost functions
- This paper studies mechanisms where participants are induced
to truthfully report the effects they receive from an externality

• Further Extension
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