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Abstract

This paper uses a mechanism design approach to study the biodiversity improvement in a
territory, where the government is the principal and the landholders are the agents. In particular,
I analyze an optimal mechanism that considers a multidimensional bid which includes both the
biodiversity improvement of the project and its cost. Additionally, this mechanism incorporates
the externality (either positive or negative) that a biodiversity project causes in the surrounding
agents who decided not to participate. Speci�cally, I assume that externalities enter in cost
function of the nonparticipating landholders.
I show that, in the case of negative externalities, the government will implement a transfer

function which is increasing in the landholder�s e¢ ciency level on market activities. On the other
hand, in the case of a positive externality, paradoxically the government may be interested in
the nonparticipation of the most e¢ cient landholders.

1 Introduction

Many governments face the problem of how to procure the implementation of a project con-
sidering the externalities that it produces in its surroundings. For example, when the government
procures the construction of a bridge, it has to consider the cost of this project and the bridge�s
characteristics but also the externalities that it will produce in all the community that will use
it. These considerations about externalities are especially present when the government wants to
develop a project that increases the level of biodiversity of some particular territory. In particular,
this situation exists when the government does not develop the environmental project by itself, but
assigns its implementation to the landholders.

In this paper I assume that the landholders are dedicating their land to market activities
before the project is implemented. As a consequence, the only tool that the government can use
to incentive the landholders to participate in the project is through a monetary compensation.
Therefore, the government has to achieve a balance between the costs of implementing the project
and the biodiversity that it generates. A relevant characteristic in this kind of situation is related
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with the fact that the landholder has more information than the government about his costs and
the resources needed to implement a biodiversity project in his land. Therefore we are dealing
with information asymmetry, which can provoke opportunistic behavior from the landholder. For
example, he can hide information about his real costs or about the land use intensities. As a result,
the government could be overcompensating this opportunistic landholder. In this respect, auctions
reduce the scope for opportunistic behavior resulting from informational asymmetries between the
seller and the bidders. Speci�cally, in this type of procurement auctions the government announces
a contract for the assignment of biodiversity projects in a speci�ed area and calls for bids from
potential bidders (landholders).

The government is not only interested in improving the biodiversity, however, but it also has
to optimize the monetary resources coming from all society, as noted above. This implies that the
bidder has to submit a multidimensional bid which is composed of the cost of the project and a
non-monetary variable that represents the biodiversity improvement that the project will generate.
In this sense, one of the main objectives of this paper is to construct an optimal mechanism that
maximizes the government�s objective function and induces bidders to participate in the procure-
ment auction. Once this optimal mechanism is found, it can easily be transformed into an auction
by appropriately applying the optimal allocation and payment rule.

Some examples of procurement auctions used to protect the biodiversity of some region are
United States and Australia. In the case of United States, the Department of Agriculture has
implemented auctions in which the landholders bid for payments for retiring their lands from farm
production for a period of 10 to 15 years. In Victoria (Australia) the government has developed
an auction of conservation program where the landholders bid for payments they can receive from
undertaking conservation activities.

Additionally, the procurement auction described above also needs to consider the existence of
externalities1 derived from the project. I assume that the bidder who participates in the biodiversity
project generates externalities in those neighboring landholders who decide not to participate. An
important assumption in this study is that the environmental improvement �understood as an
increase in the biodiversity level in the land� causes a positive (negative) externality in some
speci�c area. Furthermore, this externality leads to a reduction (increase) in the cost of all the
landholders of the surrounding area where the project will be developed �bidders in tis model�if
they keep using their land in the same activities as before the auction is run. Since these activities
were supposed to have only market concerns I refer to these activities carried out by landholders
before the procurement auction as �market activities�.

For simplicity, I design a mechanism that introduces the externalities generated by an environ-
mental project into the cost function of every nonparticipant landholder. The �rst part of the paper
is focused on determining the consequences of having only a negative externality in the design of
the mechanism. An example of negative externality can be found in the procurement of a project
to increase the species of oaks. Let us consider two landholders, one of them producing honey and
the other one dedicating his land to the production of �owers, and both of them sell their products
in the market. Given this initial situation, the government calls for the procurement of a project to
increase the population of oaks. As a result, the producer of �owers dedicates his land to this envi-
ronmental project. However, the plantation of oaks will negatively a¤ect the production of honey

1An externality exists whenever the welfare of some agent, either a �rm or a household, depends both on his or
her activities and on activities under the control of some other agent.
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due to the fact that the bees get lower quality pollen, which ultimately increases the production
costs of honey.

In the second part of this paper I allow for the possibility that every agent who decides not
to participate in the auction can bene�t from a positive externality from his neighbor (who is
developing an environmental project). An example of positive externality in this context is the
case in which the government is interested in increasing the biodiversity of a lake. Let us now
assume that in this area there exist three landholders, one of them is dedicated to a �sh farm and
the other two produce vegetables that are sold in the market. If the last two farmers participate in
the procurement of the lake�s environmental project, they will eliminate any pesticide used in the
crop of vegetables and will stop dumping toxic waste to the lake. Therefore, the �sh farmer has a
direct bene�t from the environmental project that their neighbors develop, which �nally results in
a decrease of his costs of �sh production.

There are several authors who have analyzed externalities using mechanism design. One of the
main contributions are Jehiel, Moldovanu and Stacchetti (1996) and (1998), who de�ne the bidder�s
valuation as a vector, formed by bidder i�s valuation for winning and the valuation that he obtains
when his opponents win the auction, i.e. the externality that he su¤ers when the object is assigned
to a di¤erent bidder than him. Skreta and Figueroa (2004) also analyze the externality problem but
for the case of auctions with multiple objects. The di¤erence between the existent literature and
this paper is that I consider the externality into the cost function and not in the bidder�s valuation,
which simpli�es the solution of the optimal mechanism.

There also exists a vast literature related with multidimensional bids. Hansen (1988) and
Desgagne (1988) were some of the authors who �rst considered two-dimensional bid auctions.
Dasgupta and Spulber (1990) consider implementation by per unit bid auctions, where �rms o¤er
per unit bids against a given quantity schedule. Che (1993) analyzes how to implement the optimal
mechanism via a score-based system of two-dimensional auctions (quality, price) and Branco (1997)
analyzes the impact of costs� correlation on the design of multidimensional mechanisms. The
double dimensionality in this work is represented by the bid that the landholder submits in the
procurement auction: the biodiversity level that he implements and the cost associated to every
level of biodiversity improvement that he receives in the form of a transfer.

The paper is structured as follows. In next section I describe the model, where all the analysis
is developed under the assumption of negative externalities. In Section 3, I identify the optimal
revelation mechanism. In this part of the paper I �nd that the negative externality plays an
important role in the speci�cation of the participation constraint. This is due to the fact that the
landholders�reservation utility is type dependent and endogenous; in other words, it depends on the
cost change that a landholder experiences when his neighbor implements a particular biodiversity
project. In Section 4, I analyze the consequences of having positive externalities in the mechanism,
and an example is developed to understand the problem that this assumption generates in the
mechanism design problem. Finally, section 5 summarizes the main results.
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2 Model (with negative externality)

The objective of the model is to analyze the dilemma that the government faces when it has to
decide what is the optimal biodiversity to achieve in some speci�c area, and the cost that it needs
to incur in order to implement it. Additionally, the following model wants analyzes the e¤ects that
the externality generated by the biodiversity project has on the nonparticipant bidders.

I consider a mechanism in which the government is interested in implementing a program to
improve the biodiversity. There exist N risk-neutral2 landholders indexed by i = 1; 2; :::; n, who are
referred to as potential bidders. For simplicity, I assume that the bidders are those landholders who
own the land that the government is interested in improving. Therefore, they are directly a¤ected
by an increase or decrease in biodiversity. Landholders are supposed to submit simultaneous bids of
the form (Bi; ti) for a single project that will be developed in his own land, where ti is representing
the total cost of the project for the landholder, and Bi is a non-monetary variable that re�ects
the biodiversity improvement in his land due to that particular project. Similarly to Che�s (1993)
model, I assume that all non-monetary characteristics related to biodiversity can be aggregated
into a one-dimensional variable Bi, that henceforth will be referred to as �environmental quality�.

The implementation of a biodiversity project implies that the landholder has to incur some costs.
The amount of costs will vary depending of the landholder�s type, � 2 �. An important assumption
in the model is that each landholder has private information about his costs of implementing the
project, denoted by the parameter �. Landholders�cost parameters are independent and identically
distributed with cumulative distribution of the cost parameter given by F (�) de�ned on

�
�; �
�
which

is common knowledge among both landholders and the government.

Landholder i�s cost function is represented by Ci(Bi; �). I assume that costs are increasing
in the environmental quality, CB > 0, at a increasing rate, CBB > 0, i.e. the cost function is
increasing and convex in Bi. Therefore, the function Ci(Bi; �) is increasing and convex in Bi, with
Ci(0; �) = 0 which implies zero �x cost. Additionally, I consider that higher types of � �more
e¢ cient landholders�have lower marginal costs of improving environmental quality, C�B < 0.

The government�s utility when bidder i wins the auction is represented by:

Ug(Bi; ti) = V (Bi)� ti
where ti is representing the government�s transfer to the winner of the auction. Hence, it is

important to take into account that when the landholder is proposing a project that generates an
environmental quality (in biodiversity terms) of Bi, he also produces a utility to the government
that is represented by function V (Bi): In particular, I assume that function V (Bi) is increasing and
concave in Bi, i.e. VBB(�) < 0 < VB(�), with V (0) = 0. That is, if the project does not generate
any biodiversity improvement then the government�s utility from it equals zero.

Moreover, I consider that the government maximizes expected social welfare. Social welfare
consists of the sum of the utility that the government derives from each bidder�s implemented
biodiversity level and associated transfer, V (Bi; ti), minus the welfare cost of raising public funds,
(1 + �)ti.

2Landholders are sometimes considered to be risk averse. Empirical studies assessing landholder�s conservation
attitudes in this respect, however, do not reach a unanimous judgement. Hence, the risk-neutrality assumption
neither seems too restrictive nor contrary to empirical evidence.
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W =
nX
i=1

(V (Bi; ti)� (1 + �)ti)

On the other hand, landholders i�s utility is represented by:

Ul(Bi; ti) = �(i wins the auction)[ti � Ci(Bi; �)]+

�(i does not participate) [� � Ci(q;B�i; �)]
where �(�) is an indicator function � (�) 2 f0; 1g, where � (�) = 1 if bidder i wins the contract

and � (�) = 0 if bidder �i wins the contract. In the last case we are assuming that landholder i
(the losing bidder) dedicates his land to some market activity q where he obtains pro�ts equal to �
(which are assumed to be the same for all the losing bidders). However, since the winning bidder
develops a project that increases the biodiversity, a negative externality is generated to the non-
participating bidders, B�i < 0, that can be translated into an increase in bidder i�s costs. Notice
that in this part of the paper I assume that the environmental improvement generates a negative
externality which is transmitted through an increase in the cost of all other bidders �those who
do not participate in the auction�who will all work in a non-environmental (market) activity, q.
Additionally, in spite of receiving the same environmental negative externality, B�i, the e¤ect that
this externality causes in two di¤erent participating bidders is distinct, since each of these bidders
has a di¤erent cost function Ci(q;B�i; �i) given his own realization of the e¢ ciency parameter �i.

For the bidders who are not participating in the procurement, their cost function, Ci(q;B�i; �i),
is increasing in q and, given the negative externality assumption, we have that CqB�i > 0, i.e. the
marginal cost of producing q increases in the negative externality received B�i. For simplicity, I
consider that any landholder i, when receiving no externalities, B�i = 0, is as e¢ cient producing
the market activity as he is generating biodiversity (when he wins the contract) for any realization
of �i, i.e. Ci(q; 0; �i) = Ci(B; �i) for all �i.

Finally, in order to clarify the structure of this model, I describe the move order of the game
as follows.

1. Nature chooses the type of every bidder, �, which is distributed in
�
�; �
�
.This type conditions

the landholder�s cost function. The landholder privately observes his own type. He does not
know the others bidders� types, and the government cannot observe the realization of any
bidder�s type.

2. The government calls for the procurement of some speci�c area to improve its biodiversity
level.

3. All the landholders who live in the area to be procured submit their two-dimensional bid
composed by the amount of biodiversity that will be achieved and the cost of the project
associated with this biodiversity level, which he will receive in the form of a transfer from the
government.

4. The government chooses the optimal projects to be implemented.

5. Those bidders who do not win the auction dedicate their land to some market activity.

6. Those bidders who win the auction generate some negative (or positive in section 4) externality
to the all nonparticipating bidders in their surroundings.
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3 Optimal revelation mechanism

In this section I describe and solve the optimal direct revelation mechanism that the govern-
ment uses in order to maximize expected social welfare from the biodiversity projects, subject to
the landholders� incentive compatibility conditions and their individual rationality (or voluntary
participation) constraints. Generally, in this context a mechanism (p;B; t) has the following compo-
nents: a pair of bids (B; t) for each buyer i; an allocation rule, pi, which determines the probability
that bidder i will get the object and a payment rule t. Notice that

p : �! �, where � :=

(
� 2 RN+ j

NX
i=1

�i � 1
)

is the set of probability vectors. For simplicity, I work with a direct revelation mechanism, where
the strategy space coincides with the type space, and thus, each agent�s strategy is just to announce
a type. Hence thereafter, I use the Revelation Principle, and as a consequence the mechanism can
be expressed as (p(�); B(�); t(�)), and understood as a mapping from the set of revealed types �
to the set of allocation rule pi 2 [0; 1], biodiversity improvement Bi 2 R+ and transfers ti 2 R+.

Notice that in any mechanism function pi must satisfy
P
pi(�) � 1 and pi(�) � 0. I restrict,

however, the analysis to deterministic revelation mechanisms, given that the government never
wants to randomize over the selected contractors. Therefore the landholders selected by the procurer
implement a biodiversity improvement in their land, while all the other landholders have a project
with zero biodiversity improvement. The former can be interpreted as not developing the project
in their land. Then the mechanism can be expressed by a pair of functions (B(�); t(�)).

In order to ensure that the auction mechanism is feasible,it must satisfy the participation con-
straints (P.C.) and that the incentive compatibility (I.C.) conditions hold for all N bidders. In
particular, the mechanism (B(�); t(�)) satis�es the participation constraint if

Ui(Bi(�i); ti(�i); �i) � � � E�[Ci(q;B�i; �i)] 8�i 2
�
�; �
�

(P.C.)

where the reservation utility, � � E
�
[Ci(q;B�i; �i)],represents bidder i�s net bene�t when he

does not participate in the auction, i.e. � is the bidder i�s revenue when he dedicates his land to
some economic activity, where � � t. Given that the seller is implementing the mechanism, he can
control both B (�) and t (�). However, he needs to construct an expectation about the expected cost
of the bidder when not participating in environmental activities, since the principal does not know
the realization of � for every bidder.

Additionally, this participation constraint is type-dependent, given that the above reservation
utility is increasing in �, i.e. higher values of � imply lower marginal costs when dedicating his land
to market activities, and as consequence higher reservation utilities. In contrast, this reservation
utility is decreasing in the negative externality, B�i, since an increase in B�i increases the pro-
duction cost of the market activity q which �nally decreases the reservation utility. Hence, given
our assumption of Ci(q; 0; �) = Ci(B; �), we have that the rate of increase of the marginal cost of
producing biodiversity, CBB(Bi; �), is lower than the rate of increase of the marginal cost of pro-
ducing an economic good (having into account the negative externality produced by his neighbors),
CqB(q;B�i; �) for any �. That is,

CBB(Bi; �) < CqB(q;B�i; �) 8�i 2
�
�; �
�
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In other words, the cost function of developing market activities and receiving a negative exter-
nality from your neighbors lies above the cost function of developing environmental activities �and
not receiving any kind of negative externality�for all values of �. That is, the previous assumption
guarantees that all the participants in the procurement auction have incentives to participate.

Moreover, the mechanism (B(�); t(�)) is said to be incentive compatible for landholder i if land-
holder i experiences a greater utility by revealing his type �i truthfully than by reporting any other
type b�i 6= �i.

Ui(Bi(�i); ti(�i); �i) � Ui(Bi(b�i); ti(b�i); �i) 8�i 2
�
�; �
�
and 8 b�i 6= �i (I.C.)

Finally, let us assume that the hazard rate function  (�) = f(�)
1�F (�) is increasing in �. The former

assumption is a su¢ cient condition to ensure that the design problem is regular.

Using the revelation principle, it is possible to de�ne a direct revelation mechanism (B(�); t(�))
which can be used in the government�s expected social welfare maximization problem.

max
fBi(�);ti(�)g

E

"
NX
i=1

(V (Bi(�i)� (1 + �)ti(�i))
#

Moreover we have that bidder i�s utility of truthfully revealing his type �i and being assigned,
as a consequence, a project with biodiversity level Bi (�i) and transfer ti (�i) is:

Ui(Bi; �i) = ti(�i)� Ci(Bi(�i); �i)

Therefore, the government�s maximization problem can be expressed as follows:

max
fBi(�);U(�)g

E

"
NX
i=1

(V (Bi(�i))� (1 + �)[Ci(Bi(�i); �) + Ui(�i)])
#

subject to

B(�) is nondecreasing in � 2
�
�; �
�

(Monotonicity assumption) (1)

Ui(�i) = Ui(�i)�
�iZ
�

@Ci(Bi(x); x)dx

@�i
8�i 2

�
�; �
�

(Incentive compatibility, see appendix) (2)

Ui(�i) � (� � E�[Ci(q;B�i; �i)]) (Participation constraint) (3)

That is, the government wants to maximize the expected social welfare generated by the bio-
diversity project that every landholder develops, subject to the fact that these contracts with the
landholders are feasible, i.e. they satisfy the incentive compatibility. and participation constraint
conditions speci�ed above. Solving the government�s maximization problem (see appendix) we
obtain the following proposition.
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Proposition 1
Let (t�; B�) be the optimal mechanism. Then, the optimal menu of contracts specifying a bio-

diversity level to be implemented, B�i (�) and a transfer t
�
i (�) to be received for the implementation

of such biodiversity level must satisfy,

V (Bi(�i))

dBi(�)
= (1 + �)

�
Ci(Bi(�); �i)

@Bi(�)
� 1� F (�i)

f(�i)

@2Ci(Bi(�i); �i)

@Bi(�)@�i

�
and

t�i (�) = (1 + �)

�
Ci(Bi(�); �)�

1� F (�)
f(�)

@Ci(Bi(�); �)

@�

�
8 � 2

�
�; �
�
and 8 i 2 N

Proof. See appendix.

Hence, the optimal biodiversity that a landholder generates depends on his e¢ ciency level, the
welfare cost of raising public funds and on the hazard rate of its private parameter, �. On the
other hand, the optimal transfer is equal to the landholder�s cost when he dedicates his land to
develop a biodiversity project. Additionally, from the above proposition we can infer that those
landholders who have low types (�) will obtain a higher transfer if they decide to participate in the
procurement. This is due to the fact that they are not so e¢ cient in producing biodiversity, and as
a consequence the government has to make a higher e¤ort (in terms of transfers) to induce them
to participate in a biodiversity project.

4 Bilateral positive and negative externality

In sections 2 and 3 we assumed that the externality su¤ered by the landholder was always
negative. However, in this section I want to relax the former assumption. As a consequence,
thereafter I assume that agents can receive negative or positive externalities from the biodiversity
project that his neighbors develop3. Hence, the biodiversity quality generated by a landholder j
and received by all of his neighbors i (j 6= i), who are not participating, can be Bj 7 0; where
j 6= i.

Figure 1

3 I do not analyze the case where B�i is equal to zero, given that in this case the reservation utility will simply
be represented by the market pro�ts, �, which can be normalized to zero. Therefore, the mechanism design problem
when B�i = 0 becomes the classical one. See Fudenberg and Tirole (1991).
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This idea is illustrated in �gure 1. Each circular area represents the land that every bidder
(landholder) owns and the arrows indicate the positive or negative externality that the landholder
receives from his neighbor �when he does not participate�and the externality that he produces
to his surroundings �when he participates. Basically, all the assumptions coincide with those in
sections 2 and 3 except for the participation constraint. The reason why the participation constraint
di¤ers is the following. The reservation utility is �as in the previous section section�type dependent
and increasing in �, but now it is increasing in B�i, in contrast to the previous section where it was
decreasing. Indeed, now the positive externality produced by surrounding landholders decreases
landholder i�s costs of developing market activities, what in turn increases his reservation utility.
This makes voluntary participation of all landholders more di¢ cult to guarantee than in the case
of negative externalities, since a landholder�s payo¤ when not participating is higher in the case of
positive externality than when receiving a positive one.

Given the positive and negative externality, the cost function for the bidder who decides to not
participate in the procurement auction is de�ned as follows.

Ci (q;B�i; �i) = Ci(q;B1; :::; Bi�1; Bi+1; :::; BN ; �i)

where bidder i is producing a market product q and he is receiving positive or negative externalities
from bidders that are developing a biodiversity project. The above cost function can also be

expressed as Ci(q;
NP
j 6=i
Bj ; �i). Hence, we have to impose some strict assumption on the marginal

cost function since that it can be increasing or decreasing depending on the value of B�i, that is
CqB�i(�) ? 0.

The following table highlights the di¤erences between the presence of negative externalities, as
in the previous sections, and positive externalities in the model.

Low Types High Types
B > 0 CBB > CqB Participate No incentives to participate
B < 0 CBB < CqB Participate Participate

In order to understand the e¤ects that a positive or negative externality has in landholders�
cost function �and as a consequence in his decision to participate in the auction�we will develop
the following example.

Example
Let us assume that there exist three landholders in some speci�c area where the government

is interested in improving the biodiversity. The market bene�ts that these three landholders can
obtain when they are dedicating their land to produce some market activity is equal to � = 30.
Moreover, when a landholder does not participate his costs and the biodiversity impact that he
su¤ers from the participating landholders is presented in the following table.

B1 B2 B3 Cost
Landholder 1 0 +6 -10 30
Landholder 2 +5 0 -6 15
Landholder 3 -7 -9 0 15
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Notice that numbers with positive sign represent positive externalities while numbers with
negative signs represent negative externalities that landholder i su¤ers from his neighbors j 6= i
when bidder i does not participate in the environmental project. For example, when landholder 2
does not participate he receives a positive externality from the enviromental project developed by
bidder 1 of �ve units, and a negative externality of six units from landholder 3�s activities. Finally,
the last column expresses landholder 2�s costs from continuing his market activities. Now, with all
the above information we can analyze the participation constraint for each landholder.

Landholder 1: U1(B1(�1); t1(�1); �1) � � � C1(q;
X
j 6=1

Bj ; �1)

() U1(B1(�1); t1(�1); �1) � 30� (30� 6 + 10) = �4

Landholder 2: U2(B2(�2); t2(�2); �2) � � � C2(q;
X
j 6=2

Bj ; �2)

() U2(B2(�2); t2(�2); �2 T 30� (15� 5 + 6) = 14

Landholder 3: U3(B3(�3); t3(�3); �3) � � � C3(q;
X
j 6=3

Bj ; �3)

() U3(B3(�3); t3(�3); �3) � 30� (15 + 7 + 9) = �1

Clearly landholders 1 and 3 have incentives to participate in the biodiversity program. Land-
holder 2, however, has incentives to be a free rider �given the positive externality that he receives
from his neighbor�and to not participate in the procurement. In particular, the government would
have to o¤er him some transfer greater than his market net bene�t of 14 to induce him to partici-
pate. Additionally, note that bidders 2 and 3 have exactly the same cost (we can say that they are
equally e¢ cient in market activities). However, bidder 3 is receiving a very high negative impact
when not participating, what �nally induces him to participate in the auction, given that he will
obtain a higher utility developing an environmental project than conducting a market activity.
Therefore, from the example we can infer that the impact of a positive externality may generate
incentives to not participate in the environmental project for some bidders, i.e. bidder 2. N

Let us focus from now on in the case where the landholder is enjoying an overall positive impact

from externalities
NP
j=1

Bj > 0. The participation constraint was de�ned as,

Ui(Bi(�i); ti(�i); �i) � � � E�[Ci(q;B�i; �i)]

In the case of positive externalities we have that CqB < 0, i.e. the marginal cost of developing
market activities for the nonparticipating landholder decreases in the positive externality he receives
from the participating neighbors. Additionally, given the assumption Ci(q; 0; �) = Ci(B; �), the
growth rate of the marginal cost of participating in an environmental project, CBB, is higher or
equal than the growth rate of the marginal costs of production in the market, in absolute value,
CqB, i.e. CBB � CqB. Obviously in this situation those types with a lower � will be interested in
participating, but not those with higher �.

The optimal transfer obtained in proposition 1 is not applicable for the case of positive ex-
ternalities. As commented above, this is due to the fact that the reservation utility speci�ed for
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the participation constraint is nondecreasing in � �more e¢ cient landholders �nd market activities
more convenient than less e¢ cient bidders�induces these e¢ cient landholders to not participate.
Therefore, given the above restriction, I introduce a useful assumption that will help us �nd an
optimal solution when the non-participating landholders are enjoying a positive externality from
their neighbors. Speci�cally, from now on, I assume that the government is interested in developing
the biodiversity project in those areas in which the landholders are less e¢ cient, i.e. low �.

The above assumption can be rationalized by considering the following example. City councils
usually develop projects, such as the construction of a museum or a public university, in an area
that is considered a "bad" neighborhood. In spite of this adjective, however, the city council
expects that this project can positively transform the neighborhood where it is being implemented.
In our particular case, the government is interested in developing the biodiversity project in those
lands where the landholder is less e¢ cient (low �). Given that the higher types are more e¢ cient
producing the market activity, q, they will obtain more bene�ts in the market than those landholders
who have lowers types. So, we need to �nd a cuto¤ that induces the participation of those ine¢ cient

types who belong to some range
h
�;b�i, where b� < �, what I �nd in the next proposition. In addition,

from section 3, we know that the �rst order condition of the relaxed problem is given by the following
expression, what I use next.

V (Bi(�i))

dBi(�)
� Ci(Bi(�); �i)

@Bi(�)
+
@2Ci(Bi(�i); �i)

@Bi(�)@�i
1� F (�i)
f(�i)

= 0 8� 2
�
�; �
�

(4)

Proposition 2
In the case of a positive externality, the optimal transfer t�(�) is given by

t�i (�) = Ci(Bi(�); �)�
1� F (�)
f(�)

@Ci(Bi(�); �)

@�

for all � 2
h
�;b�i, where b� < �. In particular, b� is the type for which

V (Bi(b�)) = Ci(Bi(b�);b�)� Ci(q;B�i;b�)1� F (b�)
f(b�) � @Ci(Bi(b�);b�)

@b� 1� F (b�)
f(b�)

and all landholders with types � 2 (b�; �] do not participate in the auction.
Note that for the highest type

�
�
�
the above result is obvious. If we assume that � � U [0; 1], and

using expression (4) for �, the inverse hazard rate becomes zero and therefore the optimal transfer
for the highest type is equal to the cost of the project. However given the assumption CBB � CqB,
this implies that � �the most e¢ cient landholder�does not participate in the procurement. On the

other hand, for all landholders with lower types � 2
h
�;b�i, where b� < �, we have that the marginal

cost of producing a market activity is equal to the marginal cost of generating biodiversity given a

level of received (respectively, produced) externality in the interval
h
0; bBi. That is,

MCi

�
qj B�i 2

h
0; bBi� =MCi

�
Bi 2

h
0; bBi� 8� 2 h�;b�i

and the marginal cost of developing a market activity is lower than the marginal cost of pro-

ducing biodiversity for biodiversity levels in the interval
� bB;+1�.

MCi

�
qj B�i 2

� bB;+1�� < MCi

�
Bi 2

� bB;+1�� 8� 2 hb�; �i
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Graphically,
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5 Conclusions and extensions

The existence of negative or positive externalities in the development of a biodiversity project
has clear consequences in the solution of an optimal mechanism that solves the government�s ex-
pected social welfare maximization problem. Speci�cally, the assumption that the externality
directly a¤ects the cost function of the nonparticipating landholders in the surroundings gives us a
new perspective to analyze the consequences of externalities in the design of a procurement auction.

In the case of a negative externality I found that the optimal transfer depends on the e¢ ciency
of the landholder. In particular, this paper shows that those e¢ cient landholders with high types
receive lower transfers. This result is based on the assumption that the rate of increase of the
marginal cost of producing biodiversity, CBB(Bi; �), is lower than the rate of increase of the marginal
cost of producing an economic good (taking into account the negative externality received from his
neighbors), CqB(q;B�i; �), what induces all landholders to participate in the procurement.

On the other hand, positive externalities demostrated to be more involved than negative ones.
Speci�cally, the reservation utility a landholder obtains from not participating in the mechanism
�and speci�ed in the participation constraint of the government�s problem�is nondecreasing in �.
This implies that higher types are not willing to participate in the development of a biodiversity
project, which is due to the fact that positive externalities decrease the marginal cost of developing
market activities for those landholders who do not participate in the environmental project, i.e.
CqB(q;B�i; �) < CBB(Bi; �).

In order to deal with positive externalities, I assumed that the government is only interested in
inducing the participation of those less e¢ cient landholders with types such that CqB(q;B�i; �) =

CBB(Bi; �), 8� 2
h
�;b�i and b� < �. Therefore, those landholders who live in the area where the

government wants to improve the biodiversity and are less e¢ cient (low types) will be the ones

12



selected to develop the biodiversity project. In contrast, the more e¢ cient landholders of such area
will enjoy the positive externality that will result in a decrease of their cost of producing market
activities. In addition, as in the negative externality case, an optimal biodiversity schedule B�i (�)
and an optimal transfer function t�i (�) are identi�ed in the presence of positive externalities.

The contributions of the paper can, then, be analyzed with respect to the mechanism design
literature on one hand, and the environmental economics e¤orts on methods to evaluate environ-
mental quality on the other hand. Firstly, regarding the mechanism design literature, this paper
considers the possibility of multidimensional bids and externalities among players by introducing
them into the bidders�cost function, what greatly simpli�es the analysis �as compared to Jehiel,
Mondovanu and Stachetti (1999). Secondly, with respect to the environmental economics literature
dealing with traditional methods of evaluating the environmental impact of a project, this paper
shos that we can design mechanisms where participants are induced to truthfully report the e¤ects
they receive from an externality. Indeed, most of the methods proposed by this literature �such as
the Cost-Bene�t analysis and the Cost E¤ectiveness method�are constantly criticized because of
their lack to induce a truthful revelation of the e¤ect that a certain externality may have in the
utility function of those individuals a¤ected by the externality. Through the mechanism described
in this paper, however, this information problem is solved by the use of an appropriately designed
procurement auction.

Further extensions can be considered for this paper. For example it may be interesting to
analyze the model developed in this paper but considering risk averse landholders. This assumption
is more realistic, given that usually landholders are a¤ected by uncontrollable variables such as
weather, natural disasters, etc., which might induce a more risk averse behavior. The correlation
of the landholders�types or assuming the externality as a random variable, uncontrollable by the
government, can both be considered for further research.
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6 Appendix

6.1 Proof of incentive compatibility constraint (2)

From Branco (1997)
Let us assume that landholder i announces e�i when his true type is �i, and all the other bidders truthfully

reveal their private types

ui(e�i; �i) = ti(
e�i)� Ci(Bi(e�i); �) (a)

and therefore the following holds

Ui(�i) = ui(�i; �i) (b)

Moreover, we know that a necessary condition for incentive compatibility is"
dti(e�i)
de�i

#
e�i=�i

=

"
@Ci(Bi(e�i); �)

@e�i
#
e�i=�i

(c)

from (a), (b) and (c), and using the envelope theorem we can have a simple characterization of incentive
compatibility as

dUi(�i)

d�i
= �@Ci(Bi(�); �)

@�i
(d)

Therefore from the former expression we can write landholder i0s utility as

U�i (�i) = U�i (�)�
�iZ
�

Ci(Bi(x); x)

@�i
dx 8�i2

�
��; �
�

(e)

�

6.2 Proof of Proposition 1

Using (2), the government�s problem can be rewritten as

max
fBi(�)g

X
i

��1Z
�1

:::::

��nZ
�n

264V (Bi(�i))� (1 + �)Ci(Bi(�i); �)� (1 + �)Ui(�i) + (1 + �) �iZ
�

@Ci(Bi(x); x)dx

@�i

375�
�
n
�
i=1
fi(�i)

�
d�n:::::d�1

subject to (1) and (3)

If (2) is satis�ed then (3) holds if and only if

(30) Ui(�i) � (� � E�[Ci(q;B�i; �i)]); 8i and �i
Then, the government�s objective function can be rewritten as
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��1Z
�1

:::::

��nZ
�n

[V (Bi(�i))� (1 + �)Ci(Bi(�i); �i)� (1 + �)

264� � �iZ
�

Ci(q;B�i; xi)dx

375+ (I)

(1 + �)

�iZ
�

@Ci(Bi(x); x)dx

@�i
]�
�
n
�
i=1
fi(�i)

�
d�n:::::d�1

subject to (1)

and given that � 2 R and it is independent of types

X
i

��1Z
�1

:::::

��nZ
�n

264V (Bi(�i))� (1 + �)Ci(Bi(�i); �i) + �i

(1 + �)

Z
�

Ci(q;B�i; xi)dx+

�i

(1 + �)

Z
�

@Ci(Bi(x); x)dx

@�i

375�
�
n
�
i=1
fi(�i)

�
d�n:::::d�1�

n

(1 + �)
X

i=1

�

s.t. (1)

Applying integration by parts to the following elements, we obtain

��Z
�

264 �iZ
�

@Ci(Bi(x); x)dx

@�i

375� n
�
i=1
fi(�i)

�
d�n:::::d�1 = (II)

��Z
�

Ci(Bi(�i); �i)

@�i
d��

��Z
�

Ci(Bi(�i); �i)

@�i
F (�)d� =

��Z
�

Ci(Bi(�i); �i)

@�i
[1� F (�i)] d�i

Thus,

��Z
�

264 �iZ
�

Ci(q;B�i; xi)dx

375� n
�
i=1
fi(�i)

�
d�n:::::d�1 = (III)

��Z
�

Ci(q;B�i; �i)d� �
��Z
�

Ci(q;B�i; �i)F (�)d� =

��Z
�

Ci(q;B�i; �i) [1� F (�i)] d�i

Substituting (II) and (III) into (I), we obtain the government�s relaxed maximization problem

max
fBi(�)gi6=0

��Z
�

X
i

[V (Bi(�i))� (1 + �)Ci(Bi(�i); �i)+
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+(1 + �)�
�
Ci(q;B�i; �i)

1� F (�i)
f(�i)

+
@Ci(Bi(�i); �i)

@�i

1� F (�i)
f(�i)

���
n
�
i=1
fi(�i)

�
d�n:::::d�1�

nX
i=1

�

subject to (1).

Hence, the �rst order condition with respect to Bi(�) is

V (Bi(�i))

dBi(�)
� (1 + �)Ci(Bi(�); �i)

@Bi(�)
+ (1 + �)

@2Ci(Bi(�i); �i)

@Bi(�)@�i
1� F (�i)
f(�i)

= 0

That is,

V (Bi(�i))

dBi(�)
= (1 + �)

�
Ci(Bi(�); �i)

@Bi(�)
� 1� F (�i)

f(�i)

@2Ci(Bi(�i); �i)

@Bi(�)@�i

�
(IV)

Optimal transfer t�

In order to �nd the optimal transfer, we have to derive the government�s utility, Ug(Bi) = V (Bi)� t
�
i (Bi),

with respect to B.

Ug(Bi)

dB
=
V (Bi)

dB
� t

�
i (Bi)

dB
= 0

And since we have that

V (Bi)

dB
=
t�i (Bi)

dB
;

Integrating with respect to B and using (IV) we have that:

t�i (�) = Ci(Bi(�); �i)�
1� F (�)
f(�)

@Ci(Bi(�); �i)

@�i

�
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