
Set-aside requirements versus production quotas in

agro-environmental regulatory contracts

This article deals with regulation of cash-crop production and environmental ameni-

ties on farmland when they are correlated. We study the opportunities to use contracts to

regulate both goods�production simultaneously when producers hold information about

their own farm characteristics � information, which may not be available to the reg-

ulator. We characterize two contracts and try to compare their social e¢ ciency in the

context of a preexistent price support when public funds are associated with a non-

negative excess burden. One contract aims at controlling the input � land; the other

aims at controlling the output � cash-crop production. Both contracts are means by

which the government can limit its price-support payments. Tax revenues serve to col-

lect public funds that are used as transfers in the contracts. Besides characterizing the

contracts explicitly, we address the possible social dominance of one contract over the

other. We discuss some consequences of accounting for increasing shadow costs of public

funds that re�ect alternative allocations of public resources.

We contribute to the theory of voluntary contracts based on incentives � typically

transfers that the contract o¤ers. The incentives guarantee that the individual agents
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do not lose when they accept the contract but these same incentives are associated with

information rents creating additional social costs, which the contracts supplying authori-

ties must contain. As the literature shows, one of the open questions is the dominance of

input versus output monitoring in terms of social welfare. To some extent, the analysis

of our agro-environmental problem indicates that input monitoring dominates.

Government policy that attempts to regulate agricultural markets can be implemented

through limits on the quantity of land input hereafter called set-aside programs. We use

a broad de�nition of set aside as an alternative to commercial production � cash crop.

Set aside includes using the land for fallow but also to create a wetland or maintain

a pasture or a meadow. By assumption, the set-aside policy considered in this article

always creates net environmental bene�ts � positive externalities in the form of improved

ecosystem services like biodiversity production or nutrient cleaning. We do not consider

situations in which set aside may lead to environmental costs. Our set-aside programs

are substantially di¤erent and much more general than the set-aside programs in the US,

EU and Japanese agricultural policy, which are more like instruments to guarantee crop

prices. Set-aside programs were, and still are, important regulation tools in USA with the

Farm Bill Act and the Conservation Reserve Program (Wu and Babcock 1996; Babcock

et al.1996) and more recently in Europe with the set-aside programs proposed in 1988

and 1992. Quotas are common as well � see agricultural policies in Canada and Europe

for milk or sugar beet for instance. Regulatory authorities�traditional objectives were to

limit excess of product supply and increasing public expenditure for agriculture support.

Recently, other set-aside bene�ts, like environmental impacts, have been focused on (Wu

and Babcock1996).
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Bourgeon, Jayet and Picard (1995), Segerson (1998), and Segerson and Miceli(1998),

among others, have earlier addressed the question of whether to use voluntary incentives

or a mandatory policy. They all reveal that one cannot be sure of which dominates the

other if the regulation aims at e¢ ciency. In this article we focus on voluntary policies

assuming that they are socially preferable or promote the producers good will for the

regulation, thereby increasing its impact. Also it seems that voluntary incentives for

environmental protection are usual in many di¤erent countries (Khanna 2001).

Most countries either o¤er a �xed return per surface of land set aside or some �xed

quota. In this study we focus on individualized contracts instead because previous re-

search shows that individualized contracts are often socially preferable if e¢ ciency is

the goal (La¤ont and Tirole 1993; Smith 1995; Babcock et al. 1996). For comparisons

between speci�c environmental individualized contracts and �xed level policies, see Gren

(2004), and Crépin (2005).

The question of whether or not one should regulate through input or output in an

asymmetric information setting was previously considered. The answer to that seemed to

depend highly on the problem studied and on the assumptions made. Maskin and Riley

(1985) used a two-goods model and showed, for general, nonlinear incentive schemes, that

under a set of assumptions, monitoring the output was better than monitoring the input.

Roughly, these assumptions required that more productive agents demanded larger input

and produced larger output when only lump sum taxes were used. Kahlil and Lawarrée

(1995) found that the residual claimant�s identity in the principal-agent relationship

determined the choice between input and output monitoring. This result seems less

relevant for agricultural regulations because residual claims appear to be more the result
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of a political process than the regulator�s choice variable. In addition, the dichotomy

between the principal�s objective and the agents� is not as clear in our model because

social welfare also includes the agents� pro�t. Bontems and Bourgeon (2000) found

that if both incentive schemes implied the same ranking of agents for the productivity

parameter, one instrument always dominated the other, regardless of the agent�s type.

If the two schemes produced reverse ranking, the principal was always better o¤ using

a type-dependent mixed strategy rather than either of the two incentive schemes. None

of the previous articles addressed the cost issue associated with public funding although

Guesnerie and La¤ont (1984) and La¤ont and Tirole (1993) highlighted its role.

Our original contribution is to analyze whether or not one should regulate through

input or output in a realistic agro-environmental problem. Our setting di¤ers from those

previously studied: the nature of goods, the monitoring instruments, the claimant, and

the principal, refer to what is expected in such problems so previous results may not

necessarily be relevant. We study the regulation of two di¤erent agricultural goods � a

cash crop and an environmental amenity � using input or output variables, when taxes

must be raised and administrative and other costs are incurred. The heavy amount of

funds used in agricultural policy as well as the competition in the use of these funds

are clear motives to model the shadow cost of public funds. The principal � here the

claimant � is a public authority who accounts for amenity production and the agents�

pro�t in the common welfare function, which is her objective. She must choose one

monitoring instrument among land set-aside or quota on output. We assume that the

agents � the farmers � have positive reservation pro�ts. In other words, the farmers

would make a positive pro�t even if they did not contract. We characterize two contracts
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that implement this twofold-regulation policy. The �rst contract focuses on set-aside for

the production of an amenity; the second focuses on the quantity of the marketed good to

produce. The principal keeps the opportunity to exclude some agents from the contract

to improve social welfare. Our assumptions imply rent monotonicity.

The twofold-production aspect � crop and environmental amenity production �

implies that the potential yield for crop production and the potential environmental

yield together characterize the plots. The regulator must account for both but rational

individual producers may focus on private yields only. Private bene�t capacities and

production costs characterize the plots. Both depend on a farm characteristic that is

unknown to the regulator, who only knows its distribution. The article focuses on the

information asymmetry that creates adverse selection.

The public choice of crop price was not included so that consumers were not integrated

in this analysis; thus, only taxpayers faced producers. This setting �ts well in the frame-

work of the Common Agricultural Policy (CAP) in the EU. Previous articles (Bourgeon,

Jayet and Picard 1995; Jayet 2001; Innes 2003) have studied the e¤ects of prices in a

comparable setting. Innes claims in particular that this approach would capture the real

economic cost of acreage reduction programs. Considering price e¤ects would certainly

�t better with the realities of the North American market but would require knowledge

of the demand and complicate the problem a lot. Jayet showed that price changes could

occur when regulators propose contract mechanisms to the producers, and that the price

change should limit the informational rent through changes in the contract as well as a

decreasing number of contracting producers. Our focus is more modest and concentrates

on contract comparisons. In contrast to Innes we introduce production of environmental
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amenities as a possible target for set-aside or quota policies.

The remainder of the article is organized as follows: The �rst section presents the

model; the following section derives the farmer�s program and provides constraints that

should apply to the contracts; after that we present the regulator�s programs and derive

conditions for one contract to be superior to the other; and the �nal section summarizes

the results and concludes the article.

The model

We consider a set of farmers who each own an area normalized to one unit. A parameter �,

called performance index, characterizes the farm, and represents the private information,

which is unknown to the regulator. Let � = [�; �] be a continuum of mass 1 that de�nes

the set of farmers. Let F (�) and f(�), respectively, be the cumulative distribution of �

and the corresponding density, which are positive on � by assumption. The farmer can

produce two types of goods on a plot. Let x be a plot productivity indicator, typically a

crop yield, which follows a distribution de�ned by the density h(x; �) and the cumulative

function H(x; �) common to all farms and parameterized by �. The parameter � could,

for example, be an indicator of soil productivity in traditional agricultural production or

in production of environmental amenities. For any plot characterized by its potential x,

the farmer receives either a net yield a (�) � bene�t net of costs � from production of

good 1 � the amenity � or a yield b (�)x from production of good 2 � the traditional

good � , which costs c(�) to produce. This cost is assumed to be independent of the

plot. We extend the usual pure externality case (a(�) = 0) and assume that farmers can
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increase pro�t from amenities (Söderqvist 2003). The farmer may for example produce

the amenity by creating a wetland, which can be used for irrigation or the amenity may

have goodwill e¤ects. Typically, good 1 is produced on low-producing plots and good 2

on high-producing plots. The distribution h is assumed to be positive and independent

on � on the support X = [x; x]. Note the asymmetry between both goods: good 1 yields

a constant pro�t per surface unit whereas good 2�s pro�t is linear in x.

A farmer�s pro�t, signi�ed by �(�), depends on yields of both goods produced and on

production cost for good 2. Let some threshold plot characterized by the performance

index � (�) de�ne a partition of X so that with no regulation, farmers produce good 1

on the plots with performance index below �, and they produce good 2 on the plots with

performance index above �. When no regulation process is implemented, the marginal

net yields for the two di¤erent types of production are identical on the threshold plot.

Given the settings of the problem, we will thus have � (�) = a(�)+c(�)
b(�)

. An expression for

the unregulated farmer�s pro�t follows.

(1) �(�) =

Z �(�)

x

a(�)h(x; �)dx+

Z x

�(�)

(b (�)x� c(�))h(x; �)dx

This analysis builds on a stylized agricultural production model in which all agricul-

tural land is used to produce either cash crops or environmental amenities. This means

that we need only regulate one good, and the production of the other good automati-

cally occurs on the remaining land. This assumption is not as restrictive as it may seem

because most countries have some kind of land use restrictions. We also assume that the

principal cannot regulate amenity production. So we study only two regulations: either
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imposing restrictions on land available for production of good 1 or a production quota

on good 2.

This arbitrary choice is convenient to represent wetland creation or pasture subven-

tions to increase environmental amenities on agricultural land, but could also represent

traditional set-aside and production quotas to limit agricultural production. We now

consider two types of contracts that the principal proposes to regulate production. The

�rst type is a set-aside contract that provides a transfer t to the farmer when she agrees

to set-aside a part s of her land for the production of good 1. The second type is a

contract on a quantity  that the farmer accepts as a production limit for good 2. The

transfer � is then given as compensation. The regulator�s program de�nes the optimal

mechanism design related to the two contracts, (s(�); t(�)) and ( (�); �(�)), respectively,

when there is informational de�cit.

The income of all farmers �, the expected bene�t of the amenity B, and the public

budget of the regulation J determine the regulator�s objectiveW . The budget J includes

direct net transfers from taxpayers to producers T and the cost of public intervention

on the market for good 2. We account for the cost �, associated with public funding

and assume that one currency unit costs � more if public authorities spend it on this

regulation rather than on regulations devoted to other public goals: W = �+B�(1+�)J .

The sum of all farmers� income is � =
R
�
�(�)dF (�) : The expected bene�t of the

regulation is a linear function of the quantity of good 1 produced: B = mQ1 because we

assume that the amenity�s marginal bene�t is constant. The public budget is assumed

to be linear in Q2: J = T + nQ2. Q1 and Q2, respectively, are the total amount of

goods 1 and 2 produced on all farms, and m and n are positive parameters. This means
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respectively that land set aside is positively correlated to the amount of amenity and

that the budget related to the agricultural policy is positively correlated to the level of

production of good 2.

The comparison of traditional land set-asides and production quotas to limit agricul-

tural production is easily represented in the model. We just need to de�ne good 1 as

set-aside land and good 2 as traditional agricultural production supported by guaranteed

price and refunds to export, which are usually implemented by the European Union�s

Common Agricultural Policy (CAP). For CAP regulation, we must adapt the parameter

values and put a (�) = 0; b (�) = p; the market price assuming that x is the plot�s yield.

In the case of CAP without the environmental aspect, n is the unit refunds for exporting

good 2 � the di¤erence between the domestic price and the world price � and m is

equal to zero.

To clarify and help interpret the results, we introduce two assumptions. Let l(�; x)

signify the net private pro�tability of plot x in the production of good 2 � the agricultural

product; l(x; �) = bx� (a+c), consistently with the de�nition of the threshold plot � (�).

The �rst assumption (H1) means that � is interpreted as a performance index related to

the traditional good. The second assumption is the usual stochastic dominance condition

(H2), which a large range of probability laws satis�es. We set for any � and for any x:

@l(x; �)

@�
> 0 (H1)

@H(x; �)

@�
< 0 (H2)

The farmer is always free to reject the contracts and produce a market good in accor-
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dance with existing regulation. Thus the regulator must design the contracts following

the revelation principle (Dasgupta, Hammond and Maskin 1979; Myerson1979): both

contracts must be such that the agents would reveal the true � � incentive condition �

and accept the contracts � rationality condition � if this is socially optimal.

The Farmer�s programs

Set-aside contract

Assume that the regulator wants more land set aside either to increase production of

environmental amenities � good 1 � or to decrease production of traditional agricultural

goods � good 2. In application of the usual revelation principle, previously cited, the

optimal mechanism cannot be better than the mechanism that makes the producer reveal

her own characteristic. Formally the announcement e� of the producer � accepting the
contract (s(e�); t(e�)) depends on a threshold productivity v(e�; �) that the required set-
aside land de�nes, based on the land that must be set aside for production of good 1:

s(e�) = R v(�;e�)
x

h(x; �)dx. The farmer�s program is maxe� �s(�;e�) with �s as follows.
�s(�;e�) = Z v(�;e�)

x

a(�)h(x; �)dx+

Z x

v(�;e�) (b (�)x� c(�))h(x; �)dx+ t
�e��

The solution gives the �rst- and second-order incentive conditions. The regulator

must account for these conditions to ensure that the farmer reports the truth � so it is

optimal to report �. The optimal set-aside productivity threshold is denoted v(�). The

incentive constraints yield:
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�
t (�) = (b (�) v(�)� c(�)� a(�))

�
s (�)(2) �

�
a(�) +

�
c(�)�

�
b (�) v(�) + b(�)

@H(v(�); �)=@�

h(v(�); �)

�
�
s(�) > 0(3)

The informational rent Rs is the producers�additional gain when they tell the truth.

In other word, this rent is the di¤erence in pro�ts between situations with and without

regulation. The informational rent is:

(4) Rs(�) = t(�) +

Z v(�)

�(�)

(a(�)� b (�)x+ c(�))h(x; �)dx

This rent Rs(�) is monotonic and decreasing when H1 and H2 hold but less restrictive

conditions could also lead to this result (See appendix). If, as assumed, the regulator

wants more amenity or less traditional good, the contract should then give incentives to

set aside so the optimal set-aside productivity threshold must lie above the productivity

of the threshold plot when there is no regulation: v(�) > �(�). Then the incentive

condition (3) together with H1 and H2 imply that the contract�s set-aside requirement

must be decreasing in � (See appendix). So according to the contract, if farm productivity

is low � low � � , then set-aside allocation for good-1 production will be high: the lower

the productivity the larger the set-aside. The decreasing rent implies that the regulator

proposes the contract to a � subset [�; �s]. The contract will require larger set-asides on

the lowest-performing farms.
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Quota contract

As previously, the announcement e� of the producer � who accepts the contract ( (e�); �(e�))
depends on a threshold productivity u(e�; �) de�ned by the regulated production. Given
the quota  (e�) = R x

u(e�;�) xh(x; �)dx, the farmer�s program is maxe� �q(�;e�) with �q as

follows.

�q(�;e�) = Z u(e�;�)
x

a(�)h(x; �)dx+

Z x

u(e�;�) (b (�)x� c(�))h(x; �)dx+ �
�e��

The optimal threshold yield is denoted u(�). The incentives conditions are (5) and (6).

�
�(�) = (a (�) + c(�)� b (�)u(�))

�
 (�)(5) �

�
a (�) +

�
c(�)�

�
b (�)u(�)� a (�) + c(�)

h(u(�); �)u(�)2

Z x

u(�)

x
@h(x; �)

@�
dx

�
�
 (�) < 0(6)

The informational rent is now Rq (�).

(7) Rq(�) = �(�) +

Z u(�)

�(�)

(a(�) + c(�)� b (�)x)h(x; �)dx

This rent is monotonic and decreasing when H1 and H2 hold (see appendix). Similar

to the set-aside contract, consider that the regulator wants to increase production of

amenities or to reduce traditional agricultural production, so that u(�) > �(�). The

incentive condition (6) together with H1 and H2 imply that the quota requirement for

the production of good 2 must be increasing in � (See appendix). Consequently, if the

farm performance index is low, then the good-2 production quota will be low, i.e., the
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lower the index, the lower the quota. The decreasing rent implies that the regulator

proposes the contract to the � subset [�; �q]. This result means that the contract will

require larger quotas on the highest-performing farms.

Incentive conditions

We de�ne the production of the two goods given the production threshold w:

q1(w; �) =

Z w

x

h(x; �)dx = H (w; �)

q2 (w; �) =

Z x

w

xh(x; �)dx

Table 1 summarizes the previous results. By assumption, the expected rents are monoton-

ically decreasing. For the set-aside contract this is true if the set-aside requirement s is

a decreasing function of �. For the quota contract, the quota  must be increasing in �.

The regulator�s programs

The contracts

Consider now the regulator�s programs in both cases. As we previously mentioned in

section 2, the regulator accounts for farmers�pro�t, amenities and regulation cost. So

the part of the objective function that depends on the regulation corresponds to the

expression � +mQ1 � (1 + �) (T + nQ2). Q1 and Q2 are the total production of good

1 and 2, respectively, on all of the farms; T is the total net transfer due to contracts

from taxpayers to all the farms, m and n are positive parameters, and � is related
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to the opportunity cost of public funds (� � 0). Consistent with the application to

agricultural policies, we introduce assumption H3 that means that the private bene�t

b(�) from production q2(�) is larger than the public cost n.

(H3) b(�) > n

The non-contracting agents obtain pro�ts equivalent to �(�), null transfers, and a

threshold yield equal to �(�). By extension of the functions �s given below, v and t �

respectively �q, u and �� the public programs follow.

Ws = max
v(�)

Z
�

(�s(�; �) +mq1(v(�); �)� (1 + �) (t(�) + nq2(v(�); �))) f(�)d�

Wq = max
u(�)

Z
�

(�q(�; �) +mq1(u(�); �)� (1 + �) (�(�) + nq2(u(�); �))) f(�)d�

�s(�; �) = a(�)q1(v(�); �) + b (�) q2(v(�); �)� c (�) (1� q1 (v(�); �)) + t(�)

�q(�; �) = a(�)q1(u(�); �) + b (�) q2(u(�); �)� c (�) (1� q1(u(�); �)) + �(�)

De�ne the function k (x; �) as the social preference for a plot with productivity x

used in the production of the amenity rather than in cash crop production. The function

k (x; �) contrasts with the function l(�; x) that signi�es the net private pro�tability of

plot x.

(8) k(x; �) = m+ (1 + �) [a(�) + c(�)� (b(�)� n)x]

Consider now the change in the threshold that discriminates plots according to their use,
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when the contracts are implemented. In appendix we solve the public programs using

optimal control tools. This gives the following result, which characterizes the threshold

productivity v � respectively u � related to the set-aside contract � respectively the

quota contract.

8� 2 [�; �s] : k(v; �) = �
F

f

 
@l(v; �)

@�
� b

@H(v;�)
@�

h(v; �)

!
(9)

8� 2 [�; �q] : k(u; �) = �
F

f

 
@l(u; �)

@�
+
b�

u2

R x
u
x@h(x;�)

@�
dx

h(u; �)

!
(10)

Under assumptions H1 and H2, the right hand sides of (9) and (10) are positive and

under H3 the function k is decreasing with respect to x. Thus the thresholds decrease

when the contracts are implemented, compared to what is obtained in the �rst best.

When there is no information asymmetry, the �rst best threshold is equal to w (�) =

m+(1+�)(a+c)
(1+�)(b�n) , which denotes the social productivity threshold, such that using a plot with

productivity x to produce good 1 would be socially equivalent to using that same plot

to produce good 2. Thus w(�) solves k(x; �) = 0 where x is the unknown variable and

equation (11) together with (9�10) characterize threshold plots.

(11) x = w (�)� k (x; �)

(1 + �) (b� n)

Recall that if productivity x is below � respectively above � the threshold, it is

socially preferable to produce an amenity � respectively a cash crop � on the land.

Asymmetric information implies that the threshold productivity is lower � k decreasing

in x � so amenity production becomes socially less rewarding compared to cash-crop
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production. The higher the social cost of public funds, the lower is the threshold dis-

criminating the plots according to their use, and the fewer are the plots dedicated to the

amenity.

Finally, recall that the pivot farmer � � �s for the set-aside contract, and �q for the

quota contract � has a rent equal to zero, so the optimal pivot performance index is

derived. Proposition 1 states that we could characterize both contracts completely if we

were knowledgeable about parameter values and statistical distributions.

Proposition 1 The mechanism design is completely de�ned for the two contracts: �rst

by the implicit equation from which the threshold productivity and the two basic terms of

each contract can be derived; second, by the relation that de�nes the pivot farm.

The set-aside contract is such as:��������������������

v(�) = w(�)� �
1+�

1
b�n

F
f

�
@l(v;�)
@�

� b
@H(v;�)

@�

h(v;�)

�
s(�) = H(v(�); �)

t(�) = t(�s) +
R �
�s
l(v(y); y)

�
s(y)dy

t(�s) =
R v(�s)
�(�s)

l(x; �s)h(x; �s)dx

�s = argmax
�
Ws

The quota contract is such as:��������������������

u(�) = w(�)� �
1+�

1
b�n

F
f

�
@l(u;�)
@�

+ b�
u2

R x
u x

@h(x;�)
@�

dx

h(u;�)

�
 (�) =

R x
u
xh(x; �)dx

�(�) = �(�q)�
R �
�q

l(u(y);y)
u(y)

�
 (y)dy

�(�q) =
R u(�q)
�(�q)

l(x; �q)h(x; �q)dx

�q = argmax
�
Wq

Figure 1 summarizes these results and show the functional forms of the pivot rents
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in respective contract. The regulator�s opportunity to design contracts addresses the

question of contract comparison. We �rst focus on the threshold productivity that the

contracts de�ne.

Threshold productivity and pivot farms

In both contracts, the social productivity of the threshold plot (10�9) must be propor-

tional to the sum of the marginal private pro�tability of the plot in cash-crop production

and another term. This second term involves the marginal change in private pro�ts due

to a marginal change in the land set-aside respectively in the quota. Two results are

easily derived. First the threshold yields, related to respective contract and that dis-

criminate farmer ��s plots according to their use are identical in both regulations for the

plot of lowest quality, v(�) = u(�) = w(�). Second, the two threshold yields are always

equal to w when public funds do not incur extra costs (� = 0) that means v = u = w for

any �. In this last case, asymmetric information creates positive information rents and

thus higher transfers to keep the threshold equal to the �rst best one. This is the only

di¤erence compared to the �rst best case.

Equations (9) and (10) help us compute the di¤erence between the thresholds v(�)

and u(�) and we can show (see appendix) that, if b > n,
�
b > 0 and @H(x;�)

@�
is continuous,

the thresholds v(�) and u(�) cannot be equal when � is strictly greater than �. By

continuity, we expect the threshold productivity to be higher in the set-aside program

than in the quota program: v > u for any � strictly greater than �.

Further, we rewrite the welfare functions in terms of k(x; �) given that v and u solve
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(9) and (10), respectively, and compute the marginal changes in welfare due to a change

in the pivot farm: @Ws

@�s
and @Wq

@�q
:We �nd that the pivot of a contract can only be strictly

included in the interval [�; �] if the threshold productivity equals the private threshold �;

de�ned on page 8, � which is strictly lower than w. At last, recall that v > u for any �

greater than � so the quota pivot is never higher than the set-aside pivot.

Figure 1 � assuming � is not too high or
�
b is close to zero � and proposition 2

summarize these results.

Proposition 2 Assuming (H1) and (H2), the set-aside pivot �s � respectively the quota

pivot �q � is equal to � when v(�s) 6= �(�s) � respectively u(�q) 6= �(�q)� and is such

that v(�s) = �(�s) when �s < � � respectively u(�q) = �(�q) when �q < �. The quota

pivot �q is never higher than the set-aside pivot �s.

This implies that the set of farmers who would accept a quota contract is nested within

the set of farmers who would accept a set-aside contract. So the set-aside contract leads

to higher amenity production q1(�) and lower agricultural production q2(�) compared

to the quota contract. The shadow cost of public funds � and the performance index

� do not a¤ect the hierarchy between threshold yields. Both yields decrease when the

performance � increases, and the yield related to the set-aside contract is higher than the

yield related to the quota contract. The absolute value of the curves�slope represents

the size of the shadow cost of public funds. In other words, the social cost of the rent

implies that the Principal must limit the number of plots set-aside and thus the transfers

that compensate farmers.
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Rents and welfare

Note �rst that if one of the pivots �s or �q is lower than �, the rent di¤erential and the

transfer are equal to zero for this pivot. Let us focus on the function �(�) de�ned as

the di¤erence between the individual rents of the contracts: �(�) = Rs(�)�Rq(�). This

can be rewritten using the relations extracted from proposition 1 and we can show that

under assumption (H2) and because v(�) = u(�) = w(�), the di¤erentiated di¤erence of

the rents is positive,
�
�(�) > 0. When �q < � we have

�
�(�q) < 0. Moreover, �(�q) > 0

(Rq(�q) = 0 and Rs(�q) > 0). (See appendix). This implies that the set-aside contract

o¤ers a higher rent to contracting farms characterized by high � compared to the quota

contract.

We examine now the special case � = 0, which implies �s = �q = �, �(�) = Rs(�) =

Rq(�) = 0 � by the de�nition of the pivot � and v(�) = u(�) = w(�) for any �.

Moreover,
�
�(�) > 0 for any �. Then �(�) is increasing and we must have �(�) < 0 for

any �. In other words, the set-aside contract o¤ers the farm � a lower rent than the quota

contract, while contract choice does not a¤ect production.

By continuity of the functions involved, �gure 2 shows the two contrasted situations

in the case of � small, and in the case of � high. Proposition 3 and its corollary together

with the �gure summarize the previous results.

Proposition 3 Assuming (H1), (H2), and (H3), the individual private rent is higher

with the quota contract than with the set-aside contract when � is close to 0.

Corollary 1 When � is close to 0, the global rent in the quota contract is higher than

the global rent in the set-aside contract.
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The di¤erences in rents do not a¤ect welfare; this paradox is due to the fact that

transfers are not costly (� = 0). Note that the rent curves intersect in �gure 2B. Such

intersection re�ects the regulator�s opportunity to limit the number of agents eligible to

contract � following for instance Bourgeon et al. A high rent in the quota contract �

higher than the rent in the set aside contract � allows the principal to decrease the farm�s

pivot performance, which discriminates the farmers �in�and �out of�the contract.

Let us now study the di¤erence in welfare that both programs imply. Assume that

all farms contract: in other words, �s = �q = �. Starting from previous expression of

welfare, we can write the di¤erence:

Ws �Wq = ��(Rs(�)�Rq(�)) +

Z
�

Z v(�)

u(�)

k(x; �)h(x; �)dxf(�)d�

Proposition 4 implies that when the required assumptions are satis�ed, the set-aside

contract dominates the quota contract.

Proposition 4 Assuming (H1) and (H2), the net social welfare is the same in both

contracts when � = 0. Assuming (H3), the net social welfare is higher with the set-aside

contracts than with the quota contracts when � is positively close to 0.

Our result should hold true even when input and output regulations, related to two

di¤erent goods, are more complex. Our environmental good is exactly equivalent to the

input of the agricultural good. Furthermore, our result holds true even if there is no

collective value given to this input (m = 0). Theoretical results often depend strongly on

technologies and the agents�and principals�roles but in our setting the costs associated

with public funding (� > 0) drive the result.
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To some extent, the analysis of our agro-environmental problem indicates dominance

of input monitoring when accounting for increasing shadow cost of public funds, which

re�ects alternative re-allocation for other public purposes. But our assumptions could

lead to ambiguous hierarchy between the two contracts. Consider �rst the case of low

� but positive � shadow cost of public funds. We can expect input monitoring to yield

a higher social welfare, in the case of pure environmental regulation. But our results

still favor input monitoring when a pure agricultural regulation is considered, although

the agricultural policy regulates the output. Finally, in �gure 2, contracts hierarchy is

exactly the opposite to rents hierarchy. When the cost of public funds increases above

a threshold, the hierarchy of individual rents becomes heterogeneous. Meanwhile, the

number of agents eligible to the contracts becomes di¤erent. The cumulative rents imply

more complex results, which strengthens the role of the shadow cost of public funds in

the analysis.

Conclusions

Compared to the existing regulations, individual contracts improve e¢ ciency. When there

is asymmetric information, informational rents limit these improvements as soon as they

impose an additional social cost. This is why we introduce positive costs associated

with public funding. Informational rents imply that some agents can gain individual

advantages from accepting the contract, whereas other can�t; they also limit the social

welfare gains expected from the regulation. This is the price one must pay to improve

the acceptance of the regulation.
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Assuming that individual contracts are preferable, the regulator can still choose

among several type of individual contracts. We consider that the regulator o¤ers only

one of the two types of contracts to all agents. Contract choice can be particularly deli-

cate when the regulation has multiple objectives. This article addresses the question of

regulation of two social consequences of agricultural production, which are related to the

production of marketable agricultural goods and to the production of amenities. The

mechanism design related to this kind of twofold regulation is de�ned when the private

good � a cash crop � and the public good � an amenity � compete in the use of land

as a production factor. The principal can regulate these productions either through pro-

duction quotas or through set-aside requirements for production of a speci�c good. This

article focuses on information asymmetry that creates adverse selection when applying

certain farm performance indices.

We �nd that under some assumptions about the plot distribution according to a

productivity parameter, the contract�s set-aside requirements should always decrease with

regards to the farm performance index, while the quotas should increase. Informational

rents decrease when performance indices increase; the rents are linked to each contract.

The assumptions required are related to the stochastic dominance assumption and the

Spence-Mirlees condition, which are both usually encountered in these kinds of adverse-

selection problems. The decreasing rent implies that regulators propose the contract to

the subset of farms with lowest performance if they want to decrease production of the

good related positively to the performance index or if the principal seeks to increase the

production of the other good related to production of environmental amenities.

In the special case, when no costs are associated with public funding, we �nd that
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both contracts induce equal net social welfare and equivalent private consequences in

terms of input consumption and produced quantities. In this case, all agents are eligible

to contract and they all accept the contracts. The individual thresholds discriminating

land devoted to set-aside and land devoted to the cash crop are identical. Under some

additional assumptions, the individual rent of the producers is higher with the quota

contracts than with the set-aside contracts. In general, we also �nd that if the goal of

the regulation is to decrease production of the cash crop regulated in the quota contract,

then society bene�ts most from a set-aside contract. In contrast to that, individual

farmers tend to prefer the quota mechanism to set aside. This is the case in a program

to limit agricultural production and in the contrasted situation, when the principal aims

to increase amenities�production.

In each contract, a threshold plot de�nes a partition between plots used for cash-crop

production and plots used for amenity production. This plot is always more productive

in the set-aside contract compared to the quota contract. This means that set aside leads

to lower traditional agricultural production compared to quotas. A positive burden from

public funding implies that the informational rent associated with set aside is larger than

the corresponding rent associated with quotas. This holds true only if it is optimal to

include all farms in the regulation. For relatively high excess burden, it is socially optimal

to propose the contracts to the least productive farms in our model. The threshold

farmer�s productivity is decreasing in the excess burden and is lower in the quota contract

compared to the set aside contract. So even if the informational rent is higher in the set-

aside contract for the least performing farms, this may not remain true for the cumulated

informational rents paid to all contracting farms.
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We show that both monitoring instruments are socially equivalent in the absence of

shadow cost of public funds. When the shadow cost increases, we show further that

input monitoring dominates. These last results di¤er from what Maskin and Riley and

Bontems and Bourgeon obtained using a class of models more or less close to ours, which

are more favorable to the mechanism design based on the output. Their model do not

apply to our problem because of our assumptions on technology and on the principal�s

goal but our results still indicate that accounting for the shadow cost of public funds

could strongly modify the social hierarchy between the two incentive schemes in these

more general models as well. Considering monitoring costs, which we discard here, would

probably favor land control even more � through remote sensing or usual CAP control

in the EU. A high shadow cost of public funds could change the results. One of the

advantages of this paper is to show how this parameter a¤ects both quantitative and

qualitative results in the analysis.

Voluntary incentives may not always be optimal and there are situations in which

mandatory regulations would yield a higher social welfare (Bourgeon et al. 1995; Segerson

1998; Segerson and Miceli 1998). But mandatory regulations are not always socially

accepted. In fact farmers have used direct actions to turn down many of them in several

European countries. Voluntary incentives have the advantage that the regulated farmers

are at least never worse o¤, which should increase their acceptance of the regulation

� see the Territorial exploitation contracts (CTE) or the more recent Contracts for a

sustainable agriculture (CAD) in France. Voluntary incentives might well be one of the

most relevant and socially acceptable way to reform the CAP in Europe, and to increase

support for public regulation in any country.
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Table 1: Set-aside and Quota Contracts
set-aside quota

amenities (q1) q1 (v (�) ; �) q1 (u(�); �)
product (q2) q2 (v(�); �) q2 (u(�); �)

�rst order IC
�
t = b(v � �)

�
s

�
� = b

�
�
u
� 1
� �
 

secondorder IC
(H3)

implying
�
s < 0

(H4)

implying
�
 > 0

subset of �rms
eligible to contract

[�; �s] [�; �q]

.
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Figure 1: Threshold productivity when all farms are expected to contract for
lambda low (A) and when only a subset of farms is expected to contract for
lambda high (B).
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Figure 2: Rents when all farms contract for lambda low (A) and when only
a subset of farms is expected to contract for lambda high (B)
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