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Summary 

A principal-agent model is developed to examine the effect of private information about the cost of put land into cultivation on the design of voluntary-based incentive contracts with farmers for conserving biodiversity in forested areas in developing countries. Through these contracts, farmers agree to set aside still wooded plots and receive a compensation for the undergone costs. For ecological considerations, the agency wishes to get all forested lands owners to accept a contract. Furthermore, in the contract schedule, a specific restriction, called "consistency constraint", is imposed by which farmers commit themselves not to cultivate more forested plots. Hence, some farmers may receive transfer payments while not changing their current use of land. However, their proportion decreases when the social benefit from biodiversity conservation increases.
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1. Introduction 

Biodiversity conservation policies have known a huge evolution in the last decades. They have traditionally been based on the creation of protected areas in which most human activities are prohibited. But this has been shown as inefficient when used alone, both from an ecological and an economic viewpoint (OECD, 1996). This idea was emphasised by Perrings et al. (1995, p. 828): 

"It may be necessary to bound economic activity to minimise the risk of irreversible damage to ecosystems on which human activity depends. But although preserving biodiversity through nature reserves and other protected areas may be an important short-term step where biological resources are under immediate threat, it is not feasible to protect critical ecological systems by excluding human users of wild resources". 

The practical efficiency of protected areas, especially in the long run, heavily depends on the way the buffer areas - the zones surrounding the central protected area - are managed. In these areas, the development of agriculture can lead to wide destruction of natural ecosystems and biological diversity and, thus, diminish the efficiency of conservation measures in the central areas. The central issue is therefore to protect some ecological characteristics of the peripheral anthropised ecosystems so that the ecological stability of the central area will be improved. 

In developing countries, protected areas have often been defined in the middle of large, more or less natural areas, not too deeply affected by human activities. But the question of the management of buffer areas took acuity with the development of pioneer fronts near protected areas
. On the other hand, there is a growing interest for the use of economic incentives for biodiversity conservation in the international arena (see McNeely, 1993; OECD, 1998). 

Moreover, incentives in the forest sector in developing countries have also evolved and have come to include more and more interest in biodiversity conservation objectives (Haltia and Keipi, 1997). This process is particularly obvious in Costa Rica, for example, where biodiversity has a huge interest both for green tourism and as a pharmaceutical resource, and is clearly indicated as part of the objectives of the public forestry and environment administration (MINAE, 2000). Voluntary-based incentive contracts which are targeted on landholders of forested land - called Environmental Services Payments - are implemented in this country since 1997 (FONAFIFO, 2000). Contracts are signed for 5 years but the landholders commit themselves not to cultivate parts of the forested land which they agreed to set aside for 20 years. In exchange, they receive a transfer payment which compensates them for their forgone revenue and for the actual costs incurred by conserving forested land
. 

In totally different contexts, namely those of the Common Agricultural Policy and of the US Conservation Reserve Program, a similar evolution of public incentive policies can be observed from the intervention on agricultural production (via price support or quantity control) to land set aside programs
 which can induce biodiversity conservation as a complementary or even as a first objective. Hence, the financial packages proposed to farmers involve more and more incentive instruments aimed at implementing biodiversity conservation objectives
. 

This paper aims at analysing information issues in the implementation of voluntary-based incentive contracts for conserving biodiversity in buffer zones of protected forested areas in developing countries. In the proposed model, we focus on those whose only source of income outside the contract is agricultural production
. The transfer payment they receive aims at compensating them for the opportunity cost they undergo from setting aside part of their land. 

A principal-agent model explain the design of the contract between the government agency and each landholder. It allows to take into account that farmers have private information on the cost of using land for agricultural purpose. Therefore, it aims at investigating the effect of this information asymmetry on the transfer level and on the surface to be set aside by each farmer; and more specifically, at assessing the feasibility of implementing voluntary-based incentive contracts when the agency is faced with heterogeneity among farmers and farming systems
. 

The contract is designed considering, firstly, that the compensation received by each farmer can vary with the total quantity of forested land he commits himself to set aside and, secondly, that a minimum level of protection within the contract is ensured. This protection restriction, which aims at ensuring that the biodiversity conservation objective of the agency is respected within the contract, is introduced in the model through a specific constraint called "consistency constraint". It is such that each farmer will set aside within the contract at least as much forested land as he would have done without it. The level and shape of the compensation that would maximise the social surplus of this policy is determined for each farmer, firstly, under perfect information and, secondly, considering the information asymmetry about each farmer’s private cost of using land. This cost then appears as an adverse selection variable. 

In section 2, the optimal behaviour of the farmer without public regulation is analysed, that is to say the surface he would choose to cultivate without contract. Then, the optimal behaviour of the farmer within the contract and under perfect information is determined considering both the individual rationality constraint and the specific "consistency constraint". In the first best case, all the farmers will cultivate less plots than they would have done without contract. Particular attention is paid to the characterisation of the social benefit function associated to biodiversity conservation, with the specification of a parameter reflecting the ecological contributions of the various plots of land of the farmers. 

In section 3, the principal-agent model under information asymmetry is developed by defining and introducing the incentive compatible constraint. It is shown that the consistency constraint can be binding. This means that through the optimal mechanism, some farmers can be given transfer payments while doing exactly what they would have done without contract. This point and a few further results are discussed in section 4. 

In section 5, a basic simulation based on a case study carried out in Costa Rica (Motte, 1995) is developed in order to give some numerical illustration of the issue. It helps specifying for which types of farmers and in which context contracts where farmers do not change their behaviour would exist. The imperfect information of the agency about the farmers’ private cost of using land can have deep consequences on the efficiency of the transfer payment. This leads to distinguish two types of behaviour of the farmers with respect to rent seeking, and then to discuss ways of better adapting voluntary-based incentives schemes to a variety of possible evolutions, both of the farming systems and of biodiversity conservation benefits, which can be encountered in buffer zones of forested protected areas in developing countries. 
2. Farmer and agency behaviour in the first best situation 

The incentive contracts are designed to take place in buffer zones, in the fringe of protected areas, still widely wooded, and rather recently settled. It is assumed that the farmers and the agency are risk neutral with respect to income. No risk aversion of the farmer to climatic variability or other external factors affecting production is introduced
. 

Contrary to Smith (1995), who is looking for the most cost efficient way of achieving a given global protected surface previously defined within the US land set aside program (Conservation Reserve Program guidelines), here the global level of protection is not fixed ex ante. The only limitation put on the design of the contract is that the biodiversity conservation objective of the principal is respected within each contract. 

The farmer behaviour without the contract 

We determine firstly the farmer’s behaviour without the contract in order to be able to clearly understand the changes in his behaviour when he accepts the contract. 

Let
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, be the total surface under the legal control of the farmer, 
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, the private cost of the farmer for using a unit of land for agricultural production, 


p, the price of the agricultural production. 

More precisely, 
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 is related to the clearing of new plots or to the maintenance of cultivated plots from weeds. It essentially corresponds to an opportunity cost of labour which is usually the more limiting factor in such areas. This parameter varies among farmers and defines the type of the agent. 

Every farmer maximises his utility, u, here restricted to his profit function from agricultural production, with respect to the cultivated surface expressed as follows:
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with Y, the production function 
, S, the total surface controlled by the farmer and s, the cultivated surface. 

When the land constraint is binding, farmers cultivate all their land, meaning that they have no forested land to set aside, and hence that they cannot participate in the program. But, in most cases in the context of buffer zones, the land constraint is non binding ; i.e. there are still privately controlled plots covered with tropical forest. 

For farmers who hold forested plots, there is no need to take into account any private opportunity cost of land in their decision of cultivation
; and then the first necessary condition to their maximisation program can be expressed as follows: 
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Each farmer simply equalises his marginal productivity of land with his private cost of using land, . The solution to (1) is noted 
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 and the optimal level of utility is 
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. From the so-called envelop theorem, it comes: 
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For those farmers who, even without any public incentive, do not cultivate all their available land (
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, other constraints, such as labour and input scarcity, are much more stringent. But the need to develop incentives to protect forested plots in that zones still arises because, firstly, of the trend in the increase of cultivated land and, secondly, of the rather high and potentially increasing value associated with these lands when covered with forest. The optimal global level of protection is becoming greater than the one obtained when letting the farmers cultivate their land without incentives to protect it. 

The biodiversity conservation agency behaviour

The object of the contract is the area which the farmer allocates to biodiversity conservation, 
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 - or symmetrically his cultivated land surface, s - and the transfer payment, T, given to the farmer to make him accept the contract. The contract is then defined by 
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; where both the conserved area 
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 by the agent. 

In order to compensate efficiently the farmer for the loss of welfare he undergoes from setting aside land, that is to say in order to determine his actual loss of income due to the conservation of 
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, the public agency needs to perfectly know the agent's objective function.

Within the contract, the objective function of the farmer, his utility now quoted U, is composed not only of his profit from agricultural production but also of the amount of the transfer payment as is expressed by: 
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Besides its social objective of protecting biodiversity, the public agency also aims at supporting farmers’ income from agricultural production and compensating their possible loss due to their voluntary involvement in the land set aside program. Thus, in the scope of the contract with the farmer, the regulator's objective is to maximise the social surplus, denoted W, which is assumed to be quasi-linear and quasi-separable. Thus, it can be written as follows:
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with 
(, the cost of raising public funds through distorting taxation, (>0,
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 the average parameter of location characterising the farmer’s exploitation.

As the contract is determined between each farmer and the agency, 
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 is the social benefit associated with the area protected within each exploitation. It depends not only on the protected surface or equivalently on the cultivated surface 
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 but also on the ecological value of the plots set aside, that is to say on the quality of each parcel or hectare set aside.

l is a parameter introduced in the benefit function, which characterises the ecological contribution to the conservation of biodiversity by one plot. It reflects the spatial distribution of the plots conserved, that is to say their proximity to the central protected area or to other ecologically significant places, such as corridors. Let us consider that the social benefits derived from one plot increases with the value accorded to l for that plot. The value of this parameter in the various plots set aside depends on the farmers' spatial choices of cultivation, and thus is a way to link ecological patterns and local populated areas in the conservation benefit function. 

If we consider that each farmer will first cultivate plots characterised by low l and, by doing so, will set aside the plots with the highest l, 
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 can be shown to be concave with respect to 
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 since the cultivation dynamics usually lead to the following process. As the protected area within the farm increases, that is to say as the farmer is constrained to cultivate less land, l of the last plots put under protection decreases and so does the marginal value arising from protecting land, meaning that 
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Two aspects of the way the cultivation process is undertaken in newly settled areas can further support this assumption, at least in Latin America
. Firstly, the cultivation dynamics for each farmer usually takes place from the further periphery toward the proximity of the protected area, that is to say from less to more valuable plots from the standpoint of their ecological contribution. Indeed, the ecological role of the plots generally increases with their proximity to the protected area because this means less fragmentation and more ease of movement for animals. Secondly, an inverse relation is commonly observed between the biological value of a land and its agricultural value. This can be illustrated by undulating lands which can shelter particular plants but are difficult to put into cultivation. Bowers et al. (1997) quote the example of the remnants in Australia which have a poor value for agricultural purpose but often are of high value from the ecological and biodiversity standpoint. 

Taking into account this second variable directly in the decision-making process about the design of the incentive scheme could contribute to discuss its effect on biodiversity conservation goals. However, this might be difficult because this factor may be highly dependent on the context. 

In what follows, l will be set once for all at its average value, and hence it won’t intervene directly in the optimisation process
. 

The first best regulation

In the first best situation, the information is complete, and the principal is assumed to be able to observe the farmer’s productivity of land. The first best surface level is determined by the following program: 
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According to the individual rationality constraint (IRC), the farmer gets at least his reservation utility that is to say his utility without contract. As previously stated, the consistency constraint (CC) ensures that the farmer will not cultivate a larger surface within the contract than without. 

The Lagrangian is
: 
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Necessary conditions under complete information give
: 
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Straightforwardly, from (CI.2), 
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, so, using (CI.3) the individual rationality constraint is always binding. Now, assume that 
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Thus it follows from (CI.1): 
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the last equality following from (1). So this case contradicts (CI.4) and 
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always happens, such that:
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(2)
The principal optimises his utility function with respect to the cultivated surface when, through the contract, the farmer is made to equalise his marginal productivity of land with his private cost of using land plus the social opportunity cost derived from cultivating (social benefit of conservation). It follows proposition 1.

Proposition 1.

With symmetric information, the cultivated surface within the contract is lesser than without contract whatever the farmer’s cost of using land is. 

3. Information asymmetry under adverse selection

The production function is assumed to be common knowledge. Both the public agency and the farmer know the structure of U
. But the cost of using land for agricultural purpose, (, is a private information of the agent. The public agency is then facing an information asymmetry about the type of the agent that can lead to adverse selection. The result of the action of the farmers with respect to conversion of forests, 
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, is assumed to be observable. Then, no moral hazard issue is considered. Each farmer accepting the contract commit himself not to cultivate more land than he would have done without the contract. 
The basic structure of the contract 

The building procedure of the contract when dealing with the adverse selection issues can be decomposed as follows
. The principal commits himself to a contract schedule, that is a pair of allowed cultivated surface and transfer payment
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. Given this contract schedule, the farmer reports a cost of using land 
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 to the principal. Then, the contract takes place given the observed farmer’s surface endowment S and the reported 
[image: image49.wmf]q

%

. 

The farmer will be given the transfer 
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. Thus, within this kind of contract, the utility function of the agent is given by : 
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The incentive compatible constraint

Given his private information on , the farmer can act strategically by maximising his utility function with respect to his announcement 
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. In order to determine the optimal contract under asymmetric information (second best optimisation), the principal needs the agent revealing his true type. So in addition to the participation constraint and the consistency constraint, an incentive compatible constraint must be introduced. 
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To determine this constraint, a direct revelation mechanism is considered, that is to say a mechanism by which the agent maximises his utility when he reports directly truthfully his type. According to the revelation principle, the search for the optimal mechanism can be restricted to direct revelation mechanisms
. 

The optimal direct revelation mechanism

The regulator is assumed not to know the parameter , he has only prior beliefs on it represented by the probability distribution 
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 be the cumulative distribution. It is assumed to verify the regularity condition on the hazard rate called J(() such that 
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Then, the problem of the principal is:
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subject to : (IRC), (TTC) and (CC).

It can be reformulated as follows (see appendix 1):
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subject to 
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Ignoring in a first step this last constraint, this problem is equivalent to the maximisation of the following Lagrangian: 
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The necessary conditions are under incomplete information: 
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To analyse the impact of the consistency constraint, the hypothetical case when, over some interval 
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From the first necessary condition, it comes:
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 EMBED Equation.3  [image: image74.wmf](

)

(

)

(

)

q

q

l

s

S

V

J

ˆ

'

-

³

Û

,

and 
[image: image75.wmf](

)

ˆˆ

()()()()

VSssJ

hqqqlq

¢¢¢¢¢

=-+


with 
[image: image76.wmf]()0

J

lq

¢

£

 and 
[image: image77.wmf](

)

ˆˆ

()()0

VSss

qq

¢¢¢

-³

. 

So, a priori, the two signs can hold for 
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It follows that the consistency constraint can bind for a strictly interior interval 
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The other case to be considered is 
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Moreover, when calculating 
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Without further information about the shape of the collective surplus curve and of the probability distribution function, the only certain fact is that part of the farmers will cultivate less within the contract than they would have done without. 

Proposition 2. 

Under information asymmetry, the cultivated surface within the contract, 
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that is to say, when the marginal cost of asymmetric information is greater than the marginal collective surplus. Otherwise, it is lesser.
. 
The other aspect is about the optimal transfer. 

Proposition 3.

The optimal level transfer is given by: 
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Proof. See appendix 1.

4. Further results and discussion 

The first aspect of the contract refers to the optimal level of the cultivated surface for the farmer s*(()
. For the farmers who cultivate less within the contract than they would have done without it, the optimal cultivated surface is determined by the following equation:
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(II.3)

If (II.3) is compared to the solution (1) of the farmer’s behaviour without contract, it appears that it is modified by two factors. The first one, 
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, is the effect of the so-called "informational rent" of the farmer due to his private information, and the other, 
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, expresses the farmer’s cost of taking the principal's objective into account. In the first best situation (see equation (2)), the farmer's behaviour is only modified by this last term which leads to a decrease in the cultivated area. The existence of an informational rent effect balances that. This is why under asymmetric information the contract does not necessarily lead to a decrease in the cultivated surface. The informational rent comes from the necessity for the principal to give appropriate incentives to the farmer so that he reveals his private information.

For those farmers whose cost of using land lies in the interval when the informational cost for the principal is higher than the marginal surplus linked to biodiversity, the consistency constraint is binding and these farmers are allowed to cultivate just as much as without contract. If the consistency constraint had not been introduced, some farmers would have been allowed to cultivate more within the contract than without. Compared to the first best situation where the farmers always set aside more land than they would decide to do without contract, the asymmetry of information gives the farmers a power through the veil it imposes between them and the principal. 

In the opposite case, for the farmers whose  lies in the interval when the marginal surplus linked to protection of biodiversity has a higher value than the informational cost, the contract leads to some additional protection of forested area. 

The other parameter of the contract is the transfer payment. Within the expression of the optimal transfer, the informational rent of the farmer is given by 
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Given that 
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 (see appendix 2), the contract is separating, which means that farmers with different  will be allocated different 
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 is decreasing with  which means that the level of protection is increasing in  for a given S. 
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 can be represented as shown in the figure 1 where the related grey area refers to the informational rent. 

(figure 1.) 

The value of the information is higher for those farmers whose private cost of using land is high, that is to say whose opportunity cost of land is low. The level of compensation being defined thanks to this opportunity cost, this type of farmers have no incentive to reveal their true cost. The higher the farmer’s private cost of using land, the higher his scope for strategic behaviour. 

Furthermore, for farmers cultivating less than 
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, the higher their private cost of using land, the higher the transfer payment they receive. All the farmers who cultivate 
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If, in the zone of implementation of the contract, farmers whose cost of using land is 
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, all the farmers whose private cost of using the land lies inside this interval will receive the same amount, calculated on the basis of 
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. Hence, the contract does not modify the behaviour of these farmers but they still receive a transfer payment. 

Thus the principal could think not to give a compensation to the farmers who cultivate the same surface within the contract as they would have done without it but it can be shown that this would not be optimal
. By the proposed mechanism some farmers will be given some transfer payment while exactly doing what they would have done without contract. 

Part of the compensation given to farmers comes from the informational rent they are given for revealing their private information. In this context, the consistency constraint can be seen as a means to ensure that farmers do not use this rent so as to cultivate more lands, their budget constraint being released. 

Furthermore, even if some farmers do not modify their behaviour, when following their private interest they contribute to biodiversity conservation. Hence, one condition for participating in the contract is that farmers do not cultivate all their land. With the contract, this situation is enforced as a contractual obligation. 

We also show that 
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 is increasing in S (see appendix 4). This means that farmers who own a larger total surface are allowed to cultivate more than the others for a given productivity. Moreover, 
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 (see appendix 5). These two points ensure that the proposed contract is well-behaved. 

5. A basic numerical simulation

So as to give a better insight into the model, a basic simulation of the way the variables of the contract adjust with respect to (, is developed. It is based on a case study carried out on a pioneer front in Costa Rica (Motte, 1995)
. We are particularly interested in analysing whether contract implementation will change the farmer’s behaviour or not, and to what extent. We examine how this is modified by different assumptions about the benefit function of biodiversity conservation. 

The various parameters of the model are specified in the following way. The private cost of using lands is assumed to belong to 
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, is chosen to be 0,3, so the actual cost of undertaking the project will be 0,3T. The relation 
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Furthermore, the principal is assumed not to have any specific information about the farmer private cost of using land. The probability distribution function of that cost is then defined as a uniform distribution function. It verifies the regularity condition introduced in the model.

Then, 
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The benefit function of biodiversity conservation is defined as follows: 
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 can be 150, 100 or 70. This sensibility analysis allows to take into account the uncertainty about the value of the benefit function of biodiversity. The results are illustrated in figure 2 where the marginal benefit function of biodiversity conservation and the informational rent effect are shown. 

The determination of the levels of the contract variables comes from comparing these two functions for each private cost of using land. It can be noted that, in the case of 
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, the informational rent effect cuts the marginal benefit function at two interior points of the interval. This means that those farmers whose private cost of using land is included within these two points do not change their land uses but still receive a transfer. When higher levels of marginal benefit function of biodiversity are considered (
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(figure 2) 

We can then observe from figure 2 that, under realistic assumptions, contracts where farmers do not change their behaviour, could actually take place. Hence, there is a rationale for the existence of these situations. Furthermore, the simulation shows that it concerns primarily farmers with intermediate (. It comes that the conservation policy will mainly rest on the farmers with the lowest and the highest cost of using the land for agricultural purpose. It might be of interest to distinguish between these two cases. But more investigations would be necessary to characterise the actual behaviours and practices of the farmers in these two situations. Field research may help to confirm our expectation that farmers with low ( correspond to more extensive farming systems, which are more likely to keep out of agricultural production if proposed a better alternative. On the other hand, farmers with high ( might be the ones with more intensive production systems. 

Finally, the last and possibly most important point to stress is that when biodiversity conservation becomes really at stake, and thus the willingness to pay of the conservation agency increases, all the farmers have to modify their practice. 

6. Conclusion and research perspective 

The development of incentive contracts between farmers and a biodiversity conservation agency is seen as one of the possible complementary instruments to manage protected areas so as to enhance biodiversity conservation. Voluntary-based incentive contracts are considered as an efficient way of dealing with the dynamics of degradation of natural resources by modifying farmers’ behaviour in order to make it consistent with the social interest in biodiversity conservation. However, the design of the contract implies a high level of co-ordination and communication between the environmental agency and farmers. The purpose of this article was to apply the principal–agent framework to this issue and to determine optimal contracts in the context of information asymmetry between farmers and the agency. This led us to discuss the requirements for such a contract to be defined. 

One of the specificities of the model is the linkage between the way agriculture is undertaken in newly settled forested areas and the biodiversity conservation issue. The introduction of a spatial parameter within the biodiversity conservation benefit function, although it is not actually implied in the determination of the level of the compensation in the model, can be seen as a first step in making the link between the farmers' spatial choices of cultivation and the ecological contribution of the set aside plots. It aims at reflecting the inverse relation usually stated between the ecological value of land and its agricultural value
. 
The main feature of the model is related to the introduction of a specific restriction in the standard principal-agent model that we called the "consistency constraint". It ensures that each farmer will set aside within the contract at least the forested surface he would have maintained without contract. In the contract design, there is a trade-off between the cost of obtaining the farmer’s private information, the rent to be given to the farmer in order to make him reveal truthfully his information, and the social benefit associated with biodiversity conservation. With this constraint, no farmer will be allowed to cultivate more within the contract than without, but some will get a transfer payment while being allowed to cultivate the same amount of land as they would have done without contract. 

Hence, it is shown, and illustrated by a simulation, that the imperfect information of the agency about each farmer’s private cost of using land can have deep consequences on the efficiency of the transfer payment. It determines the weight of the informational rent that must be paid to the farmers and the number of farmers allowed not to modify their behaviour. Information asymmetry can then be a stringent limitation, at least in the short run, to the implementation of this type of incentives in which contracts scheme result from the balance between public and private interests, usually managed at different decision levels. 

However, it is also shown that the informational rent effect decreases when the marginal social benefit from biodiversity conservation increases and it may be expected that this increase will occur in the future. In the static perspective of the model, the interest of compensating farmers who do not modify their behaviour, may not be straightforward. But from a dynamic perspective, the commitment of these farmers within the contract not to cultivate more land than they currently do helps to put a limit to the process of deforestation, and then contributes to secure biodiversity conservation. From this perspective, the restriction imposed by the “consistency constraint” can be seen as a safety belt in the face of the irreversibility of biodiversity loss implied by the continued conversion of forests to agriculture. 

A significant dynamic process leading to this conversion, and then contributing heavily to the pace of deforestation, is the strong decrease in fertility of cultivated lands. Hence, farmers, in order to maintain at least their agricultural production capacity, are induced to cultivate previously forested lands. Then, the implementation of the contract could play a major role in modifying farmers’ behaviour toward a more intensive management by restricting the use of land for agricultural purpose and by releasing the farmers’ liquidity constraint through the transfer payment. It could enhance the use of inputs so as to improve cultivated land fertility, and then to contribute to a better use of these lands. In order to take formally into account the impact of fertility decline, the subsequent step should be to incorporate this dynamic dimension into this model. The likely increase in biodiversity conservation benefits and the uncertainty that surrounds it could also directly be integrated. The introduction of dynamics in the model should then give more insight into how to design efficient biodiversity conservation oriented incentives. To further explore this question, a logical approach will be to conceive the contract relationship within the framework of a sequential decision model as indicated and developed in Richard and Trommetter (2000, 2001) in the CAP reform context. 

Moreover, in the static framework of the model, we logically only considered, for participation in the set aside program, farmers for whom the land is not the most restricting factor for cultivation, that is to say farmers who are more constrained by other factors such as labour and inputs, as is frequently observed in pioneer front. Furthermore, we admitted in the model that land tenure was secured, that is to say that the surface controlled and managed by each farmer was fixed once for all, which can be seen as a strong assumption in many pioneer fronts context. Hence, voluntary-based incentive contracts as considered in this article should be accompanied in cases of land tenure conflicts issues by an effective enforcement of the property rights over land
. 

In conclusion, the local and specific characteristics and perspectives of evolution of both, farming systems and biodiversity conservation benefits in forested zones of developing countries, are at the core of the decision of how to develop incentive contracts with farmers so as to better achieve biodiversity conservation goals. This diversity of situations and of possible evolutions will then have to be integrated more effectively in the biodiversity conservation decision making process. 
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Figure 1. The informational rent of the farmer according to ( 
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Figure 2. Effects of the contracts according to ( 

Appendixes 

( Appendix 1: Building of the constraints 

In order to get a direct revelation mechanism, the farmer must maximise his utility when he reports his type 
[image: image128.wmf]q

 truthfully, so we can express the (TTC) as:

 
- a first order condition: 

 


[image: image129.wmf](

)

,0

U

q

qq

=

%


 

[image: image130.wmf](

)

()()()()0

pYsssT

qqqqq

¢¢¢¢

Û×-×+=

,
(A1.1)

 
- and a second order condition: 
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Differentiating totally the equation (A1.1), it comes:
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The second order condition can be written: 
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It follows, by using (A1.1), that:
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From the first and the second order conditions, we get the two expressions of the incentive compatible constraint: 
[image: image138.wmf]()()

Us

qq

¢

=-

 and 
[image: image139.wmf]()0

s

q

¢

£

.

( The second constraint to fulfil is individual rationality, that is, 
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It is straightforward that this constraint is satisfied when:
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where the first equation corresponds to the consistency constraint. Moreover, since farmer's utility is costly for the principal, the second equation must be put at equality for the most efficient farmers. Then, the combination of (CC) and 
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Thus, the reformulated constraints are:


[image: image146.wmf]ˆ

()()

Uu

qq

--

=

, 
[image: image147.wmf]()()

Us

qq

¢

=-

, 
[image: image148.wmf]ˆ

()()

ss

qq

³

 and 
[image: image149.wmf]()0

s

q

¢

£

.

From the two firsts, it comes: 
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Moreover, from the definition of 
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Inserting this expression in the objective function and integrating by parts when possible, it comes:
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Finally, the problem consists in maximising (A1.6) subject to 
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Differentiating this expression in 
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� This process and the associated increase in opportunity cost of using land has been particularly well studied in the context of Latin American countries, namely by Kaimowitz (1996; 1998). 


� Three different management plans can be chosen by the landholders who sign the contract: protection, plantation or reforestation in degraded areas. 


� See Bourgeon et al. (1995) on land set side programs in the CAP reform context and the assessment of the respective effects of contractual and mandatory policies on the reduction of the supply of agricultural production. 


� Bowers et al. (1997) refers to them as "tailor-made" packages in a comment about the possibility given to farmers to participate to incentive programs that include biodiversity conservation oriented incentives. They give as an example of these incentives the case of the UK policy of protection of the "Sites of Special Scientific Interest". In these cases, the level of incentives may vary according to ecological considerations. 


� In the following, they will be called farmers. 


� See Chambers (1992) on the assessment of the effects of different agricultural policy mechanisms, specifically supply control by quantity or price support for a public agency faced with different types of farmers on which she has an imperfect knowledge. 


� On some issues raised by risk and uncertainty, see Slanden (1997). 


� Y is assumed to be twice continuously differentiable and concave in the cultivated surface s, reflecting the classical decreasing marginal agricultural production yield. 


� Hence, no Lagrange multiplier is associated to the land constraint. 


� Agricultural frontier and pioneer front areas in Latin America may appear from this standpoint quite different from Africa's ones. 


� Therefore, from now on, we will note � EMBED Equation.3  ���.


� With � EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ��� the Kuhn and Tucker multipliers associated respectively to the individual rationality and to the consistency constraints. 


� Subscripts denote partial derivative. 


� It is assumed that it can be estimated econometrically from production quantities, input quantities and cultivated areas. 


� See Laffont and Tirole (1993) for a detailed description of that building procedure. 


� For any equilibrium of any general mechanism there exists an equivalent direct revelation mechanism that involves truth-telling from the agent about his type (Dasgupta et al., 1979). 


� This assumption is verified by usual distribution of probabilities: uniformed, normal, exponential… 


� It can be shown in appendix 2 that the ignored constraint is verified. 


� The second order condition is always verified. 


� It can be shown that the jump it would introduce in the transfer, and then in the utility function, between subsidised farmers and the others is not optimal. 


� All value are expressed in 1995 US dollars. 


� This idea is emphasised in Bowers et al (1997), for example, as quoted previously. 


� Land securing policies are well known for having a significant impact on stabilising pioneer fronts.
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