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Threshold effect and coordination of agri-environmental efforts

Abstract

This paper deals with policy mechanism designsafpi-environnemental schemes when the
bio-physical processes are characterized by thig@sfects. There is a threshold effect when
specified farming practices must be applied on @imal share of an area of interest to trigger
perceptible changes of the state of the naturat@mwent. Schemes result in a pure economic
loss if the induced agro-environmental efforts @ sufficient. Different situations are
considered including the lack of information onnfi@rs’ characteristics or actions, uncertainty
on the relationship between farming practices andirenmental quality, and combined

difficulties of scheme design.
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Threshold effect and coordination of agri-environmental efforts

1. Introduction

When threshold effects characterise the processedved in the environmental quality on a
given area, the regulators need specific skillertsure that the environmental effectiveness of
the policy design. We deal with a simple case ofghold effect: no perceptible change in the
environmental state occurs unless a specified fayngractice is applied with a minimal
intensity and on a minimal area in the zone ofrede The efficiency of agri-environmental
schemes is particularly vulnerable to thresholdeaff because farmers’ participation is
voluntary and contractors may adjust their enrobeda in most cases. The analysis of the
environmental performance of agri-environmentalesabs, realised in the ITAES project in 9
case study regions, show that participation isprormance factor that most impedes scheme
efficiency. In three regions, participation ratel gyeographical targeting are the two factors that
limit environmental performance most (Finn et aD07). Although threshold effects are not

always involved in analysed schemes, these rauligate the importance of this issue.

Threshold effects on ecological discontinuities endheen defined by Muradian (2001) as
sudden modifications of a given system propertgulteng from the soft and continuous
variation of an independent variable. The examfilesuch discontinuities are numerous in the
ecological literature: increase of the vulnerapild additional perturbations for ecosystems that
have been previously submitted to strong anthropiegeessure (Levin 1998), modifications in
the equilibrium of temperate lakes (Weisrgdral. 1997), colonisation by undesired species
(Asner et Vitousek 2005), habitat fragmentation dishppearance of species (Kennedal.

2002), management of renewable resources.

The existence of discontinuities in the ecologipebcesses that underline the renewing of

natural resources like fishes, forests, soils, dédir@nimals or newly introduced species, induce



strong nonlinearities that are largely addressedmianagement of renewable resources
(Dasgupta et Maler 2003; Wirl 2004). The managenwgnguch resources, when thresholds
occur, is characterised by the existence of maeltipfuilibriums, and thus the design of
management policies needs to be dynamic (Maler ;2000a et Roy 2006; Rondeau 2001;

Toman et Withagen 2000).

In Europe, agri-environmental policies aim at preisg natural and semi-natural resources like
biodiversity, rural landscapes, surface and growtdw quality, mostly using voluntary

agreements (OCDE 2003) : a regulator proposetipalation of farmers to voluntarily adopt

management practices that are supposed to be biedterthe current ones, against financial
support for over costs. This regulator can basepléicy on a large literature on thresholds
effects, on their consequences upon the requesbtpenties for accurate regulation policies, but
generally this literature does not address theispg@roblem that this regulator faces. Because
the available information is generally not preceeough for each regulated area, local
regulators are often bounded to design policiebawit considering thresholds effects, which
decreases strongly the efficiency of the regulasind leads to a waste of public fund: more and
more empirical studies describe the adoption ofdgo@mnagement practices, with important
efforts from the population and sometimes with ¢aublic subsidies, with no noticeable

modification of the environmental quality (Muradj&®901).

The probability of wasting public funds is incredse&hen asymmetric information occurs
between the regulator and the farmers. Uptake malepends on the economic incentive
offered to eligible farmers. However, the succe$ssuch schemes also depends on the
individual characteristics of the eligible farmsaf\slembroucket al., 2002), on the social
context (Morris et Potter, 1995) on the differesutni and extension networks (Bonnieztxal.,

2001). When she designs a policy, the regulaton@aconsider individual characteristics of all



the eligible farms. These asymmetries of informaticeate inefficiencies, that can however be

reduced (Laffont et Martimort, 2002).

We focus on the paper on agri-environmental schahegsaddress two difficulties: threshold
effects and asymmetries of information. Literatyeovides mechanism design in some
situations. For threshold effects a two stage atioa of conservation funds has been proposed
to optimally target conservation efforts: in thesfistage, the allocation across the eligible sites
ensures that thresholds are met in every seledtedvhile within site fund allocation only
needs to be based on a physical criterion of enmental effectiveness (Wu, 2004). An
important issue related to threshold effects isuheertainty with which they are associated.
Perrings and Pearce (2004) provided a general fvanketo design the optimal mandatory
policy dealing with certain and uncertain ecologicaresholds. When asymmetries of
information occur, and for non-point source pobas only, optimally differentiated
mechanisms ensure that each producer choosesstnenients (effort or practice) that have

been designed for him (Wu et Babcock, 1996 ; Borietal.,2005).

Starting from an analysis of particular agri-enwimental schemes and EU wide sample, this
paper highlights the scattering of agri-environmaérgfforts that result from the different
schemes designed last years. This analysis aldotslépe main characteristics of the benefit
functions for the regulators when they expect aprovement of the environment. Last, the
analysis enables the elaboration of a typology tfe agri-environmental situations; this
typology relies on the different uncertainties acityg from hidden farmers' behavior or bio-

physical processes.

For each situation in this typology, we propose distuss the possibility to design simple
contracts. Simple standard contracts are consideegdrding the high transaction costs

involved in the management of differentiated cartda The modelling suggests that the



regulator can make of the direct utility that farmeerive from specific environmental goods
they contribute to supply, and arouse cooperatigmabiour. For example, when the regulator
sends a signal, like the institution of a minimeatierof contracting intentions before signing any
contract, this signal can easily consist in infdiiorathat contributes to increase the probability
of commitment by farmers that have a positive wdtt towards the environment. Moreover,
when the environmental objective matches a strawak demand, but is characterised by
uncertain threshold effects, a perennial and pssijive management of the scheme allows
capitalising the local competences as the firstiémented measures include the reduction of

the uncertainties in their objectives.

In this paper, we finally analyse a concrete exantpht illustrates the existence of threshold

effect. The practical possibility for a regulatordesign a progressive scheme is described.

The paper is organised as follows: Section 2 dessrithe context of agri-environmental
measures adoption with national or regional prognas This description illustrates the
phenomenon of scattering of committing farms. $ect8 designs a behaviour model for
farmers who face agri-environmental measures alayses the proprieties of such schemes
when they are design in complete information sitwest In the Section 4, this assumption of
complete information is weakened: we examine hemg the agri-environmental schemes are
modified when the regulator cannot observe the éashrwillingness to accept. The Section 5
focuses, mostly through literature, the other corations of uncertainties that a regulator may

face. The last Section concludes.

2. Voluntary adoption and scattering of agri-environmental efforts
At the farm level, attempts to take into accourties@and threshold effects may be limited by the
Commission degressive rules, introduced and enforeth 1257/99 AESs, as a new

component in the budget management. The averagegudyper hectare decreases according to



the area under contract, the mix of area baseduremadeing the same (punctual or linear
elements/measures are not concerned by such rdies).payment calculation is done as
follows:
» Sum of the different measure committed areas, eactmitted area being multiplied by
the corresponding payment per hectare(= theoretidedmount);
» this amount is then divided by the total enrolleeba(= average amount/ha);
» the actual payment is then calculated by intereflsommitted area, with per hectare
payment equalling 100% under 2 SMls, 60% betwean®4 SMIs and 30% above 4
SMis. Defined in article L312-6 of the Rural Codbe SMI is presented as the
minimum farm area from which a standard houseloklpposed to get enough income
for a basic living. The value of the SMI is settla® NUTS 3 level according to farm
types. Regularly revised, the SMI cannot, in ansecée less than 30% of the national

SMI and is revised every 5 years.

Thus in the French case, the degressive rule carnnbeontradiction with some AES

environmental objectives because it discouragegeldarm to enrol large areas. Scale and
threshold are taken into account in very few Fremgasures: the grassland premium must be
applied on the whole farm, the payment for winteverage or arable land depend on the share

of eligible land which is enrolled.

Coordination between farms at a higher territotealel is usually not enforced. Contract
applications and conclusions are considered byatmainistration on an individual basis. The
territorial approach presented in section 4.3 resyan exceptional procedure. Yet a CNASEA
report published in 1996 (CNASEA, 1996) dealinghatlie results of a French survey on 1183
farmers under contracts 2078/92 highlighted thdingil of farmers to avoid dispersion in

contracts signed. They insisted on the importaficeaching a minimum area under contract in

a precise area. 51% of interviewees proposed taraeh efficiency of agro-environmental



contracts through a minimum rate of adoption. 48ofsinterviewees also proposed that
contracts should be applied on the whole farm atstef just a part of the farm. All this
recommendations and farmers’ advice were not takenaccount in the French application of

the regulation 1257/99

The low rate of compliance is a real problem innéma

In Basse-Normandie it indeed appeared that someofQfre farmers faced some difficulties to
enforce the 1257/99 contracts (Eureval-C3E, 2008)ainly its environmental part — mainly
due to the framework planning and to the techmespect of some of the prescriptions.

Hence even in a ideal case of collective contraigiged only if the minimal targeted area is
concerned, the provision of the environmental goad fail because the global effort of

production (individual respect of contract committs} is not effective.

The same holds in Brittany. The compliance contietd nearly to the same results. The
compliance with commitments failed in 84 % of CTéntrolled. In 65 % the gap noticed

between commitments and reality was major, in 1i2Was significant, and in 23% it was low.

3. Threshold effect and regulation for complete information situations

In a complete information situation, the sites vehenvironmental processes involve threshold
effects are common knowledge. According to Wu (3084ommendations, we assume that the
regulator designs her scheme on a per-site badisvarfocus on policy design for a given site.

Last, we consider medium-term environmental effects

Let us consider, as Duprat al. (2004), that the environmental effekt, depends on the total
areaS involved in the agri-environmental scheme and o énvironmental efforé that the

farmers provide. The agro-environmental technolsgyenoted=g(S,e).



As soon as the area cropped with agri-environmepreedtices is wide enough, and when the
environmental effort on this area is important egiguthe functiong(.) is positive and
increasing inS ande. Moreover, we assume théd/d5 < 0: we deliberately consider a concave
environmental technology (Wirl, 1999) beyond theesinold. Last let us assume tlugt is
negative: the marginal effect on the environmeritt) nespect to the area, is decreasing on the

environmental effort.

The threshold effect is formalised, with a simgktfiion of usual characterisation of dynamic
threshold effects (Lines, 2005), with the critiea¢aS, and the critical efforg, below which no
environmental effect is noticeable:

SsS(e)= g(S.e) =0,

ese(S)= g(Se) .

The farmer's reservation utility, when he is prambso supply the effore on an aress, is
formalised by his willingness to accept This willingness to accept differs from one farrte
the other and includes both the losses due to doptimn of the specific practices, which
prevents the farmer to apply the production plaat ttorresponds to the higher profit for his
farm, and the utility that the farmer directly de$, as a consumer, from the environmental
effectK:

cd=cs, e, K)
This last assumption relies on several empiricadlies regarding particular schemes and EU
wide sample: evidence shows that farm householdived@ direct satisfaction from their
production of environmental services (Dupeaal, 2002). On the other hand, if these empirical
studies highlight a positive relationship betweawi@nmental practices adoption and the
farmer's personal preferences for environment fomes combinations of practices (like

maintenance of landscape associated with biodtygpsbtection, or maintenance of landscape
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associated with water quality), these studies ptsint out that this relationship does not exist
when the measures aim at non directly observablectsf (for example protection of
biodiversity, when the measure is not associatedsomes with locally evident effects). The
specific behaviour of farmers who adopt costly pcas because they value their environmental
effect seems to be related to the production afibda local public goods: the farmers have a

special access to this local public good and thes bwn effort if of importance for them.

The farmer's willingness to accepl(s, e, K) is increasing and convex mande but non-
increasing irK. The environmental effect is striven on an aregea@nough for one farmer not
being able to provide alone this effect and thdinghess to accept for th& farmer depends on

the number of farmers who adopt the measure iarde (Genicot et Ray, 2006).

Last, we assume thaic the marginal willingness to accept (relative te #rea) is decreasing in

the environmental effect.

Let us denot&V(K) the regulator's willingness to pay for the enviremtal goodK, reflecting
the social surplus function. This function is cleaBy increasing and concave K. We

normalise this function and assume tais null whenk = 0.

3.1. Social optimum
The social optimum is the solution of program (Heves is the area on which th& farmer
supplies the environmental eff@tThe pair §, € forms the environmental service supplied by

thei™ farmer.

s K.e

ma W(K)—Zci (si,e,K)j (1)
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As soon as one of the last two constraints is hipdihe solution of this program is evident: all

the variables and all the functions are null.

Beyond the threshold, the interior solution is eltéerised, using the envelop theorem, by the

following equations:
Zcie(si e K)= ge(Zsi €) EﬁW'(K) —Zc‘k (s',e K)J
S(CL(si,e.K)—gs(Zsi,e) EEW'(K)—ZCL(Si,e,K)D =00 =1,...,n

The first equation defines the optimal effort toig¥hthe areas are submitted. The n following
equations determine the level of each of thesexsatie contracted areas for some farms can be
null when the marginal cost for the first hectaxee=ds the marginal benefit that the farmers
realises when he applies the efferbn this area. Whed is positive, its value is determined

such that the marginal costs equals the marginal benefif(W'-&y)).

The social optimum cannot be reached without agylegion because the environmental effect
K cannot be realised under the action of one faromy. If a farmer wishes to provide an
environmental service, he can only anticiplite 0 and thus provides the eff@ton an area
such that d§ e,0) = 0. Even if this farmer has a positive attitudeards the environment,

economic considerations lead him not to providesewwice on his own farm.

12



3.2 Agri-environmental regulation for complete infmation

The regulator proposes to the farmers a standarttaat, denotede( p, that we will call agri-
environmental measure. This contract, as many atdr@bntract used in EU agri-environmental
policies, combines a per-hectare paynetd the adoption by the farmer of agri-environménta
practices on the contracted area. The agri-envieotiah practices result in an effatfor the
farmer. We assume here, because of complete infanmahat the effort can be observed

without any additional cost.

In a complete information situation, the cost atitityi functions for all the farmers, and the
relationships between the effod),(the proposed payment)(and the expected environmental

effect K) are common knowledge.

The farmers who face the,(p contract also faces uncertainties on the behawbthe other
farmers. They must anticipate this behaviour, whid information they have. Let us denéte

the anticipation that th&' farmers realises. This farmer maximises the exebenefit he can

gain from contractingmax(ps— C(s,eKi)). The solution of this maximisation is denosj@,
S

p, K) ; s is positive or nul, non decreasinggretk' and non increasing ie Formally,s is such
that :

p=ci(s'(e p.K").eK') 0
Differentiating this expression according 3, we obtain the following expression for the

increase rate of the area:

With our assumption{s>0 andcy<0), a farmer who anticipates a better environniesffact

contracts on a Iarger area.

13



The regulator program consists in maximising a glokelfare functionU, depending on the
total contracted are@only. Denoting\ the marginal cost of public funds, this functicandoe
expressed as:

U(S) = W(K) — C(S) ApS

C(S) =Zc' (s' € K') is the total willingness to accept of the farmansl the total contracted
i=1

areaiss=Y s (e p,K').

i=1

The fonctionU(S) has a very specific form because of the thresefiitt Figure 1) :

- If S < §(e), U(S) = -C() -ApSis negative and decreasing, with a minimumSgor

- If S 2 S(e), U(S) is concave, increasing on the right hand sideSgé), but becomes
eventually positive only after a second thresh®i(e,p) > S(e). Last, it is also possible that
beyond a threshol&y(e,p) U becomes again negative (in this case, the arg¢ahbaarmers
propose for contracting is so large that the totsks involved by the scheme are far higher than

the benefits of the measure.

Figure 1

If U stays negative, it is optimal not to do anythimgl @o contract is proposed to the farmers.
In the other case, because the environmental témwnaes known and the adoption cost are
common knowledge, the farmers correctly anticighte consequences of tle,p) contract on

the environmental effecK. Thei™ farmers proposes to contract on the af@ap,K)such that:

p=cis(si,e,K)

and the regulator's program becomes:

14



max U DW(K)—ZCi (si,e,K)—/]szi (3)

ep,s,K

K= g(ZSi,e]
p=c.(s’,eK)
with. 0O, s =0

e eo(z SiJ
Zsi > S, (e)

The last two constraints are not binding becauseovesider situations beyond the threshold
(below the threshold, it is optimal for the regolatio propose no contract at all). The first order
conditions for this program provide the optimal tant €, p) that leads to a total contracted

areaS =Ys(e, p, K):

@+ A)p= gs(Zsi,e*)Eﬁvv'(K*)—ZcL (si,e*,K*)] @)

Zc‘e(si,e*,K*) = ge(Zsi ,e*)EﬁW'(K*)—ZcL(si,e*,K*)j (5)

Equation (4) indicates that the payment providedyset of contracted area, weighted by the
total cost of public funds, equals the differenetween the regulator's marginal willingness to
pay (for a variation of S) and the farmers' marginal willingness to accdpt the same
variation ofS). Equation (5) determines the optimal amount &drefwhich is the same as for

the social optimum.

It is clear that the design of agri-environmentehesmes is never performed in complete

information situations. We shall examine how thatracts are modified when the farmers'
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private information is imperfectly known, first frothe regulator only and second from both th

regulators and the neighbouring farmers.

4. Consequences of asymmetric information

4.1. Adoption cost unknown from the regulator only

Let us assume, as a first stage, that the farmretseoregulated site have a common knowledge
of their respective willingness to accept. In tbése, they are able to correctly anticipate the
environmental effect associated with af@y p)that is proposed to them. The asymmetry of

information only occurs between the regulator dredfarmers.

Of course, this asymmetry prevents the regulatmnfestimating the optimal effoet that the
farmers have to respect per unit of area, becasisaliue depends, among other things, of the
farmer's marginal willingness to acceptandck. Now, the regulator has to fix arbitrarily an
effort levele (for example, she can rely on literature for corapée sites). This is the situation
to which the local regulators dealing with the agadion of the second CAP pillar have been
confronted. The regulator could still determine #Hssociated paymempt while maximising a

welfare function:

maxU DW(K)—ZCi (si,e,K)—Aszi (5)

p.,s K

subject to the same constraints as for the compiétemation case. Beyond the threshold, the

first order conditions provide:
@+ Ap, =93 5@ tﬁW'(Kl) IACH! Kl)j (6)

Even if she has no idea of the farmers' willingrtesgay functions, the regulator has to rely on
assumptions on the marginal utility that the farsheerive from the environmental effd€tif

she wants to be able to design a payment p
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The following step for the regulator consists idueing wastes of public funds, i.e. avoids the
situations where the payments induce no environahexffect or wherdJ is negative. In the

first case, a simple solution for the regulatotddix a threshold below which no contract is
signed. The simpler level of this signalSge) but this level does not warrant that the total

welfare will be positive.

It is possible to avoid the situations where thdfave variation for the society is negative: the
regulator can design a scheme that relies onWdand not orC, unknown from the regulator).
The regulator can offer the higher possible payrtieat warrants a positive variation of welfare
for the society (and that warrants tWet— pS= 0): with S being the maximal eligible area in
the regulated site, the regulator can offer thengayt p: = W(g(S.€))/S that dries up the
community willingness to pay if all the eligibleear is contracted. The threshold that activates
the contracting procedure (and that avoids sitnatiwith no environmental effect) is then

defined bype = W(g(S..€))/S.. The concavity oW impliesS,(e) > S(e) (seeFigure 2.

Figure 2

Such a contract, denotée, , S,), ensures that the social welfare variation is regative. As
the cost function C(.) is uncertain for the regoilathe aggregated cost can be either o€en(
Figure 2 or belowW(S)(C, onFigure 2. But the design gb: andS,, along with the growth of
marginal costs ensure that contracts will be sigimdyg when the total co€(.) is belowW(.) on

the interval[S,, &]. Otherwise, as the marginal cost is oygr the potentially contracting
farmers who are necessary for getting over theskimid have a marginal cost greater tigan
and are not willing to contract; as the threshglahét reached, the regulator does not validate
any contract, which excludes the situations wheeesbcial welfare is negativ&J{ on Figure

2).

17



This kind of contract is not optimal because itlesles situations where the social welfare could
be positive (note that, is positive juste belov&,) and does not warrant that the contracted area
maximises the social welfare because the paymesg dot depend on the farmers'willingness

to accept.

The welfare function for a regulator proposing fbep) contract is:
U(|oE)=W(@J(iZS‘(loE),e)j—iZci (si(pE),e,Kz)—/lpEiZsi(pE)
Derivating this expression with respecstprovides:
0 . i i (o
U (pe) =W (Kz)gs(izs (pE),ej—cs(s (Pe).& K, )= pe
We can simplify the notations. Because we hpwecy), this expression can be written:

%U(pE) =W'g, — 1+ A) pc. Now, with our assumptions we hape< W'gs. Thus, if the
S

marginal cost of public funds is not too high, wgoaaa—iU(pE) < 0and we can deduct from
S

this expression thad: < p;. In other words, when the regulator proposes #raotie, , S) to

the farmers, this contract leads to a sub-optimed aontracted.

4.2 Individual willingness to accept unknown fromoth the regulator and the
neighbouring farmers

Let us examine now the case where the farmers thnoov the way their neighbours are liable
to act when facing a gri-environmental scheme. ri¢pci(e, p) contract proposition, a farmer
will individually anticipate the resulting envirorental effect,K' and his own willingness to

accept will bec'(s, e, K). It will be even more difficult for the regulatonan on the previous

18



case to calculate. It will be nearly impossible to assess a paynfienthe supply of this effort,
because for doing so, the regulator would needntmnkboth the individual utilities that each
farmers gains from the environmental effect andwhg each farmer anticipates his neighbours

reactions to thée, p)contract.

But the regulator still has the possibility to posp the contradte, g, S,) described above.
Moreover, announcing such a contract would act upef' anticipations of the farmers. Let us
examine how. When facing @, g, S.) contract, thé™ farmer can expect realising a benefit
7s(e,p,K)) = ps(e,p.K) - d(s(e,p,K),e,K). This farmer will realise ex-post a profit (diféat
from his expected benefit) denoted:

16(p, e, K),K) = ps(e,p.K) - c(s(e,p.K),e K)

In the case where the farmer anticipates K, this farmer would have ex post a profit less high
than the expected benefit (becauges negative). On the contrary, when the envirortaen
effect is greater than expected by the farriék(K), this farmer realises ex post a profit greater
than his expected benefit:

r16(p, e, K).K) </16(p, e, K).K) < 776(p, e, K).K) siK <K (6)

Proposing to the farmers a contra@t p:, S,) comes down reducing the risk for these farmers
to faceex posta situation wher& is null: if the total proposed area is bel®y the regulator
does not sign any contract. Thus, even when theyrétheir neighbours' offers, it's the farmers'
interest to anticipat&' at least equal tg(S. e). When they want to optimise their individual
offers s, it is even their interest to consult each othercorrectly anticipate the final

environmental effect (because their profit is geeathenK is positive).
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Such a contracte( p, Sy) is not optimal because is arbitrarily fixed by the regulator.
Nevertheless, this mechanism allows distinguishinggysites where the implementation of agri-
environmental contracts is desirable from those rehié is optimal to do nothing. This
distinction is performed through the revelationtloé collective environmental offer from the
farmers in each site. The associated transactish isovery low because the regulator only
needs to send the signg). Of course, this mechanism assumes that the tegutable to

determine her own willingness to pay,

4.3 An example
A first example found in Brittany can be presentiéds the implementation by th&Conseil
général d'llle et vilaine”(NUTS3 regional council) of particular contracts.
The regional authorities successively offered s@veontractual arrangement to favour the
conversion of arable land in grassland buffer Zarareas along the river (Kerhouas, 2003).
The buffer zone aim at:

» catching and filtering ground flow

» slowing the streaming and avoiding soil erosion
» filtering streaming water fixing the solved subsias
>

avoiding river contamination which can occur afilemt-care product spraying

Environmental impacts of buffer zones are well knoWwhe installation of a buffer zone of 6m
leads to the catchment of nearly 70% of plant-galucts streaming. For a buffer zone of

18m, 90 % of plant-care products are caught.
The budget allocated to this program reaches 76(Ed@o for 2001-2006period. Three types of

contracts exist. The first one deals with impleraéoh of grasslands long the river for 375

Euro/ha if the implantation of buffer zone concerrops. The second one deals with
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implantation of buffer zones on temporary grassfmd®59 Euro/ha. The last one is extensive
management of grassland for 63,6 Euro/ha.

These amount are increased of 20% if the measveesdapted in a CTEContrat Territorial
d’Exploitation”

The agreement concerns the installation of maimemaf grassland buffer zone of 20 m large.
These agreements aims at protecting the rivers.

Their installation must be based on a precise disiin of the territorial conditions. Buffer

zones have to be implemented on relevant positiarthe watersheds.

This offer was contingent and would have been &ffecnly if at least 60% of river bank of
the targeted area was under contract. The eligénleels were those described at 1/25006m

IGN (Institut Géographique Nationgl

To gather 60% of river bank of a targeted zone umdatract was first an objective of the
NUTS3 policy. This threshold of 60 % was chosenoading to an audit led on the previous
1994-1999 AES contracts aiming at creating grasslauffer zone. The conclusions of this
audit showed that a minimum rate of 60% of conwersivas needed to lead to efficient
environmental impact on a catchment area. Durir@t11®99, 536 contracts concerning 1,406
ha with creation of grassland buffer zones wereesig The total budget was 2 900 000 Euro
and spent for nothing. The spatial dispersion ofteets signed did not permit any measured
significant environmental impact. No consistentsmeang regarding catchment areas was
initiated. It illustrates our situation S2.

After 1999, the tonseil général’contracts were proposed on a particular catcheueat to test
farmer reactions. After two years, the balance diaappointing because only 11 farmers had
contracted and the parcels under contracts didepoesent the 60% of the targeted area.

On the second chosen area, the threshold of 60 #eotargeted area became not only an

objective, but a necessary condition to engageracist Hence, this necessary condition aimed
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at reaching a minimal impact on environment andding to give money without any results
guarantee. Farmers, gathered around a projectrlesigeed a declaration of intent. They finally
signed contracts once the area under contractedable threshold. 34 contracts were signed on
a particular watershed following an territorial apgch. The chosen watershed was
preferentially belonging to dContrat Eau paysage Environnement{water landscape

environment contract) signed with tfeonseil général”. The story of this particular example
illustrates how the procedure usiig, p,S,,) contracts initiate a cooperative behaviour of the

farmers, at first to reach the threshold.

At a national level, the National Rural Developm®&nbgram proposes measures to farmers in
which threshold effects at the farm level are takea account. For example, the sub-measure
8.1 “Introduction of integrated crop protection”paid only if a precise part of the farm area is
concerned by the decrease in the use of pesticithesminimum part of the farm which has to

be under contract is defined at the NUTS3 levdittocal conditions.

Scale effects are considered at the farm levela@asures such as “ Winter covering of arable
land with intermediary culture”. If the farm areanemitted in this measure reaches 40 % of the
farm area, then the paid amount is increased by &0d4f the area committed is less than 10%

of the farm area, then the amount paid is decrelag@®d %.

The involvement of local and regional councils mbst emphasised. Although scale and
threshold effects are considered at the farm lbyeiationally designed measures, it seems that
higher level threshold effects and the necessapydimation farmers’ environmental efforts are
only considered where local authorities are invdl{i@stance nationale d’évaluation du contrat
territorial d’exploitation, 2003). In the few sucse stories which are reported they take

advantage of successive experiences despite the deanges that have affected the French
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agro-environmental policy framework. In contrast #gthemes that are managed by the usual
agricultural networks clearly privilege the accegall farmers to the wider range of contractual

measures, without any knowledge accumulation gtyadé the local level.

5. Extensions

5.1. Moral hazard

The other usual problem with information asymmstissmoral hazard, which occurs when the
individual effort of each farmeg is difficult to observe and monitor. How surprigiit looks,
there are numerous examples of agri-environmewtatracts with uncontrollable prescriptions

(Instance Nationale d’Evaluation du Contrat Terrébd Exploitation, 2003).

The classical second order solution is based orrisheaversion of the agents: the regulator
performs costly controls on limited samples andliappvery strong sanctions when the non
compliance happens to be proved, in order to rethieaate of non compliance (Holmstrém
1982). However the design of an appropriate cordrml sanction system is often limited by
laws and pre-existing procedures that determinentagimum penalties in accordance with

other references.

Once again a cooperative approach might be propiéskd efforte’ of a particular farmer is
easily observable by his/her neighbours. An exarapkuch effort is the mowing of meadows
from their centre to their periphery. This practiseecognised to be very efficient to preserve
certain wildlife species. Although official conteolare very difficult to organise, farmers
frequently and easily and observe the way theight®urs perform. The basic idea is to design
a contract between the regulator and a consortiularmers of a designated area (see Segerson,

1988 mechanisme designed, which is based on H@mstt982, one). The consortium receive
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a global payment P=C(p*,e*) for the provision of Efhd nothing if the environmental objective
is not reached. Practically this means that thes@dium has to reimburse the global payment,
possibly with an additional penalty to cover admsiirdtion cost and the opportunity cost of
public funds. However the financial penalty pemiar would be much lower than the optimal
sanction associated with individual contracts. Ae tonsortium members are collectively
committed and know each other, the enforcemenh@icbntract makes use of social pressures

based on personal relationships since few freesigledanger the payment of all the others.

5.2 Uncertainty on agri-environmental technology

The environmental technology is never totally unknoln most cases, environmentalists have
an idea of the underlying technology process apéaally know if it exhibits threshold effects
or doesn’'t. Under locally specific conditions, teract threshold critical values are usually
unknown. At least policy makers may use existingradic references or similar experience to
be aware of threshold effect and possibly get & lidga of these critical values. It must be
emphasised that the farmer themselves often hagdriérmation about the agri-environmental

processes than policy makers.

The challenge of the scheme design is to offer ammhitor contracts that will produce
additional information on the agri-environmentalogesses, and particularly the threshold

critical values. An iterative process that includascessive contractual rounds is needed.

Without any hidden information by the farmers, sfaml contracts are first offered in few
selected representative zones which are delimitarding to the targeted environmental
output and the suspected scale and threshold &ffduich are associated. If similar sites are
available, different contraci{®,p) may be tested in order to discover the criticduea more

rapidly and more precisely. Starting with ratheghhieffort and payment, and providing a
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comfortable profit to farmers may provide advantagde probability of the environmental
good production being higher, the net social céshe first contractual round will probably be
lower, even if the social surplus does not reaehdbsts of the scheme. Moreover, a success
will encourage the farmers for future contractwalmds while a failure might discourage them.
Out of the monitoring of the scheme, the regulatiirknow ex-post if the thresholds have been
reached or not. If it is relevant, an extra paynmaay be offered to associate the contractors to
monitoring tasks. In the iterative process, wherevious results are taken into account, the
regulator can step by step reach the optimal conarad offer it in additional zones according to
the recommendations of Wu (2004). A big difficdtthe common case of the delayed response

of the environmental efforts which slows down theduction of knowledge.

Consultations between scientists, decision malarspers and environmental organisations
should create a dynamic and trustful context wileeetargeted level of environmental impacts,
the monitoring procedures and the contract are biestep redefined taking into account
previous results . In such a context, interrelaitmetween different measures described in
literature regarding conservation programmes fetance (Wu, 2004) could also be analysed

and taken into account in future design of congract

When the farmers’ cost function are partly unknoty the regulator, setting a minimal
aggregated area to trigger the State signatureeagb, S,) contracts is no more useful in the

context of uncertain threshold critical values. Thepost analysis dfe,p) contracts will also
provide the required information on the farmersiimmmental supply function. Once again the
elicitation of the farmers’ willingness to accephder different scenarios may provide
interesting complementary information. For instatice influence of the probability of the
environmental production associated with differaointracts may be tested, before such

probability is eventually approximated.
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The moral hazard problem characterised by hiddemtefof the contractors is more difficult to
deal with because the identification of the sowtecheme failure is itself unknown. Still, the
preceding proposal of a collective contract wittnpasortium of farmers may be preferred if the
consortium is truly interested in the process obwdedge capitalisation about the agri-
environmental technology. Obviously, the farmersnivaaccept their payment is entirely
conditioned by the observation of an environmeataput that does not entirely depend on their
efforts. Some kind of risk sharing system betwew®an regulator and the consortium must be

negotiated.

When remarkable biotopes are endangered by the wéreconomic changes, Perrings and
Pearce (1994) pointed out that the uncertainty aimesholds is often associated with the
uncertainty and irreversibility of potential damagend of their social costs. They show that
these cases resist conventional applied economitaulse no optimum is calculable. Therefore
decision making about preservation must rely on exwmomic criteria. Hence the preservation
of the status quo is enforced with strong penatt@apared to the private profit of trespassing
the conservative standards. Many agro-environmesatatmes are used to preserve remarkable
sites like marshes, peat land or mountainous dneddows, from land abandonment or
agricultural intensification. Using Perrings andaRe results justify payments high enough to
deter alternative use of land in the sites whiah sslected by policy makers. Sometimes such

payments do not correspond to any tangible effiottie farmer.

5. Conclusion
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The large variety of agri-environmental situatioved not generally allow designing efficient
schemes at a high territorial level. As observediojlard (2003), in France, the environmental
effect has to be sought on regions small enougdiléav tying consistency between actors and
the resources they manage. Local communities appeaave a legitimate role to play in

leading a progressive design of agri-environmestdiemes that maintain motivation and

cooperation between the different actors.

For a given region, an iterative process of knogtedapitalisation on small pertinent sites
allows the iterative design of an optimised bunhdsad contract that can be in a second step
proposed on other comparable sites. The budgetragnts the local communities have to bear
will induce a competition between the differentesitand an interaction with their own
development plans. These plans can be considerttk atgional level, given that the social
willingness to pay for the community can be asskgser site. This paper highlights the
importance to pinpoint the threshold effects that occur in the environmental processes and

suggests avenues to design more efficient policies.

When threshold effects occur, conditioning the paginto an intention of contracting.{

greater than the area needed to pass the threhpldts the regulator to favour a cooperative
solution, even when asymmetric information occurgtee farmers' willingness to accept. The
scheme designed in this paper can be implementeghincase situations, as illustrated by the
llle-et-Vilaine example. Such a mechanism is notimal but can be improved through a

progressive design relying on the capitalisatiofooél knowledge.

In several empirical studies regarding particulenesnes and EU wide examples, evidence
shows that farm households derive a direct satisfaérom their production of environmental
services (Duprazet al., 2002, 2003). This willingness to pay has to besm®red by the

regulator who wants to efficiently make use of pulfinds and ensure that the contracting
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process and the cooperation of actors can lasgayears. This willingness to pay can be
mobilised through a better formation of farmersagmi-environmental processes and through

the design of measures with credible expected enwiental impacts.

The new dispositions regarding cross-complianceHaropean agricultural subsidies include
commitment to reserve 3 % of the area cropped wéiteals, oilseeds and set-aside for grass
strips. The areas involved are considerable angdkentially protected banks also: grass strips
should reach 400,000 ha and 200 to 400,000 kmmisbshould be protected (Geit al. 2004).

In many cases, the farmers keep a leeway for ttetit;m of these grass strips. The conditions
for implanting grass strips (including the differgrotential fixings and locations) should be
adapted to each site, otherwise unacceptable eamstican be imposed to the farmers with no
tangible environmental benefits occurring. A preaiagnosis of the whole area along with a
capitalisation and a diffusion of the local knowdedacquired are thus essential for an optimal

allocation of these new regulatory arrangements.
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Figure 1 regulator willingness to pay (W), adoptamst for the farmers (C) and social welfare
(V) for a given effort (e), in a complete infornati situation where the environmental

technology is known

35



Figure 2 : regulator's utility, adoption cost amdial welfare, depending on the total contracted

area
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