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Abstract

Achieving high compliance rates in incentive-baagd-environmental schemes is an
important issue. This paper explores the use oikadrpenalty-reward approach under
heterogeneous compliance costs. Specifically, veen@xe the use of a “compliance
reward” under asymmetric information and output@nincertainty. Using a
budget-neutral approach, three possible sourcsanfcing are considered: 1. funds
obtained by reducing monitoring effort; 2. the mreds of fines collected from
participating farmers who are inspected and foustdmbe in compliance; and 3.
money saved by reducing the number of farmers keakdiVe discuss the advantages
and disadvantages of each source of funding angizzEnthem numerically for both
risk-neutral and risk-averse farmers. We show tinaer certain conditions a mixed
penalty-reward system can increase the likelihdazbompliance without increasing
programme costs. For risk-averse farmers, howewaditions that ensure a positive
outcome from compliance rewards become more rés#iclhe implications of these
findings are outlined for the future design of agmvironmental schemes with
reference to cost-share working lands programmes asl EQIP in the United States.

Keywords: Agri-environmental policy, moral hazard, penaltipayments for
compliance
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1. Introduction

Agri-environmental schemes are receiving increaaitgntion as a means of
enhancing the supply of environmental public gomdseducing negative externalities
associated with agricultural activities. Many sclesrffer incentive payments to
encourage farmers to adopt environmentally-frieridiyning methods. In the United
States, the National Resources Conservation SeINRES) and the Farm Service
Agency (FSA) of the U.S. Department of Agricultun@nage voluntary
agri-environmental programmes (conservation prognas) such as the Conservation
Reserve Program (CRP), the Environmental Qualitgmtives Program (EQIP), and
the Conservation Security Program (CSP). Althodghfocus in the United States was
originally on taking environmentally-sensitive laadt of production, emphasis has
been broadened to working-land programmes, in wp&tments are made to farmers
to adopt production practices that improve water @n quality, and protect wildlife
habitat. Agri-environmental schemes that involvesthbroader objectives are
increasingly popular in many other countries, faaraple, the Environmentally
Sensitive Areas Scheme (ESAS) and the Countryseleesdship Scheme (CSS) in
the United Kingdom.

Asymmetric information poses a challenge in thegtesf incentive-based
agri-environmental schemes. The difficulty origesfrom the fact that the
agri-environmental agency does not have accuréteniation on farmers’
characteristics (raising the issue of adverse setgcand/or can only observe their
actions imperfectly after a contract is signedsfraj the issue of moral hazayd
Adverse selection arises when low-cost farmers haviacentive to disguise
themselves as high-cost farmers in order to olftigiher payments under a scheme.
This can result in overcompensation, lower envirental benefits and reduced cost
effectiveness. Moral hazard arises if some farmemsive payments without fulfilling
their contractual obligations. In summary, informmatasymmetry is likely to result in
reduced outcomes and it is important to address#ue in designing
agri-environmental programmes.

Many authors that have addressed information asyrgrnave focused on
adverse selection (Spubler 1988; Chambers 1992g@ou et al. 1995; Wu and

2 In general, continuous actions, such as the amafumainure applied to farmland, are harder to
monitor than discrete actions, such as the insi@atiaof equipment to handle animal waste. However,
lack of maintenance or improper use of such equippro@gn also result in low environmental
performance.



Babcock 1996; Latacz-Lohmann and Van der Hamsvi®87; Moxey et al. 1999).
Choe and Fraser (1999) observe that far less imttelnds been devoted to the problem
of moral hazard and compliance monitofingzanne et al. (2001) and Fraser (2602)
examine the likelihood of compliance and concluua tisk aversion among farmers
can diminish the moral hazard problem in agri-esvinental programmeasHart and
Latacz-Lohmann (2005) investigate the implicatiohsariations in compliance costs,
assuming a uniform distribution. The role of pelealhas been considered in the
literature, but for political reasons, the actusg of penalties in agri-environmental
programs is often limited and the inspection raés ioe low.

One possibility for increasing the effectivenesgim¥ironmental schemes is to
use “compliance rewards”, i.e., payments maderoéas who, when inspected, are
found to be in compliance with the terms of a sobeAithough not currently applied
in the agricultural area, this approach is beingpadted by the U.S. Environmental
Protection Agency (EPA) through its National Enwineental Performance Track
Prograni. A limited amount of economic analysis exists loa éffect of this type of
pecuniary reward. Falkinger and Walther (1991)ausletailed theoretical model to
investigate the role of compliance rewards, foagisin tax compliance behaviour.
Other recent papers (e.g., Alm et al., 1992; Tordl@03) use an experimental
approach in laboratory experiments. Feld et al062@iscuss the impact of
compliance rewards in the context of self-decldes@tion obligations and provide a
design mechanism for field experiments.

In this paper we build upon the work of Fraser Biadt et al. to examine the
effect of introducing compliance rewards on compiarates in agri-environmental
programmes, focusing on the model used in workamgl Ipayment programmes such

as EQIP. That programme provides an initial costsipayment to farmers who agree

3 Cohen (1999) also points out that enforcement amwitoring have received far less attention than
other issues in the general environmental econolitécature.

* Fraser includes output price uncertainty in his etode also shows that the likelihood of compliance
can be increased by changing inversely penaltidglanprobability of detection, keeping the expdcte
penalty unchanged.

> Stranlund, J.K. (2006) analyzes the effects of agkrsion on compliance choice in markets for
pollution control. Yano and Blandford (2008) coreidimultaneous output price and production
uncertainty and examine the impact of risk aversigrong farmers on the likelihood of compliance.
They find that if a conservation practice has k ingreasing effect, moral hazard is more problémat

® Under the National Environmental Performance Trawgram (NEPTP), EPA pays rewards to firms
that achieve or exceed minimum regulatory requirgsand use additional measures to improve
environmental performance.



to adopt environmentally-friendly production praet. Using a budget-neutral
approach we consider three possible sources of financingdwards: 1. funds
obtained by reducing the inspection rate (monitperpenditures); 2. use of the
proceeds from fines imposed on farmers who viatatgractual obligations; and 3.
money saved by reducing the number of farmers learal the programme (total
initial cost-share payments). The advantages asatldantages of each source are
examined theoretically and numerically for bottksieeutral and risk-averse farmers.
In addition, we investigate the conditions thakedetine the preferred choice between
monitoring effort and compliance rewards when baalgesavings or additional
budgetary resources are available.

Our results suggest that under certain condititresintroduction of compliance
rewards can increase compliance rates for bothnesitral and risk-averse farmers.
We conclude that if the cost of monitoring per farrs quite high, reducing
monitoring effort to fund compliance rewards iseetive. However, a relatively large
reduction in the probability of inspection will idsin lower compliance rates among
risk-averse farmers. Proceeds from fines can asgskd in conjunction with that
approach if non-compliance rates are initially higjtoney saved by reducing
programme enrolment should be used only when theeagironmental agency is able
to estimate each farmer’s potential contributioem@ironmental quality, as in the case
under some U.S. programnieadditionally, if extra budgetary resources aredema
available, the compliance reward is a preferrettungent if monitoring costs per
farmer are high.

In the next section we develop a basic model dongliance monitoring in the
context of cost sharing. In section 3 we develdipearetical model to examine the role
of compliance rewards in agri-environmental scheraed discuss the advantages and
disadvantages of each source of funding. Sectipredents the results of numerical
analysis using the Monte Carlo method to illusttaemain findings in sections 2 and

3. The final section of the paper presents our losians and their implications for the

! Lump sum incentive payments are also associatddE@IP but we focus on its cost sharing aspects
in this paper.

The environmental agency may be able to increadmuidget, but since the issue is frequently one of
deciding how to allocate existing financial res@s,cour primary focus is on a budget-neutral apgroa
to funding compliance rewards. We assume thatrr@@mental agency seeks to allocate funds
optimally to maximize environmental performancejeabto its budget constraint.

For example, the NRCS uses an “offer index” tonegte farmers’ potential contribution to
environmental quality in EQIP.



design and implementation of agri-environmentaigies in the United States and
other countries.

2. TheBasic Model of Compliance Monitoring under Cost Sharing

We begin with a cost sharing model. There is a wgrkands programme providing a
pre-specified cost share payment to farmers foattoption of specific production
practices, as is the case under the EQIP programthe United States. Each farmer
can take one of two decisions: non-participatiopaticipation. It is assumed that the

cost share ratg,[1 (01), is based on expected compliance costs (fixedraridble)

that are unrelated to production, denoted hyFor ease of exposition we use the term
“direct” compliance costs for such costs in the aerder of the paper. In addition, we
assume that implementing required practices rediheekevel of output. Since a cost
share payment does not cover these costs completelgssume that there are
expected (monetary) compliance beneBfs, to farmers from adopting the proposed
conservation practice. Denoting the expected pfofégone byb®, a farmer chooses
to participate in the programmegf — (L- )1 ° —®° > . Olote that if the expected
compliance benefit exceeds the expected direct tange cost plus expected profit
foregone, the agri-environmental agency does nat baprovide a cost share payment
to induce a farmer to enter the scheme. Therefiogereasonable to assume
thatB® < | ® + ®°, that is, cost sharing is an incentive for paptitcion (not for
compliance).

Again, following the design of the EQIP programmatter a contract is signed,
the farmer faces three possible choices: 1) cantvitiedrawal®: the farmer cancels
the contract; 2) compliance: the farmer abidesebys$ of the contract; and 3)
non-compliance (cheating): the farmer takes thé slesre payment, but does not fulfil
the contractual obligations. Now I€t, B?, and ®* denote the actual compliance
cost €x post), actual private benefits from compliance, andipforegone,
respectively. We assume that there is uncertampyofit due to random output price
variation. IfB* — (L- )1 —®® <0, and there is no penalty for cancellation, the

farmer chooses contract withdrawal.

10 The contract withdrawal phenomenon in the EQIP gne is examined by Cattaneo (2003) using
a logit model.



Let us focus oM participating farmers adopting an identical preetiAssuming
that the expected direct compliance cost and teegtwre rate is the same for all

farmers, the™ farmer’s expected paydtf under each choice can be expressed as:
B, =B =17 +p°+(p-c)y, 1)
E.7m° =y +(p-c)y, 2
where p is expected output price;, is unit cost of output, andy, represents the
level of output that thé" farmer producesy, >y, forall i =1,...,N. The
superscriptg andnc indicate compliance and non-compliance respegtivél, is the

expectation operator defined oyer which has a cumulative distribution function,
©:0 - [0]1].

If there is no monitoring and no penalty, the ngutral farmer chooses
non-compliance wherB? <12 +®? and vice versa®® = (y, =y, )(p-¢)). Since
we assumeB® < | +®° initially, the likelihood of B* <12 + ®? is high. In that
case thé" farmer will choose not to comply with terms of tmntract.

We now introduce the probability of inspection greahalties into our model. We
assume that the (objective) probability of inspmttietermined by the
agri-environmental agency is known with certaingyatl farmers and independent of
farmers’ previous behaviour (i.e., there is statependent auditintf) and
independent of output price. Monitoring is assuntebe perfect in the sense that once
a participating farmer is inspected, any violatidrthe terms of the contract will be
discovered. The expected payoff from compliancerardcompliance can now be
expressed as:

Em =B -17+p°+(p-c)y, 3)
En°=p°+(p-c)y, —6F 4)
where 80 (01] represents the objective probability of inspecaod F is the size

of penalty for non-compliance, which is assumebddareater than the initial cost

share paymentE is the expectation operator defined ovpr and 6. The

risk-neutral farmer selects compliance if:

M Fixed (production) cost is not included, but doesatfect farmers’ compliance behaviour.

12 Harrington (1988), Friesen (2003), and Fraser (20 stigate state-dependent monitoring
schemes using a dynamic game model which can gravidt savings for an agri-environmental agency.
This aspect is not discussed in this paper.



12+ -B* <& . 5)

This means that if the expected penalty is greatar het total compliance cost, the

risk-neutral farmer will comply with the schemethe net total compliance cost,
M =17+®*-B" is distributed according to the distribution fupat g(I") with
associated cumulativ&™ , Jhen the compliance rate will Re= G(6 . An increase

in the expected penalty results in an increaseemumber of farmers in compliance
becaus@Q /06 =F [G'=20, anddQ/oF =6[G"= Q

However, the variance of payoffs should be takeo account for risk-averse

farmers. The variance of the payoff from compliafgg) is:
.. = {7 - Em}*do(p) = y'o, (6)
oo

and the variance of the payoff from non-compliaiscgiven by:

O = [A=0){h°+(p—c)y, —EZ"}*dO(p)

. . : ()
+[&n°+(p-c)y, ~F —En"}*dO(p)
p
Equation (7) can be re-expressetf:as
a;m =yio, +(0-6°)F?. (8)

The variance of the payoff from non-compliancersager than from compliance

since:

0% — 02 = (Y2 - YP)oi +(6-6°)F?>0. (9)

Because an increase in the variance of the pagsfBimegative impact on expected
utility, risk-averse farmers are more likely to qagnwith the schem@. Moral hazard
becomes less problematic for risk-averse farmetieiuautput price uncertainty.

3. TheCompliance Reward M odel

We now extend the model to include compliance reaafs indicated in the
introduction, three possible sources of financiagards are considerédBefore

analyzing the implications of each of these, a garfeamework for the compliance

13 The derivation is in Appendix A.

1 This result is consistent with the model developgdrraser (2002).

5 Money saved by reducing the initial payment levelst share rate) could also be used. However,
this increases the probability of non-participatéord contract withdrawal discussed in section 2. A

reduction in the initial level of payment is quitsky for the agri-environmental agency. Thus, we
exclude this possibility.



reward model is developed. THefarmer's expected payoff under compliance and
non-compliance is specified by:
Enf =B -1 +uy°+(p-c)y +(@-26)R (10)
and
Em*=p°+(p-c)y, ~(6-LO)F, (11)
whereR represents the compliance reward per farmer A6d is the difference
between the initial and new objective probabiliiésnspection. The latter term is
introduced to reflect the option of reducing thepiection rate in order to conserve
resources for the payment of rewards. The differdretween the expected payoff
from compliance and non-compliance is:
Ex ' -En*“=B*-12-®d?+(@-A0)(R+F). (22)
If this difference is positive, the risk-neutratrfger will comply with the scheme. The
compliance rate will b@ = G((6 - AB)(R+ F)) . Therefore, if the following condition
is satisfied, the compliance rate among risk-nétdraners is higher than before (with
the pure penalty system):
(6-LA6)R>AN6. (13)
Now let us consider the case when farmers areanskse. Again, we need to take
account of the variance of payoffs to examine ffeceof rewards on compliance. The

variances of payoff from non-compliance and conmueare™®

0% = Y02 +(6 -6°)F* (14)
and
oz, :{)(1—5){w+<p—c.)vi ~E7}*do(p)
+£§{yfe+(|o-c.)§/i +R- En}?dO(p) (15)
or
o’ = Yol +(6 -6, (16)

whered = 6-A8. The sign of the difference between two varian¢b$) and (16) is
ambiguous. Given the size of penalty, the decisibeompliance by the risk-averse

farmer depends on the amount of the compliancerceper farmer.

18 These variances are derived using the same prazedun Appendix A.



Table 1: The amount of compliance reward per faramer change in the inspection rate

. Compliance reward per Reduction in the
Source for compliance reward

farmer inspection rate

1 Funds obtained from reducing the NAGk _ AGK AG

inspection rate §aN - 50,

. . . : A
2 Fines collected in the previous period _— 0
6aN

3 Funds obtained by reducing the number ny© 0

of farmers enrolled in the scheme Ba(N - n)

Table 1 summarizes the compliance reward per fafRyemnd the reduction in the
probability of inspection for each source. It ig dificult to derive results for a
combination of financing sources. Details on thiedeination of the compliance
reward are given in Appendix B.

In the table A represents the revenue collected from fines irpthgious (initial)

period, a O (01] is the expected proportion of farmers that areoimpliance

(expected compliance raté)andn is the number of farmers excluded from the
scheme.

To assess how compliance rewards might be uselistiie pros and cons
associated with each source of funding.
i) Money from reducing monitoring effort

Decreasing the level of monitoring effort can irage the likelihood of
compliance only if the cost of monitoring per famesufficiently high. However, the
new inspection rate has to be set a sufficientij hevel to influence behaviour by
risk-averse farmers to yield the desired envirortalesutcome. A large reduction in
monitoring effort relative to the initial inspectioate® is likely to result in low

compliance rates and unintended low environmermdbpmance because the variance

17 & is assumed to be the same for the inspected gnodiphe non-inspected group.

18 The variance of the payoff from compliance depesrdselative reductions in inspection rates rather
than absolute reductions. It increases quadratiealthe objective probability of inspection deenin
particular, over 80% reductions in the inspectiaie results in a high variance of the payoff from
compliance. Consequently, the risk-averse farmeidss incentive to comply with the terms of the
contract.



of the payoff from compliance will be high. Thisig is examined through numerical
analysis in the next section.
i) Proceeds obtained from fines

Use of the revenue collected from fines can in@easnpliance rates for both
risk-neutral and risk-averse farmers since it iases the expected payoff (utility) from
compliance. However, a critical shortcoming of thpproach is that if farmers comply,
accumulated proceeds will run out at some poirangigss of how these are
distributed over time. The amount of fines collécitevolves an endogeneity problem
— we need the revenue from fines to pay rewardsthieupayment of rewards reduces
the revenue obtained from fines. As a result, dlitg is introduced into the payment
of rewards and this creates variability in comptmates over time. Despite this
weakness, wise use of this source of funding carease compliance rates. This is
explored further in subsequent numerical analysis.

iii) Money saved by reducing the number of farmers enrolled

Although stable high compliance rates can be aediessing this source of
funding, lower total environmental performance oasult if the agri-environmental
agency cannot measure accurately the contribufieach farm to environmental
quality. Producers whose participation in a scheméd potentially generate large
environmental benefits may be excluded. Moreowanéf the agency can rank all
applicants in terms of their potential contributiose of this source of funding does
not guarantee cost-effectiveness. The agri-envieaat agency may exclude more
farmers from the scheme than is necessary to aehi@ximum compliance. This
issue is also analyzed through numerical analysis.

Thus far, we have focused on the case where theagronmental agency
reallocates existing funds to finance complianeeares. However, the revenue
collected from fines and savings from reducingribeber of farmers enrolled could
also be allocated to increasing monitoring effortthe rest of this section, we explore
the trade-off between payments for compliance aaditoring effort and derive
conditions that determine the preferred instrument.

Let T be the total amount realized from budgetary sav({tigjs could also relate
to additional budgetary resources allocated togemey). If the agri-environmental

agency spends this amount to increase the inspeetie, the new probability of

inspection, & can be expressed as:

10



5:9+TT’V , (17)

where the cost of monitoring per farmerisThe difference between the expected
payoff from compliance and non-compliance is:

Enf—Eni“C:(0+ljF+Bla—lia—CD?. (18)
VN

The compliance rate can be written &:= G((6 + (T /vN))F). If money is spent on
compliance rewards, the expected payoff from coamge becomes:
Erf =B =17+ )°+(p—-c)¥, +6(T/atN). (19)

The difference between the two expected payoffs is:
Eﬂf—Eﬂi“C:(l+Fj0+Bf‘—lia—CDia (20)
aN

and in this cas& =G(((T/aN) + F)8 .)Therefore, if the following condition is

satisfied, spending money on compliance rewardstasyer positive impact on the
compliance rate than spending additional resouwnasonitoring:

(L+Fj9>(9+ljF, or Y>F | (21)
aN

VN a
Since a lies between zero and one, if the cost of momitpper farmer is greater
than the size of the penalty, a compliance rewsatte preferred instrument for
risk-neutral farmers fara , and vice versa.
Again, for risk-averse farmers, it is necessargampare the expected utility of
these options. If money is spent to increase thgeiction rate, the difference between

the variance of payoffs from non-compliance and giiance can be written as:
2 2 2,42 N _n2\c?2
Jﬂinc—anic-yiap+(9—9 )F-. (22)

When the agri-environmental agency spends monepoipliance rewards, the
difference between the two variances becomes:

ol -0 =yio,+(8-6°)(F’-R%). (23)
The former (22) is larger than the latter (23). elgrthe risk-averse farmer has a
greater incentive to comply with the scheme whenitoang effort is increased

compared to the case where compliance rewardsavalpd. The larger the degree of

risk aversion, the higher the threshold value fonitoring costs to make monitoring

11



equally effective as the compliance reward. We erarthe trade-off using numerical
analysis.

4. Numerical Simulation

This section provides the numerical analysis testhate some of the key findings in
sections 2 and 3. It is assumed that the farmditis/dunction can be approximated

by a second-order Taylor series expansion abowgxpected payoff:
EU(m) = U(Em) + ' (E . (24)

We employ the power utility function following Fiexrs(2002) so that constant relative
risk aversion (CRRA) represents farmers’ attitunlegk:

-0
1-5°
Therefore, the Arrow-Pratt coefficient of consteglative risk aversion is:

u(m) = u'(rm=m?, and u"(m =-om°™. (25)

_u'(mn
u'()

Under these assumptions, we calculate values ¢éoexpected utility under each set of

=4J, 60[0)). (26)

parameters. The hypothetical parameter valuesargegiven in Table 2.

Table 2: Hypothetical parameter values for the hase

[ y y C y |© 6 F a

100 100 80 30 0.5 1800 0.1 1500 0.7

All parameter values are set so as to satisfynatjualities discussed in previous
sections (e.g., the participation constraint). Drgwon a report on monitoring
methodologies in the Countryside Stewardship SchiarbeK. (Little et al, 2001), we
set the inspection rafe=  0.&nd the cost share rate at 50%, which is typic&QIP.
Other parameters, which do not affect our princguaiclusions, are determined
arbitrarily. In addition, we assume that there H0@ farmersN=100) whose net total
compliance costs are heterogeneous. Using the M&arie method, 100 random

values of B* =1 are generated from the normal distribution witremg =1200,

and standard deviation,= 50. Applying the central limit theorem, we generate

random values for 30 experiments to obtain meamegalvhich are reasonable

12



approximations to the true compliance rates. Faligwrraser (2002), the coefficient
of variation for the price of output is set at C\V20

Table 3 reports the impact of reductions in th@@tsion rate on the compliance
rates when the cost of monitoring per farmer isieighan the size of penalty. For
risk-neutral farmers, the larger the reductiorhia probability of inspection, the higher
the compliance rate. This is due to the fact tis&ktmeutral farmers do not care about
an increase in the variance of the payoff from daampe. Meanwhile, the highest
compliance rates (in bold type) can be achievedwhductions in inspection rates are
70% (0 = 025, 60% (0 = 05, and 50% 6 = 0.7%for risk-averse farmers. As the
degree of risk aversion increases the effect ofigha in the variance of the payoff
also increases. Since the attitude to risk is pgiuaformation for farmers, over 70%

reduction is quite risky for the agri-environmerdgkency.

Table 3: Reductions in monitoring effort and coraptie rates

Compliance rate (%)

Reduction in the Totgl .
inspection rate (%) compliance Risk neutral 8=0.25 8=0.5 8=0.75
rewards

0 0 16 32 50 70
10 2000 24 41 60 78
20 4000 33 51 69 84
30 6000 42 60 77 88
40 8000 52 69 82 91
50 10000 62 76 86 92
60 12000 73 81 87 91
70 14000 81 83 85 86
80 16000 87 79 68 56
90 18000 92 44 5 0

The cost of monitorings =2000

To examine the impact of changes in the initiapeetion rat&’, table 4 gives the
results whed = 008. The impact of changes in the degree of risk awersn
compliance rates are similar to the case wlere . This implies that the relative
magnitude of reductions in the inspection ratengartant, rather than the absolute

reduction.

19 The initial budgetary resources also change.

13



Table 4: Effect of reductions in monitoring effort compliance rates with an initial inspection rafte
0= 0.08

Compliance rates (%)

inzgg‘éggﬁ”rgt'eﬂ(‘; ) co;g}iﬂnce RSk 5=025 5205 §=0.75
reward

0 0 5 13 28 46
10 1600 8 19 34 53
20 3200 12 25 42 60
30 4800 17 31 49 66
40 6400 23 38 54 71
50 8000 30 44 60 72
60 9600 38 50 61 71
70 11200 46 52 57 63
80 12800 55 48 a1 34
90 14400 64 20 3 0

The cost of monitorings =2000

Table 5 shows the effects of using the revenuectt from fines on
compliance rates over time for risk-neutral ank-eserse farmers. The use of this
source can increase compliance rates. As indigateglction 3, however, if the
revenue obtained from fines is spent on compliaee&ards in a single period,
compliance rates are unstable over time. Distnilgutiollected fines over time can
stabilize compliance rates (in this case over tpez@ds), but only a rate of 54% can
be achieved. Nevertheless, wise use of this saaakel be complementary to other
sources of funding. For instance, a combinatiofunéling sources for compliance

rewards (e.g., reducing monitoring effort plus pwill result in a better outcome.

14



Table 5: Effects of the use of funds collected fifimes on the compliance rate over time

Compliance rate (%)

Distributed over three periods

Distributed over with reduction in monitoring

Spent at once three periods

effort

. Risk Risk =0.2 Risk

Time Neutral 8=0.25 Neutral ° 5 Neutral 8=0.25
0 16 32 16 32 73 81
1 99 100 54 74 78 85
2 16 32 54 74 78 85
3 99 100 54 74 78 85
4 16 32 16 32 73 81
5 99 100 54 74 78 85
6 16 32 54 74 78 85
7 99 100 54 74 78 85

Short, sharp, shock

Unstable (relatively stable)

Higher and more stable

The cost of monitoringk =2000 and A46= 0.06

Table 6 summarizes the impact of using savings fronting enrolment in the
scheme on compliance rates. These increase dratthatar both risk-neutral and
risk-averse farmers. However, over exclusion affars from the scheme leads to a
lower total number of farmers in compliance. In aumerical example, when the
Arrow-Pratt measure of relative risk aversion B, @he most efficient exclusion level
is eight farmers (eight percent of eligible farméfrthese results are interpreted in
terms of percentages). Although compliance rat@%j%re not 100%, the number of
farmers in compliance is the highest (91). The-agkironmental agency needs to
choose carefully the number of farmers enrolled stheme, paying attention to

budget allocation.
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Table 6: The effects of reductions in the numbefaohers enrolled in the scheme on the number of
farmers in compliance

Number of farms in compliance (compliance rate (%))

Total

Number of compliance Risk §=0.25 §=0.5 §=0.75
farmers excluded neutral
reward

0 0 16 (16) 32 (32) 50 (50) 70 (70)
2 1800 32 (33) 50 (51) 69 (70) 83 (85)
4 3600 50 (52) 67 (70) 83 (86) 91 (95)
6 5400 69 (73) 82 (87) 89 (95) 92 (98)
8 7200 81 (88) 88 (96) 91 (99) 92 (100)
10 9000 87 (97) 89 (99) (19000) 90 (100)
12 10800 87 (99) 88 (100) (18080) 88 (100)

Table 7 shows compliance rates for different costsonitoring® monitoring
effort and compliance rewards when additional btatyeresources or budgetary
savings are availabld (= 45D0SinceaF = 0.7*1500= 1050 compliance rates are
the same for both instruments for risk-neutral fsnf the cost of monitoring is 1050.
If the cost of monitoring is greater than 1050pepliance reward is the preferred
instrument, and vice versa. For risk-averse farmewever, the threshold value for
the cost of monitoring which equates compliances#&br the two instruments is
higher than 1050. For instance, when the ArrowitPna&iasure of relative risk aversion
is 0.25, monitoring and compliance rewards are gaéicient instruments (same
compliance rate of 78 %). In our numerical example setr = 0.7, but the
agri-environmental agency should carefully detemnitas budget allocation since the
expected proportion of farmers in compliance isg® information. At any rate, if the
cost of monitoring is expected to be much highantthe possible size of penalty, it is

more efficient to devote money to compliance reward

20 Again, different monitoring costs imply differem\Jels of the initial budgetary resources since the
probability of inspection is fixed. Although we calso change the probability of inspection to
correspond to the level of monitoring cost, thigslaot affect our key findings.
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Table 7: Monitoring versus compliance rewards fiffecent costs of monitoring

Compliance rate (%)

Risk neutral 6=0.25 6=0.5 6=0.75
Cost of monitoring M CR M CR M CR M CR
1000 62 60 81 78 92 90 97 96
1050 60 60 79 78 91 90 97 96
1100 58 60 78 78 90 90 97 96
1150 56 60 76 78 89 90 96 96
1200 53 60 74 78 88 90 9% 9%
1250 52 60 73 78 87 90 95 96

M: spending funds in increasing the inspection;r@f: spending funds in financing compliance rewafd4500

5. Conclusion

This paper investigates the potential use of caanpk rewards in agri-environmental
schemes and examines trade-offs among possibleesofar funding these under
asymmetric information and output price uncertaititgder the assumption of
heterogeneous net compliance costs, theoreticatiniade developed and numerical
analysis is conducted.

We find that whether compliance rates can beeamed by reducing monitoring
effort to finance compliance rewards depends orebel of monitoring costs. If the
cost of monitoring is high, compliance rewards fic@d by reducing monitoring effort,
can increase the likelihood of compliance for kigk-neutral and risk-averse farmers.
However, if monitoring effort is reduced substalhfiahe variance of the payoff from
compliance will be high and low compliance rateB wisult for risk-averse farmers.
The revenue collected from fines can be used wihbrasources of financing for
compliance rewards. Funding by reducing the nurob&rmers enrolled in the
scheme will be effective only if the agri-environnt@ agency can measure the
contribution of each farm to environmental quatitcurately.

We also examine the trade-off between instrusw@nbnitoring or compliance

rewards) when extra budget and/or budgetary sadrgavailable. We find that the
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preferred choice of instrument depends on the lefveionitoring costs. Higher risk
aversion among farmers leads to higher threshdicegeor monitoring costs which
equalizes compliance rates for the two instruments.

In conclusion, under certain conditions the afse compliance reward can mitigate
the problem of moral hazard in agri-environmentalgpammes. In particular, if there
are constraints on the size of penalties that eamposed, and/or the monitoring cost
per farm is high, the compliance reward is a prefémstrument. In addition, the
agri-environmental agency needs to allocate limitedgetary resources between
initial payments and enforcement efforts efficignth the light of these results it is
clear that further consideration of the design iamalementation of incentive-based

agri-environmental schemes is merited.
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Appendices

A. Deriving the variance of the payoff
The variance of the payoff from compliance (6) barrewritten as:

o, = [{(p-P)Y.}*do(p) = ¥ (p-P)*dO(p). (6-A)
Because

[(p-P)*do(p) =0, , (6-B)
p
we have afzf = y’o?. Meanwhile, the first term of equation (7) is:
[A-0){(p-P)y, +&}*dO(p)
p

=L-0)[{(p-P)*y’ +2(p- P)y,6F +6°F*}dO(p) (7-A)
= (1—6’){%2!(!3— P)*do(p) +2y,6F [(p- r_J)d@(p)+6’2FZId@(p)}
where [(p—p)dO(p) =0 and [dO(p) =1. Therefore, (7-A) can be rewritten as:

@- H)yfaf) +(1-6)0°F>. (7-B)
Similarly, the second term is given by:
Oy’o: +6(1-6)°F2. (7-C)
From (7-B) and (7-C) we obtain:
a;m = yfaf) +[(1-6)8” +8(1-6)*]F°. (7-D)

Rearranging this equation yields equation (8).

B. Determining the amount of compliance reward per far mer

The amount of (expected) compliance reward perdaimdependent on the expected
proportion of farmers in compliance (expected coamule rates)y , the objective
probability of inspection,d, and the total number of farmers in the schédxne,

Because the farmer can only receive a complianearceif inspected, the amount of
the (expected) compliance reward per farmer shbaldetermined by dividing total
funding available for compliance rewards, by the expected number of those who are

in cell A in the table below.
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6 (inspected) 1-6 (not-inspected)

a(compliance) A B

1-a(non-compliance) C D

Thus, the amount of (expected) compliance rewardgueer is given by:

T

R=——.
6oN
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