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ABSTRACT. The am of this paper is to analyse the nature of a two-party contractual
relationship between an dive oil co-operative society and a producer in the principal-
agent framework. In this model, the principal (co-operative firm) delegates to the agent
(producer) resporsibility for the production d the olive ail. In general, the m-operative
firm can’t fully observe (or at least canna verify) the produce’ s adions. In this context,
we analyse the design of an incentives system to the producer to oltain good quality
olive and the producer’ s dedsions are brought as far as possble into alignment with co-
operative firm wishes (in the quality terms), withou the necessty of enforcing costly
monitoring medhanisms. Our fundamental object is that the w-operative firm incentives

the quality of the olive, and not the quantity, such asthe adua payoffs system does.
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1. INTRODUCTION

There ae many econamic relations where people may interact under condtions of
asymmetric information, and in particular mora hazard (hidden adion), in which bah
parts are risks and where individuals might ched after signing the cmntrad (e.g. Ross
1973 Shavell 1979 Grossnan and Hart 1983). In the wide literature referenced to
incentives systems, it is easy to olserve examples, as the relationship stabili sed between
an insurance wmpany and an insured person, a shareholder and a manager, a lawyer
and the dient, a enployer and the enployed. Inclusive, in the puldic finance wntext
there are studies abou the design of a tax that maximises the net pulic incomes,
aacepting that the workers might work lessif this marginal tax is © high.

In this paper, we look at the isaues raised by moral hazard problems in the spedfic
case of a m-operative society and a producer of olive. A principal-agent framework is
set up to dscuss this relationship. The principal (co-operative firm) delegates to the
agent (producer) the harvest production. After that, the agent clams a return for his
efforts. Thisis the basis for the ‘contrad’ between two people. The main feaure of this
relation wse to be that only one part, the produwcer, influences on the probability
distribution d the outcome, such that this outcome is the unique observable variable by
the -operative society to design the cntract. We could consider the cae where the
principal has additional information abou agent’s effort. This question was initially
studied by Harris and Raviv (1976, 1984) and, then, by Holmstrém (1979 and Shavell
(1979. In this paper, we suppase that thisinformationis not avail able by the principal.

In this market, the real problem is that the most of the w-operative firms don't
make quality measures of the olive delivered by the producer but the performance (that
is, quantity of oil in ead kg. of olive). So, he! hasn’'t any incentive to oltain the best
guality olive, since his income doesn't depend o this variable, and the @-operative
receves lower incomes in the market. Our problem is then to design some form of
contrad such that: 1) the producer exerts the optimal effort in each reture state, that is,
taking into accournt the different environmental condtions in which the adivity is
undertaken; 2) he delivers the good quality olive to the m-operative withou enforcing
any costly monitoring medanism.

This model is an attempt to extend the results obtained by Holmstrom (1979.

This paper is organised as follows. In section 2, we summarise the most important

! We shall refer to the m-operative society as ‘she’ and to the producer as ‘he’.



characteristics of the olive oil market in origin and the effectiveness of the adud
transfer system to get better quaity oil. In sedion 3,we present a hybrid principal-agent
model, that is, the w-operative can’'t observe the ggent’s adion (mora hazard) neither
the spedfic condtions in which the olive productionis redised (hidden information). In
sedion 4,we solve the model under some particular hypothesis. The sedion 5anayses
the main results and, finaly, the @nclusions mention the possble extensions or

research trends of this moddl.

2. EMPIRICAL OBSERVATIONS

2.1. Background information

We have studied a group d olive oil producers that operate in the south of Spain,
concretely in Jaén. These producers belong to different olive oil co-operatives, whose
behaviour is very similar between them. In terms of institutional characteristics, al oil
co-operatives have a partia poding system. They maintain the sharing d income
obtained from the oil sold at the price set by negotiation ketween co-operatives and
traders (oil market in origin), as an increasing function d the quantity of oil delivered
by the producer to the -operative. Consequently, the propation d the total income
that a particular producer recevesis greaer when hisharvest is larger.

On the other hand, the social am of an ail co-operative isto maximise the income
of her members. Thisis equivaent to maximise her own net income and, then, dstribute
it between them. So, we're going to try to a am-operative & a benefits maximising firm.

Abou the skill of the producers, this is particular for ead ane. However, al of
them have an increasing cost function with the level of effort. This variable’® is very
important for the quality of the oil. The harvest time, if the olive proceeals from the tree
or from the floor or the harvest method are important factors that influence to the find
quality. So, the producer’s adion hes a dedsive influence on the oil quality and, then,
on the income that the -operative will get in the oil market. There eists a paositive
relationship between the level of quality andthe priceof sold all.

Other important aspect to nde s that the w-operative doesn’t redi se measures of
the quality because this is very costly; she only obtains “informative signals’ through
the price set.

% The effort undertaken by the producer is considered in awide sense.



Finally, to nae that, urtil now, the a-operative hasn’'t worried by the distribution
of her product, neither if she might to oltain greater benefits offering better quality
products. Generally, her behaviour has been oriented to the production, nd to the
market. Consequently, the income has been lower than what could have been.

2.2. Quality or Quantity Incentives

As we noted above, a producer receives a greater transfer if his oil harvest is
larger. However, to analyse the dfedivenessof this payoffs scheme from the point of
view of the quality, it’s necessary to consider the following fads:

In the production processof the oil there eists an ogimal time of reg, t*. The
quantity of oil contained in an dive increases urtil t*. After thistime, it pradicaly stays
constant. However, the oil quality grows urtil t* but deaeases after this moment. On
the other hand, the level of effort is an increasing function d the production time until
t* but deaeasing after this one, since in this latter moment the only effort redised by
the producer is the reap. So, he will try to undertake the reap o the harvest after t*,
when the st is lower (the olive is picked up more eaily) and the oil production is
maximum. S0, this produce’s adion is negative to get better quality oil and limits the
posshbiliti es of obtaining a higher income in the negatiation ketween the @-operative
and tradersin the oil market.

In this manner, if the w-operative wants to incentive to the producer to exert a
higher effort in getting better the quality, she will have to change this transfer scheme.

3. THE MODEL

We mnsider a two-party contradual relationship between the @-operative
(principal) and the producer (agent). This one ads on kehalf of the a-operative firm in
undertaking the olive production. In this context, the produwcer’s action is only
imperfedly observable by the w-operative. Hence there is the possbhility of
postcontradua oppatunism by the agent since the two can’t contrad on kehaviour by
the agent. The m-operative firm is likely to olserve the outcome of the agent’s adion
(the harvest), which alows her at least to make some inference @&ou what the
unolserved actions might have been. So, the problem faang the @-operative firm is the
design and the offer of the optimal contrad to the producer, who will have to decide if

aacepts it or not. We suppacse that all co-operative firms stuated in the same aea aein



symmetric positions, such that the producer can’t go to ather firm to deliver his harvest
if he doesn’'t accept the initial contrad. On the other hand, ke might not deliver it to
other firm situated in a different area because the transportation costs are very high. So,
the dternative will beto rent hisolive landto athird person.

We're going to analyse the model with an urique producer and considering that
the @-operative acts as a firm. Let g be astochastic variable that represents the gross
income of the w-operative firm obtained by the output of the production process
(market value of the quantity of received al). This result g is the joint product of the
producea’s effort level, a, and of uncertainty or randam ‘nature state’, 6. Both
participants know the prior probabili ty distribution d this randam variable. So, given a,
the probability distribution of 6 induces to a @ndtional distribution in g through g=
g(a,0). So, the mrrespondence between agent’s action, a, and olserved oucome, q, is
usually nat deterministic, sincethe outcome may be dfeded by all sorts of other fadors
as well (e.g. luck). Let f(g/a) be its probability density function. We assume that the
suppat of this distribution is independent of a. This is the gproach presented by
Mirrless(1974, 197%. In this manner, the probabili ty distribution d qisinfluenced by a
variable a that is controlled by the producer and nd observable by the @-operative
firm. We suppcse that a greater effort level produces a better result, regardless the
nature state, and afavourable condtions (ahigher 8) too. Then,

g=q(a,6) suchthat @,>0, @>0

On the other hand, we suppce an increasing and concave relation ketween the
quality and the dfort level. So, a greater quality is associated to a higher effort level
and, then, to a better result, g.

Payoffs' functions:

We onsider that the producer is risk averse and the m-operative is risk neutral.
Their utili ty functions are given by

Co-operétive: q(a, 8)- s(q(a, 8)), where s(q(a, 6) is the payment offered to the
agent.

Produwce: U(s(q(a, 6),a)=u(s(q(a, 6))-c(a), a von Neuman-Morgenstern expeded
utili ty function, additively separable to indicate that the risk aversion deesn’t vary with
the dfort. This utili ty functionis concave in s(q(a, ) and convex ina: u'(.)>0, u’(.)<0

c(.)>0, ¢’(.)>0



The function c(a) represents the disutility or cost of agent’s adion. This function
is grictly increasing, continuously differentiable and convex.

The utility function d the m-operative yields her net income. This one doesn’'t
depend drectly onthe dfort level either the nature state, only on g.

In this model, we asume that the @-operative has all the bargaining power® such
that she will try to maximise her expeded uility. She'll design the cntrad making
some inference dou what the unolserved actions might have been. To ensure the
produce’s participation, the m-operative must give him in expeded terms a level of
utility at least so gred than that which he @uld oltain ouside the relationship. Let U

bethislevel, which is exogenous in the mode.

The timing of this moddl is:

Design of the  Accept or Producer recaves  a( 4] )ischosen  The nature plays Liquidation
Contradt: rejed asigna: 6 g(a, 6
s(a), o-s(0)

This timing represents a sequential play whaose solution is given by the cncept
“Bayesian Subgame Perfect Nash Equili brium” . Concretely, we have ahybrid model
where eists mora hazard and adverse selection. The moral hazard problem is given by
the combination d the unolservability of the producer’s action and d the uncertainty
abou the outcome, g. On the other hand, the hidden information problem exists becaise
the producer has private information abou the @ndtions under which he'll undertake
the adivity and, then, will choose his adion taking into accourt this additional
information. The -operative only knows the outcome, g, and the probability

distribution o the signals, p(6 ). In general, a good harvest indicates a higher effort

level under, for example, nonfavourable condtions than favourable.

% This hipothesis derives from the prior consideration about symmetric co-operatives stuated in the same
area and high transportation coststo deliver the harvest to ather co-operative situated in adifferent area



Let 6 be the signal receved by the produwcer. We suppcse that there eist m

possble signals with probabili ty function p(éj ), j=1..m. This distribution is common
knowledge.

As we naoted above, to solve this problem we're going to apply the gproac of
Mirrless(1974, 76, who considers g as a stochastic variable with a distribution function
F(a/a) parameterised by the producer’s action, given the distribution d 6. As g, > 0,

then F,(q/a) <0, that is, agreaer effort decreases the probabiliti es of obtaining worse
outcomes. If we suppcse that for all a, F,(q/a) <0 for each g, then an increzse in a
generates an improvement in q in the first-order stochastic dominance sense, that is,

F(q/a) < F(g/a,) for eachg,anda, > a,.
The optimization problem is written as

Max Ela(a,0) - s(q(a,0))]

a,s(q)

sa. E[u(s(q(a,@))) - c(a)] >U (Participaion Constrain}
06, j=1.m, a*DargmaxE[u(s(q(a8))-c(@] (IncentiveCompatibiity C.)

CPO: [u(s(a)) f,(a/a(6;))dg—c (a) =0

The participation constraint represents the necessary condtion to ensure us that

the producer accepts the contrad and oldains hisreserve utility U , at least.

On the other hand, the incentive compatibility constraint say us that the -
operative takes into acount that when the producer faces with a transfer function

s(q(a, 0)), he dhoasesthe adionthat isin hisbest interest. Asaisa @ntinuows variable,

we have to apply the first-order condtion approach, that is, replaang the incentive
compatibili ty constraint by the CPO of this maximization problem .

We can observe that the participation constraint is concave in §(.) and a, sincec(a)
isconvex by hypothesis.

The necessary and sufficient condtion to the incentive wnstraint to be concavein
aisthat ¢'(a) isconwex, that is, ¢’ ’'(a)= O.



4. MODEL SOLUTION
To simplify, we're going to consider only two signas of information, that is, éi ,

j=1,2, where 6, are nonfavourable mndtions and 6, favourable wndtions. Let p be

the prior probability of adverse informationis recaved by the produce and, then, (1-p)
the prior probabili ty of goodinformation.

The optimization problem can be rewritten as

Max  p [(a-s(@)f(a/a@)da ]+ @-p)[ [(a-s(@)f(a/a@)dq ]

a,s(q)

sa p[ j u(s(q)) f (a/a@))dg - c(a) ]+(@-p) j u(s(a)) f (a/a((8))dg -c(a) [=U
pl fu(s(a)) f.(a/a(@))dq - ¢ (@) ] =0
(- p) fu(s(a)) f.(a/a@))dq-c (@) ] =0

Let A be the lagrange multiplier associated to the participation constraint; ,u(él)

the multi plier associated to the first incentive wnstraint; ,Ll(éz) to the seacond incentive

constraint, and L the lagrangian of the problem. So, the first-order conditi ons are written

as
o = P/ =@ P (a/a)+ A @/ () + (4= p) (0 A (o)
_ _ 1
+ 1(6) o, (0] @)U (5(0)) + H(@,)(1- p) . (a/ ) (S(c) = O 14
& = [1.(a/a)a-st@)da+Alf 1,(a/u(sta)da —c @)+ @) plf f.(arau(sta)do:
- @) [+ p@,)a- p)[j f.a(a/@)u(s(q))d —C”(a)] =0 [2]
oL _ Cea) U o 3
3 [T (@/a)u(s(d))dg -c(a) -U =0
oL ol
@ = P @/t -c @] <0 .
o . N
5@ =0 Pl eaus@a-c@)=o 5



If we aggregate some termsin [1a] we have

- f(q/a) + Af (a/ @)U (s(q) +U (S(a)|u(8,) pf, (a/@) + u(6,)A- p) f.(a/a)] = 0

And dviding by u’(s(q))f(g/a) we obtain
1 1
=A+
u'(s(a)) f(a/a)

[IJ(él) pf.(a/ @) + u(@,) - p) f,(a/ a)] [1b]

If we observe [1b] we can seethat s(q) will depend onthe form of tala)
g/a

u'(s(q)) is a decreasing function, the transfer receved by the producer, s(q), will

f.(q/a)
f(a/a)

function d g. Intuitively, observing higher values of q means that it is more plausible

increase with q only under the aldtional assumption that

IS an increasing

that the adion taken had been greder. Then, the payoffs function d the producer will
be increasing only if the outcome tends to be better when he realises a higher effort
level.

To oltain a particular solution more intuitive, were going to introduce the

foll owing specific functions:

- ()= —1 ()= ——1
u(s(q)) =2ys(q) ,0s(q) >0, donde u(.)= \/?q) >0, u’() Zs(q)\/?q) <0
c(a) =€* ,donde ¢ (.)>0, ¢’()>0
q~ LN(a,0?)

With this probability distribution for q, parameterised by the dfort level, we

asare that fa(a/a) iIsincreasing in g. Concretely,
f(q/a)
f(q/a)=—— e 9>0 [
= o , 0
<\ 2roqg O f,(g/a) Ing-a
Ing-a 1 "9 B f(ala) o?
f.(q/a) = 5 e? ¢
o +2moq H

On the other hand, it seems rationale to think that although the producer redises
the minimum level of effort and the @ndtions are very disfavourable, the a-operative



will always receive aminimum but positive quantity of harvest, q,;,>0. So, for al ¢>0,
s(g)>0.
If we substitute these specific functionsin [1b], we obtain the final expresson for

our transfer function,

JS@ =2 +u@)pEn9 20k y@,)a- pEn9-2H o
0 o 0 0 o [l

s(q) = é‘« + 1@, pH9=3H, 16,)a- pﬂ&;a% 6]
0o O 0 o

5. INTERPRETATION
Optimal risk sharing under symmetric information requires complete insurance
for the producer when the m-operative isrisk neutral. That is’,

1
u'(s(q))

Moreover, the producer’s income will then be independent of his adion. This

=A 0 s(q)=A

would be the Pareto optimal solution in the cae of complete information kecause if the
producer doesn't choose the adion specified by the -operative, he will be deteaed
and she will take apenalty large enough to inhibit the producer from taking an dfferent
adion. However, if we try to apply this lution to ou model with imperfed
information, since the w-operative can’'t observe the agent’ adion, he will choose the
level of effort that is most favourable to him, that is, the minimum. To lea the agent to
chocse aaction more favourable to the a-operative, we must make his income depend
on the only observable variable, the outcome g. Since this is gochastic, such an
arrangement can’t share risk optimally. We have mnsidered that the suppat of the
distribution d this variable is independent of a. Otherwise, the complete information
alocaion would be achieved in a trivial way because, in this case, the m-operative
could deted with a pasitive probability any deviation from the action spedfied by her
observing that the outcome redised q is not what it shoud be.

The epresson showed in [6] has an intuitive interpretation with resped to
increasing of the transfer function. Following to Holmstrom (1979, our distribution

alocaionisconvex ing.

* This result derives from solving the optimization problem without the incentive compatibili ty constraint,
such that now the co-operative observes and thus controls a.
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f.(a/a)
f(q/a)
when this measure is large. Indeed, q is used as an informative signal concerning the

f.(q/a)

The ratio shows the deviations from first-best solutions that are larger

value of a chaosen by the producer. If this sgnal islessinformative ( lower) we

catanly can’'t exped to induce much effort. However, if the signal is very informative

(fa(q/a)
f(a/a)

redise the higher effort level. So, this ratio measures how inclined we ae to think that

larger) the m-operative will be &le to incentive more to the producer to

the observed value q didn't come from a model whose value is the optimal a. This

implies that the produce hasto bane some resporsibili ty of hisadion.

On the other hand, aur transfer function [6] depends on the probability of é]. ,
j=1,2isredised and onthe dfed that enforcing a marginal increase of a(éj) shoud

have over the expeded income of the m-operative, that is, n (éj ). In generd, for a

given oucome receved by the w-operative, a greater probability of receiving
disfavourable information abou the andtions in which the activity might be realised
will determine agreder transfer to the producer because this ads as a signal of a higher

level of effort have been urdertaken®.

6. CONCLUSION

We have studied the nature of a two-part contradual relationship under a
principal-agent framework in a spedfic context: the design of an incentive system to get
good quality oil. When the m-operative only observes the harvest delivered by the
produwce and daesn’'t redise any measure of its quality because this is a @stly
medchanism, the only contractual variable is the income recaved by the w-operative in
the oil market. Since we have asauimed a strictly increasing and concave relation
between the quality and the level of effort and a pasitive relationship between this effort
and the w-operative' s outcome, a higher income is asociated to a greder quality. So, a
convex transfer system to the producer, such asit is analysed in this model, gets the -

operative sobjectivein the quality terms.

® |f we assume that a higher effort level is always good for the co-operative, regardlessthe information
recéved by the producer, that is, u(8;)>0, j=1,2.

11



Of course, this analysis doesn’'t consider other interesting questions. An important
asped in this context would be to describe how a repeaed co-operative-producer
relation opens up new contract posshiliti es becaise the uncertainty tends to decrease.
Other possble extension would be to analyse the way in which competition among
many producers can be exploited by the a-operative or, inclusive, the mnsideration o

many co-operatives and the wnstitution d the aaliti ons.

12
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