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Abstract
Loss aversion has become the dominant alternativeibmahtheory. The setting of base
wages in production contracts provides an interesting cgtjgin of referenced based
decision theory. The predictions of loss aversion deexically on whether reservation
opportunities are evaluated with respect to the re¢er@oint implied in the contract, or
in a way independent of this reference level of pay. Wéifew producers use negative
incentives prominently, average payouts are above the Wwage for the crops we
examine on the whole, supporting the notion that reserv opportunities are evaluated
independent of reference points. The standard expected utidgiel is clearly
empirically dominated by the loss aversion model.
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The Prevalence of Negative Incentives in Contracts and Nonxgected
Utility

In practice, incentive contracts consist typicallyadase level of pay, and some schedule
of rewards and penalties based upon performance objedtiviest, it would be difficult
to construct a performance based contract withoutngedome reference level of
performance, and payout. While much attention has beelsddoon the proper structure
of marginal incentives, no mention has been made @f pdncipals may set base
payouts to maximize their own expected profit (or utilitypwofit).

There is good reason for ignoring such a topic. Standarttact theory employs
expected utility, which has as its foundation that thera well defined level of utility
associated with each possible level of wealth. Ind¢brgext, reference points should not
matter so long as the amount of pay is the same fdr lewel of performance. For
example, a piece rate scheme paying 5 cents per piec&l,shocording to standard
theory, produce the same work level and profit levels gngas20 for 400 minus a
penalty (premium) of 5 cents for each piece under jai@0. In this example, the second
contract simply draws attention to a specific perfarcealevel, without changing the
incentive structure. Because expected utility cannot assitgnent levels of utility to a
single level of wealth, it cannot differentiate betwéleese two contract schemes.

More and more, behavioral economic research has foandeference points can
be very important in driving individual behavior. For exam@ahneman and Tversky
(2979) find that below one’s reference level of wealthjviddals are more likely to
behave as if risk loving. Due to the structure of product®lationships, production

contracts may provide a natural field to test the tlbeaelating to reference points, risk



and choice. If individual choice is dependent upon refereveaith cues, then firms

using contract production should take advantage ofctid$ess mechanism to enhance
production quality. On the other hand, if there is no exadeof the manipulation of

reference points in practice, it may be that suchceffare small, and only detectable in
special circumstances (such as those found in labgretperiments).

In this paper we explore the theory of reference pantsthe implications for
principal agent problems. If all outcomes of a contractd all possible alternative
opportunities are evaluated with respect to the referg@oint implied by the base pay
included in the contract, then principals should designractst that have average
payouts below the base pay. Alternatively, if refeeepoints only apply within the
context of the contract, allowing alternative opportesitio be evaluated independent of
the base pay, the principal should offer positive ingest Some discussion is given to
the presence of multiple incentives. We use existingyrtion contracts to demonstrate
evidence of reference manipulation in practice, demonsgratie systematic use of
rewards.
Literature Review
The notion of moral hazard, or business relationshipghvimg hidden actions by one
party that may affect another, was originally appliedhe field of insurance. In the
insurance context, possession of insurance policies intce more risky behavior.
More recently the theory has become a popular tool irridésg the production of goods
(e.g. Hueth and Ligon, 2002).

In the context of production, a worker may be hired twdpce some good for

sale. However, if it is costly or difficult for tremployer (principal) to monitor the effort



level of the worker, then the worker (agent) may decide devel of effort that is less
than optimal from the point of view of the principal. liau of observing effort level
directly, the principal may be able to observe somsynsignal of effort level, such as
the number of goods produced, or the quality of those goodsamslard moral hazard
contract model using expected utility theory employsisk neutral or risk-averse
principal and a risk-averse agent (see for example M&thdler and Perez Castillo,

1997). The agent’s problem is typified by
max[U (w(a))h(a e)dq-z(e).
whereU (0 is the agent’s utility of wagez(e) is the cost of exerting effor, g is a

random signal of effort, in this case quality of productidn([]][)] Is the probability

density of that signal conditional on effort levaehd w is the wage awarded by the
contract determined by the measured signal. Given thatamaitional distribution of
satisfies the monotone likelihood ratio condition ahd tonvexity of the distribution

function (Rogerson, 1985), and costs are well behaveduythise solved where

Ju (w(@)h.(dle)dd-2z () =0.
There are several methods proposed to solve theipal’s problem. The simplest
solution to the principal’'s problem (although itqueres several caveats) is obtained
through the first order approach. This approactpsses the principal simply includes
the agent’s own decision rule as a constraint endésign of the contract. The principal

thus faces the problem

subject to



Ju (w(a))h(ale)da-z(e)=u,
and
Ju (w(a)h.(ale)da-z(e)=o0,
where V () is the utility of profit function of the principal,pis the price of the

marketable good as a function of quality, dudis the reservation utility level of the

agent. The solution to this problem is characterizg the following expression

(1)

where i and @ are non-negative.

From (1) we may derive many of the propertieshefwage, quality relationship.
While this contract is useful in discussing thek rsharing effects of contracts, and the
effects of moral hazard on efficiency, some phenumarere not explained by the rational
theory. For example, most contracts specify sonse Ipay, several deductions for poor
performance, and several premia for good performaimcthe context above, the contract

may look like

w(a)=w+f(g-g),

where fis a non-negative valued functiomy is the lowest possible wage, and the

support of is given by[g,a} . The standard theory suggests no specific reasasd a

premium rather than a deduction, as the sameiegil#nd payoffs can be achieved using

either. For example, if the above contract werenagdtand represented a premium paid

for good performance, then we could define w+ f (a —9) , and the contract



w(a)=w-|w-(w+ f (q-g))|=w-g(a-a),
would yield the same payoff to both parties in all cases.

Despite the fact that theory suggests no particelasan for the use of premia or
deductions, there appears to be significant thought and ganvialyed in choosing the
base level of pay on production contracts. Hueth and L{B002) note that while some
processing tomato production contracts contain special ipr@mtten in processor
specific contracts, the boilerplate contracts usedafbtomato farmers contain only
deductions. Curtis and McCluskey (2003) find a mix of premia andctieds used in
production of processing potatoes. Because so much thowgbaengoes into designing
premium/deduction schedules on contracts, we suppose rtiagrdoe some behavioral
phenomena that help determine the structure of conti®et®ral behavioral models may
lead to the use of specific base rates. The modehtd®mhad the greatest impact on the
profession, and has been applied most ubiquitously, seems da sgaing point to
describe such a phenomenon. We propose that loss averstba part of the agent may
drive the structure of premia and deductions, allowing thecipal to obtain greater
effort through manipulating the agent’s reference payoff.

Loss aversion has become the preferred behavioral modigscribe behavior
dealing with risk. Kahneman and Tversky first proposed #&&ssion as part of their
prospect theory (1979). Loss aversion supposes that indisienpkrience diminishing
marginal utility of gains in wealth, but also diminishingrgiaal pain from losses. Thus,
a utility of wealth function must be contingent oneference point, against which gains

and losses are measured. Above this reference poinytilltg function is concave,



reflecting risk averse behavior. Below this referencmtpandividuals behave as if risk
loving, willing to risk lower returns for a chance at reing to their reference point.

There are many reasons why a principal may desire topolate the reference
level of wealth for an agent. First, by doing so, he manipulate the marginal utility of
income, thus making his marginal incentive more effect8&condly, Sandmo’s classic
result (1971) suggests that risk attitude can affect inputieafty, and expected profit.
Thus the principal may be able to enhance profits by manipgehe risk attitude of the
agent via the reference payout level.

We can write the loss averse value function as

Vi(x-w) if x>w
v

o(x1w)=]

(x-w) if xsw
wherev* (0)=v (0) = 0, so that utility is continuous, ane "(s) <0,v™ "(s) > 0. Figure

1 displays an example of what the referenced baskg function may look like. Note
that the function is not differentiable at the refeee point, and declines steeply when
moving into the loss domain. The loss aversion ¢igra has found support in many
contexts, including experimental (Tversky and Kaham, 1992; Camerer, 1995) and
non-experimental (Benartzi and Thaler, 1995) casteand even in contexts that do not
involve risk (Kahneman Knetsch and Thaler, 1991)coqmon criticism of prospect
theory is the problem of determining the referemmant. Contracts eliminate this
problem by providing a clear reference point atlihse level of wage. Despite this, it is
unclear whether reservation activities are viewdith wespect to the base pay reference
point, or viewed outside of the reference pointmieavork. We will illustrate the

importance of this point in subsequent discussions.



Figure 1 Here

Contracts and Reference Points
If loss aversion is important in risky behavior, therncipals should have a strong
interest in manipulating reference points. In order tesifiate this principal, we propose

the following model of agent behavior, based on the pro$pecry value function

) [U (ww)h(q|e)dd-e,

where, as beford) is a measure of utility of wealthw, only now it is also function of
the level of base payw, h(g|e) is the distribution of attribute quality given et

level, and e is the effort level, measured in utils expendede \Wssume that

U, (wlw)<0  for  w>w, Uy (wlw)>0  for  w<w. Further,

limU (w| W) =limU (w|w) =0, and limU,, (w| W) >limU,, (w| W), thus the function is

wt W Wi W Wt W wl W

continuous, but not differentiable at the referelesel of wealth. Lastly, we suppose that

oE(d|e)
de

>0, or that increasing effort increases quality oerage. Thus increasing
effort will increase the average quality of the dgwoduced.

We suppose that the principal is risk neutral b@daves rationally (in accordance
with expected utility theory). This is intended teflect the risk attitudes of larger
companies that have resources to use complicasstisial and strategic analysis in their

firm decisions. Further, these large firms havesdie interests that eliminate sensitivity

to risk. The agent may represent agricultural poeds or individuals working under



contract that do not have access to the same deadisgmurces. Thus, the agent’s
behavior may be more heavily influenced by risk attitudesb lz@havioral anomalies.
Following the contract theory literature, we supposepttiecipal designs the contract
and the agent may simply accept or reject. Inherettftisndesign is the assumption that
the principal exercises some monopsony power over the.gggrer sales options may
exist, but for the agent to have so little power owgatiations, these options must be
limited.
Reservation in Reference

If the agent compares their reservation activitiegheoreference point given by

the contract, the principal must solve the followinglyieon in designing the contract

(3) Jmax. (a-w(a))h(q Ie)da,
subject to

(4) e Darg rrgaxJ'U (W(q) W(q))h(q g)dg-e,
(5) Ju (wa)1w(@))h(ale )da-€ 2U (w, Iw()).

Here w, is the reservation wage. Because this is a pdatiy difficult problem to solve,

we will first examine the optimal contract in thiesance of uncertainty. In this case, the

above model reduces to

subject to

O
—
£
N—

=
—

el
N—
N—
|
o

e Darg masJ (w(



U (w(q(e)) |w(ﬁ)) -€ >U (v [w(T)).

Given that the agent has signed the contract, sHeoptimize by exerting efforte,

whereU, (w|w(d))=——, i q(e) #q.

qle

Proposition 1. Let U be such that for anyA we can find w <w such that
U (w |w)-U(w -A|w)>U (w|w)-U(w-A [w) for any w>w. Then under the optimal

contract without uncertainty/y(q(e* )) =w(q).

Proof: Suppose that under the optimal contraow(q(e*))zw(q), with

U, (wiw(g))= Consider an alternative reference wealth=¢,, Because,

W, e

limU,, (w|w)>limU, (w|W), the maximum of the first derivative occurs as one

Wt W wl W

approaches the reference point from the left. Bmalgnuw(w|w(qa))>

optimal level of effort for the agent must be largmder the new reference level of

wealth, if the optimal level of effort is not O. iBhlatter possibility is excluded if
U(w(q(e*))|w(qa))—u(wr |w(qa))>u(w(q(e*)) |w(c‘1))—u(wr w(g)). Because, the
value function is convex to the left of the referenpoint, this condition and all

conditions of the proof can be metsit-0 is small enougHl]

Proposition 1 tells us that if the convexity of thes portion of the value function falls

within a reasonable bound, then the optimal payalitbe the base pay. The constraint



placed on the convexity of the loss function is a venyimal requirement that is met by
all value functions currently used in the literaturee(der example Tversky and
Kahneman, 1992). This restriction simply requires thatpdne from any loss be larger
than the pleasure from an equivalent gain. This is afrseo one of the two main
hypotheses behind loss aversion. Thus if agents are losseatbe principal will
optimize by stating the intended effort as resultingxactly the base pay, this being the
point with the greatest marginal utility of wealth.

Returning to the case of uncertainty given in (3) — (5)y @mplicates the
picture mildly, with the result depending on the precisof the quality signal. To see
this, note that, if the first order approach is pemdit{see Rogerson, 1985 for the

implications), the optimal effort level solves
Ju (w(a) Iw(a))h.(ale)da-1= c

Totally differentiating the agent’s first order abtion with respect te and w(q) yields

(6)

Here, the expression in the denominator must bativegfor the agent’s optimization to

hold. Thus, maximizing effort with respect () must occur whered—e_ =0. Note

dw(q)

that altering the reference wealth exerts no costhe principal, yet will result in
increased mean profits, so long as the wage rencammstant. Thus, the principal should
maximize effort over the reference level of pay.

The denominator is just the agent's second ordediton, which must be

negative. Thus, the optim& solves

10



(M [ [ua(w(a)Iw)h.(dle)da]| U (w(a) [m)h(q le)da~€ ~U (w; [®)]=
the corresponding complementary slackness condibecausen does not enter directly
into the expected profit of the principal). The expressidp(w(q)|w)is always

negative, as raising the reference point always lothersalue of any gamble.

Proposition 2 Let U be such that for anyA we can find w <w such that
U (w |W)-U (w -A|W)>U (w|w)-U(w-A®) for any w>w, and h(g(e)|e) be
symmetric, with median given bgi(e). Then there exist& >0 such that, under the

optimal contract,E(w|e*) <w if ‘W(q)‘ <Kk.

Proof: Supposee is such thatd(e*) =q. Let g(w]|e) :h(w‘l(w) |e)

w"(q) =0, thenw is also distributed symmetrically, witE(w|e*) =w. Alternatively,
if w"(q) Is bounded we can approximate the distributionwofusing a symmetric
distribution. Then, h,(w|e)<0 for w<w, and h,(w|e)>0 for w>w. By the
properties of U, [U,(W-x|®)|>U,(W+x|®)|, for any x>0. In addition

U, (w|w)<0 for any w. Thus,
J' »(w| W) g, (w|e)dw J'U )h.(Gle)dg>C. By this, we know the

expression in (6) must be positive. Thus effort rhayincreased by raising the reference
level of payw, so long as the individual rationality constragtnot already met. This
will not alter the expected wage. This result wiintinue to hold if wages are concave

(thus skewing the wage distribution negativel).

11



Proposition 2 tells us that under reasonable conditienexpect the average wage to be
below the reference, or base, pay. Note that thaatsstis on wage structure required for
the proof (namely that it be approximately affine) arencmnly assumed in the
mechanism design literature. This case will form theelbmase to which we can compare
situations with multiple agents, and multiple qualityribtites. There are two primary
reasons that penalties should prevail. First, thetyufilinction is steeper over the loss
domain, meaning that greater incentives are applied éosalme marginal wage. Second,
as the mean of the wage is moved to the left of therenece point, the individual
becomes less and less risk averse. This meanshthaidan incentive starts to matter
more than the risk included in the incentives as thereate point is raised. This gives
greater leverage to the principal in giving incentives evearga very noisy signal of
effort.
Figure 2 Here

Figure 2a and 2b illustrate how the principal can reduceagegayout below the
reservation wage and obtain the same level of effdnis is accomplished by raising the
base level of pay, thus shifting the reference point toige. When the reservation and
reference level of pay are equal (Figure 2a) the functibavss as if concave, yielding
utility below that obtained from the average wealth.ewinstead the reference point is
shifted up (Figure 2b) the function behaves as if conyieiding a higher level of utility
for the contract with the same level of pay. Tha&yrof this model is that it uses a loss
aversion model and implies that losses are preferrgdits. This irony derives from

how the reservation wage is compared to the basedépaly. The principal can take

12



advantage of the risk loving portion of the utility functioninducing losses relative to
the base pay.
Reservation Independence
The implications of the reservation in referencedal@re counterintuitive to say the
least. While employing what many would consider the mkealyl model of loss
aversion, it implies a loss loving agent. Alternativehg examine the case where the
reference point is only used to evaluate outcomes witimtegt. Thus, performance in
the contract is compared to the base level of pay esdaed as a loss or a gain.
Reservation activities, however, fall outside the ernhbf the contract, and are measured
objectively (without exaggeration of gains or losseshwaispect to the reference point.
Figure 3 depicts the model we propose. Note that theereferbased utility is measured
in addition to an objective utility function. This moadehy seem contrary to the
traditional loss aversion model proposed by Kahneman angkiywgl 979). However,
one of the primary principals behind Kahnman and Tverskgsraent is that context
matters. Hence, despite its convoluted nature, we supipieseodel to mirror more the
spirit of the loss aversion phenomenon described ifitdrature.

If the reservation utility level is independent of teérence wealth, we can

rewrite the principal’'s problem as

¢ {w(a}.a
subject to
(8) e Darg rrlaxj[u(w(q)) +U (w(q) —w(q))} h(g g)dg-e,
(©) Jlu(w(@))+U (w(d)-w(@))]n(dle )dg-€ >u,



whereu(\Tv) measures the utility of wealth at the reference letglealth. Thus the

reservation utility is measured without respect to aeefee point. After signing the
contract, the individual compares all outcomes to #sepor reference, pay. This model
is consistent with the notion that the individuali@pates that they will behave in a loss

averse manner once the contract is signed. The aoistin (8) and (9) can be rewritten

as

J[U (w(@)-w(@))]n(ale)da=u +€ ~u(w(a))
The certainty equivalent (to the farmer) of a cactis given by
ce =u([[u (w(a)-w(a))]n(ale ) da+u(w(a))-€ )
Differentiating with respect tov yields

98 -4 [ (@)~ nfa1e ()<

We can now examine the optimal contract underatifig reservation utility level.

Proposition 3 Let U be such that for anyA we can find w <w such that

U(w -w)-U(w-A-w)>U (w-w)-U (w-A-W) for any w> W,

u'(w) <2J[u (w(a)-w)|n(dle )dg and h(G(e)le) be symmetric, with median given by

14



d(e). Then there exist& >0 such that, under the optimal contra&(wle*)zv_v if
‘W"(q)‘ <Kk.

Proof: Supposee is such thatd(e*) =q. Let g(w]|e) :h(w‘l(w) |e) If

w, (w (w))
w"(q) =0, thenw is also distributed symmetrically, witE(w|e*) =w. Alternatively,

if w"(q) Is bounded we can approximate the distributionwofusing a symmetric

distribution. If 9E .5 then the individual rationality constraint caa kelaxed by

lowering the reference wealtiw. Then, by increasing the marginal wage, effort ban

increased. Because h(wle) IS symmetric, and because
U(w -w)-U(w-A-w)>U (w-w)-U(w-A-W), we find
dCE 1 FI _ . v dCE :
ﬁ<@(‘2ﬂu (w(@)-w(@)) Jn(wle’)dw-+u (W)]' Thus, S0

u'(w(q))<2jf[u '(w—w)]h(w|e*)dw- Thus a higher profit obtains by offering

w<E(wle)ll

Proposition 3 states that under the most reaseratdumstances, the principal
should offer rewards on average if agents behase &verse in accordance with the
reservation independence model, and if both gaidsl@sses are exaggerated in context.
Figure 4 depicts this situation, illustrating ifetheference point is set equal to average
pay, the certainty equivalent will be lower tharthé reference point is set below mean
pay. Because the individual exaggerates gains #sas/dosses, the principal is induced

to put the agent in the gain domain, where utiitgheapest.

15



The Case of Multiple Quality Attributes

In the majority of production contract cases, theeeaanumber of quality attributes that
are targeted for incentives. If the production of theséates is non-trivially related, the
incentive structure may become extremely complicateaveder, the design of contracts
typically provides for no interaction between the relviar one quality and another. This
is ostensibly due to the complication involved in desigiomgt incentives. We will treat
this as a constraint in the contract. For the sak&mplicity, consider the case of two
quality attributes, without uncertainty. Under resenvatin reference, we can represent

the principal’s decision as solving

o p(a(€) (<)) ~wi(a(e,)) +wafe)).

8 ,& {wi(ay)} {wa

subject to

(q ez)DargmaXJ( (ql( ))+w2(qz(e2)) W)—el—ez,

U (e () wa(( ) 1) =, =2 (we Jw(a).
In this case, the agent’s first order condition Wé given by
Vv, =U, (w, +w,|W)(w'q,)-1=0
and
V, =U,, (W, +w, | W)(w',q,,) 1= 0.

Total differentiation obtains

de U, (W +w,|W)
1 = V
VR VIV [ Voo (W', Gy) =Vio(W' 059 |

de, U, (W +w,|W)
Tz = V
VR VIV [Via (W', 05) =Vio(W' 01y |

16



Negative semi-definiteness of the second order matrixiresxjthat the denominator of
the first multiplicative term be negative. Due to twncavity conditions on the value
function, U, <0 for w<w, but U, >0 for w>w. In addition,V,,>0 if w<w,
while V,, <0 if w>w. Finally, it must be the case that eithdr| >V, |, or V,,| >V, .

In order to examine the relationship of rewards and pesdlithe production properties,

we will derive the direction of steepest ascentnofifs to the principal for a change in

W.
Now the principal’'s problem can be described as
copMax  [[Tp(a9:) -wi(a) +wy(a;)Jn(a, . le,e)dada ,
subject to

(¢.&)Dargmaq[u (w,(a) +w,(a.) W)h(a.q, ¢.e)dada e e,

”U Q1 +W ) |V_V) h(q1’Q2 |el’e2)dq gq 2_e*1_éz>U (WR |W(q)) .

The agent’s first order conditions can be written a

[ (w (@) +wa(az) )b (a0, le.e.) daga 1} :H

[ (w:(ar) +w,(a,) 1 W), (0.9, lee)dagda - 1] O]
Proposition 4. Let U be such that for anyA we can find w <w such that
U (w |W)=U (w -A|W)>U (w[w)-U (w=A [w) for any w> W, and
h(c (e).a,(e,) le,e,) be symmetric in both qualities. Then there existsO such that,

under the optimal contrack (w|e' ) <w if [w "(q)[<k, andEU,, >0.

17



Proof: If conditions analogous to those in Proposition 2 hold, may transform the
problem to deal specifically with wage. In this casegllpdifferentiating with respect to
effort and the reference wage yields

de,

dw 1 EUzzﬂu ) (Wlel ez)dqldqz EU || Uy ) (W |ele2)dqglq
de, | BULEU,—BUL| EUL[[U, (wiW) ez(w|el,e2)dqldq2—Euleuw W) g, (W le,e)dada,
dw

Given the conditions on wageg(wlel,ez) IS approximately symmetric, #v=w, then
[JUs(wlw)g, (wle e,)dadd,> 0. In order for second order conditions to be net, i
must be that eithefEU | >|EU |, or |EU,,|>|EU . If both |EU, |,|EU,| >|EU ], or

if EU,, >0, then both derivatives must be posiffe.

Thus, if the production activities are weak compats then the average wage will be
below the reference wage. In this case, penaltesl mot be ubiquitous, but will on
average outweigh any reward. Alternatively,BU,, is negative enough, then rewards
may prevail on average. In this case, if efforoime activity may negate effort in another
activity, penalizing both activities will be counpeoductive. A reward may be offered on
average in what should be a very rare case of sedistitution.

Alternatively, using the reservation independentas principal’'s problem

becomes

w( q1 wAq,)} .U[p ’q2 ql)+W (q )]h(ql’qZ |elﬁ)dq dag .,

g€ ez
subject to

(&.€)Dargmax{[u (w,(a,) +w,(a,) W)h(d, 9, ¢,6)dadq +u(w)-e e,

18



[Ju (wi(a) +w,(a,) IW)h(a,a,le,e,)dagg +u(w)-€,-€ >U .

Thus, the agent’s first order conditions can betemias

o]

Proposition 5 Let U be such that for anyA we can find w <w such that

”U (Vvl(ql) +W,(q,) |V_V)hﬂl (9.,9,le,e,)dadg ~ 1} _
_UU (Wl(ql) +W2(q2) |V_V) hp? (ql,qz Iel,ez)dq dg -1

U(w -w)-U(w-A-w)>U (w-w)-U (w=-A-W) for any w> W,
u'(w) <2[[U ‘(w(a)-w)]n(qle)dg and h(a(e). a,(e,)le.e,) be symmetric in both

qualities, with median given byj (e). Then there existk >0 such that, under the
optimal contract,E(wle*) =W if jwy,"(q)| <k.

Proof: Supposeg is such that, (q) =q. If w(q)=w,(q)=0, then their sum is also

distributed symmetrically, withE(w, +w, |€,€,)=W. Alternatively, if w"(q) is
bounded we can approximate the distributiomotising a symmetric distribution. By the

same arguments as in proposition 3, =<0 if

0

u-(\,\,l(ql)J,Wz(qz))Qj[U '(W1+W2_V—V)}h(W1+W2|e*1,e*2)dW. Thus a higher profit obtains by

q
offering w< E(Wl+W2 |e;,e*2)l

Evidence from the Field
While it is easy to find anecdotal evidence of refiee point manipulation in contracts, a
more systematic analysis is difficult. In partiaulatatistical analysis would require data

encompassing a random sampling of signed producbatracts, the base pay, penalty

19



and reward provisions, and the average realized pay.dBhtéscan be very difficult to
come by. In many cases, standard production contractslemigned and then small
modifications are made to fit the individual agents. @atahe customized modifications
can be particularly difficult to obtain. In searching fvidence of our theory, we will
examine broiler-plate contracts for California proaggdiomatoes, and Washington and
Oregon processing potatoes. Our analysis will rely mostl the reported contracts
observed by other researchers. In particular, we makeofughe reports of Hueth and
Ligon (2002) and Curtis and McCluskey (2003) for results in Qalidoand Washington.
General Agricultural Contracts

A general search of the Contracts and Organizatioredels Institute, and the lowa
Atterney General's databases of contracts generateag@8ultural fill-in-the-blank
contracts including production of soy-beans (10), chidi@ilers (4), chicken brooders
(), turkey (1), cattle (1), corn (3), and hogs (8). Hog remt$ typically provide
incentives for both weight (either live or scalded aas} and leanness. Each of the hog
contracts provides both rewards and penalties. Penalteesffered for hogs that fall
outside weight thresholds, yet premia for low fatteah The corn contracts contain
incentives for oil content and crop damage. While only pixsaare offered for crop
damage, incentives for oil content follow a linear scat both premia and penalties.
There is much wider variation in the soybean contrasis of the ten offer penalties,
while only three offer premia. Penalties are offeradnfeat damage, contamination, and
oleic acid content. Premia are offered for variousveej issues. Of the chicken and

turkey contracts, two offer penalties while three offawards (three offer no incentives
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at all). Each of these incentives are offered fodimgl production costs (paid by the
principal) below average.

In each of these cases, while there appear to be Sgstematic use of penalties
and rewards for specific attributes, it is uncleapénalties are more prevalent than
rewards. At best, there appears to be some few comphaiesse penalties exclusively,
although there are at least as many that use only prémtize next two sections, we use
data on average payments and base pay for two specifie twoaddress whether loss
aversion is considered in agricultural production corgract
California Processing Tomatoes
The California Tomato Growers Association (CTGA) néges all processing tomato
contracts on behalf of the growers, representing rtiee two thirds of tomato growers.
Because of this, we might expect growers to have greatgaining power than would
be implied by the model of contracting presented eathieany year, there are 25 to 30
processors contracting for processing tomatoes (Hueth.igod, 2002), each with its
own individualized contract. Generally these contractwvige a base price per tons of
tomatoes delivered, with some adjustment based onugagoality measures. These
measures usually include color (communition), percent nmhtether than tomatoes
(MOT), percent limited use (LU), percent mold, percergstéd with worms, and percent
soluble solids.

While Hueth and Ligon (2002) report that deductions are moegaf@nt in
written contracts, their later work (2003) suggests tlienmore variability in contract
incentives depending on the processor. In Hueth and Lig002] they report the

contract appearing in Table 1. Here it is seen thatptrécular contract they used
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specifies premia only for soluble solids, and all otheentives are specified as penalties.
Table 2 is reproduced from Hueth and Ligon 2003, containing theagerequality
measures, as assessed by the Processing Tomato Advisany, Bor a sample of 1.5
million loads of tomatoes delivered under contract, a as the average difference in
base pay and realized pay under the contract in Tabletg.tNat each of these average
outcomes implies an average penalty of around $2.50 pa@ometin fact, Hueth and
Ligon note that penalties are written into the mastetracts, while premiums are added

on by some processors. This would suggest a systemati¢ peaalties over rewards.

Table 1 Here

Hueth and Ligon (2003) tell a different story, however. Asrall observed
contracts, they find an average reward over the basef@&2/29, $2.95, $4.06 for 1994,
1996 and 1998 respectively. This mean is calculated by summimgettie premium and
deduct for each measured characteristic. Figure 2 disfilaysiean payouts for various
realizations of characteristics for a typical cantrin 1998. In this year, the base price
was $53 per ton. It is clear that the average producer weckdve a premium of around
$1.00 per ton under this contract.

The results of Hueth and Ligon (2003) suggest that, if thersigsificant
reservation in reference loss aversion among tograwers, the average processor is not
taking advantage of it. The results appear to be consistéth the reservation
independence model. However, there is some reason folorcawhen drawing

conclusions from these results. First, it may be ks aversion does not play a role in
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contract behavior. Second, as we mentioned previousiptacts are negotiated
collectively. Thus the agents have some power in theegsobeyond what the standard
principal agent model suggests. Third, many of the tomabwvegs sell to multiple
processors, with many more having the opportunity to sethutiiple processors. This
means that the market for contracts may be more cdipein some areas where
multiple processors are located. This sort of competitould drive out contracts
attempting to take advantage of loss aversion, as farmr exaggerate the potential
damage from penalties in their decisions. Lastlyoiild¢ be that the distributions of
characteristics are significantly correlated. In tbése, it may be that simply adding
mean payouts for each characteristic produces a biasedtesbf mean payout. In fact
this appears to be the case. The contract in figure 2sshomean payout of about $1
over the base pay. While this average is significalailyer than the $4.06 calculated
from adding the individual means effects, it is still ipgs, further confirming the

reservation independence model.

Table 2 Here

Figure 5 Here
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Washington Processing Potatoes

The base price for Washington processing potatoes isnaltyotiated by a commodity
association, in this case the Potato Growers of Wasmndtae price is determined by
adding penalties and rewards to the base price as dittatde quality of the potatoes.
The primary attributes that are of interest includestuleight, presence of nematodes,
hollow heart, specific gravity, internal discoloratisagar content, surface scab, bruising
and tare. Curtis and McCluskey (2003) examine actual Russbamupotato contracts
and outcomes for two Washington potato processors. Tenealoptls from 1995 and
1996 were chosen for analysis. Table 3 contains the costracture for the years 1995
to 2000. The contracts show the potential for positiveegative payments. Only the

incentive for tare is exclusively a penalty.

Table 3 Here

The two processors report mean variable payments of $1818831 and $13.95,
$13.52 for 1995 and 1996 respectively. One processor completadteckjene load of
potatoes in 1996, this load being excluded from the averageblapayment. Even
including this penalty (of $73.00), the processor paid a premiumaré than $3 on
average. Clearly the bar is set very low with respecewards. While, as in the case of
processing tomatoes, the negotiating procedure may taljuestion the assumptions of
the model, clearly this is evidence that the processosgymleheir contracts to pay
premiums. Thus, if loss aversion is important in cacttbehavior, we find clear evidence

that the reference point is evaluated only in the cdmtethe contract.
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Conclusions

We find strong evidence that the base price is maniputatedntrol producer
behavior. The data clearly support the model of reservandependence in loss
aversion. As a whole processors in the processing tomarad potato industries offer
compensation on average above the base price. Amongaggheultural products we do
not have enough information to draw conclusions as toystersatic use of penalties
and rewards. The reservation in reference model preshateds more consistent with
the model of loss aversion used in the literature, keweimplies behavior that is
decidedly not loss averse. Further, it is not supportdtdoglata.

Given the evidence, it seems that the reservationp@mttence model of loss
aversion describes the situation encountered in agriatjpwoduction contracts, as we
find systematic use of rewards. Importantly, this emairiesult is at odds with the
standard economic model of contracts. Models basedpmteed utility would predict no
systematic use of penalties or rewards. A systemagiofisewards suggests that either:
(1) marginal utility of wealth is greater just abotlee reference point, contrary to
standard models of loss aversion, or (2) that thevaBen wage is considered in a way
that is independent of the base pay selection. Furthiar dad experimentation could
help determine if the reservation independence modelasl@quate predictive model of

behavior.
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Table 1. Processing Tomato Contract; Base price $51 (from Huetind Ligon 2002).

Deduction(%)

(multiply number by percentage in brackets)

Damage
Measures
MOT 3[0, 100]
LU 0[0, 5] 1[5.5,8] 1.5[8.5, 14] 2[14, 100]
Green 1[0, 2] 2[2.5,
100]
Mold 1[0, 100]
Worms 1[0, 100]
Quality
Measure

Soluble Solids  [0,5.1]5.2 53 5.4 55 56 57 58 59 [6.0,100]

Premiums 0 051 15 2 25 3 3.75 45 525
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Table 2. Summary Statistics: Quality of Processing Tomato Delivies

1994 1996 1998
Measure Mean S.D. Mean S.D. Mean S.D.
Comm 23.27 2.76 25.13 2.79 24.48 2.84
LU 2.58 2.45 2.46 2.51 2.03 2.03
MOT 0.33 0.45 0.30 0.43 0.33 0.51
Solids 5.16 0.55 5.19 0.52 5.28 0.49
Green 0.73 0.75 0.76 0.70 1.00 1.41
Mold 1.34 1.59 1.16 1.23 1.81 2.17
Worms 0.01 0.10 0.02 0.11 0.02 0.12

Difference between compensation and base pay fowotiteact in Table 1.

-$2.57 -$2.34 -$2.82
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Table 3. Grower Potato Load Payment Schedules 1995 to 20(&rom Curtis and

McCluskey, 2003)

Year 1995 1996 1997 1998 1999 2000
Base $90.40  $96.90  $88.65  $84.65  $84.65  $86.40
Tare 4%(-.50)  4%(-50) 4%(-.50)  4%(-.50)  4%(-.50)  4%(-.50)

Bruise Free  55%(+.50)55%(+.50) 55%(+.50) 55%(+.50) 55%(+.50) 55%(+.50)
Specific 1.0780  1.0780  1.0780  1.0780  1.0780  1.0780

Gravity (#1.25)  (#1.25)  (#1.25)  (#1.25)  (+1.10)  (+.80)

() specifies a dollar amount for every percentage iiser@ad/or decrease.
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Utility

Gains
Losses

Wealth

Figure 1. Prospect theoretic value function
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Utility
U(w]w)
U(w|w;)
EU(wW|w;)
W, Payout

Figure 2a. Loss aversion with reservation equal to reference wage
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Utility
U(w|w*)
EU(w|w*)
U (wi|w*) /
N
w, W* Payout

Figure 2b. . Loss aversion with reservation below referencgage.
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Utility

U(w|w*) + u(w)

u(w)

W, wW* Payout

Figure 3. Loss aversion with reservation independence.
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Figure 4. Certainty equivalents for various reference pointsinder reservation

independence.

35

u(w)



CompensationTon

CEEECCEE )

solids
O
mold
Wrms
green
mat
—— lu

34t

dg 1 1 L 1 | | Il L 1 ]
-2.5 -2 -1.5 -1 0.5 4] 0.5 1 1.5 2 2.5
Standard deviations from mean

Figure 5. Compensation for an actual contract from 1998 evaluattteahean of each quality measure

(and mode grower, variety, location, and date of harvéd&rginal incentives for each measure are
evaluated at standard deviations from the relevant maldimg other measures constant. Reproduced from

Hueth and Ligon, 2003.
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