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Do Incentives for Quality Matter?

Corinne Alexander, Rachael E. Goodhue, and Gordon ., Rausser

We use an unusus] datasat involving 14 tomato growers over 4 years to analyze the effect of
incentive contracts on behavior in a fixed affects econometric madel. We find that grawers
tespond fo inceniive contracts by improving tomalg quality, as predicted by coonarmic
theatry The comparizon 13 not confounded by the uswal contract cndopeneity and
simubareity problems besaunse of charaeteristics of the processing tomato industry and our
datazet, We discuss the implicstions of our findings for the design of agricultural contracts,

Kev Wardr contracts, pansl data, processing tomato industry

JFEL Clagsifications: DE6, C23, 913

People respond to financial mceniives in
contracts—or 50 economists believe. Althongh
such a response iz obviouns theorctically, it is
difficult to obtain conclusive support empiri-
cally, Contract provigions and agent perfor-
mance under comiracts are often proprietary
information, s0 obtaming darta iz diffeulr.
Furthermere, observed data are often subject
e simultaneity problems between contract
determination and performance under the
contract (l.e, because agents’ contrast choices
are endopenous relative to incentives in the
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contracts, any data solely on performance
voder a contract are incomplets). In most
cases, agents select only one contract so that it
it impossible from sclected contracts to
elitninate the possibility that a hidden factor
influences both contract choice and ensuing
performanee,

To analyze the effect of incentive contracts
ori behavior, we compare the quality of
tomatoes delivered under an incentive contract
that specifies premium schedules for multiple
tomate atiributes (denoted contract tomptoes}
to the quality of tomatoes delivered under
a fixed price per ton conmiract (denoted no-
contract tomatoes). We alse compare the
quality of contract tomataes delivered duting
the regular season to the quality of contract
tomatoes delivered Yate in the season when an
extra premium is paid. We use an unusual
dataset of 14 tomate growers who deliver
processing tomatoes under both the incentive
contract and the fixed price per ton contract,
over a d-year period. The sample is multidi-
menstonal. processors value a number of
tomato attributes, some of which are less
costly than others for growers to deliver, We
examine two direct measures of quality and
two finapeial measurea of quality to assess
growers’ responses to price incentives, rather
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than using a single measure. All guality
attributes are praded by an independent third
party, the state of California, so that neither
party to a contract can deliberately misstate or
mismeasure quality,

With & fixed effects model, we test whether
the quality of the no-contract tomatocs is
lower than the quality of the contract toma-
toes and whether the ouality of contract
tomatoes delivered mnm the late season, when
there is a base price premyium, 15 lower than the
quality of the contract tomatoes during the
teguiar season. Cur commatison suppoits the
fundamental econgmic hypothesis that penple
respond ta fnaucial incentives in comiracts,
gur analysis shows that growers da respond to
incentive contracts by improving tomato
quality.

Although a well-developed theorstical lit-
erature predicts how performance measurcs
such ms quality and output respond to contract
incentives, the empirical literature is much less
developed (Prendergast; Salani€). Our analysis
contributes to the empirical literature regard-
Ing agents’ responses to contraci incentives.’
Existing empirical studies primanly address
nonapricultural examples of incentive con-
tracts, such as managerial compensation
fe.g., Lemmon, Behallheim, and Zender; Mur-
phy), worker compensation {Lazear). and
franchizsmnig (e.g., LaFontaine; LaFontaine
and Shaw), Tn part, this emphasis is due to
the difficulties of oblaining data on contract
terms and cutcomes. In the case of ;managerial
compensation, the reporting requirements for
publicly held compames provide a data
gource. Similarly, fennchising studies eompile
information from a number of published
SOUICES,

Broadly speaking, the empincal literatnre
on agricuiturpl contracts is concerned with
two questions: what are the deterrminants of
contract chioice and how does contract desipn
aifect apents’ responses and the principal’s
profit or utility, Examples of the empirical
literature reparding the determinants of con-

' A prowing empitical literaburs nses experiments
o lest contract theory (W and Raoe; Bull, Scholter,
and Weigelt),

tract choice inchode Allen and Lneck and
Goodhne et al. Our study addreases the second
question, Tt is distinguished from other
empirical studies that address this question in
that the stracture of the procsssing tomato
industty, combined with the nature of our
dataset, insulates our data from three common
incentive endogencity problems: the continu-
nus evaiution of contract terms, the simulta-
neity of contraet choice and contract terms,
and endogenous matching between heteroge-
neous principals and agenta. With the excep-
tiop of Ackerberg and Rotticini, the few
exigting studies that address the effect of
financial ineentives on reaf behavior under
agricultural contracts use originally proprie-
tary datn on the basis only of cutcomes under
a contract. They do not observe ocutcomes in
the ghsence of the contract, so their eonclu-
sigms are subject to concerns regarding sample
selection {Goodhus, Rausser, and Simom;
Enoeber and Thurman; Lesgomonchai and
Vukinay. Hueth and Ligon, and Wu, who like
us use data from the processing tomato
industry, suffer from apather selection prob-
lermy; their data reports contract outcomes for
multiple processors {principals), each con-
tracting with multiple growers. Given their
analytical technigues, the endoscneity of the
processor-grower pairings might confeund
any analysis of Tesponsiveness to contractual
incentives, Ackerberg and Botticini introduce
a means of controlling for this cndogenous
matching problem econnmetrically. Their
analysis does not contrel for the evalution of
contract terms over wme; it rclies on cross-
scctional data,

The nature of pur dataset, combined with
institutional features of the processing toma-
to industry, limits the effect of the three
comman incentive endeopeneity problams. If
the contracting situation wore continnons, we
would expecet to see the coptinuous evalution
of contract terms and a large varety of
contracts. In contrast, our contracis are
identical for everyone cottracting in a given
year, S0 we cxamine outcomes under ouly
four contracts; one for each year, (Marginal
iucentives across contracts have only stuall
differences.) Similarly, the bargaining con-
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weight deduction. The quantity of tomatges
cligible for payment after the weight deductions
is referred to a3 the guantity of delversd
tomatoes. Below specified quality thresholds,
the processor may teject the load.* The margi-
tal price effect of these weight deductions
differs for contract and no-contract tomatoes,
Ne-contract tomatoes recsive the flat price per
pound on postdeduction pounda. Comtract
tomatoes receive the base price and any price
incentives on postdeduction pounds. Thus, the
marginal offect of weight deductions on reven-
nes is larger under an incentive contract.

Over two thirds of the state’s tomato growers
belong to the Califarnia Tomato Growers'
Aggociation ({CTGA), which aqts as a collective
bargaining agent.* The CTGA uepotates con-
tracts with each processor individually on beball
of its members. The negotiations determine
a base price and any guality incentive payments.
Many processors use imeentive payments. For
example, Campbell Soup Co., Moraing Star
Pacling Co., and Stanislaus Food Products all
negotiated quality payments for the 1999 season.
The relative and absolute magnitudes differ
ACtOss procesaors. Another interesting (eatore of

*A relabvely smail sample (100 Mhs) is used to
grade the gquality of the 20« len Joad. Starbird
exatnines the cfferts that the combinabon of & maxi-
mum worm pereentage threshold and sampling have
on prowsrs pesticide use decisions, He finds that the
sampling process induces growsrs to use more
pesticides than they would if every tomato in a load
were graded,

*leanne Mancock, CTGA, personal communica-
tion, October 21, 1559,

1We da not have information regarding tha
interactions between the production cesta of the
different quality attribukes, so we simply model a singls
gualty variable, From the predictions regarding this
vatiable, we gencratc reduced form predictions 1o-
marding the spesific quahty atrdibutes, Because we da
not have the «data necessary to test cmpirieally
structural relationsinps among the quality attnbutes,
the value of modelng theoretically all such possihle
refationsghips ja limitad at bese, We abstract from the
tepeated nature of the prower-processor relationship.
Tn prachee, growers want to oblain tonteacts for the
Follownng vear, Becanse the processor values tomato
quality, the grower has an incentive to provide all
high-quality tamatoes, whether or not they are under
comtracl that year. Even trkmpg s meentive inko
consideration, there should still be g differential
guality effect becanse of differences in carrent returns.

these eontracts is that tomnatoes deliverad in the
last weeles of the season often receive a per ton
late-scason premivm above the base price,
regardless of graded guality.

Onee the CTGA approves 7 contrack, the
processor offers it to prowers on a take 1t or
leave it basis. The negotiated contract Is
effectively & minimum-price contract; although
the negotiated contract it not techpically
hinding for producers who are nat CTGA
members, procesaors are prohibrted from
offering a lower priced contract to noamem-
bers Lo prevent nonmembers from underbid-
ding members and grining acraage. {(Anecdot-
ally, processors do aot choase to offer higher
priced contracts, althouph this would be
permitted.) Although the ex anfe bargaining
process might Jimit the approptiateness of
conitract theory for evaluating contract design,
it does not distort the vsefulness of examining
contract outcomes to see whether individual
growers respond Lo contract provisions.

Mast processing tomatoes are deliversd
under output confracts. Industry obscrvers
estimate that roughly 98% of processed toma-
toes are coniracted, which is congistent with
our sample, which had 975% of londs deliverad
under contract. The remaining 2%—3%, how-
ever, are egsential for the smooth functioning of
the tomnate marketing system. Onee 3 proces-
sing plant begins operating for the season, it
must maintain the flow of tomatoss. If an
inadequatz supply forces the plant to shut
dowm, it {5 very costly to restart because the
entire system must be resterilized. Processors
purchase no-contract tomatoes to ensure
a smocth flow of inputs. These no-contraet
tomataes are purchased by processars sccord-
ing to posted prices. Although processors
determine these prices, the markel does not
function as a true spot market because posted
prices remain constant for a number of weeks
and do not reflect the marpinal walue of the
tomatoes 10 the processor.

Model
We develop 2 simple theoretical model that

predicts how growers will respond to quality
incentives for specific tomato attributes.®
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vention {or the mdustry during our sample
period (discussed in the [ollowing scetion)
guarantees that the processor must offer
a contract to the growers cach year on a take
it or leave it baesis so that the simultansity
problem iz subdued. We can isolate what
growers do in response o contract incentives
becanse of the sequencing and bargaining
choices in the industry. Finally, unlike the
Lermmon, Schallheim, and Zender sample of
soven relatively homogencous principals and
uniike the Hueth and Ligon sample, our
sample has a single principal. This provides
perfect control for unohservable differences
across prineipals thet could affect agent
behavior under a contract. Unlike Fueth
and Ligon, our datasei inciudes all deliveries
by all agsnis to the processor so that we do
not need to worry about unobservahle
characteristics that determine grower mem-
bership in ths bargaining association and
might slsa alfect performance.

Our analysis contributes to the literatore
regarding the adoption of eontracting in
apriculture and the effects of contracis on
the distribution of returns to the contracting
parties. We find that the processor obtains
higher quality tometoes from contracting than
from spot putchases because growers respond
io price incentives for quality and the growers
receive a lugher price per ton, Our results can
be interprated as evidence that growers will
respond to price incentives that are sufficlently
large to cover the cost of providing the
improved quality, which in turn implies that
growers might obtain a2 net benelit from
signing a contract with price incentives for
quality. Flowever, because of the nature of our
data, our results camnot be interpreted as
evidence that the price incentives are optimally
chosen by lhe processor. Cousequenty, we
can not conclude that the benefit of higher
quality outweiphs the cest of providing the
price ingentives for the processor. Although
the offer of these incentives by the processor
might appear 1o be prime facic evidence that
the processor increases profits by offering
price incentives for quality, the results of our
analysis do not completely suppart this In-
ference.

Processing Tomato Market

Most processing tomatoss are made quichly
into paste during the harvest season.® The
paste is stored for further processing (ketchup,
tomate sapce, etc) throughout the year.
Before a load of tomatoes is accepted for
delivery at the processing plaat, it undergoes
a state-mandated prading procsss at a state
inspection station. The state inspection station
grades the load on the basis of seven
catepories: percentage of tomatoes with worm
damage, the Agtron color scors, percentage of
tomatoes with mold damage (mold), percent-
age of green tomatoes (greens), pereentage of
material other than tomatoes (MOT), percent-
age of limited use tomatoes that are broken
and overripe {LU), and the sugar content of
net soluble solids (NTSS). In contrast to
government grading systems for other agricul-
tural products such as grains and beef, inter-
views with tomate processors and tomato
growers found that indusiry members arc
generally satisfied with the grading system
and view the results as reasonahly accurate,
Thus, for the purposes of this paper, we
assume the expected error of the inspection
pracedure is zoro.? All contract price incentive
payments are hased on the results of this state
grading. Each load is graded independently,
and a grower's payment is calculated sepa-
rately for each load (see Equation (1) for the
calewlation of the grower's payment).

All tomatees, both contract and no-con-
{ract, are subject to weight deductions. Loads
wilth excessive mold, greens, LU, worms, and
MOT are subject to weight deduetions; that iz,
the srower can only receive payment for
1,800 bs. of a ton of harvested tomatoes it
the quality is low enough to result in a 105

nformation Tegarding lomato peoduetion and
marketng was obtained from personal commuTiCa-
tions with Mark Ewvans, Jerry Gilbert, CGene Miyaa,
and Woody Yerxa, as well as frem Gould and Sims ct
al.

* Interviews with growers and procsasors indicake
satisfaction with the state-run, third-party inspection
procedure, A5 one grower put it “Abaut half the tims
the ertors are apainst you, and the other hall they're
for you, so T'm saeisfied with the procadure,”’
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Our risk-neotral tomato producers maximize
profits per acre. Each producer’s revenmes per
acre are a function of the base price, the
guality price incentives faced, the weight
deductions faced, the tons of tomatoes de-
livered, and the quality of the deliverad
tomatoes. The costs per acre are a function
of the tons of tomatoes produced and the
quality of the delivered tomatoes. The maxi-
ouization problem over the quantity () and
quality {g} of tomatoes delivered can be
wrilten as

9y max 201 — w8 + plg)] — Cla.).

whete wig) is the weight deduction schedule, B
is the base price per gnality-adjusted ton, p is
the priee preminm schedule, and Cfg. ) is the
cosi Monction. For the component functions,
Wy = 0 wag <0, pg = 0, Py ™= 0, C; > 0, Gy
=0, C,Q =0, CQQ = {1, and ng =07

This system is a simplification of the actual
tomato price-quality relationship. The actual
schedule includes minimum quality levels that
must be met for the processor to aceept the
tomatoes. The minimum guality standards
and the schedule of weight deductions are the
same for contract and no-contract totmatoes,
whereas the posted price could differ from the
base price. In practice, loads are almost never
rejected because aof faillure to meet these
minioumn statidards because the penalties are
extrerncly large, so this appears to be n reagon-
able simplification. In our datasst of approx-
imately 33,000 loads, only 110 loads were
rejected. Our research question addresses the
ability of price incentives to induce growers to
improve quality beyond the level indueed by
the weight deduction schadule that includes
the minimum quality standards that define
when foads are rejected,

? The bwo assumptions pg, = 0 and Cgy = 0 do not
changs the qualitative naure of the tesulis off eut
comparative statisticn relatve 1o the more gemaral
Cages fr, = [ and Cpg = 0. If instead of Cyp > D we
assumed Cpn = 0, our teanlts weuld only be
strangthensad,

The frat-order eonditions determine the
equilibrium fevels of g and @ for the prower:

(2 [t = wgll(F+p) — Cg =0,
=@y (B +p) + Opgll —wigll — C, =0

Equation {2} shows that the absence of price
incentives for quality, pfg), redoces the mar-
ginal benefit of produvcing quality without
affecting the marginal cost. Hence, the quality
of gach tomato attrbute (NTS5 and Bad fie.,
more MOT, LU, green, and mold tomatoes])
will be Jower when tomatoes are delivered for
a fixed price. This lower quality Joad will have
lower WTSS and a higher petcentage of bad
tomatoes.

We obtain the following testable hypothe-
sea regarding the level of each romato quality
attribute delivered under the incentive con-
tract versus the flat price per ton.

TESTABLE HYPOTHESIS 11 Tormaroes defiv-
ered for a flat price per 1on have lower NTSS
than dgo tomatces delivered under a guality
incentive contract,

TERTABLE HyPOTHESIS 21 Tomaines defiv-
ered for a flar price per ton have a higher share
of bad tomatoss than do tomatoes delivered
nnder q quality itcentive coniract.

TESTARLE HvyPOTHESS 30 Tomatoes deifr-
ered for o flat price per ton will be of lower
guality overall than will tomatoes delivered
under a gquality incentive contracl.

We next consider the effect of a late-season
premium on quality, Like gquality price pre-
miums, the late-season premivm 13 paid per
ton of delivered tomatoss. The purpose of the
premium iz to compensate growers for the
reduction in expected retoras because of the
inereased probability of rain from mid-Sep-
tember on. Tn some instances, the tomato crop
cap he completely destroyed by rain. Mo
contract tomatoes do oot receive the late-
season premium, so we are able to distingnish
between iocentive effects and the effects of
rain on quality. Unlike quality price pre-
miums, the Jate-hatvest preminm is identical
for all delivered tons. Thus, the laie-season
preEmium is squivalent to an increase 1o the
base price of coptract tomatoes and does noet
affect price preminm sshedules. Totally differ-



4 Jawrnal af dgricwirat and Applied Eronowtics, April 2007

entiating the first-order conditions, we obtain

(30 4+ {~wi[B + plg)] + 2ol ~ wigl]
~ Copldgt+ [1 — wigi|dB = 0,
{Pall = wigl] — walB + plall — Cog}eg
— {Oworl B + p{al] + 208w, + Cpr}dg
— Q‘wqdﬂ = [}

Applying the implicit fanetion rule, the effect
of a change in B on the grower's optimal
choice of ¢ and Q i3

P

o = — 1 — wigll/{— iR -+ plq]
+ fa[l — wigl]
— Cgg b= 0,

2 — {(a) — 1{Qwigl5 + o)

+ 20w, 4+ O}/
[ —walB + p{#))
- Pl — wigl]— C@q}zl
+ (= Ow,)
= {—wglB - plg)]
+pa[1l — wig)] — Cp} = 0

Both of thess qualitative effects require —w[&
+ o] + pll — wig)] — Cp, > 0. This
canidition implies that a change in the
marginal benefit of ¢ because of a change in
£ is larger than the change in marmnal cost
and that a change (n the marginal benefit of
becavse of a change in g iz larger than the
change in marginal cast. Provided that the
condition is met, an increase in the base
price of tomatoes will increase the optimal
quantity of tomatoes and reduce the optimal
quality. An increase in the base price
reduces the optimal guality hecause the
higher base price makes the guality incentive
relatively lass impaortant and makes deliver-
mg quantity telatively more important. Un-
fortunately, our datasct does not eontain
any information on acres harvested or vield,
80 we can not lest ARy quantity response
pradictioms.

We abtain the following tesiable hypothe-
ses tegarding the level of each temato quality

attribute delivered under the incentive con-
tract during the late seasom, when these
tomatoes receive a late-season premium that
in effect increases the base price.

TesTARLE HYPOTHESIS &1 Lnder the quality
meentive comiract, lomatees that receive g lafe-
season premiur fave lower NTES than do other
cantrael fmatoes,

TESTARLE HYPOTHESS 3: Under the quality
iHeeRitve fonfract, tomatoes that receive g lofe-
season prevmiumt have a higher share of bad
toriaroes thar do other comtract tomalios.

TESTARLE HYPOTHERIS 6: Under the quality
incentive contract, fomatogs that recefve a late-
season premivgt will be of lower quality than
ather camiract tomaloes.

Empirical Model

We develop four fized effects meadels—Iwo
regarding quality production in processing
tomatoes and two regarding reafized quality
inecentive payments—io determine whether
growers respond to priee incentives for quality
as predicted by economic theory. Table 1
summarizes major producer decisions and
other factors, such as weather, and theis
effects on tomato goality. To respond to
quality incentives, growers most be ahle o
affect tompio quality. Growers’ harvest timdng
and sorting decisions are the primary ways in
which they can affect tomate quality atto-
butes. with the exception of NTSS, which 15
alsa determined by preharvest decisions,

The processor’s scheduling needs influence
the tirme of harvest, but the decision rests
primanly with the grower. A highly skdlied
grower will time the harvest to maximize the
share of ripe tomatoes and minimize the share
of LU tomatoes: the conventional mle of
thumb is to harveat when 95% of the tematoes
are tipe, Harvesting too early can reduce
MWTEE and inerease preens. As the tomatoes
tipen, controlling the share of LT tomatoes
becomes a material concern. A growetr could
choose to apply ethephon to speed ripening
(aubject to processor approval), even though
this gould reduce the harvest window for
optimal quality, Ethephon is most commonly
used early in the geason and late in the season
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Takle 1. Stylized Tomate Production and Harveating Process

Stage

Diccision dMaker

Cuality Affected

Proplanting
Set planting schadule
Choose tomato varietiss
Production
Fortilizer/water regime
Pesticide applicationa
Waather
Rain
Heat

Cirower

HMatvest
Time of harvest

Sorlmg
Mechanical Growat
Humber of workers {3rowet
Spred of harvester Grower

Grower with prococssor apnroval

Grrosver and procsssor

Grower and processor
Grower and pracessor

WTSS, LT, greens

MNTES
Worms

wiold
L1I, color

WNTSS. LU, greens, color

L1, greens, motd, MOT
L7, greens, mold, MOT
LU, precns, mold, MOT

when cooler temperatures slow ripenmg. The
hrrvest window for very high quality tomatoes
that wounld be elipible for priee premiums
varies grently across tomata vaneties. [t can be
aslong as 2 or 3 days, but the use of cthephon
parrows thiz hatrvest window. The harvest
window for acceptable quality tomataes that
would not be eligible for price premiums and
would only face minimal weight deductions 1=
much longer and lasis a5 long as 10 days for
SOIIE VaTietns.

The grower's decisions regarding sorting
effort during harvest directly affect the share
of LTJ, mold. greens, and MOT, The purpose
af sorting is to remove these “had™ tomatoes
from the load, leaving only the high-cquality
tomatoes. TF the prower mistimes the harvest
{1.e., harvests too Jate when thers i3 a large
share of LU or toc early when there s a large
share of greena), the grower can still deliver
high quality by increasing sorting effort. The
grower makes thres decisions that determane
the level of sorting cffert and sortmg costs.
Firat, the grower sets the sensitivity level of the
mechanical sarter which is particniarly effec-
tive at remnoving greens and MOT. However, it
15 possible for the mechanical sovter to be too
sengitive, 30 that it will reject too many good
tomatees. Second, the grower chooses how
many warkers ride the harvester and remove

LU, moeld, greens, and MOT. More workers
mceeases sorting effectiveness but increases
labor costs. Finally, the fammer chooses the
speed of the tomato harvester. The workers
can sott more effectively when the harvester is
moving slowly, but again, labor costs increass,

Profit-maximizing growers equalize the
price received for each quality atiribute per
delivered ton with the marginal cost of
producing tomatoes with attributes of that
guality. Different temato guality attributes
are affected by different production decisions,
and the atiributes vary in their eostliness of
production. We examine the grower's decision
in two ways. First, we model the guality
outcame for delivered loads in terms of NTES
and the percentage of bad tomatoes (LT,
grecns, mold, and MOT). Second, we maodel
the averall quality outcome as meagured first
by the per ton net ineentives {including both
weaipght deductions and quality premiums)
received by the grawer and second by the per
ton quality incentives received by the grower,
We do not cxplicitly model cross-effects
among the vanables, although such effects
certainly exist.

NTSS is determined by the tomato variety,
weather, time of season and grower practices,
Sugar content varies preatly across tomato
vatieties 50 we include tomate variety dumimy
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variables to contral for these effects. The sugar
content of tomatoes tends to increase over the
course of the season and is affected by average
daily temperaturcs, We include week-year
dummies to cantrol for these effects. The
contract late-season variable can caplure
weather effects; however, it will also capture
the effect of the late-scason premium, which
will tend to dectease NTSS (Testable Hypoth-
efis 4), 30 that the net effect is indeterminate,
Becaugs the growers in our sample are located
throughout inland central California (a north—
south distance of about 325 mi.) we include
growet dummy variables and grower-variety
interaction variables to account for soil and
microctimate effects. The grower dummy will
also reflect any differsnces in grower manage-
ment ability that affect tomato guality,
Increasing NTSS comes at the expense of
yield, making NTSS the most cxpensive
quality te deliver¥ If the contract ineentives
are sufficiently large, we expect that prower
effort will incremse NTSS. Thus, we expect
a negative coefficient on the dummy variable
for no-contract (Testable Hypothesis 1), Ae-
cordingly, we speaify the lollowing equation,

WTSS m By + [fyelC 4 fpareLdTE

! s
+ 3 W+ L 5

=1 J=2

X M
+Z PFerx + z S BergVim + Carss,
Rl b=l =2

where B iz the intercept; ¥C is the dummy
vaniable for no-contract, with a predicted
negative sign; LATE i3 the dummy variable
for a contract load cligible for the late-season
premium, with an indeterminate predicted sign;
V; denotes the variety durmmy variable for the
fth vatiety; WY, denotes the dummy variable
for the jth wesk-year period; g, denotes the
durmmy variable far the &th grower; and 2V,
denates the dummy variable (or the interaction
betwern the kb grower and the imth variety of
the My = §varietles produced by that grower.
ExyTss 18 the error term.,

" Unfortunately, becauss of the lack of yizld data,
we cannot directly include this eonsideration,

The percentage of bad tomatoes depends
on grower skill and weather but is ultimately
determined by mrower sorting decisions. Be-
cause the percentage of greens, MOT, LU, and
maold are all determined by grower sorting
decisions, we choose (o medel the pverall
percentage of bad tomatoes, rather than
separately model sach attribute. Greens and
MOT are largely deteronned by grower
gorting effort because the mechanical sorter
is very eficctive at removing these fomatoes.
Hoter weather at harvest time fends to
increase the share of LU tomatoss and rains
tend to increase the share of moldy tomatoes,
We include week-year duommy variables to
aceount for these wenther effcets. The late-
season variable, LATE, might include some of
the effects of cooler and rainier Septemnber and
October harvesting weather, which will de-
crease the share of LU tomatoes and increass
the share of moldy tomatoes. Even with
adverss weather that increases the share of
LU and moldy tomatoes, the grower can
increase sorting effort in response. Because
ultimately, the percentage of bad tomatoes is
determined by grower sorting effort. LATE
will alto include the effect of the late-season
premium, which we predict will increase the
share of bad tomatoes (Testable Hypothesiz
3), 5o that the predicted sign is positive. We
include grower, varety. and prower-yariety
dummy variables for the same reasons as
abeve: microclimate, soil, innate abihty, and
varety differences. We predict 2 positive co-
efficient on the no-contract variable, NC
{Testable Hypethesis 2). The estimated equa-
tion is

BAD = BZ -+ EM.:J"JC + BLATEMTE

I I
+ S PVt 2 BB
o X =1
&
+ 3 Bemr
ko2

Iy a\
+ 30 3 BaygVem + Raan,
E—1n, =12

wliere Bo 15 the intercept and £g4p is the error
terim,
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Besides examining direct quality oatcomes,
we alzo model the overall quality oulcome as
measured first by per ton net incentives (in-
cluding both weight deductions and price
premiums) for the year in which the load was
delivered. The per ton net incentives arc equal
to the quality incentive payments on the tons
remaining, after weight deductions ars taken
into account, minus the base price multiplied by
the weight deducted. Althouph the no-contrack
tomatoes are not eligible for price premiums
but do face weight deductions, for thiz re-
grossion, we calculate what their price preminm
would have been to be able ta compare the total
quality of no-contract tomataes to contract
tomatees.” High-quality loads will have a pos-
itive net incentive because they will receive price
preminms and few weaight dedustions, whereas
low-gquality loads will have negatrve net in-
centives because they will not receive price
preminms and face weight deduchions.

The net incentives will be determined by
the overall guality delivered and the monetary
incentives. The owerall quality delivered is
determined by the tomalo variety, weather,
time of senson, grower practices, and coptrast
terms, Thus, as with the regreasions explaining
ditect guality outcomes, we include tomato
variety dummies, weck-year dumnmies, grower
dumsnies, grower-variety dummiss, a contract
late-season dummy, and a no-contract dume-
my. We predict 2 negative coeffiment on Ve
(Testable Hypothesis 3) and 2 negative co-
efficient on LATE (Testable Hypothesis 6).
The eatimated equation is

NETING =5 + ByeNC + PrarelATE
i K
+ 2 BV 3 By
(=2 S
K
+ D PBse
k=l
K M
+ Z E:. E’ngg Vk,ml
b lmpe—3
+ EweriNe.

*TF we had not done se, then a no-coatract Joad
wonld, by defimbion. have 5 lower net ineentive valuc
than wauld an identical cantract 1nad,

where By is the intercept and zyprpec 15 the
ETTOT T8I,

Onr second measure of overall guality is
composed of oply the price presinms per
postweight deductions ten. Accordingly, in
this mode], we excluds the no-contract tamato
loads, because they are not eligible for price
preminms, and fecus on testing for any
significant quality differenec between late-
season and regular-seaton tomatoes. Only
those loads with high-quality tomatoes will
receive price premiumi, whereas loads with
low-guality tomatoes will not receive pre-
miums. As with net incentives, the overall
quality delivered is determined by the tomato
variety, weather, time of season, grower
practices, and contract terms. Thus, as with
the regressions explaining direct quality aut-
cormes, we include tomato vapety dupmimies,
weel-yaar dummies, grower dusiumies, grower-
variety dummies, & contract late-season dum-
iy, and a no-contract durnmy. We predict
& negative coefficiemt on LATE {(Testable
Hypothesiz 6), The estimated equation is

PRICEPREM = By + PyreLATE

i x
+ 3 BV > PurHY
fmz i=l

13 &My
+ Z ngk + ;S__: Z Egl"’glvi’.m?

kel ko lmgmd

+ ErRiCERREM.

where ﬁ4 15 the Intercept and Eparomrrear i5 the
erTor tenm.

Data

Our dataset containg quality information on
all the tomatoes delvered to one progessing
plant by a set of 14 growers, All of the prowers
in the dataset deliverad tomatoes both under
an inecntive contract, with price rewards and
punishments on the basis of quality, and for
a fixed price. All tomatoes, both contract and
no~-contract, are subject to the same weight
deductions for loew-guality tomatoes, Toma-
toes delivered in contracinally indicated, year-
specific weeks under nceptive contracis re-
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crived a late-season honus. The datn covers
4 years of tomato deliveries, from 1994 to
1997, on a load basis, for a total of 32,594
Ioads in 765 distinct grower-vaticty—year-week
categories. Contract loads accounted for 975
of our ohservations. Of the contract londs,
R3% were deliverad during the regular season.
For ecach load of tomatoes, the dataset
contains information on the ssven state-
graded quality attributes,"” the date and tme
of harvest, the tomate varaty, the grower, and
whether the load was delivered under an
Incentive coniract or for a fixed price. All
coniract tomatoss delivered in a given year
were delivered under the same contract.
Contract provisions, inciuding the base price,
the late-season preminm, and the price pre-
mium schedule, vary across years,

Table 2 reports mean, median, masxitum.,
and mimmum valoes for the five quality
vatiables separaiely and the perceniage of
had tomatees in total and the weipht de-
duction schedule w(g) for the five quality
varlables. Comparing the weight deduction
schedule with the values, it is clear that
sometimes quality is high enough that pe
weight i3 deducted. Notably. the median load
of tomatoes contaimed 0% WMOT and 1% LU
and would not face weight deductions for
theae quality attributes,

Another way Lo compare quality across
categories is to consider average weight
deductions [or all quality nttributes per load.
No-contract tomatoes are of lewer quality
than coniract tomataes, and late-scason con-
tract tomatoes are of lower quality than
regular-season contract tematoes; the median
weight deduction for regular-sezson coutract
tematoes s 2%, eompared with 2.5% For late-
season contract tomatoes and 3% for no-
contract tomatoes,

"We do not analyze the worm damage category
because less than 1% of the loasds contmined worm
damage, We do not analyze the color scote hocanse
the meentive contracts do not specify marginai
eentives for color and there are no weight adjust.
ments for color. Purthermers, industey aources aay
that (otnato loads are nover tojected because af solor
becanse the proccssor can mix tomato loads, paste
batches, or both to achicve an accepiable coiar,

Table 3 provides meagures of the impor-
tance of price incentives for quality as
a percentage of the base price per ton. It
teports the averape, minimum, and maxitum
price incentive earned at the mean fevel of
each quality attribute as reported in Table 2
and the average, minimum, and maximum
price incentive eamed for the mghest quality
reporied in Table 2 [this is the maximum valne
for NT35 and the minimum value for all the
other attributes), Clearly, the price incentives
are largest for NTSS, followed by LU, MOT,
and, lastly, mold. Meanwhile, the incentives
for greens are purely second-order throngh the
weight deductions. Although thess percent-
ages might appear small in absolute terms, the
3% of price due to incentives for quality could
have a substantial effect on grower profits.
During our sample periad, a 3% increase in
price from the apecified baze price could mean
the difference between a profit and a loas for
a grower with the statewide averape vigld and
eosta represented by the 1997 University of
Califarnia Extension Service Yolo County
processing tomato budpet (Mivao, Klonsky,
and Livingston). For a load of top-quality
tomatoes, price incentives are equal to about
20%~25% of the base price per harvested ton
in each year and are extremely profitable.

Late-season premivims are paid to standard
contract growets delivening in specified weeks
fot each deliversd ton. Late-season premiums
equal approximately 109%-20% of the base
price per harvested ton, depending on the
year and with higher premiums for later
delivery,

Our dataset has several methodalogical
advantages. For each prower, we have in-
formadon om tomato quality for tomatoes
delivered under a quality incentive contract
and for tomatoes defiversd for a fined price.
Thus, we are able to scparate responses to
incentives from the choice of a contract and
contrel for grower-specific effects. Our data
represent the complete population of all
tomatoes delivered to a pracessor by a proup
of prowers aver a #year petiod. In this
respect, and in its avoidance of simultaneity
and endogeneity problems, it resembles the
datazet used by Lemmon, Schaliheim, and
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Table 2. Svmmary Statistics on Quality Attributes of Delivered Tomatoes and Weight

Deduetions

Sample Quality

Chality Attribute Mean  Moedian

Minitmum  Maximum

Weight Deduction Sclhicdule

HT3E 51 51 10
LT L7 1.3 1]
Greens 0.a 1.0 3
MOT 0.2 i ]
BAnld 1.3 n.s ]
Rad 38 1.5 D

74 Nate
1.5 13 =55 for 5.5%-8.0%
1.5x —7.5% for 8.5%-11%
2x —i0% for 11.59%+
4.5 12 for D9h-2%, 2% for 2.5%-d4%
Reject at 4 5%+
3.0 Year 1. 1% for O0%—1%, 3% for =1%
Years 2—4 1% for 0%0.5%, 3% for =0.5%
5.0 1=
3353 —

Zender to analyze fund manager compensa-
tion, which has perhaps the fewest data-hased
analytical problems among existing smdies,

One potential concern is that our findings
here mipght be driven by postcontracting
opportunistm, That s, within our semple,
growers might be responding to incentives by
assigning a load of tomatoes to the incentive
contract or the fixed price contract after
grading because 2ach grower has both types
of contracts, Although theoretically fegiti-
mate, this possibility is unolilkely because of
the parameters of the contrast, The contract
specifies the tomato varieties and requires the
gtower to arrange for delivery of contract
tomatoes the day before harvest, The possi-
hility for postharvest sorting is further limited
by our data: only 7.6% of ths po-contract
tomatoe leads were of the zame variety and
delivered by prowers on the same day as the
contract tomatoes.

Although our theoretical model does not
allow for cost differences between regular- and

late-geason tematoes, interviews with industry
mermnbers suggest that it is riskier to produce
tomato quality during the late season because
of the possibhity of rain. If it rams, then
tomataes are suseeptible to mold damage,
which could make it costlier to harvest, or, in
the worst case, the crop would be a total foss.
Because growers are presumed to equate
marginal reveme and marginal cost, any such
vost differences imply that simply comparing
returns will understate the difference hetween
standard and Iate-season conlracts, 3o that the
late-season contract would result in a refatively
larger quality decline,

Resnlts

Qur dataset is an unbalanced panel; we have
repeated obssrvations on 14 growers but each
grower delivered a different number of loads,
In order to have standard errors that are
robust to the nnequal variance-cavarance
matnox that results from an unbalanced panel,

Tahle 3. Price Incentives as Percentage of Base Price across Annual Conltracts

Price Incentive at Mean Sampic Quality (93 Price Incentive for Maximom Quality (9:)

Cruality

Attribute N tiean MMimirmum Maxmuim Mean MMinimutm haximum
NTSS 4 1.0 -3 7.3 125 6.2 183
LiT 3 i.0 0% 12 2.1 1.7 2.5
Greens 0 — — — — — —
MOT 3 0.7 .5 1.0 T 0.3 1.0
Moid 1 03 — —_— —
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Table 4. Fixed Effects Models:

Selected Estitnated Coefficients for Each Regression® by
Dependent Vadable

Estimated Coefficient (SE)

Vanahble

NTES BAD NETINC PRICEFREM
Intercept S.0158% (05044 ZRATO*F (02701 —0.00013 (0.00012y  DO008S** (0.00012)
hisy O.0536%% (LO271] 0643347 (012603 — 000007 (0.06007) —
LATE 0.0833%* (0.0304)  0ABLT** (0.1259) —N.00024%* (000008}  —0.00020% (00009
Civeral] 2 .11 0.13 0.14 0.23
Ohservations 32,994 32,994 33,988 32,004

* Coefficients for vanety dummics. grewtt-variety dumnmes, and year-week dummies are not ceported [or Toasons of space.

Complate reanlts ate aveilahle on reguest from the aucars,
*Signilieant ar the #3% lovel of confidence
segigndfieant at the 19% level of eonlidencs.

we nsed the xtreg procedure in Stata 9.0 for
a fixed effects model with robust standard
errors. Table 4 reports selected coefficienta [or
the four regressions. {(Complete resulis are
avatlable [tom the authors on request.} Over-
all, our econometnc resulis indicate that
growers do respond to goality incentives,
althouph not all coefficients conform to sur
predictions.

NTSS

Fur the equation with X755 as the dependont
variable, the coefficient on NC was positive
and significant. This contradicts Testable
Hypothesis 1 obtained from our theoretical
aoalysis. Recall that in our development of the
empirical model, the predicted sign on LATE
was indaterminate becavse of the oppesing
influrnee of biological factors: NTSS increasca
later in the seasen. Given that the price
premium for ¥7T55 18 much larger than any
agther quality attribute, or even than ali the
other aktnibutes combined, this result snggests
that binlogical factors dommnate centractual
incentives; that iz, growers’ reactions to the
4TSS incentives have a smaller effect on
NTSS than the hological effect of delivering
during the late season (LATE). Although not
all no-contract tomaloes wers in the offical
late-geason window, they were mostly de-
livered in the latter two thirds of the harvest
season. This explanation i3 further supported

by the posttive and significant coefficients for
contract lale-season tomatoes,

BAD

The coefficient on the no-contract dunltny
wns posilive and significani; no-cootract
ioads statistically have a larper share of
bad tomatocs. For BAD. we reject the null
hypothesis that growers do not respond to
contract incentives in favor of Testable
Hypothesis 2. The coefficient on the contract
late-semson dummy was positive and signif
icant, The sign is consistent with the
hypothesis that the late-season  premium
reduces the effects of other contract incen-
tives on grower behavior, Compared with
the NTSS regressiom, the coefficienis for
bolh nocontract loads and late-season loads
in the BAD regression a&re much larger,
roughly four and seven times the magnitude,
respectively, This suggests that prowers are
mere responsive to the inecentives related to
FAD tomatacs than the incentives related to
NTSXY despite the piice incentives for TS5
being much larger than the price incentives
to reduce BAD tomatoes, as show in
Table 3. The best ecxplanation for this
appatent ineonsistency is that, althowgh it
is costly and difficult for growers to increase
NTSS, the grower can easily deliver a low-
er percentage of BAD tomatoes by increasing
gorting effort at harvest; therefore, a
smaller premium is sufficlent to incentivize
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growers to deliver a low percentage of BAD
tomatoes

NETING

The ceefficient on the no-contract durmnirry was
negative but not significant; therefore, for
NETINC, we fail to reject the mull hypothesis
that growers do not respond to contract
incentives, The coefficient on the contraet,
late geason dummy was negative and signifi-
cant. For NETINC, we find in favor of
Testable Hypothasis & that the late-season
premium raduces the effects of other contract
incentives on grower behavior,

PRICEPREM

The coefficient on the contract late-season
dummy was negative and significant. For
FRICEPREM, we find in favor of Testahle
Hypothesis 6 that the late-season premium
reduces the effects of other contract incentives
on grower behavior. Companing the NETING
regrassion and the PRICEPREM tegression,
the coefficients on the late-seasen dumeny are
of roughly the same magnitude, which sug-
gests that the late-scason premjum primarily
reduces the prower’s inceative to deliver high
enough quality 1o receive the price premiums
but decs pot reduce the grower's incentive ta
avoid weight dednetions,

Ocher Explanatory Variables

Coefliclents for varety dummies. arower-
variety duovmics. and vear-week dummics
ar: not reported in Table 4 becauvse of spage
considerationd. The primary value of the
rezults regardimg the coefficients for the
dummy variables is that we are ahle ta
comapare the share of dumumy variables by
type that are significant {or each dependent
variable and see whether the patterns are
consistent with characleristics of processing
tomatoe production. The share of the 20
variety dummics that iz significant is much
bigher for WTSS (B3%) than for NETINC
(62%), BAD (55%), or PRICEPREM (43%).
This is consisient with variety being a key

determninant of soluble solids, whereas grower
sorting effort and weather are more important
for other quality attributes, The share of the
51 year-week dummies that is sighificant is
highest for PRICEPREM {90%), declines 1o
80% for BAD, declines to 76% for NETINC,
and declines to §7% For NT5S, Because these
dummics primarily captore the effects of
weather at harvest and the length of the
prowing scasom, the results ate nesther consis-
tent nor inconsistent with cheracteristics of
processing womato producticn. The shace of
the 121 grower-varicty durmmies thatl is
significant js noticeably higher for NTSS
(775}, PRICEPREM {13%), and NETINC
(687 than @ i3 for BAD {609%). This is
conaistent with prower sorting effert, rather
than management zkill, being a crivcal de-
terminant of the undesirable quality attribute
agpregated m BAD.

Canclosion

Owverall, given biological processes apd the
relative magnitude of differences in marginal
incentives for no-centract and late-seasomn
tematoes, our findings indicate that ineentive
contracts do affect production decisions for
agnicultural growers in the manner predicted
by ecomomic theory. Results were slightly
more supportive for the late-season preminm
comparison to the standard contract than for
the no-contract comparizon ta the standard
eontract. The natore of oyr dataset allows us
to draw this conclusion in a relatively clean
analytical environment, without confounding
theoretical factors,

Implications for Agriculnoal Contract Design

Crur analysia illustrates both the value apd the
limitation of econometric investigations of the
effects of apricoltural contracts on the con-
tracting parties on the bams of contraet
autcome data. We were able to demonstrate
that growers respond ta sufficiently large price
incentives and infer that they receive a net
benefit fremm doing so becanse they did not
respond to all price incentives, We were able to
demonatrate that the processor recerved higher
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quality tomatoes in loads eligible for priee
incentives, However, because of the nature of
our data, we could not conclode from this
result that the processor was better off offering
price ineentives than not contvacting, or than
offering a coniract without price incentives.
We can hypothesize that the processor would
not offer these incentives unless it increased
profits, but the results regarding WTSS suggest
that offering this incentive doss not improve
profits, becaunse il does not improve guality,
Hence, there is the possitulity that the pro-
©e3sor 15 npot acting optimally, as well as the
possibility that our analysis was simply upable
to identify an meentive effect on the basis of
our methodoelogy and data. Given this Lmita-
fion, our analysis provides three specific
lessons regarding agricultural contract design.

First, to maximize returns from a contract
wilh growers, a processsr must consider the
technical relationships governing the produc-
tion of the product attributes valued and the
cost of produocing those attributes, In our case,
prowers tesponded to relatively small price
incentives for teducing the share of undesir-
able attributes {BAD). For NTSS, the price
incentive was insufficient te improve quality.
Indeed, having a contraci had a statistically
significant negeiive effect on NTSS.

Second, the processor must pay careful
attention te the relative importance of price
incentives to growers’ total price per delivered
unit. The level of the hase price, as represented
by a late-season premium, increaged the share
of BAD tomatoes, and reduced gverall quality
as mensured by both net incentives (NETTNC)
and price premiums {PRICEFREM),

The case of NTS3 provides a third lesson
regarding the design of agneultural contracts:
price incentives might not always be the most
efficient means of inducing growers to provide
desired quality attributes. The statistical sig-
nificance of the negative effect of having
a contract onm INT3S is likely due to the
majority of noncontract tomatoss being de-
livered later in Lhe season when WTSS is
naturally higher. On the hasis of information
regarding the processing tomato industry from
interviews and other sources, we hypothesize
that the wield reduction needed to merease

MTSS significantly reduced revenues, so that
coutraet incentives did not induce growers to
increase NTSS. Given that the price incentives
are already high relative to those for other
atiributes, processors might want to consider
alternative means of increasing NT3S content,
such as ineluding production practice require-
ments in contracts and monitoring compliance
when gcouting fields during the season.

fRecemvad Sepicmber 2004 Accapted July J008. |
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