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by .
Richard E. Just and Wen S. Chern

Abstract
~This paper draws on the theory'of mohopsdny and'oligopSOny to. develop
anfempifiqal test for the presenhe of the same in the situation where én<
Aexbgenous shock qn'the’rélevant market may be obsérved. " An épplication of
this test is demonstrated for the tomato proceséing industry, where the |
exogenous shock is created by. thé introduction of mechénical harvesting
technology. The results are remafkably cénéistént with oligopsonistic
dominaﬁt firm—brice leadership, and statistical tests 'suggest rejection

of the null hypothesis of competition.
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1. Int;oduction

One‘bf the most difficult problems facing ecbnomists‘is to determine
from market data whether or not market power is being exercised. Textbook
cases show very clearly.how, for example, monopolists maximize profits
'with given cost and demand.Structures, but cost information is simply not
adequately available in most practicai problems to -determine whether such
‘ pricing rules are‘operétive: In lieu of such hard'evidenée,,antitrust
court cases havé‘thned'to more indirect evidence relating to use of
information channels, timing of price movemenfs, or unrelated evidence‘-
associated with legal technicalities. 1In fhe absence of rather.abundant
cost information, rigorous economic analysis accompanied by econometric
investigatory possibilities, has thus had limited applicability. a

_Thé purpose of this paper is to demonstrate a case where empiricai

analysis. of market behavior can lead to evidence favoring either com-

- petition or market power when cost or profit information cannot be measured

Adirectly. The necessary situation is one in which some major change has
occurred in an exogenous fofce affecting the side of the market which. is
‘unquestionably competitive and where market data are observable both before
and after the exogenous shift. ' If the questionable side of the market

is competitive, its price—quantity relationship (supply or demand) should
thus be unaffected, whereas market power would imply a shift in its price-
" quantity relationéhip.' The‘properties of the implied shift are determined
by the properties of the exogenous force, and a comparison of properties

of the.dbserved shift with the implied shift‘cén provide .evidence for or

against the market power explanation.




‘The case of the tomato harvester provides .such a possiblity.‘fThe
introducfion of the tomato harvester in California in the mid-1960s led to
one of the most dramatic andAiﬁteresting cases of agricultural mechanization
on record. Without doubt, the harvester led to a Substantiél4change in the

structure of tomato supply as Qariable labor costs were replaced by fixed

" machine costs. Furthermore, processing tomato farmers in.California

switched from almost no machine harveSting to virtually complete machine
harvesﬁing in the very short period between 1963 and 1967 so there isjonly
a three-year interim pefiod in which one must consider other coincidental
changes that may be partially responsible for observed shifts.:

Iﬁ the following sectiongﬁhis~paper begins by dréwing on the theory
of monopsony and oligopsony'to demonétfate implied shifts in 6bserved A
market phenomena when-such structural change takes place. It is a simple
._métter for the reader tb extend the analysis to the investigaﬁion of
monopoly or oligopoly based on a structural shift 'in demand. . Results from
estimation of the California processing tomato market at the férm level
. are then presented and compared with theoretical implications associated
with market power. The results are consistent in évery respect with the
implications of dominant-firm, pricé41eadership oligopsony on the part of

tomato processors in California.l

2.. Structural change with market power

\
Before examining the effects of a structural change on observed market -

behavior, one must consider characteristics of the structural change. For
example, one would expect that adopfion.of the harvester would lead to.a
reduction in,vafiable costs (associated with labor) and an ipcrease in

fixed costs (associatgd with machinery). This would supposedly lead to more
inelastic short-run éupply. That is, once fixed.costs are sunken, tomato
producers must operate at a level consistent with the capacity of their
expeﬁsiﬁe capital equipment to recovér fixed costs. Fixed costs cannot be
adequately spread if output is reduced nor can output be easily increased
without investihg in additional costiy capital equipment of a very.lumpy-

nature.
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ASeveral cohditions surrounding the.processing tomato‘ihdustry in
Caiiforﬁia make this situation partiqulariy acute. First-of'all, farmers
who are large enough to spread the costs of mechanical harvesters profitably
have found’relianée on rental machines very risky. Tomatoes are a:sensitive
crop requiring urgency in harvesting whereas weather conditions have proven
to make custom harvesting unreliable even when under cdﬁtracg because ‘of
associated queuing problems. These conditions are also-partlyAreSponSiblé
for the'replacement of small tomato farms withylarger ones whigh can-effi—
éiently use the technology and thus face_similar ex anteApfoductioh costs.

A second factor which has tended to make farmers rely solély on high-fixed-
cost‘meéhanicél technology‘is that’ both tomato varieties and processing

and transporting equipment have beén converted at the impetus of processors
to accomodate mechanical tecﬁnology;and, in fact, diécourage hand harvestihg.
For example, cannerslare no longer equiped to reéeive tomatoes in boxes: A
as in the old hand harvesting days. If a grower were to use hand hafvesting
to increase production above his mechanical harvesting capacity in . the
~short run, then he has to incure additioenal costs of obtaiﬁing his own

boxes and transferring tqmétées from boxes to bins or bulk facilities.

To consider the effects of this change in technology on tomato producers,
suppose the costs of preparing seed bed, planting, and raising a tomato crop

. to maturity are given by
TC* = C1(Q) + FC

where Q is tomato production and FC is fixed costs in the absence of mechan-
ical harvesting technoelogy. Since labor cests under hand harvesting methods
occur at a constant rate per unit of production (within a season), say Cy

dollars/ton, harvest costs are C+Q. Thus, total production costs are
(1) .TCq ='TC* + C»-Q = C;(Q) + C,+Q + FC .
Suppose, on the other hand, that machine harvesting technology is used in

place of hand harvesting. Harvesting costs .in this case may be reasonably

represénted by‘A



HC = HFC + C3(Q)
where HFC. is fixed cost associated with the harvester and C3 is fuel and

operator cost.: Hence, total production costs with mechanical technology

are
(2) TC; = TC* + HFC.+ C3(Q) = C)(Q) + C3(Q) + FC + HEC .

To examine the effect of mechanlcal technology on competltlve producer

supply, note that (1) and (2) 1mply short-run marglnal costs of

(3) MCy = C} + C,
and
(4) Mc, = C} + C}

under hand and mechanicalAmethods, respéctively. Further note that, at the
margiﬁ, mechanical costs are apparently smaller than hand harveéting costs
at observed price levels, i.e., C} < Cp; otherwise partial hand harvesting
methods would have continued at the margin or at least growers Qould have
attempted to'persuade processors to continue to receive hand%harvested

boxes.?

Assuming: the usﬁa¥ cost curve shapes (Ci >‘0,‘C; > 0; i=1,3), the
~resulting implications are demonstrated in Figure 1. That is, at a com-
parablelprice, say P*,Athé short-run marginal cost or supply:curve is
further right and is more sharply increasing.under mechanical fechnolégy
than under hand methods (note that this holds if either CY! =0or C§ =0 as
well). lSinte quantity is also greater at the same price, the supply
.elasticity must thus be smaller under mechanical technology than under hand
harvesting at comparable'prices.. ' ‘ o

| :Consider now the case where processors exercise market power in the
tomaEO'market. To illustrate’ this case, éuppose tomato consumption demand
is cohpetitive and represented by D in Figure 2. Suppose further that
" processing costs per unit can be reppeéented by the verticél difference

in D and D so that D would be the demand curve facing producers in the case
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of competition. wa to iiluétrate price and quaﬁtity déterminapion-in the
_monopsonistic case;'suppose that supplyvchanges.from's to s'. Normally,
with competition, the deﬁand curve can be traced fromiprice—quaﬁtity ‘
observations by varying supply while hdlding demand fixed. If a middleman-
processor operates as'bothAa moﬁopoly and,ﬁonopsony; however;'he’will
maximize profits by equating his marginal revenue (MR) and mérginal cost

(MC in the case of $§ and MC' in tﬁe casé of S'). Hence, the observed
producer price and quaﬁtity, respectively,xare'P and Q in the case of
supply S and P' and .Q' in the .case of supply S'. Continuing to vary supply,
one thus traces out the "demand" curve PD perceived by producers. ' In this
case, it is the PD curve thap woul% bé‘estimated ecénbmetrically by hsing
producer prices and quantities. -One can-easily note .also that a similar
observation could be made if processors purchased monopSonisticélly buﬁ
sold cémpetitively. By simply reinterpreting the MR curve as the demand
curve exclusive of proceésing_costs (thus replacing D), the same arguments>
would again imﬁly_observatioh of PD rather than the true demand curve using ‘
producer prices and quanfities. -

Now conéidep the situation where supply becoméé,inelaétic'in'respoﬁse
to tomato harvester adoptibn as in Figure 1. Suppose preharvester supply
is representéd by Sd in Figure 3, and pbstharvester'supply is represented
by S3. Thus, the relative positions of Sg and SlAare consistent with
-the.explanatibn of Figure.l, i.e., supply shifts towérdlthe right at pre-

' vailing prices. Now, where marginal revenue in the case of monopolistic
"selling (or demand exclusive of processing costs in the case bf'competitive
saleé) is represénted by MR, the price and quantity would be Py and Qg

' respectively, in the preharvester period and P} and Q;, respectively, in
the postharvester period. Furthermore, upon noting that PD, MR, and D
always converge at the price axis in Figure 2, it is clear that PDg would
be the perceived demand in Figufe 3 in the preharvester case,_énd PD; would
be the perceived demand in the bbstharvester casc. Qlearly, from Figure 3,
the slope of the perceived demand will always increase negatively és thg
.slope of supply inéreases positively in the case of ﬁonopsonistic buying
fegardless of whether or not mondpbly prevails in selling the proceséed

goodsQ
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"To further generalize the arguments for the case at hand, suppose
the .tomato processing'industry is oligopsonistic with dominent firm price
‘leedership.3' Oligopsonistic price leadership by a dominant firm may be
described by Figure 4.%  In this case, SS represents growers' supply of
processing tomatoes,~DS represents demand for processing tomatoes by all.
processors except the dominant firm, and D represents demand for the
domlnant firm's processed tomatoes exclu51ve of processing ‘costs. .For
51mp11c1ty, assume that the output market is segmented so that the effect
of other firms on DL need not be considered. Now under the leadership-
firm hypothesis that all other firms adopt the leader's price for the
'growers"product, an excess sdpply to the dominant firm S'S can be con-
structed by horizontally subtracting DS from SS. Where MC is the dominant
firm's marginal cost associated with S'S and MR is the dominant firm's

marginal reVenue associated with D the dominant firm's profits are

s
maximized by equating MC and MR, tﬁus purchasing quantity Q from growers
at price P. Other firms would purchase Q' - Q from growers also at price
P so that market price and quantity would be P and Q', respectively.

. In this context it can be shown that the effects of technologlcal
change affecting producers would be qualitatively the same with oligop-
sonistic dominant firm price -leadership as with monopsony. That is, if
one treces price-quantity points generated by parallel shifts in supply_.

(from S to S*), one can again develop the grower's perceived demand curve

PD° in Figure 5 which is the relationship estimated econometrically in

place of the true demand curve. Similarly, one can trace the price-quantity"

. points associated only with the dominant firm, PD*. Comparing Figure 5

witb Figure 2, it is cleat that PD* (rather than ?Do)‘is comparable to

the perceived demand curve PD inAFigure 2 under monopsony. Hence, all the
qualitative conclusions surrounding perceived demand in Figore 3 noted

above apply to ?D# in Figure 5.' Finally, it can be noted tnat, by construc-
tion, the perceived demand curve under oligopsony pp° differs from PD* by

a horizontai amoont specified by D the elasticity and location of.which

s’ ,
does not change as supply changes. The same qualitative conclusions asso-
ciated w1th percelved demand in Figure 3 thus apply to-perceived démand

under oligopsonistic dominant firm-price leadership. Hence, the introduc-

tion of harvesting equipment which replaces variable costs with fixed
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costsiand, as a result, sﬁifts supply to the right and toward inelgsticity

would have the following effects. First, the perceived déméﬁd (the ésti—4

mated econometric demand) would be shifted downward and beéomé more steeply
sloped.- This shift, -in conjunction with the supply shift, would cause the.
equilibrium grower price to fall,‘while the effect on production may be

either positive or negative. ‘Finally,.Because price falls, the size of
s?
while the size of the market controlled by the dominant firm may or may not

the market associated with nondominating firms would increase along D

increase (as in the case of the. monopsonistic firm in Figure 3).

By comparison with the case of competition in:processing,tométo demand,"
one would expect alternatiﬁely the same shift in sUpply:f However, the
structural chénge in supply would not cause a shift in perceived (or esti~
mated) demand;'furthermore; &hile~price would thus fall,vthe quantity
wéuld definitelyAintrease in contrast to the uncertain outcome above.

While the above diagrémmatic diécussion presents the crux of the.
intuition of this paper, a goﬁewhat more formal mathematical derivation

‘can étrengthen or verify the qualitative conclusions. - To allow simple
tractabilify, suppose first-order Taylor series approximations dre invoked

so that supply can be represented by
(5 Qg = ag + a,P , a; >0,

where Qg is quantity supplied and P is price; demand by thé.dominant firm

or colluding share is

%) of = bat— bP , bg,by >0,

.where'Q? is the associated guéntity demanded; and demand by other firms is
(7 92 = cg - ¢1P , éo,cl >0,

where Q, is the associated quantity demanded by other firms. In this context,

excess supply to the dominant or colluding share is
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(8) Q? = Q6 - Q = ap - cp + (g +‘C1)P = ag +011'P‘,"

'-whére Q? is the quantity supplied to the colluding share, ag ='ag - Ccp,

and a; = a; + c¢;. Profits for the .colluding share-are .’
x= - P
where Pd is a function of Q; following equation (6),

(9) APq = (Bo - Q?)/bl ’

and fs is a function of Q; following equation (8),

(10) P* = (f .- ag)/ay -

A If the éplludingAéhare enjoys market power: (monopoly) in its output
markét, then iﬁ will récognize Pd as a.function of Q; as in (9); on the
other -hand, if.the,colludihg share is Composgd of a number of firms which
perhaps'compe;e with others in their .output market, then they may behave'
competitively and nbt consider Pé as a functiqn of Ql‘iﬁ maximizing profits.
Supﬁése these cases are represented reépectively'by K=2and k - 1. Then

first order conditions for maximization of w imply

b0a1‘+'b1a0
(11) Q = o, T 26]

and, hence, substituting into equation (10) the raw product price is

boal —‘ka1a0 —'bldo

L 12) P° = —— -
' ka%'+ 2bya,y
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Now sﬁbstituting (12) into (7) and adding to Q;. in (11) obtains the

equilibrium quantity traded

‘ boal - kajog -:blao boal + blao
+

(13) Q = Q; + Q2 = cg - ¢} A .
- o ka? + 2bjay Kay + 2by

Note that at the raw product level, the price in (12) and quantity in

(13) are the observed market variables: Of course, the correspbnding supply -

curve is given by equaﬁion (5); both the price in (12) and quantity in (13)
al&ays fall thgreon. The cofreSponding perceived.demadd curve for producers
caﬁ be determined by considering the locas of price-quantity points traced
out by shifting supply. Consider, for example, shifting ap to detérmine'the

perceived'demand‘spedified by
A . .
(14) Qo = do - 1P . -

Différentiating both P° and Qd:in (12) and (13) with réspect to ao'and'taking

the ratio obtains’

aQo . b1a1

(15) dl ; - = C

b ———— >0 ;
s 1 kal + bl 03

‘hence; substituting (12), (13), and (15) into (14) and solviﬁg yields

bgo

(16) dg = ¢y +m'l— .
These same solutions for db and d; are, of course, obtained if the abbve“.
process is repeated differentiating with respect to a) rather than ag.

‘Now consider the'impiications of a change in technology on the per-
ceived demand curve. Following the implications of equations (3) and (4),
the change in technology causes ap to increase and a)} to decrease since
competitive producer supply represeﬁts short-run marginal cost. The.

' perceived demand curve does not depend on ag but

’
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1ado bgb,

a. = - > 0
81 (kay + b))2
©ady b% . f
17) = >0 .
aa1

(kay + by)?

Hence, the decrease in aj leads to a decrease in d;, thé slope of the

perceived demand curve.

Now consider further the effects on coefficients of other determinants

of demand. Suﬁposé a determinant X in demand is considered in a first

order Taylor series approximation so that
bg =AbOQ + b01.X
cg = cgo +-co1 X'v - -
'Spbstitﬁtiné.in equation'(l6) thus obtains
élB) dg = ?od +dgp X

where

S booa)
doo = co0 * iGTHh,
. . . b01a1.
dor T eon TRy

so that differentiation implies

adgy . bpiby
(19) =

(kd1_+ b1)2
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whiéh is of the same sign as the coefficient of the detefminant. Note also
that di does not depend on the determinant in a first order sense and ag _
does not affect dg;. Hence, the effect of the change in cost structure is to .
reduce the coefficient of X in absolute value (a decrease in a; moves dp; A .
4toward zero)';hué verifying the earlier heuristic discussion of the effects

of the change in cost structure. Furthermofe, upon consiaefing small

changes in cost structure and takihg the first order Taylor sefiés expan-

siéns around .initial values, the approximation becomes exact if supply ahd

demands have continuous first derivatives.

3. An econometric model of the California processing tomato market

To demonstrate empirical application of the above framwork, consider
the California tomato processing market where the introductionlof the
mechanical tomato harvester apparently caused a maJor shift in cost struc-
ture as dlscussed earller. U51ng pooled data from the eight maJor proces51ng-
tomato producing counties 1n California (San Joaquin, Yolo, Solano, Sutter,
Sacramento, Stanislous; San Benito, and Santa Clara), consider'estimatidﬁ
of supply and (perceived) demand in both the'preharvester period; 1951-1963,
" and the postharvestef:period, 1967-1975, followiﬁg the simple supply-demand

model

3 7 8y ¥y Dy Fy Gy W, O)

O
Il

D(Pi’ I, R, C)

Ve
]

where both relationships follow .linear form as in the framework above.and

~

= purchased processing tomato quantity in céunty i (1000 -tons)

i
-pi = processing tomato grower price in county 1 (dollaré per tqn)
Yi_= pro;essing'tomato expected yield in county i — a three-year
moving~aver§ge‘(tons per acre) '
Di = standard deviation of yieldé in county i -- over three preceding

‘years (tons per acre)

F = fertilizer price for Ca11forn1a (dollars per ton)
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G =:1agged'grain sorghum price in California (dollars per bushel)
Wy = June harvesting labor wage rate in county i (dollars per: hour)
V = April 1 inventory of processing tomatoes in California
(24/303 million cases)
I=U.S. disposablelﬁersodal,income (billion dollar$)~
R = January-March weighted average'of fomato—product,prices
(dollars per unit) o ‘
C = set of dummy variabies-indiéating.couﬁty specific shifts in

the two relationships.

For a detailed discussion of the data and the asséciated sources, see Chern
and Just (1978). The general specification of the quantity supply equation
follows rather standard e#onometric pfactipé for agricultural crop produc-
tion aside from the contracting considerations. To account for the. dominance
of contracting in California grower-processor relationms, the'current rather
‘than lagged processing tomato price appears in the supply equation.

To interpret.this model in the context of the analytical model above,
note that the first equation corresponds to (5) where ag ié a function of
various determinants ofAsupply while the second equation corresponds to
(14) where dg is a function of determinants of demand fpllowing equation (18);

:Before»proceeding.to}the estimates, é'few additional remarks about the
estimation method are required. That is, in the case where grower price
is exogenous to the system, the'sets,of county equations (of-ﬁhich there .
are eight) can be aﬁpropriately'treated-as sets of seemingly unrelated
. regression equations in Zellner's terminology. Zeéllner (1962) has proposed.
é corfesponding Aitken generalized least-square estimator which is -
asymptotically more efficienf than ordinary least squares (OLS). The use
of such an approach in combining cross-section and time series data has
been investigated extensively by Balestra and Nerlove (1966), Nerlove (1971),
and Maddala (1971) for the case where each'cross—sectional unit is described
by a single eduation rather than a simultaneous system. ‘

‘ " The pooled estimation problem here, however, is essentially one of

seemingly unrelated simultaneous equafions systems. Normally, the three-
stage least squares (3SLS) approach applied to such a set of simultaneous
equation systems is sufficient to attain asymptotic efficiency. However,

when the number of time series observations is small compared with the
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numbeerf-cross—sectional units (counties), as in this case,‘the‘ordinary

' 3SLS estimator does not exist. That is, there are only, say; T observa-
tions on each covariance; the rank of the covariance matrix estimate based
on two-stage least squares (2SLS) can be no greater than T, while its

order is 16 (two equatlons for each of eight counties). Hence, the
covariance matrix estimate ‘is s1ngular (T < 16) for both estimation periods,
1951-1963 and 1967-1975 (Chern and Just prov1de further explanatlon) For
.this reason and to avoid unnecessary complication, the estimates are

derived by 2SLS; the results are reported in Table 1.

4, The‘impact of the tomato harvester on supply .

For the purposes of 1nvest1gat1ng the- competitlve versus noncompetitive
aspects of the effects of the tomato harvester the differences in the pre-
and post-harvester cases of Table 1 can be analyzed statistically. Since
the estimates are generated by differentlSets of observations, the esti-
mators are. independent in the absence of serial correlation Hence, one
can ea51ly .determine the statistical s1gn1f1cance or test the hypothe51s
of equality versus 1nequa11ty of - corresponding coeffic1ents. Asympototi-
cally, the. marginal distribution of each coefficient estimator in;'say;
period k, k-= l, 2, is normal with mean Mo and standard deviation Oy s
where Oy is estimated by the reported standard dev1ation. "With independence,.f

one thus finds

under the hypothesis of equality of corresponding coefficients. Using
1pooied estimation methods and the above hypothesis-testing approach with i
corresponding to 1967-75 and j corresponding to 1951-63, Tabie 2‘is
developed to consider the significance of structural changes due to the
tomato harvester by determining the 51gn1f1cance of structural change on

~each coefflcient 1nd1vidually
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Table 1. Estimated Grower. Supply and Demand for Processing

Tomatoes in California

a

Preharvester Period -

Postharvester Period

1951-1963 1967-1975
Variable Supply Demand Supply Demand
Constant ©227.20 ~405.89 - -353.94 -95.83
© (339.53) (62.21) (190.52) . (80.61)
P, 11.72 . -14.17 3.91 . =3.31
(4.12) (5.71) (1.48) - (4.01)
Y, 9.89 15.39
(5.10) (8.08) -
D, -6.53
(11.11)
-2.12
(2.28)
' ~91.08
-1
t (45.34)
W, -334.77
(155.24) A
.698 .137
(.115) (.146)
R 131.56 45,61
(32.11) (28.74)
.92 ‘ .87 .88

- 'R2

.94

a,: . <
Numbers in parentheses are
Note that estimates of coefficients of dummy variables associ-
ated with individual counties are not reported.

estimated standard errors.




The results in Table 2 add substance to'the substantial structurai
change (w1th the introduction of the tomato harvester) suggested by
Table 1. The supply equation results imply a significant structural change
of the type suggested by equations (3)-(4) and Figure 1. A significant
‘ehange in the slope of'supply consistent with Figure lAis attained at the
3.7 percent level (note that the one-sided sense is approprlate) It
should also be noted that the wage rate which is quite 51gn1f1cant in
the preharvester results (Table 1) attained a wrong 51gn with some -
significance, thus suggesting-misspecifiCation, when included in -the
'postharvester case (not reported); this result is also consistent with the
argument related to equations (3)-(4) and Figure 1. The absence of bi’ F,
and Gt—l in the postharvester -case suggests. also some further change in
C]; each of these variables resulted in wrong—signed'gwn coefficients
'(althOugh insignificant) when included in the postharvester case. But
the'Di and F coefficients also do not attain much signifieance in tﬁe.pre—
harvester case and, more importantly, the observed structural shift of
the brice coefficient iévsufficient to validate the supply shift suggested

by Figure 1.

5. A change in perceived demand structure: implied oligopsonistic
market structure

Table 2 also suggests'a consistent structural change (across coeffi-
cients) for the income elasticity as well as the grower and product price
- elasticities of demand. Ferthermore, these shifts are fairly significant,A
In- the context of competition, such a shift or any cﬁange in demand is
-hard to explain as an impect of the tomato harvester. That is, the tomato
harvester is a factor of supply and does not serve as a determinant of
' demahd; under competition the harVester should affect price and quantity
only throqgh the supply curve. Consider alternatively; however, the
‘monopsonistic-oligopsonistic implicatibhs of FigureSVZIthrough 5. In
these noncompetitive market structures, a shift in the perceived (or esti-
matedj demand toward inelasticity is exactly what one would expect.

To further consider this possibility objectively, each of the'standard

normal statistics associated with demand in Table 2 may be regarded as a
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Table 2. Significénce of the Structural Impact of
the Tomato- Harvester, 1951-63
Versus 1967-75

A : . Statistic for test Asymptotic
Equation Coefficient of coefficient equality significance
Supply 0 S ' -1.78 .037
". Demand P, ‘ 1.56 v : \ ~.059
- -3.02 .001

R . _ =2.00 ‘ .023




23

separate test statistic for a null hypothesis of competitibn‘Qersus an
élternative hypothesisAof monopsony-oligopsony. According to the modopsohy—
-0oligopsony theory culminating in equations (17) and (19), the effect of

the supply shift discussed‘abbvé should be to drive each of the demand
coefficients toward zero whereas under competition they would be unchanged.
 In this context3bthe,3 statisticél tests lead to rejection of competition

in favor of monopsony-oligopsony in every case at the 16 percent le&el
(again the one-sided sense is appfopriate), and two of the threeAﬁests

imply rejection atAa~2.3'percent level. The observed shifts thus’appéar

to be consistent with the noncompetifive theory of this paper. -

A further intefesting check on the results is possible, however. That
is, the competitive céée, as explained earlier, should lead to a reduction
in price But an inérease iﬁ quahtity as a result of the.structural supply'
shift aséociated with the tomato harvester. The noncompetitive cases
discussed above, howe?er, imply a reduction in price, but ;he quantity
produced can shift in either direction. Thus, if by chance conditions are
such that some quantifies fall in the nonpomﬁetitive case, then the evidence
is in fayor of monopsony-oligopsony. To investigate:thése poésibilities,
the reduced-form equationé correspondihg to Table 1 were derived (not
feported) and, using.mean Aata, the impact of the tomato harvester on
prices and qﬁantities was computed by compariﬁg‘predictipns of the twb ‘
models. That is, to determiné the impact of the tomato harvester on quantity
and_ﬁrice after compensating for the effects of other coincidentally
~varying factors of supplyvand demand, Table 3 has been developed by
applying reduced forms éotresponding to Table 1 to the average data point
for the 1951-1975 period. ' '

The price impacts in Table 3 are entirely consistent with both thé

competitive ‘and noncompetitive cases; in every county the price has fallen

as a result ‘of tomato harvester adoption. The quantity impacts, however, are -

interesting in that some county acreages increased while others decreased.
According to competitive theory, the structural shift in supply associated
with the tomato harvester should lead to lower price but increased broduc-
tion. The results in Table 3 are thus not supportive of the competitive

theory.
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Table 3. Impacts of the Tomato -Harvester
: Holding Other Factors '
Constapta'

VImpact of Mechanization

T Price A Quantity
- County ($/ton) . (1000 tons)
_San Joaquin® - ~39.68 | ~43.50
B o (=67) = (=6)
Yolo : -39.58 " 433.36
: (-66) o 4 (+79) .
 Solano o - =38.82 : 99.7
SV o (-65) oD
Sutter -37.61 C124.4
o . (-63) : (+56)
‘Sactamento  -40.61 -113.7
B (-68) : (-38)
‘Stanislaus - . -38.3L -36.3
| 7 (-65) (-17).
Santa Clara L -35.52. 4 -15.3
A (-60) o (-8)
San Benito . -31.77 . 10.32
(-53) - ' +7) .

a . '
Numbers in parentheses represent percentage
changes. : : :



Turning to the monopsonistic-oligopsonistic theory of this paper,

however, one finds that the Table 3 results are sensible. In this case,

. as suggested earlier, price should fall but production may either increase:

or decrease. Thus, the estimated impacts in SanAJoaquin;lsacramento,
Stanislaus, and ‘Santa Clara counties suppott'only the ndneombetitive theory
rather than the competitive theory. And, of course, the remaining cases
raise no centradictions. . “

Yet a further check on the validity of these results is possible.
That'is one might questlon whether the observed structural change is really
due to the tomato harvester or some other phenomena.‘ If the structural
shift is due to other factors, the change could have really occurred
sooner or later than the partltlon of the data selected above which
coincides with tomato harvester adoption. To check this p0551b111ty, the
analysis was repeated varying the sample partition and the three-year
excluaed period. forward or backward one year at a time. This exercise
revealed that the greatest significance for the supply shift was actually
obtained one year 1ater than that used above with a test statistic of -2.09
(2 percent 51gn1flcance) rather than the -1.78 obtained in Table 2. ~The '
partition actually used ranked second in 51gn1f10ance. With respect to
the observed (perceived) shift in demand, the aignificance was higher in
a uniform sense one or two years earliet than the portion actually used
although the greatest significance on the change in an individual coeffi-

cient (a statistic of —3.2)vwas obtained for the income coefficient one

_year later using a partition of 1951-1964 versus 1968-1975. Finally, the

higheStAuniformleignificance over all the test. statistics reported-in

Table 2 was obtained with a partition one year earlier, 1951-1962 versus
1966—1975;‘in'this case the smallest absolute statistie was 1.66 instead

of thel(secoad ranking) 1.56 in Table 2. The sensitivity analysis thus
showed that the greatest significance of structural change occurred for the
most part within one year of .the partition selected for this study on the
basis of observed tomato harvester adoption. Furthermore, the partition
selected on a priori grounds reéulte in almost as much significance as
those with highest eignificance. Thus, the sensitivity analysis is quite

supportive of the conclusions already drawn above.
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6. Historical interpretation of results

The results thus,far have an interesting interpretation in the light.
of histerical events surrounding the'California processing tomato,market.
For example, it is interesting to observe that the number of tomato
proce551ng firms has.declined from 57 in 1955 to 28 in 1972.% Since _
tomato production has rapldly 1ncreased in the state, the average size of
the firm has thus increased. The average firm size, in_terms of raw
tomatoes procured, in fact rose from 35,000 tons in 1955 to-1.75 million
tons in 1972. 'According~to a survey reported jointly by the U.S. Department
"of Agriculture and the National Canners Aséociation-to'the U.S. National

-Commission on Food Marketing (1966), the four largest plants:(all probably
located in California) manufactured 25 percent of the total output of
tomato products in the United States in 1965 whlle the share for the
elght largest plants was 35 percent. Furthermore, concentratlon may- well
be higher than these statistics indicate since large firms own more than
one plant. . o

The increasing concentratiou 6f tomato processing among fewer firms
suggests important implications.forbthe structure of the tomato market,

.particularly in light of the above empirical results. - For eXample, greater
opportunities exist for determination of price by one or a few dominant
firms, thus reducing competition in negotiating for contracts. Colllns,

Mueller, and Birch (1959) have, in'fact, observed that most tomato
processors appear to foilow price leadership in California. Furthermore,

"some experts consulted in the course of this study believe that a single
firm has been continually the dominant tomato canner during the past
20 years and that.dominance was exercised in the form of price leadership
even in.the 1950s when more firms existed; Thus, an examination of events
and opinions in the industry tend to confirm the Statisticel results’
favoring oligopsony with dominant'firm price leadership (monopsony is
questionable since there are obviously several processing'firms4operating

in the market).
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7. Conclusions -

The empirical results of this ﬁéper for the California processing -
tomato market are- remarkably cdﬁsistent with dominant-firm-price-leadership
oligopsony. The results suggest that supply shifted exaétly as one would
eéxpect with the tomato harvester displacing labor; this effect is
" statistically significant. Likewise, (perceived) demand became more.
inelasticj} everyiestimated coefficiént reflects a decrease'in elasticity.
Finally, prices. and quantities have‘also behaved exactly as oligopsonistic
.theory suggests. Prices have fallen‘in every'case‘(aftér removing -the
effect of'exogénous forces), while qualitative impacts on quantities have
béen_observed in both directions rather than the single direction implied bj‘
competition. » ' ' A

'Of course, other explénations of the results obtained here, which may
have had a more casual relationship with the édoption of the tomato '
harvester, must also be considered. For example, popular opinion appears
to regard tomato consumpfiod as more of a necessity in recent Years (for
nutritional reasoﬁs) than it had previously. ~Presumably!'however; this
explanétion could only account for reduced demand élasticitiQSjand not
for the apparént 1eftwar& shift in demand; on the contrary, such an
explanation would imply:a rightwérd‘shift;

Another possible explahation of a more cauéal nature relates to
varietal changes in tomatoes that were made to accommodate the harvester.
These varietal changes led to more efficient tomato processing because
" of higher solid content in tomatoes. But again,.on the(contréry, this
change would, ceterislparibus, lead to increased demand for raw processing
tomatoes; whereas the estimates indicate reduced perceived demand.

Finally, another explanation for structural chénge in demand‘relates
to increased proceésing costs. Apparently, in this case, however, there
could be no direct causation associated with the tomato harvester since
the tomato harQester actually led to‘a more efficient tomato. But pro-
cessing costs could have increased during theé transition period because of
coincidental increases in éostslof other processing inputs. As indicated
earlier, such changes should lead to less elastic grower demand for.

processing tomatoes as well as leftward shift in demand. This explanation
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is, thus, more consistent with the obsérved ;ésUlts evéﬁ thotuigh no causal
corroboration ‘is offered by .the model. _Fﬁrthermofe, the sensitivity
analysis of the ‘data partition sﬁggests'that any such chéﬁgé of this
nature must _have coincided almost éxactly with tométo harvester adoption .
rather than»féllowing a general long term trend or ocCurring’mofe decidedly~
at a different time during the sample pefiod; Thus, such én,eXplanatioﬁ
_seems unlikely. Since data were not available on processing Costs, this
possibility éould not be furtﬁer investigated empirically. -

‘With respect to the'validiﬁy of conclusions,. however, one should
_bear in mind that each of the statistics associated with demand in Table 2
prbvides a valid test in a classical statisticallsénse of the null hypothésis
of competition (asymptotically): And these statistics imply rejecéion of
CQmpetition;  Hence, the weight of the evidence is as substantial as one
¢c¢ould expect .in any econometric analysis subject to the USual.phénomeha of

specification error.




Footnotes

% .
Giannini Foundation Paper No.
lOne can also note that the results are consistent with either

oligopolistic or competitive supply by processors.

P

2In the context of this discussion, however, marginal costs under

mechanical technology may be increasing more sharply (as the ehsuing

discussion indicates); hence, at sufficiently high prices, some hand

harvestlng may become economlcally feasible. For example, the MCy and MC,

curves in Figure 1 may cross at hlgher prlces

3The spec1f1c case of domlnant firm price leadership is examined here

because of evidence of its ex1stence in the California processing tomato

market (see the dlscu551on below)

YA similar case for ollgopollstlc price leadershlp is presented by

Cohen and Cyert (1965), PP. 241 and 242,

5It is 1nterest1ng to consider the p0531b111ty of developlng a 31ngle
test statlstlc for the hypothe31s of imperfect competltlon but this ‘would

requlre estimated covariances between the supply and demand equation which

‘are not easily obtainable»&ith 2SLS. Furthermore, the text would involve

inequality of two vectors of coeéfficient estimates and would thus require

vwelghts for individual coefflclents in order to derive a 51mple test

~ statistic. Since assignment of these welghts would either be arbltrary

or require a four dimensional sen51t1v1ty analysis, Table 2 will suffice

.for the purposes of this’ paper.

6g5ee Collins,AMuelle:, and Birch (1959), and King, Jesse, and

-French (1973).
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